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Introduction

Recently methods for MIMO over-the-air (OTA) terminal testing have been discussed in COST 2100 (SWG 2.2) [1] – [8], [13], [14] and also in 3GPP RAN4. The purpose of the MIMO OTA test set-up is to evaluate the performance of multi-antenna terminals. Realistic multi-dimensional channel models are required for that purpose as discussed in [8]. There it is also identified that the geometry based stochastic models (GSCM) are the most suitable for MIMO OTA testing. The GSCM include SCM, SCME, WINNER and IMT-A models [9-11]. TGn models [12] also have geometric parameterisation; however they don’t belong to the GSCM family, because they are not drop-based models. In this paper we continue the topic of TD [13] to verify the MIMO OTA set-up with further simulations and measurements.

The set-up for MIMO OTA testing is depicted in figure 1. A communication tester or a base station emulator transmits e.g. two parallel signals. A fading emulator performs convolution of Tx signals with channel model impulse responses. Fading emulator outputs are connected to a number of OTA antennas inside an anechoic chamber. OTA antennas radiate the signals to the device under test (DUT) at the centre of a ring of OTA antennas. The purpose is to generate a desired propagation environment in the test volume around DUT.
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Figure 1. The MIMO OTA concept

Verification

The setup for OTA simulations with Matlab™ is sketched in Figure 2. In the simulations fading signals are generated with a channel model implementation. Then the signals are weighted and mapped to OTA antennas. The signals are transmitted from a number of OTA antennas and received by a number of DUT antennas. In the following subsections characteristics of the received signals are analyzed.

Simulations for conductive set-up are more traditional. There we analyzed time-variant channel impulse response matrices 
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 generated by SCME or TGn model implementations. For details of the structure and generation of the channel matrices see e.g. [9] and [12].

OTA measurements for Power delay profiles were performed with Propsound™ channel sounder. The measurement system with details is explained in [7]. Measurement data for SCM amplitude distribution was obtained as an offshoot of the throughput measurement described in [14]. The measurement device in that case was RACE 4G platform of Elektrobit.
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Figure 2. Illustration of the OTA Matlab simulation system. Black spheres denote OTA antennas, white crosses denote DUT antenna. Field strength of the created instantaneous electric field is plotted with magnitude related colour coding.

The key channel model parameters of the MIMO OTA systems to be verified are.

· amplitude fading (Rayleigh)

· Doppler spread

· angle of arrival

· spatial correlation

1.1 Amplitude distribution 

Simulated amplitude distribution of conductive TGn model and corresponding OTA set-up is presented in Figure 3. Original TGn fading coefficients are generated by filtering complex Gaussian noise. Amplitude probability distribution functions (PDF) and cumulative distribution functions (CDF) are compared to the theoretical Rayleigh distribution which results from the isotropic scattering in the azimuth plane. The amplitude distribution follows perfectly Rayleigh distribution as we can read from the figures. The Figure 3 shows that the MIMO OTA solution is capable to reproduce accurate Rayleigh fading.
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Figure 3. Simulated and theoretical amplitude probability distribution functions (a) and cumulative distribution functions (b) of the fading coefficient. Channel model is a single tap of TGn scenario B.

1.2 Power delay profile

Measured power delay profiles (PDP) of SCME Urban macro and micro TDL models are illustrated in Figure 4 a) and b). As in the similar result presented in [7], the measured PDP has a good match with the original SCM TDL model PDP. In SCME the bandwidth extension is obtained by spreading the SCM spatial clusters (paths) in delay domain on three different delay positions (0, 5 and 10 ns). The measurement resolution in delay domain is such a low that the three delay components (mid-paths) were not resolvable. Note that this measurement was done to verify the delays, not the amplitudes of the multipath components. The variation in the power of different multipaths is caused because of the non-uniform antenna pattern of the measurement antenna and different AOA of each cluster.
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Figure 4. Measured power delay profiles of SCME Urban macro a) and Urban micro b) scenarios. The original SCM PDPs plotted with red circles are from [10, Table 5].

1.3 Doppler spectrum

The simulated Doppler spectrum in SCM case is depicted in Figure 5 below. The Doppler spread coincides with the theoretical maximum fmax both in OTA and the conductive SCM model. The actual shape is, as in SCM, rather difficult to interpret, because it is not specified explicitly but results from arrival angles and the virtual motion of the DUT. In the Doppler spectrum the contribution of all the multipath components (clusters) is present.
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Figure 5. Simulated Doppler power spectrum of SCME Urban macro model. The resulting spectrum in OTA case is plotted on blue curve and in the conductive case on red curve.

Figure 6 depicts the Doppler spectra specified in the TGn model and the Doppler spectra simulated with the OTA set-up. Figure 6 a) presents the “Bell” shaped spectrum, which is the basic shape in TGn. In Figure 6 b) is the “Bell with spike” spectrum with high frequency component from scenario F of the TGn model. In the simulation only one multipath component (cluster) was investigated. The simulated and specified spectra coincide well.
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Figure 6. Simulated and specified Doppler power spectrum in the case of the “Bell” a) and the “Bell with spike” b) shaped spectra. Blue curve is the simulated Doppler with OTA set-up and red curve is the target specified in TGn model.

1.4 Angle of Arrival

The worst (the most difficult) situation is when the desired angle of arrival is between the antenna probes. The desired angle of arrival is simulated by using several probes. The resulting AoA extracted from the measurement by estimating power azimuth spectrum (PAS) at DUT by applying beam steering [17], [18]. The received power as a function of AoA is [16], [17].

[image: image11.wmf](

)

(

)

(

)

q

q

q

a

R

a

xx

H

P

=

,

where a is the well known steering vector of antenna array and 
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 is the correlation matrix of received signal vector. The steering vectors are scanned over all the possible azimuth angles. The correlation matrix is recorded from the DUT itself. 

In the following figure we have computed the power azimuth spectrum in various cases listed in Table 1.
	a) Desired AoA = 0°
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	b) Desired AoA = 5°
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	c) Desired AoA = 10°
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	d) Desired AoA = 18°
[image: image16.png]AS
©  OTAantennas

120 60

150

180

210

270






Figure 6. AoA estimates applying beam steering. 
By visual inspection the estimated angle and the angle defined by the radio channel model is matching pretty well. 

1.5 Spatial correlation

The spatial correlation function is depicted Figure 7. Two different OTA antenna configurations are simulated.  Figure 7 a) has 8 OTA antennas with 45( spacing and b) has 16 OTA antennas with 22.5( spacing. In the OTA simulation an omni-directional power azimuth spectrum was modeled. OTA simulations match well with the theoretical curve. 
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Figure 7. Simulated and theoretical spatial correlation functions. 
Conclusions

In this paper our purpose was to demonstrate the capability of MIMO OTA set-up, depicted in Figure 1, to create the characteristics of radio channel models (SCME or TGn) inside an anechoic chamber.
The measured PDP overlaps closely to the original PDP. The simulations show that Doppler spectra match well to the corresponding spectra of reference models and conductive simulations. The measured AoA is very accurately the same as desired (model). Also the simulated spatial correlation in the OTA case coincides well with the theoretical Bessel function. 

Simulations and measurements verify the capability to generate desired propagation characteristics inside the test volume using MIMO OTA set-up. 
The key parameters were verified.
· amplitude fading (Rayleigh): OK
· Doppler spread: OK
· angle of arrival: OK
· spatial correlation: OK
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