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1.0 Background
The current MIMO OTA test specification 34.114 [1] only covers SISO (Single Input Single Output) antenna systems. Testing is done in an anechoic chamber and measures only two parameters: TRP (Total Radiated Power) and TRS (Total Radiated Sensitivity). The TRP is defined as the integral of the power transmitted by the antenna over the entire radiation sphere and characterizes the antenna’s performance as a transmitter. The TRS is defined as the minimal received power to guarantee that the DUT’s BER (Bit Error Ratio) is kept below the required level for good reception and characterizes the antenna’s performance as a receiver. 
This test is not sufficient for MIMO (Multiple Input Multiple Output) antenna systems. Several key factors that need to be considered for MIMO OTA testing are as follows:

1) Emulation of multipath channel conditions. The test as described in [1] does not emulate multipath channel propagation. It is crucial that the multipath emulator should have flexibility to simulate different typical scenarios such as indoor and outdoor environments, different combinations of PDP, AoA/AoD and PAS distributions. 
2) Support of backwards compatibility. It is desirable that the test methodology for MIMO OTA can be used for SISO antenna OTA testing as well. 
3) The methodology should be cost effective, controllable and repeatable. It would be highly desirable that the current SISO test instruments and environment can be reused in the MIMO OTA test methodologies.
2.0 Proposed MIMO OTA test solution
Based on the above considerations, a new two-stage MIMO OTA test methodology is proposed:
1) Stage 1: Measure the DUT multiple antenna pattern using a traditional anechoic chamber. The test environment is set up as described in 3GPP TS 34.114 [1], where the DUT with multiple antennas is put into a chamber and each antenna element’s far zone pattern is measured inside the chamber. The influence of human body loss can be measured by attaching the DUT to a SAM head when doing the antenna pattern measurements. 
2) Stage 2: Combine the antenna patterns measured in stage 1 into the MIMO channel model, and then test according to Fig.1 using a cabled connection.
[image: image1.jpg]


Figure.1 Proposed test methodology for MIMO OTA test 

The benefits of this proposed MIMO OTA test methodology are the following: First, it can perfectly leverage the current SISO antenna measurement instruments and anechoic chamber which saves new investment. Second, it can reduce the test time if multiple channel models are to be used since the measurements of the antenna pattern are only done once. Third, it eliminates the difficulty of emulating multipath channels inside a chamber, whether a traditional anechoic chamber or a reverberation chamber, providing much better flexibility, controllability and repeatability.
Currently the metrics for MIMO OTA test have not been defined, however this proposal just describes the basic test methodology and when metrics are defined, such as radiation efficiency, BER/FER, channel capacity, these can be applied later. 
3.0 Research on the effectiveness of the proposed test methodology 
Several papers discuss MIMO antenna evaluation methods [2-6]. Paper [4] compares different methods of evaluating antenna arrays for MIMO systems through calculation of the MIMO capacity of a compact antenna array under test and comparing it to a reference array of four monopoles. Three different methods are used: 1) evaluation based on combining measured antenna patterns with channel models as proposed in this paper, 2) measurements in a reverberation chamber, 3) simultaneous measurement of radio channel data using the real MIMO antenna arrays. It has been shown in [4] that all these three methods give very similar relative results for the two arrays tested.
Paper [5] and [6] also present a MIMO antenna evaluation method by combining the measured antenna pattern with multipath channel data, and comparing the evaluation results with the direct measurement ones. The extensive measurement results also show that combining the measured radio channel knowledge (such as PDP, AoA/AoD) and antenna pattern would make it possible to build a real-time system for simulating the performance of the terminal along a route accurately in laboratory conditions as if the terminal were moved along the real route. 

From the research results available, it can be seen that combining the measured antenna pattern with the multipath channel and using a channel emulator to do the OTA test can be an effective approach.
4.0 Simulation results
For method 1) in paper [4], two different approaches are used to combine the antenna patterns with the multipath channels. One is based on the SCM model approach. The other is based on the correlation based model approach, where the correlation matrix of the transmitter and receiver are calculated independently and used to derive the total correlation matrix based on the Kronecker product. However, the Kronecker product has some assumptions about the transmitter and receiver, and also neglects the correlation terms across the link. It can not be directly applied for realistic antenna patterns [4]. To overcome this issue, we derived a correlation matrix calculation method for arbitrary radiated patterns under multipath channel conditions and validated this through simulation with SCM. The simulation results prove that given the same antenna patterns, these two models (SCM model and correlation-based model based on our derived correlation matrix) have the same correlation property in the link/system level, and result in the same influences on system channel capacity.
Based on the correlation matrix approach validated by the SCM model, some further simulations on the real antenna pattern together with a multipath channel on the MIMO system OTA performance are performed. The influence of human body on the antenna pattern and thus the MIMO system OTA performance is also investigated. The antenna pattern with and without human body influence is derived from the antenna simulation tool. The Channel capacity is used as the metric to evaluate the influence of real antenna patterns. Two simulation results are provided:
Simulation I: Comparing one designed antenna array with ideal omni-directional antenna array.
Simulation II: Evaluate the MIMO system performance with & without the SAM head influence under the assumption of one Rayleigh path. 
These will now be described.
Simulation I:
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A 2 by 2 MIMO system is configured, the aim is to evaluate the terminal’s antenna performance, so the BS side uses ideal omni-directional antenna with vertical polarization, and the UE uses designed antenna with pattern as shown in Fig.2. The designed UE antenna is a 2- dipoles antenna with some coupling. For the comparison purpose, the ideal omni-directional antennas with same antenna spacing are also assumed for UE as reference antenna. By Combining the designed antenna array and ideal omni-antenna array into MIMO channel models separately, the system channel capacity and BER performance of LTE system under the channel with UE antenna arrays are compared.
Figure.2 Antenna far zone pattern simulated by Agilent EM-solver EMPro 
The results shown in Fig. 3 and Fig.4 demonstrate that antenna radiation performance influences the system performance. Figure 3 is calculated for AoD = 50 degrees, AoA = 67.5 degrees, AS of AoD = 2 degrees, AS of AoA = 35 degrees, and a Laplace PAS distribution. Figure 4 shows the uncoded BER performance for the same configuration. The real antenna array under the chosen multiple path channel actually has better performance than the ideal omni-directional antenna arrays. The BER curve also shows that the real antenna array has a better performance, which agrees with the capacity analysis result. The relative results real antenna array compared against a reference antenna provide an effective approach to compare the performance of MIMO antenna arrays based on the measured radiation pattern.
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Figure.3 Channel capacity comparison for ideal vs. simulated omni antenna pattern
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Simulated pattern by Agilent 3D EM-solver EMPro

