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Abstract
This contribution proposes several options to specify an extraction process for subpictures that allows a CBR mode after extraction.
Introduction
This document anticipates a subpicture extraction process in the VVC draft specification and is based upon is based upon proposal JVET-Q0397.
Similar to HEVC, the VVC draft specification includes a cbr_flag to indicate a Constant Bitrate (CBR) operation mode of the hypothetical stream scheduler (HSS) for a set of coded picture buffer (CPB) parameters. This is achieved by using filler data NAL units (FD_NUT) or filler payload SEI messages in the bitstream to adjust the sum of bits of an access unit when necessary. The NAL units of type FD_NUT are associated to a picture unit and are constrained only in that they cannot appear before the first VCL NAL unit of an picture unit.
The VVC draft specification also includes subpictures, which are a means to enable independently coded regions within a coded video sequence by means of a special boundary treatment (subpic_treated_as_pic_flag[ i ], loop_filter_across_subpic_enabled_flag[ i ]) and associated level information (subpicture level information SEI message). Based on this information, subpictures can be extracted to form an independent bitstream and later on be merged with other bitstreams to create joint single bitstream.
When a subpicture is extracted from a bitstream that contains FD_NUT NAL units or filler payload SEI messages to support a CBR operation of the HSS, and all of these filler data are to remain in the resulting output bitstream as currently specified for the OLS-based sub-bitstream extraction process, it is not clear whether the CBR property still applies to the output bitstream.
It is asserted that it is desirable to be able to extract a subpicture-specific sub-bitstream that also supports CBR operation.
Proposal
Therefore, it is proposed to add measures to the VVC draft specification to allow identification of the VCL NAL unit subset of a picture unit (i.e. the subpicture) that FD_NUT NAL units or filler payload SEI messages are associated with for the purpose of subpicture extraction or remove all other filler data during extraction which effectively prohibits CBR mode for extracted subpicture bitstream.
The following options are proposed among which option 1a is preferred:
1. associate FD_NUT NAL units and filler payload SEI messages with subpicture VCL NAL units and selectively remove non-associated ones during the subpicture extraction process
a. association through constraining order within picture unit
b. association through adding subpicture filler data information SEI message
c. association through adding subpicture identifier to FD_NUT NAL units and filler payload syntax
2. remove all FD_NUT NAL units and filler payload SEI messages in subpicture extraction process and only support VBR mode.
General constraint flag for Option 1a to 1c
For the options 1a to 1c that allow CBR subpicture extraction, a flag is added to the general constraint info structure to indicate that FD_NUT NAL units and filler data SEI messages are associated to subpictures or the picture/access unit and that extraction of a subpicture sub-bitstream leads to a bitstream that has HRD parameters with cbr_flag enabled for at least one CPB when the input bitstream has HRD parameters with the cbr_flag enabled for at least one CPB.

	general_constraint_info( ) {
	Descriptor

		[…]
	

		general_subpic_cbr_constraint_flag
	u(1)

		[…]
	

	}
	


general_subpic_cbr_constraint_flag equal to 1 indicates that FD_NUT NAL units and filler payload SEI messages in the bitstream are associated to one or more subpictures. general_subpic_cbr_constraint_flag equal to 0 indicates that FD_NUT NAL units in the bitstream are associated to complete picture units and filler payload SEI messages are associated to complete access units.
Proposal option 1a
In this option, it is proposed to use the order of NAL units in a picture/access unit to express association of FD_NUT NAL units and filler data SEI messages to the VCL NAL units of subpictures through bitstream order. Similar to the way that the VCL NAL units of a picture are associated to the PH_NUT, in this option 1a, it is proposed that the FD_NUT NAL units and filler payload SEI messages follow the VCL NAL units of a subpicture in bitstream order within the picture/access unit.
The following contains the proposed highlighted changes to the semantics of nal_unit_type in the VVC draft specification.
nal_unit_type […]
When general_subpic_cbr_constraint_flag is equal to 1, any NAL unit with type equal to FD_NUT is associated to the subpicture corresponding to the preceeding VCL NAL unit in bitstream order. Otherwise, (general_subpic_cbr_constraint_flag is equal to 0) any NAL unit with type equal to FD_NUT is associated to the respective picture unit.
In addition to the above, for the filler payload SEI messages, the following changes are proposed.
D.3.4	Filler payload SEI message semantics
This SEI message contains a series of payloadSize bytes of value 0xFF, which can be discarded.
When general_subpic_cbr_constraint_flag is equal to 1, any filler payload SEI message is associated to the subpicture corresponding to the preceeding VCL NAL unit in bitstream order. Otherwise, (general_subpic_cbr_constraint_flag is equal to 0) any filler payload SEI message is associated to the respective access unit.
Proposal option 1b
In this option, a new SEI message is introduced that associates FD_NUT NAL units and filler payload SEI message with subpictures of the coded picture.
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	subpic_filler_data_info( payloadSize ) {
	Descriptor

		sei_subpic_id_len_minus1
	ue(v)

		sei_filler_data_nut_subpic_id
	u(v)

