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Abstract
Modifications are proposed to tile, bricks, slices related signalling for bug-fixes and asserted improvements.
Following is proposed:
· Proposal 1: The syntax element brick_row_height_minus1[ i ][ j ] is coded as ue(v) for j in the range of 0 to num_brick_rows_minus2[ i ], inclusive and for i in the range of 0 to (num_tiles_in_pic_minus1+1), inclusive. It is asserted that no valid range of values is specified for brick_row_height_minus1[ i ][ j ]. A valid value range is proposed for brick_row_height_minus1[ i ][ j ].
· Proposal 2: It is asserted that currently if the picture includes a single tile signalled via single_tile_in_pic_flag equal to 1, the syntax does not allow signalling brick splitting information and slice information for this single tile. A syntax change is proposed for this. 
· Proposal 3: It is asserted that the derivation of number of bricks in the last i.e. (num_slices_in_pic_minus1+1)-th slice in the picture is missing in the VVC WD 6. It is proposed as a bug-fix.
· Proposal 4: The loop index for signalling brick_split_flag and related syntax elements is proposed to be corrected as a bug-fix.

Introduction 
VVC WD [1] includes support for tiles, bricks and slices signalling. 
Following is proposed:
· Proposal 1: The syntax element brick_row_height_minus1[ i ][ j ] is coded as ue(v) for j in the range of 0 to num_brick_rows_minus2[ i ], inclusive and for i in the range of 0 to (num_tiles_in_pic_minus1+1), inclusive. It is asserted that no valid range of values is specified for brick_row_height_minus1[ i ][ j ]. A valid value range is proposed for brick_row_height_minus1[ i ][ j ].
· Proposal 2: It is asserted that currently if the picture includes a single tile signalled via single_tile_in_pic_flag equal to 1, the syntax does not allow signalling brick splitting information and slice information for this single tile. A syntax change is proposed for this. 
· Proposal 3: It is asserted that the derivation of number of bricks in the last i.e. (num_slices_in_pic_minus1+1)-th slice in the picture is missing in the VVC WD 6. It is proposed as a bug-fix.
· Proposal 4: The loop index for signalling brick_split_flag and related syntax elements is proposed to be corrected as a bug-fix.
Proposals
Proposal 1
It is asserted that the syntax element brick_row_height_minus1[ i ][ j ] is coded as ue(v) for j in the range of 0 to num_brick_rows_minus2[ i ], inclusive and for i in the range of 0 to (num_tiles_in_pic_minus1+1), inclusive. However no valid range of values is specified for brick_row_height_minus1[ i ][ j ]. A valid value range is defined for brick_row_height_minus1[ i ][ j ].

brick_row_height_minus1[ i ][ j ] plus 1 specifies the height of the j-th brick in the i-th tile in units of CTBs when uniform_tile_spacing_flag is equal to 0. brick_row_height_minus1[ i ][ j ] shall be in the range of 0 to RowHeight[ i ] – 2, inclusive.
Proposal 2
It is asserted that currently in VVC WD 6, if the picture includes a single tile signalled via single_tile_in_pic_flag equal to 1, the syntax does not allow signalling brick splitting information and slice information for this single tile. This is because the syntax for brick splitting and rectangular slice layout is allowed to be signalled only if(!single_tile_in_pic_flag). Also the WD includes following constraints :
-When single_tile_in_pic_flag is equal to 0, NumTilesInPic shall be greater than 1.
-It is a requirement of bitstream conformance that the value of single_tile_in_pic_flag shall be the same for all PPSs that are referred to by coded pictures within a CVS.
As a result certain configurations are not supported (for example: Only one tile (and so one brick and one slice) in a some pictures, and more than one tile (and so more than one brick and more than one slice) in some other pictures in the CVS).
It is asserted that VVC should support syntax allowing a single tile in the picture and allow that tile to be further split in bricks and slices. An assertedly simple syntax change is proposed for this. The syntax change is shown highlighted below.
[bookmark: OLE_LINK36][bookmark: OLE_LINK37]7.3.2.4 Picture parameter set RBSP syntax

	pic_parameter_set_rbsp( ) {
	Descriptor

		pps_pic_parameter_set_id
	ue(v)

		pps_seq_parameter_set_id
	ue(v)

		pic_width_in_luma_samples
	ue(v)

		pic_height_in_luma_samples
	ue(v)

		conformance_window_flag
	u(1)

		if( conformance_window_flag ) {
	

			conf_win_left_offset
	ue(v)

			conf_win_right_offset
	ue(v)

			conf_win_top_offset
	ue(v)

			conf_win_bottom_offset
	ue(v)

