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Abstract
The proponents of this contribution note that the following agreement was made at the previous meeting: “It was agreed in principle that we should be able to change tile structure of a picture in some way without changing the PPS”. This contribution proposes to enable signaling of multiple tile partitions within one PPS, which is asserted by the proponents to be useful when tiles are used for gradual decoding refresh. 
The proposed PPS syntax consists of a num_tile_partitions_minus1 ue(v) code word to indicate the number of tile partitions that are carried in the PPS. This is followed by a loop in which each tile partition is signaled. The proposed slice header syntax consists of a tile_partition_idc ue(v) code word that specifies which tile partition that is used for the current picture.
Multiple tile partitions are proposed to only be enabled in the PPS when:
· uniform_tile_spacing_flag is equal to 0, and
· brick_splitting_present_flag is equal to 0  
Two options are proposed in the contribution. In option 1, multiple tile partitions are only supported for raster scan slices, i.e. when rect_slice_flag is equal to 0. In option 2, multiple tile partitions are supported for both raster scan slices and rectangular slices.   
It is proposed to add either option 1 or option 2 to the VVC specification.
Proposed specification text relative to JVET-O2001-vE.docx for each of the options is provided with the contribution.
Introduction
The following agreement was made at the 15-th JVET meeting in Gothenburg during the CE11 discussions on gradual decoding refresh: 
“The 3.1 implementation used multiple PPSs. It has been a design principle that PPSs could be sent out of band, which would be an issue if we need to change PPS on every picture. It was agreed in principle that we should be able to change tile structure of a picture in some way without changing the PPS. For example, syntax in the AUD or SH or an APS could be used. Further study is needed to define how to do that. It was suggested for the existing syntax to remain as it is, with this being just some optional different mode.”
This contribution aims at providing a solution for the agreed principle that it should be possible to change the tile structure of a picture without changing the PPS. We believe this can be done in a clean way directly in the PPS by supporting signaling of multiple tile partitions in one PPS with a tile partition index in each slice to select the tile partition to use from the PPS.
Proposal
It is proposed to enable signaling of multiple tile partitions within one PPS, which is asserted by the proponents to be useful when tiles are used for gradual decoding refresh. 
The proposed PPS syntax consists of a num_tile_partitions_minus1 ue(v) code word to indicate the number of tile partitions that are carried in the PPS. This is followed by a loop in which each tile partition is signaled. The proposed slice header syntax consists of a tile_partition_idc ue(v) code word that specifies which tile partition that is used for the current picture.
Multiple tile partitions are proposed to only be enabled in the PPS when:
· uniform_tile_spacing_flag is equal to 0, and
· brick_splitting_present_flag is equal to 0  
Two options are proposed in the contribution. In option 1, multiple tile partitions are only supported for raster scan slices, i.e. when rect_slice_flag is equal to 0. In option 2, multiple tile partitions are supported for both raster scan slices and rectangular slices.   
Option 1 is a smaller change to the current specification text, while option 2 provides more flexibility.
It is proposed to add either option 1 or option 2 to the VVC specification.
Proposed syntax and semantics for the VVC specification
The proposed syntax and semantics for option 1 and option 2 on top of the current VVC draft (JVET-O2001vE) are marked in yellow with removed text in red strike-through. Note that the text shown below for option 1 and 2 is a summary of the changes, all changes are provided as attachments to this contribution.
Syntax and semantics for option 1 

	pic_parameter_set_rbsp( ) {
	Descriptor

		…
	

		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_partitions_minus1
	ue(v)

				for( i = 0; i < num_tile_partitions_minus1; i++ ) {
	

					num_tile_columns_minus1[ i ]
	ue(v)

					num_tile_rows_minus1[ i ]
	ue(v)

					for( ij = 0; ij < num_tile_columns_minus1[ i ]; ij++ )
	

						tile_column_width_minus1[ i ][ j ]
	ue(v)

					for( ij = 0; ij < num_tile_rows_minus1[ i ]; ij++ )
	

						tile_row_height_minus1[ i ][ j ]
	ue(v)

				}
	

			}
	

			if( num_tile_partitions_minus1 == 0 )
	

				brick_splitting_present_flag
	u(1)

