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1. [bookmark: _GoBack]Introduction 

During the Study Group 16 rapporteur’s meeting in November 2010, as reported in [1], there were discussions on a proposal [2] to revise ITU-T Rec. G.160 Appendix II to improve objective measures of noise suppression performance for non-stationary noise suppressor. The discussions resulted in amendment 2 of ITU-T G.160 Appendix 2 [3]. Currently, the applicability of [3] is under study by 3GPP SA4 SQ SWG.
2. Discussion

In contribution [4], the G.160 Appendix II AMD 1 is validated for an ideal noise suppressor, which reduces noise level by a constant while maintaining the speech unprocessed. [2 and 5] show that even for ideal noise suppressor, the error for SNRI is sometimes unacceptable due to the speech power which resides in short speech pauses. 
The present discussion focus on the metric estimation error for practical noise suppressors, which tend to have higher noise suppression in the short speech pauses than in the speech active regions. The issue is illustrated by the following analysis.

3. Calculation of true value of TNLR, NPLR, SNRI, and DSN

The justification for using an ideal noise suppressor is that separated output residual noise and output speech are not readily available. However, for validation of the measures in G.160 Appendix II, we may be able to generate separate output noise and output speech for certain types of noise suppressors. Suppose a noise suppressor which applies spectral gains to the input speech from one microphone. Let , , , ,  and E denote clean speech spectrum, noise spectrum, noisy speech spectrum, diagonal spectral gain matrix, enhanced speech spectrum and error. With additive noise assumption, the error can be represented by:



, where the first term  is called speech distortion and the second term  is called residual noise [6]. 
Suppose that we have clean speech, noise, and noisy speech. As for the noise suppressor which applies spectral gains to one of the microphone signals to produce output and of which source code is available, we can get  for every frame and apply it to the clean speech and noise only signals as well as noisy speech signal. Then, 6 signals would be available - S, , , , , . With these 6 signals, we can compute the actual TNLR, NPLR, SNRI and DSN. 
G.160 App. II TNLR is defined as

	,	(1)
,where 
	Kpse	is total number of noise frames during speech pauses (frame power of clean speech signal < sp_lvl + th_nh) with active noise (frame power of noisy input signal > cft_lvl);

		is a constant that should be set at 8*10–8
	cft_lvl	is a comfort noise level constant that will default to –48 dB.
		
“True” TNLR can be defined as

	,	(2)
where 
	Kpse	is total number of noise frames during speech pauses (frame power of clean speech signal < sp_lvl + th_nh) with active noise (frame power of noisy input signal > cft_lvl);

		is a constant that should be set at 8*10–8
	cft_lvl	is a comfort noise level constant that will default to –48 dB
		


using the input noise signal  and output noise signal . 



G.160 App. II NPLR is computed as (1) except it is computed for short pauses. “True” NPLR can be calculated as (2) except it is computed for short pauses. 
G.160 App. II SNRI is defined as 

		(3)

		(4)

			(5)
,where 		
· Ksph is the total number of frames containing speech of high power;
· Knse is the total number of frames containing noise during short speech pauses;
· 
 is a constant that should be set at 8*10-8 ;
· 
 is a constant that should be set at 0.0631 (equivalent to -12 dB).
The summation with respect to indices k and p is carried out in speech and noise frames of 80 samples, respectively.
SNRI_mij and SNRI_lij are computed correspondingly for medium and low power frames.
The final measure for signal-to-noise ratio improvement is equal to the SNRI for high level speech.

.	(6)
“True” SNRI is defined as

		(7)

		(8)

			(9)
,where 		
· Ksph is the total number of frames containing speech of high power;
· 
 is a constant that should be set at 8*10-8 ;
· 
 is a constant that should be set at 0.0631 (equivalent to -12 dB).
SNRI_mij and SNRI_lij are computed correspondingly for medium and low power frames.
The final measure for signal-to-noise ratio improvement is equal to the SNRI for high level speech.

		(10)
, where input and output speech/noise signals in speech active regions are used. Basically, the definition of “True” SNRI is based on the interpretation that SNRI is the estimation of the SNR improvement during speech active periods, following the intention of G.160 Appendix II AMD 2. 
The definition of G.160 App. II DSN is

.		(11)
The definition of the “true” DSN, which is the estimate of the speech level attenuation, is 

		(12)

.		(13)

