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Abstract
This contribution provides a summary of the 10 proposals on mixed NAL unit types within a coded picture (the agenda item 4.1.9 in JVET-R0339).
It is suggested that this summary, in terms of a list of design questions, is used for the reviewing of these proposals, such that the discussions can be in a more structured and more efficient manner.

List of design questions on mixed NAL unit types within a coded picture
1) On the types of pictures with mixed NUTs and naming of NUTs:
a. Don't define types of pictures with mixed NUTs, define subpicture types (one corresponding to each picture type) instead. (R0042)
i. In addition, change the naming of the content of VCL NUTs as follows:

	Name of nal_unit_type
	Content of NAL unit and RBSP syntax structure
	NAL unit
type class

	TRAIL_NUT
	Coded slice of a trailing picture or subpicture
slice_layer_rbsp( )
	VCL

	STSA_NUT
	Coded slice of an STSA picture or subpicture
slice_layer_rbsp( )
	VCL

	RADL_NUT
	Coded slice of a RADL picture or subpicture
slice_layer_rbsp( )
	VCL

	RASL_NUT
	Coded slice of a RASL picture or subpicture
slice_layer_rbsp( )
	VCL

	IDR_W_RADL
IDR_N_LP
	Coded slice of an IDR picture or subpicture
slice_layer_rbsp( )
	VCL

	CRA_NUT
	Coded slice of a CRA picture or subpicture
silce_layer_rbsp( )
	VCL

	GDR_NUT
	Coded slice of a GDR picture or subpicture
slice_layer_rbsp( )
	VCL



b. Consolidate picture types into 5 types: IRAP, GDR, leading, trailing and STSA picture, including for pictures with mixed NUTs, through changing the naming of the content of VCL NUTs as follows (R0267):

	Name of nal_unit_type
	Content of NAL unit and RBSP syntax structure
	NAL unit
type class

	TRAIL_NUT
	Coded slice of a trailing picture
slice_layer_rbsp( )
	VCL

	STSA_NUT
	Coded slice of an STSA picture or a trailing picture
slice_layer_rbsp( )
	VCL

	RADL_NUT
	Coded slice of a RADL leading or a trailing picture
slice_layer_rbsp( )
	VCL

	RASL_NUT
	Coded slice of a RASL leading or a trailing picture
slice_layer_rbsp( )
	VCL

	IDR_W_RADL
IDR_N_LP
	Coded slice of an IDR picture, a leading or a trailing picture
slice_layer_rbsp( )
	VCL

	CRA_NUT
	Coded slice of a CRA picture, a leading or a trailing picture
silce_layer_rbsp( )
	VCL

	GDR_NUT
	Coded slice of a GDR picture
slice_layer_rbsp( )
	VCL

	...
	...
	



