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Introduction
This contribution reports on the Handsets featuring Non-Traditional Earpieces (HaNTE) round robin results at Laboratory 2 (HEAD acoustics GmbH). Tests were conducted according to the agreed test plan [1] of the 3GPP work item HaNTE [2]. In addition, initial results and definitions from lab 1 of the round robin test [3] are reviewed.
Devices
Seven commercially available mobile phones were evaluated as devices under test (DUT), which all provide a non-traditional earpiece. For reference, an additional device with a traditional earpiece was evaluated as an eighth device. Since the form factor of all devices is similar (smart phones), the alternative handset position (also called flat handset position) according to ITU-T P.64 [4], where B-axis is rotated by ‑5° (∆B=5°).
For the HaNTE-devices (DUT1 to DUT7), a common ECRP of Ye=-21mm was used for testing, as already specified in the test results from lab 1 [3]. ECRP of DUT8 (non-HaNTE device) was determined via the visible acoustic outlet.
Test setup
[bookmark: _Ref53673030]Overview
As head and torso simulator (HATS), HEAD acoustics HMS II.3 (complies with ITU-T P.58 [5], equipped with ear simulators of Type 3.3 [6]) was used in conjunction with the automated handset positioner HHP IV (complies with ITU‑T P.64 [4]). For privacy tests (see clause 3.3), HEAD acoustics turntable HRT I was used for the realization of HATS rotation.
For testing of receive loudness rating and frequency response, 3GPP TS 26.132 [7] specifies the usage of the British English single talk sequence according to clause 7 of ITU-T P.501 [8]. In order to reduce testing time, in most cases a shorter measurement signal according to Annex D of ITU-T P.501 [8]
In order to further minimize testing time and to re-use recordings as often as possible, all HATS measurements were conducted without DRP-ERP or DF-correction. For the analysis of receive frequency responses (RFR) and speech quality according to ITU-T P.863 [9], DF-correction according to ITU-T P.58 [5] was applied. For the calculation of receive loudness ratings, DRP-ERP-correction according to ITU-T P.57 [6] was applied.
According to the test plan [1], All DUTs were connected via 3G/UMTS to the test equipment, calls were setup with AMR-WB codec at 12,65 kbit/s.
An application force of 8 N was used for all tests.
The test suite used for the evaluation provided an optional automated volume control check, which sweeps all possible volume settings of a device (via Bluetooth remote control). Volume control settings for maximum (MAX) and nominal (NOM) loudness ratings were determined with the short British English test sequence according to Annex D of ITU-T P.501 [8]. In addition, the resulting maximum volume steps were manually double-checked by counting the possible volume steps (from minimum to maximum) during a call.
Test 1: Speech Quality
For speech quality testing at nominal and maximum volume, eight sentences of British English speech (two female, two male talkers) from ITU-T P.501 [8] were concatenated to an overall sequence of 32.0s. The source signal for the receive direction was pre-filtered to wideband and then calibrated to an active speech level (ASL) according to ITU-T P.56 [10] of -16 dBm0. 
The recording is then analyzed with the speech quality prediction method according to ITU-T P.863 [9] in super-wideband mode (version 2.4), analyzing sentences pairs. The resulting four MOS values are averaged to an overall result value.
[bookmark: _Ref53663916]Test 2: Privacy
As a measure for acoustic sound radiation of the devices, the differences in RLR between handset mode and far-field (measured at a radius of 42 cm in front of the HATS EEP) is evaluated as shown in Figure 1. Different angles between symmetry plane of the HATS and the measurement microphone are used for testing, i.e. points A, B, C, D and E as defined in Table 1. The test is run with maximum volume setting.
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[bookmark: _Ref53747164]Figure 1: Test setup for privacy

[bookmark: _Ref53747069]Table 1: Angles for testing privacy
	Measuring position
	Measuring angle (starting from E)

	A
	-180°

	B
	-135°

	C
	-90°

	D
	-45°

	E
	0°



Test 3a: Robustness (variation of ECRP)
To investigate the robustness of the (chosen) ECRP, several shifts of 1 cm in Ze and Ye direction are evaluated. Figure 2 shows the resulting grid located around the default ECRP (marked in green). As defined in the test plan [1], four mandatory (marked in red) and four optional (marked in blue) points are specified. Table 2 provides unique labels (S0-S8) for the shifts to be applied. Table 3 shows a rearranged view of these labels according to the geometry of the grid in Figure 2.
RLR and RFR are evaluated with the short speech sequence as defined in clause 3.1. The test is run with nominal volume setting.
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[bookmark: _Ref53669211][bookmark: _Ref55408585]Figure 2: Variation of ECRP

