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Abstract
Flexible tile splitting is proposed in JVET K0155, JVET-L0359 and JVET-M0066 as the possibility to define splitting of tiles with finer granularity than the CTU size. The granularity is defined as the tile unit. This contribution proposes modifications that are claimed to improve the signalling for the flexible tile splitting. 
This contribution proposes the following modifications on top of JVET-L0359 M0066:
1) Specifying a minimum tile size equal to one CTU for tiles in VVC. 
2) Signaling tile column widths and tile row heights using two code words for flexible tile splitting when uniform_tile_spacing_flag is equal to 0: one code word to specify the number of full CTUs in UVLC and the other code word to specify the remainder value in FLC with ceil(log2(ceil(CtbSizeY/TileUnitSizeY)) bits. 
3) Enabling separate tile units in horizontal and vertical directions.
4) Restricting TileUnitSizeY to values larger than a minimum value using the following semantics for the tile_unit_size_idc syntax element: 
	TileUnitSizeY = CtbSizeY >> tile_unit_size_idc 
	TileUnitSizeY shall be equal or larger than MinCbSizeY.
In the semantics above we propose the minimum value for TileUnitSizeY to be equal to MinCbSizeY. The proposed semantics also prevents very large UVLC values for tile_unit_size_idc.
5) EEditorial fixeschanges such as removing redundant min() calls and correcting typos.:
· colWidth[ i ] = min(PicWidthInTileUnitsY – posL, posR – posL) posR – posL
· rowHeight[ i ] = min(PicHeightInTileUnitsY – posT, posB – posT) posB – posT
[bookmark: _GoBack]

Introduction and problem statement
Flexible tile splitting, as the possibility to split a picture into partitioning tiles, where the width or height of each tile is a multiple of a unit size finer than the CTU size, was introduced in JVET-K0155 at the 11th JVET meeting in Ljubljana, followed by JVET-L0359 at the 12th JVET meeting in Macau and JVET-M0066 at this Marrakesh meeting. Flexible tile splitting was mentioned to seem interesting and likely to be useful for some applications, e.g. 360° video with face sizes desired not to be a multiple of the CTU size. Following text is from the 12th JVET Macau meeting notes on L0359:
“… likely to be useful for some applications. It was commented that the software looks good.
The group was inclined to adopt this, but planned to wait one meeting cycle for study to confirm that no problems are identified.”
The current contribution proposes syntax and specification text which is claimed to improve signalling of the flexible tile splitting on top of L0359M0066. Several modifications are proposed where each can be considered independently or in combination with others
Here we point out a number of issues with flexible tile splitting as proposed in L0359 and M0066.
1) Minimum tile sizes are not imposed in L0359, M0066 and current VVC working draft, which might result in undesirable situations with very small tiles or very large number of tiles in a picture. In the flexible tile split proposal in JVET-L0359 and M0066, the number of tiles and CTUs in the picture can grow far beyond the case with conventional tile split. In a worst-case scenario, each tile can have the width and height equal to TileUnitSizeY which will give the number of tiles in the picture equal to PicWidthInTileUnitsY × PicHeightInTileUnitsY, e.g. equal to 32400 tiles for a 1920×1080 picture and TileUnitSizeY equal to 8. Since L0359 allowsand M0066 allow for tiles which are not CTU aligned (the next tile will start from a full CTU), the number of CTUs to be signaled can grow considerably larger than the number of CTUs compared to a non-flexible tile splitting scheme. This can potentially cause considerable signaling overhead and create undesirable but still conforming bit streams. HEVC has set a minimum size equal to 256×64 luma samples for each tile. However, having flexible tile split functionality, it is more important to set a minimum tile size which provides flexibility in defining the desired tile sizes and is also within a reasonable range.
2) L0359 proposesand M0066 propose the width and height of the tiles to be defined using a unit which is smaller than the CTU size. This can potentially generate large code words (UVLC defined) for the width and height of the tiles, increasing the signalling cost. The problem will be more pronounced in higher resolution pictures and smaller tile size granularities. 
3) L0359 proposesand M0066 propose one unit-size, namely TileUnitSizeY, to be used for the signalling of the tiles width and height. However, if the absolute tile widths and heights are not equal, this design choice will require the usage of a smaller granularity (like a common divisor to both width and height of the tile) for specifying both the width and height of the tiles which will potentially cause bigger code words (UVLC) and hence less efficient signalling. 
4) In L0359, and M0066 the parameter TileUnitSizeY, as the unit size for tiles width and height, is defined as follows:
			TileUnitSizeY = Max (CtbSizeY >> ( tile_unit_size_idc ), 8 )
with tile_unit_size_idc having a variable length code ue(v) type. The code word tile_unit_size_idc is not constrained and is therefore allowed to be arbitrarily large. A maximum value for tile_unit_size_idc should be included.
5) Editorial fixeschanges are needed for L0359M0066.



