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Abstract
There may be an inconsistency with the current decoding unit based hypothetical reference decoder in VVC draft 6. If this inconsistency is confirmed, then it is suggested to add a loop on temporal sub-layers to both the picture timing and the decoding unit information SEI messages for signalling of the decoding unit based CPB removal delays.
The second version of this document provides a specification text that removes pt_max_sub_layers_minus1 and dui_max_sub_layers_minus1 as agreed during the discussions in the HLS BoG.
Introduction 
There may be an inconsistency with the current decoding unit based hypothetical reference decoder in VVC draft 6. In the buffering period SEI message, alternative initial CPB removal delays and offsets (which are applied when the HRD operates at the decoding unit level) are signalled per temporal sub-layer and schedule, i.e different temporal sub-layers have different initial CPB removal delays and offsets when the HRD operates at decoding unit level. However, the syntax elements to determine the decoding unit based CPB removal delays (which are signalled either in the picture timing SEI message or in the decoding unit information SEI message) are not signalled per temporal sub-layers, i.e all temporal sub-layers share the same CPB removal delays when the HRD operates at decoding unit level. This seems strange at first sight.
If this inconsistency is confirmed, then it is suggested to add a loop on temporal sub-layers to both the picture timing and the decoding unit information SEI messages for signalling of the decoding unit based CPB removal delays.
Syntax and semantics of picture timing SEI message
It is suggested to modify the syntax of the picture timing SEI message as follows:
		if( 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 ) {
	

				du_common_cpb_removal_delay_increment_minus1[ bppt_max_sub_layers_minus1 ]
	u(v)

				for( j = TemporalId; j < bppt_max_sub_layers_minus1; j++ )
	

					if( sub_layer_delays_present_flag[ j ] )
	

						du_common_cpb_removal_delay_increment_minus1[ j ]
	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 ) {
	

					du_cpb_removal_delay_increment_minus1[ i ][ bppt_max_sub_layers_minus1 ]
	u(v)

					for( j = TemporalId; j < bppt_max_sub_layers_minus1; j++ )
	

						if( sub_layer_delays_present_flag[ j ] )
	

							du_cpb_removal_delay_increment_minus1[ i ][ j ]
	u(v)

				}
	

			}
	

		}
	


It is suggested to modify the semantics of the picture timing SEI message as follows:
du_common_cpb_removal_delay_increment_minus1[ j ] plus 1 specifies the duration, in units of clock sub-ticks (see clause C.1), between the nominal CPB removal times of any two consecutive decoding units in decoding order in the access unit associated with the picture timing SEI message when HighestTid is equal to j. This value is also used to calculate an earliest possible time of arrival of decoding unit data into the CPB for the HSS, as specified in Annex C. The lenght of this syntax element is du_cpb_removal_delay_increment_length_minus1 + 1. When du_common_cpb_removal_delay_increment_minus1[ j ] is not present for any value of j less than bppt_max_sub_layers_minus1, its value is inferred to be equal to du_common_cpb_removal_delay_increment_minus1[ bppt_max_sub_layers_minus1 ].
[bookmark: _Hlk19119859]du_cpb_removal_delay_increment_minus1[ i ][ j ] plus 1 specifies the duration, in units of clock sub-ticks, between the nominal CPB removal times of the ( i + 1 )-th decoding unit and the i-th decoding unit, in decoding order, in the access unit associated with the picture timing SEI message when HighestTid is equal to j. This value is also used to calculate an earliest possible time of arrival of decoding unit data into the CPB for the HSS, as specified in Annex C. The lenght of this syntax element is du_cpb_removal_delay_increment_length_minus1 + 1. When du_cpb_removal_delay_increment_minus1[ i ][ j ] is not present for any value of j less than bppt_max_sub_layers_minus1, its value is inferred to be equal to du_cpb_removal_delay_increment_minus1[ i ][ bppt_max_sub_layers_minus1 ].
Syntax and semantics of decoding unit information SEI message
It is suggested to modify the syntax of the decoding unit information SEI message as follows:
	decoding_unit_info( payloadSize ) {
	Descriptor

