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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN5 #81 [1], the necessity to send automation commands to the UE was discussed. Two potential solutions for the problem were presented and it was agreed that more research needs to be made to decide between both solutions:
Option 1: cable connection
Option 2: RAT independent wireless interface (Wireless COM PORT) for AT commands
This contribution studies the feasibility of Option 1 by analysing TIS OTA measurement results for a LTE reference device with and without USB cable connected.
The results on this paper shall be considered RAT independent, i.e. the same results are expected with a NR FR1 UE. However, for NR FR2 the results are not directly applicable and further research will be required.
Discussion
The results in this paper have been obtained with an LTE commercial device running on band FDD 7.
The initial tests measured the sensitivity of the device without USB connection. The test has been performed with a step of 30° in both azimuth and elevation. Figure 1 shows the results for Phi polarization.
[image: C:\Users\cardalda\Documents\3GPP\RAN5_AH_4\PhiNoUSB.png]
Figure 1: Sensitivity results for Phi polarization without USB connection.
The test has been repeated several times to verify the repeatability of the results. The deviation in the results across multiple repetitions had a mean value µ = -0.5 and a variance σ2 = 1.27.
As next step, the same test has been repeated with a USB connection. The results for Phi and Theta polarizations are shown in Figure 2 and 3, respectively.
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Figure 2: Sensitivity results for Phi polarization with USB connection
[image: C:\Users\cardalda\Documents\3GPP\RAN5_AH_4\ThetaUSB.png]
Figure 3: Sensitivity results for Theta polarization with USB connection
Taking the results as they are and comparing the test execution with and without USB throws a µ = -0.95 and a σ2 = 6.89. Especially the high variance shows that the results without USB differ from the results with USB. However, taking a closer look at Figure 2, it can be seen that there are several results, at Azimuth 330°, which seem strange. Also the result at Azimuth 30° and Elevation 150° seems strange. After analysis, the explanation for this phenomenon has been found: the USB has the USB connection in one side. At 330°, the USB connection is directly between the transmitter antenna and the UE, explaining the reason for the strange behaviour at this point. At elevation 150° and azimuth 30°, is the point where the USB cable coming from the bottom of the anechoic chamber turned before being connected to the device, also explaining the weird result at this point.
If we remove these few points from the results and we compare both graphs again, the variance reduces to σ2 = 2.6, while the mean stays more or less unchanged.
During repeated tests with USB, the results proved to be highly reproducible, with µ = -0.12 and a σ2 = 1.02.
Conclusion
The results in this paper are not statistically significant. The same test procedure needs to be performed with multiple UEs across multiple bands in order to verify them. Also the reproducibility of the results through repeated test sessions needs to be verified (i.e. with UE repositioning). Furthermore, the results for FR2 need to be measured as well.
However, a few observation can be already made:
· Having a connected USB impacts the measurement results, especially when the AoA of the incoming signal crosses through the USB cable / USB port.
· The results with USB and without USB cannot be compared in the whole sphere. However, removing the directions from which the USB cable / USB connection physically interferes with the incoming signal, the comparability improves. Hence, the test with USB connected could be usable for testing one hemisphere.
· The results with USB are reproducible during repeated tests.
Based on this observations, the following conclusions are drawn:
· A USB connection cannot be used for UE RF testing, as it impacts the RF performance of the UE.
· A USB connection may be usable for selected UE RF test cases where the tests are not required in the whole sphere.
· A USB connection may be usable for RRM testing, where the tests are not required in the whole sphere, and the measurement do not require absolute accuracy.
· A USB connection seems completely usable for SIG testing at this point, especially in the SIG tests use the RSRP-based calibration method.

Way forward:
· More measurements are required with different devices and in different frequency bands. Also FR2 measurements are required
· In parallel, the standardization of Option 2 can be started for RF and the other use cases where Option 1 cannot be applied.
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