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Abstract
Introduction
This contribution proposes to define an initial profiles definition for VVC operation range profiles. The proposed profile text is based on HEVC format range extension profile but there are some changes.

v2 applied some editorial improvements and added references information.
v3 reflected the joint meeting’s decision in 13 July 7:30 UTC and added a newly adopted sps_reverse_last_sig_coeff_enabled_flag (in JVET-W0046) constraint and fixed some points.
v4 change the WD to use SPS flags for tools enabling/disabling rather than GCI flags.
Introduction
The following shows our contribution’s intent compared to HEVC and VVC version1.
· Proposed profiles compared to HEVC format range extension profiles
· The following profiles (not in HEVC) are also added
· Main 12 Still Picture, Main 12 4:4:4 Still Picture, and Main 4:4:4 16
· The following profiles are not proposed
· Monochrome, Main 4:2:2, Main 4:4:4, Main Intra, Main 4:4:4 Intra (8bit profiles)
· Main 4:4:4 10 (existing profiles)
· Monochrome 12, Monochrome 16 (No Monochrome as agreed in the joint meeting)
· Main 4:2:2 10, Main 4:2:2 12 (No 4:2:2 as agreed in the joint meeting)
· Main 4:2:2 10 Intra, Main 4:2:2 12 Intra (No 4:2:2 as agreed in the joint meeting)
· Main 10 Intra, Main 4:4:4 10 (No 10 bit as agreed in the joint meeting)
· The in-loop filter optional clause for Intra or Still Picture profiles is removed
· “For decoders conforming to the Main Intra, …, or Main 4:4:4 16 Still picture profile, the application of either or both of the in-loop filters of the in-loop filter process specified in clause 8.7 is optional.”
· This alternative conformance point would not be desirable for decoder implementation and its performance benefit is unclear.
· Naming convention
· e.g. Main 4:4:4 16 to Main 16 4:4:4 (bit-depth earlier)
· New coding tools
· About extended_precision_processing_flag, sps_ts_residual_coding_rice_present_in_sh_flag, sps_rrc_rice_extension_flag, sps_persistent_rice_adaptation_enabled_flag
· For 10 bit 4:2:0(Monochrome 10, Main 10 Intra) and 12 bit 4:0:0 or 4:2:0 profiles (Monochrome 12, Main 12, Main 12 Intra, Main 12 Still Picture), all new tools are not allowed.
· For other profiles, all new tools are allowed
· Note: In HEVC RExt, only 4:4:4 or 16bit profiles allowed new tools.
· VVC version1 constraint
· For 10 bit 4:2:0(Monochrome 10, Main 10 Intra) and 12 bit 4:0:0 or 4:2:0 profiles (Monochrome 12, Main 12, Main 12 Intra, Main 12 Still Picture), the same constraint is used as Main 10 and Main 10 Still Picture profiles except for bit depth range.
· i. e. gci_no_palette_constraint_flag equal to 1 (effectively sps_palette_enabled_flag equal to 0)
Parent body’s FVC requirements for colour format and bit ranges
The following requirements was agreed in the starting point of VVC. We could interpret “should” means that it is expected to support them in some point.

· MPEG requirement [1]
Colour Spaces and Colour Sampling
a)     YCbCr colour spaces with 4:2:0 sampling, 10 bits per component shall be supported
b)     YCbCr/RGB 4:4:4 and YCbCr 4:2:2 should be supported.
c)     Bit depths up to 16 bits per component should be supported
d)     High dynamic range shall be supported (peak brightness 1000, 4000, and 10000 nits dynamic range greater than 16 f-stops)
[bookmark: _GoBack]e)     Wide gamut colour BT2100 shall be supported
f)      Auxiliary channels (transparency, depth, etc.) should be supported

· ITU-T SG16 Q.6 (VCEG) requirement [2]
-       FVC shall be capable of representing video signals with bit depths 8 and 10. FVC should be capable of representing video signals with bit depths ranging from 8 to 16.
-       FVC shall be capable of representing video signals with 4:2:0 and monochrome colour sampling. FVC should be capable of representing video signals with colour samplings ranging up to 4:4:4.

Proposal
Proposed profiles (which profiles should we provide?)916 profiles
Monochrome 10, 12, 16
Main 12
Main 12 4:2:2
Main 12 4:4:4 and Main 16 4:4:4
· Main 12, Main 12 4:4:4 and Main 16 4:4:4
· Main 10 Intra, Main 12 Intra, 
· Main 10 4:2:2 Intra, Main 10 4:4:4 Intra
· Main 12 4:2:2 Intra, Main 12 4:4:4 Intra, and Main 16 4:4:4 Intra
· Main 12 Still Picture, Main 12 4:4:4 Still Picture, and Main 16 4:4:4 Still Picture
Profile idcs and constraints (how to identify profiles)
· general_profile_idc is not always 4 as HEVC does.
· Follow VVC rule as much as possible 
· Main +1
· Multilayer +16
· 4:4:4 + 32
· StillPicture +64
· Currently, 1 and 17(1+16), 33(1+32), 49 (1+16+32), 65(1+64) and 97(1+32+64) is used 
· Use 4 as basis for monochrome, 4:2:2 and higher bit. Use 4+32 for 4:4:4
· Suggest four values (4, 4+32, 4+64, 4+32+64)
· 4 for Monochrome 10, Monochrome 12, Monochrome 16, Main 12, Main 12 Intra, 4:2:2 (and corresponding Intra)
· 36 (4+32) for Main 12 4:4:4, Main 16 4:4:4, Main 12 4:4:4 Intra, Main 16 4:4:4 Intra (and corresponding Intra)
· 68 (4+64) for Main 12 Still Picture 
· 100 (4+32+64) for Main 12 4:4:4 Still Picture, Main 16 4:4:4 Still Picture
· 
· Re-use existing constraint flags
· gci_sixteen_minus_max_bitdepth_constraint_idc for bitdepth constraint, e.g. 10, 12, 16
· 4 for 12 bit profiles
· 0 for 16 bit profiles
· gci_three_minus_max_chroma_format_constraint_idc for chroma format constraint, e.g. 
· 2 for Monochrome, 4:2:0 profiles
· 0 for , 4:2:2, 4:4:4 profiles
· general_intra_constraint_flag for Main XXX Intra profiles
· 1 for Intra profiles
· sps_palette_enabled_flag
· gci_no_palette_constraint_flag0 for Main 12 (4:2:0) profiles
Profile specific constraint (Do we need to introduce new constraint?)
· introduce general_lower_bit_rate_constraint_flag
·  Tofor control minax compression ratio constraint (MinCr), BrVclFactor and BrNalFactor  as HEVC does have
The flag controls a variable HbrFactor between 1 (1x) or 2 (2x), which uses to calculate MinCr in the specification.
· 
 MinCR = 2 where HbrFactor is 1, MinCrBase is 4 in High tier in Level 4 or higher as specified in Table A.9. MinCrScaleFactor is 0.5 in Main 12 4:2:2, Main 12 4:4:4, Main 16 4:4:4 profiles etc. By using HbrFactor 2, MinCR becomes 1. SVT16 in HBT CTC, MinCr less than 2 occurs.

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.
· Otherwise, HbrFactor is set equal to 2 − general_lower_bit_rate_constraint_flag.
The variable BrVclFactor, which represents the VCL bit rate scale factor, is set equal to CpbVclFactor * HbrFactor.
The variable BrNalFactor, which represents the NAL bit rate scale factor, is set equal to CpbNalFactor * HbrFactor.
The variable MinCr is set equal to MinCrBase * MinCrScaleFactor ÷ HbrFactor.

· MinCR = 2 where HbrFactor is 1, MinCrBase is 4 in High tier in Level 4 or higher as specified in Table A.9. MinCrScaleFactor is 0.5 in Main 12 4:2:2, Main 12 4:4:4, Main 16 4:4:4 profiles etc. By using HbrFactor 2, MinCR becomes 1. SVT16 in HBT CTC, MinCr less than 2 occurs.


The sum of the NumBytesInNalUnit variables for AU 0 shall be less than or equal to FormatCapabilityFactor * ( Max( AuSizeMaxInSamplesY[ 0 ], FrVal * MaxLumaSr ) + MaxLumaSr * ( AuCpbRemovalTime[ 0 ] − AuNominalRemovalTime[ 0 ] ) ) ÷ MinCr, where MaxLumaSr and FormatCapabilityFactor are the values specified in Table 136 and Table 137, respectively, that apply to AU 0.
The sum of the NumBytesInNalUnit variables for AU n (with n greater than 0) shall be less than or equal to FormatCapabilityFactor * MaxLumaSr * ( AuCpbRemovalTime[ n ] − AuCpbRemovalTime[ n − 1 ] ) ÷ MinCr, where MaxLumaSr and FormatCapabilityFactor are the values specified in Table 136 and Table 137 respectively, that apply to AU n.
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7.3.3.1 General profile, tier, and level syntax

	profile_tier_level( profileTierPresentFlag, MaxNumSubLayersMinus1 ) {
	Descriptor

		if( profileTierPresentFlag ) {
	

			general_profile_idc
	u(7)

			general_tier_flag
	u(1)

