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Abstract
This contribution reports asserted issues with respect to the OLS extraction process in Annex C.6 of the VVC draft specification and proposes respective fixes. 
4 items are identified:
1. Add a constraint that the BP/PT/DUI SEI messages that apply to any OLSs that correspond to the same bitstream are the same.
2. Missing AUDs for AUs that turn IDR or GDR AU after extraction
3. Place PT SEI messages in individual SEI NAL units when general_same_pic_timing_in_all_ols_flag is equal to 1.
4. Further restrict HRD SEI message parsing dependencies in a buffering period
Revision 1 of the document adds a fifth item regarding the semantics of aud_irap_or_gdr_au_flag as follows.
5. Restrict aud_irap_or_gdr_au_flag to a one-way constraint in single-layer bitstreams.
Introduction 
This contribution reports asserted issues with respect to the OLS extraction process in Annex C.6 of the VVC draft specification and proposes respective fixes. 
3 items are identified:
1. A constraint that the BP/PT/DUI SEI messages for any two OLS with the same layer set are the same
2. AUDs when AUs turn IDR or GDR AU after extraction
3. Place PT SEI messages in individual NAL units when general_same_pic_timing_in_all_ols_flag is equal to 1.
4. Further restrict HRD SEI message parsing dependencies in a buffering period
Proposal 
Item 1) Add a constraint that the BP/PT/DUI SEI messages for any two OLS with the same layer set are the same.
With JVET-Q0394, the design in VVC was chosen to be the following:
· The non-scalable-nested BP/PT/DUI SEI messages apply to the bitstream
· The scalable-nested BP/PT/DUI SEI messages are to be extracted when an OLS is extracted
Since more than one OLSs might correspond to the same bitstream and the decision was that the non-scalable-nested BP/PT/DUI SEI messages apply to the bitstream, i.e. in the case that there are more than one OLS that correspond to the same bitstream, the BP/PT/DUI SEI messages apply to the bitstream to more than one OLS.
It is asserted that there is a constraint missing in the specification that indicates that given two OLS that correspond to the same bitstream, the applicable BP/PT/DUI SEI messages that apply to such two OLS shall be the same. Therefore, it is proposed to add the following bitstream constraint.
–	For any two OLSs with index k and l with the NumLayersInOls[ k ] equal to NumLayersInOls[ l ] and LayerIdInOls[ k ][ j ] equal to LayerIdInOls[ l ][ j ] for j in the range of 0 to NumLayersInOls[ k ], all buffering period SEI messages, picture timing SEI messages, and decoding unit information SEI messages are applicable to OLS with index k and l shall be the same.

Item 2) AUDs when AUs turn IDR or GDR AU after extraction
The VVC draft specification mandates each IRAP or GDR access unit of a multi-layer OLS, i.e. an access unit of which all layers contain IRAP or GDR NAL units of the same type, to carry an access unit delimiter NAL unit. See Section 7.4.2.4.3:
There can be at most one EOB NAL unit in an AU, and when vps_max_layers_minus1 is greater than 0, there shall be one and only one AUD NAL unit in each IRAP or GDR AU.
And the definition of IRAP or GDR AU is as follows:
intra random access point (IRAP) AU: An AU in which there is a PU for each layer specified by the VPS and the coded picture in each PU is an IRAP picture.
gradual decoding refresh (GDR) AU: An AU in which there is a PU for each layer specified by the VPS and the coded picture in each present PU is a GDR picture.
The semantics of the access unit delimiter mandate the aud_irap_or_gdr_au_flag to be equal to 1 when the AU containing the AU delimiter is an IRAP or GDR AU.
However, when an OLS is extracted, it could occur that that for a particular access unit that was not an IRAP AU or GDR AU before, all layers containing non-IRAP or non-GDR pictures are removed and the that remaining layers in an AU form an IRAP AU or GDR AU in the extracted sub-bitstream. Hence, an access unit delimiter would be required to be placed in these access unit which is currently not specified.
Two options are proposed to fix this issue:
	Option 1)	Add AU writing to the extraction process for AUs that become IRAP AUs or GDR AUs.
