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Abstract
In JVET-L0359, a more flexible tiling functionality was introduced that features tile boundaries creating partial CTUs in-picture. During presentation, concerns regarding the overall impact of partial CTUs were raised. This contribution addresses issues arising from a non-uniform CTU grid. 
First, it is proposed to impose a constraint on the number of partial CTUs within a CVS and, when Level limits are established in the VVC standardization process, define upper limits on the amount of partial CTUs per picture.
Second, it is proposed to adjust TMVP candidate derivation to obey the non-uniform CTU grid.
Third, it is proposed to adjust ATMVP candidate derivation to obey the non-uniform CTU grid.
After offline discussion, a design to accommodate non-log2 position of tile boundary is added.
Introduction
In document JVET-L0359, a more flexible tiling functionality was proposed in which tile boundaries are allowed to be located on positions other than defined through a traditional uniformly spaced CTB grid. Tile boundaries could hence create partial CTUs at the right and bottom boundaries of a tile within the picture where in HEVC partial CTUs are created only at the right and bottom picture boundary.
Such functionality is asserted to be valuable in use cases involving content dependent tiling such as with 360° video for instance when using a cube map projection and motion-constrained tiles. 
The coding experiments in JVET-L0359 indicated that the coding penalty in the investigated scenario (2x2 uniform tiling) of the proposed design is negligible compared to tiles without the functionality.
However, during discussion of the proposal, concerns were raised about the possible complexity impact of handling the resulting partial CTUs in the picture. This contribution further discusses the implications of partial CTU creating tile boundaries and proposes constraints to limit this impact.
Proposal
The number of partial CTUs
Partial CTUs may create an additional computational burden for a decoder. Especially in case of temporal changes of a such a tiling grid, an undesirable potential increase of decoding complexity from the yet unconstrainted freedom of the tiling structure was anticipated in discussions. 
In order to allow decoders to assess the maximum complexity of the tiling grid at the beginning of a CVS, we therefore propose to constrain the tile boundaries in the following way:
· It is a constraint of bitstream conformance that the number of partial CTUs is constant within all pictures of a CVS.
Thereby, a decoder can be sure that the complexity burden imposed by the presence of partial CTUs in a picture does not change within a CVS.
It is suggested to accompany the constraint with a general upper bound limit on the number of partial CTUs in a coded  picture at the time when Level limit definitions are established.
CTU row alignment in TMVP
Motivated by reducing line buffer requirements and parsing dependencies between pictures, the derivation of TMVP candidates is restricted at certain positions within the coded picture. The position of the collocated MV (bottom-right vs center) is selected depending on the CTU row boundary with the following condition, that relies on a uniformly spaced CTU grid. 
· If yCb  >>  CtbLog2SizeY is equal to yColBr  >>  CtbLog2SizeY, […] the following applies
where xColBr = xCb + cbWidth and yColBr = yCb + cbHeight. 
It can be seen that partial CTUs in line n, i.e. a CTU row that is smaller than CtbLog2SizeY, would lead to a bottom-right TMVP candidate belonging to the following CTU row n+1 being selected instead of the center collocated TMVP candidate belonging to CTU row n.
It is proposed to fix the above issue by using the current (local) CTU row height of the current picture in the TMVP derivation as follows:
yCbInTile = yCb-yTileStart 
yColBrInTile = yColBr-yTileStart
CtbLog2HeightInTileY(y) describing the height of the CTU rows in the current picture.
If yCbInTile >> CtbLog2HeightInTileY(yCbInTile) is equal to yColBrInTile >> CtbLog2HeightInTileY(yCbInTile), […] the following applies
CTU alignment with ATMVP
Similarly, the derivation of ATMVP candidates currently relies on a uniformly spaced CTU grid. Here, the position of the collocated subblock is constrained by the containing CTU boundaries (clipping of subblock plus motion vector on CTU boundaries) as follows:
xColSb = Clip3( xCtb, 
	Min( CurPicWidthInSamplesY − 1, xCtb + ( 1  <<  CtbLog2SizeY ) + 3 ),
 	xSb + ( tempMv[0]  >>  4 ) )

yColSb = Clip3( yCtb, 
	Min( CurPicHeightInSamplesY − 1, yCtb + ( 1  <<  CtbLog2SizeY ) − 1 ),
 	ySb + ( tempMv[1]  >>  4 ) )
Hence, the above issues also occur when using a non-uniformly spaced CTU grid and it is proposed to use the local CTU row height of the current picture in the ATMVP derivation as follows:
xCtbInTile = xCtb-xTileStart 
yCtbInTile = yCtbr-yTileStart
CtbLog2HeightInTileY(y) describing the height of the CTU rows in the current picture.
The location ( xColSb, yColSb ) of the collocated subblock inside ColPic is derived as follows.
xColSb = Clip3( xCtb, 
	Min( CurPicWidthInSamplesY − 1, xCtb + ( 1  <<  CtbLog2HeightInTileY(xCtbInTile)) + 3 ),
 	xSb + ( tempMv[0]  >>  4 ) )

yColSb = Clip3( yCtb, 
	Min( CurPicHeightInSamplesY − 1, yCtb + ( 1  <<  CtbLog2HeightInTileY(yCtbInTile)) − 1 ),
 	ySb + ( tempMv[1]  >>  4 ) )

Non-log2 positions of tile boundaries in TMVP and ATMVP
The following is a proposal to accommodating non-log2 positions of tile boundaries, by changing the TMVP or other MV derivation as follows:
yCbInTile = yCb-yTileStart 
yColBrInTile = yColBr-yTileStart

If yCbInTile >> CtbLog2HeightY is equal to yColBrInTile >>  CtbLog2SizeY and yColBrInTile  < tileHeightInSamples, […] the following applies

Accordingly, the same approach can be applied to ATMVP as follows:
xCtbInTile = xCtb-xTileStart 
yCtbInTile = yCtb-yTileStart
The location ( xColSb, yColSb ) of the collocated subblock inside ColPic is derived as follows.
xColSb = Clip3( xCtbInTile, 
	Min( xTileStart+ tileWidthInSamples − 1, xCtb + ( 1  <<  CtbLog2SizeY) + 3 ),
 	xSb + ( tempMv[0]  >>  4 ) )

yColSb = Clip3( yCtbInTile, 
	Min( yTileStart+ tileHeightInSamples − 1, yCtb + ( 1  <<  CtbLog2SizeY) − 1,
 	ySb + ( tempMv[1]  >>  4 ) )
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