Proposal
This section contains details for each of the five sub-proposals listed in the abstract. Contribution L0359 was used as the basis with modified parts shown in red text.
Minimum tile size
We propose specifying a minimum tile size equal to one CTU for tiles in VVC. There are several possibilities for defining a minimum tile size. One possibility is to specify minimum tile size as a number of luma samples (as in HEVC). This fixed value for minimum tile is a limitation for potential applications which for example use very low-resolution smaller than 256×64 luma samples and high-resolution images in one packed frame. Another possibility is to define the minimum tile size relative to the CTU size. The minimum tile size can have different values in horizontal and vertical dimensions as well. Setting a minimum size for tiles in VVC will set an upper limit on the maximum number of tiles in a picture. This will also limit the number of CTUs signaled for each picture to a maximum number of 2 × number of CTUs in the picture in the non-flexible tile scenario, as L0359 allowsand M0066 allow for tiles which are not CTU aligned and the next tile will start from a full CTU.

We propose that the minimum tile size is restricted by the following two restrictions on top of L0359M0066:
The list TileColX[ i ] for i ranging from 0 to num_tile_columns_minus1 + 1, inclusive, specifying the X location of the top-left luma sample of the i-th tile column in units of luma samples, is derived as follows:
	for ( TileColX[ 0 ] = 0, i = 0; i <= num_tile_columns_minus1; i++ )
		TileColX[ i + 1 ] = TileColX[ i ] + colWidthColWidthInLumaSamples[ i ] * TileUnitSizeY
There shall be no i in the range from 0 to num_tile_columns_minus + 1, inclusive, for which TileColX[ i ] is larger than CtbSizeY.
The list TileRowY[ j ] for j ranging from 0 to num_tile_rows_minus1 + 1, inclusive, specifying the Y location of the top-left luma sample of the j-th tile row in units of luma samples, is derived as follows:
	for ( TileRowY[ 0 ] = 0, j = 0; j <= num_tile_rows_minus1; j++ )
		TileRowY[ j + 1 ] = TileRowY[ j ] + rowHeight[ j ] * TileUnitSizeYRowHeightInLumaSamples[ i ]
There shall be no j in the range from 0 to num_tile_rows_minus1 + 1, inclusive, for which TileRowY[ j ] is larger than CtbSizeY.
Multiple tile size granularities
We propose signaling tile sizes in two syntax elements: one as the number of full CTUs in UVLC and the remainder in FLC with ceil(log2(max number of finer tile units in a CTU)) bits. 
The proposed syntax Table 1 where the coarser granularity size is set equal to the CTU size and the finer granularity size is signaled using the tile_unit_size_idc code word. A minimum tile size of one CTU is enforced in the corresponding semantics. 
[bookmark: _Ref534185374]	Table 1 Proposed syntax for multiple tile size granularities
	pic_parameter_set_rbsp( ) {
	Descriptor

		pps_pic_parameter_set_id
	ue(v)

		pps_seq_parameter_set_id
	ue(v)

		transform_skip_enabled_flag
	u(1)

		tiles_enabledsingle_tile_in_pic_flag
	u(1)

		if( tiles_enabledsingle_tile_in_pic_flag ) {
	

			tile_unit_size_idc
	ue(v)

			num_tile_columns_minus1
	ue(v)

			num_tile_rows_minus1
	ue(v)

			uniform_tile_spacing_flag
	u(1)

			if( !uniform_tile_spacing_flag ) {
	

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

					tile_column_width_minus1[ i ]
	ue(v)

					column_width_coarse_minus1[ i ]
	ue(v)

					column_width_fine[ i ]
	u(v)

				}
	

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

					tile_row_height_minus1[ i ]
	ue(v)

					row_height_coarse_minus1[ i ]
	ue(v)

					row_height_fine[ i ]
	u(v)

				}
	

			}
	

			loop_filter_across_tiles_enabled_flag
	u(1)

		}
	

		rbsp_trailing_bits( )
	

	}
	



The corresponding proposed semantics for the syntax in Table 1 is as follows:

[bookmark: _Hlk534186274]tile_unit_size_idc specifies the size of a fine granularity tile unit block in luma samples.