2) On requiring subpic_treated_as_pic_flag[ ] to be equal to 1 for subpictures with different NUTs in a picture:
a. Replace the existing constraint on this specified only for the mixing of an IRAP NUT and another NUT with the following constaint to cover all allowed NUT mixes (R0042):
Any two neighboring subpictures with different NAL unit types within a picture shall both have the subpic_treated_as_pic_flag[ ] equal to 1.
b. Add the following constraint on this for the mixing of RASL_NUT and RADL_NUT (R0270):
A RADL picture (i.e., a picture that contains one or more slices all with nal_unit_type equal to RADL_NUT) may reference a RASL picture with mixed_nalu_types_in_pic_flag equal to 1. When a slice of such a RADL picture refer to a RASL picture as an active reference picture, the following applies:
· The current subpicture (i.e., the subpicture that contains the slice) and the referenced subpicture of the RASL picture shall have subpic_treated_as_pic_flag[ i ] equal to 1.
3) On constraints on prediction relationship (through constraints on RPLs):
a. Similar constraints for all different types of pictures and the same-layer pictures in the preceding and succeeding AUs are specified in the subpicture domain for all the different types of subpictures and the same-layer subpictures with the same subpicture index in preceding and succeeding AUs. (R0042)
b. Add the following constraint for the mixing of RASL_NUT and RADL_NUT (R0270):
A RADL picture (i.e., a picture that contains one or more slices all with nal_unit_type equal to RADL_NUT) may reference a RASL picture with mixed_nalu_types_in_pic_flag equal to 1. When a slice of such a RADL picture refer to a RASL picture as an active reference picture, the following applies:
· The referenced subpicture of the RASL picture shall only contain slices with nal_unit_type equal to RADL_NUT.
4) On constraints on relative decoding order and output order:
a. Similar constraints for all the different types of pictures and the same-layer pictures in the preceding and succeeding AUs are specified in the subpicture domain for all the different types of subpictures and the same-layer subpictures with the same subpicture index in preceding and succeeding AUs. (R0042)
b. Similar intent as item 3.1, through the following text changes (R0136):
For a single-layer bitstream which include all picture with mixed_nalu_types_in_pic_flag equal to 0 the following constraints apply:
Or for a single-layer bitstream which include one or more pictures with mixed_nalu_types_in_pic_flag equal to 1, the following constrains apply to a bitstream of a subpicture sequence which could be extracted:
· 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.
· ...
5) Replace the following constraint requiring that a subpicture with a different subpicture ID compared to the collocated subpicture in the previous picture in the CLVS needing to have IRAP NUTs (R0276):
When the current picture is not the first picture of the CLVS, for each value of i in the range of 0 to sps_num_subpics_minus1, inclusive, if the value of SubpicIdVal[ i ] is not equal to the value of SubpicIdVal[ i ] of the previous picture in decoding order in the same layer, the nal_unit_type for all coded slice NAL units of the subpicture in the current picture with subpicture index i shall be equal to a particular value in the range of IDR_W_RADL to CRA_NUT, inclusive.
to be as follows (basically to only allow reordering/change of the subpicture IDs at pictures that are not used for inter-prediction reference):
For each value of i in the range of 0 to sps_num_subpics_minus1, inclusive, if the value of SubpicIdVal[ i ] is not equal to the value of SubpicIdVal[ i ] of a reference picture, such reference picture shall not be used for predicting the slice NAL units of the subpicture in the current picture with subpicture index i.
6) On signalling and semantics of the mixed NUT flag:
a. Move the mixed_nalu_types_in_pic_flag from the PPS to the PH. (R0085, R0315)
i. Condition it under "if( !gdr_or_irap_pic_flag)" in the PH. (R0085, R0315)
ii. Add a constraint such that when subpic_info_present_flag is equal to 0 or sps_num_subpics_minus1 is equal to 0, the value of mixed_nalu_types_in_pic_flag shall be 0. (R0085)
b. Add an SPS flag to indicate presence of pictures with mixed NUTs in the CLVS. (R0085, R0267, R0315)
i. When item 5.a is done, use this new SPS flag to gate the flag moved to the PH. (R0085, R0315)
c. Specify the semantics of mixed_nalu_types_in_pic_flag to be one-way, as follows (R0315):
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 the VCL NAL units may do not have the same value of nal_unit_type. 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.
7) Disallow the mix of an IRAP NUT and a leading picture NUT. (R0203)
8) Allow mixing of more than two NUTs within a coded picture. (R0203)
9) On mixing of RASL_NUT with another NUT, do either of the following two options (R0267)
a. Prohibit mixing of RASL_NUT with another NUT.
b. Add a new PPS or PH flag to indicate the presence of mixing of RASL_NUT with another NUT.
10) Add the following constraint (R0267):
When the current picture is an IDR picture and sps_idr_rpl_present_flag is equal to 1, there shall be no picture referred to by an entry in RefPicList[ 0 ] or RefPicList[ 1 ] that precedes, in output order or decoding order, any preceding IRAP picture in decoding order (when present).
11) On treating a picture with mixed RASL_NUT and RADL NUT in the decoding process and bitstream conformance tests (R0270)
a. A picture with mixed RASL_NUT and RADL_NUT is treated as a RASL picture during the decoding process, i.e., regardless of whether a RASL picture has slices with nal_unit_type equal to RADL_NUT, the RASL picture is not output when the associated IRAP picture has NoOutputBeforeRecoveryFlag equal to 1.
b. A picture with mixed RASL_NUT and RADL_NUT is treated as a RADL picture in bitstream conformance tests, i.e., only those RASL picture for which all slices have nal_unit_type equal to RASL_NUT associated with the first IRAP picture may be removed from the bitstream to be decoded when the alternative HRD timing is used in the particular bitstream conformance test.
12) Add the following paragraph in the general decoding processs in clause 8.1.1 (R0120):
When mixed_nalu_types_in_pic_flag is equal to 1 and at least a VCL NAL unit of a picture has nal_unit_type equal to CRA_NUT, HandleCraAsCvsStartFlag and NoOutputBeforeRecoveryFlag for the picture are both set equal to 0.
13) Change the semantics of gdr_or_irap_pic_flag as follows such that when mixed_nalu_types_flag is equal to 1 the no_output_of_prior_pics_flag can be signalled for a non-IRAP and non-GDR picture that contains at least one IRAP or GDR subpicture (R0124):
gdr_or_irap_pic_flag equal to 1 specifies that the current picture is a GDR or IRAP picture or a picture with a VCL NAL unit equal to IDR_W_RADL, IDR_N_LP or CRA_NUT and mixed_nalu_types_in_pic_flag equal to 1. gdr_or_irap_pic_flag equal to 0 specifies that the current picture may or may not be a GDR or IRAP picture.

