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Abstract
This contribution proposes to specify CTU row based slice chunks of a slice within a tile in decoding order. The slice chunks in sequence of a slice are delivered and decoded sequentially. Each slice chunk is contained in a single NAL unit. No essential new requirements are needed in the decoding process. It is alleged that the proposed slice chunks can meet ultra-low latency requirements with better coding efficiency than conventional slices. It is reported the BD-rate savings of the proposed slice chunks compared against the conventional slices are x.xx4.52%, x.xx3.55%, x.xx3.64%, and 4.93% for short length (1 sec) Class A1 (4K), Class A2 (4K), Class B (1080p), and Class E (720p), respectively, when the encoding latency is one CTU row. The software is ready and attached in the uploaded proposal package.

Introduction
In the VVC Draft 8 [1], as highlighted below in Cyan, the tile partition and rectangular slice syntax structure are specified in the PPS, for the cases of uniform and non-uniform tile columns and rows and the rectangular slices. The case of slices in a tile (a tile may be further partitioned into slices) is also specified in the PPS, with signalling or deriving only the slice height in units of CTU as the slice width is the tile width.

	pic_parameter_set_rbsp( ) {
	Descriptor

		pps_pic_parameter_set_id
	ue(v)

		…
	

		no_pic_partition_flag
	u(1)

		if( !no_pic_partition_flag ) {
	

			pps_log2_ctu_size_minus5
	u(2)

			num_exp_tile_columns_minus1
	ue(v)

			num_exp_tile_rows_minus1
	ue(v)

			for( i = 0; i  <=  num_exp_tile_columns_minus1; i++ )
	

				tile_column_width_minus1[ i ]
	ue(v)

			for( i = 0; i  <=  num_exp_tile_rows_minus1; i++ )
	

				tile_row_height_minus1[ i ]
	ue(v)

			if( NumTilesInPic > 1 )
	

				rect_slice_flag
	u(1)

	[bookmark: _Hlk25585195]		if( rect_slice_flag )
	

				single_slice_per_subpic_flag
	u(1)

			if( rect_slice_flag  &&  !single_slice_per_subpic_flag ) {
	

				num_slices_in_pic_minus1
	ue(v)

				if( num_slices_in_pic_minus1 > 0 )
	

					tile_idx_delta_present_flag
	u(1)

				for( i = 0; i < num_slices_in_pic_minus1; i++ ) {
	

					if( NumTileColumns > 1 )
	

						slice_width_in_tiles_minus1[ i ]
	ue(v)

					if( NumTileRows > 1  &&
						( tile_idx_delta_present_flag  | |  tileIdx % NumTileColumns  = =  0 ) )
	

						slice_height_in_tiles_minus1[ i ]
	ue(v)

					if( slice_width_in_tiles_minus1[ i ]  = =  0  &&
						slice_height_in_tiles_minus1[ i ]  = =  0  &&
						RowHeight[ SliceTopLeftTileIdx[ i ] / NumTileColumns ] > 1 ) {
	

						num_exp_slices_in_tile[ i ]
	ue(v)

						numExpSlicesInTile = num_exp_slices_in_tile[ i ]
	

						for( j = 0; j < numExpSlicesInTile; j++ )
	

							exp_slice_height_in_ctus_minus1[ j ]
	ue(v)

						i  +=  NumSlicesInTile[ i ]
	

					}
	

					if( tile_idx_delta_present_flag  &&  i < num_slices_in_pic_minus1 )
	

						tile_idx_delta[ i ]
	se(v)

				}
	

			}
	

	[bookmark: _Hlk26272298]		loop_filter_across_tiles_enabled_flag
	u(1)

	[bookmark: _Hlk26272310]		loop_filter_across_slices_enabled_flag
	u(1)

		}
	

		cabac_init_present_flag
	u(1)

	  …
	

		pps_extension_flag
	u(1)

		if( pps_extension_flag )
	

			while( more_rbsp_data( ) )
	

				pps_extension_data_flag
	u(1)

		rbsp_trailing_bits( )
	

	}
	


slice: An integer number of complete tiles or an integer number of consecutive complete CTU rows within a tile of a picture that are exclusively contained in a single NAL unit.
slice header: A part of a coded slice containing the data elements pertaining to all tiles or CTU rows within a tile represented in the slice.