		}
	

		general_level_idc
	u(8)

		ptl_frame_only_constraint_flag
	u(1)

		ptl_multilayer_enabled_flag
	u(1)

		if( profileTierPresentFlag )
	

			general_constraints_info( )
	

		for( i = MaxNumSubLayersMinus1 − 1; i  >=  0; i− − )
	

			ptl_sublayer_level_present_flag[ i ]
	u(1)

		while( !byte_aligned( ) )
	

			ptl_reserved_zero_bit
	u(1)

		for( i = MaxNumSubLayersMinus1 − 1; i  >=  0; i− − )
	

			if( ptl_sublayer_level_present_flag[ i ] )
	

				sublayer_level_idc[ i ]
	u(8)

		if( profileTierPresentFlag ) {
	

			ptl_num_sub_profiles
	u(8)

			for( i = 0; i < ptl_num_sub_profiles; i++ )
	

				general_sub_profile_idc[ i ]
	u(32)

		}
	

	}
	



	general_constraints_info( ) {
	Descriptor

		gci_present_flag
	u(1)

		if( gci_present_flag ) {
	

		/* general */
	

			gci_intra_only_constraint_flag
	u(1)

			gci_all_layers_independent_constraint_flag
	u(1)

			gci_one_au_only_constraint_flag 
	u(1)

		/* picture format */
	

			gci_sixteen_minus_max_bitdepth_constraint_idc
	u(4)

			gci_three_minus_max_chroma_format_constraint_idc
	u(2)

		/* NAL unit type related */
	

			gci_no_mixed_nalu_types_in_pic_constraint_flag
	u(1)

			gci_no_trail_constraint_flag
	u(1)

			gci_no_stsa_constraint_flag
	u(1)

			gci_no_rasl_constraint_flag
	u(1)

			gci_no_radl_constraint_flag
	u(1)

			gci_no_idr_constraint_flag
	u(1)

			gci_no_cra_constraint_flag
	u(1)

			gci_no_gdr_constraint_flag
	u(1)

			gci_no_aps_constraint_flag
	u(1)

			gci_no_idr_rpl_constraint_flag
	u(1)

		/* tile, slice, subpicture partitioning */
	

			gci_one_tile_per_pic_constraint_flag
	u(1)

			gci_pic_header_in_slice_header_constraint_flag
	u(1)

			gci_one_slice_per_pic_constraint_flag
	u(1)

			gci_no_rectangular_slice_constraint_flag
	u(1)

			gci_one_slice_per_subpic_constraint_flag
	u(1)

			gci_no_subpic_info_constraint_flag
	u(1)

		/* CTU and block partitioning */
	

			gci_three_minus_max_log2_ctu_size_constraint_idc
	u(2)

			gci_no_partition_constraints_override_constraint_flag
	u(1)

			gci_no_mtt_constraint_flag
	u(1)

			gci_no_qtbtt_dual_tree_intra_constraint_flag
	u(1)

		/* intra */
	

			gci_no_palette_constraint_flag
	u(1)

			gci_no_ibc_constraint_flag
	u(1)

			gci_no_isp_constraint_flag
	u(1)

			gci_no_mrl_constraint_flag
	u(1)

			gci_no_mip_constraint_flag
	u(1)

			gci_no_cclm_constraint_flag
	u(1)

		/* inter */
	

			gci_no_ref_pic_resampling_constraint_flag
	u(1)

			gci_no_res_change_in_clvs_constraint_flag
	u(1)

			gci_no_weighted_prediction_constraint_flag
	u(1)

			gci_no_ref_wraparound_constraint_flag
	u(1)

			gci_no_temporal_mvp_constraint_flag
	u(1)

			gci_no_sbtmvp_constraint_flag 
	u(1)

			gci_no_amvr_constraint_flag
	u(1)

			gci_no_bdof_constraint_flag
	u(1)

			gci_no_smvd_constraint_flag
	u(1)

			gci_no_dmvr_constraint_flag
	u(1)

			gci_no_mmvd_constraint_flag
	u(1)

			gci_no_affine_motion_constraint_flag
	u(1)

			gci_no_prof_constraint_flag
	u(1)

			gci_no_bcw_constraint_flag
	u(1)

			gci_no_ciip_constraint_flag
	u(1)

			gci_no_gpm_constraint_flag
	u(1)

		/* transform, quantization, residual */
	

			gci_no_luma_transform_size_64_constraint_flag
	u(1)

			gci_no_transform_skip_constraint_flag
	u(1)

			gci_no_bdpcm_constraint_flag
	u(1)

			gci_no_mts_constraint_flag
	u(1)

			gci_no_lfnst_constraint_flag
	u(1)

			gci_no_joint_cbcr_constraint_flag
	u(1)

			gci_no_sbt_constraint_flag
	u(1)

			gci_no_act_constraint_flag
	u(1)

			gci_no_explicit_scaling_list_constraint_flag
	u(1)

			gci_no_dep_quant_constraint_flag
	u(1)

			gci_no_sign_data_hiding_constraint_flag
	u(1)

			gci_no_cu_qp_delta_constraint_flag
	u(1)

			gci_no_chroma_qp_offset_constraint_flag
	u(1)

		/* loop filter */
	

			gci_no_sao_constraint_flag
	u(1)

			gci_no_alf_constraint_flag
	u(1)

			gci_no_ccalf_constraint_flag
	u(1)

			gci_no_lmcs_constraint_flag
	u(1)

			gci_no_ladf_constraint_flag
	u(1)

			gci_no_virtual_boundaries_constraint_flag
	u(1)

			gci_num_reserved_bits
	u(8)

			if( general_profile_idc  = =  4  | |
			general_profile_idc  = =  36  | |
			general_profile_idc  = =  68  | |
			general_profile_idc  = =  100 ) {
	

				general_lower_bit_rate_constraint_flag
	u(1)

				NumReservedBitsUsed=1
	

			}
	

			else
	

			NumReservedBitsUsed=0
	

			for( i = 0; i < gci_numreserved_bits - NumReservedBitsUsed; i++ )
	

				gci_reserved_zero_bit[ i ]
	u(1)

		}
	

		while( !byte_aligned( ) )
	

			gci_alignment_zero_bit
	f(1)

	}
	


…
gci_no_palette_constraint_flag equal to 1 specifies that sps_palette_enabled_flag for all pictures in OlsInScope shall be equal to 0. gci_no_palette_constraint_flag 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 or 1 in bitstreams conforming to this version of this Specification. 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 or 1 in this version of this Specification, decoders conforming to this version of this Specification shall allow the value of gci_num_reserved_bits other greater than 0 or 1 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 01.

general_lower_‌bit_rate_‌constraint_flag, when present, have semantics specified in Annex A when the profile indicated by general_profile_idc is a profile specified in Annex A.
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.
gci_alignment_zero_bit shall be equal to 0.

Alternative syntax table (only editorial difference compared to the above syntax table):
	
	

			if( general_profile_idc  = =  4  | |
			general_profile_idc  = =  36  | |
			general_profile_idc  = =  68  | |
			general_profile_idc  = =  100 ) {
	

				gci_num_profile_constraint_bits
	u(8)

				general_lower_bit_rate_constraint_flag
	u(1)

				NumReservedBits= gci_num_profile_constraint_bits − 1
	

			}
	

			else {
	

				gci_num_ reserved_bits
	u(8)

				NumReservedBits= gci_num_ reserved_bits
	

			}
	

			for( i = 0; i < NumReservedBits; i++ )
	

				gci_reserved_zero_bit[ i ]
	u(1)

		}
	

		while( !byte_aligned( ) )
	

			gci_alignment_zero_bit
	f(1)

	}
	



gci_num_profile_constraint_bits, specifies the sum of number of profile constraint bits and number of the reserved GCI bits. It is a requirement of bitstream conformance that the value of gci_num_ profile_constraint_or_reserved_bits shall be equal to or more than 1 when the profile indicated by general_profile_idc is a profile specified in Annex A.

general_lower_‌bit_rate_‌constraint_flag, when present, have semantics specified in Annex A when the profile indicated by general_profile_idc is a profile specified in Annex A.

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 Specification. 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 Specification, decoders conforming to this version of this Specification 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.
[bookmark: _Hlk45308458]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.
gci_alignment_zero_bit shall be equal to 0.

