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Abstract
This document contains the draft text for changes to the Versatile Video Coding (VVC) standard (ITU‑T H.266 | ISO/IEC 23090-3), for the support of the operation range extensions, the addition of Level  6.3 and some SEI messages, including the SEI manifest SEI message, and the SEI prefix indication SEI message, and the sconstrained RASL encoding indication SEI message. In addition, the document also contains , including SEI payload type values and other interfaces for SEI messages added to the VSEI specification, as well as some technical corrections to the content in first edition of VVC.
Draft 5 incorporated items:
· Maximum bit rate modification and addition of gci_all_rap_pictures_constraint_flag (JVET-X0079v3).
· WPP fix for high bit depth (JVET-X0128)
· GCI flags for high bit depth (JVET-X0076/X0095)
· Addition of intra profile constraints (JVET-X0106)
· [bookmark: _Hlk87441010]Addition of MV wrap-around restriction to CREI SEI (JVET-X0101)
· Some editorial clarifications and cleanups (JVET-X0050)
· Changes on and related the specification of range extensions profiles, including for the value range of vps_ols_dpb_bitdepth_minus8[ i ] and sps_bitdepth_minus8, the general_profile_idc values for all the 16-bit profiles, the decoder capability requirements for the range extension profiles, and allowed values in Table A.1 (JVET-X0073/JVET-X0093)
· Addition of a constraint that a multiview view position SEI message shall not be contained in a scalable nesting SEI message (JVET-X0096)
· Text addressing ticket #1513

Draft 4 incorporated items:
· Method of entropy coding for high bit depth (JVET-W0046).
· High bit depth profiles (JVET-W0136v5).
· HLS cleanup proposal 3 in JVET-W0070.
· Proposal 2 case 1 of JVET-W0109.
· Constraints of option 3 of JVET-W0178.
· Editorial changes from WG5 N0070.
Draft 3 incorporated items:
· Method of entropy coding for high bit depth in TSRC(JVET-V0054)
· Method of entropy coding for high bit depth in RRC (JVET-V0106)
· Method for high precision computation of transform scaling (JVET-V0047)
· Bug fix changes to the semantics of dui_dpb_output_du_delay_present_flag and dui_dpb_output_du_delay (JVET-V0111)
· Addition of the paylaodType values etc. for the display orientation SEI message and the colour transform information SEI message (JVET-V0061, JVET-V0108)
· Fix for ticket #1479.
Draft 2 incorporated items:
· Text changes for clarification of 1) the exact meaning of a parameter set being referenced and 2) that the decoding of non-VCL NAL units in a PU after the last VCL NAL unit of the picture in decoder is deferred after all slices of the picture are decoded (JVET-U0073-v3)
· Addition of SEI payload type values 165 (alpha_channel_info), 177 (depth_representation_info), 179 (multiview_acquisition_info), and 205 (scalability_dimension_info) (JVET-U0082
· Addition of SEI payload type value 206 (extended_drap_indication) and text on the use of the extended dependent random access point (EDRAP) indication SEI message (JVET-U0084)
· Text changes for inclusion of the decoded picture hash SEI message to the list VclAssociatedSeiList, not imposing the same content requirement for repeated user-defined SEI messages, and rules for inclusion of SEI messages in prefix and suffix SEI NAL units (JVET-U0085-v2)
· Fix for ticket #1448
Draft 1 incorporated items:
· Addition of SEI manifest and SEI prefix indication SEI messages (JVET-T0056)
· [bookmark: _Hlk49532078]Addition of ExtensionBitsPresentFlag to the sei_payload( ) syntax and the vui_payload( ) syntax (JVET-T0048).
· Addition of Level 6.3 (JVET-T0065)
· Addition of payloadType value etc. for the annotated regions SEI message (JVET-T0053)

Changes to the specification text:
Introduce the following changes across the document:
· Replace variable name log2ZoTbWidth with variable name Log2ZoTbWidth. 
· Replace in the text the word “rice” with the word “Rice”, except the cases when the word is a part of a syntax element name.
· Replace in the text the words “equation” and “equations” with words “formula” and “formulae”, respectively.
· Replace word “specification” with word “document”.
In clause 4, add the following abreviation terms:
CREI	constrained RASL encoding indication
[bookmark: _Hlk80619030]EDRAP	extended dependent random access point
And remove the following: 
SAR	sample aspect ratio
In clause 6.2, add the following (additions are yellow-highlighted):
For convenience of notation and terminology in this document, the variables and terms associated with these arrays are referred to as luma (or L or Y) and chroma, where the two chroma arrays are referred to as Cb and Cr; regardless of the actual colour representation method in use. The actual colour representation method in use can be indicated in syntax that is specified in VUI parameters as specified in Rec. ITU-T H.274 | ISO/IEC 23002-7.
NOTE 1	The colour representation indications specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 are aligned with those specified in Rec. ITU-T H.273 | ISO/IEC 23091-2. Further information on the usage of these colour representation indications is available in ITU‑T H-Suppl. 19 | ISO/IEC TR 23091-4.
…
When the value of sps_chroma_format_idc is equal to 1, the nominal vertical and horizontal relative locations of luma and chroma samples in pictures are shown in Figure 1. Alternative chroma sample relative locations can be indicated in VUI parameters as specified in Rec. ITU-T H.274 | ISO/IEC 23002-7.
NOTE 2	The chroma sample location indications specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 for use when sps_chroma_format_idc is equal to 1 are aligned with those specified in Rec. ITU-T H.273 | ISO/IEC 23091-2. Further information on the usage of these chroma sample location indications is available in ITU-T H-Suppl. 19 | ISO/IEC TR 23091-4.
Change clause 7.3.2.4 (Sequence parameter set RBSP syntax) as follows (additions are yellow-highlighted):

		if( sps_extension_flag ) {
	

			sps_range_extension_flag
	u(1)

			sps_extension_7bits
	u(7)

			if( sps_range_extension_flag )
	

				sps_range_extension( )
	

		}
	

		if( sps_extension_7bits )
	

			while( more_rbsp_data( ) )
	

				sps_extension_data_flag
	u(1)

		rbsp_trailing_bits( )
	



Change clause 7.3.2.21 as follows (additions are yellow-highlighted):
[bookmark: _Hlk71235824]7.3.2.21	VUI payload syntax

	vui_payload( payloadSize ) {
	Descriptor

		VuiExtensionBitsPresentFlag = 0
	

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

		if( VuiExtensionBitsPresentFlag  | |  more_data_in_payload( ) ) {
	

			if( payload_extension_present( ) )
	

				vui_reserved_payload_extension_data
	u(v)

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

			while( !byte_aligned( ) )
	

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

		}
	

	}
	



Add new clause 7.3.2.22 as follows:
7.3.2.22	Sequence parameter set range extension syntax

	sps_range_extension( ) {
	Descriptor

		sps_extended_precision_flag
	u(1)

		if( sps_transform_skip_enabled_flag )
	

			sps_ts_residual_coding_rice_present_in_sh_flag
	u(1)

		sps_rrc_rice_extension_flag
	u(1)

		sps_persistent_rice_adaptation_enabled_flag
	u(1)

		sps_reverse_last_sig_coeff_enabled_flag
	u(1)

	}
	



In Add new clause 7.3.3.2, make the following changes as follows (additions are yellow-highlighted, removals are strukethrough):
7.3.3.2	General constraints information syntax

			gci_no_virtual_boundaries_constraint_flag
	u(1)

			gci_num_reserved_bits
	u(8)

			gci_num_additional_bits
	u(8)

			if( gci_num_additional_bits > 0 5 ) {
	

	[bookmark: _Hlk87282811]			gci_all_rap_pictures_constraint_flaggeneral_lower_bit_rate_constraint_flag
	u(1)

				gci_no_extended_precision_processing_constraint_flag
	u(1)

				gci_no_ts_residual_coding_rice_constraint_flag
	u(1)

				gci_no_rrc_rice_extension_constraint_flag
	u(1)

				gci_no_persistent_rice_adaptation_constraint_flag
	u(1)

				gci_no_reverse_last_sig_coeff_constraint_flag
	u(1)

	[bookmark: _Hlk77696610]			numAdditionalBitsUsed = 61
	

			} else
	

				numAdditionalBitsUsed = 0
	

			for( i = 0; i < gci_num_additional_bits − numAdditionalBitsUsed; i++ )
	

				gci_reserved_zero_bit[ i ]
	u(1)

		}
	



Change clause 7.3.7 (Slice header syntax) as follows (additions are yellow-highlighted):

		if( sps_transform_skip_enabled_flag  &&  !sh_dep_quant_used_flag  &&
			!sh_sign_data_hiding_used_flag )
	

			sh_ts_residual_coding_disabled_flag
	u(1)

		if( !sh_ts_residual_coding_disabled_flag  &&
			sps_ts_residual_coding_rice_present_in_sh_flag )
	

			sh_ts_residual_coding_rice_idx_minus1
	u(3)

		if( sps_reverse_last_sig_coeff_enabled_flag )
	

			sh_reverse_last_sig_coeff_flag
	u(1)

		if( pps_slice_header_extension_present_flag ) {
	

			sh_slice_header_extension_length
	ue(v)



Change clause 7.3.11.11 (Residual coding syntax) as follows (additions and changes are yellow-highlighted):
	residual_coding( x0, y0, log2TbWidth, log2TbHeight, cIdx ) {
	Descriptor

		AbsLog2TbWidth = log2TbWidth
	

		AbsLog2TbHeight = log2TbHeight
	

	…
	

		lastScanPos = numSbCoeff
	

		lastSubBlock = ( 1  <<  ( log2TbWidth + log2TbHeight − ( log2SbW + log2SbH ) ) ) − 1
	

		HistValue = sps_persistent_rice_adaptation_enabled_flag ? ( 1  <<  StatCoeff[ cIdx ] ) : 0
	

		updateHist = sps_persistent_rice_adaptation_enabled_flag ? 1 : 0
	

	...
	

				if( abs_level_gtx_flag[ n ][ 1 ] ) {
	

					abs_remainder[ n ]
	ae(v)

					if( updateHist  &&  abs_remainder[ n ] > 0 ) {
	

						StatCoeff[ cIdx ] = ( StatCoeff[ cIdx ] +
						Floor( Log2( abs_remainder[ n ] ) ) + 2 )  >>  1
	

						updateHist = 0
	

					}
	

				}
	

	...
	

