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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 [5] and the MIMO OTA test method based on the multiple-stage method [4]. Currently the most interesting figure of merits under discussion is the throughput. However, throughput is a function of signal noise ratio. Most of the MIMO OTA measurements done today do not apply external noise. In [6-8], discussions on SNR definition have been initiated on the necessity of explicitly controllable SNR. In RAN4 #2 Ad Hoc meeting in Dublin, there are questions on how the OTA measurement with and without external noise make different values for MIMO OTA test and how to come out SNR definition to cover both cases. In this proposal, the values of the MIMO OTA test with and without external noise are discussed and further a generic SNR definition and configuration which can cover both cases are proposed. How to apply the SNR definition to different MIMO OTA test method is discussed.
2. MIMO OTA test needs and implications on the SNR

As stated in [9], MIMO OTA is expected to differentiate between a good terminal and a bad terminal in terms of MIMO OTA and the desirable figure of merits are throughput. When MIMO technology is used, the throughput measure is evaluated from different perspectives:
1) What is the throughput gain of MIMO over SISO under real channel and normal working condition? What is the throughput gain of a good MIMO device as compared with a bad MIMO device under the real channel and normal working condition?

2) What is the improvement of coverage due to MIMO as compared to SISO  under real channel to retain a given throughput

Item 1 focuses more on the throughput gain due to MIMO. The MIMO OTA test designed thus needs to evaluate whether the MIMO antenna design is able to help to achieve the MIMO throughput gain under the real channel and normal working condition. For this perspective, the MIMO device is working with the co-channel interference. The co-channel interference is much larger than the self noise of the handset. Thus for the designed MIMO OTA test, the effect of interference needs to be taken into consideration and the SNR definition should reflect the influence of the co-channel interference on the overall throughput gain of the MIMO antenna under test. One approach to do the MIMO OTA test to evaluate the MIMO gain under co-channel interference is thus by applying external noise to control the SNR and mask the self noise’s influence on the MIMO throughput test.
Item2 focuses more on coverage improvement for a given throughput due to MIMO. The MIMO OTA test designed thus needs to evaluate whether the MIMO antenna design is able to help to achieve the coverage improvement for given throughput under the real channel and normal working condition. The coverage improvement is a complicated problem depending on interference etc. However, usually the maximum diameter of the cell is achieved with the assumption of no interference. By finding out the transmitter power needed to guarantee the minimum throughput performance requirement, the maximum diameter of the cell can be calculated from the measured minimum transmitter power and the path loss of the channel. Thus for the second item, the MIMO OTA test designed should be able to test the influence of the MIMO antenna design on the maximum cell diameter and thus the coverage improvement for MIMO as compared with SISO. For this kind of test, it is thus probably to be tested with only the handset’s self noise. One approach to do the MIMO OTA test to evaluate the coverage improvement of MIMO is thus by controlling the transmitter signal power and ignore the co-channel interference.
With the above discussions, it can be see that the MIMO OTA test with external noise and the MIMO OTA test without external noise can be used to evaluate the different aspects of MIMO as compared with SISO system. The corresponding MIMO OTA tests can test how the MIMO antenna design will influence the handset to achieve those gains of MIMO and thus differentiate the good MIMO handset from the bad MIMO handset.
The typical configuration of a MIMO handset under real channel with co-channel interference is shown in Fig.1.  For simplification of the interference emulation, the interference can use AWGN noise and no fading is applied to the interferer. To evaluate the MIMO antenna’s influence, a multipath channel needs to be applied to the transmitter signal. The configuration can still be illustrated by Fig.1.
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Fig.1 MIMO Handset under co-channel interference

Suppose we put a reference dipole antenna in the centre of configuration, then the received signal power by one element of the handset antenna is 
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, where H is the channel gain for the transmitted signal under given configuration, 
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The received interference signal is
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The SNR is thus defined to be 
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 when there is co-channel interferer. If the co-channel interferer is removed by setting the power of the interferer zero, then the test configuration corresponds to the test case where the self noise will be the major noise influencing the performance. It is not possible to get the real SNR for the MIMO handset under this case without knowing the details of the handset design. From the MIMO OTA test perspective, it is not necessary to get the real number of SNR for this case. What is needed for the test is to change the transmitter signal power and search for the power level of the transmitter, which can make the MIMO handset achieve the given throughput. The corresponding received signal power by the dipole can then be used as a measure for coverage improvement.
3. Apply SNR definition for MIMO OTA test
3.1 Use AWGN external noise to emulate co-channel interference in MIMO OTA test
AWGN is a reasonable simplification for the co-channel interference. It can achieve controllable SNR for the MIMO OTA throughput test. By putting the AWGN interferer on a circle with equal angle interval, spatial white interference can be emulated. Since the test signal generated by different MIMO OTA test method will have some kind of directivity (The LOS path will have the strongest power), this approach can help emulate the effect that while the DUT is rotating the instant SNR at different DUT antenna orientation is different depending on the DUT antenna’s pattern.

3.2 Method of apply noise for different MIMO OTA method

3.2.1 Multiple probe antenna method

For the multiple probe antenna based methods, the AWGN is applied to a full circle of antennas surrounding the DUT with equal angle interval. On each probe antenna, equal power AWGN noise is applied. Equal power AWGN noise is applied to both vertical polarization and horizontal polarization.

The AWGN noise can be super-imposed on the probe antennas for signal generation or can be on independent probe antennas. The number of probe antennas for AWGN noise generation is at least 3 to have a good approximation of spatial white AWGN.
When testing MIMO antenna design with the throughput figure of merits, the AWGN interferer’s power level is set to a constant level. The transmitter’s power level is changed to vary the SNR. The measured throughput under different SNR will be used to evaluate the different MIMO antenna design. When testing the coverage improvement, the AWGN interferers are turned off. The transmitter’s signal power is changed to find the power level where a given throughput is achieved. The measured signal power with a dipole for this case will be a measure of coverage improvement for the MIMO downlink.

3.2.2 Reverberation chamber method

For the reverberation chamber based method, the way of applying AWGN is to apply the AWGN to the test signal before it is radiated through the test antenna. The reason for not use another test antenna to generate spatial white AWGN noise is that for that case the AWGN noise will go through independent Rayleigh fading as compared with the signal, which might significantly influence real instant signal noise ratio. The second reason is that for reverberation chamber based method the uplink is faded as well, a spatial white AWGN noise could also influence the uplink performance and may result in some limitations on the test results due to the uplink performance issue under faded channel with noise.
When testing MIMO antenna design with the throughput figure of merits, the AWGN interferer’s power level is set to a constant level. The transmitter’s power level is changed to vary the SNR. The measured throughput under different SNR will be used to evaluate the different MIMO antenna design. When testing the coverage improvement, the AWGN interferers are turned off. The transmitter’s signal power is changed to find the power level where a given throughput is achieved. The measured signal power with a dipole for this case will be a measure of coverage improvement.

3.2.3 Two-stage method

The spatial white AWGN noise is integrated over the antenna pattern and the resulted noise power is used to generate the noise power for the second stage of throughput test. The first stage antenna pattern measurement does not apply the AWGN noise generation. The output power of the channel emulator output signal is set to make sure that the power received by the MIMO handset with RF connection is comparable as the power received through the handset’s antenna. The SNR is emulated by setting the power of the AWGN noise correctly when measuring the throughput for the given MIMO antenna design. When measuring the coverage improvement, the AWGN interference is turned off.
4. Summary and Discussion

In this proposal, further discussion on the MIMO OTA test needs and the implication to SNR definition are discussed. It is shown in this proposal that the test with external noise and without external noise are actually two tests evaluating the different perspective of MIMO antenna design. A generic configuration and SNR definition can be used to cover both tests. Further explanation on how such configuration and SNR definition can be applied to different MIMO OTA test is also further discussed in this proposal.
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