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Abstract
This contribution relates to support for mixed NAL unit types in VVC. It is proposed to modify the text related to mixed_nalu_types_in_pic_flag to allow support for mixing bitstreams containing CRA pictures. This joint contribution is a combination of aspects from JVET-Q0206, JVET-Q0239, JVET-Q0261, JVET-Q0284, and JVET-Q0261Q0396.
Background
It is asserted that it would be beneficial to be able to mix NAL units from bitstream that use CRA pictures. A detailed motivation is provided in JVET-Q0239.
The following decisions from the 17th JVET meeting are included:
Decision (BF): Disallow mixing of GDR and IRAP (Disallow mixing of GDR with any non-GDR).
Decision (cleanup): Allow mixing of leading pictures with trailing pictures and mixing of RASL pictures with RADL pictures
Constraints are needed on the RPLs and referencing. The exact text is to be prepared.
Decision (Ed. BF): Do not include STSA in the list of NAL unit types that can be mixed with IRAP. (This just for clarity, as the mixture is already prohibited by the TiD constraint.)
Decision (cleanup): Allow RASL or RADL NUTs to be mixed with STSA NUTs.

Proposal
In order to provide support for CRA NAL units in Access Units with mixed NAL unit types, the following changes are proposed:
1. Update the constraints in subclause 7.4.2.2 about mixed_nalu_types_in_pic_flag as follows:
For VCL NAL units of any particular picture, the following applies:
· If mixed_nalu_types_in_pic_flag is equal to 0, the value of nal_unit_type shall be the same for all coded slice NAL units of a picture. A picture or a PU is referred to as having the same NAL unit type as the coded slice NAL units of the picture or PU.
· Otherwise (mixed_nalu_types_in_pic_flag equal to 1), a picture or a PU is a trailingnot an IRAP picture regardless of the nal_unit_type values of the VCL NAL units contained in the picture and one of the following shall be true:
· One or more of theThe VCL NAL units of one or more subpictures all have a particular value of nal_unit_type in the range ofofequal to  STSA_NUT, RADL_NUT, RASL_NUT, IDR_W_RADL to, IDR_N_LP, or CRA_NUT, inclusive, and the other VCL NAL units all have a different particular value of nal_unit_type in the range ofofequal to  TRAIL_NUT to RSV_VCL_6, inclusive, or equal to GRA_NUT.
· One, RADL_NUT or more of the VCL NAL units all have a particular value of nal_unit_type equal to RADL_NUT or RASL_NUT and the other VCL NAL units all have a particular value of nal_unit_type equal to TRAIL_NUT, STSA_NUT, RSV_VCL_4, RSV_VCL_5, RSV_VCL_6, or GRA_NUT. RASL_NUT.
· All VCL NAL units have a particular value of nal_unit_type in the range of TRAIL_NUT to RSV_IRAP_12, inclusive.
2. Change the semantics of mixed_nalu_types_in_pic_flag in clause 7.4.3.4 as indicated by the yellow highlights. By changing "do" to "may", fewer PPS updates would be needed, and PPSs for the merged bitstream can be provided by the content author and no client-side rewriting of the PPSs is required.
[bookmark: _Hlk26257151]mixed_nalu_types_in_pic_flag equal to 1 specifies that each picture referring to the PPS has more than one VCL NAL unit and that the VCL NAL units may do not have the same value of nal_unit_type and that the picture is a trailing not an IRAP picture. mixed_nalu_types_in_pic_flag equal to 0 specifies that each picture referring to the PPS has one or more VCL NAL units and the VCL NAL units of each picture refering to the PPS have the same value of nal_unit_type.

3. Modify the constraints in clause
2. Modify the constraints in subclause 7.4.3.4 by adding the yellow-highlighted part.
For each slice with a nal_unit_type value nalUnitTypeA in the range of IDR_W_RADL to CRA_NUT, inclusive, in a picture picA that also contains one or more slices with another value of nal_unit_type (i.e., the value of mixed_nalu_types_in_pic_flag for the picture picA is equal to 1), the following applies:
–	The slice shall belong to a subpicture subpicA for which the value of the corresponding subpic_treated_as_pic_flag[ i ] is equal to 1.
–	The slice shall not belong to a subpicture of picA containing VCL NAL units with nal_unit_type not equal to nalUnitTypeA.
–	If nalUnitTypeA is equal to CRA:
	For all the PUs in the CLVS following the current picture in decoding order and in output order, neither RefPicList[ 0 ] nor RefPicList[ 1 ] of a slice in subpicA shall include any picture preceding picA in decoding order in an active entry.
