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Abstract

This draft document describes potential modifications to the HEVC specification to enable extraction of a motion-constrained tile set (MCTS) as an individual HEVC conformant bitstream. The document specifies two SEI messages.

The first SEI message, i.e. the MCTS extraction information set SEI message, provides syntax for carriage of MCTS specific replacement parameter sets and defines the extraction process in the semantics. The second SEI message, i.e. the MCTS extraction information nesting SEI message, provides syntax for MCTS specific nested SEI messages.
Text

In Clause D.2.1 and D.3.1 insert the following syntax modifications given in red font:
D.2.1 General SEI message syntax
	sei_payload( payloadType, payloadSize ) {
	Descriptor

	
if( nal_unit_type  = =  PREFIX_SEI_NUT )
	

	

if( payloadType  = =  0 )
	

	


buffering_period( payloadSize )
	

	
…
	

	

else if( payloadType  = =  149 )
	

	


mcts_extraction_info_set( payloadSize )
	

	

else if( payloadType  = =  150 )
	

	


mcts_extraction_info_nesting( payloadSize )
	

	
…
	

	

else if( payloadType  = =  160 )
	

	


layers_not_present( payloadSize )  /* specified in Annex F */
	

	
}
	

	}
	


D.3.1 General SEI message semantics
The list SingleLayerSeiList is set to consist of the payloadType values 3, 6, 9, 15, 16, 17, 19, 22, 23, 45, 47, 56, 128, 129, 131, 132, and 134 to 148150, inclusive.

The list VclAssociatedSeiList is set to consist of the payloadType values 2, 3, 6, 9, 15, 16, 17, 19, 22, 23, 45, 47, 56, 128, 131, 132, and 134 to 148150, inclusive.

The list PicUnitRepConSeiList is set to consist of the payloadType values 0, 1, 2, 6, 9, 15, 16, 17, 19, 22, 23, 45, 47, 56, 128, 129, 131, 132, 133, and 135 to 148150, inclusive.
Table D.1 – Persistence scope of SEI messages (informative)
	SEI message
	Persistence scope

	MCTS extraction information set
	The CLVS containing the SEI message

	MCTS extraction information nesting
	The access unit containing the SEI message


Furthermore, in Clause D.2 and D.3 insert the following additional syntax and semantics:
D.2.34 MCTS extraction information set SEI message syntax
	mcts_extraction_info_set( ) {
	Descriptor

	
num_extraction_info_sets_minus1
	ue(v)

	
for( i = 0; i <= num_extraction_information_sets_minus1; i++ )  {
	

	

num_associated_tile_set_identifiers_minus1[ i ]
	ue(v)

	

for( j = 0; j <=  num_associated_tile_set_identifiers_minus1[ i ]; j++ )
	

	


mcts_identifier[ i ][ j ]
	ue(v)

	

num_vps_in_extraction_info_set_minus1[ i ]
	ue(v)

	

for( j = 0; j <= num_vps_in_extraction_set_minus1[ i ]; j++ )
	

	


vps_rbsp_data_length[ i ][ j ]
	ue(v)

	

num_sps_in_extraction_info_set_minus1[ i ]
	ue(v)

	

for( j = 0; j <= num_sps_in_extraction_set_minus1[ i ]; j++ )
	

	


sps_rbsp_data_length[ i ][ j ]
	ue(v)

	

num_pps_in_extraction_info_set_minus1[ i ]
	ue(v)

	

for( j = 0; j <= num_pps_in_extraction_set_minus1[ i ]; j++ )
	

	


pps_rbsp_data_length[ i ][ j ]
	ue(v)

	

while( !byte_aligned() )
	

	


mcts_alignment_bit_equal_to_zero
	f(1)

	

for( j = 0; j <= num_vps_in_extraction_set_minus1[ i ]; j++ )
	

	


for( k = 0; k <= vps_rbsp_data_length[ i ][ j ]; k++ )
	

