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Introduction
In 3GPP release 11, it has been agreed that the requirement of the background noise will use ETSI TS 103 106 [1]. This new standard is an extension of ETSI EG 202 396-3 [6], which is currently referenced in the GSMA HD Voice Logo minimum requirements for Mobile Terminals and Networks v1.0. The new standard ETSI TS 103 106 has a new re-trained predictor and a new test method (different speech material and test protocol).
This contribution looks at the difference in results between ETSI EG 202 396-3 and ETSI TS 103 106 methods for several mobile phones.

Methods Description
The differences between the two standards, as implemented in the HEAD acoustics ACQUA test platform, are the source material, the predictor computation, and the test methodology.
Table1 summarizes the change between the two standards
	
	ETSI EG 202 396-3
	ETSI TS 103 106

	Source material
	8 sentences
	16 sentences

	Convergence period
	Noise alone
	16 sec. speech+noise

	Predictors
	3 QUEST
	3 QUEST NG (retrained)

	Scoring Method
	One single score for all  the sentences combined 
	Average of scores obtained for each sentence


Table 1: Summary of changes between standards

Source material
In ETSI EG 202 396-3 the test signal consists of eight speech sentences. The sentences are preceded by 5 sec. of silence. In practice it is advised  to have additional silence prior to the test sequence to allow convergence of the noise reduction algorithm (to the noise reproduced during the speech pause). Figure 1 shows the plot of the test signal. Speech signals are not specified in ETSI EG 202 396-3 but common practice is to use the speech material provided by the ACQUA test system (mixture of British and American English).
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Figure 1: Speech signal used with the ACQUA test system
In ETSI TS 103 106 the test signal consists of 16 speech sentences. The sentences are preceded by 4 speech sentences to allow convergence of the algorithm. Speech signals were provided by Dynastat [1 Annex C]. Figure 2 shows the plot of the speech sentences.
[image: ]
Figure 2: Speech signal used in ETSI TS 103 106
In both methods the background noise is synchronized to the beginning of the test sequence highlighted in Figure 1 & 2.

Predictor’s computation
In ETSI TS 103 106 the predictors have been retrained based on several new databases. The retrained predictors improved correlation with P.835 scores. Re-training has been the subject of several 3GPP contributions [4, 5].

Scoring method
In ETSI EG 202 396-3 the predictors are computed once for the whole file, i.e. the eight sentences altogether.
In ETSI TS 103 106 the predictors are computed for each individual sentences. The scores are then averaged other the 16 sentences to give the final predictor values.

All scores have been computed using the batch calculator version 1.4.300 (build 3039) provided by HEAD acoustics.

Test Description
The mobile phones were mounted to a HEAD acoustics’ Head and Torso Simulator equipped with type 3.3 artificial ear, using an 8 N application force between the mobile phone and the artificial ear.
The speech level was adjusted to ‑1.7 dBPa at the MRP in order to partly consider the Lombard effect in a noisy environment. The tests were carried out with the mobile phone in handset mode. 
Nine mobile phones from various manufacturers have been used, spanning the range of mobiles devices available in the market (NB and WB, single microphone and Dual microphone solutions, entry phone and smart phones). Some phones can support multiple uses cases (for example, NB, WB, single microphone and dual microphone). In total 19 devices cases were analyzed, 13 for narrowband and 6 for wideband.
All recordings were made in autumn 2012.

Results 
Analysis of scores dispersion
Figure 3 and figure 4 show the scatter plot for S-MOS and N-MOS respectively for narrowband and wideband use cases. The linear trend line of the data is represented in light black. The red line represents the equal value line.
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[bookmark: _Ref338257843]Figure 3: Results between ETSI TS 103 106 and ETSI EG 202 396 for narrowband (R-squared is 0.73 and 0.94 for S-MOS and N-MOS respectively)
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[bookmark: _Ref338257845]Figure 4: Results between ETSI TS 103 106 and ETSI EG 202 396 for wideband (R-squared is 0.82 and 0.88 for S-MOS and N-MOS respectively)
It can be seen that the trend between S-MOS and N-MOS is quite different between the two methods.
In the case of S-MOS the ETSI TS 103 106 method is overestimating the S-MOS scores compared to ETSI EG 202 396. The overestimation is greater as the score goes down. 
In the case of N-MOS, the score obtained with ETSI TS 103 106 are lower than the one obtained with ETSI EG 202 396. The difference is slightly higher for higher N-MOS score.
The trend is the same for the narrowband phones and the wideband phones.