		}
	

		output_flag_present_flag
	u(1)

		single_tile_in_pic_flag
	u(1)

		if( !single_tile_in_pic_flag ) {
	

			uniform_tile_spacing_flag
	u(1)

			if( uniform_tile_spacing_flag ) {
	

				tile_cols_width_minus1
	ue(v)

				tile_rows_height_minus1
	ue(v)

			} else {
	

				num_tile_columns_minus1
	ue(v)

				num_tile_rows_minus1
	ue(v)

				for( i = 0; i < num_tile_columns_minus1; i++ )
	

					tile_column_width_minus1[ i ]
	ue(v)

				for( i = 0; i < num_tile_rows_minus1; i++ )
	

					tile_row_height_minus1[ i ]
	ue(v)

			}
	

		}
	

			brick_splitting_present_flag
	u(1)

			if( uniform_tile_spacing_flag  &&  brick_splitting_present_flag )
	

				num_tiles_in_pic_minus1
	ue(v)

			for( i = 0; brick_splitting_present_flag  &&  i  <=  num_tiles_in_pic_minus1 + 1; i++ ) {
	

				if( RowHeight[ i ] > 1 )
	

					brick_split_flag[ i ]
	u(1)

				if( brick_split_flag[ i ] ) {
	

					if( RowHeight[ i ] > 2 )
	

						uniform_brick_spacing_flag[ i ]
	u(1)

					if( uniform_brick_spacing_flag[ i ] )
	

						brick_height_minus1[ i ]
	ue(v)

					else {
	

						num_brick_rows_minus2[ i ]
	ue(v)

						for( j = 0; j  <=  num_brick_rows_minus2[ i ]; j++ )
	

							brick_row_height_minus1[ i ][ j ]
	ue(v)

					}
	

				}
	

			}
	

			single_brick_per_slice_flag
	u(1)

			if( !single_brick_per_slice_flag )
	

				rect_slice_flag
	u(1)

			if( rect_slice_flag  &&  !single_brick_per_slice_flag ) {
	

				num_slices_in_pic_minus1
	ue(v)

				bottom_right_brick_idx_length_minus1
	ue(v)

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

					bottom_right_brick_idx_delta[ i ]
	u(v)

					brick_idx_delta_sign_flag[ i ]
	u(1)

				}
	

			}
	

			loop_filter_across_bricks_enabled_flag
	u(1)

			if( loop_filter_across_bricks_enabled_flag )
	

				loop_filter_across_slices_enabled_flag
	u(1)

		}
	

		if( rect_slice_flag ) {
	

			signalled_slice_id_flag
	u(1)

			if( signalled_slice_id_flag ) {
	

				signalled_slice_id_length_minus1
	ue(v)

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

					slice_id[ i ]
	u(v)

			}
	

		}
	

		entropy_coding_sync_enabled_flag
	u(1)

		if( !single_tile_in_pic_flag  | | entropy_coding_sync_enabled_flag )
	

			entry_point_offsets_present_flag
	u(1)

		cabac_init_present_flag
	u(1)

		…
	

	}
	



Additionally in the case single_tile_in_pic_flag is equal to 1 and brick_splitting_flag is equal to 0, it is required that there is only one brick and one slice. Thus it is proposed to conditionally signal single_brick_per_slice_flag in this case and infer its value to 1 when not present.