List of proposals on mixed NAL unit types within a coded picture (10)

JVET-R0042 AHG8/AHG9/AHG12: On mixed subpicture types within a picture [Y.-K. Wang (Bytedance)]
Currently, VCL NAL units within a subpicture are required to have the same NAL unit type. Thus, a subpicture type can be defined according to the NAL unit type of the VCL NAL units in the subpicture. This contribution proposes some changes mainly to clarify the meaning of a subpicture in a picture with mixed subpicture types, in terms of relative decoding order, output order, and prediction relationship among the subpicture and the same-layer subpictures with the same subpicture index in preceding and succeeding AUs.
The proposed changes are summarized as follows:
1) For each picture type, a corresponding subpicture type is defined.
2) The terms "associated GDR subpicture" and "associated IRAP subpicture" are also defined.
3) The content of a NAL unit with nal_unit_type equal to CRA_NUT is called "coded slice of a CRA picture or subpicture" instead of "coded slice of a CRA picture". Similarly for other VCL NAL unit types.
4) It is required that any two neighboring subpictures with different NAL unit types within a picture shall both have the subpic_treated_as_pic_flag[ ] equal to 1.
5) Similar constraints for different types of pictures and the same-layer pictures in the preceding and succeeding AUs in terms of relative decoding order, output order, and prediction relationship are specified in the subpicture domain for different types of subpictures and the same-layer subpictures with the same subpicture index in preceding and succeeding AUs.

JVET-R0136 AHG9/AHG12: Improvements on sps_independent_subpics_flag and nal_unit_type constraint [M. Katsumata, M. Hirabayashi, T. Suzuki (Sony)]
Item 2 of this contribution belongs to this category.
This contribution proposes two changes, including:
1. ...
2. To apply the current nal_unit_type constraints to a bitstream of a subpicture sequence from single-layer bitstream which mixed_nalu_types_in_pic_flag is equal to 1.
The proposed text changes for item 2 are as follows:
For a single-layer bitstream which include all picture with mixed_nalu_types_in_pic_flag equal to 0 the following constraints apply:
Or for a single-layer bitstream which include one or more pictures with mixed_nalu_types_in_pic_flag equal to 1, the following constrains apply to a bitstream of a subpicture sequence which could be extracted:
–	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.
…
JVET-R0276 AHG9: On IRAP NAL constraint for reordered subpictures [V. Seregin, Y. He, M. Coban, M. Karczewicz (Qualcomm)]
In VVC draft 8, sub-picture can be reordered, i.e. a sub-picture ID in the current picture is different from the corresponding sub-picture in the previously decoded picture. In this case such sub-picture requires to have an IRAP NAL.
When the current picture is not the first picture of the CLVS, for each value of i in the range of 0 to sps_num_subpics_minus1, inclusive, if the value of SubpicIdVal[ i ] is not equal to the value of SubpicIdVal[ i ] of the previous picture in decoding order in the same layer, the nal_unit_type for all coded slice NAL units of the subpicture in the current picture with subpicture index i shall be equal to a particular value in the range of IDR_W_RADL to CRA_NUT, inclusive.
The problem asserted in the current constraint is that IRAP slices are required even if the previously decoded picture has reordered subpictures but is not used as a reference picture, i.e., the current subpicture cannot use inter prediction.
It is proposed to modify the constraint, such that if the corresponding subpicture in a reference picture is reordered, i.e. has different subpicture ID, such reference picture shall not be used for predicting the slices of the corresponding subpicture in the current picture.
For each value of i in the range of 0 to sps_num_subpics_minus1, inclusive, if the value of SubpicIdVal[ i ] is not equal to the value of SubpicIdVal[ i ] of a reference picture, such reference picture shall not be used for predicting the slice NAL units of the subpicture in the current picture with subpicture index i.