	



vps_rbsp_data_bytes[ i ][ j ][ k ]
	u(8)

	

for( j = 0; j <= num_sps_in_extraction_set_minus1[ i ]; j++ )
	

	


for( k = 0; k <= sps_rbsp_data_length[ i ][ j ]; k++ )
	

	



sps_rbsp_data_bytes[ i ][ j ][ k ]
	u(8)

	

for( j = 0; j <= num_pps_in_extraction_set_minus1[ i ]; j++ )
	

	


for( k = 0; k <= pps_rbsp_data_length[ i ][ j ]; k++ )
	

	



pps_rbsp_data_bytes[ i ][ j ][ k ]
	u(8)

	
}
	

	}
	


D.3.34 MCTS extraction information set SEI message semantics
An MCTS extraction information set SEI message provides supplemental information to carry out sub-bitstream MCTS extraction as specified below to derive a HEVC conformant bitstream from a motion-constrained tile set. The information consists of a number of extraction information sets, each containing identifiers of the motion-constrained tile sets to which the extraction information set applies. Each extraction information set contains RBSP bytes of replacement video parameter sets, sequence parameter sets and picture parameter sets to be used during the sub-bitstream MCTS extraction process.
Let a set of pictures associatedPicSet be the pictures from the access unit containing the MCTS extraction information set SEI message, inclusive, up to but not including the first of any of the following in decoding order:

–
The next access unit, in decoding order, that contains an MCTS extraction information set SEI message.

–
The next IRAP picture with NoRaslOutputFlag equal to 1, in decoding order. 

–
The next IRAP access unit, in decoding order, with NoClrasOutputFlag equal to 1.
The scope of the MCTS extraction information set SEI message is the set of pictures associatedPicSet.

When an MCTS extraction information set tile sets SEI message is present for any picture in associatedPicSet, a temporal motion-constrained tile set SEI message shall be present for the first picture of associatedPicSet in decoding order and may also be present for other pictures of associatedPicSet. The temporal motion-constrained tile sets SEI message shall have with mcts_id[ ] equal to mcts_identifer[ ] for all pictures in associatedPicSet.

When an MCTS extraction information set tile sets SEI message is present for any picture in associatedPicSet, an MCTS extraction information set SEI message shall be present for the first picture of associatedPicSet in decoding order and may also be present for other pictures of associatedPicSet.

The MCTS extraction information set SEI message shall not be present for any picture in associatedPicSet when tiles_enabled_flag is equal to 0 for any PPS that is active for any picture in associatedPicSet.

The MCTS extraction information set SEI message shall not be present for any picture in associatedPicSet unless every PPS that is active for any picture in associatedPicSet has the same values of the syntax elements num_tile_columns_minus1, num_tile_rows_minus1, uniform_spacing_flag, column_width_minus1[ i ], and row_height_minus1[ i ].

NOTE 1 – This constraint is similar to the constraint associated with tiles_fixed_structure_flag equal to 1, and it may be desirable for tiles_fixed_structure_flag to be equal to 1 when the MCTS extraction information set SEI message is present (although this is not required).

When more than one MCTS extraction information set SEI message is present for the pictures of associatedPicSet, they shall contain identical content.
NAL units that contain tiles belonging to tile set tileSetA shall not contain tiles that do not belong to tile set tileSetA.
The number of MCTS extraction information set SEI messages in each access unit shall not exceed 5.
num_extraction_info_sets_minus1 plus 1 indicates the number of extraction information sets contained in the MCTS extraction information set SEI message to be applied in the mcts extraction process. The value of num_extraction_info_sets_minus1 shall be in the range of 0 to 232 − 2, inclusive.
num_associated_tile_set_identifiers_minus1[ i ] plus 1 indicates the number of values of mcts_id of the tile sets in the i-th extraction information set. The value of num_extraction_info_sets_minus1[ i ] shall be in the range of 0 to 232 − 2, inclusive.
mcts_identifier[ i ][ j ] identifies the j-th tile set with mcts_id equal to mcts_identifier[ i ][ k ] associated to the i-th extraction information set. The value of mcts_identifier[ i ][ j ] shall be in the range of 0 to 232 − 2, inclusive.
num_vps_in_extraction_info_set_minus1[ i ] plus 1 indicates the number of replacement video parameter sets in the i-th extraction information set. The value of num_vps_in_extraction_info_set_minus1[ i ] shall be in the range of 0 to 15, inclusive.
vps_rbsp_data_length[ i ][ j ] indicates the number of bytes vps_rbsp_data_bytes[ i ][ j ][ k ] of the following j-th replacement video parameter set in the i-th extraction information set.