Figure 5 shows the average difference in the scores (among the devices) for the different type of noise. The small black lines represent the standard error.
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Figure 5: Average score difference for the noise type
The N-MOS difference is similar in narrowband and wideband, as well as among the different type of noise.
For the S-MOS there is a clear dependency of the noise type, especially in narrowband case. This could be explained by the fact that ETSI EG 202 396-3 method was not very reliable predicting low S-MOS scores. These low scores are generally associated with high level noise such as pub, road.

Analysis of Devices performances
In figure 6 and 7, the S-MOS and N-MOS, averaged over the eight noises, are displayed for the 13 devices in narrowband. The 3GPP Rel.11 requirement and performance objective are indicated by horizontal green lines.
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Figure 6: Average S-MOS over eight noises for the 13 NB devices 
With the ETSI TS 103 106 method S-MOS performance among the 13 devices is quite similar. With this method, all the devices pass the 3GPP rel 11 performance objective. With the EG 202 396-3 method, 5 devices will not have passed the 3GPP performance objectives and 1 will have failed the requirement. These 5 devices (A, B, C, E, I) are mixture of single and dual mic solution. 
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Figure 7: Average N-MOS over eight noises for the 13 NB devices 
The N-MOS scores among the 13 devices exhibit huge variation, indicator of different noise reduction techniques and number of microphones.
With the TS 103 106 method, 4 devices (D, G, H, L) are at the margin or fail 3GPP rel.11 performance objective. All these devices are single microphone solution.
With the EG 202 396 method only 1 device will have fail the performance objective.

Figure 8 & 9 displayed the average S-MOS and N-MOS for the 6 WB devices.
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Figure 8: Average S-MOS over eight noises for the 6 WB devices 
With the TS 103 106 method all devices pass the performance objective. With the EG 202 396-3, 2 devices were at the limit.
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Figure 9: Average N-MOS over eight noises for the 6 WB devices 
With TS 103 106 method, 3 devices are at the margin of the performance objective. All these 3 devices are single mic solution.

Performances among devices are closer to each other in wideband than in narrowband.

Effect of speech material
In this part of the study the effect of the speech material is analyzed. For this the EG 202 396 recordings were analyzed using the TS 103 106 method (cropping and averaging using new predictors).
Figure 10 & 11 show the difference on the S-MOS and N-MOS for all devices (narrowband and wideband).
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Figure 9: Results of S-MOS using TS 103 106 for different speech material (R-squared is 0.81)
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Figure 10: Results of N-MOS using TS 103 106 for different speech material (R-squared is 0.97)
The variation of S-MOS score with the speech is higher than for N-MOS.
Based on this result it can be concluded that it is possible to use old recordings made with ETSI EG 202 396-3  test signals and use ETSI TS 103 106 method to predict quality.   Nevertheless, it is recommended to use ETSI TS 103 106 method with its associated test material whenever possible.

Summary
This contribution looks at the difference in noise predictors (S-MOS, N-MOS) for the ETSI EG 202 396-3 (used in HD Voice 1.0) and ETSI TS 103 106 used in 3GPP rel.11. In general N-MOS scores are lower for ETSI TS 103 106, while S-MOS scores are higher for ETSI TS 103 106. 
Clearly the two standards give different scores for each test case due to the difference in predictors and methodology. Therefore it is preferable to set future predicted voice quality targets based on scores obtained with subjective P.835 tests. This approach eliminates the uncertainty due to predictor performance and variation. The current requirement and performances objectives proposed in Rel.11 should be kept as is.
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