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1 Introduction

This document reports the subjective qualification test results of the AMR Wideband Characterisation Phase I,  performed at T-Nova, Deutsche Telekom. The document contains the results of the listening test executed by DT as described in the test plan "Test plan for the AMR Wideband Characterisation Phase I" [a]. The report contains results for:

Experiment 5 ("The Effect of Static Errors under Clean Speech Conditions in GSM GMSK"). This experiment is to characterise the performance of the codec in each of its modes over a range of channel conditions. The procedure to be used is the Absolute Category Rating (ACR) method. Input signals are single talkers without the addition of background noises.

Experiment 7a ("The Effect of Static Errors under Clean Conditions in 3G"), also supposed to be executed by DT, is postponed until suitable error patterns for the 3G systems can be provided. Therefore no results for experiment 7a are provided in this report.

The subjective listening Experiment 5 was performed by T-Nova, Deutsche Telekom Innovationsgesellschaft mbH. The test, audio presentation, data analysis, and evaluation of the results have been performed according to the test plan using the provided randomisation for presenting the speech samples.

DT performed Experiment 5 using German speech samples, using 4 sentence-pairs (2 male, 2 female) for each condition. At a whole four sentence-pairs were used for each talker (plus one additional for the preliminaries). The speech material was pre-processed at DT according to the processing plan "Processing Functions for the AMR-WB Characterisation Tests" [b] and then provided to the Host Laboratory (in this case: ARCON). The cross-checking was done by LMGT.

In total 24 naive listeners were participating in the listening tests. 12 male and 12 female listeners were invited. According to the test plan four listening groups of 6 subjects each were build. Each group consists of 3 male and 3 female subjects. Before participating in the test, all listeners were examined in order to ensure average hearing abilities. The hearing threshold for normal hearing has been measured by using pure tone audiometry. The permitted hearing loss was 20 dB up to at least 8kHz.

2 Test Results

For each condition 96 individual votes were collected, regarding the gender the number devides in to 48 votes for the male and 48 votes for the female talkers. The Mean Opinion Score (MOS) method was used for the assessment
.

Results of the experiments have been prepared as tables in the Annex. The Annex starts with a summary table, providing an overview the results for all conditions, followed by pair wise comparisons of selected conditions. For the analysis the 1-tailed and 2-tailed t-test method (95% confidence level) was calculated. The resulting status (i.e. "pass" or "fail") is indicated.

The following tables are listed in the Annex:

Annex 1: 
Experiment 5, Test results for all conditions (overview)

Annex 2: 
Experiment 5, MNRU-curve
Annex 3: 
Experiment 5, diagram of test results

Annex 4-6: 
t - tests between CuT and reference codec G.722 (64 kbit/s, 56 kbit/s and 48 kbit/s)

Annex 7-8: 
t - tests between CuT and reference codec G.722.1 – 24 (single encoding and tandem coding)

Annex 9-15:
t - tests between the different FER of CuT, Mode 0-6

Annex 16: 
t - test between the different CuT modes (no errors)

In Experiment 5 the performance of different AMR-WB codec modes are to be characterised. Seven different codec modes over a range of channel conditions and five different reference codecs are included (see test plan or Annex 1 for detail information) plus seven MNRU and a direct condition.

The complete results are listed in Annex 1.

The 2-tailed t-tests show that the most codec modes are better than either of the G.722 (64 kbit/s, 56 kbit/s and 48 kbit/s) references. The higher modes (starting with mode 2; 12.65 kbit/s) all pass the pair wise comparisons (2-tailed and 1-tailed). The following diagram shows the CuT "no errors"-conditions together with the G.722 64, 56 and 48 kbit/s conditions.
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figure 1: reference codecs and CuT, "no errors"- conditions

According to the diagram the observation made is, that the G.722 reference condition are lower in the ranking than maybe expected. According to former tests (in the German language area) the effect observed is, that the ranking of the G.722 conditions in comparison with codecs like e.g. the AMR-WB codec is lower with monaural presentation than with binaural presentation. Using German speech samples and subjects the use of monaural presentation seems to result in a veiling of the artefacts of the AMR-WB codec, while the artefacts of the G.722 are still clearly noticeable. This has no impact on the validity of the results, it is only important to take into consideration that the results of monaural and binaural presented experiments cannot be compared one to one. 

Summary

T-Nova, Deutsche Telekom performed Experiment 5 of the MR Wideband  Characterisation Phase I according to the test plan. The effect of static errors under clean speech conditions in GSM GMSK was investigated and no variances from the test plan occurred. 

Overall, most of the different codec modes are not worse than the reference conditions and there is a clear ranking within the different modes (e.g. mode 1 is not worse than mode 1 etc.) The complete results are reported as annexes in this document.   
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Annex 1: Experiment 5, Test results for all conditions (overview)




