Attachment 3 to
TD 197 (GEN/16)

Q.7/12 Rapporteur's meeting                                       Tdoc AH-09-33R2
5-9 October 2009, Lannion, France


	Question(s):
	7/12
	
	

	Study Group:
	12
	Working Party:
	1

	Source:
	Q.7/12 Rapporteurs

	Title: 
	Quality performance of G.711 extensions (pre and post processing modules)

	Contact:
	Catherine Quinquis

France Telecom Orange
France
	Tel: +33 2 96 05 14 93

Fax: +33 2 96 05 35 30

Email: catherine.quinquis@orange-ftgroup.com

	Contact:
	Paolo Usai

ETSI

France
	Tel: +33 4 92 94 42 36

Fax: +33 4 92 38 52 06
Email: paolo.usai@etsi.org

	Please don’t change the structure of this table, just insert the necessary information.


Summary
This document collects the quality test results of G.711 extension modules (pre and post processing modules of G.711.1). The subjective test results of G.711.1 Characterization tests steps 1 and 2 performed respectively in Fall 2007 and Summer 2008 as well as those of a post-processing module run in Summer 2009 are provided.
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1. Introduction
In their LS [1], Q10/16 informs Q7/12 that they plan to standardize an appendix to G.711. This Appendix will aim to provide quality enhancement to G.711 (G.711-QE) and will comprise some modules of ITU-T G.711.1 [2]. The approval is foreseen at the next SG 16 meeting (26 October – 6 November 2009).Therefore, Q10/16 has asked Q7/12 to perform the analysis of latest test results (test of a post-processing module) and also to extract results from the G.711.1 characterization phase steps 1 and 2 related to G.711-QE modules that they consider to approve as appendix of G.711.

The four modules of ITU-T Recommendation G.711.1 listed in Q10/16 LS are:
· NS: Noise Shaping (clause 7.3.2/.G.711.1 [2])

· NG: Noise gate (clause 8.7/.G.711.1 [2])

· FEC: lower band Frame Erasure concealment (clause 8.4/G.711.1 [2])

· PF: lower band PostFiltering (Appendix I to G.711.1 [2])
2. Overview of the testing phases

The quality of various combinations of these modules has been evaluated during three sets of formal subjective quality tests performed by SG12.

These three sets of tests are:

· G.711.1 optimization/characterization phase step 1 (step1) 
· G.711.1 characterization phase step 2 (step2)
· G.711 pre- or post processing module for ITU-T G.711 legacy codec post-processing characterization phase (step3)
Step1 was performed in Fall 2007. The quality assessment test plan is found in the attachment 1 of Q7/12 outgoing LS to Q10/16 [3]. The results are reported in section 2 and the annex of this OLS. The processing test plan is in [4].
Step2 was performed in Summer 2008. The quality assessment test plan is found in the attachment 1 of Q7/12 outgoing LS to Q10/16 [5]. The results are reported in another LS [6]. The processing test plan is in [7].
Step3 was performed in Summer 2009. The quality assessment test plan is found in the attachment 1 of Q7/12 outgoing LS to Q10/16 [8]. The processing test plan is in [9]. The results are reported in two documents [10], [11] submitted at this Q7/12 October 2009 meeting. 
The table below indicates for each experiment of these phases, the two languages and the two listening laboratories. 
Table 1: Lab and languages allocations 
	Step
	Experiment
	Lab A 
	Language A
	Lab B 
	Language B

	1
	Exp1a
	ETRI
	Korean
	VoiceAge
	North American English

	1
	Exp2
	NTT
	Music
	Huawei
	Music

	1
	Exp3
	NTT
	Japanese
	ETRI
	Korean

	2
	Exp1a
	NTT
	Japanese
	France Telecom
	French

	2
	Exp2a
	NTT
	Music
	France Telecom
	Music

	2
	Exp3
	VoiceAge
	North American English
	France Telecom
	French

	3
	Exp1
	Huawei
	Chinese
	France Telecom
	French

	3
	Exp2
	Huawei
	Music
	France Telecom
	Music

	3
	Exp3
	Huawei
	Chinese
	France Telecom
	French


3. Tested combinations

The table below gives the combinations tested. The test conditions are also indicated as well as the step and the experiment. For each condition both laws (A-law and µ-law) were tested.
Table 2: Tested combinations 

	Combinations
	Step
	Exp
	Conditions

	NS+NG+PF+FEC
	2
	1a
	Clean Speech: 3% RFER & 3 %BFER at -26dBov

	NS+NG+FEC
	1
	1a
	Clean Speech: 3% RFER & 3 %BFER at -26dBov

	NS+NG+FEC
	2
	1a
	Clean Speech: 3% RFER & 3 %BFER at -26dBov

	NS+NG+PF
	2
	1a
	Clean Speech: -26, -16, -36 dBov

	NS+NG+PF
	2
	2a
	Music

	NS+NG
	1
	1a
	Clean Speech: -26, -16, -36 dBov

	NS+NG
	1
	2a
	Music

	NS+NG
	1
	3a, b, c, d
	Background noises: a: background music SNR=25dB; b: office noise SNR=20dB; c: babble noise SNR=30dB; d: interfering talker SNR = 15dB

