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Abstract
[bookmark: OLE_LINK359][bookmark: OLE_LINK360][bookmark: OLE_LINK361][bookmark: OLE_LINK362][bookmark: OLE_LINK363][bookmark: OLE_LINK35]Following is proposed:
· Proposal 1: It is proposed that decoding unit related syntax elements: du_common_cpb_removal_delay_flag, du_common_cpb_removal_delay_increment_minus1[ i ], num_nalus_in_du_minus1[ i ] and du_cpb_removal_delay_increment_minus1[ i ][ j ]  in picture timing message be signalled only when there is more than one DU in an AU. A corresponding modification is proposed to duCpbRemovalDelayInc variable derivation.
· [bookmark: OLE_LINK46][bookmark: OLE_LINK47]Proposal 2: The CPB operation section in VVC WD does not correctly use AU and DU related variable names correctly and in one case uses a variable that is not defined. Editorial fixes are provided for this.
Introduction 
VVC WD [1] includes HRD which supports access unit (AU) and/or decoding unit (DU) based operation. 
[bookmark: OLE_LINK330][bookmark: OLE_LINK331]Proposal 1: It is noted that in VVC WD8,  the value of num_decoding_units_minus1 shall be in the range of 0 to PicSizeInCtbsY − 1, inclusive. It is asserted that at least in the following type of situations, num_decoding_units_minus1 may be equal to 0 and DU based parameters may be included in PT SEI message:
· Decoding unit based operation is allowed/ supported and thus Buffering Period SEI message has set bp_decoding_unit_hrd_params_present_flag equal to 1. The DU HRD parameters are signalled in Picutre timing SEI message. Many of the subsequent pictures have multiple DUs in AU but one or more pictures have a single DU in AU (for example may be due to small size of the compressed picture). 
· Subpicture sub-bitstream extraction process of Annex C.6 is applied on a VVC bitstream and the resulting sub-bitstream has a single subpicture which is also a DU (for example single slice per subpicture mode was used for slices).
[bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK198][bookmark: OLE_LINK199]Proposal 2: Additionally the CPB operation section in VVC WD8 does not correctly use AU and DU related variable names and in one case uses a variable that is not defined. Editorial fixes are provided for this.
[bookmark: OLE_LINK48][bookmark: OLE_LINK49]Proposals
[bookmark: OLE_LINK50][bookmark: OLE_LINK51]Proposal 1
It is proposed that decoding unit related syntax elements: du_common_cpb_removal_delay_flag, du_common_cpb_removal_delay_increment_minus1[ i ], num_nalus_in_du_minus1[ i ] and du_cpb_removal_delay_increment_minus1[ i ][ j ]  in picture timing message be signalled only when there is more than one DU in an AU. It is asserted that even when doing decoding-unit based operation these syntax elements are not used for the CPB operation when the AU has only one DU. A corresponding modification is proposed to duCpbRemovalDelayInc variable derivation.
The proposed changes are shown highlighted  compared with VVC WD.
D.4 Picture timing SEI message
D.4.1 Picture timing SEI message syntax
	pic_timing( payloadSize ) {
	Descriptor

		cpb_removal_delay_minus1[ bp_max_sublayers_minus1 ]
	u(v)

		if( alt_cpb_params_present_flag ) {
	

			cpb_alt_timing_info_present_flag
	u(1)

			if( cpb_alt_timing_info_present_flag )
	

				for( i = ( sublayer_initial_cpb_removal_delay_present_flag ? 0 :
					bp_max_sublayers_minus1 ); i  <=  bp_max_sublayers_minus1; i++ ) {
	

					for( j = 0; j < bp_cpb_cnt_minus1 + 1; j++ ) {
	

						cpb_alt_initial_removal_delay_delta[ i ][ j ]
	u(v)

						cpb_alt_initial_removal_offset_delta[ i ][ j ]
	u(v)

					}
	

					cpb_delay_offset[ i ]
	u(v)

					dpb_delay_offset[ i ]
	u(v)

				}
	

		}
	

		for( i = TemporalId; i < bp_max_sublayers_minus1; i++ ) {
	

			pt_sublayer_delays_present_flag[ i ]
	u(1)

			if( pt_sublayer_delays_present_flag[ i ] ) {
	

				if( cpb_removal_delay_deltas_present_flag )
	

					cpb_removal_delay_delta_enabled_flag[ i ]
	u(1)

				if( cpb_removal_delay_delta_enabled_flag[ i ] )
	

					if( num_cpb_removal_delay_deltas_minus1 > 0 )
	

						cpb_removal_delay_delta_idx[ i ]
	u(v)

					else
	

						cpb_removal_delay_minus1[ i ]
	u(v)

			}
	

		}
	

		dpb_output_delay
	u(v)

		if( bp_decoding_unit_hrd_params_present_flag  &&
			du_dpb_params_in_pic_timing_sei_flag )
	

			pic_dpb_output_du_delay
	u(v)

		if( bp_decoding_unit_hrd_params_present_flag  &&
			du_cpb_params_in_pic_timing_sei_flag ) {
	

			num_decoding_units_minus1
	ue(v)

			if( num_decoding_units_minus1 > 0 ) {
	

	[bookmark: OLE_LINK366][bookmark: OLE_LINK367]			du_common_cpb_removal_delay_flag
	u(1)

				if( du_common_cpb_removal_delay_flag)
	

					for( i = TemporalId; i  <=  bp_max_sublayers_minus1; i++ )
	

						if( pt_sublayer_delays_present_flag[ i ] )
	

