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1. Background
MIMO OTA test is now under extensive research for MIMO handset antenna radiation performance evaluation. MIMO OTA test method is one of the key problems that need to be investigated and determined for MIMO OTA test standard [1]. Many MIMO OTA test methods have been proposed for standardization, which can be categorized into 3 major methods, the MIMO OTA test method based on multiple probe antennas and anechoic chamber [2,3], the MIMO OTA test method based on reverberation chamber [8] and the MIMO OTA test method based on the two-stage method [4]. The two-stage method is an effective MIMO OTA test method with good accuracy, flexibility and cost effectiveness. Validation results based on two-stage method to validate the accuracy of two-stage method for passive metrics like correlation matrixes, power imbalance and FER (frame error rate) has been reported in [5,6]. However, there is no direct comparison of the MIMO OTA test results for multiple probe antenna based method and the two-stage method on the throughput test results. In this paper, both the multiple probe antenna based method and the two-stage method are used to do the MIMO OTA test on a chosen 11n MIMO device. This is a joint experiment done by Agilent Technologies, Inc. and CATR. The test results and the learning can be good for the further research on MIMO OTA test method and uncertainties.
2. Test platform setup for multiple probe antenna based method and test results
2.1 Test configuration for multiple probe antenna based method
As discussed in [7], single cluster non-uniform channel model with narrow angular spread has very good sensitivity to the MIMO antenna performance. In this experiment, a single cluster channel model with AS=35 degree is used. There are four probe antenna used inside the chamber to emulate the single cluster channel model with AS=35 degree as shown in Fig.1
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Fig.1 Probe Antenna Configuration
Table.1 Probe antenna power weight and angle interval for single cluster
	
	ANT1
	ANT2
	ANT3
	ANT4

	Angular interval (degree)
	θ1=40
	θ2=20
	θ3=20
	θ4=40

	Power weight
	0.13
	0.37
	0.37
	0.13


To explore the influence of multiple cluster channels on MIMO device’s performance, A two cluster channel model with 200 ns cluster delay is used as well on the same probe antenna configuration. The cluster mapping on the probe antennas are as in Table.2. The power weights are chosen such that the overall AS is still 35 degree for the two cluster channel model with four probe antenna configuration.
Table.2 Probe antenna power weight and angle interval for two clusters
	
	ANT1
	ANT2
	ANT3
	ANT4

	Angular interval (degree)
	θ1=40
	θ2=20
	θ3=20
	θ4=40

	Power weight for cluster 1
	0.26
	0.48
	0.26
	0

	Power weight for cluster 2
	0
	0.26
	0.48
	0.26


The test device used is a two-antenna 11n network card with RF antenna interface plugged into a PC PCI slot. One two-antenna 11n router is used as the base station simulator to do the throughput test. The test configuration is shown in Fig.2. For the uplink, two communication antennas inside the chamber are used and the uplink signals are back to the 11n router through two RF circulators outside the chamber. RF attenuators are used for the uplink.  We didn’t use the two-element antenna coming along with the 11n network card. Instead two commercially available three-element MIMO antenna for 11n devices are used in the tests.  The two three-element MIMO antennas are connected to the network card on the PC outside the chamber with long RF cables. One element of the antenna is terminated with a matching impedence.

[image: image2]
Fig.2 multiple probe antenna configuration

The pictures of the configuration is shown in Fig.3 (inside the chamber) and Fig.4 (outside the chamber)
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Fig.3 four probe antenna configuration inside the chamber
For the 11n router, there are two transmitters. Thus the MIMO channel emulator configuration required is thus 2x4. The channel emulator used in this experiment is Agilent PXB, which is connected to two Agilent MXAs and four Agilent ESGs to achieve a 2x4 MIMO configuration. 
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Fig.4 instruments outside the chamber

The 11n router is configured to do MIMO spatial multiplexing transmission. The configuration of the 11n router is shown in Table.3
Table.3 11n Router Configuration

	Standard used
	11n only

	11n version
	Draft 2.0

	RF Frequency
	2.45GHz

	Bandwidth
	20MHz

	GI
	800ns

	Number of Transmitters
	2

	Maximum Data Rate (MCS 26)
	78Mbps


The fixed MCS helps guarantee that during the test the MIMO transmission mode is the same. This makes it easy to compare the throughput test results during different DUT antenna orientation.
During the test the DUT antenna is rotated horizontally. One throughput test is performed every 30 degrees.