7.3.2.4 Picture parameter set RBSP syntax

	pic_parameter_set_rbsp( ) {
	Descriptor

		pps_pic_parameter_set_id
	ue(v)

		pps_seq_parameter_set_id
	ue(v)

		pic_width_in_luma_samples
	ue(v)

		pic_height_in_luma_samples
	ue(v)

		conformance_window_flag
	u(1)

		if( conformance_window_flag ) {
	

			conf_win_left_offset
	ue(v)

			conf_win_right_offset
	ue(v)

			conf_win_top_offset
	ue(v)

			conf_win_bottom_offset
	ue(v)

		}
	

		output_flag_present_flag
	u(1)

		single_tile_in_pic_flag
	u(1)

		if( !single_tile_in_pic_flag ) {
	

			uniform_tile_spacing_flag
	u(1)

			if( uniform_tile_spacing_flag ) {
	

				tile_cols_width_minus1
	ue(v)

				tile_rows_height_minus1
	ue(v)

			} else {
	

				num_tile_columns_minus1
	ue(v)

				num_tile_rows_minus1
	ue(v)

				for( i = 0; i < num_tile_columns_minus1; i++ )
	

					tile_column_width_minus1[ i ]
	ue(v)

				for( i = 0; i < num_tile_rows_minus1; i++ )
	

					tile_row_height_minus1[ i ]
	ue(v)

			}
	

		}
	

			brick_splitting_present_flag
	u(1)

			if( uniform_tile_spacing_flag  &&  brick_splitting_present_flag )
	

				num_tiles_in_pic_minus1
	ue(v)

			for( i = 0; brick_splitting_present_flag  &&  i  <=  num_tiles_in_pic_minus1 + 1; i++ ) {
	

				if( RowHeight[ i ] > 1 )
	

					brick_split_flag[ i ]
	u(1)

				if( brick_split_flag[ i ] ) {
	

					if( RowHeight[ i ] > 2 )
	

						uniform_brick_spacing_flag[ i ]
	u(1)

					if( uniform_brick_spacing_flag[ i ] )
	

						brick_height_minus1[ i ]
	ue(v)

					else {
	

						num_brick_rows_minus2[ i ]
	ue(v)

						for( j = 0; j  <=  num_brick_rows_minus2[ i ]; j++ )
	

							brick_row_height_minus1[ i ][ j ]
	ue(v)

					}
	

				}
	

			}
	

	         if( !single_tile_in_pic_flag  | |   brick_splitting_present_flag)
	

			   single_brick_per_slice_flag
	u(1)

			if( !single_brick_per_slice_flag )
	

				rect_slice_flag
	u(1)

			if( rect_slice_flag  &&  !single_brick_per_slice_flag ) {
	

				num_slices_in_pic_minus1
	ue(v)

				bottom_right_brick_idx_length_minus1
	ue(v)

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

					bottom_right_brick_idx_delta[ i ]
	u(v)

					brick_idx_delta_sign_flag[ i ]
	u(1)

				}
	

			}
	

			loop_filter_across_bricks_enabled_flag
	u(1)

			if( loop_filter_across_bricks_enabled_flag )
	

				loop_filter_across_slices_enabled_flag
	u(1)

		}
	

		if( rect_slice_flag ) {
	

			signalled_slice_id_flag
	u(1)

			if( signalled_slice_id_flag ) {
	

				signalled_slice_id_length_minus1
	ue(v)

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

					slice_id[ i ]
	u(v)

			}
	

		}
	

		entropy_coding_sync_enabled_flag
	u(1)

		if( !single_tile_in_pic_flag  | |  entropy_coding_sync_enabled_flag )
	

			entry_point_offsets_present_flag
	u(1)

		cabac_init_present_flag
	u(1)

		…
	

	}
	



single_brick_per_slice_flag equal to 1 specifies that each slice that refers to this PPS includes one brick. single_brick_per_slice_flag equal to 0 specifies that a slice that refers to this PPS may include more than one brick. When not present, the value of single_brick_per_slice_flag is inferred to be equal to 1.

