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_____________________________
Abstract
This contribution proposes flexible unit size tile with implementation friendly restriction, which allows tiling with tile size unit less than CTU size. In the tile BoG, the implementation difficulty for less than CTU size and loop filter control for 360 video has been discussed. In this contribution, it is asserted that CTU alignment is too restricted to enable important tile use cases. It is also argued that the proposed specific implementation friendly restrictions alleviate the concerns implementation cost increase.
It is proposed to include flexible size tile into the draft of VVC specification with proposed restrictions.

In JVET-M0066, the main part of this proposal has been implemented, tested and cross-checked. The software, full working draft have been uploaded at 2018-12-28 05:28:56 and this was announced in the JVET main reflector at 2018-12-29. It is asserted our proposal is one of the very rare proposals with real implementation for HLS.
History
This flexible size tile concept has been proposed in JVET-K0155 and JVET-L0359. In JVET-L meeting note
“The group was inclined to adopt this, but planned to wait one meeting cycle for study to confirm that no problems are identified.”
JVET-M0066 proposes exactly the same concept with necessary low level tool changes in VVC3 but it seems JVET-M0066’s restrictions are not sufficient. JVET-M0376 and JVET-M0459 proposes implement friendly restrictions. This document includes some of these proposals.
Major use cases for flexible unit size tile
It is argued that the followings are crucial use cases where less than CTU size tiling is necessary
1) ROI alignment. There’s wide variety of video capture devices and video sources. It is argued that it is very important for the ROI tile region to fit the target area.
2) Tiled 360 video, CTU aligned tile provide more flexible padding and cube map choice, which is necessary to maximize device capability. For viewport dependent 360 video aligning tiles to boundaries of different resolution content packed into one picture with large CTU size may not be possible, e.g. 128x128 CTU size disallows 4x4 tiling per CMP face at the CTC resolution of 4K. 
3) Low latency. Tile based intra-refresh for low latency application. Tiles provide sufficient dependency controls for intra refresh without low level normative changes. CTU size alignment is too restrictive to use tiles for this application
4) Load balancing. Load balancing with a 128x128 CTU size is difficult. Fully utilizing tile parallelism in encoders needs more flexibility in tile sizing.

Implementation difficulty
We are aware the following points are the main difficulty for hardware implementation which could affect cost.
1) Throughput capability, i.e. Partial size CTUs could need the same time processing time as full size CTUs in pipeline processing.
2) Memory bandwidth / compression, i.e. temporal motion vector or other information needs to be transferred between internal memory and external memory via burst transfer.
3) Address generator, i.e. address generator needs more flexible calculation which depends on tile position.
Complexity analysis
Partial size CTUs could need the same time processing time as full size CTUs in pipeline processing. In other word, if partial CTUs is accounted as full CTUs in terms of processing capability limitation, The problem doesn’t occur. This was suggested in the last meeting.
Memory bandwidth / memory compression is the most critical part for implementation of both software and hardware. Thus we carefully choose a sufficient large number of 32 as the smallest tile unit size. After consulting with hardware designers, we’ve confirmed that 32 is sufficient for DDR burst transfer.
The complexity of address generator was also deeply analyzed with hardware engineers, including the following aspects.
· Reference sample read
· Local-decode sample write
· Upper-side intra line buffer read/write
· Upper-side loop filter line buffer read/write
· Temporal motion vector read/write
It is confirmed that because x/y tile address offset is per tile, the address generator can be ok with a firmware which sets the offset. And the case is the same as flexible group tiling which also needs to handle x/y and w/h of tile. The right / bottom part needs a different number of DDR burst transfer while it is already the case in the current picture boundary operation. This tile right / bottom part doesn’t need read-modify-write thanks to minimum tile unit size of 32.
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Proposal
We propose the followings to allow tiling with tile size unit less than CTU size
1) Basic changes for non-CTU aligned tiles in JVET-M0066, including
· tile_unit_idc syntax
· tile coordination derivation using the tile unit size
· CU splitting using the current tile size instead of the current picture size
· CTU boundary checks using internal coordination in tile instead of absolute coordination

We expect restrictions similar to HEVC on the maximum number of tiles in a picture, the minimum tile width and the minimum tile height to be set for each level when levels are defined.
In addition, we propose the following restrictions for non-CTU aligned tiles:
2) The total number luma samples in a frame, Max luma sample rate, is calculated by number of CTUs in a picture times the luma size of CTU where partial size CTUs account for full size CTUs. 
· NormPicLumaSamples shall be less than or equal to MaxLumaPs
In JVET-L meeting’s note it was suggested that a level limit could be established for how many CTUs (counting partial CTUs as full CTUs) are in a picture rather than the width and height of the picture, or otherwise to limit how many partial CTUs need to be processed).

