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Abstract
This contribution proposes modifications to the derivation of tile column widths and tile row heights in case uniform tile partition (uniform_tile_spacing_flag = 1) is enabled. When the picture width or height is not divisible by the number of columns or rows respectively, the proposal is claimed to result in the tile column widths and tile row heights to be sorted in size.
The proponents claim the following advantages over the draft VVC:
· In contrast to VVC, the proposal does not result in pseudo-random location of tile boundaries.
· The proposal keeps tile boundary locations static in case tile rows and columns are removed when uniform tile spacing is used
· The proposal reduces the number of multiplications and divisions from 2 and 2 to 0 and 1 respectively
For tile columns the following text:
if( uniform_tile_spacing_flag )
	for( i = 0; i  <=  num_tile_columns_minus1; i++ )
		ColWidth[ i ] = ( ( i + 1 ) * PicWidthInCtbsY ) / ( num_tile_columns_minus1 + 1 ) − 
						( i * PicWidthInCtbsY ) / ( num_tile_columns_minus1 + 1 )

is proposed to be replaced by the following text (and a similar change is proposed for tile rows):
if( uniform_tile_spacing_flag ) {
	RemainingWidthInCtbsY = PicWidthInCtbsY
	RemainingNumTileColumns = num_tile_columns_minus1 + 1
	for( i = 0; i  <=  num_tile_columns_minus1; i++ ) {
		ColWidth[ i ] = ceil ( RemainingWidthInCtbsY ÷ RemainingNumTileColumns )
		RemainingWidthInCtbsY = RemainingWidthInCtbsY − ColWidth[ i ]
		RemainingNumTileColumns = RemainingNumTileColumns – 1
	}
}

[bookmark: _GoBack]A new version of this contribution showing proposed draft text on top of a VVC draft containing all adoptions from Macau is planned when such a draft is made available.

Introduction and problem statement
A tile design similar to the design in HEVC v5 was adopted into the VVC draft at the 13th meeting in Macau. Both HEVC version 5 and the VVC draft include specification of uniform tile spacing:
In the PPS there is a flag, uniform_spacing_flag in HEVC and uniform_tile_spacing_flag in the VVC draft. When this flag is equal to 1, the tile spacing is derived from the num_tile_columns_minus1 and num_tile_rows_minus1 code words as follows:
if( uniform_tile_spacing_flag )
	for( i = 0; i  <=  num_tile_columns_minus1; i++ )
		ColWidth[ i ] = ( ( i + 1 ) * PicWidthInCtbsY ) / ( num_tile_columns_minus1 + 1 ) − 
						( i * PicWidthInCtbsY ) / ( num_tile_columns_minus1 + 1 )
if( uniform_tile_spacing_flag )
	for( j = 0; j  <=  num_tile_rows_minus1; j++ )
		RowHeight[ j ] = ( ( j + 1 ) * PicHeightInCtbsY ) / ( num_tile_rows_minus1 + 1 ) − 
						( j * PicHeightInCtbsY ) / ( num_tile_rows_minus1 + 1 )

According to the derivation above, the tile column widths and row heights are calculated by subtracting two terms from each other in the form of ⌊(i + 1) ∙k ⌋ - ⌊i ∙ k ⌋ where i is a positive integer and k is a rational number with numerator equal to PicWidthInCtbsY and denominator equal to num_tile_columns_minus1+1 or num_tile_rows_minus1+1. The output of such calculation when k is not an integer, can be equal to ⌊ k ⌋ or ⌈ k ⌉ depending on the values of k and i.
The derivation above causes variations that depend on the width of the picture in CTUs, number of tile columns, number of tile rows and the positioning of the tile boundary. This is illustrated in Table 1, where the widths of the tile columns vary between 2 and 3 CTU widths depending on k. 
[bookmark: _Ref533678825]Table 1 – Example 1
	PicWidthInCtbsY
	num_tile_columns_minus1
	K
	colWidth[ i ]

	8
	2
	8/3
	colWidth[ i ] = [2, 3, 3]



	10
	3
	10/4
	colWidth[ i ] = [2, 3, 2, 3]



