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Abstract
This contribution contains a proposal for a new NAL unit type to be added to VVC. In the most recent draft of VVC, each access units consists of at least two NAL units: Picture Header and Coded Slice(s). It is asserted that it would be desirable with support for a mode of operation in VVC in which an access unit can be fully represented with a single NAL unit. It is asserted that such support would be particularly beneficial for low bitrate applications and applications in which there is as significant overhead associated with each NAL unit. A NAL unit type called Coded Picture is proposed, and it is proposed to include the following four elements:
1. A syntax element pic_type.
2. A picture header syntax structure.
3. A slice header syntax structure.
4. A slice data syntax structure.
The proposed NAL unit type has been implemented in VTM 7.1 and the results show an average luma BD-rate gain of 0.35% for LDB case. Results are also presented for when the suggested new NAL unit type is combined with JVET-Q0258 and proposal 1-4 of JVET-Q0259 showing an average luma BD-rate gain of 0.63% for LDB.
Introduction 
In development of the VVC standard it has been identified that support for in-picture error concealment is not a high priority design goal and it has been decided to gather parameters that applies to a picture in a picture header instead of repeating it in every slice header. Each picture contains exactly one picture header and it will generally not be possible to parse, decode or interpret a coded slice unless the associated picture header is available. Consequently, there will be limited benefit to splitting up pictures in slices, especially since parallel encoding (such as tiles and wavefronts) are supported in a single slice. One exception is Virtual Reality applications where slices can be used to extract and decode only parts of the video (e.g. using subpictures). However, for most general video applications it can be assumed that the most efficient encoding will be achieved by encoding pictures in a single slice and it can be assumed that this will be a very common configuration. It would therefore be highly desirable to support this configuration as efficiently as possible. 
Low bitrate video applications
Even though modern video codecs generally enable support for higher resolutions, higher bitdepths and higher bitrates, it should be noted that new codecs are also used to provide a more acceptable and enjoyable video experience at the low end of the bitrate range. One example is the “HLS Authoring Specification for Apple Devices” [1] where a bitrate ladder starting at 145 kbps is recommended for both H.264/AVC and HECV/H.265. Another example is the low-quality profile recently introduced by Vimeo to increase reach and reduce buffer times. The profile uses AVC/H.264 at 300 kbps [2].
Since VVC provides clearly improved compression performance compared to HEVC and massively improved compression performance over H.264/AVC it reasonable to assume that VVC can be used at bitrates as low as 150 kbps (or even lower).
When encoding a 30 fps video at 150 kbps, each picture uses on average 625 bytes. Consequently, a single byte of extra overhead increases the bitrate by 0.16%.
Overhead of using multiple NAL units
In all encapsulation formats, file formats and transport protocols there is a certain amount of signalling overhead associated with each NAL unit. 
· In Annex B byte streams there is a startcode overhead of typically 3 or 4 bytes. 
· In the file format for Carriage of NAL unit structured video in the ISO Base Media File Format, a sample length field of 4 bytes is typically used [3].
· The RTP payload format offers the ability to aggregate multiple NAL units in the same RTP packet wherein each NAL unit is preceded by a 2 byte length field. However, the aggregation of NAL units can only be used if all aggregated NAL units completely fit into a single RTP packet. If the aggregation does not fit completely in a single RTP packet, the NAL units have to be sent in separate RTP packets which is typically associated with an overhead of at least 40 bytes (20 bytes IP-header, 8 bytes UDP-header, and 12 bytes RTP header) [4].
In addition to this overhead, there is the overhead of the NAL unit header, which in VVC is 2 bytes.
Proposal
It is proposed to allow a mode of operation in VVC where a single NAL unit per picture is used. This could for example be accomplished by making the picture header optional and adding back some syntax elements to the slice header that have been moved to the picture header. Another option, which was proposed in [6] would be to allow the picture header to be included as a syntax structure in the slice header.
However, both of these options have an impact on the current structure of picture header and slice header. It is asserted that the current structure is useful in the case where multiple pictures are used per picture and it is therefore desirable with a solution that have minimal impact on the current structure.
We propose to keep the Picture Header NAL unit and the different Coded Slice NAL unit types and introduce a new NAL unit type for Coded Picture. The Coded Picture NAL unit is proposed to include the following four elements: 
1. A syntax element pic_type.
2. A picture header syntax structure.
3. A slice header syntax structure.
4. A slice data syntax structure.
Proposed draft text
A new NAL unit type is proposed:
Table 7‑1 – NAL unit type codes and NAL unit type classes
	nal_unit_type
	Name of nal_unit_type
	Content of NAL unit and RBSP syntax structure
	NAL unit
type class

