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1 Introduction

Recently, methodologies for MIMO over-the-air (OTA) terminal testing have been discussed in COST 2100 (SWG 2.2), in COST IC1004, in CTIA MOSG, and in 3GPP RAN4 (MIMO OTA SI). The purpose of the MIMO OTA test set-up is to evaluate the OTA performance of multi-antenna terminals. Realistic multi-dimensional channel models are required for that purpose as discussed in [1] and in [2]. It was 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 [3], [4], [5]. To prepare the GSCM model around mobile terminal, a special test set-up is needed. 
In 3GPP, three fundamentally different approaches have been proposed, namely reverberation chamber based methodologies, anechoic chamber based methodologies, and two-stage methods. This paper focuses on the methods to evaluate and verify the implemented channel model. As a reference, parameters of the implemented channel model are compared against:

· Power delay profiles of SCM Urban Macro / SCME Urban Micro

· Doppler Spectrum

· Spatial Correlation

· Polarization

2 Measurement Setups
Figure 1 shows the elements of MIMO OTA. A base station emulator (BSE) transmits e.g. one or two parallel signals. This is common to all methodologies. UE is also the same for all methodologies. The only differentiating element is radio channel implementation.
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Figure 1. Elements of MIMO OTA.

This contribution discusses the verification of radio channel implementation using a simple setup. As an example, results from a verification of key parameters for anechoic chamber based methodology are shown.

2.1 Network Analyzer (VNA) Setup

Most of the measurements are performed with a VNA. An example set of equipment required for this set-up is shown in Figure 2. VNA transmits frequency sweep signals thorough the MIMO OTA test system. A test antenna, within the test area, receives the signal and VNA analyzes the frequency response of the system. A number of traces (frequency responses) are measured and recorded by VNA and analyzed by a post processing SW, e.g., Matlab. Special care has to be taken into account to keep the fading conditions unchanged, i.e. frozen, during the short period of time of a single trace measurement. The fading may proceed only in between traces. Exactly the same setup is applicable for both reverberation and anechoic chamber based methodologies.
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Figure 2. Setup for VNA measurements.

With this setup the following parameters can be measured:

· Power delay profiles of SCM Urban Macro / SCME Urban Micro

· Spatial Correlation

· Polarization
2.2 Spectrum Analyzer (SA) Setup

The Doppler spectrum is measured with a Spectrum analyzer. In this case a Signal generator transmits CW signal through the MIMO OTA test system. The signal is received by a test antenna within the test area. Finally the signal is analyzed by a Spectrum analyzer and the measured spectrum is compared to the target spectrum. Exactly the same setup is applicable for both reverberation and anechoic chamber based methodologies.
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Figure 3. Measurement setup for SA measurement.

With this setup the following parameters can be measured:

· Doppler Spectrum

3 Example Results

The measurement results from anechoic chamber based system are presented in the following sub sections.
3.1 Power delay profiles (PDP) 
PDP of SCME Urban macro and micro TDL models are illustrated in Figure 4 a) and b). The measurements were done by the  channel sounder setup. The measured PDP has a good match with the original SCM TDL model PDP. Note that this measurement was done to verify the delays, not the amplitudes of the multipath components. The variation in the power of different multi-paths 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 a) SCM Urban macro and b) SCME Urban micro scenarios.
PDP was also measured by the VNA setup Figure 4. The result is shown below. In this case, the channel model had four taps in 200 ns spacing, amplitudes 0, -3, -6, and -9 dB. The measurement result matches very well with the channel model. Again, the main focus here was to verify the delays. 

[image: image6.emf]
Figure 5. PDP measured by VNA.

3.2 Doppler spectrum

Doppler spectra are measured with the Spectrum analyzer setup. The measured classical Jakes and SCME Doppler spectra are shown in Figure 6, Figure 7, and Figure 8. The results are as expected. In Figure 7 the Ricean K-factor of the underlying line-of-sight channel model is estimated. The K-factor is difficult to estimate accurately, but a rough approximation can be obtained based on the measured Doppler spectrum.
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Figure 6. Classical Doppler spectrum.
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Figure 7. SCME Doppler spectrum, K = 10 dB.
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Figure 8. SCME Doppler spectrum, single cluster, NLOS.

3.3 Spatial correlation

The measured correlation for different angular spreads and different antenna spacing is shown in Figure 9. In this case a virtual array (moving antenna) was used. A test antenna was moved with a positioner along a segment of line to sample the locations depicted on the horizontal axis of Figure 9. The measured spatial correlation proofs the concept. VNA traces are measured in a number of virtual antenna array positions for a number of fading conditions (e.g. time instants of a fading pattern). Finally a time ( space matrix of VNA traces is measured. Frequency responses between positions are correlated over the time. The result is a measured spatial correlation as shown in Figure 9. The measured correlations are absolute values of complex correlation coefficients. The correlation error increases when the antenna separation approaches the maximum test area size supported by eight uniformly spaced OTA antennas. 
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Figure 9. Measured spatial correlation.

3.4 Polarization

The polarization dimension is evaluated by investigating XPR values. With typical MIMO channel models, the exact polarization state is not specified. Thus it is not feasible to compare polarization states. In the measurement a target model was defined, with five different XPR values. The average power, received by a vertically polarized test antenna, is the measurement result. Because Tx (base station) antenna was also vertically polarized ideal element, we get the simulated XPR directly by observing the Rx power and compensating out the path loss. The actual power measurement is performed with the VNA setup. Result of the polarization test is shown in Figure 10. The target XPR values were {20, 10, 0, -10, -20} dB. 
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Figure 10. Measured XPR.

4 Discussion and Proposal

In this paper our purpose was to demonstrate a simple and effective technique to verify the implementation of the channel models by the proposed candidates and their ability to re-create the characteristics of radio channel models (SCME). The set-up is shown in Figures 2 and 3. 
Example results from anechoic chamber based methodologies show that the measured PDP overlaps closely to the original PDP. Additionally, measurements show that Doppler spectra match well to the corresponding spectra of reference models. Also the simulated and measured spatial correlation in the OTA case coincides well with the theoretical Bessel function. The methodology makes it possible to adjust XPR as well. 
Each methodology should report the results from the four dimensions of MIMO channel, namely delay (PDP), Doppler, spatial correlation, and XPR. For the anechoic chamber based methodologies, the implementation of the channel model for these dimensions are 
	Item
	Parameter
	Result

	1
	Power delay profile
	OK

	2
	Doppler Spread
	OK

	3
	Spatial correlation
	OK

	4
	XPR
	OK


We propose that each implementation of channel model is verified using the proposed setup.
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