Alternatively, a conformance constraint is proposed as follows:
single_brick_per_slice_flag equal to 1 specifies that each slice that refers to this PPS includes one brick. single_brick_per_slice_flag equal to 0 specifies that a slice that refers to this PPS may include more than one brick. When not present, the value of single_brick_per_slice_flag is inferred to be equal to 1.
When single_tile_in_pic_flag is equal to 1 and brick_splitting_flag is equal to 0, single_brick_per_slice_flag shall be equal to 1.

Additionally in this case (or also otherwise) it is proposed to signal loop_filter_across_bricks_enabled_flag only when NumBricksInPic is greater than 1.
7.3.2.4 Picture parameter set RBSP syntax

	pic_parameter_set_rbsp( ) {
	Descriptor

		pps_pic_parameter_set_id
	ue(v)

		pps_seq_parameter_set_id
	ue(v)

		pic_width_in_luma_samples
	ue(v)

		pic_height_in_luma_samples
	ue(v)

		conformance_window_flag
	u(1)

		if( conformance_window_flag ) {
	

			conf_win_left_offset
	ue(v)

			conf_win_right_offset
	ue(v)

			conf_win_top_offset
	ue(v)

			conf_win_bottom_offset
	ue(v)

		}
	

		output_flag_present_flag
	u(1)

		single_tile_in_pic_flag
	u(1)

		if( !single_tile_in_pic_flag ) {
	

			uniform_tile_spacing_flag
	u(1)

			if( uniform_tile_spacing_flag ) {
	

				tile_cols_width_minus1
	ue(v)

				tile_rows_height_minus1
	ue(v)

			} else {
	

				num_tile_columns_minus1
	ue(v)

				num_tile_rows_minus1
	ue(v)

				for( i = 0; i < num_tile_columns_minus1; i++ )
	

					tile_column_width_minus1[ i ]
	ue(v)

				for( i = 0; i < num_tile_rows_minus1; i++ )
	

					tile_row_height_minus1[ i ]
	ue(v)

			}
	

		}
	

			brick_splitting_present_flag
	u(1)

			if( uniform_tile_spacing_flag  &&  brick_splitting_present_flag )
	

				num_tiles_in_pic_minus1
	ue(v)

			for( i = 0; brick_splitting_present_flag  &&  i  <=  num_tiles_in_pic_minus1 + 1; i++ ) {
	

				if( RowHeight[ i ] > 1 )
	

					brick_split_flag[ i ]
	u(1)

				if( brick_split_flag[ i ] ) {
	

					if( RowHeight[ i ] > 2 )
	

						uniform_brick_spacing_flag[ i ]
	u(1)

					if( uniform_brick_spacing_flag[ i ] )
	

						brick_height_minus1[ i ]
	ue(v)

					else {
	

						num_brick_rows_minus2[ i ]
	ue(v)

						for( j = 0; j  <=  num_brick_rows_minus2[ i ]; j++ )
	

							brick_row_height_minus1[ i ][ j ]
	ue(v)

					}
	

				}
	

			}
	

			single_brick_per_slice_flag
	u(1)

			if( !single_brick_per_slice_flag )
	

				rect_slice_flag
	u(1)

			if( rect_slice_flag  &&  !single_brick_per_slice_flag ) {
	

				num_slices_in_pic_minus1
	ue(v)

				bottom_right_brick_idx_length_minus1
	ue(v)

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

					bottom_right_brick_idx_delta[ i ]
	u(v)

					brick_idx_delta_sign_flag[ i ]
	u(1)

				}
	

			}
	

			if( NumBricksInPic>1)
	

		    			loop_filter_across_bricks_enabled_flag
	u(1)

			if( loop_filter_across_bricks_enabled_flag )
	

				loop_filter_across_slices_enabled_flag
	u(1)

		}
	

		if( rect_slice_flag ) {
	

			signalled_slice_id_flag
	u(1)

			if( signalled_slice_id_flag ) {
	

				signalled_slice_id_length_minus1
	ue(v)

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

					slice_id[ i ]
	u(v)

