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Introduction
During the SA4#66 meeting a subjective study was introduced which showed the comparison of the subjective judgment between a German and a North American test panel for exactly the same data [1]. The paper describes a narrowband experiment and amongst others there was the clear observation that the speech quality (S-MOS) of modern 2 channel noise cancelling phones was perceived differently by North American listeners vs. German listeners. In contrast it could be seen that the reference conditions taken from the database forming the basis of the “ETSI-model EG 202 396-3” [3] were showing a high correlation. 
In order to evaluate whether a similar effect can be found for wideband terminals a similar experiment was conducted using the HEAD acoustics wideband database introduced in [3]. All tests were conducted based on ITU-T Recommendation P.835 [4].

Description of listening test setup
Use of improved reference conditions
[bookmark: mark_corrcoeff]For anchoring the test subjects, reference conditions were created using a method similar to the method described in [8]. The background noise for these conditions (for the mixture as well as for the processing) was chosen to “Full-size Car 130 km/h”. The processing of the reference conditions is according to the processing described in the actual version of the 3GPP test document. It was configured in a way that 4 equidistant steps of noise reduction artifacts were created. A pre-ranking was done by several expert sessions, which was validated by the naïve listeners in the main experiment. The subjective results for S-, N-, and G-MOS of the 12 reference conditions for the German test panel are shown in Figure 1, the subjective results for S-, N-, and G-MOS of the 12 reference conditions for the North American test panel are shown in Figure 2; the corresponding explanation for each condition is listed in Table 1. 
[image: ]
[bookmark: _Ref315083998][bookmark: _Ref300922494]Figure 1: Subjective Results of Reference Conditions for German listeners
[image: ]
[bookmark: _Ref315083722][bookmark: _Ref301186763][bookmark: _Ref315083716]Figure 2: Subjective Results of Reference Conditions for North American listeners
	Condition 
	Speech degradation
	SNR Mix

	R01
	Source
	No Noise

	R02
	NS Level 4
	No Noise

	R03
	NS Level 3
	No Noise

	R04
	NS Level 2
	No Noise

	R05
	NS Level 1
	No Noise

	R06
	Source
	36dB SNR

	R07
	Source
	24dB SNR

	R08
	Source
	12dB SNR

	R09
	Source
	0dB SNR

	R10
	NS Level 3
	24dB SNR

	R11
	NS Level 2
	12dB SNR

	R12
	NS Level 1
	0dB SNR


[bookmark: _Ref315084559][bookmark: _Ref300924053]
Table 1: Composition of new Reference Conditions
Both figures show that the desired goal of the distribution of the different references could be achieved. We find varying S-MOS judgments while the N-MOS is kept constantly high, varying N-MOS judgments while the S-MOS is kept high and conditions where S-MOS and N-MOS is decreasing simultaneously. Furthermore it can be seen that the judgments of the two different panels are very comparable and show a high correlation (see figures 3-5). As often observed, the correlation of the reference conditions derived from the two subjective tests is best for the N-MOS and worst for the S-MOS. The difference metrics for the two panels are shown in Table 2.
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	[bookmark: _Ref315084005][bookmark: fig_RefCondSMOS]Figure 3: Scatterplot for S-MOS German vs. American listening panel
	[bookmark: fig_RefCondNMOS]Figure 4: Scatterplot for N-MOS German vs. American listening panel
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	[bookmark: _Ref315084006][bookmark: fig_RefCondGMOS]Figure 5: Scatterplot for G-MOS German vs. American listening panel



