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3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].


MECRP
Manufacturer Ear Cap Reference Point
RFR
Receive Frequency Response 
RLR
Receive Loudness Rating 
4.3
Acoustic measurements according to 3GPP TS 26.131 and 26.132 and additional test cases to complement TS 26.131 and 26.132
4.3.1
Test setup
Three devices under test (DUTs), denoted A, B and C, were used for testing. They all have the form factor of a smartphone/phablet. As described in Table 1, DUTs A and B use a vibrating display to produce sounds in handset mode with no ear piece, while DUT C is a traditional handset UE with an ear piece.

Table 4-8: DUT description
	DUT
	UE Type

	A
	Handset with vibrating display

	B
	Handset with vibrating display

	C
	Handset with traditional ear piece


For each DUT, MECRP and mounting instructions were provided by the manufacturer – the positioning instructions can translated to P.64 Annex E [3]. Each DUT was mounted on a B&K 4128C HATS placed in an acoustically treated room complying with requirements in TS 26.132. The test simulator was based on Head Acoustics ACQUA 4.0.100, with Head Acoustics MFE VI.1 and MFE VIII.1, and Rohde & Schwarz CMW500 was used for LTE connections.

Measurements (in handset mode) were conducted according to TS 26.131 and 26.132 (Rel-13). For the sake of conciseness, only wideband (WB) conditions are reported for LTE connections, using the AMR-WB (12.65 kbit/s) codec; the NB case was also tested, and in the following some remarks are also provided to illustrate relevant DUT behavior in NB when necessary. The default application force of 8 N was applied. A subset of test results, mainly RLR and RFR results, are reported hereafter.
4.3.2
Test results in receiving
4.3.2.1 WB RLR

The measured WB RLR at all volume control setting (according to TS 26.131, clause 6.2.2 and TS 26.132, clause 8.2.2.2) is shown in Figures 4-14a, 4-14b, and 4-14c for DUT A, B and C, respectively. The nominal values of RLR are constrained in the non-hashed area corresponding to the interval 2 ± 3 dB. The nominal position ‘nom.’ is chosen for each DUT such that the target RLR value of 2 dB is met as close as possible. Note that the figures also show the WB RLR constraints for the maximal position ‘max.’ (> -13 dB, < -3 dB) and for minimum position ‘min’ (< 18 dB). 
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Figure 4-14a: WB RLR for DUT A.
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Figure 4-14b: WB RLR for DUT B.
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Figure 4-14c: WB RLR for DUT C.
4.3.2.2 WB RFR

For each DUT, the WB frequency response was measured at the nominal volume control setting according to TS 26.131 clause 6.4.2 and TS 26.132 clause 8.4.2. The results for DUT A, B, and C, are provided in Figure 4-15. It may be observed that DUT A and DUT B do not meet WB RFR requirements, however DUT A is very close to fitting in the WB frequency mask.
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Figure 4-15: WB RFR for DUT A, B, and C at nominal volume control (1/12 octave band resolution).
4.3.3
Additional results on user studies and objective measurements 
4.3.3.1 General

In addition to acoustic measurements, two other types of evaluations were reported:

· Listening tests: Informal expert listening tests were conducted to evaluate the subjective quality of LTE WB voice calls with DUT A, B and C. 

· User feedback from commercial deployment

The following observations can be made based on these evaluations for DUT B:

· The vibration of the display was found to be very noticeable at maximum volume control, including some vibration felt in fingers and the hand, and some issues of privacy were also reported (i.e. the voice call may be heard by neighboring people from the back of the phone, in contrast to traditional UEs with an ear piece in handset mode which do not exhibit such behavior).

· Depending on far-end voice characteristics (e.g. male or female talker), it was noted that the voice timbre can be quite distorted when listening at maximum volume control. 

· Voice quality was found to be distorted by out-of-band noise, especially at higher maximum volume settings. This noise is present in the WB case (frequencies> 7kHz) and it is even more noticeable in NB (frequencies > 4kHz).

To address these issues, the following test cases are proposed to be included in TS 26.131 and 26.132.

4.3.3.2 Additional test cases to complement TS 26.131 and 26.132
4.3.3.2.1
Out-of-band energy level measurement from SWB RFR measurement
Figures 4-16a and 4-16b show the SWB RFR data measured at maximum and nominal volume control, when using the SWB RFR test method specified in TS 26.131 clause 7.4.2.1 and TS 26.132 clause 9.4.2.1, for the WB phones under test (DUT A to C). This measurement provides a frequency analysis range extended to the at least [100, 16000] Hz. 

