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1. Presentation
1. Introduction
In Tdoc 060580 (cf. [1]), it is proposed to adopt AMR-WB 12.65kb/s instead of AMR-WB 19.85kb/s for acoustic testing in Rel-7. Testing distortion, especially for low-level signals (-40dBm0 and -45dBm0) has been proven to be a difficult and sensitive task. This document, in section 2, comes in complement to Tdoc 060594 (cf. [2]) in order to detail the impact for using AMR-WB 12.65kb/s instead of AMR-WB 19.85kb/s when testing distortion with low-level signals.
In Tdoc 080554 (cf. [3]), the signal-to-harmonic distortion ratio is proposed in replacement of the signal-to-total distortion ratio in Rel-8 as a mean for measuring the distortion in wideband conditions. Section 3 investigates the impact of this modification, once again, for low-level signal where this measurement is known to rather capture background noise characteristics than distortion stricto sensu.
It is expected that the different comparisons and experiments that are documented in this contribution will provide a helpful guideline to manufacturers that know the distortion budget they have and therefore can deduce how much this budget is reduced at low-level when switching from 19.85kb/s to 12.65kb/s or if the signal-to-harmonic distortion ratio is adopted as a replacement for the signal-to-total distortion ratio.
1. Test plan
The document considers:

· one test signal: a sine wave at 1020Hz at different levels (-45dBm0, -40dBm0, etc.)

· two different AMR-WB modes, respectively 19.85kb/s and 12.65kb/s, used for the transcoding of the test signal. The AMR mode 12.2kb/s is also used for the transcoding of the test signal.
· two settings modeling the receiving (resp. the sending) transducer artifacts: 
· transcoding only and 
· a memory-less nonlinearity and a slight additional gaussian white background noise are applied to the transcoded signal.
The test vector is generated with a sine at 1020Hz modulated by an envelop gain made from steps varying from -45dBm0 to 0dBm0; each step has a duration of 500ms. Distortion is measured inside block windows of duration 450ms. Every processing is conducted in windows that are synchronous to the pitch (e.g. samples for a sine at 1020Hz). A schematic of the test signal and measurement window is depicted in the following figure:

[image: image1]
Figure 1: Amplitude envelop of the input test vector.
The transcoding of the test vector is obtained with the reference AMR-WB C-code compiled on a PC Cygwin platform. The test vector is also resampled at 8kHz with CoolEdit, transcoded with the reference AMR C-code compiled on a SunOS platform and finally resampled at 16kHz.
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Figure 2: AMR-WB 19.85kb/s transcoded signal (at -45 dBm0).
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Figure 3: spectrum of the 19.85kb/s and 12.65kb/s AMR-WB modes (signal at -45dBm0).
Every test signal is pre-processed in the time domain with a psophometric filter designed according to the table 4 from ITU-T G223.
The signal-to-total distortion ratio is measured as the ratio between:

· the power of the windowed signal and 
· the power of the windowed version of the distorted signal filtered by a notch filter. The notch filter is an 8th order filter tuned at 1020Hz. Its design is obtained with Matlab’s function butter(4,w0*2.**[-0.5,0.5]/pi, "stop");
The signal-to-harmonic distortion is measured as the ratio between:
· the power of the 1st harmonic partial (i.e. at 1020Hz)

· the sum of the power of the remaining harmonic partials (i.e. at 2040Hz, 3060Hz etc.) in the distorted signal

The power of the different harmonic partials is evaluated with the use of a cumulative periodogram processed on different 50%-overlapping slices of signal windowed by the Bartlett window synchronous to the pitch of the signal.
The memoryless nonlinearity of the transducer’s model is obtained with the nonlinear map 
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set to 2 in the simulation). The power of the additional gaussian white background noise is set 27dB lower than the reference test signal at -45dBm0.
2. Rel-7 distortion tests

The test processes the signal-to-total distortion ratio for the different configurations:

· transcoding AMR-WB 19.85kb/s (red), AMR-WB 12.65kb/s (dark blue), AMR 12.2kb/s (light blue)
· transcoding alone (top curves marked with crosses), transcoding plus additional noise and distortion (bottom curves marked with circles).
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Figure 4: signal-to-total distortion evaluated for two different AMR-WB modes and two configuration modes.
The following conclusions can be drawn:

· at high level, the 12.65kb/s mode causes a loss of approximately 2dB in the signal-to-total distortion ratio compared to the 19.85kb/s. 

· at high level, the distortion of the transducer model dominates any additional distortion artifacts brought by the 12.65kb/s mode

· at high level, in presence of a transducer model, AMR-WB at 12.65kb/s is comparable to AMR-WB at 19.85kb/s,
· at low level, the 12.65kb/s mode causes a loss of 0.5dB to 1dB in the signal-to-total distortion ratio compared to the 19.85kb/s when only transcoding is implied.
· at low level, the ground noise of the transducer seems to behave approximately additively to the transcoding distortion in the signal-to-total distortion ratio domain
· at low level, in presence of a transducer model, the 12.65kb/s mode causes a slight loss to the signal-to-total distortion ratio compared to the 19.85kb/s. This loss is estimated to 0.5dB.
· at low level, in presence of a transducer model, the signal-to-total distortion ratio of the 12.65kb/s mode is still significantly higher than the ratio obtained with the AMR 12.2kb/s. This gain is estimated at 3 to 4dB.