	}
	


The subpicture filler data information SEI message indicates the association of NAL units of type FD_NUT and filler payload SEI messages to subpictures in the coded bitstream with slice_subpic_id equal to sei_filler_data_nut_subpic_id. The set of NAL units of type FD_NUT and filler payload SEI messages following the subpicture filler data information SEI message in bitstream order within the access unit up to either of the following is defined to be assocaited to the subpicture filler data information SEI message:
· a new picture unit.
· a subpicture filler data information SEI message.
· a VCL NAL unit.
It is a requirement of bitstream conformance that when a subpicture filler data information SEI message is present in a bitstream, the general_subpic_cbr_constraint_flag shall be equal to 1 in all general_constraint_info( ) syntax structures in the active DPS, VPS and SPS NAL units in the bitstream.
sei_subpic_id_len_minus1 plus 1 specifies the number of bits used to represent the syntax element sei_filler_data_nut_subpic_id. The value of sei_subpic_id_len_minus1 shall be in the range of 0 to 15, inclusive.
It is a requirement of bitstream conformance that the value of sei_subpic_id_len_minus1 shall be the same for all SEI messages that are present in a CLVS.
sei_filler_data_nut_subpic_id specifies the subpicture ID of the subpicture that the FD_NUT NAL unit types and filler payload SEI messages associated with the subpicture filler data information SEI message apply to.
Proposal option 1c
In this option, the syntax of the FD_NUT NAL unit type and filler payload SEI messages are extended to incorporate a subpicture ID as follows:

	filler_data_rbsp( ) {
	Descriptor

		fd_subpic_flag
	u(1)

		if( fd_subpic_flag ) {
	

			fd_subpic_id_len_minus1 
	ue(v)

			fd_subpic_id
	u(v)

		}
	

		while( next_bits( 8 )  = =  0xFF )
	

			ff_byte  /* equal to 0xFF */
	f(8)

		rbsp_trailing_bits( )
	

	}
	


fd_subpic_flag equal to 1 specifies that the filler data NAL unit is associated to the VCL NAL units of a subpicture with slice_subpic_id equal to the value of fd_subpic_id. fd_subpic_flag equal to 0 specifies that the filler data NAL unit is associated to the respective picture unit.
fd_subpic_id_len_minus1 plus 1 specifies the number of bits used to represent the syntax element fd_subpic_id. The value of fd_subpic_id_len_minus1 shall be in the range of 0 to 15, inclusive.
It is a requirement of bitstream conformance that the value of fd_subpic_id_len_minus1 shall be the same for filler data NAL units that are present in a CLVS.
fd_subpic_id specifies the subpicture ID of the subpicture that the FD_NUT NAL unit applies to.

	filler_payload( payloadSize ) {
	Descriptor

		sei_subpic_flag
	u(1)

		if( sei_subpic_flag ) {
	

			sei_subpic_id_len_minus1 
	ue(v)

			sei_subpic_id
	u(v)

		for( k = 0; k < payloadSize; k++)
	

			ff_byte  /* equal to 0xFF */
	f(8)

	}
	


sei_subpic_flag equal to 1 specifies that the filler payload SEI message is assocaited to the VCL NAL units of a subpicture with slice_subpic_id equal to the value of sei_subpic_id. sei_subpic_flag equal to 0 specifies that the filler payload SEI message is associated to the respective access unit.
sei_subpic_id_len_minus1 plus 1 specifies the number of bits used to represent the syntax element sei_subpic_id. The value of sei_subpic_id_len_minus1 shall be in the range of 0 to 15, inclusive.
It is a requirement of bitstream conformance that the value of sei_subpic_id_len_minus1 shall be the same for all SEI messages that are present in a CLVS.
sei_subpic_id specifies the subpicture ID of the subpicture that the filler payload SEI messages applies to.
Extraction process for Option 1a to 1c
The subpicture extraction process is specified to remove all FD_NUT NAL units and filler data SEI messages except for the ones associated to the target subpicture set.
· When general_subpic_cbr_constraint_flag is equal to 1, remove all FD_NUT and filler data SEI messages that are not associated with a subpicture in subpicIdTarget[ ].
· Otherwise (general_subpic_cbr_constraint_flag is equal to 0), remove all FD_NUT and filler data SEI messages and set cbr_flag equal to 0 in each sublayer_hrd_parameters() syntax structure of outBitstream.
Proposal option 2
The subpicture extraction process is specified to remove all FD_NUT NAL units and filler data SEI messages and set the cbr_flag accordingly.
· Remove all FD_NUT and filler data SEI messages and set cbr_flag equal to 0 in each sublayer_hrd_parameters() syntax structure of outBitstream.
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