				if( sb_coded_flag[ xS ][ yS ] ) {
	

					dec_abs_level[ n ]
	ae(v)

					if( updateHist  &&  dec_abs_level[ n ] > 0 ) {
	

						StatCoeff[ cIdx ] = ( StatCoeff[ cIdx ] +
						Floor( Log2( dec_abs_level[ n ] ) ) )  >>  1
	

						updateHist = 0
	

					}
	

				}
	



In clause 7.4.3.3, replace the following:
A VPS RBSP shall be available to the decoding process prior to it being referenced, included in at least one AU with TemporalId equal to 0 or provided through external means.
All VPS NAL units with a particular value of vps_video_parameter_set_id in a CVS shall have the same content.
vps_video_parameter_set_id provides an identifier for the VPS for reference by other syntax elements. The value of vps_video_parameter_set_id shall be greater than 0.
with the following:
A VPS RBSP shall be available to the decoding process, by inclusion in at least one AU with TemporalId equal to 0 or provided through external means, prior to it being referenced by either of the following:
· a PH NAL unit having a ph_pic_parameter_set_id that refers to a PPS with pps_seq_parameter_set_id equal to the value of sps_seq_parameter_set_id in an SPS NAL unit with sps_video_parameter_set_id equal to the value of vps_video_parameter_set_id in the VPS RBSP,
· a coded slice NAL unit having sh_picture_header_in_slice_header_flag equal to 1 with a ph_pic_parameter_set_id that refers to a PPS with pps_seq_parameter_set_id equal to the value of sps_seq_parameter_set_id in an SPS NAL unit with sps_video_parameter_set_id equal to the value of vps_video_parameter_set_id in the VPS RBSP.
Such a PH NAL unit or coded slice NAL unit references the previous VPS RBSP in decoding order (relative to the position of the PH NAL unit or coded slice NAL unit in decoding order) with that value of vps_video_parameter_set_id.
[bookmark: _Hlk25661225]All VPS NAL units with a particular value of vps_video_parameter_set_id in a CVS shall have the same content.
vps_video_parameter_set_id provides an identifier for the VPS for reference by other syntax elements. The value of vps_video_parameter_set_id shall be greater than 0.
VPS NAL units, regardless of the nuh_layer_id values, share the same value space of vps_video_parameter_set_id.
In clause 7.4.3.3, replace the following:
vps_ols_dpb_bitdepth_minus8[ i ] specifies the greatest allowed value of sps_bitdepth_minus8 for all SPSs that are referred to by CLVSs in the CVS for the i-th multi-layer OLS. The value of vps_ols_dpb_bitdepth_minus8[ i ] shall be in the range of 0 to 2, inclusive.
with the following:
vps_ols_dpb_bitdepth_minus8[ i ] specifies the greatest allowed value of sps_bitdepth_minus8 for all SPSs that are referred to by CLVSs in the CVS for the i-th multi-layer OLS. The value of vps_ols_dpb_bitdepth_minus8[ i ] shall be in the range of 0 to 8, inclusive.
In clause 7.4.3.4, replace the following:
An SPS RBSP shall be available to the decoding process prior to it being referenced, included in at least one AU with TemporalId equal to 0 or provided through external means.
with the following:
An SPS RBSP shall be available to the decoding process, by inclusion in at least one AU with TemporalId equal to 0 or provided through external means, prior to it being referenced by either of the following:
· a PH NAL unit having a ph_pic_parameter_set_id that refers to a PPS with pps_seq_parameter_set_id equal to the value of sps_seq_parameter_set_id in the SPS RBSP,
· a coded slice NAL unit having sh_picture_header_in_slice_header_flag equal to 1 with a ph_pic_parameter_set_id that refers to a PPS with pps_seq_parameter_set_id equal to the value of sps_seq_parameter_set_id in the SPS RBSP.
Such a PH NAL unit or coded slice NAL unit references the previous SPS RBSP in decoding order (relative to the position of the PH NAL unit or coded slice NAL unit in decoding order) with that value of sps_seq_parameter_set_id.
In clause 7.4.3.4, replace the following:
sps_bitdepth_minus8 shall be in the range of 0 to 2, inclusive.
with the following:
sps_bitdepth_minus8 shall be in the range of 0 to 8, inclusive.
In clause 7.4.3.4, replace the following:
sps_extension_flag equal to 0 specifies that no sps_extension_data_flag syntax elements are present in the SPS RBSP syntax structure. sps_extension_flag equal to 1 specifies that sps_extension_data_flag syntax elements might be present in the SPS RBSP syntax structure. sps_extension_flag shall be equal to 0 in bitstreams conforming to this version of this Specification. However, some use of sps_extension_flag equal to 1 could be specified in some future version of this Specification, and decoders conforming to this version of this Specification shall allow the value of sps_extension_flag equal to 1 to appear in the syntax.
sps_extension_data_flag could have any value. Its presence and value do not affect the decoding process specified in this version of this Specification. Decoders conforming to this version of this Specification shall ignore all sps_extension_data_flag syntax elements.
with the following:
sps_extension_flag equal to 1 specifies that the syntax elements sps_range_extension_flag and sps_extension_7bits are present in the SPS RBSP syntax structure. sps_extension_flag equal to 0 specifies that these syntax elements are not present.
sps_range_extension_flag equal to 1 specifies that the sps_range_extension( ) syntax structure is present in the SPS RBSP syntax structure. sps_range_extension_flag equal to 0 specifies that the sps_range_extension( ) this syntax structure is not present. When not present, the value of sps_range_extension_flag is inferred to be equal to 0. When BitDepth is less than or equal to 10, the value of sps_range_extension_flag shall be equal to 0.
sps_extension_7bits equal to 0 specifies that no sps_extension_data_flag syntax elements are present in the SPS RBSP syntax structure. When present, sps_extension_7bits shall be equal to 0 in bitstreams conforming to this version of this document. Values of sps_extension_7bits not equal to 0 are reserved for future use by ITU-T | ISO/IEC. Decoders shall allow values of sps_extension_7bits not equal to 0 to appear in the syntax. When not present, the value of sps_extension_7bits is inferred to be equal to 0.
sps_extension_data_flag may have any value. Its presence and value do not affect the decoding process specified in this version of this document. Decoders conforming to this version of this document shall ignore all sps_extension_data_flag syntax elements.
In clause 7.4.3.5, replace the following:
A PPS RBSP shall be available to the decoding process prior to it being referenced, included in at least one AU with TemporalId less than or equal to the TemporalId of the PPS NAL unit or provided through external means.
with the following:
A PPS RBSP shall be available to the decoding process, by inclusion in at least one AU with TemporalId less than or equal to the TemporalId of the PPS NAL unit or provided through external means, prior to it being referenced by either of the following:
· a PH NAL unit having ph_pic_parameter_set_id equal to the value of pps_pic_parameter_set_id in the PPS RBSP,
· a coded slice NAL unit having sh_picture_header_in_slice_header_flag equal to 1 with ph_pic_parameter_set_id equal to the value of pps_pic_parameter_set_id in the PPS RBSP.
Such a PH NAL unit or coded slice NAL unit references the previous PPS RBSP in decoding order (relative to the position of the PH NAL unit or coded slice NAL unit in decoding order) with that value of pps_pic_parameter_set_id.
In clause 7.4.3.6, replace the following:
Each APS RBSP shall be available to the decoding process prior to it being referenced, included in at least one AU with TemporalId less than or equal to the TemporalId of the coded slice NAL unit that refers it or provided through external means.
All APS NAL units with a particular value of nal_unit_type, a particular value of aps_adaptation_parameter_set_id, and a particular value of aps_params_type within a PU shall have the same content.
with the following and adjust the indices of the NOTEs:
Each APS RBSP shall be available to the decoding process, by inclusion in at least one AU with TemporalId less than or equal to the TemporalId of the coded slice NAL unit that refers it or provided through external means, prior to it being referenced by any of the following:
· a coded slice NAL unit in a PU with a PH NAL unit having a ph_alf_aps_id_luma[ i ] or ph_alf_aps_id_chroma or ph_alf_cc_cb_aps_id or ph_alf_cc_cr_aps_id syntax element that is present and equal to the aps_adaptation_parameter_set_id of an APS RBSP with aps_params_type equal to ALF_APS,
· a coded slice NAL unit in a PU having a PH NAL unit with a ph_lmcs_aps_id syntax element that is present and equal to the aps_adaptation_parameter_set_id of an APS RBSP with aps_params_type equal to LMCS_APS,
· a coded slice NAL unit in a PU having a PH NAL unit with a ph_scaling_list_aps_id syntax element that is present and equal to the aps_adaptation_parameter_set_id of an APS RBSP with aps_params_type equal to SCALING_APS,
· a coded slice NAL unit having a sh_alf_aps_id_luma[ i ] or sh_alf_aps_id_chroma or sh_alf_cc_cb_aps_id or sh_alf_cc_cr_aps_id syntax element that is present and equal to the aps_adaptation_parameter_set_id of an APS RBSP with aps_params_type equal to ALF_APS,
· a coded slice NAL unit having sh_picture_header_in_slice_header_flag equal to 1 with a ph_alf_aps_id_luma[ i ] or ph_alf_aps_id_chroma or ph_alf_cc_cb_aps_id or ph_alf_cc_cr_aps_id syntax element that is present and equal to the aps_adaptation_parameter_set_id of an APS RBSP with aps_params_type equal to ALF_APS,
· a coded slice NAL unit having sh_picture_header_in_slice_header_flag equal to 1 with a ph_lmcs_aps_id syntax element that is present and equal to the aps_adaptation_parameter_set_id of an APS RBSP with aps_params_type equal to LMCS_APS,
· a coded slice NAL unit having sh_picture_header_in_slice_header_flag equal to 1 with a ph_scaling_list_aps_id syntax element that is present and equal to the aps_adaptation_parameter_set_id of an APS RBSP with aps_params_type equal to SCALING_APS.
