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I. INTRODUCTION

This document reports the subjective test execution of the ETSI AMR-WB Characterisation phase as conducted at France Télécom R&D. FT R&D acted as one of the listening laboratories and performed Experiments #2 and #5 in French language. The experiments were carried out following exactly the test plan for the AMR Wideband Characterisation Phase 1 described in Tdoc S4 (01) 0307R [1]. Each was performed with 24 listeners, totally 48 subjects were participating in those tests. The deliverables containing the subjective results were provided in due time (Friday, May 25th) to the TR Editor and the contribution was, further on, posted to the reflector. 

II. DESCRIPTION OF THE EXPERIMENTS

Experiment 2 

The purpose of this experiment is to characterise the error-free, clean-speech performance of all the AMR-WB codec modes in tandem with other wideband standards, e.g. with G.722/G.722.1. The procedure that was used is the Absolute Category Rating method. 

Experiment 5
The purpose of Experiment 5 is to characterise the performances of the AMR-WB codec for each of its modes over a range of channel conditions in GSM GMSK FR channel. The procedure used is the Absolute Category Rating method. 
III. LISTENING SESSIONS

France Télécom R&D fully conformed to the requirements set of the AMR-Wideband Characterisation Test Plan [1]. Each of the two experiments was performed using 24 listeners (nominally balanced between male and female subjects), divided into four groups of six listeners each. A total of 48 listeners were participating in the listening tests. All test stimuli have been presented monaurally to the subjects over a high quality  headphones (a Sennheiser HD 25 with flat response in the audio-bandwidth of interest: 50 Hz – 7 kHz). The other ear was left open. 

IV. RESULTS

For each experiment the votes of the four groups of listeners were stored on a computer and used to generate the Basic Statistical Results as described in Annex 2 (section E.2, Table E.1). Following a discussion which took place within members of the SQ Group regarding the analysis of experiments conducted by two different listening laboratories (Exp#1, #2 & #5), DYNASTAT offered to perform Variance Analyses on subjective results for Exp#1, #2 & #5. As a consequence, raw data for Exp#2 & Exp#5 in French language were used to fill in the spreadsheets that were produced by LMGT and sent to DYNASTAT for analysis. 

Results of the experiments have been prepared as tables in Annexes :  

Annex A (Experiment 2) 
Table A1 :Test results for all conditions

Annex A (Experiment 2) 
Tables A2-A4 : t-tests between AMR-WB codec and reference codec G.722 (64 kbit/s, 48 kbit/s and 24 kbit/s)

Annex A (Experiment 2) 
Table A5 : t-tests between mixed tandem of AMR-WB codec and reference codec G.722.1-24kbit/s (2T)

Annex A (Experiment 2) 
Table A6 : t-tests between tandems with G.722-48kbit/s in both directions

Annex B (Experiment 5) 
Table B1 :Test results for all conditions

Annex B (Experiment 5) 
Tables B2-B4 : t-tests between AMR-WB codec and reference codec G.722 (64 kbit/s, 56 kbit/s and 48 kbit/s)

Annex B (Experiment 5) 
Table B5 : t-tests between mixed tandem of AMR-WB codec and reference codec G.722.1-24kbit/s (2T)

Annex B (Experiment 5) 
Table B6 : t-tests between tandems with G.722-48kbit/s in both directions

Annex C (Experiments 2 & 5) 
Tables C1-C3 : Complementary results

All results are reported in Annex A for Exp#2 (Table A1 to Table A6) and in Annex B for Exp#5 (Table B1 to Table B5). The verification of the quality requirements for the AMR-WB codec has been performed, according to the test plan (see section V).

V. Verification of requirements and objectives

For Experiments 2 & 5 the verification of the speech quality requirements and objectives (R&O) consist of simple pair wise comparisons of the Mean Opinion Scores obtained for the AMR-WB codec and the reference codec as described in Annex E.3. For the requirements and objectives expressed as “not worse than” or “better than”, a one-sided t-test at the (1-α) = 95% significance has been used to accept or reject the hypothesis that a requirement is met.

Experiment 2: Interoperability Performance in Real World Wideband Scenarios (ACR) : 


Requirements and Objectives are not applicable
Statistical comparisons have been performed for single encoding against the reference codecs G.722-64kbit/s (Table A2), G.722-48kbit/s (Table A3) and G.722-24kbit/s (Table A4). For tandeming, the comparisons were performed against two G.722-24kbit/s in tandem (Table A5)
. Moreover, in order to investigate the effect of direction in tandeming t-tests were also computed between tandeming conditions of any modes with G.722-48kbit/s in both directions. Complementary results are given in Annex C (Table C1). 

Essential results are the following :

for single encoding

· Modes 0 & 1 are significantly worse than G.722-64kbit/s, while modes 2, 3, 4, 5, 7 & 8 are statistically equivalent to G.722-64kbit/s and mode 6 is significantly better than the same reference,

· All modes, except mode 0 are significantly better than G.722-48kbit/s,

· Mode 0 is significantly worse than G.722-24kbit/s, while modes 1, 2, 3, 4, 5, 7 & 8 are statistically equivalent to the same reference and mode 6 is significantly better than G.722-24kbit/s.

for tandeming
· Any AMR mode tandeming with G.722-48kbit/s as first codec is significantly better than tandeming in the opposite direction.

Experiment 5: The Effect of Static Errors under Clean Speech Conditions in GSM GMSK 

(ACR) :  Requirements and Objectives [C/I = 19 dB and C/I ranges < 13dB R&O not applicable since not included in this experiment]

Statistical comparisons have been performed for error free conditions against the reference codecs G.722-64kbit/s (Table B2), G.722-56kbit/s (Table B3) and G.722-48kbit/s (Table B4). For error conditions, the comparisons were performed against G.722-48kbit/s no errors (Table B5)
. Complementary results are given in Annex C (Tables C2 &C2). Application A is relevant for Mode 0, Mode 1, Mode 2 and Mode 3, Application B for Mode 4, Mode 5 and Mode 6. 

Essential results are the following :

for error free conditions

· Modes 0 & 1 are significantly worse than G.722-64kbit/s and G.722-56kbit/s, while modes 2, 3, 4, 5 & 6 are statistically equivalent to the same references.

· All modes, except mode 0 are significantly better than G.722-48kbit/s; mode 0 is significantly worse than G.722-48kbit/s. 

· Mode 0 fails to meet its quality requirement and objective.

· Mode 1 fails to meet its quality objective.

· All other requirements are met.

for error conditions

· Requirements for error conditions down to C/I = 13 dB are all met for mode 4 to mode 6 (Application B). 

	
	Requirements and Objectives for
	- Experiment 5

	
	AMR-WB
	Requirements/
	G722-AMR (1-tailed)

	Cond.
	Mode
	Factor
	Objec
	tives
	Diff
	MSD
	Pass/Fail

	14
	Mode 0 (6.6 kbit/s)
	No error
	Better than
	G.722-48
	.22
	.19
	Fail

	14
	Mode 0 (6.6 kbit/s)
	No error
	 Not worse than 
	G.722-56
	.81
	.17
	Fail

	19
	Mode 1 (8.85 kbit/s)
	No error
	Better than
	G.722-48
	-.21
	.18
	Pass

	19
	Mode 1 (8.85 kbit/s)
	No error
	 Not worse than 
	G.722-56
	.38
	.17
	Fail

	24
	Mode 2 (12.65 kbit/s)
	No error
	Better than
	G.722-48
	-.53
	.17
	Pass

	24
	Mode 2 (12.65 kbit/s)
	No error
	 Not worse than 
	G.722-56
	.06
	.16
	Pass

	29
	Mode 3 (14.25 kbit/s)
	No error
	Better than
	G.722-48
	-.60
	.17
	Pass

	29
	Mode 3 (14.25 kbit/s)
	No error
	 Not worse than 
	G.722-56
	-.01
	.15
	Pass

	34
	Mode 4 (15.85 kbit/s)
	No error
	 Not worse than 
	G.722-56
	-.08
	.16
	Pass

	34
	Mode 4 (15.85 kbit/s)
	No error
	 Not worse than 
	G.722-64
	-.04
	.15
	Pass

	35
	Mode 4 (15.85 kbit/s)
	C/I=13dB (FER=0,2%)
	 Not worse than 
	G.722-48
	-.44
	.17
	Pass

	39
	Mode 5 (18.25 kbit/s)
	No error
	 Not worse than 
	G.722-56
	-.01
	.16
	Pass

	39
	Mode 5 (18.25 kbit/s)
	No error
	 Not worse than 
	G.722-64
	.03
	.17
	Pass

	40
	Mode 5 (18.25 kbit/s)
	C/I=16dB (FER=0,4%)
	 Not worse an 
	G.722-48
	-.57
	.18
	Pass

	41
	Mode 5 (18.25 kbit/s)
	C/I=15dB (FER=0,6%)
	 Not worse an 
	G.722-48
	-.53
	.17
	Pass

	42
	Mode 5 (18.25 kbit/s)
	C/I=14dB (FER=1,4%)
	 Not worse an 
	G.722-48
	-.31
	.19
	Pass

	43
	Mode 5 (18.25 kbit/s)
	C/I=13dB (FER=2,7%)
	 Not worse an 
	G.722-48
	-.11
	.20
	Pass

	44
	Mode 6 (19.85 kbit/s)
	No error
	 Not worse than 
	G.722-56
	-.05
	.16
	Pass

	44
	Mode 6 (19.85 kbit/s)
	No error
	 Not worse than 
	G.722-64
	-.01
	.16
	Pass

	45
	Mode 6 (19.85 kbit/s)
	C/I=15dB (FER=0,2%)
	 Not worse an 
	G.722-48
	-.38
	.17
	Pass

	46
	Mode 6 (19.85 kbit/s)
	C/I=14dB (FER=0,5%)
	 Not worse an 
	G.722-48
	-.29
	.18
	Pass

	47
	Mode 6 (19.85 kbit/s)
	C/I=13dB (FER=1,1%)
	 Not worse an 
	G.722-48
	.00
	.19
	Pass
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Annex A

