	[image: ][image: ]Joint Video Experts Team (JVET)
of ITU-T SG 16 WP 3 and ISO/IEC JTC 1/SC 29/WG 11
18th Meeting: by teleconference, 15–24 April 2020
	Document: JVET-R0042-v1



	Title:
	AHG8/AHG9/AHG12: On mixed subpicture types within a picture

	Status:
	Input document to JVET

	Purpose:
	Proposal

	Author(s) or
Contact(s):
	Ye-Kui Wang
San Diego, CA, USA
	Tel:
Email:
	yekui.wang@bytedance.com

	Source:
	Bytedance Inc.


_____________________________
[bookmark: _GoBack]Abstract
Currently, VCL 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.
Introduction
The following issues in the latest VVC text regarding mixed subpicture types within a picture were observed:
1) Since it is allowed to mix different types of subpictures within one picture, calling the content of a NAL unit with a VCL NAL unit type as coded slice of a particular type of picture, as in Table 5 (NAL unit type codes and NAL unit type classes), is confusing. For example, a NAL unit with nal_unit_type equal to CRA_NUT is a "coded slice of a CRA picture" only when all slices of the picture have nal_unit_type equal to CRA_NUT; when one slice of this picture has nal_unit_type not equal to CRA_NUT, then the picture is not a CRA picture.
2) Before the 17th JVET meeting, only mixing of an IRAP NAL unit type with a non-IRAP NAL unit type was allowed. For that, the following constraint was specified (with a bit more clarification regarding the difference between CRA and IDR NAL unit types made at the 18th JVET meeting):
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 following PUs following the current picture in the CLVS in decoding order and in output order, neither RefPicList[ 0 ] nor RefPicList[ 1 ] of a slice in subpicA in those PUs shall include any picture preceding picA in decoding order in an active entry.
–	Otherwise (i.e., nalUnitTypeA is equal to IDR_W_RADL or IDR_N_LP), for all the PUs in the CLVS following the current picture in decoding order, neither RefPicList[ 0 ] nor RefPicList[ 1 ] of a slice in subpicA in those PUs shall include any picture preceding picA in decoding order in an active entry.
NOTE 1– 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., coded pictures originating from a subpicture bitstream merging operation for which encoders have to ensure matching bitstream structure and further alignment of parameters of the original bitstreams. One example of such alignments is as follows: When the value of sps_idr_rpl_present_flag is equal to 0 and mixed_nalu_types_in_pic_flag is equal to 1, a picture referring to the PPS cannot have slices with nal_unit_type equal to IDR_W_RADL or IDR_N_LP.
The constraint was mainly to clarify the meaning of an IRAP NAL unit in a picture with mixed VCL NAL unit types, including the following three aspects:
a. The value of subpic_treated_as_pic_flag[ ] is required to be equal to 1 for the subpicture containing the IRAP NAL unit.
b. All VCL NAL units in that subpicture shall have the same NAL unit type.
c. The constrain regarding the prediction relationship for IRAP pictures and the associated pictures applies in the subpicture domain for such "IRAP subpictures" and the "associated subpictures".
However, the following pieces are missing:
a. The meaning of such an IRAP NAL unit in terms of relative decoding order and output order in the subpicture domain for such "IRAP subpictures" and the "associated subpictures" should also be clarified through constraints.
b. The meaning of the non-IRAP VCL NAL unit in such a picture, in terms of prediction relationship, as well as relative decoding order and output order, in the subpicture domain for such "non-IRAP subpictures" and the "associated subpictures" should also be clarified through constraints.
c. Furthermore, with the addition of more allowed mixes of VCL NAL unit types, more of the above constraints are needed.
