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Abstract
[bookmark: _Hlk109742246][bookmark: _Hlk109742257]This document contains a draft amendment for changes to the Versatile Video Coding (VVC) standard (ITU‑T H.266 | ISO/IEC 23090-3). This amendment includes the following: 1) the support of an unlimited level for video profiles; 2) some technical corrections and editorial improvements to the 2nd edition text of VVC; and 3) the VVC-specific supports for some supplemental enhancement information (SEI) messages that may be included in VVC bitstreams but are not to be specified in the VVC specification. These SEI messages include two systems-related SEI messages, one for signalling of "green metadata" as to be specified in ISO/IEC 23001-11 and the other for signalling of an alternative video decoding interface for immersive media as to be specified in ISO/IEC 23090-13, and five other SEI messages, namely the shutter interval information SEI message, the neural network post-filter characteristics SEI message SEI message, the neural-network post-processing filter activation SEI message, the phase indication SEI message, and the post filter hint SEI message, that are to be specified in a new edition of the Versatile Supplemental Enhancement Information messages for coded video bitstreams (VSEI) standard (ITU‑T H.274 | ISO/IEC 23002-7).

Draft 5 items from the BoG report JVET-AD0362 yet to be integrated:
· None.
· Action on item 2)b.ii: To allow input pictures to an NNPF activated for any current picture to come from an earlier CLVS than the CLVS containing the current picture, and for the derivation of which pictures are used as in the input pictures, instead of using picture order count values, plain language phrases like "the previous picture in output order" and "the n-th previous picture in output order" are used.
· Action on item 2)b.i.2: Add a constraint that NNPF shall not be activated so that it creates an interpolated picture before the first picture in the bitstream in output order.
· Action on item 2)d: At the end of a bitstream, repeated inference of NNPF for creating interpolated pictures: When an NNPF is active until the end of the bitstream, the NNPF is applied up to but excluding a set of input pictures that would cause creation of any interpolated picture after the last picture of the bitstream in output order.
· Action on item 2)e.i: Limit the special treatment of temporal interleaving frame packing arrangement to picture rate upsampling only rather than for any multi-picture-input NNPF.
· Action on item 2)f with the change of "the CLVS" to "the bitstream": Fix an asserted bug in the derivation of input pictures for the case when there are multiple input pictures for an NNPF activated for currCodedPic and currCodedPic is associated with a frame packing arrangement SEI message with fp_arrangement_type equal to 5, taking into account that there can be multiple pictures preceding an input picture in output order.
· Action on item 2)g: Specify that any multi-picture-input NNPF can only be used when all input pictures have the same dimensions after applying super resolution post-filter applicable to the input pictures, if any, using text provided in JVET-AD0057 item 6.
· Action on item 6)g: In the VVC text, disallow the NNPFA SEI message from associated with a non-output picture and disallow any input pictures being a non-output picture.
· Action on item 13)a: Allow inclusion of NNPFC and NNPFA SEI messages in suffix SEI NAL uni
· Action on item 13)b: Disallow the post-filter hint SEI message to be present in both a prefix SEI NAL unit and a suffix SEI NAL unit in the same picture unit.
· Action on item 14)a: Specify an array of filtering strength control variables for multiple input pictures (as StrengthControlVal[ idx ] values for the input pictures with index idx in the range of 0 to numInputPics − 1, inclusive).
· Action on item 14)d: Set StrengthControlVal equal to ( SliceQpY + QpBdOffset ) ÷ ( 63 + QpBdOffset), instead of SliceQpY ÷ 63, where SliceQpY is that of the first slice of currCodedPic.
Other draft 5 items yet to be integrated:
· [bookmark: _Hlk135653038]Spec bug editorial change from JVET-AD0077
· ticket #1594s at editors’ discretion
· VclAssociatedSeiList consists of the payloadType values of the SEI messages that, when non-scalable-nested, infer constraints on the NAL unit header of the SEI NAL unit on the basis of the NAL unit header of the associated VCL NAL unit. It is proposed to add the payloadType value of the green metadata SEI message in VclAssociatedSeiList (JVET-AD0057, item 3)
· PicUnitRepConSeiList consists of the payloadType values of the SEI messages that are subject to the restriction on 4 repetitions per picture unit (PU). It is proposed to add the payloadType values of post-filter hint, green metadata, scalability dimension information, NNPFC, NNPFA, and phase indication SEI messages in PicUnitRepConSeiList. (JVET-AD0057, item 4)
Draft 5 incorporated items:
· Bug ticket #1593: Replaced Figures 5 to 7 for correction to illustrated slice partitioning.
· JVET-AD0362, action on item 2)b.ii: Allowed input pictures to an NNPF activated for any current picture to come from an earlier CLVS than the CLVS containing the current picture, and for the derivation of which pictures are used as in the input pictures, instead of using picture order count values, plain language phrases like "the previous picture in output order" and "the n-th previous picture in output order" are used.
· JVET-AD0362, action on item 2)b,i.2: Added a constraint that NNPF shall not be activated so that it creates an interpolated picture before the first picture in the bitstream in output order.
· JVET-AD0362, action on item 2)d: At the end of a bitstream, added repeated inference of NNPF for creating interpolated pictures: When an NNPF is active until the end of the bitstream, the NNPF is applied up to but excluding a set of input pictures that would cause creation of any interpolated picture after the last picture of the bitstream in output order.
· JVET-AD0362, action on item 2)e.i: Limited the special treatment of temporal interleaving frame packing arrangement to picture rate upsampling only rather than for any multi-picture-input NNPF.
· JVET-AD0362, action on item 2)f with the change of "the CLVS" to "the bitstream": Fixed an asserted bug in the derivation of input pictures for the case when there are multiple input pictures for an NNPF activated for currCodedPic and currCodedPic is associated with a frame packing arrangement SEI message with fp_arrangement_type equal to 5, taking into account that there can be multiple pictures preceding an input picture in output order.
· JVET-AD0362, action on item 2)g: Specified that any multi-picture-input NNPF can only be used when all input pictures have the same dimensions after applying super resolution post-filter applicable to the input pictures, if any, using text provided in JVET-AD0057 item 6.
· JVET-AD0362, action on item 6)g: In the VVC text, disallowed the NNPFA SEI message from being associated with a non-output picture and disallowed any input pictures being a non-output picture.
· JVET-AD0362, action on item 14)a: Specified an array of filtering strength control variables for multiple input pictures (as StrengthControlVal[ idx ] values for the input pictures with index idx in the range of 0 to numInputPics − 1, inclusive).
· JVET-AD0362, action on item 14)d: Changed the derivation of StrengthControlVal to be equal to ( SliceQpY + QpBdOffset ) ÷ ( 63 + QpBdOffset), instead of SliceQpY ÷ 63, where SliceQpY is that of the first slice of currCodedPic.
· JVET-AD0362, action on item 13)a: Allow inclusion of NNPFC and NNPFA SEI messages in suffix SEI NAL units.
· JVET-AD0362, action on item 13)b: Disallow the post-filter hint SEI message to be present in both a prefix SEI NAL unit and a suffix SEI NAL unit in the same picture unit.
· Editorial change from JVET-AD0077
· VclAssociatedSeiList consists of the payloadType values of the SEI messages that, when non-scalable-nested, infer constraints on the NAL unit header of the SEI NAL unit on the basis of the NAL unit header of the associated VCL NAL unit. It is proposed to add the payloadType value of the green metadata SEI message in VclAssociatedSeiList. (JVET-AD0057, item 3)
· PicUnitRepConSeiList consists of the payloadType values of the SEI messages that are subject to the restriction on 4 repetitions per picture unit (PU). It is proposed to add the payloadType values of post-filter hint, green metadata, scalability dimension information, NNPFC, NNPFA, and phase indication SEI messages in PicUnitRepConSeiList. (JVET-AD0057, item 4)
· [bookmark: _Hlk135652973]Alignments of SEI messages between VVC and HEVC, regarding inclusion in prefix and/or suffix SEI NAL units (including for the user data SEI messages), and inclusion into the lists VclAssociatedSeiList and PicUnitRepConSeiList. (In-meeting suggestion)
Draft 4 incorporated items:
· All errata items for VVC in Subsection 2.3 of JVET-AB1004-v1/JVET-AC0346.
· JVET-AC0311 option 1: Remove equations and related text from both VVC and HEVC (but leave the statements about testing the buffer behaviour in HRD similar as in AVC).
· Errata item 3 in Subsection 4.3 of JVET-AB1004-v1.
· Added the payload type of the post filter hint SEI message.
· Modified the subclause specifying the use of the neural-network post-filter characteristics SEI message as noted in the BoG report on neural-network based post-filtering contributions (JVET-AC0324-v4):
· Action on Item 14 (cleanup): Adopt Option A approach in JVET-AC0074-v2 with editorial rephrasing as noted in discussion.
· Action on Item 16 (BF/cleanup): Adopt to specify that when picture rate upsampling is applied together with the frame packing arrangement SEI message with fp_arrangement_type equal to 5 (temporal interleaving), the pictures are the pictures from the same view, based on text in JVET-AC0074-v2 as expressed under Item 14.
· Action on Item 17 (sensibility constraint): Specify that frame rate upsampling can only be used when all input pictures have the same cropped dimensions, after applying the super resolution post-filter applicable to the input picture, if any, based on text in JVET-AC0074-v2 as expressed under Item 14.
· DAM ballot comment US-008/FI-06: add a subclause specifying the use of the phase indication SEI message.
· DAM ballot comments FI-07 and FI-08: add a subclause specifying the use of the post-filter hint SEI message and specify constraints for its syntax element filter_hint_chroma_coeff_present_flag.
[bookmark: _Hlk109741967]Draft 3 incorporated items (among some very minor editorial changes that are not mentioned below):
· [bookmark: _Hlk109741939]Removed the constraints on the values of BinCountsInPicNalUnits and BinCountsInSubpicNalUnits for the unlimited level (i.e., level 15.5) (JVET-AA0048 and US-001 in the DoCR in WG5 N0144).
· Replaced "subpicture level index" with "subpicture index" in subclause 7.4.2.4.5 (Order of VCL NAL units and their association to coded pictures) (JVET-AA0048 and bug ticket #1556).
· Removed the two rows in Table D.1 for the green metadata SEI message and the VDI envelop SEI message, because only those SEI messages that are actually specified in the VVC spec are listed in the table.
· Removed the subclauses on syntax and semantics of the green metadata SEI message and the VDI envelop SEI message, because only those SEI messages that are actually specified in the VVC spec have such subclauses. Like the SEI messages that are specified in the VSEI spec, when some VVC-specific usage of the SEI messages need to be specified in the VVC spec, then those are specified.
· Updated the description of the subclauses on use of VSEI SEI messages to include also the use of SEI messages that are specified in ISO/IEC 23001-11 and ISO/IEC 23090-13.
· Included, from JVET-Z2006, the VVC specific texts, including the texts specifying the use of the shutter interval information SEI message and the neural network post-filter characteristics SEI message.
· Corrected the NOTEs in subclauses A.3.1 and A.3.2 to reflect the possibility that a bitstream of a video profile can indicate the unlimited level (US-002 in the DoCR in WG5 N0144).
· Fixed tickets #1555 and #1560 (US-005 in the DoCR in WG5 N0144).
· Allocated/reallocated the payloadType values for some SEI messages, including replacing the value 205 for the scalability dimension information SEI message with the value 208 (US-011 in the DoCR in WG5 N0144).
· Fixed ticket #1558 (DE-03 and US-005 in the DoCR in WG5 N0144).
· Fixed the typo in the mis-spelled word "messag" in Table D.1.
Draft 2 incorporated items:
· Updated text changes for the unlimited level for video profiles (JVET-Z0122)
· Fixes for tickets #1548 and #1549
· Fixes for tickets #1544 and #1547
Draft 1 incorporated items:
· Addition of "hooks" for the green metadata and video decoding interface (VDI envelope) SEI messages (JVET-Y0041)
· [bookmark: _Hlk49532078]Addition of the unlimited level for video profiles (JVET-Y0072)



