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Abstract

This contribution is a summary of CE3: interpolation for MC. In total 15 companies joined this CE as proponent, cross-checkers or observers. In total 21 tests were carried out and verified during this Core Experiment. 

1 Introduction 

The goal of this Core Experiment (CE) is investigation of following aspects of interpolation filtering for motion compensation (Luma) in HM:
· Simplification of interpolation MC and reduction of reference frame memory access bandwidth;
· Coding performance improvement by interpolation MC optimization;
· Study interdependency of interpolation and adaptive loop filter techniques;
· Study performance of interpolation filter techniques for “only-P” test case;
· Study visual quality effect of interpolation filters. 
Interpolation filters for motion compensation (Luma) techniques will be evaluated according to BD-rate gain, complexity and subjective picture quality. 
Various solutions were proposed targeting to both performance improvement and complexity reduction. Low Delay P tests (both HE and LC) were mandatory for all proponents.

Detailed results will be reported by proponents.

2 Contributions List

Proposals:

JCTVC-F048 CE3: Modifications of region-based adaptive interpolation filter (S. Matsuo, Y. Bandoh, T. Ito, S. Takamura, H. Jozawa (NTT))

JCTVC-F100 CE3: Results on MC boundary filter (tool 4) (K. Kondo, T. Suzuki (Sony))

JCTVC-F101 CE3: Results on Bi/Uni MC filter (tool 5) (K. Kondo, T. Suzuki (Sony))
JCTVC-F216 An Adaptive Interpolation Filtering Technique (F. Kossentini, N. Mahdi, H. Guermazi, M. A. Ben Ayed, M. Horowitz (eBrisk))
JCTVC-F247 CE3: DCT derived interpolation filter test by Samsung (E. Alshina, A.Alshin (Samsung))

JCTVC-F248 CE3: Interpolation filter with shorter tap-length for small PU's (K. Ugur, J. Lainema (Nokia))

JCTVC-F315 CE3: Non-uniform tap length filtering for bidirectional prediction (T. Chujoh, T. Yamakage (Toshiba)

JCTVC-F574 CE3: Fixed interpolation filter tests by Motorola Mobility (J. Lou, K. Minoo, D. Baylon, K. Panusopone, L. Wang, A. Luthra (Motorola Mobility))
JCTVC-F576 CE3: Slice-type based adaptive interpolation filter tests by Motorola Mobility (J. Lou, K. Minoo, D. Baylon, K. Panusopone, L. Wang, A. Luthra (Motorola Mobility))
Cross-checker’s reports

JCTVC-F222 CE3: Cross-check report for Sony's test JCTVC-F# by eBrisk Video (F. Kossentini, N. Mahdi (eBrisk))

JCTVC-F246 CE3: Cross-check report by Nokia for 2.2, 4.3, 4.6 (K. Ugur (Nokia))

JCTVC-F259 CE3: Cross-check report for test1 JCTVC-F315 (K. Kondo, T. Suzuki (Sony))

JCTVC-F260 CE3: Cross-check report for test2.1 JCTVC-F247 (K. Kondo, T. Suzuki (Sony))

JCTVC-F261 CE3: Cross-check report for test3 JCTVC-F248 (K. Kondo, T. Suzuki (Sony))

JCTVC-F314 CE3 Subset 2.4: Cross-Verification of Samsung’s interpolation filter (JCTVC-F247) by Qualcomm (I. S. Chong, M. Karczewicz (Qualcomm))

JCTVC-F316 CE3: Cross-check report for Samsung's tool 2.3 (JCTVC-F247) (T. Chujoh, T. Yamakage (Toshiba))

JCTVC-F317 CE3: Cross-check report for Sony's tool 5 (JCTVC-F101) (T. Chujoh, T. Yamakage (Toshiba))

JCTVC-F322 CE3 : Cross-check for NTT's proposal on Region-Based Adaptive Interpolation Filter (JCTVC-F048) (T. Yoshino, K. Kawamura, S. Naito (KDDI))

JCTVC-F344 Cross-check report on CE3 Subtest 4.1 and 4.4 (JCTVC-F100) (K. Chono, H. Aoki (NEC))

JCTVC-F443 CE3: Cross-check by Samsung for Motorola Mobility tests on interpolation filters (E. Alshina (Samsung))

JCTVC-F568 CE3: Cross-check report for Samsung's test JCTVC-F247 by Motorola Mobility (J. Lou, K. Minoo, L. Wang (Motorola Mobility))

JCTVC-F570 CE3: Cross-check report for eBrisk's test JCTVC-F216 by Motorola Mobility (J. Lou, L. Wang (Motorola Mobility))

Related contributions
JCTVC-F468 An Adaptive Interpolation Filtering Technique (F. Kossentini, N. Mahdi, H. Guermazi, M. A. Ben Ayed, M. Horowitz (eBrisk)) (directly related to JCTVC-F216, 247, 101, reasonable to be reviewed together with CE proposals).

JCTVC-F242 Bilinear chroma interpolation for small block sizes (K. Ugur, J. Lainema (Nokia), K. Kondo, T. Suzuki (Sony))

JCTVC-F318 On the precision of interpolation processing T. Chujoh, T. Yamakage (Toshiba)

JCTVC-F471 Picture Adaptive 1/8-pel Motion Compensation Method (T. Sugio, T. Nishi (Panasonic))

JCTVC-F480 Unified design for motion compensation filter (C. Kim, S. Jeon (Samsung))

JCTVC-F537 On the motion compensation process (F. Bossen (DOCOMO USA Labs))

JCTVC-F585 Luma interpolation precision (Muhammed Coban, Peisong Chen, Marta Karczewicz (Qualcomm))

JCTVC-F599 On Chroma interpolation filters Koohyar Minoo, Jian Lou, Ajay Luthra
JCTVC-F601 Joint Sub-pixel Interpolation for bi-predicted Motion Compensation (K. Minoo, J. Lou (Motorola Mobility))

