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Abstract
[bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: _Hlk19960408][bookmark: OLE_LINK15]Modifications are proposed related to decoding unit parameters signalling including information in PT and DU information message. Following is proposed:
If DU level HRD parameters are present, a flag is signalled in Buffering period SEI message to control if DU level picture DPB output delay information is signalled only in picture timing SEI message or in DU information SEI message.
Introduction 
VVC WD [1] includes HRD which supports decoding unit based HRD signalling and operation. This is achieved by signalling in picture timing SEI message and decoding unit SEI message and SPS. 
Modifications are proposed related to decoding unit parameters signalling including information in PT and DU information message.
It is asserted that in VVC WD7 currently if it is desired to signal the DU level picture DPB output delay information in the DU information SEI message, still a DU level picture DPB output delay value is needed to be signalled in picture timing SEI message even when it is ignored. On the other hand, when DU level picture DPB output delay information is known at the time of creation of PT SEI message, an additional flag is unnecessarily signalled in every DU Information SEI message. Modifications are proposed to overcome these asserted drawbacks.
Proposal
[bookmark: OLE_LINK104][bookmark: OLE_LINK105]Following is proposed:
[bookmark: OLE_LINK106][bookmark: OLE_LINK107]If DU level HRD parameters are present, a flag is signalled in Buffering period SEI message to control if DU level picture DPB output delay information is signalled only in picture timing SEI message or in DU information SEI message.
The proposed changes are shown highlighted compared with VVC WD.
D.2.2 Buffering period SEI message syntax

	buffering_period( payloadSize ) {
	Descriptor

		bp_nal_hrd_parameters_present_flag
	u(1)

		bp_vcl_hrd_parameters_present_flag
	u(1)

		initial_cpb_removal_delay_length_minus1
	u(5)

		cpb_removal_delay_length_minus1
	u(5)

		dpb_output_delay_length_minus1
	u(5)

		alt_cpb_params_present_flag
	u(1)

		bp_decoding_unit_hrd_params_present_flag
	u(1)

		if( bp_decoding_unit_hrd_params_present_flag ) {
	

			du_cpb_removal_delay_increment_length_minus1
	u(5)

			dpb_output_delay_du_length_minus1
	u(5)

			decoding_unit_cpb_params_in_pic_timing_sei_flag
	u(1)

			decoding_unit_dpb_du_params_in_pic_timing_sei_flag
	u(1)

		}
	

		concatenation_flag
	u(1)

		additional_concatenation_info_present_flag
	u(1)

		if( additional_concatenation_info_present_flag )
	

			max_initial_removal_delay_for_concatination
	u(v)

		cpb_removal_delay_delta_minus1
	u(v)

		cpb_removal_delay_deltas_present_flag
	u(1)

		if( cpb_removal_delay_deltas_present_flag ) {
	

			num_cpb_removal_delay_deltas_minus1
	ue(v)

			for( i = 0; i  <=  num_cpb_removal_delay_deltas_minus1; i++ )
	

				cpb_removal_delay_delta[ i ]
	u(v)

		}
	

		bp_max_sub_layers_minus1
	u(3)

		sub_layer_initial_cpb_removal_delay_present_flag
	u(1)

		for( i = ( sub_layer_initial_cpb_removal_delay_present_flag ?
					0 : bp_max_sub_layers_minus1 ); i  <=  bp_max_sub_layers_minus1; i++ ) {
	

			bp_cpb_cnt_minus1[ i ]
	ue(v)

			if( bp_nal_hrd_parameters_present_flag )
	

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

					nal_initial_cpb_removal_delay[ i ][ j ]
	u(v)

					nal_initial_cpb_removal_offset[ i ][ j ]
	u(v)

					if( bp_decoding_unit_hrd_params_present_flag) {
	

						nal_initial_alt_cpb_removal_delay[ i ][ j ]
	u(v)

						nal_initial_alt_cpb_removal_offset[ i ][ j ]
	u(v)

					}
	

				}
	

			if( bp_vcl_hrd_parameters_present_flag )
	

