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1 Introduction

A new Study Item (Measurement of radiated performance for MIMO and multi-antenna reception for HSPA and LTE terminals) was established in March 2009 [1]. The first proposed solution is based on an anechoic chamber and a multichannel emulator. It was presented in the 3GPP TSG-RAN WG4 meeting #50-BIS in Seoul [2]. In this contribution we discuss some results of experimental investigations of the proposed MIMO OTA system. The MIMO OTA test system is described by the figure 1.
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Figure 1. The MIMO OTA test system.

MIMO OTA comprises of following equipment

1) Test transmitter or communication tester

2) Multidimensional radio channel emulator capable of emulating joint delay angular behavior of the propagation (SCME, SCM, WINNER)

3) N pieces of antennas

4) Anechoic chamber

5) DUT with MIMO 

This contribution shows performance results of the proposed MIMO OTA solution.
2 Experimental test set-up
Originally these results are published in [3].
The following figure depicts the experimental test set-up. We used only one 90 degrees quadrant (i.e. we were not interested in the signals from the back, even though the GBSM models would yield that) to verify that are we able to see angular behavior in the lab and can we create predefined joint delay-angle channel models into DUT. It is worth of noticing that the experimental set-up is not according the concept definition in the sense that we use only 3 antennas in quadrant 
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Figure 2. Experimental test set-up and it’s interpretation in complete system.

The black dots refer the used antennas and the quadrant and the dashed dots means the antennas (plus the black dots)  means the antennas in circular geometry in test set-up. Thus the purpose of these limited antenna test set-up was to investigate:

1) does the system work

2) what is the accuracy

[image: image3.emf]
Figure 3. The experimental test set-up (by courtesy of Pulse Engineering, Kempele, Finland)
The DUT we used was 8 elements UCA antenna, capable to capture azimuth domain propagation effects.
[image: image4.emf]
Figure 4. UCA as DUT.

As a block diagram, the test set-up was following
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Figure 5. The experimental validation test set-up.

Measurements

The next step was to create the propagation environment that is known a priori with the radio channel emulator. The radio channel characteristics at the position of DUT is measured and estimated with a Radio channel sounder. Ideally, the channel seen by the DUT should match with characteristics of the pre-defined channel created by radio channel emulator.

The methodology how to map the original radio channel models to the OTA chamber is outlined in [1].

The following table lists the channel models used in the testing with the test set-up in figure 4.

Table 1. Channel models for Propsound tests
	Test case
	Model type
	Model details


	Calibration
	1 tap, constant
	Two antennas remain silent, one transmits

	AoA accuracy
	OTA model 
	AoA = -20(

	
	OTA model
	AoA = 0(

	
	OTA model 
	AoA = 5(

	
	OTA model
	AoA = 10(

	
	OTA model 
	AoA = 18(

	
	OTA model 
	AoA = 20(

	
	OTA model 
	Sweeping AoA = -20(…20(…-20(

	Correlation accuracy
	OTA model 
	Laplacian PAS with 5( rms AS, AoA = 0(

	
	OTA model 
	Laplacian PAS with 10( rms AS, AoA = 0(

	
	OTA model 
	Laplacian PAS with 15( rms AS, AoA = 0(

	
	OTA model 
	Laplacian PAS with 20( rms AS, AoA =0(


Results

2.1 Angle of arrival

The capability of creating desired AoA is investigated with the “AoA accuracy” channel models of Table 1. The resulting AoA extracted from the measurement by estimating power azimuth spectrum (PAS) at DUT by applying beam steering. The equation for power as a function of AoA is [2]
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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 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.
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Figure 6. AoA estimates applying beam steering. Targeted direction is a) 20(, b) 0(, c) -20(, d) 5(, e) 10(, f) 18(. Note! Only three antennas was used in this example measurement. However, the concept in general was developed to support at least 8 antennas. 
By visual inspection the estimated angle and the angle defined by the radio channel model is matching pretty well. 

2.2 3GPP SCM with OTA

When the channel model is 3GPP SCM [5], we get the following results. If the recorded impulse response (from multidimensional radio channel sounder) and the generated impulse response (from multidimensional radio channel emulator) are compared, we see following.
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Figure 7. Measured and original Power Delay Profiles (PDP).

The measured PDP overlaps closely to the original PDP. This means that we are able to create appropriate PDP to the chamber.

If the PAS (Power Azimuth Spectrum) is studied, as previously, we see following behavior.
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Figure 8. Aoa/PAS  in overall with SCM model.
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Figure 9. Aoa/PAS zoomed, compared to the tap weigths.

Remarkable thing to notice from the figure 9, we see that all the rest of the clusters match nicely to SCM AoA (black lines), except the AoA on – 5o (second strongest cluster), which is deviating from the green curve (which is the estimated PAS cluster by cluster). 

3 Conclusions

In this contribution it was discussed the performance of MIMO OTA system, depicted in figure 1. The results show that the MIMO OTA system of figure 1 is capable to reproduce the joint delay angle behavior to OTA chamber. This is essential feature of modern radio channel models, such as SCM, SCME and WINNER. The system is future proof, since also IMT-Advanced models are similar as the WINNER radio channel models. Thus this system is applicable for MIMO systems starting from 3G up to LTE-Advanced and beyond.
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