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	Abstract:
	This contribution presents Intel’s preliminary observations on the MIMO OTA laboratory setup: describes measurements designed to quantify the accuracy of the system, illustrates control of amplitude and phase of the field inside the testing volume, and prepares the lab for SCME channel model verification tests as specified in TR 37.977.


1. Introduction

Companies participating in the specification of MIMO OTA testing methodologies [1] have collected the procedures relevant to the candidate methodologies in the Work Item’s TR 37.977 [2].  CTIA has launched the Inter-Lab/Inter-Technique OTA performance comparison activity [3] among participating labs.  Intel’s September time slot for this activity has enabled us to share some preliminary observations about the multi-probe anechoic chamber measurement methodology.  This contribution highlights several key observations from the Intel-Aalborg University COST IC1004 papers [4] and [5].

2. Discussion

2.1 Measurement Setup

Figure 1 shows a simplified version of the multi-probe setup mounted at AAU for testing a device under test (DUT) which is placed on a pedestal in an anechoic chamber surrounded by 16 probes mounted on a 4 meters diameter ring. The probes are designed by AAU [8] and currently not all antennas can be connected simultaneously with both polarizations due to the limited number of fading channels in the channel emulators. The number of probes makes the setup suitable to test any of the currently available LTE phones and most of the LTE tablets at the standardized LTE bands [6][7].
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Figure 1 - Basic scheme of multi-probe test technique used for testing DUT with a BS emulator
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Figure 2 - Aluminium ring with OTA probes covered by absorbers to avoid non-desired interactions
As shown inFigure 2, the ring is covered by absorbers to avoid interactions with the emulated field. The probes are connected to a channel emulator (2 EB F8 Units) through Power Amplifiers (PA). A base station (BS) emulator, R&S CMW 500 and a Vector Network Analyzer (VNA) are connected via a switching unit to the faders. For LTE signaling purposes, a monopole antenna is located at the base of the pedestal and connected through a PA to the uplink port of the BS emulator. The PAs are inserted in the system so that the dynamic range is suitable for terminal testing. The pedestal, made of polystyrene, is provided with a rotation axis on the center and a linear motion system. These features can be used to rotate the DUTs over the azimuth plane.

A software framework has been developed around each of the elements on the setup to automate all the functionalities from the system. 

2.2 Calibration

The system requires calibration, that is, the magnitude and the phase of the signal needs to be the same at the center of the ring, independently of the active probe. In order to achieve this, a test antenna, usually a dipole or magnetic loop, is placed instead of the DUT and connected to the VNA. The main drawback of this method is that for each calibration some changes need to be done in the setup. It is observed that the main agents causing the drifting over time are the active elements of the setup; hence a specific calibration method focusing on those elements should be considered.
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Figure 3 - Simplified block diagram to show the calibration of active parts on the multi-probe anechoic chamber setup
By adding some electronic switching units after the PAs, a connection between the VNA, the channel emulator and the PAs can be created. This way, the chamber and all the elements inside are bypassed and a calibration of the active elements can be done without physically changing the setup. Figure 3 shows a simplified diagram of this calibration system. In combination with the first calibration method, this system can develop self-calibration routines in between tests with a minimum interference from an operator during the test campaigns.

These two calibration techniques provides a baseline to ensure the stability, repeatability and the trust on the system, while keeping a low level of usage complexity.
2.3 Accuracy Investigation of the MIMO OTA Setup
System accuracy measurements help us define sources of measurement uncertainty.  Main testing items include:
· Investigation of power coupling level between OTA probes for both polarizations. Figure 4 illustrates the power coupling between probes.
· Investigation of reflection level inside the anechoic chamber for both polarizations

· Investigation of the signal drifting level of the MIMO OTA setup. 

· Checking the stability of the turntable. 

· Inaccuracy level at test zone center when rotating the dipole.
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Figure 4: An illustration of power coupling effect. Coupled power will be retransmitted and affect the synthesized field. In the measurement, either 8 or 16 horn antennas are used to emulate the channel.
A summary of the measurement results for the MIMO OTA setup accuracy investigation is shown in Table 1.