3) Minimum unit size (TileUnitSizeY) shall be 32 or large (more strict restriction compared to JVET-M0066 [1] )

4) The minimum tile size is restricted by syntax and semantics to be one CTU (proposed in JVET-M0379 [2])
· tile width is signalled with column_width_coarse_minus1 (in CTU size unit) + column_width_fine[ i ] (in less than CTU size unit). This syntax effectively restrict the minimum tile size is equal or more than CTU.
· same apply in tile height with row_height_coarse_minus1[ i ] and row_height_fine[ i ]
5) Restrict TMVP, ATMVP derivation to obey tile boundaries at partial size CTUs (proposed in JVET-M0459 [3] )

6) Missing bitstream conformance restriction changes in JVET-M0066
· CPR bitstream conformance restriction using internal coordination in tile instead of absolute coordination.
Note: this restriction has been published at 2019-01-04 23:53:51 in the Draft 3 VVC specification v8, after JVET-M0066 proposal uploading at 2018-12-28 05:28:56. So we missed that part changes in JVET-M0066.
JVET-L1001 (version 12 - date 2019-01-04 23:53:51)

Experimental results
We demonstrate the coding efficiency impact comparing the small CTU tile vs large CTU size with smaller CTU unit.

32x32 CTU (tile on)
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64x64 CTU (tile on)
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128x128 CTU (tile on with 32x32 tile unit size)
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Specification text
Turquoise highlight is basic changes proposed in JVET-M0066
Yellow highlight is implementation friendly changes proposed in JVET-M0376 and JVET-M0459
Green highlight is additional implementation friendly changes in this contribution

[bookmark: _Ref513208525][bookmark: _Toc534510566]6.4.1 Allowed binary split process
The variable allowBtSplit is derived as follows:
· If one or more of the following conditions are true, allowBtSplit is set equal to FALSE:
· cbSize is less than or equal to MinBtSizeY
· cbWidth is greater than maxBtSize
· cbHeight is greater than maxBtSize
· mttDepth is greater than or equal to maxMttDepth
· Otherwise, if all of the following conditions are true, allowBtSplit is set equal to FALSE
· btSplit is equal to SPLIT_BT_VER
· y0 + cbHeight is greater than TileY[ CurrTileId ] + TileHeight[ CurrTileId ]
· Otherwise, if all of the following conditions are true, allowBtSplit is set equal to FALSE
· btSplit is equal to SPLIT_BT_HOR
· x0 + cbWidth is greater than TileX[ CurrTileId ] + TileWidth[ CurrTileId ]
· y0 + cbHeight is less than or equal to TileY[ CurrTileId ] + TileHeight[ CurrTileId ]

[bookmark: _Ref513209609][bookmark: _Toc534510567]6.4.2 Allowed ternary split process
The variable allowTtSplit is derived as follows:
· If one or more of the following conditions are true, allowTtSplit is set equal to FALSE:
· cbSize is less than or equal to 2 * MinTtSizeY
· cbWidth is greater than Min( MaxTbSizeY, maxTtSize )
· cbHeight is greater than Min( MaxTbSizeY, maxTtSize )
· mttDepth is greater than or equal to maxMttDepth
· x0 + cbWidth is greater than TileX[ CurrTileId ] + TileWidth[ CurrTileId ]
· y0 + cbHeight is greater than TileY[ CurrTileId ] + TileHeight[ CurrTileId ]


