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Abstract
This contribution includes three aspects. The first aspect is a bugfix for the definition of the first VCL NAL unit of an AU. The second aspect is to mandate the EOS in order to easily detect the first VCL NAL unit of a coded picture. Based on the second aspect, the third aspect is to replace picture_header_in_slice_header_flag in slice header with a variable which is derived by the presence of PH NAL unit. By doing this, the number of bitstream conformance constraints are reduced.
Current Design
In VVC draft 8 [2], PH syntax structure may be included in the slice header of a VLC NAL unit. When the PH syntax structure is included in the slice header, the PH NAL unit shall not be present. And when the PH NAL unit is present, the PH syntax structure shall not be included in slice header. So PH NAL unit is not always present in VVC draft 8. 
To indicate whether PH syntax structure is included in the slice header, a flag named picture_header_in_slice_header_flag is signaled at the beginning of the slice header. The syntax is shown in Table 1. And the semantics of picture_header_in_slice_header_flag is given below the table
[bookmark: _Ref36780705][bookmark: _Ref36780701]Table 1 slice header sytnax for PH syntax structure
	slice_header( ) {
	Descriptor

		picture_header_in_slice_header_flag
	u(1)

		if( picture_header_in_slice_header_flag )
	

			picture_header_structure( )
	

		…
	

	}
	


picture_header_in_slice_header_flag equal to 1 specifies that the PH syntax structure is present in the slice header. picture_header_in_slice_header_flag equal to 0 specifies that the PH syntax structure is not present in the slice header.
Additionally, there are several bitstream constraints related to PH syntax structure in slice header as follows:
1. It is a requirement of bitstream conformance that the value of picture_header_in_slice_header_flag shall be the same in all coded slices in a CLVS.
2. When picture_header_in_slice_header_flag is equal to 1 for a coded slice, it is a requirement of bitstream conformance that no VCL NAL unit with nal_unit_type equal to PH_NUT shall be present in the CLVS.
3. When picture_header_in_slice_header_flag is equal to 0, all coded slices in the current picture shall have picture_header_in_slice_header_flag is equal to 0, and the current PU shall have a PH NAL unit. 
4. When a picture consists of more than one VCL NAL unit, a PH NAL unit shall be present in the PU.
5. If a PH NAL unit is present in a PU, the first VCL NAL unit of a picture is the first VCL NAL unit that follows the PH NAL unit in decoding order of the picture. Otherwise (no PH NAL unit is present in the PU), the first VCL NAL unit of a picture is the only VCL NAL unit of the picture.
Proposal 1: Bugfix for the definition of the first VCL NAL unit of an AU
In VVC draft 8, the first VCL NAL unit in an AU is defined as following: 

A VCL NAL unit is the first VCL NAL unit of an AU (and consequently the PU containing the VCL NAL unit is the first PU of the AU) when the VCL NAL unit is the first VCL NAL unit that follows a PH NAL unit and one or more of the following conditions are true:
–	The value of nuh_layer_id of the VCL NAL unit is less than the nuh_layer_id of the previous picture in decoding order.
–	The value of ph_pic_order_cnt_lsb of the VCL NAL unit differs from the ph_pic_order_cnt_lsb of the previous picture in decoding order.
–	PicOrderCntVal derived for the VCL NAL unit differs from the PicOrderCntVal of the previous picture in decoding order.
[bookmark: _GoBack]The above definition only works for the scenario where PH NAL unit is present. In the scenario where PH syntax structure is signaled in the slice header instead of in a PH NAL unit, the above definition is inaccurate.
It is proposed to change the definition of the first VCL NAL unit in an AU as below:


If a PH NAL unit is present in a PU, let firstVclNalUnitInPic be the first VCL NAL unit that follows the PH NAL unit; otherwise let firstVclNalUnitInPic be the only one VCL NAL unit in a PU. firstVclNalUnitInPicA VCL NAL unit is the first VCL NAL unit of an AU (and consequently the PU containing the VCL NAL unit is the first PU of the AU) when the VCL NAL unit is the first VCL NAL unit that follows a PH NAL unit and one or more of the following conditions are true:
–	The value of nuh_layer_id of the VCL NAL unit is less than the nuh_layer_id of the previous picture in decoding order.
–	The value of ph_pic_order_cnt_lsb of the VCL NAL unit differs from the ph_pic_order_cnt_lsb of the previous picture in decoding order.
–	PicOrderCntVal derived for the VCL NAL unit differs from the PicOrderCntVal of the previous picture in decoding order.
Proposal 2: mandate EOS
In VVC draft 7[1], Picture Header (PH) could be used to detect the start of a picture since each coded picture should have a PH NAL unit before the first VCL NAL unit. As in VVC draft 8, PH NAL unit is optional, the first VCL NAL unit of a PU cannot be detected by only checking the presence of PH NAL without parsing syntax element in slice level. For example, for two consecutive PUs in the same layer, the first PU has a PH NAL unit followed by multiple VCL NAL units and the second PU only has one VCL NAL unit without PH preceding that VCL NAL unit. For decoder, it will receive a PH NAL unit and then multiple VCL NAL units. So the decoder is not able to know which VCL NAL is the first VCL NAL unit of the second PU unless it parses picture_header_in_slice_header_flag in slice header. (For the first PU, PH NAL unit present and picture_header_in_slice_header_flag is equal to 0; for the second PU, PH NAL unit is not present, and picture_header_in_slice_header_flag is equal to 1). That means in VVC draft 8, the detection the start of a PU needs to check the value of syntax element picture_header_in_slice_header_flag in slice header. Please note that since there is a constraint that the value of picture_header_in_slice_header_flag shall be constant within a CLVS, this example can only occur between two CLVSs, i. e., the first PU is the last PU of a first CLVS and the second PU is the first PU of a second CLVS and there is no SPS and PPS NAL unit for the second CLVS.
Thus, to solve this problem, it is proposed to mandate EOS NAL unit to identify the end of a CLVS. If EOS NAL unit is always signaled at the end of a CLVS, for the above-mentioned example, decoder will receive an EOS NAL unit after the multiple VCL NAL units of the first PU and before the first VCL NAL unit of the second PU. When the decoder receives the EOS NAL unit, the decoder knows that it is the end of a CLVS and also the end of the first PU. So, the next VCL NAL unit is the first VCL NAL unit of the second PU. Slice level syntax element parsing is not needed
The spec changes are shown below:
It is a requirment of bitstream conformance that each CVSS AU shall be either the first AU in the bitstream in decoding order or the next AU after a AU that contains an EOS NAL unit.
It is a requirment of bitstream conformance that each CLVSS PU shall be either the first PU in a particular layer of bitstream in decoding order or the next PU after a PU that belongs to the same layer and contains an EOS NAL unit.
When present, the EOS RBSP specifies that the current PU is the last PU in the CLVS in decoding order and the next subsequent PU in the bitstream in decoding order (if any) is an IRAP or GDR PU or IDR PU. The syntax content of the SODB and RBSP for the EOS RBSP are empty.
If the picture is the first picture of a layer in the bitstream in decoding order, an IDR picture, or the first picture of a layer that follows an EOS NAL unit of the layer in decoding order, the variable NoOutputBeforeRecoveryFlag for the picture is set equal to 1.

Proposed 3: Removal of picture_header_in_slice_header_flag
On top of proposal 2, it is proposed to use a variable to indicate the presence of PH syntax structure in slice header and remove syntax element picture_header_in_slice_header_flag to reduce the bitstream conformance constraints imposed on slice header syntax element picture_header_in_slice_header_flag. The syntax change is shown as below:
Table 2 slice header syntax changes of proposal 3
	slice_header( ) {
	Descriptor

		picture_header_in_slice_header_flag
	u(1)

		if( picture_header_in_slice_header_flag PictureHeaderInSliceHeader)
	

			picture_header_structure( )
	

		…
	


picture_header_in_slice_header_flag equal to 1 specifies that the PH syntax structure is present in the slice header. picture_header_in_slice_header_flag equal to 0 specifies that the PH syntax structure is not present in the slice header.
Additionally, there are several bitstream constraints related to PH syntax in slice header as follows:
It is a requirement of bitstream conformance that the value of picture_header_in_slice_header_flag shall be the same in all coded slices in a CLVS.
When picture_header_in_slice_header_flag is equal to 1 for a coded slice, it is a requirement of bitstream conformance that no VCL NAL unit with nal_unit_type equal to PH_NUT shall be present in the CLVS.
When picture_header_in_slice_header_flag is equal to 0, all coded slices in the current picture shall have picture_header_in_slice_header_flag is equal to 0, and the current PU shall have a PH NAL unit.

The variable PictureHeaderInSliceHeader is derived as the follows:
If the current VCL NAL unit is the first VCL NAL unit in a CLVS, 
· If the current VCL NAL unit follows a PH NAL unit, the PictureHeaderInSliceHeader is set to 0
· Otherwise PictureHeaderInSliceHeader is set to 1
Otherwise, the PictureHeaderInSliceHeader is set to the value of PictureHeaderInSliceHeader in the previous PU in the same CLVS.
It is a requirement of bitstream conformance that the PH NAL unit is either present in each PU in a CLVS or not present in a CLVS. 
Conclusion
Three aspects are proposed in this contribution. The first aspect is a bugfix for the definition of the first VCL NAL unit of an AU. The second aspect is to mandate the EOS for easily detecting the first VCL NAL unit of a coded picture. Based on the second aspect, the third aspect is to replace picture_header_in_slice_header_flag in slice header with a variable which is derived by the presence of PH NAL unit. By doing this, the number of bitstream constraints are reduced.
It is suggested to adopt these three aspects into next version of VVC draft.
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