4. Comparison between “True SNRI and G.160 App. II SNRI

ITU-T P.501 database was used to compare True SNRI and G.160 App. II. P.501 speech data base has 4 files for each of the 10 languages – Chinese, English, American English, Finnish, French, German, Italian, Japanese, Polish, and American Spanish. The four files for each language were concatenated to form one speech file per language which is normally 32 sec long. Also, there are 9 types of monaural noise recordings including cafeteria, in car, street, car interior noise with radio, construction, metro train, office, railway station, and restaurant noise. 
All the 10 speech files and 9 noise files were filtered with MSIN filter, and then the active speech level was adjusted to -26 dBov. The RMS level of the noises were adjusted to -32dBov and -38dBov to simulate 2 SNR conditions. So, there were 10 speech * 9 noise * 2 SNR = 180 test files in total. 
One example of a single mic noise suppression algorithm was used for the evaluation. 
The results are shown in Table 1 and a scatter plot of 180 points with G.160 App. II SNRI on the x-axis and True SNRI on the y-axis is also provided in Figure 1. The Pearson correlation coefficient is 0.7413. 
The SNRI numbers can deviate from the true values significantly, with average 4.18 dB error, while the other metrics provided by the method have lower estimation errors. This large value of error indicates that G.160 App. II SNRI is not an accurate estimate of the SNR improvement during speech activity. Moreover, the correlation between True SNRI and G.160 App. II SNRI is less than ideal, meaning that the noise suppression in the speech active region cannot be easily related to the noise suppression in short pauses for certain suppressors. Note that the G.160 SNRI error, which is the estimated value substracted by true value, is positive for a true noise suppressor, while for ideal noise suppressor, the error was found to be negative.
Table 1. G.160 App. II and true values for P.501 DB.
	Speech
	Noise
	SNR
	G.160 App II
	True values
	Error

	
	
	
	TNLR
	NPLR
	SNRI
	DSN
	TNLR
	NPLR
	SNRI
	DSN
	TNLR
	NPLR
	SNRI
	DSN

	Chi
	Cafeteria
	6
	15.44
	8.07
	5.38
	-2.69
	15.50
	8.19
	2.60
	-2.80
	-0.06
	-0.11
	2.78
	0.11

	Eng
	Cafeteria
	6
	20.69
	8.93
	6.90
	-2.03
	20.85
	10.60
	5.68
	-1.80
	-0.16
	-1.67
	1.22
	-0.23

	Fr
	Cafeteria
	6
	16.98
	11.31
	8.65
	-2.66
	17.05
	11.66
	3.81
	-2.65
	-0.08
	-0.35
	4.85
	-0.01

	Ger
	Cafeteria
	6
	20.28
	11.70
	8.56
	-3.14
	20.30
	12.20
	5.17
	-3.10
	-0.01
	-0.50
	3.39
	-0.04

	Ita
	Cafeteria
	6
	13.71
	7.74
	6.69
	-1.05
	13.80
	9.36
	3.18
	-1.12
	-0.09
	-1.62
	3.52
	0.07

	Jap
	Cafeteria
	6
	18.54
	10.28
	7.43
	-2.85
	18.56
	10.70
	2.99
	-2.91
	-0.02
	-0.42
	4.44
	0.07

	Pol
	Cafeteria
	6
	18.72
	9.08
	6.17
	-2.91
	18.73
	9.26
	2.68
	-3.24
	-0.01
	-0.18
	3.49
	0.33

	Spa
	Cafeteria
	6
	19.04
	11.43
	8.14
	-3.29
	19.06
	11.86
	3.80
	-3.42
	-0.02
	-0.43
	4.34
	0.13

	brit
	Cafeteria
	6
	16.46
	9.51
	6.83
	-2.68
	16.47
	9.80
	2.93
	-2.76
	-0.01
	-0.29
	3.90
	0.07

	finn
	Cafeteria
	6
	15.01
	9.93
	4.48
	-5.45
	15.05
	9.95
	2.53
	-5.80
	-0.05
	-0.02
	1.96
	0.36

	Chi
	Cafeteria
	12
	20.60
	11.74
	8.34
	-3.41
	20.70
	12.47
	6.75
	-2.88
	-0.10
	-0.72
	1.59
	-0.52

	Eng
	Cafeteria
	12
	16.36
	13.59
	8.93
	-4.65
	16.41
	13.60
	4.07
	-4.70
	-0.06
	-0.02
	4.87
	0.05

	Fr
	Cafeteria
	12
	20.26
	14.66
	8.73
	-5.93
	20.26
	14.84
	5.83
	-5.96
	0.00
	-0.18
	2.89
	0.03

	Ger
	Cafeteria
	12
	13.75
	9.76
	8.33
	-1.43
	13.80
	10.47
	4.02
	-1.54
	-0.04
	-0.71
	4.31
	0.11

	Ita
	Cafeteria
	12
	18.44
	12.72
	7.63
	-5.09
	18.45
	12.90
	3.30
	-5.33
	0.00
	-0.18
	4.33
	0.24

	Jap
	Cafeteria
	12
	18.48
	11.31
	5.59
	-5.72
	18.48
	11.36
	2.32
	-6.71
	0.00
	-0.05
	3.28
	0.99

	Pol
	Cafeteria
	12
	19.14
	13.96
	7.39
	-6.57
	19.15
	14.10
	3.51
	-7.13
	-0.01
	-0.14
	3.88
	0.56

	Spa
	Cafeteria
	12
	16.25
	11.47
	6.28
	-5.19
	16.26
	11.55
	2.87
	-5.52
	0.00
	-0.08
	3.41
	0.33

	brit
	Cafeteria
	12
	15.67
	9.88
	6.34
	-3.54
	15.73
	10.06
	2.26
	-3.92
	-0.06
	-0.17
	4.08
	0.38

	finn
	Cafeteria
	12
	19.49
	11.99
	9.47
	-2.52
	19.78
	13.13
	6.66
	-2.40
	-0.30
	-1.14
	2.81
	-0.12

	Chi
	car
	6
	15.72
	10.66
	7.67
	-2.99
	15.83
	10.99
	3.47
	-3.08
	-0.11
	-0.33
	4.20
	0.09