Table A1 :   MOS results for each talker (males and females) and both genders -Experiment 2-

	
	 MOSc (males talkers)
	MOSc (females talkers)
	MOSc
	Sc
	C.I.
	Eq

	C.
	Codec
	Cod. 2 in tand.
	Factor
	M1
	M2
	F1
	F2
	All talkers
	All talkers
	All talkers
	Q(dB)

	1
	Direct
	-
	-
	4.79
	4.75
	4.96
	4.92
	4.85
	 .35
	 .07
	-

	2
	MNRU
	
	Q=45dB
	4.63
	4.54
	4.63
	4.63
	4.60
	 .55
	 .11
	-

	3
	MNRU
	-
	Q=37dB
	4.38
	4.33
	4.00
	3.29
	4.00
	 .83
	 .17
	-

	4
	MNRU
	-
	Q=29dB
	3.25
	3.13
	2.83
	2.38
	2.90
	 .73
	 .15
	-

	5
	MNRU
	-
	Q=21dB
	2.38
	2.21
	2.29
	2.00
	2.22
	 .58
	 .12
	-

	6
	MNRU
	-
	Q=13dB
	1.67
	1.79
	1.50
	1.50
	1.61
	 .62
	 .13
	-

	7
	MNRU
	-
	Q= 5dB
	1.08
	1.25
	1.08
	1.00
	1.10
	 .31
	 .06
	-

	8
	G.722-64
	-
	Single coding
	4.67
	4.63
	4.67
	4.46
	4.60
	 .49
	 .10
	47.13

	9
	G.722-48
	-
	Single coding
	4.29
	4.42
	4.13
	4.25
	4.27
	 .67
	 .14
	40.24

	10
	G.722.1-24
	-
	Single coding
	4.71
	4.46
	4.50
	4.46
	4.53
	 .60
	 .12
	45.17

	11
	G.722.1-24
	G.722.1-24
	Tandem coding
	4.13
	4.21
	4.42
	4.38
	4.28
	 .68
	 .14
	40.39

	12
	Mode 0 (6.6 kbit/s)
	-
	Single coding
	4.13
	4.00
	4.04
	3.92
	4.02
	 .71
	 .14
	37.02

	13
	Mode 0 (6.6 kbit/s)
	G.722-64
	Tandem coding
	3.92
	4.04
	3.67
	3.92
	3.89
	 .69
	 .14
	35.62

	14
	Mode 0 (6.6 kbit/s)
	G.722-48
	Tandem coding
	3.29
	3.54
	3.33
	3.42
	3.40
	 .70
	 .14
	31.23

	15
	G.722-48-
	Mode 0 (6.6 kbit/s)
	Tandem coding
	3.58
	3.71
	3.67
	3.42
	3.59
	 .72
	 .15
	32.82

	16
	Mode 0 (6.6 kbit/s)
	G.722.1-24
	Tandem coding
	3.50
	3.92
	4.04
	3.75
	3.80
	 .78
	 .16
	34.73

	17
	Mode 1 (8.85 kbit/s)
	-
	Single coding
	4.58
	4.63
	4.38
	4.21
	4.45
	 .63
	 .13
	43.36

	18
	Mode 1 (8.85 kbit/s)
	G.722-64
	Tandem coding
	4.00
	4.17
	4.00
	4.21
	4.09
	 .70
	 .14
	37.83

	19
	Mode 1 (8.85 kbit/s)
	G.722-48
	Tandem coding
	3.79
	3.58
	3.58
	3.50
	3.61
	 .79
	 .16
	32.99

	20
	G.722-48 
	Mode 1 (8.85 kbit/s)
	Tandem coding
	3.88
	4.04
	4.21
	4.13
	4.06
	 .71
	 .14
	37.48

	21
	Mode 1 (8.85 kbit/s)
	G.722.1-24
	Tandem coding
	4.04
	4.17
	4.21
	3.79
	4.05
	 .76
	 .15
	37.36

	22
	Mode 2 (12.65 kbit/s)
	-
	Single coding
	4.42
	4.71
	4.58
	4.58
	4.57
	 .56
	 .11
	46.24

	23
	Mode 2 (12.65 kbit/s)
	G.722-64
	Tandem coding
	4.38
	4.38
	4.33
	4.25
	4.33
	 .69
	 .14
	41.17

	24
	Mode 2 (12.65 kbit/s)
	G.722-48
	Tandem coding
	3.88
	3.96
	4.00
	3.79
	3.91
	 .70
	 .14
	35.83

	25
	G.722-48 
	Mode 2 (12.65 kbit/s)
	Tandem coding
	4.13
	4.17
	4.29
	4.33
	4.23
	 .72
	 .15
	39.66

	26
	Mode 2 (12.65 kbit/s)
	G.722.1-24
	Tandem coding
	4.42
	4.33
	4.38
	4.13
	4.31
	 .65
	 .13
	40.85

	27
	Mode 3 (14.25 kbit/s)
	-
	Single coding
	4.58
	4.58
	4.54
	4.58
	4.57
	 .56
	 .11
	46.24

	28
	Mode 3 (14.25 kbit/s)
	G.722-64
	Tandem coding
	4.63
	4.33
	4.17
	4.42
	4.39
	 .57
	 .12
	42.21

	29
	Mode 3 (14.25 kbit/s)
	G.722-48
	Tandem coding
	3.96
	3.71
	3.88
	3.88
	3.85
	 .66
	 .13
	35.22

	30
	G.722-48 
	Mode 3 (14.25 kbit/s)
	Tandem coding
	4.38
	4.13
	4.25
	4.17
	4.23
	 .67
	 .14
	39.66

	31
	Mode 3 (14.25 kbit/s)
	G.722.1-24
	Tandem coding
	4.46
	4.46
	4.50
	4.21
	4.41
	 .66
	 .13
	42.58

	32
	Mode 4 (15.85 kbit/s)
	-
	Single coding
	4.58
	4.75
	4.50
	4.67
	4.63
	 .53
	 .11
	48.13

	33
	Mode 4 (15.85 kbit/s)
	G.722-64
	Tandem coding
	4.33
	4.38
	4.38
	4.33
	4.35
	 .63
	 .13
	41.51

	34
	Mode 4 (15.85 kbit/s)
	G.722-48
	Tandem coding
	3.83
	3.92
	3.92
	3.96
	3.91
	 .80
	 .16
	35.83

	35
	G.722-48 
	Mode 4 (15.85 kbit/s)
	Tandem coding
	4.21
	4.17
	4.38
	4.46
	4.30
	 .65
	 .13
	40.70

	36
	Mode 4 (15.85 kbit/s)
	G.722.1-24
	Tandem coding
	4.46
	4.42
	4.50
	4.58
	4.49
	 .56
	 .11
	44.22

	37
	Mode 5 (18.25 kbit/s)
	-
	Single coding
	4.58
	4.71
	4.46
	4.58
	4.58
	 .59
	 .12
	46.53

	38
	Mode 5 (18.25 kbit/s)
	G.722-64
	Tandem coding
	4.46
	4.46
	4.33
	4.67
	4.48
	 .63
	 .13
	44.00

	39
	Mode 5 (18.25 kbit/s)
	G.722-48
	Tandem coding
	3.83
	4.08
	3.96
	3.88
	3.94
	 .71
	 .14
	36.14

	40
	G.722-48 
	Mode 5 (18.25 kbit/s)
	Tandem coding
	4.08
	4.17
	4.25
	4.17
	4.17
	 .68
	 .14
	38.84

	41
	Mode 5 (18.25 kbit/s)
	G.722.1-24
	Tandem coding
	4.29
	4.46
	4.46
	4.46
	4.42
	 .57
	 .12
	42.77

	42
	Mode 6 (19.85 kbit/s)
	-
	Single coding
	4.83
	4.75
	4.71
	4.67
	4.74
	 .46
	 .09
	53.45

	43
	Mode 6 (19.85 kbit/s)
	G.722-64
	Tandem coding
	4.29
	4.38
	4.42
	4.67
	4.44
	 .56
	 .11
	43.16

	44
	Mode 6 (19.85 kbit/s)
	G.722-48
	Tandem coding
	4.04
	3.92
	4.00
	4.08
	4.01
	 .70
	 .14
	36.91

	45
	G.722-48 
	Mode 6 (19.85 kbit/s)
	Tandem coding
	4.38
	4.25
	4.42
	4.50
	4.39
	 .65
	 .13
	42.21

	46
	Mode 6 (19.85 kbit/s)
	G.722.1-24
	Tandem coding
	4.38
	4.54
	4.58
	4.54
	4.51
	 .56
	 .11
	44.69

	47
	Mode 7 (23.05 kbit/s)