Such a coded slice NAL unit references the previous APS RBSP in decoding order (relative to the position of the coded slice NAL unit in decoding order) with the corresponding values of aps_adaptation_parameter_set_id and aps_params_type.
All APS NAL units with a particular value of nal_unit_type, a particular value of aps_adaptation_parameter_set_id, and a particular value of aps_params_type within a PU shall have the same content.
NOTE 1	The content of an APS RBSP in a suffix APS NAL unit and the content of a prefix APS NAL unit with the same values of aps_adaptation_parameter_set_id (and aps_params_type) in the same PU can be different. When a suffix APS NAL unit is present in a PU, its APS RBSP cannot be referenced by the decoding process of that PU, since the suffix APS NAL unit cannot precede the PH NAL unit or any coded slice NAL units of that PU (see subclause 7.4.2.4.4). However, the APS RBSP in a suffix APS NAL unit can be referenced by the decoding process of subsequent PUs in the bitstream (if any).
And replace the following:
NOTE 4 – A suffix APS NAL unit associated with a particular VCL NAL unit (this VCL NAL unit precedes the suffix APS NAL unit in decoding order) is not for use by the particular VCL NAL unit, but for use by VCL NAL units following the suffix APS NAL unit in decoding order.
with the following:
NOTE 4 – A suffix APS NAL unit associated with a particular VCL NAL unit (a VCL NAL unit that precedes the suffix APS NAL unit in decoding order and is the last VCL NAL unit of the PU containing that VCL NAL unit) is not for use in the decoding process of that particular VCL NAL unit or any other VCL NAL unit of the PU containing that particular VCL NAL unit, but rather is for use in the decoding process of VCL NAL units of PUs that follow the suffix APS NAL unit in decoding order (if any).
Add new clause 7.4.3.22 as follows:
7.4.3.22 Sequence parameter set range extension semantics
sps_extended_precision_flag equal to 1 specifies that an extended dynamic range is used for transform coefficients in the scaling and transformation processes and for binarization of the abs_remaining[ ] and dec_abs_level[ ] syntax elements. sps_extended_precision_flag equal to 0 specifies that the extended dynamic range is not used in the scaling and transformation processes and is not used for binarization of the abs_remaining[ ] and dec_abs_level[ ] syntax elements. When not present, the value of sps_extended_precision_flag is inferred to be equal to 0.
The variable Log2TransformRange is derived as follows:
Log2TransformRange = sps_extended_precision_flag ? Max( 15, Min( 20, BitDepth + 6 ) ) : 15	(106)
sps_ts_residual_coding_rice_present_in_sh_flag equal to 1 specifies that sh_ts_residual_coding_rice_idx_minus1 may be present in slice_header( ) syntax structures referring to the SPS. sps_ts_residual_coding_rice_present_in_sh_flag equal to 0 specifies that sh_ts_residual_coding_rice_idx_minus1 is not present in slice_header( ) syntax structures referring to the SPS. When not present, the value of sps_ts_residual_coding_rice_present_in_sh_flag is inferred to be equal to 0.
sps_rrc_rice_extension_flag equal to 1 specifies that an alternative Rice parameter derivation for the binarization of abs_remaining[ ] and dec_abs_level[ ] is used. sps_rrc_rice_extension_flag equal to 0 specifies that the alternative Rice parameter derivation for the binarization of abs_remaining[ ] and dec_abs_level[ ] is not used. When not present, the value of sps_rrc_rice_extension_flag is inferred to be equal to 0.
sps_persistent_rice_adaptation_enabled_flag equal to 1 specifies that Rice parameter derivation for the binarization of abs_remainder[ ] and dec_abs_level[ ] is initialized at the start of each TU using statistics accumulated from previous TUs. sps_persistent_rice_adaptation_enabled_flag equal to 0 specifies that no previous TU state is used in Rice parameter derivation. When not present, the value of sps_persistent_rice_adaptation_enabled_flag is inferred to be equal to 0.
sps_reverse_last_sig_coeff_enabled_flag equal to 1 specifies that sh_reverse_last_sig_coeff_flag is present in slice_header( ) syntax structures referring to the SPS. sps_reverse_last_sig_coeff_enabled_flag equal to 0 specifies that sh_reverse_last_sig_coeff_flag is not present in slice_header( ) syntax structures referring to the SPS. When not present, the value of sps_reverse_last_sig_coeff_enabled_flag is inferred to be equal to 0.
Change clause 7.4.4.2 (General constraints information semantics) as follows (additions are yellow-highlighted):
[bookmark: _Hlk41916745]gci_present_flag equal to 1 specifies that additional GCI syntax elements are present in the general_constraints_info( ) syntax structure before the gci_alignment_zero_bit syntax elements (when present). gci_present_flag equal to 0 specifies that GCI fields are not present no additional syntax elements are present in the general_constraints_info( ) syntax structure before the gci_alignment_zero_bit syntax elements (when present).
The semantics of the GCI syntax elements specified in this clause apply when gci_present_flag is equal to 1. When gci_present_flag is equal to 0, the general_constraints_info( ) syntax structure does not impose any constraints.
...
[bookmark: _Hlk93103800]gci_sixteen_minus_max_bitdepth_constraint_idc greater than 0 specifies that sps_bitdepth_minus8 plus 8 for all pictures in OlsInScope shall be in the range of 0 to 16 − gci_sixteen_minus_max_bitdepth_constraint_idc, inclusive. gci_sixteen_minus_max_bitdepth_constraint_idc equal to 0 does not impose such a constraint. The value of gci_sixteen_minus_max_bitdepth_constraint_idc shall be in the range of 0 to 8, inclusive.
[bookmark: _Hlk41916767]gci_three_minus_max_chroma_format_constraint_idc greater than 0 specifies that sps_chroma_format_idc for all pictures in OlsInScope shall be in the range of 0 to 3 − gci_three_minus_max_chroma_format_constraint_idc, inclusive. gci_three_minus_max_chroma_format_constraint_idc equal to 0 does not impose such a constraint.
...
gci_num_reserved_bits specifies the number of the reserved GCI bits. The value of gci_num_reserved_bits shall be equal to 0 in bitstreams conforming to this version of this document. Other values of gci_num_reserved_bits are reserved for future use by ITU-T | ISO/IEC. Although the value of gci_num_reserved_bits is required to be equal to 0 in this version of this document, decoders conforming to this version of this document shall allow the value of gci_num_reserved_bits greater than 0 to appear in the syntax and shall ignore the values of all the gci_reserved_zero_bit[ i ] syntax elements when gci_num_reserved_bits is greater than 0.
gci_num_additional_bits specifies the number of the additional GCI bits in the general constraints information syntax structure other than gci_alignment_zero_bit syntax elements (when present). The value of gci_num_additional_bits shall be equal to 0 or 1 6 in bitstreams conforming to this version of this document. Values greater than 1greater than 6 for gci_num_additional_bits are reserved for future use by ITU-T | ISO/IEC. Although the value of gci_num_additional_bits is required to be equal to 0 or 1 6 in this version of this document, decoders conforming to this version of this document shall allow values of gci_num_additional_bits greater than 1other than 0 or 6 to appear in the syntax and shall ignore the values of all the gci_reserved_zero_bit[ i ] syntax elements when gci_num_additional_bits is greater than 1other than 0 or 6.
gci_all_rap_pictures_constraint_flag equal to 1 specifies that all pictures in OlsInScope are GDR pictures with ph_recovery_poc_cnt equal to 0 or IRAP pictures. gci_all_rap_pictures_constraint_flag equal to 0 does not impose such a constraint. When gci_all_rap_pictures_constraint_flag is not present, its value is inferred to be equal to 0.
gci_no_extended_precision_processing_constraint_flag equal to 1 specifies that sps_extended_precision_flag for all pictures in OlsInScope shall be equal to 0. gci_no_extended_precision_processing_constraint_flag equal to 0 does not impose such a constraint. When gci_no_extended_precision_processing_constraint_flag is not present, its value is inferred to be equal to 0.
gci_no_ts_residual_coding_rice_constraint_flag equal to 1 specifies that sps_ts_residual_coding_rice_present_in_sh_flag for all pictures in OlsInScope shall be equal to 0. gci_no_ts_residual_coding_rice_constraint_flag equal to 0 does not impose such a constraint. When gci_no_ts_residual_coding_rice_constraint_flag is not present, its value is inferred to be equal to 0.
gci_no_rrc_rice_extension_constraint_flag equal to 1 specifies that sps_rrc_rice_extension_flag for all pictures in OlsInScope shall be equal to 0. gci_no_rrc_rice_extension_constraint_flag equal to 0 does not impose such a constraint. When gci_no_rrc_rice_extension_constraint_flag is not present, its value is inferred to be equal to 0.
gci_no_persistent_rice_adaptation_constraint_flag equal to 1 specifies that sps_persistent_rice_adaptation_enabled_flag for all pictures in OlsInScope shall be equal to 0. gci_no_persistent_rice_adaptation_constraint_flag equal to 0 does not impose such a constraint. When gci_no_persistent_rice_adaptation_constraint_flag is not present, its value is inferred to be equal to 0.
gci_no_reverse_last_sig_coeff_constraint_flag equal to 1 specifies that sps_reverse_last_sig_coeff_enabled_flag for all pictures in OlsInScope shall be equal to 0. gci_no_reverse_last_sig_coeff_constraint_flag equal to 0 does not impose such a constraint. When gci_no_reverse_last_sig_coeff_constraint_flag is not present, its value is inferred to be equal to 0.
gci_reserved_zero_bit[ i ] could have any value. Its presence and value do not affect the decoding process specified in this version of this Specification. Decoders conforming to this version of this Specification shall ignore the values of all the gci_reserved_zero_bit[ i ] syntax elements.
...