num_sps_in_extraction_info_set_minus1[ i ] plus 1 indicates the number of replacement sequence parameter sets in the i-th extraction information set. The value of num_sps_in_extraction_info_set_minus1[ i ] shall be in the range of 0 to 15, inclusive. 

sps_rbsp_data_length[ i ][ j ] indicates the number of bytes sps_rbsp_data_bytes[ i ][ j ][ k ] of the following j-th replacement sequence parameter set in the i-th extraction information set.
num_pps_in_extraction_info_set_minus1[ i ] plus 1 indicates the number of replacement picture parameter sets in the i-th extraction information set. The value of num_pps_in_extraction_info_set_minus1[ i ] shall be in the range of 0 to 63, inclusive. 

pps_rbsp_data_length[ i ][ j ] indicates the number of bytes pps_rbsp_data_bytes[ i ][ j ][ k ] of the following j-th replacement picture parameter set in the i-th extraction information set.
mcts_alignment_bit_equal_to_zero shall be equal to 0.
vps_rbsp_data_bytes[ i ][ j ][ k ] contains the k-th byte of the RBSP of the following j-th replacement video parameter set in the i-th extraction information set. 
sps_rbsp_data_bytes[ i ][ j ][ k ] contains the k-th byte of the RBSP of the following j-th replacement sequence parameter set in the i-th extraction information set.
pps_rbsp_data_bytes[ i ][ j ][ k ] contains the k-th byte of the RBSP of the following j-th replacement picture parameter set in the i-th extraction information set. 
The sub-bistream MCTS extraction process is applied as follows:
Let a bitstream inBitstream, a target MCTS identifier mctsIdTarget and target MCTS extraction information set identifier mctsEISIdTarget be the inputs to the sub-bistream MCTS extraction process.

The output of the sub-bistream MCTS extraction process is a sub-bitstream outBitstream.

It is a requirement of bitstream conformance for the input bitstream that any output sub-bitstream that is the output of the process specified in this clause with the bitstream shall be a conforming bitstream. 
The output sub-bitstream is derived as follows:

–
The bitstream outBitstream is set to be identical to the bitstream inBitstream.
–
The lists ausWithVPS, ausWithSPS and ausWithPPS are set to consist of all access units within outBitstream containing VCL NAL units with types VPS_NUT, SPS_NUT and PPS_NUT.

–
Remove all SEI NAL units that have nuh_layer_id equal to 0 and that contain non-nested SEI messages. 
NOTE 2 – A "smart" bitstream extractor may include appropriate non-nested SEI messages in the extracted sub-bitstream, provided that the SEI messages applicable to the sub-bitstream were present as nested SEI messages in the mcts_extraction_info_nesting ( ) in the original bitstream.
· Remove from outBitstream all NAL units with types:

· VCL NAL units that contain tiles not belonging to the tile set with mcts_id[ i ] equal to mctsIdTarget,

· non-VCL NAL units with types VPS_NUT, SPS_NUT or PPS_NUT.
· Insert into all access units within the list ausWithVPS in outBitstream num_vps_in_extraction_info_minus1[ mctsEISIdTarget ] plus 1 NAL units with type VPS_NUT generated from the VPS RBSP data in the mctsEISIdTarget-th MCTS extraction information set, i.e. vps_rbsp_data_bytes[ mctsEISIdTarget ][ j ][ ] for all values of j in the range of 0 to num_vps_in_extraction_info_minus1[ mctsEISIdTarget ], inclusive.