[bookmark: _Ref53754615]Table 2: Shifts around ECRP (=S0)
	Shift
	Offset Ze [mm]
	Offset Ye [mm]
	Type

	S0
	0
	0
	Mandatory

	S1
	-10
	-10
	Mandatory

	S2
	+10
	-10
	Mandatory

	S3
	+10
	+10
	Mandatory

	S4
	-10
	+10
	Mandatory

	S5
	0
	-10
	Optional

	S6
	+10
	0
	Optional

	S7
	0
	+10
	Optional

	S8
	-10
	0
	Optional



[bookmark: _Ref55408525]Table 3: Gemeotric representation of shifts
	
	Offset Ze [mm]

	
	-10
	0
	+10

	Offset Ye [mm]
	+10
	S4
	S7
	S3

	
	0
	S8
	S0
	S6

	
	-10
	S1
	S5
	S2




Test 3b: Robustness (variation of fork position)
To investigate the impact of the clamping fork positions, the round robin test evaluates three different positions. Initial results from lab1 [3] defined these three positions as offsets in Ye-axis. The general positioning strategy for the forks shown in Table 4 and is not bound to a vendor-specific handset positioner.
[bookmark: _Ref53669933]Table 4: Fork positions
	
	Bottom
	Middle
	Top

	Fork position #1
	
	
	

	Fork position #2
	
	
	

	Fork position #3
	
	
	



All measurements except Test 3b are conducted with position #1. Only Test3b evaluates positions #2 and #3. Values for bottom, middle and top fork position are provided in Table 5. During the testing, several positions were found to be not reachable with the utilized handset positioner and slightly different positions were chosen. In addition, the mounting of forks has a limited reproducibility (~ +/- 3mm). Note that the number of possible fork positions can be limited due to multiple buttons present at one or both sides of the phones and/or construction of the handset positioner.
[bookmark: _Ref53670053]Table 5: Fork positions for DUTs
	
	Bottom [mm]
	Middle [mm]
	Top [mm]

	DUT1
	25
	95
	145

	DUT2
	25
	95
	155

	DUT3
	25
	95
	145

	DUT4
	25
	95
	150

	DUT5
	30
	100
	140

	DUT6
	7063
	1005
	150

	DUT7
	25
	105
	150

	DUT8
	25
	80
	130



For the results of lab 2, the following general positioning strategy was chosen:
-	Bottom position: the fork is moved and tightened as close as possible at the most lower edge of the device. This fork positioning did not conflict with any button at the sides of the devices. In particular for the handset positioner HHP IV, a short fork was used by default. For long devices, a long fork was used.
-	Mid position: the fork is moved and tightened as close as possible at the center of the device (regarding Ye axis). In case of collisions with buttons at the sides of the device, the fork is moved to the closest collision-free position (typically, this is towards the lower edge of the device, since most buttons are located in the upper half of the device). In particular for the handset positioner HHP IV, a short fork was used by default. In case the exact mid position had to be adapted, in some cases a long fork was used.
-	Top position: the fork is moved and tightened as close as possible at the most upper edge of the device. In case of collisions with buttons at the sides of the device, the fork is moved downwards to the closest collision-free position. In particular for the handset positioner HHP IV, a long fork was used by default. In case the top position had to be adapted, in some cases a short fork was used.
In addition for the Mid and Top positions, care was taken that the clamps of the forks did not produce an overhang, as shown in Figure 3. In this case, the head of the clamp (red color) might push against the ear/cheek of the HATS and the screen of the device (orange color) is not mounted correctly.
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[bookmark: _Ref55835196]Figure 3: Possible overhang of fork positions

RLR and RFR are evaluated with the short speech sequence as defined in clause 3.1. The test is run with nominal volume setting.