For the case of slices in a tile in which a slice contains one or more CTU rows, the granularity of slice sizes may need to be considered in applications which desire a reasonable low latency.

Proposal
This contribution proposes to specify slice chunks in a slice within a tile of a picture in decoding order. The slice chunks of a slice are delivered and decoded sequentially. A slice chunk is contained in a single NAL unit like a slice with a flag indicating it is a part of the slice. With the specified slice chunks, a design with smaller deliver size may help in applications with low latency, while no essential new requirements are needed in the decoding process.
The dash lines in the illustration below show examples of the slice chunk boundaries. The proposed text is as follows and highlighed in green.
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slice chunk: A partial slice containing an integer number of consecutive complete CTU rows within a tile of a picture. A slice within a tile may be divided into more than one slice chunks in sequence, each of the chunks is, like a slice, exclusively contained in a single NAL unit. A flag in the slice header indicates whether the slice data are complete slice data or slice chunk data.

	pic_parameter_set_rbsp( ) {
	

	  …
	

		no_pic_partition_flag
	u(1)

		if( !no_pic_partition_flag ) {
	

			pps_log2_ctu_size_minus5
	u(2)

	    …
	

			loop_filter_across_tiles_enabled_flag
	u(1)

			loop_filter_across_slices_enabled_flag
	u(1)

		}
	

	  pps_slice_chunk_enabled_flag
	u(1)

		cabac_init_present_flag
	u(1)

	  …
	

	}
	



	slice_header( ) {
	Descriptor

		picture_header_in_slice_header_flag
	u(1)

		if( picture_header_in_slice_header_flag )
	

			picture_header_structure( )
	

		if( subpic_info_present_flag )
	

			slice_subpic_id
	u(v)

		if( ( rect_slice_flag  &&  NumSlicesInSubpic[ CurrSubpicIdx ] > 1 )  | |
			( !rect_slice_flag  &&  NumTilesInPic > 1 ) )
	

			slice_address
	u(v)

		if( rect_slice_flag && pps_slice_chunk_enabled_flag ) {
	

		  multi_slice_chunks_flag
	u(1)

		  if( multi_slice_chunks_flag ) {
	

		slice_chunk_address
	ue(v)

			num_ctu_rows_in_slice_chunk_minus1
	ue(v)

		  }
	

		}
	

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

			sh_extra_bit[ i ]
	u(1)

		if( !rect_slice_flag  &&  NumTilesInPic > 1 )
	

			num_tiles_in_slice_minus1
	ue(v)

		if( !multi_slice_chunks_flag | | multi_slice_chunks_flag && slice_chunk_address = 0 ) {
	

	    …
	

		}
	

		if( NumEntryPoints > 0 ) {
	

			offset_len_minus1
	ue(v)

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

				entry_point_offset_minus1[ i ]
	u(v)

		}
	

		if( slice_header_extension_present_flag ) {
	

			slice_header_extension_length
	ue(v)

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

				slice_header_extension_data_byte[ i ]
	u(8)

		}
	

	  byte_alignment( )
	

	}
	



	slice_data( ) {
	Descriptor

		FirstCtbRowInSlice = 1
	

	  for( i = 0StartCtuNum; i < NumCtusInCurrSliceEndCtuNum; i++ ) {
	

			CtbAddrInRs = CtbAddrInCurrSlice[ i ]
	

			CtbAddrX = ( CtbAddrInRs % PicWidthInCtbsY )
	

			CtbAddrY = ( CtbAddrInRs / PicWidthInCtbsY )
	

			if( CtbAddrX  = =  CtbToTileColBd[ CtbAddrX ] ) {
	

				NumHmvpCand = 0
	

				NumHmvpIbcCand = 0
	

				ResetIbcBuf = 1
	

			}
	

			coding_tree_unit( )
	

			if( i  = =  NumCtusInCurrSlice − 1 )
	

				end_of_slice_one_bit  /* equal to 1 */
	ae(v)

			else if( CtbAddrX  = =  CtbToTileColBd[ CtbAddrX + 1 ] − 1 ) {
	

				if( CtbAddrY  = =  CtbToTileRowBd[ CtbAddrY + 1 ] − 1 ) {
	

					end_of_tile_one_bit  /* equal to 1 */
	ae(v)

					byte_alignment( )
	

