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1. Introduction
This document evaluates the spatial coherence of the sound field generated by a 4-channel loudspeaker configuration according to ETSI EG 202 396-1 [1], proposed for simulating the background noise for ambient noise rejection and noise reduction testing, [2].
ETSI EG 202 396-1 presents some results on the accuracy of the reproduction of the background noise, but all results are only on the spectral characteristics in a single point. 

For dual microphone devices not only the spectral characteristics in a single point is of relevance, but also the spatial characteristics of the sound field.

2.  Background
One property of the spatial characteristics of a sound field is the spatial coherence. 

The coherence spectrum shows to which extent two signals are linearly related to one another and is defined as
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are the cross power spectrum and power spectral densities of the signals 
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, respectively. 
The spatial coherence corresponds to the coherence spectrum of signals received at two distinct positions and recorded simultaneously. 
A source in a near field environment with no major obstacles for the sound propagation produces a coherent sound field. It is characterised by a high correlation between the received signals at two different positions, and the phase of the spatial coherence depends on the direction to the sound source and the distance between the positions. The magnitude of the spatial coherence functions equals one for all frequencies for a coherent sound field. 

In practice, many noise environments can be characterised as diffuse sound fields. The spatial coherence of a diffuse noise field is a function of the distance 
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 between the two locations and equals [2] 
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The theoretical spatial coherence for a diffuse noise field received by two microphones 10 cm apart is depicted in Figure 1.
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Figure 1: Theoretical spatial coherence function for a diffuse sound field.
3. Spatial coherence measurements
This section presents the spatial coherence estimates from the two inputs of a dual microphone device for three different signal scenarios. The distance between the two microphones of the device was approximately 10 cm, and the analysis is based on a 30s recording for each scenario.
Short time signal spectra are computed using the discrete fourier transform (DFT) of frames of 20 ms, windowed by a Hanning window. The short time spectra are exponentially averaged using an averaging factor 0.01 to produce averaged spectra that are used for estimating the spatial coherence spectrum. For the speech signal, the spectra are only averaged for frame power greater than –40 dBovl in order to avoid a bias of the coherence estimate due to the silent periods of the speech.
Figure 2 displays the averaged spatial coherence and the standard deviation for a speech signal produced by a HATS and the device positioned with the ear piece at ear reference point of the HATS. As expected, the coherence function is close to unity for all frequencies which should be the case for a point source in the near field.  
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Figure 2: Spatial coherence for near field speech.
Figure 3 displays the spatial coherence function for a recording in a car driving at a motorway with the device held as in a conversation. The estimated spatial coherence has a roll-off similar to the expected theoretical spatial coherence for a diffuse field noise. 
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Figure 3: Spatial coherence for background noise in live car recording.
Figure 4 displays the spatial coherence for a background noise generated according to ETSI EG 202 396-1 [1], again with the earpiece of the device at the ear reference point. For this recording, it can be noticed that the estimated spatial coherence is not of the form as expected for a diffuse field noise and differs significantly from the live recording, Figure 3.
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Figure 4: Spatial coherence for background noise in lab environment.
4. Conclusions

The example presented in this document shows a discrepancy of the spatial coherence between the background noise simulated according to [1] and a live recording of the background noise in a similar scenario. 
This indicates that the spatial properties of the simulated sound field may not be representative for live conditions. This may have an implication on the laboratory test results obtained for devices that exploits the spatial characteristics of the sound field.

Due to this uncertainty on the accuracy of the spatial characteristics of the sound field, it is proposed that for 3GPP TS 26.131 any results for noise types except pink noise are informative only, and that the requirements are based on pink noise with non-coherent signals from the four loudspeakers.
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