MOS
MOS
all talkers

Condition
Codec
Factor
M1
M2
F1
F2
MOS
S
C
Qeq

1
Direct
-
4,29
4,25
4,08
4,50
4,28
0,74
0,15
-

2
MNRU
Q=42dB
4,21
4,08
3,46
4,04
3,95
0,80
0,16
-

3
MNRU
Q=36dB
3,96
3,42
3,17
3,58
3,53
0,88
0,18
-

4
MNRU
Q=30dB
3,17
2,92
2,38
3,21
2,92
1,00
0,20
-

5
MNRU
Q=24dB
2,50
2,38
1,88
2,58
2,33
0,84
0,17
-

6
MNRU
Q=18dB
2,00
1,75
1,42
1,54
1,68
0,72
0,15
-

7
MNRU
Q=12dB
1,13
1,17
1,04
1,08
1,10
0,34
0,07
-

8
MNRU
Q=6dB
1,04
1,08
1,00
1,04
1,04
0,20
0,04
-

9
G.722-64
Nominal, no errors
3,63
3,75
3,29
4,25
3,73
0,96
0,19
37,31

10
G.722-56
Nominal, no errors
3,67
3,63
3,08
3,79
3,54
0,98
0,20
35,31

11
G.722-48
Nominal, no errors
3,08
3,21
2,83
3,50
3,16
0,98
0,20
32,10

12
G.722.1-24
Single encoding
4,00
3,71
3,92
3,92
3,89
0,90
0,18
39,45

13
G.722.1-24
Tandem coding
3,58
3,83
3,67
3,83
3,73
0,92
0,19
37,31

14
Mode 0 (6.6 kbit/s)
Nominal, no errors
2,83
3,46
3,17
3,21
3,17
0,96
0,19
32,18

15
Mode 0 (6.6 kbit/s)
C/I = 6 dB (FER ≈ 0.3 %)
3,21
3,58
3,17
3,46
3,35
0,89
0,18
33,65

16
Mode 0 (6.6 kbit/s)
C/I = 5 dB (FER ≈ 1.0 %)
3,08
3,50
3,21
3,13
3,23
0,99
0,20
32,65

17
Mode 0 (6.6 kbit/s)
C/I = 4 dB (FER ≈ 2.2 %)
2,83
3,29
2,71
3,21
3,01
1,02
0,21
31,05

18
Mode 0 (6.6 kbit/s)
C/I = 3 dB (FER ≈ 5.0 %)
2,54
2,67
2,29
2,83
2,58
1,10
0,22
28,14

19
Mode 1 (8.85 kbit/s)
Nominal, no errors
3,54
3,58
3,54
3,83
3,63
0,86
0,17
36,15

20
Mode 1 (8.85 kbit/s)
C/I = 7 dB (FER ≈ 0.4 %)
3,63
3,79
3,63
3,79
3,71
0,94
0,19
37,07

21
Mode 1 (8.85 kbit/s)
C/I = 6 dB (FER ≈ 1.0 %)
3,83
4,00
3,42
3,54
3,70
0,91
0,18
36,95

22
Mode 1 (8.85 kbit/s)
C/I = 5 dB (FER ≈ 2.5 %)
2,71
3,46
2,88
2,92
2,99
1,03
0,21
30,90

23
Mode 1 (8.85 kbit/s)
C/I = 4 dB (FER ≈ 5.7 %)
2,79
2,75
2,50
2,25
2,57
0,95
0,19
28,07

24
Mode 2 (12.65 kbit/s)
Nominal, no errors
4,17
4,29
3,92
4,13
4,13
0,86
0,17
45,00

25
Mode 2 (12.65 kbit/s)
C/I = 10 dB (FER ≈ 0.4 %)
4,04
4,04
3,46
4,08
3,91
0,83
0,17
39,78

26
Mode 2 (12.65 kbit/s)
C/I = 9 dB (FER ≈ 1.0 %)
3,79
4,21
3,83
3,38
3,80
0,88
0,18
38,24

27
Mode 2 (12.65 kbit/s)
C/I = 8 dB (FER ≈ 2.1 %)
3,79
3,75
3,17
3,46
3,54
0,96
0,19
35,31

28
Mode 2 (12.65 kbit/s)
C/I = 7 dB (FER ≈ 4.6 %)
3,25
2,88
2,42
3,13
2,92
1,03
0,21
30,39

29
Mode 3 (14.25 kbit/s)
Nominal, no errors
4,08
4,29
3,96
4,13
4,11
0,75
0,15
44,62

30
Mode 3 (14.25 kbit/s)
C/I = 12 dB (FER ≈ 0.2 %)
4,17
4,13
3,88
4,21
4,09
0,77
0,16
43,94

31
Mode 3 (14.25 kbit/s)
C/I = 11 dB (FER ≈ 0.7 %)
4,13
4,00
3,46
3,83
3,85
0,87
0,18
38,97

32
Mode 3 (14.25 kbit/s)
C/I = 10 dB (FER ≈ 1.7 %)
4,04
4,08
3,67
4,08
3,97
0,86
0,18
40,90

33
Mode 3 (14.25 kbit/s)
C/I = 9 dB (FER ≈ 3.3 %)
3,50
3,67
3,17
3,75
3,52
1,07
0,22
35,12

34
Mode 4 (15.85 kbit/s)
Nominal, no errors
4,21
4,13
3,96
3,96
4,06
0,79
0,16
43,04

35
Mode 4 (15.85 kbit/s)
C/I = 13 dB (FER ≈ 0.2 %)
4,38
4,13
3,54
4,25
4,07
0,81
0,16
43,32

36
Mode 4 (15.85 kbit/s)
C/I = 12 dB (FER ≈ 0.7 %)
4,13
3,83
3,92
4,08
3,99
0,90
0,18
41,32

37
Mode 4 (15.85 kbit/s)
C/I = 11 dB (FER ≈ 1.4 %)
3,96
3,96
3,58
4,00
3,88
0,95
0,19
39,28

38
Mode 4 (15.85 kbit/s)
C/I = 10 dB (FER ≈ 3.1 %)
3,75
3,71
3,13
3,21
3,45
1,00
0,20
34,45

39
Mode 5 (18.25 kbit/s)
Nominal, no errors
4,13
4,33
3,75
4,38
4,15
0,86
0,17
45,82

40
Mode 5 (18.25 kbit/s)
