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1. Introduction
In light of the ongoing MIMO LTE round robin measurement campaign, this contribution aims to emphasize the importance of the influence of host laptop noise on the performance of laptop mounted equipment. This applies for measurements in both anechoic solutions and reverberation chambers. MIMO LTE measurements on the same dongle mounted on different computer brands will be presented, as well as measurements where the host computer interference has been reduced. All measurements are performed in a reverberation chamber. 
2. Noise Impairment in MIMO LTE Throughput Measurements
In [1] it was shown that different laptop models produce different interference spectrums. The interference was seen to be most severe at 500 MHz to 2.5 GHz, even if there was significant interference up to 3 GHz. In order to see the effect of this noise on the performance of laptop mounted equipment, MIMO LTE measurements were performed in a Bluetest reverberation chamber where the same dongle was connected to two different laptop brands. The dongle was also connected to a laptop test fixture, which is a normal laptop with two USB ports internally connected with a USB cable. The internal electronics of the fixture was disabled. This fixture is connected to an optical interface in the chamber and further to the host computer outside the chamber (Figure 1). This reduces the interference from the host computer, without removing the parts of the computer that are important for the optimized performance of the DUT (ground plane, mother board, etc.).
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Figure 1   A schematic picture of the measurement setup when using a laptop test fixture connected to the USB interface in the Bluetest reverberation chamber.
Throughput measurements were performed on two different commercial available LTE MIMO enabled dongles. The first dongle supported LTE band 13 (700 MHz band) and the second dongle supported LTE band 7 (2.6 GHz band). The results can be studied in Figure 2 and Figure 3. The reported results are the average throughput measured over a range of downlink power levels. These downlink power levels are defined as the average power available at the DUT over a complete fading sequence. For the first dongle, Figure 2 shows that the throughput performance is very dependent on the computer used. The performance is degraded by 6 dB when using computer 1, as compared to using computer 2. Using the laptop test fixture improves the performance by another 6 - 7 dB. Thus, the host laptop noise degrades the performance of computer 1 by about 12 dB. For the second dongle, the noise will not give as severe degradation as for the first dongle. This can be concluded from Figure 3. In this case it is seen that the host laptop degrades the performance about 2 dB, which still is significant. The less severe impact is due to that there is less interference at higher frequencies. 
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Figure 2   Comparison of the LTE MIMO throughput between connecting an LTE MIMO dongle to two different computers and to a laptop test fixture. The measurements are performed on LTE band 13 (700 MHz). The noise from the host computer degrades the throughput performance of the dongle by as much as 12 dB. There is also a 6 dB difference when using different computers.
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Figure 3   Comparison of the LTE MIMO throughput between connecting the dongle to a laptop test fixture and to a host computer present in the chamber. The measurements are performed on LTE band 7 (2.6 GHz). The noise from the host computer degrades the throughput performance of the dongle by approximately 2 dB.

3. Conclusions
This contribution showed that the noise from the host laptop degrades the throughput performance of laptop mounted equipment. Due to different interference spectrums for different computer brands, the performance of the same device supporting LTE band 13 (700 MHz) has been shown to vary 6 dB when using different computer brands. The noise of the same device is shown to degrade the performance by as much as 12 dB. For a dongle supporting band 7 (2.6 GHz) the noise does not give as severe degradation as for the band 13 dongle. The performance was in this case approximately 2 dB worse, which still is significant and well above the uncertainty limit for the measurement system. It is important to consider these effects when analysing and comparing throughput results.
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