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1. Introduction
In the 3GPP RAN4 #50-bis meeting in Seoul, a configuration of a RF-controlled spatial fading emulator was presented as one candidate of methodology to perform a MIMO over-the-air (OTA) testing for a handset with multiple antennas [1]. The objective of this contribution is to present a procedure of producing multipath fading and an ability of handset evaluation compatible with the present 3GPP OTA testing in free space.
2. Discussion

The RF-controlled spatial fading emulator presented in this contribution is one of the MIMO OTA solutions discussed in the COST2100 meeting [2].
Figure 1 illustrates one example of configurations of the emulator for a 2-by-2 MIMO OTA testing for handset antenna. The two signal generators are connected to the two sets of the RF-controlled attenuator and phase shifter via the delay circuits. The delay circuits produce delay waves in temporal domain. The phase shifters are used for changing the phase of the RF signal in order to produce a multipath fading environment. The RF attenuators can be used as a generator of the angular power spectrum in spatial domain. In this configuration, separation of the two sets of the RF circuit and delay circuit for each of MIMO signals enables us to independently control each signal, for example, initial phases of the RF signal, angular power spectrum (APS), delay characteristics, and so on. With regard to the present 3GPP OTA testing for a single input single output (SISO), one of the two signal generator can be used for evaluation. The cross-polarisation power ratio (XPR) is defined as the ratio between vertical radiated power and horizontal radiated power of a scattering unit.
Figure 2 shows photographs of the fading emulators with 31 scattering units suitable for a narrow APS (ability for  of 10 degree) and 7 scattering units for a uniform distribution in an anechoic chamber. The DUT is set at the center of the circle of the scattering units. Firstly, we describe channel response [3], using for the emulator, between the m-th BS antenna and the n-th handset antenna for M-by-N MIMO radio communication system. The APS, , 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. The channel response is calculated by following equation:
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where En and fD are radiation component of the n-th handset antenna and the Doppler frequency. 0 is the direction of motion and i is the direction of the i-th scattering unit. mi is initial phase of the signal radiated from the i-th scattering unit. The waves radiated from each base station (BS) antenna are uncorrelated each other. For the investigation of MIMO antennas, the waves from different BS antenna are represented by different sets of initial phases, mi, of the waves. In the case of the uniform distribution of incoming waves, e.g. Clark model,  has a uniform value of P/(Km). Thus, the channel response is obtained by following equation:
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Figure 1: Configuration of the emulator for a 2-by-2 MIMO OTA testing.
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(a)                                                                    (b)

Figure 2 Photographs of the fading emulators. (a) 31 scattering units suitable for a narrow APS. (b) 7 scattering units for a uniform distribution.

This testing system has the advantage of handset evaluation compatible with the present 3GPP OTA testing in free space, a far-field measurement, because the emulator is operated in a radio frequency band. The 3GPP document [4] from the COST presents figure of merits (FOMs); 
1. MIMO Throughput
2. Total Receiver Sensitivity (TRS), Total Radiated Power (TRP), 
3. CQI BLER (FRC)MIMO Throughput (FRC), 
4. Antenna Efficiency, Mean Effective Gain (MEG),
5. Antenna gain imbalance, Spatial correlation coefficient, MIMO channel capacity.

In this proposal, we examine some of the FOMs by a continuous sinusoidal wave (CW) using a vector network analyzer and the emulator with 31 scattering units at 2 GHz. 
Figure 3 shows a rotator of the handset antenna, which can be used for a 3-dimensional spherical radiation pattern measurement.
Figure 4 shows a handset antenna with two monopoles (MONO1 and MONO2) and two PIFAs (PIFA1 and PIFA2) at 2 GHz and radiation patterns of the MONO1 and PIFA1.
In this contribution, we perform antenna evaluations applying the spatial channel model (SCM) [5] of 3GPP to the emulator. Thus, APS of the incoming waves for the handset antenna in the horizontal plane is modelled by a Laplacian distribution, equation (1), with  and  of 67.5 degrees and 35 degrees, respectively. Figure 5 shows the results of the FOMs measured by the emulator. A cross polarization power ratio (XPR) was set at 8 dB. In the calculation of the MIMO channel capacity, input signal-to-noise power ratio (SNR) is set at 30 dB. It is found from the figures that the agreement between the results measured by emulator and in the far field measurement is very good. It is concluded from the above investigations that the emulator can be utilized for the OTA testing in a far field measurement as well as the OTA testing in a multipath fading environment.
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(a)                                                              (b)

Fig. 3 Rotator for three-dimensional radiation pattern measurement. (a) Configuration. (b) Photograph.
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                    (a)                                                                 (b)                                                      (c)
Fig. 4 (a) Configuration of the handset antenna and radiation patterns of the handset antenna, (b) MONO1. (c) PIFA1.
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Fig. 5 Measured results of the FOMs using the MONO1 and PIFA1. (a) Correlation characteristics. (b) MIMO channel capacity in case of SNR = 30dB. (c) Mean effective gain. (d) Antenna imbalance.
3. Conclusion
In this document, an RF performance evaluation of a handset MIMO antenna using an RF-controlled spatial fading emulator, one of the candidates on the COST2100, has been presented. From evaluations of a handset array using the emulator in a multipath condition of the 3GPP spatial channel model (SCM), the emulator is effective in the present OTA testing of the 3GPP as well as that for a MIMO antenna in a multipath fading environment. In the next meeting, we will make a throughput evaluation of a handset MIMO using the emulator in the SCM and/or SCME models.
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