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

					vcl_initial_cpb_removal_delay[ i ][ j ]
	u(v)

					vcl_initial_cpb_removal_offset[ i ][ j ]
	u(v)

					if( bp_decoding_unit_hrd_params_present_flag ) {
	

						vcl_initial_alt_cpb_removal_delay[ i ][ j ]
	u(v)

						vcl_initial_alt_cpb_removal_offset[ i ][ j ]
	u(v)

					}
	

			}
	

		}
	

		if( alt_cpb_params_present_flag )
	

			use_alt_cpb_params_flag
	u(1)

	}
	



decoding_unit_dpb_du_params_in_pic_timing_sei_flag equal to 1 specifies that DU level picture dpb output delay information (i.e. syntax element pic_dpb_output_du_delay) is present only in picture timing SEI message when bp_decoding_unit_hrd_params_present_flag is equal to 1. decoding_unit_dpb_du_params_in_pic_timing_sei_flag equal to 0 specifies that DU level picture dpb output delay information (i.e. syntax element pic_spt_dpb_output_du_delay) may be  present in DU information SEI message when bp_decoding_unit_hrd_params_present_flag is equal to 1. When the decoding_unit_dpb_du_params_in_pic_timing_sei_flag syntax element is not present, it is inferred to be equal to 0.

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 ) {
	

				for( i = 0; i < bp_cpb_cnt_minus1[ bp_max_sub_layers_minus1 ] + 1; i++ ) {
	

					cpb_alt_initial_cpb_removal_delay_delta[ i ]
	u(v)

					cpb_alt_initial_cpb_removal_offset_delta[ i ]
	u(v)

				}
	

				cpb_delay_offset
	u(v)

				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)

			}
	

		}
	

		pic_dpb_output_delay
	u(v)

		if( bp_decoding_unit_hrd_params_present_flag &&
			decoding_unit_dpb_du_params_in_pic_timing_sei_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)

	}
	



D.2.5 DU information SEI message syntax
[bookmark: OLE_LINK114][bookmark: OLE_LINK115]
	decoding_unit_info( payloadSize ) {
	Descriptor

		decoding_unit_idx
	ue(v)

		if( !decoding_unit_cpb_params_in_pic_timing_sei_flag )
	

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

				dui_sub_layer_delays_present_flag[ i ] 
	u(1)

				if( dui_sub_layer_delays_present_flag[ i ] )
	

					du_spt_cpb_removal_delay_increment[ i ]
	u(v)

			}
	

	      if(!decoding_unit_dpb_du_params_in_pic_timing_sei_flag)
	

		     dpb_output_du_delay_present_flag
	u(1)

		if( dpb_output_du_delay_present_flag)
	

			pic_spt_dpb_output_du_delay
	u(v)

