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Abstract
[bookmark: _GoBack]It is asserted that the current VVC specification draft text on the operation of the output order of the DPB has the following problems:
a) When a picture buffer is emptied by invoking the bumping process, the DPB fullness is supposed to be decremented by one only once. However, in the current specification DPB fullness is decrement twice, that is, once during bumping process and then after the bumping process is done
b) There are three conditions that when one of them is true will invoke bumping process in sub clause C.5.2.2. However, it is asserted that not all of them are necessary since it is already checked during additional bumping process so that those conditions will always give false return values.
Therefore, this proposal modifies the draft specification text to address these issues in the following way:
1. Ensure that the decrement of the DPB fullness during the output and removal of pictures from the DPB is done only once. For this, the wording “while further decrementing the DPB fullness by one for each additional picture storage buffer that is emptied” in sub clause C.5.2.2 should be removed.
2. Remove the checks based on max_num_reorder_pics[ Htid ] and max_latency_increase_plus1[ Htid ] for the invocation of bumping process in sub clause C.5.2.2 since they are redundant.
Problem statement
Problem 1
When a picture buffer is emptied by invoking the bumping process, the DPB fullness is supposed to be decremented by one only once. However, it is asserted that in the current specification DPB fullness is decrement twice, that is, once during bumping process and then after the bumping process is done as shown in the snippet from the current spec below:
[bookmark: _Toc256632246][bookmark: _Toc248045442][bookmark: _Toc226456825][bookmark: _Toc118289220][bookmark: _Toc77680624][bookmark: _Ref81126026][bookmark: _Ref306292151][bookmark: _Toc317198885][bookmark: _Ref343074962][bookmark: _Ref347102653][bookmark: _Toc415476019][bookmark: _Toc423599294][bookmark: _Toc423601798][bookmark: _Ref5833704]Output and removal of pictures from the DPB
...
–	Otherwise (the current AU is not a CVSS AU or the current AU is a CVSS AU that is not AU 0 but the current picture is not the first picture of the current AU), all picture storage buffers containing a picture which are marked as "not needed for output" and "unused for reference" are emptied (without output). For each picture storage buffer that is emptied, the DPB fullness is decremented by one. When one or more of the following conditions are true, the "bumping" process specified in clause C.5.2.4 is invoked repeatedly while further decrementing the DPB fullness by one for each additional picture storage buffer that is emptied, until none of the following conditions are true:
· The number of pictures in the DPB that are marked as "needed for output" is greater than max_num_reorder_pics[ Htid ].
· max_latency_increase_plus1[ Htid ] is not equal to 0 and there is at least one picture in the DPB that is marked as "needed for output" for which the associated variable PicLatencyCount is greater than or equal to MaxLatencyPictures[ Htid ].
· The number of pictures in the DPB is greater than or equal to max_dec_pic_buffering_minus1[ Htid ] + 1.
...
[bookmark: _Ref347083389][bookmark: _Toc415476021][bookmark: _Toc423599296][bookmark: _Toc423601800]"Bumping" process
The "bumping" process consists of the following ordered steps:
1. The picture or pictures that are first for output are selected as the one having the smallest value of PicOrderCntVal of all pictures in the DPB marked as "needed for output".
1. Each of these pictures, in ascending nuh_layer_id order, is cropped, using the conformance cropping window for the picture, the cropped picture is output, and the picture is marked as "not needed for output".
1. Each picture storage buffer that contains a picture marked as "unused for reference" and was one of the pictures cropped and output is emptied and the fullness of the DPB is decremented by one.
Problem 2
It is asserted that there are two redundant conditions for invocation of bumping process in sub clause C.5.2.2. The redundant conditions are those that are based on max_num_reorder_pics[ Htid ] and max_latency_increase_plus1[ Htid ] as highlighted below.
Output and removal of pictures from the DPB
...
–	Otherwise (the current AU is not a CVSS AU or the current AU is a CVSS AU that is not AU 0 but the current picture is not the first picture of the current AU), all picture storage buffers containing a picture which are marked as "not needed for output" and "unused for reference" are emptied (without output). For each picture storage buffer that is emptied, the DPB fullness is decremented by one. When one or more of the following conditions are true, the "bumping" process specified in clause C.5.2.4 is invoked repeatedly while further decrementing the DPB fullness by one for each additional picture storage buffer that is emptied, until none of the following conditions are true:
· The number of pictures in the DPB that are marked as "needed for output" is greater than max_num_reorder_pics[ Htid ].
· max_latency_increase_plus1[ Htid ] is not equal to 0 and there is at least one picture in the DPB that is marked as "needed for output" for which the associated variable PicLatencyCount is greater than or equal to MaxLatencyPictures[ Htid ].