NOTE1: The SWB RFR test method in TS 26.132 specifies that a double resolution (1/12 octaves and 1/3 octaves) is used for measurement, however the 1/12 octave band is hard-limited to a maximum frequency of about 8 kHz in the setup used in this study. Therefore only 1/3 octave band results are reported in Figures 3a and 3b.

NOTE2: The SWB frequency masks in Figures 3a and 3b do not apply in the WB case and they are only used for information.

NOTE3: It was observed that DUT A has signal saturations (with clipped audio) in two specific time segments in the 23-25s time interval when volume control is set to maximum in receiving (recalling that the RFR test signal consisting of concatenated British English single sentences is about 35s long); such saturations were observed only for DUT A and only at maximum volume control and it should be considered when interpreting the estimated frequency response.
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Figure 4-16a: RFR for DUT A, B, and C with extended frequency range and 1/3 octave band analysis (maximum volume control).
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Figure 4-16b: RFR for DUT A, B, and C with extended frequency range and 1/3 octave band analysis (nominal volume control).
It can be noted that DUT B has some out-of-band energy in the 1/3 octave bands centered at 8 and 10 kHz. One caution is that the test signal is typically pre-processed with a pass-band filter which does not allow conducting a spectral analysis in the stop band region, therefore results above 12.5 kHz are not relevant here.

To complement the 1/3 octave band analysis, the test signals recorded when measuring SWB RFR at nominal volume control were also directly analyzed. These recorded signals are sampled at 48 kHz, and a periodogram using an FFT size of 4096 samples, with Hanning window and 75% overlap is reported in Figure 4-17.
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Figure 4-17: Periodogram of SWB RFR output test signal for DUT A, B, and C (nominal volume control).
The out-of-band energy level is shown to be significantly higher for DUT B.

Test results are provided here only for WB terminals; however it was found that the same out-of-band energy issue is even more noticeable when the same phone (DUT B) operates in NB.
4.3.3.2.2
P.863 measurement
The measured values (using POLQA v2.4) for DUT A, B, and C, at nominal and maximum volume control are reported in Table 2. It may be noted that the MOS-LQO value measured at nominal level (‘Test Condition 0’) for delay tests specified in TS 26.131, clause 6.11.1 and TS 26.132, clause 8.10.4 is already part of existing test cases. In principle, no extra measurement is therefore necessary for the nominal case; one may consider at least reporting this value for the nominal case.

The values reported in Table 2 may be used to quantify quality issues reported in user feedbacks.
Table 4-9: DUT description
	DUT
	MOS-LQOTEST at

nominal volume control
	MOS-LQOTEST at

maximum volume control

	A
	3.3
	3.5

	B
	2.6
	2.6

	C
	3.8
	3.5


4.3.3.2.3
WB RFR at maximum volume control
TS 26.132 clause 5.1 specifies that nominal volume control should be used for RFR measurement. The measured WB RFR at three volume control settings (minimum, nominal, and maximum) is shown in Figures 4-18a, 4-18b, and 4-18c for DUT A, B and C. 

It can be observed that RFR at maximum volume control is spectrally less balanced than at nominal and minimum volume position for DUTs A and B, while for a traditional UE such as DUT C the RFR does not vary significantly across the volume range. This may explain the user feedback on timbre degradation reporting for the maximum volume settings.
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Figure 4-18a: WB RFR for DUT A at minimum, nominal and maximum volume control.
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Figure 4-18b: WB RFR for DUT B at minimum, nominal and maximum volume control.
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Figure 4-18c: WB RFR for DUT C at minimum, nominal and maximum volume control.
NOTE: It was observed that DUT A has signal saturations (with clipped audio) in two specific time segments in the 23-25s time interval when volume control is set to maximum in receiving (recalling that the RFR test signal consisting of concatenated British English single sentences is about 35s long); such saturations were observed only for DUT A and only at maximum volume control and it should be taken into account when interpreting the estimated frequency response.
4.3.4
Discussion 
The results presented in clause 4.3.2 show that acoustic measurements according to 3GPP TS 26.131 and 26.132 can be conducted on handset UEs featuring non-traditional earpieces, when MECRP and mounting position information are provided.

