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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].
For SCM/SCME channel models, the PAS (Power Angular Spread) of one path is approximated by 20 sub-paths with different delta angles as compared with the angle of arrival or departure of the path, which means to strictly follow the SCM model, at least 20 RF fader channels and 20 test probes are required to produce one path. When dual polarization is required, the number of RF fader channels and test probes would double. This brings great challenges due to the practical hardware restriction in an anechoic chamber, and the cost to set up such test platform is too large. So the proposals [2]-[7] suggest using a reduced number of sub-paths to approximate the PAS of a single path and reusing the antennas among paths to approximate the SCM model in an OTA test.
To approximate the SCM effect accurately, the number of sub-paths, the relative AoA of those sub-paths and the power ratio of those sub-paths have to be designed carefully. In proposal [2], a clear description of how to model 35º-Laplacian azimuth spread using a three Rayleigh sub-path approximation is provided and some simulation results are provided in [2] and [3]. In [4] and [5], another proposal of how to use 8 test antennas to approximate the SCM channel model is provided. However, the detail of how to map the 20 sub-paths onto the test antennas to approximate both the PAS and AoA is not given. In [6] and [7], some experimental results are provided to validate the capability of the proposed method to approximate the SCM power delay profile, AoA etc. However, there are no results on whether the measured PAS agrees with the set cases and whether the measured spatial correlation property is as expected in the SCM/SCME models. 
This paper evaluates the different proposals [2] - [8] work with real MIMO antennas is provided. The evaluation results demonstrate that a three Rayleigh sub-path can approximate the SCM model in most cases, but its accuracy depends on the DUT’s antenna pattern. If the DUT’s antenna pattern is not good, there will be significant errors in some AoA cases. (Since there is no information available on how to map 20 sub-paths onto the 8 test antennas, the performance analysis of proposal [4] is not done here).
2.0 Evaluation method
In order to evaluate whether the three Rayleigh sub-path model proposed in [1] can be applicable for practical MIMO OTA testing, experiments and simulations based on one commercial DUT with three antenna elements were carried out. The DUT antenna pattern measured in an anechoic chamber is shown in figure 1. 
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Figure 1 Measured antenna pattern

Based on the measured pattern, we compare the theoretical results of the correlation property and each channel’s power variation for three different models: 
a) Two-stage with correlation model -  where the correlation-based channel model is applied using an integration model with real Laplacian angle spread as in figure 2
b) Two-stage with SCM model - where the SCM/SCME model is applied using a Sum-of-Sinusoids with 20-sub-path model as in figure 3 
c) SCM approximation from [2] - using the power weighted three Rayleigh sub-path model proposed in [2] as shown in figure 4 
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Figure 2 Laplacian Angle Spread with 
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Figure 3 SCM/SCME Path Model with Sum-of-Sinusoids [2]
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Figure 4 Three-Component Power Weighted Rayleigh Faded Signal  [2]
It is well known that the 20 sub-paths of the SCM model are used to approximate the Laplacian PAS effect. The three Rayleigh sub-path model is designed to approximate SCM. If the simulation results can prove these three models can agree with each other very well, then the three Rayleigh sub-path model proposed in [2] can be a good option for simulating the SCM/SCME/Winner models. 
3.0 Simulation results
Based on the measured pattern in figure 1, the correlation coefficients between any two antennas is calculated for each of the three models w.r.t. AoA range of [-180 180]. These results are shown in figures 5, 6 and 7.
In order to clearly show the differences between the three models, the real and imaginary parts of the correlation coefficients are plotted in different figures. Figures 5-1 to 5-3 are the correlation results for antenna 1 and antenna 2, figures 6-1 to 6-3 are the correlation results for antenna 2 and antenna 3, and figures 7-1 to 7-3 are the correlation results for antenna 1 and antenna 3. These results demonstrate that for this DUT, the correlation is very similar for most AoA cases, but for some cases, for example, the point of AoA = 150 degree in figure 5-1 and the point of AoA = -180 degree in figure 6-1, the difference between the SCM approximation model and the ideal SCM model is large.
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Figure 5-1, Absolute value of correlation coefficient between antenna 1 and antenna 2 w.r.t AoA
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Figure 5-2, Real part of correlation coefficient between antenna 1 and antenna 2 w.r.t AoA
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Figure 5-3, Imaginary part of correlation coefficient between antenna 1 and antenna 2 w.r.t AoA
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Figure 6-1, Absolute value of correlation coefficient between antenna 2 and antenna 3 w.r.t AoA
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Figure 6-2, Real part of correlation coefficient between antenna 2 and antenna 3 w.r.t AoA
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Figure 6-3, Imaginary part of correlation coefficient between antenna 2 and antenna 3 w.r.t AoA
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Figure 7-1, Absolute value of correlation coefficient between antenna 1 and antenna 3 w.r.t AoA
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Figure 7-2, Real part of correlation coefficient between antenna 1 and antenna 3 w.r.t AoA
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Figure 7-3, Imaginary part of correlation coefficient between antenna 1 and antenna 3 w.r.t AoA

Figures 8-1 to 8-3 compare the received signal power on each antenna w.r.t. AoA in the range of [-180 180]. The power shown in these figures is normalized by the maximum power value of the two-stage: correlation model. These figures demonstrate that for the received signal power, the two-stage SCM model matches closely with the two-stage correlation model, while the SCM approximation model departs from the other two models in some cases.
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Figure 8-1 Received signal power variation on antenna 1 w.r.t AoA
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Figure 8-2 Received signal power variation on antenna 2 w.r.t AoA
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Figure 8-3 Received signal power variation on antenna 3 w.r.t AoA

From this analysis, it can be seen that the two-stage correlation model and two-stage SCM model will result in good agreement in both correlation and antenna received power. The three Rayleigh sub-path approximation model agrees with the real SCM model for most of the AoAs. However, there are also noticeable errors for some of the AoAs. Comparing the results in this proposal and that in [2], the main difference is the antenna pattern used. This raises the concern that the accuracy of the three Rayleigh sub-path model depends on the UE antenna pattern characteristics.
4.0 Conclusion 
In this contribution, performance analysis of the two-stage method and the three Rayleigh sub-path method proposed in [2] is performed on a commercial MIMO antenna. The simulation results show that for most AoA cases, this three Rayleigh sub-path model agrees with the SCM channel model, but the accuracy at some AoAs is not as good. The Accuracy of the three Rayleigh sub-path depends on the DUT’s antenna patterns. The two-stage method proposed in [8] being based on actual antenna pattern measurements is able to provide accurate correlation and power imbalance results.
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