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Introduction

STMR (sidetone masking rating) is a measure of the audibility of the signal sent from the microphone to the earphone of the same terminal.

STMR has traditionally been measured using sealed or low-leak couplers (such as ITU-T P.57 type 1 and 3.2 low-leak). From Release 7 of TS 26.131 and TS 26.132, also a HATS method was introduced. The present document presents issues found when using the HATS method.

The main issue is that the HATS method could force terminal manufacturers to set the sidetone path gain higher than what is common in terminals already on the market. This was hardly the intension with introducing the HATS method. This could lead to millions of unsatisfied customers.
Setting the sidetone gain is a balancing act. The consequences of too high gains are severe while the consequences of too low gains are less severe.
It is also argued that STMR values obtained for 3.2 low-leak and HATS are not comparable quantities. They are in essence different things. On 3.2 low-leak, the terminal sidetone dominates over the purely acoustic sidetone (over important frequency ranges and practical sidetone gains) while on HATS, this is not the case to the same degree. The STMR calculation procedure is based on that only the terminal sidetone path is compared to a masking threshold from the human sidetone. The HATS method includes a significant acoustic path and the calculation procedure would need to be modified for this condition.

Practically obtained STMR figures do not have a fixed offset between 3.2 LL and HATS. Rather, the offset can be both negative and positive depending on sidetone gain, physical characteristics of the terminal and mounting position on HATS. In Release 7 and 8, the allowed STMR range for the HATS method is 16 ±4 dB which imposes restrictions for the manufacturer that can be counterproductive in terms of total perceived quality.
The proposed solution is to modify the allowed STMR range for the HATS method and to correct and clarify the calculation method (weighting factors and leakage correction).
The goal is to avoid that manufacturers are prevented from making a good overall implementation
Summary and conclusions from example data

Example data was measured on commercially available terminals from three different manufacturers. No specific criteria were used for the selection of terminals.

The number of tested terminals is only five which is too few to make any sensible statistics. The data is merely example data from commercial available phones.

Conclusions:

1. Sidetone gains were in general relatively low (or non existing)

2. None of the terminals passed the STMR requirement 16+-4 dB on HATS

3. Three of the five terminals passed the STMR requirement 18+-5 dB on low-leak (test method Rel 8)

4. For the tested terminals, more sidetone gain would be necessary to comply with the STMR requirements using the HATS method.

5. There is no fixed offset between the test methods. This is due to the relatively strong acoustic path when using HATS, which works in parallel with the terminal sidetone path. The amount of seal affects the relation between the two paths. The terminal shape and position will thus affect the differences between the methods.

Proposed changes

Change the allowed range for STMR using HATS method to reduce risks of bad implementations. 
Change the weighting factors from “sealed” to “unsealed” to better represent actual usage of contemporary terminals.

Clarify that leakage correction LE shall be set to zero to avoid risks of misinterpretations.

A more long-term solution such an updated calculation/measurement method should also be considered in parallel, possibly in co-operation with ITU-T SG12. A liaison statement from 3GPP SA4 to ITU-T (via a company member in the ITU-T) is proposed.
Furthermore, we propose to add a note about that it is recommended to have the sidetone level independent of the user receive volume control setting.

Background 

Recommendations ITU-T P.76 and P.79 explain the background for the STMR calculation. In P.76, four different paths from mouth to ear of a human in a voice call are listed:
a) Electrical sidetone path (from the terminal microphone to the terminal earphone)

b) Bone conduction path (inside the human head)

c) Direct air path

d) Mechanical path along the handset

In the present document, paths a) and d) are in many cases treated as one path called the terminal sidetone.
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Figure 1 Sidetone paths illustration from ITU-T P.76
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Figure 2 Sidetone paths illustration for a 3GPP terminal, based on the P.76 terminalogy

The idea with the STMR calculation is to measure the audibility of the terminal sidetone path, a) + d) by comparing its magnitude to a masking threshold formed by the human sidetone paths b) + c), hence the term “Sidetone masking rating”. The calculation procedure relies on that the terminal sidetone can be isolated. In case it cannot be isolated, as in the HATS case, the wrong data is input to the calculation procedure and it does not any longer produce the intended result. A modified calculation procedure would need to be developed to successfully apply it to a HATS scenario.
Why have sidetone at all?