general_lower_bit_rate_constraint_flag equal to 1 specifies that a lower maximum bit rate constraint may be imposed in a profile, tier and level specification in Annex A than would be imposed when general_lower_bit_rate_constraint_flag is equal to 0. general_lower_bit_rate_constraint_flag equal to 0 specifies that such a corresponding lower maximum bit rate constraint is not imposed in Annex A. [Ed. (MZ/YK/TI): During the editing of the DIS text, it was suggested that signalling this flag as an SPS extension flag instead of a GCI flag could be cleaner in terms of GCI mainly carrying tools on/off constraints and potential GCI skipping. On the other hand, the GCI flags are signalled in early position in SPS similar to tier information. Further study of this question is encouraged.]
[bookmark: _Hlk85623889]




In clause 7.4.8, add the following after the semantics of sh_ts_residual_coding_disabled_flag:
sh_ts_residual_coding_rice_idx_minus1 plus 1 specifies the Rice parameter used for the residual_ts_coding( ) syntax structure in the current slice. When not present, the value of sh_ts_residual_coding_rice_idx_minus1 is inferred to be equal to 0.
sh_reverse_last_sig_coeff_flag equal to 1 specifies that the coordinates of the last significant coefficient are coded relative to ( ( Log2ZoTbWidth  <<  1 ) − 1, ( Log2ZoTbHeight  <<  1 ) − 1 ) for each transform block of the current slice. sh_reverse_last_sig_coeff_flag equal to 0 specifies that the coordinates of the last significant coefficient are coded relative to ( 0, 0 ) for each transform block of the current slice. When not present, the value of sh_reverse_last_sig_coeff_flag is inferred to be equal to 0.
And replace the following: 
When sps_entropy_coding_sync_enabled_flag is equal to 0 and the slice contains a subset of CTU rows from a single tile, the NumEntryPoints shall be 0, and the number of subsets shall be 1. The subset shall consist of all coded bits of all CTUs in the slice.
with the following: 
When sps_entropy_coding_sync_enabled_flag is equal to 0 and the slice contains a subset of CTU rows from a single tile, the value of NumEntryPoints shall be equal to 0, and the number of subsets shall be 1. [Ed. (GJS): The meaning of “the number of subsets shall be 1” is unclear. What would it take to violate that constraint when NumEntryPoints is equal to 0? Can the whole phrase “and the number of subsets shall be 1” just be deleted without changing the meaning?] The subset shall consist of all coded bits of all CTUs in the slice. [Ed. (GJS): Also unclear. How could this requirement be violated? Can this sentence just be deleted?][Ed. (YK): These wordings have been there since HEVC version 1. I'd study these a bit after submitting the DIS texts before confirming one way or another. If some changes should be made herein, they should probably be made to HEVC, too.]
In clause 7.4.12.5, make the following changes:
[bookmark: _Hlk83797130]amvr_flag[ x0 ][ y0 ] specifies the resolution of the motion vector differences. for the current CU The array indices x0, y0 specify the location ( x0, y0 ) of the top-left luma sample of the considered coding block relative to the top-left luma sample of the picture. amvr_flag[ x0 ][ y0 ] equal to 0 specifies that the resolution of the motion vector differences is 1/4 of a luma sample. amvr_flag[ x0 ][ y0 ] equal to 1 specifies that the resolution of the motion vector differences is further specified by amvr_precision_idx[ x0 ][ y0 ]. [Ed. (GJS): Should this say “motion vector differences” rather than “the motion vector difference? Is this affecting only one motion vector difference, or possibly more than one?]
When amvr_flag[ x0 ][ y0 ] is not present, it is inferred as follows:
· If CuPredMode[ chType ][ x0 ][ y0 ] is equal to MODE_IBC, amvr_flag[ x0 ][ y0 ] is inferred to be equal to 1.
· Otherwise ( CuPredMode[ chType ][ x0 ][ y0 ] is not equal to MODE_IBC ), amvr_flag[ x0 ][ y0 ] is inferred to be equal to 0.
In clause 7.4.12.11, replace the following:
CoeffMin = −( 1  <<  15) )		(189)
CoeffMax = ( 1  <<  15) ) − 1		(190)
with the following:
CoeffMin = −( 1  <<  ( sps_extended_precision_flag ? Max( 15, Min( 20, BitDepth + 6 ) ) : 15 ) )	(190)
CoeffMax =  ( 1  <<  ( sps_extended_precision_flag ? Max( 15, Min( 20, BitDepth + 6 ) ) : 15 ) ) − 1	(191)
And replace in clause 7.4.4.8 the following:
last_sig_coeff_x_prefix specifies the prefix of the column position of the last significant coefficient in scanning order within a transform block. The values of last_sig_coeff_x_prefix shall be in the range of 0 to ( log2ZoTbWidth  <<  1 ) − 1, inclusive.
When last_sig_coeff_x_prefix is not present, it is inferred to be 0.
last_sig_coeff_y_prefix specifies the prefix of the row position of the last significant coefficient in scanning order within a transform block. The values of last_sig_coeff_y_prefix shall be in the range of 0 to ( log2ZoTbHeight  <<  1 ) − 1, inclusive.
with the following:
last_sig_coeff_x_prefix specifies the prefix of the column position of the last significant coefficient in scanning order within a transform block. The values of last_sig_coeff_x_prefix shall be in the range of 0 to ( Log2ZoTbWidth  <<  1 ) − 1, inclusive.
When last_sig_coeff_x_prefix is not present, it is inferred to be 0.
last_sig_coeff_y_prefix specifies the prefix of the row position of the last significant coefficient in scanning order within a transform block. The values of last_sig_coeff_y_prefix shall be in the range of 0 to ( Log2ZoTbHeight  <<  1 ) − 1, inclusive.
Change clause 7.4.4.8 as follows (additions are yellow-highlighted):
last_sig_coeff_x_suffix specifies the suffix of the column position of the last significant coefficient in scanning order within a transform block. The values of last_sig_coeff_x_suffix shall be in the range of 0 to ( 1  <<  ( ( last_sig_coeff_x_prefix  >>  1 ) − 1 ) ) − 1, inclusive.
The column position of the last significant coefficient in scanning order within a transform block LastSignificantCoeffX is derived as follows:
· If last_sig_coeff_x_suffix is not present, the following applies:
LastSignificantCoeffX = last_sig_coeff_x_prefix		(193)
· Otherwise (last_sig_coeff_x_suffix is present), the following applies:
LastSignificantCoeffX = ( 1  <<  ( (last_sig_coeff_x_prefix  >>  1 ) − 1 ) ) *	(194)
			( 2 + (last_sig_coeff_x_prefix & 1 ) ) + last_sig_coeff_x_suffix
When sh_reverse_last_sig_coeff_flag is equal to 1, the value of LastSignificantCoeffX is modified as follows:
LastSignificantCoeffX = ( 1  <<  Log2ZoTbWidth ) − 1 − LastSignificantCoeffX	(195)
last_sig_coeff_y_suffix specifies the suffix of the row position of the last significant coefficient in scanning order within a transform block. The values of last_sig_coeff_y_suffix shall be in the range of 0 to ( 1  <<  ( ( last_sig_coeff_y_prefix  >>  1 ) − 1 ) ) − 1, inclusive.
The row position of the last significant coefficient in scanning order within a transform block LastSignificantCoeffY is derived as follows:
· If last_sig_coeff_y_suffix is not present, the following applies:
LastSignificantCoeffY = last_sig_coeff_y_prefix		(196)
· Otherwise (last_sig_coeff_y_suffix is present), the following applies:
LastSignificantCoeffY = ( 1  <<  ( ( last_sig_coeff_y_prefix  >>  1 ) − 1 ) ) *	(197)
			( 2 + ( last_sig_coeff_y_prefix & 1 ) ) + last_sig_coeff_y_suffix
When sh_reverse_last_sig_coeff_flag is equal to 1, the value of LastSignificantCoeffY is modified as follows:
LastSignificantCoeffY = ( 1  <<  Log2ZoTbHeight ) − 1 − LastSignificantCoeffY	(198)
In clause 8.1.2, make the following changes (additions are highlighted in yellow):
3. The processes in clauses 8.4, 8.5, 8.6, 8.7, and 8.8 specify decoding processes using syntax elements in all syntax structure layers. When any NAL units are present in a PU that follow the last VCL NAL unit of the picture in decoding order, their decoding is deferred until after all slices of the current picture have been decoded and the in-loop filter processes of subclause 8.8 have been applied. It is a requirement of bitstream conformance that the coded slices of the picture shall contain slice data for every CTU of the picture, such that the division of the picture into slices, and the division of the slices into CTUs each forms a partitioning of the picture.
4. After all slices of the current picture have been decoded, the in-loop filter processes of subclause 8.8 have been applied, and all remaining NAL units of the PU have been decoded ", the picture referred to by each ILRP entry, when present, in RefPicList[ 0 ] or RefPicList[ 1 ] is marked as "used for short-term reference", and the variable PictureOutputFlag of the current picture is derived as follows:
In clause 8.7.3, replace the following:
bdShift = BitDepth + rectNonTsFlag +		(1133)
		( ( Log2( nTbW ) + Log2( nTbH ) ) / 2 ) − 5 + sh_dep_quant_used_flag
with the following:
bdShift = BitDepth + rectNonTsFlag +		(1133)
		( ( Log2( nTbW ) + Log2( nTbH ) ) / 2 ) + 10 − Log2TransformRange + sh_dep_quant_used_flag
In clause 8.7.4, replace the following:
bdShift = ( nTbH > 1  &&  nTbW > 1 ) ? ( 20 − BitDepth ) : ( 21 − BitDepth )	(1164)
[bookmark: _Hlk80614604]with the following:
bdShift = ( nTbH > 1  &&  nTbW > 1 ) ? ( 5 + Log2TransformRange − BitDepth ) :
		( 6 + Log2TransformRange − BitDepth )		(1164)
In clause 9.3.2.1, replace the following:
· If the CTU is the first CTU in a slice or tile, the initialization process for context variables is invoked as specified in subclause 9.3.2.2 and the array PredictorPaletteSize[ chType ], with chType = 0, 1, is initialized to 0.
· Otherwise, if sps_entropy_coding_sync_enabled_flag is equal to 1 and CtbAddrX is equal to CtbToTileColBd[ CtbAddrX ], the following applies:
with the following:
· If the CTU is the first CTU in a slice or tile, the initialization process for context variables is invoked as specified in subclause 9.3.2.2, the array PredictorPaletteSize[ chType ], with chType = 0, 1, is initialized to 0 and the array StatCoeff[ i ], with i = 0..2, is initialized as follows:
StatCoeff[ i ] = sps_persistent_rice_adaptation_enabled_flag ? 2 * Floor( Log2( BitDepth − 10 ) : 0	(1513)
· Otherwise, if sps_entropy_coding_sync_enabled_flag is equal to 1 and CtbAddrX is equal to CtbToTileColBd[ CtbAddrX ], the following applies:
· StatCoeff[ i ] = sps_persistent_rice_adaptation_enabled_flag ? 2 * Floor( Log2( BitDepth − 10 ) : 0	(XXXX)
· 
In clause 9.3.3.1, make the following changes (changes are highlighted in yellow):
[bookmark: _Ref348982529][bookmark: _Ref348982525][bookmark: _Toc415476494][bookmark: _Toc423602544][bookmark: _Toc423602718][bookmark: _Toc501130619][bookmark: _Toc503770627]Table 127 – Syntax elements and associated binarizations
	[bookmark: _Hlk87456455]Syntax structure
	Syntax element
	Binarization

	
	
	Process
	Input parameters

	residual_coding( )

	abs_remainder[ ]
	9.3.3.11
	cIdx, current sub-block index i, x0, y0, xC, yC, AbsLog2TbWidth log2TbWidth, AbsLog2TbHeight log2TbHeight

	
	dec_abs_level[ ]
	9.3.3.12
	cIdx, x0, y0, xC, yC, AbsLog2TbWidth log2TbWidth, AbsLog2TbHeight log2TbHeight


