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1. Abstract
This contribution reports on the Handsets featuring Non-Traditional Earpieces (HaNTE) round robin results at Laboratory 1 (Qualcomm). Results for seven HaNTE devices and one non-HaNTE device are reported for two implementations of an ITU-T P.58-compliant head and torso simulators (HATS) [1]. Measurements were conducted according to Appendix A of the HaNTE data collection test plan. [2].
2. Background
At SA4#108-e meeting, a plan was developed for the HaNTE work item round robin testing for the HaNTE work. It was further discussed that Laboratory 1 would perform initial measurements and report on the experience prior to conduction of further tests in other laboratories. 
Due to constraints with lab access resulting from the COVID-19 situation, Lab 1 implemented an “express” version of the tests using a reduced test signal length, namely a pair of sentences from P.501. The use of shorter sentences allowed the verification of relative changes in performance, e.g. due to handset positioning fixture differences, while substantially reducing test time. The sentence pair had a length of 6s.
Results of the “express” version of the test were presented in [3] and a refined test plan agreed in [2]. Following the agreement, the source conducted the experiments according to Appendix A of [2], which are reported in this contribution.
3. Experimental Conditions
Test Equipment
The 3GPP HaNTE round-robin test pan was implemented in the HEAD Acoustics ACQUA test system, using the LabCORE audio front-end. The implementation includes:
(i) Automation for the HHP IV handset positioner, to expedite test C. Receive Frequency Response Robustness to Holding Position (Wideband)
(ii) Automation for HRT I turntable, to expedite test B. Privacy in Receive Direction (max volume RLR). 
(iii) Automation of volume setting adjustments, to identify the volume control setting that reaches a nominal RLR, accomplished through a Bluetooth interface between the DUT and the HHP IV. 

Testing scripts were kindly provided by HEAD Acoustics GmbH. Tests were conducted with both the HMS II.3 HATS and Type 3.3 pinna and the Type 4128C HATS from Bruel & Kjaer (B&K). Recordings for the Privacy measurements were conducted using a B&K 4955 low noise microphone since the acoustic levels were found to be quite soft.
[image: ]A picture of the setup in the laboratory is show on Figure 1. Figure 1 - HaNTE "Express" lab setup

Devices Tested and Positioning
The Source tested all seven HaNTE described in [2] and one handset with a traditional earpiece, covering a range of different vendors, and numbered as Devices 1 to Device 8. 
On choice of MECRP
In [2], a criterion to determine the Ear Cap Reference Point (ECRP) was agreed as follows:
1st: At the manufacturer defined position (MECRP), if provided.
2nd: At the centre of the earpiece, if the handset features a traditional earpiece.
3rd: Following a graphical user interface showing the location of optimal sound radiation, if provided in a handset featuring a non-traditional earpiece.
4th: After a subjective determination by the test operator of the optimal holding position.
A common MERCP was used across all devices, except Device 8 (traditional earpiece) for a few reasons. First, for all but one device, the MECRP was not available. Second, since all seven DUTs in this experiment were HaNTE, there was no earpiece available to center. Finally, only one device had a graphical user interface that would show the location for optimal sound radiations. Therefore, a subjective determination by the test operator was adopted to define the optimal holding position. 
The MECRP provided by the one HaNTE vendor where this information was available was adopted for all HaNTE. Although this MECRP is not guaranteed to be optimal for all devices, it was found to be adequate in a subjective assessment and provides the advantage of minimizing confusion of mounting positions when dealing with multiple devices. Given that, (1) all seven devices share similar form factor, (2) eventual variations in optimal MECRP would not deviate significantly, and (3) the tests feature a positional robustness element, tests were conducted using a common MECRP across all seven devices.
Alternative Handset Positions
Alternative Handset Positions were defined as follows:
· For the alternative position, according to ITU-T Rec. P.64 Annex E.2, the three angles  A,  B and  C were set to the standard position, i.e. 0deg rotation from nominal.
· The “end-stop” was adjusted to a setting of 21mm for all HaNTE. See Figure 2.
· The three different fork positions for the handset positioner are defined in Table 1. Certain fork positions are different between the B&K and HEAD Acoustics handset positioners. They are indicated in red font in Table 1. Little variation could be obtained in the fork holding positions due to interferences with the volume and power buttons of the UE.
· Force was set in all cases to 8N.

