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_____________________________ 
Abstract
This contribution provides the cross-verification for joint test contributed by Qualcomm and Nokia in CE3. In this test proponents combined NewDCTIF8 with 6 bits coefficients and diagonal interpolation scheme. 
Algorithm description 

The proposed tool modifies interpolation part of MC for Luma component. The motion vector accuracy is 1/4 pel so fractional part of MV may have 15 different values (refer to Fig. 1). 
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Fig. 1 Farctional positions for 1/4 pel MC.
For all fractional position either NewDCTIF8(6bits) or 8 taps DIF-like filter is applied. Decision about filter type is made on encoder side by analyzing prediction error and signaled to decoder explicitly. So this interpolation scheme is content adaptive switch between 2D separable and DIF-like filter structure.
Filter coefficients in DCTIF and DIF part of this algorithm are the same (except “j” position). For “j” position in DIF part of this algorithm 2D non-separable filter is used (the same interpolation with in LC anchor).

Proponents use NewDCTIF8 (6 bits) coefficients (refer to Tab. 1).
Tab. 1. NewDCTIF8 (6 bits) filter coefficients for 1/4 pel MV accuracy.

	(
	Filter coefficients
	“>>”
	“+”

	1/4
	{-1,   4,  -10,  57,   19,  -7,   3,   -1  },
	4
	12

	1/2
	{ -1,  4,  -11,  40,  40,  -11,  4,  -1   }
	4
	9


Test results
Proponent provided s/w for verification test at time enough for running verification test. But complexity analysis requires longer time. So this proposal will be updated after finalizing cross-check.
After code investigation we conclude that test satisfies CE3 requirements.

We tested provided s/w in 4 test configurations:  Low Delay –HE, Random access - HE ,Low Delay –LC, Random access - LC  using test conditions specified in JCTVC-C500.

Performance totally matches with proponent data, encoding/decoding time difference with  anchor is similar.

Our verification test results are summarized in Tab. 2. 
Table 1 TMuC 0.9 with switching 8 taps filter for Luma MC vs TMuC 0.9.
	　
	　
	Random access
	　
	　
	Random access LoCo
	　

	
	Y 
	U 
	V 
	Y 
	U 
	V 

	Class A
	0.1 
	-0.1 
	0.0 
	0.3 
	0.5 
	0.5 

	Class B
	-0.1 
	-0.2 
	-0.2 
	-1.3 
	0.6 
	0.6 

	Class C
	0.8 
	0.3 
	0.4 
	-5.0 
	-0.7 
	-1.0 

	Class D
	1.4 
	1.2 
	1.3 
	-10.8 
	-4.3 
	-4.2 

	Class E
	　
	　
	　
	　
	　
	　

	All
	0.6 
	0.3 
	0.4 
	-4.6 
	-1.1 
	-1.1 

	Enc Time[%]
	111%
	121%

	Dec Time[%]
	96%
	127%

	
	
	
	
	
	
	

	　
	Low delay
	Low delay LoCo

	　
	Y 
	U 
	V 
	Y 
	U 
	V 

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	-0.6 
	-0.1 
	-0.5 
	-2.4 
	-1.9 
	-1.9 

	Class C
	0.6 
	0.9 
	0.8 
	-5.4 
	-4.6 
	-4.9 

	Class D
	0.6 
	1.0 
	1.8 
	-11.1 
	-10.4 
	-10.7 

	Class E
	-0.1 
	-0.7 
	-0.3 
	-1.2 
	-1.8 
	-1.4 

	All
	0.1 
	0.3 
	0.5 
	-5.1 
	-4.7 
	-4.8 

	Enc Time[%]
	99%
	116%

	Dec Time[%]
	98%
	117%


Form these test results we confirm that switching improves HM performance in 4.9% in LC case with only 0.3% drop compare to HE anchor. According to our test this algorithm shows about 2% decoding time reduction compare to HM HE anchor, and about 20% decoding time increment in LC case. 
1 Complexity measurement

Complexity for content adaptive switchable interpolation filter requires actual hit-ration of each interpolation filter in test. 
An average number of operations/instructions per pixel compare to HE and LC anchors for diagonal and 2D separable part of tested algorithm is in Tab. 2. Because LC anchor was recently optimized we include comparison with both variants of LC anchor: currently used and optimized one. As it was agreed in CE3 for HE case we count the number of shifts and additions, but for LC we count number of multiplications and additions. 
Table 2. Complexity of each part of tested algorithm. 

	Anchor
	Average per pixel
	Diagonal
	2D

	HE
	operations /pixel
	44%
	61%

	
	instructions / block
	35%
	63%

	LC
	operations /pixel
	113%
	165%

	
	instructions / block
	112%
	177%

	LC (optimized anchor)
	operations /pixel
	134%
	195%

	
	instructions / block
	132%
	208%


Actual complexity of switching interpolation filter should in the middle between numbers reported in Tab. 2 (according to hit-ration of each filter). 
2 Conclusions
Performance of switching interpolation filter with NewDCTIF8 (6 bits) coefficients is verified, complexity is analyzed using actual hit-ration of each filter in this switching concept.
Compare to solid (no-switchable) 2D separable NewDCTIF8(6bits) proposed by Nokia and Qualcomm switching interpolation scheme shows performance improvement  0.2% (HE) / 0.7%(LC) with less decoder complexity.

In average proposed by Nokia and Qualcomm switching interpolation scheme improves HM performance by 2.3%.
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