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Executive Summary:

This document summarizes the results from four Comparison Category Rating (CCR) tests run in AT&T’s Voice Quality Assessment Laboratory in Middletown, New Jersey, USA and sponsored by the European Telecommunications Standards Institute.  These tests were a subset of tests described in the AMR-NS/SQ (Adaptive Multi Rate speech coder for the GSM System) Test Plan Specification.  The series of tests included here evaluated the speech quality of the candidate speech coder under a variety of background noise conditions under the influence of propagation errors and voice activity detection.   In two of the tests the speech coders were exercised with English speech, two tests with Mandarin speech, and two tests with Spanish speech.

The results from these four experiments show that most of the NS candidates performed equally well.  However, across the experiments candidates NS6 and NS2 were most likely to receive higher mean CMOS scores (with one exception in the English phase of Experiment 9, where NS5 received higher scores for tandem encodings).  

1. INTRODUCTION

This document summarizes the results from four Comparison Category Rating (CCR) tests run in AT&T’s Voice Quality Assessment Laboratory in Middletown, New Jersey and sponsored by the European Telecommunications Standards Institute.  These tests were a subset of tests described in the AMR-NS/SQ (Adaptive Multi Rate Speech Coder for the GSM System) Test Plan Specification1 and were conducted in accordance with that Test Plan (except in the case of Experiment 7, where only 22 of 24 Spanish-speaking subjects were available).  This series of tests evaluated the speech quality of the candidate noise suppression algorithms (hereafter referred to as AMR-NS) under a variety of background noise conditions, both under the influence of propagation errors (Experiments 6 and 7) and Voice Activity Detection (VAD, Experiments 7 and 8).  These tests were conducted using four different languages, using recordings in English, Spanish, and Mandarin.

AT&T ran four of the tests described in the Test Plan, which are shown in Table 1.  Tests 6  and 7 evaluated AMR’s performance in background noise, under the effect of propagation errors.  Experiment 6 tested these effects using 6dB SNR of background car noise, while Experiment 7 tested these effects using 9dB SNR of street noise.  Tests 8 and 9 evaluated AMR’s performance under two types of Voice Activity Detection (VAD): Option 1 for Experiment 8, and Option 2 for Experiment 9.  Languages covered by each experiment are given in Table 1.  

Experiment
Environment
Noise
Languages Tested by AT&T

6
Propagation Errors

(C/I=10dB on UL)
Car Noise (6dB SNR)
Spanish

7
Propagation Errors

(C/I=10dB on UL)
Street Noise (9dB SNR)
Spanish

8
VAD/DTX Option 1
Car Noise (6dB SNR)
English, Mandarin

9
VAD/DTX Option 2
Street Noise (9dB SNR)
English, Mandarin

Table 1: Experiments Conducted by AT&T
Direct (source under noise), MNRU conditions, and AMR with no NS were used as reference conditions in these tests.  All experiments used the Comparison Category Rating (CCR) procedure (ITU-T Rec. P.800), in which two speech files, a reference and a processed file are played in succession.  Subjects are asked to rate the processed file to the reference file along a 7-point scale ranging from “Much Better” to “Much Worse” is offered.  From these scores a Comparison Mean Opinion Score (CMOS) was computed.  All tests followed the Test Plan wherever possible.

2. METHOD

2.1 Subjects

All subjects participating in tests run in English were recruited from outside AT&T and were paid for their participation.  Due to a smaller than expected available subject pool for the Mandarin and Spanish sessions, a few AT&T employees were used in these studies.  For all experiments, the number of subjects run in each random order followed the Test Plan.

2.2 Source Speech Samples

The Source speech samples delivered to ARCON were taken from the NTT Advanced Technology Corporation (NATC) Speech Database for Telephonometry, 1994 Compact Disc.  This CD consists of 12 pairs of sentences being spoken in 21 languages, by non-professional talkers over a studio-quality microphone.  Four talkers (2 male, 2 female) from the American English, Mandarin and Spanish databases were used.  Each Source stimulus was 8 seconds long and was -26 dBov in level.  

