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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 multi-channel fading emulator. It was presented in the 3GPP TSG-RAN WG4 meeting #50-BIS in Seoul [2], and again in the 3GPP TSG-RAN WG4 meeting #51 in San Francisco [8]. This contribution present some updates to the same solution.

In this contribution we discuss technical advances of the test method based on measurements in an anechoic chamber and a multi-channel fading emulator.
The proposed MIMO OTA test setup is composed of a number of OTA chamber antennas, a multi-channel fading emulator, an anechoic chamber, communication tester / BS emulator and a device under test (DUT) i.e. UE [3]. The following figure depicts an example of the OTA concept. The purpose of the figure is not to restrict the implementation, but rather to clarify the general idea of MIMO OTA concept. For simplicity, uplink cabling is not drawn here.
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Figure 1. Example of MIMO/Multi-antenna OTA test setup (Uplink signal path omitted in the figure).
The DUT (UE) is located at the center of the anechoic chamber. The idea of locating DUT into center provides a possibility to create a radio channel environment where the signal can arrive from various possible directions simultaneously to the DUT. This is the key aspect of the wideband MIMO radio channel models are implemented today. These models include 3GPP SCM, SCME, WINNER and IMT-Advanced [5], [6], [7]. These models belong to the category of Geometry-based Stochastic Channel Models (GSCM) which is very attractive for the MIMO OTA, because they have natural angular behavior and they are based on the real channel measurements. 

Delay spread, Doppler spread, path loss, and shadowing were the only effects that were modeled for a radio channel before MIMO testing. Path loss and shadowing are large scale (power scaling) parameters and are typically not modeled in link level testing with a fixed SNR. Delay and Doppler spreads seen by the terminal receiver were not often characterized jointly with antenna patterns. Thus these phenomena have been neglected in antenna design and OTA measurements before MIMO. Spatial (angular) and polarization dispersion have a high impact on the performance of MIMO capable terminals that are available now. Antennas affect the MIMO radio channel substantially. Therefore realistic spatial and polarization dispersion must be included in the MIMO OTA testing. Since delay and Doppler dispersion are coupled to spatial and polarization dispersion, and affect the total DUT performance, all four dimensions of the radio channel must be included in channel models for MIMO OTA testing.

The real performance of the DUT depends not only on the channel model (Doppler, delay, AoA, AoD, polarization), but also on the DUT itself. Antennas, RF, signal processing, channel estimation, coding etc. affect a lot on the DUT performance. MIMO OTA testing is the only method where all these aspects are taken into account. 
In OTA testing it is essential to separate the propagation and antenna array effects. When the two components are separable in the model, it is possible to investigate the propagation with different antenna configurations. The requirement for separation of antennas and propagation makes all the correlation matrix based channel models unsuitable for OTA testing. Geometry based channel modeling methodology models BS and UE antenna arrays and the propagation between them (including angular power spectra). The parameters that are included are Doppler, Angle of Arrival (AoA), Angle of Departure (AoD), delay and polarization. The parameters are based mainly on measurements. The measurements define certain statistics and radio channel realizations are then created by these statistical properties.

The implementation of the geometrical models is divided in to three parts:

1. BS antenna arrangement and the angular power spectrum as well as the AoD from the BS are modeled in the channel emulator.

2. AoA is created by dividing the appropriate clusters based on their original AoA to corresponding OTA antennas. The user terminal is not physically in a motion, thus the fading and Doppler spectrum must be built in the channel model.

3. The angular power spectrum at DUT is created by radiating the signal from multiple OTA antennas. 

This contribution introduces the proposed test setup and modeling process, and evaluates the proposed solution.
2
Modeling Process for MIMO OTA

The idea of the MIMO OTA modeling is that the geometric channel models are mapped to the fading emulator. The mapping process covers all the required mathematics when converting the traditional geometric channel model to fading emulator tap coefficients while as well as the calibration. The modeling process is shown in Figure 2 and visualized in Figure 3.
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	Figure 2. Modeling process.
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	Figure 3. Mapping the radio channel data into anechoic chamber.


The setup of OTA chamber antennas with eight antenna elements is depicted in Figure 4. DUT is on centre and chamber antennas are on a circle around DUT with uniform spacing (e.g. 45( with 8 elements). We can denote directions of K OTA antennas with k, k = 1, …, K, and antenna spacing in the angle domain with . Each antenna is connected to a single fading emulator output port. If single antenna BS is considered the fading emulator configuration is 1x8 SIMO, with two BS antennas 2x8 MIMO etc. If dual polarized OTA antennas are used like in Figure 5 the fading emulator configuration will be with 1 BS antenna 1x16 SIMO, with two BS antennas 2x16 MIMO etc. In the figure for example antenna A1V denotes the first OTA antenna position and vertically (V) polarized element, A8H denotes the eight OTA antenna position and horizontally (H) polarized element, etc. MS (DUT) antenna characteristics are assumed unknown. In other words we do not use this information in the OTA modeling.
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	Figure 4. OTA chamber antenna setup with eight uniformly spaced chamber antennas.
	Figure 5. OTA chamber antenna setup with eight uniformly spaced dual polarized chamber antennas. In the drawing the V-polarized elements are actually orthogonal to the paper (azimuth plane).


3
Evaluation of the proposal
This setup has been measured in a number of anechoic chambers. All key parameters of radio channel have been implemented and tested. Delay (PDP) was measured and reported in [10], angle of arrival (AoA) in [10], and polarization in [11].
This proposal has several advatages compared to other known test methods.

· Possibility to create and control double directional models.

· Possibility to create and control angle spread.

· Possibility to create and control delay spread.

· Possibility to create and control Doppler spread.

· Possibility to create and control cross-polarization ratio (XPR).

· Versatility and flexibility of channel models.
· Arbitrary channel models can be created (e.g. any power delay profile).

· E.g. different outdoor and indoor environments can be implemented via software.

· Possibility to create dynamic propagation conditions where e.g. direction of arrival or angle spread is updated smoothly during the test session.

· Only one calibration is needed in the beginning of the test session.

· Repeatability.

· The same conditions may be repeated many times in the same lab, and copied to many labs.

· Accuracy.

· Amplitude, phase, delay spread, angle spread, Doppler spread etc. can be adjusted via digital control.

· Realism (measurement based models or even measured data can be reproduced).

· Possibility to test the UE with additive noise and/or interference.
· Same mechanical setup can be used with different channel models.
· Throughput can be measured with a single measurement setup.

4
Conclusion

This contribution introduced the MIMO OTA concept implemented with an anechoic chamber and a fading emulator. An example configuration of antennas was shown as well. The proposed concept has several advantages.
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