[bookmark: _Toc415475805][bookmark: _Toc423599080][bookmark: _Toc423601584][bookmark: _Toc501130150][bookmark: _Toc510795073][bookmark: _Toc534510570]6.5.1 CTB raster and tile scanning process
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
		ColWidth[ i ] = Ceil( ColWidthInLumaSamples[ i ] ÷ CtbSizeY ) ( ( i + 1 ) * PicWidthInCtbsY ) / ( num_tile_columns_minus1 + 1 ) − 
						( i * PicWidthInCtbsY ) / ( num_tile_columns_minus1 + 1 )
else {
	ColWidthInLumaSamples[ num_tile_columns_minus1 ] = PicWidthInLumaSamples	(6‑1)
	ColWidth[ num_tile_columns_minus1 ] = PicWidthInCtbsY	(6‑1)
	for( i = 0; i < num_tile_columns_minus1; i++ ) {
		ColWidthInLumaSamples [ i ] = ( column_width_coarse_minus1[ i ] + 1 ) * ( 1<< tile_unit_size_idc ) + column_width_fine[ i ]tile_column_width_minus1[ i ] + 1 ) * TileUnitSizeY
		ColWidth[ i ] = Ceil( 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 CTBs, 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
		RowHeight[ j ] = Ceil( RowHeightInLumaSamples[ j ]  ÷ CtbSizeY ) ( ( j + 1 ) * PicHeightInCtbsY ) / ( num_tile_rows_minus1 + 1 ) − 
						( j * PicHeightInCtbsY ) / ( num_tile_rows_minus1 + 1 )
else {
	RowHeightInLumaSamples[ num_tile_rows_minus1 ] = PicHeightInLumaSamples
	RowHeight[ num_tile_rows_minus1 ] = PicHeightInCtbsY	(6‑2)
	for( j = 0; j < num_tile_rows_minus1; j++ ) {
		RowHeightInLumaSamples [ j ] = (  row_height_coarse_minus1[ j ] + 1 ) * ( 1 << tile_unit_size_idc ) + row_height_fine[ j ] tile_row_height_minus1[ j ] + 1 ) * TileUnitSizeY
		RowHeight[ j ] = Ceil( RowHeightInLumaSamples[ j ]  ÷ CtbSizeY )
		RowHeight[ num_tile_rows_minus1 ]  −=  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 ] + ColWidthInLumaSamples[ i ]
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 ] + RowHeightInLumaSamples[ j ]
The list TileWidth, TileHeight, TileX, TileY, TileXInCtbsY and TileYInCtbsY for i ranging from 0 to NumTilesInPic – 1, inclusive, are derived as follows:
for( i = 0; i < NumTilesInPic; i++ ) {
	col = i % ( num_tile_columns_minus1 + 1 )
	row = i / ( num_tile_columns_minus1 + 1 )
	TileWidth[ i ] = ColWidthInLumaSamples[ col ]
	TileHeight[ i ] = RowHeightInLumaSamples[ row ] 
	TileX[ i ] = TileColX[ col ]
	TileY[ i ] = TileRowY[ row ]
	TileXInCtbsY[ i ] = ColBd[ col ]
	TileYInCtbsY[ i ] = RowBd[ row ]
}
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	pic_parameter_set_rbsp( ) {
	Descriptor

		pps_pic_parameter_set_id
	ue(v)

		pps_seq_parameter_set_id
	ue(v)

		single_tile_in_pic_flag
	u(1)

		if( !single_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)

		}
	



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 =CtbSizeY >> tile_unit_size_idc	(7‑14)
PicWidthInTileUnitsY = Ceil( pic_width_in_luma_samples ÷ TileUnitSizeY ) 	(7‑14)
PicHeightInTileUnitsY = Ceil( pic_height_in_luma_samples ÷ TileUnitSizeY ) 	(7‑14)

It is a constraint of bitstream conformance that TileUnitSizeY shall be equal to or larger than 32.
If single_tile_in_pic_flag is equal to 0, the variables PicWidthInCtbsY, PicHeightInCtbsY, PicSizeInCtbsY are modified as follows:
for(PicWidthInCtbsY = 0, i = 0; i <= num_tile_columns_minus1; i++ )
	PicWidthInCtbsY += ColWidth[ i ]			(7‑14)
for(PicHeightInCtbsY = 0, j = 0; j <= num_tile_rows_minus1; j++ )
	PicHeightInCtbsY += RowHeight[ j ] 			(7‑14)
PicSizeInCtbsY = PicWidthInCtbsY * PicHeightInCtbsY