JCTVC-F602 Cross-check for combined interpolation filter design (JCTVC-F468) by Samsung (E. Alshina (Samsung))
JCTVC-F682 Cross check for Picture Adaptive 1/8-pel Motion Compensation Method (JCTVC-471) by Samsung (E. Alshina (Samsung))
3 Brief summary of available test results
	Proponent
	#
	Cross-checker
	#
	Avg* Y BD-rate
	Min Y BD-rate
	Max Y BD-rate
	Avg** Chroma BD-rate
	Additional filters***
	ME uses >1 filter
	Key Features

	Toshiba
	315
	Sony
	F259
	0.13%
	-0.93%
	0.62%
	0.15%
	6Q
	no
	Shorter filter for 2D,Q, removing intermediate rounding for bi-prediction

	Samsung
	247
	Sony
	F260
	1.19%
	-3.46%
	14.22%
	0.77%
	8Q,8H ( 6Q,6H
	no
	Pure 6 taps filter

	Samsung
	247
	Nokia
	F246
	0.44%
	-3.54%
	10.27%
	0.44%
	6Q, 6H
	2nd step of ME
	bi prediction uses short taps, uni - long taps filter

	Samsung
	247
	Toshiba
	F316
	0.22%
	-0.73%
	4.77%
	0.18%
	6Q, 6H
	2nd step of ME
	bi prediction uses short taps, uni - long taps filter

	Samsung
	247
	Qualcomm
	F314
	0.07%
	-3.52%
	3.04%
	0.05%
	8Q,8H8 ( 7Q,6H
	no
	7Q + 6H

	Samsung
	247
	Motorola
	F568
	-0.12%
	-2.56%
	1.08%
	-0.10%
	8Q,8H
	2nd step of ME
	8 taps uni + 8 taps bi

	Nokia
	248
	Sony
	F261
	0.03%
	-0.33%
	0.66%
	0.03%
	4Q,4H
	2nd step of ME
	Worst case (4xN) bi predicted blocks use shorter filter

	Sony
	100
	NEC
	F344
	-0.01%
	-0.97%
	0.38%
	-0.05%
	2x8Q,8H
	ME=MC

(multi filter)
	8 taps filter, but block extension is equivalent to 6 taps

	Sony
	100
	eBrisk Video
	F222
	0.09%
	-0.21%
	0.63%
	0.04%
	3x7Q,7H
	ME=MC

(multi filter)
	7 taps filter for only vertical, but block extension is equivalent to 4 taps

	Sony
	100
	Nokia
	F246
	0.22%
	-0.27%
	1.31%
	0.09%
	3x7Q,7H
	ME=MC

(multi filter)
	7 tap filter, but block extension is equivalent to 4 taps

	Sony
	100
	NEC
	F344
	-0.03%
	-1.08%
	0.41%
	-0.04%
	2x8Q,8H
	2nd step of ME
	8 taps filter, but block extension is equivalent to 6 taps

	Sony
	100
	eBrisk Video
	F222
	0.06%
	-0.25%
	0.67%
	0.06%
	3x7Q,7H
	2nd step of ME
	7 taps filter for only vertical, but block extension is equivalent to 4 taps

	Sony
	100
	Nokia
	F246
	0.17%
	-0.30%
	1.33%
	0.07%
	3x7Q,7H
	2nd step of ME
	7 tap filter, but block extension is equivalent to 4 taps

	Sony
	101
	Toshiba
	F317
	-0.36%
	-9.86%
	2.04%
	-0.06%
	Q7 + H 8
	2nd step of ME
	uni: 8 taps filter, bi: 7Q, 8H

	Motorola
	574
	Samsung
	F443
	0.05%
	-7.81%
	8.45%
	0.82%
	8Q,8H ( 7Q,6H
	no
	7Q + 6H

	Motorola
	574
	Samsung
	F443
	-0.46%
	-6.05%
	1.99%
	0.50%
	8Q ( 7Q
	no
	7Q+8H

	Motorola
	574
	Samsung
	F443
	-0.34%
	-4.37%
	1.31%
	0.63%
	8Q (8Q
	no
	8Q + 8H

	Motorola
	576
	Samsung
	F443
	-0.51%
	-6.05%
	0.57%
	0.54%
	7Q+8Q
	no
	8Q + 8H (B-Slice) but 7Q + 8 H (P-Slice)

	NTT
	043
	KDDI
	F322
	-0.67%
	-10.52%
	0.14%
	0.00%
	8Q,8H
	2nd step of ME
	variable filter coefficients

	eBrisk
	216
	Motorola
	F570
	-0.69%
	-8.94%
	0.31%
	-0.07%
	8Q,8H
	2nd step of ME
	variable filter coefficients


(1) Extended interpolation filters set for coding efficiency improvement.
Proposal in this category utilize different filters for uni- and bi-prediction. Sony and Samsung allow mixture of filters within one slice, but Motorola Mobility switches filters according to slice type (P or B).

	Proponent
	#
	Cross-checker
	#
	Avg* Y BD-rate
	Min Y BD-rate
	Max Y BD-rate
	Avg** Chroma BD-rate
	Additional filters***
	ME uses >1 filter
	Key Features

	Samsung
	247
	Motorola
	F568
	-0.12%
	-2.56%
	1.08%
	-0.10%
	8Q,8H
	2nd step of ME
	8 taps uni + 8 taps bi

	Sony
	101
	Toshiba
	F317
	-0.36%
	-9.86%
	2.04%
	-0.06%
	Q7 + H 8
	2nd step of ME
	uni: 8 taps filter, bi: 7Q, 8H

	Motorola
	576
	Samsung
	F443
	-0.51%
	-6.05%
	0.57%
	0.54%
	7Q+8Q
	no
	8Q + 8H (B-Slice) but 7Q + 8 H (P-Slice)


