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1	Introduction
The study item FS_HaNTE [1] investigates modern devices, which do not feature an acoustic transducer/port in the earpiece area (traditional earpiece) anymore. In particular, the usage of such terminals regarding the acoustic terminal measurement specifications and requirements 3GPP TS 26.131/132 [2] [3] should be considered.
Based on a liaison statement sent by 3GPP SA4 [4], ITU-T SG 12 kindly agreed to ad-hoc update ITU‑T Recommendation P.64 [5], which is referenced in [3] for the purpose of device mounting to a head-and-torso simulator (HATS). With this update, it is now at least possible to specify a manufacturer-defined ear-cap reference point (MECRP) based on the geometry of the device and not relative to a (possibly non-existing) ear cap.
This contribution provides initial measurements according to 3GPP TS 26.131/132 [2] [3] with a modern “HaNTE device”, i.e. which does not provide an acoustic outlet anymore. 

2	Device
As device under test (DUT), a modern and commercially available mobile phone was investigated. No loudspeaker and/or acoustic outlet are observable on the front panel. An informal web search revealed that the device utilizes an actuator below the display for producing sounds.
The geometry of the device is depicted in Figure 1 (rounded corners not to scale). Since no MECRP information was available here, an arbitrary MECRP at dy = 10mm and dz = 0 mm (according to updated P.64) was chosen. This refers to an average or typical position of loudspeakers located on “classical” phones. This position may also be used by end users due to habits of known other devices. However, regarding transmission parameters, this reference point may not be optimal, it is unknown how mechanics, acoustics and/or signal processing were designed for this positioning.
With the defined (dummy) MECRP, the device was mounted to the HATS. As shown in Figure 1, a “grid” of 3x9=27 shifts was evaluated (relative to and including MECRP) in order to locate a possible best/worst operational point. Nine positions on the Ye axis are evaluated, from the upper edge down to about the half of the length of the device. Beside the axis of symmetry for Ze, also shifts Ze = +/- 10 mm are investigated. Note that a positive value for Ze indicates that a mobile phone is lowered on absolute coordinates.
For the measurement series, a call with the AMR-WB codec (12.65 kbit/s) was established (EVS-SWB was not supported by this device). Only the default application force of 8 N was applied.
3	Test Cases
Since the present study focuses on the produced and radiated sound, only measurements in receiving direction were considered. For the WB mode, the following test cases were evaluated at the different shifts:
· Receiving Loudness rating (RLR) according to clause 8.2.2.2 of [3],
· Sensitivity / frequency characteristics receiving according to clause 8.2.2.2 of [3]
· ITU-T P.863 [6] (average across four British English double sentences according to Annex C of ITU‑T P.501 [7]). Even though this methodology is not mandatory in TS 26.131/132, it may provide useful information about the speech quality at different positions.
In advance of all tests, the volume control was adjusted as close as possible to a nominal RLR of +2dB (exactly between requirements -1.0 and +5.0 dB according to clause 6.4.2 of [2]). This volume was kept for all other positions.
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[bookmark: _Ref12360173]Figure 1: Front geometry of DUT, (dummy) MECRP and shifts applied



4	Test Results
4.1	Loudness Rating
The impact of different shifts on the receive loudness rating is shown in Figure 2. The tolerances depicted here indicate the actual requirements per clause 6.4.2 of [2]. It can be observed that the arbitrarily determined MECRP does not have a wide “sweet spot”; loudness rapidly decreases when measuring outside the Ye shifts for 0 mm and ‑10mm.
Surprisingly, all shifts for Ze = -10 mm even fail the tolerance. Even the shifts Ye = 0 and -10 mm, which are close to optimum for Ze = 0 and +10 mm, already shows a level difference of about 3.5-4.0 dB for a distance of 1.0-1.41 cm. The narrow sweet spot seems also to be asymmetric regarding positioning at axis Ze.
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[bookmark: _Ref12364809]Figure 2: RLR results for different shifts

4.2	Frequency Response
Figure 3 to Figure 5 illustrate the results of frequency response measurements for all investigated shifts. Each figure includes one shift regarding Ze (-10, 0 and +10 mm) and all shifts regarding Ye (from -70 to +10 mm).
In order to plot multiple frequency responses into one graph with one tolerance scheme, all curves are normalized to 0 dB at 1000 Hz. The legend indicates which shifts pass the requirement as specified in [2].
Remarkably, all shifts for Ze = -10 mm fail the requirement, similar to the loudness ratings. On the other hand, also only two shifts (Ye = 0 mm and -10 mm) pass for Ze = 0 mm and +10mm.
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[bookmark: _Ref12381633]Figure 3: Receive frequency responses for different shifts for Ye (Xe = -10 mm)
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Figure 4: Receive frequency responses for different shifts for Ye (Xe = 0 mm)
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[bookmark: _Ref12381634]Figure 5: Receive frequency responses for different shifts for Ye (Xe = +10 mm)