				} else if( entropy_coding_sync_enabled_flag ) {
	

					end_of_subset_one_bit  /* equal to 1 */
	ae(v)

					byte_alignment( )
	

				}
	

				FirstCtbRowInSlice = 0
	

			}
	

		}
	

	}
	



pps_slice_chunk_enabled_flag equal to 1 specifies the presence of the syntax element multi_slice_chunks_flag in the slice headers for coded pictures referring to the PPS. pps_slice_chunk_enabled_flag equal to 0 specifies the absence of the syntax element multi_slice_chunks_flag in the slice headers for coded pictures referring to the PPS.
multi_slice_chunks_flag equal to 1 specifies that the slice is divided into multiple slice chunks and current slice data is a slice chunk data rather than a complete slice data and the value of each slice header syntax element that is not present is inferred to be equal to the value of the corresponding slice header syntax element in the slice header. multi_slice_chunks_flag equal to 0 specifies the slice is not divided into multiple slice chunks and the current slice data is a complete slice data. When not present, the value of multi_slice_chunks_flag is inferred to be equal to 0.
slice_chunk_address specifies the slice chunk address of the slice chunk in the slice within the tile. The slice_chunk_address is the CTU row index of the first CTU row in the slice chunk.
num_ctu_rows_in_slice_chunk_minus1 plus 1, when present, specifies the number of CTU rows in the current slice chunk. The value of num_ctu_rows_in_slice_chunk_minus1 shall be in the range of 0 to RowHeight[ tileY ] − 2, inclusive, where tileY is the tile row index of the current tile.
Variables StartCtuNum and EndCtuNum specify the starting CTU and the ending CTU in the current slice chunk, respectively, and are derived as follows.
if( multi_slice_chunks_flag ) {
    tileX = SliceTopLeftTileIdx[ picLevelSliceIdx] % NumTileColumns 
    NumCtusInSliceChunk = ( num_ctu_rows_in_slice_chunk_minus1 + 1) * colWidth[ tileX ]
    StartCtuNum = slice_chunk_address * colWidth[ tileX ] 
    EndCtuNum = StartCtuNum + NumCtusInSliceChunk
  } else {
    StartCtuNum = 0
    EndCtuNum = NumCtusInCurrSlice
}

slice_address specifies the slice address of the slice. When not present, the value of slice_address is inferred to be equal to 0. When rect_slice_flag is equal to 1 and NumSlicesInSubpic[ CurrSubpicIdx ] is equal to 1, the value of slice_address is inferred to be equal to 0.
If rect_slice_flag is equal to 0, the following applies:
· The slice address is the raster scan tile index.
· The length of slice_address is Ceil( Log2 ( NumTilesInPic ) ) bits.
· The value of slice_address shall be in the range of 0 to NumTilesInPic − 1, inclusive.
Otherwise (rect_slice_flag is equal to 1), the following applies:
· The slice address is the subpicture-level slice index of the slice.
· The length of slice_address is Ceil( Log2( NumSlicesInSubpic[ CurrSubpicIdx ] ) ) bits.
The value of slice_address shall be in the range of 0 to NumSlicesInSubpic[ CurrSubpicIdx ] − 1, inclusive.
It is a requirement of bitstream conformance that the following constraints apply:
· If rect_slice_flag is equal to 0 or subpic_info_present_flag is equal to 0, the value of slice_address shall not be equal to the value of slice_address of any other coded slice NAL unit of the same coded picture.
· Otherwise, if multi_slice_chunks_flag is equal to 0, the pair of slice_subpic_id and slice_address values shall not be equal to the pair of slice_subpic_id and slice_address values of any other coded slice NAL unit of the same coded picture.
· Otherwise, the triplet (or 3-tuple) of slice_subpic_id, slice_address, and slice_chunk_address values shall not be equal to the triplet (or 3-tuple) of slice_subpic_id, slice_address, and slice_chunk_address values of any other coded slice chunk NAL unit of the same coded picture.
· The shapes of the slices of a picture shall be such that each CTU, when decoded, shall have its entire left boundary and entire top boundary consisting of a picture boundary or consisting of boundaries of previously decoded CTU(s).

