TSG SA4#87 meeting
Tdoc S4-160156
25-29 January 2016, Sophia Antipolis, France

Source:
Knowles Inc.
Title:
On handset receiving response in SWB
Document for:
Discussion
Agenda Item:
9.4
1. Introduction

Several recent contributions have provided information and proposals toward the requirement for handset frequency response in the receiving direction [1] – [12], with four contributions at this meeting [13]-[15], including this one.
This contribution provides some data on the handset receiving response of  an acoustic mock-up comprised of earpiece receiver components in a typical receiver acoustic design that appears to be capable of meeting the SWB mask as proposed in [9], along with some observations on repeatability at higher frequencies, noted in [4] and also addressed in [13].
2. Measurement description
2.1. Acoustic mockups
Two acoustic mockups, with somewhat different designs were created.  Both approximate the size and shape of current handsets.  In unit V1, the acoustic port is located about 9 mm down from the upper edge, where as in V2, the acoustic port is located about 4 mm down from the top edge.  Figure 1 shows the two units, alongside a commercial device.
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Figure 1 Photograph of upper portion of acoustic mockups V1 (left) and V2 (center) and commercial UE (right)
Both mockups employed receivers 6 mm x 15 mm of same general design, but the receiver in V2 incorporated modifications to the membrane to alter a resonance in the higher frequency range (>8 kHz).
In addition, V2 included a front chamber introducing an acoustic resonance in the higher frequencies, and, similar to real designs, added an acoustic damping mesh to the acoustic outlet.  
2.2. Measurement methods
The devices were mounted on HATS in standard position, with the acoustic outlet at ERP.  Note that for device V2, there is more acoustic leakage as the top edge of the phone does not seal on the edge of the artificial pinna as well as does V1.
Figure 2 illustrates the placement on HATS of mock-up V1, with acoustic port located at ERP, application force of 8N.
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Figure 2 Mock-up V1 placed on HATS
The test signal used was the real speech single-talk sequence prescribed in Clause 9.4.2 of 3GPP TS 26.132.  The level was set to approximate nominal speech output.  Recordings were made at DRP, used to compute 1/3rd-octave power spectra, diffuse-field corrected and referenced to the 1/3rd-octave power spectrum of the input signal.

For mock-up V1, five repeated measurements were taken, removing and remounting the device each time, by three operators, to estimate the variability of the frequency response.

Results from V1 prompted construction of V2, which included acoustic design features (acoustic resonance, acoustic damping mesh) more typically encountered in commercial handset designs.  Results are shown in section 3.

3. Results

3.1.  Results for mock-up V1
Figure 3 shows a plot of the 1/3rd-octave frequency response of all 15 repeated measurements (5 from each of 3 operators) using mock-up V1.
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Figure 3 15 measurements of frequency response for V1
In Figure 3, the proposed SWB mask from [9] is plotted using heavy red lines.  It can be seen that for V1, while the frequency responses contain some energy across the band, there are deviations above the mask at lower (<2 kHz) and below the mask at higher (>4 kHz) frequency regions.  The source considered these results and determined that the excessive low-frequency response was due, in part, to the relatively low acoustic leakage, and further, to a lack of acoustic damping typically used in handset earpiece designs.
Steps were taken to construct an acoustic mockup that is more representative of commercial handsets, including: moving acoustic port higher (increased leakage), adding a front-chamber acoustic resonance tuned to higher frequencies, and including an acoustic damping mesh.  Note also that the transducer itself was slightly modified, making changes to the membrane (diaphragm) to adjust a high-frequency resonance.  Section 3.2 shows results for V2.

Note also that the source was unable to replicate the relatively high measurement-to-measurement variability observed in [4].  This relatively low variability measurement-to-measurement is also reported in [13].
3.2. Results for mock-up V2
Figure 4 shows results for V1 (light blue line), as from Figure 3, along with results from V2 in two configurations:  V2 without acoustic damping mesh (purple line); and V2 with acoustic damping mesh (pink line) and somewhat lower system resonance frequency (~300Hz).
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Figure 4 1/3rd-octave frequency response V1 and V2

While the results for V1 (light blue line) are exceeding the proposed mask (red lines) at low and high frequencies, the addition of the acoustic design features in V2 (purple line), improve the performance with respect to the proposed mask.  When the acoustic damping mesh is used with V2 (pink line), there is only a rather small violation of the proposed mask at 2 kHz.

The source proposes that relatively minor DSP correction, also typical of commercial UE earpiece designs, could be used to correct the violation of the proposed mask at 2 kHz, and, further, could be used to provide OEM customization of the overall response, in the higher frequencies.
4. Observations and conclusions
Based on results presented above, the source believes that UEs could be designed to meet the SWB handset receiving mask proposed in [9], using technically feasible components and employing methods typical of commercial handsets.
The source also was not able to replicate the measurement variability observed in [4].  While this is clearly a different earpiece implementation than that in [4], it seems that the variability observed in [4] does not occur with all devices, so some caution is warranted in adding tolerances to the existing proposal.
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