TSG-SA4#62 meeting
Tdoc S4 (11)0249
14-18 February, 2011, Sanya, P.R. China


Title:
On wideband handset/headset sensitivity/frequency characteristics tolerance mask (EAAT)
Source:
Sony Ericsson Mobile 
Agenda Item:
9.5
Document for:
Discussion
1.
Introduction

Regarding the currently open point of TS 26.131 clause 6.4.2 “Handset and headset UE receiving”:

It has been proposed, for instance in S4-110006, to align with the ETSI tolerance mask for wideband (at 8 N application force). This was acceptable for us although some aspects of the mask could be discussed, such as the shape of the lower mask. In the SA4 #62 meeting in Berlin, other suggestions were presented, for instance by Qualcomm. The conclusion was to leave some more time for companies to provide input. Orange suggested a different mask in S4-110274 which was relatively narrow (small difference between lower and upper tolerances).
In document S4-110086, we describe some negative side effects of using a narrow receive tolerance mask:
“While a narrow mask might at first glance be seen as a way to attempt a consistent user experience over devices, an analysis reveals that this is by no means guaranteed in a real-life user scenario and moreover the approach is typically even forcing the designer into bad tradeoffs.

Thus we believe it can be counter-productive, in terms of perceived quality and intelligibility, to use a narrow receiving response mask for handset/headset modes”

S4-110274 by Orange points out that the side effects mentioned in S4-110086 can be reduced by using low impedance acoustic design in the terminal. This is true but comes with other tradeoffs (level, size, distortion) and may not always be a viable solution. We would also like to point out that in order to properly compare doc 86 Figure 1 results with doc 274 Figure 9 results, the same amount of leak variation (and not only application force variation) is needed. Thus terminal shape and position/angle need to be the same in the comparison.
Except for the effects discussed in doc 86, there are more reasons to leave some room for optimizations, as the optimum response is by no means guaranteed by having a flat curve on a HATS measurement.

However, we should of course construct the tolerances so that a wideband terminal does not sound like narrow-band terminal!
2.
 Reasons to leave some room for optimizations
This section discusses some reasons to why the measurement condition is different from the real-life scenario and thus some scepticism is wise when drawing conclusions from measured responses on HATS.

Drawing parallels to a related industry, headphone development for music listening purposes, a perfectly flat diffuse-field compensated curve from a HATS measurement might not be what everyone is striving for and we should acknowledge that there are limitations within presently used techniques within telephonometry. 
Moving target

As described in S4-110086, the perceived response is a moving target. Depending on how users position the handset or headset, different results are obtained. Deep optimization for one case out of many can impair the overall experience (sub optimization).

What you see is not what you get (referring to the measured curve vs. the perceived characteristics)!
a. HATS is not a human being – impedance
Beside the fact that ear shape etc varies greatly among humans, there are also systematic differences compared to artificial ears. Such differences were examined in an ITU-T round robin test for acoustic impedance [4]. Therefore it is wise to be slightly sceptical about any result obtained on an artificial ear, not the least for high frequencies as in the wideband upper range.
b. HATS is not a human being – correction curve

Not only the acoustic impedance deviates from humans. The diffuse-field correction curve we are using (the ITU-T P.58 standardized target curve for HATS), is a best-effort approach and a reasonable starting point, as described in the permanent document being developed within EAAT. But, any difference of diffuse-field response compared to humans, will translate into that a flat measured curve does not sound exactly flat to an average human being.

In [2], free-field, diffuse-field or compromises between these are suggested as different possibilities and examples are derived from human HRTF:s.
Ortho-telephonic reference - simplified
The classic ortho-telephonic reference condition applies to talkers facing each other at 1 m distance, typically in anechoic condition. By using diffuse-field correction rather than a free-field correction applicable for one incidence angle only, we reach a reasonable compromise over variations in incidence angle but the real-life scenario also involves reflections. Talker spectrum at a distance is also not equal to the spectrum at MRP, even in anechoic conditions, which is currently not accounted for in our model with a flat sending and flat DF-compensated receiving response. These mentioned deviations might not be desirable to include in the transfer chain but it shows that telephone listening is different from real-world listening.

Moreover, the reproduction level at nominal overall loudness rating (in practice SLR 8 dB and RLR 2 dB) is higher than in a nominal-level conversation at 1 m distance. This is also a deviation from the reference condition and can for instance affect whether certain features of the sound are perceived to be annoying or not.

Human perception of timbre
As very well known by SA4 delegates, psycho acoustics is a complex subject and there is more to explore about how we perceive sounds in various situations.