	[bookmark: OLE_LINK27][bookmark: OLE_LINK28]						du_common_cpb_removal_delay_increment_minus1[ i ]
	u(v)

				for( i = 0; i  <=  num_decoding_units_minus1; i++ ) {
	

	[bookmark: OLE_LINK29][bookmark: OLE_LINK30]				num_nalus_in_du_minus1[ i ]
	ue(v)

					if( !du_common_cpb_removal_delay_flag  &&  i < num_decoding_units_minus1)
	

						for( j = TemporalId; j  <=  bp_max_sublayers_minus1; j++ )
	

							if( pt_sublayer_delays_present_flag[ j ] )
	

	[bookmark: OLE_LINK31][bookmark: OLE_LINK32]							du_cpb_removal_delay_increment_minus1[ i ][ j ]
	u(v)

	[bookmark: OLE_LINK44][bookmark: OLE_LINK45]			}
	

			}
	

		}
	

		if( additional_concatenation_info_present_flag )
	

			delay_for_concatenation_ensured_flag
	u(1)

		pt_display_elemental_periods_minus1
	ue(v)

	}
	



du_common_cpb_removal_delay_flag equal to 1 specifies that the syntax elements du_common_cpb_removal_delay_increment_minus1[ i ] are present. du_common_cpb_removal_delay_flag equal to 0 specifies that the syntax elements du_common_cpb_removal_delay_increment_minus1[ i ] are not present. When not present du_common_cpb_removal_delay_flag is inferred to be equal to 0.