2.2 Measurement Merit and test method

Since the 11n router does not have the tools to do the throughput test, we have to use the throughput test in the application layer as the measurement merit in this experiment. To measure the application layer throughput, one server connected with the router and the PC with the 11n network card are used to do the throughput test in the TCP/IP layer. To do the TCP/IP throughput test, the software IxChariot( (IxChariot is a TCP/IP throughput test software of IXIA company) is used to do the TCP/IP throughput test.
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Fig.5 Variability of TCP/IP layer throughput
2.3 Calibration

For the multiple probe antenna configuration, the following calibrations have been performed to make sure that the test configuration can achieve good accuracy:

2.3.1 Multiple probe antenna distance and location calibration

For the multiple probe antenna configuration, it is required that the probe antennas are on a circle with equal distance to the rotation center. For the given probe antenna configuration in this paper, it is also required that the angular interval for the adjacent probe antennas are the same. Before the measurement is started, the distance between the probe antenna and the rotation center and the distance between adjacent probe antennas are measured and checked to make sure they satisfy the requirement. In the test, the distance between the probe antenna and the rotation center is 1.5 m. The position of the four tripods for probe antennas is positioned with a five beam laser.
2.3.2 Calibration of the chamber with multiple probe antennas

For every probe antenna inside the chamber, it is expected that for a reference dipole with almost ideal isotropic antenna gain in the horizontal plan, as the reference dipole rotates, the received power will be the same. In the test, the reference dipole is thus rotated and the received signal power from a given probe antenna is measured. It is found in the experiment that for some of the probe antenna, the rotation of the reference dipole antenna does result in different receiving powers. The absorber foam is used to cover the rotation table etc to reduce the reflection between the probe antenna and the DUT antenna. This helps reduce the difference, but does not totally eliminate the differences observed. The calibration setup is shown in Fig.6.
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Fig.6 Calibration of the chamber with multiple probe antennas

2.3.3 Calibration of the path loss of each probe antennas
To achieve the desired angular spread, the power weight for each probe antenna has been carefully designed as shown in table 1 and 2. However, there could be different path losses for different probe antenna, it is thus important to calibrate the path loss of each probe antenna to the reference antennas. The same reference Dipole antenna is used in this step calibration. The setup configuration for the calibration is shown in Fig.7

[image: image7]
Fig.7 Calibration setup

To do the calibration, PXB loads the same broadband signal and transmit it through the 4 ESGs one by one. The RF power of the ESGs is set to be the same. Agilent PSA is used to measure the power received by the reference dipole antenna. During the test, the reference dipole antenna is rotated horizontally every 45 degree to perform one power measurement. The difference of output power of the signal generator and the measured receive power is taken down and averaged. The averaged path loss is used when setting the RF power of the ESGs in the throughput measurement. The relative power change and power difference w.r.t the first probe antenna at degree zero is used as the reference. The calibration results are shown in Table 4.
Table 4. relative path loss calibration results
	Antenna orientation (degrees)
	Relative path loss Antenna1(dB)
	Relative path loss Antenna2 (dB)
	Relative path loss Antenna3 (dB)
	Relative path loss Antenna4 (dB)

	0
	0
	1.84
	3.27
	3.16

	45
	0.67
	2.55
	3.46
	3.43

	90
	0.77
	2.39
	3.52
	3.32

	135
	0.33
	1.42
	3.26
	2.24

	180
	-0.3
	-0.04
	3.04
	1.7

	225
	-1.01
	-0.66
	3.08
	1.43

	270
	-1.16
	-0.59
	2.98
	1.43

	315
	-1.01
	0.13
	3.09
	2.04

	mean
	-0.15
	1.06
	3.22
	2.42


2.4 Measurement Results
In the test, the signal power of antenna 3 is chosen as the base signal power for the test. With the given path loss and the given antenna power weight for the 4 probe antenna configuration, the power levels of signal generators are set as in table 5.
Table.5 output power of signal generators for single cluster configuration

	ESG1(dBm)
	ESG2 (dBm)
	ESG3 (dBm)
	ESG4 (dBm)

	m-4.54+3.36
	m+2.16
	m
	m-4.54+0.8


The signal generators’ power is changed from -14dBm to -54dBm to find the right range of signal power for the later throughput test. The test results show that -34dBm to -14dBm is a good range for the throughput test. 
The TCP/IP throughput test result does not converge very quickly. It is found that if test time is long enough, the throughput results can be larger than the results obtained for relatively short time. The measured throughput results are thus having pretty large uncertainties. 

