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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 two-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. This can be a big concern for the MIMO antenna test in that in the following aspects:
· The test throughput is depending on the DUT’s self noise while in reality the major part of noise of the system is coming from the interference which is much larger than self noise. The self noise based test result may not give consistent results when the interference appears. The same issue exists for the cable connected test and the problem is addressed by applying external noise to control the signal noise ratio instead of depending on the DUT’s self noise. 
· There are a lot MIMO OTA test methods proposed. To compare those test method based on the figure of merits like throughput, the test system’s SNR need to be consistently set so that the comparison is really apple to apple comparison. In [6, 7], a discussion on SNR definition has been initiated. However, there are few responses on how to define a generic SNR for MIMO OTA test so that we can control the SNR for the MIMO OTA test and we can compare the different MIMO OTA test method with consistent SNR setting. In this paper a generic SNR definition which should be applicable to different test method is proposed.
2. SNR definition for MIMO OTA test
2.1 Noise type applied for MIMO OTA test

The idea of applying controllable external noise is very similar to the cable connected conformance test by introducing some external noise. There are two choices on the noise characteristics:
1) AWGN noise. The AWGN noise is good for generating a certain noise level so that the test is somehow not dependent on the DUT self noise but the overall noise.  It also can help to make sure that different test method can have consistent SNR setting when comparing the test method’s performance. On the other hand, AWGN noise does not reflect the co-channel interference characteristics.

2) Interference.  The interference signal can be good for the purpose of setting controllable noise level and for achieve consistent SNR setting for different MIMO OTA method. It can also reflect the real co-channel interference characteristics to give a more realistic MIMO OTA performance. 

However, we believe one major objective of the MIMO OTA is to differentiated good MIMO antenna design and the bad MIMO antenna design. The AWGN noise may be a good tradeoff between the test method complexity and how good it can fulfill the requirement of tell a bad MIMO antenna design from good antenna design, but this still needs to be evaluated.
For applying the simpler AWGN noise to different MIMO OTA test method we propose to apply spatial white AWGN noise with no special preference to a particular antenna design. On the other hand, 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.

2.2 Method of apply noise for different MIMO OTA method

2.2.1 Multiple probe antenna based method

For the multiple probe antenna based methods, the AWGN is applied to a full circle of antennas surrounding the DUT with equal angular 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.
2.2.2 Reverberation chamber based 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.
2.2.3 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.
2.3  Definition of SNR
For the multiple probe antenna based method, the signal power is defined to be the measured power with a reference dipole antenna in the center of rotation when all the probe antennas for test signal are transmitting the test signals with fading and the noise generators are turned off. The noise power is defined to be the measured power with a reference dipole antenna in the center of rotation when all the test signal generators are turned off while all the noise generators are transmitting signal. The measured signal power over the measured noise power is defined to be the signal noise ratio for the MIMO OTA test method.

For the reverberation chamber based method, turn off the noise generator and measure the signal power with a reference dipole antenna. Then turn off the signal generator and turn on the noise power and measure the noise power with a reference dipole antenna. The signal noise ratio is defined to be the measured signal power over the measured noise power.

For the two stage method, the transmit signal power before the DUT antenna is defined the same as the multiple probe antenna based method and the noise power will be an integration of the spatial white AWGN noise with the antenna gain. In this way it can be guaranteed that the SNR setting for two-stage method and for the multiple probe antenna based method are consistent. 

3. Summary and Discussion

In this proposal, a generic SNR definition is proposed for different MIMO OTA test method. With this definition, it can make the MIMO OTA results like throughput not dependent on the self noise but the generated noise and it can make sure that different MIMO OTA test method can have consistent SNR settings when comparing those test method.
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