Changes to the specification text:

Replace subclause 2.3 with the following:
2.3	Additional references
–	Rec. ITU-T T.35 (in force), Procedure for the allocation of ITU-T defined codes for non standard facilities
–	ISO/IEC 23001-11, Information Technology — MPEG Systems technologies — Part 11: Energy-efficient media consumption (green metadata)
–	ISO/IEC 23090-13, Information technology — Coded representation of immersive media — Part 13: Video decoding interface for immersive media
In subclause 6.3.1, replace Figures 4, 5, and 6 with the following figures:
…
[image: A screenshot of a video game
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[bookmark: _Ref45522763]Figure 4 – A picture with 18 by 12 luma CTUs that is partitioned into 12 tiles and 3 raster-scan slices
[image: A screenshot of a video game

Description automatically generated with medium confidence]
[bookmark: _Ref32237053][bookmark: _Ref45522611]Figure 5 – A picture with 18 by 12 luma CTUs that is partitioned into 24 tiles and 9 rectangular slices
[image: A screenshot of a computer

Description automatically generated with medium confidence]
[bookmark: _Ref45522743]Figure 6 – A picture that is partitioned into 4 tiles and 4 rectangular slices
…
In subclause 7.2, make the following changes:
…
next_bits( n ) provides the next bits in the bitstream for comparison purposes, without advancing the bitstream pointer. Provides a look at the next n bits in the bitstream with n being its argument. When used within the byte stream format as specified in Annex ‎B and fewer than n bits remain within the byte stream, next_bits( n ) returns a value of 0.
…
In subclause 7.3.11.5 (Coding unit syntax), fix some whitespace issues (missing space and superfluous tab) indicted as follows (one superfluous tab in "&&  	( treeType ", and one missing space in " MaxTbSizeY)"):
…
			if( Min( lfnstWidth, lfnstHeight )  >=  4  &&  sps_lfnst_enabled_flag  = =  1  &&
				CuPredMode[ chType ][ x0 ][ y0 ]  = =  MODE_INTRA  &&  lfnstNotTsFlag  = =  1
				&&  	( treeType  = =  DUAL_TREE_CHROMA  | |  !IntraMipFlag[ x0 ][ y0 ]  | |
				Min( lfnstWidth, lfnstHeight )  >=  16 )  &&
				Max( cbWidth, cbHeight )  <=  MaxTbSizeY) {
	

				if( ( IntraSubPartitionsSplitType  !=  ISP_NO_SPLIT  | |  LfnstDcOnly  = =  0 )  &&
					LfnstZeroOutSigCoeffFlag  = =  1 )
	

					lfnst_idx
	ae(v)


