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Abstract
This contribution proposes the following two aspects:
1) The value of no_output_of_prior_pics_flag for CRA pictures starting a new CVS is used similarly as for IDR pictures.
2) The no_output_of_prior_pics_flag is also signalled for GRA pictures and applied for GRA pictures starting a new CVS similarly as for IDR pictures.
Introduction
In the latest draft specification of VVC, for a CRA picture with NoIncorrectPicOutputFlag equal to 1 (i.e., a CRA picture that starts a new CVS), the value of no_output_of_prior_pics_flag is not used, as the value of NoOutputOfPriorPicsFlag is set equal to 1 regardless of the value of no_output_of_prior_pics_flag. That means, the prior pictures of each CRA picture starting a CVS are not output.
However, similarly as for an IDR picture, output/display of prior pictures of CRA pictures starting a new CVS can provide a more continuous playback and hence a better user experience as long as the DPB does not get overflowed when decoding the picture starting a new CVS and the subsequent pictures in decoding order. 
[bookmark: _GoBack]It is noted that in HEVC, the value of no_output_of_prior_pics_flag for CRA pictures is not used. However, the author believes that that was an overlook in HEVC. As far as the author recollects, the design intent in HEVC was that the behavior of CRA pictures should have been be exactly the same as BLA pictures when the CRA pictures start a new CVS (through the HandleCraAsBlaFlag setting to 1, being preceded by an EOS, or being the first picture in the bitstream). The value of no_output_of_prior_pics_flag for CRA pictures that do not start a new CVS should definitely be ignored and not used. The overlook was probably partially due to that and probably occurred during the numerous editing rounds.
This same reasoning above applies to prior pictures of GRA pictures starting a new CVS.
Therefore, it is proposed that the value of no_output_of_prior_pics_flag for CRA pictures starting a new CVS is used similarly as for IDR pictures. Furthermore, it is proposed that no_output_of_prior_pics_flag is also signalled for GRA pictures and also applied for GRA pictures starting a new CVS similarly as for IDR pictures.
Proposal
Summary
The following two aspects are proposed:
1) It is proposed that the value of no_output_of_prior_pics_flag for CRA pictures starting a new CVS is used similarly as for IDR pictures.
2) Furthermore, it is proposed that no_output_of_prior_pics_flag is also signalled for GRA pictures and also applied for GRA pictures starting a new CVS similarly as for IDR pictures.
The proposed text changes for realizing the two proposed aspects are provided below.
General slice header syntax (7.3.5.1 in VVC)

	slice_header( ) {
	Descriptor

		...
	

		if( NalUnitType  = =  IDR_W_RADL  | |  NalUnitType  = =  IDR_N_LP  | |
		NalUnitType  = =  CRA_NUT  | |  NalUnitType  = =  GRA_NUT )
	

			no_output_of_prior_pics_flag
	u(1)

		...
	



General slice header semantics (7.4.6.1 in VVC)
When present, the value of each of the slice header syntax elements slice_pic_parameter_set_id, slice_pic_order_cnt_lsb, no_output_of_prior_pics_flag, and slice_temporal_mvp_enabled_flag shall be the same in all slice headers of a coded picture.
...
no_output_of_prior_pics_flag affects the output of previously-decoded pictures in the decoded picture buffer after the decoding of an IDR picture a CLVSS picture that is not the first picture in the bitstream as specified in Annex C.
...
Removal of pictures from the DPB before decoding of the current picture (C.3.2 in VVC)
...
–	When the current picture is an IRAP picture with NoIncorrectPicOutputFlag equal to 1 a CLVSS picture that is not picture 0, the following ordered steps are applied:
1.	The variable NoOutputOfPriorPicsFlag is derived for the decoder under test as follows:
–	If the current picture is a CRA picture, NoOutputOfPriorPicsFlag is set equal to 1 (regardless of the value of no_output_of_prior_pics_flag).
–	Otherwise, if If the value of pic_width_in_luma_samples, pic_height_in_luma_samples, chroma_format_idc, separate_colour_plane_flag, bit_depth_luma_minus8, bit_depth_chroma_minus8 or sps_max_dec_pic_‌buffering_minus1[ HighestTid ] derived from the active SPS is different from the value of pic_width_in_luma_samples, pic_height_in_luma_samples, chroma_format_idc, separate_colour_plane_‌flag, bit_depth_luma_minus8, bit_depth_chroma_minus8 or sps_max_dec_pic_buffering_‌minus1[ HighestTid ], respectively, derived from the SPS active for the preceding picture, NoOutputOfPriorPicsFlag may (but should not) be set to 1 by the decoder under test, regardless of the value of no_output_of_prior_pics_flag.
NOTE – Although setting NoOutputOfPriorPicsFlag equal to no_output_of_prior_pics_flag is preferred under these conditions, the decoder under test is allowed to set NoOutputOfPriorPicsFlag to 1 in this case.
–	Otherwise, NoOutputOfPriorPicsFlag is set equal to no_output_of_prior_pics_flag.
2.	The value of NoOutputOfPriorPicsFlag derived for the decoder under test is applied for the HRD, such that when the value of 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.
...
Output and removal of pictures from the DPB (C.5.2.2 in VVC)
...
–	If the current picture is an IRAP picture with NoIncorrectPicOutputFlag equal to 1 a CLVSS picture that is not picture 0, the following ordered steps are applied:
1.	The variable NoOutputOfPriorPicsFlag is derived for the decoder under test as follows:
–	If the current picture is a CRA picture, NoOutputOfPriorPicsFlag is set equal to 1 (regardless of the value of no_output_of_prior_pics_flag).
–	Otherwise, if If the value of pic_width_in_luma_samples, pic_height_in_luma_samples, chroma_format_idc, separate_colour_plane_flag, bit_depth_luma_minus8, bit_depth_chroma_minus8 or sps_max_dec_pic_‌buffering_minus1[ HighestTid ] derived from the active SPS is different from the value of pic_width_in_luma_samples, pic_height_in_luma_samples, chroma_format_idc, separate_colour_plane_‌flag, bit_depth_luma_minus8, bit_depth_chroma_minus8 or sps_max_dec_pic_buffering_‌minus1[ HighestTid ], respectively, derived from the SPS active for the preceding picture, NoOutputOfPriorPicsFlag may (but should not) be set to 1 by the decoder under test, regardless of the value of no_output_of_prior_pics_flag.
NOTE – Although setting NoOutputOfPriorPicsFlag equal to no_output_of_prior_pics_flag is preferred under these conditions, the decoder under test is allowed to set NoOutputOfPriorPicsFlag to 1 in this case.
–	Otherwise, NoOutputOfPriorPicsFlag is set equal to no_output_of_prior_pics_flag.
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.
...
Picture timing SEI message semantics (D.3.3 in VVC)
...
For pictures that are not output by the "bumping" process because they precede, in decoding order, an IRAP picture with NoIncorrectPicOutputFlag equal to 1 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 dpb_output_delay shall be increasing with increasing value of PicOrderCntVal relative to all pictures within the same CVS.
...
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