[bookmark: _Ref317100505][bookmark: _Toc317198880][bookmark: _Ref330937524][bookmark: _Ref330937761][bookmark: _Toc415476008][bookmark: _Toc423599283][bookmark: _Toc423601787][bookmark: _Toc501130252][bookmark: _Toc503777956][bookmark: _Toc31037435]C.2.3 Timing of DU removal and decoding of DU
[bookmark: _Hlk25327053]The variables InitCpbRemovalDelay[ Htid ][ ScIdx ], and InitCpbRemovalDelayOffset[ Htid ][ ScIdx ], are derived as follows: [Ed. (VD): InitCpbRemovalDelayOffset[ Htid ][ ScIdx ] is derived here but never used in this clause. (YK): Hmm, this is simialr as in HEVC. I don’t know why it was like this in HEVC; maybe inherited from AVC. We should study whether the derivation of InitCpbRemovalDelayOffset[ Htid ][ ScIdx ] is really not needed herein, and if not, we can just remove it. Probably also for HEVC.]
–	If the value of decodingUnitParamsFlag is equal to 1, InitCpbRemovalDelay[ Htid ][ ScIdx ] and InitCpbRemovalDelayOffset[ Htid ][ ScIdx ] are set equal to the values of the BP SEI message syntax elements nal_initial_alt_cpb_removal_delay[ Htid ][ ScIdx ] and nal_initial_alt_cpb_removal_offset[ Htid ][ ScIdx ], respectively, when NalHrdModeFlag is equal to 1, or vcl_initial_alt_cpb_removal_delay[ Htid ][ ScIdx ] and vcl_initial_alt_cpb_removal_offset[ Htid ][ ScIdx ], respectively, when NalHrdModeFlag is equal to 0, where the BP SEI message containing the syntax elements is selected as specified in clause C.1.
[bookmark: _Hlk25327160]–	Otherwise (DecodingUnitHrdFlag is equal to 0) [Ed. (VD/YK): Something is wrong here, at least for the mixed use of decodingUnitParamsFlag, which is but should not be a local variable, and DecodingUnitHrdFlag. With the introduction of the alternative HRD parameters for CRA/RASL and DRAP cases, the condition of when to use the alternative set of HRD parameters definitely needs to be updated.], InitCpbRemovalDelay[ Htid ][ ScIdx ] and InitCpbRemovalDelayOffset[ Htid ][ ScIdx ] are set equal to the values of the BP SEI message syntax elements nal_initial_cpb_removal_delay[ Htid ][ ScIdx ] and nal_initial_cpb_removal_offset[ Htid ][ ScIdx ], respectively, when NalHrdModeFlag is equal to 1, or vcl_initial_cpb_removal_delay[ Htid ][ ScIdx ] and vcl_initial_cpb_removal_offset[ Htid ][ ScIdx ], respectively, when NalHrdModeFlag is equal to 0, where the BP SEI message containing the syntax elements is selected as specified in clause C.1.
The nominal removal time of the AU n from the CPB is specified as follows:
–	If AU n is the AU with n equal to 0 (the AU that initializes the HRD), the nominal removal time of the AU from the CPB is specified by:
[bookmark: tr_Eqn]NominalRemovalTime[ 0 ] = InitCpbRemovalDelay[ Htid ][ ScIdx ] ÷ 90000	(C.9)
[Ed. (YK): It's probably bettter to conistently either use an Htid-index for both InitCpbRemovalDelay and NominalRemovalTime, or not use this index for both, the latter of which means to drop the Htid-index in many other HRD parameters/variables as well, like BitRate, CpbSize, etc.]
–	Otherwise, the following applies: [Ed. (VD/YK): Throughout the document, carefully and consistently apply the prefixes "Au" and "Du" to variables FinalArrivalTime, NominalRemovalTime, CpbRemovalTime, etc.]
–	When AU n is the first AU of a BP that does not initialize the HRD, the following applies:
The nominal removal time of the AU n from the CPB is specified by:
[bookmark: NominalRemovalTime]if( !concatenationFlag ) {
	baseTime = NominalRemovalTime[ firstPicInPrevBuffPeriod ]
	tmpCpbRemovalDelay = CpbRemovalDelayVal
} else {
	baseTime1 = NominalRemovalTime[ prevNonDiscardablePic ]
	tmpCpbRemovalDelay1 = ( auCpbRemovalDelayDeltaMinus1 + 1 )
	baseTime2 = AuNominalRemovalTime[ n − 1 ]
	tmpCpbRemovalDelay2 =				(C.10)
			Ceil( ( InitCpbRemovalDelay[ Htid ][ ScIdx ] ÷ 90000 +
				FinalArrivalTime[ n − 1 ] − NominalRemovalTime[ n − 1 ] ) ÷ ClockTick )
	if( baseTime1 + ClockTick * tmpCpbRemovalDelay1 <
				baseTime2 + ClockTick * tmpCpbRemovalDelay2 ) {
		baseTime = baseTime2
		tmpCpbRemovalDelay = tmpCpbRemovalDelay2
	} else {
		baseTime = baseTime1
		tmpCpbRemovalDelay = tmpCpbRemovalDelay1
	}
}
NominalRemovalTime[ n ] = baseTime + ( ClockTick * tmpCpbRemovalDelay − CpbDelayOffset )
where NominalRemovalTime[ firstPicInPrevBuffPeriod ] is the nominal removal time of the first AU of the previous BP, NominalRemovalTime[ prevNonDiscardablePic ] is the nominal removal time of the preceding picture in decoding order with TemporalId equal to 0 that is not a RASL or RADL picture, CpbRemovalDelayVal is the value of CpbRemovalDelayVal[ Htid ] derived according to cpb_removal_delay_minus1[ Htid ] and cpb_removal_delay_delta_idx[ Htid ] in the PT SEI message, and cpb_removal_delay_delta[ cpb_removal_delay_delta_idx[ Htid ] ] in the BP SEI message, selected as specified in clause C.1, associated with AU n and concatenationFlag and CpbRemovalDelayDeltaMinus1 are the values of the syntax elements concatenation_flag and cpb_removal_delay_delta_minus1, respectively, in the BP SEI message, selected as specified in clause C.1, associated with AU n.
