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1 Introduction

The effective testing of radiated MIMO performance is probably the most challenging testing problem yet to face the cellular wireless industry. Experience with the process of developing SISO OTA tests indicates only some of the difficulties that will be faced with MIMO. Several diverse test methods are being considered in 3GPP RAN WG4 but to date no consensus has been reached on what criteria should be used for developing an effective test. This paper discusses the need for consensus before significant progress can be made.

Despite digital cellular systems having been in existence for nearly 20 years it is only in very recent times that realistic radiated performance tests for SISO terminals have been developed. The test method for SISO is conceptually simple, being based on the total radiated power and reference sensitivity. Even then there were significant challenges in calculating the test system uncertainty and in agreeing the performance requirements which are a compromise between operator desires and vendor offerings. The situation is made more complex due to the need to consider different mechanical modes (open/closed, desktop, handheld etc.) as well as the impact of different frequency bands and the further complication of which band was considered the primary operating band for the target market.
The end result for SISO OTA are test requirements that are significantly backed off from what might be considered the ideal case. Presentations made to 3GPP RAN WG4 regularly show that the measured performance of acceptable commercial terminals can cover a 10 dB spread for both transmit and receive performance in the primary operating band and preferred mechanical mode. Such a spread of performance illustrates the difficulty in defining accurate radiated tests with narrow performance requirements similar to conducted tests.
2 Efficacy of test

The efficacy or effectiveness of testing can be considered as the ability of a test to differentiate between good and bad performance. A test for the weight of a product that due to measurement uncertainty has a very broad range of acceptable results ceases to become a useful test since although it may be shown that there is a high probability of passing a good product, there is also a low probability of failing a bad product.

For MIMO OTA testing to be useful it is essential that the test method, its uncertainty and the final test requirements, result in a narrow enough range that the test process is able to tell the difference between a good and bad product. It has been seen with SISO OTA that the ability to identify good from bad is much less than is the case for conducted testing using temporary antenna connectors. However, the discussions that have taken place so far in the study of MIMO OTA testing indicate that there are numerous MIMO-specific factors which will increase the uncertainty of testing which may lead to a situation where the probability of failing undesirable products falls below the level where testing provides any value.
3 Factors complicating MIMO OTA testing

The only true indication of MIMO OTA performance is to operate a large number of UE in a real network and calculate the average performance and standard deviation. However, such a process does not lend itself to conformance testing of individual devices hence the desire to develop a repeatable emulated environment to more quickly and cost-effectively test MIMO OTA performance.

One of the few common factors shared by all the methods being considered by 3GPP is the assumption that the test environment has to emulate spatial diversity. Various methods have been proposed with the extreme proposals being represented at the one end by the use of a reverberation chamber to generate a rich 3D propagation environment and at the other end by the use of a multitude of spaced antennas in both 2D and 3D configurations to approach the characteristics of specific desired propagation conditions. Numerous variations of the latter method are being studied with the intention of reducing the number of antennas and channel simulators without adversely affecting the spatial characteristics of the signal reaching the UE. A further method based on antenna pattern measurement combined with conducted testing is being studied.
The proponents of the different approaches can readily explain the advantages of that method with references to particular characteristics of the process but to date there does not yet exist any consensus on what aspects of MIMO OTA testing are important in the ultimate goal of differentiating between good and bad UE.
For instance, there is no doubt that a reverberation chamber can create a highly complex spatially diverse propagation environment, but if a UE with a theoretically near perfect orthogonal antenna design were to be compared with a UE with almost completely correlated antennas, does a measurement exist that could be made in a reverberant environment that would identify the better design for the target propagation condition?

Similarly, for the methods where emulation of a known environment is attempted, what parameters of the test environment really matter to practical performance vs. those that are just easy to measure? For instance why would the fidelity of different methods for generating a particular propagation profile matter if testing in a reverberation chamber had the ability to differentiate a good UE from bad?
In a problem domain as complex as MIMO OTA it has and will remain very easy for the debate to auger in on particular attributes of different methods prior to any demonstration having been made of why such attributes actually matter.

The difficulty in deciding what to measure is further complicated by the growing gap between the open loop performance requirements traceable to link level simulations used for conformance testing and the far more complex closed loop operating conditions which will prevail in real networks. Some of the factors that will influence real life performance are not solely linked to the antenna design but also to the ability of the entire transceiver chain to respond in a favourable way to the dynamics of the radio environment including narrow-band scheduling, precoding and adaption to the ideal MIMO configuration of which LTE boasts seven in the downlink.
The implications of the complexity of the MIMO OTA problem can perhaps be illustrated by considering the vast array of potential criteria which could be used to differentiate between a good and a bad motor vehicle. A list of testable attributes might typically include:
1. Top speed

2. Acceleration

3. Braking

4. Fuel consumption

as well as other easily measureable attributes such as

5. Emissions

6. Kerbside weight

7. Colour

8. Physical dimensions

9. Capital cost

10. Average running cost

and less easily measureable but potentially important attributes like

11. Handling

12. Ride comfort

13. Styling

14. Reliability

15. Safety

Will a full shake and bake (the reverb chamber approach) identify what matters more effectively than an emulated test drive on a precisely controlled route?
And what kind of vehicle and target environment are we testing anyway? Is this a fire engine designed for city streets or a rally car that has to deal with arctic conditions, or a multi-purpose vehicle that has to perform well in diverse conditions? Until the big issues have been defined there is little to be gained in contrasting the accuracy of emulating the curves of some target terrain to the choice of tyres and road temperature to use when measuring the braking performance.
Fortunately the range of attributes that could reasonably be measured for MIMO OTA is not as broad and subjective as some of the attributes of motor vehicles but the following list indicates potential important criteria:

1. Overall test system accuracy for the identified target environment(s)

2. Cost of test system

3. Speed of testing

4. Scope of testing  2D vs. 3D

5. Need for specific UE test functionality such as receiver response 

Note that item 1 above refers to the ability to predict end user performance and not the accuracy of some measureable element within the test system such as error in angle of arrival. The overall test system accuracy ultimately determines the efficacy of the test solution i.e. whether it will have the ability to detect undesirable UE performance. Any method capable of predicting the difference between good and bad performance in the field should be considered. It should also be kept in mind that for the 2x2 case the ideal performance gain measureable with perfect decorrelated antennas in a perfect decorrelated radio environment is only 2x or 3 dB. Typical performance gains with real antennas and non ideal propagation conditions and noise might be closer to 30% or 1.1 dB. A completely useless MIMO antenna design in such an environment would fall back to SISO and therefore only show about 1 dB less performance highlighting that the uncertainty in the test system becomes critical to detecting such a small change in performance.
4 Summary

This paper has looked at the complexity of MIMO OTA testing with reference to what was learned during the development of SISO OTA tests and the known complications that MIMO brings to the problem. Several criteria for evaluating different methods have been proposed with the overall test system accuracy being considered the most important. Without this attribute being controlled within yet to be determined limits, the ability of any MIMO OTA test system to detect the relatively small differences between good and bad MIMO designs is questionable.