	NS+NG
	2
	1a
	Clean Speech: -26, -16, -36 dBov

	NS+NG
	2
	2a
	Music

	NG+PF
	2
	1a
	Clean Speech: -26 dBov

	NG+PF
	2
	2a
	Music

	NS+PF
	2
	3a, b, c, d
	Background noises: a: background music SNR=25dB; b: office noise SNR=20dB; c: babble noise SNR=30dB; d: interfering talker SNR = 15dB

	NG
	1
	1a
	Clean Speech: -26 dBov

	NG
	1
	2a
	Music

	NG
	2
	1a
	Clean Speech: -26 dBov

	NG
	2
	2a
	Music

	NG
	2
	3a, b, c, d
	Background noises: a: background music SNR=25dB; b: office noise SNR=20dB; c: babble noise SNR=30dB; d: interfering talker SNR = 15dB

	NS
	1
	1a
	Clean Speech: -26 dBov

	NS
	1
	2a
	Music

	PF
	3
	1
	Clean Speech: -26, -16, -36 dBov

	PF
	3
	1
	Clean Speech: 3 %BFER at -26dBov (with G.711 Appendix I)

	PF
	3
	2
	Music

	PF
	3
	3
	Background noises: office noise SNR=20dB; babble noise SNR=30dB; interfering talker SNR = 15dB


It should be noticed that to characterize various usages in VoIP use cases, there were some differences in the processing in the three steps. In step1, RXIRS16 output filtering was used whereas it was not in steps 2 and 3. In steps 1 and 2, the down sampling from 16 kHz to 8 kHz was internally performed by the G.711.1 encoder whereas in step3, the ITU-T STL flat filtering was used.
4. Results from the three steps 

4.1) Step1 (extract from G.711.1 characterization phase step1 test results [3])
In step1: CuT = G.711.1 (without its Appendix I)

In exp1a, four combinations in Clean Speech are tested in the following conditions:

· combination "NS+NG" at 3 input levels ( -26, -16, -36 dBov) in conditions 19, 21, 22  (A-law) and 26, 28, 29 (u-law).  

· combination "NS+NG+FEC" at 3% RFER & 3 %BFER at -26dBov in conditions 23, 25  (A-law) and 30, 32 (u-law).

· combination "NG" at -26 dBov in conditions 33 (A-law) and 34 (u-law).
· combination "NS" at -26 dBov in conditions 35 (A-law) and 36 (u-law).
In exp2, three combinations in music are tested in the following conditions:

· combination "NS+NG" in conditions 9 (A-law) and 11 (u-law).  

· combination "NG" in conditions 13 (A-law) and 14 (u-law).

· combination "NS" in conditions 15 (A-law) and 16 (u-law).

In exp3, one combination with 4 background noise types is tested in the following conditions:

· combination "NS+NG" in conditions 9 (A-law) and 11 (u-law).

Table 3: Results from exp1a step1 (extract from [3]) 

	
	Exp1a (clean speech)
	