7.4.2.4.5 Order of VCL NAL units and their association to coded pictures
The order of the VCL NAL units within a coded picture is constrained as follows:
–       For any two coded slice or slice chunk NAL units A and B of a coded picture, let subpicIdxA and subpicIdxB be their subpicture level index values, and sliceAddrA and sliceddrB be their slice_address values, and sliceChunkAddrA and sliceChunkAddrB be their slice_chunk_address values of the slice chunks.
–       When any either of the following conditions is true, coded slice or slice chunk NAL unit A shall precede coded slice or slice chunk NAL unit B:
–       subpicIdxA is less than subpicIdxB.
–       subpicIdxA is equal to subpicIdxB and sliceAddrA is less than sliceAddrB.
–       subpicIdxA is equal to subpicIdxB,  sliceAddrA is equal to sliceAddrB and sliceChunkAddrA is less than sliceChunkAddrB.

Simulation results
Two tests for the case of a single tile in a picture are performed, and the test results are compared with the VTM8.0 CTC (common test condition) anchors as shown in Tables 1 - 3.  
In Test 1, the single tile picture is partitioned into slices that each of the slices contains one CTU row. In Test 2, the single tile picture is partitioned into one slice (i.e., single tile and single slice in the picture) with the proposed slice chunks that each of the slice chunks contains one CTU row. Thus in both tests, one CTU row is contained in a single NAL unit and is simulated as the encoding latency for delivery.
· Table 1 shows the results of Test 1, compared with the VTM8.0 low delay B (LB) CTC anchor.
· Table 2 shows the results of Test 2, compared with the VTM8.0 LB CTC anchor.
· Table 3 shows the results of comparing Test 2 against Test 1.
Note that Table 1 and Table 2 are not really fair comparisons as the LB CTC anchor has one picture encoding latency in nature yet does not meet the requirement of one CTU row encoding latency in Test 1 and Test 2.

Table 1.  LB short length results of Test 1 - Each slice contains one CTU row
	
	 
 
Low delay B Main10 
 
 

	
	 
 
Over VTM8.0
 
 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	5.12%
	5.61%
	6.13%
	103%
	98%

	Class E
	11.77%
	12.15%
	10.70%
	104%
	86%



Table 2.  LB short length results of Test 2 -Each slice chunk contains one CTU row
	
	 
 
Low delay B Main10 
 
 

	
	 
 
Over VTM8.0
 
 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	1.28% 
	1.41%
	1.34% 
	108% 
	151% 

	Class E
	6.22%
	6.58%
	6.43%
	116%
	5%





Table 3.  Comparison of Test 2 against Test 1
	
	 
 
Low delay B Main10 
 
 

	
	 
 
Over Test 1
 
 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-4.52% 
	-5.71% 
	-6.92% 
	101% 
	147% 

	Class A2
	-3.55% 
	-3.89%
	-4.07% 
	101% 
	146% 

	Class B
	-3.64% 
	-3.98%
	-4.50% 
	105% 
	154% 

	Class E
	-4.93%
	-4.96%
	-4.02%
	95%
	184%

	Overall
	-4.09%
	-4.54%
	-4.82%
	101%
	156%



Note: Short length (1-sec sequence) simulation results are shown. The runtime data are not accurate. More results will be updated.The results of the anchor in Table 1 and Table 2 have not yet been obtained for Class A1 and Class A2. Table 1 and Table 2 will be updated, while Table 3 is complete.

It is shown that the proposed method with the slice chunks achieves better coding efficiency than that with the slices while satisfying the same low latency requirement.

Conclusion
This contribution proposes to specify slice chunks in a slice within a tile of a picture in decoding order. The slice chunks in sequence of a slice are delivered and decoded sequentially. Each slice chunk is contained in a single NAL unit. No essential new requirements are needed in the decoding process. The software is ready and attached in the proposal package. The proponents suggest the group adopt the support of the above slice chunks of a slice within a tile of a picture.
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