The variables TileUnitSizeY, PicWidthInTileUnitsY and PicHeightInTileUnitsY are derived as follows:
		TileUnitSizeY = Max (CtbSizeY >> ( tile_unit_size_idc ),, 8 )
	PicWidthInTileUnitsY = Ceil( pic_width_in_luma_samples ÷ TileUnitSizeY ) 
	PicHeightInTileUnitsY = Ceil( pic_height_in_luma_samples ÷ TileUnitSizeY ) 

If tiles_enabledsingle_tile_in_pic_flag is equal to 10, the variables PicWidthInCtbsY, PicHeightInCtbsY, PicSizeInCtbsY are modified as follows:
	for(PicWidthInCtbsY = 0, i = 0; i <= num_tile_columns_minus1; i++ )
		PicWidthInCtbsY += Ceil( ( colWidthColWidth[ i ] * TileUnitSizeY ) ÷ CtbSizeY )
	for(PicHeightInCtbsY = 0, j = 0; j <= num_tile_rows_minus1; j++ )
		PicHeightInCtbsY += Ceil( ( rowHeight[ j ] * TileUnitSizeY ) ÷ CtbSizeY )RowHeight[ i ]
	PicSizeInCtbsY = PicWidthInCtbsY * PicHeightInCtbsY

num_tile_columns_minus1 plus 1 specifies the number of tile columns partitioning the picture in units of tile unit blocks.. num_tile_columns_minus1 shall be in the range of 0 to PicWidthInTileUnitsY − 1, inclusive. When not present, the value of num_tile_columns_minus1 is inferred to be equal to 0.
num_tile_rows_minus1 plus 1 specifies the number of tile rows partitioning the picture in units of tile unit blocks.. num_tile_rows_minus1 shall be in the range of 0 to PicHeightInTileUnitsY − 1, inclusive. When not present, the value of num_tile_rows_minus1 is inferred to be equal to 0.

The variable NumTilesInPic is derived as follows:set equal to ( num_tile_columns_minus1 + 1 ) * ( num_tile_rows_minus1 + 1).


When 	NumTilesInPic = ( numsingle_tile_columns_minus1 + 1 ) * ( num_tile_rows_minus1 + 1)in_pic

When tiles_enabled_flag is equal to 1, num_tile_columns_minus1 and num_tile_rows_minus1 0, NumTilesInPic shall not be both equal to 0greater than 1.

uniform_tile_spacing_flag equal to 1 specifies that tile column boundaries and likewise tile row boundaries are distributed uniformly across the picture. uniform_tile_spacing_flag equal to 0 specifies that tile column boundaries and likewise tile row boundaries are not distributed uniformly across the picture but signalled explicitly using the syntax elements column_width_coarse_minus1[ i ], column_width_fine[ i ], row_height_coarse_minus1[ i ] and row_height_fine[ i ]. When not present, the value of uniform_tile_spacing_flag is inferred to be equal to 1.
column_width_coarse_minus1[ i ] plus 1 specifies the number of full units of CtbSizeY that can fit the width of the i-th tile column.
column_width_fine[ i ] specifies the number of full units of TileUnitSizeY that can fit in the remaining width of the i-th tile column. The length of column_width_fine[i] is tile_unit_size_idc bits.
row_height_coarse_minus1[ i ] plus 1 specifies the number of full units of CtbSizeY that can fit the height of the i-th tile row.
row_height_fine[ i ] specifies the number of full units of TileUnitSizeY that can fit in the remaining height of the i-th tile row. The length of row_height_fine[i] is tile_unit_size_idc bits.

