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1. Introduction
An RF-controlled spatial fading emulator has been proposed for a methodology of a MIMO over-the-air (OTA) testing in the 3GPP RAN4 #50 and #52 meeting [1]

 REF _Ref240093564 \n \h 
 \* MERGEFORMAT [2]. The objective of this contribution is to present a procedure of determining the structural parameters of the spatial fading emulator, which include a radius of a circle of the emulator and the number of antenna probes.
2. Discussion
The RF-controlled spatial fading emulator can directly produce multipath radio propagation environment by radio waves emitted from antenna probes arranged around a handset tested. The emulator can vary not only a Doppler frequency but also a spatial distribution of the incoming waves. An effective area for the antenna testing is determined by a radius of a circle arranging the antenna probes. In order to reproduce a narrow angular power spectrum (APS), a number of the antenna probes are needed. 
This paper presents a procedure of determining the structural parameters of the spatial fading emulator. The determination procedure is shown as follows;
1. A radius of the emulator is defined by power difference between waves radiated from the antenna 
probes.
2. The number of the antenna probe is determined by a fading correlation coefficient.
Figs. 1(a) and 1(b) show the configuration and arrangement of the antenna probes of the spatial fading emulator in an anechoic chamber [3], respectively. The angular power spectrum  of the spatial cluster of incoming waves is modelled by a Laplacian distribution in the following:
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where P and  are power and average direction of angle of the cluster.  is a standard deviation of the APS.
Fig. 2 illustrates the geometry for the fading emulator when the receiver is set near the center of the emulator. In this case, the distance between the receiving antenna (Rx) and the antenna probe #1 is smaller than any other distances. 

In the first step, we define the radius, r, of the emulator. Fig. 3 shows the power ratio of incoming wave emitted from each antenna probe. The wave power ratio (P/Po) is defined as a ratio of the wave power at the observation point and that at center of the emulator. d is the distance between Rx and center of the circle. As can be seen from Fig. 3, P/Po in the case of the antenna probe #1 increases with an increase in d/r. In this paper, we defined the effective area with regard to the wave power by P/Po of less than 2 dB. In the case of 7 antenna probes, 2 dB increase in P/Po causes only 0.4 dB increase in the average received power of the fading signal and 0.3 dB error at 1 % value of cumulative distribution of the received power of the Rayleigh distribution when the emulator produces uniform distribution of incoming waves. It is found from Fig. 3 that the effective area is obtained to be within a radius of 0.2r. For example, when the effective area with a radius of 0.3 m is desired, the radius of the circle of the emulator is needed to be more than 1.5 m. Thus, we made the emulator with a radius of 1.5 m. 
In the second step, we determine the number (L) of the antenna probes by the effective area of correlation coefficient between the two antennas (Rx1 and Rx2). Rx1 is set at the center of the emulator and Rx2 is located on the x-axis. The theoretical correlation coefficient for discretely-distributed APS is obtained as an absolute value of the complex fading correlation calculated by the following equation [3]:
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where k = 2 and p is the angle of Rx2 with respect to the x-axis. In the following investigation, p was set at 0 and , and d was /2. With regard to the APS,  was set at 0. Fig. 4 shows the correlation coefficient as a function of the number of the antenna probes in case of the Laplacian APS when the Rx2 is located on the x-axis. It is found from Fig. 4 that the number of antenna probes required for the accurate measurement of correlation coefficient increases as the standard deviation, , of the APS decreases. Fig. 5 shows the correlation coefficient in case of the Rx2 located on the y-axis. As can be seen in Fig. 5, the stability of the correlation coefficient of the Rx2 located on the y-axis needs more antenna probes than that of the x-axis case. It is concluded from this investigations that more than 29 antenna probes is necessary to measure the correlation coefficient between antennas with an error of 0.01 in the case of narrow APS with  of 35 degrees. If a little lax error were permitted, the number of the antenna probes could be reduced. For example, 15-antenna-probe configuration has an error of 0.03, and 8 probes give an error of 0.15.
As an additional investigation, we estimate an error when the  is not equal to the antenna probe. Fig. 6 shows the correlation coefficient between the two antennas (Rx1 and Rx2) when the  is set at the direction of the antenna probe #1, Type A, and set at the middle between the antenna probes #1 and #2, Type B. The number of the antenna probes was 15. Form this, the maximum difference between coefficient is observed to be only 0.06 for 15 antenna-probe configuration. In case of 8 probes, the difference of the correlation is 0.26, as shown in Fig. 7. The power difference between Types A and B is only 0.19 dB for the 15 probe case and 0.83 dB for the 8 probe case.
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(a) Experimental setup                               (b) Arrangement of the antenna probes
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Fig. 1 Experimental setup of the spatial fading emulator.

Fig. 2 Geometry for the fading emulator when the receiver is not set at the center of the emulator.
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Fig. 3 Power ratio of incoming wave emitted from each antenna probe when the emulator has 7 antenna probes.
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Fig. 4 Fading correlation as a function of the number of the antenna probes, L, in case of the Rx2 on the x-axis.
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Fig. 5 Fading correlation as a function of the number of the antenna probes, L, in case of the Rx2 on the y-axis.
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Fig. 6 Comparison between fading correlations when the number of the probes is 15. 
 is set at the direction of the antenna probe #1, Type A, 
and set at the middle between the antenna probes #1 and #2, Type B.
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Fig. 7 Comparison between fading correlations when the number of the probes is 8. 

 is set at the direction of the antenna probe #1, Type A, 

and set at the middle between the antenna probes #1 and #2, Type B.
3. Conclusion
In this document, a definition procedure of the structural parameters of the RF-controlled spatial fading emulator was performed. In the first step, radius of a circle arranging the scattering units was defined by an effective area for evaluating a handset antenna in the central area of the circle with respect to wave power at receiving point. From this, the effective area was obtained to be within a radius of 0.2r, where r is a radius of the emulator. In the second step, the number of the scattering units was determined by fading correlation coefficient. From this, 29 antenna probes were necessary to obtain a correlation coefficient with an accuracy of less than 0.01. The 15 antenna-probe configuration has an error of 0.03, and 8 probes give an error of 0.15.
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