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1 Introduction

This contribution presents proposals for SWB/FB terminal acoustics. We suggest keeping the measurement at one position at least in the sending direction. We also bring some data to support some proposed frequency masks.
2 Example measurement for a real terminal 

We measured the (1/3 octave) frequency response of a smartphone using a proprietary softphone implementing the EVS codec (floating-point, v13.0.0) in SWB. The test conditions are summarized below:

· EVS audio bandwidth: SWB
· EVS bitrate: 24.4 kbps
· Sound card sampling frequency: 48 kHz
· Test signal: P.501 English sentences
Tests were conducted with a DUT placed on a Head Acoustics HATS. A call was established using a softphone running the EVS-SWB codec at 24.4 kbps and a wireless link (Orange LTE network). Measurements were repeated 5 times in sending and receiving direction. The frequency response was calculated for each 5 measurement. Between each measurement, the device under test (DUT) was dismounted and remounted on the HATS. A reference microphone (Bruel & Kjaer) was used and placed close to the DUT microphone. 
2.1 Validation of intrinsic EVS codec response at 24.4 kbps

The softphone was run in loopback mode to evaluate the contribution of the EVS codec only (at the electrical level). Results are similar to S4-AHQ094, noting that S4-AHQ094 operated the EVS codec (fixed point, v12.1.0) at 32 kHz and not 48 kHz. Note that a level shift was introduced in the audio chain and this offset should be considered irrelevant here.
2.1.1 EVS-SWB


2.1.2 EVS-FB (for information)


2.2 Real terminal testing for the EVS-SWB case

2.2.1 Sending direction (handset)

The figure below depicts the DUT sending frequency response measured in 1/3 octave bands. Note that no frequency equalization was implemented in the softphone. 


To better interpret this results, the figure below depicts the frequency response of the reference microphone located close to DUT primary microphone, which allows checking the influence of the HATS mouth directivity.

In this case it can be observed that the sending frequency response is mostly dominated by the mouth directivity; the 5 repeats gave very close results.
The indicative frequency mask shown in the above figures is based on TS 26.131 v13.1.0, Table 17, modified as follows:
Table 17: Handset and headset sending sensitivity/frequency requirement mask
	Frequency (Hz)
	Upper limit (dB)
	Lower limit (dB)

	100
	3
	

	200
	3
	-3

	5000
	3
	-3

	12500
	3
	-5

	16000
	3
	

	NOTE 1:	All sensitivity values are expressed in dB on an arbitrary scale.
NOTE 2: 	Values within [] are provisional and expected to be defined as single values based on future studies.


Note that the same measurements on another HATS model are planned to validate the reproducibility with different test equipments.
2.2.2 Receiving direction (handset)
The figure below depicts the DUT receiving frequency response measured in 1/3 octave bands. Note that no frequency equalization was implemented in the softphone. 


In this case it can be observed that the 5 repeats (at the same position on HATS) give very close results except for the 16kHz center frequency.
The indicative frequency mask shown in the above figure is based on TS 26.131 v13.1.0, Table 19, modified as follows:

	Frequency (Hz)
	Upper limit (dB)
	Lower limit (dB)

	100
	5
	

	200
	5
	-8

	250
	5
	-5

	5000
	5
	-5

	12500
	5
	-11

	16000
	5
	

	NOTE 1:	All sensitivity values are expressed in dB on an arbitrary scale.
NOTE 2: 	Values within [] are provisional and expected to be defined as single values based on future studies.




3 Discussion

Regarding the need to repeat SWB frequency measurements, we do not think it is appropriate to consider averaging over different positions. For repeats at a single position, the averaging does not seem justified, at least in the sending direction, based on the results presented in Section 2. It is important to recall that manufacturers can specify the position of the DUT on the HATS.

We suggest targeting in a first step the definition of mask in sending direction. Complete information on the mouth directivity of different HATS model seems essential for this task. The present contribution may be updated with additional results, if available for SA4#87 (other HATS model, other DUTs). Inputs on this topic from other companies would be invited.

One potential approach to converge on a set of masks for the SWB handset case might be to extend (in sending / receiving) the flat portion of the lower limit up to a given limit frequency (e.g. 10 kHz in sending and 8 kHz in receiving) with potentially no additional constraints for frequencies above this limit frequency; for the sending direction the lower limit of the frequency mask may be extended down to 160 Hz. This has to be confirmed by additional measurements and one should still verify that this would ensure quality differentiation with respect to the wideband case. 
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