	}
	



[bookmark: OLE_LINK128][bookmark: OLE_LINK129]dpb_output_du_delay_present_flag equal to 1 specifies the presence of the pic_spt_dpb_output_du_delay syntax element in the DU information SEI message. dpb_output_du_delay_present_flag equal to 0 specifies the absence of the pic_spt_dpb_output_du_delay syntax element in the DU information SEI message. When not present dpb_output_du_delay_present_flag is inferred to be equal to 0.
[bookmark: OLE_LINK124][bookmark: OLE_LINK125][bookmark: OLE_LINK126][bookmark: OLE_LINK127]pic_spt_dpb_output_du_delay is used to compute the DPB output time of the picture when DecodingUnitHrdFlag is equal to 1 and decoding_unit_dpb_du_params_in_pic_timing_sei_flag equal to 0. It specifies how many sub clock ticks to wait after removal of the last DU in an AU from the CPB before the decoded picture is output from the DPB. When not present, the value of pic_spt_dpb_output_du_delay is inferred to be equal to pic_dpb_output_du_delay. The length of the syntax element pic_spt_dpb_output_du_delay is given in bits by dpb_output_delay_du_‌length_minus1 + 1.
It is a requirement of bitstream conformance that all DU information SEI messages that are associated with the same AU, apply to the same operation point, and have dpb_output_du_delay_present_flag equal to 1 decoding_unit_dpb_du_params_in_pic_timing_sei_flag equal to 0 shall have the same value of pic_spt_dpb_output_du_delay.
The output time derived from the pic_spt_dpb_output_du_delay of any picture that is output from an output timing conforming decoder shall precede the output time derived from the pic_spt_dpb_output_du_delay of all pictures in any subsequent CVS in decoding order.
The picture output order established by the values of this syntax element shall be the same order as established by the values of PicOrderCntVal.
For pictures that are not output by the "bumping" process because they precede, in decoding order, a CLVSS picture that has no_output_of_prior_pics_flag equal to 1 or inferred to be equal to 1, the output times derived from pic_spt_dpb_output_du_delay shall be increasing with increasing value of PicOrderCntVal relative to all pictures within the same CVS.
For any two pictures in the CVS, the difference between the output times of the two pictures when DecodingUnitHrdFlag is equal to 1 shall be identical to the same difference when DecodingUnitHrdFlag is equal to 0.
D3.5 DU information SEI message semantics
The DU information SEI message provides CPB removal delay information for the DU associated with the SEI message.
The following applies for the DU information SEI message syntax and semantics:
–	The syntax elements bp_decoding_unit_hrd_params_present_flag, decoding_unit_cpb_params_in_pic_timing_sei_flag and dpb_output_delay_du_length_minus1 are found in the BP SEI message that is applicable to at least one of the operation points to which the DU information SEI message applies.
–	The bitstream (or a part thereof) refers to the bitstream subset (or a part thereof) associated with any of the operation points to which the DU information SEI message applies.
[bookmark: OLE_LINK118][bookmark: OLE_LINK119]The presence of DU information SEI messages for an operation point is specified as follows:
–	If CpbDpbDelaysPresentFlag is equal to 1, bp_decoding_unit_hrd_params_present_flag is equal to 1 and decoding_unit_cpb_params_in_pic_timing_sei_flag is equal to 0 and/ or decoding_unit_dpb_du_params_in_pic_timing_sei_flag is equal to 0, one or more DU information SEI messages applicable to the operation point shall be associated with each DU in the CVS.
–	Otherwise, if CpbDpbDelaysPresentFlag is equal to 1, bp_decoding_unit_hrd_params_present_flag is equal to 1 and decoding_unit_cpb_params_in_pic_timing_sei_flag is equal to 1, one or more DU information SEI messages applicable to the operation point may or may not be associated with each DU in the CVS.
–	Otherwise (CpbDpbDelaysPresentFlag is equal to 0 or bp_decoding_unit_hrd_params_present_flag is equal to 0), in the CVS there shall be no DU that is associated with a DU information SEI message applicable to the operation point.

…

C3.3 Picture output
The processes specified in this clause happen instantaneously at the CPB removal time of AU n, CpbRemovalTime[ n ].
When picture n has PictureOutputFlag equal to 1, its DPB output time DpbOutputTime[ n ] is derived as follows, where the variable firstPicInBufferingPeriodFlag is equal to 1 if AU n is the first AU of a BP and 0 otherwise:
if( !DecodingUnitHrdFlag ) {
	DpbOutputTime[ n ] = CpbRemovalTime[ n ] + ClockTick * ( picDpbOutputDelay –	(C.15)
				picDpbOutputDelta )
	if( firstPicInBufferingPeriodFlag )
		DpbOutputTime[ n ]  −=  ClockTick * DpbDelayOffset
} else
	DpbOutputTime[ n ] = AuCpbRemovalTime[ n ] + ClockSubTick * picSptDpbOutputDuDelay
where picDpbOutputDelay is the value of pic_dpb_output_delay and picDpbOutputDelta is the value of picDpbOutputDelta[ Htid ] derived according to cpb_removal_delay_minus1[ Htid ], and cpb_removal_delay_delta_idx[ Htid ] in the PT SEI message associated with AU n, and cpb_removal_delay_delta[ cpb_removal_delay_delta_idx[ Htid ] ] in the BP SEI message associated with AU n, and picSptDpbOutputDuDelay is the value of pic_spt_dpb_output_du_delay, when present decoding_unit_dpb_du_params_in_pic_timing_sei_flag is equal to 0, in the DU information SEI messages associated with AU n, or the value of pic_dpb_output_du_delay in the PT SEI message associated with AU n when there is no DU information SEI message associated with AU n or no DU information SEI message associated with AU n has pic_spt_dpb_output_du_delay present when decoding_unit_dpb_du_params_in_pic_timing_sei_flag is equal to 1.
NOTE – When the syntax element pic_spt_dpb_output_du_delay is not present in any DU information SEI message associated with AU n, the value is inferred to be equal to pic_dpb_output_du_delay in the PT SEI message associated with AU n.
The output of the current picture is specified as follows:
–	If PictureOutputFlag is equal to 1 and DpbOutputTime[ n ] is equal to CpbRemovalTime[ n ], the current picture is output.
–	Otherwise, if PictureOutputFlag is equal to 0, the current picture is not output, but will be stored in the DPB as specified in clause C.3.4.
–	Otherwise (PictureOutputFlag is equal to 1 and DpbOutputTime[ n ] is greater than CpbRemovalTime[ n ] ), the current picture is output later and will be stored in the DPB (as specified in clause C.3.4) and is output at time DpbOutputTime[ n ] unless indicated not to be output by NoOutputOfPriorPicsFlag equal to 1.
When output, the picture is cropped, using the conformance cropping window for the picture.
When picture n is a picture that is output and is not the last picture of the bitstream that is output, the value of the variable DpbOutputInterval[ n ] is derived as follows:
DpbOutputInterval[ n ] = DpbOutputTime[ nextPicInOutputOrder ] − DpbOutputTime[ n ]	qq(C.16)
where nextPicInOutputOrder is the picture that follows picture n in output order and has PictureOutputFlag equal to 1.