[bookmark: _Ref330904226][bookmark: _Toc415475840][bookmark: _Toc423599115][bookmark: _Toc423601619]The variable NormPicLumaSamples is derived as follows.
NormPicWidthInLumaSamples = 0
for (i=0; i<num_tile_columns_minus1; i++) {
NormPicWidthInLumaSamples += ColWidth[i] * CtbSizeY
}
NormPicHeightInLumaSamples = 0
for (i=0; i<num_tile_rows_minus1; i++) {
NormPicHeightInLumaSamples += RowHeight [i] * CtbSizeY
}
NormPicLumaSamples = NormPicWidthInLumaSamples * NormPicHeightInLumaSamples

It is a constraint of bitstream conformance that when single_tile_in_pic_flag is equal to 0, NormPicLumaSamples shall be less than or equal to MaxLumaPs, where MaxLumaPs is specified in Annex A.
column_width_coarse_minus1[ i ] plus 1 specifies the number of CtbSizeY units that fit the width of the i-th tile column.
column_width_fine[ i ] specifies the number of TileUnitSizeY that fit the remaining width of the i-th tile column. The length of the column_width_fine[i] syntax element is tile_unit_size_idc bits.
row_height_coarse_minus1[ i ] plus 1 specifies the number of CtbSizeY units that fit the height of the i-th tile row.
row_height_fine[ i ] specifies the number of full units of TileUnitSizeY that fit the remaining height of the i-th tile row. The length of the row_height_fine[i] syntax element is tile_unit_size_idc bits
7.3.4.2 Coding tree unit syntax

	coding_tree_unit( ) {
	Descriptor

		rx = CtbAddrInRs % PicWidthInCtbsY 
	

		ry = CtbAddrInRs / PicWidthInCtbsY
	

		CurrTileId = TileId[ CtbAddrRsToTs[ ry * PicWidthInCtbsY+ rx ] ]
	

		xCtb = TileX[ CurrTileId ] + (rx – TileXInCtbsY[ CurrTileId ]) << CtbLog2SizeY
	

		yCtb = TileY[ CurrTileId ] + (ry – TileYInCtbsY[ CurrTileId ]) << CtbLog2SizeY
	

		xCtb = ( CtbAddrInRs % PicWidthInCtbsY )  <<  CtbLog2SizeY
	

		yCtb = ( CtbAddrInRs / PicWidthInCtbsY )  <<  CtbLog2SizeY
	

		if( tile_group_sao_luma_flag  | |  tile_group_sao_chroma_flag )
	

			sao( rxxCtb  >>  CtbLog2SizeY, ryyCtb  >>  CtbLog2SizeY )
	

		if( tile_group_alf_enabled_flag ){
	

			alf_ctb_flag[ 0 ][ rxxCtb >> Log2CtbSize ][ ryyCtb >> Log2CtbSize ]
	ae(v)

			if( alf_chroma_idc  = =  1  | |  alf_chroma_idc  = =  3 )
	

				alf_ctb_flag[ 1 ][ rxxCtb >> Log2CtbSize ][ ryyCtb >> Log2CtbSize ]
	ae(v)

			if( alf_chroma_idc  = =  2  | |  alf_chroma_idc  = =  3 )
	

				alf_ctb_flag[ 2 ][ rxxCtb >> Log2CtbSize ][ ryyCtb >> Log2CtbSize ]
	ae(v)

		}
	

		if( ( tile_group_type = = I  | |  CurrPicIsOnlyRef )  &&  qtbtt_dual_tree_intra_flag )
	

			dual_tree_implicit_qt_split ( xCtb, yCtb, CtbLog2SizeY, 0 )
	

		else
	

			coding_quadtree( xCtb, yCtb, CtbLog2SizeY, 0, SINGLE_TREE )
	

	}
	



	dual_tree_implicit_qt_split( x0, y0, log2CbSize, cqtDepth ) {
	Descriptor

		if( log2CbSize  >  6 ) {
	

			x1 = x0 + ( 1  <<  ( log2CbSize − 1 ) )
	

			y1 = y0 + ( 1  <<  ( log2CbSize − 1 ) )
	

			dual_tree_implicit_qt_split( x0, y0, log2CbSize − 1, cqtDepth + 1 )
	

			if( x1  <  TileX[ CurrTileId ] + TileWidth[ CurrTileId ] )
	

				dual_tree_implicit_qt_split( x1, y0, log2CbSize − 1, cqtDepth + 1 )
	

			if( y1  <  TileY[ CurrTileId ] + TileHeight[ CurrTileId ] )
	

				dual_tree_implicit_qt_split( x0, y1, log2CbSize − 1, cqtDepth + 1 )
	

			if( x1  <  TileX[ CurrTileId ] + TileWidth[ CurrTileId ]  &&  y1  <  TileY[ CurrTileId ] + TileHeight[ CurrTileId ] )
	

				dual_tree_implicit_qt_split( x1, y1, log2CbSize − 1, cqtDepth + 1 )
	

