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Abstract
Modifications are proposed to the alternative timing information signaling for HRD of VVC.
Following is proposed:
· Proposal 1: It is proposed to signal a separate set of alternative buffering delay parameters for VCL HRD and for NAL HRD. Additionally the HRD operation is correspondingly modified.
· Proposal 2:  It is proposed that a separate set of alternative buffering delay parameters be signalled for different temporal sub-layer representations. Additionally the HRD operation is correspondingly modified.
Introduction 
VVC WD [1] includes HRD which supports signalling of alternative timing information. This includes the syntax element cpb_alt_timing_info_present_flag and associated syntax elements in picture timing SEI message. The HRD operation uses these syntax elements when operating in the alternative timing mode.   
Following is proposed:
· Proposal 1: It is asserted that the initial buffering delay parameters can be different for VCL HRD and NAL HRD. In VVC WD7 for the set of alternative buffering delay parameters signalled via Picture Timing SEI,  as initial CPB removal delay offsets (i.e. cpb_alt_initial_cpb_removal_delay_delta[ i ], and cpb_alt_initial_cpb_removal_offset_delta[ i ]), only a single set of parameters is signalled. It is proposed to signal a separate set of alternative buffering delay parameters for VCL HRD and for NAL HRD. Additionally the HRD operation is correspondingly modified.
· Proposal 2:  It is asserted that in VVC WD7 for the set of alternative buffering delay parameters signalled via Picture Timing SEI,  as initial CPB removal delay offsets (i.e. cpb_alt_initial_cpb_removal_delay_delta[ i ], and cpb_alt_initial_cpb_removal_offset_delta[ i ]), only a single set of parameters is signalled without considering the temporal scalability. It is proposed that a separate set of alternative buffering delay parameters be signalled for different temporal sub-layer representations. Additionally the HRD operation is correspondingly modified.

In v2 additional syntax elements are provided.
Proposals
Proposal 1
It is asserted that the initial buffering delay parameters can be different for VCL HRD and NAL HRD. In VVC WD7 for the set of alternative buffering delay parameters signalled via Picture Timing SEI,  as initial CPB removal delay offsets (i.e. cpb_alt_initial_cpb_removal_delay_delta[ i ], and cpb_alt_initial_cpb_removal_offset_delta[ i ]), only a single set of parameters is signalled. It is proposed to signal a separate set of alternative buffering delay parameters for VCL HRD and for NAL HRD. Additionally the HRD operation is correspondingly modified.
The proposed changes are shown highlighted compared with VVC WD.
D.2.3 Picture timing SEI message syntax

	pic_timing( payloadSize ) {
	Descriptor

		cpb_removal_delay_minus1[ bp_max_sub_layers_minus1 ]
	u(v)

		if( alt_cpb_params_present_flag ) {
	

			cpb_alt_timing_info_present_flag
	u(1)

			if( cpb_alt_timing_info_present_flag ) {
	

				if( bp_nal_hrd_params_present_flag ) {
	

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

						nal_cpb_alt_initial_cpb_removal_delay_delta[ i ]
	u(v)

						nal_cpb_alt_initial_cpb_removal_offset_delta[ i ]
	u(v)

					}
	

				}
	

				if( bp_vcl_hrd_params_present_flag ) {
	

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

						vcl_cpb_alt_initial_cpb_removal_delay_delta[ i ]
	u(v)

						vcl_cpb_alt_initial_cpb_removal_offset_delta[ i ]
	u(v)

					}
	

				}
	

				if( bp_nal_hrd_params_present_flag ) {
	

					nal_cpb_delay_offset
	u(v)

					nal_dpb_delay_offset
	u(v)

				}
	

				if( bp_vcl_hrd_params_present_flag ) {
	

					vcl_cpb_delay_offset
	u(v)

					vcl_dpb_delay_offset
	u(v)

				}
	

			}
	

		}
	

		for( i = TemporalId; i < bp_max_sub_layers_minus1; i++ ) {
	

			pt_sub_layer_delays_present_flag[ i ]
	u(1)

			if( pt_sub_layer_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 ] )
	