…
In subclause 7.4.2.4.5, make the following changes:
…
· For any two coded slice NAL units A and B of a coded picture, let subpicIdxA and subpicIdxB be their subpicture level index values, and sliceAddrA and sliceAddrB be their sh_slice_address values.
…
In subclause 7.4.3.5, make the following changes:
…
pps_num_exp_tile_rows_minus1 plus 1 specifies the number of explicitly provided tile row heights. The value of pps_num_exp_tile_rows_minus1 shall be in the range of 0 to PicHeightInCtbsY − 1, inclusive. When pps_no_pic_partition_flag is equal to 1, the value of num_tile_rows_minus1 pps_num_exp_tile_rows_minus1 is inferred to be equal to 0.
…
pps_sao_info_in_ph_flag equal to 1 specifies that SAO filter information could be present in the PH syntax structure and is not present in slice headers referring to the PPS that do not contain a PH syntax structure. pps_sao_info_in_ph_flag equal to 0 specifies that SAO filter information is not present in the PH syntax structure and could be present in slice headers referring to the PPS. When not present, the value of pps_sao_info_in_ph_flag is inferred to be equal to 0.
pps_alf_info_in_ph_flag equal to 1 specifies that ALF information could be present in the PH syntax structure and is not present in slice headers referring to the PPS that do not contain a PH syntax structure. pps_alf_info_in_ph_flag equal to 0 specifies that ALF information is not present in the PH syntax structure and could be present in slice headers referring to the PPS. When not present, the value of pps_alf_info_in_ph_flag is inferred to be equal to 0.
pps_wp_info_in_ph_flag equal to 1 specifies that weighted prediction information could be present in the PH syntax structure and is not present in slice headers referring to the PPS that do not contain a PH syntax structure. pps_wp_info_in_ph_flag equal to 0 specifies that weighted prediction information is not present in the PH syntax structure and could be present in slice headers referring to the PPS. When not present, the value of pps_wp_info_in_ph_flag is inferred to be equal to 0.
…
In subclause 7.4.3.15, make the following changes:
…
The value of BinCountsInPicNalUnits shall be less than or equal to vclByteScaleFactor * NumBytesInPicVclNalUnits + ( RawMinCuBits * PicSizeInMinCbsY )  32.
NOTE – The constraint on the maximum number of bins resulting from decoding the contents of the coded slice NAL units could be met by inserting a number of rbsp_cabac_zero_word syntax elements to increase the value of NumBytesInPicVclNalUnits. Each rbsp_cabac_zero_word is represented in a NAL unit by the three-byte sequence 0x000003 (as a result of the constraints on NAL unit contents that result in requiring inclusion of an emulation_prevention_three_byte for each rbsp_cabac_zero_word).
…
For each subpicture with subpicture index subpicIdxA for which sps_subpic_treated_as_pic_flag[ subpicIdxA ] is equal to 1, the value of BinCountsInSubpicNalUnits shall be less than or equal to vclByteScaleFactor * NumBytesInSubpicVclNalUnits + ( RawMinCuBits * subpicSizeInMinCbsY ) ÷ 32.
…
In subclause 7.4.8, make the following changes:
…
sh_no_output_of_prior_pics_flag affects the output of previously-decoded pictures in the DPB after the decoding of a picture in a CVSS AU that is not the first AU in the bitstream as specified in Annex ‎C.
It is a requirement of bitstream conformance that the value of sh_no_output_of_prior_pics_flag shall be the same for all slices in an AU that have sh_no_output_of_prior_pics_flag present in the SHs.
When all slices in an AU have sh_no_output_of_prior_pics_flag present in the SHs, the value of sh_no_output_of_prior_pics_flag in the SHs is also referred to as the value sh_no_output_of_prior_pics_flag of the AU.
…
In subclause 7.4.9, make the following changes:
…
num_l0_weights specifies the number of weights signalled for entries in RPL 0 when pps_wp_info_in_ph_flag is equal to 1. The value of num_l0_weights shall be in the range of 0 to 1 to Min( 15, num_ref_entries[ 0 ][ RplsIdx[ 0 ] ] ), inclusive.
...
num_l1_weights specifies the number of weights signalled for entries in RPL 1 when pps_weighted_bipred_flag and pps_wp_info_in_ph_flag are both equal to 1. The value of num_l1_weights shall be in the range of 0 to 1 to Min( 15, num_ref_entries[ 1 ][ RplsIdx[ 1 ] ] ), inclusive.
...
In subclause 7.4.12.11, make the following changes:
…
sb_coded_flag[ xS ][ yS ] specifies the following for the subblock at location ( xS, yS ) within the current transform block, where a subblock is an array of numSbCoeff transform coefficient levels: [Ed. (YK): If we add numSbCoeff, which is derived in the syntax table, to the semantics, I think it should be made a global variable, i.e., NumSbCoeff. (CR): Regarding renaming numSbcoeff to NumSbCoeff, it is OK. Note that nearby we have references to 'log2SbW' and 'log2SbH' in the semantics, we might consider updating those to Log2SbW and Log2SbH in future. Scanning related text I also notice ‘RemCcbs’ using capital first letter but not referenced outside of residual_ts_coding() (although I suppose declaring something globally but only using locally is greater scoping than needed and is less problematic but still might be something to consider updating in future). (GJS): I think that in some past cases we have considered something a local variable if it is used in a syntax table and in the corresponding semantics but not elsewhere. We should check which convention we’re generally following in VVC.]
When sb_coded_flag[ xS ][ yS ] is equal to 0, all transform coefficient levels of the subblock at location ( xS, yS ) are inferred to be equal to 0.
When sb_coded_flag[ xS ][ yS ] is not present, it is inferred to be equal to 1.
· If transform_skip_flag[ x0 ][ y0 ][ cIdx ] is equal to 0 or sh_ts_residual_coding_disabled_flag is equal to 1, the following applies:
· When sb_coded_flag[ xS ][ yS ] is not present, it is inferred as follows:
· If one or more of the following conditions are true, sb_coded_flag[ xS ][ yS ] is inferred to be equal to 1:
· ( xS, yS ) is equal to ( 0, 0 ).
· ( xS, yS ) is equal to ( LastSignificantCoeffX  >>  log2SbW, LastSignificantCoeffY  >>  log2SbH ).
· Otherwise, sb_coded_flag[ xS ][ yS ] is inferred to be equal to 0.
· If sb_coded_flag[ xS ][ yS ] is equal to 0, all transform coefficient levels of the subblock at location ( xS, yS ) are inferred to be equal to 0.
· Otherwise (sb_coded_flag[ xS ][ yS ] is equal to 1), the following applies:
· If ( xS, yS ) is equal to ( 0, 0 ) and ( LastSignificantCoeffX, LastSignificantCoeffY ) is not equal to ( 0, 0 ), at least one of the sig_coeff_flag syntax elements is present for the subblock at location ( xS, yS ).
· Otherwise, at least one of the transform coefficient levels of the subblock at location ( xS, yS ) has a non-zero value.
· Otherwise (transform_skip_flag[ x0 ][ y0 ][ cIdx ] is equal to 1 and sh_ts_residual_coding_disabled_flag is equal to 0), the following applies:
· When sb_coded_flag[ xS ][ yS ] is not present, it is inferred to be equal to 1.
· If sb_coded_flag[ xS ][ yS ] is equal to 0, all transform coefficient levels of the subblock at location ( xS, yS ) are inferred to be equal to 0.
· Otherwise (sb_coded_flag[ xS ][ yS ] is equal to 1), at least one of the transform coefficient levels of the subblock at location ( xS, yS ) has a non-zero value.
…
In subclause 8.4.3 make the following changes and adjust the indent of last, unmodified bullet points:
…
If treeType is equal to SINGLE_TREE, sps_chroma_format_idc is equal to 3, intra_chroma_pred_mode is equal to 4, and IntraMipFlag[ xCb ][ yCb ] is equal to 1, the following applies:
· The MIP chroma direct mode flag MipChromaDirectFlag[ xCb ][ yCb ] is set equal to 1.
· The chroma intra prediction mode IntraPredModeC[ xCb ][ yCb ] is set equal to IntraPredModeY[ xCb  ][ yCb  ].
Otherwise, the following applies:
· The MIP chroma direct mode flag MipChromaDirectFlag[ xCb ][ yCb ] is set equal to 0.
The MIP chroma direct mode flag MipChromaDirectFlag[ xCb ][ yCb ] is derived as follows:
· If all of the following conditions are true, MipChromaDirectFlag[ xCb ][ yCb ] is set equal to 1:
· treeType is equal to SINGLE_TREE.
· sps_chroma_format_idc is equal to 3.
· intra_chroma_pred_mode is equal to 4 or cu_act_enabled_flag[ xCb ][ yCb ] is equal to 1.
· IntraMipFlag[ xCb ][ yCb ] is equal to 1.
· Otherwise, MipChromaDirectFlag[ xCb ][ yCb ] is set equal to 0.
The chroma intra prediction mode IntraPredModeC[ xCb ][ yCb ] is derived as follows:
· If MipChromaDirectFlag[ xCb ][ yCb ] is equal to 1, the chroma intra prediction mode IntraPredModeC[ xCb ][ yCb ] is set equal to IntraPredModeY[ xCb ][ yCb ].
· Otherwise, the following applies:
· The corresponding luma intra prediction mode lumaIntraPredMode is derived as follows:
· If IntraMipFlag[ xCb + cbWidth / 2 ][ yCb + cbHeight / 2 ] is equal to 1, lumaIntraPredMode is set equal to INTRA_PLANAR.
· Otherwise, if CuPredMode[ 0 ][ xCb + cbWidth / 2 ][ yCb + cbHeight / 2 ] is equal to MODE_IBC or MODE_PLT, lumaIntraPredMode is set equal to INTRA_DC.
· Otherwise, lumaIntraPredMode is set equal to IntraPredModeY[ xCb + cbWidth / 2 ][ yCb + cbHeight / 2 ].
· The chroma intra prediction mode IntraPredModeC[ xCb ][ yCb ] is derived as follows:
· If cu_act_enabled_flag[ xCb ][ yCb ] is equal to 1, the chroma intra prediction mode IntraPredModeC[ xCb ][ yCb ] is set equal to lumaIntraPredMode.
· Otherwise, if BdpcmFlag[ xCb ][ yCb ][ 1 ] is equal to 1, IntraPredModeC[ xCb ][ yCb ] is set equal to BdpcmDir[ xCb ][ yCb ][ 1 ] ? INTRA_ANGULAR50 : INTRA_ANGULAR18.
· Otherwise ( cu_act_enabled_flag[ xCb ][ yCb ] is equal to 0 and BdpcmFlag[ xCb ][ yCb ][ 1 ] is equal to 0 ), the chroma intra prediction mode IntraPredModeC[ xCb ][ yCb ] is derived using cclm_mode_flag, cclm_mode_idx, intra_chroma_pred_mode and lumaIntraPredMode as specified in Table 20.
In subclauses 8.4.5.1, 8.5.8, and 8.5.9, replace "Depending on maxTbSize" with "Depending on maxTbWidth and maxTbHeight".
In subclause 8.4.5.2.13, make the following changes:
...
· The additional samples ref[ refW + refIdx +x ] with x = 1..( Max( 1, nTbW / nTbH ) * refIdx + 21 ) are derived as follows:
ref[ refW + refIdx + x ] = p[ −1 + refW ][ −1 − refIdx ]	(335)
...
· The additional samples ref[ refH + refIdx + x ] with x = 1..( Max( 1, nTbH / nTbW ) * refIdx + 21 ) are derived as follows:
ref[ refH + refIdx +x ] = p[ −1 − refIdx ][ −1 + refH ]	(345)
...
In subclause 8.7.5.1, make the following changes and adjust the equation indices of the remaining equations accordingly:
...
The variables subW and subH are derived as follows:
subW = cIdx = = 0 ? 1 : SubWidthC		(1204)
subH = cIdx = = 0 ? 1 : SubHeightC		(1205)
The following assignments are made for i = 0..nCurrSw * subW − 1, j = 0..nCurrSh * subH − 1:
IsAvailable[ cIdx ][ xCurr * subW + i ][ yCurr * subH + j ] = TRUE	(1206)
The following assignments are made for i = 0..nCurrSw * SubWidthC − 1, j = 0..nCurrSh* SubHeightC − 1:
IsAvailable[ cIdx ][ xCurr * SubWidthC + i ][ yCurr * SubHeightC + j ] = TRUE	(1204)
...
Replace the text in subclause A.3.1 with the following:
[bookmark: _Toc415475988][bookmark: _Toc423599263][bookmark: _Toc423601767][bookmark: _Toc501130231][bookmark: _Toc503777935][bookmark: _Toc51663408][bookmark: _Toc55906730][bookmark: _Toc78558343]A.3.1	Main 10 and Main 10 Still Picture profiles
Bitstreams conforming to the Main 10 or Main 10 Still Picture profile shall obey the following constraints:
· Referenced SPSs shall have ptl_multilayer_enabled_flag equal to 0.
· In a bitstream conforming to the Main 10 Still Picture profile, the bitstream shall contain only one picture.
· Referenced SPSs shall have sps_chroma_format_idc equal to 0 or 1.
· Referenced SPSs shall have sps_bitdepth_minus8 in the range of 0 to 2, inclusive.
· Referenced SPSs shall have sps_palette_enabled_flag equal to 0.
· In a bitstream conforming to the Main 10 profile, general_level_idc and sublayer_level_idc[ i ] for all values of i in the referenced VPS (when available) and in the referenced SPSs shall not be equal to 255 (which indicates level 15.5).
· The tier and level constraints specified for the Main 10 or Main 10 Still Picture profile in clause A.4, as applicable, shall be fulfilled.
Conformance of a bitstream to the Main 10 profile is indicated by general_profile_idc being equal to 1.
Conformance of a bitstream to the Main 10 Still Picture profile is indicated by general_profile_idc being equal to 65.
NOTE – When the conformance of a bitstream to the Main 10 Still Picture profile is indicated by general_profile_idc being equal to 65, and the indicated level is not level 15.5, the conditions for indication of the conformance of the bitstream to the Main 10 profile are also fulfilled.
Decoders conforming to the Main 10 profile at a specific level of a specific tier shall be capable of decoding all bitstreams for which all of the following conditions apply:
· The bitstream is indicated to conform to the Main 10 or Main 10 Still Picture profile.
· The bitstream is indicated to conform to a tier that is lower than or equal to the specified tier.
· The bitstream is indicated to conform to a level that is not level 15.5 and is lower than or equal to the specified level.
Decoders conforming to the Main 10 Still Picture profile at a specific level of a specific tier shall be capable of decoding all bitstreams for which all of the following conditions apply:
· The bitstream is indicated to conform to the Main 10 Still Picture profile.
· The bitstream is indicated to conform to a tier that is lower than or equal to the specified tier.
· The bitstream is indicated to conform to a level that is not level 15.5 and is lower than or equal to the specified level.
Decoders conforming to the Main 10 Still Picture profile at a specific level of a specific tier shall also be capable of decoding of the first picture of a bitstream when both of the following conditions apply:
· That bitstream is indicated to conform to the Main 10 profile, to conform to a tier that is lower than or equal to the specified tier, and to conform to a level that is not level 15.5 and is lower than or equal to the specified level.
· That picture is an IRAP picture or is a GDR picture with ph_recovery_poc_cnt equal to 0, is in an output layer, and has ph_pic_output_flag equal to 1.