		} else {
	

			coding_quadtree( x0, y0, log2CbSize, cqtDepth, DUAL_TREE_LUMA )
	

			coding_quadtree( x0, y0, log2CbSize, cqtDepth, DUAL_TREE_CHROMA )
	

		}
	

	}
	



	coding_quadtree( x0, y0, log2CbSize, cqtDepth, treeType ) {
	Descriptor

		minQtSize = ( treeType = = DUAL_TREE_CHROMA ) ? MinQtSizeC : MinQtSizeY
	

		maxBtSize = ( treeType = = DUAL_TREE_CHROMA ) ? MaxBtSizeC : MaxBtSizeY
	

		if( (  ( ( x0 + ( 1  <<  log2CbSize )  <=  TileX[ CurrTileId ] + TileWidth[ CurrTileId ] )  ?  1  :  0 )  +  
		   ( ( y0 + ( 1  <<  log2CbSize )  <=  TileY[ CurrTileId ] + TileHeight[ CurrTileId ] )  ?  1  :  0 )  +  
		   ( ( ( 1 << log2CbSize )  <=  maxBtSize )  ?  1  :  0 )  )  >=  2  &&  
		 ( 1 << log2CbSize ) > minQtSize )
	

			qt_split_cu_flag[ x0 ][ y0 ]
	ae(v)

		if( cu_qp_delta_enabled_flag  &&  cqtDepth  <=  diff_cu_qp_delta_depth ) {
	

			IsCuQpDeltaCoded  =  0
	

			CuQpDeltaVal  =  0
	

			CuQgTopLeftX  =  x0
	

			CuQgTopLeftY  =  y0
	

		}
	

		if( qt_split_cu_flag[ x0 ][ y0 ] ) {
	

			x1 = x0 + ( 1  <<  ( log2CbSize − 1 ) )
	

			y1 = y0 + ( 1  <<  ( log2CbSize − 1 ) )
	

			coding_quadtree( x0, y0, log2CbSize − 1, cqtDepth + 1, treeType )
	

			if( x1 < TileX[ CurrTileId ] + TileWidth[ CurrTileId ] )
	

				coding_quadtree( x1, y0, log2CbSize − 1, cqtDepth + 1, treeType )
	

			if( y1 < TileY[ CurrTileId ] + TileHeight[ CurrTileId ] )
	

				coding_quadtree( x0, y1, log2CbSize − 1, cqtDepth + 1, treeType )
	

			if( x1 < TileX[ CurrTileId ] + TileWidth[ CurrTileId ]  &&  y1 < TileY[ CurrTileId ] + TileHeight[ CurrTileId ] )
	

				coding_quadtree( x1, y1, log2CbSize − 1, cqtDepth + 1, treeType )
	

		} else
	

			multi_type_tree( x0, y0, 1  <<  log2CbSize, 1  <<  log2CbSize, cqtDepth, 0, 0, 0, treeType )
	

	}
	



	multi_type_tree( x0, y0, cbWidth, cbHeight, cqtDepth, mttDepth, depthOffset,  partIdx, treeType ) {
	Descriptor

		if( ( allowSplitBtVer  | |  allowSplitBtHor  | |  allowSplitTtVer  | |  allowSplitTtHor )  &&  
		( x0 + cbWidth  <=  TileX[ CurrTileId ] + TileWidth[ CurrTileId ] )  &&  
		(y0 + cbHeight  <=  TileY[ CurrTileId ] + TileHeight[ CurrTileId ] ) )
	

			mtt_split_cu_flag
	ae(v)

		if( cu_qp_delta_enabled_flag  &&  ( cqtDepth + mttDepth )  <=  diff_cu_qp_delta_depth ) {
	

