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Abstract
This document proposes a design for unification of entropy slices, tiles and wavefront parallel processing (WPP). In the design, a coded slice NAL unit may contain one coded entropy slice, coded tile, or coded WPP wave (one LCU row within a tile/picture), and a coded slice NAL unit may contain more than one coded tile or coded WPP wave. A coded slice NAL unit may have either a full slice header or a short slice header. In-picture prediction, including pixel value prediction, motion prediction and coding mode prediction, may be either allowed or disallowed for a coded slice NAL unit, controlled by a flag in the slice header, independently of whether it has a short or full slice header.
It is asserted that the design unifies the different picture partitioning schemes in the following senses: 1) a coded slice NAL unit may contain one or more partitions in the same way; 2) controlling of cross-partition dependency by a flag in the slice header in the same way; 3) signaling of partition entry byte offsets, when needed, using an SEI message in the same way; 4) association to the parent slice by slice ID in the same way.
Introduction
The tiles technique as proposed in JCTVC-F335 was adopted at the previous JCT-VC meeting. The wavefront parallel processing (WPP) technique was proposed in JCTVC-F274 and JCTVC-F275 and was adopted at the previous JCT-VC meeting. The entropy slices technique was adopted earlier.
Thus, the HEVC WD, after all the above adoptions being included, includes four different picture partitioning schemes, namely, slices, entropy slices, tiles and wavefront parallel processing (WPP), and some of them have different varieties. For example, a slice may have a piece of its boundary inside an LCU, which is then referred to as a fine granular slice, a tile may be an independent tile or a dependent tile, depending on whether in-picture prediction, including pixel value prediction, motion prediction and coding mode prediction, as well as entropy context prediction, is allowed across tile boundaries, WPP has variations of CABAC flushing being applied or not.
All the picture partitioning schemes may be used for one or more of the following purposes: 1) packetization or MTU size matching; 2) parallel processing; and 3) memory bandwidth reduction. However, the designs of these schemes are in different forms:
· One slice is in its own NAL unit, and in-picture prediction and entropy context prediction are disallowed across slice boundaries.
· One entropy slice is in its own NAL unit, and in-picture prediction is allowed across entropy slice boundaries, but and entropy context prediction is disallowed across entropy slice boundaries.
· One tile may be in its own NAL unit, correspond to a subset of a NAL unit, correspond to multiple NAL units, or a subset of multiple NAL units, depending how it coexist with slices. In-picture prediction and entropy context prediction across tile boundaries are either allowed (unless disallowed by slice boundaries) or disallowed. When multiple tiles are within one NAL unit, byte offsets for the non-first tiles may be signaled either directly in the slice header or indirectly by inserting start-code-based markers (as proposed in JCTVC-F594 and adopted at the previous JCT-VC meeting).
· One WPP wave (one LCU row within a tile/picture) typically correspond to a subset of a NAL unit, but may also be in its own NAL unit, correspond to multiple NAL units, or a subset of multiple NAL units, depending how it coexist with slices. In-picture prediction and entropy context prediction across wavefront boundaries are allowed unless disallowed by slice boundaries or, for entropy context prediction only, disallowed by CABAC flushing. When multiple WPP waves are within one NAL unit, byte offsets for the non-first waves may be directly signaled in the slice header, with a different syntax than the slice header byte offset signaling for tiles as in JCTVC-F594.
We believe that a unified design for the different picture partitioning schemes would be beneficial, to make the standard itself, encoder implementations, and decoder implementations simpler. Such a design is presented in the following section.
Besides the unification purpose, the proposed design also tries to address the following flaws with the current designs:
1) Individual NAL units are often transported in their own packets, i.e. one NAL unit one packet, during transmission through networks. A problem with the current entropy slice design is that, for an entropy slice, if the associated slice (with a full slice header from which the entropy slice must take the missing slice header syntax elements) is lost, or another entropy slice (from which in-picture prediction is allowed) is lost, the entropy slice becomes useless.
2) Another problem with the current entropy slice design is that, the presence of the CABAC initialization parameter, cabac_init_idc, depends on slice_type, which is not present in a short slice header (when lightweight_slice_flag is equal to 1). Thus, the short slice header itself cannot be parsed independently.
3) A problem associated with the current tiles and WPP designs is as follows. To enable different tiles or waves to be transported separately, they can be encapsulated into different slices, which all include full slice headers. When the transmission environment is error-free, transmitting the same slice header once would have been sufficient.
4) Another problem with the WPP design is as follows. When the number of WPP sub-streams is greater than one, the bitstream order (i.e. the decoding order if the coded picture is processed by one decoder core, not decoded in parallel) of coded bits for LCUs is changed. Basically, a coded LCU later in bitstream/decoding order may be needed for cross-LCU prediction by another coded LCU earlier in decoding order. In other words, this breaks the bitstream causality (wherein no earlier data depends on data coming later in bitstream/decoding order) that has been always followed in video coding standards.
5) The slice starting address is deeply buried in the slice header, while it is ideal to enable convenient access to this parameter, similarly as in AVC, for decoders to detect the start of a new coded picture in many application scenarios.