	0
	TRAIL_NUT
	Coded slice of a trailing picture
slice_layer_rbsp( )
	VCL

	1
	STSA_NUT
	Coded slice of an STSA picture
slice_layer_rbsp( )
	VCL

	2
	RADL_NUT
	Coded slice of a RADL picture
slice_layer_rbsp( )
	VCL

	3
	RASL_NUT
	Coded slice of a RASL picture
slice_layer_rbsp( )
	VCL

	4..5
	RSV_VCL_4..
RSV_VCL_5
	Reserved non-IRAP VCL NAL unit types
	VCL

	6
	CODED_PIC
	Coded picture
picture_layer_rbsp( )
	VCL

	7
8
	IDR_W_RADL
IDR_N_LP
	Coded slice of an IDR picture
slice_layer_rbsp( )
	VCL

	9
	CRA_NUT
	Coded slice of a CRA picture
silce_layer_rbsp( )
	VCL

	10
	GDR_NUT
	Coded slice of a GDR picture
slice_layer_rbsp( )
	VCL

	11
12
	RSV_IRAP_11
RSV_IRAP_12
	Reserved IRAP VCL NAL unit types
	VCL

	13
	DPS_NUT
	Decoding parameter set
decoding_parameter_set_rbsp( )
	non-VCL

	14
	VPS_NUT
	Video parameter set
video_parameter_set_rbsp( )
	non-VCL

	15
	SPS_NUT
	Sequence parameter set
seq_parameter_set_rbsp( )
	non-VCL

	16
	PPS_NUT
	Picture parameter set
pic_parameter_set_rbsp( )
	non-VCL

	17
18
	PREFIX_APS_NUT
SUFFIX_APS_NUT
	Adaptation parameter set
adaptation_parameter_set_rbsp( )
	non-VCL

	19
	PH_NUT
	Picture header
picture_header_rbsp( )
	non-VCL

	20
	AUD_NUT
	AU delimiter
access_unit_delimiter_rbsp( )
	non-VCL

	21
	EOS_NUT
	End of sequence
end_of_seq_rbsp( )
	non-VCL

	22
	EOB_NUT
	End of bitstream
end_of_bitstream_rbsp( )
	non-VCL

	23
24
	PREFIX_SEI_NUT
SUFFIX_SEI_NUT
	Supplemental enhancement information
sei_rbsp( )
	non-VCL

	25
	FD_NUT
	Filler data
filler_data_rbsp( )
	non-VCL

	26
27
	RSV_NVCL_26
RSV_NVCL_27
	Reserved non-VCL NAL unit types
	non-VCL

	28..31
	UNSPEC_28..
UNSPEC_31
	Unspecified non-VCL NAL unit types
	non-VCL



The new picture_layer_rbsp() includes a pic_nal_type which can be used to indicate if the picture is an IDR picture, CRA picture, GDR picture etc. It also includes a picture header structure, a slice header strucutre and a slice data structure.

	picture_layer_rbsp( ) {
	Descriptor

		pic_nal_type
	[bookmark: _GoBack]u(4)

		picture_header_rbsp( )
	

		slice_header( )
	

		slice_data( )
	

	}
	


The pic_nal_type is used in the slice header, and in other places to provide the functionality of nal_type_idc.
pic_nal_type indicates the corresponding Nal Unit type of the picture.
The value of NalType is derived as follows:
	NalType = ( nal_unit_type = = CODED_PIC ) ? pic_nal_type : nal_unit_type
Optimizations
In addition to the basic functionality provided by the proposal in section 3.1, the following changes are proposed in order to provide a more efficient solution:
· Remove the byte alignement between picture header and slice header in the coded picture strucutre
· Conditional signalling of gdr_pic_flag based on NalType
· Conditional signalling of no_output_of_prior_pics_flag based on NalType

	picture_header_structurerbsp( ) {
	Descriptor

		non_reference_picture_flag
	u(1)

		if( NalType = = PH_NUT ) 
	

			gdr_pic_flag
	u(1)

	[bookmark: _Hlk24965278]	if( NalType = = PH_NUT  | |  NalType  = =  IDR_W_RADL  | |  NalType  = =  IDR_N_LP
		  | |  NalType  = =    CRA_NUT  | |  NalType  = =  GDR_NUT )
	

			no_output_of_prior_pics_flag
	u(1)

		if( gdr_pic_flag )
	

			recovery_poc_cnt
	ue(v)

	…
	

		if( picture_header_extension_present_flag ) {
	

			ph_extension_length
	ue(v)

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

				ph_extension_data_byte[ i ]
	u(8)

		}
	

		rbsp_trailing_bits( )
	

	}
	




	picture_header_rbsp( ) {
	Descriptor

		picture_header_structure( )
	

		rbsp_trailing_bits( )
	

	}
	



	picture_layer_rbsp( ) {
	Descriptor

		pic_nal_type
	u(4)

		picture_header_structure( )
	

		slice_header( )
	

		slice_data( )
	

		rbsp_trailing_bits( )
	

	}
	



Results
The proposed scheme has been implemented in VTM7.1 (commit 0e27375b98b629fb203c4acaff3ae892f3c79ae6) and tested using the Common Test Conditions [5]. The first set of results includes only the gain from using the Coded Picture NAL unit type as described in 3.1. The second set of results includes the optimized version described in section 3.2 and additionally the improvements provided by JVET-Q0258 and proposal 1-4 of JVET-Q0259.
Results for Coded Picture NAL
These results includes only the gain from using the Coded Picture NAL unit type as described in 3.1.
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	-0.33%
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	99%
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	-0.96%
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	-0.91%
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	100%
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	-0.34%
	-0.32%
	-0.33%
	100%
	100%

	Class D
	-0.56%
	-0.53%
	-0.54%
	97%
	99%

	Class F
	-0.41%
	-0.38%
	-0.38%
	99%
	101%



Results for optimized Coded Picture NAL in combination with picture header improvements
The second set of results includes the optimized version described in section 3.2 and additionally the improvements provided by JVET-Q0258 and proposal 1-4 of JVET-Q0259.
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	-0.16%
	-0.16%
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	100%
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	-0.61%
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	-1.03%
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Conclusion
It is strongly suggested to bring back support for encoding one picture in one NAL unit in VVC. The Coded Picture NAL unit type is proposed as an additional NAL unit type. Existing structure of Picture Header and Slice Header is kept in its current form.
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