–	When AU n is not the first AU of a BP, the nominal removal time of the AU n from the CPB is specified by:
NominalRemovalTime[ n ] = NominalRemovalTime[ firstPicInCurrBuffPeriod ] +
		ClockTick * CpbRemovalDelayVal	(C.11)
where NominalRemovalTime[ firstPicInCurrBuffPeriod ] is the nominal removal time of the first AU of the current BP and CpbRemovalDelayVal is the value of CpbRemovalDelayVal[ OpTid ] derived according to cpb_removal_delay_minus1[ OpTid ] and cpb_removal_delay_delta_idx[ OpTid ] in the PT SEI message, and cpb_removal_delay_delta[ cpb_removal_delay_delta_idx[ OpTid ] ] in the BP SEI message, selected as specified in clause C.1, associated with AU n.
When num_decoding_units_minus1  is greater than 0, the variable duCpbRemovalDelayInc is derived as follows:
When DecodingUnitHrdFlag is equal to 1, the following applies:
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]–	The variable duCpbRemovalDelayInc is derived as follows:
–	If du_cpb_params_in_pic_timing_sei_flag is equal to 0, duCpbRemovalDelayInc is set equal to the value of du_spt_cpb_removal_delay_increment[ i ] in the DU information SEI message, selected as specified in clause C.1, associated with DU m.
–	Otherwise, if du_common_cpb_removal_delay_flag is equal to 0, duCpbRemovalDelayInc is set equal to the value of du_cpb_removal_delay_increment_minus1[ i ][ Htid ] + 1 for DU m in the PT SEI message, selected as specified in clause C.1, associated with AU n, where the value of i is 0 for the first num_nalus_in_du_minus1[ 0 ] + 1 consecutive NAL units in the AU that contains DU m, 1 for the subsequent num_nalus_in_du_minus1[ 1 ] + 1 NAL units in the same AU, 2 for the subsequent num_nalus_in_du_minus1[ 2 ] + 1 NAL units in the same AU, etc.
–	Otherwise, duCpbRemovalDelayInc is set equal to the value of du_common_cpb_removal_delay_increment_minus1[ Htid ] + 1 in the PT SEI message, selected as specified in clause C.1, associated with AU n.
–	The nominal removal time of DU m from the CPB is specified as follows, where AuNominalRemovalTime[ n ] is the nominal removal time of AU n:
–	If DU m is the last DU in AU n, the nominal removal time of DU m DuNominalRemovalTime[ m ] is set equal to AuNominalRemovalTime[ n ].
–	Otherwise (DU m is not the last DU in AU n), the nominal removal time of DU m DuNominalRemovalTime[ m ] is derived as follows:
if( du_cpb_params_in_pic_timing_sei_flag )
	DuNominalRemovalTime[ m ] = DuNominalRemovalTime[ m + 1 ] −
		ClockSubTick * duCpbRemovalDelayInc	(C.12)
else
	DuNominalRemovalTime[ m ] = AuNominalRemovalTime[ n ] −
		ClockSubTick * duCpbRemovalDelayInc
If DecodingUnitHrdFlag is equal to 0, the removal time of AU n from the CPB is specified as follows, where FinalArrivalTime[ n ] and NominalRemovalTime[ n ] are the final CPB arrival time and nominal CPB removal time, respectively, of AU n:
if( !low_delay_hrd_flag[ Htid ]  | |  NominalRemovalTime[ n ]  >=  FinalArrivalTime[ n ] )
	CpbRemovalTime[ n ] = NominalRemovalTime[ n ]
else				(C.13)
	CpbRemovalTime[ n ] = NominalRemovalTime[ n ] + ClockTick *
		Ceil( ( FinalArrivalTime[ n ] − NominalRemovalTime[ n ] ) ÷ ClockTick )
NOTE 1 – When low_delay_hrd_flag[ Htid ] is equal to 1 and NominalRemovalTime[ n ] is less than FinalArrivalTime[ n ], the size of AU n is so large that it prevents removal at the nominal removal time.
Otherwise (DecodingUnitHrdFlag is equal to 1), the removal time of DU m from the CPB is specified as follows:
if( !low_delay_hrd_flag[ Htid ]  | |  DuNominalRemovalTime[ m ]  >=  DuFinalArrivalTime[ m ] )
	DuCpbRemovalTime[ m ] = DuNominalRemovalTime[ m ]
else				(C.14)
	DuCpbRemovalTime[ m ] = DuFinalArrivalTime[ m ]
NOTE 2 – When low_delay_hrd_flag[ Htid ] is equal to 1 and DuNominalRemovalTime[ m ] is less than DuFinalArrivalTime[ m ], the size of DU m is so large that it prevents removal at the nominal removal time.
If DecodingUnitHrdFlag is equal to 0, at the CPB removal time of AU n, the AU is instantaneously decoded.
Otherwise (DecodingUnitHrdFlag is equal to 1), at the CPB removal time of DU m, the DU is instantaneously decoded, and when DU m is the last DU of AU n, the following applies:
–	Picture n is considered as decoded.
–	The final CPB arrival time of AU n, i.e., AuFinalArrivalTime[ n ], is set equal to the final CPB arrival time of the last DU in AU n, i.e., DuFinalArrivalTime[ m ].
–	The nominal CPB removal time of AU n, i.e., AuNominalRemovalTime[ n ], is set equal to the nominal CPB removal time of the last DU in AU n, i.e., DuNominalRemovalTime[ m ].
–	The CPB removal time of AU n, i.e., AuCpbRemovalTime[ m ], is set equal to the CPB removal time of the last DU in AU n, i.e., DuCpbRemovalTime[ m ].