6) When multiple byte-aligned coded tiles or WPP waves are included in a coded slice NAL unit to enable parallel processing, it may be ideal to send the same slice header to the different parallel decoding cores. However, currently the slice header is likely not byte aligned (i.e., it does not end at a byte-aligned position), which requires a transcoding process to make the slice header byte aligned, and each of the individual decoder cores to be able to handle transcoded non-standard compliant slice header.
7) Byte alignment syntax is missing for multiple byte-aligned coded tiles or WPP waves included in a coded slice NAL unit.
Proposal
Due to that the HEVC WD text that includes tiles and WPP is not yet present at time of writing this document, the syntax changes in relative to HEVC WD4d1 are marked, and the changes compared to JCTVC-F335, JCTVC-F274 and JCTVC-F275, if present, are explicitly mentioned.
Summary of the proposal
Summary of SPS and PPS changes
All sequence parameter set and picture syntax elements for tiles as in JCTVC-F335 are included in the sequence parameter set syntax and the picture parameter set syntax. The semantics of these syntax elements are the same as in JCTVC-F335.
For WPP, the syntax element entropy_coding_synchro as in JCTVC-F274 is included in the picture parameter set syntax. The semantics of this syntax element is the same as in JCTVC-F274, but applies within each column of tiles. No other WPP related syntax elements proposed in JCTVC-F274 and JCTVC-F275 are included.
Besides the above sequence parameter set and picture parameter set syntax changes for tiles and WPP, three new flags are introduced into the picture parameter set syntax, namely short_slice_header_enabled_flag, dependent_slice_enabled_flag and slice_header_byte_aligned_flag. The first two flags control the presence of the slice header syntax elements slice_id, short_slice_header_flag, and slice_boundary_independence_flag. The third flag controls whether the slice header is byte aligned.
Summary of slice header changes
The slice header syntax is changed to support shorter slice headers, to have the capability to allow or disallow in-picture prediction across slices for decoding, and to ensure that slice header is byte aligned when slice_header_byte_aligned_flag is equal to 1.
Basically the existing lightweight_slice_flag is replaced with short_slice_header_flag, which signals whether a short slice header is used for the slice. If short slice header is used (i.e., when the flag is equal to 1), all other slice header syntax elements and slice header syntax structures that are not included in the short slice header are inherited from a full slice header, usually the full slice header of the slice that precedes the slice that uses short slice header in decoding order. All slices, with full or short slice header, ensure independent parsability of the slice. A new flag, slice_boundary_independence_flag is introduced to the slice header, to signal whether in-picture prediction across slices for decoding is allowed (when the value is 0) or disallowed (when the value is 1). Short slice headers contain slice starting address, and may contain slice ID, short_slice_header_flag, slice_boundary_independency_flag, CABAC initialization parameter, and slice QP. All other slice header syntax elements and syntax structures are only present in full slice headers.
For a slice with a short slice header, when only the independent parsing feature (i.e. the entropy slices feature) is enabled, then slice_boundary_independency_flag is set equal to 0, and slice QP is not included. When the WPP feature is enabled (i.e., entropy_coding_synchro is equal to 1), a short slice header does not include the CABAC initialization parameter.
The concept of parent slice is introduced. A parent slice consists of one or more slices (also referred to as child slices) of the same coded picture with the same value of slice_id. Properties of the parent slice along its boundary override the properties of its child slices. Parent slices always provide independent parsability and decodability, meaning all in-picture prediction across parent slice boundaries is disallowed. When a child slice allows in-picture prediction across its slice boundary, it is only allowed within the boundaries of its parent slice.
When multiple byte-aligned coded tiles or WPP waves are included in a coded slice NAL unit to enable parallel processing, slice_header_byte_aligned_flag can be set to 1, such that the slice header ends at a byte aligned position.
Summary of the overall design
With the proposed design, the different picture partitioning schemes, i.e., slices (i.e. parent slices), entropy slices, wavefronts and tiles, can be supported in harmony with each other.
Typically, each coded slice NAL unit contains only one entropy slice, coded tile or WPP wave. In this case, the following applies. Tiles only determine LCU decoding order. When tile_boundary_independence_idc is equal to 1, it signals independent decodability of all tiles, and each tile is encoded into one independently decodable slice that has slice_boundary_independence_flag equal to 1, and tile_boundary_independence_idc is only an indication, as the in-picture prediction across all tile boundaries is disallowed by the independently decodable slice boundaries. Each WPP wave is encapsulated within a child slice. No signaling of entry points for tiles or WPP waves is needed.
Only when coded tiles or WPP waves are too small in size such that the overhead of NAL unit headers and short slice headers become non-trivial, it makes sense to include multiple byte-aligned coded tiles or WPP waves into one coded slice NAL unit. In this case, the byte offsets of the multiple entries are signaled using the slice-level entry offset SEI message.
Entropy slices are supported simply by allowing in-picture prediction for decoding operations by setting slice_boundary_independence_flag equal to 0. One coded slice NAL unit cannot contain more than one entropy slice.
WPP waves must be ordered based on their starting LCU address. In other words, LCU processing order is solely dependent on tiles. This avoids the bitstream causality problem.
Besides unifying the different picture partitioning schemes, and avoiding the bitstream causality problem, this design also solves the other problems mentioned earlier.
Syntax changes for SPS, PPS and slice header
The changed sequence parameter set syntax, picture parameter set syntax, and slice header syntax are as follows.