JVET-R0085 AHG9: On signalling the mixed NAL unit type flag [L. Chen, S.-T. Hsiang, O. Chubach, Y.-W. Huang, S.-M. Lei (MediaTek)]
This contribution proposes changes on the signalling of mixed_nalu_types_in_pic_flag in the PPS.
1. It is proposed to move mixed_nalu_types_in_pic_flag to the PH, make the presence of mixed_nalu_types_in_pic_flag conditional on gdr_or_irap_pic_flag, and add a requirement of bitstream conformance that when subpic_info_present_flag is equal to 0 or sps_num_subpics_minus1 is equal to 0, the value of mixed_nalu_types_in_pic_flag shall be 0.
2. It is proposed to add mixed_nalu_types_in_pic_present_flag in the SPS on top of the proposal 1 to explicitly specify that the presence of mixed_nalu_types_in_pic_flag is conditional on subpic_info_present_flag in addition to gdr_or_irap_pic_flag.

JVET-R0203 AHG9/AHG12: On combination of NAL unit types in a picture [Hendry, S. Kim (LGE)]
This contribution proposed the following:
1. When mixed_nalu_types_in_pic_flag is equal to 1, instead of specifying what NAL unit types can be mixed, specify the combination of NAL unit types that cannot be mixed. Consequently, the following applies:
a. There shall be no slice with nal_unit_type equal to GDR_NUT.
b. When one or more slices in the picture have nal_unit_type equal to an IRAP NAL unit type (i.e., either CRA_NUT, IDR_N_LP, or IDR_W_RADL), the nal_unit_type of the rest of slice(s) in the picture shall be TRAIL_NUT.
2. Relax the constraint such that picture with mixed NAL unit types shall have exactly two different nal_unit_types values.
The above was asserted to address the following asserted problems:
1. When nal_unit_type of one or more slices in a picture with mixed_nalu_types_in_pic_flag is equal to 1 is an IRAP types (i.e., CRA_NUT, IDR_N_LP, or IDR_W_RADL), the nal_unit_type of the rest of slice(s) in the picture can be one of leading picture NAL unit types (i.e., RASL_NUT or RADL_NUT). Such combination is only possible when the subpicture containing the slices with IRAP type has different prediction structure or different GOP size from the subpicture containing slice with leading picture NAL unit types. Allowing such combination would make the codec unnecessarily complicated.
2. Restricting that there must be exactly two different nal_unit_type values in a picture with mixed_nalu_types_in_pic_flag is unnecessary. In the 17th meeting we have allowed mixing of RASL_NUT and RADL_NUT. There is no additional burden actually to allow the mixed of RASL_NUT, RADL_NUT, and TRAIL_NUT. There is no foreseeable different process for handling whether a picture contains two different NAL unit types or three different NAL unit types or four different NAL unit types.
Proposed text changes:
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 VCL NAL units of a picture, and 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 is equal to 1), the picture shall have at least two subpictures and VCL NAL units of the picture shall have exactly two different nal_unit_type values as follows: the VCL NAL units of at least one subpicture of the picture shall all have a particular value of nal_unit_type equal to STSA_NUT, RADL_NUT, RASL_NUT, IDR_W_RADL, IDR_N_LP, or CRA_NUT, while the VCL NAL units of other subpictures in the picture shall all have a different particular value of nal_unit_type equal to TRAIL_NUT, RADL_NUT, or RASL_NUT. [Ed. (YK): Double check 1) whether mixing of STSA_NUT and TRAIL_NUT should be disallowed, and 2) whether mixing of an IRAP NUT and a NUT in the range of RSV_VCL_4..RSV_VCL_6 should be allowed.]
–	Otherwise (mixed_nalu_types_in_pic_flag is equal to 1), all the following applies:
–	The picture shall have at least two subpictures.
–	VCL NAL units of the picture shall have at least two different nal_unit_type values.
–	There shall be no slice in the picture with nal_unit_type_equal to GDR_NUT
–	When one or more slice in the picture has a particular value of nal_unit_type in the range from IDR_W_RADL to RSV_IRAP_12, inclusive, the rest of slices in the the picture shall have nal_unit_type equal to TRAIL_NUT.

JVET-R0267 AHG9/AHG12: On mixed NAL unit types [Y. He, M. Coban, V. Seregin, A.K. Ramasubramonian, M. Karczewicz (Qualcomm)]
The contribution proposes updates to high-level syntax for mixed NAL unit types. It includes:
1. NAL unit type and picture type definition update
2. Options to handle mixing RASL_NUT with a different NAL unit type
3. Reference picture list constraint on IDR picture
4. SPS flag to indicate the mixed NAL unit types in the CLVS