(2) Extended interpolation filters set for overall complexity reduction.
Proponent in this category allows shorter filter for specific cases in bi-directional prediction in order to reduce overall complexity. Both proposals in this category use multi-filters on 2nd step of ME.
	Proponent
	#
	Cross-checker
	#
	Avg* Y BD-rate
	Min Y BD-rate
	Max Y BD-rate
	Avg** Chroma BD-rate
	Additional filters***
	Key Features

	Toshiba
	315
	Sony
	F259
	0.13%
	-0.93%
	0.62%
	0.15%
	6Q
	Shorter filter for 2D,Q, removing intermediate rounding for bi-prediction

	Samsung
	247
	Nokia
	F246
	0.44%
	-3.54%
	10.27%
	0.44%
	6Q, 6H
	bi prediction uses short taps, uni - long taps filter

	Samsung
	247
	Toshiba
	F316
	0.22%
	-0.73%
	4.77%
	0.18%
	6Q, 6H
	bi prediction uses short taps, uni - long taps filter


(3) Extended interpolation filters set for memory bandwidth (including peak case) reduction:

Several solution for memory overall band-width reduction from Sony and reduction for extreme case from Nokia (with almost no performance loss). Both proposals in this category use multi-filters on 2nd step of ME.
	Proponent
	#
	Cross-checker
	#
	Avg* Y BD-rate
	Min Y BD-rate
	Max Y BD-rate
	Avg** Chroma BD-rate
	Additional filters***
	Key Features

	Nokia
	248
	Sony
	F261
	0.03%
	-0.33%
	0.66%
	0.03%
	4Q,4H
	Worst case (4xN) bi predicted blocks use shorter filter

	Sony
	100
	NEC
	F344
	-0.01%
	-0.97%
	0.38%
	-0.05%
	2x8Q,8H
	8 taps filter, but block extension is equivalent to 6 taps

	Sony
	100
	eBrisk Video
	F222
	0.09%
	-0.21%
	0.63%
	0.04%
	3x7Q,7H
	7 taps filter for only vertical, but block extension is equivalent to 4 taps

	Sony
	100
	Nokia
	F246
	0.22%
	-0.27%
	1.31%
	0.09%
	3x7Q,7H
	7 tap filter, but block extension is equivalent to 4 taps

	Sony
	100
	NEC
	F344
	-0.03%
	-1.08%
	0.41%
	-0.04%
	2x8Q,8H
	8 taps filter, but block extension is equivalent to 6 taps

	Sony
	100
	eBrisk Video
	F222
	0.06%
	-0.25%
	0.67%
	0.06%
	3x7Q,7H
	7 taps filter for only vertical, but block extension is equivalent to 4 taps

	Sony
	100
	Nokia
	F246
	0.17%
	-0.30%
	1.33%
	0.07%
	3x7Q,7H
	7 tap filter, but block extension is equivalent to 4 taps


(4) Variable filter coefficients are used (AIF) in order to improve coding efficiency:

Both proposals in this category use multi-filter ME. Less than 8% encoding time overhead was reported for AIF techniques. 
	Proponent
	#
	Cross-checker
	#
	Avg* Y BD-rate
	Min Y BD-rate
	Max Y BD-rate
	Avg** Chroma BD-rate
	Additional filters***
	Encoding time:

	NTT
	043
	KDDI
	F322
	-0.67%
	-10.52%
	0.14%
	0.00%
	8Q,8H
	108%

	eBrisk
	216
	Motorola
	F570
	-0.69%
	-8.94%
	0.31%
	-0.07%
	8Q,8H
	104%

	eBrisk
	468
	Samsung
	602
	-0.47%
	-8.90%
	2.48%
	0.05%
	7Q,6H
	99%


(5) Fixed interpolation filter with modified compare to HM3.0 coefficients targeting for better tradeoff between performance and complexity.
HM3.0 filter was modified (but kept solid/non-switchable). Shorter filter length: 7Q+6H show less than 0.1% performance difference with 8 taps HM3.0 filter. Asymmetric quarter-pel 7 and 8 taps filters from Motorola combined with 8 taps half-pel HM3.0 filter show luma performance improvement with chroma drop (partially resolved in JCTVC-F599).

	Proponent
	#
	Cross-checker
	#
	Avg* Y BD-rate
	Min Y BD-rate
	Max Y BD-rate
	Avg** Chroma BD-rate
	Filetrs change:

	Samsung
	247
	Qualcomm
	F314
	0.07%
	-3.52%
	3.04%
	0.05%
	8Q,8H8 ( 7Q,6H

	Motorola
	574
	Samsung
	F443
	0.05%
	-7.81%
	8.45%
	0.82%
	8Q,8H ( 7Q,6H

	Motorola
	574
	Samsung
	F443
	-0.46%
	-6.05%
	1.99%
	0.50%
	8Q ( 7Q

	Motorola
	574
	Samsung
	F443
	-0.34%
	-4.37%
	1.31%
	0.63%
	8Q (8Q


	* averaged across 6 test cases, if there is no performance change in IPPP case, then 0% was assumed
	

	** averaged across U and V components, 6 test cases, if there is no performance change in IPPP case, then 0% was assumed

*** additional to HM3.0 filters are reported here 

“(” means that M3.0 filter is replaced by new one
“NQ” N taps quarter pel filter

“NH” N taps half pel filter
	


4 Brief description for each test (including complexity analysis)
JCTVC-F048 CE3: Modifications of region-based adaptive interpolation filter (S. Matsuo, Y. Bandoh, T. Ito, S. Takamura, H. Jozawa (NTT))
Ina average across 6 test cases 0.67% gain was achieved by region based AIF technique with 8% average encoding time overhead.
	