The following variables are derived by invoking the CTB raster and tile scanning conversion process as specified in clause 6.5.1:
–	The list colWidthColWidth[ i ] for i ranging from 0 to num_tile_columns_minus1, inclusive, specifying the width of the i-th tile column in units of tile unit blocks, is derived as follows:CTBs,
–	the list RowHeight[ j ] for j ranging from 0 to num_tile_rows_minus1, inclusive, specifying the height of the j-th tile row in units of CTBs,
–	the list ColBd[ i ] for i ranging from 0 to num_tile_columns_minus1 + 1, inclusive, specifying the location of the i-th tile column boundary in units of CTBs,
–	the list RowBd[ j ] for j ranging from 0 to num_tile_rows_minus1 + 1, inclusive, specifying the location of the j-th tile row boundary in units of CTBs,
–	the list CtbAddrRsToTs[ ctbAddrRs ] for ctbAddrRs ranging from 0 to PicSizeInCtbsY − 1, inclusive, specifying the conversion from a CTB address in the CTB raster scan of a picture to a CTB address in the tile scan,
–	the list CtbAddrTsToRs[ ctbAddrTs ] for ctbAddrTs ranging from 0 to PicSizeInCtbsY − 1, inclusive, specifying the conversion from a CTB address in the tile scan to a CTB address in the CTB raster scan of a picture,
–	the list TileId[ ctbAddrTs ] for ctbAddrTs ranging from 0 to PicSizeInCtbsY − 1, inclusive, specifying the conversion from a CTB address in tile scan to a tile ID,
–	the list NumCtusInTile[ tileIdx ] for tileIdx ranging from 0 to PicSizeInCtbsY − 1, inclusive, specifying the conversion from a tile index to the number of CTUs in the tile,
–	the list FirstCtbAddrTs[ tileIdx ] for tileIdx ranging from 0 to NumTilesInPic − 1, inclusive, specifying the conversion from a tile ID to the CTB address in tile scan of the first CTB in the tile,
–	the lists ColumnWidthInLumaSamples[ i ] for i ranging from 0 to num_tile_columns_minus1, inclusive, specifying the width of the i-th tile column in units of luma samples,
–	the list RowHeightInLumaSamples[ j ] for j ranging from 0 to num_tile_rows_minus1, inclusive, specifying the height of the j-th tile row in units of luma samples.
The values of ColumnWidthInLumaSamples[ i ] for i ranging from 0 to num_tile_columns_minus1, inclusive, and RowHeightInLumaSamples[ j ] for j ranging from 0 to num_tile_rows_minus1, inclusive, shall all be greater than 0.
loop_filter_across_tiles_enabled_flag equal to 1 specifies that in-loop filtering operations may be performed across tile boundaries in pictures referring to the PPS. loop_filter_across_tiles_enabled_flag equal to 0 specifies that in-loop filtering operations are not performed across tile 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_tiles_enabled_flag is inferred to be equal to 1.

The list ColWidth[ i ] for i ranging from 0 to num_tile_columns_minus1, inclusive, specifying the width of the i-th tile column in units of CTBs is derived as follows:

if( uniform_tile_spacing_flag )
	for( i = 0; i  <=  num_tile_columns_minus1; i++ ){
		posR = ( ( i + 1 ) * PicWidthInTileUnitsY ) / ( num_tile_columns_minus1 + 1 )
		posL =  ( i     * PicWidthInTileUnitsY ) / ( num_tile_columns_minus1 + 1 )
		colWidth[ i 
		ColWidthInLumaSamples[ i ] = min( PicWidthInTileUnitsY –  – posL,  posR –  – posL) ) * TileUnitSizeY
		ColWidth[ i ] = Ceil( TileWidthInLumaSamples[ i ] ÷ CtbSizeY )
		
	}
} else {
	colWidthColWidthInLumaSamples[ num_tile_columns_minus1 ] = PicWidthInTileUnitsY
	ColWidth[ num_tile_columns_minus1 ] = PicWidthInCtbsY
	for( i = 0; i < num_tile_columns_minus1; i++ ) {
		colWidthColWidthInLumaSamples[ i ] = ( tile_column_width_minus1[ i ] + 1( column_width_coarse_minus1[ i ] 
									+ 1 ) * ( 1<< tile_unit_size_idc ) +
							 column_width_fine[ i ]
		colWidth[ num_tile_columns_minus1 ]  −=  colWidth[ i ]
	}
} ) * TileUnitSizeY
		ColWidth[ i ] = Ceil( TileWidthInLumaSamples[ i ] ColWidthInLumaSamples[ i ] ÷ CtbSizeY )
		ColWidth[ num_tile_columns_minus1 ]  −=  ColWidth[ i ]

	}
}
The list rowHeightRowHeight[ j ] for j ranging from 0 to num_tile_rows_minus1, inclusive, specifying the height of the j-th tile row in units of tile unit blocks, is derived as follows:

if( uniform_tile_spacing_flag )
	for( j = 0; j  <=  num_tile_rows_minus1; j++ ){
		posB = ( ( j + 1 ) * PicHeightInTileUnitsY ) / ( num_tile_rows_minus1 + 1 )
		posT =  ( j     * PicHeightInTileUnitsY ) / ( num_tile_rows_minus1 + 1 )
		rowHeight [ RowHeightInLumaSamples[ j  ] = min( PicHeightInTileUnitsY –  – posT,  posB –  – posT ) ) * TileUnitSizeY
		RowHeight[ j ] = Ceil( RowHeightInLumaSamples[ j ]  ÷ CtbSizeY 
		