	[bookmark: _GoBack]	decoding_unit_idx
	ue(v)

		if( !decoding_unit_cpb_params_in_pic_timing_sei_flag ) {
	

			dui_max_sub_layers_minus1
	u(3)

			du_spt_cpb_removal_delay_increment[ bpdui_max_sub_layers_minus1 ]
	u(v)

			for( i = TemporalId; i < bpdui_max_sub_layers_minus1; i++ ) {
	

				dui_sub_layer_delays_present_flag[ i ]
	u(1)

				if( bpdui_sub_layer_delays_present_flag[ i ] )
	

					du_spt_cpb_removal_delay_increment[ i ]
	u(v)

			}
	

		}
	

		dpb_output_du_delay_present_flag
	u(1)

		if( dpb_output_du_delay_present_flag )
	

			pic_spt_dpb_output_du_delay
	u(v)

	}
	


It is suggested to modify the semantics of the decoding unit information SEI message as follows:
decoding_unit_idx specifies the index, starting from 0, to the list of decoding units in the current access unit, of the decoding unit associated with the decoding unit information SEI message. The value of decoding_unit_idx shall be in the range of 0 to PicSizeInCtbsY − 1, inclusive.
A decoding unit identified by a particular value of duIdx includes and only includes all NAL units associated with all decoding unit information SEI messages that have decoding_unit_idx equal to duIdx. Such a decoding unit is also referred to as associated with the decoding unit information SEI messages having decoding_unit_idx equal to duIdx.
For any two decoding units duA and duB in one access unit with decoding_unit_idx equal to duIdxA and duIdxB, respectively, where duIdxA is less than duIdxB, duA shall precede duB in decoding order.
A NAL unit of one decoding unit shall not be present, in decoding order, between any two NAL units of another decoding unit.
dui_max_sub_layers_minus1 plus 1 specifies the maximum number of temporal sub-layers that may be present in the bitstream. The value of dui_max_sub_layers_minus1 shall be in the range of 0 to 6, inclusive. 
It is a requirement of bitstream conformance that the value of dui_max_sub_layers_minus1 in the decoding unit information SEI message is equal to the value of sps_max_sub_layers_minus1 in the referred SPS.
dui_sub_layer_delays_present_flag[ i ] equal to 1 specifies that du_spt_cpb_removal_delay_increment[ i ] is present for the sub-layer with TemporalId equal to i. dui_sub_layer_delays_present_flag[ i ] equal to 0 specifies that du_spt_cpb_removal_delay_increment[ i ] is not present for the sub-layer with TemporalId equal to i. When not present, the value of dui_sub_layer_delays_present_flag[ i ] is infered to be equal to 0.
du_spt_cpb_removal_delay_increment[ i ] specifies the duration, in units of clock sub-ticks, between the nominal CPB times of the last decoding unit in decoding order in the current access unit and the decoding unit associated with the decoding unit information SEI message when HighestTid is equal to i. This value is also used to calculate an earliest possible time of arrival of decoding unit data into the CPB for the HSS, as specified in Annex C. The lenght of this syntax element is du_cpb_removal_delay_increment_length_minus1 + 1. When the decoding unit associated with the decoding unit information SEI message is the last decoding unit in the current access unit, the value of du_spt_cpb_removal_delay_increment[ i ] shall be equal to 0. When du_spt_cpb_removal_delay_increment[ i ] is not present for any value of i less than bpdui_max_sub_layers_minus1, its value is inferred to be equal to du_spt_cpb_removal_delay_increment[ bpdui_max_sub_layers_minus1 ].
Other modifications
Other small modifications are necessary in Annex C and in the SEI message semantics to make sure that the indices of the signalled arrays are used correctly. The necessary modifications are included in the attached specification text.
Conclusion
It is suggested to check if the current HRD specification is consistent in case of HRD operating at the decoding unit level when temporal sub-layers are present in the bitstream. A potential modification is suggested.
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