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Abstract
[bookmark: _Hlk4753168][bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK101]This contribution investigates the impact of handset mounting on the frequency response of a non-traditional earpiece. It is shown that changes in the force applied to the back of the handset lead to variations in the receiver frequency response. However, the same changes in force, when applied to handsets with traditional earpieces, result in minimal response variation. These findings are verified on two prototype handsets as well as 5 commercially available devices.
1. Introduction
3GPP UE’s Receive Frequency Response (RFR) and Receive Loudness Rating (RLR) are measured with Head and Torso Simulators (HATS) and handset positioners. Handset positioners exert force at multiple points on the Device Under Test (DUT), including stationary supports on the back of the DUT. These supports may or may not be indicative of a user’s hand position while interacting with the DUT. 
The receiver transducer of a traditional earpiece design is decoupled from the surrounding mechanical system and will not be greatly affected by the existence and placement of physical supports. However, with non-traditional earpiece designs (e.g. a vibrating display) the receiver transducer may be coupled with the entire mechanical structure of the device. Therefore, it is important to consider any physical supports and the force they exert when mounting non-traditional earpiece devices for RFR and RLR testing. This contribution explores mounting induced RFR variability on devices with both traditional and non-traditional earpieces. 
2. Devices
2.1	Traditional and Non-Traditional Earpiece prototypes
Two handset prototypes were developed for this experiment. Prototype 1 incorporates a 27ohm 15x6mm earpiece (traditional earpiece) radiating sound through an acoustic port on the display, and Prototype 2 incorporates an 8ohm 15x6mm actuator directly attached to the prototype display. Apart from this difference, both prototypes are identical. See Figure 1. Improved prototype acoustic sealing was achieved through an added layer of material at the bottom of the prototype screen and putty for screen fastening.
Figure 1 – Prototypes produced (one with traditional earpiece, other with vibrating display)
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2.2	Commercial devices
Five commercial devices were tested along with the two prototypes mentioned in the previous section. Four of the five commercial devices employ non-standard, vibrating display earpieces, while one device has as traditional earpiece. Table 1 provides more information.
Table 1 – Further information on commercial devices
	Device Number
	Earpiece

	1
	Traditional

	2
	Vibrating Display (HaNTE)

	3
	Vibrating Display (HaNTE)

	4
	Vibrating Display (HaNTE)

	5
	Vibrating Display (HaNTE)



3. Measurement system
3.1	Device mounting
For RFR measurement, handsets were positioned on a Bruel & Kjaer Type 5128 HATS with Type 4606 Handset Positioner and Centering Fork UA-1537. The prototypes were positioned according to ITU-T Rec. P.64 (A = 21.2°, B = 12.9°, C = 2.3°) with 8N of force applied to the HATS pinna. All devices were mounted with End-Stop adjustment set to 17mm. See Figure 2.
Figure 2 - Handset positioned on HATS
[image: ]
For a comparison of mounting conditions, all devices were measured with and without the handset positioner support pins in place. See Figure 3. 
Figure 3 – Handset positioned with and without support pins
[image: ]    [image: ]