Results
Preparations
As described in clause 3.1, the volume steps for nominal and maximum loudness ratings were determined. Table 6 provides the results of these preparation measurements, as well as the nominal (requirement: -1 to 5 dB, target: 2 dB) and maximum RLR (requirement: >‑13 dB). Note that the nominal RLR was measured with the default test sequence according to 3GPP TS 26.132 [7]. RLR values not meeting the requirements are marked in red. Some DUTs showed strange behaviour here, which is described in the table notes below.
[bookmark: _Ref53674271]Table 6: Volume settings for MAX and NOM
	
	MAX
	NOM
	RLR-MAX
	RLR-NOM

	DUT1
	7
	4
	-8.3
	1.9

	DUT2
	7
	6
	-5.7
	-3.0

	DUT3
	14
	6
	-13.3
	2.1

	DUT4
	14
	7
	-15.9
	0.9

	DUT5
	6
	2
	-10.8
	1.8

	DUT6
	10
	6
	-10.7
	2.6

	DUT7
	5
	1
	-10.4
	3.0

	DUT8
	15
	6
	-7.1
	1.9

	NOTE 1:	DUT2 does not provide a valid nominal volume setting. During incremental testing, RLR "jumps" from ~8.5 dB at step 5/7 to ~-2.5 dB at step 6/7.
NOTE 2:	DUT4 seems to have an incorrect implementation of volume control. At a certain volume increase step, the recorded signal level decreased. This was confirmed by measurements as well as by expert listening.
NOTE 3:	DUT5 provides a “boost mode” in the volume control. This mode was disabled / not used for testing.



The results of the RFR measurements according to clause 8.4.2 of 3GPP TS 26.132 [7] (using the long single talk sequence from ITU-T P.501 [8]) are shown for all devices in Figure 4 (for NOM volume) and Figure 5 (for MAX volume). In both figures, the tolerances according to clause 6.4.2 of 3GPP TS 26.131 [11] are provided, the pass/fail status is indicated in the legend for each DUT. All frequency responses are adjusted to the upper tolerance for better (overall) comparison.
NOTE:	3GPP TS 26.131 [11] does not specify a performance requirements for MAX volume setting. The tolerances are nevertheless given in Figure 5.
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[bookmark: _Ref55400570]Figure 4: Results of RFR for NOM volume
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[bookmark: _Ref55400571]Figure 5: Results of RFR for MAX volume

As described in clause 3.1, Test2, Test3a and Test3b utilize a much shorter speech sequence than in the aforementioned clause 8.4.2 of 3GPP TS 26.132 [7]. In order to quantify the differences between the short and the long (default) sequence, results for RFR obtained with both sequences are provided in Figure 6 to Figure 9 separately for each DUT.
[bookmark: _GoBack]It can be observed that the short sequence in general leads to very similar results as the long sequence. Due to the shorter integration time and a slightly different speech activity, in some cases spectral spikes are visible (e.g., DUT3, DUT5). This can also lead to different pass/fail evaluations in those cases, when the requirements were met only closely with the long sequence (e.g., DUT3 and DUT4). However, in general the much shorter sequence seem to be suitable for an adequate estimate of the RFR.
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[bookmark: _Ref55403584][bookmark: _Ref55403571]Figure 6: Results of RFR for DUT1 (left) and DUT2 (right)
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Figure 7: Results of RFR for DUT3 (left) and DUT4 (right)
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Figure 8: Results of RFR for DUT5 (left) and DUT6 (right)
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[bookmark: _Ref55403576]Figure 9: Results of RFR for DUT7 (left) and DUT8 (right)


Test 1: Speech Quality
Table 7 provides the results of the speech quality testing according to ITU-T P.863 for NOM and MAX volume settings. In several cases, the decrease in quality between these two volume settings is more than 0.5 MOS. Lower performance of some devices may be explained by the frequency response results as shown in clause 4.1.
[bookmark: _Ref53675428]Table 7: P.863 results for MAX and NOM settings
	
	MAX [MOS]
	NOM [MOS]
	MAX-NOM [MOS]

