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1. 
Motive
In the recent release 10 and 11 of TS 26.132, the narrowband distortion measurements in receiving direction have only set the requirement at frequency 1020Hz. For wideband, the distortion test defined 5 test points including four low frequencies at 315, 408, 510 and 816Hz besides 1020Hz, but requirement is only given for 1020Hz without specifying the limit at low frequencies. Since the enhancement to TS 26.131 and TS 26.132 has gone so far, it is the understanding of source that the requirement of distortion tests or test methods could also be a little more stringent to guarantee basic speech performance for mobile terminals under any circumstances.

2. Issues related to distortion tests
From the source’s limited knowledge, the distortion measurement is still effective in detecting noticeable performance degradation caused by speech signal overloading and speech distortion from impropriate speech processing. At most cases distortion measurement at 1020Hz could be effective and we stayed with this in the past few years and no intensive discussions and feedback around distortion had took place in this working group. 
However, from TS 26.132 Rel-9 the type 3.2 artificial ear is excluded from testing receiving performance in receiving direction, a “hidden enhancement” on frequency response requirement was made to the receiving direction. Because the major difference in acoustic impedance between the type 3.2 and type 3.3 or type 3.4 artificial ears will lead to low frequency leakage and furthermore causes a significant difference in frequency response mainly located at low frequency bands lower than 1000Hz. As a result, terminals which could past the receiving frequency response test very easily with a type 3.2 artificial ear have to increase the energy produced by mobile phone receivers at low frequencies to reach a “Flat” diffuse frequency response curve with type 3.3 or 3.4 artificial ears. However, the ability of producing energy at low frequency bands is mainly constrained by the receiver itself depending on its size and quality. For most of the receivers in the market, it is not a problem to produce enough energy at low frequency, but source’s assumption, for the remaining 5% it is still a challenge.
As a test laboratory in China conducting audio measurements that follows a local industrial specification highly harmonized with 3GPP TS 26.131 and 26.132, the source had encountered several incidences that low quality terminals passed nearly all the audio tests with an unacceptable speech performance in the recent 2 years. Listed in the table below were some results for one such terminal tested with type3.3 ears in receiving direction:
	Receiving Loudness Rating
	1.22

	Receiving Frequency Response
(DF equalization)
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 OK

	Receiving Distortion at 1020Hz
	  level (dBm0)

Receiving Ratio limit
Test Result
0

25,5 dB

35.14 dB
Ok

-3

31,2 dB

45.43 dB
Ok

-10

33,5 dB

47.34 dB
Ok

‑20

33,0 dB

48.63 dB
Ok

-30

30,5 dB

39.75 dB
Ok

-40 (*)

22,5 (*)dB

29.35 dB
Ok

-45 (*)

17,5 (*)dB

23.84 dB
Ok

Note: (*) not in force



It seems from the table that it is rather OK for those basic tests in the receiving direction. However the speech produced in receiving direction is terrible. Attached here is a speech record of this mobile phone.
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The speech record shows that this mobile phone didn’t maintain enough speech intelligibility and especially clips occur at low frequency range. Of course this speech performance is not possible to reach users satisfaction. Base on this phone additional measurements were carried out including T-MOS and distortions at low frequencies in receiving direction.
	T-MOS
	1.58

	Receiving Distortion at 315Hz
	  level (dBm0)

Receiving Ratio limit
Test Result
-16

20 (*)dB

1.97 dB 
Not Ok

Note:(*) Informative values in wideband



	Receiving Distortion at 510Hz
	  level (dBm0)

Receiving Ratio limit
Test Result
-16

28 (*)dB

7.09 dB 
Not Ok

Note:(*) Informative values in wideband




The source didn’t test the distortion at frequency points between 510 and 1020Hz because it is obvious that this mobile phone has problem in low frequencies. In the tuning process it was found out that the performance of this receiver is very poor, by the way the price of this receiver is no more than 0.1 dollar/piece. In the past few years for this receiver it is possible to pass all the audio tests with type 3.2 ears while maintaining a more clear speech however still far from having good quality. To pass the frequency response tests at a nominal loudness rating setting under type 3.3 ears, too much amplification was putted on the low frequency bands, and it of course introduced severe low frequency distortion, while the distortion in 1020Hz was still OK according to TS 26.131.
There is no way for this mobile phone to meet TS 26.131 requirements while maintaining better speech performance. So replacing this cheap receiver turned out to be the last solution. After replacing this cheap receiver with better one, of which the price is around 0.2 dollar/piece, all of the problems were solved.
The source is not objecting using cheaper receiver in mobile phones. However the source believes that the starting point for mobile phone manufacturers to choose proper receivers should not only from a cost perspective but also take the final speech quality could be generated by the receiver into consideration. 
Although such kind of mobile terminals will not appear in the market very often because simple subjective listening as a supplementary test will always prevent such things happen, it is still reasonable to fix this contradiction that a terminal might pass the requirements now in TS 26.131 but still has unacceptable speech quality. In addition there are so many other organizations or local specifications which make reference to TS 26.131 and 26.132, it is necessary to eliminate the possibility that TS 26.131 fails to guarantee basic speech quality at extreme situation.  It’s always no bad for TS 26.131 to work under any circumstances,
3. 
Proposed changes
Although speech quality accessing models such as T-MOS in receiving direction will probably works in detecting such kind of problems, there is no other globally accepted accessing tool for mobile phone acoustic interface, except ITU-T P.863 POLQA. However about POLQA most of us are still on a wait and see.
At this moment, if no other test method could be utilized to handle the problem mentioned above or no other enhancement to the distortion measurement could be made, it is proposed to simply put some requirements on additional test frequencies lower than 1020Hz to the narrowband receiving distortion measurement, such as 512Hz and 810Hz.  For wideband, it is also proposed to make the informative requirement at low frequency point of receiving distortions in force. Having a limit no matter whether it is a little stringent or a little loose is always better than having no limit.
For the sending direction, the source didn’t encountered similar problems. Most possibly because the microphone doesn’t have the inefficient low frequency energy problem similar to receivers, On the other hand S-MOS in presence of noise will more or less reflect some problem. However source also proposes to add similar requirements to sending direction distortion.
4. 
Conclusion
The Source proposes to add requirements on test frequencies located in low frequency bands to the distortion measurements in TS 26.131.
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