In clause 9.3.3.2, make the following changes (additions are highlighted in yellow):
Inputs to this process are the base level baseLevel, the colour component index cIdx, the luma location ( x0, y0 ) specifying the top-left sample of the current transform block relative to the top-left sample of the current picture, the current coefficient scan location ( xC, yC ), the binary logarithm of the transform block width AbsLog2TbWidth log2TbWidth, and the binary logarithm of the transform block height AbsLog2TbHeight log2TbHeight.
…
Given the array AbsLevel[ x ][ y ] for the transform block with component index cIdx and the top-left luma location ( x0, y0 ), the variable locSumAbs is derived as specified by the following pseudo-code process:
locSumAbs = 0
if( xC < ( 1  <<  AbsLlog2TbWidth ) − 1 ) {
	locSumAbs  +=  AbsLevel[ xC + 1 ][ yC ]
	if( xC < ( 1  <<  AbsLllog2TbWidth ) − 2 )
		locSumAbs  +=  AbsLevel[ xC + 2 ][ yC ]
	else
		locSumAbs  +=  HistValue
	if( yC < ( 1  <<  AbsLllog2TbHeight ) − 1 )
		locSumAbs  +=  AbsLevel[ xC + 1 ][ yC + 1 ]	(1517)
	else
		locSumAbs  +=  HistValue
} else
	locSumAbs  +=  2 * HistValue
if( yC < ( 1  <<  AbsLllog2TbHeight ) − 1 ) {
	locSumAbs  +=  AbsLevel[ xC ][ yC + 1 ]
	if( yC < ( 1  <<  AbsLllog2TbHeight ) − 2 )
		locSumAbs  +=  AbsLevel[ xC ][ yC + 2 ]
	else
		locSumAbs  +=  HistValue
} else
	locSumAbs  +=  HistValue
The lists Tx[ ] and Rx[ ] are specifed as follows:
Tx[ ] = { 32, 128, 512, 2048 }		(1523)
Rx[ ] = { 0, 2, 4, 6, 8 }		(1524)
The value of the variable shiftVal is derived as follows :
if( !sps_rrc_rice_extension_flag )
	shiftVal = 0				(1526)
else
	shiftVal = ( localSumAbs < Tx[ 0 ] ) ? Rx[ 0 ] : ( ( localSumAbs < Tx[ 1 ] ) ? Rx[ 1 ] :
		( ( localSumAbs < Tx[ 2 ] ) ? Rx[ 2 ] : ( ( localSumAbs < Tx[ 3 ] ) ? Rx[ 3 ] : Rx[4] ) ) )
The value of locSumAbs is updated as follows:

locSumAbs = Clip3( 0, 31, ( locSumAbs  >>  shiftVal ) − baseLevel * 5 ) 	(1526)
Given the variable locSumAbs, the Rice parameter cRiceParam is firstly derived as specified in Table 128, and then updated as follows:
cRiceParam = cRiceParam + shiftVal		(1526)
When baseLevel is equal to 0, the variable ZeroPos[ n ] is derived as follows:
ZeroPos[ n ] = ( QState < 2 ? 1 : 2 )  <<  cRiceParam	(1518)
[bookmark: _Ref531770375][bookmark: _Toc50057473]Table 128 – Specification of cRiceParam based on locSumAbs
	locSumAbs
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	cRiceParam
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	2
	2

	locSumAbs
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31

	cRiceParam
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	3
	3
	3
	3



In clause 9.3.3.11, replace the following:
· If transform_skip_flag[ x0 ][ y0 ][ cIdx ] is equal to 1 and sh_ts_residual_coding_disabled_flag is equal to 0, the Rice parameter cRiceParam is set equal to 1.
with the following:
· If transform_skip_flag[ x0 ][ y0 ][ cIdx ] is equal to 1 and sh_ts_residual_coding_disabled_flag is equal to 0, the Rice parameter cRiceParam is set equal to sh_ts_residual_coding_rice_idx_minus1 + 1.
In clause 9.3.3.11, make the following changes (additions are highlighted in yellow):
The variable baseLevel is derived as follows:
· If sps_rrc_rice_extension_flag is equal to 0, baseLevel is set equal to 4.
· Otherwise (sps_rrc_rice_extension_flag is equal to 1),baseLevel is set as follows:
baseLevel = ( BitDepth > 12 ) ? ( ( sh_slice_type  = =  I ) ? 1 : 2 ) : ( ( sh_slice_type  = =  I ) ? 2 : 3 )		(1536)
The rice parameter cRiceParam is derived as follows:
· If transform_skip_flag[ x0 ][ y0 ][ cIdx ] is equal to 1 and sh_ts_residual_coding_disabled_flag is equal to 0, the Rice parameter cRiceParam is set equal to sh_ts_residual_coding_rice_idx_minus1 + 1.
…
Otherwise, the rice parameter cRiceParam is derived by invoking the rice parameter derivation process for abs_remainder[ ] as specified in clause 9.3.3.2 with the variable baseLevel set equal to 4, the colour component index cIdx, the luma location ( x0, y0 ), the current coefficient scan location ( xC, yC ), the binary logarithm of the transform block width log2TbWidth, and the binary logarithm of the transform block height log2TbHeight as inputs.
…
In clause 9.3.3.11, replace the following:
· The suffix bin string is specified by invoking the limited k-th order EGk binarization process as specified in clause 9.3.3.6 for the binarization of suffixVal with the Exp-Golomb order k set equal to cRiceParam + 1, variable maxPreExtLen set equal to 11 and variable truncSuffixLen set equal to 15 as input.
with the following:
· The suffix bin string is specified by invoking the limited k-th order EGk binarization process as specified in clause 9.3.3.6 for the binarization of suffixVal with the Exp-Golomb order k set equal to cRiceParam + 1, variable maxPreExtLen set equal to 26 − Log2TransformRange and the variable truncSuffixLen set equal to Log2TransformRange as input.
In clause 9.3.3.11, replace variables log2TbWidth and log2TbHeight with variables AbsLog2TbWidth and AbsLog2TbHeight, respectively.
In clause 9.3.3.12, replace the following:
· The suffix bin string is specified by invoking the limited k-th order EGk binarization process as specified in clause 9.3.3.6 for the binarization of suffixVal with the Exp-Golomb order k set equal to cRiceParam + 1, variable maxPreExtLen set equal to 11 and variable truncSuffixLen set equal to 15 as input.
with the following:
· The suffix bin string is specified by invoking the limited k-th order EGk binarization process as specified in clause 9.3.3.6 for the binarization of suffixVal with the Exp-Golomb order k set equal to cRiceParam + 1, the variable maxPreExtLen set equal to 26 − Log2TransformRange and the variable truncSuffixLen set equal to Log2TransformRange as inputs.
In clause 9.3.3.12, replace variables log2TbWidth and log2TbHeight with variables AbsLog2TbWidth and AbsLog2TbHeight, respectively.
Add clauses A.3.5 as follows:
[bookmark: _Toc78558347]A3.5	Format range extensions profiles
The following profiles, collectively referred to as the format range extensions profiles, are specified in this subclause:
· 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 format 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 orand Main 16 4:4:4 Still Picture profiles, 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 profiles, general_level_idc for all values of i in the referenced active 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 profiles in subclause 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 format 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.. or 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.. or 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.. or 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 356.
Conformance of a bitstream to the Main 16 4:4:4 Intra profile is indicated by general_profile_idc being equal to 434.
Conformance of a bitstream to the Main 16 4:4:4 Still Picture profile is indicated by general_profile_idc being equal to 99100.
All other combinations of the syntax elements in Table 4 with general_profile_idc equal to 2, 10, 66, 34, 42, 98, 36, 44, or 100 are reserved for future use by ITU-T | ISO/IEC. Such combinations shall not be present in bitstreams conforming to this document. However, decoders conforming to the format range extensions profiles shall allow other combinations as specified below in this subclause to occur in the bitstream.

[bookmark: _Toc25952566]Table A.2 – Bitstream indications for conformance to format range extensions profiles
	[bookmark: _Hlk76066784]Profile for which the bitstream indicates conformance
	general_lower_bit_rate_constraint_flag

	Main 12
	1

	Main 12 4:4:4
	1

	Main 16 4:4:4
	1

	Main 12 Intra
	0 or 1

	Main 12 4:4:4 Intra
	0 or 1

	Main 16 4:4:4 Intra
	0 or 1

	Main 12 Still Picture
	0 or 1

	Main 12 4:4:4 Still Picture
	0 or 1

	Main 16 4:4:4 Still Picture
	0 or 1


Decoders conforming to a format 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 4:4:4 or Main 16 4:4:4 profile, and the bitstream or sub-layer representation is indicated to conform to the Main 10 profile, or the Main 10 Still Picture profile.
· The decoder conforms to the 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, and the bitstream or sub-layer representation is indicated to conform to the Main 10 Still Picture profile.
· general_profile_idc is equal to 2, 10, 66, 34, 42, 98, 36, 44, or 100 for the bitstream, and the value of each constraint flag listed in Table 4 is greater than or equal to the value(s) specified in the row of Table 4 for the format range extensions profile for which the decoder conformance is evaluated.
· 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 format 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 or sub-layer representation is indicated to conform to a tier that is lower than or equal to the specified tier.
· The bitstream or sub-layer representation 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.

Change clause A.4.1 as follows (additions are yellow-highlighted):
A.4.1	General tier and level limits
...
[bookmark: _Ref384691783][bookmark: _Ref397963780][bookmark: _Ref399010340][bookmark: _Ref399010579][bookmark: _Toc415476507][bookmark: _Toc423602568][bookmark: _Toc423602742][bookmark: _Toc501130635][bookmark: _Toc503770643][bookmark: _Toc50057480]Table 135 – General tier and level limits
	Level
	general_level_idc value*
	Max luma picture size MaxLumaPs (samples)
	Max CPB size MaxCPB (CpbVclFactor or CpbNalFactor bits)
	Max slices per AU MaxSlicesPerAu
	Max # of tiles MaxTilesPerAu
	Max # of tile columns MaxTileCols

	
	
	
	Main tier
	High tier
	
	
	

	1.0
	16
	36 864 
	350
	-
	16
	1
	1

	2.0
	32
	122 880 
	1 500
	-
	16
	1
	1

	2.1
	35
	245 760
	3 000
	-
	20
	1
	1

	3.0
	48
	552 960
	6 000
	-
	30
	4
	2

	3.1
	51
	983 040
	10 000
	-
	40
	9
	3

	4.0
	64
	2 228 224
	12 000
	30 000
	75
	25
	5

	4.1
	67
	2 228 224
	20 000
	50 000
	75
	25
	5

	5.0
	80
	8 912 896
	25 000
	100 000
	200
	110
	10

	5.1
	83
	8 912 896
	40 000
	160 000
	200
	110
	10

	5.2
	86
	8 912 896
	60 000
	240 000
	200
	110
	10

	6.0
	96
	35 651 584
	80 000
	240 000
	600
	440
	20

	6.1
	99
	35 651 584
	120 000
	480 000
	600
	440
	20

	6.2
	102
	35 651 584
	180 000
	800 000
	600
	440
	20

	6.3
	105
	80 216 064
	240 000
	1 6800 000
	1 000
	990
	30

	* The level numbers in this table are in the form of "majorNum.minorNum", and the value of general_level_idc for each of the levels is equal to majorNum * 16 + minorNum * 3.