4.3	Speech quality P.863 
The impact of different shifts on the speech quality in receive according to ITU-T Rec. P.863 is shown in Figure 7. In general, the three shifts in axis Ze indicate the same trend for shifts on axis Ye: moving beyond the optimum range between Ye = 0 … -20mm, speech quality degrades rapidly.
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[bookmark: _Ref12528783]Figure 7: Speech quality results acc. to P.863 for different shifts
Surprisingly, the shift of axis Ze = -10 mm provides the best (slightly better) results in speech quality – even though all these conditions failed for RLR and frequency response measurements. This may be due to the applied speech level correction (73 dBSPL), which at least compensate the reduced volume. On the other hand, for recordings with lower speech levels (shifts Ye < -40 mm), this compensation may also lead to worse signal-to-noise-ratio and thus, reduced MOS.
Even though this analysis does not provide really striking results, the outcome is similar to the previous two clauses. Obviously, an area of positions exists which provide better performance than others.

5	Average Region Analysis
The previous analyses suggested that there seems to an “optimum area” / “sweet spot” on the screen, where the device seems to operate much better than at other locations. In order to evaluate the acoustics performance of devices with unknown (M)ECRP, a “fair” mounting position has to be defined. Since TS 26.131 also specifies requirements, devices may fail tests due to disadvantageous position, which may cause e.g., resonances or too low level. On the other hand, it is not the task of the test laboratory to excessively optimize the mounting position with numerous combinations of shifts and volume adjustments.
In order to investigate a possible way forward, a region including several grid points was defined as shown in Figure 8. Even though the center of this area (Ye = -10 mm / Ze = 0 mm, equals dy = 20mm and dz = 0 mm) does not match the initially set MECRP, it still represents a possible position of an acoustic outlet of “classic” mobile devices. For the performance evaluation of such a device, an average across the nine positions is analyzed in the following.

[image: ]
[bookmark: _Ref12614310]Figure 8: Grid points used for average analysis
[bookmark: _GoBack]The results for RLR for all positions of this region are provided in Table 1. The linear average of these values can be determined to 4.45 dB (logarithmic: 4.25 dB). This averaged value would pass the requirement of TS 26.131 (equals 5 dB) and seems to reflect well the behavior of the device in this region – even though this value is about 2 dB above the optimum / best value.

[bookmark: _Ref12616888]Table 1: RLR values (in dB) for average analysis
	
	Ze = -10mm
	Ze = 0mm
	Ze = +10mm

	Ye = 0mm
	6.96
	3.54
	2.42

	Ye = -10mm
	6.27
	2.34
	2.03

	Ye = -20mm
	6.72
	3.94
	4.08



For receive frequency response, the nine result curves of the positions are shown in Figure 9. In addition, an average curve is provided. Even though only six out of nine individual curves fail, the average curve pass the requirement of TS 26.131.
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[bookmark: _Ref12616880]Figure 9: Frequency Responses used for average analysis


6	Conclusions
The present study investigated acoustic testing of a non-standard device with vibrating display. Receive loudness rating and receive frequency response according to TS 26.131/132, as well as the speech quality prediction according to ITU-T P.863 (including level compensation) were evaluated at an arbitrarily defined MECRP.
The results indicated that at least this device does have a “sweet spot”, which is located slightly below the typical loudspeaker position of “classic” mobile phones. In order to evaluate performance requirements also without a MECRP for such a device, an analysis based on averaging across certain positions was proposed. Other variables like e.g., volume adjustment strategy or different application forces may be investigated in upcoming studies.
ITU-T P.64 was recently updated and definitions of MECRP in relation to the overall geometry are possible now. However, without the specification of a MECRP, such devices cannot be measured with the same accuracy and/or reproducibility as devices providing a “traditional” acoustic outlet. In worst case, measurement results may unnecessarily not be comparable between labs in this case.
Guidelines and/or instructions for the positioning and analysis of such devices should be included in TS 26.132. Since these devices are already commercially available, this should be done in the near future.
The investigation and results shown in this contribution may be added to the technical report TR 26.801 [8].
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