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1 Background
In contribution S4-110756 [1], Qualcomm Inc. proposed to conduct a validation study of the ETSI EG 202.396-3 [2] method for application to dual microphone noise suppression enabled terminals. The validation was felt necessary considering the substantially larger range of enhancements/impairments introduced by multi-microphone noise suppression technology which was not available at the time of the original training databases. Due to the significant variation that can exist in subjective test procedures applied at different labs (reference condition sets, presentation levels, method of presentation, etc.) it was proposed that the validation would be performed applying a subjective test with conditions as harmonized as possible to the subjective test procedures outlined in ETSI EG 202.396-2 [3]. 
2 Subjective test procedures
Two narrowband listening only tests (LOT) were conducted according to the subjective test methodology described in [4]. The tests were conducted by Qualcomm, Inc. in the United States and by HEAD Acoustics in Germany. Table 1 lists the LOT conditions used for the original narrowband training database and the validation tests conducted in this study.
Table 1
	
	P.835 Narrowband tests
(ETSI EG 202.396-2 LOT)
	P.835 Narrowband tests
(Qualcomm and HEAD 2011 LOT)

	Method of presentation
	Diotic
	Diotic

	Level of presentation
	73dBSPL (-21dBPa)
	73dBSPL (-21dBPa)

	Headsets used
	Sennheiser HD600 (open-back)
	Sennheiser HD25 (closed-back) – QCOM
Sennheiser HD600 (open-back) - HEAD

	Equalization of headsets
	Diffuse-field equalized
	Diffuse-field equalized

	Listening room background noise
	< 30dBA

(no Hoth noise injected in the room)
	< 30dBA

(no Hoth noise injected in the room)

	Normalization of unprocessed material
	-1.7dBPa P.56 ASL at MRP for handset mode

+1.3dBPa P.56 ASL at MRP for hands-free mode
	-1.7dBPa P.56 ASL at MRP for handset mode,
+1.3dBPa P.56 ASL at MRP for hands-free case.


	Normalization of processed material
	Concatenated speech is normalized to -21dBPa based on proprietary 3QUEST VAD active speech level measurement (uses clean speech signal for VAD). This implies that several sentences are presented at a lower level.
	Concatenated speech is normalized to -21dBPa based on proprietary 3QUEST VAD active speech level measurement (uses clean speech signal for VAD). This implies that several sentences are presented at a lower level.

	Method of presentation
	Sentence pair

(sentence pair is repeated for each question in the triad)
	Sentence pair

(sentence pair is repeated for each question in the triad)

	Noise types used
	Cafeteria

Office room noise

Road noise

Crossroads

Car noise (car hands-free at 130km/h)
	Cafeteria

Office room noise

-----------------------

Crossroads

Car noise (car hands-free at 130km/h)

	Synchronization of background noise and speech sample presentation 
	
	Identical for subjective test and objective measurement

	Language
	English (British and American)
	English (British and American)

	Listening panel
	Native German speakers with good English skills
	Native English speakers (QCOM LOT)
Native German speakers (HEAD 2011 LOT)

	Span of reference conditions
	No specific reference/”anchor” condition set used. However, a set of anchor conditions was included 
	12 reference conditions taken from the original database spanning the full range of MOS scores

	Span of test conditions
	Test conditions include handset and hands-free cases

Real mobile terminals were used.
	Real mobile terminals. Single mic and dual mic noise suppression. 20 test conditions ( 4 noise types x 5 terminals)

	Send path filtering
	No additional filtering (terminal send frequency response)
	No additional filtering (terminal send frequency response)

	Receive path filtering
	IRS receive filter
	IRS receive filter

	Speech database
	8 talkers / 2 sentences each. For each condition, only half of the sentences were used.
	4 talkers / 1 sentence pair each (same speech material as used in the commercial implementation of ETSI EG 202.396-3)

	Listening panel size
	24 listeners
	32 listeners

	Votes per condition
	24
	128


	
	
	
	
	
	
	
	
	


2.1 Test setup
2.1.1 Qualcomm LOT
Samples were presented to the listeners through individual listening stations with personal computers (Mac Mini) running Windows 7. The listening stations were contained within an Eckel sound-proof room. The equivalent continuous sound level at the listeners position within the room was 27 dB SPL(A) with all computers running simultaneously. 

Sennheiser HD25 headsets were directly connected to the computer’s built-in sound card headphone output. The sound card sampling rate was adjusted for 16bit – 48 kHz.  The headset calibration was performed so that a sound file with RMS level of -26dBov would produce 73 dBSPL with the headset mounted on a HEAD Acoustics HATS with diffuse-field equalization enabled. 
The sample presentation and vote collection was done through a Power Point presentation with Visual Basic automation running on individual personal computers. For each sub-sample within a trial, a full screen display of the instructions is presented by the power point application along with 5 choices of ratings. Subjects were instructed to select the rating of their choice using a mouse and confirm their selection by clicking on an action box in order to proceed to the next question. During presentation of the sample, all subject controls are disabled. These features are implemented to enhance the interaction of the subjects during the test.
2.1.2 HEAD Acoustics LOT
Samples were presented to the listeners through individual listening stations using the HEAD Acoustics listening test software SQUARE. The noiseless listening stations were contained in the HEAD Acoustics listening studio. The equivalent continuous sound level at the listener’s position within the room was < 30 dB SPL (A) with all computers running simultaneously. 

Sennheiser HD600 headsets were directly connected to the calibrated playback headphone amplifiers PEQ V from HEAD acoustics. The diffuse-field equalization for HD 600 built into the PEQ V was used. The headset calibration was performed so that a sound file with RMS level of -26dBov would produce 73 dB SPL with the headset mounted on a HEAD Acoustics HATS with diffuse-field equalization enabled. 

The sample presentation and vote collection was done through SQUARE software from HEAD acoustics. For each sub-sample within a trial, a full screen display of the instructions is presented. Subjects were instructed to select the rating of their choice using atouchscreen. During presentation of the sample, all subject controls are disabled. These features are implemented to enhance the interaction of the subjects during the test according to the test procedure described in ITU-T P.835. 
2.2 Listening panels
2.2.1 Qualcomm LOT
Naïve listeners were externally recruited from the general population. Test participants were selected following the constraints in [4], with ages between 18 and 55 years old and no known auditory problems. All participants were native American English speakers.