In the test, due to the time constraints, we limit the throughput test time length to be 3 minutes for each antenna orientation. For twelve orientations, it takes about 40 minutes to finish one throughput test for one power level. We thus measure the throughput every 10 dB power level difference. For one channel model configuration and one DUT antenna, it takes at least two hours to finish one throughput test. The throughput test results are shown in Fig.8.
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Fig.8 Throughput results for commercial MIMO antenna 1 for single cluster channel
By configuring the channel model to two cluster channel model, the throughput is measured again for the same DUT MIMO antenna. The test result is shown in Fig.9.
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Fig.9 Throughput results for commercial MIMO antenna 1 for two cluster channel
It can be seen that when power is -14dBm, two cluster channel model will achieve higher throughput than single cluster model even though there is 200ns excess delay. When the power is -24 dBm and -34dBm, the two cluster model results are similar to single cluster channel model result, but with slightly decreased throughput.
After the test, the commercial MIMO antenna 2 is used to do the throughput test. The test results are shown in Fig.10
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Fig.10 Throughput results for commercial MIMO antenna 2 for single cluster channel

The throughput test results for the two commercial MIMO antennas indicate that commercial MIMO antenna 2 has better performance than commercial MIMO antenna 1. From Fig.8, it is interesting to see that increasing the power to -4 dBm does not change the throughput test results much. It seems that there is some kind of saturation in throughput with regarding to the signal power increase.
3. Test platform setup for two-stage method and test results
3.1 Test platform configuration

For the two-stage method, the DUT antennas are first measured inside the chamber to get the complex antenna pattern. The same chamber as described in section 2 is used to do the antenna pattern measurement. When performing antenna pattern measurement, the antenna is connected to some cable, which might influence the overall antenna pattern measurement results. This is a temporary measure; for the real test we expect to extract the antenna pattern non intrusively from an intact device, using the equalizer response of the DUT and a defined test mode. The measured antenna pattern is in the horizontal plane and is only for the vertical polarization. The measured antenna patterns for the two element of commercial MIMO antenna 1 are shown in Fig.11.
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Fig.11 Antenna Pattern of Commercial MIMO antenna 1

The measured antenna patterns for the two element of commercial MIMO antenna 2 are shown in Fig.12.
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Fig.12 Antenna Pattern of commercial MIMO antenna 2

For the second stage test, the antenna pattern is used together with the single cluster channel model to emulate the antenna’s influence on channel and use the channel emulator to test the throughput. The configuration for the second stage test is show in Fig.13.


[image: image13]
Fig.13 test setup for the second stage test of two-stage method

There are attenuators used for the uplink signal, which is not shown in this figure.

3.2 Measurement Merits and Test Method

The measurement merits and test method are the same as described in section 2.2.

3.3 Calibration

3.3.1 Antenna pattern measurement calibration

With a reference antenna, the path loss of the antenna pattern measurement system can be calibrated. Then the antenna pattern measurement results can remove the path loss. The absolute antenna pattern gain could be thus obtained, which will be very useful for setting the output power of the channel emulator for the comparison with multiple probe antenna based method.

3.3.2 Calibration of imperfection of chamber with multiple probe antennas

As can be seen in table 4, during the rotation the path loss of each probe antenna is not constant. It is thus necessary to take this into account when using the channel emulator to emulate the antenna’s influence under given channel model. In the experiment, the path loss difference at different reference antenna orientation is taken into account.
3.3.3 Calibration of the output power of the channel emulator

Based on the path loss calibration results in section 2.3, the output power of the channel emulator for the two-stage test at given DUT antenna orientation can be obtained.  In the following throughput test when emulating the rotation of the DUT, the output power of the channel emulator is updated according the antenna gain at the given DUT antenna orientation and that at its previous orientation.