Additional aspect:
If it is desired that a DPB output delay value be signalled in picture timing SEI mssages and that if necessary it is potentially updated in DU information SEI, then in addition to the proposal above a flag decoding_unit_dpb_du_params_in_update_du_sei_flag may be signalled as follows. This additional flag related part is shown highlighted on top of the above proposal.

	pic_timing( payloadSize ) {
	Descriptor

	   …
	

		if( bp_decoding_unit_hrd_params_present_flag &&
			decoding_unit_dpb_du_params_in_pic_timing_sei_flag) {
	

			pic_dpb_output_du_delay
	u(v)

			decoding_unit_dpb_du_params_in_update_du_sei_flag
	u(1)

	    }
	

	…
	

	}
	


decoding_unit_dpb_du_params_in_update_du_sei_flag equal to 1 specifies that DU level picture DPB output information (dpb_output_du_delay_present_flag and if present pic_spt_dpb_output_du_delay) may be signalled in DU information SEI message). decoding_unit_dpb_du_params_in_update_du_sei_flag equal to 0 specifies that DU level picture DPB output information (dpb_output_du_delay_present_flag and if present pic_spt_dpb_output_du_delay) is not signalled in DU information SEI message and is (or may be) only present in picture timing SEI message. 
When bp_decoding_unit_hrd_params_present_flag  is equal to 1 and when  decoding_unit_dpb_du_params_in_update_du_sei_flag is not present :
- If decoding_unit_dpb_du_params_in_pic_timing_sei_flag is equal to 0 decoding_unit_dpb_du_params_in_update_du_sei_flag is inferred to be equal to 1. 
When bp_decoding_unit_hrd_params_present_flag  is equal to 0 and when  decoding_unit_dpb_du_params_in_update_du_sei_flag is not present :
decoding_unit_dpb_du_params_in_update_du_sei_flag is inferred to be equal to 0.


	decoding_unit_info( payloadSize ) {
	Descriptor

			…
	

	      if(!decoding_unit_dpb_du_params_in_pic_timing_sei_flag | | decoding_unit_dpb_du_params_in_update_du_sei_flag)
	

		     dpb_output_du_delay_present_flag
	u(1)

		if( dpb_output_du_delay_present_flag)
	

			pic_spt_dpb_output_du_delay
	u(v)