	Option 2)	Mandate AUs to be placed in all AUs that contain IRAP or GDR pictures and add rewriting of aud_irap_or_gdr_au_flag to extraction process.
Specification text for the two options is given in highlights below.
Section 7.4.2.4.3:
[…]
There can be at most one EOB NAL unit in an AU, and when vps_max_layers_minus1 is greater than 0, there shall be one and only one AUD NAL unit in each AU that contains two or more IRAP or GDR pictures in any OLS.
[…]
Extraction process in C.6
[…]
The output sub-bitstream OutBitstream is derived as follows:
–	The bitstream outBitstream is set to be identical to the bitstream inBitstream.
–	Remove from outBitstream all NAL units with TemporalId greater than tIdTarget.
–	Remove from outBitstream all NAL units with nal_unit_type not equal to any of VPS_NUT, DCI_NUT, and EOB_NUT and with nuh_layer_id not included in the list LayerIdInOls[ targetOlsIdx ].
–	When an AU contains only VCL-NAL units with nal_unit_type equal to a single type of IDR_NUT, CRA_NUT or GDR_NUT in two or more layers and no NAL unit of type AUD_NUT, add a NAL unit of type AUD_NUT to the lowest layer in the OLS with aud_irap_or_gdr_au_flag equal to 1.
–	When an AU contains only VCL-NAL units with nal_unit_type equal to a single type of IDR_NUT, CRA_NUT or GDR_NUT in two or more layers, set aud_irap_or_gdr_au_flag equal to 1 of the associated AUD.
–	Remove from outBitstream all VCL NAL units for which all of the following conditions are true, and their associated non-VCL NAL units with nal_unit_type equal to PH_NUT, FD_NUT, SUFFIX_SEI_NUT, and PREFIX_SEI_NUT with PayloadType not equal to 0, 1, or 130:
–	nal_unit_type is equal to TRAIL_NUT, STSA_NUT, RADL_NUT, or RASL_NUT, or nal_unit_type is equal to GDR_NUT and the associated ph_recovery_poc_cnt is not equal to 0.
–	nuh_layer_id is equal to LayerIdInOls[ targetOlsIdx ][ j ] for a value of j in the range of 0 to NumLayersInOls[ targetOlsIdx ] − 1 inclusive.
–	TemporalId is greater than or equal to NumSubLayersInLayerInOLS[ targetOlsIdx ][ GeneralLayerIdx[ nuh_layer_id ] ].
[…]

Item 3) general_same_pic_timing_in_all_ols_flag equal to 1
When a bitstream contains multiple OLSs, it is likely that PT SEI messages for several OLS carry the same removal delays as the AU-based timing does not necessarily change when removing a layer. In order to avoid the extractor having to replace SEI messages without effect and to reduce the overhead of sending redundant scalable-nested PT SEI messages, the flag general_same_pic_timing_in_all_ols_flag in the general HRD parameters allows an encoder to indicate that the non-scalable-nested PT SEI messages are to be kept in the bitstream and only BP and DUI SEI messages are to be replaced by the scalable-nested counterparts.
However, PT SEI messages may be carried in SEI NAL units together with BP or DUI SEI messages and in such a case when general_same_pic_timing_in_all_ols_flag is equal to 1, an extractor would be required to rewrite the SEI NAL units to remove the BP and DUI SEI messages while keeping the PT SEI messages which is asserted by the authors to be undesirable low-level rewriting. 
For the sake of allowing an extractor to avoid SEI NAL unit rewriting, it is proposed to mandate PT SEI messages to be in individual NAL units when general_same_pic_timing_in_all_ols_flag is equal to 1 as follows.
general_same_pic_timing_in_all_ols_flag equal to 1 specifies that the non-scalable-nested PT SEI message in each AU applies to the AU for any OLS in the bitstream and no scalable-nested PT SEI messages are present. general_same_pic_timing_in_all_ols_flag equal to 0 specifies that the non-scalable-nested PT SEI message in each AU may or may not apply to the AU for any OLS in the bitstream and scalable-nested PT SEI messages may be present. When general_same_pic_timing_in_all_ols_flag equal to 1, it is a requirement of bitstream conformance that all general SEI messages in the bitstream containing an SEI message with payload_type equal to 1 (Picture Timing) shall not contain SEI messages with payload_type unequal to 1.