2.2.2 HEAD Acoustics LOT
 Naïve listeners were externally recruited from the general population. Test participants were selected following the constraints in [4], with ages between 18 and 59 years old and no known auditory problems. All participants were native German speakers with good English skills.
2.3 Experimental procedure

Due to the need of keeping the same speech materials to reuse part of the existing database from [3], the experimental design was limited by the existing speech database constraints, but still following the guidelines for a partially-balanced randomized block experimental design provided in the ITU-T Handbook of Subjective Test Procedures
Table 2 – Experimental design
	Number of participants
	24* (32)

	Number of sentence pairs per talker
	1

	Number of panels
	1

	Number of randomizations per panel
	1

	Number of talkers
	4 (2 male, 2 female)

	Number of blocks
	4

	Votes per sentence pair
	24* (32)

	Votes per condition
	96* (128)

	*The current dataset from HEAD acoustics is based on the votes of 24 subjects, as the tests were still ongoing at the time of the writing


The presentation of the samples was conducted following the randomization provided in Table 3. Note that due to the limited size of the speech database and the experimental design constraints, all listeners listened to all samples in the test:

Table 3 - Randomization sequence for presentation

	BLK
	SEQ
	LBL
	TLK
	
	BLK
	SEQ
	LBL
	TLK

	1
	1
	C19
	M2
	
	3
	1
	C9
	F1

	1
	2
	C10
	F1
	
	3
	2
	C20
	M2

	1
	3
	C23
	M1
	
	3
	3
	C31
	F1

	1
	4
	C34
	F2
	
	3
	4
	C4
	M2

	1
	5
	C3
	M2
	
	3
	5
	C15
	F2

	1
	6
	C29
	F2
	
	3
	6
	C12
	M2

	1
	7
	C27
	M2
	
	3
	7
	C38
	F2

	1
	8
	C39
	F2
	
	3
	8
	C8
	M2

	1
	9
	C15
	M2
	
	3
	9
	C7
	F2

	1
	10
	C14
	F1
	
	3
	10
	C10
	M1

	1
	11
	C1
	M1
	
	3
	11
	C11
	F2

	1
	12
	C4
	F2
	
	3
	12
	C14
	M1

	1
	13
	C9
	M1
	
	3
	13
	C5
	F1

	1
	14
	C32
	F1
	
	3
	14
	C24
	M1

	1
	15
	C13
	M1
	
	3
	15
	C1
	F1

	1
	16
	C37
	F1
	
	3
	16
	C2
	M1

	1
	17
	C33
	M2
	
	3
	17
	C36
	F1

	1
	18
	C16
	F2
	
	3
	18
	C37
	M1

	1
	19
	C36
	M1
	
	3
	19
	C23
	F1

	1
	20
	C24
	F1
	
	3
	20
	C39
	M2

	1
	21
	C7
	M2
	
	3
	21
	C19
	F2

	1
	22
	C20
	F2
	
	3
	22
	C32
	M1

	1
	23
	C38
	M2
	
	3
	23
	C3
	F2

	1
	24
	C8
	F2
	
	3
	24
	C29
	M2

	1
	25
	C31
	M1
	
	3
	25
	C33
	F2

	1
	26
	C12
	F2
	
	3
	26
	C16
	M2

	1
	27
	C11
	M2
	
	3
	27
	C27
	F2

	1
	28
	C6
	F1
	
	3
	28
	C34
	M2

	1
	29
	C17
	M1
	
	3
	29
	C13
	F1

	1
	30
	C18
	F1
	
	3
	30
	C18
	M1

	1
	31
	C5
	M1
	
	3
	31
	C17
	F1

	1
	32
	C2
	F1
	
	3
	32
	C6
	M1

	2
	1
	C33
	M1
	
	4
	1
	C11
	F1

	2
	2
	C10
	F2
	
	4
	2
	C34
	M1

	2
	3
	C38
	M1
	
	4
	3
	C7
	F1

	2
	4
	C34
	F1
	
	4
	4
	C32
	M2

	2
	5
	C19
	M1
	
	4
	5
	C9
	F2

	2
	6
	C20
	F1
	
	4
	6
	C8
	M1

	2
	7
	C1
	M2
	
	4
	7
	C1
	F2

	2
	8
	C16
	F1
	
	4
	8
	C16
	M1

	2
	9
	C3
	M1
	
	4
	9
	C13
	F2

	2
	10
	C37
	F2
	
	4
	10
	C29
	M1

	2
	11
	C13
	M2
	
	4
	11
	C15
	F1

	2
	12
	C8
	F1
	
	4
	12
	C14
	M2

	2
	13
	C31
	M2
	
	4
	13
	C33
	F1

	2
	14
	C29
	F1
	
	4
	14
	C37
	M2

	2
	15
	C11
	M1
	
	4
	15
	C27
	F1

	2
	16
	C24
	F2
	
	4
	16
	C6
	M2

	2
	17
	C27
	M1
	
	4
	17
	C23
	F2

	2
	18
	C12
	F1
	
	4
	18
	C10
	M2

	2
	19
	C7
	M1
	
	4
	19
	C5
	F2

	2
	20
	C18
	F2
	
	4
	20
	C2
	M2

	2
	21
	C36
	M2
	
	4
	21
	C31
	F2

	2
	22
	C4
	F1
	
	4
	22
	C12
	M1

	2
	23
	C15
	M1
	
	4
	23
	C17
	F2

	2
	24
	C2
	F2
	
	4
	24
	C24
	M2

	2
	25
	C5
	M2
	
	4
	25
	C3
	F1

	2
	26
	C14
	F2
	
	4
	26
	C18
	M2

	2
	27
	C9
	M2
	
	4
	27
	C38
	F1

	2
	28
	C32
	F2
	
	4
	28
	C39
	M1

	2
	29
	C23
	M2
	
	4
	29
	C36
	F2

	2
	30
	C39
	F1
	
	4
	30
	C20
	M1

	2
	31
	C17
	M2
	
	4
	31
	C19
	F1

	2
	32
	C6
	F2
	
	4
	32
	C4
	M1


3 Subjective Test Results

Results are presented in Tables 4-9 for P.835 SIG, P.835 BAK and P.835 OVRL. Individual means and standard deviation per talker are reported as well as the global results per condition for the Qualcomm LOT. Reference conditions (from conditions 23-39) are italicized. The results for the HEAD Acoustics 2011 LOT are preliminary and averaged across 24 listeners (test not yet finalized) for a total of 96 votes per condition.
Table 4 - Results of Qualcomm LOT for P.835 SIG
	SIG