Assumed advantages

1) Terminal sidetone can replace the lost acoustic sidetone in case the ear is completely covered. This is necessary for some headsets of insert type where the ear canal is blocked (especially if both ear canals are blocked) but hardly for most modern mobile phones in handset mode where the acoustic leak is sufficient and the second ear is still unblocked. The STMR target value to obtain this would be in the range of 26 dB (for NB, unsealed and no leakage correction), if we assume enough resemblance between HATS and humans.
2) Terminal sidetone can gives the talker a sense that the terminal is “alive”, similar to a comfort noise. The sidetone from the terminal should then exceed the masking threshold of the human sidetone, in order to be heard. Experience has showed that complying with the STMR 18+-5 dB on 3.2 low-leak, and even higher STMR values is sufficient for this. There are even terminals without any sidetone path in handset mode. This is not experienced as a severe shortcoming (if compared to the risks of excessive sidetone gains). The receiving noise from the line provides the necessary cue and the practical need for sidetone for this purpose is therefore small or none.
3) Terminal sidetone is believed to mask echoes from the network or from the B-party terminal. While this is true for small delays it is not effective for the relatively large delays in 2G/3G networks and terminals. At every speech pause, the masking disappears almost immediately, the echoes are clearly heard and the talker will be annoyed. Effective echo control needs to be implemented in the terminals. Sidetone is not a solution for echoes in 3GPP terminals.
4) When in wind noise, the terminal sidetone helps the talker to find a suitable angle/position for the benefit of both parties in the conversation. The wind noise originates from turbulence and problematic amounts of wind noise is typically seen by the microphone as a very large acoustic signal. Moderate sidetone gains will provide the talker with the necessary cue.
5) Significant terminal sidetone gains can control talker level and thus avoid unnecessary shouting and saturation of the speech encoder. Many mobile terminals have other means of handling the dynamic range of various talkers so this is less of a problem in contemporary designs.
Risks with high sidetone gains

1) Terminal sidetone can cause howling due to feedback from earphone to microphone. The “Stability margin” test should guarantee that howling does not occur. However, high sidetone gains increase the risk of howling in actual usage which may be different from the test case. This is not acceptable.
2) When in noisy locations, the terminal sidetone will feed the local ambient noise into the earphone via the sidetone path. This will reduce the signal-to-noise ratio in receiving direction. In fact, for a nominal STMR on HATS of 16 dB, some frequencies may have ~10 dB more noise at ERP than would have been the case without a terminal sidetone path for a typical mobile phone.
3) The receiving idle channel noise is affected by the terminal sidetone. The microphone noise enters the earphone via the electrical sidetone path. A simple calculation yields that for STMR of nominal 16 dB (for NB, sealed and no leakage correction), a perfectly flat sidetone MRP-ERP curve would have a sensitivity of -8 dB. Given typical sizes of mobile phones, the microphone is often located so that the sound pressure from the mouth is more than 10 dB lower than at MRP. Thus, a gain of 1 dB is needed from microphone to ERP. To satisfy the -57 dBPa(A) requirement, the microphone inherent noise must be lower than -59 dBPa(A). Considering also other noise contributors from the receiving path, even less microphone noise is necessary. This pushes the limits of what is possible today with microphones available in large quantities for mass production of mobile phones.
4) When touching the handset, some of the mechanical noise (handling noise) is transferred to the microphone. Although this can be improved by careful design, it cannot be completely eliminated in a practical mobile phone design. With high sidetone gains, the high frequencies of the handling noise can be heard even without putting the phone to the ear. This creates a poor user experience.
Some example data

The terminals were tested in  handset mode on ITU-T P.58 compatible HATS with ITU-T P.57 type 3.3 soft pinnae (35 shore) with 13 N application force, according to TS 26.132. Two different positions on HATS were used:

Position 1: Earcap reference position, x centred, y at the centre of the acoustic port

Position 2: Earcap reference position 10 mm “below” position 1 (10 mm in positive y direction according to ITU-T P.64, see also “MECRP”)

The angles were set to HATS standard, except angle B that was decreased by 5 degrees to avoid the flat handset to touch the cheek of the HATS (compare with alternative handset position in P.64).