	
	VoiceAge
	ETRI

	Number
	Conditions
	Level
	FER
	mean
	std
	mean
	std

	8
	Direct
	-26 dBov
	0%
	4.109
	0.719
	4.380 
	0.691 

	9
	G.711@64k A-law
	-26 dBov
	0%
	3.161
	0.716
	2.911 
	0.653 

	10
	G.711@64k A-law
	-16 dBov
	0%
	3.880
	0.687
	3.859 
	0.721 

	11
	G.711@64k A-law
	-36 dBov
	0%
	2.333
	0.617
	2.057 
	0.562 

	12
	G.711@64k A-law with Appendix I
	-26 dBov
	3% random
	3.073
	0.734
	2.797 
	0.706 

	13
	G.711@64k A-law with Appendix I
	-26 dBov
	3% bursty
	3.042
	0.700
	2.703 
	0.766 

	14
	G.711@64k u-law
	-26 dBov
	0%
	3.651
	0.685
	3.568 
	0.749 

	15
	G.711@64k u-law
	-16 dBov
	0%
	3.958
	0.715
	3.901 
	0.796 

	16
	G.711@64k u-law
	-36 dBov
	0%
	3.797
	0.776
	3.010 
	0.709 

	17
	G.711@64k u-law with Appendix I
	-26 dBov
	3% random
	3.599
	0.694
	3.469 
	0.723 

	18
	G.711@64k u-law with Appendix I
	-26 dBov
	3% bursty
	3.542
	0.744
	3.375 
	0.796 

	19
	CuT@64k (R1) A-law
	-26 dBov
	0%
	4.406
	0.640
	4.047 
	0.754 

	21
	CuT@64k (R1) A-law
	-16 dBov
	0%
	4.078
	0.751
	3.979 
	0.805 

	22
	CuT@64k (R1) A-law
	-36 dBov
	0%
	4.177
	0.772
	3.615 
	0.743 

	23
	CuT@64k (R1) A-law
	-26 dBov
	3% random
	4.255
	0.733
	3.922 
	0.751 

	25
	CuT@64k (R1) A-law
	-26 dBov
	3% bursty
	4.063
	0.770
	3.672 
	0.863 

	26
	CuT@64k (R1) u-law
	-26 dBov
	0%
	4.406
	0.703
	4.073 
	0.802 

	28
	CuT@64k (R1) u-law
	-16 dBov
	0%
	4.052
	0.700
	4.047 
	0.788 

	29
	CuT@64k (R1) u-law
	-36 dBov
	0%
	4.385
	0.653
	3.755 
	0.804 

	30
	CuT@64k (R1) u-law
	-26 dBov
	3% random
	4.198
	0.781
	3.995 
	0.741 

	32
	CuT@64k (R1) u-law
	-26 dBov
	3% bursty
	4.214
	0.826
	3.781 
	0.877 

	33
	G.711Enc-CuTDec A-law 
	-26 dBov
	0%
	3.120
	0.717
	3.052 
	0.750 

	34
	G.711Enc-CuTDec u-law 
	-26 dBov
	0%
	4.146
	0.752
	3.818 
	0.846 

	35
	CuTEnc-G.711Dec A-law 
	-26 dBov
	0%
	4.354
	0.671
	3.865 
	0.814 

	36
	CutEnc-G.711Dec u-law 
	-26 dBov
	0%
	4.250
	0.738
	4.026 
	0.789 


Table 4: Results from exp2a step1 (extract from [3]) 

	
	Exp2a (music)
	Huawei
	NTT

	Number
	Condition
	mean
	std.
	mean
	std.

	6
	Direct
	3.898 
	0.800 
	3.43
	0.968

	7
	G.711@64k A-law
	3.770 
	0.829 
	3.30
	1.002

	8
	G.711@64k u-law
	3.773 
	0.856 
	3.36
	0.959

	9
	CuT@64k (R1) A-law
	3.859 
	0.828 
	3.47
	0.953

	11
	CuT@64k (R1) u-law
	3.855 
	0.816 
	3.52
	1.006

	13
	G.711Enc-CuTDec A-law
	3.723 
	0.839 
	3.34
	0.898

	14
	G.711Enc-CuTDec u-law 
	3.785 
	0.834 
	3.44
	0.992

	15
	CuTEnc-G.711Dec A-law
	3.859 
	0.847 
	3.45
	1.005

	16
	CutEnc-G.711Dec u-law
	3.844 
	0.830 
	3.49
	0.946


Table 5: Results from exp3a step1 (extract from [3]) 

	
	Exp3a background music SNR=25dB
	NTT
	ETRI

	Number
	Condition
	mean
	std
	mean
	std

	6
	Direct
	4.82
	0.44
	4.81 
	0.430 

	7
	G.711@64k A-law
	4.56
	0.59
	4.35 
	0.595 

	8
	G.711@64k u-law
	4.60
	0.61
	4.39 
	0.603 

	9
	CuT@64k (R1) A-law
	4.77
	0.47
	4.58 
	0.545 

	11
	CuT@64k (R1) u-law
	4.79
	0.45
	4.60 
	0.511 


Table 6: Results from exp3b step1 (extract from [3]) 

	
	Exp3b office noise SNR=20dB
	NTT
	ETRI

	Number
	Condition
	mean
	std
	mean
	std

	6
	Direct
	4.83
	0.40
	4.73 
	0.457 

	7
	G.711@64k A-law
	4.77
	0.46
	4.68 
	0.501 

	8
	G.711@64k u-law
	4.76
	0.45
	4.57 
	0.556 

	9
	CuT@64k (R1) A-law
	4.82
	0.41
	4.68 
	0.512 

	11
	CuT@64k (R1) u-law
	4.80
	0.41
	4.73 
	0.446 


Table 7: Results from exp3c step1 (extract from [3]) 

	
	Exp3c babble noise SNR=30dB
	NTT
	ETRI

	Number
	Condition
	mean
	std
	mean
	Std

	6
	Direct
	4.78
	0.47
	4.80 
	0.429 

	7
	G.711@64k A-law
	4.68
	0.55
	4.48 
	0.596 

	8
	G.711@64k u-law
	4.60
	0.59
	4.51 
	0.639 

	9
	CuT@64k (R1) A-law
	4.74
	0.49
	4.61 
	0.540 

	11
	CuT@64k (R1) u-law
	4.77
	0.52
	4.76 
	0.443 


Table 8: Results from exp3d step1 (extract from [3]) 

	
	Exp3d  interfering talker SNR = 15dB
	NTT
	ETRI

	Number
	Condition
	mean
	std
	mean
	std

	6
	Direct
	4.73
	0.54
	4.85 
	0.382 

	7
	G.711@64k A-law
	4.52
	0.70
	4.43 
	0.627 

	8
	G.711@64k u-law
	4.58
	0.65
	4.48 
	0.596 

	9
	CuT@64k (R1) A-law
	4.64
	0.66
	4.62 
	0.518 

	11
	CuT@64k (R1) u-law
	4.64
	0.62
	4.65 
	0.531 


4.2) STEP2 (G.711.1 characterization phase step2)
In step2: CuT = G.711.1 with its Appendix I

In exp1a, six combinations in Clean Speech are tested in the following conditions:

· combination "NS+NG" at 3 input levels ( -26, -16, -36 dBov) in conditions 19, 20, 21  (A-law) and 24, 25, 26 (u-law).

· combination "NS+NG+FEC" at 3% RFER & 3 %BFER at -26dBov in conditions 22, 23  (A-law) and 27, 28 (u-law).

· combination "NG" at -26 dBov in conditions 29 (A-law) and 30 (u-law).

· combination "NS+NG+PF" at 3 input levels ( -26, -16, -36 dBov) in conditions 31, 32, 33 (A-law) and 36, 37, 38 (u-law).

· combination "NS+NG+PF+FEC" at 3% RFER & 3 %BFER at -26dBov in conditions 34, 35 (A-law) and 39, 40 (u-law).