These missing pieces are also reflected in the following editors' notes in the semantics of nal_unit_type and in clause 8.3.2 (Decoding process for reference picture lists construction):
a. [Ed. (YK): Further study the following constraints for mixed_nalu_types_in_pic_flag is equal to 1 and for multi-layer bitstreams.]
b. [Ed. (YK): Further study for the case of a picture with mixed RASL and RADL NAL unit types.]
This contribution tries to address the above issues.
Proposal
Summary of the proposed changes
The proposed changes are briefly 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 specified as "coded slice of a CRA picture or subpicture" instead of "coded slice of a CRA picture". Similarly for other VCL NAL unit types.
4) Add a constraint to require that any two neighboring subpictures with different NAL unit types to 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.
Proposed text changes
The changed texts are based on the text in JVET-R0041, which is based on the latest VVC text in JVET-Q2001-vE/v15. Most relevant parts that have been added or modified are highlighted in turquoise, and some of the deleted parts are highlighted in yellow strikethrough in red fonts.
3	Definitions
...
associated GDR picture (of a particular picture with a particular value of nuh_layer_id layerId): The previous GDR picture in decoding order with nuh_layer_id equal to layerId (when present) between which and the particular picture in decoding order there is no IRAP picture with nuh_layer_id equal to layerId.
[bookmark: _Hlk35005852]associated GDR subpicture (of a particular subpicture with a particular value of nuh_layer_id layerId and a particular value of subpicture index subpicIdx): The previous GDR subpicture in decoding order with nuh_layer_id equal to layerId and subpicture index equal to subpicIdx (when present) between which and the particular subpicture in decoding order there is no IRAP subpicture with nuh_layer_id equal to layerId and subpicture index equal to subpicIdx.
associated IRAP picture (of a particular picture with a particular value of nuh_layer_id layerId): The previous IRAP picture in decoding order with nuh_layer_id equal to layerId (when present) between which and the particular picture in decoding order there is no GDR picture with nuh_layer_id equal to layerId.
[bookmark: _Hlk35006084]associated IRAP subpicture (of a particular subpicture with a particular value of nuh_layer_id layerId and a particular value of subpicture index subpicIdx): The previous IRAP subpicture in decoding order with nuh_layer_id equal to layerId and subpicture index equal to subpicIdx (when present) between which and the particular subpicture in decoding order there is no GDR subpicture with nuh_layer_id equal to layerId and subpicture index equal to subpicIdx.
clean random access (CRA) picture: An IRAP picture for which each VCL NAL unit has nal_unit_type equal to CRA_NUT.
clean random access (CRA) subpicture: An IRAP subpicture for which each VCL NAL unit has nal_unit_type equal to CRA_NUT.
[bookmark: _Hlk35005965]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.
gradual decoding refresh (GDR) picture: A picture for which each VCL NAL unit has nal_unit_type equal to GDR_NUT.
gradual decoding refresh (GDR) subpicture: A subpicture for which each VCL NAL unit has nal_unit_type equal to GDR_NUT.
instantaneous decoding refresh (IDR) picture: An IRAP picture for which each VCL NAL unit has nal_unit_type equal to IDR_W_RADL or IDR_N_LP.
instantaneous decoding refresh (IDR) subpicture: An IRAP subpicture for which each VCL NAL unit has nal_unit_type equal to IDR_W_RADL or IDR_N_LP.
intra random access point (IRAP) picture: A picture for which all VCL NAL units have the same value of nal_unit_type in the range of IDR_W_RADL to CRA_NUT, inclusive.
intra random access point (IRAP) subpicture: A subpicture for which all VCL NAL units have the same value of nal_unit_type in the range of IDR_W_RADL to CRA_NUT, inclusive.