	Eng
	car
	6
	19.64
	13.81
	10.07
	-3.74
	19.76
	14.43
	6.24
	-3.70
	-0.12
	-0.62
	3.83
	-0.04

	Fr
	car
	6
	13.11
	8.19
	7.06
	-1.13
	13.27
	9.10
	3.15
	-1.29
	-0.16
	-0.91
	3.91
	0.15

	Ger
	car
	6
	17.38
	9.63
	6.42
	-3.21
	17.49
	10.09
	2.75
	-3.45
	-0.10
	-0.46
	3.67
	0.24

	Ita
	car
	6
	17.27
	11.46
	7.92
	-3.53
	17.32
	11.70
	3.18
	-3.89
	-0.05
	-0.24
	4.75
	0.36

	Jap
	car
	6
	17.97
	12.18
	7.85
	-4.32
	18.02
	12.49
	3.13
	-4.57
	-0.06
	-0.31
	4.72
	0.24

	Pol
	car
	6
	15.01
	10.01
	6.98
	-3.03
	15.04
	10.14
	2.36
	-3.35
	-0.03
	-0.13
	4.62
	0.32

	Spa
	car
	6
	14.97
	11.70
	6.28
	-5.42
	15.01
	11.74
	2.10
	-6.39
	-0.04
	-0.04
	4.18
	0.98

	brit
	car
	6
	19.56
	14.57
	10.69
	-3.88
	19.68
	14.96
	7.67
	-3.61
	-0.12
	-0.39
	3.03
	-0.26

	finn
	car
	6
	16.08
	13.23
	7.75
	-5.48
	16.15
	13.38
	3.89
	-5.72
	-0.07
	-0.15
	3.86
	0.24

	Chi
	car
	12
	20.04
	17.27
	10.85
	-6.41
	20.08
	17.50
	7.33
	-6.30
	-0.04
	-0.24
	3.53
	-0.11

	Eng
	car
	12
	13.37
	9.87
	8.24
	-1.63
	13.44
	10.24
	3.86
	-1.91
	-0.07
	-0.37
	4.37
	0.27

	Fr
	car
	12
	17.73
	12.09
	6.62
	-5.48
	17.77
	12.25
	3.07
	-6.01
	-0.04
	-0.16
	3.54
	0.53

	Ger
	car
	12
	17.17
	13.87
	7.51
	-6.35
	17.18
	13.93
	3.23
	-7.21
	-0.01
	-0.07
	4.28
	0.86

	Ita
	car
	12
	18.44
	15.18
	7.35
	-7.83
	18.45
	15.24
	2.92
	-8.59
	-0.01
	-0.06
	4.42
	0.76

	Jap
	car
	12
	14.91
	12.05
	6.76
	-5.29
	14.91
	12.08
	2.35
	-6.00
	0.00
	-0.02
	4.41
	0.71

	Pol
	car
	12
	15.79
	9.56
	6.47
	-3.09
	15.83
	9.68
	2.46
	-3.21
	-0.04
	-0.11
	4.02
	0.12

	Spa
	car
	12
	19.08
	10.61
	8.16
	-2.45
	19.17
	11.10
	5.40
	-2.26
	-0.10
	-0.50
	2.76
	-0.18

	brit
	car
	12
	17.12
	10.04
	7.34
	-2.71
	17.19
	10.31
	4.06
	-2.73
	-0.06
	-0.27
	3.27
	0.02

	finn
	car
	12
	20.06
	13.44
	9.54
	-3.90
	20.08
	13.56
	5.71
	-3.78
	-0.02
	-0.12
	3.82
	-0.12

	Chi
	con
	6
	10.66
	6.48
	5.35
	-1.13
	10.77
	7.29
	2.72
	-1.21
	-0.12
	-0.80
	2.64
	0.08

	Eng
	con
	6
	17.60
	9.81
	7.09
	-2.73
	17.64
	10.16
	2.54
	-3.02
	-0.04
	-0.35
	4.55
	0.30

	Fr
	con
	6
	17.84
	11.26
	7.45
	-3.81
	17.85
	11.34
	3.04
	-4.06
	-0.01
	-0.08
	4.41
	0.25

	Ger
	con
	6
	18.90
	12.29
	8.03
	-4.26
	18.92
	12.46
	3.51
	-4.32
	-0.02
	-0.17
	4.52
	0.06

	Ita
	con
	6
	15.68
	9.45
	6.49
	-2.97
	15.69
	9.60
	2.66
	-3.16
	-0.01
	-0.14
	3.83
	0.20

	Jap
	con
	6
	15.48
	11.83
	6.44
	-5.39
	15.51
	11.84
	2.19
	-5.86
	-0.02
	-0.01
	4.24
	0.47

	Pol
	con
	6
	18.95
	12.54
	8.53
	-4.01
	18.99
	12.70
	6.13
	-3.68
	-0.04
	-0.15
	2.40
	-0.34