A.1 Profiles
A.1.1 [bookmark: _Toc22932316][bookmark: _Toc22932317][bookmark: _Toc22932318][bookmark: _Toc415475988][bookmark: _Toc423599263][bookmark: _Toc423601767][bookmark: _Toc501130231][bookmark: _Toc503777935][bookmark: _Toc50057291]Main 10 and Main 10 Still Picture profiles
Bitstreams conforming to the Main 10 or Main 10 Still Picture profile shall obey the following constraints:
· Referenced SPSs shall have ptl_multilayer_enabled_flag equal to 0.
· In a bitstream conforming to the Main 10 Still Picture profile, the bitstream shall contain only one picture.
· Referenced SPSs shall have sps_chroma_format_idc equal to 0 or 1.
· Referenced SPSs shall have sps_bitdepth_minus8 in the range of 0 to 2, inclusive.
· Referenced SPSs shall have sps_palette_enabled_flag equal to 0.
· In a bitstream conforming to the Main 10 profile, general_level_idc and sublayer_level_idc[ i ] for all values of i in the referenced VPS (when available) and in the referenced SPSs shall not be equal to 255 (which indicates level 15.5).
· The tier and level constraints specified for the Main 10 or Main 10 Still Picture profile in clause A.4, as applicable, shall be fulfilled.
· Referenced SPSs shall have sps_ts_residual_coding_rice_present_in_sh_flag, sps_rrc_rice_extension_flag, sps_persistent_rice_adaptation_enabled_flag, extended_precision_processing_flag, sps_reverse_last_sig_coeff_enabled_flag, when present, equal to 0 only.	Comment by v3: We may not need this constraint if JVET-W0178’s decision continue remain valid in future.
Conformance of a bitstream to the Main 10 profile is indicated by general_profile_idc being equal to 1.
Conformance of a bitstream to the Main 10 Still Picture profile is indicated by general_profile_idc being equal to 65.
NOTE – When the conformance of a bitstream to the Main 10 Still Picture profile is indicated by general_profile_idc being equal to 65, and the indicated level is not level 15.5, the conditions for indication of the conformance of the bitstream to the Main 10 profile are also fulfilled.
Decoders conforming to the Main 10 profile at a specific level of a specific tier shall be capable of decoding all bitstreams for which all of the following conditions apply:
· The bitstream is indicated to conform to the Main 10 or Main 10 Still Picture profile.
· The bitstream is indicated to conform to a tier that is lower than or equal to the specified tier.
· The bitstream is indicated to conform to a level that is not level 15.5 and is lower than or equal to the specified level.
Decoders conforming to the Main 10 Still Picture profile at a specific level of a specific tier shall be capable of decoding all bitstreams for which all of the following conditions apply:
· The bitstream is indicated to conform to the Main 10 Still Picture profile.
· The bitstream is indicated to conform to a tier that is lower than or equal to the specified tier.
· The bitstream is indicated to conform to a level that is not level 15.5 and is lower than or equal to the specified level.
Decoders conforming to the Main 10 Still Picture profile at a specific level of a specific tier shall also be capable of decoding of the first picture of a bitstream when both of the following conditions apply:
· That bitstream is indicated to conform to the Main 10 profile, to conform to a tier that is lower than or equal to the specified tier, and to conform to a level that is not level 15.5 and is lower than or equal to the specified level.
· That picture is an IRAP picture or is a GDR picture with ph_recovery_poc_cnt equal to 0, is in an output layer, and has ph_pic_output_flag equal to 1.
A.1.2 [bookmark: _Toc50057292]Main 10 4:4:4 and Main 10 4:4:4 Still Picture profiles
Bitstreams conforming to the Main 10 4:4:4 or Main 10 4:4:4 Still Picture profile shall obey the following constraints:
· Referenced SPSs shall have ptl_multilayer_enabled_flag equal to 0.
· In a bitstream conforming to the Main 10 4:4:4 Still Picture profile, the bitstream shall contain only one picture.
· Referenced SPSs shall have sps_chroma_format_idc in the range of 0 to 3, inclusive.
· Referenced SPSs shall have sps_bitdepth_minus8 in the range of 0 to 2, inclusive.
· In a bitstream conforming to the Main 10 4:4:4 profile, general_level_idc and sublayer_level_idc[ i ] for all values of i in the referenced VPS (when available) and in the referenced SPSs shall not be equal to 255 (which indicates level 15.5).
· The tier and level constraints specified for the Main 10 4:4:4 or Main 10 4:4:4 Still Picture profile in clause A.4, as applicable, shall be fulfilled.
· Referenced SPSs shall have sps_ts_residual_coding_rice_present_in_sh_flag, sps_rrc_rice_extension_flag, sps_persistent_rice_adaptation_enabled_flag, extended_precision_processing_flag, sps_reverse_last_sig_coeff_enabled_flag, when present, equal to 0 only.
Conformance of a bitstream to the Main 10 4:4:4 profile is indicated by general_profile_idc being equal to 33.
Conformance of a bitstream to the Main 10 4:4:4 Still Picture profile is indicated by general_profile_idc being equal to 97.
NOTE – When the conformance of a bitstream to the Main 10 4:4:4 Still Picture profile is indicated by general_profile_idc being equal to 97, and the indicated level is not level 15.5, the conditions for indication of the conformance of the bitstream to the Main 10 4:4:4 profile are also fulfilled.
Decoders conforming to the Main 10 4:4:4 profile at a specific level of a specific tier shall be capable of decoding all bitstreams for which all of the following conditions apply:
· The bitstream is indicated to conform to the Main 10 4:4:4, Main 10, Main 10 4:4:4 Still Picture, or Main 10 Still Picture profile.
· The bitstream is indicated to conform to a tier that is lower than or equal to the specified tier.
· The bitstream is indicated to conform to a level that is not level 15.5 and is lower than or equal to the specified level.
Decoders conforming to the Main 10 4:4:4 Still Picture profile at a specific level of a specific tier shall be capable of decoding all bitstreams for which all of the following conditions apply:
· The bitstream is indicated to conform to the Main 10 4:4:4 Still Picture or Main 10 Still Picture profile.
· The bitstream is indicated to conform to a tier that is lower than or equal to the specified tier.
· The bitstream is indicated to conform to a level that is not level 15.5 and is lower than or equal to the specified level.
Decoders conforming to the Main 10 4:4:4 Still Picture profile at a specific level of a specific tier shall also be capable of decoding of the first picture of a bitstream when both of the following conditions apply:
· That bitstream is indicated to conform to the Main 10 4:4:4 profile, to conform to a tier that is lower than or equal to the specified tier, to conform to a level that is not level 15.5 and is lower than or equal to the specified level.
· That picture is an IRAP picture or is a GDR picture with ph_recovery_poc_cnt equal to 0, is in an output layer, and has ph_pic_output_flag equal to 1.
A.1.3 [bookmark: _Toc50057293]Multilayer Main 10 profile
Bitstreams conforming to the Multilayer Main 10 shall obey the following constraints:
· Referenced SPSs shall have sps_chroma_format_idc equal to 0 or 1.
· Referenced SPSs shall have sps_bitdepth_minus8 in the range of 0 to 2, inclusive.
· Referenced SPSs shall have sps_palette_enabled_flag equal to 0.
· In a bitstream conforming to the Multilayer Main 10 profile, general_level_idc and sublayer_level_idc[ i ] for all values of i in the referenced VPS (when available) and in the referenced SPSs shall not be equal to 255 (which indicates level 15.5).
· The tier and level constraints specified for the Multilayer Main 10 profile in clause A.4, as applicable, shall be fulfilled.
· Referenced SPSs shall have sps_ts_residual_coding_rice_present_in_sh_flag, sps_rrc_rice_extension_flag, sps_persistent_rice_adaptation_enabled_flag, extended_precision_processing_flag, sps_reverse_last_sig_coeff_enabled_flag, when present, equal to 0 only.
Conformance of a bitstream to the Multilayer Main 10 profile is indicated by general_profile_idc being equal to 17.
Decoders conforming to the Multilayer Main 10 profile at a specific level of a specific tier shall be capable of decoding all bitstreams for which all of the following conditions apply:
· The bitstream is indicated to conform to the Multilayer Main 10, Main 10, or Main 10 Still Picture profile.
· The bitstream is indicated to conform to a tier that is lower than or equal to the specified tier.
· The bitstream is indicated to conform to a level that is not level 15.5 and is lower than or equal to the specified level.
A.1.4 [bookmark: _Toc50057294]Multilayer Main 10 4:4:4 profile
Bitstreams conforming to the Multilayer Main 10 4:4:4 profile shall obey the following constraints:
· Referenced SPSs shall have sps_chroma_format_idc in the range of 0 to 3, inclusive.
· Referenced SPSs shall have sps_bitdepth_minus8 in the range of 0 to 2, inclusive.
· In a bitstream conforming to the Multilayer Main 10 4:4:4 profile, general_level_idc and sublayer_level_idc[ i ] for all values of i in the referenced VPS (when available) and in the referenced SPSs shall not be equal to 255 (which indicates level 15.5).
· The tier and level constraints specified for the Multilayer Main 10 4:4:4 profile in clause A.4, as applicable, shall be fulfilled.
· Referenced SPSs shall have sps_ts_residual_coding_rice_present_in_sh_flag, sps_rrc_rice_extension_flag, sps_persistent_rice_adaptation_enabled_flag, extended_precision_processing_flag, sps_reverse_last_sig_coeff_enabled_flag, when present, equal to 0 only.
Conformance of a bitstream to the Multilayer Main 10 4:4:4 profile is indicated by general_profile_idc being equal to 49.
Decoders conforming to the Multilayer Main 10 4:4:4 profile at a specific level of a specific tier shall be capable of decoding all bitstreams for which all of the following conditions apply:
· The bitstream is indicated to conform to the Multilayer Main 10 4:4:4, Multilayer Main 10, Main 10 4:4:4, Main 10, Main 10 4:4:4 Still Picture, or Main 10 Still Picture profile.
· The bitstream is indicated to conform to a tier that is lower than or equal to the specified tier.
· The bitstream is indicated to conform to a level that is not level 15.5 and is lower than or equal to the specified level.