	-
	Single coding
	4.54
	4.75
	4.46
	4.67
	4.60
	 .55
	 .11
	47.13

	48
	Mode 7 (23.05 kbit/s)
	G.722-64
	Tandem coding
	4.46
	4.50
	4.50
	4.46
	4.48
	 .62
	 .12
	44.00

	49
	Mode 7 (23.05 kbit/s)
	G.722-48
	Tandem coding
	4.00
	4.00
	4.25
	4.04
	4.07
	 .77
	 .16
	37.60

	50
	G.722-48 
	Mode 7 (23.05 kbit/s)
	Tandem coding
	4.17
	4.29
	4.38
	4.29
	4.28
	 .59
	 .12
	40.39

	51
	Mode 7 (23.05 kbit/s)
	G.722.1-24
	Tandem coding
	4.38
	4.38
	4.46
	4.46
	4.42
	 .59
	 .12
	42.77

	52
	Mode 8 (23.85 kbit/s)
	-
	Single coding
	4.67
	4.46
	4.71
	4.71
	4.64
	 .51
	 .10
	48.50

	53
	Mode 8 (23.85 kbit/s)
	G.722-64
	Tandem coding
	4.46
	4.25
	4.46
	4.46
	4.41
	 .61
	 .12
	42.58

	54
	Mode 8 (23.85 kbit/s)
	G.722-48
	Tandem coding
	3.88
	3.79
	3.79
	3.83
	3.82
	 .78
	 .16
	34.93

	55
	G.722-48 
	Mode 8 (23.85 kbit/s)
	Tandem coding
	4.21
	4.04
	4.21
	4.25
	4.18
	 .70
	 .14
	38.97

	56
	Mode 8 (23.85 kbit/s)
	G.722.1-24
	Tandem coding
	4.42
	4.63
	4.50
	4.33
	4.47
	 .61
	 .12
	43.78


Annex A (continued)

Table A2 : t - test (95% confidence level) between AMR-WB codec and reference codec G722-64kbit/s

-Experiment 2-

	reference codec

	G722 - 64kbit/s

	MOSc
	Sc

	4.60
	.49

	
	
	
	t-test    (ref.  -  AMR-WB.)

	
	AMR-WB
	
	G722-AMR (2-tailed)
	G722-AMR (1-tailed)

	Cond.
	Mode
	 Cod. 2 in tand.
	Factor
	MOSc
	Sc
	Diff
	MSD
	Diff
	MSD

	12
	Mode 0 (6.6 kbit/s)
	-
	Sing. C.
	 4.02
	  .71
	  .58
	  .17
	  .58
	  .15

	17
	Mode 1 (8.85 kbit/s)
	-
	Sing  C. 
	 4.45
	  .63
	  .15
	  .16
	  .15
	  .13

	22
	Mode 2 (12.65 kbit/s)
	-
	Sing. C.
	 4.57
	  .56
	  .03
	  .15
	  .03
	  .13

	27
	Mode 3 (14.25 kbit/s)
	-
	Sing  C. 
	 4.57
	  .56
	  .03
	  .15
	  .03
	  .13

	32
	Mode 4 (15.85 kbit/s)
	-
	Sing. C.
	 4.63
	  .53
	 -.03
	  .15
	 -.03
	  .12

	37
	Mode 5 (18.25 kbit/s)
	-
	Sing  C. 
	 4.58
	  .59
	  .02
	  .16
	  .02
	  .13

	42
	Mode 6 (19.85 kbit/s)
	-
	Sing  C. 
	 4.74
	  .46
	 -.14
	  .14
	 -.14
	  .11

	47
	Mode 7 (23.05 kbit/s)
	-
	Sing. C.
	 4.60
	  .55
	  .00
	  .15
	  .00
	  .12

	52
	Mode 8 (23.85 kbit/s)
	-
	Sing  C. 
	 4.64
	  .51
	 -.04
	  .14
	 -.04
	  .12


Table A3 : t - test (95% confidence level) between AMR-WB codec and reference codec G722-48kbit/s

-Experiment 2-

	reference codec

	G722 - 48kbit/s

	MOSc
	Sc

	4.27
	.67

	
	
	
	t-test    (ref.  -  AMR-WB.)

	
	AMR-WB
	
	G722-AMR (2-tailed)
	G722-AMR (1-tailed)

	Cond.
	Mode
	 Cod. 2 in tand.
	Factor
	MOSc
	Sc
	Diff
	MSD
	Diff
	MSD

	12
	Mode 0 (6.6 kbit/s)
	-
	Sing. C.
	 4.02
	  .71
	  .25
	  .20
	  .25
	  .17

	17
	Mode 1 (8.85 kbit/s)
	-
	Sing  C. 
	 4.45
	  .63
	 -.18
	  .19
	 -.18
	  .16

	22
	Mode 2 (12.65 kbit/s)
	-
	Sing. C.
	 4.57
	  .56
	 -.30
	  .18
	 -.30
	  .15

	27
	Mode 3 (14.25 kbit/s)
	-
	Sing  C. 
	 4.57
	  .56
	 -.30
	  .18
	 -.30
	  .15

	32
	Mode 4 (15.85 kbit/s)
	-
	Sing. C.
	 4.63
	  .53
	 -.36
	  .17
	 -.36
	  .14

	37
	Mode 5 (18.25 kbit/s)
	-
	Sing  C. 
	 4.58
	  .59
	 -.31
	  .18
	 -.31
	  .15

	42
	Mode 6 (19.85 kbit/s)
	-
	Sing  C. 
	 4.74
	  .46
	 -.47
	  .16
	 -.47
	  .14

	47
	Mode 7 (23.05 kbit/s)
	-
	Sing. C.
	 4.60
	  .55
	 -.33
	  .18
	 -.33
	  .15

	52
	Mode 8 (23.85 kbit/s)
	-
	Sing  C. 
	 4.64
	  .51
	 -.37
	  .17
	 -.37
	  .14


Annex A (Continued)

Table A4 : t - test (95% confidence level) between AMR-WB codec and reference codec G722.1-24kbit/s

-Experiment 2-

	reference codec

	G722.1 - 24kbit/s

	MOSc
	Sc

	4.53
	.60


	
	
	
	t-test    (ref.  -  AMR-WB.)

	
	AMR-WB
	
	G722-AMR (2-tailed)
	G722-AMR (1-tailed)

	Cond.
	Mode
	 Cod. 2 in tand.
	Factor
	MOSc
	Sc
	Diff
	MSD
	Diff
	MSD

	12
	Mode 0 (6.6 kbit/s)
	-
	Sing. C.
	 4.02
	  .71
	  .51
	  .19
	  .51
	  .16

	17
	Mode 1 (8.85 kbit/s)
	-
	Sing  C. 
	 4.45
	  .63
	  .08
	  .17
	  .08
	  .15

	22
	Mode 2 (12.65 kbit/s)
	-
	Sing. C.
	 4.57
	  .56
	 -.04
	  .16
	 -.04
	  .14

	27
	Mode 3 (14.25 kbit/s)
	-
	Sing  C. 
	 4.57
	  .56
	 -.04
	  .16
	 -.04
	  .14

	32
	Mode 4 (15.85 kbit/s)
	-
	Sing. C.
	 4.63
	  .53
	 -.10
	  .16
	 -.10
	  .13

	37
	Mode 5 (18.25 kbit/s)
	-
	Sing  C. 
	 4.58
	  .59
	 -.05
	  .17
	 -.05
	  .14

	42
	Mode 6 (19.85 kbit/s)
	-
	Sing  C. 
	 4.74
	  .46
	 -.21
	  .15
	 -.21
	  .13

	47
	Mode 7 (23.05 kbit/s)
	-
	Sing. C.
	 4.60
	  .55
	 -.07
	  .16
	 -.07
	  .14

	52
	Mode 8 (23.85 kbit/s)
	-
	Sing  C. 
	 4.64
	  .51
	 -.11
	  .16
	 -.11
	  .13
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Table A5 : t - test (95% confidence level) between mixed tandem of AMR-WB codec and reference codec G722.1-24kbit/s (2T) -Experiment 2-

	reference codec

	G722.1 - 24kbit/s (2T) (2T)

	MOSc
	Sc

	4.28
	.68

	
	
	
	t-test    (ref.  -  AMR-WB.)