· 
· 
· 

4.4
Acoustic measurements according to 3GPP TS 26.131 and 26.132 with various mounting conditions and test equipment
4.4.1
Introduction

3GPP handset terminal acoustic test methodologies [1] and requirements [2] were developed for UE designs supporting traditional earpieces. However, handset manufacturers are now selling UE's featuring non-traditional earpieces (HaNTE devices) such as vibrating display handsets. In the present study, standard acoustic terminal tests defined in [1] are performed on two commercially available HaNTE devices to determine the applicability of such methodologies to vibrating display handsets. The measurements are repeated with multiple mounting positions and at several measurement points along the handset's display. Variability and considerations specific to HaNTE acoustic measurements are discussed.

4.4.2
Test Setup

Two measurements are made for each device:

· Receiving Loudness Rating (RLR) defined in clause 8.2.2.2 of [1]

· Receiving Sensitivity/Frequency Characteristics (RFR) defined in clause 8.4.2 of [1]

All measurements are conducted in an acoustically isolated anechoic chamber. Two head and torso simulators (HATS) are used for the acoustic measurements, each with its own handset positioning system. Figure 1 shows the two HATS with their respective handset positioners.
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Figure 4-19: HATS 1 and 2 with handset positioners

Measurements are made with an MECRP of ye=17mm, ze=0mm for all devices. HATS 1 measurements are made on a grid of 9 additional MECRP shifts taken from clause 5 of [3]. Figure 2 demonstrates the 10 measurement points.
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Figure 4-20: Arbitrary MECRP (red) and all other RLR/RFR measurement points for HATS 1

HATS 1 measurements are repeated under two handset support conditions shown in Figure 3. Mounting Position 1 (MP1) is a standard device mounting with support pins placed on the back of the handset. In Mounting Position 2 (MP2), the supporting pins are retracted, and the bottom fork is adjusted lower on the handset.
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Figure 4-21: Variable handset support conditions used for HATS 1 measurements
On HATS 2, devices are mounted according to ITU-T Rec. P.64 (A = 21.2°, B = -12.9°, C = 2.3°). Due to contact with the HATS 1 cheek in the standard mounting position, a 5⁰ offset is added to the B angle for measurements on HATS 2.

Device volume is set as close as possible to the nominal RLR of 2 ± 3dB at the defined MECRP to comply with clause 6.2.2 of [2]. Test calls are established using the AMR-WB codec at 12.65 kbps. In what follows, RLR and RFR measurement results are provided for the two commercial HaNTE devices.
4.4.3
Measurement Results

4.4.3.1
Device 1 on HATS 1 Measurements
4.4.3.1.1
Receiver Loudness Rating Results

Device 1 was adjusted to a nominal RLR of 1.91dB at the MECRP with MP1 on HATS 1. Table 1 presents Device 1 RLR results for all MECRP shifts at MP1 and MP2 on HATS 1. Figure 4 provides a visualization of the positions which pass the requirements specified in [2].

Table 1: Device 1 RLR results (bold* = within 2±3dB tolerance [2])
	Position
	RLR with MP 1 (dB)
	RLR with MP 2 (dB)
	Difference

	ye
	ze
	
	
	

	17
	0
	1.91*
	3.32
	-1.41

	10
	-10
	7.99
	10.53
	-2.54

	10
	0
	9.79
	12.00
	-2.21

	10
	10
	13.83
	16.22
	-2.39

	20
	-10
	-0.29*
	-0.20
	-0.09

	20
	0
	1.01*
	0.98
	0.03

	20
	10
	3.84*
	3.75
	0.09

	30
	-10
	-0.86*
	-3.35
	2.49

	30
	0
	0.74*
	-1.48
	2.22

	30
	10
	3.42*
	1.01
	2.41

	Mean
	4.14*
	4.28
	-0.14
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Figure 4-22: Device 1 RLR results with MP1 (left) and MP2 (right) (green = pass, red = fail)

Seven of ten tested points (including the MECRP) are within the RLR tolerance specified in [2] for MP1 and five of ten for MP2. The average RLRs for both MP1 (4.14dB) and MP2 (4.28dB) lie within the tolerance as well. MP1 RLR results are on average 0.14dB louder than MP2 results with a maximum variation of -2.54 dB at ye=10mm, yz=-10mm. For all ye = 10 positions, MP1 has a higher loudness rating than MP2. For positions with ye = 30, MP1 has a lower loudness rating. And for ye = 20, the RLR is consistent between MP1 and MP2.
4.4.3.1.2
Receiver Sensitivity/Frequency Response Results

