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1. Introduction

In the last RAN 43 meeting, a study item on MIMO OTA was agreed [1]. The purpose of the study item is to create a working methodology to measure the radiated performance of devices with multiple antennas. In the RAN4#50bis, several candidate solutions have been proposed and most of them are based on anechoic chamber concept [2][3][4]. 

However, there exists another concept of measuring the MIMO OTA performance utilizing the reverberation chamber technique. The reverberation chamber has been used for single antenna OTA measurement for several years, and it was included as a possible alternative method in the COST273 proposal for standardised OTA measurements for single-antenna mobiles (see Annex E in [5]). Currently, work is ongoing within CTIA Reverberation Chamber Subgroup (RCSG) to formalize reverberation chamber procedures for both single and multi-antenna OTA measurements. 

The objective of this contribution is therefore to propose the reverberation chamber as an alternative for MIMO OTA measurements, and to evaluate this method along with the other proposed alternatives.

This contribution is an outcome of collaboration work between Vodafone and Bluetest, a specialist in the reverberation chamber technique for OTA measurements of single and multi-antenna devices. 
2. Discussion

The reverberation chamber natively supports a rich multipath scattering environment due to its reflective walls and mode-stirrers. The way of creating the fading statistics with uncomplicated hardware (e.g. a standard shielded enclosure without absorbers) makes the solution easy to handle and cost-effective. Due to the fading properties existing by default in the chamber multi-antenna properties (like MIMO throughput) can be directly, accurately and quickly measured in the reverberation chamber. A description of the basic reverberation chamber measurement procedures, as well as a look into the future of these types of tests, can be found in [6].

2.1 Principles of Reverberation Chamber Method

A graphical illustration of the method is given in Figure 1. The reverberation chamber itself consists of a chamber with reflective walls, which is equipped with some type of mode-stirring mechanism. The chamber can be of arbitrary shape and size, but for mobile communication applications rectangular sizes of about 4 m3 is commonly used. The footprint of such a chamber is typically about 2 m2. The mode-stirrer is a metallic object of significant electrical length, for example a metallic plate moving along a wall or a fan-type stirrer rotating around its own axis. The mechanical mode stirrer can be complemented with a turntable for the DUT to facilitate platform stirring.

The DUT is designated as any device that possesses multiple antennas. The signal transmitted from the DUT is picked up by one or several fixed measurement antennas, which in turn is connected to the base station simulator. For MIMO measurements, the multiple fixed measurement antennas define one of the sides of the MIMO system.
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Figure 1: Setup for multi-antenna measurements in a reverberation chamber.

With an adequate mode stirring in the reverberation chamber, the test unit will see an isotropic signal distribution with Rayleigh distributed amplitudes. The average transferred power in the chamber is proportional to the radiation efficiencies of the DUT antenna and fixed measurement antenna, i.e. the average transmission in the chamber is repeated in the chamber for consecutive stirring sequences regardless of positioning of the DUT. By using this property the average transmission can accurately be measured (i.e. calibrated) by using a well-known reference antenna or unit with well-known radiated properties. This is the most important calibration parameter of the reverberation chamber.

2.1.1 MIMO Measurements

Due to the multipath fading characteristics of the reverberation chamber it is ideally suited for direct measurements of performance of multi-antenna DUTs. The procedures used for single antenna measurements (briefly mentioned in section 2.1) are actually still valid for multi-antenna DUTs, e.g. an improved receiver performance by implementing diversity in a mobile terminal would be reflected in the TRS value. However, TRS measurements could be time-consuming for MIMO DUTs. Alternatively Average Fading Sensitivity (AFS) could be used for faster sensitivity measurements, especially for MIMO-capable devices.
The multipath scattering in the reverberation chamber makes it straightforward to measure MIMO performance. The feasibility of using the reverberation chamber as a hardware channel emulator for MIMO measurements has been shown in previous publications [7][8], where passive measurements of MIMO antenna capacity is well described. The data available from such measurements are essentially channel data, i.e. H-matrices including the effect of the antennas, and from such data it is also possible to get detailed information about correlation between antenna branches, average received power by each antenna element (which can be used to get antenna imbalance and radiation efficiencies), and channel eigenvalues. For active measurements of MIMO OTA, MIMO throughput is a complete and relevant figure-of-merit for certification of MIMO enabled units. 
2.2 Proposed Setup for MIMO Measurements

The measurement of MIMO throughput in the reverberation chamber is outlined below:
The schematic setup shown in Figure 1 above is used for the MIMO throughput measurements. The test unit is placed inside the reverberation chamber, and the base station is connected to the multiple fixed measurement antennas. The fixed measurement antennas are placed in a way so as to achieve full decorrelation between them, which means that the base station side will have ideal MIMO properties.