C/I = 16 dB (FER ≈ 0.4 %)
4,04
4,38
3,71
4,13
4,06
0,79
0,16
43,04

41
Mode 5 (18.25 kbit/s)
C/I = 15 dB (FER ≈ 0.6 %)
4,04
3,96
3,83
4,29
4,03
0,81
0,16
42,25

42
Mode 5 (18.25 kbit/s)
C/I = 14 dB (FER ≈ 1.4 %)
3,83
4,21
4,04
3,71
3,95
0,83
0,17
40,51

43
Mode 5 (18.25 kbit/s)
C/I = 13 dB (FER ≈ 2.7 %)
3,79
3,67
3,38
3,75
3,65
0,97
0,20
36,37

44
Mode 6 (19.85 kbit/s)
Nominal, no errors
4,25
4,17
4,17
4,33
4,23
0,84
0,17
51,22

45
Mode 6 (19.85 kbit/s)
C/I = 15 dB (FER ≈ 0.2 %)
3,96
3,75
3,88
4,13
3,93
0,87
0,18
40,14

46
Mode 6 (19.85 kbit/s)
C/I = 14 dB (FER ≈ 0.5 %)
3,83
4,21
3,42
3,58
3,76
0,88
0,18
37,70

47
Mode 6 (19.85 kbit/s)
C/I = 13 dB (FER ≈ 1.1 %)
3,79
3,75
3,08
3,75
3,59
0,96
0,19
35,83

48
Mode 6 (19.85 kbit/s)
C/I = 12 dB (FER ≈ 2.5 %)
3,79
3,58
3,58
3,25
3,55
0,93
0,19
35,41

Annex 2: Experiment 5, MNRU-curve 
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Annex 3: Experiment 5, diagram of test results
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Annex 4: t - test (95% confidence level) between CuT (no errors) and reference codec G.722 64 kbit/s (no errors)
#
CuT
Factor
MOS

#
Inf. Ref
Factor
MOS

Yref-Ytest
T (2-tailed)
2-tailed
T (1-tailed)
1-tailed

14
Mode 0 (6.6 kbit/s)
Nominal, no errors
3,17
0,96
9
G.722-64
Nominal, no errors
3,73
0,96
0,56
0,27
fail
-0,23
fail

19
Mode 1 (8.85 kbit/s)
Nominal, no errors
3,63
0,86
9
G.722-64
Nominal, no errors
3,73
0,96
0,10
0,26
pass
-0,22
fail

24
Mode 2 (12.65 kbit/s)
Nominal, no errors
4,13
0,86
9
G.722-64
Nominal, no errors
3,73
0,96
-0,40
0,26
pass
-0,22
pass

29
Mode 3 (14.25 kbit/s)
Nominal, no errors
4,11
0,75
9
G.722-64
Nominal, no errors
3,73
0,96
-0,39
0,25
pass
-0,21
pass

34
Mode 4 (15.85 kbit/s)
Nominal, no errors
4,06
0,79
9
G.722-64
Nominal, no errors
3,73
0,96
-0,33
0,25
pass
-0,21
pass

39
Mode 5 (18.25 kbit/s)
Nominal, no errors
4,15
0,86
9
G.722-64
Nominal, no errors
3,73
0,96
-0,42
0,26
pass
-0,22
pass

44
Mode 6 (19.85 kbit/s)
Nominal, no errors
4,23
0,84
9
G.722-64
Nominal, no errors
3,73
0,96
-0,50
0,26
pass
-0,22
pass

Annex 5: t - test (95% confidence level) between CuT (no errors) and reference codec G.722 56 kbit/s (no errors)

#
CuT
Factor
MOS

#
Inf. Ref
Factor
MOS

Yref-Ytest
T (2-tailed)
2-tailed
T (1-tailed)
1-tailed

14
Mode 0 (6.6 kbit/s)
Nominal, no errors
3,17
0,96
10
G.722-56
Nominal, no errors
3,54
0,98
0,38
0,28
fail
-0,23
fail

19
Mode 1 (8.85 kbit/s)
Nominal, no errors
3,63
0,86
10
G.722-56
Nominal, no errors
3,54
0,98
-0,08
0,26
pass
-0,22
fail

24
Mode 2 (12.65 kbit/s)
Nominal, no errors
4,13
0,86
10
G.722-56
Nominal, no errors
3,54
0,98
-0,58
0,26
pass
-0,22
pass

29
Mode 3 (14.25 kbit/s)
Nominal, no errors
4,11
0,75
10
G.722-56
Nominal, no errors
3,54
0,98
-0,57
0,25
pass
-0,21
pass

34
Mode 4 (15.85 kbit/s)
Nominal, no errors
4,06
0,79
10
G.722-56
Nominal, no errors
3,54
0,98
-0,52
0,25
pass
-0,21
pass

39
Mode 5 (18.25 kbit/s)
Nominal, no errors
4,15
0,86
10
G.722-56
Nominal, no errors
3,54
0,98
-0,60
0,26
pass
-0,22
pass

44
Mode 6 (19.85 kbit/s)
Nominal, no errors
4,23
0,84
10
G.722-56
Nominal, no errors
3,54
0,98
-0,69
0,26
pass
-0,22
pass

Annex 6: t - test (95% confidence level) between CuT (no errors) and reference codec G.722 48 kbit/s (no errors)