	}
	



dpb_output_du_delay_present_flag equal to 1 specifies the presence of the pic_spt_dpb_output_du_delay syntax element in the DU information SEI message. dpb_output_du_delay_present_flag equal to 0 specifies the absence of the pic_spt_dpb_output_du_delay syntax element in the DU information SEI message. When not present dpb_output_du_delay_present_flag is inferred to be equal to 0.
pic_spt_dpb_output_du_delay is used to compute the DPB output time of the picture when DecodingUnitHrdFlag is equal to 1 and decoding_unit_dpb_du_params_in_pic_timing_sei_flag equal to 0 or decoding_unit_dpb_du_params_in_update_du_sei_flag is equal to 1. It specifies how many sub clock ticks to wait after removal of the last DU in an AU from the CPB before the decoded picture is output from the DPB. When not present, the value of pic_spt_dpb_output_du_delay is inferred to be equal to pic_dpb_output_du_delay. The length of the syntax element pic_spt_dpb_output_du_delay is given in bits by dpb_output_delay_du_‌length_minus1 + 1.
It is a requirement of bitstream conformance that all DU information SEI messages that are associated with the same AU, apply to the same operation point, and have dpb_output_du_delay_present_flag equal to 1 decoding_unit_dpb_du_params_in_pic_timing_sei_flag equal to 0 or decoding_unit_dpb_du_params_in_update_du_sei_flag is equal to 1 shall have the same value of pic_spt_dpb_output_du_delay.

The presence of DU information SEI messages for an operation point is specified as follows:
–	If CpbDpbDelaysPresentFlag is equal to 1, bp_decoding_unit_hrd_params_present_flag is equal to 1 and decoding_unit_cpb_params_in_pic_timing_sei_flag is equal to 0 and/ or decoding_unit_dpb_du_params_in_pic_timing_sei_flag is equal to 0 or decoding_unit_dpb_du_params_in_pic_timing_sei_flag is equal to 1 and decoding_unit_dpb_du_params_in_update_du_sei_flag is equal to 1, one or more DU information SEI messages applicable to the operation point shall be associated with each DU in the CVS.
–	Otherwise, if CpbDpbDelaysPresentFlag is equal to 1, bp_decoding_unit_hrd_params_present_flag is equal to 1 and decoding_unit_cpb_params_in_pic_timing_sei_flag is equal to 1 and decoding_unit_dpb_du_params_in_pic_timing_sei_flag is equal to 1, one or more DU information SEI messages applicable to the operation point may or may not be associated with each DU in the CVS.
–	Otherwise (CpbDpbDelaysPresentFlag is equal to 0 or bp_decoding_unit_hrd_params_present_flag is equal to 0), in the CVS there shall be no DU that is associated with a DU information SEI message applicable to the operation point.
C3.3 Picture output
The processes specified in this clause happen instantaneously at the CPB removal time of AU n, CpbRemovalTime[ n ].
When picture n has PictureOutputFlag equal to 1, its DPB output time DpbOutputTime[ n ] is derived as follows, where the variable firstPicInBufferingPeriodFlag is equal to 1 if AU n is the first AU of a BP and 0 otherwise:
if( !DecodingUnitHrdFlag ) {
	DpbOutputTime[ n ] = CpbRemovalTime[ n ] + ClockTick * ( picDpbOutputDelay –	(C.15)
				picDpbOutputDelta )
	if( firstPicInBufferingPeriodFlag )
		DpbOutputTime[ n ]  −=  ClockTick * DpbDelayOffset
} else
	DpbOutputTime[ n ] = AuCpbRemovalTime[ n ] + ClockSubTick * picSptDpbOutputDuDelay
where picDpbOutputDelay is the value of pic_dpb_output_delay and picDpbOutputDelta is the value of picDpbOutputDelta[ Htid ] derived according to cpb_removal_delay_minus1[ Htid ], and cpb_removal_delay_delta_idx[ Htid ] in the PT SEI message associated with AU n, and cpb_removal_delay_delta[ cpb_removal_delay_delta_idx[ Htid ] ] in the BP SEI message associated with AU n, and picSptDpbOutputDuDelay is the value of pic_spt_dpb_output_du_delay, when present in the DU information SEI messages associated with AU n, or the value of pic_dpb_output_du_delay in the PT SEI message associated with AU n when there is no DU information SEI message associated with AU n or no DU information SEI message associated with AU n has pic_spt_dpb_output_du_delay present when decoding_unit_dpb_du_params_in_pic_timing_sei_flag is equal to 1 and decoding_unit_dpb_du_params_in_update_du_sei_flag is equal to 0.
Conclusion
This document proposes modifications to Picture Timing and Decoding Unit information signalling in VVC. It is proposed to adopt the proposals in the next version of VVC WD.
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