As a first step in the measurement sequence, a data connection is set up between the DUT and the base station (simulator). (Note that there is no limitation of in which direction the measurement can be performed, it can be done in either uplink or downlink). The measurement sequence will then be performed in one of two different ways: 
1. First option is that the stirrers are set to move in a continuous manner, and the throughput is monitored during this constant movement of the stirrers. The total throughput is then the average throughput over the complete stirring sequence, which could be of 1-5 minutes length. 

2. The second alternative is to step the mode stirrers to a large number of positions (>150), and sample the throughput while the stirrers are standing still. The total throughput is also here the average throughput of the instantaneous samples achieved at each stirrer position

Note that both ways will yield the same throughput value, but with the advantage of the continuous sequence is that it is faster.

The average SNR in the system can be controlled due to the knowledge of the average power transmission in the chamber. By either reducing the output power of the base station or introducing attenuators in between the base station and the fixed measurement antennas, the SNR in a downlink scenario can be controlled accurately, but with simple means. 
A list of measurement equipment needed to performance MIMO measurements is given below:

List of equipment needed for MIMO measurements:

· Reverberation chamber

· Fixed measurement antennas (number of which corresponds to the number of base station antennas)

· Reference antenna (for calibration of average power transmission)

· MIMO enabled base station (simulator) 

· Cables connecting the chamber and base station

A list of FOMs or test parameters that can be measured via this method is given below:

List of parameters available from measurements in the reverberation chamber:

· MIMO throughput

· TRP

· TRS (TIS)

· AFS (Average Fading Sensitivity) – Average BER/BLER/FER

· Radiation efficiency (DUT antenna Efficiency)

· Reflection coefficient (VSWR)

· Diversity gain (effective/apparent/actual)

· MIMO antenna capacity

· Antenna branch correlation

· Antenna imbalance

· MIMO channel eigenvalues

2.3 Further considerations

There is also the possibility of adding other types of channel impairments in between the base station and the fixed measurement antennas, like phase shifters or delay lines. This is listed below. It is also simple to add an independently faded interference signal by injecting it via a separate antenna in the chamber.

Possible additional equipment:

· Attenuators

· Delay lines

· Interference source

· Head/hand phantom (for intended use positions)

Further development into the possibility of emulating more complex MIMO channel models such as SCME channel model is also being considered in this method. 

3. Example of MIMO Throughput Measurement using Reverberation Chamber Technique
To exemplify MIMO throughput measurements, a setup for WLAN-MIMO (802.11n) measurements, published in [9], is used here. Detail descriptions, setup and measurement results are given in Annex A. 

4. Conclusion

In this document, a MIMO OTA methodology using the reverberation chamber has been proposed. The method is feasible and simple. An example on how to measure MIMO throughput directly has been given to illustrate the feasibility of using the proposed technique for MIMO OTA measurements. 
Proposal: To investigate this method further during the feasibility phase and compare against other candidate methods. 
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Annex A: Example of MIMO Throughput measurement using Reverberation Chamber Technique

In this setup both of the sides in the MIMO system (i.e. access point and mobile station) are actually placed inside the chamber, which is simply accomplished due to their small sizes. Figure A1 shows an illustration of the setup. To measure the actual throughput between the nodes, a network monitoring software was used, i.e. no additional instrument was needed. By means of the network control software a data transfer was established between the nodes, and the average throughput was measured during a complete stirring sequence.

[image: image2.emf]Figure A1: Setup for WLAN-MIMO measurements in a reverberation chamber.

Figure A2 shows example results from the WLAN-MIMO throughput measurements, where various attenuators were mounted on the antenna ports of the wireless router, to create controlled cases of antenna imbalance. The imbalanced MIMO cases are also compared to the case of using only a single antenna on the router. Each measurement point in the graph is a 90 second measurement.

Figure A2: MIMO throughput for a WLAN 802.11n system with unbalanced antennas on the access point.
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