In some cases, results were also taken with type 3.2 low-leak ear simulator on a test head using in LRGP position.
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Figure 3 STMR for low-leak and HATS. None of the tested terminals were compliant using the HATS method. Three of the tested terminals were compliant using the low-leak method. One of the terminals had identical results when the call was disconnected and thus it can be concluded that there was no sidetone path implemented. ITU-T P.79 weighting factors were unsealed for LL and sealed for HATS.
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Figure 4 For one of the tested terminals, we had the means to vary the sidetone gain. The STMR is here plotted as a function of sidetone gain for that terminal. The required gain to marginally pass the requirements (STMR <23 dB for low-leak and <20 dB for HATS) is more than 8 dB higher for the HATS method (using position 1). There is no fixed offset between the test methods. Differences are depending on sidetone gain, terminal characteristics (such as shape and acoustic output impedance) and mounting position on HATS. ITU-T P.79 weighting factors were unsealed for LL and sealed for HATS.
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Figure 5 Same as Figure 4 but with unsealed weighting factors for HATS (which is not according to the present TS 26.132). The situation is improved but there is still a higher gain required to pass the requirement with the HATS method.
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Figure 6 MRP to ERP characteristics excluding contribution from the electrical sidetone. Green is 3.2 LL and red is HATS. Solid lines are without test object attached and dotted lines are an example with a test object attached but without any call set up (on hook), thus without electrical sidetone. It can be noted that in the 3.2 LL case, there is significant attenuation above 1.3 kHz when the test object is attached.
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Figure 7 MRP to ERP characteristics for the HATS method using moderate sidetone gain. An interference pattern is created by the summation of the terminal sidetone path and the HATS sidetone path.
STMR for wideband

The STMR calculation for narrowband includes coefficients between 200-4000 Hz while for wideband, 100-8000 Hz is used. The added frequency portions 100-200 and 4000-8000 for wideband will in many cases be dominated by the acoustic sidetone path of the HATS rather than the terminal sidetone path. This makes the situation even worse than for narrowband. As an example, the STMR for the HATS alone, without any test object attached was found to be ~4 dB lower for wideband than for narrowband. This does not mean that there is a 4 dB offset in all cases but it is an illustration of the problems.
With the HATS method in WB, it may not be possible to find a STMR range that both guarantees that the sidetone level is high enough to guarantee its audibility and at the same time low enough not to cause problems. A compromise is to specify the same STMR range as for NB even if this means the audibility of the terminal sidetone is not fully guaranteed.
STMR weighting factors and leakage correction
There is a lack of clarity about which ITU-T P.79 weighting factors to use. For HATS in handset mode, table 3 is pointed out. These are identical to the “sealed” coefficients of table B.2. For headset, table B.2 is referred without specifying sealed/unsealed. This is somewhat confusing.
For 3.2 low-leak, TS 26.132 states “table B.2” (for versions where the LL method is still specified). This table has factors for both sealed and unsealed conditions and it has not been clearly stated which ones to use which has caused confusion and varying results.
For both HATS and low-leak, it has not been stated if LE factors should be used or not. This has caused confusion and varying results.

Probably, a clarification from ITU-T and a possible clarification of P.79 would be advisable. In the long run, even a completely reworked calculation method for the HATS case would be beneficial.
We have investigated the history of P.79 and according to our findings; the STMR-related clauses do not consider using leaky couplers for STMR measurements. The sealed and unsealed cases refer only to actual usage, not to measurements. The unsealed condition changes the “reference path” (P.48 IRS send + receive) to the unsealed case and also considers the human sidetone path (including bone conduction) for the unsealed case. Experts involved in ITU-T SG12 have been consulted and the conclusion is that for terminals of interest for 3GPP, the unsealed case is the most suitable. Furthermore, for measurements using leaky couplers, the LE should be set to zero since the leakage is already included in the measurement condition. Thus, the configuration will be identical to RLR where LE is set to zero for leaky couplers.
Figure 8 shows examples of how STMR results can vary in practical measurements depending on if sealed/unsealed coefficients are used, also in combination of LE being used or not.
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Figure 8 STMR values calculated for four different terminals with HATS positions 1 and 2.
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Figure 9 Weighting factors from P.79 table 3. Higher numbers will result in less weight.
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Figure 10 Leakage correction Le. Higher numbers will result in less weight.
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