					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 )
	

			pic_dpb_output_du_delay
	u(v)

		if( bp_decoding_unit_hrd_params_present_flag  &&
			decoding_unit_cpb_params_in_pic_timing_sei_flag ) {
	

			num_decoding_units_minus1
	ue(v)

			du_common_cpb_removal_delay_flag
	u(1)

			if( du_common_cpb_removal_delay_flag )
	

				for( i = TemporalId; i  <=  bp_max_sub_layers_minus1; i++ )
	

					if( pt_sub_layer_delays_present_flag[ i ] )
	

						du_common_cpb_removal_delay_increment_minus1[ i ]
	u(v)

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

				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_sub_layers_minus1; j++ )
	

						if( pt_sub_layer_delays_present_flag[ j ] )
	

							du_cpb_removal_delay_increment_minus1[ i ][ j ]
	u(v)

			}
	

		}
	

		if( additional_concatenation_info_present_flag )
	

			delay_for_concatenation_ensured_flag
	u(1)

	}
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The PT SEI message provides CPB removal delay and DPB output delay information for the AU associated with the SEI message.
If bp_nal_hrd_params_present_flag or bp_vcl_hrd_params_present_flag of the BP SEI mesage applicable for the current AU is equal to 1, the variable CpbDpbDelaysPresentFlag is set equal to 1. Otherwise, CpbDpbDelaysPresentFlag is set equal to 0.
The presence of PT SEI messages is specified as follows:
–	If CpbDpbDelaysPresentFlag is equal to 1, a PT SEI message shall be associated with the current AU.
–	Otherwise (CpbDpbDelaysPresentFlag is equal to 0), there shall not be a PT SEI message associated with the current AU.
The TemporalId in the PT SEI message syntax is the TemporalId of the SEI NAL unit containing the PT SEI message.
cpb_removal_delay_minus1[ i ] plus 1 is used to calculate the number of clock ticks between the nominal CPB removal times of the AU associated with the PT SEI message and the preceding AU in decoding order that contains a BP SEI message when Htid is equal to i. This value is also used to calculate an earliest possible time of arrival of AU data into the CPB for the HSS. The length of cpb_removal_delay_minus1[ i ] is cpb_removal_delay_length_minus1 + 1 bits.
cpb_alt_timing_info_present_flag equal to 1 specifies the presence of the syntax elements 
cpb_alt_timing_info_present_flag equal to 1 specifies the presence of the syntax elements nal_cpb_alt_initial_cpb_removal_delay_delta[ i ], nal_cpb_alt_initial_cpb_removal_offset_delta[ i ], vcl_cpb_alt_initial_cpb_removal_delay_delta[ i ], vcl_cpb_alt_initial_cpb_removal_offset_delta[ i ], cpb_delay_offset, and dpb_delay_offset. When the associated picture is a RASL picture, the value of cpb_alt_timing_info_present_flag shall be equal to 0.
cpb_alt_initial_cpb_removal_delay_delta[ i ], cpb_delay_offset, and dpb_delay_offset. When the associated picture is a RASL picture, the value of cpb_alt_timing_info_present_flag shall be equal to 0.
NOTE 1 – The value of cpb_alt_timing_info_present_flag might be equal to 1 for more than one AU following an IRAP picture in decoding order. However, the alternative timing is only applied to the first AU that has cpb_alt_timing_info_present_flag equal to 1 and follows the IRAP picture in decoding order.