[bookmark: _Toc25952159][bookmark: _Toc501130233][bookmark: _Ref462846673][bookmark: _Toc423601769][bookmark: _Toc423599265][bookmark: _Toc415475990][bookmark: _Toc390728208][bookmark: _Toc363691485]A.1.5 Format range extensions profiles
The following profiles, collectively referred to as the format range extensions profiles, are specified in this clause:
· The Monochrome 10, Monochrome 12 and Monochrome 16 profiles
· The Main 12,  profile
· The Main 4:2:2 10 and Main 12 4:2:2 profiles
The Main 12 4:4:4 and  profiles
· The Main 16 4:4:4 profiles
· The Main 10 Intra and Main 12 Intra profiles, Main 10 4:2:2 Intra and Main 10 4:4:4 Intra, Main 12 4:2:2 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.
· The constraints specified in Table A.1 shall apply, in which entries marked with "–" indicate that the table entry does not impose a profile-specific constraint on the corresponding syntax element.
NOTE – For some syntax elements with table entries marked with "–", a constraint may be imposed indirectly – e.g., by semantics constraints that are imposed elsewhere in this Specification when other specified constraints are fulfilled.
· Active VPSs shall have vps_base_layer_internal_flag and vps_base_layer_available_flag both equal to 1 only.
· Active SPSs for the base layer shall have separate_colour_plane_flag, cabac_bypass_alignment_enabled_flag, sps_curr_pic_ref_enabled_flag, palette_mode_enabled_flag, motion_vector_resolution_control_idc, and intra_boundary_filtering_disabled_flag, when present, equal to 0 only.
· CtbLog2SizeY derived according to active SPSs for the base layer shall be in the range of 4 to 6, inclusive.
· Active PPSs for the base layer shall have residual_adaptive_colour_transform_enabled_flag, when present, equal to 0 only.
· When an active PPS for the base layer has tiles_enabled_flag equal to 1, it shall have entropy_coding_sync_enabled_flag equal to 0.
· When an active PPS for the base layer has tiles_enabled_flag equal to 1, ColumnWidthInLumaSamples[ i ] shall be greater than or equal to 256 for all values of i in the range of 0 to num_tile_columns_minus1, inclusive, and RowHeightInLumaSamples[ j ] shall be greater than or equal to 64 for all values of j in the range of 0 to num_tile_rows_minus1, inclusive.
· In bitstreams conforming to the Main 10 Intra, Main 12 Intra, Main 10 4:2:2 Intra, Main 10 4:4:4 Intra, Main 12 4:2:2 Intra, Main 12 4:4:4 Intra or Main 16 4:4:4 Intra profiles, all pictures shall be IRAP pictures and the output order indicated in the bitstream among these pictures shall be the same as the decoding order.
· In a bitstream conforming to the Main 10 Intra profile, Referenced SPSs shall have sps_palette_enabled_flag equal to 0.
· The number of times read_bits( 1 ) is called in clauses 9.3.4.3.3 and 9.3.4.3.4 when parsing coding_tree_unit( ) data for any CTU shall be less than or equal to 5 * RawCtuBits / 3.
· In bitstreams conforming to the Main 4:4:4 Still Picture and Main 4:4:4 16 Still Picture profiles, the following constraints shall apply:
· In a bitstream conforming to the Main 12 Still Picture, Main 12 4:4:4 Still Picture and Main 16 4:4:4 Still Picture profile, the bitstream shall contain only one picture.
· The bitstream shall contain only one picture with nuh_layer_id equal to 0.
· Active SPSs for the base layer shall have sps_max_dec_pic_buffering_minus1[ sps_max_sub_layers_minus1 ] equal to 0 only.
· In bitstreams conforming to the Monochrome 10, Monochrome 12, Monochrome 16, Main 12, Main 10 4:2:2, Main 12 4:2:2, Main 12 4:4:4, Main 16 4:4:4, Main 10 Intra, Main 12 Intra, Main 10 4:2:2 Intra, Main 10 4:4:4 Intra,, Main 12 4:2:2 Intra, , Main 12 4:4:4 Intra, Main 16 4:4:4, or Main 16 4:4:4 Intra profiles, general_level_idc and sub_layer_level_idc[ i ] for all values of i in active SPSs for the base layer shall not be equal to 255 (which indicates level 15.5).
· The tier and level constraints specified for the Monochrome 10, Monochrome 12, Monochrome 16, Main 12, Main 10 4:2:2, Main 12 4:2:2, Main 12 4:4:4, Main 10 4:2:2 Intra, Main 10 4:4:4 Intra,, Main 16 4:4:4, Main 12 Intra, Main 12 4:2:2 Intra, Main 12 4:4:4 Intra or  Main 16 4:4:4, Main 16 4:4:4 Intra profiles in clause A.4, as applicable, shall be fulfilled.

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
	extended_precision_processing_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

	Monochrome 10
	0
	0..2
	
	0

	Monochrome 12
	0
	0..4
	
	0

	Monochrome 16
	0
	–
	
	–

	Main 12
	0 or 1
	0..4
	0
	0

	Main 10 4:2:2
	0..2
	0..2
	
	0

	Main 12 4:2:2
	0..2
	0..4
	
	–

	Main 12 4:4:4
	–
	0..4
	–
	–

	Main 16 4:4:4
	–
	–
	–
	–

	Main 10 Intra
	0 or 1
	0..2
	
	0

	Main 12 Intra
	0 or 1
	0..4
	0
	0

	Main 10 4:2:2 Intra
	0..2
	0..2
	–
	0

	Main 10 4:4:4 Intra
	–
	0..2
	–
	0

	Main 12 4:2:2 Intra
	0..2
	0..4
	0
	–

	Main 12 4:4:4 Intra
	–
	0..4
	–
	–

	Main 16 4:4:4 Intra
	–
	–
	–
	–

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

	Main 12 4:4:4 Still Picture
	–0..2
	0..4
	–
	–

	Main 16 4:4:4 Still Picture
	–
	–
	–
	–



Conformance of a bitstream to Monochrome 12, Monochrome 16, Main 12, Main 10 4:2:2, Main 12 4:2:2, Main 10 Intra, Main 12 Intra, Main 10 4:2:2 Intra or Main 12 4:2:2 Intra profiles in the format range extensions profiles is indicated by general_profile_idc being equal to 4 with the additional indications specified in Table A.2. 
Conformance of a bitstream to Main 12 4:4:4, Main 16 4:4:4, Main 10 4:4:4 Intra, Main 12 4:4:4 Intra or Main 16 4:4:4 Intra profiles in the format range extensions profiles is indicated by general_profile_idc being equal to 36
Conformance of a bitstream to the Main 12 Still Picture profile in the format range extensions profiles is indicated by general_profile_idc being equal to 68
Conformance of a bitstream to the Main 12 4:4:4 Still Picture or Main 16 4:4:4 Still Picture profiles in the format range extensions profiles is indicated by general_profile_idc being equal to 100
All other combinations of the syntax elements in Table A.2 with (general_profile_idc & 4) equal to 4 are reserved for future use by ITU-T | ISO/IEC. Such combinations shall not be present in bitstreams conforming to this Specification. However, decoders conforming to the format range extensions profiles shall allow other combinations as specified below in this clause 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
	gci_sixteen_minus_max_bitdepth_constraint_idc
	gci_three_minus_max_chroma_format_constraint_idc
	general_intra_constraint_flag
	general_lower_bit_rate_constraint_flag

	Monochrome 10
	6
	3
	0
	1

	Monochrome 12
	4
	3
	0
	1

	Monochrome 16
	0
	3
	0
	1

	Main 12
	4
	2
	0
	1

	Main 10 4:2:2
	6
	1
	0
	1

	Main 12 4:2:2
	4
	1
	0
	1

	Main 12 4:4:4
	4
	0
	0
	1

	Main 16 4:4:4
	0
	0
	0
	10 or 1

	Main 10 Intra
	6
	2
	1
	0 or 1

	Main 12 Intra
	4
	2
	1
	0 or 1

	Main 10 4:2:2 Intra
	4
	1
	1
	0 or 1

	Main 10 4:4:4 Intra
	4
	0
	1
	0 or 1

	Main 12 4:2:2 Intra
	4
	1
	1
	0 or 1

	Main 12 4:4:4 Intra
	4
	0
	1
	0 or 1

	Main 16 4:4:4 Intra
	0
	0
	1
	0 or 1

	Main 12 Still Picture
	4
	2
	1
	1

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

	Main 16 4:4:4 Still Picture
	0
	0
	1
	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, Main 10 4:2:2, Main 12 4:2:2, Main 4:4:4 10, Main 12 4:4:4 profile, or Main 16 4:4:4 profile, and the bitstream or sub-layer representation is indicated to conform to the Main 10 profile, the Main 10 profile or the Main 10 Still Picture profile.
–	The decoder conforms to the  Main 10 Intra, Main 12 Intra, Main 10 4:2:2 Intra, Main 12 4:2:2 Intra, Main 10 4:4:4  Intra, or 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 & 4) is equal to 4 for the bitstream, and the value of each constraint flag listed in Table A.2 is greater than or equal to the value(s) specified in the row of Table A.2 for the format range extensions profile for which the decoder conformance is evaluated.
· 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.
· The bitstream or sub-layer representation is indicated to conform to a tier that is lower than or equal to the specified tier.
For decoders conforming to the Main Intra, Main 10 Intra, Main 12 Intra, Main 4:2:2 10 Intra, Main 4:2:2 12 Intra, Main 4:4:4 Intra, Main 4:4:4 10 Intra, Main 4:4:4 12 Intra, Main 4:4:4 16 Intra, Main 4:4:4 Still Picture, or Main 4:4:4 16 Still picture profile, the application of either or both of the in-loop filters of the in-loop filter process specified in clause 8.7 is optional.