#
CuT
Factor
MOS

#
Inf. Ref
Factor
MOS

Yref-Ytest
T (2-tailed)
2-tailed
T (1-tailed)
1-tailed

14
Mode 0 (6.6 kbit/s)
Nominal, no errors
3,17
0,96
11
G.722-48
Nominal, no errors
3,16
0,98
-0,01
0,28
pass
-0,23
fail

19
Mode 1 (8.85 kbit/s)
Nominal, no errors
3,63
0,86
11
G.722-48
Nominal, no errors
3,16
0,98
-0,47
0,26
pass
-0,22
pass

24
Mode 2 (12.65 kbit/s)
Nominal, no errors
4,13
0,86
11
G.722-48
Nominal, no errors
3,16
0,98
-0,97
0,26
pass
-0,22
pass

29
Mode 3 (14.25 kbit/s)
Nominal, no errors
4,11
0,75
11
G.722-48
Nominal, no errors
3,16
0,98
-0,96
0,25
pass
-0,21
pass

34
Mode 4 (15.85 kbit/s)
Nominal, no errors
4,06
0,79
11
G.722-48
Nominal, no errors
3,16
0,98
-0,91
0,25
pass
-0,21
pass

39
Mode 5 (18.25 kbit/s)
Nominal, no errors
4,15
0,86
11
G.722-48
Nominal, no errors
3,16
0,98
-0,99
0,26
pass
-0,22
pass

44
Mode 6 (19.85 kbit/s)
Nominal, no errors
4,23
0,84
11
G.722-48
Nominal, no errors
3,16
0,98
-1,07
0,26
pass
-0,22
pass

Annex 7: t - test (95% confidence level) between CuT and reference codec G.722.1 – 24 (single encoding)

#
CuT
Factor
MOS

#
Inf. Ref
Factor
MOS

Yref-Ytest
T (2-tailed)
2-tailed
T (1-tailed)
1-tailed

15
Mode 0 (6.6 kbit/s)
C/I = 6 dB (FER ≈ 0.3 %)
3,35
0,89
12
G.722.1-24
Single encoding
3,89
0,90
0,53
0,26
fail
-0,21
fail

16
Mode 0 (6.6 kbit/s)
C/I = 5 dB (FER ≈ 1.0 %)
3,23
0,99
12
G.722.1-24
Single encoding
3,89
0,90
0,66
0,27
fail
-0,23
fail

17
Mode 0 (6.6 kbit/s)
C/I = 4 dB (FER ≈ 2.2 %)
3,01
1,02
12
G.722.1-24
Single encoding
3,89
0,90
0,88
0,27
fail
-0,23
fail

18
Mode 0 (6.6 kbit/s)
C/I = 3 dB (FER ≈ 5.0 %)
2,58
1,10
12
G.722.1-24
Single encoding
3,89
0,90
1,30
0,29
fail
-0,24
fail

20
Mode 1 (8.85 kbit/s)
C/I = 7 dB (FER ≈ 0.4 %)
3,71
0,94
12
G.722.1-24
Single encoding
3,89
0,90
0,18
0,26
pass
-0,22
fail

21
Mode 1 (8.85 kbit/s)
C/I = 6 dB (FER ≈ 1.0 %)
3,70
0,91
12
G.722.1-24
Single encoding
3,89
0,90
0,19
0,26
pass
-0,22
fail

22
Mode 1 (8.85 kbit/s)
C/I = 5 dB (FER ≈ 2.5 %)
2,99
1,03
12
G.722.1-24
Single encoding
3,89
0,90
0,90
0,28
fail
-0,23
fail

23
Mode 1 (8.85 kbit/s)
C/I = 4 dB (FER ≈ 5.7 %)
2,57
0,95
12
G.722.1-24
Single encoding
3,89
0,90
1,31
0,26
fail
-0,22
fail

25
Mode 2 (12.65 kbit/s)
C/I = 10 dB (FER ≈ 0.4 %)
3,91
0,83
12
G.722.1-24
Single encoding
3,89
0,90
-0,02
0,25
pass
-0,21
fail

26
Mode 2 (12.65 kbit/s)
C/I = 9 dB (FER ≈ 1.0 %)
3,80
0,88
12
G.722.1-24
Single encoding
3,89
0,90
0,08
0,25
pass
-0,21
fail

27
Mode 2 (12.65 kbit/s)
C/I = 8 dB (FER ≈ 2.1 %)
3,54
0,96
12
G.722.1-24
Single encoding
3,89
0,90
0,34
0,27
fail
-0,22
fail

28
Mode 2 (12.65 kbit/s)
C/I = 7 dB (FER ≈ 4.6 %)
2,92
1,03
12
G.722.1-24
Single encoding
3,89
0,90
0,97
0,28
fail
-0,23
fail

30
Mode 3 (14.25 kbit/s)
C/I = 12 dB (FER ≈ 0.2 %)
4,09
0,77
12
G.722.1-24
Single encoding
3,89
0,90
-0,21
0,24
pass
-0,20
pass

31
Mode 3 (14.25 kbit/s)
C/I = 11 dB (FER ≈ 0.7 %)
3,85
0,87
12
G.722.1-24
Single encoding
3,89
0,90
0,03
0,25
pass
-0,21
fail

32
Mode 3 (14.25 kbit/s)
C/I = 10 dB (FER ≈ 1.7 %)
3,97
0,86
12
G.722.1-24
Single encoding
3,89
0,90
-0,08
0,25
pass
-0,21
fail