	seq_parameter_set_rbsp( ) {
	Descriptor

		profile_idc
	u(8)

		reserved_zero_8bits  /* equal to 0 */
	u(8)

		level_idc
	u(8)

		seq_parameter_set_id
	ue(v)

		max_temporal_layers_minus1
	u(3)

		pic_width_in_luma_samples
	u(16)

		pic_height_in_luma_samples
	u(16)

		num_tile_columns_minus1 
	ue(v)

		num_tile_rows_minus1
	ue(v)

		if (num_tile_columns_minus1  != 0 || num_tile_rows_minus1 != 0) {
	

			tile_boundary_independence_idc
	u(1)

			uniform_spacing_idc
	u(1)

			if (uniform_spacing_idc != 1) {
	

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

					column_width[i]
	ue(v)

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

					row_height[i]
	ue(v)

			}
	

		}
	

		...
	

		rbsp_trailing_bits( )
	

	}
	



In the above sequence parameter set syntax, the additional sequence parameter set syntax elements for tiles as specified in JCTVC-F335 are included. The semantics of these added syntax elements are the same as in JCTVC-F335.

	pic_parameter_set_rbsp( ) {
	Descriptor

		pic_parameter_set_id
	ue(v)

		seq_parameter_set_id
	ue(v)

		tile_info_present_flag
	u(1)

		if (tile_info_present_flag == 1) {
	

			num_tile_columns_minus1 
	ue(v)

			num_tile_rows_minus1
	ue(v)

			if (num_tile_columns_minus1  != 0 || num_tile_rows_minus1 != 0) {
	

				tile_boundary_independence_idc
	u(1)

				uniform_spacing_idc
	u(1)

				if (uniform_spacing_idc != 1) {
	

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

						column_width[i]
	ue(v)