A.2 [bookmark: _Toc50057295][bookmark: _Toc13903061][bookmark: _Toc20134502][bookmark: _Ref35858734][bookmark: _Ref81219116][bookmark: _Toc77680595][bookmark: _Toc118289190][bookmark: _Ref167277275][bookmark: _Ref220342461][bookmark: _Toc226456794][bookmark: _Ref240893805][bookmark: _Toc248045411][bookmark: _Toc287363870][bookmark: _Toc311220018][bookmark: _Ref317098491][bookmark: _Ref317100455][bookmark: _Ref317174755][bookmark: _Toc317198866][bookmark: _Ref330762468][bookmark: _Ref330876555]Tiers and levels
A.2.1 [bookmark: _Ref317174705][bookmark: _Toc317198867][bookmark: _Ref399001595][bookmark: _Toc415475993][bookmark: _Toc423599268][bookmark: _Toc423601772][bookmark: _Toc501130237][bookmark: _Toc503777941][bookmark: _Toc50057296]General tier and level limits
For purposes of comparison of tier capabilities, the tier with general_tier_flag equal to 0 (i.e., the Main tier) is considered to be a lower tier than the tier with general_tier_flag equal to 1 (i.e., the High tier).
For purposes of comparison of level capabilities, a particular level of a specific tier is considered to be a lower level than some other level of the same tier when the value of the general_level_idc or sublayer_level_idc[ i ] of the particular level is less than that of the other level.
The following is specified for expressing the constraints in this annex:
Let AU n be the n-th AU in decoding order, with the first AU being AU 0 (i.e., the 0-th AU).
For an OLS with OLS index TargetOlsIdx, the variables PicWidthMaxInSamplesY, PicHeightMaxInSamplesY, and PicSizeMaxInSamplesY, and the applicable dpb_parameters( ) syntax structure are derived as follows:
[bookmark: _Hlk29685086]If NumLayersInOls[ TargetOlsIdx ] is equal to 1, PicWidthMaxInSamplesY is set equal to sps_pic_width_max_in_luma_samples, PicHeightMaxInSamplesY is set equal to sps_pic_height_max_in_luma_samples, and PicSizeMaxInSamplesY is set equal to PicWidthMaxInSamplesY * PicHeightMaxInSamplesY, where  sps_pic_width_max_in_luma_samples and sps_pic_height_max_in_luma_samples are found in the SPS referred to by the layer in the OLS, and the applicable dpb_parameters( ) syntax structure is also found in that SPS.
Otherwise (NumLayersInOls[ TargetOlsIdx ] is greater than 1), PicWidthMaxInSamplesY is set equal to vps_ols_dpb_pic_width[ MultiLayerOlsIdx[ TargetOlsIdx ] ], PicHeightMaxInSamplesY is set equal to vps_ols_dpb_pic_height[ MultiLayerOlsIdx[ TargetOlsIdx ] ], PicSizeMaxInSamplesY is set equal to PicWidthMaxInSamplesY * PicHeightMaxInSamplesY, and the applicable dpb_parameters( ) syntax structure is identified by vps_ols_dpb_params_idx[ MultiLayerOlsIdx[ TargetOlsIdx ] ] found in the VPS.
Table 135 specifies the limits for each level of each tier for levels other than level 15.5.
When the specified level is not level 15.5, bitstreams conforming to a profile at a specified tier and level shall obey the following constraints for each bitstream conformance test as specified in Annex C:
PicSizeMaxInSamplesY shall be less than or equal to MaxLumaPs, where MaxLumaPs is specified in Table 135.
The value of PicWidthMaxInSamplesY shall be less than or equal to Sqrt( MaxLumaPs * 8 ).
The value of PicHeightMaxInSamplesY shall be less than or equal to Sqrt( MaxLumaPs * 8 ).
For each referenced PPS, the value of NumTileColumns shall be less than or equal to MaxTileCols and the value of NumTilesInPic shall be less than or equal to MaxTilesPerAu, where MaxTileCols and MaxTilesPerAu are specified in Table 135.
For each referenced PPS, the value of ColWidthVal[ i ] * CtbSizeY, for each i in the range of 0 to NumTileColumns − 1, inclusive, shall be less than or equal to 0.5 * Sqrt( Max( level4Val, MaxLumaPs ) * 8 ), where MaxLumaPs is specified in Table 135 and level4Val is equal to 2 228 224.
NOTE – The maximum tile width in luma samples is also less than or equal to the picture width, which is less than or equal to Sqrt( MaxLumaPs * 8 ).
For the VCL HRD parameters, CpbSize[ Htid ][ i ] shall be less than or equal to CpbVclFactor * MaxCPB for at least one value of i in the range of 0 to hrd_cpb_cnt_minus1, inclusive, where CpbSize[ Htid ][ i ] is specified in clause 7.4.6.3 based on parameters selected as specified in clause C.1, CpbVclFactor is specified in Table 137 and MaxCPB is specified in Table 135 in units of CpbVclFactor bits.
For the NAL HRD parameters, CpbSize[ Htid ][ i ] shall be less than or equal to CpbNalFactor * MaxCPB for at least one value of i in the range of 0 to hrd_cpb_cnt_minus1, inclusive, where CpbSize[ Htid ][ i ] is specified in clause 7.4.6.3 based on parameters selected as specified in clause C.1, CpbNalFactor is specified in Table 137, and MaxCPB is specified in Table 135 in units of CpbNalFactor bits.
A tier and level to which a bitstream conforms are indicated by the syntax elements general_tier_flag and general_level_idc, and a level to which a sublayer representation conforms are indicated by the syntax element sublayer_level_idc[ i ], as follows:
–	If the specified level is not level 15.5, general_tier_flag equal to 0 indicates conformance to the Main tier, general_tier_flag equal to 1 indicates conformance to the High tier, according to the tier constraints specified in Table 135 and general_tier_flag shall be equal to 0 for levels below level 4 (corresponding to the entries in Table 135 marked with "-"). Otherwise (the specified level is level 15.5), it is a requirement of bitstream conformance that general_tier_flag shall be equal to 1 and the value 0 for general_tier_flag is reserved for future use by ITU-T | ISO/IEC and decoders shall ignore the value of general_tier_flag.
–	general_level_idc and sublayer_level_idc[ i ] shall be set equal to a value of general_level_idc for the level number specified in Table 135.
[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
	800 000
	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.



[bookmark: _Toc397949233][bookmark: _Toc397949724][bookmark: _Toc397962743][bookmark: _Toc399324901][bookmark: _Toc399327916][bookmark: _Toc399614633][bookmark: _Toc399625728][bookmark: _Toc399626424][bookmark: _Toc399627299][bookmark: _Ref22150840][bookmark: _Ref316794511][bookmark: _Toc317198868][bookmark: _Ref398994337][bookmark: _Ref399001615][bookmark: _Ref399001999][bookmark: _Toc415475994][bookmark: _Toc423599269][bookmark: _Toc423601773][bookmark: _Toc501130238][bookmark: _Toc503777942][bookmark: _Toc50057297]Profile-specific level limits
The following is specified for expressing the constraints in this annex:
Let the variable FrVal be set equal to 1  300 if general_tier_flag is equal to 0 and set equal to 1  960 otherwise.
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.
· Otherwise, HbrFactor is set equal to 2 − general_lower_bit_rate_constraint_flag.
The variable BrVclFactor, which represents the VCL bit rate scale factor, is set equal to CpbVclFactor * HbrFactor.
The variable BrNalFactor, which represents the NAL bit rate scale factor, is set equal to CpbNalFactor * HbrFactor.
The variable MinCr is set equal to MinCrBase * MinCrScaleFactor ÷ HbrFactor.
[bookmark: _Hlk25338721]When the specified level is not level 15.5, the value of dpb_max_dec_pic_buffering_minus1[ Htid ] + 1 shall be less than or equal to MaxDpbSize, which is derived as follows:
[bookmark: MaxDpbSize_Eqn]if( 2 * PicSizeMaxInSamplesY  <=  MaxLumaPs )
	MaxDpbSize = 2 * maxDpbPicBuf
else if( 3 * PicSizeMaxInSamplesY  <=  2 * MaxLumaPs )
	MaxDpbSize = 3 * maxDpbPicBuf / 2		(1576)
else
	MaxDpbSize = maxDpbPicBuf
where MaxLumaPs is specified in Table 135, maxDpbPicBuf is equal to 8, and dpb_max_dec_pic_buffering_‌minus1[ Htid ] is found in or derived from the applicable dpb_parameters( ) syntax structure.
Let numDecPics be the number of pictures in AU n. The variable AuSizeMaxInSamplesY[ n ] is set equal to PicSizeMaxInSamplesY * numDecPics.
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:
The nominal removal time of AU n (with n greater than 0) from the CPB, as specified in clause C.2.3, shall satisfy the constraint that AuNominalRemovalTime[ n ] − AuCpbRemovalTime[ n − 1 ] is greater than or equal to Max( AuSizeMaxInSamplesY[ n − 1 ]  MaxLumaSr, FrVal ), where MaxLumaSr is the value specified in Table 136 that applies to AU n − 1.
The difference between consecutive output times of pictures of different AUs from the DPB, as specified in clause C.3.3, shall satisfy the constraint that DpbOutputInterval[ n ] is greater than or equal to Max( AuSizeMaxInSamplesY[ n ]  MaxLumaSr, FrVal ), where MaxLumaSr is the value specified in Table 136 for AU n, provided that AU n has a picture that is output and AU n is not the last AU of the bitstream that has a picture that is output.
The removal time of AU 0 shall satisfy the constraint that the number of slices in AU 0 is less than or equal to Min( Max( 1, MaxSlicesPerAu * MaxLumaSr / MaxLumaPs * ( AuCpbRemovalTime[ 0 ] − AuNominalRemovalTime[ 0 ] ) + MaxSlicesPerAu * AuSizeMaxInSamplesY[ 0 ] / MaxLumaPs ), MaxSlicesPerAu ), where MaxSlicesPerAu, MaxLumaPs and MaxLumaSr are the values specified in Table 135 and Table 136, respectively, that apply to AU 0.
[bookmark: _Ref326743741]The difference between consecutive CPB removal times of AUs n and n − 1 (with n greater than 0) shall satisfy the constraint that the number of slices in AU n is less than or equal to Min( (Max( 1, MaxSlicesPerAu * MaxLumaSr / MaxLumaPs * ( AuCpbRemovalTime[ n ] − AuCpbRemovalTime[ n − 1 ] ) ), MaxSlicesPerAu ), where MaxSlicesPerAu, MaxLumaPs, and MaxLumaSr are the values specified in Table 135 and Table 136 that apply to AU n.
[bookmark: _Ref343026137]For the VCL HRD parameters, BitRate[ Htid ][ i ] shall be less than or equal to BrVclFactor * MaxBR for at least one value of i in the range of 0 to hrd_cpb_cnt_minus1, inclusive, where BitRate[ Htid ][ i ] is specified in clause 7.4.6.3 based on parameters selected as specified in clause C.1 and MaxBR is specified in Table 136 in units of BrVclFactor bits/s.
[bookmark: _Ref326743728]For the NAL HRD parameters, BitRate[ Htid ][ i ] shall be less than or equal to BrNalFactor * MaxBR for at least one value of i in the range of 0 to hrd_cpb_cnt_minus1, inclusive, where BitRate[ Htid ][ i ] is specified in clause 7.4.6.3 based on parameters selected as specified in clause C.1 and MaxBR is specified in Table 136 in units of BrNalFactor bits/s.
The sum of the NumBytesInNalUnit variables for AU 0 shall be less than or equal to FormatCapabilityFactor * ( Max( AuSizeMaxInSamplesY[ 0 ], FrVal * MaxLumaSr ) + MaxLumaSr * ( AuCpbRemovalTime[ 0 ] − AuNominalRemovalTime[ 0 ] ) ) ÷ MinCr, where MaxLumaSr and FormatCapabilityFactor are the values specified in Table 136 and Table 137, respectively, that apply to AU 0.
The sum of the NumBytesInNalUnit variables for AU n (with n greater than 0) shall be less than or equal to FormatCapabilityFactor * MaxLumaSr * ( AuCpbRemovalTime[ n ] − AuCpbRemovalTime[ n − 1 ] ) ÷ MinCr, where MaxLumaSr and FormatCapabilityFactor are the values specified in Table 136 and Table 137 respectively, that apply to AU n.
The removal time of AU 0 shall satisfy the constraint that the number of tiles in AU 0 is less than or equal to Min( Max( 1, MaxTilesPerAu * 120 * ( AuCpbRemovalTime[ 0 ] − AuNominalRemovalTime[ 0 ] ) + MaxTilesPerAu * AuSizeMaxInSamplesY[ 0 ] / MaxLumaPs ), MaxTilesPerAu ), where MaxTilesPerAu is the value specified in Table 135 that applies to AU 0.
The difference between consecutive CPB removal times of AUs n and n − 1 (with n greater than 0) shall satisfy the constraint that the number of tiles in AU n is less than or equal to Min( Max( 1, MaxTilesPerAu * 120 * ( AuCpbRemovalTime[ n ] − AuCpbRemovalTime[ n − 1 ] ) ), MaxTilesPerAu ), where MaxTilesPerAu is the value specified in Table 135 that apply to AU n.
[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