33
Mode 3 (14.25 kbit/s)
C/I = 9 dB (FER ≈ 3.3 %)
3,52
1,07
12
G.722.1-24
Single encoding
3,89
0,90
0,36
0,28
fail
-0,24
fail

35
Mode 4 (15.85 kbit/s)
C/I = 13 dB (FER ≈ 0.2 %)
4,07
0,81
12
G.722.1-24
Single encoding
3,89
0,90
-0,19
0,24
pass
-0,21
fail

36
Mode 4 (15.85 kbit/s)
C/I = 12 dB (FER ≈ 0.7 %)
3,99
0,90
12
G.722.1-24
Single encoding
3,89
0,90
-0,10
0,26
pass
-0,22
fail

37
Mode 4 (15.85 kbit/s)
C/I = 11 dB (FER ≈ 1.4 %)
3,88
0,95
12
G.722.1-24
Single encoding
3,89
0,90
0,01
0,26
pass
-0,22
fail

38
Mode 4 (15.85 kbit/s)
C/I = 10 dB (FER ≈ 3.1 %)
3,45
1,00
12
G.722.1-24
Single encoding
3,89
0,90
0,44
0,27
fail
-0,23
fail

40
Mode 5 (18.25 kbit/s)
C/I = 16 dB (FER ≈ 0.4 %)
4,06
0,79
12
G.722.1-24
Single encoding
3,89
0,90
-0,18
0,24
pass
-0,20
fail

41
Mode 5 (18.25 kbit/s)
C/I = 15 dB (FER ≈ 0.6 %)
4,03
0,81
12
G.722.1-24
Single encoding
3,89
0,90
-0,15
0,25
pass
-0,21
fail

42
Mode 5 (18.25 kbit/s)
C/I = 14 dB (FER ≈ 1.4 %)
3,95
0,83
12
G.722.1-24
Single encoding
3,89
0,90
-0,06
0,25
pass
-0,21
fail

43
Mode 5 (18.25 kbit/s)
C/I = 13 dB (FER ≈ 2.7 %)
3,65
0,97
12
G.722.1-24
Single encoding
3,89
0,90
0,24
0,27
pass
-0,22
fail

45
Mode 6 (19.85 kbit/s)
C/I = 15 dB (FER ≈ 0.2 %)
3,93
0,87
12
G.722.1-24
Single encoding
3,89
0,90
-0,04
0,25
pass
-0,21
fail

46
Mode 6 (19.85 kbit/s)
C/I = 14 dB (FER ≈ 0.5 %)
3,76
0,88
12
G.722.1-24
Single encoding
3,89
0,90
0,13
0,25
pass
-0,21
fail

47
Mode 6 (19.85 kbit/s)
C/I = 13 dB (FER ≈ 1.1 %)
3,59
0,96
12
G.722.1-24
Single encoding
3,89
0,90
0,29
0,27
fail
-0,22
fail

48
Mode 6 (19.85 kbit/s)
C/I = 12 dB (FER ≈ 2.5 %)
3,55
0,93
12
G.722.1-24
Single encoding
3,89
0,90
0,33
0,26
fail
-0,22
fail

Annex 8: t - test (95% confidence level) between CuT and reference codec G.722.1 – 24 (tandem encoding)

#
CuT
Factor
MOS

#
Inf. Ref
Factor
MOS

Yref-Ytest
T (2-tailed)
2-tailed
T (1-tailed)
1-tailed

15
Mode 0 (6.6 kbit/s)
C/I = 6 dB (FER ≈ 0.3 %)
3,35
0,89
13
G.722.1-24
Tandem coding
3,73
0,92
0,38
0,26
fail
-0,22
fail

16
Mode 0 (6.6 kbit/s)
C/I = 5 dB (FER ≈ 1.0 %)
3,23
0,99
13
G.722.1-24
Tandem coding
3,73
0,92
0,50
0,27
fail
-0,23
fail

17
Mode 0 (6.6 kbit/s)
C/I = 4 dB (FER ≈ 2.2 %)
3,01
1,02
13
G.722.1-24
Tandem coding
3,73
0,92
0,72
0,28
fail
-0,23
fail

18
Mode 0 (6.6 kbit/s)
C/I = 3 dB (FER ≈ 5.0 %)
2,58
1,10
13
G.722.1-24
Tandem coding
3,73
0,92
1,15
0,29
fail
-0,24
fail

20
Mode 1 (8.85 kbit/s)
C/I = 7 dB (FER ≈ 0.4 %)
3,71
0,94
13
G.722.1-24
Tandem coding
3,73
0,92
0,02
0,27
pass
-0,22
fail

21
Mode 1 (8.85 kbit/s)
C/I = 6 dB (FER ≈ 1.0 %)
3,70
0,91
13
G.722.1-24
Tandem coding
3,73
0,92
0,03
0,26
pass
-0,22
fail

22
Mode 1 (8.85 kbit/s)
C/I = 5 dB (FER ≈ 2.5 %)
2,99
1,03
13
G.722.1-24
Tandem coding
3,73
0,92
0,74
0,28
fail
-0,23
fail

23
Mode 1 (8.85 kbit/s)
C/I = 4 dB (FER ≈ 5.7 %)
2,57
0,95
13
G.722.1-24
Tandem coding
3,73
0,92
1,16
0,27
fail
-0,22
fail

25
Mode 2 (12.65 kbit/s)
C/I = 10 dB (FER ≈ 0.4 %)
3,91
0,83
13
G.722.1-24
Tandem coding
3,73
0,92
-0,18
0,25
pass
-0,21
fail

