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Abstract
  Neural network post filter (NNPF) SEI messages, the NNPF characteristic SEI and the NNPF activation SEI, and phase indication SEI messages been developed and incorporated into the VVC draft text and VSEI draft text. On the other hand, AVC and HEVC have not defined those SEI messages in the specifications while they have been widely deployed in various applications [1] and those SEI messages are applicable if the specifications have the corresponding payload type numbers and interface definitions using the normative references. It is proposed to support the NNPF and phase indication SEI messages in the AVC and HEVC specifications.
Introduction
  Neural network post filter (NNPF) SEI messages [2] can be used in various applications as it has capability of general visual quality improvement, chroma upsampling (from the 4:2:0 chroma format to the 4:2:2 or 4:4:4 chroma format, or from the 4:2:2 chroma format to the 4:4:4 chroma format), resolution resampling (increasing or decreasing the width or height), picture rate upsampling, bit depth upsampling (increasing the luma bit depth or the chroma bit depth), colourization and those combinations.
  Phase indication SEI messages [2] enables more consistent rendering, in particular when rendering at a higher resolution and when switching between multiple resolutions as is common in streaming scenarios where bandwidth may fluctuate.

[bookmark: _GoBack]Proposed text (HEVC)
The following shows the proposed text. The yellow highlight indicates the changes of specification and red colour indicate removals or a differences to VVC.

2	Normative references
2.3	Paired Recommendations | International Standards equivalent in technical content
–	None Rec. ITU-T H.274 | ISO/IEC 23002-7 (in force) Versatile supplemental enhancement information messages for coded video bitstreams

D.2.1	General SEI message syntax

	sei_payload( payloadType, payloadSize ) {
	Descriptor

		if( nal_unit_type  = =  PREFIX_SEI_NUT )
	

			if( payloadType  = =  0 )
	

				buffering_period( payloadSize )
	

			else if( payloadType  = =  1 )
	

				pic_timing( payloadSize )
	

			else if( payloadType  = =  2 )
	

				pan_scan_rect( payloadSize )
	

			else if( payloadType  = =  3 )
	

				filler_payload( payloadSize )
	

			else if( payloadType  = =  4 )
	

				user_data_registered_itu_t_t35( payloadSize )
	

			else if( payloadType  = =  5 )
	

				user_data_unregistered( payloadSize )
	

			else if( payloadType  = =  6 )
	

				recovery_point( payloadSize )
	

			else if( payloadType  = =  9 )
	

				scene_info( payloadSize )
	

			else if( payloadType  = =  15 )
	

				picture_snapshot( payloadSize )
	

			else if( payloadType  = =  16 )
	

				progressive_refinement_segment_start( payloadSize )
	

			else if( payloadType  = =  17 )
	

				progressive_refinement_segment_end( payloadSize )
	

			else if( payloadType  = =  19 )
	

				film_grain_characteristics( payloadSize )
	

			else if( payloadType  = =  22 )
	

				post_filter_hint( payloadSize )
	

			else if( payloadType  = =  23 )
	

				tone_mapping_info( payloadSize )
	

			else if( payloadType  = =  45 )
	

				frame_packing_arrangement( payloadSize )
	

			else if( payloadType  = =  47 )
	

				display_orientation( payloadSize )
	

			else if( payloadType  = =  56 )
	

				green_metadata( payloadsize ) /* specified in ISO/IEC 23001-11 */
	

			else if( payloadType  = =  128 )
	

				structure_of_pictures_info( payloadSize )
	

			else if( payloadType  = =  129 )
	

				active_parameter_sets( payloadSize )
	

			else if( payloadType  = =  130 )
	

				decoding_unit_info( payloadSize )
	

			else if( payloadType  = =  131 )
	

				temporal_sub_layer_zero_idx( payloadSize )
	

			else if( payloadType  = =  133 )
	

				scalable_nesting( payloadSize )
	

			else if( payloadType  = =  134 )
	

				region_refresh_info( payloadSize )
	

			else if( payloadType  = =  135 )
	