	Random access
	Random access LoCo

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	-0.13 
	-0.47 
	-0.24 
	-1.30 
	-0.03 
	-0.33 

	Class B
	0.01 
	-0.06 
	0.01 
	-0.12 
	-0.04 
	-0.05 

	Class C
	0.01 
	0.08 
	0.10 
	-0.08 
	-0.01 
	-0.01 

	Class D
	0.02 
	0.13 
	0.03 
	-0.23 
	0.21 
	0.17 

	Class E
	
	
	
	
	
	

	All
	-0.02 
	-0.08 
	-0.02 
	-0.41 
	0.03 
	-0.05 

	Enc Time[%]
	108%
	110%

	Dec Time[%]
	101%
	102%

	
	
	
	
	
	
	

	
	Low delay
	Low delay LoCo

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	
	
	
	
	
	

	Class B
	-0.01 
	0.30 
	0.23 
	-1.15 
	0.25 
	-0.03 

	Class C
	-0.02 
	-0.07 
	-0.03 
	-0.55 
	0.12 
	-0.20 

	Class D
	0.01 
	0.15 
	0.14 
	-0.27 
	0.04 
	-0.12 

	Class E
	-0.16 
	-0.13 
	-0.32 
	-3.34 
	-0.28 
	-0.89 

	All
	-0.04 
	0.09 
	0.04 
	-1.19 
	0.06 
	-0.26 

	Enc Time[%]
	106%
	107%

	Dec Time[%]
	101%
	102%

	
	
	
	
	
	
	

	
	Low delay (P)
	Low delay (P) LoCo

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	
	
	
	
	
	

	Class B
	-0.10 
	-0.01 
	-0.22 
	-2.55 
	0.33 
	0.12 

	Class C
	-0.19 
	0.10 
	0.03 
	-0.93 
	0.11 
	0.11 

	Class D
	-0.22 
	-0.17 
	0.29 
	-0.42 
	0.19 
	0.26 

	Class E
	-0.18 
	0.41 
	-0.47 
	-5.56 
	-0.22 
	-0.38 

	All
	-0.17 
	0.06 
	-0.08 
	-2.18 
	0.14 
	0.06 

	Enc Time[%]
	107%
	109%

	Dec Time[%]
	100%
	101%


JCTVC-F100 CE3: Results on MC boundary filter (tool 4) (K. Kondo, T. Suzuki (Sony))

For MC block boundary, the filter coefficients are replaced with below coefficients to reduce complexity both memory bandwidth and computation. Both the worst and average case can be reduced. The worst case memory bandwidth can be reduced to 67%, 64%, and 40% for case 1, 2, and 3. This test can reduce complexity for all PU size and both uni and bi-prediction..
	
	Memory bandwidth
	Operation (mult)
	Avg. BD[%]

	
	Worst case
	Average
	Worst case
	Average
	

	Case 1
	67%
	79%
	93%
	101%
	-0.01%

	Case 2
	64%
	78%
	72%
	89%
	0.09%

	Case 3
	40%
	61%
	71%
	89%
	0.22%


· For test case 1
· MC block boundary
· {  0 ,   2 ,  -9 ,  56 ,  20 ,  -8 ,   4 ,  -2 ,   1 } for quarter pel 0
· {  0 ,   3 , -10 ,  39 ,  42 , -14 ,   7 ,  -4 ,   1 } for half pel
· {  0 ,   2 ,  -6 ,  18 ,  58 , -11 ,   5 ,  -3 ,   1 } for quarter pel 1
· For test case 2 and 3, only vertical filter is applied in case 2. Both vertical and horizontal is applied in case 3.
· MC Block boundary
· {  0 ,   0 ,  -5 ,  54 ,  21 ,  -9 ,   5 ,  -3 ,   1 } for quarter pel 0
· {  0 ,   0 ,  -6 ,  36 ,  44 , -15 ,   8 ,  -4 ,   1 } for half pel
· {  0 ,   0 ,  -3 ,  16 ,  59 , -12 ,   6 ,  -3 ,   1 } for quarter pel 1
· 2nd MC block boundary
· {  0 ,   2 ,  -9 ,  56 ,  20 ,  -8 ,   4 ,  -1 ,   0 } for quarter pel 0
· {  0 ,   3 , -10 ,  39 ,  41 , -13 ,   6 ,  -2 ,   0 } for half pel
· {  0 ,   2 ,  -6 ,  18 ,  58 , -11 ,   4 ,  -1 ,   0 } for quarter pel 1
JCTVC-F101 CE3: Results on Bi/Uni MC filter (tool 5) (K. Kondo, T. Suzuki (Sony))
In order to improve coding efficiency, this test switches two filter sets either prediction mode is bi-prediction or not. In this test, it is shown that the improvement is -0.36%. For bi-prediction and quarter pel, the filter with 7 tap is used to reduce worst case number of operation. For the worst case the number of mults and adds decreases to 90% compare to anchor. The filter sets are following:

· For bi-prediction
· {  -2 ,  5 ,  -12 , 41,  41,  -12,  5,  -2 } for half pel
· {  -2 ,  6 ,  -13 , 62 ,  15 ,  -5 ,  1 ,  0 } for quarter pel
· For uni-prediction
· {  -1 ,  4 ,  -10 , 39, 39, -10, 4, -1 } for half pel
· {  -1 ,  4 ,  -10 , 57 ,  19,  -7,   3,   -1 } for quarter pel
JCTVC-F216 An Adaptive Interpolation Filtering Technique (F. Kossentini, N. Mahdi, H. Guermazi, M. A. Ben Ayed, M. Horowitz (eBrisk))
Adaptive interpolation filter using HM3.0 8 taps filter as default. 