Replace the text in subclause A.3.2 with the following:
[bookmark: _Toc51663409][bookmark: _Toc55906731][bookmark: _Toc78558344]A.3.2	Main 10 4:4:4 and Main 10 4:4:4 Still Picture profiles
Bitstreams conforming to the Main 10 4:4:4 or Main 10 4:4:4 Still Picture profile shall obey the following constraints:
· Referenced SPSs shall have ptl_multilayer_enabled_flag equal to 0.
· In a bitstream conforming to the Main 10 4:4:4 Still Picture profile, the bitstream shall contain only one picture.
· Referenced SPSs shall have sps_chroma_format_idc in the range of 0 to 3, inclusive.
· Referenced SPSs shall have sps_bitdepth_minus8 in the range of 0 to 2, inclusive.
· In a bitstream conforming to the Main 10 4:4:4 profile, general_level_idc and sublayer_level_idc[ i ] for all values of i in the referenced VPS (when available) and in the referenced SPSs shall not be equal to 255 (which indicates level 15.5).
· The tier and level constraints specified for the Main 10 4:4:4 or Main 10 4:4:4 Still Picture profile in clause A.4, as applicable, shall be fulfilled.
Conformance of a bitstream to the Main 10 4:4:4 profile is indicated by general_profile_idc being equal to 33.
Conformance of a bitstream to the Main 10 4:4:4 Still Picture profile is indicated by general_profile_idc being equal to 97.
NOTE – When the conformance of a bitstream to the Main 10 4:4:4 Still Picture profile is indicated by general_profile_idc being equal to 97, and the indicated level is not level 15.5, the conditions for indication of the conformance of the bitstream to the Main 10 4:4:4 profile are also fulfilled.
Decoders conforming to the Main 10 4:4:4 profile at a specific level of a specific tier shall be capable of decoding all bitstreams for which all of the following conditions apply:
· The bitstream is indicated to conform to the Main 10 4:4:4, Main 10, Main 10 4:4:4 Still Picture, or Main 10 Still Picture profile.
· The bitstream is indicated to conform to a tier that is lower than or equal to the specified tier.
· The bitstream is indicated to conform to a level that is not level 15.5 and is lower than or equal to the specified level.
Decoders conforming to the Main 10 4:4:4 Still Picture profile at a specific level of a specific tier shall be capable of decoding all bitstreams for which all of the following conditions apply:
· The bitstream is indicated to conform to the Main 10 4:4:4 Still Picture or Main 10 Still Picture profile.
· The bitstream is indicated to conform to a tier that is lower than or equal to the specified tier.
· The bitstream is indicated to conform to a level that is not level 15.5 and is lower than or equal to the specified level.
Decoders conforming to the Main 10 4:4:4 Still Picture profile at a specific level of a specific tier shall also be capable of decoding of the first picture of a bitstream when both of the following conditions apply:
· That bitstream is indicated to conform to the Main 10 or Main 10 4:4:4 profile, to conform to a tier that is lower than or equal to the specified tier, to conform to a level that is not level 15.5 and is lower than or equal to the specified level.
· That picture is an IRAP picture or is a GDR picture with ph_recovery_poc_cnt equal to 0, is in an output layer, and has ph_pic_output_flag equal to 1.

Replace the text in subclause A.3.3 with the following:
[bookmark: _Toc51663410][bookmark: _Toc55906732][bookmark: _Toc78558345]A.3.3	Multilayer Main 10 profile
Bitstreams conforming to the Multilayer Main 10 shall obey the following constraints:
· Referenced SPSs shall have sps_chroma_format_idc equal to 0 or 1.
· Referenced SPSs shall have sps_bitdepth_minus8 in the range of 0 to 2, inclusive.
· Referenced SPSs shall have sps_palette_enabled_flag equal to 0.
· In a bitstream conforming to the Multilayer Main 10 profile, general_level_idc and sublayer_level_idc[ i ] for all values of i in the referenced VPS (when available) and in the referenced SPSs shall not be equal to 255 (which indicates level 15.5).
· The tier and level constraints specified for the Multilayer Main 10 profile in clause A.4, as applicable, shall be fulfilled.
Conformance of a bitstream to the Multilayer Main 10 profile is indicated by general_profile_idc being equal to 17.
Decoders conforming to the Multilayer Main 10 profile at a specific level of a specific tier shall be capable of decoding all bitstreams for which all of the following conditions apply:
· The bitstream is indicated to conform to the Multilayer Main 10, Main 10, or Main 10 Still Picture profile.
· The bitstream is indicated to conform to a tier that is lower than or equal to the specified tier.
· The bitstream is indicated to conform to a level that is not level 15.5 and is lower than or equal to the specified level.

Replace the text in subclause A.3.4 with the following:
[bookmark: _Toc51663411][bookmark: _Toc55906733][bookmark: _Toc78558346]A.3.4	Multilayer Main 10 4:4:4 profile
Bitstreams conforming to the Multilayer Main 10 4:4:4 profile shall obey the following constraints:
· Referenced SPSs shall have sps_chroma_format_idc in the range of 0 to 3, inclusive.
· Referenced SPSs shall have sps_bitdepth_minus8 in the range of 0 to 2, inclusive.
· In a bitstream conforming to the Multilayer Main 10 4:4:4 profile, general_level_idc and sublayer_level_idc[ i ] for all values of i in the referenced VPS (when available) and in the referenced SPSs shall not be equal to 255 (which indicates level 15.5).
· The tier and level constraints specified for the Multilayer Main 10 4:4:4 profile in clause A.4, as applicable, shall be fulfilled.
Conformance of a bitstream to the Multilayer Main 10 4:4:4 profile is indicated by general_profile_idc being equal to 49.
Decoders conforming to the Multilayer Main 10 4:4:4 profile at a specific level of a specific tier shall be capable of decoding all bitstreams for which all of the following conditions apply:
· The bitstream is indicated to conform to the Multilayer Main 10 4:4:4, Multilayer Main 10, Main 10 4:4:4, Main 10, Main 10 4:4:4 Still Picture, or Main 10 Still Picture profile.
· The bitstream is indicated to conform to a tier that is lower than or equal to the specified tier.
· The bitstream is indicated to conform to a level that is not level 15.5 and is lower than or equal to the specified level.

Replace the text in subclause A.3.5 with the following:
[bookmark: _Toc78558347]A.3.5	Format range extensions profiles
The following profiles, collectively referred to as the operation range extensions profiles, are specified in this clause:
· The Main 12, Main 12 4:4:4 and Main 16 4:4:4 profiles
· The Main 12 Intra, Main 12 4:4:4 Intra and Main 16 4:4:4 Intra profiles
· The Main 12 Still Picture, Main 12 4:4:4 Still Picture and Main 16 4:4:4 Still Picture profiles
Bitstreams conforming to the operation range extensions profiles shall obey the following constraints:
· Referenced SPSs shall have ptl_multilayer_enabled_flag equal to 0.
· In bitstreams conforming to the Main 12 Still Picture, Main 12 4:4:4 Still Picture or Main 16 4:4:4 Still Picture profile, the bitstream shall contain only one picture.
· In bitstreams conforming to the Main 12, Main 12 4:4:4, Main 16 4:4:4, Main 12 Intra, Main 12 4:4:4 Intra, or Main 16 4:4:4 Intra profile, general_level_idc in the referenced SPSs shall not be equal to 255 (which indicates level 15.5).
· The allowed values for syntax elements as specified in Table A.1 shall be fulfilled.
· The tier and level constraints specified for the Main 12, Main 12 4:4:4, Main 16 4:4:4, Main 12 Intra, Main 12 4:4:4 Intra or Main 16 4:4:4 Intra profile in clause A.4, as applicable, shall be fulfilled.
· [bookmark: _Hlk85655495]In bitstreams conforming to the Main 12 Intra, Main 12 4:4:4 Intra or Main 16 4:4:4 Intra profile, all pictures shall be GDR pictures with ph_recovery_poc_cnt equal to 0 or IRAP pictures.

[bookmark: _Ref87430457]Table A.1 – Allowed values for syntax elements in the operation range extensions profiles
	Profile for which constraint is specified
	sps_chroma_format_idc
	sps_bitdepth_minus8
	sps_palette_enabled_flag
	sps_extended_precision_flag
sps_ts_residual_coding_rice_present_in_sh_flag,
sps_rrc_rice_extension_flag,
sps_persistent_rice_adaptation_enabled_flag
sps_reverse_last_sig_coeff_enabled_flag