	
	Tandem coding of AMR-WB
	
	G722-AMR (2-tailed)
	G722-AMR (1-tailed)

	Cond.
	Codec/ Mode
	 Cod./Mod. 2 in tand.
	Factor
	MOSc
	Sc
	Diff
	MSD
	Diff
	MSD

	13
	Mode 0 (6.6 kbit/s)
	G.722-64
	Tandem c.
	 3.89
	  .69
	  .39
	  .20
	  .39
	  .16

	14
	Mode 0 (6.6 kbit/s)
	G.722-48
	Tandem c.
	 3.40
	  .70
	  .88
	  .20
	  .88
	  .16

	15
	G.722-48-
	Mode 0 (6.6 kbit/s)
	Tandem c.
	 3.59
	  .72
	  .69
	  .20
	  .69
	  .17

	16
	Mode 0 (6.6 kbit/s)
	G.722.1-24
	Tandem c.
	 3.80
	  .78
	  .48
	  .21
	  .48
	  .17

	18
	Mode 1 (8.85 kbit/s)
	G.722-64
	Tandem c.
	 4.09
	  .70
	  .19
	  .20
	  .19
	  .16

	19
	Mode 1 (8.85 kbit/s)
	G.722-48
	Tandem c.
	 3.61
	  .79
	  .67
	  .21
	  .67
	  .17

	20
	G.722-48 
	Mode 1 (8.85 kbit/s)
	Tandem c.
	 4.06
	  .71
	  .22
	  .20
	  .22
	  .17

	21
	Mode 1 (8.85 kbit/s)
	G.722.1-24
	Tandem c.
	 4.05
	  .76
	  .23
	  .20
	  .23
	  .17

	23
	Mode 2 (12.65 kbit/s)
	G.722-64
	Tandem c.
	 4.33
	  .69
	 -.05
	  .19
	 -.05
	  .16

	24
	Mode 2 (12.65 kbit/s)
	G.722-48
	Tandem c.
	 3.91
	  .70
	  .37
	  .20
	  .37
	  .16

	25
	G.722-48 
	Mode 2 (12.65 kbit/s)
	Tandem c.
	 4.23
	  .72
	  .05
	  .20
	  .05
	  .17

	26
	Mode 2 (12.65 kbit/s)
	G.722.1-24
	Tandem c.
	 4.31
	  .65
	 -.03
	  .19
	 -.03
	  .16

	28
	Mode 3 (14.25 kbit/s)
	G.722-64
	Tandem c.
	 4.39
	  .57
	 -.11
	  .18
	 -.11
	  .15

	29
	Mode 3 (14.25 kbit/s)
	G.722-48
	Tandem c.
	 3.85
	  .66
	  .43
	  .19
	  .43
	  .16

	30
	G.722-48 
	Mode 3 (14.25 kbit/s)
	Tandem c.
	 4.23
	  .67
	  .05
	  .19
	  .05
	  .16

	31
	Mode 3 (14.25 kbit/s)
	G.722.1-24
	Tandem c.
	 4.41
	  .66
	 -.13
	  .19
	 -.13
	  .16

	33
	Mode 4 (15.85 kbit/s)
	G.722-64
	Tandem c.
	 4.35
	  .63
	 -.07
	  .19
	 -.07
	  .16

	34
	Mode 4 (15.85 kbit/s)
	G.722-48
	Tandem c.
	 3.91
	  .80
	  .37
	  .21
	  .37
	  .18

	35
	G.722-48 
	Mode 4 (15.85 kbit/s)
	Tandem c.
	 4.30
	  .65
	 -.02
	  .19
	 -.02
	  .16

	36
	Mode 4 (15.85 kbit/s)
	G.722.1-24
	Tandem c.
	 4.49
	  .56
	 -.21
	  .18
	 -.21
	  .15

	38
	Mode 5 (18.25 kbit/s)
	G.722-64
	Tandem c.
	 4.48
	  .63
	 -.20
	  .19
	 -.20
	  .16

	39
	Mode 5 (18.25 kbit/s)
	G.722-48
	Tandem c.
	 3.94
	  .71
	  .34
	  .20
	  .34
	  .17

	40
	G.722-48 
	Mode 5 (18.25 kbit/s)
	Tandem c.
	 4.17
	  .68
	  .11
	  .19
	  .11
	  .16

	41
	Mode 5 (18.25 kbit/s)
	G.722.1-24
	Tandem c.
	 4.42
	  .57
	 -.14
	  .18
	 -.14
	  .15

	43
	Mode 6 (19.85 kbit/s)
	G.722-64
	Tandem c.
	 4.44
	  .56
	 -.16
	  .18
	 -.16
	  .15

	44
	Mode 6 (19.85 kbit/s)
	G.722-48
	Tandem c.
	 4.01
	  .70
	  .27
	  .20
	  .27
	  .16

	45
	G.722-48 
	Mode 6 (19.85 kbit/s)
	Tandem c.
	 4.39
	  .65
	 -.11
	  .19
	 -.11
	  .16

	46
	Mode 6 (19.85 kbit/s)
	G.722.1-24
	Tandem c.
	 4.51
	  .56
	 -.23
	  .18
	 -.23
	  .15

	48
	Mode 7 (23.05 kbit/s)
	G.722-64
	Tandem c.
	 4.48
	  .62
	 -.20
	  .18
	 -.20
	  .15

	49
	Mode 7 (23.05 kbit/s)
	G.722-48
	Tandem c.
	 4.07
	  .77
	  .21
	  .21
	  .21
	  .17

	50
	G.722-48 
	Mode 7 (23.05 kbit/s)
	Tandem c.
	 4.28
	  .59
	  .00
	  .18
	  .00
	  .15

	51
	Mode 7 (23.05 kbit/s)
	G.722.1-24
	Tandem c.
	 4.42
	  .59
	 -.14
	  .18
	 -.14
	  .15

	53
	Mode 8 (23.85 kbit/s)
	G.722-64
	Tandem c.
	 4.41
	  .61
	 -.13
	  .18
	 -.13
	  .15

	54
	Mode 8 (23.85 kbit/s)
	G.722-48
	Tandem c.
	 3.82
	  .78
	  .46
	  .21
	  .46
	  .17

	55
	G.722-48 
	Mode 8 (23.85 kbit/s)
	Tandem c.
	 4.18
	  .70
	  .10
	  .20
	  .10
	  .16

	56
	Mode 8 (23.85 kbit/s)
	G.722.1-24
	Tandem c.
	 4.47
	  .61
	 -.19
	  .18
	 -.19
	  .15
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Table A6 : t - test (95% confidence level) between tandems with G.722-48 in both directions

 -Experiment 2-

	
	
	t-test  

	
	Tandem 1
	Tandem 2
	T1
	T2
	T1-T2(2-tailed)
	T1-T2(1-tailed)

	C.
	Codec 1
	 Cod. 2 in tand.
	Codec 1
	 Cod. 2 in tand.
	MOSc
	Sc
	MOSc
	Sc
	Diff
	MSD
	Diff
	MSD

	14/15
	Mode 0 (6.6 kbit/s)
	G.722-48
	G.722-48-
	Mode 0 (6.6 kbit/s)
	 3.40
	  .70
	 3.59
	  .72
	-.19
  .20
	  .20
	-.19
  .20
	  .17

	19/20
	Mode 1 (8.85 kbit/s)
	G.722-48
	G.722-48 
	Mode 1 (8.85 kbit/s)
	 3.61
	  .79
	 4.06
	  .71
	-.45
  .21
	  .21
	-.45
  .21
	  .18

	24/25
	Mode 2 (12.65 kbit/s)
	G.722-48
	G.722-48 
	Mode 2 (12.65 kbit/s)
	 3.91
	  .70
	 4.23
	  .72
	-.32
  .20
	  .20
	-.32
  .20
	  .17

	29/30
	Mode 3 (14.25 kbit/s)
	G.722-48
	G.722-48 
	Mode 3 (14.25 kbit/s)
	 3.85
	  .66
	 4.23
	  .67
	-.38
  .19
	  .19
	-.38
  .19
	  .16

	34/35
	Mode 4 (15.85 kbit/s)
	G.722-48
	G.722-48 
	Mode 4 (15.85 kbit/s)
	 3.91
	  .80
	 4.30
	  .65
	-.39
  .21
	  .21
	-.39
  .21
	  .17

	39/40
	Mode 5 (18.25 kbit/s)
	G.722-48
	G.722-48 
	Mode 5 (18.25 kbit/s)
	 3.94
	  .71
	 4.17
	  .68
	-.23
  .20
	  .20
	-.23
  .20
	  .17

	44/45
	Mode 6 (19.85 kbit/s)
	G.722-48
	G.722-48 
	Mode 6 (19.85 kbit/s)
	 4.01
	  .70
	 4.39
	  .65
	-.38
  .19
	  .19
	-.38
  .19
	  .16

	49/50
	Mode 7 (23.05 kbit/s)
	G.722-48
	G.722-48 
	Mode 7 (23.05 kbit/s)
	 4.07
	  .77
	 4.28
	  .59
	-.21
  .20
	  .20
	-.21
  .20
	  .16

	54/55
	Mode 8 (23.85 kbit/s)
	G.722-48
	G.722-48 
	Mode 8 (23.85 kbit/s)
	 3.82
	  .78
	 4.18
	  .70
	-.36
  .21
	  .21
	-.36
  .21
	  .18
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Table B1 :   MOS results for each talker (males and females) and both genders -Experiment 5-