	
	
	Random access
	
	
	Random access LC
	

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	-0.3 
	-0.4 
	-0.1 
	-1.3 
	-0.2 
	-0.4 

	Class B
	0.0 
	-0.1 
	-0.1 
	-0.2 
	-0.1 
	-0.1 

	Class C
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	Class D
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	Class E
	
	
	
	
	
	

	All
	-0.1 
	-0.1 
	-0.1 
	-0.4 
	-0.1 
	-0.1 

	Enc Time[%]
	102%
	103%

	Dec Time[%]
	100%
	99%

	
	
	
	
	
	
	

	
	Low delay
	Low delay LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	
	
	
	
	
	

	Class B
	-0.1 
	0.3 
	-0.1 
	-1.3 
	0.5 
	0.1 

	Class C
	-0.1 
	-0.2 
	0.0 
	-0.6 
	0.0 
	0.0 

	Class D
	0.0 
	0.0 
	0.0 
	-0.3 
	-0.1 
	0.2 

	Class E
	-0.2 
	0.3 
	-0.4 
	-2.8 
	0.0 
	-0.5 

	All
	-0.1 
	0.1 
	-0.1 
	-1.2 
	0.1 
	0.0 

	Enc Time[%]
	103%
	108%

	Dec Time[%]
	100%
	100%

	
	
	
	
	
	
	

	
	Low delay (P)
	Low delay LC (P)

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	
	
	
	
	
	

	Class B
	-0.1 
	-0.2 
	-0.3 
	-2.7 
	0.3 
	0.1 

	Class C
	-0.3 
	-0.1 
	-0.3 
	-1.1 
	-0.2 
	-0.1 

	Class D
	0.0 
	0.0 
	0.0 
	-0.6 
	-0.3 
	-0.1 

	Class E
	-0.4 
	0.3 
	-0.4 
	-5.4 
	-0.9 
	-0.8 

	All
	-0.2 
	0.0 
	-0.2 
	-2.3 
	-0.2 
	-0.2 

	Enc Time[%]
	102%
	108%

	Dec Time[%]
	100%
	100%


Avg.6 cases: -0.69%, -0.03%, -0.11%

As supplementary data proponent has reported test results for extension of AIF technique for Chroma MC with additional 1% Chroma BD-rate reduction. 
Additionally (JCTVC-468) low complexity version of AIF utilizing 7Q and 6 H filters was presented by proponent. As default Luma interpolation filter proposed by Samsung 7H+6Q (JCTVC_F-247) was used.

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.3 
	-0.4 
	-0.5 
	-1.3 
	0.0 
	-0.2 

	Class B
	0.0 
	-0.1 
	-0.1 
	-0.1 
	0.0 
	-0.1 

	Class C
	0.1 
	0.1 
	0.1 
	0.2 
	0.1 
	0.1 

	Class D
	0.1 
	0.1 
	0.2 
	0.5 
	0.2 
	0.3 

	Class E
	
	
	
	
	
	

	Overall
	0.0 
	-0.1 
	-0.1 
	-0.2 
	0.1 
	0.0 

	Enc Time[%]
	98%
	98%

	Dec Time[%]
	98%
	97%

	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	
	
	
	
	
	

	Class B
	-0.1 
	0.0 
	-0.1 
	-1.4 
	0.2 
	0.0 

	Class C
	0.1 
	0.1 
	0.0 
	-0.4 
	0.3 
	0.3 

	Class D
	0.5 
	0.9 
	0.8 
	0.5 
	0.9 
	0.4 

	Class E
	-0.3 
	-0.6 
	-0.4 
	-2.8 
	-0.6 
	-0.4 

	Overall
	0.1 
	0.1 
	0.1 
	-0.9 
	0.3 
	0.1 

	Enc Time[%]
	98%
	98%

	Dec Time[%]
	98%
	97%

	
	
	
	
	
	
	

	
	Low delay P HE
	Low delay P LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	
	
	
	
	
	

	Class B
	0.0 
	-0.2 
	-0.5 
	-2.7 
	0.3 
	0.1 

	Class C
	0.1 
	0.1 
	-0.1 
	-0.8 
	0.2 
	0.3 

	Class D
	0.9 
	0.9 
	0.5 
	0.4 
	0.7 
	0.8 

	Class E
	-0.4 
	-0.3 
	-0.7 
	-5.3 
	-0.9 
	-1.4 

	Overall
	0.1 
	0.2 
	-0.2 
	-1.9 
	0.1 
	0.0 

	Enc Time[%]
	98%
	103%

	Dec Time[%]
	98%
	98%

	Avg 6 cases:
	-0.47 
	0.11 
	0.00 
	
	
	


As supplementary data extension AIF technique to Chroma MC was reported:

	Avg.6 cases
	-0.4 
	-1.0 
	-0.9 


JCTVC-F247 CE3: DCT derived interpolation filter test by Samsung (E. Alshina, A.Alshin (Samsung))

Both Q and H filters are replaced in this test by less complex ones:

7Q: {-2,  5,  -11,  58,   18,  -6,   2, 0} (implemented with 6 mults/ 6 adds)
6H: {0,  2,   -9,  39,   39,  -9,   2, 0}  (implemented with 3 mults / 5 adds)
	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	0.0 
	-0.3 
	-0.2 
	-0.2 
	0.0 
	0.1 

	Class B
	0.0 
	-0.1 
	0.0 
	0.0 
	0.1 
	0.0 

	Class C
	0.1 
	0.1 
	0.1 
	0.2 
	0.1 
	0.1 

	Class D
	0.1 
	0.1 
	0.1 
	0.5 
	0.2 
	0.3 

	Class E
	
	
	
	
	
	

	Overall
	0.0 
	-0.1 
	0.0 
	0.1 
	0.1 
	0.1 

	Enc Time[%]
	96%
	94%

	Dec Time[%]
	98%
	96%

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	
	
	
	
	
	

	Class B
	0.0 
	0.1 
	0.1 
	-0.4 
	-0.3 
	-0.6 

	Class C
	0.2 
	0.0 
	0.1 
	0.2 
	0.1 
	0.1 

	Class D
	0.5 
	0.3 
	0.4 
	0.8 
	0.4 
	0.6 

	Class E
	-0.2 
	-0.7 
	-0.4 
	-1.0 
	-0.8 
	-0.7 

	Overall
	0.2 
	0.0 
	0.1 
	-0.1 
	-0.1 
	-0.1 

	Enc Time[%]
	96%
	94%

	Dec Time[%]
	98%
	97%

	
	Low delay P HE
	Low delay P LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	
	