	Main 12
	0..1
	0..4
	0
	0

	Main 12 4:4:4
	0..3
	0..4
	0..1
	0..1

	Main 16 4:4:4
	0..3
	0..8
	0..1
	0..1

	Main 12 Intra
	0..1
	0..4
	0
	0

	Main 12 4:4:4 Intra
	0..3
	0..4
	0..1
	0..1

	Main 16 4:4:4 Intra
	0..3
	0..8
	0..1
	0..1

	Main 12 Still Picture
	0..1
	0..4
	0
	0

	Main 12 4:4:4 Still Picture
	0..3
	0..4
	0..1
	0..1

	Main 16 4:4:4 Still Picture
	0..3
	0..8
	0..1
	0..1



Conformance of a bitstream to the Main 12 profile is indicated by general_profile_idc being equal to 2.
Conformance of a bitstream to the Main 12 Intra profile is indicated by general_profile_idc being equal to 10.
Conformance of a bitstream to the Main 12 Still Picture profile is indicated by general_profile_idc being equal to 66.
Conformance of a bitstream to the Main 12 4:4:4 profile is indicated by general_profile_idc being equal to 34.
Conformance of a bitstream to the Main 12 4:4:4 Intra profile is indicated by general_profile_idc being equal to 42.
Conformance of a bitstream to the Main 12 4:4:4 Still Picture profile is indicated by general_profile_idc being equal to 98.
Conformance of a bitstream to the Main 16 4:4:4 profile is indicated by general_profile_idc being equal to 35.
Conformance of a bitstream to the Main 16 4:4:4 Intra profile is indicated by general_profile_idc being equal to 43.
Conformance of a bitstream to the Main 16 4:4:4 Still Picture profile is indicated by general_profile_idc being equal to 99.
Decoders conforming to an operation range extensions profile at a specific level (identified by a specific value of general_level_idc) of a specific tier (identified by a specific value of general_tier_flag) shall be capable of decoding all bitstreams and sub-layer representations for which all of the following conditions apply:
· Any of the following conditions apply:
· The decoder conforms to the Main 12 profile, and the bitstream is indicated to conform to the Main 10, Main 10 Still Picture, Main 12, Main 12 Intra, or Main 12 Still Picture profile.
· The decoder conforms to the Main 12 4:4:4 profile, and the bitstream is indicated to conform to the Main 10, Main 10 Still Picture, Main 10 4:4:4, Main 10 4:4:4 Still Picture, Main 12, Main 12 Intra, Main 12 Still Picture, Main 12 4:4:4, Main 12 4:4:4 Intra, or Main 12 4:4:4 Still Picture profile.
· The decoder conforms to the Main 16 4:4:4 profile, and the bitstream is indicated to conform to Main 10, Main 10 Still Picture, Main 10 4:4:4, Main 10 4:4:4 Still Picture, or any of the operation range extensions profile.
· The decoder conforms to the Main 12 Intra profile, and either 1) the bitstream is indicated to conform to the Main 10 Still Picture, Main 12 Intra, or Main 12 Still Picture profile, or 2) the gci_all_rap_pictures_constraint_flag is equal to 1 and the bitstream is indicated to conform to the Main 10 or Main 12 profile.
· The decoder conforms to the Main 12 4:4:4 Intra profile, and either 1) the bitstream is indicated to conform to the Main 10 Still Picture, Main 10 4:4:4 Still Picture, Main 12 Intra, Main 12 4:4:4 Intra, Main 12 Still Picture, or Main 12 4:4:4 Still Picture profile, or 2) the gci_all_rap_pictures_constraint_flag is equal to 1 and the bitstream is indicated to conform to the Main 10, Main 10 4:4:4, Main 12, or Main 12 4:4:4 profile.
· The decoder conforms to the Main 16 4:4:4 Intra profile, and either 1) the bitstream is indicated to conform to the Main 10 Still Picture, Main 10 4:4:4 Still Picture, Main 12 Intra, Main 12 4:4:4 Intra, Main 16 4:4:4 Intra, Main 12 Still Picture, Main 12 4:4:4 Still Picture, or Main 16 4:4:4 Still Picture profile, or 2) the gci_all_rap_pictures_constraint_flag is equal to 1 and the bitstream is indicated to conform to the Main 10, Main 10 4:4:4, Main 12, Main 12 4:4:4, or Main 16 4:4:4 profile.
· The decoder conforms to the Main 12 Still Picture profile, and the bitstream is indicated to conform to the Main 10 Still Picture or Main 12 Still Picture profile.
· The decoder conforms to the Main 12 4:4:4 Still Picture profile, and the bitstream is indicated to conform to the Main 10 Still Picture, Main 10 4:4:4 Still Picture, Main 12 Still Picture or Main 12 4:4:4 Still Picture profile.
· The decoder conforms to the Main 16 4:4:4 Still Picture profile, and the bitstream is indicated to conform to the Main 10 Still Picture, Main 10 4:4:4 Still Picture, Main 12 Still Picture, Main 12 4:4:4 Still Picture, or Main 16 4:4:4 Still Picture profile.
· The bitstream is indicated to conform to a tier that is lower than or equal to the specified tier.
· The bitstream is indicated to conform to a level that is not level 15.5 and is lower than or equal to the specified level.
Decoders conforming to the Main 12 Still Picture profile at a specific level of a specific tier shall also be capable of decoding of the first picture of a bitstream when both of the following conditions apply:
· That bitstream is indicated to conform to the Main 10, Main 12, or Main 12 Intra profile, to conform to a tier that is lower than or equal to the specified tier, and to conform to a level that is not level 15.5 and is lower than or equal to the specified level.
· That picture is a GDR picture with ph_recovery_poc_cnt equal to 0 or an IRAP picture, is in an output layer, and has ph_pic_output_flag equal to 1.
Decoders conforming to the Main 12 4:4:4 Still Picture profile at a specific level of a specific tier shall also be capable of decoding of the first picture of a bitstream when both of the following conditions apply:
· That bitstream is indicated to conform to the Main 10, Main 10 4:4:4, Main 12, Main 12 Intra, Main 12 4:4:4, or Main 12 4:4:4 Intra profile, to conform to a tier that is lower than or equal to the specified tier, and to conform to a level that is not level 15.5 and is lower than or equal to the specified level.
· That picture is a GDR picture with ph_recovery_poc_cnt equal to 0 or an IRAP picture, is in an output layer, and has ph_pic_output_flag equal to 1.
Decoders conforming to the Main 16 4:4:4 Still Picture profile at a specific level of a specific tier shall also be capable of decoding of the first picture of a bitstream when both of the following conditions apply:
· That bitstream is indicated to conform to the Main 10, Main 10 4:4:4, Main 12, Main 12 Intra, Main 12 4:4:4, Main 12 4:4:4 Intra, Main 16 4:4:4, or Main 16 4:4:4 Intra profile, to conform to a tier that is lower than or equal to the specified tier, and to conform to a level that is not level 15.5 and is lower than or equal to the specified level.
· That picture is a GDR picture with ph_recovery_poc_cnt equal to 0 or an IRAP picture, is in an output layer, and has ph_pic_output_flag equal to 1.

In subclause A.4.1, make the following changes:
...
Table A.2 specifies the limits for each level of each tier for levels other than level 15.5.
NOTE 2 – Since there are no limits specified by Table A.2 for level 15.5, it is not possible in general for a practical decoder to be assured of being able to decode all bitstreams that conform to this level. The purpose of the definition of level 15.5 is to provide a suitable label for bitstreams that can exceed the limits of all other specified levels. When the bitstream is indicated to conform to level 15.5, a decoder is expected to examine the characteristics of the bitstream during its operation in order to determine whether it is capable of decoding the bitstream.
When the specified level is not level 15.5, bitstreams conforming to a profile at a specified tier and level shall obey the following constraints for each bitstream conformance test as specified in Annex C:
a) PicSizeMaxInSamplesY shall be less than or equal to MaxLumaPs, where MaxLumaPs is specified in Table A.2.
b) The value of PicWidthMaxInSamplesY shall be less than or equal to Sqrt( MaxLumaPs * 8 ).
c) The value of PicHeightMaxInSamplesY shall be less than or equal to Sqrt( MaxLumaPs * 8 ).
d) For each referenced PPS, the value of NumTileColumns shall be less than or equal to MaxTileCols and the value of NumTilesInPic shall be less than or equal to MaxTilesPerAu, where MaxTileCols and MaxTilesPerAu are specified in Table A.2.
e) For each referenced PPS, the value of ColWidthVal[ i ] * CtbSizeY, for each i in the range of 0 to NumTileColumns − 1, inclusive, shall be less than or equal to 0.5 * Sqrt( Max( level4Val, MaxLumaPs ) * 8 ), where MaxLumaPs is specified in Table A.2 and level4Val is equal to 2 228 224.
NOTE 3 – The maximum tile width in luma samples is also less than or equal to the picture width, which is less than or equal to Sqrt( MaxLumaPs * 8 ).
f) For the VCL HRD parameters, CpbSize[ Htid ][ i ] shall be less than or equal to CpbVclFactor * MaxCPB for at least one value of i in the range of 0 to hrd_cpb_cnt_minus1, inclusive, where CpbSize[ Htid ][ i ] is specified in clause 7.4.6.3 based on parameters selected as specified in clause C.1, CpbVclFactor is specified in Table A.4 and MaxCPB is specified in Table A.2 in units of CpbVclFactor bits.
g) For the NAL HRD parameters, CpbSize[ Htid ][ i ] shall be less than or equal to CpbNalFactor * MaxCPB for at least one value of i in the range of 0 to hrd_cpb_cnt_minus1, inclusive, where CpbSize[ Htid ][ i ] is specified in clause 7.4.6.3 based on parameters selected as specified in clause C.1, CpbNalFactor is specified in Table A.4, and MaxCPB is specified in Table A.2 in units of CpbNalFactor bits.
h) The value of BinCountsInPicNalUnits shall be less than or equal to vclByteScaleFactor * NumBytesInPicVclNalUnits + ( RawMinCuBits * PicSizeInMinCbsY )  32.
i) For each subpicture with subpicture index subpicIdxA for which sps_subpic_treated_as_pic_flag[ subpicIdxA ] is equal to 1, the value of BinCountsInSubpicNalUnits shall be less than or equal to vclByteScaleFactor * NumBytesInSubpicVclNalUnits + ( RawMinCuBits * subpicSizeInMinCbsY ) ÷ 32.
NOTE 4 – The constraints on the maximum number of bins resulting from decoding the contents of the coded slice NAL units of a coded picture or subpicture can be met by inserting a number of rbsp_cabac_zero_word syntax elements to increase the value of NumBytesInPicVclNalUnits. Each rbsp_cabac_zero_word is represented in a NAL unit by the three-byte sequence 0x000003 (as a result of the constraints on NAL unit contents that result in requiring inclusion of an emulation_prevention_three_byte for each rbsp_cabac_zero_word).
…
In subclause A.4.2, make the following changes:
...
When the specified level is not level 15.5, bitstreams Bitstreams conforming to the Main 10, Main 10 4:4:4, Multilayer Main 10, Multilayer Main 10 4:4:4, Main 12, Main 12 4:4:4, Main 16 4:4:4, Main 12 Intra, Main 12 4:4:4 Intra, or Main 16 4:4:4 Intra profile at a specified tier and level shall obey the following constraints for each bitstream conformance test as specified in Annex C:
...
In subclause C.1, make the following changes:
...
[bookmark: _Ref343176600]NOTE 2 – A picture that follows the DRAP picture in decoding order and precedes the DRAP picture in output order could refer to a picture earlier than the DRAP picture in decoding order. Consequently, when the decoding starts from a DRAP picture, such a picture would not be correctly decodable.
Each conformance test consists of a combination of one option selected in each of these steps. When there is more than one option for a step, for any particular conformance test only one option is chosen. All possible combinations of all the steps form the entire set of conformance tests. For each operation point under test, the number of bitstream conformance tests to be performed is equal to n0 * n1 * ( 2 * n2 + n3 + n4 + n5 ), where the values of n0, n1, n2, n3, n4, and n5 are specified as follows:
–	n0 is set equal to 2.
–	n1 is equal to hrd_cpb_cnt_minus1 + 1.
–	n2 is the number of AUs in BitstreamToDecode that each is associated with a BP SEI message applicable to TargetOlsIdx and for which all of the following conditions are true:
–	nal_unit_type is equal to CRA_NUT.
–	The associated BP SEI message has bp_alt_cpb_params_present_flag equal to 1.
–	There is at least one RASL picture with pps_mixed_nalu_types_in_pic_flag equal to 0 associated with the AU.
–	n3 is the number of IRAP or GDR AUs in BitstreamToDecode that each is associated with a BP SEI message applicable to TargetOlsIdx and for which at least one the following conditions is false:
–	nal_unit_type is equal to CRA_NUT.
–	The associated BP SEI message has bp_alt_cpb_params_present_flag equal to 1.
–	There is at least one RASL picture with pps_mixed_nalu_types_in_pic_flag equal to 0 associated with the AU.
–	n4 is the number of AUs in BitstreamToDecode that each is associated with a DRAP indication SEI message applicable to TargetOlsIdx and for each of which the associated PT SEI message has pt_cpb_alt_timing_info_present_flag equal to 1.
–	n5 is derived as follows:
–	If general_du_hrd_params_present_flag in the selected general_timing_hrd_parameters( ) syntax structure is equal to 0, n5 is equal to 1.
–	Otherwise, n5 is equal to 2.
NOTE 2 – n0 corresponds to conformance tests for Type I bitstream conformance and Type II bitstream conformance. n1 corresponds to conformance tests for each CPB delivery schedule. n2 corresponds to conformance tests for bitstreams starting at each CRA pictures with associated RASL pictures and alternative initial CPB removal delay and delay offset present. These tests are performed twice: once for bitstream keeping and once for bitstreams removing RASL pictures associated with the CRA. n3 corresponds to conformance tests for bitstreams starting at each IRAP or GDR AU that is not a CRA with associated RASL pictures and alternative initial CPB removal delay and delay offset present. n4 corresponds to conformance tests for bitstreams starting with each IRAP with associated DRAP pictures with alternative timing information present and result of removing all AUs between a DRAP picture with alternative timing information present and the preceding IRAP. n5 corresponds to conformance tests for AU based conformance and DU-based when general_du_hrd_params_present_flag is equal to 1.
...
In subclause C.5.1, make the following changes and adjust the indices for subsequent equations accordingly:
...
For output timing decoder conformance, the HSS operates as described in clause C.2, with delivery schedules selected only from the subset of values of ScIdx for which the bit rate and CPB size are restricted as specified in Annex A for the specified profile, tier and level or with "interpolated" delivery schedules as specified by Equations 1597, 1598, and 1599, and 1560 for which the bit rate and CPB size are restricted as specified in Annex A. The same delivery schedule is used for both the HRD and the DUT.
When the HRD parameters and the BP SEI messages are present with hrd_cpb_cnt_minus1 and bp_cpb_cnt_minus1, respectively, greater than 0, the decoder shall be capable of decoding the bitstream as delivered from the HSS operating using an "interpolated" delivery schedule specified as having peak bit rate r, CPB size c( r ), and initial CPB removal delay ( f( r ) ÷ r ), and initial CPB removal delay offset ( o( r ) ÷ r ) as follows:
α = ( r − BitRate[ Htid ][ ScIdx − 1 ] ) ÷ ( BitRate[ Htid ][ ScIdx ] −
		BitRate[ Htid ][ ScIdx − 1 ] )		(1597)
c( r ) = α * CpbSize[ Htid ][ ScIdx ] + ( 1 − α ) * CpbSize[ Htid ][ ScIdx − 1 ]	(1598)
f( r ) = α * InitCpbRemovalDelay[ ScIdx ] * BitRate[ Htid ][ ScIdx ] +
		( 1 − α ) * InitCpbRemovalDelay[ ScIdx − 1 ] * BitRate[ Htid ][ ScIdx − 1 ]	(1599)
o( r ) = α * InitCpbRemovalDelayOffset [ ScIdx ] * BitRate[ Htid ][ ScIdx ] +
		( 1 − α ) * InitCpbRemovalDelayOffset [ ScIdx − 1 ] * BitRate[ Htid ][ ScIdx − 1 ]	(1560)
...
Replace subclause D.2.1 with the following:
[bookmark: _Toc358292223][bookmark: _Ref23240140][bookmark: _Ref30691931][bookmark: _Toc50057321]D.2.1	General SEI payload syntax

