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1 Introduction
In the New Orleans RAN4 meeting #65 we presented our first MIMO OTA measurement results investigating noise impacts on MIMO OTA measurements and test results in [4]. 
Our results in [4] showed that if AWGN is used in MIMO OTA testing, it is important that the AWGN transmitted through different antennas does not correlate. Furtermore, our results showed that if correlating AWGN is allowed to be transmitted with constant phase, displacement errors in labs will become significant and the test results will become setup specific.

In order to better understand AWGN impacts on MIMO OTA tests and test results in this contribution we provide additional MIMO OTA measurement results and especially investigate the device radiated MIMO OTA performance with CTIA reference antennas (good, nominal and bad antennas). As requested in RAN4#65, in this contribution we presented measurement results for the MIMO OTA multiprobe test method with the CTIA reference antennas with and without AWGN included to the test. Based on the findings of our previous contribution [4] in this contribution we only present AWGN results with uncorrelated AWGN.

In our MIMO OTA tests a multiprobe test method was used. Commercial band 17 LTE devices were used in the tests and band 13 CTIA reference antennas were utilized. LTE band 13 and 17 are in downlink frequencies next to each other. Thus band 13 good, nominal and bad antennas remain good, nominal and bad also in band 17.
2 Laboratory setup

The used multiprobe setup consisted of 16 vertically polarized evenly spaced probe antennas. Every second probe antenna was transmitting the eNodeB emulator signal and every second one was transmitting AWGN. The AWGN was generated by a signal generator utilizing 10 MHz bandwidth. SCME urban micro-cell channel model was used for the eNodeB signal with the exception of using vertical polarization only.  
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Figure 1. Multiprobe laboratory setup.
eNodeB emulator was configured according to table 7.1-1 of TR37.977 [3] as far as applicable to band 17. R.11 was the used reference channel. For each measurement the DUT was rotated around its vertical center line utilizing 30 degree angle step. In each angle a DL power level or SNR resulting 70% throughput was measured. The final test result is average of these levels.

3 Test Results

MIMO OTA tests were made with TM3 with a fading channel utilizing only vertical polarization. MIMO OTA was measured on a single elevation cut. The test results of a device with CTIA reference antennas are presented without and with AWGN in Figure 2 a) and Figure 2 b) respectively. In these measurements the same device is measured using Good, Nominal and Bad reference antennas. Additional for the Good reference antennas two gain imbalance cases have also been measured; Good reference antenna with 2 dB and 4 dB gain imbalance. Antenna gain imbalance between the antennas was introduced using attenuators.
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Figure 2. Measurement results without and with (uncorrelated) AWGN for Good, Nominal and Bad Antennas
The results presented in Figure 2 show rather clearly how difficult it is distinguish the performance of Good, Nominal and Bad reference antennas when AWGN is included to the tests. Furthermore, the MIMO OTA results with AWGN in Firgure 2b) do not even match with expected performance where the best MIMO OTA performance is achieved using the Good reference antenna and the worst performance using Bad reference antenna. Instead it seems that differences in the results for AWGN results are mainly coming from test environment measurement uncertainties etc rather than reference antenna impacting the performance with given AWGN conditions. 
The results without AWGN in Figure 2 a) on the other hand show clear MIMO OTA performance differences between Good, Nominal and Bad reference antennas. Even the results with different gain imbalances can be differentiated from each other. 

Based on these MIMO OTA measurement result comparisons using one device with different reference antennas it would seem that device radiated performance with differently performing antennas can be well differentiated when no AWGN is added to the MIMO OTA test system. MIMO OTA test measurements with AWGN on the other hand seem to hide differences in device radiated performance caused by differently performing antennas.  
Since the radio modem performance with different AWGN and radio conditions is widely validated using conducted test methods, it would seem beneficial that new radiated MIMO OTA test methods would focus on validating device radiated performance so that differences in device antenna performance can be found out using newly developed MIMO OTA tests. Therefore, we would recommend that MIMO OTA tests would be performed without AWGN.
For the next set of MIMO OTA measurement results shown in Figure 3 we have measured commercial devices with and without AWGN. From these measurement results we can see that relative radiated performance of these commercial devices changes when including AWGN to MIMO OTA tests. Based on the findings of the reference antenna measurements we believe that large part of device performance differences in the AWGN results is caused by differently performing radio modem rather than device antenna. As device modem performance and performance differences can be identified using conducted test cases, we see that it would be best if no AWGN was used in the  MIMO OTA tests and thereby devices with badly performing antennas can be distinguished from devices with well performing antennas.
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Figure 3. Measurement results for commercial devices without and with (uncorrelated) AWGN 

4 Conclusions

In this contribution we have shown additional MIMO OTA measurement results with and without AWGN for a device with CTIA reference antenna; Good, Nominal and Bad antennas. 
Based on these new results, findings from them  and our earlier measurement results presented in [4] we propose that  MIMO OTA tests are defined without AWGN in order to make it possible to distinguish radiated device performance with good and bad antennas. 
We believe that conducted test methods are sufficient and also most efficient way of validating device radio modem performance in different radio conditions including AWGN. 
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