[bookmark: OLE_LINK196][bookmark: OLE_LINK197]Alternatively it is proposed that the decoding unit mode signaling in PT SEI be only allowed when there is more than one DU in an AU. Thus it is proposed that the syntax element num_decoding_unit_minus1 be instead signalled as num_decoding_units_minus2. Authors prefer the approach of allowing  num_decoding_unit_minus1 to be equal to 0 for supporting the use cases described.
[bookmark: _GoBack]
Proposal 2
The CPB operation section in VVC WD8 does not correctly AU and DU related variable names and in one case uses a variable that is not defined. Editorial fixes are provided for this.
[bookmark: _Ref5833542][bookmark: _Toc33624367]C.2 Operation of the CPB
[bookmark: _Toc415476006][bookmark: _Toc423599281][bookmark: _Toc423601785][bookmark: _Toc501130250][bookmark: _Toc503777954][bookmark: _Toc33624368]C.2.1 General
The specifications in this clause apply independently to each set of CPB parameters that is present and to both the Type I and Type II conformance points shown in Figure C.1 and the set of CPB parameters is selected as specified in clause C.1.
[bookmark: _Toc317198879][bookmark: _Ref349919287][bookmark: _Toc415476007][bookmark: _Toc423599282][bookmark: _Toc423601786][bookmark: _Toc501130251][bookmark: _Toc503777955][bookmark: _Toc33624369]C.2.2 Timing of DU arrival
If DecodingUnitHrdFlag is equal to 0, the variable decodingUnitParamsFlag is set equal to 0 and the process specified in the remainder of this clause is invoked with a DU being considered as an AU, for derivation of the initial and final CPB arrival times for AU n.
Otherwise (DecodingUnitHrdFlag is equal to 1), the process specified in the remainder of this clause is first invoked with the variable decodingUnitParamsFlag set equal to 0 and a DU being considered as an AU, for derivation of the initial and final CPB arrival times for AU n, and then invoked with decodingUnitParamsFlag set equal to 1 and a DU being considered as a subset of an AU, for derivation of the initial and final CPB arrival times for the DUs in AU n.
The process specified in the remainder of this clause is invoked for derivation of the initial and final CPB arrival times for AU n.
The variables InitCpbRemovalDelay[ Htid ][ ScIdx ] and InitCpbRemovalDelayOffset[ Htid ][ ScIdx ] are derived as follows:
–	If one or more of the following conditions are true, InitCpbRemovalDelay[ Htid ][ ScIdx ] and InitCpbRemovalDelayOffset[ Htid ][ ScIdx ] are set equal to the values of the BP SEI message syntax elements nal_initial_cpb_removal_delay[ Htid ][ ScIdx ] and nal_initial_cpb_removal_offset[ Htid ][ ScIdx ] minus the values of the PT SEI message syntax elements cpb_alt_initial_removal_delay_delta[ Htid ][ ScIdx ] and cpb_alt_initial_removal_offset_delta[ Htid ][ ScIdx ] of AU 1, respectively, when NalHrdModeFlag is equal to 1, or vcl_initial_cpb_removal_delay[ Htid ][ ScIdx ] and vcl_initial_cpb_removal_offset[ Htid ][ ScIdx ] minus the values of the PT SEI message syntax elements cpb_alt_initial_removal_delay_delta[ Htid ][ ScIdx ] and cpb_alt_initial_removal_offset_delta[ Htid ][ ScIdx ] of AU 1, respectively, when NalHrdModeFlag is equal to 0, where the BP SEI message containing the syntax elements is selected as specified in clause C.1:
–	UseAltCpbParamsFlag for AU 0 is equal to 1.
–	DefaultInitCpbParamsFlag is equal to 0.
–	Otherwise, if the value of decodingUnitParamsFlag is equal to 1, InitCpbRemovalDelay[ Htid ][ ScIdx ] and InitCpbRemovalDelayOffset[ Htid ][ ScIdx ] are set equal to the values of the BP SEI message syntax elements nal_initial_alt_cpb_removal_delay[ Htid ][ ScIdx ] and nal_initial_alt_cpb_removal_offset[ Htid ][ ScIdx ], respectively, when NalHrdModeFlag is equal to 1 or vcl_initial_alt_cpb_removal_delay[ Htid ][ ScIdx ] and vcl_initial_alt_cpb_removal_offset[ Htid ][ ScIdx ], respectively, when NalHrdModeFlag is equal to 0, where the BP SEI message syntax elements are selected as specified in clause C.1.
–	Otherwise (DecodingUnitHrdFlag is equal to 0), InitCpbRemovalDelay[ Htid ][ ScIdx ] and InitCpbRemovalDelayOffset[ Htid ][ ScIdx ] are set equal to the values of the BP SEI message syntax elements nal_initial_cpb_removal_delay[ Htid ][ ScIdx ] and nal_initial_cpb_removal_offset[ Htid ][ ScIdx ], respectively, when NalHrdModeFlag is equal to 1, or vcl_initial_cpb_removal_delay[ Htid ][ ScIdx ] and vcl_initial_cpb_removal_offset[ Htid ][ ScIdx ], respectively, when NalHrdModeFlag is equal to 0, where the BP SEI message syntax elements are selected as specified in clause C.1.
The variables DpbDelayOffset and CpbDelayOffset are derived as follows with k being the AU associated with the BP SEI message:
–	If one or more of the following conditions are true, DpbDelayOffset is set equal to the value of the PT SEI message syntax element dpb_delay_offset[ Htid ] of AU k + 1, and CpbDelayOffset is set equal to the value of the PT SEI message syntax element cpb_delay_offset[ Htid ] of AU k + 1, where the PT SEI message containing the syntax elements is selected as specified in clause C.1:
–	UseAltCpbParamsFlag for AU 0 is equal to 1.
–	DefaultInitCpbParamsFlag is equal to 0.
–	Otherwise, DpbDelayOffset and CpbDelayOffset are set equal to 0.
The time at which the first bit of DU m begins to enter the CPB is referred to as the initial arrival time initArrivalTime[ m ].
The initial arrival time of DU m is derived as follows:
–	If the AU is DU 0 (i.e., when m is equal to 0), initArrivalTime[ 0 ] is set equal to 0.
–	Otherwise (the DU is DU m with m > 0), the following applies:
–	If cbr_flag[ ScIdx ] is equal to 1, the initial arrival time for DU m is equal to the final arrival time (which is derived below) of DU m − 1, i.e.,
[bookmark: OLE_LINK390][bookmark: OLE_LINK391][bookmark: taiEqualtoTafNminus1]if( !decodingUnitParamsFlag )
	initArrivalTime[ m ] = AuFinalArrivalTime[ m − 1 ]	(C.3)
else
	initArrivalTime[ m ] = DuFinalArrivalTime[ m − 1 ]
–	Otherwise (cbr_flag[ ScIdx ] is equal to 0), the initial arrival time for DU m is derived as follows:
[bookmark: tai_Eqn]if( !decodingUnitParamsFlag )
	initArrivalTime[ m ] = Max( AuFinalArrivalTime [ m − 1 ], initArrivalEarliestTime[ m ] )	(C.4)
else
	initArrivalTime[ m ] = Max( DuFinalArrivalTime[ m − 1 ], initArrivalEarliestTime[ m ] )
where initArrivalEarliestTime[ m ] is derived as follows:
–	The variable tmpNominalRemovalTime is derived as follows:
if( !decodingUnitParamsFlag )
	tmpNominalRemovalTime = AuNominalRemovalTime[ m ]	(C.5) 
else
	tmpNominalRemovalTime = DuNominalRemovalTime[ m ]
where NominalRemovalTime[ m ] and DuNominalRemovalTime[ m ] are the nominal CPB removal time of AU m and DU m, respectively, as specified in clause C.2.3.
–	If DU m is not the first DU of a subsequent BP, initArrivalEarliestTime[ m ] is derived as follows:
initArrivalEarliestTime[ m ] = tmpNominalRemovalTime −
		( InitCpbRemovalDelay[ Htid ][ ScIdx ]
		+ InitCpbRemovalDelayOffset[ Htid ][ ScIdx ] ) ÷ 90000	(C.6)
–	Otherwise (DU m is the first DU of a subsequent BP), initArrivalEarliestTime[ m ] is derived as follows:
initArrivalEarliestTime[ m ] = tmpNominalRemovalTime −
		( InitCpbRemovalDelay[ Htid ][ ScIdx ] ÷ 90000 )	(C.7)
The final arrival time for DU m is derived as follows:
if( !decodingUnitParamsFlag )
		AuFinalArrivalTime[ m ] = initArrivalTime[ m ] + sizeInbits[ m ] ÷ BitRate[ Htid ][ ScIdx ]	(C.8) 
else
		DuFinalArrivalTime[ m ] = initArrivalTime[ m ] + sizeInbits[ m ] ÷ BitRate[ Htid ][ ScIdx ]
where sizeInbits[ m ] is the size in bits of DU m, counting the bits of the VCL NAL units and the filler data NAL units for the Type I conformance point or all bits of the Type II bitstream for the Type II conformance point, where the Type I and Type II conformance points are as shown in Figure C.1.
The values of ScIdx, BitRate[ Htid ][ ScIdx ] and CpbSize[ Htid ][ ScIdx ] are constrained as follows:
–	If the content of the selected general_hrd_parameters( ) syntax structures for the AU containing AU m and the previous AU differ, the HSS selects a value ScIdx1 of ScIdx from among the values of ScIdx provided in the selected general_hrd_parameters( ) syntax structures for the AU containing AU m that results in a BitRate[ Htid ][ ScIdx1 ] or CpbSize[ Htid ][ ScIdx1 ] for the AU containing AU m. The value of BitRate[ Htid ][ ScIdx1 ] or CpbSize[ Htid ][ ScIdx1 ] may differ from the value of BitRate[ Htid ][ ScIdx0 ] or CpbSize[ Htid ][ ScIdx0 ] for the value ScIdx0 of ScIdx that was in use for the previous AU.
–	Otherwise, the HSS continues to operate with the previous values of ScIdx, BitRate[ Htid ][ ScIdx ] and CpbSize[ Htid ][ ScIdx ].
When the HSS selects values of BitRate[ Htid ][ ScIdx ] or CpbSize[ Htid ][ ScIdx ] that differ from those of the previous AU, the following applies:
–	The variable BitRate[ Htid ][ ScIdx ] comes into effect at the initial CPB arrival time of the current AU.
–	The variable CpbSize[ Htid ][ ScIdx ] comes into effect as follows:
–	If the new value of CpbSize[ Htid ][ ScIdx ] is greater than the old CPB size, it comes into effect at the initial CPB arrival time of the current AU.
–	Otherwise, the new value of CpbSize[ Htid ][ ScIdx ] comes into effect at the CPB removal time of the current AU.
[bookmark: _Toc33624370]C.2.3 Timing of DU removal and decoding of DU