Using the previously defined nominal RLR of 1.68dB at the MECRP, Device 1 RFRs are measured on HATS 1 with two mounting positions at 10 points along the display. Figure 5 shows all RFR measurements (normalized to 0dB [Pa/V] maximum) along with the wideband tolerance from [2]. The arithmetic mean for each mounting position is presented as well. All individual measurements fail the wideband mask. Table 2 reports the maximum deviation from the tolerance mask for each measurement.
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Figure 4-23: Device 1 RFR measured on HATS 1 at two mounting positions

Table 2: Device 1 RFR errors on HATS 1
	Position
	MP1 Error (dB)
	MP2 Error (dB)

	ye
	ze
	
	

	17
	0
	-4.12
	-2.07

	10
	-10
	-3.54
	-7.34

	10
	0
	-3.11
	-6.96

	10
	10
	-5.68
	-7.55

	20
	-10
	-3.23
	-2.37

	20
	0
	-4.27
	-4.42

	20
	10
	-6.20
	-5.87

	30
	-10
	-2.57
	-1.58

	30
	0
	-0.39
	-1.34

	30
	10
	-5.69
	-4.23

	Mean Error
	-3.88
	-4.37


Variability of RFR results between MP1 and MP2 is presented in Figure 6. A positive value indicates higher sensitivity with MP1. For Device 1, there is a peak in variability (~4dB) at 550Hz and 1.8kHz for all measurement points. Variability never exceeds 6dB.

[image: image16.png]Sensilivity Difference (dB[Pa/V])

Frequency (Hz)





Figure 4-24: Device 1 RFR mounting variability
4.4.3.2
Device 1 on HATS 2 Measurements
Device 1 RFR was also measured on HATS 2 with the previously defined MECRP. Device playback was calibrated to a nominal RLR of 0.61dB. Figure 7 shows the HATS 2 results along with HATS 1 MECRP and average RFRs using MP1. Device 1 passes the RFR mask from [2] when measured on HATS 2.
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Figure 4-25: Device 1 RFR measured on HATS 2
4.4.3.3
Device 2 on HATS 1 Measurements

4.4.3.3.1
Receiver Loudness Rating Results

Device 2 was adjusted to a nominal RLR of -0.11dB at the MECRP with MP1. Table 3 presents Device 1 RLR results for all MECRP shifts at MP1 and MP2. Figure 8 provides a visualization of which positions pass the requirements specified in [2].

Table 3: Device 2 RLR results (bold* = within 2±3dB tolerance [2])
	Position
	RLR with MP1 (dB)
	RLR with MP2 (dB)
	Difference

	ye
	ze
	
	
	

	17
	0
	-0.11*
	0.91*
	-1.02

	10
	-10
	8.17
	9.59
	-1.42

	10
	0
	7.39
	8.59
	-1.2

	10
	10
	7.04
	7.78
	-0.74

	20
	-10
	0.34*
	-0.12*
	0.46

	20
	0
	-1.09
	-1.09
	0.00

	20
	10
	-1.79
	-2.02
	0.23

	30
	-10
	2.18*
	0.04*
	2.14

	30
	0
	0.67*
	-0.95*
	1.62

	30
	10
	0.15*
	-1.72
	1.87

	Mean
	2.30*
	2.10*
	0.19
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Figure 4-26: Device 2 RLR results with MP1 (left) and MP2 (right) (green = pass, red = fail)

Of the ten points tested, five (including the MECRP) are within the RLR tolerance specified in [2] for MP1 and four (including the MECRP) for MP2. The average RLRs for both MP1 (2.30) and MP2 (2.10) lie within the tolerance. MP2 RLR results are on average 0.19dB louder than MP1 with a maximum variation of 2.14dB at ye=30mm, yz=-10mm.