	
	
	
	

	Class B
	0.2 
	0.1 
	-0.1 
	-0.8 
	-0.2 
	0.1 

	Class C
	0.6 
	0.5 
	0.3 
	0.2 
	0.3 
	0.3 

	Class D
	1.2 
	1.1 
	0.6 
	1.0 
	0.8 
	0.6 

	Class E
	0.0 
	0.1 
	-0.5 
	-1.8 
	-1.1 
	-1.0 

	Overall
	0.5 
	0.4 
	0.1 
	-0.3 
	0.0 
	0.1 

	Enc Time[%]
	96%
	94%

	Dec Time[%]
	98%
	98%


Taking into account an actual hit-ration of each fractional pel filter calls this combination changes (compare to anchor) the number of operations per 1 pixel predicted by MC as follows: 97% mults, 79% adds and 81% neighbor pixel access. For the worst case the number of mults and adds is 79% compare to anchor.
Remaining tests from Sasmsung are summaried on a graph (Fig.1).
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Fig. 1 The summary of Samsung’s tests in CE3.
JCTVC-F248 CE3: Interpolation filter with shorter tap-length for small PU's (K. Ugur, J. Lainema (Nokia))

In this proposal instead of the HM 8-tap filter, a 4-tap filter is used for bi-predicted small PU's. The main goal of the proposal is to reduce the peak memory bandwidth of HEVC without impacting the coding efficiency. Experimental results show that coding efficiency changes negligibly (by around 0.03% on average) using this technique.
	
	Random access
	Random access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.1 
	-0.2 
	0.0 
	0.0 
	0.0 
	0.2 

	Class B
	0.0 
	0.0 
	0.0 
	-0.1 
	0.0 
	0.0 

	Class C
	0.1 
	0.1 
	0.1 
	0.0 
	0.0 
	-0.1 

	Class D
	0.3 
	0.1 
	0.1 
	0.3 
	0.2 
	0.1 

	Class E
	
	
	
	
	
	

	All
	0.1 
	0.0 
	0.0 
	0.1 
	0.0 
	0.1 

	Enc Time[%]
	101%
	101%

	Dec Time[%]
	96%
	100%

	
	
	
	
	
	
	

	
	Low delay
	Low delayLC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	
	
	
	
	
	

	Class B
	0.0 
	0.2 
	0.3 
	-0.1 
	-0.1 
	-0.3 

	Class C
	0.0 
	0.1 
	0.1 
	0.0 
	0.1 
	-0.1 

	Class D
	0.1 
	0.4 
	0.4 
	0.0 
	0.2 
	0.1 

	Class E
	0.1 
	-0.2 
	-0.3 
	-0.1 
	-0.2 
	-0.6 

	All
	0.1 
	0.2 
	0.2 
	0.0 
	0.0 
	-0.2 

	Enc Time[%]
	101%
	101%

	Dec Time[%]
	99%
	100%


Avg.6 cases: 0.03%. 

JCTVC-F315 CE3: Non-uniform tap length filtering for bidirectional prediction (T. Chujoh, T. Yamakage (Toshiba)

An interpolation that has non-uniform tap length filters for computational complexity reduction was tested.  When both motion vectors of list 0 and 1 indicate fractional position vertically and horizontally, 6-tap asymmetrical filters as {2,-9,57,18,-6,2} are introduced.

	
	
	Random access
	
	
	Random access LoCo
	

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	-0.03 
	0.20 
	-0.10 
	0.21 
	0.20 
	0.23 

	Class B
	0.06 
	0.13 
	0.13 
	0.22 
	0.16 
	0.15 

	Class C
	0.25 
	0.40 
	0.28 
	0.47 
	0.28 
	0.26 

	Class D
	0.56 
	0.67 
	0.86 
	0.97 
	0.84 
	1.07 

	Class E
	
	
	
	
	
	

	All
	0.20 
	0.34 
	0.28 
	0.45 
	0.36 
	0.41 

	Enc Time[%]
	99%
	100%

	Dec Time[%]
	98%
	97%

	
	Low delay
	Low delay LoCo

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	
	
	
	
	
	

	Class B
	-0.23 
	0.16 
	0.07 
	-0.06 
	-0.12 
	-0.34 

	Class C
	0.10 
	0.10 
	0.17 
	0.25 
	0.18 
	-0.10 

	Class D
	0.32 
	0.34 
	0.72 
	0.70 
	0.48 
	0.40 

	Class E
	-0.28 
	-0.03 
	-1.32 
	-0.35 
	-0.31 
	-0.62 

	All
	-0.02 
	0.15 
	0.00 
	0.15 
	0.07 
	-0.15 

	Enc Time[%]
	99%
	100%

	Dec Time[%]
	98%
	97%

	
	Low delay P
	Low delay P LoCo

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	
	
	
	
	
	

	Class B
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Class C
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Class D
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Class E
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	All
	
	
	
	
	
	

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	100%
	100%


	
	
	
	Add/shift
	Multiplication

	Single
	Operations
	Worst case / pixel
	100%
	100%

	
	
	Average of operations / pixel
	100%
	100%

	
	Bandwidth
	Worst case / pixel
	100%
	100%

	
	
	Average of bytes / pixel
	100%
	100%

	Bi
	Operations
	Worst case / pixel
	86%
	86%

	
	
	Average of operations / pixel
	89%
	89%

	
	Bandwidth
	Worst case / pixel
	100%
	100%

	
	
	Average of bytes / pixel
	88%
	88%

	Total
	Operations
	Worst case / pixel
	86%
	86%

	
	
	Average of operations / pixel
	93%
	93%

	
	Bandwidth
	Worst case / pixel
	100%
	100%

	
	
	Average of bytes / pixel
	92%
	92%


JCTVC-F574 CE3: Fixed interpolation filter tests by Motorola Mobility (J. Lou, K. Minoo, D. Baylon, K. Panusopone, L. Wang, A. Luthra (Motorola Mobility))
Q: {-1,   3,   -8,   60,  13,  -4,   1,   0}, (7 taps),
H: { 0,   2,   -9,  39,   39,  -9,   2,   0}, (6 taps).
	