nal_cpb_alt_initial_cpb_removal_delay_delta[ i ] specifies the alternative initial CPB removal delay delta for the i-th CPB for the NAL HRD in units of a 90 kHz clock. The length of nal_cpb_alt_initial_cpb_removal_delay_delta[ i ] is initial_cpb_removal_delay_length_minus1 + 1 bits.
nal_cpb_alt_initial_cpb_removal_offset_delta[ i ] specifies the alternative initial CPB removal offset delta for the i-th CPB for the NAL HRD in units of a 90 kHz clock. The length of nal_cpb_alt_initial_cpb_removal_offset_delta[ i ] is initial_cpb_removal_delay_length_minus1 + 1 bits.
vcl_cpb_alt_initial_cpb_removal_delay_delta[ i ] specifies the alternative initial CPB removal delay delta for the i-th CPB for the VCL HRD in units of a 90 kHz clock. The length of vcl_cpb_alt_initial_cpb_removal_delay_delta[ i ] is initial_cpb_removal_delay_length_minus1 + 1 bits.
vcl_cpb_alt_initial_cpb_removal_offset_delta[ i ] specifies the alternative initial CPB removal offset delta for the i-th CPB for the VCL HRD in units of a 90 kHz clock. The length of vcl_cpb_alt_initial_cpb_removal_offset_delta[ i ] is initial_cpb_removal_delay_length_minus1 + 1 bits.
nal_cpb_delay_offset specifies for the NAL HRD an offset to be used in the derivation of the nominal CPB removal times of the AU associated with the PT SEI message and of the AUs following in decoding order, when the AU associated with the PT SEI message directly follows in decoding order the AU associated with the BP SEI message. The length of nal_cpb_delay_offset is au_cpb_removal_delay_length_minus1 + 1 bits. When not present, the value of nal_cpb_delay_offset is inferred to be equal to 0.
nal_dpb_delay_offset specifies for the NAL HRD an offset to be used in the derivation of the DPB output times of the IRAP AU associated with the BP SEI message when the AU associated with the PT SEI message directly follows in decoding order the IRAP AU associated with the BP SEI message. The length of nal_dpb_delay_offset is dpb_output_delay_length_minus1 + 1 bits. When not present, the value of nal_dpb_delay_offset is inferred to be equal to 0.
vcl_cpb_delay_offset specifies for the VCL HRD an offset to be used in the derivation of the nominal CPB removal times of the AU associated with the PT SEI message and of the AUs following in decoding order, when the AU associated with the PT SEI message directly follows in decoding order the AU associated with the BP SEI message. The length of vcl_cpb_delay_offset is au_cpb_removal_delay_length_minus1 + 1 bits. When not present, the value of vcl_cpb_delay_offset is inferred to be equal to 0.
vcl_dpb_delay_offset specifies for the VCL HRD an offset to be used in the derivation of the DPB output times of the IRAP AU associated with the BP SEI message when the AU associated with the PT SEI message directly follows in decoding order the IRAP AU associated with the BP SEI message. The length of vcl_dpb_delay_offset is dpb_output_delay_length_minus1 + 1 bits. When not present, the value of vcl_dpb_delay_offset is inferred to be equal to 0.
…
C.2 Operation of the CPB
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.