	
	 MOSc (males talkers)
	MOSc (females talkers)
	MOSc
	Sc
	C.I.
	Eq

	C.
	Codec
	Factor
	M1
	M2
	F1
	F2
	All talkers
	All talkers
	All talkers
	Q(dB)

	1
	Direct
	-
	4.71
	4.79
	4.88
	4.79
	4.79
	 .41
	 .08
	-

	2
	MNRU
	Q=42dB
	4.50
	4.33
	4.54
	3.75
	4.28
	 .79
	 .16
	-

	3
	MNRU
	Q=36dB
	4.00
	4.00
	4.00
	2.92
	3.73
	 .95
	 .19
	-

	4
	MNRU
	Q=30dB
	3.54
	3.38
	3.13
	2.50
	3.14
	 .92
	 .19
	-

	5
	MNRU
	Q=24dB
	2.33
	2.83
	2.17
	1.96
	2.32
	 .80
	 .16
	-

	6
	MNRU
	Q=18dB
	1.92
	1.71
	2.00
	1.46
	1.77
	 .61
	 .12
	-

	7
	MNRU
	Q=12dB
	1.33
	1.29
	1.38
	1.04
	1.26
	 .51
	 .10
	-

	8
	MNRU
	Q= 6dB
	1.00
	1.08
	1.00
	1.04
	1.03
	 .17
	 .04
	-

	9
	G.722-64
	Nominal,no errors
	4.13
	4.58
	4.54
	4.54
	4.45
	 .65
	 .13
	44.26

	10
	G.722-56
	Nominal,no errors
	4.21
	4.42
	4.50
	4.50
	4.41
	 .63
	 .13
	43.43

	11
	G.722-48
	Nominal,no errors
	3.63
	3.71
	3.88
	4.08
	3.82
	 .78
	 .16
	35.81

	12
	G.722.1-24
	Single encoding
	4.46
	4.54
	4.38
	4.54
	4.48
	 .68
	 .14
	44.94

	13
	G.722.1-24
	Tandem coding
	3.71
	4.08
	4.46
	3.92
	4.04
	 .83
	 .17
	38.06

	14
	Mode 0 (6.6 kbit/s)
	Nominal,no errors
	3.54
	3.75
	3.79
	3.33
	3.60
	 .80
	 .16
	33.88

	15
	Mode 0 (6.6 kbit/s)
	C/I=6dB (FER=0,3%)
	3.75
	3.58
	3.75
	3.42
	3.63
	 .85
	 .17
	34.13

	16
	Mode 0 (6.6 kbit/s)
	C/I=5dB (FER=1,0%)
	3.33
	3.75
	3.38
	3.33
	3.45
	 .79
	 .16
	32.68

	17
	Mode 0 (6.6 kbit/s)
	C/I=4dB (FER=2,2%)
	2.96
	3.50
	3.13
	3.04
	3.16
	 .82
	 .17
	30.50

	18
	Mode 0 (6.6 kbit/s)
	C/I=3dB (FER=5,0%)
	2.88
	3.25
	2.96
	2.46
	2.89
	 .93
	 .19
	28.56

	19
	Mode 1 (8.85 kbit/s)
	Nominal,no errors
	4.13
	4.08
	4.17
	3.75
	4.03
	 .76
	 .15
	37.94

	20
	Mode 1 (8.85 kbit/s)
	C/I=7dB (FER=0,4%)
	3.71
	4.13
	3.79
	3.67
	3.82
	 .77
	 .16
	35.81

	21
	Mode 1 (8.85 kbit/s)
	C/I=6dB (FER=1,0%)
	3.88
	3.88
	4.00
	3.83
	3.90
	 .77
	 .16
	36.58

	22
	Mode 1 (8.85 kbit/s)
	C/I=5dB (FER=2,5%)
	3.33
	4.00
	3.38
	3.21
	3.48
	 .86
	 .17
	32.91

	23
	Mode 1 (8.85 kbit/s)
	C/I=4dB (FER=5,7%)
	2.63
	2.96
	2.42
	2.42
	2.60
	 .88
	 .18
	26.48

	24
	Mode 2 (12.65 kbit/s)
	Nominal,no errors
	4.21
	4.58
	4.38
	4.25
	4.35
	 .68
	 .14
	42.32

	25
	Mode 2 (12.65 kbit/s)
	C/I=10dB (FER=0,4%)
	4.29
	4.33
	4.54
	3.88
	4.26
	 .73
	 .15
	40.87

	26
	Mode 2 (12.65 kbit/s)
	C/I=9dB (FER=1,0%)
	3.67
	4.17
	3.67
	3.71
	3.80
	 .88
	 .18
	35.62

	27
	Mode 2 (12.65 kbit/s)
	C/I=8dB (FER=2,1%)
	4.21
	3.79
	3.58
	3.63
	3.80
	 .84
	 .17
	35.62

	28
	Mode 2 (12.65 kbit/s)
	C/I=7dB (FER=4,6%)
	3.46
	3.17
	2.92
	3.00
	3.14
	 .97
	 .20
	30.36

	29
	Mode 3 (14.25 kbit/s)
	Nominal,no errors
	4.42
	4.42
	4.46
	4.38
	4.42
	 .66
	 .13
	43.63

	30
	Mode 3 (14.25 kbit/s)
	C/I=12dB (FER=0,2%)
	4.38
	4.42
	4.33
	4.33
	4.36
	 .76
	 .15
	42.49

	31
	Mode 3 (14.25 kbit/s)
	C/I=11dB (FER=0,7%)
	4.25
	4.46
	4.42
	4.08
	4.30
	 .76
	 .15
	41.49

	32
	Mode 3 (14.25 kbit/s)
	C/I=10dB (FER=1,7%)
	3.92
	4.25
	4.13
	3.71
	4.00
	 .82
	 .17
	37.62

	33
	Mode 3 (14.25 kbit/s)
	C/I=09dB (FER=3,3%)
	3.38
	3.50
	3.50
	3.71
	3.52
	 .77
	 .16
	33.23

	34
	Mode 4 (15.85 kbit/s)
	Nominal,no errors
	4.46
	4.63
	4.63
	4.25
	4.49
	 .65
	 .13
	45.18

	35
	Mode 4 (15.85 kbit/s)
	C/I=13dB (FER=0,2%)
	4.38
	4.21
	4.29
	4.17
	4.26
	 .67
	 .14
	40.87

	36
	Mode 4 (15.85 kbit/s)
	C/I=12dB (FER=0,7%)
	4.04
	4.38
	3.92
	3.88
	4.05
	 .80
	 .16
	38.17

	37
	Mode 4 (15.85 kbit/s)
	C/I=11dB (FER=1,4%)
	4.00
	4.17
	4.46
	3.67
	4.07
	 .76
	 .15
	38.40

	38
	Mode 4 (15.85 kbit/s)
	C/I=10dB (FER=3,1%)
	3.33
	3.96
	3.75
	3.42
	3.61
	 .92
	 .19
	33.96

	39
	Mode 5 (18.25 kbit/s)
	Nominal,no errors
	4.38
	4.67
	4.29
	4.33
	4.42
	 .74
	 .15
	43.63

	40
	Mode 5 (18.25 kbit/s)
	C/I=16dB (FER=0,4%)
	4.21
	4.50
	4.63
	4.21
	4.39
	 .69
	 .14
	43.04

	41
	Mode 5 (18.25 kbit/s)
	C/I=15dB (FER=0,6%)
	4.33
	4.29
	4.63
	4.17
	4.35
	 .68
	 .14
	42.32

	42
	Mode 5 (18.25 kbit/s)
	C/I=14dB (FER=1,4%)
	3.96
	4.46
	4.42
	3.67
	4.13
	 .78
	 .16
	39.12

	43
	Mode 5 (18.25 kbit/s)
	C/I=13dB (FER=2,7%)
	4.00
	4.33
	3.58
	3.79
	3.93
	 .90
	 .18
	36.88

	44
	Mode 6 (19.85 kbit/s)
	Nominal,no errors
	4.42
	4.46
	4.54
	4.42
	4.46
	 .69
	 .14
	44.48

	45
	Mode 6 (19.85 kbit/s)
	C/I=15dB (FER=0,2%)
	4.17
	4.33
	4.25
	4.04
	4.20
	 .63
	 .13
	40.02

	46
	Mode 6 (19.85 kbit/s)
	C/I=14dB (FER=0,5%)
	4.08
	4.42
	4.04
	3.92
	4.11
	 .69
	 .14
	38.87

	47
	Mode 6 (19.85 kbit/s)
	C/I=13dB (FER=1,1%)
	3.79
	3.75
	4.00
	3.75
	3.82
	 .83
	 .17
	35.81

	48
	Mode 6 (19.85 kbit/s)
	C/I=12dB (FER=2,5%)
	3.75
	3.75
	3.54
	3.21
	3.56
	 .86
	 .17
	33.55
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Table B2 : t - test (95% confidence level) between AMR-WB codec and reference codec G722-64kbit/s

-Experiment 5-

	reference codec

	G722 - 64kbit/s

	MOSc
	Sc

	 4.45
	  .65

	
	
	
	t-test    (ref.  -  AMR-WB.)

