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1. Introduction
Commercial deployment of EVS super wideband terminals and networks is rapidly approaching, urging MNOs and device manufacturers to prepare specifications and validate performance of terminals. Yet, the super wideband and full band UE frequency response masks in 3GPP TS 26.131 [1] only contain a range of agreed values, within which, the final masks are to be agreed 
While microphones used in commercial UEs often present a wide operating acoustic bandwidth, satisfying other applications such as video recording and even ultrasonic motion sensing, concerns have been raised on the challenges to deliver the bandwidth required for super wideband communication on the receive side. See e.g. [2].

It is the source’s understanding that no contribution has been made available yet that demonstrates the results that can be expected in practice, using the new analysis method of 1/3rd octave bands (previously 1/12th resolution was specified for WB and NB) [3], and the extended diffuse-field correction curve to 20kHz that is specified in ITU-T P.58 [4].
This contribution presents SWB/FB handset receive frequency response measurement results for one exemplary device. Repeatability of measurements and dependence to position are evaluated. While this contribution shows that it is possible to meet the mask range currently specified in [1], special care must be taken with test procedure, in light of the sources of variation present at those frequency ranges.
2. Experimental Methods
2.1. Devices
The results presented are based on a recent Qualcomm reference design that employs a 6x15x2.0mm receiver (a typical small/thin receiver used in modern smartphones, designed to meet 3GPP NB/WB specifications).
2.2. Speech material

The test signal used for all measurements was the British-English single talk sequence described in ITU-T Recommendation P.501, according to the procedure from 3GPP TS26.131 [3], clause 9.4.2

2.3. Recording method
The test signal level was set to -15dBV and the signal was played through an Audio Precision APX555, connected to a B&K amplifier with 0dB gain driving the earpiece. The UE was mounted on a B&K 4128C HATS at different positions, and the signal at DRP was recorded with the Audio Precision unit operating at 24bit resolution and 192kHz sampling rate. All recorded signals were converted to 16bit/48kHz within the APX unit, prior to exporting the *.wav recordings.
2.4. Handset positioning
2.4.1. Variations in positioning
In order to understand the variation in response for typical holding positions, 9 different measurements were conducted with different placement of the handset UE on HATS. The positioning of the handset UE on HATS was accomplished with the help of a Bruel & Kjaer Type 4606 Handset Positioner. While these 9 positions certainly do not cover the entire range of possible holding scenarios, they are useful in comparing the variation in response that can be expected in practical use.
The test protocol was such that, between each different measurement, the handset UE was removed completely from the handset positioner and then mounted with the new positioning settings.
The different positioning settings for measurements a,b,c,d,e,f,g,h,I are reported in table 1, adapted from: http://www.bksv.com/doc/HandsetPositionerTable.pdf
Table 1 – Type 4606 Handset positioner settings for 9 different measurement positions of DUT

	 
	Centering Fork

	 
	Front
	Rear

	Measurement
	a
	b
	c
	d
	e
	f
	g
	h
	i
	a
	b
	c
	d
	e
	f
	g
	h
	i

	Offset [mm]
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	Socket position [1-5]
	2
	2
	2
	2
	2
	2
	2
	2
	2
	5
	5
	5
	5
	5
	5
	5
	5
	5

	 
	Support Foot

	 
	Front
	Rear

	Measurement
	a
	b
	c
	d
	e
	f
	g
	h
	i
	a
	b
	c
	d
	e
	f
	g
	h
	i

	Height [mm]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Offset [-5 to 5]
	0
	0
	0
	-5
	5
	0
	0
	0
	0
	0
	0
	0
	-5
	5
	0
	0
	0
	0

