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Abstract
In VVC draft 8, the syntax allows indicating a sum of tile widths/heights that is wider than the picture width/height. It is asserted that constrains of tile partitioning is not straightforward. If the sum of signaled tile widths/heights is larger than picture width/height,  the current derivation this could cause invalid CTU addresses being added to a slice. In this contribution, it is proposed to add twoa conformance constraints to make the conformance requirements on tile partitioning cleaner, such that  avoid invalid CTU address would not being included in a slice. In the second version, the conformance requirement on tileColBd and tileRowBd is added.
Problem Statement
In JVET-Q0359, it was proposed to constrain that the sum of all tile widths (heights) should be less than or equal to the width (height) of the picture in unit of CTB. Because, a tile outside of the picture does not make sense.
This aspect in the proposal was adopted with the following notes:
Decision (editorial BF): Adopted. The editors are given discretion to finalize how this is expressed. It was suggested to express this as a constraint on the value range of the width and height syntax elements rather than as a constraint on the sum.
In VVC draft 8 [1], the following constraints on tile widths and heights syntax elements were added:
The value of tile_column_width_minus1[ i ] shall be in the range of 0 to PicWidthInCtbsY − 1, inclusive.
The value of tile_row_height_minus1[ i ] shall be in the range of 0 to PicHeightInCtbsY − 1, inclusive.
However, adding these constraints does not guarantee that conformant syntax would not indicate a sum of tile widths/heights that is wider than the picture width/height.
Based on the CTU raster scanning process in VVC draft 8, oversized tile widths and heights may cause invalid CTU addresses in matrix CtbAddrInSlice. An exemplary configuration is shown in the Figure 1.
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[bookmark: _Ref32478390]Figure 1 – Example of tiles and slices map of a picture where the signalled tile map and slice map is larger than the actual picture, where slice 0 consists of tile 0, slice 1 consists of tile 1 and 2.
The picture is partitioned into 8x6 CTUs. The tile map that consists of 3 tile rows and 1 tile column is explicitly signaled in PPS. Tile 0 is 8x4, shown in light blue, tile 1 is 8x3, shown in yellow, tile 2 is 8x1, shown in white. The sum of tile row heights is 8 CTUs, which is larger than the picture height. The picture is partitioned in two rectangle slices, where the slice 1 consists of the tile 0, and slice 1 consists of the remaining tiles (tile 1 and tile 2). The related syntax values are signaled as the followings:

	num_exp_tile_columns_minus1
	0

	num_exp_tile_rows_minus1
	2

	tile_column_width_minus1[ 0 ]
	7

	tile_row_height_minus1[ 0 ]
	3

	tile_row_height_minus1[ 1 ]
	2

	tile_row_height_minus1[ 2 ]
	0

	rect_slice_flag  
	1

	single_slice_per_subpic_flag 
	0

	num_slices_in_pic_minus1 
	1

	slice_height_in_tiles_minus1[0] 
	0

	num_exp_slices_in_tile[0]
	0



Function AddCtbsToSlice() is invoked with the tile boundaries as input for each tile in the slice to derive the matrix CtbAddrInSlice[ i ][ j ] that maps the CTU index j in slice i to CTU address in the picture and variable NumCtusInSlice[i] for the number of CTUs in slice i. Since tile 1 covers area outside the picture, invalid CTB addresses may be added to the matrix CtbAddrInSlice. 
In VVC draft 8, the bitstream conformance only requires that CtbAddrInSlice cover each of all CTB addresses in the range 0 to PicSizeInCtbsY − 1 once and only once. It doesn’t prohibit the inclusion of CTB address outside this range (e.g. CTB address with value PicSizeInCtbsY and above) in CtbAddrInSlice, even though these CTB addresses are invalid. 
As illustrated in the exemplary Figure 1, the orange CTU in tile 1 is added to CtbAddrInSlice[1][16]. However, the orange CTU is outside the picture. Although it doesn’t violate any constraints explicitly written in the specification, it should be considered an invalid case since CTUs out of picture boundary which do not actually exist are added to the list of CTUs of the current slice to be encoded or decoded.
Proposed method
In this contribution, we proposed to add two conformance requirements:
Constraint 1: add the following conformance requirement to limit the tiles only cover the picture area:
The list tileColBd[ i ] for i ranging from 0 to NumTileColumns, inclusive, specifying the location of the i-th tile column boundary in units of CTBs, is derived as follows:
for( tileColBd[ 0 ] = 0, i = 0; i < NumTileColumns; i++ )
	tileColBd[ i + 1 ] = tileColBd[ i ] + colWidth[ i ]	(25)
NOTE 1 – The size of the array tileColBd[ ] in the above derivation is one greater than the actual number of tile columns.
The list tileRowBd[ j ] for j ranging from 0 to NumTileRows, inclusive, specifying the location of the j-th tile row boundary in units of CTBs, is derived as follows:
for( tileRowBd[ 0 ] = 0, j = 0; j < NumTileRows; j++ )
	tileRowBd[ j + 1 ] = tileRowBd[ j ] + RowHeight[ j ]	(26)
NOTE 2 – The size of the array tileRowBd[ ] in the above derivation is one greater than the actual number of tile rows.

It is a requirement of bitstream conformance that the value of tileColBd [ NumTileColumns ] shall be equal to PicWidthInCtbsY and the value of tileRowBd[ NumTileRows ] shall be equal to PicHeightInCtbsY.

Constraint 2:to add the following conformance requirement to limitonstraint to  the slice only cover the picture areasolve the issue in VVC draft 8:
It is a requirement of bitstream conformance that the values of NumCtusInSlice[ i ] for i ranging from 0 to num_slices_in_pic_minus1, inclusive, shall be greater than 0. Additionally, it is a requirement of bitstream conformance that the matrix CtbAddrInSlice[ i ][ j ] for i ranging from 0 to num_slices_in_pic_minus1, inclusive, and j ranging from 0 to NumCtusInSlice[ i ] − 1, inclusive, shall include each of all CTB addresses in the range of 0 to PicSizeInCtbsY − 1, inclusive, once and only once. The value of elements in matrix CtbAddrInSlice shall be in the range of 0 to PicSizeInCtbsY – 1, inclusive.
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