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Abstract
In VVC, scaling ratios of reference pictures in RPR are controlled by scaling windows. In this contribution, the following three sets of constraints presented in JVET-Q0178, JVET-Q0179 JVET-Q0318 and JVET-Q0331 are proposed to clean up the design of RPR:
1) The scaling ratio determined by the scaling windows of a reference picture and the current picture cannot be too large or too small.
2) It is not allowed that a reference picture is larger (or smaller) than the current picture while the scaling window of the reference picture is smaller (or larger) than the current picture.
3) The memory bandwidth requirement in the interpolation process for RPR is constrained.
Introduction
In VVC, scaling ratios of reference pictures in RPR are controlled by scaling windows. There is no constrains on dimensions of a scaling window. Therefore, the scaling ratio of a reference picture can be arbitrary which may cause problems. For example, a reference picture is larger (or smaller) than the current picture, but the scaling window of the reference picture may be smaller (or larger) than the current picture. The inconsistence of sizes may cause confusion and unnecessary computational complexity. In another example, if all pictures in a sequence have the same width and height, but the scaling window of a reference picture is with a twice width and a twice height as the scaling window of the current picture, then the interpolation process of the current picture will require a higher bandwidth than the process when RPR is not applied.
Proposed Constraints
To solve the problems mentioned above, the following three sets of constraints on RPR are proposed:
1) The scaling ratio determined by the scaling windows of a reference picture and the current picture cannot be too large or too small.
2) It is not allowed that a reference picture is larger (or smaller) than the current picture while the scaling window of the reference picture is smaller (or larger) than the current picture.
3) The memory bandwidth requirement in the interpolation process for RPR is constrained.
Spec modifications
The spec texts for the proposed constraints are provided below, where the three sets of constraints are highlighted in red, yellow and turquoise, respectively.
For each reference picture of the current picture, the following applies:
· [bookmark: _Hlk13273328]Let refPicWidthInLumaSamples and refPicHeightInLumaSamples be the pic_width_in_luma_samples and pic_height_in_luma_samples, respectively, of a reference picture of a current picture referring to this PPS. Let refPicOutputWidthL and refPicOutputHeightL be the PicOutputWidthL and PicOutputHeightL, respectively, of the reference picture. It is a requirement of bitstream conformance that all the following conditions are satisfied for each reference picture of the current picture:
–	The value of PicOutputWidthL * 2 shall be greater than or equal to refPicOutputWidthL.
–	The value of PicOutputHeightL * 2 shall be greater than or equal to refPicOutputHeightL.
–	The value of PicOutputWidthL shall be less than or equal to refPicOutputWidthL * 8.
–	The value of PicOutputHeightL shall be less than or equal to refPicOutputHeightL * 8.
–	The value of ( PicOutputWidthL − refPicOutputWidthL ) * ( PicWidthInLumaSamples − refPicWidthInLumaSamples ) shall be greater than or equal to 0.
–	The value of ( PicOutputHeightL − refPicOutputHeightL ) * ( PicHeightInLumaSamples − refPicHeightInLumaSamples ) shall be greater than or equal to 0.
–	The value of ( pic_width_in_luma_samples * refPicOutputWidthL ) shall be smaller than or equal to the value of ( pic_width_max_in_luma_samples * PicOutputWidthL ).
–	The value of ( pic_height_in_luma_samples * refPicOutputHeightL ) shall be smaller than or equal to the value of ( pic_height_max_in_luma_samples * PicOutputHeightL ).

Conclusions
Since the proposed methods constrain the behavior of RPR in a reasonable way, it is suggested adopting this proposal to VVC.
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