The variables InitCpbRemovalDelay[ Htid ][ ScIdx ], and InitCpbRemovalDelayOffset[ Htid ][ ScIdx ], are derived as follows: [Ed. (VD): InitCpbRemovalDelayOffset[ Htid ][ ScIdx ] is derived here but never used in this clause. (YK): Hmm, this is simialr as in HEVC. I don’t know why it was like this in HEVC; maybe inherited from AVC. We should study whether the derivation of InitCpbRemovalDelayOffset[ Htid ][ ScIdx ] is really not needed herein, and if not, we can just remove it. Probably also for HEVC.]
–	If the value of decodingUnitParamsFlag is equal to 1, InitCpbRemovalDelay[ Htid ][ ScIdx ] and InitCpbRemovalDelayOffset[ Htid ][ ScIdx ] are set equal to the values of the BP SEI message syntax elements nal_initial_alt_cpb_removal_delay[ Htid ][ ScIdx ] and nal_initial_alt_cpb_removal_offset[ Htid ][ ScIdx ], respectively, when NalHrdModeFlag is equal to 1, or vcl_initial_alt_cpb_removal_delay[ Htid ][ ScIdx ] and vcl_initial_alt_cpb_removal_offset[ Htid ][ ScIdx ], respectively, when NalHrdModeFlag is equal to 0, where the BP SEI message containing the syntax elements is selected as specified in clause C.1.
–	Otherwise (DecodingUnitHrdFlag is equal to 0) [Ed. (VD/YK): Something is wrong here, at least for the mixed use of decodingUnitParamsFlag, which is but should not be a local variable, and DecodingUnitHrdFlag. With the introduction of the alternative HRD parameters for CRA/RASL and DRAP cases, the condition of when to use the alternative set of HRD parameters definitely needs to be updated.], InitCpbRemovalDelay[ Htid ][ ScIdx ] and InitCpbRemovalDelayOffset[ Htid ][ ScIdx ] are set equal to the values of the BP SEI message syntax elements nal_initial_cpb_removal_delay[ Htid ][ ScIdx ] and nal_initial_cpb_removal_offset[ Htid ][ ScIdx ], respectively, when NalHrdModeFlag is equal to 1, or vcl_initial_cpb_removal_delay[ Htid ][ ScIdx ] and vcl_initial_cpb_removal_offset[ Htid ][ ScIdx ], respectively, when NalHrdModeFlag is equal to 0, where the BP SEI message containing the syntax elements is selected as specified in clause C.1.
The nominal removal time of the AU n from the CPB is specified as follows:
–	If AU n is the AU with n equal to 0 (the AU that initializes the HRD), the nominal removal time of the AU from the CPB is specified by:
AuNominalRemovalTime[ 0 ] = InitCpbRemovalDelay[ Htid ][ ScIdx ] ÷ 90000	(C.9)
[Ed. (YK): It's probably bettter to conistently either use an Htid-index for both InitCpbRemovalDelay and NominalRemovalTime, or not use this index for both, the latter of which means to drop the Htid-index in many other HRD parameters/variables as well, like BitRate, CpbSize, etc.]
–	Otherwise, the following applies: [Ed. (VD/YK): Throughout the document, carefully and consistently apply the prefixes "Au" and "Du" to variables FinalArrivalTime, NominalRemovalTime, CpbRemovalTime, etc.]
–	When AU n is the first AU of a BP that does not initialize the HRD, the following applies:
The nominal removal time of the AU n from the CPB is specified by:
[bookmark: OLE_LINK380][bookmark: OLE_LINK381][bookmark: OLE_LINK382][bookmark: OLE_LINK383]if( !concatenationFlag ) {
	baseTime = AuNominalRemovalTime[ firstPicInPrevBuffPeriod ]
	tmpCpbRemovalDelay = AuCpbRemovalDelayVal
} else {
	baseTime1 = AuNominalRemovalTime [ prevNonDiscardablePic ]
	tmpCpbRemovalDelay1 = ( auCpbRemovalDelayDeltaMinus1 + 1 )
	baseTime2 = AuNominalRemovalTime[ n − 1 ]
	tmpCpbRemovalDelay2 =				(C.10)
			Ceil( ( InitCpbRemovalDelay[ Htid ][ ScIdx ] ÷ 90000 +
				AuFinalArrivalTime[ n − 1 ] − AuNominalRemovalTime[ n − 1 ] ) ÷ ClockTick )
	if( baseTime1 + ClockTick * tmpCpbRemovalDelay1 <
				baseTime2 + ClockTick * tmpCpbRemovalDelay2 ) {
		baseTime = baseTime2
		tmpCpbRemovalDelay = tmpCpbRemovalDelay2
	} else {
		baseTime = baseTime1
		tmpCpbRemovalDelay = tmpCpbRemovalDelay1
	}
}
AuNominalRemovalTime[ n ] = baseTime + ( ClockTick * tmpCpbRemovalDelay − CpbDelayOffset )
where AuNominalRemovalTime[ firstPicInPrevBuffPeriod ] is the nominal removal time of the first AU of the previous BP, AuNominalRemovalTime[ prevNonDiscardablePic ] is the nominal removal time of the preceding picture in decoding order with TemporalId equal to 0 that is not a RASL or RADL picture, AuCpbRemovalDelayVal is the value of CpbRemovalDelayVal[ Htid ] derived according to cpb_removal_delay_minus1[ Htid ] and cpb_removal_delay_delta_idx[ Htid ] in the PT SEI message, and cpb_removal_delay_delta[ cpb_removal_delay_delta_idx[ Htid ] ] in the BP SEI message, selected as specified in clause C.1, associated with AU n and concatenationFlag and CpbRemovalDelayDeltaMinus1 are the values of the syntax elements concatenation_flag and cpb_removal_delay_delta_minus1, respectively, in the BP SEI message, selected as specified in clause C.1, associated with AU n.
–	When AU n is not the first AU of a BP, the nominal removal time of the AU n from the CPB is specified by:
AuNominalRemovalTime[ n ] = AuNominalRemovalTime[ firstPicInCurrBuffPeriod ] +
		ClockTick * AuCpbRemovalDelayVal	(C.11)