				no_display( payloadSize )
	

			else if( payloadType  = =  136 )
	

				time_code( payloadSize )
	

			else if( payloadType  = =  137 )
	

				mastering_display_colour_volume( payloadSize )
	

			else if( payloadType  = =  138 )
	

				segmented_rect_frame_packing_arrangement( payloadSize )
	

			else if( payloadType  = =  139 )
	

				temporal_motion_constrained_tile_sets( payloadSize )
	

			else if( payloadType  = =  140 )
	

				chroma_resampling_filter_hint( payloadSize )
	

			else if( payloadType  = =  141 )
	

				knee_function_info( payloadSize )
	

			else if( payloadType  = =  142 )
	

				colour_remapping_info( payloadSize )
	

			else if( payloadType  = =  143 )
	

				deinterlaced_field_identification( payloadSize )
	

			else if( payloadType  = =  144 )
	

				content_light_level_info( payloadSize )
	

			else if( payloadType  = =  145 )
	

				dependent_rap_indication( payloadSize )
	

			else if( payloadType  = =  146 )
	

				coded_region_completion( payloadSize )
	

			else if( payloadType  = =  147 )
	

				alternative_transfer_characteristics( payloadSize )
	

			else if( payloadType  = =  148 )
	

				ambient_viewing_environment( payloadSize )
	

			else if( payloadType  = =  149 )
	

				content_colour_volume( payloadSize )
	

			else if( payloadType  = =  150 )
	

				equirectangular_projection( payloadSize )
	

			else if( payloadType  = =  151 )
	

				cubemap_projection( payloadSize )
	

			else if( payloadType  = =  152 )
	

				fisheye_video_info( payloadSize )
	

			else if( payloadType  = =  154 )
	

				sphere_rotation( payloadSize )
	

			else if( payloadType  = =  155 )
	

				regionwise_packing( payloadSize )
	

			else if( payloadType  = =  156 )
	

				omni_viewport( payloadSize )
	

			else if( payloadType  = =  157 )
	

				regional_nesting( payloadSize )
	

			else if( payloadType  = =  158 )
	

				mcts_extraction_info_sets( payloadSize )
	

			else if( payloadType  = =  159 )
	

				mcts_extraction_info_nesting( payloadSize )
	

			else if( payloadType  = =  160 )
	

				layers_not_present( payloadSize )  /* specified in Annex F */
	

			else if( payloadType  = =  161 )
	

				inter_layer_constrained_tile_sets( payloadSize )  /* specified in Annex F */
	

			else if( payloadType  = =  162 )
	

				bsp_nesting( payloadSize )  /* specified in Annex F */
	

			else if( payloadType  = =  163 )
	

				bsp_initial_arrival_time( payloadSize )  /* specified in Annex F */
	

			else if( payloadType  = =  164 )
	

				sub_bitstream_property( payloadSize )  /* specified in Annex F */
	

			else if( payloadType  = =  165 )
	

				alpha_channel_info( payloadSize )  /* specified in Annex F */
	

			else if( payloadType  = =  166 )
	

				overlay_info( payloadSize )  /* specified in Annex F */
	

			else if( payloadType  = =  167 )
	

				temporal_mv_prediction_constraints( payloadSize )  /* specified in Annex F */
	

			else if( payloadType  = =  168 )
	

				frame_field_info( payloadSize )  /* specified in Annex F */
	

			else if( payloadType  = =  176 )
	

				three_dimensional_reference_displays_info( payloadSize )  /* specified in Annex G */
	

			else if( payloadType  = =  177 )
	

				depth_representation_info( payloadSize )  /* specified in Annex G */
	

			else if( payloadType  = =  178 )
	

				multiview_scene_info( payloadSize )  /* specified in Annex G */
	

			else if( payloadType  = =  179 )
	

				multiview_acquisition_info( payloadSize )  /* specified in Annex G */
	

			else if( payloadType  = =  180 )
	

				multiview_view_position( payloadSize )  /* specified in Annex G */
	

			else if( payloadType  = =  181 )
	

