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Abstract
This contribution proposed to unify the DCT-IF in VVC. In the VVC draft 5, DCT-IF is used in both intra-prediction interpolation and inter-prediction chroma motion compensation. It is asserted that the current DCT-IF operations in these two places are not aligned. In this proposal, it is proposed to unify the two DCT-IF processes by removing the rounding offset in the intra-prediction. 
It is reported that the performance impact is negligible. Under the CTC, the overall impact for {Y, Cb, Cr} is {0.01%, -0.06%, -0.02%} for AI and {0.00%, -0.11%, -0.05%} for RA with similar encoding and decoding time.

DCT-IF filter in VVC draft 5
In VVC working draft 5 [1], the same DCT-IF filter is used for both the intra-prediction interpolation and the inter-prediction chroma motion compensation. However, it is applied with a rounding offset in the former but without a rounding offset in the latter. This causes a misalignment on DCT-IF.
It is also asserted that in HEVC spec, DCT-IF is applied without a rounding offset.

Proposed solution
In this proposal, it is proposed to remove the rounding offset in intra-prediction interpolation. Therefore, DCT-IF could also be aligned in VVC.
Proposed spec changes

The proposed changes on top of VVC draft 5 [1] are described as below. Newly added parts are highlighted in yellow, and the deleted parts from [1] are highlighted in green strikethrough.

[bookmark: _Ref522097412]8.4.5.2.12 Specification of INTRA_ANGULAR2..INTRA_ANGULAR66 intra prediction modes
The values of the prediction samples predSamples[ x ][ y ], with x = 0..nTbW − 1, y = 0..nTbH − 1 are derived as follows:
· If predModeIntra is greater than or equal to 34, the following ordered steps apply:
1. The reference sample array ref[ x ] is specified as follows:
…
2. The values of the prediction samples predSamples[ x ][ y ], with x = 0..nTbW − 1, y = 0..nTbH − 1 are derived as follows:
· The index variable iIdx and the multiplication factor iFact are derived as follows:
iIdx = ( ( y + 1 + refIdx ) * intraPredAngle )  >>  5 + refIdx	 (8‑126)
iFact = ( ( y + 1 + refIdx ) * intraPredAngle ) & 31	(8‑127)
· If cIdx is equal to 0, the following applies:
· The interpolation filter coefficients fT[ j ] with j = 0..3 are derived as follows:
[bookmark: _Hlk529786089]fT[ j ] = filterFlag  ?  fG[ iFact ][ j ]  :  fC[ iFact ][ j ]	(8‑128)
· The value of the prediction samples predSamples[ x ][ y ] is derived as follows:
predSamples[ x ][ y ] = Clip1Y( ( (  ) + 32 )  >>  6 )	(8‑129)
· Otherwise (cIdx is not equal to 0), depending on the value of iFact, the following applies:
…
· Otherwise (predModeIntra is less than 34), the following ordered steps apply:
1. The reference sample array ref[ x ] is specified as follows:
…
2. The values of the prediction samples predSamples[ x ][ y ], with x = 0..nTbW − 1, y = 0..nTbH − 1 are derived as follows:
· The index variable iIdx and the multiplication factor iFact are derived as follows:
iIdx = ( ( x + 1 + refIdx ) * intraPredAngle )  >>  5	(8‑139)
iFact = ( ( x + 1 + refIdx ) * intraPredAngle ) & 31	(8‑140)
· If cIdx is equal to 0, the following applies:
· The interpolation filter coefficients fT[ j ] with j = 0..3 are derived as follows:
fT[ j ] = filterFlag  ?  fG[ iFact ][ j ]  :  fC[ iFact ][ j ]	(8‑141)
· The value of the prediction samples predSamples[ x ][ y ] is derived as follows:
predSamples[ x ][ y ] = Clip1Y( ( (  ) + 32 )  >>  6 )	(8‑142)
· Otherwise (cIdx is not equal to 0), depending on the value of iFact, the following applies:
…
Simulation results
The proposed method was implemented based on the VTM-5.0 reference software [2]. Simulation results based on the common test conditions as specified in [3] are provided in Table 1. 
Table 1: Simulation results of the proposed method
	
	　
	　
	All Intra
	　
	　

	
	　
	　
	Over VTM-5.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.02%
	-0.05%
	-0.03%
	99%
	100%

	Class A2
	0.00%
	0.00%
	-0.06%
	99%
	100%

	Class B
	0.00%
	-0.06%
	-0.04%
	100%
	100%

	Class C
	0.02%
	-0.06%
	0.06%
	101%
	96%

	Class E
	0.03%
	-0.12%
	-0.02%
	100%
	97%

	Overall 
	0.01%
	-0.06%
	-0.02%
	100%
	99%

	Class D
	0.01%
	0.09%
	-0.15%
	100%
	97%

	Class F
	0.01%
	0.05%
	-0.02%
	99%
	101%

	
	　　Random Access　

	
	

	
	　
	　
	Over VTM-5.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	-0.21%
	0.13%
	100%
	100%

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

	Class B
	0.02%
	-0.21%
	-0.23%
	99%
	99%

	Class C
	-0.04%
	-0.04%
	-0.03%
	99%
	95%

	Class E
	　
	
	　
	　
	　

	Overall
	0.00%
	-0.11%
	-0.05%
	99%
	99%

	Class D
	0.00%
	0.28%
	0.12%
	99%
	95%

	Class F
	-0.04%
	-0.03%
	-0.04%
	99%
	96%


[bookmark: _Hlk9182280]
Conclusions
In this contribution, a unification of DCT-IF in VVC is proposed. It is asserted this modification also aligns with the DCT-IF operation in HEVC. It is recommended adopting the proposed changes into VVC.
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