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1. Introduction

SA4 is currently working on the analysis and update of TS 26.131 and 26.132 in the scope of the Release 8 work item "Requirements and test methods for wideband terminals" [1].

With regard to wideband distortion testing, it was agreed at SA4#50 to measure signal to harmonic noise ratios at various test frequencies [2]. Still, it was pointed out that the existing distortion testing specified in TS 26.131 and 26.132, which relies on signal-to-total distortion ratios with a 1 kHz test signal at various levels (including low levels), allows measuring the overall system noise as a by-product; therefore replacing this setup by signal to harmonic noise ratios will imply losing the information on overall system noise. Moreover, during the interim period, ST Microelectronics has conducted experiments [3] showing in particular that signal to harmonic noise measurements have more variance for low levels than signal-to-total distortion measurements.
In the light of this analysis, we propose in the present document to revert to the existing signal-to-total distortion measure, but keeping the already agreed multiple set of test frequencies. 
2. Proposal

2.1. Distortion: Updated requirements
For the sending side it is proposed to re-use the existing test point (1 kHz frequency) and add new requirements with the 315 and 408 Hz frequencies. To be consistent with the receiving side (see next section), it is proposed to add two additional frequencies: 510 and 816 Hz.

Note also that the levels of the test signal are not set relative to the ARL, they are specified in dBPa at the MRP.

This proposal is illustrated in the updated Table 15 below:
Table 15: Limits for signal‑to‑total distortion ratio
	Frequency
	Sending level

(dBPa at the MRP)
	Sending Ratio (dB)

	315 Hz
	-4,7
	28

	408 Hz
	-4,7
	32

	510 Hz
	-4,7
	32

	816 Hz
	-4,7
	32

	1020 Hz
	-20

-15
-10

-4,7
0

+5
	27

30
33
35
35
30


Limits for intermediate levels are found by drawing straight lines between the breaking points in the table on a linear (dB signal level) ‑ linear (dB ratio) scale.

For the receiving side it is proposed to re-use the existing receiving distortion test points at 1 kHz (clause 6.8.2 in TS 26.131 [4]). Note that here the sine-wave level is specified in dBm0, therefore there is no change compared with TS 26.131. In addition, it is proposed to add new requirements with the 315, 408, 510 and 816 Hz frequencies.

This proposal is illustrated in the updated Table 16 below:
Table 16: Limits for signal‑to‑total distortion ratio
	Frequency
	Receiving level at the digital interface
(dBm0)
	Receiving ratio
at nominal level (dB)
	Receiving ratio

at max level

(dB)

	315 Hz
	-16
	20
	

	408 Hz
	-16
	28
	

	510 Hz
	-16
	28
	

	816 Hz
	-16
	28
	20

	1020 Hz
	-45

-40

-30

-20

-16
-10

-3
0
	17,5
22,5
30,5
33,0
33,5
33,5
31,5
25,5
	


Limits for intermediate levels are found by drawing straight lines between the breaking points in the table on a linear (dB signal level) ‑ linear (dB ratio) scale.

2.2. Distortion: Updated test method
The following test method description is proposed for measuring sending distortion:
The handset, headset, or hands-free UE is setup as described in clause 5.

The signal used is an activation signal followed by a sine‑wave signal with frequencies specified in clause 6.8 of TS 26.131. The duration of the sine wave shall be less than 1 s. The sine wave signal level shall be calibrated to -4,7 dBPa at the MRP for all frequencies, except for the sine wave with frequency 1020 Hz which shall be applied at the following levels at the MRP: -20, -15, -10, -4,7, 0, +5 dBPa. The test signals have to be applied in this sequence, i.e. from high levels down to low levels.
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 O.132).
An artificial voice according to ITU-Recommendation P.50 or a speech like test signal as described in ITU-T Recommendation P.501 can be used for activation. Level of this activation signal will be -4,7 dBPa at the MRP.

NOTE:
Depending on the type of codec the test signal used may need to be adapted. If a sine wave is not usable, an alternative test signal could be a band limited noise signal centered on the above frequencies.
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.

The following test method description is proposed for measuring receiving distortion:
The handset, headset, or hands-free UE is setup as described in clause 5.

The signal used is an activation signal followed by a sine‑wave signal with frequencies specified in clause 6.8 of TS 26.131. An artificial voice according to ITU-Recommendation P.50 or a speech like test signal as described in ITU-T Recommendation P.501 can be used for activation. The signal level shall be -16 dBm0, except for the sine‑wave signal with a frequency 1020 Hz that shall be applied at the signal input of the SS at the following levels: ‑45, ‑40, ‑30, ‑20, ‑16, ‑10, ‑3, 0 dBm0.
The ratio of the signal‑to‑total distortion power shall be measured at the ERP with the psophometric noise weighting (see ITU-T Recommendations G.712 and O.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.
3. Final remark: Observations on psophometric weighting for wideband terminal acoustics
In the existing TS 26.132, psophometric weighting as defined in ITU-T 0.132/0.41 is used in distortion testing. This weighting function is applied to noise prior to computing signal to total distortion ratios.
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Fig. A.1/O.41 from ITU-T O.41 is shown above to illustrate the psophometric noise weighting transfer function. It can be seen that for a 1kHz sine-wave  the influence of the weighting on the test signal and its first harmonics is negligible. However, the psophometric noise weighting has a significant impact on lower frequencies. For instance, its attenuation for a frequency around 500 Hz is near 5 dB.

Psophometric weighting has been traditionally used in narrowband telephony. For wideband telephony, given the wider bandwidth, it would be meaningful not to use such a weighting. Still, at this stage, inputs (in terms of ratio values) with no psophometric weighting would be beneficial to evaluate the real advantage of suppressing psophometric noise weighting for wideband measurements.
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