2.3 Listening Test Procedure

The stimuli used in this test existed as prerecorded digital speech files on a Sun computer.  During the CMOS listening test they were played from the Sun via a 16-bit D/A converter and then passed through a brickwall filter that was set to 40 Hz high pass, and 3400 Hz low pass.  The signal was passed to a phone distribution amplifier that  distributed the speech to eleven matched and calibrated (modified IRS receive response exclusive of SRAEN filter) telephone handsets located in the test cubicles where the subjects listened and made their quality/preference judgments.  The connection was calibrated so the speech files reached the subjects' ears at a level of 79 dB SPL.  Subjects listened to the speech files while situated in a quiet environment (Hoth spectrum, 30 dBA).  After hearing the reference and processed speech samples, subjects were asked to judge the quality of what they heard on the standard, 7-point CMOS rating scale (Much Better, Better, Somewhat Better, About the Same, Somewhat Worse, Worse, Much Worse).  In one test room, touch-sensitive terminals presented the scale and received the subjects' ratings.  In another test room, subjects marked  their responses on a pre-printed voting sheet.  Subjects in either room could not see any other subject’s votes.  Eight Practice trials were used to familiarize the subjects with the listening test procedure.  Subjects received breaks during the test as defined in the Test Plan.

3. RESULTS

For all tests, the subjects' CMOS ratings were transformed to their numerical equivalents, 7 - 1, corresponding to Much Better, Better, Somewhat Better, About the Same, Somewhat Worse, Worse, Much Worse, respectively, for purposes of data analysis.  Tables used in the Results sections present the CMOS scores for all the conditions, which are the average ratings collapsed across speakers and subjects, the first column gives the Condition number, the second and third indicate the Uplink and Downlink settings for the Reference stimuli, the fourth and fifth indicate the Uplink and Downlink settings for the Processed stimuli, the sixth gives the Mean CMOS Rating, and the seventh provides the standard deviation for that condition.  

The Results sections are written primarily with reference to the AMR-NS Results Entry Spreadsheet2 (hereafter referred to as the Spreadsheet).  When further analysis was needed that was not provided by the Spreadsheet, analyses of variance (ANOVA) were run and post hoc Tukey HSD tests were computed.  A 95% confidence level (two-tailed) is used in all statements of statistical reliability.  

3.1 Experiment 6: Performance in Automobile Background Noise: Influence of Propagation Errors

Experiment 6 was designed to test the performance of AMR-NS under 6dB SNR of automobile noise.  The source speech was Spanish, and consisted of 2 sentences (8 seconds in duration). Each condition outlined in the experiment involves the presentation of a reference stimulus and a processed stimulus.  In the test conditions, the reference stimulus consisted of single or tandem AMR encodings, and the processed stimuli consisted of single or tandem encodings of one of 6 NS candidates.  In the reference conditions, the reference stimuli were Direct, a reference AMR encoding, or MNRU conditions.  The precise identity of each condition is given in Appendix 1.  The total number of trials was 192.  
3.1.1 Experiment 6: Results

Table 2 presents the CMOS responses for all conditions in Experiment 6.  Two-tailed Tukey HSD comparisons were performed between single-encoded pairings (conditions 7 – 12), tandem AMR pairings with NS on UL and DL (conditions 13 – 18) and tandem AMR pairings with NS on UL only (conditions 19 – 24).  Results indicate that NS2 (Condition 8), NS4 (Condition 10), and NS6 (Condition 12) each received significantly higher scores than NS3 (Condition 9) in single-encoding conditions (critical difference = 0.348).    


