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1. Background

3GPP and CTIA are now performing researches on MIMO OTA test method. Reference antenna test and comparison are now used to do the MIMO OTA test method evaluation. In [1], the inter-lab and inter technique test plan has been made to do the reference antenna test and measurement. In the test, it is expected that external AWGN is applied so that the SNR seen by the EUT in the radiation test can be controlled. During the IL/IT test, difference has been observed between the test results with and without external AWGN for some MIMO OTA test methods. Further analysis indicates that the different SNR definition and implementation for different test methods is one of the major reasons for such kind of difference. In this paper, we briefly describe the SNR definition of each method and its pros and cons and then introduce the SNR definition of two-stage method. The test results show that the SNR definition used for two-stage method is able to achieve good differentiation for antennas with different performance.
2. Different MIMO OTA SNR definition

2.1 Two-stage MIMO OTA SNR definition
For the two stage method, the SNR definition is very similar to the RF conformance test case. One thing different is that the signal power generated is modulated by the device antenna gain. The SNR definition for two-stage method is the signal power before the device antenna over the noise power of the external AWGN. The external AWGN is generated and sent to the RF port of the device together with the signal. The concept is as shown in Fig.1.





Fig.1 two stage method implementation of SNR

Where the two AWGN generators generate uncorrelated noises with the same power.

For the SNR definition given above, it can be seen that

1) The SNR definition is very similar to the RF conformance test. The only difference from the RF conformance test is that the device antenna is inserted between the fading and AWGN generator and thus is testing the performance of the device antenna.

2) The SNR definition and the noise power are independent of the device antenna used. It can thus reflect the antenna performance difference accurately. For example for the same antenna correlation etc, the antennas with higher gain will have better performance.

3) The test results with external AWGN and without external AWGN will just cause changes to the test results absolute value but will not change the relative performance difference. 
Two stage test results using above SNR definition can be found in [2]. It can be seen that with the AWGN, the good/nominal/bad antenna performance difference are very similar to the no AWGN test results and are consistent with the simulation results.
2.2 Multiple probe MIMO OTA SNR definition

One of the multiple probe MIMO OTA method applies the SNR at the output of the channel emulator by defining the fader signal output power over the noise power as the SNR per port in [3]. As the signal power is different on different port and the noise power remains the same on different port, this results in different SNR values on different output port of the channel emulator. The way of SNR definition is as shown in Fig.2.
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Fig.2 SNR definition for multiple probe MIMO OTA method
The definition of the SNR for the multiple probe MIMO OTA method is defined as follows: total transmitted signal power of all probes over total transmitted noise power of all probes. The noise power on each probe is the same.
Further investigation over the SNR definition shows that

1) This SNR definition results in the problem that the test results are not sensitive to the device antenna gain. For example, if the device antenna gain is ten dB lower, as the total received signal power and also the total received noise power will both be 10 dB lower at the device side and result in the same SNR at the device receiver. The test results will be the same. Thus this SNR definition is not sensitive to test the performance difference due to antenna gain. On the other hand, when the device antenna rotates, the antenna gain change will change the signal power but the noise power will remain the same. Thus this SNR definition will still be able to reflect the performance change due to antenna gain change in the orientation.
2) The noise power received at each device receiver side is proportional to the device antenna efficiency and thus the received noise power at each receiver could be unbalanced due to that. The unbalance depends on the device antenna. On the other hand, this SNR definition results in balanced SNR at each receiver. This cause the difference between the AWGN condition and no AWGN condition.

3) The noises received by the two receivers are correlated.

Due to the reasons mentioned, the test results with AWGN are significantly different from the test results without AWGN in the relative performance differences among the devices etc. On the other hand, when the device is rotating inside the chamber for the same SNR level, due to the antenna gain difference for different orientations, the test results will be different.
2.3 Reverberation chamber MIMO OTA SNR definition
For the reverberation chamber based method, the current way of applying AWGN in [4]  is to apply the AWGN to the test signal before it is radiated through the test antenna as shown in Fig.2. The SNR for reverberation chamber based method is defined to be the average RF signal output power at the channel emulator output port over the noise power on that port. From the definition, it can be seen that for the reverberation chamber based SNR definition:
1) The SNR definition results in the problem that the test results are not sensitive to the device antenna gain, which is similar to the multiple probe MIMO OTA case.

2) Due to the SNR definition, the receiver sees no SNR difference for the different device orientations. The SNR definition thus results in the problem that the test results are not only not sensitive to the overall antenna efficiency but also not sensitive to the gain difference due to different device antenna orientation.

3) The received noises on the two receivers might be correlated depending on the device antenna characteristics.
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Fig.3  SNR implementation for reverberation chamber
3. Summary and Discussion
In this proposal, the SNR definitions for two-stage, multiple probe and reverberation MIMO OTA test methods are provided and discussed. The cons and pros of the SNR definition for each test methods are provided in this document. The two-stage MIMO OTA test results with AWGN shows that the SNR definition for two-stage methods can achieve good MIMO OTA test results.
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