Table 1: Results from accuracy investigation of the MIMO OTA setup

	Area of investigation
	Results
	Notes

	Power coupling between probes
	Low frequency co-polarized: < -30 dB
	High frequency co-polarized: < -40 dB
	Cross-polarized (self): < -20 dB
	

	Reflection level inside anechoic chamber
	The largest reflection which is 0.2m away from the main peak, is around 10 dB less than main peak.
	All the other reflections are at least 25dB lower than the main peak
	
	Under further investigation

	F8 signal drift
	Maximum Phase & Power variation: 4 degrees & 0.2dB over 10 minutes and 10 hours testing


	Variation maintains a similar level for input power ranged from -30dBm to – 10dBm.


	
	The signal is quite stable over time. 10 hour testing present similar results as 10 minute testing.

	PA signal drift
	Maximum phase & power variation:  0.5 degrees & 0.3dB over 10 minutes.


	Variation maintained at similar level for input power ranged from -30dBm to – 10dBm.


	Variation maintained at similar level for frequency at 900 MHz and at 2450 MHz
	Higher signal drifting level was observed during PA warm up stage.

	Chamber signal drift
	Maximum phase and & power variation is 1.6 degrees and 0.16dB over 10 hours respectively.
	
	
	

	Full OTA system signal drift
	At frequency 2450 MHz, maximum phase variation and maximum power variation is 5.7 degrees and 0.26dB over 6 hours respectively
	At frequency 900 MHz, maximum phase variation and maximum power variation is 2.4 degrees and 0.1 dB over 10 hours respectively.
	
	

	Turntable motion
	Rotational settling time: 2 sec
	Radial settling time: 20 sec
	
	Pedestal not stable after sledge movement 

	Inaccuracy level at center of test volume
	@900MHz maximum power and phase variations are as high as 2dB and 10 degrees over orientations.
	@2450MHz maximum power and phase variations are as high as 1dB and 20 degrees over all orientations.
	
	Under further investigation


Measurement results for reflection level inside anechoic chamber are shown in Figure 5. The main peak corresponds to the line of sight (LOS) propagation; it was found that the largest reflection is 0.2m away from the main peak. The largest reflection is around 10 dB less than main peak. All the other reflections are at least 25dB lower than the main peak. Investigation for identifying this reflection is ongoing. The reflection is possibly caused by cables or reflections from the ring.
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Figure 5 Reflections at various orientations for vertical polarization. Rx antenna: dipole

In the measurement for inaccuracy level investigation at center of test volume, the dipole was located at the center of the ring by using a laser positioner. After calibration, equal field response (both power and phase) can be obtained for all the horn antennas. Ideally, the received field is constant during the rotation of the turntable.  Measurement results for inaccuracy level investigation at center of test volume are shown in Figure 6. As we can see, similar power and phase variations over rotation of the turntable for each horn can be observed. However, the fields were not constant when we rotated the dipole. 
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Figure 6 Field variation at test zone center over turntable rotation for different horns @f = 900MHz (left) and @f = 2450MHz (right)
Those inaccuracies are probably caused by cable effect, joint rotation, non-omnidirectional antenna radiation pattern, dipole placement error (not perfectly vertically positioned or not ideally located in the test zone center) or reflections.  Figure 7 shows how the cables were connected to the dipoles and how they were fixed on the pedestal during the spatial correlation measurements. Detailed analysis of those inaccuracies is ongoing.
[image: image8.jpg]



Figure 7 An illustration of cable placement in PFS measurements

To sum up, mainly three factors will contribute to inaccuracies of the measurements; Pedestal instability after sledge movement and field variation over rotation at test zone center and reflections inside the chamber. Those phenomenon will affect our results for PWS and PFS verification measurements.

2.4 Single Plane Wave Verification measurements
Plane wave synthesis technique was detailed in [9]

 REF _Ref336370146 \r \h 
[10]. This technique is based on the synthesis of the plane wave using the spherical wave theory. The influence of the number of probes on the physical dimension of the test zone has been investigated for the 2D case. The basic idea is that a plane wave with arbitrary impinging AoA can be created inside the test zone by selecting appropriate complex weights for the probes. 