–	Otherwise:
	For all the following PUs in the CLVS following the current picture in decoding order, neither RefPicList[ 0 ] nor RefPicList[ 1 ] of a slice in subpicA shall include any picture preceding picA in decoding order in an active entry.
3. Modify the constraints in subclause 7.4.2.2 by adding the yellow-highlighted part.
[bookmark: _Hlk25330529]For a single-layer bitstream, the following constraints apply:
–	Each picture, other than the first picture in the bitstream in decoding order, is considered to be associated with the previous IRAP picture in decoding order.
–	When a picture is a leading picture of an IRAP picture, it shall be a RADL or RASL picture or have mixed_nalu_types_in_pic_flag equal to 1.
4. Modify the subclause 8.1.2 by adding the yellow-highlighted part.
The decoding process operates as follows for the current picture CurrPic:
1. The decoding of NAL units is specified in clause 8.2.
2. The processes in clause 8.3 specify the following decoding processes using syntax elements in the slice header layer and above:
[…]
–	PictureOutputFlag is set as follows:
–	If one of the following conditions is true, PictureOutputFlag is set equal to 0:
–	the current picture is a RASL picture or a leading picture with mixed_nalu_types_in_pic_flag is equal to 1 and NoIncorrectPicOutputFlag of the associated IRAP picture is equal to 1.
Offline discussion topics
This section includes items that were discussed offline but where no conclusion was reached.
Mixed NAL unit types picture and TMVP
It was suggested that care needs to be taken when TMVP is enabled for bitstream that has pictures with mixed NAL unit types, particularly for the mixture involving IRAP and non-IRAP NAL unit types. Considering that for application of TMVP for a picture, it has been constrained that collocated reference picture shall be the same for all slices of the picture, it should be clarify that encoder need to be careful when choosing collocated reference picture for pictures that follow a picture that may have a mixed of IRAP and non-IRAP NAL unit types in decoding order such that the defined constraint will not be violated.
For that, the following note is suggested to be added:
...
It is a requirement of bitstream conformance that the resolutions of the reference picture referred to by collocated_ref_idx and the current picture shall be the same and RefPicIsScaled[ collocated_from_l0_flag ? 0 : 1 ][ collocated_ref_idx ] shall be equal to 0.
NOTE – mixed_nalu_types_in_pic_flag equal to 1 indicates that pictures referring to the PPS contain slices with different NAL unit types, e.g. coding pictures stemming from a subpicture bitstream merging operation for which encoders have to ensure matching bitstream structure and further alignment of parameters of the original bitstreams. When mixed_nalu_types_in_pic_flag is equal to 1 and the current picture contains one of more IRAP NAL unit, the collocated picture used by any picture that follows the current picture in decoding order cannot be a picture that precedes the current picture in decoding order.
Explicit indication of RASL/RADL mixed leading pictures.
It was suggested that instead of the above changes in Sections 1.3 and 1.4, it should be considered to change mixed_nalu_types_in_pic_flag to mixed_nalu_types_in_pic_idc to allow correct leading picture handling in the decoding process. Green highlights relative to the above text in Section 1.
For VCL NAL units of any particular picture, the following applies:
· If mixed_nalu_types_in_pic_idcflag is equal to 0, the value of nal_unit_type shall be the same for all coded slice NAL units of a picture. A picture or a PU is referred to as having the same NAL unit type as the coded slice NAL units of the picture or PU.
· Otherwise (mixed_nalu_types_in_idcflag_flag equal to 1), a picture or a PU is not an IRAP picture regardless of the nal_unit_type values of the VCL NAL units contained in the picture and the following shall be true:
· The VCL NAL units of one or more subpictures all have a particular value of nal_unit_type in the range ofequal to  STSA_NUT, RADL_NUT, RASL_NUT, IDR_W_RADL, IDR_N_LP, or CRA_NUT, inclusive, and the other VCL NAL units all have a different particular value of nal_unit_type in the range ofequal to  TRAIL_NUT, RADL_NUT or RASL_NUT.
· Otherwise (mixed_nalu_types_in_pic_idc equal to 2), a picture or a PU is a RASL picture regardless of the nal_unit_type values of the VCL NAL units contained in the picture and one or more of the VCL NAL units all have a value of nal_unit_type equal to RASL_NUT and the other VCL NAL units all have a value of nal_unit_type equal to RADL_NUT.
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