	DUT1
	2.7
	3.4
	-0.7

	DUT2
	3.0
	3.1
	-0.1

	DUT3
	3.6
	4.1
	-0.5

	DUT4
	3.6
	3.7
	-0.1

	DUT5
	3.6
	3.8
	-0.2

	DUT6
	2.7
	2.8
	-0.1

	DUT7
	2.9
	3.5
	-0.6

	DUT8
	3.0
	3.1
	-0.1



Test 2: Privacy
Table 8 provides the results in RLR for privacy testing. Note that the RLR at the DUT and at the microphone positions is measured with the short test sequence (see clause 3.1). In order to fully assess the sound radiation of the devices, Table 9 provides results in terms of an attenuation in dB (RLR@Mic - RLR-MAX@DUT).
[bookmark: _Ref53753204]Table 8: RLR results for privacy testing (in dB)
	
	RLR-MAX @DUT
	RLR at measurement microphone

	
	
	A
	B
	C
	D
	E
	MIN
	MAX
	MAX-MIN

	DUT1
	-8.4
	30.1
	29.6
	27.3
	26.8
	30.9
	26.8
	30.9
	4.1

	DUT2
	-5.4
	34.2
	32.2
	30.2
	30.7
	32.9
	30.2
	34.2
	4.0

	DUT3
	-13.3
	30.6
	27.6
	25.4
	26.8
	29.6
	25.4
	30.6
	5.2

	DUT4
	-15.7
	25.1
	21.4
	19.7
	23.0
	26.3
	19.7
	26.3
	6.6

	DUT5
	-11.3
	25.8
	22.6
	20.4
	22.6
	25.1
	20.4
	25.8
	5.4

	DUT6
	-9.9
	29.8
	27.4
	25.0
	27.2
	29.1
	25.0
	29.8
	4.8

	DUT7
	-11.1
	29.9
	27.4
	24.7
	25.0
	25.0
	24.7
	29.9
	5.2

	DUT8
	-7.2
	31.3
	28.3
	26.3
	27.8
	30.8
	26.3
	31.3
	4.9



[bookmark: _Ref53753207]Table 9: RLR attenuation results for privacy testing (in dB)
	
	RLR-MAX @DUT
	Attenuation at measurement microphone

	
	
	A
	B
	C
	D
	E
	MIN
	MAX
	MAX-MIN

	DUT1
	-8.4
	38.5
	38.0
	35.7
	35.2
	39.2
	35.2
	39.2
	4.1

	DUT2
	-5.4
	39.6
	37.6
	35.6
	36.1
	38.3
	35.6
	39.6
	4.0

	DUT3
	-13.3
	43.9
	41.0
	38.8
	40.2
	42.9
	38.8
	43.9
	5.2

	DUT4
	-15.7
	40.8
	37.1
	35.4
	38.7
	42.0
	35.4
	42.0
	6.6

	DUT5
	-11.3
	37.1
	33.9
	31.7
	33.8
	36.4
	31.7
	37.1
	5.4

	DUT6
	-9.9
	39.7
	37.3
	34.9
	37.1
	39.0
	34.9
	39.7
	4.8

	DUT7
	-11.1
	40.9
	38.4
	35.7
	36.1
	36.1
	35.7
	40.9
	5.2

	DUT8
	-7.2
	38.5
	35.6
	33.5
	35.0
	38.1
	33.5
	38.5
	4.9



As expected, for all devices the highest sound radiation is obtained at position C (microphone pointing directly to back side of the device). For some devices, the level of the test signal at the microphone position is rather high. One reason for this is the corresponding low RLR at the DUT (e.g., DUT4 and DUT5). On the other hand, some devices with a low RLR at the DUT seem to radiate less than others (e.g., DUT7: similar RLR at DUT, but +5 dB in RLR at the microphone).
NOTE:	For a better understanding of the quite high RLR values, it can be assumed that a RLR of 20 dB refers to an (active) speech level of approximately 63 dBSPL.
Test 3a: Robustness (variation of ECRP)
Table 10 provides the results of the RLR measurements for the robustness against shifts of ECRP. For RLR values meeting the requirements of clause 6.2.2 of TS 26.131 [7] (-1 to +5 dB), cells are colored in green (or in red for failing).
[bookmark: _Ref53755083]Table 10: RLR vs shifts
	