· combination "NG+PF" at -26 dBov in conditions 41 (A-law) and 42 (u-law).

In exp2, four combinations in music are tested in the following conditions:

· combination "NS+NG" in conditions 9 (A-law) and 10 (u-law).  

· combination "NG" in conditions 11 (A-law) and 12 (u-law).

· combination "NS+NG+PF" in conditions 13 (A-law) and 14 (u-law).

· combination "NG+PF" in conditions 15 (A-law) and 16 (u-law).

In exp3, two combinations with 4 background noise types are tested in the following conditions:

· combination "NG" in conditions 9 (A-law) and 10 (u-law).

· combination "NG+PF" in conditions 11 (A-law) and 12 (u-law).

Table 9: Results from exp1a step2 (extract from [6]) 

	
	Exp1a (clean speech)
	
	
	Lab A (French)
	Lab B (Japanese)

	Number
	Condition
	Input level
	FER
	mean
	std
	mean
	std

	8
	Direct
	-26 dBov
	0%
	4.47
	0.56
	3.97
	0.84

	9
	G.711@64k A-law
	-26 dBov
	0%
	3.29
	0.82
	3.42
	0.90

	10
	G.711@64k A-law
	-16 dBov
	0%
	3.88
	0.76
	3.69
	0.85

	11
	G.711@64k A-law
	-36 dBov
	0%
	2.38
	0.79
	2.66
	0.83

	12
	G.711@64k A-law with Appendix I
	-26 dBov
	3% random
	3.24
	0.78
	2.79
	0.89

	13
	G.711@64k A-law with Appendix I
	-26 dBov
	3% bursty
	3.10
	0.77
	2.82
	0.89

	14
	G.711@64k u-law
	-26 dBov
	0%
	3.64
	0.74
	3.49
	0.81

	15
	G.711@64k u-law
	-16 dBov
	0%
	3.86
	0.81
	3.65
	0.86

	16
	G.711@64k u-law
	-36 dBov
	0%
	3.11
	0.76
	3.53
	0.84

	17
	G.711@64k u-law with Appendix I
	-26 dBov
	3% random
	3.66
	0.68
	2.95
	0.85

	18
	G.711@64k u-law with Appendix I
	-26 dBov
	3% bursty
	3.61
	0.71
	2.91
	0.92

	19
	G.711.1@64k (R1) A-law
	-26 dBov
	0%
	4.19
	0.74
	3.90
	0.85

	20
	G.711.1@64k (R1) A-law
	-16 dBov
	0%
	4.01
	0.78
	3.94
	0.81

	21
	G.711.1@64k (R1) A-law
	-36 dBov
	0%
	3.72
	0.78
	3.70
	0.84

	22
	G.711.1@64k (R1) A-law
	-26 dBov
	3% random
	4.09
	0.74
	3.44
	0.93

	23
	G.711.1@64k (R1) A-law
	-26 dBov
	3% bursty
	3.93
	0.87
	3.12
	1.03

	24
	G.711.1@64k (R1) u-law
	-26 dBov
	0%
	4.29
	0.72
	3.83
	0.81

	25
	G.711.1@64k (R1) u-law
	-16 dBov
	0%
	4.11
	0.76
	3.82
	0.86

	26
	G.711.1@64k (R1) u-law
	-36 dBov
	0%
	4.14
	0.70
	3.71
	0.84

	27
	G.711.1@64k (R1) u-law
	-26 dBov
	3% random
	4.11
	0.74
	3.39
	0.88

	28
	G.711.1@64k (R1) u-law
	-26 dBov
	3% bursty
	3.98
	0.82
	3.03
	0.99

	29
	G.711Enc-G.711.1Dec A-law
	-26 dBov
	0%
	3.37
	0.70
	3.43
	0.86

	30
	G.711Enc-G.711.1Dec u-law 
	-26 dBov
	0%
	3.91
	0.80
	3.74
	0.84

	31
	CuT@64k (R1) A-law
	-26 dBov
	0%
	4.47
	0.69
	4.00
	0.77

	32
	CuT@64k (R1) A-law
	-16 dBov
	0%
	4.41
	0.67
	3.93
	0.86

	33
	CuT@64k (R1) A-law
	-36 dBov
	0%
	4.28
	0.71
	3.79
	0.79

	34
	CuT@64k (R1) A-law
	-26 dBov
	3% random
	4.40
	0.66
	3.50
	0.95

	35
	CuT@64k (R1) A-law
	-26 dBov
	3% bursty
	4.20
	0.87
	3.15
	1.00

	36
	CuT@64k (R1) u-law
	-26 dBov
	0%
	4.47
	0.65
	3.91
	0.83

	37
	CuT@64k (R1) u-law
	-16 dBov
	0%
	4.49
	0.64
	3.87
	0.85

	38
	CuT@64k (R1) u-law
	-36 dBov
	0%
	4.38
	0.67
	3.81
	0.82

	39
	CuT@64k (R1) u-law
	-26 dBov
	3% random
	4.38
	0.71
	3.49
	0.92

	40
	CuT@64k (R1) u-law
	-26 dBov
	3% bursty
	4.17
	0.87
	3.13
	1.06

	41
	G.711Enc-CuTDec A-law 
	-26 dBov
	0%
	3.73
	0.80
	3.67
	0.81

	42
	G.711Enc-CuTDec u-law 
	-26 dBov
	0%
	4.18
	0.72
	3.78
	0.82


Table 10: Results from exp2a step2 (extract from [6]) 

