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1. Background

MIMO OTA test is now under extensive research. Multiple MIMO OTA test methods have been proposed for consideration. End to end performance metrics like throughput are considered one important metric for MIMO OTA test. To compare different MIMO OTA method proposed for standardization, some MIMO OTA measurement campaign are planned to test the throughput performance for suggested MIMO DUT. However, to measure the throughput and compare the throughput results, the SNR needs to be defined first because the throughput depends on the SNR. To compare the throughput test results for different MIMO OTA test methods or the same OTA test method with different implementations, the SNR definition needs to be comparable. It was agreed in Jeju meeting that for different MIMO OTA test methods, the SNR definition needs to be put forward. In this paper the SNR definition for two-stage MIMO OTA method is proposed. Based on the test setup, how to apply the SNR and how to calibrate the SNR is discussed in this paper.

2. SNR definition for two-stage MIMO OTA test

One example setup for two-stage MIMO OTA test using Agilent PXB is as follows:
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Fig.1 Test setup using two-stage method

In the MIMO OTA test, when the MS antenna array rotates, depending on the antenna pattern, there could be significant change in the following aspects:

1) the spatial correlation

2) the power imbalance across channel

3) the antenna power gain at different orientation and for different channel model

For example for the two-dipole with a SAM head nearby in Fig.1, when rotating the MS antenna array under a simplified WINNER II Rural Macro channel scenario, the three factors changes dramatically. The antenna pattern is shown in Fig.2.
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Fig.1 two-dipole with SAM head nearby


[image: image3]
Fig.2 antenna pattern of the intersection of the two dipole

The changes of the three factors w.r.t antenna orientation are shown in Fig.3-Fig.5 below.
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Fig.3 Antenna gain w.r.t antenna orientation
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Fig.4 condition number w.r.t antenna Orientation
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Fig.5 channel capacity w.r.t antenna orientation (antenna gain is not included)

From Fig.3, it can be clearly that during the rotation, the antenna gain is changing dramatically. The maximum gain difference can be more than 10dB. This kind of gain difference will result in the change of the power to the RF circuits of the mobile handset. Whether the mobile handset could catch up with this kind of power change when the antenna rotates will be important for the performance of mobile handset. If the handset is not able to catch up with this kind of power change due to the antenna gain, then there will be SNR changes at the receiver side. The changing SNR will again influence the MIMO channel capacity together with the MIMO antenna array. Depending on the test needs of MIMO OTA, there could be several categories of SNR definition for MIMO OTA test:

1) constant SNR, this definition is mainly to test the end-to-end throughput performance of mobile handset and compare the test results with other handset at controlled SNR. This constant SNR definition for different MIMO OTA test method should be comparable and has the same reference for a given MIMO antenna array. For example the SNR is defined for the orientation where the maximum antenna gain is achieved for all different method and during the test this SNR is maintained.

2) Instant SNR, this definition is mainly to reflect the SNR change due to antenna gain change during the antenna rotation w.r.t the constant SNR. One reasonable assumption could be that during the rotation the noise power does not change and the antenna gain change will influence the signal power accordingly. Thus the instant SNR will be a simple offset of the constant SNR with the antenna gain. This kind of definition will be helpful to test the performance of the UE when their AGC is not able to deal with the antenna gain change during the rotation.

3) Implicit SNR, for implicit SNR, only the signal power is specified, but no noise is added with the instrument. The noise power is mainly from the receiver noise. This is mainly to test the case when there is fixed transmitter power and how the mobile terminal will perform during the rotation. This test will be helpful to check the overall mobile’s performance under given test environment. However, this test will make it hard to do comparison of a single part’s influence like the antenna design because all the factors of the mobile terminal will influence the test results.

Fig.5 shows the capacity change during the antenna rotation at the constant SNR. This is to simulate the case where the 1) category of SNR holds. That is to test the case when the antenna’s performance difference at constant SNR. From Fig.4, it can be seen that during the rotation of the MS antennas, the condition number of the channel is changing dramatically. When the condition number is not good, there could be MIMO transmission mode change. The correlation matrix and the power imbalance matrix can emulate this kind of changes accurately. Thus to do this kind of test with two-stage method, what need to do is to emulate the correlation and power imbalance and emulate the SNR at a constant SNR.

For the second category of SNR definition, it can also be easily supported by two-stage method. The constant SNR can be used and aligned with a given reference antenna orientation for example the maximum antenna gain orientation. Then for the other orientations, the antenna gain difference is used to adjust the instant SNR value. With this approach, the test on the changes of instant SNR value can be done. This test will be helpful to check the handset’s performance when where antenna gain difference is not compensated at all at the receiver.

For the third category of SNR definition (implicit SNR definition), it can also be supported easily with two-stage method. The noise generator of the channel emulator will be turned off. The output power of the channel emulator will be tuned according to the antenna gain. This will be useful to check the overall mobile terminal’s performance under given antenna, given channel with a fixed transmission power.
With the above discussion in mind, the SNR for two-stage method is then defined to be 
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 is the output power to the ith receiver of the DUT.  
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is noise power for each output interface of the channel emulator. 
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 is the number of output interfaces. This definition works for both constant SNR and instant SNR. For constant SNR, the output power is set such that the resulted SNR value is as specified. Then when testing the performance under different orientation, the output power will be offset by the antenna gain difference automatically to reflect the instant SNR change. For the implicit SNR, the noise power of the AWGN generator is set to zero. The noise power will be the receiver power, which is unknown in this case.

With this kind of definition of SNR, the two-stage method is not only able to test the throughput due to the antenna at a fixed SNR, but also is able to test the dynamics due to antenna gain change during the rotation at a controllable approach.

The calibration of the SNR implementation can be done very easily by disabling the signal output and disabling the noise output respectively. The measured signal power of each output and the measured noise power can then be used to derive the real SNR following the definition of SNR.

3. Summary and discussion

In this paper, the SNR definition for two-stage MIMO OTA method is defined. How this definition can be used to simulate the different effects when applying the MIMO antenna to the channel model is discussed. The calibration method for the SNR implementation is able discussed in this paper.
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