Processed Codec/MNRU

Reference Codec/MNRU

All Talkers


Condition
UL
DL
UL
DL
CMOS


1
Direct
-
Direct
-
0.04
0.62

2
AMR@5.9
-
AMR@5.9
-
0.15
0.68

3
MNRU-12
-
MNRU-16
-
-0.34
0.82

4
MNRU-12
-
Direct
-
-1.29
1.02

5
MNRU-12
-
MNRU-Q1
-
-0.56
0.65

6
MNRU-12
-
MNRU-Q2
-
-0.63
0.80

7
AMR/NS1@5.9
-
AMR@5.9
-
0.60
0.71

8
AMR/NS2@5.9
-
AMR@5.9
-
0.81
0.84

9
AMR/NS3@5.9
-
AMR@5.9
-
0.28
0.83

10
AMR/NS4@5.9
-
AMR@5.9
-
0.63
0.72

11
AMR/NS5@5.9
-
AMR@5.9
-
0.55
0.76

12
AMR/NS6@5.9
-
AMR@5.9
-
0.88
1.02

13
AMR/NS1@5.9
AMR/NS1@12.2
AMR@5.9
AMR@12.2
0.88
0.98

14
AMR/NS2@5.9
AMR/NS2@12.2
AMR@5.9
AMR@12.2
0.78
1.10

15
AMR/NS3@5.9
AMR/NS3@12.2
AMR@5.9
AMR@12.2
0.65
0.91

16
AMR/NS4@5.9
AMR/NS4@12.2
AMR@5.9
AMR@12.2
0.70
1.02

17
AMR/NS5@5.9
AMR/NS5@12.2
AMR@5.9
AMR@12.2
0.88
0.94

18
AMR/NS6@5.9
AMR/NS6@12.2
AMR@5.9
AMR@12.2
0.85
1.14

19
AMR@5.9
AMR/NS1@12.2
AMR@5.9
AMR@12.2
0.39
0.69

20
AMR@5.9
AMR/NS2@12.2
AMR@5.9
AMR@12.2
0.46
0.75

21
AMR@5.9
AMR/NS3@12.2
AMR@5.9
AMR@12.2
0.18
0.70

22
AMR@5.9
AMR/NS4@12.2
AMR@5.9
AMR@12.2
0.34
0.79

23
AMR@5.9
AMR/NS5@12.2
AMR@5.9
AMR@12.2
0.29
0.78

24
AMR@5.9
AMR/NS6@12.2
AMR@5.9
AMR@12.2
0.53
0.89

Table 2: Means Table for Experiment 6
3.2. Experiment 7: Performance in Street Background Noise: Influence of Propagation Errors

Experiment 7 was designed to test the performance of AMR-NS under 9dB SNR of street noise.  The source speech was Spanish, and consisted of 2 sentences (8 seconds in duration). Each condition outlined in the experiment involves the presentation of a reference stimulus and a processed stimulus.  In the test conditions, the reference stimulus consisted of single or tandem AMR encodings, and the processed stimuli consisted of single or tandem encodings of one of 6 NS candidates.  In the reference conditions, the reference stimuli were Direct, a reference AMR encoding, or MNRU conditions.  The precise identity of each condition is given in Appendix 1.  Due to the unexpected unavailability of Spanish-speaking subjects, only 22 of the required 24 subjects were run in the Spanish-speaking phase of Experiment 7.  The total number of test pairings was 192.
3.2.1. Results:  Experiment 7

Table 3 presents the CMOS responses for all conditions in Experiment 7.  Two-tailed Tukey HSD comparisons were performed between single-encoded pairings (conditions 7 – 12), tandem AMR pairings with NS on UL and DL (conditions 13 – 18) and tandem AMR pairings with NS on UL only (conditions 19 – 24).  Results indicate that NS6 (Condition 12) received significantly higher scores than NS3 (Condition 9) when they were single-encoded (critical difference = 0.284).


