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Abstract
This contribution proposes to align the design of NNPF with multiple input pictures to NNPF including picture rate upsampling in the VVC text:
a. Add a constraint that NNPF shall not be activated for a picture if the activation would create an NNPF-generated picture (either an interpolated picture or a picture corresponding to an input picture) before the first picture in the bitstream in output order.
b. At the end of a bitstream, add repeated inference of NNPF for creating pictures: When an NNPF is active until the end of the bitstream and the current picture for which the NNPF is activated is the last picture in output order in the bitstream, the NNPF is applied up to but excluding a set of input pictures that would cause creation of any NNPF-generated picture after the last picture of the bitstream in output order.
Introduction
In the current design of NNPF SEI messages and their usage, when the NNPF purpose includes picture rate upsampling, it does not allow output of a picture before the first picture in output order in the bitstream and may repeat the inference when the NNPF is activated at the end of the bitstream. It is generally a nice design to keep a uniform behavior. It is proposed to make the design consistent for other common use cases as well where there are multiple input pictures.
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Figure 1. An exemplar resolution-upsampling NNPF.
Figure 1 shows an example of a resolution-upsampling NNPF, where the NNPF takes 3 input pictures to upsample the middle picture. Thus in such a case, numInputPics is equal to 3 and nnpfc_input_pic_output_flag[0/1/2] are equal to [0/1/0].
When the NNPF is activated at the first picture in output order in the bitstream, as shown in Figure 2, in the current design, the first two input pictures will be set to 0 or set to have the same content as picture 0 and the output picture is positioned before the first picture. It is not desirable and inconsistent with the design when the NNPF purpose includes picture rate upsampling.
Figure 2. Applying the NNPF to the first picture in output order in the bitstream.The bitstream begins here.
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When the NNPF is activated at the last picture, e.g. picture N, in output order in the bitstream with an NNPFA SEI message having nnpfa_persistence_flag equal to 1, as shown in Figure 3, in the current design, there is no way to generate and/or output an upsampled picture corresponding to picture N, unless another, different resolution-upsampling NNPF is activated also for picture N. This is undesirable and inconsistent with the design when the NNPF purpose includes picture rate upsampling, where the NNPF inference will be repeated until after the interpolation of a picture immediately before picture N.
The bitstream ends here.
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Figure 3. Applying the NNPF to the last picture in output order in the bitstream.

Proposed alignments
The following design alignments between the case where the NNPF purpose does not include picture rate upsampling and the case where the NNPF includes picture rate upsampling are proposed:
c. Add a constraint that NNPF shall not be activated for a picture if the activation would create an NNPF-generated picture (either an interpolated picture or a picture corresponding to an input picture) before the first picture in the bitstream in output order.
d. At the end of a bitstream, add repeated inference of NNPF for creating pictures: When an NNPF is active until the end of the bitstream and the current picture for which the NNPF is activated is the last picture in output order in the bitstream, the NNPF is applied up to but excluding a set of input pictures that would cause creation of any NNPF-generated picture after the last picture of the bitstream in output order.
Proposed text changes
The following text changes are based on JVET-AD2005-v1 document, with the added or modified are highlighted in turquoise, and the deleted parts are highlighted in yellow strikethrough in red fonts.
D.12.11 Use of the neural network post-filter characteristics SEI message
...
The variable numInferences is derived as follows:
–	If pictureRateUpsamplingFlag is equal to 1, the NNPFA SEI message that activated this NNPF has nnpfa_persistence_flag equal to 1, nnpfc_interpolated_pics[ i ] is greater than 0 only for a single value of i that is greater than 0, and currPic is the last picture of the bitstream in output order that has nuh_layer_id equal to currLayerId, the variable numPostRoll is set equal to the value of i such that nnpfc_interpolated_pics[ i ] is greater than 0 and the variable numInferences is set equal to 1 + numPostRoll.
–	Otherwise, if pictureRateUpsamplingFlag is equal to 0 and numInputPics is greater than 1, the NNPFA SEI message that activated this NNPF has nnpfa_persistence_flag equal to 1, nnpfc_input_pic_output_flag[ i ] is equal to 1 for a single value of i that is greater than 0, and currPic is the last picture of the bitstream in output order that has nuh_layer_id equal to currLayerId, the variable numPostRoll is set equal to the value of i such that nnpfc_input_pic_output_flag[ i ] is equal to 1, and the variable numInferences is set equal to 1 + numPostRoll.
–	Otherwise, the variable numInferences is set equal to 1.
For each value of j in the range of 0 to numInferences − 1, inclusive, the following applies:
–	The arrays inputPic[ i ] and inputPresentFlag[ i ] for i in the range of 0 to numInputPics − 1, inclusive, representing all the input pictures and the presence of input pictures within the bitstream, respectively, are specified as follows:
–	When j is greater than 0, for each value of k in the range of 0 to j − 1, inclusive, inputPic[ k ] is set to be currPic and inputPresentFlag[ k ] is set equal to 0.
–	The j-th input picture, inputPic[ j ], is set equal to be currPic and inputPresentFlag[ j ] is set equal to 1.
–	When numInputPics is greater than 1, the following applies for each value of i in the range of j + 1 to numInputPics − j − 1, inclusive, in increasing order of i:
–	If pictureRateUpsamplingFlag is equal to 1, currPic is associated with a frame packing arrangement SEI message with fp_arrangement_type equal to 5 and a particular value of fp_current_frame_is_frame0_flag, and there is a cropped decoded output picture prevPic that is the last picture in output order among all cropped decoded output pictures that have nuh_layer_id equal to currLayerId, precede inputPic[ i − 1 ] in output order, and are associated with a frame packing arrangement SEI message with fp_arrangement_type equal to 5 and the same value of fp_current_frame_is_frame0_flag, inputPic[ i ] is set to be prevPic and inputPresentFlag[ i ] is set equal to 1.
–	Otherwise, if pictureRateUpsamplingFlag is equal to 0 and there is a picture prevPic that is the last picture in output order among all cropped decoded output pictures that have nuh_layer_id equal to currLayerId and precede inputPic[ i − 1 ] in output order, inputPic[ i ] is set to be prevPic and inputPresentFlag[ i ] is set equal to 1.
–	Otherwise, if currPic is not associated with a frame packing arrangement SEI message with fp_arrangement_type equal to 5 and there is a cropped decoded output picture prevPic that is the last picture in output order among all cropped decoded output pictures that have nuh_layer_id equal to currLayerId and precede inputPic[ i − 1 ] in output order, inputPic[ i ] is set to be prevPic and inputPresentFlag[ i ] is set equal to 1.
–	Otherwise, the following applies:
–	inputPic[ i ] is set to be the same picture as inputPic[ i − 1 ] and inputPresentFlag[ i ] is set equal to 0.
–	It is a requirement of bitstream conformance that num_interpolated_pics[ i − 1 ] shall not be greater than 0.
–	It is a requirement of bitstream conformance that, when inputPresentFlag[ i ] is equal to 0, nnpfc_input_pic_output_flag[ i ] shall be equal to 0.
...
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