	}

} else {
	rowHeight[ num_tile_rows_minus1 ] = PicHeightInTileUnitsY
	RowHeightInLumaSamples[ num_tile_rows_minus1 ] = PicHeightInLumaSamples
	RowHeight[ num_tile_rows_minus1 ] = PicHeightInCtbsY
	for( j = 0; j < num_tile_rows_minus1; j++ ) {
		rowHeight
		RowHeightInLumaSamples[ j ] = ( tile_row_height_minus1[ j ] + 1( row_height_coarse_minus1[ j ] + 1 ) * (
									+ 1 ) * ( 1 << tile_unit_size_idc ) +
							 row_height_fine[ j ]
		rowHeight ) * TileUnitSizeY
		RowHeight[ j ] = Ceil( RowHeightInLumaSamples[ j ]  ÷ CtbSizeY )
		RowHeight[ num_tile_rows_minus1 ] −= rowHeight −=  RowHeight[ j ]
	}
}
The list TileColX[ i ] for i ranging from 0 to num_tile_columns_minus1 + 1, inclusive, specifying the X location of the top-left luma sample of the i-th tile column in units of luma samples, is derived as follows:
	for ( TileColX[ 0 ] = 0, i = 0; i <= num_tile_columns_minus1; i++ )
		TileColX[ i + 1 ] = TileColX[ i ] + colWidth[ i ] * TileUnitSizeY
The list TileRowY[ j ] for j ranging from 0 to num_tile_rows_minus1 + 1, inclusive, specifying the Y location of the top-left luma sample of the j-th tile row in units of luma samples, is derived as follows:
	for ( TileRowY[ 0 ] = 0, j = 0; j <= num_tile_rows_minus1; j++ )
		TileRowY[ j + 1 ] = TileRowY[ j ] + rowHeight[ j ] * TileUnitSizeY

		
	}
}

Table 2 compares the bit cost for signaling the tile size with a single UVLC code word (as in HEVC, L0359 and L0359M0066) for one granularity size with the solution proposed here with two code words; one for CTU size granularity (UVLC signaled) and the second part for the finer granularity in fixed length code word of Ceil(log2(tile_unit_size_idc)) bits. In this example, CTU size is equal to 128 luma samples and the finer unit size is equal to 32 luma samples which means that the fixed length code word of Ceil(log2(tile_unit_size_idc)) = 2 bits is used for the finer units. The proposed solution here saves approximately 2 bits for signaling the width of each tile column and another two bits for signaling the height of each tile row for the provided example over the solution provided in L0359 and M0066. In the provided example, the minimum tile size is considered to be equal to 128×128 luma samples and so only the tile sizes larger than this minimum value are shown in Table 2
[bookmark: _Ref532539724][bookmark: _Ref532539714]

Table 2 Comparing the bit cost for signaling the tile size with a single UVLC code word for a fine granularity size or by two code words one for a CTU size granularity (UVLC signaled) and the second part for the fine granularity size in fixed length code word of Ceil(log2(tile_unit_size_idc)) bits. 
	Tile width in luma samples
	Tile column width (expressed in granularity size unit) minus 1
(Unit size = 32 luma samples)
	Tile column width expressed in two granularity size units
(Coarser unit size = CTU size = 128 luma samples
Finer unit size = 32 luma samples)

	
	column_width_minus1

	Bit count
	column_width_coarse_minus1

	column_width_fine
	Bit count

	
	Value
	UVLC bitpattern
	
	Value
	UVLC bitpattern
	Value
	Fixed-length code word (2 bits)
	