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

						row_height[i]
	ue(v)

				}
	

			} 
	

		}
	

		entropy_coding_mode_flag
	u(1)

		if(entropy_coding_mode_flag )
	

			entropy_coding_synchro
	ue(v)

		num_temporal_layer_switching_point_flags
	ue(v)

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

			temporal_layer_switching_point_flag[ i ]
	u(1)

		num_ref_idx_l0_default_active_minus1
	ue(v)

		num_ref_idx_l1_default_active_minus1
	ue(v)

		pic_init_qp_minus26  /* relative to 26 */
	se(v)

		constrained_intra_pred_flag
	u(1)

		slice_granularity
	u(2)

		short_slice_header_enabled_flag
	u(1)

		dependent_slice_enabled_flag
	u(1)

		slice_header_byte_aligned_flag
	u(1)

		shared_pps_info_enabled_flag
	u(1)

		if( shared_pps_info_enabled_flag )
	

			if( adaptive_loop_filter_enabled_flag )
	

				alf_param( )
	

		if( cu_qp_delta_enabled_flag )
	

			max_cu_qp_delta_depth
	u(4)

		rbsp_trailing_bits( )
	

	}
	



In the above picture parameter set syntax, the additional picture parameter set syntax elements for tiles as specified in JCTVC-F335 are included. The semantics of these added syntax elements are the same as in JCTVC-F335.
For WPP, the syntax element entropy_coding_synchro as in JCTVC-F274 is included in the picture parameter set syntax. The semantics of this syntax element is the same as in JCTVC-F274, but applies within each column of tiles. No other WPP related syntax elements proposed in JCTVC-F274 and JCTVC-F275 are included.
In addition, three flags, short_slice_header_enabled_flag,  dependent_slice_enabled_flag and slice_header_byte_aligned_flag are added to the picture parameter set syntax.

	slice_header( ) {
	Descriptor

		slice_address
	u(v)

		if( short_slice_header_enabled_flag  | |  dependent_slice_enabled_flag )
	

			slice_id
	ue(v)

		if( short_slice_header_enabled_flag )
	

			short_slice_header_flag
	u(1)

		if( dependent_slice_enabled_flag )
	

			slice_boundary_independence_flag
	u(1)

		if( !short_slice_header_flag ) {
	

			slice_type
	ue(v)

			pic_parameter_set_id
	ue(v)

			frame_num
	u(v)

			if( IdrPicFlag )
	

				idr_pic_id
	ue(v)

			if( pic_order_cnt_type  = =  0 )
	

				pic_order_cnt_lsb /* 
	u(v)

			if( slice_type  = =  P  | |  slice_type  = =  B ) {
	

				num_ref_idx_active_override_flag
	u(1)

				if( num_ref_idx_active_override_flag ) {
	

					num_ref_idx_l0_active_minus1
	ue(v)

					if( slice_type  = =  B )
	

						num_ref_idx_l1_active_minus1
	ue(v)

				}
	

			}
	

			ref_pic_list_modification( )
	

			ref_pic_list_combination( )
	

			if( nal_ref_idc != 0 )
	

				dec_ref_pic_marking( )
	

		}
	

		if( entropy_coding_mode_flag  &&
		!( short_slice_header_flag  &&  entropy_coding_synchro ) )
	

			cabac_init_idc
	ue(v)

		if( !short_slice_header_flag  | |  slice_boundary_independence_flag ) {
	

			slice_qp_delta
	se(v)

		if( !short_slice_header_flag ) {
	

			if( sample_adaptive_offset_enabled_flag )
	

				sao_param()
	

			if( deblocking_filter_control_present_flag ) {
	

				disable_deblocking_filter_idc
	

				if( disable_deblocking_filter_idc  !=  1 ) {
	

					slice_alpha_c0_offset_div2
	

					slice_beta_offset_div2
	

				}
	

			}
	

			if( slice_type = = B )
	

				collocated_from_l0_flag
	u(1)

			if( adaptive_loop_filter_enabled_flag ) {
	

				if( !shared_pps_info_enabled_flag )
	

					alf_param( )
	

				alf_cu_control_param( )
	

			}
	

		}
	

		if( slice_header_byte_aligned_flag )
	

			while( !byte_aligned( ) )
	

				bit_equal_to_one
	f(1)

	}
	



Remarks regarding the above slice header syntax:
· The slice_address syntax element is moved to be the first syntax element in the slice header and the first_slice_in_pic_flag syntax element is removed. The first_slice_in_pic_flag syntax element is removed due to that 1) the semantics is not clear, as a slice with slice_address equal to 0 may or may not be the first slice of a coded picture in decoding order; and 2) it saves a few bits for the slice with slice_address equal to 0 but adds one bit for each of all other slices.
· The presence of the cabac_init_idc syntax element is no longer depends on the value of slice_type, such that a short slice header can be parsable independent of other slice headers.
· Signaling of entry point byte offsets, for either tiles or WPP sub-streams, is not included.
Semantics for new SPS, PPS and slice header syntax elements
The semantics of the new syntax elements are as follows.
short_slice_header_enabled_flag equal to 1 specifies that the short_slice_header_flag syntax element is present in the slice header of coded slices referring to the picture parameter set. short_slice_header_enabled_flag equal to 0 specifies that the short_slice_header_flag syntax element is not present in the slice header for coded slices referring to the picture parameter set.
dependent_slice_enabled_flag equal to 1 specifies that the slice_boundary_independence_flag syntax element is present in the slice header of coded slices referring to the picture parameter set. dependent_slice_enabled_flag equal to 0 specifies that the slice_boundary_independence_flag syntax element is not present in the slice header for coded slices referring to the picture parameter set.
slice_header_byte_aligned_flag equal to 1 specifies that the slice header of coded slices referring to the picture parameter set is byte aligned. slice_header_byte_aligned_flag equal to 0 specifies that the slice header of coded slices referring to the picture parameter set may or may not be byte aligned.
slice_id identifies the parent slice associated with the slice. Each parent slice shall have a unique slice_id value within the set of parent slices of the coded picture. If not present, the value of slice_id is unspecified.
A parent slice consists of one or more slices of the same coded picture with the same value of slice_id.
A slice with short_slice_header_flag equal to 0 and slice_boundary_independency_flag equal to 1 is a parent slice by itself.
If present, the value of the slice_id of a parent slice shall not be equal to the slice_id of another parent slice of the same coded picture.
For all slices belonging to one parent slice, each of all the slice header syntax elements and slice header syntax structures that are not present when short_slice_header_flag is equal to 1 shall be identical.
If all slices of one parent slice of a picture have short_slice_header_flag equal to 1, each of all the slice header syntax elements and slice header syntax structures that are not present when short_slice_header_flag is equal to 1 shall be identical for all slices of the picture.
short_slice_header_flag equal to 1 specifies that a short slice header for which only a subset of slice header syntax elements is present and no slice header syntax structure is present.  The value 0 specifies that all slice header syntax elements and slice header syntax structures are present.
When not present, the value of short_slice_header_flag shall be inferred to be equal to 0.
For one coded picture, there shall be at least one slice that has short_slice_header_flag equal to 0.
slice_boundary_independence_flag equal to 1 indicates that all neighbouring treeblocks not contained within the same slice as the treeblock being decoded are marked as not available, and the initialisation process for the entropy decoder is invoked when decoding the first treeblock in the slice. slice_boundary_independence_flag equal to 0 indicates that availability of treeblocks is not affected by the boundaries of this slice.
When not present, the value of slice_boundary_independence_flag shall be inferred to be equal to 1.
bit_equal_to_one shall be equal to 1.
Byte alignment syntax in slice data

	slice_data( ) {
	Descriptor

		CurrTbAddr = LCUAddress
	

		moreDataFlag = 1
	

		if( adaptive_loop_filter_flag && alf_cu_control_flag )
	