· Insert into all access units within the list ausWithSPS in outBitstream num_sps_in_extraction_info_minus1[ mctsEISIdTarget ] plus 1 NAL units with type SPS_NUT generated from the SPS RBSP data in the mctsEISIdTarget-th MCTS extraction information set, i.e. sps_rbsp_data_bytes[ mctsEISIdTarget ][ j ][ ] for all values of j in the range of 0 to num_sps_in_extraction_info_minus1[ mctsEISIdTarget ], inclusive.

· Insert into all access units within the list ausWithPPS in outBitstream num_vps_in_extraction_info_minus1[ mctsEISIdTarget ] plus 1 NAL units with type PPS_NUT generated from the PPS RBSP data in the mctsEISIdTarget-th MCTS extraction information set, i.e. pps_rbsp_data_bytes[ mctsEISIdTarget ][ j ][ ] for all values of j in the range of 0 to num_pps_in_extraction_info_minus1[ mctsEISIdTarget ], inclusive.
–
For each remaining VCL NAL units in outBitstream, adjust the slice segment header as follows:
–
For the first VCL NAL unit within each access unit, set the value of first_slice_segment_in_pic_flag equal to 1, otherwise 0.

–
Set the value of slice_segment_address according to the tile setup defined in the PPS with pps_pic_parameter_set_id equal to slice_pic_parameter_set_id.
D.2.35 MCTS extraction information nesting SEI message syntax
	mcts_extraction_info_nesting( ) {
	Descriptor

	
all_tile_sets_flag
	u(1)

	
if( !all_tile_sets_flag )  {
	

	

num_associated_mcts_identifiers_minus1
	ue(v)

	

for( i = 0; i  <=  num_associated_mcts_identifiers_minus1; i++ )
	

	


mcts_identifier[ i ]
	ue(v)

	
}
	

	
num_seis_in_mcts_extraction_seis_minus1
	ue(v)

	
while( !byte_aligned( ) )
	

	

mcts_nesting_zero_bit /* equal to 0 */
	u(1)

	
for( i = 0; i  <=  num_seis_in_mcts_extraction_seis_minus1; i++ )
	

	

sei_message( )
	

	}
	


D.3.35 MCTS extraction information nesting SEI message semantics
The MCTS extraction information nesting SEI message provides a mechanism to carry nested SEI messages and associate the nested SEI messages with bitstream subsets corresponding to one or more motion-constrained tile set.

In the sub-bitstream MCTS extraction process as specified in the semantics of the MCTS extraction information set SEI message, the nested SEI messages contained in the MCTS extraction information nesting SEI message can be used to replace the non-nested SEI messages in the access unit that contains the MCTS extraction information nesting SEI message.
all_tile_sets_flag equal to 0 specifies that the mcts_identifier list is set to consist of mcts_identifier[ i ]. all_tile_sets_flag equal to 1 specifies that the list mcts_identifier[ i ] consists of all values of mcts_id[ ] of the temporal_motion_constrained_tile_sets SEI messages present in the current access unit.

num_associated_mcts_identifiers_minus1 plus 1 specifies the number of following mcts_identifier. The value of num_associated_mcts_identifiers_minus1[ i ] shall be in the range of 0 to 232 − 2, inclusive.
mcts_identifier[ i ] identifies the tile set with mcts_id equal to mcts_identifier[ i ] associated to the following nested SEI messages. The value of mcts_identifier[ i ] shall be in the range of 0 to 232 − 2, inclusive.
num_seis_in_mcts_extraction_seis_minus1 plus 1 indicates the number of the following nested SEI messages. 
mcts_nesting_zero_bit shall be equal to 0.
Renumber the subsequent clauses and notes in Clause D.2 and D.3 to account for the above additions and adjust cross-references accordingly.
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