3. Rel-8 distortion tests

The test processes the signal-to-harmonic distortion ratio for the different configurations:

· transcoding AMR-WB 19.85kb/s (red), AMR-WB 12.65kb/s (dark blue)

· transcoding alone (top curves marked with crosses), transcoding plus additional noise and distortion (bottom curves marked with circles).
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Figure 5: signal-to-harmonic distortion evaluated for two different AMR-WB modes and two setting.
From Figure 3 note that both transcoded signals display a weak harmonic structure which level is proportional to the total level codec noise. Therefore, the harmonic distortion captures indeed a value proportional to the total distortion but probably with higher variability.

From Figure 5, the following conclusions can be drawn:

· at high level, the 12.65kb/s mode causes a loss of approximately 5dB in the signal-to-harmonic distortion ratio compared to the 19.85kb/s,
· at high level, the distortion of the transducer model dominates any additional distortion artifacts brought by the 12.65kb/s mode,
· at high level, AMR-WB at 12.65kb/s is comparable to AMR-WB at 19.85kb/s when a transducer model is included,
· at low level, AMR-WB at 12.65kb/s is comparable to AMR-WB at 19.85kb/s whenever a transducer model is included or not,
· at low level, the variance of the signal-to-harmonic distortion seems to dominate whenever a transducer model is included or not, the variance level is estimated to 1dB.
4. Distortion tests at other frequencies
Additional tests were processed with a similar reference test signal respectively modulated at 315Hz and 408Hz. The tests process the signal-to-total distortion ratio for the different configurations: 
· transcoding AMR-WB 19.85kb/s (red), AMR-WB 12.65kb/s (dark blue)

· transcoding alone (top curves marked with crosses), transcoding plus additional noise and distortion (bottom curves marked with circles).
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Figure 6: signal-to-total distortion evaluated for two different AMR-WB modes, two setting at 315Hz.
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Figure 7: signal-to-total distortion evaluated for two different AMR-WB modes, two setting at 408Hz.

Conclusions similar to those from section 2 can be drawn, i.e.:

· at high level, AMR-WB at 12.65kb/s is comparable to AMR-WB at 19.85kb/s when a transducer model is included,

· at low level, in presence of a transducer model, the 12.65kb/s mode causes a slight loss to the signal-to-total distortion ratio compared to the 19.85kb/s. This loss is estimated to 1 to 1.5dB, depending on the frequency of the test signal.

Note that at low level, the value obtained by the signal-to-total distortion ratio depends very much on the bandwidth from the notch filter. It is possible that the different ratios obtained at low-level for test signal respectively at 315Hz, 408Hz and 1020Hz can be explained by the usage of notch filters with non-comparable bandwidths. Therefore the usage of test vectors at those frequencies must be used with care since it requires rejecting filters properly designed and calibrated in order to insure that results at 315Hz, 408Hz and 1020Hz can be compared at low level.
Note also that the usage of psophometric weighting can be questioned for sine waves as low as 315Hz and 408Hz. At 315Hz, the psophometric attenuation is about 10dB (resp. 6dB at 408Hz) whereas the attenuation from the first harmonic partial at 630Hz is only about 1.4dB (resp. the gain is about 0.1dB at 816Hz). Figure 8 must be compared to Figure 7 and illustrates the impact of the psophometric weighting. 
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Figure 8: signal-to-total distortion evaluated in similar conditions than in Figure 7 but without the application of the psophometric weighting.

The usage of the psophometric weighting has no significant impact at high level (i.e. above -10dBm0). However, at low level, the impact of the psophometric weighting is similar to the application of a positive offset (i.e. it is easier to pass the test with the psophometric weighting than without). 
5. Conclusions

For Rel-7, the tests conducted by STMicroelectronics seem to indicate that, compared to the original AMR-WB mode at 19.85kb/s, the AMR-WB mode at 12.65kb/s will cause a loss of approximately 0.5dB in the signal-to-total distortion ratio for test signal at -45dBm0 and -40dBm0. It is left to manufacturers to evaluate if this loss is acceptable with their design budget. Still, the AMR-WB mode at 12.65kb/s behaves significantly better (approximately 3 to 4dB) than the AMR mode at 12.2kb/s when measured in similar conditions.
For Rel-8, tests conducted by STMicroelectronics seem to indicate that using the signal-to-harmonic distortion ratio method adds a variance in the measure for low-level. This random variability is estimated to about 1dB. Therefore, we recommend keeping the signal-to-total distortion method for low level signal (i.e. at -45dBm0 and -40dBm0).
The usage of test vectors at frequencies different from 1020Hz must be used with care when the signal-to-total distortion method is used at low level because rejecting filters need to be properly calibrated in order to insure comparable results at 315Hz, 408Hz and 1020Hz with low level signals. 
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