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Abstract
Proposed are a) a tile hierarchy intended to reconcile possibly contradicting requirements imposed on the tile layout by application and parallelization needs, and b) a set of flags that, for each hierarchy level in the tile hierarchy, specify which prediction mechanisms are broken across tile boundaries.  
Problem Statement
In H.265/HEVC, tiles were originally proposed as one of several competing mechanisms to support certain forms of encoder parallelization.  At least initially, tiles broke the prediction mechanism within the picture under reconstruction but allowed for referencing sample information outside of the spatial area represented by the tile through motion compensation.  Such features were “hard coded” in the tile design and were well optimized for certain hardware architectures (such as multicore CPUs with relatively slow shared memory), while perhaps not being quite as appropriate for other architectures.  For example, for architectures lacking shared memory, a design not using motion compensation sample import outside the tile boundary is required for hardware architectures where inter-core communication is too slow.  Such applications exist: consider, for example most of today’s 8k testbeds.
Later, application-driven uses for tiles were also found.  Of particular interest to some are perhaps the mechanisms supporting 360 degree video application.  Motion constrained tile sets are one example where the basic tile feature was enhanced through a signaling mechanism to the extent that no motion compensation related sample import would be performed by a decoder across the tile (set) boundaries.  Others also considered tile layout based on region of interest considerations.  All those appear to have merits, at least for the respective proponents.  
It should be noted that, for different application layer tile layouts, different prediction breaking properties are optimal.  For example, for a region of interest, surveillance type tile layout, as much in-picture prediction as possible is useful.  OTOH, for certain 360 applications, especially when selective forwarding is involved, hard tile boundaries without motion import are best.  We also have currently a flag in the tile syntax that allows enabling/disabling the loop filter at tile boundaries.
For best performance, application-driven tiles and parallelization driven tiles require
a) different tile layouts, and
b) breaking of different prediction types at the respective tile boundaries, based on application and HW architecture needs.
These will be referred to as “problem A” and “problem B” below.
Proposal overview
Problem a) can be solved, depending on the reader’s viewpoint, by HEVC-style tiles (which have certain restrictions that may or may not be problematic for the application in question) or by something along the lines of the Ericsson proposal from Ljubljana (JVET-K0260).  In this document, we do not go into the details of that discussion.
However, regardless of whether we restrict ourselves to HEVC-style tile layouts or a fancier layout mechanism, there remains Problem b): At present, tiles break a fixed set of prediction mechanisms, while application driven and parallelization driven tiles, for optimal performance, could well need to break different prediction mechanisms.
Consider Fig. 1 below.  On the left, the picture is divided into four quadrants by dashed lines.  These quadrants represent tile boundaries optimal for parallelization by a 4 core encoder: they each cover ¼ of the samples, and have an aspect ratio that is the same as the whole picture.  Further shown is the same picture divided into application-driven tiles using solid lines.  Those tiles are one example of a layout sensible for a surveillance camera.  Finally, shown is a combination of the two.  
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This contribution addresses both the concurrent need for application-driven and parallelization-driven tile layouts, in two somewhat unrelated mechanisms.  We don’t split this document into two mostly because a combination of both aspects provides optimal results.  The two mechanisms are the introduction of a tile hierarchy, and the introduction of syntax elements that describe which prediction mechanism are broken for each tile or tile hierarchy.
The purpose of this proposal is to gain an understanding of the need to address the problem described above, and not so much pushing certain syntax addressing that understanding.  Insofar, the syntax proposals herein are intentionally oversimplified.  We believe that there will be a time for detailed syntax proposals on high level syntax for VVC, but that time may not be now.  However, we also believe that now is the time to put architectural stakes into the ground.
Tile Hierarchies
At this point, we envision the need, at least conceptually, for a two-level hierarchy.  “Lower” in that hierarchy are the parallelization based tiling layout requirements, and “higher” those the application-based tiling layout requirements.  The concept can trivially be generalized to more than two hierarchy levels should the need arise, either through explicit recursion unrolling as done below, or by more abstract recursive looping.  We have not come up for a scenario where more than two hierarchy levels make sense.
Taking the tiling syntax from H.265 as a starting point, consider the following syntax outline.  Syntax elements in the tile syntax not essential to describe this proposal (in particular some of the adaptive column width stuff) have been removed for clarity.  


		tiles_lower_enabled_flag
	u(1)

		if( tiles_parallelization_enabled_flag ) {
	

			num_lower_tile_columns_minus1
	ue(v)

			num_lower_tile_rows_minus1
	ue(v)

		}
	

	    tiles_higher_enabled_flag
	u(1)

	    if( tiles_higher_enabled_flag) {
	

	      numLowerTiles=tiles_lower_enabled_flag ? 0 : 1, (num_lower_tile_coumn_minus1 +1 ) *
                                                                                       (num_lowertile_row_minus1 +  1)
      // numLowerTiles is the number of lower tiles, or if there is no lower tile partition, then 1
	

	    for ( lowerTile = 0; lowerTile < numLowerTiles; lowerTile++) {
	

			num_higher_tile_columns_minus1
	ue(v)

			num_higher_tile_rows_minus1
	ue(v)

	        for( i = 0; i < num_higher_tile_columns_minus1; i++ )
	

	          column_width_minus1[ i ]
	ue(v)

	       for( i = 0; i < num_higher_tile_rows_minus1; i++ )
	ue(v)

	         row_height_minus1[ i ]
	

