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Abstract
In VVC draft 6, reference picture resampling was adopted and when the input picture is resampled the decoded (resampled) picture after cropping is output, so output pictures may have different sizes. In such case, the application may need to resample the output picture before displaying to have uniform picture size output. However, the resampling process is already supported by VVC decoder to resample reference pictures.
[bookmark: _GoBack]In this contribution, it is proposed to provide an alternative picture output, where the rescaling is performed. The output picture size is signaled in SPS, and output cropping window is signaled in PPS which is applied after picture resampling.
Proposal
In this contribution, it is proposed to provide an alternative picture output, where the rescaling can be performed to bring the picture to the desired picture size. The desired output picture size is signaled in SPS in this proposal.
A flag is signaled in SPS that indicated that the alternative picture size is used for output, and the output cropping window picture offsets are signaled in PPS.

	seq_parameter_set_rbsp( ) {
	Descriptor

		…
	

		sps_alternative_output_picture_flag
	u(1)

		pic_width_max_in_luma_samples
	ue(v)

		pic_height_max_in_luma_samples
	ue(v)

		if( sps_alternative_output_picture_flag ) {
	

			output_pic_width_in_luma_samples
	ue(v)

			output_pic_height_in_luma_samples
	ue(v)

		}
	

		…
	



sps_alternative_output_picture_flag equal to 1 specifies that the alternative output picture size is specified and output picture is resampled to the specified picture size. sps_alternative_output_picture_flag equal to 0 specifies that the decoded picture after applying conformance cropping window specified in PPS to the picture is output.
output_pic_width_in_luma_samples specifies the width of each output picture referring to the SPS in units of luma samples. pic_width_in_luma_samples shall not be equal to 0 and shall be less than or equal to pic_width_max_in_luma_samples.
output_pic_height_in_luma_samples specifies the height of each output picture referring to the SPS in units of luma samples. pic_height_in_luma_samples shall not be equal to 0 and shall be less than or equal to pic_height_max_in_luma_samples.

	pic_parameter_set_rbsp( ) {
	Descriptor

		pps_pic_parameter_set_id
	ue(v)

		pps_seq_parameter_set_id
	ue(v)

		pic_width_in_luma_samples
	ue(v)

		pic_height_in_luma_samples
	ue(v)

		conformance_window_flag
	u(1)

		if( conformance_window_flag ) {
	

			conf_win_left_offset
	ue(v)

			conf_win_right_offset
	ue(v)

			conf_win_top_offset
	ue(v)

			conf_win_bottom_offset
	ue(v)

		}
	

		output_cropping_window_flag
	u(1)

		if( output_cropping_window_flag ) {
	

			output_win_left_offset
	ue(v)

			output_win_right_offset
	ue(v)

			output_win_top_offset
	ue(v)

			output_win_bottom_offset
	ue(v)

		}
	

	
	



output_cropping_window_flag equal to 1 indicates that the output cropping window offset parameters follow next in the PPS. output_cropping_window_flag equal to 0 indicates that the output cropping window offset parameters are not present.
output_win_left_offset, output_win_right_offset, output_win_top_offset, and output_win_bottom_offset specify the samples of the pictures in the CVS that are output from the decoding process, in terms of a rectangular region specified in picture coordinates for output. When output_window_flag is equal to 0, the values of output_win_left_offset, output_win_right_offset, output_win_top_offset, and output_win_bottom_offset are inferred to be equal to 0.
The output cropping window contains the luma samples with horizontal picture coordinates from SubWidthC * output_win_left_offset to output_pic_width_in_luma_samples − ( SubWidthC * output_win_right_offset + 1 ) and vertical picture coordinates from SubHeightC * output_win_top_offset to output_pic_height_in_luma_samples − ( SubHeightC * output_win_bottom_offset + 1 ), inclusive.
The value of SubWidthC * ( output_win_left_offset + output_win_right_offset ) shall be less than or equal to pic_width_max_in_luma_samples, and the value of SubHeightC * ( output_win_top_offset + output_win_bottom_offset ) shall be less than or equal to pic_height_max_in_luma_samples.

The output picture process is modified to call the resampling process in picture output and bumping processes if the sps_alternative_output_picture_flag is equal to 1. Scaling ratio is derived based on the decoded cropped picture and the output picture size indicated in SPS. After that the resampled picture is cropped by applying output cropping window offsets signalled in PPS.