	Spa
	con
	6
	17.29
	11.63
	6.73
	-4.90
	17.33
	11.73
	4.26
	-5.08
	-0.04
	-0.10
	2.47
	0.19

	brit
	con
	6
	20.23
	16.55
	9.81
	-6.74
	20.23
	16.58
	6.77
	-6.53
	0.00
	-0.02
	3.04
	-0.21

	finn
	con
	6
	10.82
	8.07
	6.45
	-1.62
	10.86
	8.39
	3.69
	-1.79
	-0.04
	-0.32
	2.75
	0.16

	Chi
	con
	12
	17.67
	11.65
	7.38
	-4.27
	17.68
	11.79
	3.00
	-4.92
	-0.02
	-0.14
	4.38
	0.65

	Eng
	con
	12
	17.58
	13.78
	6.75
	-7.03
	17.59
	13.80
	2.91
	-7.73
	0.00
	-0.02
	3.84
	0.70

	Fr
	con
	12
	18.91
	15.14
	7.41
	-7.73
	18.91
	15.17
	3.49
	-8.11
	0.00
	-0.04
	3.92
	0.39

	Ger
	con
	12
	15.61
	11.55
	6.11
	-5.43
	15.62
	11.57
	2.59
	-6.05
	0.00
	-0.02
	3.53
	0.61

	Ita
	con
	12
	16.06
	11.06
	7.86
	-3.20
	16.08
	11.32
	2.37
	-3.29
	-0.02
	-0.26
	5.49
	0.09

	Jap
	con
	12
	20.43
	11.47
	9.25
	-2.21
	20.60
	12.93
	5.21
	-1.99
	-0.17
	-1.46
	4.05
	-0.22

	Pol
	con
	12
	16.74
	11.63
	8.88
	-2.75
	16.80
	12.26
	3.82
	-2.62
	-0.06
	-0.63
	5.06
	-0.13

	Spa
	con
	12
	20.21
	14.03
	10.32
	-3.71
	20.27
	14.63
	4.93
	-3.64
	-0.06
	-0.60
	5.40
	-0.07

	brit
	con
	12
	12.60
	7.10
	6.07
	-1.04
	12.74
	8.31
	3.21
	-1.12
	-0.14
	-1.21
	2.85
	0.08

	finn
	con
	12
	18.07
	10.28
	7.36
	-2.92
	18.11
	10.68
	2.67
	-3.03
	-0.04
	-0.39
	4.70
	0.11

	Chi
	INCAR
	6
	18.37
	10.57
	7.52
	-3.05
	18.39
	10.70
	2.68
	-3.41
	-0.01
	-0.13
	4.84
	0.36

	Eng
	INCAR
	6
	18.84
	12.13
	8.66
	-3.47
	18.87
	12.31
	3.75
	-3.52
	-0.03
	-0.18
	4.90
	0.05

	Fr
	INCAR
	6
	16.45
	11.38
	8.50
	-2.88
	16.47
	11.58
	2.90
	-2.96
	-0.02
	-0.20
	5.61
	0.08

	Ger
	INCAR
	6
	15.65
	12.99
	7.45
	-5.54
	15.66
	13.08
	2.04
	-5.94
	-0.01
	-0.09
	5.41
	0.40

	Ita
	INCAR
	6
	20.53
	14.07
	10.06
	-4.01
	20.60
	14.75
	6.17
	-3.55
	-0.07
	-0.68
	3.89
	-0.46

	Jap
	INCAR
	6
	16.45
	13.86
	9.26
	-4.59
	16.46
	14.08
	4.15
	-4.39
	-0.02
	-0.22
	5.11
	-0.20

	Pol
	INCAR
	6
	20.28
	16.49
	10.37
	-6.12
	20.31
	16.71
	5.53
	-6.11
	-0.03
	-0.22
	4.84
	-0.02

	Spa
	INCAR
	6
	12.79
	9.03
	7.35
	-1.68
	12.84
	9.53
	4.07
	-1.81
	-0.05
	-0.50
	3.28
	0.12

	brit
	INCAR
	6
	18.08
	12.67
	7.23
	-5.44
	18.09
	12.84
	2.88
	-5.83
	-0.02
	-0.17
	4.35
	0.39

	finn
	INCAR
	6
	18.34
	12.41
	6.67
	-5.74
	18.34
	12.44
	2.18
	-6.81
	0.00
	-0.03
	4.50
	1.08

	Chi
	INCAR
	12
	19.05
	14.28
	7.65
	-6.63
	19.05
	14.31
	3.42
	-7.00
	0.00
	-0.04
	4.23
	0.37

	Eng
	INCAR
	12
	15.72
	13.18
	8.04
	-5.14
	15.72
	13.23
	2.71
	-5.48
	0.00
	-0.04
	5.33
	0.34

	Fr
	INCAR
	12
	14.88
	9.40
	6.61
	-2.79
	14.93
	9.55
	2.08
	-3.07
	-0.05
	-0.15
	4.52
	0.28

	Ger
	INCAR
	12
	18.81
	12.15
	9.62
	-2.53
	18.98
	12.81
	5.39
	-2.48
	-0.17
	-0.66
	4.23
	-0.05

	Ita
	INCAR
	12
	16.98
	10.32
	8.05
	-2.27
	17.10
	10.71
	3.92
	-2.38
	-0.12
	-0.39
	4.13
	0.11

	Jap
	INCAR
	12
	18.50
	12.39
	9.00
	-3.40
	18.56
	12.66
	4.67
	-3.41
	-0.06
	-0.27
	4.33
	0.01