where AuNominalRemovalTime[ firstPicInCurrBuffPeriod ] is the nominal removal time of the first AU of the current BP and AuCpbRemovalDelayVal is the value of CpbRemovalDelayVal[ OpTid ] derived according to cpb_removal_delay_minus1[ OpTid ] and cpb_removal_delay_delta_idx[ OpTid ] in the PT SEI message, and cpb_removal_delay_delta[ cpb_removal_delay_delta_idx[ OpTid ] ] in the BP SEI message, selected as specified in clause C.1, associated with AU n.
When DecodingUnitHrdFlag is equal to 1, the following applies:
–	The variable duCpbRemovalDelayInc is derived as follows:
–	If du_cpb_params_in_pic_timing_sei_flag is equal to 0, duCpbRemovalDelayInc is set equal to the value of du_spt_cpb_removal_delay_increment[ i ] in the DU information SEI message, selected as specified in clause C.1, associated with DU m.
–	Otherwise, if du_common_cpb_removal_delay_flag is equal to 0, duCpbRemovalDelayInc is set equal to the value of du_cpb_removal_delay_increment_minus1[ i ][ Htid ] + 1 for DU m in the PT SEI message, selected as specified in clause C.1, associated with AU n, where the value of i is 0 for the first num_nalus_in_du_minus1[ 0 ] + 1 consecutive NAL units in the AU that contains DU m, 1 for the subsequent num_nalus_in_du_minus1[ 1 ] + 1 NAL units in the same AU, 2 for the subsequent num_nalus_in_du_minus1[ 2 ] + 1 NAL units in the same AU, etc.
–	Otherwise, duCpbRemovalDelayInc is set equal to the value of du_common_cpb_removal_delay_increment_minus1[ Htid ] + 1 in the PT SEI message, selected as specified in clause C.1, associated with AU n.
–	The nominal removal time of DU m from the CPB is specified as follows, where AuNominalRemovalTime[ n ] is the nominal removal time of AU n:
[bookmark: OLE_LINK374][bookmark: OLE_LINK375]–	If DU m is the last DU in AU n, the nominal removal time of DU m DuNominalRemovalTime[ m ] is set equal to AuNominalRemovalTime[ n ].
–	Otherwise (DU m is not the last DU in AU n), the nominal removal time of DU m DuNominalRemovalTime[ m ] is derived as follows:
if( du_cpb_params_in_pic_timing_sei_flag )
	DuNominalRemovalTime[ m ] = DuNominalRemovalTime[ m + 1 ] −
		ClockSubTick * duCpbRemovalDelayInc	(C.12)
else
	DuNominalRemovalTime[ m ] = AuNominalRemovalTime[ n ] −
		ClockSubTick * duCpbRemovalDelayInc
If DecodingUnitHrdFlag is equal to 0, the removal time of AU n from the CPB is specified as follows, where FinalArrivalTime[ n ] and NominalRemovalTime[ n ] are the final CPB arrival time and nominal CPB removal time, respectively, of AU n:
[bookmark: OLE_LINK384][bookmark: OLE_LINK385][bookmark: OLE_LINK386][bookmark: OLE_LINK387]if( !low_delay_hrd_flag[ Htid ]  | |  AuNominalRemovalTime[ n ]  >=  AuFinalArrivalTime[ n ] )
	AuCpbRemovalTime[ n ] = AuNominalRemovalTime[ n ]
else				(C.13)
	AuCpbRemovalTime[ n ] = AuNominalRemovalTime[ n ] + ClockTick *
		Ceil( ( AuFinalArrivalTime[ n ] − AuNominalRemovalTime[ n ] ) ÷ ClockTick )
NOTE 1 – When low_delay_hrd_flag[ Htid ] is equal to 1 and AuNominalRemovalTime[ n ] is less than AuFinalArrivalTime[ n ], the size of AU n is so large that it prevents removal at the nominal removal time.
Otherwise (DecodingUnitHrdFlag is equal to 1), the removal time of DU m from the CPB is specified as follows:
if( !low_delay_hrd_flag[ Htid ]  | |  DuNominalRemovalTime[ m ]  >=  DuFinalArrivalTime[ m ] )
	DuCpbRemovalTime[ m ] = DuNominalRemovalTime[ m ]
else				(C.14)
	DuCpbRemovalTime[ m ] = DuFinalArrivalTime[ m ]
NOTE 2 – When low_delay_hrd_flag[ Htid ] is equal to 1 and DuNominalRemovalTime[ m ] is less than DuFinalArrivalTime[ m ], the size of DU m is so large that it prevents removal at the nominal removal time.
If DecodingUnitHrdFlag is equal to 0, at the CPB removal time of AU n, the AU is instantaneously decoded.
Otherwise (DecodingUnitHrdFlag is equal to 1), at the CPB removal time of DU m, the DU is instantaneously decoded, and when DU m is the last DU of AU n, the following applies:
–	Picture n is considered as decoded.
–	The final CPB arrival time of AU n, i.e., AuFinalArrivalTime[ n ], is set equal to the final CPB arrival time of the last DU in AU n, i.e., DuFinalArrivalTime[ m ].
–	The nominal CPB removal time of AU n, i.e., AuNominalRemovalTime[ n ], is set equal to the nominal CPB removal time of the last DU in AU n, i.e., DuNominalRemovalTime[ m ].
–	The CPB removal time of AU n, i.e., AuCpbRemovalTime[ m ], is set equal to the CPB removal time of the last DU in AU n, i.e., DuCpbRemovalTime[ m ].
[bookmark: OLE_LINK210][bookmark: OLE_LINK211]Conclusion
This document proposes modifications related to the picture timing information signaling and HRD operation in VVC. It is proposed to adopt the proposals in the next version of VVC draft.
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