Even in the hypothetical case that the spectrum of the signal reaching the eardrums of the user matches perfectly what would be the case in a real-life scenario, we are still not certain to have reached an optimum. Our perception is a function of other (such as previous or simultaneous) auditory stimuli as well as non-audio stimuli/expectations. It has been found, that what is theoretically a “correct” response might in headphones sound “over compensated”. See for instance [7] “The results of this study indicate that a target frequency response with a 3 kHz peak of lower amplitude than in the diffuse-field response is preferred by listeners for both music and speech.”
It is often claimed that we sub-consciously use timbre as one of the cues to localize a sound in real-life binaural listening (and it has been suggested that left-right differences in HRTF:s play a role [5]). In any case, all the possible timbres depending on direction, although different, are perceived to be natural. Some ideas around this topic are found in [1].
When reducing from real-life listening with proper binaural cues in combination with head movements and visual cues etc down to diotic (2x mono) listening, as in normal “stereo” headset mode, the expectations might not be the same anymore. When further reducing from diotic to monotic, as in the handset mode, the situation changes once again.

The mentioned issues points to the complexity of the problem and what is being perceived as natural in handset/headset listening might not be what measures flat. Some reflections around what are still not conclusive research results on this matter can be found in [6].
Wideband is not full band
Even though wideband adds another octave in the treble range, compared to narrow band, we should remember that we are still missing components over ~7-8 kHz. This affects the spectral balance to some degree and above all the pleasantness of the sound. Having a fair amount of sensitivity in the 4-8 kHz range, although useful, can in some cases create a harsh sound, which we might want to take into account in careful balancing of the sound colour.
In leaky conditions, the lower frequencies are somewhat limited and, again, to obtain good spectral balance, the high frequencies might need some adjustment to take this into account.

Optimize for best overall user experience

As a comparison, experience can be collected from the headphone industry, optimizing for a certain music quality. A perfectly flat diffuse-field response on a HATS is not necessarily an ultimate design goal, even in cases when naturalness is wanted. Subjective testing rules and objective testing, although useful for some purposes, has clear limits.
Even if we were able to perfectly achieve perceived naturalness, we might want deviate from it to achieve an overall best experience. For instance, subjective preference and intelligibility with different deviations from a flat response were studied in [3] and in [8].
Frequency response is just one aspect of many. When optimizing a terminal, it can be important to be able to balance the curve, not only to a pre-defined target, but also considering other aspects in order to reach an overall best user experience.

Reproducibility
The transition from Type 1 and Type 3.2 ear simulators to HATS with flexible pinnae has some advantages but a weak point is the reproducibility. Some sources for variation are position/angle of the device in the “artificial hand”, position/angle of the hand relative to ERP, the physical shape, time drift/relaxation and position of the pinna and application force variation. Also the different response curves normally obtained on 3.3 versus 3.4 ear simulators is a discussion point in its own right and even more so when using a narrow tolerance mask.

Conclusion
The situation with HATS and P.58 diffuse-field correction is a best-effort approach but not as close to reality as it may seem. We have deviations/uncertainties in acoustic impedance, correction curve, levels, perception of diotic/monotic reproduction etc.
And perfect flatness is in any case not necessarily an optimum. Therefore, it is desirable to leave some room for manufacturers to optimize their design. Besides, we must have reasonable expectations on the reproducibility of the test results. With a narrow mask, we might face a situation where it gets common that terminals passing in one lab fail in another, in some cases with economic and time schedule consequences.
However, we should of course construct the tolerances so that a wideband terminal does not sound like narrow-band terminal!

3. Suggestion
Given the reasoning above, we basically agree with the Qualcomm proposal from Berlin, which resembles the flat NB +-6 dB mask but with a high-frequency roll-off of the lower mask as in ETSI and the present 3GPP lower mask (when converted to DF). Some adjustments are however suggested, such as defining the lower mask within the frequency range 200...6300 Hz, as in the present 3GPP specification. The 200 Hz point is motivated by providing an overall spectrally balanced wideband experience. The 7000 Hz point can be close to anti-aliasing filters and enforcing a very sharp roll-off might not be desirable, why we suggest the 6300 Hz point.
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Figure 1 Proposal for tolerance mask, compared to existing mask converted from ERP to DF, ETSi mask (DF) and Qualcomm proposal in Berlin meeting (DF).

Table 1 Proposal for tolerance mask

	Sony Ericsson proposal (DF)

	[Hz]
	Upper [dB]
	Lower [dB]

	100
	6
	

	200
	6
	-10

	300
	6
	-6

	1 000
	6
	-6

	3 200
	6
	-6

	6 300
	6
	-15

	8 000
	6
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