			}
	

		}
	

		entropy_coding_sync_enabled_flag
	u(1)

		if( !single_tile_in_pic_flag  | |  entropy_coding_sync_enabled_flag )
	

			entry_point_offsets_present_flag
	u(1)

		cabac_init_present_flag
	u(1)

		…
	

	}
	


loop_filter_across_bricks_enabled_flag equal to 1 specifies that in-loop filtering operations may be performed across brick boundaries in pictures referring to the PPS. loop_filter_across_bricks_enabled_flag equal to 0 specifies that in-loop filtering operations are not performed across brick boundaries in pictures referring to the PPS. The in-loop filtering operations include the deblocking filter, sample adaptive offset filter, and adaptive loop filter operations. When not present, the value of loop_filter_across_bricks_enabled_flag is inferred to be equal to 10.

Proposal 3
It is asserted that the derivation of number of bricks in the last i.e. (num_slices_in_pic_minus1+1)-th slice in the picture is missing in the VVC WD 6. It is proposed as a bug-fix.

7.3.2.4 [bookmark: _Toc20134244][bookmark: _Toc77680374][bookmark: _Ref168818756][bookmark: _Ref220341273][bookmark: _Toc226456525][bookmark: _Toc248045224][bookmark: _Toc287363754][bookmark: _Toc311216742][bookmark: _Toc317198706][bookmark: _Toc415475820][bookmark: _Toc423599095][bookmark: _Toc423601599]Picture parameter set RBSP syntax

	pic_parameter_set_rbsp( ) {
	Descriptor

		pps_pic_parameter_set_id
	ue(v)

		…
	

			single_brick_per_slice_flag
	u(1)

			if( !single_brick_per_slice_flag )
	

	[bookmark: _Hlk535057451]			rect_slice_flag
	u(1)

			if( rect_slice_flag  &&  !single_brick_per_slice_flag ) {
	

				num_slices_in_pic_minus1
	ue(v)

				bottom_right_brick_idx_length_minus1
	ue(v)

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

					bottom_right_brick_idx_delta[ i ]
	u(v)

					brick_idx_delta_sign_flag[ i ]
	u(1)

				}
	

			}
	



num_slices_in_pic_minus1 plus 1 specifies the number of slices in each picture referring to the PPS. The value of num_slices_in_pic_minus1 shall be in the range of 0 to NumBricksInPic − 1, inclusive. When not present and single_brick_per_slice_flag is equal to 1, the value of num_slices_in_pic_minus1 is inferred to be equal to NumBricksInPic − 1.
bottom_right_brick_idx_length_minus1 plus 1 specifies the number of bits used to represent the syntax element bottom_right_brick_idx_delta[ i ]. The value of bottom_right_brick_idx_length_minus1 shall be in the range of 0 to Ceil( Log2( NumBricksInPic ) ) − 1, inclusive.
bottom_right_brick_idx_delta[ i ] when i is greater than 0 specifies the difference between the brick index of the brick located at the bottom-right corner of the i-th slice and and the brick index of the bottom-right corner of the ( i – 1 )-th slice. bottom_right_brick_idx_delta[ 0 ] specifies the brick index of the bottom right corner of the 0-th slice. When single_brick_per_slice_flag is equal to 1, the value of bottom_right_brick_idx_delta[ i ] is inferred to be equal to 1. The value of the BottomRightBrickIdx[ num_slices_in_pic_minus1 ] is inferred to be equal to NumBricksInPic – 1. The length of the bottom_right_brick_idx_delta[ i ] syntax element is bottom_right_brick_idx_length_minus1 + 1 bits.
brick_idx_delta_sign_flag[ i ] equal to 1 indicates a positive sign for bottom_right_brick_idx_delta[ i ]. sign_bottom_right_brick_idx_delta[ i ] equal to 0 indicates a negative sign for bottom_right_brick_idx_delta[ i ].
It is a requirement of bitstream conformance that a slice shall include either a number of complete tiles or only a consecutive sequence of complete bricks of one tile.
For i in the range of 0 to num_slices_in_pic_minus1, inclusive, Tthe variable TopLeftBrickIdx[ i ], BottomRightBrickIdx[ i ], NumBricksInSlice[ i ] and BricksToSliceMap[ j ], which specify the brick index of the brick located at the top left corner of the i-th slice, the brick index of the brick located at the bottom right corner of the i-th slice, the number of bricks in the i-th slice and the mapping of bricks to slices, are derived as follows:
for( j = 0, TotalBricksCount=0; i  = =  0  &&  j < NumBricksInPic; j++ )
		BricksToSliceMap[ j ] = −1
NumBricksInSlice[ i ] = 0
if( i < num_slices_in_pic_minus1 )
     BottomRightBrickIdx[ i ] = bottom_right_brick_idx_delta[ i ] ] +( ( i  = =  0 ) ? 0 :
				( brick_idx_delta_sign_flag[ i ] ? BottomRightBrickIdx[ i − 1 ] : −BottomRightBrickIdx[ i−1 ] ) 
else 
     BottomRightBrickIdx[ i ] = NumBricksInPic – 1
for( j = BottomRightBrickIdx[ i ]; j  >=  0; j− − ) {
		if( BrickColBd[ j ]  <=  BrickColBd[ BottomRightBrickIdx[ i ] ]  &&	(7‑43)
					BrickRowBd[ j ]  <=  BrickRowBd[ BottomRightBrickIdx[ i ] ]  &&						BricksToSliceMap[ j ]  = =  −1 ) {
			TopLeftBrickIdx[ i ] = j
			NumBricksInSlice[ i ]++ 
			TotalBricksCount++
			BricksToSliceMap[ j ] = i
		}
}