Item 4) Parsing dependencies in a buffering period
During VVC development, a design decision was taken to avoid parsing dependencies between HRD SEI messages and the Parameter Sets, but allow parsing dependencies of PT and DUI SEI messages on the associated BP SEI message. More specifically, the BP SEI message in the current VVC draft specification includes the following syntax elements that are the root of parsing dependencies:
· bp_cpb_initial_removal_delay_length_minus1 that specifies the coded length of alternative timing initial CPB removal delays of AUs in the PT SEI message and,
· bp_cpb_removal_delay_length_minus1 that specifies the coded length of CPB removal delays and removal delay offsets of AUs in the PT SEI message and,
· bp_dpb_output_delay_length_minus1 that specifies the coded length of DPB output delays of AUs in the PT SEI message and,
· bp_du_cpb_removal_delay_increment_length_minus1 that specifies the coded length of the individual and common CPB removal delays of DUs in the PT SEI message and the CPB removal delays of DUs in the DUI SEI message and,
· bp_dpb_output_delay_du_length_minus1 that specifies the coded length DPB output delays of AUs in the PT SEI message and in the DU SEI message.
When a bitstream contains more than one OLS, each OLS may be sided by scalable-nested PT and DUI SEI messages have parsing dependencies to their associated scalable-nested BP SEI message, each pair with its own dependency. A parser will have to maintain storage for the scalable-nested BP SEI message of up to 255 OLSs in order to be able to parse further associated scalable-nested SEI messages in following access units.
In order to simplify the parsing of such bitstream, further restrictions are proposed to BP SEI messages. It is proposed to require that the scalable-nested and non-scalable-nested BP SEI messages in a CVS have the same values of the five syntax elements describing coded lengths by adding the following text to the semantics of the BP SEI message.
It is a requirement of bitstream conformance that all scalable-nested and non-scalable nested buffering period SEI messages in a CVS have the same respective value of the syntax elements bp_cpb_initial_removal_delay_length_minus1, bp_cpb_removal_delay_length_minus1, bp_dpb_output_delay_length_minus1, bp_du_cpb_removal_delay_increment_length_minus1, bp_dpb_output_delay_du_length_minus1. 

Item 5) Restrict aud_irap_or_gdr_au_flag to a one-way constraint in single-layer bitstreams
The AUD flag aud_irap_or_gdr_au_flag is currently specified as a two-way constraint as follows.
aud_irap_or_gdr_au_flag equal to 1 specifies that the AU containing the AU delimiter is an IRAP or GDR AU. aud_irap_or_gdr_au_flag equal to 0 specifies that the AU containing the AU delimiter is not an IRAP or GDR AU.
However, it is clear from the semantics of the AUD, that no impact on single-layer bitstream is intended.
When the bitstream contains only one layer, there is no normative decoding process associated with the AU delimiter.
However, when all but one layers are dropped, it may occur that a AUD that was in a non-IRAP and non-GDR AU (aud_irap_or_gdr_au_flag  = = 0) is now in a single-layer IRAP or GDR AU. Although it has no purpose for detecting random access functionality (PPS and first VCL NAL unit type allow this easily for single-layer bitstreams) the two-way constraint in the semantics of aud_irap_or_gdr_au_flag would require rewriting or dropping the AUD.
To avoid this caveat, it is proposed to change the semantics to a one-way constraint for single-layer bitstreams as follows.
aud_irap_or_gdr_au_flag equal to 1 specifies that the AU containing the AU delimiter is an IRAP or GDR AU. aud_irap_or_gdr_au_flag equal to 0 specifies that the AU containing the AU delimiter is not an IRAP or GDR AU when NumLayersInOls[ TargetOlsIdx ] is greater than 1.
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