26
Mode 2 (12.65 kbit/s)
C/I = 9 dB (FER ≈ 1.0 %)
3,80
0,88
13
G.722.1-24
Tandem coding
3,73
0,92
-0,07
0,26
pass
-0,22
fail

27
Mode 2 (12.65 kbit/s)
C/I = 8 dB (FER ≈ 2.1 %)
3,54
0,96
13
G.722.1-24
Tandem coding
3,73
0,92
0,19
0,27
pass
-0,23
fail

28
Mode 2 (12.65 kbit/s)
C/I = 7 dB (FER ≈ 4.6 %)
2,92
1,03
13
G.722.1-24
Tandem coding
3,73
0,92
0,81
0,28
fail
-0,23
fail

30
Mode 3 (14.25 kbit/s)
C/I = 12 dB (FER ≈ 0.2 %)
4,09
0,77
13
G.722.1-24
Tandem coding
3,73
0,92
-0,36
0,24
pass
-0,20
pass

31
Mode 3 (14.25 kbit/s)
C/I = 11 dB (FER ≈ 0.7 %)
3,85
0,87
13
G.722.1-24
Tandem coding
3,73
0,92
-0,13
0,26
pass
-0,21
fail

32
Mode 3 (14.25 kbit/s)
C/I = 10 dB (FER ≈ 1.7 %)
3,97
0,86
13
G.722.1-24
Tandem coding
3,73
0,92
-0,24
0,25
pass
-0,21
pass

33
Mode 3 (14.25 kbit/s)
C/I = 9 dB (FER ≈ 3.3 %)
3,52
1,07
13
G.722.1-24
Tandem coding
3,73
0,92
0,21
0,28
pass
-0,24
fail

35
Mode 4 (15.85 kbit/s)
C/I = 13 dB (FER ≈ 0.2 %)
4,07
0,81
13
G.722.1-24
Tandem coding
3,73
0,92
-0,34
0,25
pass
-0,21
pass

36
Mode 4 (15.85 kbit/s)
C/I = 12 dB (FER ≈ 0.7 %)
3,99
0,90
13
G.722.1-24
Tandem coding
3,73
0,92
-0,26
0,26
pass
-0,22
pass

37
Mode 4 (15.85 kbit/s)
C/I = 11 dB (FER ≈ 1.4 %)
3,88
0,95
13
G.722.1-24
Tandem coding
3,73
0,92
-0,15
0,27
pass
-0,22
fail

38
Mode 4 (15.85 kbit/s)
C/I = 10 dB (FER ≈ 3.1 %)
3,45
1,00
13
G.722.1-24
Tandem coding
3,73
0,92
0,28
0,27
fail
-0,23
fail

40
Mode 5 (18.25 kbit/s)
C/I = 16 dB (FER ≈ 0.4 %)
4,06
0,79
13
G.722.1-24
Tandem coding
3,73
0,92
-0,33
0,25
pass
-0,21
pass

41
Mode 5 (18.25 kbit/s)
C/I = 15 dB (FER ≈ 0.6 %)
4,03
0,81
13
G.722.1-24
Tandem coding
3,73
0,92
-0,30
0,25
pass
-0,21
pass

42
Mode 5 (18.25 kbit/s)
C/I = 14 dB (FER ≈ 1.4 %)
3,95
0,83
13
G.722.1-24
Tandem coding
3,73
0,92
-0,22
0,25
pass
-0,21
pass

43
Mode 5 (18.25 kbit/s)
C/I = 13 dB (FER ≈ 2.7 %)
3,65
0,97
13
G.722.1-24
Tandem coding
3,73
0,92
0,08
0,27
pass
-0,23
fail

45
Mode 6 (19.85 kbit/s)
C/I = 15 dB (FER ≈ 0.2 %)
3,93
0,87
13
G.722.1-24
Tandem coding
3,73
0,92
-0,20
0,26
pass
-0,21
fail

46
Mode 6 (19.85 kbit/s)
C/I = 14 dB (FER ≈ 0.5 %)
3,76
0,88
13
G.722.1-24
Tandem coding
3,73
0,92
-0,03
0,26
pass
-0,22
fail

47
Mode 6 (19.85 kbit/s)
C/I = 13 dB (FER ≈ 1.1 %)
3,59
0,96
13
G.722.1-24
Tandem coding
3,73
0,92
0,14
0,27
pass
-0,22
fail

48
Mode 6 (19.85 kbit/s)
C/I = 12 dB (FER ≈ 2.5 %)
3,55
0,93
13
G.722.1-24
Tandem coding
3,73
0,92
0,18
0,26
pass
-0,22
fail

Annex 9: t - test (95% confidence level) between the different FER of CuT, Mode 0

#
CuT
Factor
MOS

#
Ref
Factor
MOS

Yref-Ytest
T (2-tailed)
2-tailed
T (1-tailed)
1-tailed

14
Mode 0 (6.6 kbit/s)
Nominal, no errors
3,17
0,96
15
Mode 0 (6.6 kbit/s)
C/I = 6 dB (FER ≈ 0.3 %)
3,35
0,89
0,19
0,26
pass
-0,22
fail

15
Mode 0 (6.6 kbit/s)
C/I = 6 dB (FER ≈ 0.3 %)
3,35
0,89
16
Mode 0 (6.6 kbit/s)
C/I = 5 dB (FER ≈ 1.0 %)
3,23
0,99
-0,13
0,27
pass
-0,23
fail