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 nal_cpb_alt_initial_removal_delay_delta[ ScIdx ]  and nal_cpb_alt_initial_removal_offset_delta[ 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 vcl_cpb_alt_initial_removal_delay_delta[ ScIdx ]   and vcl_cpb_alt_initial_removal_offset_delta[ 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 nal_dpb_delay_offset  if NalHrdModeFlag is equal to 1 or vcl_dpb_delay_offset  if NalHrdModeFlag is equal to 0 of AU k + 1, and CpbDelayOffset is set equal to the value of the PT SEI message syntax element nal_cpb_delay_offset if NalHrdModeFlag is equal to 1 or vcl_dpb_delay_offset  if NalHrdModeFlag is equal to 0 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.
Annex C:
…
9. When the BP SEI message associated with AU 0 has cpb_alt_timing_info_present_flag equal to 1, either of the following applies for selection of the initial CPB removal delay and delay offset:
–	If NalHrdModeFlag is equal to 1, the default initial CPB removal delay and delay offset represented by nal_initial_cpb_removal_delay[ Htid ][ ScIdx ] and nal_initial_cpb_removal_offset[ Htid ][ ScIdx ], respectively, in the selected BP SEI message are selected. Otherwise, the default initial CPB removal delay and delay offset represented by vcl_initial_cpb_removal_delay[ Htid ][ ScIdx ] and vcl_initial_cpb_removal_offset[ Htid ][ ScIdx ], respectively, in the selected BP SEI message are selected. The variable DefaultInitCpbParamsFlag is set equal to 1.
–	If NalHrdModeFlag is equal to 1, the alternative initial CPB removal delay and delay offset represented by nal_initial_cpb_removal_delay[ Htid ][ ScIdx ] and nal_initial_cpb_removal_offset[ Htid ][ ScIdx ], respectively, in the selected BP SEI message and nal_cpb_alt_initial_removal_delay_delta[ ScIdx ] and nal_cpb_alt_initial_removal_offset_delta[ ScIdx ], respectively, in the PT SEI message associated with the AU following AU 0 in decoding order are selected. Otherwise, the alternative initial CPB removal delay and delay offset represented by vcl_initial_cpb_removal_delay[ Htid ][ ScIdx ] and vcl_initial_cpb_removal_offset[ Htid ][ ScIdx ], respectively, in the selected BP SEI message and vcl_cpb_alt_initial_removal_delay_delta[ ScIdx ] and vcl_cpb_alt_initial_removal_offset_delta[ ScIdx ], respectively, in the PT SEI message associated with the AU following AU 0 in decoding order are selected. The variable DefaultInitCpbParamsFlag is set equal to 0, and one of the following applies:
–	The RASL AUs associated with AU 0 are discarded from BitstreamToDecode and the remaining bitstream is assigned to BitstreamToDecode.
–	All AUs following AU 0 in decoding order up to an AU associated with a DRAP indication SEI message are discarded from BitstreamToDecode and the remaining bitstream is assigned to BitstreamToDecode.
Proposal 2
It is asserted that in VVC WD7 for the set of alternative buffering delay parameters signalled via Picture Timing SEI,  as initial CPB removal delay offsets (i.e. cpb_alt_initial_cpb_removal_delay_delta[ i ], and cpb_alt_initial_cpb_removal_offset_delta[ i ]), only a single set of parameters is signalled without considering the temporal scalability. It is proposed that a separate set of alternative buffering delay parameters be signalled for different temporal sub-layer representations. Additionally the HRD operation is correspondingly modified.
The proposed modifications are shown below compared with VVC WD7.
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	pic_timing( payloadSize ) {
	Descriptor