In clause A.4.2, replace the following:
The variable HbrFactor is defined as follows:
· If the bitstream is indicated to conform to the Main 10, Main 10 4:4:4, Multilayer Main 10, or Multilayer Main 10 4:4:4 profile, HbrFactor is set equal to 1.
with the following:
The variable HbrFactor is defined as follows:
· If the bitstream is indicated to conform to the Main 10, Main 10 4:4:4, Multilayer Main 10, or Multilayer Main 10 4:4:4, Main 12, Main 12 4:4:4, Main 16, or Main 16 4:4:4 profile, HbrFactor is set equal to 1.
· [bookmark: _Hlk85625686]Otherwise, when the bitstream is indicated to conform to the 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, the following applies:
· If the bitstream is indicated to conform to the Main tier, HbrFactor is set equal to 1.
· Otherwise (the bitstream is indicated to conform to the High tier), HbrFactor is set equal to 2.HbrFactor is set equal to 2 − general_lower_bit_rate_constraint_flag.
In clause A.4.2, replace the following:
Bitstreams conforming to the Main 10, Main 10 4:4:4, Multilayer Main 10, or Multilayer Main 10 4:4:4 profile at a specified tier and level shall obey the following constraints for each bitstream conformance test as specified in Annex C:
with the following: 
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:

Change clause A.4.2 as follows (additions are yellow-highlighted):
A.4.2	Profile-specific level limits
...
[bookmark: _Ref384535561][bookmark: _Ref384535554][bookmark: _Toc390728426][bookmark: _Toc415476505][bookmark: _Toc423602566][bookmark: _Toc423602740][bookmark: _Toc501130631][bookmark: _Toc503770639][bookmark: _Toc50057481][bookmark: _Ref316797941]Table 136 – Tier and level limits for the video profiles
	Level
	Max luma sample rate MaxLumaSr
(samples/sec)
	Max bit rate MaxBR (BrVclFactor or BrNalFactor bits/s)
	Min compression ratio MinCrBase

	
	
	Main tier
	High tier
	Main tier
	High tier

	1.0
	552 960 
	128
	-
	2
	2

	2.0
	3 686 400 
	1 500
	-
	2
	2

	2.1
	7 372 800
	3 000
	-
	2
	2

	3.0
	16 588 800
	6 000
	-
	2
	2

	3.1
	33 177 600
	10 000
	-
	2
	2

	4.0
	66 846 720
	12 000
	30 000
	4
	4

	4.1
	133 693 440
	20 000
	50 000
	4
	4

	5.0
	267 386 880
	25 000
	100 000
	6
	4

	5.1
	534 773 760
	40 000
	160 000
	8
	4

	5.2
	1 069 547 520
	60 000
	240 000
	8
	4

	6.0
	1 069 547 520
	60 000
	240 000
	8
	4

	6.1
	2 139 095 040
	120 000
	480 000
	8
	4

	6.2
	4 278 190 080
	240 000
	800 000
	8
	4

	6.3
	4 812 963 840
	320 000
	1 6800 000
	8
	4


[bookmark: _Ref363690753][bookmark: _Ref22126044][bookmark: _Toc363691694][bookmark: _Toc379280107][bookmark: _Toc390728429][bookmark: _Ref397959973][bookmark: _Ref399010248][bookmark: _Toc415476509][bookmark: _Toc423602570][bookmark: _Toc423602744][bookmark: _Toc501130637][bookmark: _Toc503770645][bookmark: _Hlk83797839]Table 5 – Specification of CpbVclFactor, CpbNalFactor, FormatCapabilityFactor and MinCrScaleFactor
	Profiles
	CpbVclFactor
	CpbNalFactor
	FormatCapabilityFactor
	MinCrScaleFactor

	Main 10, Main 10 Still Picture, Multilayer Main 10, Main 12, Main 12 Intra, Main 12 Still Picture
	1 000
	1 100
	1.875
	1.00

	Main 10 Still Picture
	1 000
	1 100
	n.a.
	n.a.

	Main 10 4:4:4, Main 10 4:4:4 Still Picture, Multilayer Main 10 4:4:4, Main 12 4:4:4, Main 12 4:4:4 Intra, Main 12 4:4:4 Still Picture
	2 500
	2 750
	3.750
	0.75

	Main 10 4:4:4 Still Picture
	2 500
	2 750
	n.a.
	n.a.

	Main 12
	1 200
	1 320
	1.875
	1.00

	Main 12 Intra
	2 400
	2 640
	1.875
	1.00

	Main 12 Still Picture
	2 400
	2 640
	n.a.
	n.a.

	Main 12 4:4:4
	3 000
	3 300
	3.750
	0.75

	Main 12 4:4:4 Intra
	6 000
	6 600
	3.750
	0.75

	Main 12 4:4:4 Still Picture
	6 000
	6 600
	n.a.
	n.a.

	Main 16 4:4:4, Main 16 4:4:4 Intra, Main 16 4:4:4 Still Picture
	4 000
	4 400
	6.000
	0.75

	Main 16 4:4:4 Intra
	8 000
	8 800
	6.000
	0.75

	Main 16 4:4:4 Still Picture
	8 000
	8 800
	n.a.
	n.a.


[Ed. (MZ/YK): The values in Table A.3 for the newly-added operation range extension profiles have not been discussed at a JVET meeting. The current values are aligned with HEVC. It was suggested to consider scale the values according to the bit depth for the 12-bit profiles. Further study encouraged.]
Subclause A.4.3 shows the effect of these limits on picture rates for several example picture formats for some example profiles.
Change clause A.4.3 as follows (additions are yellow-highlighted):
Table 6, Table 7, and Table 8 provide examples of maximum picture rates at the Main tier for the Main 10, Main 10 4:4:4, Multilayer Main 10, or Multilayer Main 10 4:4:4, Main 12, Main 12 4:4:4, and Main 16 4:4:4 profiles. [Ed. (YK): What about the new video profiles added for the 2nd edition?]

[bookmark: _Ref77773147]Table 11 – Maximum picture rates (pictures per second) at the High tier, level 6.0 to 6.3 for some example picture sizes when MinCbSizeY is equal to 64
	Level:
	 
	 
	 
	6.0
	6.1
	6.2
	6.3

	Max luma picture size (samples):
	 
	 
	 
	35 651 584
	35 651 584
	35 651 584
	80 216 064

	Max luma sample rate (samples/sec)
	 
	 
	 
	1 069 547 520
	2 139 095 040
	4 278 190 080
	4 812 963 840

	Format nickname
	Luma width
	Luma height
	Luma picture size
	 
	 
	 
	 