3.3.4 Calibration of the interface impedence mis-matching

In this experiment, no calibration has been performed for this part. It is assumed that the cable connection will change the antenna influence but the influence is still acceptable.
3.4 Test results

After all the calibration and setup, the throughput for the commercial MIMO DUT antenna 1 is obtained and shown in Fig. 14.
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Fig.14. Two-stage throughput test results vs 
throughput test result of multiple probe antenna test method.

From Fig.14, it can be seen that even though the two throughput test results do not match accurately. The Two-stage method test results do approximate the throughput test results quite well. This kind of accuracy is really encouraging in that in the experiments there are several big uncertainties not well addressed: 1) the chamber imperfection with multiple probe antennas 2) the throughput test tool’s uncertainty 3) the uncertainty due to no calibration of the RF interface impedance mismatch.
The same test is performed for the commerical MIMO antenna 2. However, the test results do not agree with the test results based on multiple probe antenna based method. The test results are shown in Fig.15
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Fig.15. Two-stage method throughput test result and 
throughput test result for multiple probe antenna based method.

Further analysis is performed to explore the test difference and it turns out that the DUT antenna is using cross polarization antennas as shown in Fig.16. However, in our experiment, only the vertical polarization antenna pattern is measured. The cross polarization antenna can decrease the correlation. Without taking this into account, the correlation of two-stage method will be higher than that of the real case and it is thus not hard to understand why the throughput test results for multiple probe antenna based method  is better than that of two-stage method for this DUT antenna. Further antenna pattern measurement with two polarization antenna gain will be done in the future to check on this part. Keep in mind that achieving identical throughput using different test methods is not the goal of this test. The true objective is to determine which test methodologies can be used to distinguish a good MIMO device from a poor one.
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Fig.16 Commercial MIMO Antenna 2 using cross polarized antenna elements
4. Summary and Discussion
In this contribution, the multiple probe antenna based MIMO OTA method and two-stage method have been performed on commercial MIMO antennas by using 11n router and network card. The experiment has helped disclose the potential uncertainties due to imperfection of chamber with multiple probe antennas, the uncertainties in the TCP/IP throughput test and the uncertainties for two-stage method in the RF interface impedence calibration part. By comparing the throughput test results based on multiple probe antenna and that of two-stage method, it is shown that two-stage method can be a cost effective MIMO OTA test method with good accuracy. It is thus proposed in this paper that in the future MIMO OTA discussion, the learning from this contribution can be taken into account.
5. Reference
[1] Vodafone, Skeleton report for MIMO OTA study item, 3GPP RAN4 contribution R4-091391, Seoul, South Korea, March 2009.
[2] Spirent Communications, “Practical MIMO OTA Testing”, 3GPP TSG-RAN4 R4-091362
[3] Elektrobit, “Updated Concept - MIMO OTA Testing”, 3GPP TSG-RAN4 R4-091964
[4] Agilent Technologies, “MIMO OTA test methodology proposal”, 3GPP TSG-RAN4 R4-091361

[5] COST 2100 TD(09)924, Agilent Technologies, “Two-stage MIMO OTA method”
[6] Agilent Technologies, “Test MIMO antenna influence on MIMO handset using two-stage method”, 3GPP TSG-RAN4 R4-100720
[7] Agilent Technologies, “MIMO OTA Channel Model Comparison, Analysis and Comparisons”, R4-100719
[8] Bluetest AB, “Statistical Approach to MIMO OTA Requirement”, COST2100 10th MCM, TD(10)10085




























































































































































































































































Circulator 2





11n Router





Dipole


Antenna





Circulator 1

















DUT








N5106A





ESG #1





ESG #2





MXA 1





MXA 2





11n router





Circulator 2





Circulator 1

















Circulator 3





Circulator 4

















Ant1





Ant2





Ant3



































ESG 4





ESG 3





ESG 2





ESG 1





ANT4





MXA 2





MXA 1





MXG #4





MXG #3





MXG #2





MXG #1








N5106A





Comm ANT2





Comm ANT1





DUT





ANT4





ANT3





ANT1





ANT2





Chamber


�











PXB








E4440A





ANT3





ANT1





ANT2





Chamber








3GPP