3.2	Playback system
To drive Prototype 1 and Prototype 2, a personal computer (PC) was connected to an RME MADIface Pro USB digital audio interface. Prototype 1 was directly driven by the MADIface headphone output (Analog 3). Prototype 2 was driven by a Bruel & Kjaer Type 2716C amplifier with +12dB of gain which was in turn connected to the MADIface Analog 1 output. Wideband pink noise was used for RFR measurement on both prototypes. Playback of the pink noise stimulus was accomplished using Adobe Audition.
Figure 4 – Block diagram of prototype playback system
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The five commercial devices were driven by a Rohde & Schwarz CMW500 Wideband Radio Communication Tester. AMR-WB (20Hz–8kHz) at 12.65kbps was used for transmission speech coding. The measurement stimulus was an ITU-T Recommendation P.501 speech file with twelve utterances (six male and six female). ACQUA from Head Acoustics was used for stimulus playback.
Figure 5 – Block diagram of commercial device playback system
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3.3	Recording system
The RFR for each DUT was measured at the drum reference point (DRP) of  Bruel & Kjaer Type 5128 HATS. Recordings were captured by a Head Acoustics MFE VI frontend and analysed with a Head Acoustics ACQUA system. All recordings were DRP-to-ERP (ear reference point) equalized prior to third octave band analysis. 
4. Measurement results
All devices were measured under two conditions, as described in section 3.1. The transfer function between the measured RFR with supports and the RFR without supports was computed for each device. Figure 6 shows the results for all devices, divided between standard and non-standard earpieces. Table 2 presents the same data along with the root mean squared error (RMSE).
Figure 6 – Comparing device RFR with and without supporting pins
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Table 2 – Comparing device RFR with and without supporting pins
[image: ]
It is shown in Figure 6 and Table 2 that standard earpiece devices (Prototype 1 and Device 1) demonstrate low levels of variability (< 1dB) as supporting pins are added or removed from the back of the device. Devices with a non-standard earpiece (e.g. Prototype 2 and Devices 2-5) tend to demonstrate higher levels of variability (> 2dB), particularly at frequencies below 1.25kHz. Furthermore, the non-standard earpiece variability is device and frequency dependent.
5. Conclusion
The results in section 4 support the hypothesis that the receiver frequency response of a non-standard, vibrating display (HaNTE) is subject to mounting specific variability. Furthermore, the decoupled nature of a standard earpiece mitigates such variability. With these results in mind, the source proposes further research into the methods by which devices with a non-standard earpiece are mounted on HATS for RFR measurement. Given that users may hold their phone in numerous ways, applying variable amounts of force at different points along the front, side, and/or back of the device, an average of different handset support scenarios may be considered. Therefore, it may be necessary for future handset positioners to allow for adjustable and quantifiable points of support along the device. 
6. Proposal
[bookmark: _GoBack]The source proposes to include sections 1 to 5 of this contribution to the FS_HaNTE technical report.
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Center Frequency Prototype 1 Device 1 Prototype 2 Device 2 Device 3 Device 4 Device 5

80 -0.84 0.69 -3.35 -1.38 0.05 -4.54 -7.56

100 -1.89 0.13 -3.79 -0.86 2.27 -0.31 -2.46

125 -0.60 0.05 -2.49 -1.00 3.72 -3.64 -2.23

160 -0.07 0.02 -3.78 -1.47 1.27 -1.40 -2.77

200 0.72 0.03 -3.71 -2.12 -1.25 -4.47 -3.02

250 -0.60 0.03 -3.53 -1.26 -11.48 -7.61 -2.37

315 -0.18 -0.01 -1.11 5.80 -0.34 -4.55 -2.24

400 1.00 0.26 -2.16 2.51 1.10 -0.28 -2.46

500 0.27 0.09 -1.86 -0.89 -5.29 2.51 -2.17

630 0.22 0.01 0.43 0.26 -1.93 0.83 -2.08

800 -0.01 0.14 -1.71 0.37 0.69 0.97 -2.98

1000 0.38 0.09 -1.59 -0.25 0.99 0.55 -3.66

1250 0.68 0.02 -0.79 -0.20 0.64 2.28 -2.58

1600 0.31 -0.35 0.71 -0.97 0.43 0.38 2.66

2000 -0.13 -0.06 0.16 -0.88 0.44 0.46 1.21

2500 0.10 -0.20 -0.08 -0.68 0.94 -0.65 -0.01

3150 0.43 -0.20 -0.25 -0.53 0.31 0.21 -0.17

4000 0.32 0.36 -0.02 0.12 -1.43 0.05 -0.34

5000 0.36 0.18 -0.04 0.24 1.04 0.22 0.01

6300 2.00 0.41 -0.34 -0.17 1.44 0.29 -0.84

8000 0.32 -0.08 0.29 -0.03 0.62 0.63 -1.54

RMSE (80Hz-1kHz) 0.75 0.22 2.70 2.10 3.96 3.45 3.33

RMSE (80Hz-8kHz) 0.75 0.23 2.06 1.63 3.05 2.67 2.68
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