			IsCuQpDeltaCoded  =  0
	

			CuQpDeltaVal  =  0
	

			CuQgTopLeftX  =  x0
	

			CuQgTopLeftY  =  y0
	

		}
	

		if( mtt_split_cu_flag ) {
	

			if( ( allowSplitBtHor  | |  allowSplitTtHor ) && 
			 ( allowSplitBtVer  | |  allowSplitTtVer ) )
	

				mtt_split_cu_vertical_flag
	ae(v)

			if( ( allowSplitBtVer  &&  allowSplitTtVer  &&  mtt_split_cu_vertical_flag ) | | 
			 ( allowSplitBtHor  &&  allowSplitTtHor  &&  !mtt_split_cu_vertical_flag ) ) 
	

				mtt_split_cu_binary_flag
	ae(v)

			if( MttSplitMode[ x0 ][ y0 ][ mttDepth ]  = =  SPLIT_BT_VER ) {
	

				depthOffset  +=  ( x0 + cbWidth  >  TileX[ CurrTileId ] + TileWidth[ CurrTileId ] ) ? 1 : 0
	

				x1 = x0 + ( cbWidth / 2 )
	

				multi_type_tree( x0, y0, cbWidth / 2, cbHeight, 
										cqtDepth, mttDepth + 1, depthOffset, 0, treeType )
	

				if( x1 < TileX[ CurrTileId ] + TileWidth[ CurrTileId ] )
	

					multi_type_tree( x1, y0, cbWidth / 2, cbHeightY, 
										cqtDepth, mttDepth + 1, depthOffset, 1, treeType )
	

			} else if( MttSplitMode[ x0 ][ y0 ][ mttDepth ]  = =  SPLIT_BT_HOR ) {
	

				depthOffset  +=  ( y0 + cbHeight  >  TileY[ CurrTileId ] + TileHeight[ CurrTileId ] ) ? 1 : 0
	

				y1 = y0 + ( cbHeight / 2 )
	

				multi_type_tree( x0, y0, cbWidth, cbHeight / 2, 
									cqtDepth, mttDepth + 1, depthOffset, 0, treeType )
	

				if( y1 < TileY[ CurrTileId ] + TileHeight[ CurrTileId ] )
	

					multi_type_tree( x0, y1, cbWidth, cbHeight / 2, 
										cqtDepth, mttDepth + 1, depthOffset, 1, treeType )
	

			} else if( MttSplitMode[ x0 ][ y0 ][ mttDepth ]  = =  SPLIT_TT_VER ) {
	

				x1 = x0 + ( cbWidth / 4 )
	

				x2 = x0 + ( 3 * cbWidth / 4 )
	

				multi_type_tree( x0, y0, cbWidth / 4, cbHeight, 
									cqtDepth, mttDepth + 1, depthOffset, 0, treeType )
	

				multi_type_tree( x1, y0, cbWidth / 2, cbHeight, 
									cqtDepth, mttDepth + 1, depthOffset, 1, treeType )
	

				multi_type_tree( x2, y0, cbWidth / 4, cbHeight, 
									cqtDepth, mttDepth + 1, depthOffset, 2, treeType )
	

			} else { /* SPLIT_TT_HOR */
	

				y1 = y0 + ( cbHeight / 4 )
	

				y2 = y0 + ( 3 * cbHeight / 4 )
	

				multi_type_tree( x0, y0, cbWidth, cbHeight / 4, 
									cqtDepth, mttDepth + 1, depthOffset, 0, treeType )
	

				multi_type_tree( x0, y1, cbWidth, cbHeight / 2, 
									cqtDepth, mttDepth + 1, depthOffset, 1, treeType )
	

				multi_type_tree( x0, y2, cbWidth, cbHeight / 4, 
									cqtDepth, mttDepth + 1, depthOffset, 2 , treeType)
	

			}
	

		} else
	

			coding_unit( x0, y0, cbWidth, cbHeight, treeType )
	

	}
	



[bookmark: _Ref350100876][bookmark: _Toc415475843][bookmark: _Toc423599118][bookmark: _Toc423601622]7.3.4.6 Coding unit syntax

	coding_unit( x0, y0, cbWidth, cbHeight, treeType ) {
	Descriptor

	…
	

				if( treeType = = SINGLE_TREE  | |  treeType = = DUAL_TREE_LUMA ) {
	

					if( ( ( y0 − TileY[ CurrTileId ] ) % CtbSizeY )  >  0 )
	

						intra_luma_ref_idx[ x0 ][ y0 ]
	ae(v)

