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1. Introduction 

Current proposed methodologies for MIMO-OTA testing have some difficult tradeoffs.  On the one hand, we can choose a methodology that provides more realism, but with a large cost in complexity.  On the other hand, we can go with a methodology that is very simple, but doesn’t provide enough realism.  There are other methods in between where complexity is less, and realism is also less.
In this submission, we propose a methodology to get more realism without sacrificing simplicity.  The methodology combines a reverberation chamber with a channel emulator to provide increased PDP, Doppler and MIMO correlation flexibility.  The end goal is to find the simplest MIMO-OTA methodology that can produce results that are “proportional”, and hence distinguish between a good device and a bad device.

2. Discussion
In today’s 3GPP radio performance specifications, a philosophy of favoring simple conditions rather than conditions that strive to accurately represent reality.  A perfect example can be found in the LTE multipath fading propagation conditions ([1], B.2.1, B.2.3).  In B.2.1, simplified power/delay profiles have been selected that are approximations of the specific propagation conditions after which they are named.  In B.2.3, simple MIMO correlation matrices are defined that define correlated fading, but which do not take into account directionality of real channels.  These simple models do not represent reality, but they are adequate as a baseline for seeing performance differences in conformance tests.

A MIMO-OTA test methodology needs a similar simplification.  This is one guiding principle toward development of the test methodology presented here.
In developing such a methodology, we would not like to sacrifice “proportionality”.  Ideally, if a test is performed on Devices 1, 2 and 3 using Methodology A, a test on these same devices should produce the same ranking of performance with Methodology B.  If this holds, then of the candidate methodologies, one should select the less complex and less time-consuming methodology.
2.1. Comparison of MIMO OTA Methods

In past submissions, a table such as the one below has been presented [2].  This is a convenient way to compare MIMO OTA methods based on their major characteristics.  We have added some rows to provide some further discrimination of capabilities, and added a column with the proposed Reverberation Chamber + Channel Emulator.  Chiefly, note the rows for Variable Delay, Variable Doppler and Correlation have been added, and the comparisons between a RC alone and the RC+CE.

Let’s focus a moment on the RC and RC+CE columns.  While the reverberation chamber can be used to introduce some amount of multipath, the flexibility in this regard is limited.  Likewise, Doppler shift is limited due to the slow motion of the mode stirrers.  Correlation can be introduced, but it requires moving antennas within the chamber and also must be the same on all taps.  The primary elements of a channel model are the PDP, Doppler spectrum and MIMO correlation.  Therefore, it would be very useful to be able to control each of these in a MIMO-OTA methodology.  For the RC+CE, it’s the purpose of this submission to show how the RC+CE can accomplish this for these three elements.
	 
	Conducted Only testing
	Reverberation Chamber Only
	Reverberation  Chamber + Channel Emul.
	Simplified SFE (Emulator and Chamber, limited antennas)
	Full SFE (full antennas)

	Variable Delay
	Yes
	No

Limited
	Yes

PDP
	Yes
	Yes

	Variable Doppler
	Yes
	No

limited
	Yes
	Yes
	Yes

	Correlation
	Yes
	Yes
	Yes
	Yes
	Yes

	SCME
	Yes
	No
	No
	No
	Yes

	Antenna Performance
	n/a
	Yes
	Yes
	Yes
	Yes

	Throughput Performance
	Yes
	Yes
	Yes
	Yes
	Yes

	Cost
	$
	$
	$$
	$$$$
	$$$$$


3. Test Results
3.1. Power/Delay Profile
To create a desired power delay profile, one first must realize that the RC must have some amount of reverberation to work.  This creates an exponentially decaying PDP with an RMS delay spread that is a function of the chamber loading.  The chamber loading comes in the form of blocks of RF absorber material, a phantom head, or a tank filled with liquid.  The DUT also influences the chamber PDP.  The minimum RMS delay spread that still allows correct functioning is approximately 55 ns.
Using the channel emulator provides additional discrete delay impulses placed at whatever excess delay is required.  The resulting PDP is the convolution of the emulator impulse response with the chamber impulse response.
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Figure 1.  Test setup for PDP measurement.