	
	Exp#2a (music)
	Lab A (France Telecom) 
	Lab B (NTT)

	Number
	Condition
	mean
	std
	mean
	std

	5
	Direct1
	4.19
	0.90
	3.41
	0.92

	6
	Direct2
	4.30
	0.78
	3.50
	0.97

	7
	G.711@64k A-law
	3.76
	1.02
	3.41
	0.93

	8
	G.711@64k u-law
	3.80
	1.01
	3.40
	0.95

	9
	G.711.1@64k (R1) A-law
	3.98
	0.94
	3.48
	0.89

	10
	G.711.1@64k (R1) u-law
	4.04
	0.92
	3.51
	0.94

	11
	G.711Enc-G.711.1Dec A-law 
	3.75
	1.01
	3.47
	0.91

	12
	G.711Enc-G.711.1Dec u-law 
	3.83
	1.07
	3.47
	0.95

	13
	CuT@64k (R1) A-law
	3.93
	1.00
	3.47
	0.93

	14
	CuT@64k (R1) u-law
	3.97
	1.01
	3.42
	0.96

	15
	G.711Enc-CuTDec A-law
	3.85
	0.98
	3.43
	0.88

	16
	G.711Enc-CuTDec u-law
	3.82
	0.99
	3.41
	0.92


Direct1:  8 kHz sampled input; to be processed with FLAT1 filter in ITU-T STL2005 (or the latest version available)
Direct2: 16 kHz sampled input; to be processed with P.341 filter in ITU-T STL2005 down-sampled with HQ2

Table   11: Results from exp3a step2 (extract from [6]) 

	
	Exp#3a (Background music SNR=25dB)
	Lab A (French)
	Lab C (American English)

	Number
	Condition
	mean
	std
	mean
	Std

	6
	Direct
	4.68
	0.53
	4.81
	0.42

	7
	G.711@64k A-law
	4.19
	0.72
	3.79
	0.75

	8
	G.711@64k u-law
	4.23
	0.72
	4.38
	0.71

	9
	G.711Enc-G.711.1Dec A-law
	4.20
	0.74
	3.73
	0.76

	10
	G.711Enc-G.711.1Dec u-law
	4.27
	0.71
	4.38
	0.71

	11
	G.711Enc-CuTDec A-law 
	4.47
	0.65
	4.08
	0.78

	12
	G.711Enc-CuTDec u-law
	4.53
	0.60
	4.53
	0.67


Table 12  : Results from exp3b step2 (extract from [6]) 

	
	Exp#3b test results (Office noise SNR=20dB)
	Lab A (French)
	Lab C (American English)

	Number
	Condition
	mean
	std
	mean
	std

	6
	Direct
	4.72
	0.52
	4.56
	0.59

	7
	G.711@64k A-law
	4.45
	0.72
	4.48
	0.69

	8
	G.711@64k u-law
	4.49
	0.66
	4.46
	0.73

	9
	G.711Enc-G.711.1Dec A-law
	4.49
	0.68
	4.36
	0.72

	10
	G.711Enc-G.711.1Dec u-law
	4.44
	0.70
	4.41
	0.64

	11
	G.711Enc-CuTDec A-law 
	4.42
	0.76
	4.48
	0.70

	12
	G.711Enc-CuTDec u-law
	4.56
	0.63
	4.41
	0.67


Table   13: Results from exp3c step2 (extract from [6]) 

	
	Exp#3c (Babble noise SNR=30dB)
	Lab A (French)
	Lab C (American English)

	Number
	Condition
	mean
	std
	mean
	std

	6
	Direct
	4.74
	0.47
	4.849
	0.413

	7
	G.711@64k A-law
	4.32
	0.68
	3.776
	0.707

	8
	G.711@64k u-law
	4.50
	0.60
	4.328
	0.664

	9
	G.711Enc-G.711.1Dec A-law
	4.28
	0.73
	3.719
	0.674

	10
	G.711Enc-G.711.1Dec u-law
	4.31
	0.68
	4.271
	0.709

	11
	G.711Enc-CuTDec A-law 
	4.53
	0.63
	4.146
	0.663

	12
	G.711Enc-CuTDec u-law
	4.63
	0.55
	4.276
	0.739


Table   14: Results from exp3d step2 (extract from [6]) 

	
	Exp#3d (Interfering talker SNR = 15dB)
	Lab A (French)
	Lab C (American English)

	Number
	Condition
	mean
	std
	mean
	Std

	6
	Direct
	4.77
	0.45
	4.63
	0.63

	7
	G.711@64k A-law
	4.21
	0.78
	4.17
	0.80

	8
	G.711@64k u-law
	4.26
	0.76
	4.39
	0.69

	9
	G.711Enc-G.711.1Dec A-law
	4.17
	0.71
	4.10
	0.84

	10
	G.711Enc-G.711.1Dec u-law
	4.20
	0.76
	4.36
	0.73

	11
	G.711Enc-CuTDec A-law 
	4.55
	0.59
	4.60
	0.58

	12
	G.711Enc-CuTDec u-law
	4.54
	0.66
	4.63
	0.57


4.3) STEP3 (Assessment of for pre- or post processing module for ITU-T G.711 legacy codec)

In step3: CuT = G.711 codec with followed by G.711.1 Appendix I. One combination "PF" is tested in three experiments.
· In exp1a, in Clean Speech at 3 input levels (-26, -16, -36 dBov) in conditions 17, 18, 19 (A-law) and 21, 22, 23 (u-law) and at 3%BFER at -26dBov in conditions 20 (A-law) and 24 (u-law).