Processed Codec/MNRU
Reference Coder/MNRU
Spanish

Condition
UL
DL
UL
DL
CMOS


1
Direct
-
Direct
-
0.06
0.53

2
AMR@5.9
-
AMR@5.9
-
-0.07
0.54

3
MNRU-12
-
MNRU-16
-
-0.43
0.64

4
MNRU-12
-
Direct
-
-0.81
0.82

5
MNRU-12
-
MNRU-Q1
-
-0.45
0.65

6
MNRU-12
-
MNRU-Q2
-
-0.55
0.67

7
AMR/NS1@5.9
-
AMR@5.9
-
0.32
0.70

8
AMR/NS2@5.9
-
AMR@5.9
-
0.28
0.62

9
AMR/NS3@5.9
-
AMR@5.9
-
0.06
0.60

10
AMR/NS4@5.9
-
AMR@5.9
-
0.32
0.67

11
AMR/NS5@5.9
-
AMR@5.9
-
0.17
0.60

12
AMR/NS6@5.9
-
AMR@5.9
-
0.53
0.70

13
AMR/NS1@5.9
AMR/NS1@12.2
AMR@5.9
AMR@12.2
0.16
0.88

14
AMR/NS2@5.9
AMR/NS2@12.2
AMR@5.9
AMR@12.2
0.22
0.83

15
AMR/NS3@5.9
AMR/NS3@12.2
AMR@5.9
AMR@12.2
0.18
0.69

16
AMR/NS4@5.9
AMR/NS4@12.2
AMR@5.9
AMR@12.2
0.30
0.90

17
AMR/NS5@5.9
AMR/NS5@12.2
AMR@5.9
AMR@12.2
0.19
0.70

18
AMR/NS6@5.9
AMR/NS6@12.2
AMR@5.9
AMR@12.2
0.28
1.02

19
AMR@5.9
AMR/NS1@12.2
AMR@5.9
AMR@12.2
0.07
0.64

20
AMR@5.9
AMR/NS2@12.2
AMR@5.9
AMR@12.2
0.05
0.59

21
AMR@5.9
AMR/NS3@12.2
AMR@5.9
AMR@12.2
0.14
0.62

22
AMR@5.9
AMR/NS4@12.2
AMR@5.9
AMR@12.2
0.18
0.65

23
AMR@5.9
AMR/NS5@12.2
AMR@5.9
AMR@12.2
-0.06
0.54

24
AMR@5.9
AMR/NS6@12.2
AMR@5.9
AMR@12.2
0.19
0.84

Table 3: Means Table for Experiment 7
3.3. Experiment 8: Performance in Background Noise: Influence of Propagation Errors

Experiment 8 was designed to test the performance of AMR-NS under 9dB SNR of automobile noise.  The source speech was English and Mandarin, and consisted of 2 sentences (8 seconds in duration). Each condition outlined in the experiment involves the presentation of a reference stimulus and a processed stimulus.  In the test conditions, the reference stimulus consisted of single or tandem AMR encodings, and the processed stimuli consisted of single or tandem encodings from one of 6 NS candidates.  In the reference conditions, the reference stimuli were Direct, a reference AMR encoding, or MNRU conditions.  The precise identity of each condition is given in Appendix 2.  The total number of test pairings was 192. 

3.3.1. Results:  Experiment 8

Table 4 presents the CMOS responses for all conditions in Experiment 8.  Two-tailed Tukey HSD comparisons were performed between single-encoded pairings (conditions 7 – 12), tandem AMR pairings with NS on UL and DL (conditions 13 – 18) and tandem AMR pairings with NS on UL only (conditions 19 – 24).  Results indicate that NS6 (Condition 12) received significantly higher scores than NS3 (Condition 9) when they were single-encoded.  Results indicate no differences for English speech (critical difference = 0.286), but a large number for Mandarin (critical difference = 0.277).  As in Experiments 6 and 7, all differences occur for single-encoded conditions.  NS2 (Condition 8) and NS6 (Condition 12) received significantly higher scores than NS1, NS3, and NS4 (Conditions 7, 9, and 10, respectively). 


Processed Codec/MNRU
Reference Coder/MNRU
English
Mandarin

Condition
UL
UL/DTX
DL
UL
UL/DTX
DL
CMOS

CMOS


1
Direct
-
-
Direct
-
-
-0.02
0.43
0.00
0.53

2
AMR@7.4
-
-
AMR@7.4
-
-
0.01
0.46
0.01
0.40

3
MNRU-12
-
-
MNRU-16
-
-
-0.40
0.53
-0.32
0.41

4
MNRU-12
-
-
Direct
-
-
-1.27
0.70
-1.03
0.74

5
MNRU-12
-
-
MNRU-Q1
-
-
-0.16
0.45
-0.16
0.41

6
MNRU-12
-
-
MNRU-Q2
-
-
-0.25
0.50
-0.16
0.41

7
AMR/NS1@7.4
On
-
AMR@7.4
Off
-
0.57
0.67
0.63
0.68

8
AMR/NS2@7.4
On
-
AMR@7.4
Off
-
0.44
0.80
0.93
0.83

9
AMR/NS3@7.4
On
-
AMR@7.4
Off
-
0.40
0.73
0.61
0.60

10
AMR/NS4@7.4
On
-
AMR@7.4
Off
-
0.60
0.66
0.65
0.66

11
AMR/NS5@7.4
On
-
AMR@7.4
Off
-
0.55
0.66
0.70
0.65

12
AMR/NS6@7.4
On
-
AMR@7.4
Off
-
0.62
0.76
0.96
0.88

13
AMR/NS1@7.4
On
AMR/NS1@12.2
AMR@7.4
Off
AMR@12.2
0.52
0.95
1.06
1.10

14
AMR/NS2@7.4
On
AMR/NS2@12.2
AMR@7.4
Off
AMR@12.2
0.51
0.88
1.03
1.13

15
AMR/NS3@7.4
On
AMR/NS3@12.2
AMR@7.4
Off
AMR@12.2
0.32
0.95
0.80
1.01

16
AMR/NS4@7.4
On
AMR/NS4@12.2
AMR@7.4
Off
AMR@12.2
0.55
1.02
1.09
1.09

17
AMR/NS5@7.4
On
AMR/NS5@12.2
AMR@7.4
Off
AMR@12.2
0.47
0.91
1.08
1.03

18
AMR/NS6@7.4
On
AMR/NS6@12.2
AMR@7.4
Off
AMR@12.2
0.34
1.18
1.17
1.19

19
AMR@7.4
Off
AMR/NS1@12.2
AMR@7.4
Off
AMR@12.2
0.52
0.91
1.01
1.01

20
AMR@7.4
Off
AMR/NS2@12.2
AMR@7.4
Off
AMR@12.2
0.58
0.99
1.11
1.03

21
AMR@7.4
Off
AMR/NS3@12.2
AMR@7.4
Off
AMR@12.2
0.39
0.87
0.89
0.97

22
AMR@7.4
Off
AMR/NS4@12.2
AMR@7.4
Off
AMR@12.2
0.55
0.92
0.96
1.03

23
AMR@7.4
Off
AMR/NS5@12.2
AMR@7.4
Off
AMR@12.2
0.55
0.89
1.04
1.12

24
AMR@7.4
Off
AMR/NS6@12.2
AMR@7.4
Off
AMR@12.2
0.49
1.09
1.14
1.21

Table 4: Means Table for Experiment 8
3.4. Experiment 9: Performance in Background Noise: Influence of Propagation Errors

Experiment 9 was designed to test the performance of AMR-NS under 9dB SNR of street noise.  The source speech was English and Mandarin, and consisted of 2 sentences (8 seconds in duration). Each condition outlined in the experiment involves the presentation of a reference stimulus and a processed stimulus.  In the test conditions, the reference stimulus consisted of single or tandem AMR encodings, and the processed stimuli consisted of single or tandem encodings from one of 6 NS candidates.  In the reference conditions, the reference stimuli were Direct, a reference AMR encoding, or MNRU conditions.  The precise identity of each condition is given in Appendix 2.  The total number of test pairings was 192. 

3.4.1. Results:  Experiment 9

Table 5 presents the CMOS responses for all conditions in Experiment 9.  Two-tailed Tukey HSD comparisons were performed between single-encoded pairings (conditions 7 – 12), tandem AMR pairings with NS on UL and DL (conditions 13 – 18) and tandem AMR pairings with NS on UL only (conditions 19 – 24).  For single-encodings, results show that NS6 scored higher than NS3 in Mandarin (critical difference = 0.267).  For tandem encodings, NS5 scored higher than NS6 in English (critical difference = 0.330).  


Processed Codec/MNRU
Reference Coder/MNRU
English
Mandarin

Condition
UL
UL/DTX
DL
UL
UL/DTX
DL
CMOS

CMOS


1
Direct
-
-
Direct
-
-
0.01
0.40
0.03
0.39

2
AMR@7.4
-
-
AMR@7.4
-
-
-0.01
0.29
0.02
0.43

3
MNRU-12
-
-
MNRU-16
-
-
-0.47
0.50
-0.33
0.54

4
MNRU-12
-
-
Direct
-
-
-1.16
0.68
-0.92
0.84

5
MNRU-12
-
-
MNRU-Q1
-
-
-0.19
0.42
-0.22
0.42

6
MNRU-12
-
-
MNRU-Q2
-
-
-0.36
0.45
-0.32
0.55

7
AMR/NS1@7.4
On
-
AMR@7.4
Off
-
0.21
0.54
0.24
0.71

8
AMR/NS2@7.4
On
-
AMR@7.4
Off
-
0.26
0.52
0.32
0.69

9
AMR/NS3@7.4
On
-
AMR@7.4
Off
-
0.33
0.59
0.18
0.64

10
AMR/NS4@7.4
On
-
AMR@7.4
Off
-
0.34
0.54
0.32
0.66

11
AMR/NS5@7.4
On
-
AMR@7.4
Off
-
0.15
0.48
0.24
0.58

12
AMR/NS6@7.4
On
-
AMR@7.4
Off
-
0.36
0.76
0.47
0.87

13
AMR/NS1@7.4
On
AMR/NS1@12.2
AMR@7.4
Off
AMR@12.2
0.01
0.69
-0.02
1.05

14
AMR/NS2@7.4
On
AMR/NS2@12.2
AMR@7.4
Off
AMR@12.2
0.01
0.79
0.11
0.99

15
AMR/NS3@7.4
On
AMR/NS3@12.2
AMR@7.4
Off
AMR@12.2
0.18
0.70
0.02
1.01

16
AMR/NS4@7.4
On
AMR/NS4@12.2
AMR@7.4
Off
AMR@12.2
0.13
0.79
0.06
1.11

17
AMR/NS5@7.4
On
AMR/NS5@12.2
AMR@7.4
Off
AMR@12.2
0.28
0.74
0.15
0.91

18
AMR/NS6@7.4
On
AMR/NS6@12.2
AMR@7.4
Off
AMR@12.2
-0.15
1.09
-0.07
1.27

19
AMR@7.4
Off
AMR/NS1@12.2
AMR@7.4
Off
AMR@12.2
0.01
0.76
-0.07
1.14

20
AMR@7.4
Off
AMR/NS2@12.2
AMR@7.4
Off
AMR@12.2
0.02
0.86
-0.03
1.00

21
AMR@7.4
Off
AMR/NS3@12.2
AMR@7.4
Off
AMR@12.2
0.29
0.64
0.01
1.04

22
AMR@7.4
Off
AMR/NS4@12.2
AMR@7.4
Off
AMR@12.2
-0.07
0.80
0.15
1.14

23
AMR@7.4
Off
AMR/NS5@12.2
AMR@7.4
Off
AMR@12.2
0.16
0.67
0.05
0.87

24
AMR@7.4
Off
AMR/NS6@12.2
AMR@7.4
Off
AMR@12.2
-0.04
1.19
-0.06
1.39

Table 5: Means Table for Experiment 9
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APPENDICES

Appendix 1:  Conditions for CCR Experiments 6 and 71
Cond.
Reference
Processed
Speech sample number (6 sequences)


UL
DL
UL
DL


1
Direct
-
Direct
-
4 5 6 1 2  3

2
AMR@x
-
AMR@x
-
4 5 6 1 2  3

3
MNRU-16
-
MNRU-12
-
4 5 6 1 2 3

4
Direct
-
MNRU-12
-
4 5 6 1 2  3

5
MNRU-Q1
-
MNRU-12
-
4 5 6 1 2  3

6
MNRU-Q2
-
MNRU-12
-
4 5 6 1 2  3

7
AMR@x
-
AMR/NS1@x
-
1 2 3 4 5 6

8
AMR@x
-
AMR/NS2@x
-
1 2 3 4 5 6

9
AMR@x
-
AMR/NS3@x
-
1 2 3 4 5 6

10
AMR@x
-
AMR/NS4@x
-
1 2 3 4 5 6

11
AMR@x
-
AMR/NS5@x
-
1 2 3 4 5 6

12
AMR@x
-
AMR/NS6@x
-
1 2 3 4 5 6

13
AMR@x
AMR@y
AMR/NS1@x
AMR/NS1@y
2 3 4 5 6 1

14
AMR@x
AMR@y
AMR/NS2@x
AMR/NS2@y
2 3 4 5 6 1

15
AMR@x
AMR@y
AMR/NS3@x
AMR/NS3@y
2 3 4 5 6 1

16
AMR@x
AMR@y
AMR/NS4@x
AMR/NS4@y
2 3 4 5 6 1

17
AMR@x
AMR@y
AMR/NS5@x
AMR/NS5@y
2 3 4 5 6 1

18
AMR@x
AMR@y
AMR/NS6@x
AMR/NS6@y
2 3 4 5 6 1

19
AMR@x
AMR@y
AMR@x
AMR/NS1@y
3 4 5 6 1 2

20
AMR@x
AMR@y
AMR@x
AMR/NS2@y
3 4 5 6 1 2

21
AMR@x
AMR@y
AMR@x
AMR/NS3@y
3 4 5 6 1 2

22
AMR@x
AMR@y
AMR@x
AMR/NS4@y
3 4 5 6 1 2

23
AMR@x
AMR@y
AMR@x
AMR/NS5@y
3 4 5 6 1 2

24
AMR@x
AMR@y
AMR@x
AMR/NS6@y
3 4 5 6 1 2

25-48
Reversed order of the reference and processed speech samples in cond. 1-24

Notes:
· 4 talkers are used for all conditions: 2 male and 2 female 

· 6 speech samples (8 s) are used for each talker

· AMR@x denotes AMR at bit rate 5.9 kbps with the appropriate UL error conditions (C/I = 10 dB), AMR/NSz@x denotes NS canditate z at the same conditions

· AMR@y denotes AMR at bit rate 12.2 kbps
· all tandems should have the asynchronous delay step between the Uplink and Downlink incorporated 
· MNRU-Q1, MNRU-Q2 denotes MNRU at dBQ 17/18. 



Appendix 2: Conditions for CCR Experiments 8 and 91
Cond.
Reference
Processed
Speech sample number (6 sequences)


UL
DL
UL
DL


1
Direct
-
Direct
-
4 5 6 1 2  3

2
AMR@u
-
AMR@u
-
4 5 6 1 2  3

3
MNRU-16
-
MNRU-12
-
4 5 6 1 2 3

4
Direct
-
MNRU-12
-
4 5 6 1 2  3

5
MNRU-Q1
-
MNRU-12
-
4 5 6 1 2  3

6
MNRU-Q2
-
MNRU-12
-
4 5 6 1 2  3

7
AMR@u
-
AMR/NS1@u
-
1 2 3 4 5 6

8
AMR@u
-
AMR/NS2@u
-
1 2 3 4 5 6

9
AMR@u
-
AMR/NS3@u
-
1 2 3 4 5 6

10
AMR@u
-
AMR/NS4@u
-
1 2 3 4 5 6

11
AMR@u
-
AMR/NS5@u
-
1 2 3 4 5 6

12
AMR@u
-
AMR/NS6@u
-
1 2 3 4 5 6

13
AMR@u
AMR@y
AMR/NS1@u
AMR/NS1@y
2 3 4 5 6 1

14
AMR@u
AMR@y
AMR/NS2@u
AMR/NS2@y
2 3 4 5 6 1

15
AMR@u
AMR@y
AMR/NS3@u
AMR/NS3@y
2 3 4 5 6 1

16
AMR@u
AMR@y
AMR/NS4@u
AMR/NS4@y
2 3 4 5 6 1

17
AMR@u
AMR@y
AMR/NS5@u
AMR/NS5@y
2 3 4 5 6 1

18
AMR@u
AMR@y
AMR/NS6@u
AMR/NS6@y
2 3 4 5 6 1

19
AMR@v
AMR@y
AMR/NS1@v
AMR/NS1@y
3 4 5 6 1 2

20
AMR@v
AMR@y
AMR/NS2@v
AMR/NS2@y
3 4 5 6 1 2

21
AMR@v
AMR@y
AMR/NS3@v
AMR/NS3@y
3 4 5 6 1 2

22
AMR@v
AMR@y
AMR/NS4@v
AMR/NS4@y
3 4 5 6 1 2

23
AMR@v
AMR@y
AMR/NS5@v
AMR/NS5@y
3 4 5 6 1 2

24
AMR@v
AMR@y
AMR/NS6@v
AMR/NS6@y
3 4 5 6 1 2

25-48
Reversed order of the reference and processed speech samples in cond. 1-24

Notes:
· 4 talkers are used for all conditions: 2 male and 2 female 

· 6 speech samples (8 s) are used for each talker

· AMR@u denotes AMR at bit rate 7.4 kbps with DTX ON (conditions 7-18), AMR/NSz@u denotes NS canditate z at the same conditions

· AMR@v denotes AMR at bit rate 7.4 kbps with DTX OFF (conditions 19-24).

· AMR@y denotes AMR at bit rate 12.2 kbps with DTX OFF, and AMR/NSz@y denotes NS canditate z with a bit rate of 12.2 kbps with DTX OFF in DL conditions.

· MNRU-Q1, MNRU-Q2 denotes MNRU at dBQ 14/15. Option 1 VAD will be used for all relevant conditions in Experiment 8. Option 2 VAD will be used for all relevant conditions for Experiment 9.
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