In order to measure the field structure generated by the plane wave synthesis technique, a Satimo calibration sleeve dipole is fixed on the turntable and rotated on a circle with various fixed radiuses to the center as illustrated in Figure 8. The pedestal is located on a sledge which can move and rotate at the azimuth plane. In order to obtain enough samples to measure the field structure inside and outside the quite zone, the sledge is rotated every 1 degree and 21 points separated with 1cm are sampled for every orientation on the sledge.

[image: image9.emf]
Figure 8 An illustration of field scan points and turntable motion
The field structure inside the test zone, slightly outside the test zone and far outside the test zone, will be investigated. 
2.4.1 Stability of the samples
For each field scan point, 25 sample points are measured. Figure 9 shows the maximum phase and power variation for all the measured points. As we can see, the measurements are quite stable.
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Figure 9  Stability of the field scan measurement
Note that for some other considered scenarios, 1601 sample points are used for each field scan point. The measurements were not very stable (especially the case with two F8 units). Maximum power and phase variation can be as high as 1dB and 10 degrees. More detail analysis of the possible factors will be performed in the future.
2.4.2 Comparison results 
A single plane wave with AoA 90°at frequency 2450MHz was considered as the target synthesis scenario. Simulated and measured phase variations over orientation of the turntable are shown in Figure 10. The measured phase variation follows the synthesized field quite well. Deviations between measured and simulated power and phase for various radius are shown in Figure 12 and Figure 11, respectively. Maximum power deviation and maximum phase deviation are less than 1dB and 20 degrees respectively. 
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Figure 10 Simulated and measured phase variations over orientation for various radius
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Figure 11 Deviations between measured and simulated phase for various radius
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Figure 12 Deviations between measured and simulated power for various radius
More target scenarios with one or more fader units will be investigated in the future.
2.5 Preliminary Channel Model Verification Measurements

The Prefading signal synthesis technique (PFS( was detailed in [10]. In this technique, temporal characteristics of the channel are reproduced with the help of a channel emulator, so the focus is on reproducing spatial aspects of the channel. For MIMO OTA testing, it is desired with a limited number of probes we could generate an arbitrary number of clusters with associated arbitrary Angle of Arrivals (AoAs) and Azimuth Spreads (ASs) impinging the test zone. The essence of this technique is to find proper power weightings for each probe such that channel spatial characteristics can be recreated. Spatial correlation has been selected as the main figure of merit to characterize the channel spatial information.

We obtained the probe power weightings directly from the commercial channel emulator Electrobit F8. The optimization technique used to obtain the power weights was briefly described in [11]. The optimization of probe power weights is performed by fixing the antenna orientation. The least square error (LSE) technique was used to obtain the power weightings. It is mentioned in the patent that cluster AoA could be jointly considered when optimizing the power weightings.

As shown in Figure 13, two 2100MHz sleeve dipoles were used for PFS verification measurements. The antenna separation between the two dipoles is 0.5λ. The measured radiation patterns for the two antennas are shown in Figure 14. Due to the close-by dipole antenna impact, the dipole antenna patterns are not so omnidirectional. Also, the two dipole antenna patterns are not perfectly mirrored due to the fact that both dipoles are not perfectly vertically placed. 
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Figure 13 An illustration of two sleeve dipoles at 2100MHz used in the measurement system
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Figure 14 Measured radiation pattern of the two sleeve dipoles

For PFS verification measurements, we only consider single cluster case from SCM model for the sake of simplicity. Also only vertical polarization is considered in the measurement. 

Four scenarios are synthesized and measured. The details are listed in Table 2. The same spatial correlation curves are expected for scenario A and scenario B, while same temporal characteristics (signal envelop CDF distribution, Power Doppler spectrum) are expected for scenario A, C and D. One channel emulator and 8 probes were used to emulate scenario A, B and D, while two channel emulators and 16 probes were used for scenario C.