	Pol
	INCAR
	12
	13.18
	7.80
	6.63
	-1.17
	13.38
	8.44
	2.44
	-1.26
	-0.20
	-0.64
	4.19
	0.09

	Spa
	INCAR
	12
	16.27
	10.86
	7.97
	-2.89
	16.36
	11.20
	2.43
	-3.07
	-0.09
	-0.34
	5.54
	0.18

	brit
	INCAR
	12
	16.74
	8.97
	5.93
	-3.04
	16.77
	9.10
	2.66
	-3.42
	-0.03
	-0.12
	3.27
	0.38

	finn
	INCAR
	12
	17.56
	11.38
	7.85
	-3.53
	17.58
	11.49
	2.93
	-3.78
	-0.02
	-0.11
	4.91
	0.24

	Chi
	met
	6
	15.15
	9.57
	6.56
	-3.00
	15.18
	9.72
	2.45
	-3.24
	-0.03
	-0.15
	4.11
	0.24

	Eng
	met
	6
	15.17
	11.59
	6.41
	-5.18
	15.20
	11.63
	2.02
	-5.84
	-0.02
	-0.04
	4.39
	0.66

	Fr
	met
	6
	19.53
	14.90
	10.30
	-4.60
	19.62
	15.21
	6.30
	-4.39
	-0.09
	-0.32
	3.99
	-0.20

	Ger
	met
	6
	17.47
	12.51
	8.21
	-4.30
	17.53
	12.66
	4.33
	-4.68
	-0.06
	-0.15
	3.87
	0.38

	Ita
	met
	6
	19.12
	15.86
	9.51
	-6.35
	19.15
	15.99
	5.88
	-6.35
	-0.03
	-0.13
	3.63
	0.01

	Jap
	met
	6
	13.24
	8.84
	7.36
	-1.48
	13.32
	9.09
	3.08
	-1.68
	-0.08
	-0.25
	4.28
	0.20

	Pol
	met
	6
	17.02
	13.57
	8.25
	-5.32
	17.05
	13.69
	2.55
	-5.84
	-0.03
	-0.11
	5.70
	0.52

	Spa
	met
	6
	17.26
	11.46
	5.43
	-6.03
	17.27
	11.49
	2.55
	-7.02
	-0.01
	-0.03
	2.88
	0.99

	brit
	met
	6
	18.25
	14.21
	7.15
	-7.07
	18.26
	14.24
	2.88
	-7.71
	0.00
	-0.03
	4.27
	0.64

	finn
	met
	6
	15.41
	11.51
	6.14
	-5.37
	15.41
	11.53
	2.44
	-5.93
	0.00
	-0.02
	3.71
	0.56

	Chi
	met
	12
	14.13
	9.10
	6.27
	-2.83
	14.28
	9.29
	2.56
	-3.02
	-0.15
	-0.20
	3.71
	0.20

	Eng
	met
	12
	17.81
	12.21
	10.09
	-2.12
	18.29
	13.33
	6.00
	-1.98
	-0.48
	-1.13
	4.09
	-0.14

	Fr
	met
	12
	14.77
	11.42
	8.87
	-2.55
	14.99
	11.81
	3.72
	-2.60
	-0.22
	-0.39
	5.15
	0.05

	Ger
	met
	12
	18.44
	14.46
	10.93
	-3.53
	18.60
	14.96
	5.85
	-3.47
	-0.16
	-0.50
	5.08
	-0.06

	Ita
	met
	12
	11.95
	8.61
	7.70
	-0.90
	12.26
	9.62
	3.65
	-0.92
	-0.31
	-1.01
	4.05
	0.02

	Jap
	met
	12
	16.49
	11.13
	7.84
	-3.29
	16.63
	11.61
	3.12
	-3.33
	-0.14
	-0.48
	4.71
	0.04

	Pol
	met
	12
	16.50
	12.11
	8.85
	-3.26
	16.55
	12.28
	3.38
	-3.44
	-0.05
	-0.17
	5.47
	0.18

	Spa
	met
	12
	16.98
	12.14
	8.53
	-3.61
	17.05
	12.40
	3.98
	-3.67
	-0.08
	-0.26
	4.55
	0.06

	brit
	met
	12
	15.15
	10.49
	7.80
	-2.70
	15.19
	10.62
	3.19
	-2.83
	-0.04
	-0.13
	4.61
	0.13

	finn
	met
	12
	13.61
	10.45
	5.58
	-4.87
	13.71
	10.51
	2.33
	-5.48
	-0.10
	-0.06
	3.25
	0.60

	Chi
	off
	6
	17.66
	13.64
	10.13
	-3.51
	17.93
	14.17
	6.92
	-3.22
	-0.27
	-0.53
	3.21
	-0.29

	Eng
	off
	6
	15.14
	13.36
	8.80
	-4.56
	15.27
	13.51
	3.94
	-4.84
	-0.13
	-0.15
	4.86
	0.28

	Fr
	off
	6
	18.87
	16.87
	11.01
	-5.86
	18.93
	17.07
	6.55
	-5.83
	-0.06
	-0.20
	4.46
	-0.04