16
Mode 0 (6.6 kbit/s)
C/I = 5 dB (FER ≈ 1.0 %)
3,23
0,99
17
Mode 0 (6.6 kbit/s)
C/I = 4 dB (FER ≈ 2.2 %)
3,01
1,02
-0,22
0,29
pass
-0,24
fail

17
Mode 0 (6.6 kbit/s)
C/I = 4 dB (FER ≈ 2.2 %)
3,01
1,02
18
Mode 0 (6.6 kbit/s)
C/I = 3 dB (FER ≈ 5.0 %)
2,58
1,10
-0,43
0,30
pass
-0,25
pass

Annex 10: t - test (95% confidence level) between the different FER of CuT, Mode 1
#
CuT
Factor
MOS

#
Ref
Factor
MOS

Yref-Ytest
T (2-tailed)
2-tailed
T (1-tailed)
1-tailed

19
Mode 1 (8.85 kbit/s)
Nominal, no errors
3,63
0,86
20
Mode 1 (8.85 kbit/s)
C/I = 7 dB (FER ≈ 0.4 %)
3,71
0,94
0,08
0,26
pass
-0,22
fail

20
Mode 1 (8.85 kbit/s)
C/I = 7 dB (FER ≈ 0.4 %)
3,71
0,94
21
Mode 1 (8.85 kbit/s)
C/I = 6 dB (FER ≈ 1.0 %)
3,70
0,91
-0,01
0,26
pass
-0,22
fail

21
Mode 1 (8.85 kbit/s)
C/I = 6 dB (FER ≈ 1.0 %)
3,70
0,91
22
Mode 1 (8.85 kbit/s)
C/I = 5 dB (FER ≈ 2.5 %)
2,99
1,03
-0,71
0,28
pass
-0,23
pass

22
Mode 1 (8.85 kbit/s)
C/I = 5 dB (FER ≈ 2.5 %)
2,99
1,03
23
Mode 1 (8.85 kbit/s)
C/I = 4 dB (FER ≈ 5.7 %)
2,57
0,95
-0,42
0,28
pass
-0,24
pass

Annex 11: t - test (95% confidence level) between the different FER of CuT, Mode 2
#
CuT
Factor
MOS

#
Ref
Factor
MOS

Yref-Ytest
T (2-tailed)
2-tailed
T (1-tailed)
1-tailed

24
Mode 2 (12.65 kbit/s)
Nominal, no errors
4,13
0,86
25
Mode 2 (12.65 kbit/s)
C/I = 10 dB (FER ≈ 0.4 %)
3,91
0,83
-0,22
0,24
pass
-0,20
pass

25
Mode 2 (12.65 kbit/s)
C/I = 10 dB (FER ≈ 0.4 %)
3,91
0,83
26
Mode 2 (12.65 kbit/s)
C/I = 9 dB (FER ≈ 1.0 %)
3,80
0,88
-0,10
0,24
pass
-0,20
fail

26
Mode 2 (12.65 kbit/s)
C/I = 9 dB (FER ≈ 1.0 %)
3,80
0,88
27
Mode 2 (12.65 kbit/s)
C/I = 8 dB (FER ≈ 2.1 %)
3,54
0,96
-0,26
0,26
pass
-0,22
pass

27
Mode 2 (12.65 kbit/s)
C/I = 8 dB (FER ≈ 2.1 %)
3,54
0,96
28
Mode 2 (12.65 kbit/s)
C/I = 7 dB (FER ≈ 4.6 %)
2,92
1,03
-0,63
0,28
pass
-0,24
pass

Annex 12: t - test (95% confidence level) between the different FER of CuT, Mode 3
#
CuT
Factor
MOS

#
Ref
Factor
MOS

Yref-Ytest
T (2-tailed)
2-tailed
T (1-tailed)
1-tailed

29
Mode 3 (14.25 kbit/s)
Nominal, no errors
4,11
0,75
30
Mode 3 (14.25 kbit/s)
C/I = 12 dB (FER ≈ 0.2 %)
4,09
0,77
-0,02
0,22
pass
-0,18
fail

30
Mode 3 (14.25 kbit/s)
C/I = 12 dB (FER ≈ 0.2 %)
4,09
0,77
31
Mode 3 (14.25 kbit/s)
C/I = 11 dB (FER ≈ 0.7 %)
3,85
0,87
-0,24
0,23
pass
-0,20
pass

31
Mode 3 (14.25 kbit/s)
C/I = 11 dB (FER ≈ 0.7 %)
3,85
0,87
32
Mode 3 (14.25 kbit/s)
C/I = 10 dB (FER ≈ 1.7 %)
3,97
0,86
0,11
0,25
pass
-0,21
fail

32
Mode 3 (14.25 kbit/s)
C/I = 10 dB (FER ≈ 1.7 %)
3,97
0,86
33
Mode 3 (14.25 kbit/s)
C/I = 9 dB (FER ≈ 3.3 %)
3,52
1,07
-0,45
0,28
pass
-0,23
pass

Annex 13: t - test (95% confidence level) between the different FER of CuT, Mode 4
#
CuT
Factor
MOS

#
Ref
Factor
MOS

Yref-Ytest
T (2-tailed)
2-tailed
T (1-tailed)
1-tailed

34
Mode 4 (15.85 kbit/s)
Nominal, no errors
4,06
0,79
35
Mode 4 (15.85 kbit/s)
C/I = 13 dB (FER ≈ 0.2 %)
4,07
0,81
0,01
0,23
pass
-0,19
fail

35
Mode 4 (15.85 kbit/s)
C/I = 13 dB (FER ≈ 0.2 %)
4,07
0,81
36
Mode 4 (15.85 kbit/s)
C/I = 12 dB (FER ≈ 0.7 %)
3,99
0,90
-0,08
0,24
pass
-0,20
fail