[bookmark: _Hlk35006021]leading picture: A picture that precedes the associated IRAP picture in output order.
leading subpicture: A picture that precedes the associated IRAP subpicture in output order.
output order: The order of pictures or subpictures within a CLVS indicated by increasing POC values, and for decoded pictures that are output output from DPB, this is the order in which the decoded pictures are output from the DPB.
random access decodable leading (RADL) picture: A picture for which each VCL NAL unit has nal_unit_type equal to RADL_NUT.
random access decodable leading (RADL) subpicture: A subpicture for which each VCL NAL unit has nal_unit_type equal to RADL_NUT.
random access skipped leading (RASL) picture: A picture for which each VCL NAL unit has nal_unit_type equal to RASL_NUT.
random access skipped leading (RASL) subpicture: A subpicture for which each VCL NAL unit has nal_unit_type equal to RASL_NUT.
step-wise temporal sublayer access (STSA) picture: A picture for which each VCL NAL unit has nal_unit_type equal to STSA_NUT.
step-wise temporal sublayer access (STSA) subpicture: A subpicture for which each VCL NAL unit has nal_unit_type equal to STSA_NUT.
[bookmark: _Hlk34231462][bookmark: _Hlk35006709]trailing picture: A picture for which each VCL NAL unit has nal_unit_type equal to TRAIL_NUT.
NOTE – Trailing pictures associated with an IRAP or GDR picture also follow the IRAP or GDR picture in decoding order. Pictures that follow the associated IRAP or GDR picture in output order and precede the associated IRAP or GDR picture in decoding order are not allowed.
trailing subpicture: A subpicture for which each VCL NAL unit has nal_unit_type equal to TRAIL_NUT.
NOTE – Trailing subpictures associated with an IRAP or GDR subpicture also follow the IRAP or GDR subpicture in decoding order. Subpictures that follow the associated IRAP or GDR subpicture in output order and precede the associated IRAP or GDR subpicture in decoding order are not allowed.
...
7.4.2.2	NAL unit header semantics
...
[bookmark: _Hlk25330529]nal_unit_type specifies the NAL unit type, i.e., the type of RBSP data structure contained in the NAL unit as specified in Table 5.
NAL units that have nal_unit_type in the range of UNSPEC_28..UNSPEC_31, inclusive, for which semantics are not specified, shall not affect the decoding process specified in this Specification.
NOTE 2 – NAL unit types in the range of UNSPEC_28..UNSPEC_31 may be used as determined by the application. No decoding process for these values of nal_unit_type is specified in this Specification. Since different applications might use these NAL unit types for different purposes, particular care must be exercised in the design of encoders that generate NAL units with these nal_unit_type values, and in the design of decoders that interpret the content of NAL units with these nal_unit_type values. This Specification does not define any management for these values. These nal_unit_type values might only be suitable for use in contexts in which "collisions" of usage (i.e., different definitions of the meaning of the NAL unit content for the same nal_unit_type value) are unimportant, or not possible, or are managed – e.g., defined or managed in the controlling application or transport specification, or by controlling the environment in which bitstreams are distributed.
For purposes other than determining the amount of data in the DUs of the bitstream (as specified in Annex C), decoders shall ignore (remove from the bitstream and discard) the contents of all NAL units that use reserved values of nal_unit_type.
NOTE 3 – This requirement allows future definition of compatible extensions to this Specification.
Table 5 – 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 or subpicture
slice_layer_rbsp( )
	VCL