				alternative_depth_info( payloadSize )  /* specified in Annex I */
	

			else if( payloadType  = =  200 )
	

				sei_manifest( payloadSize )
	

			else if( payloadType  = =  201 )
	

				sei_prefix_indication( payloadSize )
	

			else if( payloadType  = =  202 )
	

				annotated_regions( payloadSize )
	

			else if( payloadType  = =  205 )
	

				shutter_interval_info( 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
	

				reserved_sei_message( payloadSize )
	

		else /* nal_unit_type  = =  SUFFIX_SEI_NUT */
	

			if( payloadType  = =  3 )
	

				filler_payload( payloadSize )
	

			else if( payloadType  = =  4 )
	

				user_data_registered_itu_t_t35( payloadSize )
	

			else if( payloadType  = =  5 )
	

				user_data_unregistered( payloadSize )
	

			else if( payloadType  = =  17 )
	

				progressive_refinement_segment_end( payloadSize )
	

			else if( payloadType  = =  22 )
	

				post_filter_hint( payloadSize )
	

			else if( payloadType  = =  132 )
	

				decoded_picture_hash( payloadSize )
	

			else if( payloadType  = =  146 )
	

				coded_region_completion( 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
	

				reserved_sei_message( payloadSize )
	

		if( more_data_in_payload( ) ) {
	

			if( payload_extension_present( ) )
	

				reserved_payload_extension_data
	u(v)

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

			while( !byte_aligned( ) )
	

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

		}
	

	}
	



D.3.1	General SEI payload semantics
reserved_payload_extension_data shall not be present in bitstreams conforming to this version of this Specification. However, decoders conforming to this version of this Specification shall ignore the presence and value of reserved_payload_extension_data. When present, the length, in bits, of reserved_payload_extension_data is equal to 8 * payloadSize − nEarlierBits − nPayloadZeroBits − 1, where nEarlierBits is the number of bits in the sei_payload( ) syntax structure that precede the reserved_payload_extension_data syntax element and nPayloadZeroBits is the number of payload_bit_equal_to_zero syntax elements at the end of the sei_payload( ) syntax structure.
If more_data_in_payload( ) is TRUE after the parsing of the SEI message syntax structure (e.g., the buffering_period( ) syntax structure) and nPayloadZeroBits is not equal to 7, PayloadBits is set equal to 8 * payloadSize − nPayloadZeroBits − 1; otherwise, PayloadBits is set equal to 8 * payloadSize.
payload_bit_equal_to_one shall be equal to 1.
payload_bit_equal_to_zero shall be equal to 0.
NOTE 1 – SEI messages with the same value of payloadType are conceptually the same SEI message regardless of whether they are contained in prefix or suffix SEI NAL units.
NOTE 2 – For SEI messages with payloadType in the range of 0 to 47, inclusive, that are specified in this Specification, the payloadType values are aligned with similar SEI messages specified in Rec. ITU-T H.264 | ISO/IEC 14496-10.
The list SingleLayerSeiList is set to consist of the payloadType values 2, 3, 6, 9, 15, 16, 17, 19, 22, 23, 45, 47, 56, 128, 129, 131, 132, 134 to 152, inclusive, 154 to 159, inclusive, 200 to 202, inclusive, and 205, and 210 to 212, inclusive.
The list VclAssociatedSeiList is set to consist of the payloadType values 2, 3, 6, 9, 15, 16, 17, 19, 22, 23, 45, 47, 56, 128, 131, 132, 134 to 152, inclusive, 154 to 159, inclusive, 200 to 202, inclusive, and 205, and 210 to 212, inclusive.
The list PicUnitRepConSeiList is set to consist of the payloadType values 0, 1, 2, 6, 9, 15, 16, 17, 19, 22, 23, 45, 47, 56, 128, 129, 131, 132, 133, 135 to 152, inclusive, 154 to 159, inclusive, 200 to 202, inclusive, and 205, and 210 to 212, inclusive.
NOTE 3 – SingleLayerSeiList consists of the payloadType values of the SEI messages specified in Annex D excluding 0 (buffering period), 1 (picture timing), 4 (user data registered by Recommendation ITU-T T.35), 5 (user data unregistered), 130 (decoding unit information) and 133 (scalable nesting). VclAssociatedSeiList consists of the payloadType values of the SEI messages that, when non-scalable-nested and contained in an SEI NAL unit, 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. PicUnitRepConSeiList consists of the payloadType values of the SEI messages that are subject to the restriction on 8 repetitions per picture unit.
...