	Top and bottom fork positions with HHP IV handset positioner for positions 
(HEAD Acoustics)

	D
U
T
	Top Fork
Ye [mm]
	Bottom Fork
Ye [mm]

	
	1
	2
	3
	1
	2
	3

	1
	95
	17
	17
	145
	145
	95

	2
	95
	25
	25
	155
	155
	95

	3
	95
	18
	18
	145
	95
	145

	4
	95
	10
	10
	150
	150
	95

	5
	95
	12
	12
	140
	140
	95

	6
	100
	80
	100
	150
	150
	100

	7
	105
	23
	23
	150
	150
	105

	8
	83
	15
	15
	131
	131
	83

	Top and bottom fork positions with Type 4606 handset positioner 
(Bruel & Kjaer)

	1
	95
	17
	17
	145
	145
	95

	2
	60
	25
	25
	135
	135
	60

	3
	95
	18
	18
	145
	95
	145

	4
	95
	10
	10
	140
	140
	95

	5
	95
	12
	12
	140
	140
	95

	6
	100
	80
	100
	150
	150
	100

	7
	100
	23
	23
	138
	138
	100

	8
	82
	14
	14
	125
	125
	82


Figure 2 and Table 1 – MECRP and fork positions 1, 2 and 3 as measured from the top of the devices.

 (
Xe
)

 (
Ye
)


 (
Xe
 = 0mm
)
 (
21mm
) (
Ye = 
)





















4. Tests Executed and Results
The tests executed were:
At [Ye=0mm, Ze=0mm] AND 0deg turntable angle
· Objective listening speech quality MOS-LQO in receive direction with nom volume
· Objective listening speech quality MOS-LQO in receive direction with max volume
· Receive Frequency Response Robustness to Holding Position (Wideband)
· At Fork holding position 1
· At Fork holding position 2
· At Fork holding position 3
· Privacy in Receive Direction (max volume RLR)
· At Fork holding position 1

At [Ye=-5mm, Ze=-5mm; Ye=-5mm, Ze=+5mm; Ye=+5mm, Ze=+5mm; Ye=-5mm, Ze=-5mm]
· Receive Frequency Response Robustness to Holding Position (Wideband)
· At Fork holding position 1

At [Ye=0mm, Ze=0mm] AND [-45,-90,-135 and -180] deg turntable setting
· Privacy in Receive Direction (max volume RLR)
· At Fork holding position 1

Results are provided as annexes to this contribution.
5. Results
5.1 Wideband Objective listening speech quality MOS-LQO in receive direction (nom)

	
	Device 1
	Device 2
	Device 3
	Device 4
	Device 5
	Device 6
	Device 7
	Device 8

	4128C
	2.9
	2.2
	3.3
	3.3
	3.2
	2.7
	2.8
	3.0

	HMS II.3
	3.2
	3.2
	3.9
	3.5
	2.6 [3.2]
	2.8 [2.7]
	3.5
	2.9



NOTE: In the following plots, the green curve represents data collected with the 4128C HATS and the red curve represents data taken with the HMS II.3 HATS
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5.2 Wideband Objective listening speech quality MOS-LQO in receive direction (max)

	
	Device 1
	Device 2
	Device 3
	Device 4
	Device 5
	Device 6
	Device 7
	Device 8

	4128C
	2.6
	2.5
	3.0
	2.6
	3.1
	2.0
	2.6
	2.9

	HMS II.3
	2.6
	3.1
	3.6
	3.5
	3.2
	2.6
	3.0
	2.9



DEVICE  1
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5.3 Privacy in Receive Direction (max volume RLR)

Angle A
	HMS II.3
	Device 1
	Device 2
	Device 3
	Device 4
	Device 5
	Device 6
	Device 7
	Device 8

	Mic
	35.35
	34.93
	30.23
	21.52
	25.79
	30.86
	37.43
	32.30

	DUT
	-3.61
	4.21
	-8.11
	-4.80
	-7.54
	-2.25
	-3.55
	-2.09

	Delta
	38.96
	30.72
	38.34
	26.32
	33.33
	33.11
	40.98
	34.39

	4128C
	
	
	
	
	
	
	
	

	Mic
	33.37
	32.97
	27.01
	20.70
	25.90
	32.03
	29.70
	31.14

	DUT
	-6.31
	-6.01
	-13.72
	-16.23
	-8.31
	-6.67
	-7.68
	-4.83

	Delta
	39.68
	38.98
	40.73
	36.93
	34.21
	38.7
	37.38
	35.97



Angle B
	HMS II.3
	Device 1
	Device 2
	Device 3
	Device 4
	Device 5
	Device 6
	Device 7
	Device 8

	Mic
	31.87
	31.99
	26.84
	17.47
	21.67
	27.38
	34.50
	29.30

	DUT
	-3.61
	4.23
	-9.05
	-4.96
	-7.54
	-2.20
	-3.49
	-2.04

	Delta
	35.48
	36.22
	35.89
	22.43
	29.21
	29.58
	37.99
	31.34

	4128C
	
	
	
	
	
	
	
	

	Mic
	29.58
	31.42
	23.35
	17.72
	22.13
	28.63
	25.77
	28.24

	DUT
	-6.43
	-6.08
	-13.70
	-16.16
	-8.29
	-6.27
	-7.74
	-4.89

	Delta
	36.01
	37.50
	37.05
	33.88
	30.42
	34.9
	33.51
	33.13



Angle C
	HMS II.3
	Device 1
	Device 2
	Device 3
	Device 4
	Device 5
	Device 6
	Device 7
	Device 8