	
	AMR-WB
	
	G722-AMR (2-tailed)
	G722-AMR (1-tailed)

	Cond.
	Mode
	Factor
	MOSc
	Sc
	Diff
	MSD
	Diff
	MSD

	14
	Mode 0 (6.6 kbit/s)
	Nominal,no errors
	 3.60
	  .80
	  .85
	  .21
	  .85
	  .17

	19
	Mode 1 (8.85 kbit/s)
	Nominal,no errors
	 4.03
	  .76
	  .42
	  .20
	  .42
	  .17

	24
	Mode 2 (12.65 kbit/s)
	Nominal,no errors
	 4.35
	  .68
	  .10
	  .19
	  .10
	  .16

	29
	Mode 3 (14.25 kbit/s)
	Nominal,no errors
	 4.42
	  .66
	  .03
	  .19
	  .03
	  .16

	34
	Mode 4 (15.85 kbit/s)
	Nominal,no errors
	 4.49
	  .65
	 -.04
	  .18
	 -.04
	  .15

	39
	Mode 5 (18.25 kbit/s)
	Nominal,no errors
	 4.42
	  .74
	  .03
	  .20
	  .03
	  .17

	44
	Mode 6 (19.85 kbit/s)
	Nominal,no errors
	 4.46
	  .69
	 -.01
	  .19
	 -.01
	  .16


Table B3 : t - test (95% confidence level) between AMR-WB codec and reference codec G722-56kbit/s

-Experiment 5-

	reference codec

	G722 - 56kbit/s

	MOSc
	Sc

	 4.41
	  .63

	
	
	
	t-test    (ref.  -  AMR-WB)

	
	AMR-WB
	
	G722-AMR (2-tailed)
	G722-AMR (1-tailed)

	Cond.
	Mode
	Factor
	MOSc
	Sc
	Diff
	MSD
	Diff
	MSD

	14
	Mode 0 (6.6 kbit/s)
	Nominal,no errors
	 3.60
	  .80
	  .81
	  .20
	  .81
	  .17

	19
	Mode 1 (8.85 kbit/s)
	Nominal,no errors
	 4.03
	  .76
	  .38
	  .20
	  .38
	  .17

	24
	Mode 2 (12.65 kbit/s)
	Nominal,no errors
	 4.35
	  .68
	  .06
	  .19
	  .06
	  .16

	29
	Mode 3 (14.25 kbit/s)
	Nominal,no errors
	 4.42
	  .66
	 -.01
	  .18
	 -.01
	  .15

	34
	Mode 4 (15.85 kbit/s)
	Nominal,no errors
	 4.49
	  .65
	 -.08
	  .18
	 -.08
	  .15

	39
	Mode 5 (18.25 kbit/s)
	Nominal,no errors
	 4.42
	  .74
	 -.01
	  .19
	 -.01
	  .16

	44
	Mode 6 (19.85 kbit/s)
	Nominal,no errors
	 4.46
	  .69
	 -.05
	  .19
	 -.05
	  .16
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Table B4 : t - test (95% confidence level) between AMR-WB codec and reference codec G722-48kbit/s

-Experiment 5-

	reference codec

	G722 - 48kbit/s 

	MOSc
	Sc

	 3.82
	  .78

	
	
	
	t-test    (ref.  -  AMR-WB.)

	
	AMR-WB
	
	G722-AMR (2-tailed)
	G722-AMR (1-tailed)

	Cond.
	Mode
	Factor
	MOSc
	Sc
	Diff
	MSD
	Diff
	MSD

	14
	Mode 0 (6.6 kbit/s)
	Nominal,no errors
	 3.60
	  .80
	  .22
	  .23
	  .22
	  .19

	19
	Mode 1 (8.85 kbit/s)
	Nominal,no errors
	 4.03
	  .76
	 -.21
	  .22
	 -.21
	  .18

	24
	Mode 2 (12.65 kbit/s)
	Nominal,no errors
	 4.35
	  .68
	 -.53
	  .21
	 -.53
	  .17

	29
	Mode 3 (14.25 kbit/s)
	Nominal,no errors
	 4.42
	  .66
	 -.60
	  .21
	 -.60
	  .17

	34
	Mode 4 (15.85 kbit/s)
	Nominal,no errors
	 4.49
	  .65
	 -.67
	  .20
	 -.67
	  .17

	39
	Mode 5 (18.25 kbit/s)
	Nominal,no errors
	 4.42
	  .74
	 -.60
	  .22
	 -.60
	  .18

	44
	Mode 6 (19.85 kbit/s)
	Nominal,no errors
	 4.46
	  .69
	 -.64
	  .21
	 -.64
	  .18
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Table B5 : t - test (95% confidence level) between AMR-WB codec under error conditions and reference codec G722-48kbit/s no errors -Experiment 5-

	reference codec

	G722 - 48kbit/s (no errors)

	MOSc
	Sc

	 3.82
	  .78


	
	
	
	t-test    (ref.  -  AMR-WB.)

	
	AMR-WB
	
	G722-AMR (2-tailed)
	G722-AMR (1-tailed)

	Cond.
	Mode
	Factor
	MOSc
	Sc
	Diff
	MSD
	Diff
	MSD

	15
	Mode 0 (6.6 kbit/s)
	C/I=6dB (FER=0,3%)
	 3.63
	  .85
	  .19
	  .23
	  .19
	  .19

	16
	Mode 0 (6.6 kbit/s)
	C/I=5dB (FER=1,0%)
	 3.45
	  .79
	  .37
	  .22
	  .37
	  .19

	17
	Mode 0 (6.6 kbit/s)
	C/I=4dB (FER=2,2%)
	 3.16
	  .82
	  .66
	  .23
	  .66
	  .19

	18
	Mode 0 (6.6 kbit/s)
	C/I=3dB (FER=5,0%)
	 2.89
	  .93
	  .93
	  .24
	  .93
	  .20

	20
	Mode 1 (8.85 kbit/s)
	C/I=7dB (FER=0,4%)
	 3.82
	  .77
	  .00
	  .22
	  .00
	  .18

	21
	Mode 1 (8.85 kbit/s)
	C/I=6dB (FER=1,0%)
	 3.90
	  .77
	 -.08
	  .22
	 -.08
	  .19

	22
	Mode 1 (8.85 kbit/s)
	C/I=5dB (FER=2,5%)
	 3.48
	  .86
	  .34
	  .23
	  .34
	  .20

	23
	Mode 1 (8.85 kbit/s)
	C/I=4dB (FER=5,7%)
	 2.60
	  .88
	 1.22
	  .24
	 1.22
	  .20

	25
	Mode 2 (12.65 kbit/s)
	C/I=10dB (FER=0,4%)
	 4.26
	  .73
	 -.44
	  .22
	 -.44
	  .18

	26
	Mode 2 (12.65 kbit/s)
	C/I=9dB (FER=1,0%)
	 3.80
	  .88
	  .02
	  .24
	  .02
	  .20

	27
	Mode 2 (12.65 kbit/s)
	C/I=8dB (FER=2,1%)
	 3.80
	  .84
	  .02
	  .23
	  .02
	  .19

	28
	Mode 2 (12.65 kbit/s)
	C/I=7dB (FER=4,6%)
	 3.14
	  .97
	  .68
	  .25
	  .68
	  .21

	30
	Mode 3 (14.25 kbit/s)
	C/I=12dB (FER=0,2%)
	 4.36
	  .76
	 -.54
	  .22
	 -.54
	  .18

	31
	Mode 3 (14.25 kbit/s)
	C/I=11dB (FER=0,7%)
	 4.30
	  .76
	 -.48
	  .22
	 -.48
	  .18

	32
	Mode 3 (14.25 kbit/s)
	C/I=10dB (FER=1,7%)
	 4.00
	  .82
	 -.18
	  .23
	 -.18
	  .19

	33
	Mode 3 (14.25 kbit/s)
	C/I=09dB (FER=3,3%)
	 3.52
	  .77
	  .30
	  .22
	  .30
	  .18

	35
	Mode 4 (15.85 kbit/s)
	C/I=13dB (FER=0,2%)
	 4.26
	  .67
	 -.44
	  .21
	 -.44
	  .17

	36
	Mode 4 (15.85 kbit/s)
	C/I=12dB (FER=0,7%)
	 4.05
	  .80
	 -.23
	  .23
	 -.23
	  .19

	37
	Mode 4 (15.85 kbit/s)
	C/I=11dB (FER=1,4%)
	 4.07
	  .76
	 -.25
	  .22
	 -.25
	  .18

	38
	Mode 4 (15.85 kbit/s)
	C/I=10dB (FER=3,1%)
	 3.61
	  .92
	  .21
	  .24
	  .21
	  .20

	40
	Mode 5 (18.25 kbit/s)
	C/I=16dB (FER=0,4%)
	 4.39
	  .69
	 -.57
	  .21
	 -.57
	  .18

	41
	Mode 5 (18.25 kbit/s)
	C/I=15dB (FER=0,6%)
	 4.35
	  .68
	 -.53
	  .21
	 -.53
	  .17

	42
	Mode 5 (18.25 kbit/s)
	C/I=14dB (FER=1,4%)
	 4.13
	  .78
	 -.31
	  .22
	 -.31
	  .19

	43
	Mode 5 (18.25 kbit/s)
	C/I=13dB (FER=2,7%)
	 3.93
	  .90
	 -.11
	  .24
	 -.11
	  .20

	45
	Mode 6 (19.85 kbit/s)
	C/I=15dB (FER=0,2%)
	 4.20
	  .63
	 -.38
	  .20
	 -.38
	  .17

	46
	Mode 6 (19.85 kbit/s)
	C/I=14dB (FER=0,5%)
	 4.11
	  .69
	 -.29
	  .21
	 -.29
	  .18

	47
	Mode 6 (19.85 kbit/s)
	C/I=13dB (FER=1,1%)
	 3.82
	  .83
	  .00
	  .23
	  .00
	  .19

	48
	Mode 6 (19.85 kbit/s)
	C/I=12dB (FER=2,5%)
	 3.56
	  .86
	  .26
	  .23
	  .26
	  .20


Annex C : Complementary results (Exp #2 & #5)

Table C1 : t - test (95% confidence level) between mixed tandems AMR-G.722 (64, 48 or 24 kbit/s) and G.722 48 kbit/s-AMR  -Experiment 2-