	SQCIF
	128
	96
	16 384
	960.0
	960.0
	960.0
	960.0

	QCIF
	176
	144
	36 864
	960.0
	960.0
	960.0
	960.0

	QVGA
	320
	240
	81 920
	960.0
	960.0
	960.0
	960.0

	525 SIF
	352
	240
	98 304
	960.0
	960.0
	960.0
	960.0

	CIF
	352
	288
	122 880
	960.0
	960.0
	960.0
	960.0

	525 HHR
	352
	480
	196 608
	960.0
	960.0
	960.0
	960.0

	625 HHR
	352
	576
	221 184
	960.0
	960.0
	960.0
	960.0

	Q720p
	640
	360
	245 760
	960.0
	960.0
	960.0
	960.0

	VGA
	640
	480
	327 680
	960.0
	960.0
	960.0
	960.0

	525 4SIF
	704
	480
	360 448
	960.0
	960.0
	960.0
	960.0

	525 SD
	720
	480
	393 216
	960.0
	960.0
	960.0
	960.0

	4CIF
	704
	576
	405 504
	960.0
	960.0
	960.0
	960.0

	625 SD
	720
	576
	442 368
	960.0
	960.0
	960.0
	960.0

	480p (16:9)
	864
	480
	458 752
	960.0
	960.0
	960.0
	960.0

	SVGA
	800
	600
	532 480
	960.0
	960.0
	960.0
	960.0

	QHD
	960
	540
	552 960
	960.0
	960.0
	960.0
	960.0

	XGA
	1 024
	768
	786 432
	960.0
	960.0
	960.0
	960.0

	720p HD
	1 280
	720
	983 040
	960.0
	960.0
	960.0
	960.0

	4VGA
	1 280
	960
	1 228 800
	870.4
	960.0
	960.0
	960.0

	SXGA
	1 280
	1 024
	1 310 720
	816.0
	960.0
	960.0
	960.0

	525 16SIF
	1 408
	960
	1 351 680
	791.2
	960.0
	960.0
	960.0

	16CIF
	1 408
	1 152
	1 622 016
	659.3
	960.0
	960.0
	960.0

	4SVGA
	1 600
	1 200
	1 945 600
	549.7
	960.0
	960.0
	960.0

	1080 HD
	1 920
	1 080
	2 088 960
	512.0
	960.0
	960.0
	960.0

	2K×1K
	2 048
	1 024
	2 097 152
	510.0
	960.0
	960.0
	960.0

	2K×1080
	2 048
	1 080
	2 228 224
	480.0
	960.0
	960.0
	960.0

	4XGA
	2 048
	1 536
	3 145 728
	340.0
	680.0
	960.0
	960.0

	16VGA
	2 560
	1 920
	4 915 200
	217.6
	435.2
	870.4
	960.0

	3616×1536 (2.35:1)
	3 616
	1 536
	5 603 328
	190.8
	381.7
	763.5
	858.9

	3672×1536 (2.39:1)
	3 680
	1 536
	5 701 632
	187.5
	375.1
	750.3
	844.1

	3840×2160 (4*HD)
	3 840
	2 160
	8 355 840
	128.0
	256.0
	512.0
	576.0

	4K×2K
	4 096
	2 048
	8 388 608
	127.5
	255.0
	510.0
	573.5

	4096×2160
	4 096
	2 160
	8 912 896
	120.0
	240.0
	480.0
	540.0

	4096×2304 (16:9)
	4 096
	2 304
	9 437 184
	113.3
	226.6
	453.3
	510.0

	4096×3072
	4 096
	3 072
	12 582 912
	85.0
	170.0
	340.0
	382.5

	7680×4320
	7 680
	4 320
	33 423 360
	32.0
	64.0
	128.0
	144.0

	8192×4096
	8 192
	4 096
	33 554 432
	31.8
	63.7
	127.5
	143.4

	8192×4320
	8 192
	4 320
	35 651 584
	30.0
	60.0
	120.0
	135.0

	11520×6480
	11 520
	6 480
	74 649 600
	-
	-
	-
	64.0

	12288×6144
	12 288
	6 144
	75 497 472
	-
	-
	-
	63.7

	12288×6480
	12 288
	6 480
	79 626 240
	-
	-
	-
	60.0



The following aspects are highlighted in regard to the examples shown in Table 6 to Table 11:
In clause C.3.3, make the following changes (removed text is yellow-highlighted):
NOTE – When the syntax element dui_dpb_output_du_delay is not present in any DUI SEI message associated with AU n, the value is inferred to be equal to pt_dpb_output_du_delay in the PT SEI message associated with AU.
In clause C.6, step 4, make the following changes (additions are yellow-highlighted):
–	nal_unit_type is equal to PREFIX_APS_NUT, SUFFIX_APS_NUT, TRAIL_NUT, STSA_NUT, RADL_NUT, or RASL_NUT, or nal_unit_type is equal to GDR_NUT and the associated ph_recovery_poc_cnt is greater than 0.
Change clause D.2.1 as follows (additions are yellow-highlighted):
[bookmark: _Ref399007788][bookmark: _Toc452007389][bookmark: _Hlk71235990]D.2.1	General SEI payload syntax

	sei_payload( payloadType, payloadSize ) {
	Descriptor

		SeiExtensionBitsPresentFlag = 0
	

		if( nal_unit_type  = =  PREFIX_SEI_NUT )
	

			...
	

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

				decoded_picture_hash( payloadSize )
	

			else if( payloadType  = =  133 )
	

				scalable_nesting( 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)

	[bookmark: _Hlk45616095]		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)

		}
	

	}
	



Change clause D.2.2 as follows (additions are yellow-highlighted):
D.2.2	General SEI payload semantics
...
[bookmark: _Ref349227778][bookmark: _Toc50057487]Table 142 – Persistence scope of SEI messages (informative)
	[bookmark: _Hlk46400857]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 messag



Only filler payload, decoded picture hash, and scalable nesting SEI messages may be included in a suffix SEI NAL unit; all other SEI messages are not allowed to be included in a suffix SEI NAL unit. When there is a scalable nesting SEI message included in a suffix SEI NAL unit, it is only allowed to contain those SEI messages that are allowed to be included in a suffix NAL unit. When there is a scalable nesting SEI message included in a prefix SEI NAL unit, it is only allowed to contain those SEI messages that are allowed to be included in a prefix NAL unit.
The list VclAssociatedSeiList is set to consist of the payloadType values 3, 19, 45, 47, 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, inclusive.
The list PicUnitRepConSeiList is set to consist of the payloadType values 0, 1, 19, 45, 129, 133, 137, 147 to 150, inclusive, 153 to 156, inclusive, 165, 168, 177, 179, 180, and 200 to 207, inclusive.
NOTE 4 – 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. PicUnitRepConSeiList consists of the payloadType values of the SEI messages that are subject to the restriction on 4 repetitions per PU.
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 0, 1, 130, or 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 0, 1, 130, 203, or 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.
It is a requirement of bitstream conformance that the following restrictions apply on containing of SEI messages in a scalable nesting SEI message:
· An SEI message that has payloadType equal to 3 (filler payload), 133 (scalable nesting), 179 (multiview acquisition information), 180 (multiview view position), or 205 (scalability dimension information) shall not be contained in a scalable nesting SEI message.
· When a scalable nesting SEI message contains a BP, PT, DUI, or SLI SEI message, the scalable nesting SEI message shall not contain any other SEI message with payloadType not equal to 0 (BP), 1 (PT), 130 (DUI), or 203 (SLI).
...
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 4, 5, or 133 that are associated with a particular AU or DU and apply to a particular 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.
...
Change clause D.5.2 as follows (additions are yellow-highlighted, removals are yellow highlighted with strikeouts):
dui_dpb_output_du_delay_present_flag equal to 1 specifies the presence of the dui_dpb_output_du_delay syntax element in the DUI SEI message. dui_dpb_output_du_delay_present_flag equal to 0 specifies the absence of the dui_dpb_output_du_delay syntax element in the DUI SEI message. When not present, the value of dui_dpb_output_du_delay_present_flag is inferred to be equal to 0. When bp_du_dpb_params_in_pic_timing_sei_flag is equal to 0, at least one DUI SEI message associated with the DUs of an AU shall have dui_dpb_output_du_delay_present_flag equal to 1.
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 not present and when 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 pt_dpb_output_du_delay. 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.
Change clause D.6.2 as follows (additions are yellow-highlighted, removals are yellow highlighted with strikeouts):
A scalable nesting SEI message contains one or more SEI messages. The SEI messages contained in the scalable nesting SEI message are also referred to as the scalable-nested SEI messages.
It is a requirement of bitstream conformance that the following restrictions apply on containing of SEI messages in a scalable nesting SEI message:
	An SEI message that has payloadType equal to 3 (filler payload) or 133 (scalable nesting) shall not be contained in a scalable nesting SEI message.
	When a scalable nesting SEI message contains a BP, PT, DUI, or SLI SEI message, the scalable nesting SEI message shall not contain any other SEI message with payloadType not equal to 0 (BP), 1 (PT), 130 (DUI), or 203 (SLI).
Renumber clauses D.8 (Use of ITU-T H.274 | ISO/IEC 23002-7 VUI parameters) and D.9 (Use of ITU-T H.274 | ISO/IEC 23002-7 SEI messages) as D.10 and D.11, respectively.
Add clauses D.8 and D.9 as follows:
D.8	SEI manifest SEI message
D.8.1	SEI manifest SEI message syntax

	sei_manifest( payloadSize ) {
	Descriptor

		manifest_num_sei_msg_types
	u(16)

		for( i = 0; i < manifest_num_sei_msg_types; i++ ) {
	

			manifest_sei_payload_type[ i ]
	u(16)

			manifest_sei_description[ i ]
	u(8)

		}
	

	}
	



D.8.2	SEI manifest SEI message semantics
The SEI manifest SEI message conveys information on SEI messages that are indicated as expected (i.e., likely) to be present or not present. Such information may include the following:
–	The indication that certain types of SEI messages are expected (i.e., likely) to be present (although not guaranteed to be present) in the CVS.
–	For each type of SEI message that is indicated as expected (i.e., likely) to be present in the CVS, the degree of expressed necessity of interpretation of the SEI messages of this type, as follows:
· The degree of necessity of interpretation of an SEI message type may be indicated as "necessary", "unnecessary", or "undetermined".
· An SEI message is indicated by the encoder (i.e., the content producer) as being "necessary" when the information conveyed by the SEI message is considered as necessary for interpretation by the decoder or receiving system in order to properly process the content and enable an adequate user experience; it does not mean that the bitstream is required to contain the SEI message in order to be a conforming bitstream. It is at the discretion of the encoder to determine which SEI messages are to be considered as necessary in a particular CVS. However, it is suggested that some SEI messages, such as the frame packing arrangement, segmented rectangular frame packing arrangement, and omnidirectional projection indication SEI messages, should typically be considered as necessary.
–	The indication that certain types of SEI messages are expected (i.e., likely) not to be present (although not guaranteed not to be present) in the CVS.
NOTE – An example of such a usage of an SEI manifest SEI message is to express the expectation that there are no frame packing arrangement SEI messages or omnidirectional projection indication SEI messages in the CVS, and therefore that the rendering of the decoded video pictures for display purposes would not need any of the additional post-processing that is commonly associated with the interpretation of these SEI messages.
The content of an SEI manifest SEI message may, for example, be used by transport-layer or systems-layer processing elements to determine whether the CVS is suitable for delivery to a receiving and decoding system, based on whether the receiving system can properly process the CVS to enable an adequate user experience or whether the CVS satisfies the application needs.
When an SEI manifest SEI message is present in any access unit of a CVS, an SEI manifest SEI message shall be present in the first access unit of the CVS. The SEI manifest SEI message persists in decoding order from the current access unit until the end of the CVS. When there are multiple SEI manifest SEI messages present in a CVS, they shall have the same content.
[bookmark: _Hlk509427155]An SEI NAL unit containing an SEI manifest SEI message shall not contain any other SEI messages other than SEI prefix indication SEI messages. When present in an SEI NAL unit, the SEI manifest SEI message shall be the first SEI message in the SEI NAL unit.
manifest_num_sei_msg_types specifies the number of types of SEI messages for which information is provided in the SEI manifest SEI message.
manifest_sei_payload_type[ i ] indicates the payloadType value of the i-th type of SEI message for which information is provided in the SEI manifest SEI message. The values of manifest_sei_payload_type[ m ] and manifest_sei_payload_type[ n ] shall not be identical when m is not equal to n.
manifest_sei_description[ i ] provides information on SEI messages with payloadType equal to manifest_sei_payload_type[ i ] as specified in Table 143.
Table 143 – Interpretation of manifest_sei_description[ i ]
	Value
	Description

	0
	Indicates that there is no SEI message with payloadType equal to manifest_sei_payload_type[ i ] expected to be present in the CVS.

	1
	Indicates that there are SEI messages with payloadType equal to manifest_sei_payload_type[ i ] expected to be present in the CVS, and these SEI messages are considered as necessary.

	2
	Indicates that there are SEI messages with payloadType equal to manifest_sei_payload_type[ i ] expected to be present in the CVS, and these SEI messages are considered as unnecessary.

	3
	Indicates that there are SEI messages with payloadType equal to manifest_sei_payload_type[ i ] expected to be present in the CVS, and the necessity of these SEI messages is undetermined.