			AlfCuFlagIdx = -1
	

		do {
	

			xCU = HorLumaLocation( CurrTbAddr )
	

			yCU = VerLumaLocation( CurrTbAddr )
	

			moreDataFlag = coding_tree( xCU, yCU, Log2TbSize )
	

			nextTbAddr = NextTbAddress( CurrTbAddr )
	

			newTileFlag = NewTile( nextTbAddr )
	

			newWaveFlag = NewWave( nextTbAddr )
	

			if( moreDataFlag && ( ( tile_boundary_independence_idc &&
	

				newTileFlag )  | |  newWaveFlag ) )
	

				while( !byte_aligned( ) )
	

					bit_equal_to_one
	f(1)

			CurrTbAddr = nextTbAddr
	

		} while( moreDataFlag )
	

	}
	


If the treeblock with treeblock address nextTbAddr is inside the coded picture and belongs to a different tile as the treeblock with treeblcok address CurrTbAddr, NewTile( nextTbAddr ) returns 1; otherwise NewTile( nextTbAddr ) returns 0.
If the treeblock with treeblock address nextTbAddr is inside the coded picture and belongs to a different WPP wave as the treeblock with treeblcok address CurrTbAddr, NewWave( nextTbAddr ) returns 1; otherwise NewWave( nextTbAddr ) returns 0.
bit_equal_to_one shall be equal to 1.

Entry offset SEI message
This subsection presents a slice-level SEI message to convey the byte offsets of multiple coded tiles or WPP waves included in one coded slice NAL unit.
The syntax of the entry offset SEI message is as follows.

	entry_offset( payloadSize ) {
	Descriptor

		offset_len_minus8
	ue(v)

		num_offsets_minus1
	ue(v)

		for( i = 0; i <= num_substreams_minus1; i++ )
	

			substream_offset[ i ]
	u(v)

	}
	



The semantics of the entry offset SEI message is as follows.
An entry offset SEI message specifies the number of sub-streams in the associated coded slice NAL unit and the byte offsets of the sub-streams. A sub-stream may correspond to a tile or a WPP wave.
The information included in an entry offset SEI message applies to the coded slice NAL unit immediately following the SEI NAL unit containing the entry offset SEI message. This coded slice NAL unit is also referred to as the associated coded slice NAL unit of the entry offset SEI message. 
offset_len_minus8 plus 8 specifies the length, in bits, of the substream_offset[ i ] syntax element.
num_offsets_minus1 plus 1 specifies the number of the substream_offset[ i ] syntax elements in the entry offset SEI message.
substream_offset[ i ] specifies the i-th byte offset, in bytes. The associated coded slice NAL unit consists of num_offsets_minus1 + 2 sub-streams, with sub-stream index values in the range of 0 to num_offsets_minus1 + 1, inclusive. Sub-stream 0 consists of bytes 0 to substream_offset[ 0 ] – 1, inclusive, of the associated coded slice NAL unit, and sub-stream k, with k in the range of 1 to num_offsets_minus1 + 1, inclusive, consists of bytes substream_offset[ k-1 ] to substream_offset[ k ] – 1, inclusive, of the associated coded slice NAL unit.
Derivation process for the availability of treeblock addresses
Input to this process is a treeblock address tbAddr.
Output of this process is the availability of the treeblock tbAddr.
	NOTE – The meaning of availability is determined when this process is invoked.
The treeblock is marked as available, unless one of the following conditions is true in which case the treeblock shall be marked as not available:
–	tbAddr < 0
–	tbAddr > CurrTbAddr
–	the treeblock with address tbAddr belongs to a different parent slice than the treeblock with address CurrTbAddr
–	the treeblock with address tbAddr belongs to a different slice, and the slice containing the treeblock with address CurrTbAddr has slice_boundary_independence_flag equal to 1.
Patent rights declaration(s)
Qualcomm Incorporated 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: 1	Date Saved: 2011-11-08
image1.png




image2.png




