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Abstract
This contribution intends to provide a summary of proposals on core aspects of HRD (including HRD operation, related SEI message signalling and sub-bitstream extraction).
[bookmark: OLE_LINK153][bookmark: OLE_LINK154]Following proposals are covered in this summary: JVET-R0094, JVET-R0100, JVET-R0101, JVET-R0103, JVET-R0264, JVET-R0295, JVET-R0297, JVET-R0413.
It is suggested that this summary be used for the reviewing of these proposals, such that the discussions may be done in a more structured and efficient manner.
List of design questions
Related to HRD Signalling and operation:
1) Signal a fixed DPB output time offset for each temporal sublayer, controlled by a presence flag, within the buffering period SEI message and use these offsets to calculate picDpbOutputDelta[ i ]? (JVET-R0094)
2) [bookmark: OLE_LINK188][bookmark: OLE_LINK189][bookmark: OLE_LINK267][bookmark: OLE_LINK268][bookmark: OLE_LINK269][bookmark: OLE_LINK270][bookmark: OLE_LINK192][bookmark: OLE_LINK195]Not signal and infer dui_sublayer_delays_present_flag[ bp_max_sublayers_minus1] to be 1, to make sure du_spt_cpb_removal_delay_increment[ bp_max_sublayers_minus1 ] which is used for inference of other syntax is always signalled in DUI SEI message? (JVET-R0100 Proposal 1)
3) [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Signal the for loop for syntax elements dui_sublayer_delays_present_flag[ i ]  and du_spt_cpb_removal_delay_increment[ i ] in the reverse order or signal du_spt_cpb_removal_delay_increment[ bp_max_sublayers_minus1 ] before other du_spt_cpb_removal_delay_increment[ i ] for i < bp_max_sublayers_minus1? (JVET-R0100 Proposal 2)
4) Add the missing inference rules for the alternative timing information related syntax elements cpb_alt_initial_cpb_removal_delay_delta[ i ][ j ], cpb_alt_initial_cpb_removal_offset_delta[ i ][ j ] which are used for HRD operation? (JVET-R0101 Proposal 1)
5) [bookmark: OLE_LINK200][bookmark: OLE_LINK201]Fix the asserted bugs related to unspecified or missing length of u(v) coded syntax elements by referring to correct length syntax elements? (JVET-R0101 Proposal 2)
6) [bookmark: OLE_LINK9][bookmark: OLE_LINK10]Not signal 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 SEI message when there is only one DU in an AU and condition the duCpbRemovalDelayInc variable derivation? (JVET-R0103 Proposal 1)
7) Perform the editorial fixes for the CPB operation section to define and use AU and DU related variable names correctly? (JVET-R0103 Proposal 2)
8) [bookmark: OLE_LINK206][bookmark: OLE_LINK207]Apply the editorial clarification of what n0…n5 mean for the number of conformance tests in Annex C ? (JVET-R0297)
9) Fix the asserted bug for the inference rule for syntax elements in the syntax structure sublayer_hrd_parameters( ) to use syntax from SPS or VPS as appropriate instead of always using sps_max_sublayers_minus1? (JVET-R0297)
10) Fix the asserted bug for n3 specifying number of conformance test for IRAPs that are not CRAs with associated RASL pictures and alternative timing? (JVET-R0297)
11) Fix the asserted bug in the derivation of InitialCpbRemovalDelay in C.2.3 (Timing of DU removal and decoding of DU) aligning it with derivation in C.2.2 (Timing of DU arrival) to account for alternative timing? (JVET-R0297)
12) Fix the asserted bug by adding missing text to update values of CpbDelayOffset and DpbDelayOffset in C.2.3 -Timing of DU removal and decoding of DU? (JVET-R0297)
13) Fix the asserted bug in equation C.11 for derivation of NominalRemovalTime[ n ], to account for CpbDelayOffset? (JVET-R0297)
14) [bookmark: _GoBack]Signal a separate set of alternative buffering delay parameters for VCL HRD and for NAL HRD and use them for HRD operation? (JVET-R0413)
Related to sub-bitstream extraction:
15) Apply following quoted modifications to sub-bitstream extraction process? (JVET-R0264)
“When mixed_nalu_types_in_pic_flag is equal to 0,” remove from outBitstream all NAL units for which all of the following conditions are true:
–	nal_unit_type is not equal to IDR_W_RADL, IDR_N_LP, or CRA_NUT.