	Lbl
	M1
	M2
	F1
	F2
	ALL TALKERS

	
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV
	CI95%

	C01
	4.16
	1.05
	4.31
	0.90
	4.16
	0.88
	3.94
	1.11
	4.14
	0.99
	0.17

	C02
	3.66
	1.12
	3.94
	0.80
	3.84
	0.81
	4.13
	1.10
	3.89
	0.97
	0.17

	C03
	4.47
	0.92
	4.31
	1.06
	4.41
	0.91
	3.66
	1.15
	4.21
	1.05
	0.18

	C04
	3.38
	1.04
	4.16
	0.85
	4.47
	0.72
	4.09
	0.96
	4.02
	0.98
	0.17

	C05
	4.31
	0.97
	4.59
	0.67
	4.09
	0.89
	4.28
	1.02
	4.32
	0.90
	0.16

	C06
	3.69
	1.06
	4.06
	1.08
	4.19
	0.93
	4.31
	1.03
	4.06
	1.04
	0.18

	C07
	4.41
	0.91
	4.47
	0.88
	4.44
	0.91
	4.31
	0.93
	4.41
	0.90
	0.16

	C08
	4.03
	1.15
	4.34
	0.70
	4.16
	1.17
	4.03
	1.03
	4.14
	1.03
	0.18

	C09
	4.47
	0.84
	4.44
	0.84
	3.97
	1.09
	3.91
	1.03
	4.20
	0.98
	0.17

	C10
	2.84
	1.08
	3.94
	1.22
	3.56
	1.19
	4.13
	1.07
	3.62
	1.23
	0.21

	C11
	4.56
	0.72
	4.41
	0.76
	4.50
	0.80
	4.41
	0.67
	4.47
	0.73
	0.13

	C12
	4.19
	0.93
	4.22
	0.97
	4.19
	1.00
	3.72
	1.14
	4.08
	1.02
	0.18

	C13
	4.03
	1.00
	4.56
	0.67
	4.31
	1.03
	4.28
	0.73
	4.30
	0.88
	0.15

	C14
	3.88
	1.04
	4.03
	0.97
	3.75
	1.05
	4.44
	0.76
	4.02
	0.98
	0.17

	C15
	4.81
	0.59
	4.59
	0.84
	4.47
	0.67
	4.34
	0.87
	4.55
	0.76
	0.13

	C16
	3.78
	1.07
	4.19
	0.97
	4.13
	0.94
	3.75
	1.11
	3.96
	1.03
	0.18

	C17
	4.25
	1.05
	4.38
	1.01
	4.19
	0.90
	4.31
	1.09
	4.28
	1.00
	0.17

	C18
	4.03
	1.09
	4.16
	1.14
	4.25
	0.98
	4.34
	1.00
	4.20
	1.05
	0.18

	C19
	4.31
	0.78
	4.53
	0.95
	4.47
	1.14
	4.28
	0.81
	4.40
	0.93
	0.16

	C20
	4.16
	1.17
	4.00
	1.14
	4.38
	0.94
	4.19
	1.09
	4.18
	1.08
	0.19

	C23
	3.34
	1.21
	3.72
	1.05
	3.50
	1.14
	3.59
	1.10
	3.54
	1.12
	0.19

	C24
	3.47
	1.19
	2.44
	1.27
	3.22
	1.39
	2.59
	1.10
	2.93
	1.30
	0.23

	C27
	4.00
	0.95
	4.00
	1.05
	4.16
	0.88
	3.78
	1.10
	3.98
	1.00
	0.17

	C29
	4.28
	0.89
	4.22
	1.01
	4.13
	1.07
	4.13
	0.98
	4.19
	0.98
	0.17

	C31
	4.03
	1.12
	3.81
	0.93
	3.19
	1.20
	3.59
	1.21
	3.66
	1.15
	0.20

	C32
	3.97
	0.97
	4.31
	0.82
	4.31
	1.15
	4.28
	1.02
	4.22
	1.00
	0.17

	C33
	2.94
	1.27
	2.59
	1.36
	3.56
	1.29
	2.00
	1.05
	2.77
	1.36
	0.24

	C34
	3.91
	1.20
	3.59
	1.21
	3.78
	1.13
	4.25
	0.76
	3.88
	1.11
	0.19

	C36
	3.47
	1.39
	3.22
	1.26
	3.06
	1.08
	3.22
	1.41
	3.24
	1.28
	0.22

	C37
	3.44
	1.37
	3.88
	1.07
	4.13
	1.07
	3.66
	1.18
	3.77
	1.19
	0.21

	C38
	2.69
	1.40
	2.09
	1.20
	2.34
	1.31
	2.19
	1.33
	2.33
	1.32
	0.23

	C39
	2.13
	1.26
	2.34
	1.18
	2.47
	1.24
	1.88
	1.18
	2.20
	1.23
	0.21


Table 5 - Results of Qualcomm LOT for P.835 BAK

	BAK

	Lbl
	M1
	M2
	F1
	F2
	ALL TALKERS

	
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV
	CI95%

	C01
	2.50
	1.14
	2.94
	0.98
	3.50
	0.95
	2.72
	0.92
	2.91
	1.06
	0.18

	C02
	3.50
	0.98
	3.69
	0.82
	3.19
	1.00
	3.75
	0.62
	3.53
	0.89
	0.15

	C03
	3.53
	1.11
	3.09
	1.00
	3.22
	0.94
	3.00
	0.84
	3.21
	0.99
	0.17

	C04
	3.59
	1.10
	4.09
	0.86
	4.25
	0.62
	3.81
	0.86
	3.94
	0.90
	0.16

	C05
	3.38
	1.04
	3.66
	0.87
	3.84
	0.85
	3.72
	0.68
	3.65
	0.87
	0.15

	C06
	3.06
	1.13
	3.56
	0.91
	3.47
	0.80
	3.16
	0.99
	3.31
	0.98
	0.17

	C07
	4.25
	0.72
	4.09
	0.78
	3.88
	0.94
	3.97
	0.82
	4.05
	0.82
	0.14

	C08
	3.69
	1.09
	3.69
	0.90
	3.66
	1.10
	3.84
	0.92
	3.72
	1.00
	0.17

	C09
	3.13
	1.24
	3.31
	0.90
	4.03
	0.69
	3.66
	0.97
	3.53
	1.02
	0.18

	C10
	2.81
	0.78
	3.44
	1.01
	2.50
	1.08
	3.47
	0.98
	3.05
	1.04
	0.18

	C11
	4.19
	0.90
	3.75
	0.92
	3.97
	0.78
	4.19
	0.64
	4.02
	0.83
	0.14

	C12
	3.69
	1.09
	3.75
	1.02
	3.59
	0.80
	3.28
	0.99