	sei_payload( payloadType, payloadSize ) {
	Descriptor

		SeiExtensionBitsPresentFlag = 0
	

		if( nal_unit_type  = =  PREFIX_SEI_NUT )
	

			if( payloadType  = =  0 )
	

				buffering_period( payloadSize )
	

			else if( payloadType  = =  1 )
	

				pic_timing( payloadSize )
	

			else if( payloadType  = =  3 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				filler_payload( payloadSize ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

			else if( payloadType  = =  4 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				user_data_registered_itu_t_t35( payloadSize )
	

			else if( payloadType  = =  5 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				user_data_unregistered( payloadSize )
	

			else if( payloadType  = =  19 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				film_grain_characteristics( payloadSize )
	

			else if( payloadType  = =  22 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				post_filter_hint( payloadSize )
	

			else if( payloadType  = =  45 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				frame_packing_arrangement( payloadSize )
	

			else if( payloadType  = =  47 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				display_orientation( payloadSize )
	

			else if( payloadType  = =  56 ) /* Specified in ISO/IEC 23001-11 */
	

				green_metadata( payloadsize ) 
	

			else if( payloadType  = =  129 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				parameter_sets_inclusion_indication( payloadSize )
	

			else if( payloadType  = =  130 )
	

				decoding_unit_info( payloadSize )
	

			else if( payloadType  = =  133 )
	

				scalable_nesting( payloadSize )
	

			else if( payloadType  = =  137 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				mastering_display_colour_volume( payloadSize )
	

			else if( payloadType  = =  142 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				colour_transform_info( payloadSize )
	

			else if( payloadType  = =  144 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				content_light_level_info( payloadSize )
	

			else if( payloadType  = =  145 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				dependent_rap_indication( payloadSize )
	

			else if( payloadType  = =  147 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				alternative_transfer_characteristics( payloadSize )
	

			else if( payloadType  = =  148 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				ambient_viewing_environment( payloadSize )
	

			else if( payloadType  = =  149 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				content_colour_volume( payloadSize )
	

			else if( payloadType  = =  150 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				equirectangular_projection( payloadSize )
	

			else if( payloadType  = =  153 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				generalized_cubemap_projection( payloadSize )
	

			else if( payloadType  = =  154 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				sphere_rotation( payloadSize )
	

			else if( payloadType  = =  155 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				regionwise_packing( payloadSize )
	

			else if( payloadType  = =  156 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				omni_viewport( payloadSize )
	

			else if( payloadType  = =  165 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				alpha_channel_info( payloadSize )
	

			else if( payloadType  = =  168 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				frame_field_info( payloadSize )
	

			else if( payloadType  = =  177 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				depth_representation_info( payloadSize )
	

			else if( payloadType  = =  179 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				multiview_acquisition_info( payloadSize )
	

			else if( payloadType  = =  180 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				multiview_view_position( payloadSize )
	

			else if( payloadType  = =  200 )
	

				sei_manifest( payloadSize )
	

			else if( payloadType  = =  201 )
	

				sei_prefix_indication( payloadSize )
	

			else if( payloadType  = =  202 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				annotated_regions( payloadSize )
	

			else if( payloadType  = =  203 )
	

				subpic_level_info( payloadSize )
	

			else if( payloadType  = =  204 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				sample_aspect_ratio_info( payloadSize )
	

			else if( payloadType  = =  205 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				scalability_dimension_info shutter_interval_info( payloadSize )
	

			else if( payloadType  = =  206 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				extended_drap_indication( payloadSize )
	

			else if( payloadType  = =  207 )
	

				constrained_rasl_encoding_indication( payloadSize )
	

			else if( payloadType  = =  208 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				scalability_dimension_info( payloadSize )
	

			else if( payloadType  = =  209 ) /* Specified in ISO/IEC 23090-13 */
	

				vdi_sei_envelope( payloadsize ) 
	

			else if( payloadType  = =  210 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				nn_post_filter_characteristics( payloadSize )
	

			else if( payloadType  = =  211 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				nn_post_filter_activation( payloadSize )
	

			else if( payloadType  = =  212 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				phase_indication( payloadSize )
	

			else                        /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				reserved_message( payloadSize )
	

		else /* nal_unit_type  = =  SUFFIX_SEI_NUT */
	

			if( payloadType  = =  3 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				filler_payload( payloadSize )
	

			else if( payloadType  = =  4 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				user_data_registered_itu_t_t35( payloadSize )
	

			else if( payloadType  = =  5 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				user_data_unregistered( payloadSize )
	

			else if( payloadType  = =  22 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				post_filter_hint( payloadSize )
	

			else if( payloadType  = =  132 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				decoded_picture_hash( payloadSize )
	

			else if( payloadType  = =  133 )
	

				scalable_nesting( payloadSize )
	

			else if( payloadType  = =  210 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				nn_post_filter_characteristics( payloadSize )
	

			else if( payloadType  = =  211 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				nn_post_filter_activation( payloadSize )
	

			else                        /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				reserved_message( payloadSize )
	

		if( SeiExtensionBitsPresentFlag  | |  more_data_in_payload( ) ) {
	

			if( payload_extension_present( ) )
	

				sei_reserved_payload_extension_data
	u(v)

			sei_payload_bit_equal_to_one /* equal to 1 */
	f(1)

			while( !byte_aligned( ) )
	

				sei_payload_bit_equal_to_zero /* equal to 0 */
	f(1)

		}
	

	}
	



In subclause D.2.2, make the following changes:
...
Table D.1 – Persistence scope of SEI messages (informative)
	SEI message
	Persistence scope

	Buffering period
	The remainder of the bitstream

	Picture timing
	The AU containing the SEI message

	DU information
	The AU containing the SEI message

	Scalable nesting
	Depending on the scalable-nested SEI messages. Each scalable-nested SEI message has the same persistence scope as if the SEI message was not scalable-nested

	SEI manifest
	The CVS containing the SEI message

	SEI prefix indication
	The CVS containing the SEI message

	Subpicture level information
	The CVS containing the SLI SEI message and up to but not including the next CVS, in decoding order, that contains an SLI SEI message with different content