D. 4 Use of SEI messages specified in other specifications
D.4.1	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, 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 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 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 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.
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.
D.4.2 Use of the neural network post-filter characteristics SEI message
Let currPic be the cropped decoded output 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 pic_output_flag in the slices headers of 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 pic_output_flag in the slice headers of 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 ) ? 1: 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 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 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 frame_packing_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 frame_packing_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 frame_packing_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 nnpfc_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 numInputPics 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 currPic, and has nnpfc_purpose equal to 4, the following applies:
–	CroppedWidth is set equal to nnpfcOutputPicWidth defined for the second NNPF.
–	CroppedHeight is set equal to nnpfcOutputPicHeight defined for the second NNPF.
–	Otherwise, the following applies:
–	CroppedWidth is set equal to the value of pic_width_in_luma_samples − ‌SubWidthC * ‌ ( conf_win_left_offset + conf_win_right_offset ) for currPic.
–	CroppedHeight is set equal to the value of pic_height_in_luma_samples − ‌SubHeightC * ‌ ( conf_win_top_offset + conf_win_bottom_offset ) for currPic.
–	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:
–	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 numInputPics 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 (numInputPics is greater than 1), the following applies:
–	The variable sourceWidth is set equal to the value of pps_pic_width_in_luma_samples − ‌SubWidthC * ( conf_win_left_offset + conf_win_right_offset ) for sourcePic.
–	The variable sourceHeight is set equal to the value of pps_pic_height_in_luma_samples − ‌SubHeightC * ( conf_win_top_offset + 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.
–	resampledPic 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 resampledPic.
–	BitDepthY and BitDepthC are set equal to BitDepthY and BitDepthC, respectively
–	ChromaFormatIdc is set equal to chroma_format_idc.
[bookmark: _Hlk130548304]–	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 + QpBdOffsetY ) ÷ ( 51 + QpBdOffsetY ), where firstSliceQpY is equal to SliceQpY of the first slice of inputPic[ 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.4.5	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 pic_width_in_luma_samples − ‌SubWidthC * ‌ ( conf_win_left_offset + conf_win_right_offset ).
–	CroppedHeight is set equal to pic_height_in_luma_samples − ‌SubHeightC * ‌ ( conf_win_top_offset + conf_win_bottom_offset ).