	…
	

	}
	


num_tile_partitions_minus1 plus 1 specifes the number of tile partitions specified in the PPS. The value of num_tile_partitions_minus1 shall be in the range of 0 to maxNbrOfTilePartitions [Ed note: this constant may for instance be set to 64], inclusive. When not present, the value of num_tile_partitions_minus1 is inferred to be equal to 0.
uniform_tile_spacing_flag equal to 1 specifies that tile column boundaries and likewise tile row boundaries are distributed uniformly across the picture and signalled using the syntax elements tile_cols_width_minus1 and tile_rows_height_minus1. uniform_tile_spacing_flag equal to 0 specifies that tile column boundaries and likewise tile row boundaries may or may not be distributed uniformly across the picture for the i-th tile partition and signalled using the syntax elements num_tile_columns_minus1[ i ] and num_tile_rows_minus1[ i ] and a list of syntax element pairs tile_column_width_minus1[ i ][ j ] and tile_row_height_minus1[ i ][ j ]. When not present, the value of uniform_tile_spacing_flag is inferred to be equal to 1.
num_tile_columns_minus1[ i ] plus 1 specifies the number of tile columns partitioning the picture for the i-th tile partition when uniform_tile_spacing_flag is equal to 0. The value of num_tile_columns_minus1[ i ] shall be in the range of 0 to PicWidthInCtbsY − 1, inclusive. If single_tile_in_pic_flag is equal to 1, the value of num_tile_columns_minus1[ i ] is inferred to be equal to 0. Otherwise, when uniform_tile_spacing_flag is equal to 1, the value of num_tile_columns_minus1[ i ] is inferred as specified in clause 6.5.1.
num_tile_rows_minus1[ i ] plus 1 specifies the number of tile rows partitioning the picture for the i-th tile partition when uniform_tile_spacing_flag is equal to 0. The value of num_tile_rows_minus1[ i ] shall be in the range of 0 to PicHeightInCtbsY − 1, inclusive. If single_tile_in_pic_flag is equal to 1, the value of num_tile_rows_minus1[ i ] is inferred to be equal to 0. Otherwise, when uniform_tile_spacing_flag is equal to 1, the value of num_tile_rows_minus1[ i ] is inferred as specified in clause 6.5.1.
The variable NumTilesInPic is set equal to ( num_tile_columns_minus1[ i ] + 1 ) * ( num_tile_rows_minus1[ i ] + 1 ).
When single_tile_in_pic_flag is equal to 0, NumTilesInPic shall be greater than 1.
tile_column_width_minus1[ i ][ j ] plus 1 specifies the width of the ij-th tile column in units of CTBs for the i-th tile partition.
tile_row_height_minus1[ i ][ j ] plus 1 specifies the height of the ij -th tile row in units of CTBs for the i-th tile partition.
rect_slice_flag equal to 0 specifies that bricks within each slice are in raster scan order and the slice information is not signalled in PPS. rect_slice_flag equal to 1 specifies that bricks within each slice cover a rectangular region of the picture and the slice information is signalled in the PPS. When brick_splitting_present_flag is equal to 1, the value of rect_slice_flag shall be equal to 1. When num_tile_partitions_minus1 is larger than 0, the value of rect_slice_flag shall be 0. When not present,  rect_slice_flag is inferred to be equal to 0 if num_tile_partitions_minus1 is larger than 0, else  rect_slice_flag is inferred to be equal to 1.

	slice_header( ) {
	Descriptor

		slice_pic_parameter_set_id
	ue(v)

		if( rect_slice_flag  | |  NumBricksInPic > 1 )
	

			slice_address
	u(v)

		if( !rect_slice_flag  &&  !single_brick_per_slice_flag )
	

			num_bricks_in_slice_minus1
	ue(v)

		if( !single_brick_per_slice_flag && num_tile_partitions_minus1 > 0 )
	

			tile_partition_idc
	ue(v)

		…
	

	}
	


tile_partition_idc is an index used to specify the tile partition to be used by the slice at the index position tile_partition_idc in the list of num_tile_partitions_minus1 plus 1 tile partitions in the associated PPS. 
tile_partition_idc shall be in the range of 0 to maxNbrOfTilePartitions - 1, inclusive. It is a requirement of bitstream conformance that the value of tile_partition_idc shall be smaller or equal to num_tile_partitions_minus1. It is a requirement of bitstream conformance that the value of tile_partition_idc shall be the same in all slice headers of a coded picture. When not present, tile_partition_idc is inferred to be 0.

Syntax and semantics for option 2 

	pic_parameter_set_rbsp( ) {
	Descriptor

		…
	

		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_partitions_minus1
	ue(v)

				for( i = 0; i < num_tile_partitions_minus1; i++ ) {
	

					num_tile_columns_minus1[ i ]
	ue(v)

					num_tile_rows_minus1[ i ]
	ue(v)

					for( ij = 0; ij < num_tile_columns_minus1[ i ]; ij++ )
	

						tile_column_width_minus1[ i ][ j ]
	ue(v)

					for( ij = 0; ij < num_tile_rows_minus1[ i ]; ij++ )
	

						tile_row_height_minus1[ i ][ j ]
	ue(v)

				}
	

			}
	

			if( num_tile_partitions_minus1 == 0 )
	

				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 )
	