	Ger
	off
	6
	12.30
	10.41
	8.96
	-1.45
	12.45
	10.93
	4.46
	-1.48
	-0.15
	-0.52
	4.50
	0.03

	Ita
	off
	6
	16.93
	13.34
	7.89
	-5.44
	16.97
	13.46
	3.31
	-5.66
	-0.04
	-0.12
	4.58
	0.21

	Jap
	off
	6
	16.73
	14.36
	8.20
	-6.15
	16.74
	14.40
	3.13
	-6.78
	-0.01
	-0.05
	5.07
	0.62

	Pol
	off
	6
	17.74
	14.71
	7.76
	-6.95
	17.76
	14.80
	3.83
	-7.28
	-0.02
	-0.09
	3.93
	0.33

	Spa
	off
	6
	15.41
	12.18
	6.96
	-5.22
	15.42
	12.20
	2.95
	-5.79
	-0.01
	-0.02
	4.00
	0.56

	brit
	off
	6
	15.16
	9.95
	6.26
	-3.69
	15.19
	10.32
	2.12
	-3.88
	-0.03
	-0.36
	4.14
	0.19

	finn
	off
	6
	19.82
	9.47
	6.84
	-2.63
	19.93
	10.88
	4.77
	-2.47
	-0.12
	-1.40
	2.07
	-0.16

	Chi
	off
	12
	17.65
	10.10
	7.14
	-2.96
	17.70
	10.61
	3.48
	-2.99
	-0.04
	-0.51
	3.66
	0.03

	Eng
	off
	12
	20.25
	12.44
	7.68
	-4.76
	20.29
	12.95
	4.25
	-4.80
	-0.04
	-0.52
	3.43
	0.05

	Fr
	off
	12
	12.75
	7.08
	5.82
	-1.26
	12.94
	9.08
	3.41
	-1.34
	-0.18
	-2.00
	2.41
	0.09

	Ger
	off
	12
	17.79
	10.29
	6.76
	-3.52
	17.84
	10.90
	2.68
	-3.72
	-0.05
	-0.62
	4.08
	0.20

	Ita
	off
	12
	18.26
	10.88
	7.11
	-3.77
	18.27
	11.11
	2.89
	-4.01
	-0.02
	-0.23
	4.22
	0.23

	Jap
	off
	12
	19.01
	11.55
	7.32
	-4.23
	19.03
	11.72
	3.52
	-4.31
	-0.02
	-0.17
	3.80
	0.08

	Pol
	off
	12
	16.73
	9.25
	5.85
	-3.40
	16.76
	9.50
	2.75
	-3.55
	-0.02
	-0.25
	3.10
	0.15

	Spa
	off
	12
	14.34
	12.34
	5.80
	-6.54
	14.35
	12.45
	1.61
	-7.09
	-0.01
	-0.11
	4.20
	0.56

	brit
	off
	12
	19.86
	12.22
	7.75
	-4.48
	19.92
	12.93
	5.60
	-4.06
	-0.05
	-0.71
	2.14
	-0.42

	finn
	off
	12
	17.34
	12.68
	7.62
	-5.06
	17.36
	12.92
	3.66
	-5.17
	-0.02
	-0.24
	3.96
	0.12

	Chi
	rai
	6
	20.45
	16.48
	8.76
	-7.72
	20.46
	16.64
	4.90
	-7.90
	-0.01
	-0.16
	3.86
	0.19

	Eng
	rai
	6
	12.86
	9.85
	8.06
	-1.80
	12.94
	10.85
	4.16
	-1.88
	-0.08
	-1.00
	3.90
	0.08

	Fr
	rai
	6
	17.84
	12.76
	6.89
	-5.88
	17.86
	12.96
	3.04
	-6.37
	-0.02
	-0.20
	3.85
	0.50

	Ger
	rai
	6
	18.04
	14.46
	7.45
	-7.02
	18.04
	14.50
	2.48
	-7.77
	0.00
	-0.04
	4.97
	0.76

	Ita
	rai
	6
	19.19
	14.68
	6.88
	-7.80
	19.19
	14.72
	3.04
	-8.14
	0.00
	-0.03
	3.84
	0.34

	Jap
	rai
	6
	16.12
	11.19
	5.36
	-5.83
	16.13
	11.27
	2.39
	-6.31
	-0.01
	-0.09
	2.97
	0.48

	Pol
	rai
	6
	14.90
	9.39
	6.21
	-3.18
	14.95
	9.70
	2.49
	-3.43
	-0.05
	-0.32
	3.72
	0.25

	Spa
	rai
	6
	18.26
	10.55
	8.37
	-2.17
	18.50
	11.67
	5.56
	-2.10
	-0.23
	-1.12
	2.82
	-0.07

	brit
	rai
	6
	15.75
	10.25
	7.72
	-2.52
	15.79
	10.52
	3.47
	-2.60
	-0.04
	-0.27
	4.26
	0.08

	finn
	rai
	6
	19.44
	12.66
	8.76
	-3.90
	19.52
	13.10
	5.07
	-3.95
	-0.08
	-0.44
	3.69
	0.05

	Chi
	rai
	12
	13.02
	6.60
	5.62
	-0.98
	13.14
	7.22
	2.91
	-1.05
	-0.12
	-0.62
	2.71
	0.07

