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Introduction
Speech quality measurements using the ETSI TS 103 106 [1] analysis method were carried out as a follow up of the Paris meeting in June, 26-27, 2012. The aim of these test is the collection of data representing the performance of modern mobile terminals in background noise. The tests were conducted at HEAD acoustics premises in Herzogenrath, Germany. This contribution briefly describes the test setup and analyzes the S-MOS, N-MOS and G-MOS scores according to ETSI TS 103 106.

Description of test setup

The measurements were carried out at HEAD acoustics laboratory using the background noise simulation as described in ETSI EG 202 396‑1 [2]. Eight different background noise scenarios are used for testing. These scenarios are identical to those used in the HDVoice Specification [3] and are taken from ETSI EG 202 396‑1. Following scenarios were chosen: pub noise, road noise, cross roads, car, cafeteria counter, Mensa and call center. In addition one measurement was carried out with speech only (clean speech) without additional background noise playback in the test room. 
	The speech material is according to ETSI  TS 103 106 [1]. Figure 1 shows the time signal. The sequence applies two initial sentences (“A”) in order to proper condition the devices under test (in this case mobile phones). A subsequent pause and another conditioning sequence of four sentences is applied (“B”). In total another 32 test sentences have been processed during the tests (“C”), the analysis itself is carried out over 16 test sentences. 
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	Figure 1: Speech signal for TS 103 106 tests including conditioning sequences (“A” and “B”) and sequential arrangement of 32 single test sentences (“C”)  


No downlink signal was applied, the measurements focus on the uplink transmission path.

The mobile phones were mounted to a Head and Torso Simulator (HATS according to ITU-T Recommendation P.58 [4]) equipped with two type 3.3 artificial ears (ITU-T Recommendation P.57 [5]). The devices were mounted in the alternative position as originally defined for the 3.4 artificial ear (ITU‑T P.64 Annex E.2, Delta B=5°) using a 8 N application force between the mobile phone and the artificial ear.
The speech level was adjusted to ‑4.7 dBPa at the MRP +3 dB gain in order to partly consider the Lombard effect in noisy environment. The tests were carried out in handset mode. 

The mobile phones were narrowband and wideband capable and selected from 10 different manufacturers (different models in different price categories). They represent modern mobile phones that are commercially available today.
In narrowband mode the enhanced full rate speech codec was used, the AMR-WB speech codec @ 12.65 kbit/s codec was used for wideband transmission. The devices were connected to a CMU 200 (Rohde & Schwarz) network simulator.

The analysis was carried out on a “per sentence basis” for the last 16 test sentences from the whole test sequence (see figure 1). The analysis sequence was limited to exactly 4 s with the sentence centered within this 4 s file.

Stability of the test results
In a first step the influence of the different number of test sentences (16 vs. 32 sentences) is analyzed. The following figures show the comparison between S-MOS, N-MOS and G-MOS scores if calculated on a sequence of 16 sentences or 32 sentences respectively. In both cases the MOS results are averaged over 16 respectively 32 single S-MOS, N-MOS or G-MOS values.

The three scatterplots in figure 1, 2 and 3 combine all 10 test devices, all eight background noise scenarios and the two transmission modes, narrowband and wideband. Each plot shows 180 individual results (10 devices under tests, 8 background noise scenarios, narrowband and wideband mode). This analysis clearly shows that the results are very high correlated. Neither S-MOS, N-MOS nor G-MOS results depend on the number of test sentences used for the averaging process.
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Figure 2: S-MOS scatter plot, comparison of averaging process (16 vs. 32 sentences)
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Figure 3: N-MOS scatter plot, comparison of averaging process (16 vs. 32 sentences)
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Figure 4: G-MOS scatter plot, comparison of averaging process (16 vs. 32 sentences)
S-MOS, N-MOS and G-MOS analysis according to ETSI TS 103 106

Narrowband
In the following the TS 103 106 results are analyzed separately in narrowband and wideband both transmission mode and in terms of speech quality (S-MOS, figure 5 in the narrowband case, figure 8 for wideband), the intrusiveness of transmitted noise (N-MOS, figure 6 in the narrowband case, figure 9 for wideband) and for the overall quality (G-MOS, figure 7 in the narrowband case, figure 10 for wideband). 

The graphical analyses shown below represent a subset of four out of eight noises (cafè/Mensa, car, train, road). The narrowband speech quality scores are analyzed in figure 5. In addition to the S-MOS scores for these four noise scenarios the calculation for clean speech is given in figure 5 as well (left hand blue bar).

