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_____________________________
Abstract
This contribution proposes the following changes related to IRAP and GDR AUs:
1) Each GDR AU is required to be complete (i.e., to have a picture for each of the layers present in the CVS). That means, an incomplete AU consisting of GDR pictures is not a GDR AU, similarly as in the current VVC text that an incomplete AU consisting of IRAP pictures is not an IRAP AU.
2) Add a flag named irap_or_gdr_au_flag to the AUD to specify whether the AU is an IRAP or GDR AU, and mandate the presence of an AUD NAL unit in each IRAP or GDR AU when vps_max_layers_minus1 is greater than 0.
Introduction
The following issues were observed in the existing scalability design in the latest VVC text (in JVET-Q2001-vE/v15):
1) Currently, an IRAP AU may start a new CVS and is required to be complete (i.e., to have a picture for each of the layers present in the CVS), while a GDR AU may also start a new CVS but is NOT required to be complete. It is believed that this is an overlook, as otherwise some layer-wise startup decoding process would have to be specified for such GDR case.
2) A CVSS AU, which starts a new CVS, is required to be complete (i.e., to have a picture for each of the layers present in the CVS). However, according to the current design, the decoder is not able to check whether an AU includes a picture "for each of the layers present in the CVS" before it receives the last picture of the CVS, while on the other hand, even the last picture of the CVS is not easy to be determined because it is not easy to determine the start of any of CVS except for the very first CVS of the bitstream. Basically, that means, the decoder can only figure out the boundaries of CVSs after receiving the entire bitstream.
This contribution tries to address the above issues.
Proposal
Summary of the proposed changes
The following changes are proposed to address the above issues:
1) Each GDR AU is required to be complete (i.e., to have a picture for each of the layers present in the CVS). That means, an AU consisting of GDR pictures but if it is incomplete then it is not a GDR AU, similarly as currently that an AU consisting of IRAP pictures but if it is incomplete then it is not an IRAP AU.
2) Add a flag named irap_or_gdr_au_flag to the AUD to specify whether the AU is an IRAP or GDR AU, and when vps_max_layers_minus1 is greater than 0, mandate the presence of an AUD NAL unit in each IRAP or GDR AU.
Proposed text changes
The changed texts are based on the latest VVC text in JVET-Q2001-vE/v15, with added parts highlighted in turquoise, and deleted parts highlighted in yellow strikethrough in red fonts.
3 Definitions
...
gradual decoding refresh (GDR) AU: An AU in which there is a PU for each layer in the CVS and the coded picture in each present PU is a GDR picture.
...
7.3.2.9 AU delimiter RBSP syntax

	access_unit_delimiter_rbsp( ) {
	Descriptor

		irap_or_gdr_au_flag
	u(1)

		pic_type
	u(3)

		rbsp_trailing_bits( )
	

	}
	



7.4.3.9 AU delimiter RBSP semantics
The AU delimiter is used to indicate the start of an AU, whether the AU is an IRAP or GDR AU, and the type of slices present in the coded pictures in the AU containing the AU delimiter NAL unit. For single-layer bitstreams, there is no normative decoding process associated with the AU delimiter.
irap_or_gdr_au_flag equal to 1 specifies that the AU containing the AU delimiter is an IRAP or GDR AU. irap_or_gdr_au_flag equal to 0 specifies that the AU containing the AU delimiter is not an IRAP or GDR AU.
...
7.4.2.4.2 Order of AUs and their association to CVSs
A bitstream consists of one or more CVSs.
A CVS consists of one or more AUs. The order of PUs and their association to AUs are described in clause 7.4.2.4.3.
The first AU of a CVS is a CVSS AU, wherein each present PU is a CLVSS PU, which is either an IRAP PU with NoOutputBeforeRecoveryFlag equal to 1 or a GDR PU with NoOutputBeforeRecoveryFlag equal to 1.
[bookmark: _Hlk35008454]Each CVSS AU shall have a PU for each of the layers present in the CVS and each picture in an AU in a CVS shall have nuh_layer_id equal to the nuh_layer_id of one of the pictures present in the first AU of the CVS.
7.4.2.4.3 Order of PUs and their association to AUs
An AU consists of one or more PUs in increasing order of nuh_layer_id. The order NAL units and coded pictures and their association to PUs are described in clause 7.4.2.4.4.
There can be at most one AUD NAL unit in an AU, and when vps_max_layers_minus1 is greater than 0, there shall be one and only one AUD NAL unit in each IRAP or GDR AU.
When an AUD NAL unit is present in an AU, it shall be the first NAL unit of the AU, and consequently, it is the first NAL unit of the first PU of the AU.
There can be at most one EOB NAL unit in an AU. When an EOB NAL unit is present in an AU, it shall be the last NAL unit of the AU, and consequently, it is the last NAL unit of the last PU of the AU.
...
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