	[bookmark: _Hlk535057451]			rect_slice_flag
	u(1)

			if( rect_slice_flag  &&  !single_brick_per_slice_flag ) {
	

				for( i = 0; i < num_tile_partitions_minus1; i++ ) {
	

					num_slices_in_pic_minus1[ i ]
	ue(v)

					bottom_right_brick_idx_length_minus1[ i ]
	ue(v)

					for( ij = 0; ij < num_slices_in_pic_minus1[ i ]; ij++ ) {
	

						bottom_right_brick_idx_delta[ i ][ j ]
	u(v)

						brick_idx_delta_sign_flag[ i ][ j ]
	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 ) {
	

				for( i = 0; i < num_tile_partitions_minus1; i++ ) {
	

					signalled_slice_id_length_minus1[ i ]
	ue(v)

					for( ij = 0; ij < num_slices_in_pic_minus1[ i ]; ij++ ) {
	

						slice_id[ i ][ j ]
	u(v)

				}
	

			}
	

		}
	

		…
	

	}
	


[bookmark: _GoBack]Same semantics as in option 1 (except for the changes to rect_slice_flag) with the following additions:
num_slices_in_pic_minus1[ i ] plus 1 specifies the number of slices for the i-th tile partition in each picture referring to the PPS. The value of num_slices_in_pic_minus1[ i ] 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[ i ] is inferred to be equal to NumBricksInPic − 1.
bottom_right_brick_idx_length_minus1[ i ] plus 1 specifies the number of bits used to represent the syntax element bottom_right_brick_idx_delta[ i ][ j ] for the i-th tile partition. The value of bottom_right_brick_idx_length_minus1[ i ] shall be in the range of 0 to Ceil( Log2( NumBricksInPic ) ) − 1, inclusive.
bottom_right_brick_idx_delta[ i ][ j ] when ij is greater than 0 specifies the difference between the brick index of the brick located at the bottom-right corner of the ij-th slice and and the brick index of the bottom-right corner of the ( ij – 1 )-th slice for the i-th tile partition. bottom_right_brick_idx_delta[ i ][ 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 ][ j ] is inferred to be equal to 1. The value of the BottomRightBrickIdx[ num_slices_in_pic_minus1[ i ] ] is inferred to be equal to NumBricksInPic – 1. The length of the bottom_right_brick_idx_delta[ i ][ j ] syntax element is bottom_right_brick_idx_length_minus1[ i ] + 1 bits.
brick_idx_delta_sign_flag[ i ][ j ] equal to 1 indicates a positive sign for bottom_right_brick_idx_delta[ i ][ j ] for the i-th partition. sign_bottom_right_brick_idx_delta[ i ][ j ] equal to 0 indicates a negative sign for bottom_right_brick_idx_delta[ i ][ j ].
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.
The variable TopLeftBrickIdx[ ij ], BottomRightBrickIdx[ ij ], NumBricksInSlice[ ij ] and BricksToSliceMap[ jk ], which specify the brick index of the brick located at the top left corner of the ij-th slice, the brick index of the brick located at the bottom right corner of the ij-th slice, the number of bricks in the ij-th slice and the mapping of bricks to slices, are derived as follows:
for( jk = 0; ij  = =  0  &&  jk < NumBricksInPic; jk ++ )
		BricksToSliceMap[ jk ] = −1
NumBricksInSlice[ ij ] = 0
BottomRightBrickIdx[ ij ] = bottom_right_brick_idx_delta[ i ][ j ] ] +( ( ij  = =  0 ) ? 0 :
				( brick_idx_delta_sign_flag[ i ][ j ] ? BottomRightBrickIdx[ ij − 1 ] : −BottomRightBrickIdx[ ij −1 ] )
for( jk = BottomRightBrickIdx[ ij ]; jk  >=  0; jk − − ) {
		if( BrickColBd[ jk ]  <=  BrickColBd[ BottomRightBrickIdx[ ij ] ]  &&	(7‑43)
					BrickRowBd[ jk ]  <=  BrickRowBd[ BottomRightBrickIdx[ ij ] ]  &&						BricksToSliceMap[ jk ]  = =  −1 ) {
			TopLeftBrickIdx[ ij ] = jk
			NumBricksInSlice[ ij ]++
			BricksToSliceMap[ jk ] = ij
		}
}
signalled_slice_id_length_minus1[ i ] plus 1 specifies the number of bits used to represent the syntax element slice_id[ i ][ j ] for the i-th tile partition when present, and the syntax element slice_address in slice headers. The value of signalled_slice_id_length_minus1[ i ] shall be in the range of 0 to 15, inclusive. When not present, the value of signalled_slice_id_length_minus1[ i ] is inferred to be equal to Ceil( Log2( Max( 2, num_slices_in_pic_minus1[ i ] + 1 ) ) ) − 1.
slice_id[ i ][ j ] specifies the slice ID of the j-th slice for the i-th tile partition. The length of the slice_id[ i ][ j ] syntax element is signalled_slice_id_length_minus1[ i ] + 1 bits.  When not present, the value of slice_id[ i ][ j ] is inferred to be equal to ij, for each ij in the range of 0 to num_slices_in_pic_minus1[ i ], inclusive.
Slice header syntax and semantics is the same in option 2 as in option 1.
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