The power weights used to emulate the target scenarios are shown in Figure 15. 
Table 2 Measured and synthesized scenarios for PFS technique
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Figure 15 Power weights in the channel emulator for the target scenarios

2.5.1  Temporal characteristics 
The CDF for the signal received at the two dipoles at certain orientation in scenario A is shown in Figure 16. As we can see, measured signals are Rayleigh distributed. The received signals are all Rayleigh distributed in all the considered scenarios, as expected.
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Figure 16 Distribution of the signals received by the two dipoles at certain orientation in scenario A

Figure 17 illustrates the power Doppler spectrum as a function of AoA relative to the direction of movement. Here, 0 degrees is defined as the direction moving towards the narrow AS path and 90° is moving orthogonal to the direction of the incoming path.
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Figure 17 Theoretical Power Doppler spectrum for different DOTs

The power Doppler spectrum of the signals received by the two dipoles at certain orientation in scenario A and B are shown in Figure 18 and Figure 19 respectively. Compared with theoretical curve in Figure 17, similar tendencies can be observed for both scenarios. It is difficult to directly compare power Doppler spectrum due to fact that channels are created by ray based model in the channel emulator. As pointed out in [10], we can transform the spiky power Doppler spectrum to a continuous temporal correlation function. This work will be further performed in the future. 
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Figure 18 Power Doppler Spectrum of the signals received by the two dipoles at certain orientation in scenario A
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Figure 19 Power Doppler Spectrum of the signals received by the two dipoles at certain orientation in scenario B
2.5.2 Spatial Characteristics 
Comparison between simulated and measured spatial correlation for scenario A, C and D are shown in Figure 20, Figure 21 and Figure 22, respectively. The deviation between the target spatial correlation and the emulated spatial correlation in scenario D is larger than in scenario A. This is due to the fact that emulation accuracy depends on the channel. The test zone performance is expected to be the best if the cluster is arriving to the test zone from the direction where one of the OTA antennas are located (e.g. AoA = 0°), while the worst case is the cluster impinging from an angle exactly in the middle of two adjacent OTA probes (e.g. AoA = 22.5°in 8 probe configuration). Deviation between target spatial correlation and emulated spatial correlation in scenario C is very small since the number of probes used in scenario is 16. The more probes we use, the better test zone performance is expected, that is, the larger the test zone size is. The deviation between the emulated and target spatial correlation with antenna pattern is expected to be larger than without antenna pattern. The power weights are optimal for the omnidirectional antenna case; non-omnidirectional antenna pattern will effectively change the power weights. The impact of the antenna pattern on the emulation accuracy will be further studied. 

As we can see in the results, the simulations and measurements match quite well for all the considered scenarios. 
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Figure 20 Comparison between simulated and measured spatial correlation for Scenario A
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Figure 21 Comparison between simulated and measured spatial correlation for Scenario C
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Figure 22 Comparison between simulated and measured spatial correlation for Scenario D

3. Conclusion
Based on the initial results presented in this paper, we can make the following conclusions:
1. Accuracy measurements help us define sources of measurement uncertainty and their bounds; the paper presented a detailed approach to isolating and measuring the individual parameters
2. Control of the amplitude and phase of the field inside the testing volume was demonstrated by using plane wave synthesis

3. Preliminary channel model verification measurements were performed to prepare the lab to execute the SCME channel model verification tests as specified in TR 37.977
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[7] Nuutinen, J.-P.; Kyösti, P.; Yu Gao; Foegelle, M.D.; , "On the MIMO OTA test system," Communications and Networking in China (CHINACOM), 2010 5th International ICST Conference on , vol., no., pp.1-5, 25-27 Aug. 2010 
[8] O. Franek, G. F. Pedersen,”Spherical Horn Array for WideBand Propagation Measurements,” IEEE Transactions on Antennas And Propagation, 59, 2011 (7) p. 2654-2660.

[9] W. Fan, X. Carreño, J. Nielsen,K. Olesen, M. Knudsen, G. Pedersen. “Measurement Verification of Plane Wave Synthesis Technique Based on Multi-probe MIMO-OTA setup”, Proc. Vehicle Technology Conference (VTC 2012-Fall), 2012 IEEE 76th, Québec City, Canada, September 3-6, 2012.

[10] Pekka Kyösti, Tommi Jämsä, and Jukka-Pekka Nuutinen, “Channel Modelling for Multiprobe Over-the-Air MIMO Testing,” International Journal of Antennas and Propagation, vol. 2012, Article ID 615954, 11pages, 2012. doi:10.1155/2012/615954

[11] Pekka Kyosti, Jukka-Pekka Nuutinen, inventor; 2011 Aug.4. OVER THE AIR TEST. United States patent US 2011/0189962.

3GPP


