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1.  Introduction
Faced with the opportunity to deploy a super wideband (SWB) telephony handset, and in response to the receiving frequency response masks which have been proposed by 3GPP delegates, we have prepared this contribution for your kind consideration. Apple seeks to provide the best user experience possible while balancing what is practical with what is possible. To reach this compromise, we first examined the user sensitivity and/or preference to current wideband (WB) and proposed SWB bandwidths by way of standardized and independently conducted listening tests. Second, we consulted with our transducer designers to determine what tradeoffs would be necessary to meet such requirements which are proposed to apply above 12kHz. We believe these are the correct actions to determine what the most practical receiver bandwidth should be.
2.     Listening test design and results
We designed a single stimulus presentation test utilizing a 5 point continuous scale. Naive assessors were instructed to rate the samples based on “speech quality,” from (1) bad, to (5) excellent. The systems under test were ITU-T P.501 fullband British-english clean speech recordings which were first fullband EVS transcoded 24.4kbps, and then lowpass filtered to the bandwidths: 7kHz, 8kHz, 9kHz, 10kHz, 12.5kHz, 16kHz, and an unaltered fullband sample. The 7kHz system approximates the current WB user experience in which the lower FR limit does not extend above 6.3kHz (TS 26.131 v12). The recordings were all high-pass filtered above 50Hz.[image: image1.png]Cij Et ?

fi': S
" 2ma® \ 12p(1-69)



 

This test was completed by 57 Danish speaking naive listeners and was repeated using fullband Danish speech recordings which were processed in the same fashion as the P.501 material. The stimuli were played back over Sennheiser HD 650 headphones diotically.
Our interpretation of the test outcome is as follows. There is increasing preference for increasing bandwidth up to 12.5kHz. There was no significant discrimination between the 12.5kHz, 16kHz, and fullband samples. This suggests that somewhere between 10kHz and 12.5kHz there is a bandwidth that is not perceived to be significantly different from the 12.5kHz or above systems. Moreover, there was no significant difference between the British English and Danish speech samples. 
Regarding the use of high quality binaural headphones in the test; it is our experience based on previously conducted listening experiments that headphone listening allows for a very similar assessment of speech quality compared to handset across a plurality of systems and degradations, although with a constant off-set in scale use (handset MOS > headphone MOS). The constant off-set as such does not affect the discrimination between the control factor levels (bandwidths), and consequently it does not affect the conclusions. 
3. Transducer design considerations
Transducer response plays a foundational role in a device’s ability to meet response masks. There are two key mechanisms that define the high frequency response of the earpiece: first, the break-up modes of the acoustic radiator and, second, the porting to the exterior of the product.
The first limitation is the presence of mechanical modes on the acoustic radiator, which lead to resonance/anti-resonance (peak/dip) behavior in the acoustic response at high frequency. Mitigation of these modes is commonly achieved by adhering a thin plate to the plastic diaphragm. This adds stiffness and thereby delays the onset of these “break-up” modes to higher frequencies. The frequency at which these break-up modes will occur depends on the plate material’s geometry and mechanical properties (elastic modulus, density, and Poisson’s ratio). To illustrate the material dependency, the modes of a flat, thin, rectangular plate are given by Blevins:
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where Cij is a constant dependent on the aspect ratio, a is the width, t is the thickness, and E, ρ, and σ are the elastic modulus, density, and Poisson’s ratio of the plate material, respectively. Thus, the best plate materials will be stiff and light (high E, low ρ). There is a high dependency on material properties because geometric features to increase the stiffness (non-flat plates) are impractical in most cases for micro-speakers due to the constrained thickness. 
Because thin devices require thin transducers, even the thickness of a flat plate is limited as every increase in thickness will come at the cost of reducing either the height of the motor system or the radiator excursion-space. A thinner motor structure will make the transducer less sensitive and could trigger reliability issues and reduced excursion-space will cause the maximum acoustic output of the transducer to be decreased.
Ultimately, however, the break-up modes are not insurmountable. With the right plate materials and design, it is possible to create a transducer with a baffle response that extends beyond 12.5kHz. It is the second limitation, the porting to the exterior of the product, that is critical. A standing-wave resonator loaded by the acoustic mass of the sound outlet is formed in the upwards excursion-space. Although the first port resonance will locally boost the response curve, it is followed in frequency by an anti-resonance dip that typically defines the upper-limit of the transducer’s useful bandwidth. While the best case for extending the acoustic response on the high-end is to remove all porting features (i.e the baffled response), in practice this would leave the earpiece susceptible to damage and degradation as many porting features serve to protect the transducer from a wide range of reliability issues.
4. Summary
We have provided subjective evaluation results which show a clear trend for increasing preference of bandwidths up to 12.5kHz, so we can conclude it is necessary to control the earpiece sensitivity over this range only. The exact point where there is no longer any appreciable preference is likely between 12.5kHz and 10kHz. This optimal point is beyond the resolution of the sample set; however we can infer that there is a bandwidth system sub 12.5kHz that is not significantly different from 12.5kHz or higher when only considering speech material.
We then discussed the earpiece acoustic system characteristics, mainly involving component thickness, desire for a sensitive (low battery consumption), and loud transducer (audible in many environments). Additionally some physical features (porting and mesh components) are required to ensure the earpiece reliability and to protect the earpiece response from degradation. In the end, it is these porting features that limit the ability to extend the earpiece bandwidth to higher frequencies. 
Considering the tradeoffs necessary to achieve an earpiece bandwidth up to near 12.5kHz, we surmise that a bandwidth of 10kHz is adequate and realistically obtainable. Otherwise, these tradeoffs could negatively impact overall user experience, product durability, and handset design in general. The fact that our subjective evaluation results show extension of the frequency range to 10kHz is highly preferred over today’s wideband systems further supports our conclusion: that the small gains of additional frequency extension above 10kHz do not justify the potential negative impact to the product overall.

5. Recommendation
Based on the outcome of our recent investigations, we confirm our previously recommended tolerance is appropriate for handset mode, (proposed at meeting #85, Kobe).
 - Receiving frequency response mandatory requirement:
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	Frequency
	Upper Limit
	Lower Limit

	100
	6
	

	200
	6
	-9

	300
	6
	-6

	5000
	6
	-6

	10000
	6
	-12

	12500
	6
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- Receiving frequency response performance objective
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	Frequency
	Upper Limit
	Lower Limit

	100
	6
	

	200
	6
	-9

	300
	6
	-6

	5000
	6
	-6

	10000
	6
	-12

	12500
	6
	-14
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