	3.58
	0.99
	0.17

	C13
	4.53
	0.84
	4.66
	0.55
	4.53
	0.88
	4.56
	0.56
	4.57
	0.72
	0.12

	C14
	3.66
	1.00
	4.13
	0.91
	3.38
	0.94
	3.97
	1.00
	3.78
	1.00
	0.17

	C15
	4.72
	0.63
	4.44
	0.62
	4.09
	0.78
	4.31
	0.90
	4.39
	0.77
	0.13

	C16
	4.34
	0.87
	4.06
	0.98
	4.09
	1.00
	4.28
	0.81
	4.20
	0.91
	0.16

	C17
	2.72
	1.20
	2.94
	0.95
	3.28
	0.85
	2.59
	1.01
	2.88
	1.03
	0.18

	C18
	3.06
	1.13
	3.00
	0.88
	3.13
	0.98
	3.13
	0.79
	3.08
	0.94
	0.16

	C19
	3.88
	0.94
	3.59
	0.84
	3.56
	0.91
	3.59
	0.84
	3.66
	0.88
	0.15

	C20
	3.09
	1.23
	2.91
	1.03
	2.81
	1.03
	2.84
	1.02
	2.91
	1.07
	0.19

	C23
	1.94
	0.95
	2.53
	0.76
	2.44
	0.98
	2.25
	0.92
	2.29
	0.92
	0.16

	C24
	2.56
	1.11
	1.84
	0.85
	1.50
	0.84
	1.94
	0.95
	1.96
	1.01
	0.17

	C27
	2.84
	1.19
	3.19
	1.00
	3.38
	0.87
	3.31
	0.86
	3.18
	1.00
	0.17

	C29
	3.22
	0.91
	3.41
	1.01
	3.19
	0.78
	3.03
	0.93
	3.21
	0.91
	0.16

	C31
	2.25
	1.19
	2.41
	0.91
	2.34
	1.07
	1.97
	1.06
	2.24
	1.06
	0.18

	C32
	2.44
	1.22
	2.84
	0.92
	2.84
	1.02
	2.47
	0.92
	2.65
	1.03
	0.18

	C33
	1.47
	0.92
	1.38
	0.87
	1.50
	0.92
	1.41
	0.84
	1.44
	0.88
	0.15

	C34
	1.91
	0.82
	2.84
	1.08
	2.44
	0.91
	2.34
	0.97
	2.38
	1.00
	0.17

	C36
	1.72
	1.20
	1.81
	0.93
	2.28
	1.02
	1.88
	1.10
	1.92
	1.08
	0.19

	C37
	2.16
	1.27
	2.28
	1.05
	2.06
	0.91
	2.03
	1.03
	2.13
	1.07
	0.18

	C38
	1.91
	1.03
	1.50
	0.92
	1.53
	0.92
	1.78
	0.97
	1.68
	0.96
	0.17

	C39
	1.41
	0.71
	2.13
	1.01
	2.13
	1.07
	1.66
	0.83
	1.83
	0.96
	0.17


Table 6 - Results of Qualcomm LOT for P.835 OVRL
	OVRL

	Lbl
	M1
	M2
	F1
	F2
	ALL TALKERS

	
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV
	CI95%

	C01
	3.34
	1.12
	3.41
	1.16
	3.63
	0.87
	3.16
	1.11
	3.38
	1.07
	0.19

	C02
	3.38
	0.94
	3.47
	0.76
	3.09
	1.03
	3.66
	0.79
	3.40
	0.90
	0.16

	C03
	3.94
	1.11
	3.63
	0.94
	3.59
	0.95
	3.31
	1.00
	3.62
	1.01
	0.18

	C04
	3.06
	0.98
	3.94
	0.80
	4.28
	0.73
	3.38
	0.87
	3.66
	0.97
	0.17

	C05
	3.72
	0.92
	4.00
	0.76
	3.75
	0.88
	3.81
	0.74
	3.82
	0.83
	0.14

	C06
	3.41
	0.91
	3.53
	1.08
	3.59
	0.80
	3.25
	0.88
	3.45
	0.92
	0.16

	C07
	4.13
	0.79
	4.25
	0.76
	3.91
	1.00
	3.91
	0.86
	4.05
	0.86
	0.15

	C08
	3.88
	0.91
	3.78
	0.87
	3.63
	0.94
	3.63
	0.91
	3.73
	0.90
	0.16

	C09
	3.53
	1.14
	3.75
	0.62
	4.00
	0.92
	3.47
	1.05
	3.69
	0.96
	0.17

	C10
	2.91
	0.82
	3.31
	0.86
	2.69
	1.09
	3.53
	0.84
	3.11
	0.96
	0.17

	C11
	4.34
	0.75
	3.75
	1.05
	4.03
	0.90
	4.16
	0.72
	4.07
	0.88
	0.15

	C12
	3.72
	0.85
	3.81
	0.90
	3.75
	0.72
	3.13
	0.91
	3.60
	0.88
	0.15

	C13
	4.03
	1.03
	4.53
	0.88
	4.19
	0.82
	4.22
	0.75
	4.24
	0.89
	0.15

	C14
	3.63
	1.01
	3.69
	1.12
	3.34
	0.97
	3.91
	1.03
	3.64
	1.04
	0.18

	C15
	4.69
	0.47
	4.41
	0.61
	4.16
	0.72
	4.22
	0.79
	4.37
	0.69
	0.12

	C16
	3.84
	0.92
	4.03
	0.69
	3.97
	0.69
	3.66
	1.00
	3.88
	0.84
	0.15

	C17
	3.38
	1.07
	3.28
	1.08
	3.56
	0.80
	3.31
	0.97
	3.38
	0.98
	0.17

	C18
	3.25
	1.08
	3.34
	0.94
	3.44
	0.84
	3.63
	0.83
	3.41
	0.93
	0.16

	C19
	4.16
	0.88
	3.94
	0.76
	4.00
	0.76
	3.59
	0.87
	3.92
	0.84
	0.15

	C20
	3.31
	1.15
	3.25
	0.95
	3.47
	1.08
	3.25
	1.08
	3.32
	1.06
	0.18

	C23
	2.53
	0.98
	3.09
	0.93
	2.69
	0.90
	2.59
	0.87
	2.73
	0.94
	0.16

	C24
	2.81
	0.97
	2.13
	1.01
	2.28
	1.02
	2.22
	0.75
	2.36
	0.97
	0.17

	C27
	3.47
	1.05
	3.34
	0.87
	3.44
	0.91
	3.53
	0.76
	3.45
	0.89
	0.15

	C29
	3.66
	1.10
	3.44
	0.98
	3.47
	0.80
	3.34
	0.90
	3.48
	0.95
	0.16

	C31
	3.25
	0.95
	2.72
	0.99
	2.78
	1.16
	2.72
	1.02
	2.87