	Eng
	rai
	12
	16.90
	10.00
	6.83
	-3.17
	16.95
	10.30
	2.69
	-3.34
	-0.05
	-0.31
	4.13
	0.17

	Fr
	rai
	12
	17.80
	10.48
	6.91
	-3.56
	17.82
	10.65
	2.63
	-3.89
	-0.02
	-0.17
	4.28
	0.33

	Ger
	rai
	12
	18.25
	11.38
	7.76
	-3.63
	18.28
	11.61
	3.63
	-3.78
	-0.04
	-0.23
	4.13
	0.15

	Ita
	rai
	12
	15.29
	9.51
	6.60
	-2.91
	15.32
	9.72
	2.88
	-3.14
	-0.03
	-0.21
	3.72
	0.24

	Jap
	rai
	12
	14.75
	11.81
	6.08
	-5.73
	14.77
	11.95
	2.53
	-6.34
	-0.02
	-0.14
	3.55
	0.62

	Pol
	rai
	12
	18.46
	13.14
	9.34
	-3.80
	18.57
	13.67
	6.67
	-3.60
	-0.11
	-0.53
	2.67
	-0.20

	Spa
	rai
	12
	15.96
	12.47
	7.82
	-4.65
	15.98
	12.55
	3.85
	-4.81
	-0.01
	-0.08
	3.97
	0.16

	brit
	rai
	12
	19.83
	15.96
	9.43
	-6.53
	19.85
	16.14
	6.12
	-6.71
	-0.03
	-0.18
	3.30
	0.17

	finn
	rai
	12
	13.07
	8.04
	6.72
	-1.32
	13.13
	8.34
	3.89
	-1.42
	-0.06
	-0.30
	2.83
	0.10

	Chi
	res
	6
	17.20
	12.22
	6.67
	-5.55
	17.22
	12.35
	2.87
	-6.03
	-0.02
	-0.13
	3.80
	0.48

	Eng
	res
	6
	17.90
	12.92
	6.31
	-6.61
	17.91
	13.00
	2.26
	-7.54
	-0.01
	-0.08
	4.05
	0.93

	Fr
	res
	6
	18.71
	14.07
	7.05
	-7.02
	18.72
	14.14
	3.37
	-7.51
	-0.01
	-0.07
	3.68
	0.49

	Ger
	res
	6
	15.48
	11.72
	6.19
	-5.53
	15.49
	11.80
	2.73
	-6.20
	-0.01
	-0.08
	3.46
	0.67

	Ita
	res
	6
	14.21
	10.05
	7.14
	-2.90
	14.25
	10.23
	1.94
	-3.28
	-0.05
	-0.18
	5.21
	0.38

	Jap
	res
	6
	19.25
	11.42
	8.95
	-2.47
	19.66
	12.89
	5.33
	-2.40
	-0.42
	-1.47
	3.62
	-0.06

	Pol
	res
	6
	15.58
	11.60
	8.74
	-2.86
	15.72
	12.16
	3.40
	-2.92
	-0.14
	-0.56
	5.34
	0.06

	Spa
	res
	6
	19.22
	14.02
	10.28
	-3.74
	19.42
	14.85
	4.61
	-3.87
	-0.21
	-0.84
	5.66
	0.13

	brit
	res
	6
	12.42
	7.78
	6.45
	-1.33
	12.69
	8.86
	2.64
	-1.47
	-0.26
	-1.08
	3.81
	0.14

	finn
	res
	6
	16.88
	11.28
	8.30
	-2.99
	16.97
	11.63
	2.71
	-3.28
	-0.09
	-0.34
	5.58
	0.29

	Chi
	res
	12
	17.60
	10.83
	7.61
	-3.21
	17.65
	11.03
	2.69
	-3.65
	-0.05
	-0.20
	4.93
	0.44

	Eng
	res
	12
	17.83
	12.28
	8.69
	-3.59
	17.90
	12.56
	3.49
	-3.79
	-0.07
	-0.28
	5.20
	0.20

	Fr
	res
	12
	15.93
	11.09
	8.16
	-2.93
	16.00
	11.39
	2.50
	-3.17
	-0.07
	-0.30
	5.66
	0.24

	Ger
	res
	12
	13.37
	11.00
	6.34
	-4.66
	13.38
	11.05
	1.56
	-5.51
	-0.01
	-0.04
	4.78
	0.85

	Ita
	res
	12
	19.09
	13.37
	9.63
	-3.74
	19.29
	14.06
	6.04
	-3.54
	-0.19
	-0.70
	3.58
	-0.21

	Jap
	res
	12
	16.03
	13.62
	8.46
	-5.16
	16.07
	13.82
	3.50
	-5.35
	-0.05
	-0.20
	4.96
	0.20

	Pol
	res
	12
	19.65
	16.83
	10.67
	-6.16
	19.73
	17.16
	5.40
	-6.34
	-0.08
	-0.33
	5.26
	0.18

	Spa
	res
	12
	12.60
	9.56
	7.74
	-1.82
	12.71
	10.03
	3.40
	-2.13
	-0.11
	-0.46
	4.34
	0.31

	brit
	res
	12
	17.03
	13.59
	8.37
	-5.22
	17.05
	13.67
	3.02
	-5.74
	-0.02
	-0.08
	5.36
	0.52

	finn
	res
	12
	17.78
	12.72
	7.01
	-5.70
	17.79
	12.76
	2.42
	-6.68
	-0.01
	-0.04
	4.60
	0.98