· The number of pictures in the DPB is greater than or equal to max_dec_pic_buffering_minus1[ Htid ] + 1.
...
Those two conditions are already check at the end of decoding of the previous picture (i.e., during additional bumping process). When decoder starts decoding the current picture, there is no changes in the DPB regarding the number of pictures that are marked as “needed for output”. Thus, those two conditions are never going to return true value since by the end of additional bumping process of the previous picture, those conditions already return false value. Therefore, there is no need to apply these two conditions in the invocation of bumping process in the beginning of decoding of the current picture.
Proposal changes and spec text
[bookmark: _Ref39942256][bookmark: _Ref36221896][bookmark: _Ref34303065][bookmark: _Ref33537655]In the proposed text, the output and removal of pictures from the DPB can be adjusted in the following way:
1. For each decoded picture buffer that is emptied by invoking bumping process, the DPB fullness is decrement by one only once. For this, the wording “while further decrementing the DPB fullness by one for each additional picture storage buffer that is emptied” in sub clause C.5.2.2 should be removed.
2. Remove the checks based on max_num_reorder_pics[ Htid ] and max_latency_increase_plus1[ Htid ] for the invocation of bumping process in sub clause C.5.2.2 since they are redundant.
C.5.2.2	Output and removal of pictures from the DPB
The output and removal of pictures from the DPB before the decoding of the current picture (but after parsing the slice header of the first slice of the current picture) happens instantaneously when the first DU of the AU containing the current picture is removed from the CPB and proceeds as follows:
–	The decoding process for reference picture list construction as specified in clause 8.3.2 and decoding process for reference picture marking as specified in clause 8.3.3 are invoked.
–	If the current picture is the first picture of the current AU and the current AU is a CVSS AU that is not AU 0, the following ordered steps are applied:
1.	The variable NoOutputOfPriorPicsFlag is derived for the decoder under test as follows:
–	If the value of PicWidthMaxInSamplesY, PicHeightMaxInSamplesY, MaxChromaFormat, MaxBitDepthMinus8, or max_dec_pic_buffering_minus1[ Htid ] derived for the current AU is different from the value of PicWidthMaxInSamplesY, PicHeightMaxInSamplesY, MaxChromaFormat, MaxBitDepthMinus8, or max_dec_pic_buffering_minus1[ Htid ], respectively, derived for the preceding AU in decoding order, NoOutputOfPriorPicsFlag may (but should not) be set equal to 1 by the decoder under test, regardless of the value of ph_no_output_of_prior_pics_flag of the current AU.
NOTE – Although setting NoOutputOfPriorPicsFlag equal to ph_no_output_of_prior_pics_flag of the current AU is preferred under these conditions, the decoder under test is allowed to set NoOutputOfPriorPicsFlag equal to 1 in this case.
–	Otherwise, NoOutputOfPriorPicsFlag is set equal to ph_no_output_of_prior_pics_flag of the current AU.
2.	The value of NoOutputOfPriorPicsFlag derived for the decoder under test is applied for the HRD as follows:
–	If NoOutputOfPriorPicsFlag is equal to 1, all picture storage buffers in the DPB are emptied without output of the pictures they contain and the DPB fullness is set equal to 0.
–	Otherwise (NoOutputOfPriorPicsFlag is equal to 0), all picture storage buffers containing a picture that is marked as "not needed for output" and "unused for reference" are emptied (without output) and all non-empty picture storage buffers in the DPB are emptied by repeatedly invoking the "bumping" process specified in clause C.5.2.4 and the DPB fullness is set equal to 0.
–	Otherwise (the current AU is not a CVSS AU or the current AU is a CVSS AU that is not AU 0 but the current picture is not the first picture of the current AU), all picture storage buffers containing a picture which are marked as "not needed for output" and "unused for reference" are emptied (without output). For each picture storage buffer that is emptied, the DPB fullness is decremented by one. When one or more of the following conditions are true, tThe "bumping" process specified in clause C.5.2.4 is invoked repeatedly while further decrementing the DPB fullness by one for each additional picture storage buffer that is emptied, until the number of pictures in the DPB is less than max_dec_pic_buffering_minus1[ Htid ] + 1.none of the following conditions are true:
· The number of pictures in the DPB that are marked as "needed for output" is greater than max_num_reorder_pics[ Htid ].
· max_latency_increase_plus1[ Htid ] is not equal to 0 and there is at least one picture in the DPB that is marked as "needed for output" for which the associated variable PicLatencyCount is greater than or equal to MaxLatencyPictures[ Htid ].
· The number of pictures in the DPB is greater than or equal to max_dec_pic_buffering_minus1[ Htid ] + 1.
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