	1.05
	0.18

	C32
	2.97
	1.18
	3.38
	1.01
	3.31
	0.90
	3.19
	0.93
	3.21
	1.01
	0.17

	C33
	2.50
	1.39
	1.63
	1.01
	1.94
	1.01
	1.78
	1.16
	1.96
	1.19
	0.21

	C34
	2.94
	1.27
	2.94
	0.98
	2.81
	1.12
	3.03
	1.12
	2.93
	1.12
	0.19

	C36
	2.56
	1.29
	2.50
	1.05
	2.44
	0.98
	2.28
	1.17
	2.45
	1.12
	0.19

	C37
	2.78
	1.36
	2.91
	1.09
	2.75
	1.24
	2.69
	1.15
	2.78
	1.20
	0.21

	C38
	2.28
	1.02
	1.75
	0.98
	1.88
	1.07
	1.75
	1.02
	1.91
	1.04
	0.18

	C39
	1.91
	1.23
	2.25
	1.05
	2.28
	1.05
	1.66
	0.75
	2.02
	1.05
	0.18


Table 7 - Results of HEAD Acoustics 2011 LOT for P.835 SIG
	SIG

	Lbl
	M1
	M2
	F1
	F2
	ALL TALKERS

	
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV
	CI95%

	C01
	3.92
	
	3.58
	
	2.63
	
	3.21
	
	3.33
	0.97
	0.19

	C02
	3.04
	
	3.00
	
	3.04
	
	3.04
	
	3.03
	0.89
	0.18

	C03
	3.50
	
	4.00
	
	2.92
	
	3.71
	
	3.53
	0.94
	0.19

	C04
	2.54
	
	3.25
	
	3.04
	
	2.13
	
	2.74
	0.91
	0.18

	C05
	4.00
	
	3.58
	
	2.54
	
	3.50
	
	3.41
	1.09
	0.22

	C06
	3.04
	
	3.13
	
	2.58
	
	3.54
	
	3.07
	0.99
	0.20

	C07
	4.08
	
	4.21
	
	3.08
	
	3.38
	
	3.69
	0.86
	0.17

	C08
	3.38
	
	3.38
	
	2.92
	
	3.46
	
	3.28
	0.96
	0.19

	C09
	3.92
	
	3.75
	
	2.83
	
	2.88
	
	3.34
	1.02
	0.20

	C10
	3.08
	
	3.29
	
	2.38
	
	3.42
	
	3.04
	0.91
	0.18

	C11
	4.04
	
	4.08
	
	3.00
	
	3.75
	
	3.72
	0.91
	0.18

	C12
	3.13
	
	3.42
	
	2.83
	
	3.17
	
	3.14
	0.97
	0.19

	C13
	3.58
	
	3.71
	
	3.08
	
	2.42
	
	3.20
	1.10
	0.22

	C14
	2.75
	
	2.67
	
	2.50
	
	2.92
	
	2.71
	0.97
	0.19

	C15
	4.46
	
	4.21
	
	3.00
	
	3.71
	
	3.84
	0.96
	0.19

	C16
	2.71
	
	2.71
	
	2.88
	
	2.63
	
	2.73
	0.95
	0.19

	C17
	4.50
	
	3.92
	
	2.88
	
	3.50
	
	3.70
	1.00
	0.20

	C18
	3.96
	
	3.79
	
	2.96
	
	3.83
	
	3.64
	0.95
	0.19

	C19
	4.54
	
	3.54
	
	2.79
	
	4.29
	
	3.79
	1.01
	0.20

	C20
	4.08
	
	3.88
	
	2.92
	
	3.67
	
	3.64
	0.95
	0.19

	C23
	3.25
	
	2.46
	
	2.13
	
	2.21
	
	2.51
	0.98
	0.20

	C24
	3.46
	
	2.04
	
	2.42
	
	2.33
	
	2.56
	1.12
	0.22

	C27
	3.42
	
	3.25
	
	3.08
	
	3.08
	
	3.21
	0.87
	0.17

	C29
	3.46
	
	3.54
	
	3.50
	
	3.79
	
	3.57
	0.89
	0.18

	C31
	4.00
	
	3.46
	
	2.79
	
	2.83
	
	3.27
	1.01
	0.20

	C32
	3.67
	
	3.46
	
	2.75
	
	3.42
	
	3.32
	1.01
	0.20

	C33
	3.00
	
	2.54
	
	1.29
	
	2.79
	
	2.41
	1.18
	0.24

	C34
	3.54
	
	2.54
	
	3.00
	
	3.13
	
	3.05
	0.92
	0.18

	C36
	3.58
	
	2.29
	
	1.75
	
	2.83
	
	2.61
	1.08
	0.22

	C37
	3.21
	
	3.04
	
	2.25
	
	3.13
	
	2.91
	1.04
	0.21

	C38
	2.54
	
	1.96
	
	1.38
	
	2.21
	
	2.02
	0.95
	0.19

	C39
	1.92
	
	1.79
	
	1.50
	
	2.17
	
	1.84
	0.87
	0.17


Table 8 - Results of HEAD Acoustics 2011 LOT for P.835 BAK

	BAK

	Lbl
	M1
	M2
	F1
	F2
	ALL TALKERS

	
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV
	CI95%

	C01
	2.79
	
	3.17
	
	4.13
	
	2.96
	
	3.26
	0.94
	0.19

	C02
	3.46
	
	4.00
	
	3.79
	
	4.00
	
	3.81
	0.72
	0.14

	C03
	3.50
	
	4.25
	
	3.63
	
	3.71
	
	3.77
	0.73
	0.15

	C04
	4.33
	
	4.71
	
	4.71
	
	4.25
	
	4.50
	0.66
	0.13

	C05
	4.00
	
	3.96
	
	4.33
	
	4.17
	
	4.11
	0.68
	0.14

	C06
	3.46
	
	3.33
	
	3.21
	
	3.75
	
	3.44
	0.66
	0.13

	C07
	4.33
	
	4.79
	
	4.50
	
	4.33
	
	4.49
	0.60
	0.12

	C08
	4.08
	
	4.25
	
	4.17
	
	4.21
	
	4.18
	0.52
	0.10

	C09
	3.33
	
	3.88
	
	4.21
	
	4.13
	
	3.89
	0.78
	0.16

	C10
	2.13
	
	3.83
	
	3.08
	
	3.79
	
	3.21
	1.06
	0.21

	C11
	4.21
	
	4.67
	
	4.29
	
	4.25
	
	4.35
	0.65
	0.13

	C12
	3.46
	
	3.92
	
	4.00
	
	4.33
	
	3.93
	0.81
	0.16

	C13
	4.71
	
	4.83
	
	4.92
	
	4.71
	
	4.79
	0.46
	0.09

	C14
	3.25
	
	4.17
	
	4.13
	
	4.29
	