[bookmark: _Toc13903064][bookmark: _Ref19432633][bookmark: _Ref19432660][bookmark: _Toc20134506][bookmark: _Toc77680601][bookmark: _Toc118289199][bookmark: _Toc226456801][bookmark: _Toc248045418][bookmark: _Toc259021528][bookmark: _Ref316792730][bookmark: _Toc317198869]
[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: _Toc50057482]Table 137 – Specification of CpbVclFactor, CpbNalFactor, FormatCapabilityFactor and MinCrScaleFactor
	Profiles
	CpbVclFactor
	CpbNalFactor
	FormatCapabilityFactor
	MinCrScaleFactor

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

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

	Monochrome 10
	833
	917
	1.250
	1.0

	Monochrome 12
	1 000
	1 100
	1.500
	1.0

	Monochrome 16
	1 333
	1 467
	2.000
	1.0

	Main 12
	1 500
	1 650
	2.250
	1.0

	Main 10 4:2:2
	1 667
	1 833
	2.500
	0.5

	Main 12 4:2:2
	2 000
	2 200
	3.000
	0.5

	Main 10 4:4:4
	2 500
	2 750
	3.750
	0.5

	Main 12 4:4:4
	3 000
	3 300
	4.500
	0.5

	Main 16 4:4:4
	4 000
	4 400
	6.000
	0.5

	Main 10 Intra
	1 000
	1 100
	1.875
	1.0

	Main 12 Intra
	1 500
	1 650
	2.250
	1.0

	Main 10 4:2:2 Intra
	1 667
	1 833
	2.500
	0.5

	Main 12 4:2:2 Intra
	2 000
	2 200
	3.000
	0.5

	Main 10 4:4:4 Intra
	2 500
	2 750
	3.750
	0.5

	Main 12 4:4:4 Intra
	3 000
	3 300
	4.500
	0.5

	Main 16 4:4:4 Intra
	4 000
	4 400
	6.000
	0.5

	Main 12 Still Picture
	2 000
	2 200
	3.000
	1.0

	Main 12 4:4:4 Still Picture
	3 000
	3 300
	4.500
	0.5

	Main 16 4:4:4 Still Picture
	4 000
	4 400
	6.000
	0.5


Informative clause A.4.3 shows the effect of these limits on picture rates for several example picture formats.
[bookmark: _Ref330937886][bookmark: _Toc415475995][bookmark: _Toc423599270][bookmark: _Toc423601774][bookmark: _Toc501130239][bookmark: _Toc503777943][bookmark: _Toc50057298]Effect of level limits on picture rate (informative)
This clause does not form an integral part of this Specification.
Informative Table 138 and Table 139 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 profiles.
[bookmark: _Ref428281052][bookmark: _Toc415476510][bookmark: _Toc423602571][bookmark: _Toc423602745][bookmark: _Toc501130638][bookmark: _Toc503770646][bookmark: _Toc50057483]Table 138 – Maximum picture rates (pictures per second) at the Main tier, level 1 to 4.1 for some example picture sizes when MinCbSizeY is equal to 64
	Level:
	 
	 
	 
	1.0
	2.0
	2.1
	3.0
	3.1
	4.0
	4.1

	Max luma picture size (samples):
	 
	 
	 
	36 864
	122 880
	245 760
	            552 960 
	983 040
	2 228 224
	2 228 224

	Max luma sample rate (samples/sec)
	 
	 
	 
	552 960
	3 686 400
	7 372 800
	16 588 800
	33 177 600
	66 846 720
	133 693 440

	Format nickname
	Luma width
	Luma height
	Luma picture size
	 
	 
	
	 
	 
	 
	 

	SQCIF
	128
	96
	16 384 
	33.7
	225.0
	300.0
	300.0
	300.0
	300.0
	300.0

	QCIF
	176
	144
	36 864 
	15.0
	100.0
	200.0
	300.0
	300.0
	300.0
	300.0

	QVGA
	320
	240
	81 920 
	-
	45.0
	90.0
	202.5
	300.0
	300.0
	300.0

	525 SIF
	352
	240
	98 304 
	-
	37.5
	75.0
	168.7
	300.0
	300.0
	300.0

	CIF
	352
	288
	[bookmark: _Hlk45620310]122 880 
	-
	30.0
	60.0
	135.0
	270.0
	300.0
	300.0

