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1. Introduction
Contributions S4-110237 from Qualcomm [1], and S4-110395 from Audience [2] each presented results from those labs for measurements of SNRI according to ITU-T G.160 [3] undertaken as a round robin during the first half of 2011.  Details of the set-up and methods are described in [1, 2] and will not be reviewed in detail here.  Differences in methods that may affect results will be noted where necessary.  Additional results from Nokia have been provided but are not included in this preliminary analysis, as it is believed that the points made below are adequate to address the near-term concerns.
2. Inter-laboratory consistency
The main goal of a round robin is to demonstrate inter-laboratory consistency in a proposed test method.  Informal review comparing results from [1, 2] in SQ at SA4#64 included a scatter plot of the data from the two laboratories, shown in Figure 1.
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Fig. 1:  Scatter plot of SNRI results from Qualcomm “Q” [1] plotted on abscissa, versus SNRI results from Audience “A” [2] plotted on ordinate.  Different colors are used for each device in the test.  The symbol ‘x’ denotes results for speech signal ANR and the symbol ‘+’ denotes results for speech signal ANR2 [See 1 for details].  The green dashed line shows the best linear fit, with correlation 0.86.
These fairly large scatter seen in Figure 1 was indicative of relatively large inter-laboratory differences.  Differences in method noted in discussion at SA#64 included:  use of anechoic chamber [1] versus semi-reverberant room according to ETSI EG 202 396-1 [2]; positioning of device under test (DUT) at endstop 10mm [1] versus positioning of DUT in standard position according to ITU-T P.64 [2].  Further analysis revealed both similarities and differences in the recorded signals.  
2.1 Consistency for individual devices
Examination of the scatter plot in Figure 1 leads to the question of inter-laboratory consistency for individual devices.  Table 1 shows the correlation coefficients for comparing the SNRI results from the two labs for each device in the tests (results ranked from low to high).
Table 1 – Inter-lab correlation of SNRI for each device:
	DUT ID
	Correlation coefficient

	25
	0.077

	18
	0.469

	104
	0.720

	103
	0.825

	105
	0.870

	102
	0.873

	101
	0.889

	27
	0.914

	100
	0.985



The correlation coefficients range from a low of 0.077 to a high of 0.985, indicating a strong dependency of correlation on the specific device.  To further illustrate this result, scatter plots of SNRI for devices 25 (least correlated) and 100 (best correlated) are shown in Figures 2 and 3.
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Fig. 2:  Scatter plot of SNRI results for DUT 25, arrangement as in Fig 1. Correlation coefficient given in Table 1.
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Fig. 3:  Scatter plot of SNRI results for DUT 100, arrangement as in Fig 1. Correlation coefficient given in Table 1.
The large range of consistency encouraged a further examination of the differences in the recordings from the two laboratories.
2.2 Differences in crest factor
Differences in crest factor of the recordings taken at the output of the network simulator were observed.  It was noted that the crest factor for recordings from [2] were often less than those from [1].  Figure 4 plots, for both labs, the crest factor for each device (left-hand vertical axis), along with the R2 value for each device (right-hand vertical axis).  Results are ordered, left to right, with increasing R2 value.

Fig. 4:  Plot of crest factor (left-hand vertical axis), denoted ‘Q’ [1] and ‘A’ [2], and R2 (right-hand vertical axis), for each device in the test.
Examination of Figure 4 suggests that the difference in crest factor may be related to the R2, with low crest factor difference associated more with higher R2.  Figure 5 shows a scatter plot of R2 versus difference in crest factor.

Fig. 5:  Scatter plot of inter-lab SNRI R2 versus difference in crest factor (CF).  The dashed line shows linear regression, with coefficients and R2 of fit included in the legend.  Symbols are labelled with device number.  Round symbols are for 2-mic noise suppressors; diamond symbols are for 1-mic noise suppressors.  Red-filled symbols are for wideband devices; blue-filled symbols are for narrow band devices.
There is reasonably good association of R2 for inter-lab SNRI with the inter-lab difference in crest factor.   Note that there is no obvious pattern for narrow-band (blue-filled symbols) or wide-band (red-filled symbols) devices.  Neither is there an obvious pattern for 2-microphone (round symbols) or 1-microphone (diamond symbols) noise suppressors.
2.3  Discussion and hypothesis.
It was noted in [2], and above, that the handset position differed between labs.  The test method described in [1] and also employed in [2] required the use of speech at +1.3dBPa at MRP, or 6-dB higher than nominal, to account for the level change observed in the Lombard effect.  The current working hypothesis is that this relatively high level of speech, combined with the difference in handset position, and the inherent differences in sending sensitivity across the devices, results in some devices exhibiting substantially more crest-factor reduction (e.g. approaching 6dB) under the specific test conditions used in [2], and that this change in crest factor is a major contributor to inter-laboratory differences in SNRI measurements.
3.  Next steps
An examination of the impact of handset position, speech level, and test room acoustics (anechoic vs. semi-reverberant) is planned to address the hypothesis described above.  The devices selected for this test span the range of correlation, device length (distance mouth-to-mic) and noise suppressor technology (1- vs 2-mic).  Speech levels will be varied from 6dB below nominal to 9dB above nominal in 3dB steps.  Measurements of uplink level and crest factor in quiet, along with SNRI under conditions of constant SNR will also be taken (a single distractor, babble, is selected for this test).  Tests will be conducted in both an anechoic chamber and in a semi-reverberant room in accordance with ETSI EG 202 396-1.  Measurements will be taken in both handset positions described in [1] and in [2].  Reference measurements of sending and receiving characteristics (SLR, RLR, SFR, & RFR) will be taken in both positions in both test rooms.  It is planned to report further results at SA#66.
4.  Conclusions
The results presented above illustrate the following points:
· Overall inter-laboratory consistency in measurement of SNRI according to ITU-T G.160 has, to date, been less than satisfactory.
· Inter-laboratory consistency in measurement of SNRI ranges very widely for individual devices, indicating a strong dependency.  For some devices, high inter-lab consistency has been demonstrated.
· Examination of results to date indicates that this dependency is likely to be due to interaction of device characteristics (e.g. Sending Sensitivity) with specifics of the test conditions used in [1] and [2].
· Additional work addressing these specific issues is expected to resolve these issues, and lead to a set of test conditions under which high inter-laboratory consistency will be achieved.
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