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1. Introduction 

In [1], a methodology for MIMO OTA was proposed in which a channel emulator was used to augment the capabilities of a reverberation chamber.  The primary benefit of this methodology was more propagation channel realism without sacrifice of simplicity.  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.  In this contribution, updated results are presented toward this end, specifically the following:
· Characterization of MIMO correlation properties

· Throughput measurements using Wi-Fi equipment
To summarize the conclusion, using a channel emulator together with a reverberation chamber continues to look like a promising methodology for MIMO OTA.

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 ([2], 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 [3].  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.  
	 
	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
	No

limited
	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 Methodology and Results
In [1], it was shown that a more general power/delay profile could be created than from the reverberation chamber alone.  There were some unanswered questions regarding the effect of a double Rayleigh amplitude distribution, and the degree to which the channel emulator could influence the fading correlation.  These questions are addressed in this contribution.

3.1. Fading Correlation

Fading correlation of the combined channel emulator and reverberation chamber is measured using the setup shown in Figure 1.  There are two monopole antennas with adjustable spacing, known as the “wall” antennas.  There are also two dipoles, held at a fixed distance of 40 mm, representing the DUT antennas.  The channel emulator is connected between the VNA and wall antennas.

A specific correlation is programmed into channel emulator.  The correlation matrix was of the form of the Kronecker product:
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ranges from 0 to 0.99 for the tests in this submission.  The specific values used for  are stated later in the results.  Note that the Kronecker form of the overall channel correlation matrix was selected for simplicity.  There are other possible choices, the characteristics of which are for future study.

After selecting the correlation to be used by the emulator, the emulator and reverberation chamber are started (fading + stirrer motion).  This is paused after a few seconds, upon which a measurement is made of the system response (channel matrix) with the VNA.  Fading and stirrer motion is resumed, pausing again after a few seconds and another measurement of the system response is made.  This is repeated many times.  Post-processing this data yields a measurement of the fading correlation between all four antenna paths.
The measured results for the correlation between the wall antennas are shown in Figure 2.  This shows a very strong dependence on the emulator correlation and virtually no dependence on the spacing of the wall antennas.  For these tests, all correlations were real-valued.  Characterization with complex-valued correlations is for future study.

The fading correlation measured between the DUT antennas is less than 0.05 and has no dependence on the wall antenna spacing or on the emulator correlation.
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Figure 1.  Test setup for measuring fading correlation.
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Figure 2.  Correlation measured results for different emulator correlations.
3.2. Throughput Measurements
Throughput measurements were made using the setup shown in Figure 3.  The transmit ports of an enterprise-grade Wi-Fi access point (AP) was connected to the channel emulator, which in turn had its outputs connected to the wall antennas.  The return path was provided by an additional antenna in the chamber, back to the receive port of the AP.  Amplifiers in the downlink path ensured a sufficient signal level at the DUT to achieve the maximum possible throughput capable of the Wi-Fi devices.  The Wi-Fi device was a USB dongle plugged into a laptop.  The laptop and traffic source PC run iPerf to measure throughput performance.  Attenuators in the channel emulator are controlled to vary the overall link path loss in 1 dB steps, starting at the highest signal level and decreasing until the communication link is broken.
For the OTA tests, the link path loss includes the loss of all cables, the gain of the channel emulator, the gain of the external amplifiers and the chamber loss.  The chamber loss was measured as part of the system calibration.  For conducted tests, the link path loss is simply the channel emulator gain plus the cable loss.
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Figure 3.  Test setup for measuring throughput vs. path loss.

A number of channel conditions were created, and throughput vs. path loss was measured for each.  The channel emulator conditions were as follows:

	Case
	Correlation (
[image: image8.wmf]a

)

	Butler matrix
	N/A

	H matrix = identity
	N/A

	Fading
	0.0

	Fading
	0.3

	Fading
	0.3 @ 30°

	Fading
	0.6 @ 30°

	Fading
	0.9

	Fading
	0.9 @ 30°

	Fading
	0.95

	Fading
	0.95 @ 30°

	Fading
	0.99

	Fading
	0.99 @ 30°


For all cases, the following was also true:

· 3 Hz Jakes fading provided by the channel emulator

· Constant motion of the stirrers in the reverberation chamber

· Wi-Fi devices used rate adaptation and PHY rates for 802.11b/g/n in a 40 MHz channel
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Figure 4.  Results showing throughput variation for static baselines plus several values of fading correlation, all using a conducted environment.
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Figure 5.  Results showing throughput variation for static baselines plus several values of fading correlation, all using the channel emulator with reverberation chamber.
4. Conclusions

The results show that it is possible to control the fading correlation between the downlink antennas using the channel emulator with a relatively high degree of precision.  In addition, this correlation effect has an impact on the resulting throughput, as measured using Wi-Fi 802.11n devices.  Higher correlation produces lower throughput, as expected.

The combined fading of the channel emulator and the reverberation chamber has been shown to produce a double Rayleigh amplitude distribution [1].  The throughput results show that, while this does seem to degrade the throughput compared to normal Rayleigh fading, it does not limit the maximum throughput, and it does not prevent the modulation schemes from operating properly.
Further study is required in the following areas:

· Testing with additional devices to determine if antenna performance differences can be seen, preferably with 3G or LTE devices
· Further characterization of fading correlation of cascaded channel emulator and reverberation chamber
5. Acknowledgements
This work was performed jointly by Azimuth Systems and Bluetest AB.
References

[1] R4-100838, “Reverberation Chamber + Channel Emulator: A Flexible MIMO-OTA Solution,” Azimuth Systems, RAN WG4 #54, San Francisco, 20 Feb 2010.

[2] TS 36.521, v8.4.0, User Equipment (UE) conformance specification Radio transmission and reception Part 1: Conformance Testing.
[3] R4M090005, “Definition of the MIMO OTA Testing,” NTT Docomo, MIMO OTA IGD Vienna, Oct 1, 2009.[image: image11.png]































































1
7

_1332482579.unknown

_1332482702.unknown

_1332483315.unknown

_1332482612.unknown

_1332268770.vsd
Wi-Fi Access Point



_1332482506.unknown

_1332239657.vsd
Channel Emulator


1


2


3


4


Vector Network Analyzer


Adjustable Monopole Antennas


Dipole Antennas


Chamber


Stirrer