· In exp2, in music in conditions 7 (A-law) and 8 (u-law).  

· In exp3, for 3 background noise types 

· Office noise in conditions 7 (A-law) and 8 (u-law).

· Babble noise in conditions 15 (A-law) and 16 (u-law).

· Interfering talker in conditions 23 (A-law) and 24 (u-law).

Tables 15 to 17 will be completed after Q7/12 review of the test results submitted at this October meeting [10], [11].

Table   15: Results from exp1a step3 (extract from [10] and [11]) 

	
	Exp1 (clean speech)
	
	
	Huawei
	France Telecom 

	Number
	Conditions
	Level
	FER
	mean
	std
	mean
	std

	8
	Direct
	-26 dBov
	0%
	4.500
	0.671
	4.427
	0.683

	9
	G.711@64k A-law
	-26 dBov
	0%
	3.490
	0.799
	3.708
	0.830

	10
	G.711@64k A-law
	-16 dBov
	0%
	4.120
	0.724
	4.104
	0.825

	11
	G.711@64k A-law
	-36 dBov
	0%
	2.479
	0.812
	2.885
	0.891

	12
	G.711@64k A-law with Appendix I
	-26 dBov
	3% bursty
	3.318
	0.861
	3.469
	1.013

	13
	G.711@64k µ-law
	-26 dBov
	0%
	3.938
	0.691
	3.901
	0.809

	14
	G.711@64k µ-law
	-16 dBov
	0%
	4.167
	0.726
	4.057
	0.807

	15
	G.711@64k µ-law
	-36 dBov
	0%
	3.245
	0.804
	3.672
	0.893

	16
	G.711@64k µ-law with Appendix I
	-26 dBov
	3% bursty
	3.760
	0.755
	3.729
	0.976

	17
	CuTA-law
	-26 dBov
	0%
	4.177
	0.731
	4.250
	0.779

	18
	CuTA-law
	-16 dBov
	0%
	4.453
	0.715
	4.266
	0.722

	19
	CuTA-law
	-36 dBov
	0%
	4.073
	0.720
	3.781
	0.923

	20
	CuTA-law with appendix I of G.711
	-26 dBov
	3% bursty
	4.068
	0.800
	3.870
	0.920

	21
	CuTµ-law
	-26 dBov
	0%
	4.417
	0.666
	4.271
	0.765

	22
	CuTµ-law
	-16 dBov
	0%
	4.464
	0.630
	4.240
	0.720

	23
	CuTµ-law
	-36 dBov
	0%
	4.344
	0.743
	4.167
	0.775

	24
	CuTµ-law with appendix I of G.711
	-26 dBov
	3% bursty
	4.167
	0.782
	3.948
	0.902


Table   16: Results from exp2 step3 (extract from [10] and [11]) 

	
	Exp2a (music)
	Huawei
	France Telecom 

	Number
	Condition
	mean
	std.
	mean
	std.

	4
	Direct
	4.031
	0.881
	3.922
	1.018

	5
	G.711@64k A-law
	3.988
	0.847
	3.848
	0.910

	6
	G.711@64k µ-law
	3.918
	0.893
	3.910
	0.960

	7
	CuTA-law
	3.969
	0.867
	3.887
	0.986

	8
	CuTµ-law
	3.914
	0.886
	3.852
	0.991


Table   17: Results from exp3 step3 (extract from [10] and [11]) 

	
	
	
	Huawei
	France Telecom 

	Number
	Condition
	Noise
	mean
	mean
	std
	std

	4
	Direct
	office noise SNR=20dB
	4.448
	0.586
	4.698
	0.472

	5
	G.711@64k A-law
	office noise SNR=20dB
	4.458
	0.646
	4.531
	0.560

	6
	G.711@64k u-law
	office noise SNR=20dB
	4.401
	0.614
	4.500
	0.588

	7
	CuTA-law
	office noise SNR=20dB
	4.495
	0.655
	4.594
	0.598

	8
	CuTµ-law
	office noise SNR=20dB
	4.432
	0.635
	4.724
	0.493

	12
	Direct
	babble noise SNR=30dB
	4.573
	0.618
	4.828
	0.392

	13
	G.711@64k A-law
	babble noise SNR=30dB
	4.099
	0.841
	4.432
	0.635

	14
	G.711@64k u-law
	babble noise SNR=30dB
	4.292
	0.765
	4.557
	0.567

	15
	CuTA-law
	babble noise SNR=30dB
	4.156
	0.797
	4.635
	0.524

	16
	CuTµ-law
	babble noise SNR=30dB
	4.250
	0.773
	4.609
	0.578

	20
	Direct
	interfering talker SNR = 15dB
	4.656
	0.538
	4.786
	0.411

	21
	G.711@64k A-law
	interfering talker SNR = 15dB
	3.984
	0.847
	4.245
	0.736

	22
	G.711@64k u-law
	interfering talker SNR = 15dB
	4.260
	0.762
	4.344
	0.602

	23
	CuTA-law
	interfering talker SNR = 15dB
	4.479
	0.701
	4.625
	0.556

	24
	CuTµ-law
	interfering talker SNR = 15dB
	4.531
	0.678
	4.495
	0.655


5. STATISTICAL ANALYSIS

Comparisons are computed with a confidence interval of 95%.