	3.96
	0.78
	0.16

	C15
	4.71
	
	4.83
	
	4.92
	
	4.50
	
	4.74
	0.44
	0.09

	C16
	4.63
	
	4.75
	
	4.58
	
	4.54
	
	4.63
	0.62
	0.12

	C17
	2.96
	
	3.50
	
	3.67
	
	3.08
	
	3.30
	0.74
	0.15

	C18
	2.79
	
	3.00
	
	2.92
	
	2.83
	
	2.89
	0.75
	0.15

	C19
	4.08
	
	4.46
	
	3.88
	
	4.17
	
	4.15
	0.58
	0.12

	C20
	3.21
	
	3.33
	
	3.21
	
	2.96
	
	3.18
	0.66
	0.13

	C23
	1.88
	
	2.08
	
	2.08
	
	2.04
	
	2.02
	0.73
	0.15

	C24
	1.13
	
	1.46
	
	2.17
	
	1.33
	
	1.52
	0.66
	0.13

	C27
	3.50
	
	3.46
	
	3.63
	
	3.50
	
	3.52
	0.66
	0.13

	C29
	2.92
	
	3.29
	
	3.67
	
	3.46
	
	3.33
	0.72
	0.14

	C31
	1.83
	
	2.21
	
	2.63
	
	1.79
	
	2.11
	0.74
	0.15

	C32
	3.13
	
	3.38
	
	3.00
	
	3.08
	
	3.15
	0.66
	0.13

	C33
	1.08
	
	1.17
	
	1.04
	
	1.00
	
	1.07
	0.30
	0.06

	C34
	2.21
	
	2.29
	
	3.33
	
	2.67
	
	2.63
	0.84
	0.17

	C36
	1.33
	
	1.50
	
	2.38
	
	1.46
	
	1.67
	0.78
	0.16

	C37
	2.08
	
	2.54
	
	1.83
	
	2.42
	
	2.22
	0.73
	0.15

	C38
	1.13
	
	1.58
	
	1.25
	
	1.29
	
	1.31
	0.49
	0.10

	C39
	1.21
	
	1.67
	
	1.54
	
	1.42
	
	1.46
	0.56
	0.11


Table 9 - Results of HEAD Acoustics 2011 LOT for P.835 OVRL

	OVRL

	Lbl
	M1
	M2
	F1
	F2
	ALL TALKERS

	
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV
	CI95%

	C01
	3.00
	
	3.21
	
	2.79
	
	3.04
	
	3.01
	0.72
	0.14

	C02
	2.71
	
	3.00
	
	3.00
	
	3.21
	
	2.98
	0.78
	0.16

	C03
	3.29
	
	3.92
	
	2.71
	
	3.42
	
	3.33
	0.84
	0.17

	C04
	2.75
	
	3.50
	
	3.17
	
	2.33
	
	2.94
	0.87
	0.17

	C05
	3.83
	
	3.67
	
	2.58
	
	3.38
	
	3.36
	0.90
	0.18

	C06
	2.83
	
	3.08
	
	2.58
	
	3.13
	
	2.91
	0.74
	0.15

	C07
	3.83
	
	4.21
	
	3.21
	
	3.50
	
	3.69
	0.76
	0.15

	C08
	3.42
	
	3.29
	
	2.96
	
	3.46
	
	3.28
	0.78
	0.16

	C09
	3.29
	
	3.58
	
	3.13
	
	3.00
	
	3.25
	0.74
	0.15

	C10
	2.38
	
	3.21
	
	2.38
	
	3.17
	
	2.78
	0.76
	0.15

	C11
	3.88
	
	4.00
	
	3.00
	
	3.58
	
	3.61
	0.83
	0.17

	C12
	2.67
	
	3.38
	
	2.96
	
	3.29
	
	3.07
	0.78
	0.16

	C13
	3.54
	
	4.04
	
	3.21
	
	2.96
	
	3.44
	0.95
	0.19

	C14
	2.67
	
	2.96
	
	2.42
	
	3.08
	
	2.78
	0.86
	0.17

	C15
	4.38
	
	4.17
	
	3.25
	
	3.83
	
	3.91
	0.85
	0.17

	C16
	3.00
	
	3.17
	
	3.17
	
	2.79
	
	3.03
	0.83
	0.17

	C17
	3.79
	
	3.50
	
	2.96
	
	3.21
	
	3.36
	0.73
	0.15

	C18
	3.29
	
	3.33
	
	2.63
	
	3.17
	
	3.10
	0.80
	0.16

	C19
	4.21
	
	3.50
	
	2.92
	
	3.96
	
	3.65
	0.85
	0.17

	C20
	3.50
	
	3.54
	
	2.63
	
	3.13
	
	3.20
	0.82
	0.16

	C23
	1.88
	
	2.21
	
	1.83
	
	1.75
	
	1.92
	0.69
	0.14

	C24
	1.75
	
	1.54
	
	2.04
	
	1.63
	
	1.74
	0.65
	0.13

	C27
	3.21
	
	3.29
	
	3.13
	
	3.04
	
	3.17
	0.74
	0.15

	C29
	3.00
	
	3.17
	
	3.38
	
	3.21
	
	3.19
	0.72
	0.14

	C31
	2.83
	
	2.79
	
	2.38
	
	2.00
	
	2.50
	0.81
	0.16

	C32
	3.33
	
	3.13
	
	2.46
	
	3.13
	
	3.01
	0.83
	0.17

	C33
	1.42
	
	1.63
	
	1.00
	
	1.21
	
	1.31
	0.57
	0.11

	C34
	2.83
	
	2.29
	
	2.75
	
	2.63
	
	2.63
	0.71
	0.14

	C36
	2.13
	
	1.79
	
	1.58
	
	1.71
	
	1.80
	0.64
	0.13

	C37
	2.33
	
	2.71
	
	1.75
	
	2.58
	
	2.34
	0.78
	0.16

	C38
	1.25
	
	1.58
	
	1.13
	
	1.33
	
	1.32
	0.49
	0.10

	C39
	1.21
	
	1.46
	
	1.33
	
	1.50
	
	1.38
	0.55
	0.11


3.1 Subjective Test Results Analysis
3.1.1 Reference condition set

The reference conditions were selected from within the ETSI HEAD acoustics 2007 database to span the largest range of MOS scores possible (the best and worst scores for each noise type were chosen as well as intermediate conditions). It can be seen from table 10 that most of the MOS scale was exercised in the original HEAD acoustics 2007 LOT.