F.14.3.1	General SEI payload semantics
The general SEI payload semantics specified in clause D.3.1 apply with the following modifications and additions:
The list VclAssociatedSeiList is set to consist of the payloadType values 2, 3, 6, 9, 15, 16, 17, 19, 22, 23, 45, 47, 56, 128, 131, 132, 134 to 152, inclusive, 154 to 159, inclusive, 161, 165, 167, 168, 200 to 202, inclusive, and 205, and 210 to 212, inclusive.
The list PicUnitRepConSeiList is set to consist of the payloadType values 0, 1, 2, 6, 9, 15, 16, 17, 19, 22, 23, 45, 47, 56, 128, 129, 131, 132, 133, 135 to 152, inclusive, 154 to 168, inclusive, 200 to 202, inclusive, and 205, and 210 to 212, inclusive.
...
[bookmark: _Toc398729477][bookmark: _Ref414882280][bookmark: _Toc415476253][bookmark: _Toc423599528][bookmark: _Toc423602032]F.14.3.1	General SEI payload semantics
The specifications in clause F.14.3.1 apply with the following modifications and additions:
The list VclAssociatedSeiList is set to consist of the payloadType values 2, 3, 6, 9, 15, 16, 17, 19, 22, 23, 45, 47, 56, 128, 131, 132, 134 to 152, inclusive, 154 to 159, inclusive, 161, 165, 167, 168, 177, 178, 179, 200 to 202, inclusive, and 205, and 210 to 212, inclusive.
The list PicUnitRepConSeiList is set to consist of the payloadType values 0, 1, 2, 6, 9, 15, 16, 17, 19, 22, 23, 45, 47, 56, 128, 129, 131, 132, 133, 135 to 152, inclusive, 154 to 168, inclusive, 176 to 180, inclusive, 200 to 202, inclusive, and 205, and 210 to 212, inclusive.
...
[bookmark: _Toc399850839][bookmark: _Toc414796654][bookmark: _Toc415476385][bookmark: _Toc423599660][bookmark: _Toc423602164]I.14.3.1	General SEI payload semantics
The specifications in clause G.14.3.1 apply with the following modifications and additions:
The list VclAssociatedSeiList is set to consist of the payloadType values 2, 3, 6, 9, 15, 16, 17, 19, 22, 23, 45, 47, 56, 128, 131, 132, 134 to 152, inclusive, 154 to 159, inclusive, 161, 165, 167, 168, 177, 178, 179, 200 to 202, inclusive, and 205, and 210 to 212, inclusive.
The list PicUnitRepConSeiList is set to consist of the payloadType values 0, 1, 2, 6, 9, 15, 16, 17, 19, 22, 23, 45, 47, 56, 128, 129, 131, 132, 133, 135 to 152, inclusive, 154 to 168, inclusive, 176 to 181, inclusive, 200 to 202, inclusive, and 205, and 210 to 212, inclusive.


[bookmark: _Toc13903073][bookmark: _Toc20134538][bookmark: _Ref35660950][bookmark: _Toc77680630][bookmark: _Toc118289223][bookmark: _Ref220341703][bookmark: _Toc226456831][bookmark: _Toc248045448][bookmark: _Ref350897957][bookmark: _Toc353888885][bookmark: _Toc80706263]Proposed text (AVC)
[bookmark: _Ref20133850][bookmark: _Ref20133916][bookmark: _Toc20134220][bookmark: _Toc77680331][bookmark: _Toc118288997][bookmark: _Toc226456467][bookmark: _Toc248045170][bookmark: _Toc332093909][bookmark: _Toc332094076][bookmark: _Toc353888467][bookmark: _Toc80705981]2. Normative references
[bookmark: _Ref20133840]The following Recommendations and International Standards contain provisions which, through reference in this text, constitute provisions of this Recommendation | International Standard. At the time of publication, the editions indicated were valid. All Recommendations and Standards are subject to revision, and parties to agreements based on this Recommendation | International Standard are encouraged to investigate the possibility of applying the most recent edition of the Recommendations and Standards listed below. Members of IEC and ISO maintain registers of currently valid International Standards. The Telecommunication Standardization Bureau of the ITU maintains a list of currently valid ITU-T Recommendations.
–	Recommendation ITU-T T.35 (2000), Procedure for the allocation of ITU-T defined codes for non‑standard facilities.
–	Recommendation ITU-R BT.2100-2 (2018), Image parameter values for high dynamic range television for use in production and international programme exchange.
–	ISO/IEC 10646:2020, Information technology − Universal  coded character set (UCS).
–	ISO/IEC 11578:1996, Information technology – Open Systems Interconnection – Remote Procedure Call (RPC).
–	ISO 11664-1:2007, Colorimetry – Part 1: CIE standard colorimetric observers.
–	ISO 12232:2006, Photography – Digital still cameras – Determination of exposure index, ISO speed ratings, standard output sensitivity, and recommended exposure index.
–	ISO/IEC 23001-11 (in force), Information Technology – MPEG Systems Technologies – Part 11: Energy-efficient media consumption (Green metadata).
–	Recommendation ITU-T H.274 | ISO/IEC 23002-7 (in force) Versatile supplemental enhancement information messages for coded video bitstreams
D1. SEI payload syntax
[bookmark: _Toc80706264]D1.1.1 General SEI message syntax

	sei_payload( payloadType, payloadSize ) {
	C
	Descriptor

	if( payloadType  = =  0 )
	
