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Abstract
This document proposes to modify the reference sample smoothing process used for intra prediction. It is proposed to use the explicit [1 2 1] reference smoothing operation only for the Planar mode. For the integer-sloped diagonal modes, two methods are studied: (1) either the smoothing operation is disabled for these modes, or (2) the smoothing of these modes is performed by the 0-th phase of the 4-tap intra interpolationGaussian filters. It is asserted that this change (either method) simplifies the prediction of the non-planar modes by removing the additional stage of [1 2 1] filtering. The proposed changes result in negligible BD-rate difference from the anchor; the BD-rate performance of Method 1 is as follows: (0.00%, −0.02%, 0.00%) for (Y, Cb, Cr) with runtimes of 100% (EncT) and 99% (DecT) for AI configuration and (0.00%, 0.01%, −0.02%) for (Y, Cb, Cr) with runtimes of 99% (EncT) and 99% (DecT) for RA configuration; the BD-rate performance of Method 2 is as follows: (0.00%, −0.04%, 0.02%) for (Y, Cb, Cr) with runtimes of 101% (EncT) and 100% (DecT) for AI configuration and (0.01%, −0.17%, −0.14%) for (Y, Cb, Cr) with runtimes of 99% (EncT) and 100% (DecT) for RA configuration.
In version 2 of this document, it is reported that a few typos are corrected and the changes in the specification text for the two methods are attached with the document.
Introduction
In intra prediction in VVC, reference sample smoothing may be applied in cases of Planar mode and integer-sloped modes (−14, −12, −10, −6, 2, 34, 66, 72, 76, 78, 80). For these modes, the explicit reference sample smoothing filter, with coefficients [1 2 1]/4, is applied to derive the reference samples for the prediction step and PDPC when applicable. For the integer-sloped modes, intra prediction operation copies the smoothed reference samples. Explicit reference sample smoothing is only applied when the number of samples in the block is more than 32.
Proposal
It is proposed to only allow the explicit reference sample smoothing with coefficients of [1 2 1]/4 for the Planar mode. As for handling the smoothing of the integer-sloped modes, two methods are studied:
1. Method 1: Smoothing for the integer-sloped modes is disabled.
2. Method 2: Smoothing for the integer sloped modes is performed using the 0-th phase of the 4-tap Gaussian intra interpolation filters.
Both these methods result in the application of explicit reference sample smoothing with filter coefficients [1 2 1]/4 only for the Planar mode. In both these cases, the prediction of the integer-sloped modes is simplified because no additional stage of explicit filtering is required for these non-Planar modes. Even in the second method, where the smoothing is performed using 0-th phase of the 4-tap Gaussianintra interpolation filters, no additional stage is added since the 4-tap Gaussian intra interpolation filters are is already used for the interpolation of reference samples.
Simulation results
Simulation results for the proposed changes are provided in the Table 1 and Table 2. The BD-rate performance of Method 1 is as follows: (0.00%, −0.02%, 0.00%) for (Y, Cb, Cr) with runtimes of 100% (EncT) and 99% (DecT) for AI configuration and (0.00%, 0.01%, −0.02%) for (Y, Cb, Cr) with runtimes of 99% (EncT) and 99% (DecT) for RA configuration. The BD-rate performance of Method 2 is as follows: (0.00%, −0.04%, 0.02%) for (Y, Cb, Cr) with runtimes of 101% (EncT) and 100% (DecT) for AI configuration and (0.01%, −0.17%, −0.14%) for (Y, Cb, Cr) with runtimes of 99% (EncT) and 100% (DecT) for RA configuration.

Table 1: Simulation results for Method 1 (smoothing of integer-sloped modes is disabled)
	
	All Intra Main10 

	
	Over VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	0.08%
	0.06%
	100%
	101%

	Class A2
	0.01%
	-0.06%
	-0.02%
	100%
	100%

	Class B
	0.01%
	-0.03%
	0.02%
	101%
	105%

	Class C
	-0.05%
	-0.03%
	0.05%
	99%
	93%

	Class E
	0.01%
	-0.04%
	-0.16%
	99%
	94%

	Overall 
	0.00%
	-0.02%
	0.00%
	100%
	99%

	Class D
	-0.01%
	0.13%
	-0.08%
	99%
	96%

	Class F
	-0.08%
	-0.07%
	0.03%
	101%
	105%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	-0.08%
	0.15%
	99%
	99%

	Class A2
	0.04%
	0.21%
	0.08%
	100%
	100%

	Class B
	0.02%
	-0.08%
	-0.19%
	100%
	99%

	Class C
	-0.05%
	0.05%
	0.00%
	98%
	96%

	Class E
	 
	
	 
	 
	 

	Overall
	0.00%
	0.01%
	-0.02%
	99%
	99%

	Class D
	0.03%
	-0.04%
	0.06%
	99%
	98%

	Class F
	-0.02%
	0.00%
	0.04%
	100%
	100%



[bookmark: _Ref12395387]Table 2: Simulation results for Method 2 (integer-sloped modes are smoothed using 0-th phase of 4-tap Gaussian intra interpolation filters)
	
	All Intra Main10 

	
	Over VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.00%
	0.04%
	101%
	101%

	Class A2
	-0.01%
	-0.05%
	-0.02%
	101%
	102%

	Class B
	0.00%
	-0.07%
	-0.01%
	100%
	103%

	Class C
	0.01%
	-0.06%
	0.01%
	100%
	98%

	Class E
	-0.01%
	0.03%
	0.09%
	101%
	99%

	Overall 
	0.00%
	-0.04%
	0.02%
	101%
	100%

	Class D
	-0.02%
	0.20%
	-0.15%
	100%
	100%

	Class F
	0.00%
	-0.05%
	0.05%
	103%
	100%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.03%
	-0.21%
	0.09%
	99%
	100%

	Class A2
	0.03%
	-0.08%
	0.06%
	100%
	102%

	Class B
	0.01%
	-0.13%
	-0.36%
	97%
	96%

	Class C
	-0.03%
	-0.24%
	-0.18%
	101%
	103%

	Class E
	 
	
	 
	 
	 

	Overall
	0.01%
	-0.17%
	-0.14%
	99%
	100%

	Class D
	0.06%
	0.13%
	-0.29%
	101%
	100%

	Class F
	-0.01%
	0.03%
	0.01%
	100%
	99%



Conclusions
[bookmark: _GoBack]The document proposes two methods to restrict the explicit reference sample smoothing to only the Planar mode. One method is to disable the explicit reference sample smoothing operation of the integer-sloped modes, and second method is to smooth the reference samples for these modes using the 0-th phase of the 4-tap Gaussian intra interpolation filters. The proposed change (either method) results in removal of additional filtering stage for the integer-sloped modes, simplification of the specification text and negligible performance loss. It is proposed to adopt this simplification to VVC.
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