Table 10 – HEAD acoustics 2007 - LOT RESULTS – Reference condition set
	Lbl
	HEAD Acoustics 2007 – LOT RESULTS

	
	SIG
	BAK
	OVRL

	c23
	3.04
	3.00
	2.54

	c24
	2.58
	2.08
	2.08

	c27
	3.92
	4.83 (max)
	4.00

	c29
	4.29
	4.42
	4.13

	c31
	2.92
	2.83
	2.63

	c32
	4.50 (max)
	3.96
	4.29 (max)

	c33
	3.08
	1.42 (min)
	2.04

	c34
	3.71
	3.17
	3.00

	c36
	2.92
	2.08
	2.17

	c37
	3.00
	2.33
	2.38

	c38
	1.92
	1.79
	1.75

	c39
	1.71 (min)
	1.88
	1.58 (min)


However, in the case of the Qualcomm and HEAD Acoustics 2011 LOTs, the scale was not fully exercised, more specifically in the case of the BAK component and, consequently, OVRL for the Qualcomm tests and for all three quality dimensions for the HEAD Acoustics tests.

Such effect is generally not surprising because the use of the scale finally depends on the span of qualities resp. impairments presented during the test. While the new test was more focused on higher noise cancelling conditions as achieved with dual microphone techniques, the HEAD acoustics 2007 LOT included less conditions at the higher quality range (no dual microphone terminals were widely available at that time). Furthermore hands-free conditions were included in the 2007 test which typically are found at the lower quality end. 
Table 11 - QUALCOMM – LOT RESULTS - Reference condition set
	Lbl
	QUALCOMM – LOT RESULTS

	
	SIG
	BAK
	OVRL

	c23
	3.54
	2.29
	2.73

	c24
	2.93
	1.96
	2.36

	c27
	3.98
	3.18 (max)
	3.45

	c29
	4.19
	3.21
	3.48 (max)

	c31
	3.66
	2.24
	2.87

	c32
	4.22 (max)
	2.65
	3.21

	c33
	2.77
	1.44 (min)
	1.96

	c34
	3.88
	2.38
	2.93

	c36
	3.24
	1.92
	2.45

	c37
	3.77
	2.13
	2.78

	c38
	2.33
	1.68
	1.91 (min)

	c39
	2.20 (min)
	1.83
	2.02


Table 12 – HEAD Acoustics 2011 – LOT RESULTS - Reference condition set
	Lbl
	HEAD acoustics – LOT RESULTS

	
	SIG
	BAK
	OVRL

	c23
	2,51
	2,02
	1,92

	c24
	2,56
	1,52
	1,74

	c27
	3,21
	3,52 (max)
	3,17

	c29
	3,57 (max)
	3,33
	3,19 (max)

	c31
	3,27
	2,11
	2,50

	c32
	3,32
	3,15
	3,01

	c33
	2,41
	1,07 (min)
	1,31

	c34
	3,05
	2,63
	2,63

	c36
	2,61
	1,67
	1,80

	c37
	2,91
	2,22
	2,34

	c38
	2,02
	1,31
	1,32 (min)

	c39
	1,84 (min)
	1,46 
	1,38


3.1.2 Correlation of reference condition set between Qualcomm and ETSI (HEAD 2007) LOTs and HEAD 2011 and ETSI (HEAD 2007) LOTs
The scatter plots for the reference condition set results comparisons are presented in Figure 3-1. 

A significant bias in the upper range of the scale is observed for the BAK quality dimension when comparing the results of the Qualcomm and original ETSI (HEAD 2007) tests. This is possibly due to differences in the range of background noise levels presented in the different subjective tests. Since the question for BAK is absolute (a score of 5 meaning the noise is not noticeable), it is particularly interesting that c27 achieved a score of 4.83 in the ETSI LOT but only 3.18 in the Qualcomm LOT.

Another likely explanation of this effect is a different sensitivity of the test panel for background noise. It seems that the Qualcomm test panel is more critical on background noise than on speech quality. The judgement of the reference data for speech quality shows that the Qualcomm panel was generally less critical than in the HEAD Acoustics 2007 listening tests. The same was not observed for the HEAD Acoustics 2011 panel.
A further observation that can be derived from the analysis of the reference set is that, since the HEAD acoustics 2007 database did not include a “Source” speech material in the mix of conditions, most of the dual microphone noise suppression conditions produced higher BAK scores than the best condition in the reference set. In other words, the more aggressive dual microphone NS terminals fell outside the range of conditions that the model was trained for.

These results seem to indicate that any future training of the model should include a “source” clean speech condition in order to anchor the scale at the top range of the test. 
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Figure 3‑1 – Correlation of reference set conditions results across subjective tests

The significant bias observed for the BAK component in the Qualcomm experiment could not be observed. However, the general trend that the BAK MOS-values are lower than the ones achieved in the HEAD acoustics 2007 database can be seen as well. For the SIG component the judgements in the listening tests from HEAD acoustic 2011 are more pessimistic for the higher quality ranges than in the 2007 test. 

Here a different sensitivity of the test panel for background noise as well as on the speech component can be seen. It seems that the Qualcomm test panel is somewhat more critical on background noise than on speech quality compared to the HEAD acoustics test panel. The judgement of the reference data shows that the speech quality as well as for the noise component for the higher quality range is leading to lower MOS scores than in the HEAD acoustics 2007 listening tests. We assume that the main reason for this is the amount of conditions with higher qualities presented in the new test. 
As a consequence also the judgement of the overall quality is lower for higher qualities.

As already concluded for the Qualcomm tests these results seem to indicate that any future training of the model should include a “source” clean speech condition in order to anchor the scale at the top range of the test.
4 Objective predictor test results
The results obtained with the objective predictor implemented according to [2] are presented in Table 13. Two calculation procedures were used. In the first procedure individual scores are computed per sentence and the mean of these scores is reported. In the second procedure the scores are calculated over the full concatenated sequence originally used for the recordings. It is important to note that the full concatenated sequence contains noise-only periods not present in the sentences presented to the subjective test panels.
Table 13 - Results obtained with objective predictor implemented according to [2]