	…
	

	}
	


[bookmark: _Ref522182246][bookmark: _Toc534510592]
8.3.2 Derivation process for luma intra prediction mode
· X is equal to B and yCb− TileY[ CurrTileId ] − 1 is less than ( ( ( yCb  − TileY[ CurrTileId ] ) >>  CtbLog2SizeY )  <<  CtbLog2SizeY ).
[bookmark: _Ref519626026][bookmark: _Ref521685153]8.3.4.2.3 Specification of INTRA_LT_CCLM, INTRA_L_CCLM and INTRA_T_CCLM intra prediction mode
bCTUboundary = ( ( yTbC − TileY[ CurrTileId ] ) & ( 1 << ( CtbLog2SizeY − 1 ) − 1 )  = =  0 )  ?  TRUE  :  FALSE. 	(8‑125)

[bookmark: _Ref278982626][bookmark: _Toc287363821][bookmark: _Toc311217252][bookmark: _Toc317198799][bookmark: _Toc415475918][bookmark: _Toc423599193][bookmark: _Toc423601697][bookmark: _Toc534510597]8.4.2 Derivation process for motion vector components and reference indices
[bookmark: _Ref522363521]8.4.2.1. General
It is a requirement of bitstream conformance that when the reference picture is the current picture, the luma motion vector mvL0 [Ed. (SL): current implementation only supports X being 0] shall obey the following constraints:
…
[bookmark: _Hlk534220836]( yCb − TileY[ CurrTileId ]+ ( mvL0[ 1 ] >> 4 ) ) >> CtbLog2SizeY = ( yCb − TileY[ CurrTileId ]  )>> CtbLog2SizeY	(8‑215)
( yCb − TileY[ CurrTileId ]+ ( mvL0[ 1 ] >> 4 ) + cbHeight − 1) >> CtbLog2SizeY = ( yCb − TileY[ CurrTileId ]  )>> CtbLog2SizeY	   (8‑216)
( xCb − TileX[ CurrTileId ]+ ( mvL0[ 0 ] >> 4 ) ) >> CtbLog2SizeY = ( xCb − TileX[ CurrTileId ]  )>> CtbLog2SizeY	(8‑217)
( xCb − TileX[ CurrTileId ]+ ( mvL0[ 0 ] >> 4 ) + cbWidth − 1) >> CtbLog2SizeY = ( xCb − TileX[ CurrTileId ]  )>> CtbLog2SizeY	 (8‑218)
8.4.2.11 Derivation process for temporal luma motion vector prediction
· The variable yCbInTile, yColBrInTile is derived as follows
yCbInTile = yCb − TileY[ CurrTileId ]
yColBrInTile = yColBr − TileY[ CurrTileId ]
· If yCbInTile  >>  CtbLog2SizeY is equal to yColBrInTile  >>  CtbLog2SizeY, yColBrInTile is less than TileHeight[ CurrTileId ]pic_height_in_luma_samples and xColBr is less than TileX[ CurrTileId ] +TileWidth[ CurrTileId ]pic_width_in_luma_samples, the following applies:
[bookmark: _Ref527979570]8.4.3.3 Derivation process for temporal triangle merging candidates
· If ( yCb  − TileY[ CurrTileId ] ) >>  CtbLog2SizeY is equal to ( yColBr  − TileY[ CurrTileId ] ) >>  CtbLog2SizeY, yColBr is less than TileY[ CurrTileId ] +TileHeight[ CurrTileId ]pic_height_in_luma_samples and xColBr is less than TileX[ CurrTileId ] +TileWidth[ CurrTileId ]pic_width_in_luma_samples, the following applies:
[bookmark: _Ref531205325]8.4.4.3 Derivation process for subblock-based temporal merging candidates
· The location ( xColSb, yColSb ) of the collocated subblock inside ColPic is derived as follows.
xColSb = Clip3( xCtb, 
	Min( TileX[ CurrTileId ] +TileWidth[ CurrTileId ] CurPicWidthInSamplesY − 1, xCtb + ( 1  <<  CtbLog2SizeY ) + 3 ),	(8‑524)
 	xSb + ( tempMv[0]  >>  4 ) )
yColSb = Clip3( yCtb, 
	Min( TileY[ CurrTileId ]+TileHeight[ CurrTileId ]
CurPicHeightInSamplesY − 1, yCtb + ( 1  <<  CtbLog2SizeY ) − 1 ),	(8‑525)
 	ySb + ( tempMv[1]  >>  4 ) )
[bookmark: _Ref526872990]8.4.4.6 Derivation process for constructed affine control point motion vector merging candidates
· If ( yCb  − TileY[ CurrTileId ] )>>  CtbLog2SizeY is equal to ( yColBr  − TileY[ CurrTileId ] ) >>  CtbLog2SizeY, yColBr is less than   TileY[ CurrTileId ] +TileHeight[ CurrTileId ]pic_height_in_luma_samples and xColBr is less than TileX[ CurrTileId ] +TileWidth[ CurrTileId ]pic_width_in_luma_samples, the following applies:
[bookmark: _Ref531882744][bookmark: _Ref532491373][bookmark: _Toc534510600]8.4.5 Derivation process for intra prediction mode in combined merge and intra prediction
· X is equal to B and ( yCb − TileY[ CurrTileId ]− 1 ) is less than ( ( yCb  − TileY[ CurrTileId ] )>>  CtbLog2SizeY )  <<  CtbLog2SizeY ).

