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1 Introduction

The purpose for MIMO OTA testing was captured in point 2 of [1]
2. The MIMO OTA method(s) must be able to differentiate between a good terminal and a bad terminal in terms of MIMO OTA performance.

This statement must be fulfilled if MIMO OTA testing it to have any value.
This paper proposes a sequence of steps necessary to determine if a particular MIMO OTA test method fulfils the stated purpose.

2 Determining good from bad
For a test procedure to be able to tell the difference between good MIMO OTA performance and bad MIMO OTA performance three essential things must be known:

1. A definition of good MIMO OTA performance

2. A definition of bad MIMO OTA performance

3. A method of measuring MIMO OTA performance

In addition, if the test result is to have any meaning, the measurement uncertainty in step 3 has to be less than the difference between good performance and bad performance. Otherwise, when the test requirement is relaxed by the measurement uncertainty to avoid failing a good UE, the “good” test requirement will fall below the level defined for bad performance. In such circumstances, a UE with bad performance would pass the test and point 2 of [1] would not be met.
There is also a softer aspect being the degree to which the measurement uncertainty is less than the difference between good and bad performance. A rule of thumb is often a figure of 10:1 but in cases where the performance difference is low and the uncertainty high, a lower figure may have to be accepted. Nonetheless, a ratio some amount larger than 1:1 needs to be defined for the test to have any value.
3 Definition of good and bad performance
To define good and bad performance requires the following steps
1. Selection of at least one figure of merit (FoM)

2. Definition of all essential conditions under which the FoM will be measured

3. Determination of the absolute limits above which good performance has been met and below which bad performance has been met
There are two possibilities for step 3. The first is the traditional method used in RAN WG4 which is to define the simulation assumptions and develop a performance requirement. The second is to base the requirement on a measurement campaign. Due to the complexity of the problem and the fact that the requirement was retrospective, the decision for SISO OTA was to use a measurement campaign. For MIMO OTA the complexity is far greater so it is expected that requirements will be based on a measurement campaign.
Even then, the choice of the definition of “good” may still not be obvious. For SISO OTA, the requirements were based on the spread of existing commercial devices with the limits set so as to include the majority. For MIMO OTA we do not yet know the likely spread of performance and whether this represents good performance or may include not so good.

For determining the limit for bad performance this could be set based on some backoff from “good” or perhaps the measured performance from otherwise good devices that have been modified to represent how a bad design might behave.

4 Determination of measurement uncertainty
As discussed above, for the test to have any value the test system uncertainty has to be smaller - ideally significantly smaller - than the difference between the defined good and bad performance. Thus the target can be estimated, but figuring out the test system uncertainty is not straightforward. For SISO OTA, the work of COST273 determined through simulation the possible accuracy that might be achieved for TRP and TIS. The resulting figure was subsequently verified through a measurement campaign across approximately 50 lab installations, with the vast majority returning results within the expected limits (±2 dB) for the same “golden” DUT.
For MIMO OTA there may be some scope for extending the simulation-based SISO work of COST273 into the MIMO domain but this remains to be seen. One of the reasons the SISO OTA measurement accuracy was so good was due to the FoM being an integration in a sphere of many results. For MIMO there are many more variables, but it may still be that by averaging many different orientations of the DUT in the same RF field that the larger uncertainties of individual measurements could be averaged out. The more complex MIMO environment means that not until a measurement campaign is completed on multiple implementations of a MIMO OTA test system will we have any real idea what to expect.
One option to improve accuracy would be to consider some form of relative FoM. For instance, in the same RF field, the test system could switch from forcing rank 1 to allowing rank 2. Assuming favourable RF conditions, a good UE would report a higher throughput whereas a bad UE would not show the same gain.

In these early stages of evaluating many different test methods it is perhaps advantageous to allow a variety of FoM and conditions to be used for the purpose of identifying those combinations that show the largest difference between a known good design and something that has been compromised.

5 Conclusions
This paper has proposed a series of steps for determining how a MIMO OTA test system can tell the difference between a good and bad design. The desire to test in realistic conditions means that the expected MIMO gain over SISO may be small (perhaps 30%) meaning the difference between good and bad MIMO gain would be even smaller, say 15%. The non linear nature of the RF conditions to a FoM like throughput could mean that a SISO OTA-style 2 dB uncertainty could easily swamp the expected MIMO performance differences rendering the test system of no value.
There is also a significant degree of interaction between the test method, FoM, test conditions, good & bad performance levels and validated measurement uncertainty. Since it appears unlikely that answers to these questions will be achieved through simulation, it will be necessary to wait on the outcome of extensive measurement campaigns on multiple test system implementations (of the same or different type) before the credibility of MIMO OTA testing can be confirmed with any certainty.
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