	Lbl
	Sentence pair mean
	Full Sentence

	
	S-MOS
	N-MOS
	G-MOS
	S-MOS
	N-MOS
	G-MOS

	c01
	3.71
	3.86
	3.56
	3.79
	3.95
	3.60

	c02
	2.83
	4.44
	3.12
	2.86
	4.06
	2.93

	c03
	3.86
	4.09
	3.74
	4.29
	4.27
	4.14

	c04
	3.41
	4.73
	3.62
	3.66
	4.51
	3.70

	c05
	3.66
	4.51
	3.76
	3.46
	4.66
	3.61

	c06
	2.82
	4.18
	3.04
	3.21
	4.28
	3.27

	c07
	3.67
	4.77
	3.85
	3.51
	4.80
	3.70

	c08
	3.20
	4.67
	3.47
	3.37
	4.74
	3.56

	c09
	3.82
	4.28
	3.79
	3.89
	4.26
	3.80

	c10
	2.83
	4.02
	2.97
	2.19
	3.85
	2.38

	c11
	3.93
	4.62
	3.97
	4.41
	4.67
	4.39

	c12
	3.45
	4.49
	3.61
	3.07
	4.51
	3.25

	c13
	2.55
	4.74
	3.04
	1.93
	4.70
	2.54

	c14
	2.04
	4.46
	2.60
	2.48
	4.74
	2.91

	c15
	3.24
	4.79
	3.53
	3.46
	4.81
	3.66

	c16
	2.98
	4.70
	3.32
	2.48
	4.74
	2.91

	c17
	4.16
	3.78
	3.88
	4.32
	3.81
	3.99

	c18
	3.36
	3.37
	3.08
	3.63
	3.40
	3.27

	c19
	4.51
	4.46
	4.37
	4.66
	4.56
	4.54

	c20
	3.96
	3.51
	3.60
	4.14
	3.43
	3.70

	c23
	3.09
	2.58
	2.54
	3.29
	2.55
	2.66

	c24
	2.66
	2.59
	2.23
	3.14
	2.33
	2.45

	c27
	3.84
	4.34
	3.82
	4.14
	4.11
	3.96

	c29
	3.52
	4.16
	3.51
	3.85
	3.65
	3.53

	c31
	3.41
	2.27
	2.68
	3.56
	2.30
	2.77

	c32
	3.94
	3.67
	3.66
	4.25
	3.78
	3.92

	c33
	2.55
	1.72
	1.81
	2.64
	1.69
	1.84

	c34
	3.79
	3.01
	3.27
	4.01
	2.99
	3.41

	c36
	2.60
	2.17
	2.05
	3.15
	1.81
	2.26

	c37
	3.58
	2.32
	2.85
	3.84
	2.42
	3.05

	c38
	1.81
	2.06
	1.49
	2.02
	1.93
	1.52

	c39
	2.20
	2.43
	1.85
	2.56
	2.32
	2.03


4.1 Comparison of subjective test and objective predictor mean scores

The scatter plots of the objective predictor and subjective test scores are summarized in figures 4 and 5. The figures present results for the reference conditions in the left column and for all conditions (reference and test) in the right column. These results refer to the ETSI EG 202.396-3 objective scores calculated with the sentence-pair mean procedure1.
Table 14 – Pearson’s correlation coefficient for objective predictor and subjective test results
	
	Pearson’s correlation coefficient

	
	Qualcomm LOT
	HEAD 2011 LOT

	P835 SIG x S-MOS (reference set)
	0.945
	0.893

	P835 SIG x S-MOS (all conditions)
	0.698
	0.785

	P835 BAK x N-MOS (reference set)
	0.970
	0.936

	P835 BAK x N-MOS (all conditions)
	0.957
	0.972

	P835 OVRL x G-MOS (reference set)
	0.984
	0.975

	P835 OVRL x G-MOS (all conditions)
	0.828
	0.917


1 The results are slighty different than the preliminary results presented in Tdoc S4-AH034 which applied the ETSI method to the full concatenated sequences.
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Figure 4‑1 – Comparison of results between Qualcomm LOT and ETSI EG 202.396-3 objective predictor
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Figure 4‑2 - Comparison of results between HEAD 2011 LOT and ETSI EG 202.396-3 objective predictor
4.2 Objective predictor test results analysis
While the correlation between subjective and objective scores for the reference conditions is high for all three quality dimensions (SIG, BAK and OVRL), it appears that Qualcomm’s LOT P.835 SIG results are under predicted by the objective model for the more aggressive noise suppression devices. These results appear similar to other efforts attempting to correlate the ETSI EG 202.396-3 model to P.835 subjective tests conducted in the United States.

The high scores for the P.835 SIG component with one particular device (Device “E” in the test) was somewhat unexpected since this device has ranked as a low performer in terms of speech quality in previous expert listening tests. Interestingly, the same device in the HEAD Acoustics 2011 LOT produced substantially lower results for some of the noise scenarios. The results for this device are shown in table 13.
Table 15 – Comparison of results for Device “E” (a high noise suppression dual microphone device)
	
	
	QCOM LOT
	HEAD Acoustics 2011 LOT
	Objective scores
(sentence mean)

	
	
	SIG
	BAK
	OVRL
	SIG
	BAK
	OVRL
	SMOS
	NMOS
	GMOS

	c13
	Device "E" (café)
	4.30
	4.57
	4.24
	3.20
	4.79
	3.44
	2.55
	4.74
	3.04

	c14
	Device "E" (road)
	4.02
	3.78
	3.64
	2.71
	3.96
	2.78
	2.04
	4.46
	2.60

	c15
	Device "E" (office)
	4.55
	4.39
	4.37
	3.84
	4.74
	3.91
	3.24
	4.79
	3.53

	c16
	Device "E" (car)
	3.96
	4.20
	3.88
	2.73
	4.63
	3.03
	2.98
	4.70
	3.32


It can be seen that the results for SIG and OVRL between the two subjective tests are substantially different. Although the ETSI EG 202.396-3 model still under predicts the P.835 SIG results of the HEAD Acoustics 2011 LOT the difference is much smaller than for the previously reported case of the Qualcomm LOT.

5 Conclusions
The ETSI model appears to produce good correlation to subjective tests for the background noise assessment (BAK). This is observed for both the Qualcomm and HEAD Acoustics subjective tests. A bias exists however with the general trend of the ETSI model over predicting the subjective test scores. The hypothesis is that this bias is due to differences in context between the original tests and the ones presented in this study. It is proposed that eventual further work includes a clean speech signal (“source”) as part of the reference set.
The correlation for the SIG component is less than for BAK. From the analysis of the two subjective test results, it appears that significant differences in preference between groups of listeners may exist (in this case naïve native American speakers and naïve native german speakers). One possible explanation is that this difference in judgment can also be attributed to cultural differences based on the different listening experience of the test panels. While the German test panel is mostly exposed to telephone calls on higher bit-rate connections (e.g. AMR @ 12.2 kbit/s) the North American test panel may have been regularly exposed to lower bit-rate connections over the years (AMR @ 5.9 kbit/s, EVRC @ 6.6kbps, etc.) due to network capacity issues in some cities in US.  The extent as to whether this day-day listening experience changes the overall expectation of the listening panel deserves more investigation. 

As the ETSI objective predictor model has been trained on a subjective database containing results obtained with a German listening panel, this could partially explain the inconsistencies previously observed between different efforts attempting to correlate the ETSI model to P.835 results.

A separate contribution [5] compares with more detail the results of the two subjective tests.
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7 APPENDIX A – Scatter plots for Subjective test x objective predictor results (HEAD Acoustics 2011 LOT)
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