	Chi
	STREET
	6
	18.34
	14.67
	8.10
	-6.57
	18.35
	14.74
	3.48
	-7.01
	-0.02
	-0.07
	4.63
	0.44

	Eng
	STREET
	6
	16.18
	13.35
	7.81
	-5.54
	16.19
	13.40
	2.54
	-6.00
	-0.01
	-0.05
	5.27
	0.46

	Fr
	STREET
	6
	13.82
	9.94
	6.68
	-3.26
	14.00
	10.15
	1.57
	-3.65
	-0.18
	-0.21
	5.11
	0.39

	Ger
	STREET
	6
	17.28
	12.02
	9.12
	-2.90
	17.74
	12.95
	4.56
	-2.85
	-0.46
	-0.93
	4.55
	-0.06

	Ita
	STREET
	6
	16.03
	11.28
	8.13
	-3.14
	16.24
	11.57
	3.02
	-3.32
	-0.21
	-0.30
	5.11
	0.17

	Jap
	STREET
	6
	18.53
	14.67
	10.41
	-4.26
	18.63
	14.93
	3.65
	-4.47
	-0.10
	-0.26
	6.76
	0.21

	Pol
	STREET
	6
	12.52
	8.53
	6.96
	-1.56
	12.94
	9.67
	2.79
	-1.68
	-0.42
	-1.14
	4.17
	0.11

	Spa
	STREET
	6
	16.50
	11.26
	8.12
	-3.13
	16.63
	11.61
	1.71
	-3.35
	-0.12
	-0.35
	6.42
	0.22

	brit
	STREET
	6
	15.79
	13.26
	9.23
	-4.03
	15.85
	13.43
	2.36
	-4.35
	-0.06
	-0.17
	6.87
	0.32

	finn
	STREET
	6
	17.46
	13.75
	9.49
	-4.26
	17.53
	13.94
	2.68
	-4.54
	-0.07
	-0.19
	6.81
	0.29

	Chi
	STREET
	12
	14.52
	10.10
	7.10
	-2.99
	14.58
	10.26
	1.59
	-3.39
	-0.06
	-0.16
	5.51
	0.40

	Eng
	STREET
	12
	14.05
	11.11
	5.55
	-5.56
	14.17
	11.18
	1.30
	-6.46
	-0.12
	-0.07
	4.25
	0.89

	Fr
	STREET
	12
	17.89
	14.13
	9.44
	-4.69
	18.17
	14.63
	5.61
	-4.48
	-0.29
	-0.50
	3.83
	-0.21

	Ger
	STREET
	12
	16.71
	12.91
	7.68
	-5.23
	16.84
	13.01
	3.10
	-5.64
	-0.13
	-0.10
	4.59
	0.41

	Ita
	STREET
	12
	19.29
	16.81
	10.02
	-6.79
	19.32
	16.90
	4.37
	-7.30
	-0.03
	-0.09
	5.65
	0.51

	Jap
	STREET
	12
	12.84
	9.60
	7.47
	-2.13
	13.04
	10.15
	3.30
	-2.32
	-0.20
	-0.55
	4.17
	0.19

	Pol
	STREET
	12
	16.99
	13.19
	7.83
	-5.36
	17.03
	13.29
	1.69
	-5.91
	-0.03
	-0.10
	6.14
	0.54

	Spa
	STREET
	12
	14.79
	15.30
	8.04
	-7.26
	14.80
	15.34
	2.04
	-8.05
	-0.01
	-0.04
	5.99
	0.78

	brit
	STREET
	12
	18.01
	16.05
	8.07
	-7.98
	18.02
	16.10
	2.33
	-8.74
	-0.02
	-0.05
	5.74
	0.76

	finn
	STREET
	12
	14.14
	12.29
	6.52
	-5.77
	14.16
	12.34
	1.31
	-6.68
	-0.02
	-0.05
	5.22
	0.91

	average
	 
	16.83
	11.80
	7.73
	-4.07
	16.90
	12.13
	3.55
	-4.30
	-0.07
	-0.33
	4.18
	0.24




Figure 1. Scatter plot of G.160 App. II SNRI vs.  True SNRI.
[image: ]
5. [bookmark: _Toc305743217]Conclusion/proposal

This contribution presents discussions on SNRI measures in ITU-T G.160 Appendix II AMD 2. By applying the same spectral gains for clean speech and noise signal as well as noisy speech, the ‘true’ values of TNLR, NPLR, SNRI and DSN could be computed. While NPLR, TNLR and DSN show a low estimate error of the true value, the G.160 App. II SNRI has larger deviations, and correlation is low. 
It appears that the G.160 App. II AMD 2 revision still has significant problems in assessing the performance of a practical noise suppressor. Estimation errors > 6dB are observed even when the tool is applied within its newly restricted scope. Additionally, this contribution does not include the effects of acoustical interfaces and inter-lab variability which could further deteriorate the performance of the metric for application to terminals.
It is proposed that these findings are liaisoned to ITU-T SG16/Q16 for discussion.
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