	525 HHR
	352
	480
	196 608 
	-
	-
	37.5
	84.3
	168.7
	300.0
	300.0

	625 HHR
	352
	576
	221 184 
	-
	-
	33.3
	75.0
	150.0
	300.0
	300.0

	Q720p
	640
	360
	245 760
	-
	-
	30.0
	67.5
	135.0
	272.0
	300.0

	VGA
	640
	480
	327 680 
	-
	-
	-
	50.6
	101.2
	204.0
	300.0

	525 4SIF
	704
	480
	360 448 
	-
	-
	-
	46.0
	92.0
	185.4
	300.0

	525 SD
	720
	480
	393 216 
	-
	-
	-
	42.1
	84.3
	170.0
	300.0

	4CIF
	704
	576
	405 504 
	-
	-
	-
	40.9
	81.8
	164.8
	300.0

	625 SD
	720
	576
	442 368 
	-
	-
	-
	37.5
	75.0
	151.1
	300.0

	480p (16:9)
	864
	480
	458 752 
	-
	-
	-
	36.1
	72.3
	145.7
	291.4

	SVGA
	800
	600
	532 480 
	-
	-
	-
	31.1
	62.3
	125.5
	251.0

	QHD
	960
	540
	552 960 
	-
	-
	-
	30.0
	60.0
	120.8
	241.7

	XGA
	1 024
	768
	786 432 
	-
	-
	-
	-
	42.1
	85.0
	170.0

	720p HD
	1 280
	720
	983 040 
	-
	-
	-
	-
	33.7
	68.0
	136.0

	4VGA
	1 280
	960
	1 228 800 
	-
	-
	-
	-
	-
	54.4
	108.8

	SXGA
	1 280
	1 024
	1 310 720 
	-
	-
	-
	-
	-
	51.0
	102.0

	525 16SIF
	1 408
	960
	1 351 680 
	-
	-
	-
	-
	-
	49.4
	98.9

	16CIF
	1 408
	1 152
	1 622 016 
	-
	-
	-
	-
	-
	41.2
	82.4

	4SVGA
	1 600
	1 200
	1 945 600 
	-
	-
	-
	-
	-
	34.3
	68.7

	1080 HD
	1 920
	1 080
	2 088 960 
	-
	-
	-
	-
	-
	32.0
	64.0

	2K×1K
	2 048
	1 024
	2 097 152 
	-
	-
	-
	-
	-
	31.8
	63.7

	2K×1080
	2 048
	1 080
	2 228 224 
	-
	-
	-
	-
	-
	30.0
	60.0

	4XGA
	2 048
	1 536
	3 145 728 
	-
	-
	-
	-
	-
	-
	-

	16VGA
	2 560
	1 920
	4 915 200 
	-
	-
	-
	-
	-
	-
	-

	3616×1536 (2.35:1)
	3 616
	1 536
	5 603 328 
	-
	-
	-
	-
	-
	-
	-

	3672×1536 (2.39:1)
	3 680
	1 536
	5 701 632 
	-
	-
	-
	-
	-
	-
	-

	3840×2160 (4*HD)
	3 840
	2 160
	8 355 840
	-
	-
	-
	-
	-
	-
	-

	4K×2K
	4 096
	2 048
	8 388 608 
	-
	-
	-
	-
	-
	-
	-

	4096×2160
	4 096
	2 160
	8 912 896 
	-
	-
	-
	-
	-
	-
	-

	4096×2304 (16:9)
	4 096
	2 304
	9 437 184 
	-
	-
	-
	-
	-
	-
	-

	7680×4320
	7 680
	4 320
	33 423 360 
	-
	-
	-
	-
	-
	-
	-

	8192×4096
	8 192
	4 096
	33 554 432
	-
	-
	-
	-
	-
	-
	-

	8192×4320
	8 192
	4 320
	35 651 584
	-
	-
	-
	-
	-
	-
	-



[bookmark: _Ref428281393][bookmark: _Toc415476511][bookmark: _Toc423602572][bookmark: _Toc423602746][bookmark: _Toc501130639][bookmark: _Toc503770647][bookmark: _Toc50057484]Table 139 – Maximum picture rates (pictures per second) at the Main tier, level 5 to 6.2 for some example picture sizes when MinCbSizeY is equal to 64
	Level:
	 
	 
	 
	5.0
	5.1
	5.2
	6.0
	6.1
	6.2

	Max luma picture size (samples):
	 
	 
	 
	8 912 896
	8 912 896
	8 912 896
	35 651 584
	35 651 584
	35 651 584

	Max luma sample rate (samples/sec)
	 
	 
	 
	267 386 880
	534 773 760
	1 069 547 520
	1 069 547 520
	2 139 095 040
	4 278 190 080

	Format nickname
	Luma width
	Luma height
	Luma picture size
	 
	 
	 
	 
	 
	 

	SQCIF
	128
	96
	16 384
	300.0
	300.0
	300.0
	300.0
	300.0
	300.0

	QCIF
	176
	144
	36 864
	300.0
	300.0
	300.0
	300.0
	300.0
	300.0

	QVGA
	320
	240
	81 920
	300.0
	300.0
	300.0
	300.0
	300.0
	300.0

	525 SIF
	352
	240
	98 304
	300.0
	300.0
	300.0
	300.0
	300.0
	300.0

	CIF
	352
	288
	122 880
	300.0
	300.0
	300.0
	300.0
	300.0
	300.0

	525 HHR
	352
	480
	196 608
	300.0
	300.0
	300.0
	300.0
	300.0
	300.0

	625 HHR
	352
	576
	221 184
	300.0
	300.0
	300.0
	300.0
	300.0
	300.0

	Q720p
	640
	360
	245 760
	300.0
	300.0
	300.0
	300.0
	300.0
	300.0

	VGA
	640
	480
	327 680
	300.0
	300.0
	300.0
	300.0
	300.0
	300.0

	525 4SIF
	704
	480
	360 448
	300.0
	300.0
	300.0
	300.0
	300.0
	300.0

	525 SD
	720
	480
	393 216
	300.0
	300.0
	300.0
	300.0
	300.0
	300.0

	4CIF
	704
	576
	405 504
	300.0
	300.0
	300.0
	300.0
	300.0
	300.0

	625 SD
	720
	576
	442 368
	300.0
	300.0
	300.0
	300.0
	300.0
	300.0

	480p (16:9)
	864
	480
	458 752
	300.0
	300.0
	300.0
	300.0
	300.0
	300.0

	SVGA
	800
	600
	532 480
	300.0
	300.0
	300.0
	300.0
	300.0
	300.0

	QHD
	960
	540
	552 960
	300.0
	300.0
	300.0
	300.0
	300.0
	300.0

	XGA
	1 024
	768
	786 432
	300.0
	300.0
	300.0
	300.0
	300.0
	300.0

	720p HD
	1 280
	720
	983 040
	272.0
	300.0
	300.0
	300.0
	300.0
	300.0

	4VGA
	1 280
	960
	1 228 800
	217.6
	300.0
	300.0
	300.0
	300.0
	300.0

	SXGA
	1 280
	1 024
	1 310 720
	204.0
	300.0
	300.0
	300.0
	300.0
	300.0

	525 16SIF
	1 408
	960
	1 351 680
	197.8
	300.0
	300.0
	300.0
	300.0
	300.0

	16CIF
	1 408
	1 152
	1 622 016
	164.8
	300.0
	300.0
	300.0
	300.0
	300.0

	4SVGA
	1 600
	1 200
	1 945 600
	137.4
	274.8
	300.0
	300.0
	300.0
	300.0

	1080 HD
	1 920
	1 080
	2 088 960
	128.0
	256.0
	300.0
	300.0
	300.0
	300.0

	2K×1K
	2 048
	1 024
	2 097 152
	127.5
	255.0
	300.0
	300.0
	300.0
	300.0

	2K×1080
	2 048
	1 080
	2 228 224
	120.0
	240.0
	300.0
	300.0
	300.0
	300.0

	4XGA
	2 048
	1 536
	3 145 728
	85.0
	170.0
	300.0
	300.0
	300.0
	300.0

	16VGA
	2 560
	1 920
	4 915 200
	54.4
	108.8
	217.6
	217.6
	300.0
	300.0

	3616×1536 (2.35:1)
	3 616
	1 536
	5 603 328
	47.7
	95.4
	190.8
	190.8
	300.0
	300.0

	3672×1536 (2.39:1)
	3 680
	1 536
	5 701 632
	46.8
	93.7
	187.5
	187.5
	300.0
	300.0

	3840×2160 (4*HD)
	3 840
	2 160
	8 355 840
	32.0
	64.0
	128.0
	128.0
	256.0
	300.0

	4K×2K
	4 096
	2 048
	8 388 608
	31.8
	63.7
	127.5
	127.5
	255.0
	300.0

	4096×2160
	4 096
	2 160
	8 912 896
	30.0
	60.0
	120.0
	120.0
	240.0
	300.0

	4096×2304 (16:9)
	4 096
	2 304
	9 437 184
	-
	-
	-
	113.3
	226.6
	300.0

	4096×3072
	4 096
	3 072
	12 582 912
	-
	-
	-
	85.0
	170.0
	300.0

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

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

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



Informative Table 140 and Table 141 provide examples of maximum picture rates at the High tier for the Main 10, Main 10 4:4:4, Multilayer Main 10, or Multilayer Main 10 4:4:4 profiles.
[bookmark: _Ref45178670][bookmark: _Toc50057485]Table 140 – Maximum picture rates (pictures per second) at the High tier, level 1 to 4.1 for some example picture sizes when MinCbSizeY is equal to 64
	Level:
	 
	 
	 
	1.0
	2.0
	2.1
	3.0
	3.1
	4.0
	4.1

	Max luma picture size (samples):
	 
	 
	 
	36 864
	122 880
	245 760
	            552 960 
	983 040
	2 228 224
	2 228 224

	Max luma sample rate (samples/sec)
	 
	 
	 
	552 960
	3 686 400
	7 372 800
	16 588 800
	33 177 600
	66 846 720
	133 693 440

	Format nickname
	Luma width
	Luma height
	Luma picture size
	 
	 
	
	 
	 
	 
	 