	     }
	

	}
	



What is shown above is basically an outer loop over “lower tile” definitions (here, shown only by number of tiles and number of columns), and an inner loop, within each outer loop tile, of additional tile definitions.  The outer loop is intended for parallelization, so uniform spacing is likely what makes sense here. To be useful, the higher hierarchy of tiles almost certainly cannot rely on uniform spacing and that is why the non-uniform spacing syntax elements are included herein.  
The table above follows the tile definition as in H.265’s PPS.  We believe that a per-picture granularity of application-driven tile layouts is appropriate and should be kept.  However, it appears unlikely that parallelization related properties of an encoder design change within a coded video sequence’s encoding time.  It may, therefore, be prudent to move the outer loop, useful for parallelization, into the sequence parameter set.  That type of fine tuning is perhaps best done when the draft standard is a bit more mature.
Prediction-Break Flags
Which prediction mechanisms break at tile boundaries was initially hard-coded and unconfigurable.  Later in the H.265 standards process, the loop_filter_accross_tiles_enabled_flag was added as one example of a per-picture configuration of tile behavior.  Even later, the concept of independent tile sets added an indication of non-reference of out of tile (set) samples for motion compensation.  
It is proposed to harmonize this patchwork by introducing flags indicating whether some or all of the following prediction mechanisms are to be used across a tile boundary:
· syntax prediction, 
· CABAC reset, 
· intra prediction, 
· in picture reference block prediction (aka intra block copy, IBC), 
· loop filter (loop_filter_across_tiles_enabled_flag)
· motion vector prediction (referencing metadata only), 
· motion compensated prediction (referencing metadata and sample date)
Once more, as the standard matures, we can fine-tune the number and nature of bits useful.  However, the guiding principle should perhaps not be the 2019/2020-understanding of cost/benefit of breaking/not breaking a certain prediction, but rather whether independently breaking a certain prediction makes technically sense or not, independently of he 2019/2020 antiicipation of usefulness.  In other words, rather spend a few more bits now, to enable additional encoder flexibility and architectures later, then be stuck with a hurtful limitation of encoder architecture designs a few years in the future.  This design principle is known as designing future-proof.
Where would those bits be placed?
[bookmark: _GoBack]If disregarding compression efficiency, the ideal place for the set of flags above would be per tile edge.  That is, each tile edge could use a different set of prediction mechanisms.  In fact, in order to optimize both parallelization- and application-driven tile layouts simultaneously with a flat tile hierarchy, exactly that may be needed.  If we had a tile hierarchy in place, however, we can have one set of flags for each hierarchical level, with the suitably specified understanding that when there is a contradiction between flags (that is: one flags says prediction is allowed, the other says prediction breaks), the more restrictive flag wins (that is: prediction is broken).
Combining Tile Hierarchies and Prediction-Break Flags
Below a syntax diagram showing a few prediction-break flags inserted into the syntax diagram shown above.

		tiles_higher_enabled_flag
	u(1)

		if( tiles_parallelization_enabled_flag ) {
	

	        syntax_prediction_accross_higher_tile_enabled_flag
	u(1)

	        intra_prediction_accross_higher_tile_enabled_flag
	u(1)

	        motion_compensation_accros_higher_tile_enabled_flag
	u(1)

			num_higher_tile_columns_minus1
	ue(v)

			num_higher_tile_rows_minus1
	ue(v)

		}
	

	    tiles_lower_enabled_flag
	u(1)

	    if( tiles_lower_enabled_flag) {
	

	      numHigherTiles=tiles_higher_enabled_flag ? 0 : 1, (num_higher_tile_coumn_minus1 +1 ) *
                                                                                       (num_higher_tile_row_minus1 +  1)
      // numHigherTiles is the number of higher tiles, or if there is no higher tile partition, then 1
	

	        syntax_prediction_accross_lower_tile_enabled_flag
	u(1)

	        intra_prediction_accross_lower_tile_enabled_flag
	u(1)

	        motion_compensation_accros_lower_tile_enabled_flag
	u(1)

	    for ( higherTile = 0; higherTile < numHigherTiles; higherTile++) {
	

			num_lower_tile_columns_minus1
	ue(v)

			num_lower_tile_rows_minus1
	ue(v)

	        for( i = 0; i < num_lower_tile_columns_minus1; i++ )
	

	          column_width_minus1[ i ]
	ue(v)

	       for( i = 0; i < num_lower_tile_rows_minus1; i++ )
	ue(v)

	         row_height_minus1[ i ]
	

	     }
	

	}
	






Patent rights declaration(s)
Tencent 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).

	Page: 2	Date Saved: 2018-09-23
image1.png




image2.png




image3.jpg
E|==slz==:




