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1.0 Background
Since the Study Item (Measurement of radiated performance for MIMO and multi-antenna reception for HSPA and LTE terminals) was established in March 2009 [1], different MIMO OTA test contributions have been submitted for discussion. Among these proposals, one direction is to approximate the wireless propagation environment with SCM/SCME channel models by using an anechoic chamber plus channel emulator. Another proposal is to do the OTA test in two stages as proposed in [8].
In [9], simulation analysis results of how proposals [2]-[8] work with real MIMO antennas are provided. Based on the same commercial terminal used in [9], this contribution provides further experimental validation of the two-stage MIMO OTA method versus the SCM approximation method. For the SCM approximation method, we strictly follow [2] to set up the MIMO OTA test platform. However, since there is no information available on how to map the 20 sub-paths onto the 8 test antennas in [4]-[7], the experimental platform of proposal [4] could not be reconstructed and the validation is not available here. 
The experimental results demonstrate that although the two-stage method does not account for the effects of internal coupling between radiated emissions from the UE and the antenna, its correlation and power results are very similar with those directly measured in the chamber. The two-stage method has the advantage of easy setup and is very cost effective making it a good choice for MIMO OTA test, especially during product development when access to antennas for pattern measurement is easier.
2.0 Experimental test set-up 
Experimental test set-up for two-stage method

[image: image1]The experimental test set-up for the two-stage method is as follows. In the first stage, the antenna pattern of the DUT is measured in the anechoic chamber as shown in figure 1. 
Figure 1 First stage: measure antenna pattern in traditional anechoic chamber
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 Figure 2 Second stage: Load antenna pattern or correlation matrices and test using channel emulator
In the second stage, if using the SCM/SCME/Winner models, load the measured antenna pattern directly into the channel emulator and test using a cable connection. If using the correlation-based channel model, calculate the correlation properties based on the measured pattern and angular spread function, and then load the correlation matrices into channel emulator to start the emulation. 
Experimental test set-up for SCM approximation method


[image: image2]
Figure 3 MIMO OTA test platform set up according SCM approximation method

According to the method in proposal [2], a SCM approximation test platform is set up by using an Agilent MIMO receiver tester PXB N5106A as shown in figure 3. From the test setup, it can be seen that although the method in [2] is simplified by using three Rayleigh sub-paths to approximate the 20 sub-paths in the SCM model, it still requires significant hardware configuration when the number of paths is large. To construct a two-tap propagation environment we used one Agilent PXB channel emulator  and four E4438C RF signal sources, each connected with one OTA test antenna. 
To emulate two-tap Rayleigh fading as proposed in [2], the test antenna’s positioning should follow figure 4. The four channels of the channel emulator (CH #1 to CH #4) are turned on and configured as 4 parallel SISO channels. The configuration is as follows:
· CH #1 and CH # 4 are configured as one-path Rayleigh channels

· CH #2 and CH # 3 are configured as two-path Rayleigh channels

· The first path of CH #1, CH #2 and CH #3 share the same time delay and AoA; the relative power is 0.21, 0.58 and 0.21.The second path of CH #2, CH #3 and the first path of CH #4 share the same time delay and AoA, the relative power is set to 0.21, 0.58 and 0.21. 
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Figure 4 AoA relationship  of the three Rayleigh sub-path model to approximate the Laplacian Angle Spread with 
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Figure 5 Power relationship in the three Rayleigh sub-path model to approximate the Laplacian Angle Spread with 
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= 35 degrees 
In order to validate whether the test results under the above test configuration agree with the expected theoretical model (SCM model and simplified three Rayleigh sub-path model), we use the channel sounding method to simultaneously send a specific Chirp signal from the OTA test antennas, and extract the correlation and power information from the received signals of the DUT antenna arrays. The test results are further compared with the two-stage method results.
3.0 Experiment results
Spatial correlation between antennas and the received power of each antenna w.r.t. AoA in the range of [-180 180] are measured. For the two-stage method, the experimental results are nearly identical to the theoretical results. The results of two-stage method are shown in the figures below as Two-stage: correlation model and Two-stage: SCM model, respectively, depending on the channel model used. For the SCM approximation method, both the theoretical results and measured results are provided. It is expected that both the theoretical results and measured results of the SCM approximation method should be close to SCM theoretical results if the approximation is accurate enough. 
The test results of path #1 and path #2 are very similar. To save space, only the results for path #1 are given below. In order to show the difference clearly, the real part and imaginary part of the correlation coefficients are plotted in different figures. Figures 6-1 to 6-3 are the correlation results of path #1 for antenna 1 and antenna 2, figures 7-1 to 7-3 are the correlation results of path #1 for antenna 2 and antenna 3, and figures 8-1 to 8-3 are the correlation results of path #1 for antenna 1 and antenna 3. 
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Figure 6-1, Absolute value of correlation coefficient of path #1 between antenna 1 and antenna 2 w.r.t. AoA
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Figure 6-2, Real part of correlation coefficient of path #1 between antenna 1 and antenna 2 w.r.t. AoA
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Figure 6-3, Imaginary part of correlation coefficient of path #1 between antenna 1 and antenna 2 w.r.t. AoA

[image: image10.emf]-150 -100 -50 0 50 100 150

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

AoA in degree

Absolute value of correlation coefficient

 

 

Two-stage:correlation model

Two-stage: SCM model

Spirent SCM approximation: theoretical results

Spirent SCM approximation: measured results


Figure 7-1, Absolute value of correlation coefficient of path #1 between antenna 2 and antenna 3 w.r.t. AoA
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Figure 7-2, Real part of correlation coefficient of path #1 between antenna 2 and antenna 3 w.r.t. AoA
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Figure 7-3, Imaginary part of correlation coefficient of path #1 between antenna 2 and antenna 3 w.r.t. AoA
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Figure 8-1, Absolute value of correlation coefficient of path #1 between antenna 1 and antenna 3 w.r.t. AoA
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Figure 8-2, Real part of correlation coefficient of path #1 between antenna 1 and antenna 3 w.r.t. AoA
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Figure 8-3, Imaginary part of correlation coefficient of path #1 between antenna 1 and antenna 3 w.r.t. AoA

Figures 9-1 to 9-3 compare normalized received signal power of path #1 on each antenna w.r.t. AoA in the range of [-180 180]. The absolute value of the power of the two-stage method is not directly comparable with the measured results due to the different setup. To compare the power of the two-stage method with the measured results of the SCM approximation method, power normalization is applied to the two-stage method results and the measured results of the SCM approximation method, respectively.
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Figure 9-1 Received signal power of path #1 on antenna 1 w.r.t. AoA
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Figure 9-2 Received signal power of path #1 on antenna 2 w.r.t. AoA
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Figure 9-3 Received signal power of path #1 on antenna 3 w.r.t. AoA

Figures 6 to 9 demonstrate that: 
1) The two-stage method (both correlation model and SCM model) have comparable results to the theoretical results of the SCM approximation method 

2) The two-stage method, the theoretical results of SCM approximation and the measured results of SCM approximation are comparable for most of the cases also. However, it can be seen that the measurement results degrade as compared with the SCM approximation theoretical results. This might be due to uncertainties in the test setup.
From the test results, it can be seen that the two-stage method can be a more accurate and cost effective MIMO OTA performance test solution regarding since there does not need to be any approximation when reproducing the multiple path fading channel environment. The two-stage method does not currently address coupling between the MIMO antenna radiation and UE internal spurious interference, but it is still a cost effective and accurate method to test the throughput of UE over the air, especially during product development when access to the antennas is less problematic.
The advantage of the SCM approximation method is that it can reflect the performance influence when there is significant coupling between antenna radiation and spurious emission from inside of UE (e.g. carrier de-sense). However, the SCM approximation method is less accurate from a channel perspective and is higher cost.. From the measured results, it can be seen that three Rayleigh sub-path approximation method degrades the performance of both experimental results and theoretical results especially when the antenna pattern is not ideal. The three Rayleigh sub-path method is less flexible. When the PAS (power angular spectrum) or AS (angular spread) is changed, the three sub-path’s power and AoA relationships must be re-calculated. When the configured test path number is large, the required number of RF signal generators and channel emulator is also large. With the two-stage method once the antenna pattern is measured in the anechoic chamber, any subsequent channel model can be applied without the need for a chamber during the second stage of conducted testing.
4.0 Conclusion 
In this contribution, two kinds of MIMO OTA test platforms are set up and experimental validation of the .two-stage method vs. SCM approximation is carried out. The experimental results demonstrate that the two-stage method and the SCM approximation method will generate comparable experiment results, which is also comparable to theoretical results when using a practical DUT. However, the measured results of the SCM approximation method do not have as good performance as the two-stage method by departing from the expected real SCM theoretical analysis results for some AoA cases.  The advantage of the SCM approximation method is that it can reflect the performance influence when there is significant coupling between antenna radiation and spurious emission from inside of UE (e.g. carrier de-sense). However, the SCM approximation method is less accurate from a channel perspective and is higher cost and less flexible than the two-stage method.
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