C.3.3 Picture output
The processes specified in this clause happen instantaneously at the CPB removal time of access unit n, CpbRemovalTime[ n ].
When picture n has PictureOutputFlag equal to 1, its DPB output time DpbOutputTime[ n ] is derived as follows:
if( !DecodingUnitHrdFlag )
	DpbOutputTime[ n ] = CpbRemovalTime[ n ] + ClockTick * picDpbOutputDelay –	(C‑15)
				picDpbOutputDelta[ OpTid ] 
else
	DpbOutputTime[ n ] = AuCpbRemovalTime[ n ] + ClockSubTick * picSptDpbOutputDuDelay
where picDpbOutputDelay is the value of pic_dpb_output_delay and picDpbOutputDelta is the value of picDpbOutputDelta[ OpTid ] derived according to cpb_removal_delay_minus1[ OpTid ], and cpb_removal_delay_delta_idx[ OpTid ] in the picture timing SEI message associated with access unit n, and cpb_removal_delay_delta[ cpb_removal_delay_delta_idx[ OpTid ] ] in the buffering period SEI message associated with access unit n, and picSptDpbOutputDuDelay is the value of pic_spt_dpb_output_du_delay, when present, in the decoding unit information SEI messages associated with access unit n, or the value of pic_dpb_output_du_delay in the picture timing SEI message associated with access unit n when there is no decoding unit information SEI message associated with access unit n or no decoding unit information SEI message associated with access unit n has pic_spt_dpb_output_du_delay present.
NOTE – When the syntax element pic_spt_dpb_output_du_delay is not present in any decoding unit information SEI message associated with access unit n, the value is inferred to be equal to pic_dpb_output_du_delay in the picture timing SEI message associated with access unit n.
The output of the current picture is specified as follows:
–	If PictureOutputFlag is equal to 1 and DpbOutputTime[ n ] is equal to CpbRemovalTime[ n ], the current picture is output.
–	Otherwise, if PictureOutputFlag is equal to 0, the current picture is not output, but will be stored in the DPB as specified in clause C.3.4.
–	Otherwise (PictureOutputFlag is equal to 1 and DpbOutputTime[ n ] is greater than CpbRemovalTime[ n ] ), the current picture is output later and will be stored in the DPB (as specified in clause C.3.4) and is output at time DpbOutputTime[ n ] unless indicated not to be output by the decoding or inference of no_output_of_prior_pics_flag equal to 1 at a time that precedes DpbOutputTime[ n ].
The variables hor_scale and ver_scale are set equal to(1<<14), i.e scaling ratio 1x.
[bookmark: _Hlk16764141]When output, if sps_alternative_output_picture_flag is equal to 1 the following applies:
–	Scaling ratio is derived based on the cropped picture size and the otuptut picture size as 
PicCroppedWidthL = pic_width_in_luma_samples − 	
			 SubWidthC * ( conf_win_right_offset + conf_win_left_offset )
PicCroppedHeightL = pic_height_in_luma_samples −			SubHeightC * ( conf_win_bottom_offset + conf_win_top_offset )
hor_scale = ( ( PicCroppedWidthL  <<  14 ) + ( output_pic_width_in_luma_samples >>  1 ) ) / output_pic_width_in_luma_samples
ver_scale = ( ( PicCroppedHeightL <<  14 ) + ( output_pic_height_in_luma_samples >>  1 ) ) / output_pic_height_in_luma_samples
If hor_scale or ver_scale is differnet from (1<<14), i.e the scaling ratio is different from 1x, the following processes are apllied:
· The rescaling process is applied to the decoded picture with using hor_scale and ver_scale scaling factors. 
· The rescaled picture is cropped, using the ouptut cropping window specified in the PPS for the picture.
–	Otherwise, sps_alternative_output_picture_flag is equal to 0, or hor_scale and ver_scale are equal to (1<<14) corresponding to 1x scaling ratio, the picture is cropped, using the conformance cropping window specified in the PPS for the picture.
When picture n is a picture that is output and is not the last picture of the bitstream that is output, the value of the variable DpbOutputInterval[ n ] is derived as follows:
[bookmark: DeltaTo]DpbOutputInterval[ n ] = DpbOutputTime[ nextPicInOutputOrder ] − DpbOutputTime[ n ]	(C‑16)
where nextPicInOutputOrder is the picture that follows picture n in output order and has PictureOutputFlag equal to 1.

Similar changes will also be included in the bumping process as follows:
[bookmark: _Ref347083389][bookmark: _Toc415476021][bookmark: _Toc423599296][bookmark: _Toc423601800]C.5.2.4	"Bumping" process
The "bumping" process consists of the following ordered steps:
1. The picture that is first for output is selected as the one having the smallest value of PicOrderCntVal of all pictures in the DPB marked as "needed for output".
1. The variables hor_scale and ver_scale are set equal to (1<<14), i.e scaling ratio 1x.
1. If sps_alternative_output_picture_flag is equal to 1 the following applies:
Scaling ratio is derived based on the cropped picture size and the otuptut picture size as 
PicCroppedWidthL = pic_width_in_luma_samples − 	
			 SubWidthC * ( conf_win_right_offset + conf_win_left_offset )
PicCroppedHeightL = pic_height_in_luma_samples −			SubHeightC * ( conf_win_bottom_offset + conf_win_top_offset )
hor_scale = ( ( PicCroppedWidthL  <<  14 ) + ( output_pic_width_in_luma_samples >>  1 ) ) / output_pic_width_in_luma_samples
ver_scale = ( ( PicCroppedHeightL <<  14 ) + ( output_pic_height_in_luma_samples >>  1 ) ) / output_pic_height_in_luma_samples
If hor_scale or ver_scale is differnet from (1<<14), i.e the scaling ratio is different from 1x, the following processes are apllied:
· The rescaling process is applied to the decoded picture with using hor_scale and ver_scale scaling factors.
· The rescaled picture is cropped, using the ouptut cropping window specified in the PPS for the picture.
1. Otherwise, sps_alternative_output_picture_flag is equal to 0 or hor_scale and ver_scale are equal to (1<<14) corresponding to 1x scaling ratio, the picture is cropped, using the conformance cropping window specified in the SPS for the picture, the cropped picture is output, and the picture is marked as "not needed for output".
1. When the picture storage buffer that included the picture that was cropped and output contains a picture marked as "unused for reference", the picture storage buffer is emptied.
NOTE – For any two pictures picA and picB that belong to the same CVS and are output by the "bumping process", when picA is output earlier than picB, the value of PicOrderCntVal of picA is less than the value of PicOrderCntVal of picB.
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