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1 Introduction
In Santa Rosa, it was agreed that the way of creating SNR needs to be defined before it is introduced to MIMO OTA testing [2]. Companies were requested to provide contributions on the different implementations of SNR and their impacts on to the test results. This contribution reports test results for the following trials;
1) TRS versus multiprobe MIMO OTA
2) Impact of correlated vs. non-correlated AWGN
3) Impact of gain imbalance in thermal noise only vs. AWGN test cases
4) Test results of  commercial LTE devices in presence of  AWGN
Apart from the TRS test, a multiprobe test method was used in the trials. TRS was measured in an ISO7IEC 17052 accredited laboratory according to TR37.902 [1]. 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
TRS versus multiprobe MIMO OTA
LTE TRS was tested in SIMO mode on a static channel with two polarizations; whereas MIMO OTA was tested in TM3 with a fading channel utilizing only vertical polarization. In addition TRS was measured on sphere and MIMO OTA on a single elevation cut. MIMO OTA was measured without AWGN and thus in both test cases the sensitivity is thermal noise/self-interference limited. The test results are shown in figure 2. Despite the differences in the test cases, the test results seem to correlate.  Pearson correlation coefficient for the data is r = 0.76.
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Figure 2. LTE TRS versus MIMO OTA test results.
Impact of correlated vs. uncorrelated AWGN
As depicted in Figure 1, a signal generator was used to create AWGN. Due to existing cabling in the test lab, AWGN was fed through a fading channel emulator utilizing a constant channel model, resulting a constant phase to the output. While testing the lab setup it was noticed that phase of the transmitted AWGN has a significant impact on the individual rotation angle sensitivities as well as final test results. Figure 3 shows angular data for seven different trials that have different AWGN output phases. Figure 4 test shows test results of a similar test with non-correlated AWGN. The non-correlated AWGN was generated by using different delays in different outputs.     
[image: ][image: ]Figure 4. Uncorrelated AWGN.

Figure 3. Correlated AWGN
Impact of gain imbalance in thermal noise only vs. AWGN test cases
Impact of antenna gain imbalance was studied using the CTIA good reference antenna and attenuators. First the good antenna performance was measured for a reference in no AWGN and AWGN cases. Then the attenuators were used to create gain imbalance between the antennas and both test cases measured again. Test results are show in table 1. In the presence of AWGN, gain imbalance does not seem to impact the test results. The variation seen is within a normal testing repeatability.  
Table 1.Impact of gain imbalance to performance of CTIA "good antenna" device in AWGN and no AWGN cases.
	Gain imbalance
	no AWGN
Δ [dB]
	AWGN
Δ[dB]

	2 dB
	-0.9
	0.1

	4 dB
	-1.5
	-0.3

	6 dB
	-2.9
	-0.2


Test results of commercial LTE devices in presence of AWGN
Using uncorrelated uniform AWGN, seven commercial devices were tested. Test results are shown in Figure 5. Large variation between the devices was found. The results do not seem to correlate with results presented in figure 2. For example UE 1 is the best device in terms of TRS and MIMO OTA with no AWGN. Now, in the presence AWGN the UE 1 is not performing so well. 
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Figure 5. Test result of commercial LTE devices in the presence of uniform AWGN.
Impact of antenna design to the performance in this test case was also studied. One UE was tested with internal antennas and reference antennas. Figure 6 shows test results with different type of antennas. Gain imbalance was tested using the CTIA good reference antenna. As already shown above, antenna gain imbalance does not show up in the AWGN test case. Good, nominal, bad and the internal antenna of the UE all performed equally well. Variation seen in the test results when comparing the different antenna design is within a normal testing repeatability.
[image: ]
Figure 6.  Impact of different type of antenna design in the presence of uniform AWGN. 

4 Conclusions
To understand the relationship between MIMO OTA test and TRS test, the results from both tests were compared. A correlation of 0.8 was found.  If the corresponding elevation cut in vertical polarization is selected from the TRS pattern, the correlation to MIMO OTA results slightly increases. 
In case uniform AWGN will be used for testing MIMO OTA, it is important that the AWGN transmitted through different antennas does not correlate. If correlating AWGN is allowed to be transmitted with constant phase, displacement errors in labs will become significant. Furthermore the test results will become setup specific.
Antenna gain imbalance does not impact the test results when uniform AWGN is introduced to the test. The test without AWGN can rank devices with different gain imbalances.
Eight commercial devices showed about 10 dB variations in the case of uniform AWGN in the OTA test. However, antenna gain imbalance, antenna efficiency or antenna correlation does not seem to impact the test result. If the antenna of the UE does not impact the test results, testing over the air is highly questionable. 
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