	
	S-MOS
	N-MOS
	G-MOS

	Pearson Correlation
	0.958
	0.995
	0.969

	Spearman Rank Correlation
	0.979
	0.975
	0.937

	RMSE
	0.342
	0.154
	0.308



[bookmark: _Ref315160436]Table 2: Difference metrics for reference conditions

Test conditions
The conditions used for this experiment were a subset of a larger experiment. Only the subset containing 60 conditions was tested in Germany and in Northern America. The main experiment consists of the following processing:
· Recordings of VoIP terminals in handset mode
· Recordings of VoIP terminals in hands-free mode
· Recordings of 3G mobiles (AMR WB 12.65 kbit/s) in handset mode
· Recordings of 3G mobiles (AMR WB 12.65 kbit/s) in hands-free mode
· “Input SNR sweeps”: 2-channel microphone recordings with discrete input SNRs of 0, 6, 12 and 18 dB were created and were then processed with state of the art 2-channel noise reduction algorithms.The AMR WB 12.65 kbit/s codec was applied additionally after the noise reduction algorithms.
· EVRC-WB: A subset of the processed SNR sweep conditions were used in conjunction with the EVRC-WB codec and with/without its internal noise reduction.
· Unprocessed conditions: Only band-limitations were applied to unprocessed references. The SNRs of these conditions resulted from the conjunction of the ETSI 202 396-1 BGN level at the DUT and the given speech levels.
In the subset used for the comparison, the following processing and background noises were used.
· 4 recordings with VOIP terminals (G.722) in hands-free mode; Used BGNs: Mensa, Pub and Office noise
· 3 recordings with VOIP terminals (G.722) in handset mode; Used BGNs: Mensa, Road and Car noise
· 17 recordings with 3G mobiles (AMR WB 12.65 kbit/s) in handset mode; Used BGNs: Mensa, Car, Train and Road noise
· 3 recordings with 3G mobiles (AMR WB 12.65 kbit/s) in hands-free mode; Used BGNs: Mensa, Car and Road noise
· 26 SNR sweep conditions; Used BGNs: Mensa, Car, Road and Train station noise
· 5 EVRC-WB conditions; Used BGNs: Mensa, Car, Road and Train station noise and one clean speech condition (coding with EVRC-WB)
· 1 unprocessed condition; Used BGN: Mensa
· 1 Clean Speech reference (in addition to the reference conditions)
For the 3G mobile recordings, 9 different modern state of the art devices which are currently available on the market were used. There is no explicit information if the terminals are using a two-channel microphone noise reduction system. For several devices, a second microphone could be identified on the case, for others it could hardly be identified (placed in or under the case). It could also not always be verified if a second microphone was really active and in force when performing a call. Nevertheless, it is expected that most of these devices are capable of this technology.
Some phones used for hands-free/handheld measurements were also included in the measurements for handset mode. However, due to the different operation, the different acoustical environment and the different SNR condition these can be seen as independent conditions for the listening test. For devices with two-channel noise reduction algorithms it could not be verified if both microphones are also used for the hands-free/handheld mode.
All recordings with real terminals were collected using the background noise simulation system described in ETSI EG 202 396-1. The background noise level for these conditions were kept unchanged, the playback was carried out with original and realistic levels. The unprocessed reference according to ETSI EG 202 396-3 was measured simultaneously close to the (primary) microphone of the device under test.
The output speech level of the artificial mouth was set to -4.7 dB Pa + 3dB Offset = -1.7 dB Pa for handset mode and the SNR sweep recordings. For hands-free mode, the level was set to -4.7 dB Pa + 6dB Offset = +1.3 dB Pa. For the SNR sweep conditions, the levels of the background noises were in- or decreased in a way, that the A-weighted noise level and the speech level at a typical DUT position yielded the SNRs of 0, 6, 12 and 18dB. 
The speech material (American and British English) used for this experiment was taken from ITU-T recommendations P.50 and P.501, which was already used for the narrowband extension of EG 202 396-3.
Details of listening test procedure
The presentation of the samples (double sentences) in the listening test was carried out diotic. As already presented in the narrowband extension of ETSI EG 202 396-3, the active speech level calibration of the samples was not done with ITU-T recommendation P.56, because the method fails on lower SNRs. Instead of this, each processed signal was first time aligned with its corresponding clean speech signal. After this step, a speech activity detection could easily be applied for the noisy signals (according to ITU-T recommendation G.160 [7], for example) in order to exactly identify the speech part of the sequence. The average level of all speech parts within a condition was then calibrated to -21 dB Pa which refers to a comfortable listening level.
The test was carried out with 32 listeners per condition in Germany and 32 listeners per condition in North America.
Results
The Results for S-MOS, N-MOS and G-MOS are shown in the figures 6-8.The results presented show a very high correlation between the North American Panel and the German Panel. The graphs show the raw results without any mapping. The average confidence intervals for the both panels are given in Table 6.
[bookmark: _GoBack]When analyzing the data it can be stated that there is no evidence that non-native language listeners give a different judgment than the native language listeners. There is not even a bias in the data. Secondly, in opposite to the experiment reported in [3] no systematic deviation between the scores of the different test conditions could be observed. So it seems that there is no cultural or other effect which would lead to a systematically different judgment between the test panels. In narrowband such systematic difference was found [3]. In this experiment the systematic differences mainly occurred for modern 2-channel noise cancellers where the North American panel consistently judged these conditions differently to the German test panel. For the reference conditions this different judgment could not be observed. 
	[image: ]