	

	buffering_period( payloadSize )
	5
	

	…
	
	

	else if( payloadType  = =  202 )
	
	

		annotated_regions( payloadSize )
	5
	

	else if( payloadType  = =  205 )
	
	

		shutter_interval_info( payloadSize )
	5
	

	else if( payloadType  = =  210 )
	
	

		nn_post_filter_characteristics( payloadSize )
	5
	

	else if( payloadType  = =  211 )
	
	

		nn_post_filter_activation( payloadSize )
	5
	

	else if( payloadType  = =  212 )
	
	

		phase_indication( payloadSize )
	5
	

	else
	
	

		reserved_sei_message( payloadSize )
	5
	

	if( !byte_aligned( ) ) {
	
	

	bit_equal_to_one  /* equal to 1 */
	5
	f(1)

	while( !byte_aligned( ) )
	
	

	bit_equal_to_zero  /* equal to 0 */
	5
	f(1)

	}
	
	

	}
	
	



D.2.1	General SEI payload semantics
bit_equal_to_one shall be equal to 1.
bit_equal_to_zero shall be equal to 0.
The semantics and persistence scope for each SEI message are specified in the semantics specification for each particular SEI message.
The values of some SEI message syntax elements, including pan_scan_rect_id, scene_id, second_scene_id, snapshot_id, progressive_refinement_id, tone_map_id, frame_packing_arrangement_id, and colour_remap_id, are split into two sets of value ranges, where the first set is specified as "may be used as determined by the application", and the second set is specified as "reserved for future use by ITU-T | ISO/IEC". Applications should be cautious of potential “collisions” of the interpretation for values of these syntax elements belonging to the first set of value ranges. Since different applications might use these IDs having values in the first set of value ranges for different purposes, particular care should be exercised in the design of encoders that generate SEI messages with these IDs having values in the first set of value ranges, and in the design of decoders that interpret SEI messages with these IDs. This Specification does not define any management for these values. These IDs having values in the first set of value ranges might only be suitable for use in contexts in which "collisions" of usage (i.e., different definitions of the syntax and semantics of an SEI message with one of these IDs having the same value in the first set of value ranges) 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.
PayloadBits is set equal to 8 * payloadSize − nPayloadAlignmentBits where nPayloadAlignmentBits is the number of bit_equal_to_one and bit_equal_to_zero syntax elements at the end of the sei_payload( ) syntax structure.