[bookmark: OLE_LINK214][bookmark: OLE_LINK215]–	nuh_layer_id is equal to LayerIdInOls[ targetOlsIdx ][ j ] for a value of j in the range of 0 to NumLayersInOls[ targetOlsIdx ] − 1 inclusive, “but not equal to OutputLayerIdInOls[ targetOlsIdx ][ j ] for a value of j in the range of 0 to NumOutputLayersInOls[ targetOlsIdx ] − 1 inclusive”.
–	TemporalId is greater than or equal to NumSubLayersInLayerInOLS[ targetOlsIdx ][ j ].
16) [bookmark: OLE_LINK220][bookmark: OLE_LINK221]Use the actual bitrate indicated in general_hrd_parameters( ) and ols_hrd_parameters( ) of the OLS for derivation of the subpicture bitrate variables SubpicBitRateVcl and SubpicBitRateNal in the subpicture level information SEI message in Section D.7.2? (JVET-R0295) 
17) [bookmark: OLE_LINK222][bookmark: OLE_LINK223]Apply the asserted simplification changes to the subpicture extraction process Annex C.7 to constrain subpictures in multi-layer bitstreams to be aligned in terms of boundary position and subpicture ID across layers? (JVET-R0295)
18) Fix the asserted bug which rewrites the cbr_flag[ tIdTarget ][ j ] to 1 for all CPBs when sli_cbr_constraint_flag is equal to 1 in subpicture extraction process?  
Also perform several assertedly minor fixes (e.g. #903) and editorial improvements in Annex C.6 (Sub-bitstream extraction process) and C.7 (subpicture sub-bitstream extraction process)? (JVET-R0295)

List of proposals related to HRD

JVET-R0094 AHG9: DPB output time offsets for temporal sublayers [V. Drugeon, K. Abe (Panasonic)]
[bookmark: OLE_LINK180][bookmark: OLE_LINK181]It is asserted that there is an issue in the calculation of DPB output times for temporal scalable bitstreams. It is asserted that this issue may cause the DPB output time to be lower than the CPB removal time for some pictures when the highest decoded temporal sublayer is not the highest temporal sublayer present in the bitstream (i.e. when a temporal sub-bitstream is decoded). A proposed fix consists in shifting the sequence of DPB output times by a fixed offset for the given highest decoded temporal sublayer. It is proposed to signal this fixed offset per temporal sublayer within the buffering period SEI message.
JVET-R0100 AHG9: On Decoding Unit Information Signalling [S. Deshpande, J. Samuelsson, A. Segall, P. Cowan (Sharp)]
[bookmark: OLE_LINK193][bookmark: OLE_LINK194]Modifications are proposed related to decoding unit information signalling. 
Following is proposed:
· [bookmark: OLE_LINK184][bookmark: OLE_LINK185]Proposal 1: A signalling and semantics modification is proposed to decoding unit information SEI message for the syntax element dui_sublayer_delays_present_flag[ bp_max_sublayers_minus1]. 
· [bookmark: OLE_LINK186][bookmark: OLE_LINK187][bookmark: OLE_LINK190][bookmark: OLE_LINK191]Proposal 2: Since the inference for du_spt_cpb_removal_delay_increment[ i ] when i is less than bp_max_sublayers_minus1 uses the value of du_spt_cpb_removal_delay_increment[ bp_max_sublayers_minus1 ], it is proposed to signal the for loop for syntax elements dui_sublayer_delays_present_flag[ i ]  and du_spt_cpb_removal_delay_increment[ i ] in the reverse order. 
JVET-R0101 AHG9: On Alternative Timing Information Signalling [S. Deshpande, J. Samuelsson, A. Segall, P. Cowan (Sharp)]
Following is proposed:
· [bookmark: OLE_LINK196][bookmark: OLE_LINK197]Proposal 1: It is asserted that the inference rules are missing for alternative timing information related syntax elements. Missing inference rules are specified for the alternative timing information related syntax elements cpb_alt_initial_cpb_removal_delay_delta[ i ][ j ], cpb_alt_initial_cpb_removal_offset_delta[ i ][ j ].