	Constrained RASL encoding indication
	The CVS containing the SEI message



...
The list VclAssociatedSeiList is set to consist of the payloadType values 3, 19, 22, 45, 47, 56, 129, 132, 137, 142, 144, 145, 147 to 150, inclusive, 153 to 156, inclusive, 165, 168, 177, 179, 180, 200 to 202, inclusive, and 204 to 207 212, inclusive.
The list PicUnitRepConSeiList is set to consist of the payloadType values 0, 1, 19, 22, 45, 47, 56, 129, 132, 133, 137, 142, 144, 145, 147 to 150, inclusive, 153 to 156, inclusive, 165, 168, 177, 179, 180, and 200 to 207 212, inclusive.
...
It is a requirement of bitstream conformance that the following restrictions apply on containing of SEI messages in SEI NAL units:
–	When general_same_pic_timing_in_all_ols_flag is equal to 1, there shall be no SEI NAL unit that contains a scalable-nested SEI message with payloadType equal to 1 (PT), and when an SEI NAL unit contains a non-scalable-nested SEI message with payloadType equal to 1 (PT), the SEI NAL unit shall not contain any other SEI message with payloadType not equal 1.
–	When an SEI NAL unit contains a non-scalable-nested SEI message with payloadType equal to 0 (BP), 1 (PT), 130 (DUI), or 203 (SLI), the SEI NAL unit shall not contain any other SEI message with payloadType not equal to any of 0, 1, 130, and 203.
–	When an SEI NAL unit contains a scalable-nested SEI message with payloadType equal to 0 (BP), 1 (PT), 130 (DUI), or 203 (SLI), the SEI NAL unit shall not contain any other SEI message with payloadType not equal to any of 0, 1, 130, 203, and 133 (scalable nesting).
–	When an SEI NAL unit contains an SEI message with payloadType equal to 3 (filler payload), the SEI NAL unit shall not contain any other SEI message with payloadType not equal to 3.
–	When a prefix SEI NAL unit containing an SEI message with payloadType equal to 22 (post-filter hint) is present in a picture unit, a suffix SEI NAL unit containing an SEI message with the same value of payloadType shall not be present in the same picture unit.
...
The following applies on the content of scalable-nested and non-scalable-nested SEI messages applying to the same OLS or layer:
–	When there are multiple SEI messages with a particular value of payloadType not equal to any of 4, 5, and 133 that are associated with a particular AU or DU and apply to a particular OLS, layer, or subpicture OLS or layer, regardless of whether some or all of these SEI messages are scalable-nested, the SEI messages shall have the same SEI payload content.
...
In subclause D.4.2, make the following changes:
...
pt_dpb_output_delay is used to compute the DPB output time of the AU. It specifies how many clock ticks to wait after removal of an AU from the CPB before the decoded pictures of the AU are output from the DPB.
NOTE 1 – A decoded picture is not removed from the DPB at its output time when it is still marked as "used for short-term reference" or "used for long-term reference".
The length of pt_dpb_output_delay is bp_dpb_output_delay_length_minus1 + 1 bits. When dpb_max_dec_pic_buffering_minus1[ Htid ] is equal to 0, the value of pt_dpb_output_delay shall be equal to 0.
The output time derived from the pt_dpb_output_delay of any picture that is output from an output timing conforming decoder shall precede the output time derived from the pt_dpb_output_delay of all pictures in any subsequent CVS in decoding order.
The picture output order established by the values of this syntax element shall be the same order as established by the values of PicOrderCntVal.
For pictures that are not output by the "bumping" process because they precede, in decoding order, a CVSS AU that has sh_no_output_of_prior_pics_flag equal to 1 or inferred to be NoOutputOfPriorPicsFlag equal to 1, the output times derived from pt_dpb_output_delay shall be increasing with increasing value of PicOrderCntVal relative to all pictures within the same CVS.
...
pt_dpb_output_du_delay is used to compute the DPB output time of the AU when DecodingUnitHrdFlag is equal to 1. It specifies how many sub clock ticks to wait after removal of the last DU in an AU from the CPB before the decoded pictures of the AU are output from the DPB.
The length of the syntax element pt_dpb_output_du_delay is given in bits by bp_dpb_output_delay_du_length_minus1 + 1.
The output time derived from the pt_dpb_output_du_delay of any picture that is output from an output timing conforming decoder shall precede the output time derived from the pt_dpb_output_du_delay of all pictures in any subsequent CVS in decoding order.
The picture output order established by the values of this syntax element shall be the same order as established by the values of PicOrderCntVal.
For pictures that are not output by the "bumping" process because they precede, in decoding order, a CLVSS picture CVSS AU that has sh_no_output_of_prior_pics_flag equal to 1 or inferred to be NoOutputOfPriorPicsFlag equal to 1, the output times derived from pt_dpb_output_du_delay shall be increasing with increasing value of PicOrderCntVal relative to all pictures within the same CVS.
For any two pictures in the CVS, the difference between the output times of the two pictures when DecodingUnitHrdFlag is equal to 1 shall be identical to the same difference when DecodingUnitHrdFlag is equal to 0.
...
In subclause D.5.2, make the following changes:
...
dui_dpb_output_du_delay is used to compute the DPB output time of the AU when DecodingUnitHrdFlag is equal to 1 and bp_du_dpb_params_in_pic_timing_sei_flag is equal to 0. It specifies how many sub clock ticks to wait after removal of the last DU in an AU from the CPB before the decoded pictures of the AU are output from the DPB. When dui_dpb_output_du_delay is not present and bp_du_dpb_params_in_pic_timing_sei_flag is equal to 0, the value of dui_dpb_output_du_delay is inferred to be equal to dui_dpb_output_du_delay from any DU belonging to the same AU for which dui_dpb_output_du_delay_present_flag is equal to 1. The length of the syntax element dui_dpb_output_du_delay is given in bits by bp_dpb_output_delay_du_length_minus1 + 1.
It is a requirement of bitstream conformance that all DUI SEI messages that are associated with the same AU, apply to the same operation point, and have bp_du_dpb_params_in_pic_timing_sei_flag equal to 0 and dui_dpb_output_du_delay_present_flag equal to 1 shall have the same value of dui_dpb_output_du_delay.
The output time derived from the dui_dpb_output_du_delay of any picture that is output from an output timing conforming decoder shall precede the output time derived from the dui_dpb_output_du_delay of all pictures in any subsequent CVS in decoding order.
The picture output order established by the values of this syntax element shall be the same order as established by the values of PicOrderCntVal.
For pictures that are not output by the "bumping" process because they precede, in decoding order, a CVSS AU that has sh_no_output_of_prior_pics_flag equal to 1 or inferred to be NoOutputOfPriorPicsFlag equal to 1, the output times derived from dui_dpb_output_du_delay shall be increasing with increasing value of PicOrderCntVal relative to all pictures within the same CVS.
For any two pictures in the CVS, the difference between the output times of the two pictures when DecodingUnitHrdFlag is equal to 1 shall be identical to the same difference when DecodingUnitHrdFlag is equal to 0.
...
[bookmark: _Ref205113707][bookmark: _Ref215995733][bookmark: _Ref220342660][bookmark: _Ref5407304][bookmark: _Toc50057335]In subclause D.12, make the following changes:
D.12	Use of ITU-T H.274 | ISO/IEC 23002-7 1 SEI messages specified in other specifications
D.12.1	General
The SEI messages having syntax structures identified in clause ‎D.2.1 that are specified in other specifications, including Rec. ITU-T H.274 | ISO/IEC 23002-7, ISO/IEC 23001-11, or ISO/IEC 23090-13, may be used together with bitstreams specified by this Specification.
When any particular SEI message specified in Rec. ITU-T H.274 | ISO/IEC 23002-7, SEI message ISO/IEC 23001-11, or ISO/IEC 23090-13 is included in a bitstream specified by this Specification, the SEI payload syntax shall be as specified in Rec. ITU-T H.274 | ISO/IEC 23002-7, ISO/IEC 23001-11, or ISO/IEC 23090-13, respectively, that syntax shall be included into the sei_payload( ) syntax structure as specified in clause ‎D.2.1 , and shall use the payloadType value specified in clause ‎D.2.1, the corresponding semantics specified in Rec. ITU-T H.274 | ISO/IEC 23002-7, ISO/IEC 23001-11, or ISO/IEC 23090-13 shall apply, and, additionally, any SEI-message-specific constraints, variables, and semantics specified in this annex for that particular SEI message shall apply.
The value of PayloadBits, as specified in clause ‎D.2.2, is passed to the parser of the SEI message syntax structures specified in Rec. ITU-T H.274 | ISO/IEC 23002-7, ISO/IEC 23001-11, and ISO/IEC 23090-13.
NOTE – The definition of IRAP picture in the VSEI specification is as follows: A coded picture starting from which all pictures in the same layer in both decoding order and output order can be decoded without first decoding any picture in the same layer earlier in decoding order in the coded video bitstream. Consequently, a GDR picture with ph_recovery_poc_cnt equal to 0 in a VVC bitsream is an IRAP picture according to the IRAP picture definition in the VSEI specification.

