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1. Introduction

3GPP and other organizations are evaluating OTA test methodologies for MIMO UE devices [1] [2]. As part of that evaluation, the measurement of common devices, in a Round Robin campaign, is used to understand the performance of various proposed test methodologies.  The round robin devices are typically USB radios that require a host laptop for operation. 

The host laptop can significantly impact the results.  Laptops themselves can cause interference by having reflective and absorptive surfaces close to the device’s antennas.  Laptops can also generate low level noise which will be received by the device, decreasing the SNR.  The position of the radio relative to the laptop, and the position of the laptop itself, such as lid open or closed, can make a significant difference in the results.

This contribution demonstrates some effects a host laptop can have on the device performance.   The tests show a significant degradation (about 12 dB) and up to a 6 dB spread in repeated throughput measurements with no changes in test conditions.
2. Test Conditions
Repeated throughput measurements were run under two separate test conditions: one where the DUT was plugged directly into the laptop, the other where the DUT was connected to the laptop at the end of a fiber optic link with the laptop outside the chamber. The device used was an off the shelf Pantech UML290 USB dongle designed to run in Band 13 (750 MHz). The device was placed in a reverberation chamber, which had a channel emulator hooked up to it, and was calibrated as described in [3].  A sniffer antenna was used to ensure a clean uplink channel.  The base station was configured to 2x2 Open Loop Spatial Multiplexing with 16QAM and all the DL RB’s allocated to the DUT, giving a max theoretical throughput of 23.328Mbps.
Each test run consisted of making multiple measurements of the MAC layer throughput over a range of signal levels, to produce a curve of throughput versus signal level from maximum throughput down to minimum.  Throughput at each power level was reported by the Base Station Emulator.  100,000 subframes were transmitted at each power setting point on the graph. For all measurements, the channel model was set to LTE EPA with low correlation and a Doppler of 70Hz.

The LTE device was tested under two different conditions, with all other parameters remaining as described above. The first test was with the device plugged directly in to the host laptop, a Dell Vostro V13. The LTE device was plugged in to the only USB port on the back right of the laptop, and was flipped up vertically with the swing case open, as intended by the manufacturer.
For the second test, the host laptop was removed from the chamber and the device was connected via USB to Fiber transceivers.  The fiber cable passed through the wall of the chamber via a waveguide.  The device was mounted to a plastic stand and flipped up vertically with the swing case open, as in the test where it was connected to the laptop.
For each of the two test conditions, 12 identical runs of the test were taken, one after the other without any outside interference (i.e., human intervention); the door to the chamber remained closed at all times once the test runs were started.
3. Test Results
Figure 1 below plots all throughput measurements for both test conditions.  The throughput curves for the optical connection are almost all tightly clustered, indicating excellent repeatability.  The variation at the 50% throughput point (heavy black horizontal line) is less than 1 dB.

The 12 runs of the test set for the case where the DUT was connected directly to the laptop show more inconsistent results.  At the 50% throughput point, the RS-EPRE value varied by about 6 dB.  There is clustering at about –90 dBm (50% throughput), with three outliers with a somewhat better sensitivity.
It is further noted that when comparing the test sets using the laptop as compared to the test set using the optical connection, the sensitivity measured is about 12 dB worse with the direct laptop connection.
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Figure 1.  Test results.

4. Conclusions

From the results, it is clear the host laptop can impact the results in both repeatability and sensitivity.  It is interesting that the overall degradation of throughput (~12 dB) is approximately the same as noticed between Band 7 devices and Band 13, as shown in [3], which would indicate that the performance with the laptop has the largest impact on the Band 13 device. The group should consider such effects in the comparison of round robin results.
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