	[bookmark: fig_TestCondSMOS]Figure 6: Scatterplot of unmapped S-MOS data




	
	Unmapped data

	Pearson Correlation
	0.968

	Spearman Rank Correlation
	0.963

	RMSE
	0.250



Table 3: Difference metrics for S-MOS
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	[bookmark: fig_TestCondNMOS]Figure 7: Scatterplot for unmapped N-MOS data



	
	Unmapped data

	Pearson Correlation
	0.973

	Spearman Rank Correlation
	0.957

	RMSE
	0.298



Table 4: Difference metrics for N-MOS
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	[bookmark: fig_TestCondGMOS]Figure 8: Scatterplot for unmapped G-MOS data



	
	Unmapped data

	Pearson Correlation
	0.979

	Spearman Rank Correlation
	0.966

	RMSE
	0.168



Table 5: Difference metrics for G-MOS

	
	German Panel
	North American  Panel

	S-MOS
	0.312
	0.310

	N-MOS
	0.242
	0.257

	G-MOS
	0.234
	0.255



[bookmark: _Ref315091544][bookmark: _Ref315091538]Table 6: Average confidence intervals
Conclusion
A new validation database was created which takes into account the state of the art noise cancelling techniques and terminals including 2-mircophone solutions. A subset of this database was used to investigate a potential different behavior of North American test subjects in comparison to German test subjects when judging the same data.
The results show an excellent correlation for the new reference conditions as proposed in [3] and [8]. The ranking of the reference condition was as expected.
Surprisingly also the test data of the two different test panels show a very high correlation. Not even a bias or offset of the data can be observed. Therefore it can be clearly stated that non-native test persons fluent in English judge the same way as native English speakers.
Another interesting point is the comparison of this test to the narrowband experiment reported in [1]. Although similar, the experiments described in [1] were not setup identical. The tests did neither include any clean speech condition without any degradation nor the new reference conditions both used in this wideband experiment. Interestingly, in contrast to [1] no cultural or other influence could be observed in our wideband experiment. In our opinion there are two different possible explanations for this different behavior:
a) In general the user’s experiences forms the basis of her/his judgment. While in narrowband all users have a long lasting history of personal experience with all types of narrowband phone communication this experience is not available in the case of wideband systems. Mostly none of the listeners ever experienced wideband communication. Therefore the users are mostly unbiased when judging these data. In narrowband the different test panels have their experience with the existing narrowband communication systems which are quite different between Germany and North America. This different personal experience leads to the different judgments of the different test panels.
b) Although the complete quality range was covered it could be possible that the wideband terminals do not yet introduce such high noise reduction than narrowband terminals. Therefore the amount of speech distortion introduced in conjunction with high noise suppression could be less. However, this hypothesis is not very likely since a lot of artificially created “SNR-sweeps” in conjunction with different settings of different noise cancellers were introduced in the tests which should lead to similar distortion than in the narrowband case.
The inclusion of a clean speech condition and the new reference conditions may also influence subjective scores in the upper quality range, where no background noise and only a few distortions are audible. However, this influence should not lead to a significant different judgment between panels.
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