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

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

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

	4..6
	RSV_VCL_4..
RSV_VCL_6
	Reserved non-IRAP VCL NAL unit types
	VCL

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

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

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

	11
12
	RSV_IRAP_11
RSV_IRAP_12
	Reserved IRAP VCL NAL unit types
	VCL

	13
	DCI_NUT
	Decoding capability information
decoding_capability_information_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




NOTE 4 – A clean random access (CRA) picture may have associated RASL or RADL pictures present in the bitstream.
NOTE 5 – An instantaneous decoding refresh (IDR) picture having nal_unit_type equal to IDR_N_LP does not have associated leading pictures present in the bitstream. An IDR picture having nal_unit_type equal to IDR_W_RADL does not have associated RASL pictures present in the bitstream, but may have associated RADL pictures in the bitstream.
[bookmark: _Hlk34214504]The value of nal_unit_type shall be the same for all VCL NAL units of a subpicture. A subpicture is referred to as having the same NAL unit type as the VCL NAL units of the subpicture.
For any two neighboring subpictures with subpicture indices i and j in a picture, when subpic_treated_as_pic_flag[ i ] or subpic_treated_as_pic_flag[ j ] is equal to 0, the two subpictures shall have the same NAL unit type.
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 VCL 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.
It is a requirement of bitstream conformance that the following constraints apply:
–	A trailing picture shall follow the associated IRAP or GDR picture in output order.
[bookmark: _Hlk35590391]–	A trailing subpicture shall follow the associated IRAP or GDR subpicture in output order.
–	When a picture is a leading picture of an IRAP picture, it shall be a RADL or RASL picture.
–	When a subpicture is a leading subpicture of an IRAP subpicture, it shall be a RADL or RASL subpicture.
–	No RASL pictures shall be present in the bitstream that are associated with an IDR picture.
–	No RASL subpictures shall be present in the bitstream that are associated with an IDR subpicture.
–	No RADL pictures shall be present in the bitstream that are associated with an IDR picture having nal_unit_type equal to IDR_N_LP.
NOTE 6 – It is possible to perform random access at the position of an IRAP PU by discarding all PUs before the IRAP PU (and to correctly decode the IRAP picture and all the subsequent non-RASL pictures in decoding order), provided each parameter set is available (either in the bitstream or by external means not specified in this Specification) when it is referenced.
–	No RADL subpictures shall be present in the bitstream that are associated with an IDR subpicture having nal_unit_type equal to IDR_N_LP.
–	Any picture, with nuh_layer_id equal to a particular value layerId, that precedes, in decoding order, an IRAP picture with nuh_layer_id equal to layerId shall precede, in output order, the IRAP picture and all its associated RADL pictures.
–	Any subpicture, with nuh_layer_id equal to a particular value layerId and subpicture index equal to a particular value subpicIdx, that precedes, in decoding order, an IRAP subpicture with nuh_layer_id equal to layerId and subpicture index equal to subpicIdx shall precede, in output order, the IRAP subpicture and all its associated RADL subpictures.
–	Any picture, with nuh_layer_id equal to a particular value layerId, that precedes, in decoding order, a GDR picture with nuh_layer_id equal to layerId shall precede, in output order, the GDR picture and all its associated pictures.
–	Any subpicture, with nuh_layer_id equal to a particular value layerId and subpicture index equal to a particular value subpicIdx, that precedes, in decoding order, a GDR subpicture with nuh_layer_id equal to layerId and subpicture index equal to subpicIdx shall precede, in output order, the GDR subpicture and all its associated subpictures.
–	Any RASL picture associated with a CRA picture shall precede any RADL picture associated with the CRA picture in output order.
–	Any RASL subpicture associated with a CRA subpicture shall precede any RADL subpicture associated with the CRA subpicture in output order.
–	Any RASL picture associated with a CRA picture shall follow, in output order, any IRAP picture that precedes the CRA picture in decoding order.
–	Any RASL subpicture associated with a CRA subpicture shall follow, in output order, any IRAP subpicture that precedes the CRA subpicture in decoding order.
–	If field_seq_flag is equal to 0 and the current picture, with nuh_layer_id equal to a particular value layerId, is a leading picture associated with an IRAP picture, it shall precede, in decoding order, all non-leading pictures that are associated with the same IRAP picture. Otherwise, let picA and picB be the first and the last leading pictures, in decoding order, associated with an IRAP picture, respectively, there shall be at most one non-leading picture with nuh_layer_id equal to layerId preceding picA in decoding order, and there shall be no non-leading picture with nuh_layer_id equal to layerId between picA and picB in decoding order.