D.3 Use of SEI messages specified in other specifications
D.3.1	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, 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 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 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 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.2.1, is passed to the parser of the SEI message syntax structures specified in Rec. ITU-T H.274 | ISO/IEC 23002-7.
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.
D.3.2 Use of the neural network post-filter characteristics SEI message
Let currPic be the cropped decoded output 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 pic_output_flag in the slices headers of 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 pic_output_flag in the slice headers of 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 ) ? 1: 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 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 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 frame_packing_arrangement_type equal to 5 and a particular value of 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 frame_packing_arrangement_type equal to 5 and the same value of 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 frame_packing_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 nnpfc_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 numInputPics 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 currPic, and has nnpfc_purpose equal to 4, the following applies:
–	CroppedWidth is set equal to nnpfcOutputPicWidth defined for the second NNPF.
–	CroppedHeight is set equal to nnpfcOutputPicHeight defined for the second NNPF.
–	Otherwise, the following applies:
–	CroppedWidth is set equal to the value of PicWidthInSamplesL − ‌CropUnitX * ‌ ( frame_crop_left_offset + frame_crop_right_offset ) for currPic.
–	CroppedHeight is set equal to the value of PicHeightInSamplesL − ‌CropUnitY * ‌ ( frame_crop_bottom_offset + frame_crop_top_offset ) for currPic.
–	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:
–	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 numInputPics 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 (numInputPics is greater than 1), the following applies:
–	The variable sourceWidth is set equal to the value of PicWidthInSamplesL − ‌ CropUnitX * ( frame_crop_left_offset + frame_crop_right_offset ) for sourcePic.
–	The variable sourceHeight is set equal to the value of PicHeightInSamplesL − ‌ CropUnitY * ( frame_crop_top_offset + frame_crop_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.
–	resampledPic 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 resampledPic.
–	BitDepthY and BitDepthC are set equal to BitDepthY and BitDepthC, respectively
–	ChromaFormatIdc is set equal to 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 + QpBdOffsetY ) ÷ ( 51 + QpBdOffsetY ), where firstSliceQpY is equal to SliceQpY of the first slice of inputPic[ i ].
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.
D.3.5	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 pic_width_in_luma_samples − ‌SubWidthC * ‌ ( conf_win_left_offset + conf_win_right_offset ).
–	CroppedHeight is set equal to pic_height_in_luma_samples − ‌SubHeightC * ‌ ( conf_win_top_offset + conf_win_bottom_offset ).
[bookmark: _Ref196208288][bookmark: _Toc226457128][bookmark: _Toc248045595][bookmark: _Toc353889074][bookmark: _Toc80706450]G.13 Supplemental enhancement information
The specifications in Annex ‎D together with the extensions and modifications specified in this clause apply.
[bookmark: _Ref211572840][bookmark: _Toc226457142][bookmark: _Toc248045609][bookmark: _Toc353889088][bookmark: _Toc80706464]G.13. 1. SEI payload semantics
The semantics of the SEI messages with payloadType in the range of 0 to 23, inclusive, or equal to 45, 47, 137, 142, 144, 147, 148, 149, 150, 151, 154, 155, 156, 200, 201, 202, or 205, 210, 211, or 212, which are specified in clause ‎D.2, are extended as follows:
–	If payloadType is equal to 3, 8, 19, 20, or 22, the following applies:
–	If the SEI message is not included in a scalable nesting SEI message, it applies to the layer representations of the current access unit that have dependency_id equal to 0 and quality_id equal to 0.
The semantics as specified in clause ‎D.2 apply to the bitstream that would be obtained by invoking the bitstream extraction process as specified in clause ‎G.8.8.1 with dIdTarget equal to 0 and qIdTarget equal to 0. All syntax elements and derived variables that are referred to in the semantics in clause ‎D.2 are syntax elements and variables for layer representations with dependency_id equal to 0 and quality_id equal to 0. All SEI messages that are referred to in clause ‎D.2 are SEI messages that apply to layer representations with dependency_id equal to 0 and quality_id equal to 0.
–	Otherwise (the SEI message is included in a scalable nesting SEI message), the SEI message applies to all layer representations of the current access unit for which DQId is equal to any value of ( ( sei_dependency_id[ i ] << 4 ) + sei_quality_id[ i ] ) with i in the range of 0 to num_layer_representations_minus1, inclusive.
For each value of i in the range of 0 to num_layer_representations_minus1, inclusive, the semantics as specified in clause ‎D.2 apply to the bitstream that would be obtained by invoking the bitstream extraction process as specified in clause ‎G.8.8.1 with dIdTarget equal to sei_dependency_id[ i ] and qIdTarget equal to sei_quality_id[ i ]. All syntax elements and derived variables that are referred to in the semantics in clause ‎D.2 are syntax elements and variables for layer representations with dependency_id equal to sei_dependency_id[ i ] and quality_id equal to sei_quality_id[ i ]. All SEI messages that are referred to in clause ‎D.2 are SEI messages that apply to layer representations with dependency_id equal to sei_dependency_id[ i ] and quality_id equal to sei_quality_id[ i ].
–	Otherwise, if payloadType is equal to 2, 6, 7, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 21, 23, 45, 47, 137, 142, 144, 147, 148, 149, 150, 151, 154, 155, 156, 200, 201, 202, or 205, 210, 211, or 212, the following applies:
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