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Current situation:
Sending distortion measurement is a test to determine the total harmonic distortion and noise of the mobile phone microphone, preamp and A/D converter versus acoustic sound pressure level.
For GSM releases up to 99 the DAI was used and no codec or DSP algorithm was included in the test path, a sine wave test signal was used. This test was mandatory for type approval.

Tests via air interface include coding and DSP processing in the test path. 

The codec processes the test signal of approximately 1 kHz with sufficiently low distortion.

Voice activity detection tends to suppress time invariant signals so the test signal must be modulated or bursted to prevent muting or attenuation of the test signal. This technique works properly as long as no noise suppression algorithm is active. 

At low acoustic levels an active noise suppressor does not treat the bursts as a speech like signal and tends to suppress the test signal. An extreme result could look like this:

Figure1: FAIL at low signal levels due to noise suppression
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Due to this effect GCF decided in April 2003 to remove the sending distortion test from the mandatory test cases for type approval and requested 3GPP SA4 working group to improve the test method.

Measurement technique used in the Rohde & Schwarz Test Platform:

The test signal is a 1015 Hz sinusoidal signal. In order to handle the test signal as a speech like signal it is applied in bursts and the measurement is synchronized so that the distortion measurement is made during the burst-on time of the signal.
Figure2: Bursted 1015 Hz test signal
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This bursted signal causes the VAD to treat the signal like speech. Burst-on-time is longer than the necessary measuring time in order to give settling time for the device and margin for varying delays in the transmission path. This measurement technique gives very reproducible results for mobile phones without noise suppression algorithms.
Noise suppressor threshold hysteresis:
With noise suppression active the bursted signal is only treated as speech like signal at sufficiently high acoustic levels, at lower levels the signal is treated as noise. Measuring with increasing test levels the noise suppressor opens the signal path at a certain level. Running the test from high level down to low levels the noise suppressor closes the path at much lower levels than it was opened with increasing levels. Therefore it is better to reverse the test sequence and start from high test levels down to low levels.
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Figure3: Sending distortion measurement of same device with increasing (black) and decreasing (grey) test signal level.

THD+N measurement results:
The measurement of THD+N measures the total harmonic distortion and noise in a circuit. Whereas noise has in most cases a nearly constant amplitude the amount of harmonic distortion components can increase dramatically with increasing test level. Usually distortion is measured at high signal levels in order to test the linearity of components. At lower signal levels the influence of noise increases whereas the harmonic distortion components in the signal become negligible. At very low signal levels the sending distortion measurement could be replaced by a noise measurement: Idle noise sending gives an equivalent result.

Distortion and noise figures:
Sending distortion is measured referred to ARL=-10 dBm0. So -35 dB relative to ARL equals an absolute level of -45 dBm0. The SINAD verdict value at this level is 17.5 dB and leads to a noise level of less than -62.5 dBm0 (psophometric weighted to O.41). 

The requirement for idle noise sending in 3GPP TS 26.131 is -64 dBm0 (also psophometric weighted to O.41). If this requirement is fulfilled the sending noise level is low enough to fulfil also the sending distortion requirements at low level signals. So the measurement of idle noise sending makes the sending distortion measurement at low levels obsolete.

Proposal:
It is proposed to change the sending distortion test as follows:

The test starts at high levels and steps down to low levels.

Test level range is limited to 10 to -20 dB relative to ARL

Annex:

Test description, excerpt from 3GPP TS26.132:
7.8.1
Sending Distortion

The handset, headset, or hands-free UE is setup as described in clause 5.

A sine‑wave signal with a frequency in the range 1 004 Hz to 1 025 Hz is applied at the MRP.

The level of this signal is adjusted until the output of the terminal is ‑10 dBm0. The level of the signal at the MRP is then the ARL.

The test signal shall be applied at the following levels: ‑35, ‑30, ‑25, ‑20, ‑15, ‑10, ‑5, 0, 5, 10 dB relative to ARL.

The ratio of the signal to total distortion power of the signal output of the SS shall be measured with the psophometric noise weighting (see ITU‑T Recommendations G.712 and 0.132).

NOTE: It should be ensured that the test signal is treated by speech processing algorithms as a speech-like signal, and not a noise-like signal.  Test signals with a time-stationary envelope may be treated by certain algorithms, e.g. noise suppression algorithms defined in 3GPP TS 06.77 R99[17], as a noise-like signal.
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