[bookmark: _Hlk35592219]–	If field_seq_flag is equal to 0 and the current subpicture, with nuh_layer_id equal to a particular value layerId and subpicture index equal to a particular value subpicIdx, is a leading subpicture associated with an IRAP subpicture, it shall precede, in decoding order, all non-leading subpictures that are associated with the same IRAP subpicture. Otherwise, let subpicA and subpicB be the first and the last leading subpictures, in decoding order, associated with an IRAP subpicture, respectively, there shall be at most one non-leading subpicture with nuh_layer_id equal to layerId and subpicture index equal to subpicIdx preceding subpicA in decoding order, and there shall be no non-leading picture with nuh_layer_id equal to layerId and subpicture index equal to subpicIdx between picA and picB in decoding order.
...
7.4.3.4	Picture parameter set semantics
...
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 do not have the same value of nal_unit_type, and the picture is 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.
When no_mixed_nalu_types_in_pic_constraint_flag is equal to 1, the value of mixed_nalu_types_in_pic_flag shall be equal to 0.
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 following PUs following the current picture in the CLVS in decoding order and in output order, neither RefPicList[ 0 ] nor RefPicList[ 1 ] of a slice in subpicA in those PUs shall include any picture preceding picA in decoding order in an active entry.
–	Otherwise (i.e., nalUnitTypeA is equal to IDR_W_RADL or IDR_N_LP), for all the PUs in the CLVS following the current picture in decoding order, neither RefPicList[ 0 ] nor RefPicList[ 1 ] of a slice in subpicA in those PUs shall include any picture preceding picA in decoding order in an active entry.
NOTE 1– 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., coded pictures originating from a subpicture bitstream merging operation for which encoders have to ensure matching bitstream structure and further alignment of parameters of the original bitstreams. One example of such alignments is as follows: When the value of sps_idr_rpl_present_flag is equal to 0 and mixed_nalu_types_in_pic_flag is equal to 1, a picture referring to the PPS cannot have slices with nal_unit_type equal to IDR_W_RADL or IDR_N_LP.
...
8.3.2	Decoding process for reference picture lists construction
...
It is a requirement of bitstream conformance that the following constraints apply:
· [bookmark: _Hlk35592863]For each i equal to 0 or 1, num_ref_entries[ i ][ RplsIdx[ i ] ] shall not be less than NumRefIdxActive[ i ].
· The picture referred to by each active entry in RefPicList[ 0 ] or RefPicList[ 1 ] shall be present in the DPB and shall have TemporalId less than or equal to that of the current picture.
· The picture referred to by each entry in RefPicList[ 0 ] or RefPicList[ 1 ] shall not be the current picture and shall have non_reference_picture_flag equal to 0.
· An STRP entry in RefPicList[ 0 ] or RefPicList[ 1 ] of a slice of a picture and an LTRP entry in RefPicList[ 0 ] or RefPicList[ 1 ] of the same slice or a different slice of the same picture shall not refer to the same picture.
· There shall be no LTRP entry in RefPicList[ 0 ] or RefPicList[ 1 ] for which the difference between the PicOrderCntVal of the current picture and the PicOrderCntVal of the picture referred to by the entry is greater than or equal to 224.
· Let setOfRefPics be the set of unique pictures referred to by all entries in RefPicList[ 0 ] that have the same nuh_layer_id as the current picture and all entries in RefPicList[ 1 ] that have the same nuh_layer_id as the current picture. The number of pictures in setOfRefPics shall be less than or equal to MaxDpbSize − 1, inclusive, where MaxDpbSize is as specified in clause A.4.2, and setOfRefPics shall be the same for all slices of a picture.
· When the current slice has nal_unit_type equal to STSA_NUT, there shall be no active entry in RefPicList[ 0 ] or RefPicList[ 1 ] that has TemporalId equal to that of the current picture and nuh_layer_id equal to that of the current picture.
· When the current picture is a picture that follows, in decoding order, an STSA picture that has TemporalId equal to that of the current picture and nuh_layer_id equal to that of the current picture, there shall be no picture that precedes the STSA picture in decoding order, has TemporalId equal to that of the current picture, and has nuh_layer_id equal to that of the current picture included as an active entry in RefPicList[ 0 ] or RefPicList[ 1 ].
· When the current subpicture, with TemporalId equal to a particular value tId, nuh_layer_id equal to a particular value layerId, and subpicture index equal to a particular value subpicIdx, is a subpicture that follows, in decoding order, an STSA subpicture with TemporalId equal to tId, nuh_layer_id equal to layerId, and subpicture index equal to subpicIdx, there shall be no picture with TemporalId equal to tId and nuh_layer_id equal to layerId that precedes the picture containing the STSA subpicture in decoding order included as an active entry in RefPicList[ 0 ] or RefPicList[ 1 ].
· When the current picture, with nuh_layer_id equal to a particular value layerId, is a CRA picture, 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 with nuh_layer_id equal to layerId in decoding order (when present).
· When the current subpicture, with nuh_layer_id equal to a particular value layerId and subpicture index equal to a particular value subpicIdx, is a CRA subpicture, 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 picture containing a preceding IRAP subpicture with nuh_layer_id equal to layerId and subpicture index equal to subpicIdx in decoding order (when present).