Conclusion
It is proposed to include flexible size tile into the draft of VVC specification with proposed restrictions.
References
[1] Y. Yasugi, T. Ikai, “AHG12: Flexible Tile Partitioning”, JVET-M0066, JVET 13th Meeting: Marrakech, MA, 9–18 Jan. 2019.
[2] M. Damghanian, R.Sjöberg, M. Pettersson, “AHG12: On signaling of flexible tiles”, JVET-M0376, JVET 13th Meeting: Marrakech, MA, 9–18 Jan. 2019.
[3] R. Skupin, K. Suehring, Y. Sanchez, T. Schierl, “AHG12: On tiles with partial CTUs” , JVET-M0459, JVET 13th Meeting: Marrakech, MA, 9–18 Jan. 2019.
[4] Y. Yasugi, T. Ikai, “AHG12: Flexible Tile Partitioning” JVET-K0155, Jul. 2018, Ljubljana, SI.
[5] Y. Yasugi, T. Ikai, “AHG12: Flexible Tile Partitioning” JVET-L0359, Oct. 2018, Macau, CN.

Patent rights declaration(s)
Sharp, ETRI, Kwai-Inc, Qualcomm, ITRI, MediaTek, Foxconn, NHK, KDDI, Fujitsu, Ericsson and Fraunhofer HHI may have current or pending patent rights relating to the technology described in this contribution and, conditioned on reciprocity, is prepared to grant licenses under reasonable and non-discriminatory terms as necessary for implementation of the resulting ITU-T Recommendation | ISO/IEC International Standard (per box 2 of the ITU-T/ITU-R/ISO/IEC patent statement and licensing declaration form).
Bytedance does not have any current or pending patent rights relating to the technology described in this contribution.
	Page: 1	Date Saved: 2019-01-14
image3.png
@ need only control of burst size
(pixel package is always aligned @ need base address calculation with considering the partial CTU size

by minimum size restriction) but it is only necessary at the beginning of each tile

@ need offset address calculation considering the CTUAddrInTile
This is same as non-flexible tile




image4.emf
HEVC Tile, --CTUSize=32 --QuadtreeMaxLog2Size=5

Y U V EncT DecT

tile4x2

Class A1 19.59% 25.27% 25.91% 34% 106%

tile4x2

Class A2 16.25% 20.49% 18.77% 46% 105%

tile2x1

Class B 9.35% 14.25% 15.54% 48% 108%

Class C #VALUE! #VALUE! #VALUE! #NUM! #NUM!

Class E

Overall #VALUE! #VALUE! #VALUE! #NUM! #NUM!
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Random Access Main 10
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HEVC Tile, --CTUSize=64 --QuadtreeMaxLog2Size=6

Y U V EncT DecT

tile4x2

Class A1 4.35% 4.76% 5.36% 79% 98%

tile4x2

Class A2 3.84% 5.21% 4.54% 86% 97%

tile2x1

Class B 1.97% 2.97% 2.82% 88% 100%

Class C #VALUE! #VALUE! #VALUE! #NUM! #NUM!
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FlexibleTile, UnitSize=32

Y U V EncT DecT

tile4x2

Class A1 2.06% 2.09% 2.22% 103% 103%

tile4x2

Class A2 1.61% 1.52% 1.44% 102% 104%

tile2x1

Class B 0.57% 0.52% 0.50% 101% 105%
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