4.4.3.3.2 Receiver Sensitivity/Frequency Response Results

Using the previously defined nominal RLR of -0.11dB at the MECRP, Device 2 RFRs are measured on HATS 1 with two mounting positions at 10 points along the display. Figure 9 shows all RFR measurements (normalized to 0dB [Pa/V] maximum) along with the wide-band tolerance from [2]. Furthermore, the arithmetic mean for each mounting position is presented. All individual measurements as well as the mean RFR fail the wide-band mask. Table 4 reports the maximum deviation from the tolerance mask for each measurement
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Figure 4-27: Device 2 RFR measured on HATS 1 at two mounting positions

Table 4: Device 2 RFR errors on HATS 1
	Position
	MP1 Error (dB)
	MP2 Error (dB)

	ye
	ze
	
	

	17
	0
	-25.43
	-20.58

	10
	-10
	-25.23
	-26.30

	10
	0
	-23.78
	-24.61

	10
	10
	-22.12
	-22.49

	20
	-10
	-26.54
	-23.54

	20
	0
	-25.95
	-21.33

	20
	10
	-25.63
	-21.25

	30
	-10
	-25.25
	-26.96

	30
	0
	-26.49
	-24.07

	30
	10
	-25.74
	-22.01

	Mean
	-25.22
	-23.31


Variability of RFR results between MP1 and MP2 is presented in Figure 10. A positive value indicates higher sensitivity with MP1. For Device 2, all individual measurements demonstrate consistent and substantial (at some points > 10dB) variability between 100Hz and 2kHz.
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Figure 4-28: Device 2 RFR mounting variability
4.4.3.4
Device 2 on HATS 2 Measurements

Device 2 RFR was also measured on HATS 2 with the previously defined MECRP. Device playback was calibrated to a nominal RLR of 2.0dB. Figure 11 shows the HATS 2 results along with HATS 1 MECRP and average RFRs using MP1. In-band sensitivity differences between the two HATS exceed 10dB at 250Hz and reach 8dB at 2.5kHz.
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Figure 4-29: Device 2 RFR measured on HATS 2
4.4.4
Discussion

In the previous clauses, acoustic measurement results for two commercial HaNTE devices were presented. For each device the MECRP was defined as ye=17mm, ze=0mm. Each device was measured on two HATS at the MECRP. On HATS 1, the devices were measured at an additional 9 points in an equally spaced grid proposed in [3]. Furthermore, HATS 1 measurements were made with a standard mounting position and with an alternative mounting position. RLR and RFR results for all measurements were assessed according to the requirements in [2] and variability between HATS, measurement points, and mounting positions was reported.

Device 1 exemplifies a relatively high performing HaNTE device. RLRs stay within an acceptable range over a larger area of the device display when mounted in a standard position (MP1). Although no RFR measurements on HATS 1 pass the mask defined in [2], all positions are within 8dB of passing no matter the mounting position. Furthermore, Device 1 passes the RFR sensitivity mask when measured on HATS 2. Finally, mounting specific variability is limited to < 6dB in the frequency range 100Hz – 2kHz.

Device 2, however, demonstrates poor performance for a HaNTE device. The RLR is more susceptible to measurement point variability and fewer points fulfil the requirements of [2]. Furthermore, Device 2 RFR is far from passing the frequency mask no matter the measurement point (>20dB absolute error) or HATS. Lastly, the Device 2 RFR is prone to high levels of mounting specific variability at frequencies below 2kHz.
5
Conclusion

The present document reports on investigations of testing UEs featuring non-traditional earpieces (“HaNTE device”) and identifies related gaps to existing 3GPP specifications and recommended test equipment. The feasibility study resulted in the following main findings:

· UEs featuring non-traditional earpieces may not feature a centre of an acoustic port, raising the question of how to properly position a handset for testing. Therefore, an update to ITU-T Recommendation P.64 was found required for SA4 to reference this Recommendation also for handsets with non-traditional earpieces.

· When measured with manufacturer provided MECRP and mounting instructions, at least one HaNTE device was found compliant to current 3GPP terminal acoustic specifications. 
· However, even when measured with manufacturer provided MECRP and mounting instructions, certain HaNTE devices were found not compliant to current 3GPP terminal acoustic specifications.
· In contrast to devices featuring a traditional earpiece, the manner of holding the device with the handset positioner was found of significance for the receive frequency response and receive loudness rating of certain HaNTE devices. The mechanical contact of the handset positioner to the HaNTE device structure may alter the device’s acoustic radiating properties.
· Because a significant portion of the display vibrates and radiates sound, the listening “sweet spot” may be larger for certain HaNTE devices when compared to handsets featuring a tradicional earpiece. 
· Privacy was found of concern for certain HaNTE devices studied, with audible sound radiating to areas in proximity to the user.
· High distortion was identified as a concern with certain HaNTE devices studied.
· Out of band noise was identified as a concern with certain HaNTE devices studied.