Proposal 4
The loop index for signalling brick_split_flag and related syntax elements is proposed to be corrected as a bug-fix.
It is asserted that the loop index should go from i equal to 0 to i less than (num_tiles_in_pic_minus1+1).

	[bookmark: OLE_LINK39][bookmark: OLE_LINK40]		brick_splitting_present_flag
	u(1)

			if( uniform_tile_spacing_flag  &&  brick_splitting_present_flag )
	

				num_tiles_in_pic_minus1
	ue(v)

			for( i = 0; brick_splitting_present_flag  &&  i  <=  num_tiles_in_pic_minus1 + 1; i++ ) {
	

				if( RowHeight[ i ] > 1 )
	

					brick_split_flag[ i ]
	u(1)

				if( brick_split_flag[ i ] ) {
	

					if( RowHeight[ i ] > 2 )
	

						uniform_brick_spacing_flag[ i ]
	u(1)

					if( uniform_brick_spacing_flag[ i ] )
	

						brick_height_minus1[ i ]
	ue(v)

					else {
	

						num_brick_rows_minus2[ i ]
	ue(v)

						for( j = 0; j  <=  num_brick_rows_minus2[ i ]; j++ )
	

							brick_row_height_minus1[ i ][ j ]
	ue(v)

					}
	

				}
	

			}
	



Or change it as follows:

			brick_splitting_present_flag
	u(1)

			if( uniform_tile_spacing_flag  &&  brick_splitting_present_flag )
	

				num_tiles_in_pic_minus1
	ue(v)

			for( i = 0; brick_splitting_present_flag  &&  i  <=  NumTilesInPic num_tiles_in_pic_minus1 + 1; i++ ) {
	

				if( RowHeight[ i ] > 1 )
	

					brick_split_flag[ i ]
	u(1)

				if( brick_split_flag[ i ] ) {
	

					if( RowHeight[ i ] > 2 )
	

						uniform_brick_spacing_flag[ i ]
	u(1)

					if( uniform_brick_spacing_flag[ i ] )
	

						brick_height_minus1[ i ]
	ue(v)

					else {
	

						num_brick_rows_minus2[ i ]
	ue(v)

						for( j = 0; j  <=  num_brick_rows_minus2[ i ]; j++ )
	

							brick_row_height_minus1[ i ][ j ]
	ue(v)

					}
	

				}
	

			}
	



Conclusion
This document proposes modifications to tiles, bricks and slices signalling in VVC. It is proposed to adopt the proposals in the next version of VVC WD.
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