	
	
	t-test  

	
	Tandem 1
	Tandem 2
	T1
	T2
	T1-T2 (2-tailed)
	T1-T2 (1-tailed)

	C.
	Codec
	 Cod. 2 in tand.
	Codec
	 Cod. 2 in tand.
	MOSc
	Sc
	MOSc
	Sc
	Diff
	MSD
	Diff
	MSD

	13/15
	Mode 0 (6.6 kbit/s)
	G.722-64
	G.722-48
	Mode 0 (6.6 kbit/s)
	 3.89
	  .69
	 3.59
	  .72
	  .30
	  .20
	  .30
	  .17

	14/15
	Mode 0 (6.6 kbit/s)
	G.722-48
	G.722-48
	Mode 0 (6.6 kbit/s)
	 3.40
	  .70
	 3.59
	  .72
	 -.19
	  .20
	 -.19
	  .17

	16/15
	Mode 0 (6.6 kbit/s)
	G.722-24
	G.722-48
	Mode 0 (6.6 kbit/s)
	 3.80
	  .78
	 3.59
	  .72
	  .21
	  .21
	  .21
	  .18

	18/20
	Mode 1 (8.85 kbit/s)
	G.722-64
	G.722-48 
	Mode 1 (8.85 kbit/s)
	 4.09
	  .70
	 4.06
	  .71
	  .03
	  .20
	  .03
	  .17

	19/20
	Mode 1 (8.85 kbit/s)
	G.722-48
	G.722-48 
	Mode 1 (8.85 kbit/s)
	 3.61
	  .79
	 4.06
	  .71
	 -.45
	  .21
	 -.45
	  .18

	21/20
	Mode 1 (8.85 kbit/s)
	G.722-24
	G.722-48 
	Mode 1 (8.85 kbit/s)
	 4.05
	  .76
	 4.06
	  .71
	 -.01
	  .21
	 -.01
	  .18

	23/25
	Mode 2 (12.65 kbit/s)
	G.722-64
	G.722-48 
	Mode 2 (12.65 kbit/s)
	 4.33
	  .69
	 4.23
	  .72
	  .10
	  .20
	  .10
	  .17

	24/25
	Mode 2 (12.65 kbit/s)
	G.722-48
	G.722-48 
	Mode 2 (12.65 kbit/s)
	 3.91
	  .70
	 4.23
	  .72
	 -.32
	  .20
	 -.32
	  .17

	26/25
	Mode 2 (12.65 kbit/s)
	G.722-24
	G.722-48 
	Mode 2 (12.65 kbit/s)
	 4.31
	  .65
	 4.23
	  .72
	  .08
	  .20
	  .08
	  .16

	28/30
	Mode 3 (14.25 kbit/s)
	G.722-64
	G.722-48 
	Mode 3 (14.25 kbit/s)
	 4.39
	  .57
	 4.23
	  .67
	  .16
	  .18
	  .16
	  .15

	29/30
	Mode 3 (14.25 kbit/s)
	G.722-48
	G.722-48 
	Mode 3 (14.25 kbit/s)
	 3.85
	  .66
	 4.23
	  .67
	 -.37
	  .19
	 -.37
	  .16

	31/30
	Mode 3 (14.25 kbit/s)
	G.722-24
	G.722-48 
	Mode 3 (14.25 kbit/s)
	 4.41
	  .66
	 4.23
	  .67
	  .18
	  .19
	  .18
	  .16

	33/35
	Mode 4 (15.85 kbit/s)
	G.722-64
	G.722-48 
	Mode 4 (15.85 kbit/s)
	 4.35
	  .63
	 4.30
	  .65
	  .05
	  .18
	  .05
	  .15

	34/35
	Mode 4 (15.85 kbit/s)
	G.722-48
	G.722-48 
	Mode 4 (15.85 kbit/s)
	 3.91
	  .80
	 4.30
	  .65
	 -.39
	  .21
	 -.39
	  .17

	36/35
	Mode 4 (15.85 kbit/s)
	G.722-24
	G.722-48 
	Mode 4 (15.85 kbit/s)
	 4.49
	  .56
	 4.30
	  .65
	  .19
	  .17
	  .19
	  .15

	38/40
	Mode 5 (18.25 kbit/s)
	G.722-64
	G.722-48 
	Mode 5 (18.25 kbit/s)
	 4.48
	  .63
	 4.17
	  .68
	  .31
	  .19
	  .31
	  .16

	39/40
	Mode 5 (18.25 kbit/s)
	G.722-48
	G.722-48 
	Mode 5 (18.25 kbit/s)
	 3.94
	  .71
	 4.17
	  .68
	 -.23
	  .20
	 -.23
	  .17

	41/40
	Mode 5 (18.25 kbit/s)
	G.722-24
	G.722-48 
	Mode 5 (18.25 kbit/s)
	 4.42
	  .57
	 4.17
	  .68
	  .25
	  .18
	  .25
	  .15

	43/45
	Mode 6 (19.85 kbit/s)
	G.722-64
	G.722-48 
	Mode 6 (19.85 kbit/s)
	 4.44
	  .56
	 4.39
	  .65
	  .05
	  .17
	  .05
	  .15

	44/45
	Mode 6 (19.85 kbit/s)
	G.722-48
	G.722-48 
	Mode 6 (19.85 kbit/s)
	 4.01
	  .70
	 4.39
	  .65
	 -.38
	  .19
	 -.38
	  .16

	46/45
	Mode 6 (19.85 kbit/s)
	G.722-24
	G.722-48 
	Mode 6 (19.85 kbit/s)
	 4.51
	  .56
	 4.39
	  .65
	  .12
	  .17
	  .12
	  .15

	48/50
	Mode 7 (23.05 kbit/s)
	G.722-64
	G.722-48 
	Mode 7 (23.05 kbit/s)
	 4.48
	  .62
	 4.28
	  .59
	  .20
	  .17
	  .20
	  .14

	49/50
	Mode 7 (23.05 kbit/s)
	G.722-48
	G.722-48 
	Mode 7 (23.05 kbit/s)
	 4.07
	  .77
	 4.28
	  .59
	 -.21
	  .20
	 -.21
	  .16

	51/50
	Mode 7 (23.05 kbit/s)
	G.722-24
	G.722-48 
	Mode 7 (23.05 kbit/s)
	 4.42
	  .59
	 4.28
	  .59
	  .14
	  .17
	  .14
	  .14

	53/55
	Mode 8 (23.85 kbit/s)
	G.722-64
	G.722-48 
	Mode 8 (23.85 kbit/s)
	 4.41
	  .61
	 4.18
	  .70
	  .23
	  .19
	  .23
	  .16

	54/55
	Mode 8 (23.85 kbit/s)
	G.722-48
	G.722-48 
	Mode 8 (23.85 kbit/s)
	 3.82
	  .78
	 4.18
	  .70
	 -.36
	  .21
	 -.36
	  .18

	56/55
	Mode 8 (23.85 kbit/s)
	G.722-24
	G.722-48 
	Mode 8 (23.85 kbit/s)
	 4.47
	  .61
	 4.18
	  .70
	  .29
	  .19
	  .29
	  .16


Annex C (Continued)

Table C2 : t - test (95% confidence level) between AMR-WB codec and reference codec G722.1-24kbit/s (single encoding) -Experiment 5-

	reference codec

	G722.1 – 24 (single encoding)

	MOSc
	Sc

	 4.48
	  .68

	
	
	
	t-test    (ref.  -  AMR-WB.)

	
	AMR-WB
	
	G722-AMR (2-tailed)
	G722-AMR (1-tailed)

	Cond.
	Mode
	Factor
	MOSc
	Sc
	Diff
	MSD
	Diff
	MSD

	15
	Mode 0 (6.6 kbit/s)
	C/I=6dB (FER=0,3%)
	 3.63
	  .85
	  .85
	  .22
	  .85
	  .18

	16
	Mode 0 (6.6 kbit/s)
	C/I=5dB (FER=1,0%)
	 3.45
	  .79
	 1.03
	  .21
	 1.03
	  .18

	17
	Mode 0 (6.6 kbit/s)
	C/I=4dB (FER=2,2%)
	 3.16
	  .82
	 1.32
	  .22
	 1.32
	  .18

	18
	Mode 0 (6.6 kbit/s)
	C/I=3dB (FER=5,0%)
	 2.89
	  .93
	 1.59
	  .23
	 1.59
	  .19

	20
	Mode 1 (8.85 kbit/s)
	C/I=7dB (FER=0,4%)
	 3.82
	  .77
	  .66
	  .21
	  .66
	  .17

	21
	Mode 1 (8.85 kbit/s)
	C/I=6dB (FER=1,0%)
	 3.90
	  .77
	  .58
	  .21
	  .58
	  .17

	22
	Mode 1 (8.85 kbit/s)
	C/I=5dB (FER=2,5%)
	 3.48
	  .86
	 1.00
	  .22
	 1.00
	  .18

	23
	Mode 1 (8.85 kbit/s)
	C/I=4dB (FER=5,7%)
	 2.60
	  .88
	 1.88
	  .22
	 1.88
	  .19

	25
	Mode 2 (12.65 kbit/s)
	C/I=10dB (FER=0,4%)
	 4.26
	  .73
	  .22
	  .20
	  .22
	  .17

	26
	Mode 2 (12.65 kbit/s)
	C/I=9dB (FER=1,0%)
	 3.80
	  .88
	  .68
	  .22
	  .68
	  .19

	27
	Mode 2 (12.65 kbit/s)
	C/I=8dB (FER=2,1%)
	 3.80
	  .84
	  .68
	  .22
	  .68
	  .18

	28
	Mode 2 (12.65 kbit/s)
	C/I=7dB (FER=4,6%)
	 3.14
	  .97
	 1.34
	  .24
	 1.34
	  .20

	30
	Mode 3 (14.25 kbit/s)
	C/I=12dB (FER=0,2%)
	 4.36
	  .76
	  .12
	  .20
	  .12
	  .17

	31
	Mode 3 (14.25 kbit/s)
	C/I=11dB (FER=0,7%)
	 4.30
	  .76
	  .18
	  .20
	  .18
	  .17

	32
	Mode 3 (14.25 kbit/s)
	C/I=10dB (FER=1,7%)
	 4.00
	  .82
	  .48
	  .21
	  .48
	  .18

	33
	Mode 3 (14.25 kbit/s)
	C/I=09dB (FER=3,3%)
	 3.52
	  .77
	  .96
	  .21
	  .96
	  .17

	35
	Mode 4 (15.85 kbit/s)
	C/I=13dB (FER=0,2%)
	 4.26
	  .67
	  .22
	  .19
	  .22
	  .16

	36
	Mode 4 (15.85 kbit/s)
	C/I=12dB (FER=0,7%)
	 4.05
	  .80
	  .43
	  .21
	  .43
	  .18

	37
	Mode 4 (15.85 kbit/s)
	C/I=11dB (FER=1,4%)
	 4.07
	  .76
	  .41
	  .20
	  .41
	  .17

	38
	Mode 4 (15.85 kbit/s)
	C/I=10dB (FER=3,1%)
	 3.61
	  .92
	  .87
	  .23
	  .87
	  .19

	40
	Mode 5 (18.25 kbit/s)
	C/I=16dB (FER=0,4%)
	 4.39
	  .69
	  .09
	  .19
	  .09
	  .16

	41
	Mode 5 (18.25 kbit/s)
	C/I=15dB (FER=0,6%)
	 4.35
	  .68
	  .13
	  .19
	  .13
	  .16

	42
	Mode 5 (18.25 kbit/s)
	C/I=14dB (FER=1,4%)
	 4.13
	  .78
	  .35
	  .21
	  .35
	  .18

	43
	Mode 5 (18.25 kbit/s)
	C/I=13dB (FER=2,7%)
	 3.93
	  .90
	  .55
	  .23
	  .55
	  .19

	45
	Mode 6 (19.85 kbit/s)
	C/I=15dB (FER=0,2%)
	 4.20
	  .63
	  .28
	  .19
	  .28
	  .16

	46
	Mode 6 (19.85 kbit/s)
	C/I=14dB (FER=0,5%)
	 4.11
	  .69
	  .37
	  .20
	  .37
	  .16

	47
	Mode 6 (19.85 kbit/s)
	C/I=13dB (FER=1,1%)
	 3.82
	  .83
	  .66
	  .22
	  .66
	  .18

	48
	Mode 6 (19.85 kbit/s)
	C/I=12dB (FER=2,5%)
	 3.56
	  .86
	  .92
	  .22
	  .92
	  .18


Annex C (Continued)

Table C3 : t - test (95% confidence level) between AMR-WB codec and reference codec G722.1-24kbit/s (tandem coding) -Experiment 5-

	reference codec

	G722.1 – 24 (tandem coding)

	MOSc
	Sc

	 4.04
	  .83

	
	
	
	t-test    (ref.  -  AMR-WB.)

	
	AMR-WB
	
	G722-AMR (2-tailed)
	G722-AMR (1-tailed)

	Cond.
	Mode
	Factor
	MOSc
	Sc
	Diff
	MSD
	Diff
	MSD

	15
	Mode 0 (6.6 kbit/s)
	C/I=6dB (FER=0,3%)
	 3.63
	  .85
	  .41
	  .24
	  .41
	  .20

	16
	Mode 0 (6.6 kbit/s)
	C/I=5dB (FER=1,0%)
	 3.45
	  .79
	  .59
	  .23
	  .59
	  .19

	17
	Mode 0 (6.6 kbit/s)
	C/I=4dB (FER=2,2%)
	 3.16
	  .82
	  .88
	  .24
	  .88
	  .20

	18
	Mode 0 (6.6 kbit/s)
	C/I=3dB (FER=5,0%)
	 2.89
	  .93
	 1.15
	  .25
	 1.15
	  .21

	20
	Mode 1 (8.85 kbit/s)
	C/I=7dB (FER=0,4%)
	 3.82
	  .77
	  .22
	  .23
	  .22
	  .19

	21
	Mode 1 (8.85 kbit/s)
	C/I=6dB (FER=1,0%)
	 3.90
	  .77
	  .14
	  .23
	  .14
	  .19

	22
	Mode 1 (8.85 kbit/s)
	C/I=5dB (FER=2,5%)
	 3.48
	  .86
	  .56
	  .24
	  .56
	  .20

	23
	Mode 1 (8.85 kbit/s)
	C/I=4dB (FER=5,7%)
	 2.60
	  .88
	 1.44
	  .24
	 1.44
	  .20

	25
	Mode 2 (12.65 kbit/s)
	C/I=10dB (FER=0,4%)
	 4.26
	  .73
	 -.22
	  .22
	 -.22
	  .19

	26
	Mode 2 (12.65 kbit/s)
	C/I=9dB (FER=1,0%)
	 3.80
	  .88
	  .24
	  .24
	  .24
	  .20

	27
	Mode 2 (12.65 kbit/s)
	C/I=8dB (FER=2,1%)
	 3.80
	  .84
	  .24
	  .24
	  .24
	  .20

	28
	Mode 2 (12.65 kbit/s)
	C/I=7dB (FER=4,6%)
	 3.14
	  .97
	  .90
	  .26
	  .90
	  .22

	30
	Mode 3 (14.25 kbit/s)
	C/I=12dB (FER=0,2%)
	 4.36
	  .76
	 -.32
	  .23
	 -.32
	  .19

	31
	Mode 3 (14.25 kbit/s)
	C/I=11dB (FER=0,7%)
	 4.30
	  .76
	 -.26
	  .23
	 -.26
	  .19

	32
	Mode 3 (14.25 kbit/s)
	C/I=10dB (FER=1,7%)
	 4.00
	  .82
	  .04
	  .24
	  .04
	  .20

	33
	Mode 3 (14.25 kbit/s)
	C/I=09dB (FER=3,3%)
	 3.52
	  .77
	  .52
	  .23
	  .52
	  .19

	35
	Mode 4 (15.85 kbit/s)
	C/I=13dB (FER=0,2%)
	 4.26
	  .67
	 -.22
	  .22
	 -.22
	  .18

	36
	Mode 4 (15.85 kbit/s)
	C/I=12dB (FER=0,7%)
	 4.05
	  .80
	 -.01
	  .23
	 -.01
	  .19

	37
	Mode 4 (15.85 kbit/s)
	C/I=11dB (FER=1,4%)
	 4.07
	  .76
	 -.03
	  .23
	 -.03
	  .19

	38
	Mode 4 (15.85 kbit/s)
	C/I=10dB (FER=3,1%)
	 3.61
	  .92
	  .43
	  .25
	  .43
	  .21

	40
	Mode 5 (18.25 kbit/s)
	C/I=16dB (FER=0,4%)
	 4.39
	  .69
	 -.35
	  .22
	 -.35
	  .18

	41
	Mode 5 (18.25 kbit/s)
	C/I=15dB (FER=0,6%)
	 4.35
	  .68
	 -.31
	  .22
	 -.31
	  .18

	42
	Mode 5 (18.25 kbit/s)
	C/I=14dB (FER=1,4%)
	 4.13
	  .78
	 -.09
	  .23
	 -.09
	  .19

	43
	Mode 5 (18.25 kbit/s)
	C/I=13dB (FER=2,7%)
	 3.93
	  .90
	  .11
	  .25
	  .11
	  .21

	45
	Mode 6 (19.85 kbit/s)
	C/I=15dB (FER=0,2%)
	 4.20
	  .63
	 -.16
	  .21
	 -.16
	  .18

	46
	Mode 6 (19.85 kbit/s)
	C/I=14dB (FER=0,5%)
	 4.11
	  .69
	 -.07
	  .22
	 -.07
	  .18

	47
	Mode 6 (19.85 kbit/s)
	C/I=13dB (FER=1,1%)
	 3.82
	  .83
	  .22
	  .24
	  .22
	  .20

	48
	Mode 6 (19.85 kbit/s)
	C/I=12dB (FER=2,5%)
	 3.56
	  .86
	  .48
	  .24
	  .48
	  .20


� 	Contact Person:	Dominique PASCAL		Tel : + 33 2 96 05 15 78


			FT R&D/DIH/EQS		Fax : + 33 2 96 05 13 16


			Technopole Anticipa		E-mail : dominique.pascal@rd.francetelecom.com


			2 Av. Pierre Marzin 


			22307 Lannion Cedex


			France


�, 3 In Tables A2 to A5 and B2 to B5, a grey Diff cell shows significant differences between reference codec and AMR scores; when this difference is negative, its value is written in bold type. 
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