36
Mode 4 (15.85 kbit/s)
C/I = 12 dB (FER ≈ 0.7 %)
3,99
0,90
37
Mode 4 (15.85 kbit/s)
C/I = 11 dB (FER ≈ 1.4 %)
3,88
0,95
-0,11
0,26
pass
-0,22
fail

37
Mode 4 (15.85 kbit/s)
C/I = 11 dB (FER ≈ 1.4 %)
3,88
0,95
38
Mode 4 (15.85 kbit/s)
C/I = 10 dB (FER ≈ 3.1 %)
3,45
1,00
-0,43
0,28
pass
-0,23
pass

Annex 14: t - test (95% confidence level) between the different FER of CuT, Mode 5
#
CuT
Factor
MOS

#
Ref
Factor
MOS

Yref-Ytest
T (2-tailed)
2-tailed
T (1-tailed)
1-tailed

39
Mode 5 (18.25 kbit/s)
Nominal, no errors
4,15
0,86
40
Mode 5 (18.25 kbit/s)
C/I = 16 dB (FER ≈ 0.4 %)
4,06
0,79
-0,08
0,24
pass
-0,20
fail

40
Mode 5 (18.25 kbit/s)
C/I = 16 dB (FER ≈ 0.4 %)
4,06
0,79
41
Mode 5 (18.25 kbit/s)
C/I = 15 dB (FER ≈ 0.6 %)
4,03
0,81
-0,03
0,23
pass
-0,19
fail

41
Mode 5 (18.25 kbit/s)
C/I = 15 dB (FER ≈ 0.6 %)
4,03
0,81
42
Mode 5 (18.25 kbit/s)
C/I = 14 dB (FER ≈ 1.4 %)
3,95
0,83
-0,08
0,23
pass
-0,20
fail

42
Mode 5 (18.25 kbit/s)
C/I = 14 dB (FER ≈ 1.4 %)
3,95
0,83
43
Mode 5 (18.25 kbit/s)
C/I = 13 dB (FER ≈ 2.7 %)
3,65
0,97
-0,30
0,26
pass
-0,22
pass

Annex 15: t - test (95% confidence level) between the different FER of CuT, Mode 6
#
CuT
Factor
MOS

#
Ref
Factor
MOS

Yref-Ytest
T (2-tailed)
2-tailed
T (1-tailed)
1-tailed

44
Mode 6 (19.85 kbit/s)
Nominal, no errors
4,23
0,84
45
Mode 6 (19.85 kbit/s)
C/I = 15 dB (FER ≈ 0.2 %)
3,93
0,87
-0,30
0,24
pass
-0,20
pass

45
Mode 6 (19.85 kbit/s)
C/I = 15 dB (FER ≈ 0.2 %)
3,93
0,87
46
Mode 6 (19.85 kbit/s)
C/I = 14 dB (FER ≈ 0.5 %)
3,76
0,88
-0,17
0,25
pass
-0,21
fail

46
Mode 6 (19.85 kbit/s)
C/I = 14 dB (FER ≈ 0.5 %)
3,76
0,88
47
Mode 6 (19.85 kbit/s)
C/I = 13 dB (FER ≈ 1.1 %)
3,59
0,96
-0,17
0,26
pass
-0,22
fail

47
Mode 6 (19.85 kbit/s)
C/I = 13 dB (FER ≈ 1.1 %)
3,59
0,96
48
Mode 6 (19.85 kbit/s)
C/I = 12 dB (FER ≈ 2.5 %)
3,55
0,93
-0,04
0,27
pass
-0,23
fail

Annex 16: t - test (95% confidence level) between the different CuT modes (no errors)
#
CuT
Factor
MOS

#
Ref
Factor
MOS

Yref-Ytest
T (2-tailed)
2-tailed
T (1-tailed)
1-tailed

19
Mode 1 (8.85 kbit/s)
Nominal, no errors
3,63
0,86
14
Mode 0 (6.6 kbit/s)
Nominal, no errors
3,17
0,96
-0,46
0,26
pass
-0,22
pass

24
Mode 2 (12.65 kbit/s)
Nominal, no errors
4,13
0,86
19
Mode 1 (8.85 kbit/s)
Nominal, no errors
3,63
0,86
-0,50
0,25
pass
-0,21
pass

29
Mode 3 (14.25 kbit/s)
Nominal, no errors
4,11
0,75
24
Mode 2 (12.65 kbit/s)
Nominal, no errors
4,13
0,86
0,01
0,23
pass
-0,19
fail

34
Mode 4 (15.85 kbit/s)
Nominal, no errors
4,06
0,79
29
Mode 3 (14.25 kbit/s)
Nominal, no errors
4,11
0,75
0,05
0,22
pass
-0,18
fail

39
Mode 5 (18.25 kbit/s)
Nominal, no errors
4,15
0,86
34
Mode 4 (15.85 kbit/s)
Nominal, no errors
4,06
0,79
-0,08
0,24
pass
-0,20
fail

44
Mode 6 (19.85 kbit/s)
Nominal, no errors
4,23
0,84
39
Mode 5 (18.25 kbit/s)
Nominal, no errors
4,15
0,86
-0,08
0,24
pass
-0,20
fail
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� Using the German translation: "ausgezeichnet" = "excellent"; "gut" = "good"; "ordentlich" = "fair"; "dürtig" = "poor"; "schlecht" = "bad" 
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