	S0
	S1
	S2
	S3
	S4
	S5
	S6
	S7
	S8

	DUT1
	1.4
	6.1
	1.6
	4.8
	7.1
	4.9
	-0.4
	6.6
	2.2

	DUT2
	-2.8
	-4.9
	-3.1
	5.8
	6.4
	-4.1
	-1.5
	6.6
	-3.1

	DUT3
	3.1
	6.6
	2.1
	8.9
	14.4
	4.0
	1.1
	11.1
	6.5

	DUT4
	0.9
	0.3
	-3.5
	9.8
	11.4
	-1.5
	-0.5
	11.0
	2.7

	DUT5
	2.7
	2.3
	7.7
	14.9
	12.6
	4.2
	6.1
	13.3
	2.1

	DUT6
	3.2
	6.7
	8.4
	9.3
	9.2
	6.8
	3.4
	9.1
	3.9

	DUT7
	2.3
	5.4
	11.9
	7.3
	5.8
	7.6
	3.8
	6.8
	2.2

	DUT8
	1.7
	-3.1
	-5.5
	36.4
	49.7
	-3.8
	40.0
	21.9
	1.8



Another graphical and geometrical representation of the results is given in Annex A. Figure 26 to Figure 29 illustrate the nine RLR values per DUT in an interpolated 3D-view.
Figure 10 to Figure 17 illustrate the RFR results for each device and each shift. Since nine curves are provided per figure, also the RFR in 1/3rd octave bands is shown for sake of clarity. In all figures, the tolerances according to clause 6.4.2 of 3GPP TS 26.131 [11] are provided and all frequency responses are adjusted to the upper tolerance for better (overall) comparison. The pass/fail status for each shift is indicated in the legend. Note that the legend is arranged and ordered according to the grid as shown in Figure 2 (e.g., S0 is in the centre of the legend as well as in the grid).
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[bookmark: _Ref55407506]Figure 10: RFR Results for DUT1 for different shifts in 1/3rd (left) and 1/12th (right) octaves
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Figure 11: RFR Results for DUT2 for different shifts in 1/3rd (left) and 1/12th (right) octaves
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Figure 12: RFR Results for DUT3 for different shifts in 1/3rd (left) and 1/12th (right) octaves
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Figure 13: RFR Results for DUT4 for different shifts in 1/3rd (left) and 1/12th (right) octaves
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Figure 14: RFR Results for DUT5 for different shifts in 1/3rd (left) and 1/12th (right) octaves
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Figure 15: RFR Results for DUT6 for different shifts in 1/3rd (left) and 1/12th (right) octaves
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Figure 16: RFR Results for DUT7 for different shifts in 1/3rd (left) and 1/12th (right) octaves
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[bookmark: _Ref55407516]Figure 17: RFR Results for DUT8 for different shifts in 1/3rd (left) and 1/12th (right) octaves
The robustness regarding shifted ECRP varies across the several DUTs (indepedent of the overall pass/fail states). As a first approach for quantification, the following (arbitrarily chosen) categories can be derived from the data:
· High robustness: DUT3, DUT7
· Medium robustness: DUT1, DUT4, DUT8 (expected; non-HaNTE device)
· Poor robustness: DUT2, DUT5, DUT6


Test 3b: Robustness (variation of fork position)
Table 11 provides the results of the RLR measurements for the robustness against different fork positions. For RLR values meeting the requirements of clause 6.2.2 of 3GPP TS 26.131 [7] (-1 to +5 dB), cells are colored in green (or in red for failing).
[bookmark: _Ref53755864]Table 11: RLR vs fork positions
	
	FP#1
	FP#2
	FP#3

	DUT1
	1.4
	0.4
	0.8

	DUT2
	-2.8
	-5.7
	-5.2

	DUT3
	3.1
	2.8
	2.8

	DUT4
	0.9
	1.2
	0.9

	DUT5
	2.7
	-0.6-2.4
	0.8-2.5

	DUT6
	3.2
	3.4 
	4.1 

	DUT7
	2.3
	0.5
	2.7

	DUT8
	1.7
	2.0
	2.0

	NOTE 1:	Since the RLR of DUT2 determined at position #2 and #3 equals the maximum RLR of the position #1, the measurements will be repeated and paying attention to the volume control.
NOTE 2:	DUT6 could not adequately be mounted in fork positions #2 and #3 (see Table 5).