	12
	4
	12/5
	colWidth[ i ] = [2, 2, 3, 2, 3]




Another effect is that if some rows or columns of tiles in the picture are removed, the tile boundaries inside the remaining part of the picture might move. An example of this is illustrated in Table 2 that shows how the tile column boundaries change in the current VVC uniform tile spacing design when tiles are removed from an original picture and uniform partitioning is used for the remaining tiles. The tile boundaries that change location compared to the tile boundaries in the original picture are shown using thick lines.
[bookmark: _Ref533679121]Table 2 – Example 2
	 (
Tile boundaries
Only CTU boundaries
Moved tile boundaries compared to the original picture
Removed parts
)





	Current uniform tile split


	
Tiles in the original picture 
	


	
Uniform tile split after removing the left most column of tiles
	


	
Uniform tile split after removing the right most column of tiles
	


	
Uniform tile spacing after removing the left most and right most columns of tiles
	






Proposal
We propose to change the derivation mechanism of the tile column width and tile row height for uniform tile partitioning in the VVC draft such that the larger distances between tile boundaries all come before the shorter distances for the case that the picture width or height is not divisible by the number of columns or rows respectively.
The proposal consists of the following text change in the VVC draft where removed text is shown by strikethrough red text and added text is shown by red text:
if( uniform_tile_spacing_flag )
	for( i = 0; i  <=  num_tile_columns_minus1; i++ )
		ColWidth[ i ] = ( ( i + 1 ) * PicWidthInCtbsY ) / ( num_tile_columns_minus1 + 1 ) − 
						( i * PicWidthInCtbsY ) / ( num_tile_columns_minus1 + 1 )
if( uniform_tile_spacing_flag )
	for( j = 0; j  <=  num_tile_rows_minus1; j++ )
		RowHeight[ j ] = ( ( j + 1 ) * PicHeightInCtbsY ) / ( num_tile_rows_minus1 + 1 ) − 
						( j * PicHeightInCtbsY ) / ( num_tile_rows_minus1 + 1 )

if( uniform_tile_spacing_flag ) {
	RemainingWidthInCtbsY = PicWidthInCtbsY
	RemainingNumTileColumns = num_tile_columns_minus1 + 1
	for( i = 0; i  <=  num_tile_columns_minus1; i++ ) {
		ColWidth[ i ] = ceil ( RemainingWidthInCtbsY ÷ RemainingNumTileColumns )
		RemainingWidthInCtbsY = RemainingWidthInCtbsY − ColWidth[ i ]
		RemainingNumTileColumns = RemainingNumTileColumns – 1
	}
}

if( uniform_tile_spacing_flag ) {
	RemainingHeightInCtbsY = PicHeightInCtbsY
	RemainingNumTileRows = num_tile_rows_minus1 + 1
	for( i = 0; i  <=  num_tile_rows_minus1; i++ ) {
		RowHeight[ i ] = ceil ( RemainingHeightInCtbsY ÷ RemainingNumTileRows )
		RemainingHeightInCtbsY = RemainingHeightInCtbsY − RowHeight[ i ]
		RemainingNumTileRows = RemainingNumTileRows – 1
	}
}

It should be noted that the proposal reduces the number of operations compared to VVC. The proposal has no multiplication and one division per iteration, while the VVC method uses 2 multiplications and 2 divisions per iteration.
Table 3 shows the effect of the proposed solution for the example shown earlier. Since the thicknesses of columns and lines are arranged in order from thickest to thinnest, removal of tile columns does not result in location change of internal tile boundaries. Although not shown, this is also the case for tile rows. 

[bookmark: _Ref533680796]Table 3 – Illustration of the proposed solution
	 (
Tile boundaries
Only CTU boundaries
Moved tile boundaries compared to the original picture
Removed parts
)





	Current uniform tile split

	Proposed uniform tile split

	
Tiles in the original picture 
	

	

	
Uniform tile split after removing the left most column of tiles
	

	

	
Uniform tile split after removing the right most column of tiles
	

	

	
Uniform tile spacing after removing the left most and right most columns of tiles
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