Add subclauses D.12.10 and D.12.13 as follows:
D.12.10	Use of the shutter interval information SEI message
The following constraints apply to the shutter interval information SEI message:
–	When the value of SpsMaxSubLayersMinus1 is equal to 0, the value of fixed_shutter_interval_within_clvs_flag shall be equal to 1.
–	The value of sii_max_sub_layers_minus1 shall be equal to the value of SpsMaxSubLayersMinus1.
D.12.11	Use of the neural network post-filter characteristics SEI message
Let currCodedPic be the cropped decoded output coded picture for which the neural-network post-processing filter (NNPF) defined by the neural-network post-filter characteristics (NNPFC) SEI message is activated by a neural-network post-filter activation (NNPFA) SEI message and currLayerId be the nuh_layer_id value of currPic.
It is a requirement of bitstream conformance that when a picture unit contains an NNPFA SEI message, the value of ph_pic_output_flag in the picture header contained in that picture unit shall be equal to 1.
NOTE – Since only cropped decoded output pictures are used as input pictures of the NNPF, the value of ph_pic_output_flag in the picture header of the coded picture corresponding to each input picture of the NNPF is equal to 1.
The variable pictureRateUpsamplingFlag is set equal to ( nnpfc_purpose & 0x08 )  !=  0.
The variable numInputPics is set equal to nnpfc_num_input_pics_minus1 + 1.
The variable numInferences is derived as follows:
–	If pictureRateUpsamplingFlag is equal to 1, the NNPFA SEI message that activated this NNPF has nnpfa_persistence_flag equal to 1, nnpfc_interpolated_pics[ i ] is greater than 0 only for a single value of i that is greater than 0, and currPic is the last picture of the bitstream in output order that has nuh_layer_id equal to currLayerId, the variable numPostRoll is set equal to the value of i such that nnpfc_interpolated_pics[ i ] is greater than 0 and the variable numInferences is set equal to 1 + numPostRoll.
–	Otherwise, the variable numInferences is set equal to 1.
For each value of j in the range of 0 to numInferences − 1, inclusive, the following applies:
The array inputPicPoc[ i ] for all values of i in the range of 0 to numInputPics − 1, inclusive, specifying the picture order count values of the input pictures for the NNPF, is derived as follows:
–	inputPicPoc[ 0 ] is set equal to PicOrderCntVal of currCodedPic.
–	When numInputPics is greater than 1, the following applies for each value of i in the range of 1 to numInputPics − 1, inclusive, in increasing order of i:
–	If currCodedPic is associated with a frame packing arrangement SEI message with fp_arrangement_type equal to 5 and a particular value of fp_current_frame_is_frame0_flag, inputPicPoc[ i ] is set equal to PicOrderCntVal of the picture that precedes, in output order, the picture associated with index i − 1 and is associated with a frame packing arrangement SEI message with fp_arrangement_type equal to 5 and the same value of fp_current_frame_is_frame0_flag.
–	Otherwise (currCodedPic is not associated with a frame packing arrangement SEI message with fp_arrangement_type equal to 5), inputPicPoc[ i ] is set equal to PicOrderCntVal of the picture that precedes, in output order, the picture associated with index i − 1.
–	The arrays inputPic[ i ] and inputPresentFlag[ i ] for i in the range of 0 to numInputPics − 1, inclusive, representing all the input pictures and the presence of input pictures within the bitstream, respectively, are specified as follows:
–	When j is greater than 0, for each value of k in the range of 0 to j − 1, inclusive, inputPic[ k ] is set to be currPic and inputPresentFlag[ k ] is set equal to 0.
–	The j-th input picture, inputPic[ j ], is set equal to be currPic and inputPresentFlag[ j ] is set equal to 1.
–	When numInputPics is greater than 1, the following applies for each value of i in the range of j + 1 to numInputPics − j − 1, inclusive, in increasing order of i:
–	If pictureRateUpsamplingFlag is equal to 1, currPic is associated with a frame packing arrangement SEI message with fp_arrangement_type equal to 5 and a particular value of fp_current_frame_is_frame0_flag, and there is a cropped decoded output picture prevPic that is the last picture in output order among all cropped decoded output pictures that have nuh_layer_id equal to currLayerId, precede inputPic[ i − 1 ] in output order, and are associated with a frame packing arrangement SEI message with fp_arrangement_type equal to 5 and the same value of fp_current_frame_is_frame0_flag, inputPic[ i ] is set to be prevPic and inputPresentFlag[ i ] is set equal to 1.
–	Otherwise, if pictureRateUpsamplingFlag is equal to 0 and there is a picture prevPic that is the last picture in output order among all cropped decoded output pictures that have nuh_layer_id equal to currLayerId and precede inputPic[ i − 1 ] in output order, inputPic[ i ] is set to be prevPic and inputPresentFlag[ i ] is set equal to 1.
–	Otherwise, if currPic is not associated with a frame packing arrangement SEI message with fp_arrangement_type equal to 5 and there is a cropped decoded output picture prevPic that is the last picture in output order among all cropped decoded output pictures that have nuh_layer_id equal to currLayerId and precede inputPic[ i − 1 ] in output order, inputPic[ i ] is set to be prevPic and inputPresentFlag[ i ] is set equal to 1.
–	Otherwise, the following applies:
–	inputPic[ i ] is set to be the same picture as inputPic[ i − 1 ] and inputPresentFlag[ i ] is set equal to 0.
–	It is a requirement of bitstream conformance that num_interpolated_pics[ i − 1 ] shall not be greater than 0.
–	For purposes of interpretation of the NNPFC SEI message, the following variables are specified:
–	If pictureRateUpsamplingFlag is equal to 1numInputPics is greater than 1 and there is a second NNPF that is defined by at least one NNPFC SEI message, is activated by an NNPFA SEI message for currCodedPic, and has nnpfc_purpose equal to 4, the following applies:
–	CroppedWidth is set equal to nnpfc_pic_width_in_luma_samples defined for the second NNPF.
–	CroppedHeight is set equal to nnpfc_pic_height_in_luma_samples defined for the second NNPF.
–	Otherwise, the following applies:
–	CroppedWidth is set equal to the value of pps_pic_width_in_luma_samples − ‌SubWidthC * ‌ ( pps_conf_win_left_offset + pps_conf_win_right_offset ) for currCodedPic.
–	CroppedHeight is set equal to the value of pps_pic_height_in_luma_samples − ‌SubHeightC * ‌ ( pps_conf_win_top_offset + pps_conf_win_bottom_offset ) for currCodedPic.
–	The luma sample arrays CroppedYPic[ i ] and the chroma sample arrays CroppedCbPic[ i ] and CroppedCrPic[ i ], when present, are derived as follows for each value of i in the range of 0 to numInputPics − 1, inclusive:
–	Let sourcePic be the cropped decoded output picture that has PicOrderCntVal equal to inputPicPoc[ i ] in the CLVS containing currCodedPic.
–	The variable sourcePic is derived as follows:
–	If inputPresentFlag[ i ] is equal to 1 or nnpfc_absent_input_pic_zero_flag is equal to 0, sourcePic is set to be inputPic[ i ].
–	Otherwise(inputPresentFlag[ i ] is equal to 0 and nnpfc_absent_input_pic_zero_flag is equal to 1), sourcePic is set to be a picture with a luma sample array of CroppedWidth × CroppedHeight samples equal to 0 and Cb and Cr sample arrays of ( CroppedWidth / SubWidthC ) × ( CroppedHeight / SubHeightC ) samples equal to 0.
–	If pictureRateUpsamplingFlag is equal to 0numInputPics is equal to 1, the following applies:
–	The luma sample array CroppedYPic[ i ] and the chroma sample arrays CroppedCbPic[ i ] and CroppedCrPic[ i ], when present, are set to be the 2-dimensional arrays of decoded sample values of the Y, Cb and Cr components, respectively, of sourcePic.
–	Otherwise (pictureRateUpsamplingFlag is equal to 1numInputPics is greater than 1), the following applies:
–	The variable sourceWidth is set equal to the value of pps_pic_width_in_luma_samples − ‌SubWidthC * ( pps_conf_win_left_offset + pps_conf_win_right_offset ) for sourcePic.
–	The variable sourceHeight is set equal to the value of pps_pic_height_in_luma_samples − ‌SubHeightC * ( pps_conf_win_top_offset + pps_conf_win_bottom_offset ) for sourcePic.
–	If sourceWidth is equal to CroppedWidth and sourceHeight is equal to CroppedHeight, inputPic is set to be the same as sourcePic.
–	Otherwise (sourceWidth is not equal to CroppedWidth or sourceHeight is not equal to CroppedHeight), the following applies:
–	There shall be an NNPF, hereafter referred to as the super resolution NNPF, that is defined by at least one NNPFC SEI message, is activated by an NNPFA SEI message for sourcePic, and has nnpfc_purpose equal to 4, nnpfc_pic_width_in_luma_samples equal to CroppedWidth and nnpfc_pic_height_in_luma_samples equal to CroppedHeight.
–	resampledinputPic is set to be the output of the neural-network inference of the super resolution NNPF with sourcePic being an input.
–	The luma sample array CroppedYPic[ i ] and the chroma sample arrays CroppedCbPic[ i ] and CroppedCrPic[ i ], when present, are set to be the 2-dimensional arrays of decoded sample values of the Y, Cb and Cr components, respectively, of resampledinputPic.
–	BitDepthY and BitDepthC are both set equal to BitDepth.
–	ChromaFormatIdc is set equal to sps_chroma_format_idc.
–	The array StrengthControlVal[ i ] for all values of i in the range of 0 to numInputPics − 1, inclusive, specifying the filtering strength control value for the input pictures for the NNPF, is derived as follows:
–	StrengthControlVal[ i ] is set equal to the value of ( firstSliceQpY + QpBdOffset ) ÷ ( 63 + QpBdOffset ), where firstSliceQpY is equal to SliceQpY of the first slice of currCodedPicinputPic[ i ].
[bookmark: _Hlk110502627][bookmark: _Hlk110602954]There shall not be more than two NNPFC SEI messages present in a picture unit with the same value of nnpfc_id. When there are two NNPFC SEI messages present in a picture unit with the same value of nnpfc_id, these SEI messages shall have different content. When two NNPFC SEI messages with the same nnpfc_id and different content are present in the same picture unit, both of these NNPFC SEI messages shall be in the same SEI NAL unit.
[bookmark: _Toc31037485]D.12.12	Use of the phase indication SEI message
For purposes of interpretation of the phase indication SEI message, the following variables are specified:
–	CroppedWidth is set equal to pps_pic_width_in_luma_samples − ‌SubWidthC * ‌ ( pps_conf_win_left_offset + pps_conf_win_right_offset ).
–	CroppedHeight is set equal to pps_pic_height_in_luma_samples − ‌SubHeightC * ‌ ( pps_conf_win_top_offset + pps_conf_win_bottom_offset ).
D.12.13	Use of the post-filter hint SEI message
For purposes of interpretation of the post-filter hint SEI message, the following variables are specified:
–	CroppedWidth is set equal to pps_pic_width_in_luma_samples − ‌SubWidthC * ‌ ( pps_conf_win_left_offset + pps_conf_win_right_offset ).
–	CroppedHeight is set equal to pps_pic_height_in_luma_samples − ‌SubHeightC * ‌ ( pps_conf_win_top_offset + pps_conf_win_bottom_offset ).
–	ChromaFormatIdc is set equal to sps_chroma_format_idc.
–	BitDepthY and BitDepthC are both set equal to BitDepth.
[bookmark: _Hlk46943315]–	CroppedSampleArray[ cIdx ] is set to be the 2-dimension array of decoded sample values of the cIdx-th component of the cropped decoded output picture.
The following constraints apply to the value of filter_hint_chroma_coeff_present_flag of the post-filter hint SEI message:
–	If sps_chroma_format_idc is equal to 0, filter_hint_chroma_coeff_present_flag shall be equal to 0.
–	Otherwise (sps_chroma_format_idc is greater than 0), filter_hint_chroma_coeff_present_flag shall be equal to 1.
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