· Proposal 2:  Bug-fixes are proposed related to the length of u(v) coded syntax elements.
JVET-R0103 AHG9: On Picture Timing Information Signalling and HRD Operation [S. Deshpande, J. Samuelsson, A. Segall, P. Cowan (Sharp)]
[bookmark: OLE_LINK359][bookmark: OLE_LINK360][bookmark: OLE_LINK361][bookmark: OLE_LINK362][bookmark: OLE_LINK363][bookmark: OLE_LINK35]Following is proposed:
· [bookmark: OLE_LINK198][bookmark: OLE_LINK199]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_LINK202][bookmark: OLE_LINK203][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.
JVET-R0264 AHG9: On sub-bitstream extraction [Y. He, V. Seregin, M. Coban, M. Karczewicz (Qualcomm)]
This contribution proposes to modify sub-bitstream extraction process to keep the VCL NAL units of the output layer.
· sub-bitstream extraction removal of NAL units part only “when mixed_nal_types_in_pic_flag is equal to 0”
· Proposes to adds quoted part to  removal condition: nuh_layer_id is equal to LayerIdInOls[ targetOlsIdx ][ j ] for a value of j in the range of 0 to NumLayersInOls[ targetOlsIdx ] − 1 inclusive, “but not equal to OutputLayerIdInOls[ targetOlsIdx ][ j ] for a value of j in the range of 0 to NumOutputLayersInOls[ targetOlsIdx ] − 1 inclusive”.
JVET-R0295 AHG12: On subpicture conformance [R. Skupin, Y. Sanchez, K. Suehring, T. Schierl (HHI)]
This contribution proposes several changes to the subpicture conformance related specification sections.
· [bookmark: OLE_LINK218][bookmark: OLE_LINK219]The subpicture bitrate (SubpicBitRateVcl[ i ][ j ] and SubpicBitRateNal[ i ][ j ]) used in the bitstream extraction for conformance testing are based on the maximum bitrate of the first indicated reference level. This document asserts that the derivation is not correct and would lead to corrupt subpicture HRD parameters. For instance, given a large initial CPB removal delay, a large bitrate could easily overflow the CPB. Therefore, it is proposed to use the actual bitrate indicated in the bitstream for derivation of the subpicture bitrate in Section D.7.2. 
· At the last meeting it was decided to constrain subpictures in multi-layer bitstreams to be aligned in terms of boundary position and subpicture ID across layers. Corresponding changes to the subpicture extraction process Annex C.7 are proposed as an asserted simplification.
· A bug in handling the sli_cbr_constraint_flag in the subpicture extraction process in Annex C.7 is reported and an asserted bug fix is proposed alongside several minor fixes (e.g. #903) and editorial improvements in Annex C.6 and C.7.
JVET-R0297 AHG9: HRD bug-fixes and editorial clarifications, [Y. Sanchez, R. Skupin, K. Sühring, T. Schierl (HHI)]
This contribution proposes the following aspects:
1) [bookmark: OLE_LINK204][bookmark: OLE_LINK205]Editorial clarification of what n0…n5 mean for the number of conformance tests in Annex C.
2) Bug fix for the inference rule for syntax elements in the syntax structure sublayer_hrd_parameters( ) not present. The inference rule is always using sps_max_sublayers_minus1 although the syntax structure sublayer_hrd_parameters( ) might be in the VPS.
3) Bug-fix for n3 specifying number of conformance test for IRAPs that are not CRAs with associated RASL pictures and alternative timing.
4) Bug fix for derivation of InitialCpbRemovalDelay aligning C.2.3 with derivation in C.2.2 to account for alternative timing.
5) Bug-fix adding missing text to update values of CpbDelayOffset and DpbDelayOffset in C.2.3
6) Bug-fix in equation C.11, as it was not accounting for CpbDelayOffset.

JVET-R0413 AHG9: On Parameters for HRD Timing Information [S. Deshpande (Sharp)]
[bookmark: OLE_LINK350][bookmark: OLE_LINK351]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 to use the appropriate set of parameters.
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