The PDP measurement is made using the system shown in Figure 1.  The vector network analyzer transmits its sweeping signal into the channel emulator, which imparts the additional excess delays.  The CE output is transmitted into the chamber by one a test antenna.  It is received by one of a number of wall antennas and passed to the VNA, which records the frequency response.  The response is repeatedly captured as the mode stirrer moves; each response is inverse Fourier transformed and the result is power averaged to produce the PDP.

A simple PDP model was designed for the CE to emulate; this model is shown in the table below.  This PDP is not intended to represent any particular standard model, only to illustrate the level of control.  Placing a group of excess delays close together (within the RMS delay spread of the RC) shows how the RC smears these impulses together.  The larger excess delays are spaced more far apart and clearly show the impulse response of the chamber.
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Figure 2.  PDP results.

3.2. Inducing higher Doppler spread

As already stated, the RC induces Doppler spread at a very low rate, due to the slowly-moving mode stirrer.  Here, we show how we can use a channel emulator with the RC to induce much higher Doppler rates.

It is a fact, however, that the Rayleigh fading produced by the CE will be multiplied by the Rayleigh fading produced by the RC.  This will produce fading with an amplitude distribution that is double-Rayleigh.  However, the CE will generally be used to produce Doppler rates much higher than that caused by the RC, on the order of 100 Hz.  Under these circumstances, the RC-induced fading will effectively be constant while the CE-induced fading will dominate.  Therefore, while a receiver’s performance under such circumstances will definitely be different than under normal Rayleigh fading conditions, it should not undermine the receiver’s ability to demodulate.  This assumption obviously does not hold when the two Doppler rates are closer together.
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Figure 3.  Test setup for Doppler measurement.
Figure 4 shows the CDF of the emulator alone, the chamber alone, and various combinations of RC+CE.  These are compared with the theoretical Rayleigh and double Rayleigh distributions.  The leftmost green curve is the double Rayleigh, while the rightmost cluster of curves are the theoretical Rayleigh, chamber only, and channel emulator (ACE) with either 300 Hz Jakes fading or 2.7 Hz Bell (TGn) fading.  When the chamber and emulator effects are combined, the amplitude distribution trends toward double Rayleigh.  Figure 5 shows the CCDF for the same data, using the same color code.  Here, we see the RC+CE with 300 Hz Doppler trending much closer to the theoretical Rayleigh.  It is expected that the amplitude distribution would become double Rayleigh if the dataset were much larger.
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Figure 4.  CDF comparison of RC + CE fading.
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Figure 5.  CCDF comparison of RC + CE fading.
3.3. MIMO Correlation
An RC can create a variable correlation by proper spacing of wall antennas.  In combination with the CE, a desired correlation can be precisely set.  The procedure is to closely space the wall antennas in the chamber to produce a high correlation.  The emulator is then used to lower the correlation as it appears at the DUT antennas.  A calibration procedure establishes the resulting correlation and allow for adjustments.  One advantage to using the emulator in this manner is that the correlation can be set differently for each excess delay.

This work is still underway.  Current results are encouraging, but not yet ready for public consumption.
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Figure 6.  Test setup for correlation measurement.
4. Conclusions

Using a reverberation chamber together with a MIMO channel emulator enables more flexibility in defining channel models for MIMO OTA tests, yet the combination is only slightly more complex than the chamber alone.  For this reason, this methodology should be included in any list of candidate test methodologies.
In future submissions, we will report on the work remaining to be completed.  This includes further work on

· The fading statistics for the double Rayleigh

· More work with how to achieve a specific desired MIMO correlation, including test results and CCDFs of channel condition number

· Comparative throughput tests with MIMO devices (Wi-Fi) under each of the conditions to see if differences can be discerned
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