JVET-R0270 AHG9: On mixing of RASL and RADL NAL unit types [Hendry, S. Kim (LGE), R. Skupin, Y. Sanchez, K. Suehring (HHI)]
This contribution asserted that there are currently still some missing details to ensure that the decision of allowing mix of RASL and RADL NAL unit types that was agreed in the 17th JVET meeting works and does not cause conflicts in the current VVC working draft.
It's asserted that the following may be a non-exhaustive list of missing details that needs to be clarified regarding the mix of RASL and RADL NAL unit types:
· What is the picture type of a picture with a mixed of RASL and RADL NAL unit types? Clearly, such picture cannot be considered as a trailing picture, as pictures with other types of mixed NAL unit types may be considered, because the picture with mixed RASL and RADL NAL unit is still associated with the same IRAP picture before the merging process that produce the mix.
· How should this picture (i.e., the one with mixed RASL and RADL NAL unit types) be treated in decoding process? For example, should it be output when its associated IRAP picture is the first picture in decoding process?
· Is there any effect to conformance test?
· Do current constraints on reference picture lists adequately prohibit abuse of the use of pictures with mixed RASL and RADL NAL unit types?
To address the asserted missing details on the mix of RASL and RADL NAL unit types, the following changes are proposed:
1. [bookmark: _Ref33537655]When a picture contains more than one slice and the slices are a mix of slices with NAL unit types equal to RASL_NUT and RADL_NUT, the picture is considered as a RASL picture and treated as such during decoding process. That means, regardless whether a RASL picture contains slices with nal_unit_type equal to RADL_NUT, RASL picture is not output when the decoding process starts from the associated IRAP picture.
2. When the associated IRAP picture of a RASL picture is the first IRAP picture for the decoding process, only RASL picture with mixed_nalu_types_in_pic_flag equal to 0 may be omitted from the decoding process in conformance testing. That means, RASL picture that contains no slices with nal_unit_type equal to RADL_NUT associated with the first IRAP picture may be removed from the bitstream to be decoded when alternative timing is used in such cases.
3. [bookmark: _Ref33539354]A RADL picture (i.e., a picture that contains one or more slices all with nal_unit_type equal to RADL_NUT) may reference a RASL picture with mixed_nalu_types_in_pic_flag equal to 1. When a slice of such a RADL picture refer to a RASL picture as an active reference picture, the following applies:
· The current subpicture (i.e., the subpicture that contains the slice) and the referenced subpicture of the RASL picture shall have subpic_treated_as_pic_flag[ i ] equal to 1.
· The referenced subpicture of the RASL picture shall only contain slices with nal_unit_type equal to RADL_NUT.

JVET-R0315 AHG9: On mixed NAL unit type signalling and PPS cleanup [M. Coban, V. Seregin, Y. He, Y.-J. Chang, M. Karczewicz (Qualcomm)]
In this contribution the following are proposed:
1. Move signalling of mixed NAL unit types in a picture to PH.
2. Condition the presence of mixed NAL unit type in PH at SPS level for multiple subpicture case.
3. Specify the semantics of mixed_nalu_types_in_pic_flag to be one-way.

JVET-R0120 AHG9: On mixed NAL unit types [B. Choi, S. Wenger, S. Liu (Tencent)] [late]
Proposes the derivation rule of HandleCraAsCvsStartFlag and NoOutputBeforeRecoveryFlag values to be as follows:
When mixed_nalu_types_in_pic_flag is equal to 1 and at least one VCL NAL unit of a picture has nal_unit_type equal to CRA_NUT,  HandleCraAsCvsStartFlag and NoOutputBeforeRecoveryFlag for the picture are both set equal to 0.
It assumes that a subpicture-wise random access is not allowed when two or more subpictures are merged into a coded bitstream. When a set of subpictures are extracted, it may have different random access period than the merged bitstream.

JVET-R0124 AHG9: Clean-ups on picture header [B. Choi, S. Wenger, S. Liu (Tencent)] [late]
Item 3 of this contribution belongs to this category.
In this contribution, the following modifications on syntax and semantics related to picture header are proposed:
· Proposal-1: ...
· Proposal-2: ...
· Proposal-3: Change the semantics of gdr_or_irap_pic_flag as follows such that when mixed_nalu_types_flag is equal to 1 no_output_of_prior_pics_flag can be signalled for a non-IRAP and non-GDR picture that contains IRAP/GDR subpictures:
[bookmark: _Hlk37503941]gdr_or_irap_pic_flag equal to 1 specifies that the current picture is a GDR or IRAP picture or a picture with a VCL NAL unit equal to IDR_W_RADL, IDR_N_LP or CRA_NUT and mixed_nalu_types_in_pic_flag equal to 1. gdr_or_irap_pic_flag equal to 0 specifies that the current picture may or may not be a GDR or IRAP picture.
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