	SQCIF
	128
	96
	16 384 
	33.7
	225.0
	450.0
	960.0
	960.0
	960.0
	960.0

	QCIF
	176
	144
	36 864 
	15.0
	100.0
	200.0
	450.0
	900.0
	960.0
	960.0

	QVGA
	320
	240
	81 920 
	-
	45.0
	90.0
	202.5
	405.0
	816.0
	960.0

	525 SIF
	352
	240
	98 304 
	-
	37.5
	75.0
	168.7
	337.5
	680.0
	960.0

	CIF
	352
	288
	122 880 
	-
	30.0
	60.0
	135.0
	270.0
	544.0
	960.0

	525 HHR
	352
	480
	196 608 
	-
	-
	37.5
	84.3
	168.7
	340.0
	680.0

	625 HHR
	352
	576
	221 184 
	-
	-
	33.3
	75.0
	150.0
	302.2
	604.4

	Q720p
	640
	360
	245 760
	-
	-
	30.0
	67.5
	135.0
	272.0
	544.0

	VGA
	640
	480
	327 680 
	-
	-
	-
	50.6
	101.2
	204.0
	408.0

	525 4SIF
	704
	480
	360 448 
	-
	-
	-
	46.0
	92.0
	185.4
	370.9

	525 SD
	720
	480
	393 216 
	-
	-
	-
	42.1
	84.3
	170.0
	340.0

	4CIF
	704
	576
	405 504 
	-
	-
	-
	40.9
	81.8
	164.8
	329.6

	625 SD
	720
	576
	442 368 
	-
	-
	-
	37.5
	75.0
	151.1
	302.2

	480p (16:9)
	864
	480
	458 752 
	-
	-
	-
	36.1
	72.3
	145.7
	291.4

	SVGA
	800
	600
	532 480 
	-
	-
	-
	31.1
	62.3
	125.5
	251.0

	QHD
	960
	540
	552 960 
	-
	-
	-
	30.0
	60.0
	120.8
	241.7

	XGA
	1 024
	768
	786 432 
	-
	-
	-
	-
	42.1
	85.0
	170.0

	720p HD
	1 280
	720
	983 040 
	-
	-
	-
	-
	33.7
	68.0
	136.0

	4VGA
	1 280
	960
	1 228 800 
	-
	-
	-
	-
	-
	54.4
	108.8

	SXGA
	1 280
	1 024
	1 310 720 
	-
	-
	-
	-
	-
	51.0
	102.0

	525 16SIF
	1 408
	960
	1 351 680 
	-
	-
	-
	-
	-
	49.4
	98.9

	16CIF
	1 408
	1 152
	1 622 016 
	-
	-
	-
	-
	-
	41.2
	82.4

	4SVGA
	1 600
	1 200
	1 945 600 
	-
	-
	-
	-
	-
	34.3
	68.7

	1080 HD
	1 920
	1 080
	2 088 960 
	-
	-
	-
	-
	-
	32.0
	64.0

	2K×1K
	2 048
	1 024
	2 097 152 
	-
	-
	-
	-
	-
	31.8
	63.7

	2K×1080
	2 048
	1 080
	2 228 224 
	-
	-
	-
	-
	-
	30.0
	60.0

	4XGA
	2 048
	1 536
	3 145 728 
	-
	-
	-
	-
	-
	-
	-

	16VGA
	2 560
	1 920
	4 915 200 
	-
	-
	-
	-
	-
	-
	-

	3616×1536 (2.35:1)
	3 616
	1 536
	5 603 328 
	-
	-
	-
	-
	-
	-
	-

	3672×1536 (2.39:1)
	3 680
	1 536
	5 701 632 
	-
	-
	-
	-
	-
	-
	-

	3840×2160 (4*HD)
	3 840
	2 160
	8 355 840
	-
	-
	-
	-
	-
	-
	-

	4K×2K
	4 096
	2 048
	8 388 608 
	-
	-
	-
	-
	-
	-
	-

	4096×2160
	4 096
	2 160
	8 912 896 
	-
	-
	-
	-
	-
	-
	-

	4096×2304 (16:9)
	4 096
	2 304
	9 437 184 
	-
	-
	-
	-
	-
	-
	-

	7680×4320
	7 680
	4 320
	33 423 360 
	-
	-
	-
	-
	-
	-
	-

	8192×4096
	8 192
	4 096
	33 554 432
	-
	-
	-
	-
	-
	-
	-

	8192×4320
	8 192
	4 320
	35 651 584
	-
	-
	-
	-
	-
	-
	-



[bookmark: _Ref45178674][bookmark: _Toc50057486]Table 141 – Maximum picture rates (pictures per second) at the High tier, level 5 to 6.2 for some example picture sizes when MinCbSizeY is equal to 64
	Level:
	 
	 
	 
	5.0
	5.1
	5.2
	6.0
	6.1
	6.2

	Max luma picture size (samples):
	 
	 
	 
	8 912 896
	8 912 896
	8 912 896
	35 651 584
	35 651 584
	35 651 584

	Max luma sample rate (samples/sec)
	 
	 
	 
	267 386 880
	534 773 760
	1 069 547 520
	1 069 547 520
	2 139 095 040
	4 278 190 080

	Format nickname
	Luma width
	Luma height
	Luma picture size
	 
	 
	 
	 
	 
	 

	SQCIF
	128
	96
	16 384
	960.0
	960.0
	960.0
	960.0
	960.0
	960.0

	QCIF
	176
	144
	36 864
	960.0
	960.0
	960.0
	960.0
	960.0
	960.0

	QVGA
	320
	240
	81 920
	960.0
	960.0
	960.0
	960.0
	960.0
	960.0

	525 SIF
	352
	240
	98 304
	960.0
	960.0
	960.0
	960.0
	960.0
	960.0

	CIF
	352
	288
	122 880
	960.0
	960.0
	960.0
	960.0
	960.0
	960.0

	525 HHR
	352
	480
	196 608
	960.0
	960.0
	960.0
	960.0
	960.0
	960.0

	625 HHR
	352
	576
	221 184
	960.0
	960.0
	960.0
	960.0
	960.0
	960.0

	Q720p
	640
	360
	245 760
	960.0
	960.0
	960.0
	960.0
	960.0
	960.0

	VGA
	640
	480
	327 680
	816.0
	960.0
	960.0
	960.0
	960.0
	960.0

	525 4SIF
	704
	480
	360 448
	741.8
	960.0
	960.0
	960.0
	960.0
	960.0

	525 SD
	720
	480
	393 216
	680.0
	960.0
	960.0
	960.0
	960.0
	960.0

	4CIF
	704
	576
	405 504
	659.3
	960.0
	960.0
	960.0
	960.0
	960.0

	625 SD
	720
	576
	442 368
	604.4
	960.0
	960.0
	960.0
	960.0
	960.0

	480p (16:9)
	864
	480
	458 752
	582.8
	960.0
	960.0
	960.0
	960.0
	960.0

	SVGA
	800
	600
	532 480
	502.1
	960.0
	960.0
	960.0
	960.0
	960.0

	QHD
	960
	540
	552 960
	483.5
	960.0
	960.0
	960.0
	960.0
	960.0

	XGA
	1 024
	768
	786 432
	340.0
	680.0
	960.0
	960.0
	960.0
	960.0

	720p HD
	1 280
	720
	983 040
	272.0
	544.0
	960.0
	960.0
	960.0
	960.0

	4VGA
	1 280
	960
	1 228 800
	217.6
	435.2
	870.4
	870.4
	960.0
	960.0

	SXGA
	1 280
	1 024
	1 310 720
	204.0
	408.0
	816.0
	816.0
	960.0
	960.0

	525 16SIF
	1 408
	960
	1 351 680
	197.8
	395.6
	791.2
	791.2
	960.0
	960.0

	16CIF
	1 408
	1 152
	1 622 016
	164.8
	329.6
	659.3
	659.3
	960.0
	960.0

	4SVGA
	1 600
	1 200
	1 945 600
	137.4
	274.8
	549.7
	549.7
	960.0
	960.0

	1080 HD
	1 920
	1 080
	2 088 960
	128.0
	256.0
	512.0
	512.0
	960.0
	960.0

	2K×1K
	2 048
	1 024
	2 097 152
	127.5
	255.0
	510.0
	510.0
	960.0
	960.0

	2K×1080
	2 048
	1 080
	2 228 224
	120.0
	240.0
	480.0
	480.0
	960.0
	960.0

	4XGA
	2 048
	1 536
	3 145 728
	85.0
	170.0
	340.0
	340.0
	680.0
	960.0

	16VGA
	2 560
	1 920
	4 915 200
	54.4
	108.8
	217.6
	217.6
	435.2
	870.4

	3616×1536 (2.35:1)
	3 616
	1 536
	5 603 328
	47.7
	95.4
	190.8
	190.8
	381.7
	763.5

	3672×1536 (2.39:1)
	3 680
	1 536
	5 701 632
	46.8
	93.7
	187.5
	187.5
	375.1
	750.3

	3840×2160 (4*HD)
	3 840
	2 160
	8 355 840
	32.0
	64.0
	128.0
	128.0
	256.0
	512.0

	4K×2K
	4 096
	2 048
	8 388 608
	31.8
	63.7
	127.5
	127.5
	255.0
	510.0

	4096×2160
	4 096
	2 160
	8 912 896
	30.0
	60.0
	120.0
	120.0
	240.0
	480.0

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

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

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

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

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



The following aspects are highlighted in regard to the examples shown in Table 138, Table 139, Table 140, and Table 141:
–	This is a variable-picture-size specification. The specific listed picture sizes are illustrative examples only.
–	The example luma picture sizes were computed by rounding up the luma width and luma height to multiples of 64 before computing the product of these quantities, to reflect the potential use of MinCbSizeY equal to 64 for these picture sizes, as pps_pic_width_in_luma_samples and pps_pic_height_in_luma_samples are each required to be a multiple of MinCbSizeY. For some illustrated values of luma width and luma height, a somewhat higher number of pictures per second can be supported when MinCbSizeY is less than 64.
–	In cases where the maximum picture rate value is not an integer multiple of 0.1 pictures per second, the given maximum picture rate values have been rounded down to the largest integer multiple of 0.1 frames per second that does not exceed the exact value. For example, for level 3.1, the maximum picture rate for 720p HD has been rounded down to 33.7 from an exact value of 33.75.
–	As used in the examples, "525" refers to typical use for environments using 525 analogue scan lines (of which approximately 480 lines contain the visible picture region) and "625" refers to environments using 625 analogue scan lines (of which approximately 576 lines contain the visible picture region).
–	XGA is also known as (aka) XVGA, 4SVGA aka UXGA, 16XGA aka 4Kx3K, CIF aka 625 SIF, 625 HHR aka 2CIF aka half 625 D-1, aka half 625 ITU-R BT.601, 525 SD aka 525 D-1 aka 525 ITU-R BT.601, 625 SD aka 625 D-1 aka 625 ITU-R BT.601.
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