	
	
	
	
	
	

	　
	Random access
	Random access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	-0.1 
	0.1 
	-0.1 
	-0.4 
	0.4 
	0.7 

	Class B
	-0.1 
	0.0 
	0.1 
	0.0 
	0.0 
	0.0 

	Class C
	0.4 
	0.7 
	0.6 
	1.3 
	0.6 
	0.7 

	Class D
	0.9 
	1.1 
	0.9 
	3.1 
	1.4 
	1.5 

	Class E
	
	
	
	
	
	

	All
	0.3 
	0.4 
	0.4 
	0.9 
	0.6 
	0.7 

	Enc Time[%]
	96%
	96%

	Dec Time[%]
	98%
	97%

	
	
	
	
	
	
	

	　
	Low delay
	Low delayLC

	　
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	
	
	
	
	
	

	Class B
	-0.2 
	0.6 
	0.5 
	-0.5 
	0.3 
	-0.4 

	Class C
	0.5 
	1.6 
	1.9 
	1.1 
	1.7 
	1.7 

	Class D
	1.4 
	4.2 
	4.6 
	2.9 
	2.7 
	3.2 

	Class E
	-0.7 
	-0.2 
	-0.2 
	-2.0 
	-1.7 
	-1.4 

	All
	0.3 
	1.6 
	1.8 
	0.5 
	0.9 
	0.9 

	Enc Time[%]
	96%
	95%

	Dec Time[%]
	97%
	98%

	
	
	
	
	
	
	

	　
	Low delay P
	Low delay LCP

	　
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	
	
	
	
	
	

	Class B
	-0.6 
	0.1 
	-0.1 
	-1.9 
	-0.4 
	-0.4 

	Class C
	-0.3 
	1.3 
	1.1 
	-0.2 
	1.2 
	1.4 

	Class D
	0.6 
	3.5 
	3.7 
	1.1 
	2.2 
	2.7 

	Class E
	-1.7 
	-0.9 
	-0.6 
	-4.5 
	-3.4 
	-2.3 

	All
	-0.5 
	1.1 
	1.1 
	-1.2 
	0.1 
	0.5 

	Enc Time[%]
	97%
	96%

	Dec Time[%]
	98%
	97%

	
	
	
	
	
	
	

	Avg.6 cases:
	0.0 
	0.8 
	0.9 
	
	
	


Q: {-1,   3,   -8,   60,  13,  -4,   1,   0}, (7 taps),

H: {-1,  4,    -11,  40,  40,  -11,  4,  -1}, (8 taps).
	
	Random access
	Random access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	-0.1 
	0.0 
	0.0 
	-0.4 
	0.2 
	0.5 

	Class B
	-0.2 
	0.0 
	0.0 
	-0.3 
	0.0 
	0.0 

	Class C
	-0.1 
	0.3 
	0.2 
	0.3 
	0.3 
	0.4 

	Class D
	-0.2 
	0.4 
	0.3 
	0.8 
	0.5 
	0.5 

	Class E
	
	
	
	
	
	

	All
	-0.2 
	0.2 
	0.2 
	0.1 
	0.3 
	0.3 

	Enc Time[%]
	97%
	96%

	Dec Time[%]
	99%
	99%

	
	
	
	
	
	
	

	　
	Low delay
	Low delayLC

	　
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	
	
	
	
	
	

	Class B
	-0.3 
	0.6 
	0.3 
	-0.7 
	0.1 
	-0.1 

	Class C
	0.0 
	1.2 
	1.4 
	0.3 
	1.2 
	1.1 

	Class D
	0.3 
	3.2 
	3.6 
	0.9 
	1.3 
	2.1 

	Class E
	-0.5 
	0.0 
	0.0 
	-1.6 
	-1.7 
	-0.9 

	All
	-0.1 
	1.3 
	1.3 
	-0.2 
	0.3 
	0.6 

	Enc Time[%]
	96%
	96%

	Dec Time[%]
	98%
	100%

	
	
	
	
	
	
	

	
	Low delay P
	Low delay LCP

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	
	
	
	
	
	

	Class B
	-0.7 
	0.1 
	-0.3 
	-1.5 
	-0.2 
	-0.3 

	Class C
	-0.9 
	0.7 
	0.9 
	-0.7 
	0.9 
	0.9 

	Class D
	-0.7 
	2.5 
	2.5 
	-0.6 
	1.5 
	1.3 

	Class E
	-1.3 
	-0.6 
	-0.8 
	-3.4 
	-2.8 
	-1.9 

	All
	-0.9 
	0.7 
	0.6 
	-1.4 
	0.0 
	0.1 

	Enc Time[%]
	97%
	97%

	Dec Time[%]
	96%
	99%

	
	
	
	
	
	
	

	Avg.6 cases:
	-0.5 
	0.5 
	0.5 
	
	
	


As supplementary data proponent has reported test results for synchronized modification of Luma and Chroma MC (JCTVC-F599):

Avg.6 cases: -0.5%, 0.2%, 0.1%

Q: {-1,   3,  -8,   60,   14,  -6,   3,   -1}, (8 taps), 
H: {-1,  4,    -11,  40,  40,  -11,  4,  -1}, (8 taps). 
	 