	128
	3
	00100
	5
	0
	1
	0
	00
	3

	160
	4
	00101
	5
	0
	1
	1
	01
	3

	192
	5
	00110
	5
	0
	1
	2
	10
	3

	224
	6
	00111
	5
	0
	1
	3
	11
	3

	256
	7
	0001000
	7
	1
	010
	0
	00
	5

	288
	8
	0001001
	7
	1
	010
	1
	01
	5

	320
	9
	0001010
	7
	1
	010
	2
	10
	5

	352
	10
	0001011
	7
	1
	010
	3
	11
	5

	384
	11
	0001100
	7
	2
	011
	0
	00
	5

	416
	12
	0001101
	7
	2
	011
	1
	01
	5

	448
	13
	0001110
	7
	2
	011
	2
	10
	5

	480
	14
	0001111
	7
	2
	011
	3
	11
	5

	512
	15
	000010000
	9
	3
	00100
	0
	00
	7

	544
	16
	000010001
	9
	3
	00100
	1
	01
	7

	576
	17
	000010010
	9
	3
	00100
	2
	10
	7

	608
	18
	000010011
	9
	3
	00100
	3
	11
	7

	640
	19
	000010100
	9
	4
	00101
	0
	00
	7

	672
	20
	000010101
	9
	4
	00101
	1
	01
	7

	704
	21
	000010110
	9
	4
	00101
	2
	10
	7

	736
	22
	000010111
	9
	4
	00101
	3
	11
	7

	768
	23
	000011000
	9
	5
	00110
	0
	00
	7

	800
	24
	000011001
	9
	5
	00110
	1
	01
	7

	832
	25
	000011010
	9
	5
	00110
	2
	10
	7



Horizontal and vertical tile unit sizes
We propose adding the functionality for separate horizontal and vertical tile unit sizes. Table 3 provides the proposed syntax with two code words for signaling tile unit sizes in horizontal and vertical directions separately on top of L0359M0066. 

[bookmark: _Ref532296426][bookmark: _Ref532296418]Table 3 Proposed syntax for horizontal and vertical tile unit sizes
	pic_parameter_set_rbsp( ) {
	Descriptor

		pps_pic_parameter_set_id
	ue(v)

		pps_seq_parameter_set_id
	ue(v)

		transform_skip_enabled_flag
	u(1)

		tiles_enabledsingle_tile_in_pic_flag
	u(1)

		if( tiles_enabledsingle_tile_in_pic_flag ) {
	

			tile_unit_size_idc
	ue(v)

			tile_unit_size_idc_hrz
	ue(v)

			tile_unit_size_idc_vrt
	ue(v)

			num_tile_columns_minus1
	ue(v)

			num_tile_rows_minus1
	ue(v)

			uniform_tile_spacing_flag
	u(1)

			if( !uniform_tile_spacing_flag ) {
	

				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)

			}
	

			loop_filter_across_tiles_enabled_flag
	u(1)

		}
	

		rbsp_trailing_bits( )
	

	}
	



The corresponding proposed semantics for the syntax in Table 3 is as follows:

[bookmark: _Hlk532311711]tile_unit_size_idc_hrz specifies the width of a tile unit block in luma samples.
tile_unit_size_idc_vrt specifies the height of a tile unit block in luma samples.

The variables TileUnitSizeHrzY, TileUnitSizeVrtY, PicWidthInTileUnitsY and PicHeightInTileUnitsY are derived as follows;
	TileUnitSizeHrzY = Max (CtbSizeY >> ( tile_unit_size_idc_hrz ),, 8 )
	TileUnitSizeVrtY = Max (CtbSizeY >> ( tile_unit_size_idc_vrt ),, 8 )
	PicWidthInTileUnitsY = Ceil( pic_width_in_luma_samples ÷ TileUnitSizeHrzY ) 
	PicHeightInTileUnitsY = Ceil( pic_height_in_luma_samples ÷ TileUnitSizeVrtY ) 

If tiles_enabledsingle_tile_in_pic_flag is equal to 10, the variables PicWidthInCtbsY, PicHeightInCtbsY, PicSizeInCtbsY are modified as follows:
	for(PicWidthInCtbsY = 0, i = 0; i <= num_tile_columns_minus1; i++ )
		PicWidthInCtbsY += Ceil( ( colWidth[ i ] * TileUnitSizeHrzY ) ÷ CtbSizeY )
	for(PicHeightInCtbsY = 0, j = 0; j <= num_tile_rows_minus1; j++ )
		PicHeightInCtbsY += Ceil( (rowHeight[ j ] * TileUnitSizeVrtY ) ÷ CtbSizeY )
	PicSizeInCtbsY = PicWidthInCtbsY * PicHeightInCtbsY

tile_column_width_minus1[ i ] plus 1 specifies the width of the i-th tile column in TileUnitSizeHrzY.
tile_row_height_minus1[ i ] plus 1 specifies the height of the i-th tile row in TileUnitSizeVrtY.

The following variables are derived by invoking the CTB raster and tile scanning conversion process as specified in clause 6.5.1:
–	The list colWidthColWidth[ i ] for i ranging from 0 to num_tile_columns_minus1, inclusive, specifying the width of the i-th tile column in units of tile unit blocks, is derived as in L0359.
CTBs,
The–	the list rowHeightRowHeight[ j ] for j ranging from 0 to num_tile_rows_minus1, inclusive, specifying the height of the j-th tile row in units of tile unit blocks, is derived as in L0359CTBs,
–	the
The list TileColX[ ColBd[ i  ] for i ranging from 0 to num_tile_columns_minus1 +  + 1, inclusive, specifying the X location of the top-left luma sample of the i-th tile column boundary in units of luma samples, is derived as follows:CTBs,
	for ( TileColX[ 0 ] = 0, i = 0; i <= num_tile_columns_minus1; i++ )
		TileColX[ i + 1 ] = TileColX[ i ] + colWidth[ i ] * TileUnitSizeHrzY