The results of comparison are given by "nwt" for "not worse than" and "bt" for "better than".

5.1) STEP1 

[3] AH-08-18 "LS to ITU-T SG 16 on Speech and audio coding matters", source: Rapporteurs Q7/12, Lannion, France, 15-18 January 2008
5.2) STEP2 

[6] AH-08-91 "LS on audio matters (To: SG16 Q9/16, Q10/16 and Q23/16)", source: Rapporteurs Q7/12, Geneva, 29 September - 2 October 2008
AH-08-83 "Summary of characterization step2 of G.711.1", source: Rapporteurs Q7/12, Geneva, 29 September - 2 October 2008
Table   18:Exp 1a Clean speech

	Test Condition
	Lvl
	Reference condition
	Lab A 
	Lab B 

	C31-NS+NG+PF (A-law)
	-26
	C9-G.711@64k (A-law)
	BT
	BT

	C32-NS+NG+PF (A-law)
	-16
	C10-G.711@64k (A-law)
	BT
	BT

	C32-NS+NG+PF (A-law)
	-36
	C11-G.711@64k (A-law)
	BT
	BT

	C34-NS+NG+PF+FEC(A-law) , 3% random FER
	-26
	C12-G.711@64k App.1 (A-law) , 3% random FER
	BT
	BT

	C35-NS+NG+PF+FEC(A-law) , 3% bursty FER
	-26
	C13-G.711@64k App.1 (A-law) , 3% bursty FER
	BT
	BT

	C36-NS+NG+PF (u-law)
	-36
	C14-G.711@64k (u-law)
	BT
	BT

	C37-NS+NG+PF (u-law)
	-16
	C15-G.711@64k (u -law)
	BT
	BT

	C38-NS+NG+PF (u-law)
	-16
	C16-G.711@64k (u-law)
	BT
	BT

	C39-NS+NG+PF+FEC(u-law) , 3% random FER
	-26
	C17-G.711@64k App.1 (u -law) , 3% random FER
	BT
	BT

	C40-NS+NG+PF+FEC(u-law) , 3% bursty FER
	-26
	C18-G.711@64k App.1 (u-law), 3% bursty FER
	BT
	BT

	C31-NS+NG+PF (A-law)
	-26
	C19-NS+NG (A-law)
	BT
	BT

	C32-NS+NG+PF (A-law)
	-16
	C20-NS+NG (A-law)
	BT
	nwt

	C32-NS+NG+PF (A-law)
	-36
	C21-NS+NG (A-law)
	BT
	nwt

	C34-NS+NG+PF+FEC(A-law) , 3% random FER
	-26
	C22-NS+NG+FEC (A-law) , 3% random FER
	BT
	nwt

	C35-NS+NG+PF+FEC(A-law) , 3% bursty FER
	-26
	C23-NS+NG+FEC (A-law) , 3% bursty FER
	BT
	nwt

	C36-NS+NG+PF (u-law)
	-26
	C24-NS+NG (u-law)
	BT
	nwt

	C37-NS+NG+PF (u-law)
	-16
	C25-NS+NG (u -law)
	BT
	nwt

	C38-NS+NG+PF (u-law)
	-36
	C26-NS+NG (u-law)
	BT
	BT

	C39-NS+NG+PF+FEC(u-law) , 3% random FER
	-26
	C27-NS+NG+FEC (u -law) , 3% random FER
	BT
	BT

	C40-NS+NG+PF+FEC(u-law) , 3% bursty FER
	-26
	C28-NS+NG+FEC (u-law), 3% bursty FER
	BT
	BT