		cpb_removal_delay_minus1[ bp_max_sub_layers_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 = ( sub_layer_initial_cpb_removal_delay_present_flag ? 0 : bp_max_sub_layers_minus1 ); i  <=  bp_max_sub_layers_minus1; i++ ) {
	

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

					cpb_alt_initial_cpb_removal_delay_delta[ i ][ j ]
	u(v)

					cpb_alt_initial_cpb_removal_offset_delta[ i ][ j ]
	u(v)

				}
	

	          }
	

				cpb_delay_offset[ i ]
	u(v)

				dpb_delay_offset[ i ]
	u(v)

			 }
	

			}
	

		}
	

	…
	

	}
	



cpb_alt_timing_info_present_flag equal to 1 specifies the presence of the syntax elements cpb_alt_initial_cpb_removal_delay_delta[ i ][ j ], cpb_alt_initial_cpb_removal_offset_delta[ i ][ j ], cpb_delay_offset, and dpb_delay_offset. When the associated picture is a RASL picture, the value of cpb_alt_timing_info_present_flag shall be equal to 0.
NOTE 1 – The value of cpb_alt_timing_info_present_flag might be equal to 1 for more than one AU following an IRAP picture in decoding order. However, the alternative timing is only applied to the first AU that has cpb_alt_timing_info_present_flag equal to 1 and follows the IRAP picture in decoding order.
cpb_alt_initial_cpb_removal_delay_delta[ i ][ j ] specifies the alternative initial CPB removal delay delta for the i-th temporal sub-layer for the j-th CPB schedule. The length of cpb_alt_initial_cpb_removal_delay_delta[ i ][ j ]  is initial_cpb_removal_delay_length_minus1 + 1 bits.
cpb_alt_initial_cpb_removal_offset_delta[ i ][ j ] specifies the alternative initial CPB removal offset delta for the i-th CPB. The length of cpb_alt_initial_cpb_removal_offset_delta[ i ][ j ]  is initial_cpb_removal_delay_length_minus1 + 1 bits.
cpb_delay_offset[ i ] specifies for the i-th temporal sub-layer an offset to be used in the derivation of the nominal CPB removal times of the AU associated with the PT SEI message and of the AUs following in decoding order, when the AU associated with the PT SEI message directly follows in decoding order the AU associated with the BP SEI message. The length of cpb_delay_offset[ i ] is au_cpb_removal_delay_length_minus1 + 1 bits. When not present, the value of cpb_delay_offset[ i ] is inferred to be equal to 0.
dpb_delay_offset[ i ] specifies for the i-th temporal sub-layer an offset to be used in the derivation of the DPB output times of the IRAP AU associated with the BP SEI message when the AU associated with the PT SEI message directly follows in decoding order the IRAP AU associated with the BP SEI message. The length of dpb_delay_offset[ i ] is dpb_output_delay_length_minus1 + 1 bits. When not present, the value of dpb_delay_offset[ i ] is inferred to be equal to 0.
The variable BpResetFlag of the current picture is derived as follows:
· If the current picture is associated with a BP SEI message, BpResetFlag is set equal to 1.
· Otherwise, BpResetFlag is set equal to 0.
…
[bookmark: _Ref5833542][bookmark: _Toc24573190]C.2 Operation of the CPB
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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.
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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.

Annex C:
…
9. When the BP SEI message associated with AU 0 has cpb_alt_timing_info_present_flag equal to 1, either of the following applies for selection of the initial CPB removal delay and delay offset:
–	If NalHrdModeFlag is equal to 1, the default initial CPB removal delay and delay offset represented by nal_initial_cpb_removal_delay[ Htid ][ ScIdx ] and nal_initial_cpb_removal_offset[ Htid ][ ScIdx ], respectively, in the selected BP SEI message are selected. Otherwise, the default initial CPB removal delay and delay offset represented by vcl_initial_cpb_removal_delay[ Htid ][ ScIdx ] and vcl_initial_cpb_removal_offset[ Htid ][ ScIdx ], respectively, in the selected BP SEI message are selected. The variable DefaultInitCpbParamsFlag is set equal to 1.
–	If NalHrdModeFlag is equal to 1, the alternative initial CPB removal delay and delay offset represented by nal_initial_cpb_removal_delay[ Htid ][ ScIdx ] and nal_initial_cpb_removal_offset[ Htid ][ ScIdx ], respectively, in the selected BP SEI message and cpb_alt_initial_removal_delay_delta[ Htid ][ ScIdx ] and cpb_alt_initial_removal_offset_delta[ Htid ][ ScIdx ], respectively, in the PT SEI message associated with the AU following AU 0 in decoding order are selected. Otherwise, the alternative initial CPB removal delay and delay offset represented by vcl_initial_cpb_removal_delay[ Htid ][ ScIdx ] and vcl_initial_cpb_removal_offset[ Htid ][ ScIdx ], respectively, in the selected BP SEI message and cpb_alt_initial_removal_delay_delta[ Htid ][ ScIdx ] and cpb_alt_initial_removal_offset_delta[ Htid ][ ScIdx ], respectively, in the PT SEI message associated with the AU following AU 0 in decoding order are selected. The variable DefaultInitCpbParamsFlag is set equal to 0, and one of the following applies:
–	The RASL AUs associated with AU 0 are discarded from BitstreamToDecode and the remaining bitstream is assigned to BitstreamToDecode.
–	All AUs following AU 0 in decoding order up to an AU associated with a DRAP indication SEI message are discarded from BitstreamToDecode and the remaining bitstream is assigned to BitstreamToDecode.
It should be noted that the proposal 1 and proposal 2 are complementary and can be combined.
Conclusion
This document proposes modifications to the alternative timing information signalling in VVC. It is proposed to adopt the proposals in the next version of VVC draft.
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