	Random access
	Random access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	0.0 
	0.1 
	0.3 
	-0.1 
	0.3 
	0.6 

	Class B
	-0.1 
	0.1 
	0.1 
	-0.3 
	0.1 
	0.1 

	Class C
	-0.2 
	0.2 
	0.1 
	-0.4 
	0.3 
	0.3 

	Class D
	-0.2 
	0.1 
	0.0 
	-0.5 
	0.1 
	0.1 

	Class E
	 
	 
	 
	 
	 
	 

	All
	-0.1 
	0.1 
	0.1 
	-0.3 
	0.2 
	0.2 

	Enc Time[%]
	97%
	97%

	Dec Time[%]
	99%
	99%

	
	
	
	
	
	
	

	 
	Low delay
	Low delayLC

	 
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	0.1 
	0.9 
	0.8 
	-0.2 
	0.3 
	-0.1 

	Class C
	0.0 
	1.4 
	1.4 
	-0.5 
	1.4 
	1.3 

	Class D
	-0.2 
	3.0 
	3.7 
	-0.7 
	1.6 
	1.7 

	Class E
	0.3 
	0.2 
	1.0 
	0.2 
	-0.8 
	-0.5 

	All
	0.0 
	1.4 
	1.7 
	-0.3 
	0.7 
	0.6 

	Enc Time[%]
	97%
	97%

	Dec Time[%]
	101%
	99%

	
	
	
	
	
	
	

	 
	Low delay P
	Low delay LCP

	 
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	-0.5 
	0.3 
	0.0 
	-0.1 
	0.1 
	-0.1 

	Class C
	-1.1 
	0.7 
	0.7 
	-0.9 
	1.1 
	1.3 

	Class D
	-1.5 
	2.0 
	2.5 
	-1.5 
	1.3 
	1.9 

	Class E
	-0.6 
	0.2 
	-0.1 
	1.1 
	-1.8 
	-0.8 

	All
	-0.9 
	0.8 
	0.8 
	-0.4 
	0.3 
	0.6 

	Enc Time[%]
	98%
	98%

	Dec Time[%]
	98%
	99%

	
	
	
	
	
	
	

	Avg.6 cases:
	-0.3 
	0.6 
	0.7 
	
	
	


As supplementary data proponent has reported test results for synchronized modification of Luma and Chroma MC (JCTVC-F599):

Avg.6 cases: -0.4%, 0.1%, 0.0%

JCTVC-F576 CE3: Slice-type based adaptive interpolation filter tests by Motorola Mobility (J. Lou, K. Minoo, D. Baylon, K. Panusopone, L. Wang, A. Luthra (Motorola Mobility))
Q: {-1,   3,  -8,   60,   14,  -6,   3,   -1}, (8 taps for B-Slice),

Q: {-1,   3,   -8,   60,  13,  -4,   1,   0}, (7 taps for P-Slice),

H: {-1,  4,    -11,  40,  40,  -11,  4,  -1}, (8 taps).
	 
	Random access
	Random access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	0.0 
	0.1 
	0.3 
	-0.1 
	0.3 
	0.6 

	Class B
	-0.1 
	0.1 
	0.1 
	-0.3 
	0.1 
	0.1 

	Class C
	-0.2 
	0.2 
	0.1 
	-0.4 
	0.3 
	0.3 

	Class D
	-0.2 
	0.1 
	0.0 
	-0.5 
	0.1 
	0.1 

	Class E
	 
	 
	 
	 
	 
	 

	All
	-0.1 
	0.1 
	0.1 
	-0.3 
	0.2 
	0.2 

	Enc Time[%]
	98%
	99%

	Dec Time[%]
	99%
	99%

	
	
	
	
	
	
	

	 
	Low delay
	Low delayLC

	 
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	0.1 
	0.9 
	0.8 
	-0.2 
	0.3 
	-0.1 

	Class C
	0.0 
	1.4 
	1.4 
	-0.5 
	1.4 
	1.3 

	Class D
	-0.2 
	3.0 
	3.7 
	-0.7 
	1.6 
	1.7 

	Class E
	0.3 
	0.2 
	1.0 
	0.2 
	-0.8 
	-0.5 

	All
	0.0 
	1.4 
	1.7 
	-0.3 
	0.7 
	0.6 

	Enc Time[%]
	99%
	98%

	Dec Time[%]
	100%
	99%

	
	
	
	
	
	
	

	 
	Low delay P
	Low delay LCP

	 
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	-0.7 
	0.1 
	-0.3 
	-1.5 
	-0.2 
	-0.3 

	Class C
	-0.9 
	0.7 
	0.9 
	-0.7 
	0.9 
	0.9 

	Class D
	-0.7 
	2.5 
	2.5 
	-0.6 
	1.5 
	1.3 

	Class E
	-1.3 
	-0.6 
	-0.8 
	-3.4 
	-2.8 
	-1.9 

	All
	-0.9 
	0.7 
	0.6 
	-1.4 
	0.0 
	0.1 

	Enc Time[%]
	98%
	98%

	Dec Time[%]
	98%
	98%

	
	
	
	
	
	
	

	Avg.6 cases:
	-0.5 
	0.5 
	0.6 
	
	
	


5 Conclusions

1. Performance improvement up to 0.7% was reported by proponents in this CE.
2. As supplementary data modification of Chroma MC with Chroma performance improvement up to 1.0% was reported 
3. Several proposals reduce memory band-width. Up to 60% memory band-width reduction for the worst case is reported.
4. During e-mail discussion it was indicated that complexity evaluation should be unified and improved for this CE:

A.  The worst case complexity and memory band width should be mandatory reported.

B. The requirement for upper limit of the worst case complexity and memory band-width should be formulated clearly and synchronized with implementation reality.

C. Average gain reported highly depends on content, so actual number of operations and memory band-width should be reported together with average gain in order to simplify comparison.

D. Motion vector is shared between Luma and Chroma component and it was found that change of Luma filter significantly change hit-ratio of fractional positions both in Luma and Chroma MC, so average number of operations for Chroma MC based on actual hit-ration should be included in total operations counting.
5. Although several improvements of MC framework are reported, they should encourage CE3 activity at this point.
6. Combination of performance improvement tools with complexity (especially memory band-width) reduction techniques is recommended for further progress of this CE. 
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