The–	the list TileRowY[ RowBd[ j  ] for j ranging from 0 to num_tile_rows_minus1 +  + 1, inclusive, specifying the Y location of the top-left luma samplej-th tile row boundary in units of CTBs,
–	the list CtbAddrRsToTs[ ctbAddrRs ] for ctbAddrRs ranging from 0 to PicSizeInCtbsY − 1, inclusive, specifying the conversion from a CTB address in the CTB raster scan of a picture to a CTB address in the tile scan,
–	the list CtbAddrTsToRs[ ctbAddrTs ] for ctbAddrTs ranging from 0 to PicSizeInCtbsY − 1, inclusive, specifying the conversion from a CTB address in the tile scan to a CTB address in the CTB raster scan of a picture,
–	the list TileId[ ctbAddrTs ] for ctbAddrTs ranging from 0 to PicSizeInCtbsY − 1, inclusive, specifying the conversion from a CTB address in tile scan to a tile ID,
–	the list NumCtusInTile[ tileIdx ] for tileIdx ranging from 0 to PicSizeInCtbsY − 1, inclusive, specifying the conversion from a tile index to the number of CTUs in the tile,
–	the list FirstCtbAddrTs[ tileIdx ] for tileIdx ranging from 0 to NumTilesInPic − 1, inclusive, specifying the conversion from a tile ID to the CTB address in tile scan of the first CTB in the tile,
–	the lists ColumnWidthInLumaSamples[ i ] for i ranging from 0 to num_tile_columns_minus1, inclusive, specifying the width of the i-th tile column in units of luma samples,
–	the list RowHeightInLumaSamples[ j ] for j ranging from 0 to num_tile_rows_minus1, inclusive, specifying the height of the j-th tile row in units of luma samples, is derived as follows:.
	for ( TileRowY[ 0 ] = 0, j = 0; j <= num_tile_rows_minus1; j++ )
		TileRowY[ j + 1 ] = TileRowY[ j ] + rowHeight[ j ] * TileUnitSizeVrtYThe values of ColumnWidthInLumaSamples[ i ] for i ranging from 0 to num_tile_columns_minus1, inclusive, and RowHeightInLumaSamples[ j ] for j ranging from 0 to num_tile_rows_minus1, inclusive, shall all be greater than 0.
loop_filter_across_tiles_enabled_flag equal to 1 specifies that in-loop filtering operations may be performed across tile boundaries in pictures referring to the PPS. loop_filter_across_tiles_enabled_flag equal to 0 specifies that in-loop filtering operations are not performed across tile 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_tiles_enabled_flag is inferred to be equal to 1.
The list ColWidth[ i ] for i ranging from 0 to num_tile_columns_minus1, inclusive, specifying the width of the i-th tile column in units of CTBs is derived as follows:

if( uniform_tile_spacing_flag )
	for( i = 0; i  <=  num_tile_columns_minus1; i++ ){
		posR = ( ( i + 1 ) * PicWidthInTileUnitsY ) / ( num_tile_columns_minus1 + 1 )
		posL =  ( i * PicWidthInTileUnitsY ) / ( num_tile_columns_minus1 + 1 )
		ColWidthInLumaSamples[ i ] = min( PicWidthInTileUnitsY – posL, posR – posL ) * TileUnitSizeY TileUnitSizeHrzY
		ColWidth[ i ] = Ceil( TileWidthInLumaSamples[ i ] ÷ CtbSizeY )
	}
} else {
	ColWidthInLumaSamples[ num_tile_columns_minus1 ] = PicWidthInLumaSamples
	ColWidth[ num_tile_columns_minus1 ] = PicWidthInCtbsY
	for( i = 0; i < num_tile_columns_minus1; i++ ) {
		ColWidthInLumaSamples[ i ] = ( tile_column_width_minus1[ i ] + 1) * TileUnitSizeY TileUnitSizeHrzY
		ColWidth[ i ] = Ceil( TileWidthInLumaSamples[ i ] ColWidthInLumaSamples[ i ] ÷ CtbSizeY )
		ColWidth[ num_tile_columns_minus1 ]  −=  ColWidth[ i ]
	}
}
The list RowHeight[ j ] for j ranging from 0 to num_tile_rows_minus1, inclusive, specifying the height of the j-th tile row in units of tile unit blocks, is derived as follows:

if( uniform_tile_spacing_flag )
	for( j = 0; j  <=  num_tile_rows_minus1; j++ ){
		posB = ( ( j + 1 ) * PicHeightInTileUnitsY ) / ( num_tile_rows_minus1 + 1 )
		posT =  ( j * PicHeightInTileUnitsY ) / ( num_tile_rows_minus1 + 1 )
		RowHeightInLumaSamples[ j ] = min( PicHeightInTileUnitsY – posT, posB – posT ) *TileUnitSizeY TileUnitSizeVrtY
		RowHeight[ j ] = Ceil( RowHeightInLumaSamples[ rowj ]  ÷ CtbSizeY 
} else {
	rowHeight[ num_tile_rows_minus1 ] = PicHeightInTileUnitsY 
	RowHeightInLumaSamples[ num_tile_rows_minus1 ] = PicHeightInLumaSamples
	RowHeight[ num_tile_rows_minus1 ] = PicHeightInCtbsY
	for( j = 0; j < num_tile_rows_minus1; j++ ) {
		RowHeightInLumaSamples[ j ] = ( tile_row_height_minus1[ j ] + 1 ) * TileUnitSizeY TileUnitSizeVrtY
		RowHeight[ j ] = Ceil( RowHeightInLumaSamples[ rowj ]  ÷ CtbSizeY )
		RowHeight[ num_tile_rows_minus1 ]  −=  RowHeight[ j ]
	}
}



Modified semantics to limit tile_unit_size_idc 
We noted that the syntax element tile_unit_size_idc needs to be restricted in order to avoid arbitrarily long UVLC code words. We therefore suggest restricting the minimum value for TileUnitSizeY to be equal to MinCbSizeY. We propose the following semantics for tile_unit_size_idc:
tile_unit_size_idc specifies the size of a tile unit block in luma samples.
The variables TileUnitSizeY  is derived as follows
				TileUnitSizeY = Max (CtbSizeY >> ( tile_unit_size_idc ), 8 )
			TileUnitSizeY = CtbSizeY >> tile_unit_size_idc
			TileUnitSizeY shall be equal or larger than MinCbSizeY

Editorial fixes
We propose the following editorial fixeschanges on top of L0359M0066 since the min function seemseems redundant:
· colWidth[ i ] = min(PicWidthInTileUnitsY – posL, posR – posL) posR – posL
· rowHeight[ i ] = min(PicHeightInTileUnitsY – posT, posB – posT) posB – posT
· if( uniform_tile_spacing_flag )
	for( i = 0; i  <=  num_tile_columns_minus1; i++ ){
		posR = ( ( i + 1 ) * PicWidthInTileUnitsY ) / ( num_tile_columns_minus1 + 1 )
		posL =  ( i * PicWidthInTileUnitsY ) / ( num_tile_columns_minus1 + 1 )
		ColWidthInLumaSamples[ i ] = min( PicWidthInTileUnitsY – posL, posR – posL ) ( posR – posL ) 																	* TileUnitSizeY
		ColWidth[ i ] = Ceil( TileWidthInLumaSamples ColWidthInLumaSamples[ i ] ÷ CtbSizeY )
} else {
	ColWidthInLumaSamples[ num_tile_columns_minus1 ] = PicWidthInLumaSample	ColWidth[ num_tile_columns_minus1 ] = PicWidthInCtbsY
	for( i = 0; i < num_tile_columns_minus1; i++ ) {			
		ColWidthInLumaSamples[ i ] = ( tile_column_width_minus1[ i ] + 1 ) * TileUnitSizeY
		ColWidth[ i ] = Ceil( TileWidthInLumaSamples ColWidthInLumaSamples[ i ] ÷ CtbSizeY )
		ColWidth[ num_tile_columns_minus1 ]  −=  ColWidth[ i ]
	}
}
· if( uniform_tile_spacing_flag )
	for( j = 0; j  <=  num_tile_rows_minus1; j++ ){
		posB = ( ( j + 1 ) * PicHeightInTileUnitsY ) / ( num_tile_rows_minus1 + 1 )
		posT =  ( j * PicHeightInTileUnitsY ) / ( num_tile_rows_minus1 + 1 )
		RowHeightInLumaSamples[ j ] = min( PicHeightInTileUnitsY – posT, posB – posT ) ( posB - posT ) 																	 * TileUnitSizeY
		RowHeight[ j ] = Ceil( RowHeightInLumaSamples[ rowj ]  ÷ CtbSizeY )
	}
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