	C41-NG+PF (A-law)
	-26
	C29-NG (A-law)
	BT
	BT

	C42-NG+PF (u-law)
	-26
	C30-NG (u-law)
	BT
	nwt


Table   19:Exp2A music
	Test Condition
	Reference condition
	Lab A  
	Lab B

	C13-NS+NG+PF (A-law)
	C7-G.711@64k (A-law)
	BT
	nwt

	C14-NS+NG+PF (u-law)
	C8-G.711@64k (u-law)
	BT
	nwt

	C13-NS+NG+PF (A-law)
	C9-NS+NG (A-law)
	nwt
	nwt

	C14-NS+NG+PF (u-law)
	C10- NS+NG(u-law)
	nwt
	fail

	C15- NG+PF (A-law)
	C11-NG (A-law)
	nwt
	nwt

	C16- NG+PF ( u-law)
	C12-NG (u-law) 
	nwt
	nwt

	C11-NG (A-law) 
	C7-G.711@64k (A-law)
	nwt
	nwt

	C12-NG (u-law)
	C8-G.711@64k (u-law)
	nwt
	nwt

	C15- NG+PF (A-law)
	C7-G.711@64k (A-law)
	nwt
	nwt

	C16- NG+PF (u-law)
	C8-G.711@64k (u-law)
	nwt
	nwt


Table   20:Exp#3a Background music SNR=25dB

	Test Condition
	Reference condition
	Lab A 
	Lab B 

	C11-NG+PF (A-law) 
	C7-G.711@64k (A-law)
	BT
	BT

	C12-NG+PF (u-law)
	C8-G.711@64k (u-law)
	BT
	BT

	C11-NG+PF (A-law) 
	C9-NG (A-law)
	BT
	BT

	C12-NG+PF (u-law)
	C10-NG (u-law)
	BT
	BT

	C9-NG (A-law)
	C7-G.711@64k (A-law)
	nwt
	nwt

	C10-NG (u-law)
	C8-G.711@64k (u-law)
	nwt
	nwt


Table   21:Exp#3b Office noise SNR=20dB

	Test Condition
	Reference condition
	Lab A 
	Lab B 

	C11-NG+PF (A-law) 
	C7-G.711@64k (A-law)
	nwt
	nwt

	C12-NG+PF (u-law)
	C8-G.711@64k (u-law)
	nwt
	nwt

	C11-NG+PF (A-law) 
	C9-NG (A-law)
	nwt
	BT

	C12-NG+PF (u-law)
	C10-NG (u-law)
	BT
	nwt

	C9-NG (A-law)
	C7-G.711@64k (A-law)
	nwt
	fail

	C10-NG (u-law)
	C8-G.711@64k (u-law)
	nwt
	nwt


Table   22:Exp#3c Babble noise SNR=30dB

	Test Condition
	Reference condition
	Lab A 
	Lab B 

	C11-NG+PF (A-law) 
	C7-G.711@64k (A-law)
	BT
	BT

	C12-NG+PF (u-law)
	C8-G.711@64k (u-law)
	BT
	nwt

	C11-NG+PF (A-law) 
	C9-NG (A-law)
	BT
	BT

	C12-NG+PF (u-law)
	C10-NG (u-law)
	BT
	nwt

	C9-NG (A-law)
	C7-G.711@64k (A-law)
	nwt
	nwt

	C10-NG (u-law)
	C8-G.711@64k (u-law)
	fail
	nwt


Table   23:Exp#3d Interfering talker SNR = 15dB

	Test Condition
	Reference condition
	Lab A 
	Lab B 

	C11-NG+PF (A-law) 
	C7-G.711@64k (A-law)
	BT
	BT

	C12-NG+PF (u-law)
	C8-G.711@64k (u-law)
	BT
	BT

	C11-NG+PF (A-law) 
	C9-NG (A-law)
	BT
	BT

	C12-NG+PF (u-law)
	C10-NG (u-law)
	BT
	BT

	C9-NG (A-law)
	C7-G.711@64k (A-law)
	nwt
	Nwt

	C10-NG( u-law)
	C8-G.711@64k (u-law)
	nwt
	Nwt


5.3) STEP3

Table   24:Exp1 clean speech

	Test Condition
	Reference condition
	Lab A 
	Lab B 

	C17-PF (A-law) 
	C9-G.711 (A-law)
	BT
	BT

	C18-PF (A-law) 
	C10-G.711 (A-law) 
	BT
	BT

	C19-PF (A-law) 
	C11-G.711 (A-law) 
	BT
	BT

	C20-PF (A-law) 3% BFER
	C12-G.711 (A-law) 3% BFER
	BT
	BT

	C21-PF (μ-law)
	C13-G.711 (μ-law)
	BT
	BT

	C22-PF (μ-law) 
	C14-G.711 (μ-law)
	BT
	BT

	C23-PF (μ-law) 
	C15-G.711 (μ-law)
	BT
	BT

	C24-PF (μ-law) 3% BFER
	C16-G.711 (μ-law) 3% BFER
	BT
	BT


Table   25:Exp 2 music
	Test Condition
	Reference condition
	Lab A  
	Lab B

	C7- PF (A-law))
	C5-G.711@64k (A-law)
	nwt
	Nwt

	C8-PF (u-law)
	C6-G.711@64k (u-law)
	nwt
	Nwt


Table   26:Exp#3 Office noise SNR=20dB

	Test Condition
	Reference condition
	Lab A 
	Lab B 

	C7-PF (A-law)
	C5-G.711 (A-law)
	nwt
	nwt

	C8-PF (µ-law)
	C6- G.711 (µ-law)
	nwt
	BT


Table   27:Exp#3 Babble noise SNR=30dB

	Test Condition
	Reference condition
	Lab A 
	Lab B

	C15-PF (A-law)
	C13-G.711 (A-law)
	nwt
	BT

	C16-PF (µ-law)
	C14- G.711 (µ-law)
	nwt
	nwt


Table   28:Exp#3 Interfering talker SNR = 15dB

	Test Condition
	Reference condition
	Lab A 
	Lab B 

	C23-PF (A-law)
	C21-G.711 (A-law)
	BT
	BT

	C24-PF (µ-law)
	C22- G.711 (µ-law)
	BT
	BT
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Annex
Figure   1: Results on clean speech 
(Top: step1; middle: step2; bottom: step3)
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Figure   2: Results on music

(Top: step1; middle: step2; bottom: step3)
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Figure   3: Results on noisy speech with background music at 25dB SNR

(Top: step1; bottom: step2)
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Figure   4: Results on noisy speech with office noise at 20dB SNR

(Top: step1; middle: step2; bottom: step3)
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Figure   5: Results on noisy speech with babble noise at 30dB SNR

(Top: step1; middle: step2; bottom: step3)
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Figure   6: Results on noisy speech with interfering talker at 15dB SNR

(Top: step1; middle: step2; bottom: step3)
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