Ideal Omni-directional antenna pattern


Fig.4 Uncoded BER performance for ideal vs. simulated omni antenna pattern

Simulation II: 
For the real application, the effects of human body should also be taken into account. In this simulation, we try to investigate how the interaction of the human body with real antenna will influence the system performance.
The interaction between the human body and the designed antenna is simulated by attaching the designed antenna to a SAM head and calculating the antenna pattern with the SAM head. The SAM head model is available from standard specifications. The antenna patterns with and without the SAM head are provided in Figure 5. From Figure 5, it can be seen clearly that the SAM head will change the antenna pattern significantly.

Assuming a 2x2 configuration, for the BS side, the ideal antenna array configuration is assumed. For the handset part, two configurations are compared. One is the designed antenna array without the SAM head, and the other is the designed antenna array with the SAM head. Taking one path, change the path AoA from -180 degree to 150 degree, and then investigate the channel capacity’s change with respect to the AoA for the two different configurations. The results are shown in Figure 6 and demonstrate that for the designed antenna array, no matter whether there is head influence, the rotation of the antenna will result in power and correlation fluctuation and thus channel capacity fluctuation. However, for the case when there is head influence, the fluctuation range will be much greater compared with the case when there is no head influence. Also the interaction between the head and the antenna array results in selectivity for the AoAs. 

These simulation results demonstrate that by combining real antenna patterns with the multipath radio propagation channel in this way, the human body influence can be evaluated conveniently, and the antenna performance can be investigated easily by for different orientation or different multipath scenarios to observe [image: image5.wmf]0
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its robustness under different cases. 
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5.0 Comparing the three methods in [4] for MIMO antenna array evaluation
1) Evaluating two MIMO arrays using radio channel measurement is time-consuming and inflexible. The channel is not repeatable and controllable. The channel varies considerably even for the two antenna arrays under test placed less than 0.5m apart.
2) Evaluating MIMO antenna arrays in a reverberation chamber. This method provides a statistically repeatable environment for characterising MIMO antennas. The key challenge for this method is how to design the reverberation chamber to duplicate the wanted multipath propagation conditions to which the mobile phone would be exposed. The multipath propagation conditions are so different under different scenarios, such as indoor/outdoor, unban/suburban, etc. It is hard to duplicate those multipath propagation scenarios with reverberation chamber. 
3) Evaluating MIMO antenna arrays by combining measured antenna patterns with channel models and using channel emulator to emulate the influence. This approach is very flexible and cost-effective. It leverages the strengths of anechoic chamber testing and the channel emulator, where the chamber test can provide accurate antenna radiation performance and the channel emulator can provide accurate, flexible multipath channel emulation. With the proposed approach, the traditional chamber equipped for SISO OTA test can be also be used for MIMO OTA test. Combining the measured antenna radiation pattern with the multipath channel and doing the emulation through a channel emulator can provide accurate and effective OTA test performance. The extensive results in papers [4], [5] and [6] (comparison on CDF of eigenvalues of the channel covariance matrix and channel capacity) demonstrate that all three methods give very similar relative results for the two arrays tested. 

6.0 Conclusion 
At TSG RAN#41, it was indicated that there is a need for a test methodology to be created with the aim of measuring and verifying the radiated performance of multi-antenna, MIMO systems in UEs for both HSPA and LTE devices. This document proposes one new test methodology for discussion. This methodology tests the MIMO receiver using a channel emulator, which combines real antenna radiation patterns into MIMO channel models. The advantage of this method is it can test the DUT’s performance under the joint effects of real multipath and antenna radiation while the test process is still cost effective, easily controllable and repeatable.
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Channel Emulator with Real Antenna Influence
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Fig. 5 Antenna pattern with & without SAM head influence











Fig.6 Channel capacity with & without SAM head influence at reference SNR = 20dB (SNR at first point of blue line is 20dB, then same noise power is added to all the other simulation points)
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