	4..255
	Reserved



The value of manifest_sei_description[ i ] shall be in the range of 0 to 3, inclusive, in bitstreams conforming to this version of this Specification. Other values for manifest_sei_description[ i ] are reserved for future use by ITU-T | ISO/IEC. Decoders shall allow the value of manifest_sei_description[ i ] greater than or equal to 4 to appear in the syntax and shall ignore all information for payloadType equal to manifest_sei_payload_type[ i ] signalled in the SEI manifest SEI message and shall ignore all SEI prefix indication SEI messages with prefix_sei_payload_type equal to manifest_sei_payload_type[ i ] when manifest_sei_description[ i ] is greater than or equal to 4.
D.9	SEI prefix indication SEI message
D.9.2	SEI prefix indication SEI message syntax

	sei_prefix_indication( payloadSize ) {
	Descriptor

		prefix_sei_payload_type
	u(16)

		num_sei_prefix_indications_minus1
	u(8)

		for( i = 0; i  <=  num_sei_prefix_indications_minus1; i++ ) {
	

			num_bits_in_prefix_indication_minus1[ i ]
	u(16)

			for( j = 0; j  <=  num_bits_in_prefix_indication_minus1[ i ]; j++ )
	

				sei_prefix_data_bit[ i ][ j ]
	u(1)

			while( !byte_aligned( ) )
	

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

		}
	

	}
	



D.9.2	SEI prefix indication SEI message semantics
The SEI prefix indication SEI message carries one or more SEI prefix indications for SEI messages of a particular value of payloadType. Each SEI prefix indication is a bit string that follows the SEI payload syntax of that value of payloadType and contains a number of complete syntax elements starting from the first syntax element in the SEI payload.
Each SEI prefix indication for an SEI message of a particular value of payloadType indicates that one or more SEI messages of this value of payloadType are expected (i.e., likely) to be present in the CVS and to start with the provided bit string. A starting bit string would typically contain only a true subset of an SEI payload of the type of SEI message indicated by the payloadType, may contain a complete SEI payload, and shall not contain more than a complete SEI payload. It is not prohibited for SEI messages of the indicated value of payloadType to be present that do not start with any of the indicated bit strings.
These SEI prefix indications should provide sufficient information for indicating what type of processing is needed or what type of content is included. The former (type of processing) indicates decoder-side processing capability, e.g., whether some type of frame unpacking is needed. The latter (type of content) indicates, for example, whether the bitstream contains subtitle captions in a particular language.
The content of an SEI prefix indication SEI message may, for example, be used by transport-layer or systems-layer processing elements to determine whether the CVS is suitable for delivery to a receiving and decoding system, based on whether the receiving system can properly process the CVS to enable an adequate user experience or whether the CVS satisfies the application needs (as determined in some manner by external means outside the scope of this Specification).
In one example, when the payloadType indicates the frame packing arrangement SEI message, an SEI prefix indication should include up to at least the syntax element frame_packing_arrangement_type; and when the payloadType indicates the omnidirectional projection indication SEI message, an SEI prefix indication should include up to at least the syntax element projection_type.
In another example, for user data registered SEI messages that are used to carry captioning information, an SEI prefix indication should include up to at least the language code; and for user data unregistered SEI messages extended for private use, an SEI prefix indication should include up to at least the UUID.
When an SEI prefix indication SEI message is present in any access unit of a CVS, an SEI prefix indication SEI message shall be present in the first access unit of the CVS. The SEI prefix indication SEI message persists in decoding order from the current access unit until the end of the CVS. When there are multiple SEI prefix indication SEI messages present in a CVS for a particular value of payloadType, they shall have the same content.
An SEI NAL unit containing an SEI prefix indication SEI message for a particular value of payloadType shall not contain any other SEI messages other than an SEI manifest SEI message and SEI prefix indication SEI messages for other values of payloadType.
prefix_sei_payload_type indicates the payloadType value of the SEI messages for which one or more SEI prefix indications are provided in the SEI prefix indication SEI message. When an SEI manifest SEI message is also present for the CVS, the value of prefix_sei_payload_type shall be equal to one of the manifest_sei_payload_type[ m ] values for which manifest_sei_description[ m ] is equal to 1 to 3, inclusive, as indicated by an SEI manifest SEI message that applies to the CVS.
num_sei_prefix_indications_minus1 plus 1 specifies the number of SEI prefix indications.
num_bits_in_prefix_indication_minus1[ i ] plus 1 specifies the number of bits in the i-th SEI prefix indication.
sei_prefix_data_bit[ i ][ j ] specifies the j-th bit of the i-th SEI prefix indication.
[bookmark: _Hlk509501420]The bits sei_prefix_data_bit[ i ][ j ] for j ranging from 0 to num_bits_in_prefix_indication_minus1[ i ], inclusive, follow the syntax of the SEI payload with payloadType equal to prefix_sei_payload_type, and contain a number of complete syntax elements starting from the first syntax element in the SEI payload syntax, and may or may not contain all the syntax elements in the SEI payload syntax. The last bit of these bits (i.e., the bit sei_prefix_data_bit[ i ][ num_bits_in_prefix_indication_minus1[ i ] ]) shall be the last bit of a syntax element in the SEI payload syntax, unless it is a bit within an itu_t_t35_payload_byte or user_data_payload_byte.
NOTE – The exception for itu_t_t35_payload_byte and user_data_payload_byte is provided because these syntax elements may contain externally-specified syntax elements, and the determination of the boundaries of such externally-specified syntax elements is a matter outside the scope of this Specification.
byte_alignment_bit_equal_to_one shall be equal to 1.
Add clause D.10 as follows:
[bookmark: _Toc78558402]D.10	Constrained RASL encoding indication SEI message
[bookmark: _Toc78558403]D.10.1	Constrained RASL encoding indication SEI message syntax

	constrained_rasl_encoding_indication( payloadSize ) {
	Descriptor

	}
	


[bookmark: _Toc78558404]D.10.2	Constrained RASL encoding indication SEI message semantics
The presence of the constrained RASL encoding indication (CREI) SEI message in a CVS indicates that a set of encoding constraints as described below applies for all RASL pictures in the CVS.
NOTE 1	In some applications such as bit-rate adaptive streaming services, when this set of encoding constraints is applied, it is expected to be possible to perform bitstream switching between different bitstreams that represent the same source video content at CRA pictures that have associated RASL pictures with fewer visually noticeable or visually annoying artefacts in the reconstructed sample values of the RASL pictures than when the RASL pictures are encoded without applying this set of constraints.
NOTE 2	CRA pictures with associated RASL pictures are sometimes referred to as open group of pictures (open-GOP) IRAP pictures.
When a CREI SEI message is present for any picture of an AU of a CVS, a CREI SEI message shall be present for the first picture of the CVSS AU. The CREI SEI message persists in decoding order from the current AU until the end of the CVS.
The presence of the CREI SEI message indicates that the following conditions all apply for each RASL picture in the CVS:
· 	The PH syntax structure has ph_dmvr_disabled_flag equal to 1.
· 	The PPS referred to by the RASL picture has pps_ref_wraparound_enabled_flag equal to 0.
· 	No CU in a slice with sh_slice_type equal to 0 (B) or 1 (P) has cclm_mode_flag equal to 1.
· 	No collocated reference picture precedes the CRA picture associated with the RASL picture in decoding order.
Add clauses D.12.7 and D.12.8 as follows:
D.12.7	Use of the annotated regions SEI message
For purposes of interpretation of the annotated regions SEI message, the following variables are specified:
–	CroppedWidth is set equal to pps_pic_width_in_luma_samples – SubWidthC * ( pps_conf_win_right_offset + pps_conf_win_left_offset ).
–	CroppedHeight is set equal to pps_pic_height_in_luma_samples – SubHeightC * ( pps_conf_win_bottom_offset + pps_conf_win_top_offset ).
–	ConfWinLeftOffset is set equal to pps_conf_win_left_offset.
–	ConfWinTopOffset is set equal to pps_conf_win_top_offset.
[bookmark: _Ref23240439][bookmark: _Toc50057343]D.12.8	Use of the extended dependent random access point (EDRAP) indication SEI message
A picture that is associated with an EDRAP indication SEI message is referred to as an EDRAP picture.
The following constraints apply to an EDRAP picture:
–	The VCL NAL units of the EDRAP picture shall have nal_unit_type equal to TRAIL_NUT.
–	The EDRAP picture shall have TemporalId equal to 0.
D.12.9	Use of the colour transform information SEI message
For purposes of interpretation of the colour transform information SEI message, the following variable is specified:
–	ChromaFormatIdc is set equal to sps_chroma_format_idc.
[Ed. (YK): Check the need for addition of the specifications for use of the alpha channel information SEI message, the depth representation information SEI message, the multiview acquisition information SEI message, and the scalability dimension information SEI message.]
In the Bibliography section, replace the following:
[1] Rec. ITU-T H.222.0 | ISO/IEC 13818-1, Information technology — Generic coding of moving pictures and associated audio information — Part 1: Systems
[2] Rec. ITU-T H.264 | ISO/IEC 14496-10, Information technology — Coding of audio-visual objects — Part 10: Advanced video coding 
[3] Rec. ITU-T H.265 | ISO/IEC 23008-2, Information technology — High efficiency coding and media delivery in heterogeneous environments — Part 2: High efficiency video coding
[4] Rec. ITU-T H.320, Narrow-band visual telephone systems and terminal equipment
[5] 	Rec. ITU-R BT.2100, Image parameter values for high dynamic range television for use in production and international programme exchange
with following:
[6] Rec. ITU-T H.222.0 | ISO/IEC 13818-1, Information technology — Generic coding of moving pictures and associated audio information — Part 1: Systems
[7] Rec. ITU-T H.264 | ISO/IEC 14496-10, Information technology — Coding of audio-visual objects — Part 10: Advanced video coding 
[8] Rec. ITU-T H.265 | ISO/IEC 23008-2, Information technology — High efficiency coding and media delivery in heterogeneous environments — Part 2: High efficiency video coding
[9] Rec. ITU-T H.273 | ISO/IEC 23091-2, Information technology — Coding-independent code points — Part 2: Video
[10] Rec. ITU-T H.320, Narrow-band visual telephone systems and terminal equipment
[11] Supplement ITU-T H-Suppl. 19 | ISO/IEC TR 23091-4, Information technology — Coding-independent code points — Part 4: Usage of video signal type code points
[12] Rec. ITU-R BT.2100, Image parameter values for high dynamic range television for use in production and international programme exchange
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