	Socket position [1-5]
	1
	1
	1
	1
	1
	1
	1
	1
	1
	5
	5
	5
	5
	5
	5
	5
	5
	5

	Spike [position,type]
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1

	 
	End Stop

	Measurement
	a
	b
	c
	d
	e
	f
	g
	h
	i

	End stop [mm]
	10
	8
	15
	13
	13
	8
	8
	8
	8

	 
	Angle Settings

	Measurement
	A
	b
	c
	d
	e
	f
	g
	h
	i

	A [deg]
	21.2
	21.2
	21.2
	21.2
	21.2
	21.2
	35
	35
	15

	B [deg]
	-12.9
	-12.9
	-12.9
	-12.9
	-12.9
	0
	-12.9
	0
	-12.9

	C [deg]
	0
	0
	0
	0
	0
	0
	0
	0
	0

	 
	ym axis

	Measurement
	a
	b
	c
	d
	e
	f
	g
	h
	i

	Application Force [N]
	8
	8
	8
	8
	8
	8
	8
	8
	8

	ERP-position [mm]
	-2
	-2
	-3
	-5
	-3
	-4
	-2
	-3
	-3

	 
	MECRP

	Measurement
	a
	b
	c
	d
	e
	f
	g
	h
	i

	Distance from actual ECRP

	Ye [mm]
	3.5
	0
	7
	7
	7
	0
	0
	0
	0

	Ze [mm]
	0
	0
	0
	-5
	5
	0
	0
	0
	0


2.4.2. Repeatability of measurement for the same handset positioner settings
In order to understand the repeatability of measurements for a given handset UE position, 10 different measurements were conducted with the same handset UE positioning on HATS.
The test procedure was such that, between each different measurement, the handset UE was removed completely from the handset positioner and then mounted again.

The positioning setting for these measurements is reported in table 2.

	 
	Centering Fork

	 
	Front
	Rear

	Offset[mm]
	2
	2

	Socket position [1-5]
	2
	2

	 
	Support Fork

	 
	Front
	Rear

	Height[mm]
	0
	0

	Offset [-5 to 5]
	0
	0

	Socket position [1-5]
	1
	1

	Spike [position,type]
	-1
	-1

	 
	End Stop

	End stop [mm]
	8

	 
	Angle Settings

	A[deg]
	21

	B[deg]
	13

	C[deg]
	0

	 
	ym axis

	Measurement
	b

	Application Force[N]
	8

	ERP-position[mm]
	-2

	 
	MECRP

	Distance from actual ECRP

	ye[mm]
	0

	Ze[mm]
	0


2.5. Data treatment

The recorded energy in each 1/3rd octave band is referred to the energy of the original source signal in each 1/3rd octave band, following the procedure in [3] clause 9.4. The data is normalized to the energy at the 1kHz band and corrected by subtracting the sound pick-up diffuse field frequency response of the HATS, taken from [4]. It must be noted that [3] currently points to ITU-T P.57 for the correction factors so [3] may need review.

2.5.1. Note on DRP-Diffuse-field correction
Table 3 of reference [4] is reproduced here for convenience. It is worth noting the large tolerances of HATS in the upper frequency range. These large tolerances may want to be considered when specifying the receive frequency response mask.
[image: image1.emf]
[image: image2.emf]
3. Results

Figure 1 shows the resulting frequency response (without use of equalization) of the handset UE under test for different holding positions. The average response is also reported. 

Below ~ 2.5kHz, the response shifts in level due to the different acoustic coupling involved with the different positions. In the region above 8kHz, also large variations are found due to the directionality of the high frequencies involved and interaction of the handset earpiece with the HATS pinna.

It can be seen that the averaged earpiece response essentially meets the larger tolerance range RFR mask of [1], even without any correction filtering which is often applied during electroacoustic tuning of the handset UE.
Figure 1
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Figure 2 shows the repeatability of the measurements for a single handset mounting position. Below 5kHz there are essentially no variations in response other than an overall level shift. However, above 5kHz larger variations are seen, especially in the 12.5kHz band.
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4. Proposal

The source proposes that the receive frequency response mask performance objective follows the stricter values of the ranges currently agreed. Single component earpieces of reasonable size are available in the market that can deliver the extended bandwidth available. However, for the mandatory receive frequency response mask, an additional tolerance must be given in the upper band to account for the published tolerance of HATS itself and the larger measurement repeatability issues of SWB. It is further proposed that an average of 5 measurements is used when reporting super wideband or full band receive frequency response results.
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