	Mic
	29.23
	29.18
	25.41
	15.47
	20.46
	27.40
	33.23
	27.26

	DUT
	-3.58
	4.22
	-9.01
	-5.03
	-7.59
	-2.40
	-3.46
	-2.08

	Delta
	32.81
	33.4
	34.42
	20.5
	28.05
	29.8
	36.69
	29.34

	4128C
	
	
	
	
	
	
	
	

	Mic
	27.44
	28.07
	22.69
	17.39
	21.31
	26.06
	23.17
	27.41

	DUT
	-6.42
	-6.06
	-13.74
	-16.10
	-8.25
	-6.62
	-7.68
	-4.95

	Delta
	33.86
	34.13
	36.43
	33.49
	29.56
	32.68
	30.85
	32.36



Angle D
	HMS II.3
	Device 1
	Device 2
	Device 3
	Device 4
	Device 5
	Device 6
	Device 7
	Device 8

	Mic
	29.18
	30.99
	27.81
	19.69
	23.50
	29.12
	34.14
	28.64

	DUT
	-3.54
	4.23
	-9.06
	-4.91
	-7.51
	-2.33
	-3.22
	-2.11

	Delta
	32.72
	35.22
	36.87
	24.6
	31.01
	31.45
	37.36
	30.75

	4128C
	
	
	
	
	
	
	
	

	Mic
	27.81
	28.81
	26.00
	20.62
	23.14
	27.93
	23.37
	29.08

	DUT
	-6.32
	-6.00
	-13.62
	-16.10
	-8.23
	-6.39
	-7.65
	-4.95

	Delta
	34.13
	34.81
	39.62
	36.72
	31.37
	34.32
	31.02
	34.03



Angle E
	HMS II.3
	Device 1
	Device 2
	Device 3
	Device 4
	Device 5
	Device 6
	Device 7
	Device 8

	Mic
	34.09
	32.98
	32.24
	24.26
	27.33
	35.48
	34.75
	32.62

	DUT
	-3.57
	4.21
	-8.98
	-5.00
	-7.53
	-2.43
	-3.35
	-2.10

	Delta
	37.66
	37.19
	41.22
	29.26
	34.86
	37.91
	38.1
	34.72

	4128C
	
	
	
	
	
	
	
	

	Mic
	31.39
	30.56
	30.07
	25.45
	26.95
	31.46
	22.96
	35.15

	DUT
	-6.42
	-5.98
	-13.62
	-16.24
	-8.28
	-6.47
	-7.64
	-4.89

	Delta
	37.81
	36.54
	43.69
	41.69
	35.23
	37.93
	30.6
	40.04



For illustration purposes, the receive frequency responses obtained at the reference microphone and HATS microphone when testing the HaNTE devices with Angle A are shown below for both HATS.








Signal at Mic on all HaNTE phones with HMS II.3 – Angle A
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Signal at Mic on all HaNTE phones with BK4128C – Angle A
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Signal at HATS on all HaNTE phones with HMS II.3 – Angle A
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Signal at HATS on all HaNTE phones with 4128C – Angle A

[image: ]


5.4 Wideband Receive Frequency Response Robustness to Holding Position (nom)

Robustness – Device 1 – HMS II.3
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Robustness – Device 1 – BKSV 4128C
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Robustness – Device 2 – HMS II.3
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Robustness – Device 2 – 4128C
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Robustness – Device 3 – HMS II.3
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Robustness – Device 3 – 4128C
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Robustness – Device 4 – HMS II.3
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Robustness – Device 4 – 4128C
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Robustness – Device 5 – HMS II.3
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Robustness – Device 5 – 4128C
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Robustness – Device 6 – HMS II.3
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Robustness – Device 6 – 4128C
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Robustness – Device 7 – HMS II.3
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Robustness – Device 7 – 4128C
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Robustness – Device 8 – HMS II.3
[image: ]




Robustness – Device 8 – 4128C
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5.5 Wideband Receive Frequency Response Robustness to Fork Holding Positions

Robustness to fork positions – Device 1 – HMS II.3
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Robustness to fork positions – Device 1 – 4128C
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Robustness to fork positions – Device 2 – HMS II.3
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Robustness to fork positions – Device 2 – 4128C
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Robustness to fork positions – Device 3 – HMS II.3
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Robustness to fork positions – Device 3 – 4128C
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Robustness to fork positions – Device 4 – HMS II.3
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Robustness to fork positions – Device 4 – 4128C
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Robustness to fork positions – Device 5 – HMS II.3
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Robustness to fork positions – Device 5 – 4128C
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Robustness to fork positions – Device 6 – HMS II.3
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Robustness to fork positions – Device 6 – 4128C
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Robustness to fork positions – Device 7 – HMS II.3
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Robustness to fork positions – Device 7 – 4128C
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Robustness to fork positions – Device 8 – HMS II.3
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Robustness to fork positions – Device 8 – 4128C
[image: ]
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