Each bar represents the average results over the 16 test sentences, i.e. the average scores over 16 individual S-MOS, N-MOS and G-MOS values respectively. The 10 different mobile phones (10 different manufacturers) are anonymized and indicated on each x-axis. 

The deviation between the 16 individual “per sentence based” scores used for the average process can be estimated from the standard deviation. In general the results show a high consistency, the standard deviation does not exceed a range of ± 0.4 MOS. This can be stated for S-MOS and N-MOS scores in both modes, narrowband and wideband. 
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Figure 5: S-MOS results of all tested NB devices
The S-MOS scores were determined to approximately 4.3 MOS for the clean speech scenario for all devices. The four background noises reduce the S-MOS scores as expected. The more critical test conditions (train, road) lead to lower scores. This can be stated for all tested narrowband devices. In general the tests lead S-MOS results between 4.2 down to approximately 3.0 S-MOS representing the current quality of narrowband devices.

Figure 6 shows the corresponding N-MOS scores. As expected the N-MOS are the highest for the clean signal (between 4.4 and 4.5 N-MOS). The N-MOS results for the different background noise scenarios were determined between approximately 3.8 down to 2 for the most critical test scenario (road). Most of the devices show the highest score for the stationary car noise, slightly lower scores for the non-stationary, but lower-level café/Mensa noise. Quality further decreases ‑as expected‑ for the higher level train station and road noise condition.
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Figure 6: N-MOS results of all tested NB devices
Figure 7 shows the corresponding G-MOS scores. Again, as expected the G-MOS scores are the highest for the clean signal (about 4.2 G-MOS). The G-MOS results for the different background noise scenarios were determined between approximately 3.7 down to 2.6 for the most critical test scenario (road). The G-MOS scores reflect the overall speech quality perception as a result of the different S-MOS and N-MOS scores as expected.
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Figure 7: G-MOS results of all tested NB devices


Wideband
In wideband the clean speech signal leads S-MOS scores between 4.2 and 4.5 MOS in figure 8. Note that the clean signal test was by mistake not carried out for device B. Speech quality for the different background noise scenarios spread over a range from approximately 4.3 S-MOS down to 3.0 S-MOS again representing the quality of current wideband terminals.

Noise reduction in wideband mode leads to the strongest quality differences among the tested devices as shown in figure 9. The lowest scores for the most critical road noise condition was determined to approximately 2.3 N-MOS. The highest score was achieved by device “D” for the road noise condition with a N-MOS of 3.5. The less critical noise conditions, especially the stationary car noise leads to results between approximately 4.2 N-MOS down to 3.0 N-MOS.
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Figure 8: S-MOS results of all tested WB devices
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Figure 9: N-MOS results of all tested WB devices

Figure 10 shows the corresponding G-MOS scores. The G-MOS scores are the highest for the clean signal (about 4.2 to 4.3 G-MOS). The G-MOS results for the different background noise scenarios were determined between approximately 3.6 down to 2.5 for the most critical test scenario (road) – in general a bit worse than in narrowband. The G-MOS scores reflect the overall speech quality perception as a result of the different S-MOS and N-MOS scores as expected.
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Figure 10: G-MOS results of all tested WB devices
Comparison of S-, N-, G-MOS scores

Narrowband

In figure 11 the S-, N- and G-MOS sores for each tested device are shown in summary. The underlying data are the identical data of the previous section but displayed differently.
Important information can be drawn from the relation between S-MOS and N-MOS scores in these figures comparing the performance of different devices: Some show significantly higher S-MOS than N-MOS scores indicating a less strong noise reduction and lower N-MOS than S-MOS results (e.g. devices A, C, E, F). Others show a more “balanced” performance, S-MOS and N-MOS results are very comparable (e.g. devices B, D, G).
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	Device E, NB
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Figure 11: Comparison of S-, N- and G-MOS for each mobile phone, NB 


Wideband

Similar conclusions can be drawn from the wideband analyses in figure 12. The challenge to find the optimum balance between speech quality and noise transmission quality is also given in the wideband case. Some devices show significantly higher N-MOS than S-MOS scores indicating a very strong noise reduction already introducing noticeable distortion on transmitted speech (e.g. devices D, H, I).
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Figure 12: Comparison of S-, N- and G-MOS for each mobile phone, WB 

Summary

An overview of the current “state of the art” terminals for speech quality in background noise based on the new ETSI standard TS 103106 [1] is given. All terminals were tested in narrowband and wideband mode. The results can be used to provide further information for limits to be set in 3GPP TS 26.131.
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