· When the current picture, with nuh_layer_id equal to a particular value layerId, is not a RASL picture associated with a CRA picture with NoOutputBeforeRecoveryFlag equal to 1, a GDR picture with NoOutputBeforeRecoveryFlag equal to 1, or a recovering picture of a GDR picture with NoOutputBeforeRecoveryFlag equal to 1 and nuh_layer_id equal to layerId, there shall be no picture referred to by an active entry in RefPicList[ 0 ] or RefPicList[ 1 ] that was generated by the decoding process for generating unavailable reference pictures.
· When the current subpicture, with nuh_layer_id equal to a particular value layerId and subpicture index equal to a particular value subpicIdx, is not a RASL subpicture associated with a CRA subpicture of a CRA picture with NoOutputBeforeRecoveryFlag equal to 1, a GDR subpicture of a GDR picture with NoOutputBeforeRecoveryFlag equal to 1, or a subpicture of a recoverying picture of a GDR picture with NoOutputBeforeRecoveryFlag equal to 1 and nuh_layer_id equal to layerId, there shall be no picture referred to by an active entry in RefPicList[ 0 ] or RefPicList[ 1 ] that was generated by the decoding process for generating unavailable reference pictures.
· When the current picture, with nuh_layer_id equal to a particular value layerId, is not a CRA picture with NoOutputBeforeRecoveryFlag equal to 1, a picture that precedes, in decoding order, the leading pictures associated with the same CRA picture with NoOutputBeforeRecoveryFlag equal to 1, a leading picture associated with a CRA picture with NoOutputBeforeRecoveryFlag equal to 1, a GDR picture with NoOutputBeforeRecoveryFlag equal to 1, or a recovering picture of a GDR picture with NoOutputBeforeRecoveryFlag equal to 1 and nuh_layer_id equal to layerId, there shall be no picture referred to by an entry in RefPicList[ 0 ] or RefPicList[ 1 ] that was generated by the decoding process for generating unavailable reference pictures.
· When the current subpicture, with nuh_layer_id equal to a particular value layerId and subpicture index equal to a particular value subpicIdx, is not a CRA subpicture of a CRA picture with NoOutputBeforeRecoveryFlag equal to 1, a subpicture that precedes, in decoding order, the leading subpictures associated with the same CRA subpicture of a CRA picture with NoOutputBeforeRecoveryFlag equal to 1, a leading subpicture associated with a CRA subpicture of a CRA picture with NoOutputBeforeRecoveryFlag equal to 1, a GDR subpicture of a GDR picture with NoOutputBeforeRecoveryFlag equal to 1, or a subpicture of a recovering picture of a GDR picture with NoOutputBeforeRecoveryFlag equal to 1 and nuh_layer_id equal to layerId, there shall be no picture referred to by an entry in RefPicList[ 0 ] or RefPicList[ 1 ] that was generated by the decoding process for generating unavailable reference pictures.
· When the current picture is associated with an IRAP picture and follows the IRAP picture in output order, there shall be no picture referred to by an active entry in RefPicList[ 0 ] or RefPicList[ 1 ] that precedes the associated IRAP picture in output order or decoding order.
· When the current subpicture is associated with an IRAP subpicture and follows the IRAP subpicture in output order, there shall be no picture referred to by an active entry in RefPicList[ 0 ] or RefPicList[ 1 ] that precedes the picture containing the associated IRAP subpicture in output order or decoding order.
· When the current picture is associated with an IRAP picture, follows the IRAP picture in output order, and follows, in both decoding order and output order, the leading pictures associated with the same IRAP picture, if any, there shall be no picture referred to by an entry in RefPicList[ 0 ] or RefPicList[ 1 ] that precedes the associated IRAP picture in output order or decoding order.
· When the current subpicture is associated with an IRAP subpicture, follows the IRAP subpicture in output order, and follows, in both decoding order and output order, the leading subpictures associated with the same IRAP subpicture, if any, there shall be no picture referred to by an entry in RefPicList[ 0 ] or RefPicList[ 1 ] that precedes the picture containing the associated IRAP subpicture in output order or decoding order.
· When the current picture is a RADL picture, there shall be no active entry in RefPicList[ 0 ] or RefPicList[ 1 ] that is any of the following:
· A RASL picture
· A picture that precedes the associated IRAP picture in decoding order
· When the current subpicture is a RADL subpicture, there shall be no active entry in RefPicList[ 0 ] or RefPicList[ 1 ] that is any of the following:
· A picture containing a RASL subpicture
· A picture that precedes the picture containing the associated IRAP subpicture in decoding order
· The picture referred to by each ILRP entry in RefPicList[ 0 ] or RefPicList[ 1 ] of a slice of the current picture shall be in the same AU as the current picture.
· The picture referred to by each ILRP entry in RefPicList[ 0 ] or RefPicList[ 1 ] of a slice of the current picture shall be present in the DPB and shall have nuh_layer_id less than that of the current picture.
· Each ILRP entry in RefPicList[ 0 ] or RefPicList[ 1 ] of a slice shall be an active entry.
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