Similar to the results of Test 3a, Figure 18 to Figure 25 illustrate the RFR results for each device and each fork position. Again, also the RFR in 1/3rd octave bands is shown for sake of clarity. In all figures, the tolerances according to clause 6.4.2 of 3GPP TS 26.131 [11] are provided and all frequency responses are adjusted to the upper tolerance for better (overall) comparison. The pass/fail status for each shift is indicated in the legend.
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[bookmark: _Ref55485404]Figure 18: Results for DUT1 of RFR for different fork positions in 1/3rd (left) and 1/12th (right) octaves
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Figure 19: RFR Results for DUT2 and different fork positions in 1/3rd (left) and 1/12th (right) octaves
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Figure 20: RFR Results for DUT3 and different fork positions in 1/3rd (left) and 1/12th (right) octaves

	[image: ]
	[image: ]


Figure 21: RFR Results for DUT4 o and different fork positions in 1/3rd (left) and 1/12th (right) octaves
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Figure 22: RFR Results for DUT5 and different fork positions in 1/3rd (left) and 1/12th (right) octaves
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Figure 23: RFR Results for DUT6 and different fork positions in 1/3rd (left) and 1/12th (right) octaves
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Figure 24: RFR Results for DUT7 and different fork positions in 1/3rd (left) and 1/12th (right) octaves
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[bookmark: _Ref55485410]Figure 25: RFR Results for DUT8 and different fork positions in 1/3rd (left) and 1/12th (right) octaves
Similar as for the results for Test 3a, the robustness regarding remounting at different fork positions varies across the several DUTs. As a first approach for quantification, the following (arbitrarily chosen) categories can be derived from the data:
· High robustness: DUT3, DUT4, DUT8 (expected; non-HaNTE device)
· Medium robustness: DUT5, DUT6
· Poor robustness: DUT1, DUT2, DUT7



Conclusion
The present document presented preliminary results of the HaNTE round robin test from lab2, which were obtained according to the test plan [1]. Several pecularities of the devices were described in order to reduce effort for the subsequent labs in the round robin test. As a slight modification to the original test plan  [1], the source proposes to use common volume settings for the round robin test in lab 3 and lab 4 (see Table 6).
Results for RLR and P.863 were provided as single values, results of the various RFR measurements for each DUT in aggregated graphs.
Test 1 (Speech Quality): Due to the low performance in frequency response for NOM and/or MAX, some devices cannot provide constant and acceptable quality across volume settings. However, since also good performance was achieved by other devices (e.g., DUT3 meets RFR requirement and MOS > 3.5), it seems definitely possible to provide acceptable quality for HaNTE-devices.
Test 2 (Privacy): RLRs up to 20 dB were obtained for some devices, which can lead to privacy issues. It seems like that some devices are more advanced regarding sound radiation than others.
Test 3a (Robustness vs. shifts): Large differences in performance regarding RLR and RFR could be observed. Only a few devices can be regarded as robust against shifts.
Test 3b (Robustness vs. fork positions): Most devices perform similar regarding the different fork positions. However, some devices show high deviations here, which have issues in the baseline frequency response as well.
The round robin test is lab 2 is still ongoing and results with Brüel & Kjær Type 4128 and Handset Positioner Type 4606 are currently being collected.
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Annex A: RLR vs shifts in 3D representation
Figure 26 to Figure 29 illustrate the nine RLR values per DUT in a 3D-view. The shifts in ECRP are indicated with S0 to S8 according to clause 3.4. For the nominal RLR range of 2 dB +/- 3dB, green color is used. For louder areas (< ‑2 dB), red color is used. Accordingly, blue color indicates softer areas (> 5dB). 
For inter- and extrapolation, a grid size of 0.5mm and linear 2D regression was used, which leads to exactly matching values at the shift positions. For the extrapolation, an arbitrary RLR of  +40 dB is assumed at the edges of the device.
[image: ][image: ]
[bookmark: _Ref55817799]Figure 26: (Interpolated) RLR values vs shifts in 3D representation for DUT1 and DUT2
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Figure 27: (Interpolated) RLR values vs shifts in 3D representation for DUT3 and DUT4
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Figure 28: (Interpolated) RLR values vs shifts in 3D representation for DUT5 and DUT6
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[bookmark: _Ref55817800]Figure 29: (Interpolated) RLR values vs shifts in 3D representation for DUT7 and DUT8
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