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1. Introduction
The presence of laptop interference is known to introduce problems for Over-The-Air (OTA) measurements. This applies for both anechoic solutions and reverberation chambers. The amount of interference can vary between measurement solution, laptop model and even specific units of the same laptop, as well as between different operating conditions of the same laptop. This contribution aims to emphasize the importance of this interference for total isotropic sensitivity (TIS) and throughput (TPUT) measurements of laptop mounted device under test (DUT), e.g. dongles. Examples are given of the variety of interference spectrum from laptops. This contribution also proposes the use of a laptop test fixture (LTF) instead of having the host computer present during the measurement. Such a fixture is designed, which is used for TIS and TPUT measurements. The results from these measurements are compared to measurements with the host computer present. All measurements are performed in the reverberation chamber (RC).

2. Interference from Laptops
The interference from different laptop brands were measured in the RC with a spectrum analyzer (HP E7402A). The instrument was place outside the chamber and connected via the chamber front panel to a reference discone antenna placed on the turntable in the chamber. The laptop under test was placed on the opposite side of the turntable. A schematic picture of the measurement setup can be studied in figure 1.
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Figure 1   Test setup for the RC measurements of interference spectrum from laptops.

Three different laptop models were tested:

· HP Probook 6540b

· HP G62

· Lenovo T61

The results from these measurements can be found in figure 3 – figure 6. For comparison, figure 2 shows the spectrum for an empty chamber. The results clearly show that different laptop models produce different interference spectrums. For example, the HP G62 seems to have a large number of high level narrowband peaks as well as an elevated broadband section around 1.5-2 GHz. The Lenovo T61 emits a high level of broadband signals around 0.7-1 GHz, which makes it unsuitable as host for OTA testing in the low frequency bands such as GSM 850, E-GSM etc. The levels are in the same range as, or higher than normal, TIS values.
Furthermore, different operating modes were tested using the HP ProBook 6540b. All three measurements were performed with the power savings set at maximum (CPU 100%, HDD on etc.), except if otherwise explicitly stated. The results are presented in figure 7 – figure 10. These figures show that it is possible to distinguish considerable difference in the spectrums. Opening the lid and turning the screen on seems to produce elevated broadband interference around 700 MHz as well as around 1.3 GHz. Turning on a virus scan and copying files produce a considerable elevation in the averaged interference level as well as more frequent low-level peaks over the whole measured spectrum.
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Figure 2   Chamber noise floor with vertical line at 700 MHz.
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Figure 3   Interference spectrum from an HP ProBook 6540b with lid open.
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Figure 4: Interference spectrum from an HP G62 with lid open.[image: image5.png]Signal [dBn]
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Figure 5: Interference spectrum from a Lenovo T61 with lid open.
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Figure 6: Interference spectrums for the three laptops with un-weighted frequency averaging over 25 MHz. This eliminates the narrowband peaks and highlights the more broadband noise level.
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Figure 7: Interference spectrum with lid closed (screen off).
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Figure 8: Interference spectrum with lid open.
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Figure 9: Interference spectrum with lid open, a virus scan active and a large file transfer active.
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Figure 10: Interference spectrums for the HP ProBook 6540b with un-weighted frequency averaging over 25 MHz. This eliminates the narrowband peaks and highlights the more broadband noise level.

3. Laptop Test Fixture

The results from section 2 shows that different laptop models, power settings and operating loading produce different interference spectrums. This makes it extremely important to use the same laptop model (probably also the same physical unit) when performing OTA sensitivity measurements with the DUT hosted on a laptop. One way to avoid this problem would be to use a laptop fixture connected to an optical communication interface. This would reduce 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.).
One way to design such a fixture is proposed by Motorola in [1]. In this contribution, another solution is proposed. Two USB ports of a normal laptop were connected internally with a USB cable. The connectors of the USB cable were removed and the four cables (two power cables and two information cables) were soldered to the four pins of each USB port. The internal electronics of the LTF was disabled. The DUT is connected to one of the USB ports. The other USB port is connected to the real host computer outside the chamber via an optical interface. This measurement setup is shown in figure 11.
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Figure 11   A schematic picture of the measurement setup when using a laptop test fixture connected to the USB interface in the Bluetest reverberation chamber.
4. TIS and TPUT Measurements With and Without a Laptop Test Fixture
The laptop modified to an LTF in this contribution is a Lenovo E600. This is used to perform TIS and MIMO TPUT measurements of various dongles.
TIS Measurements
The TIS measurements were performed with two different dongles, Huawei E1820 and Nokia CS-15. Two different WCDMA channels were used, channel 3013 (942.6 MHz) and channel 10562 (2112.4 MHz). The results can be studied in table I. It is clearly seen that the TIS value is improved when using the LTF.
Table I   Comparison of TIS values for measurements with and without the laptop test fixture.
	Dongle
	Dongle connected directly to the host computer
	Dongle connected to the laptop test fixture

	Huawei E1820
	-99,1
	-105,4

	Nokia CS-15
	-100.3
	-105.9


TPUT Measurements
The MIMO TPUT measurements were performed with a Samsung GT-B3730 dongle on LTE band 7, channel 2850, with a maximum bit rate of 81 Mbps. The result can be studied in figure 12. The performance is seen to be about 2 dB worse with the host computer present in the chamber. This indicates that the interference from the computer significantly affects the performance of the dongle.
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Figure 12   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 maximum bit rate was 81 Mbps. The performance is approximately 2 dB worse with the host computer present in the chamber.

5. Conclusions
This document showed the interference spectrum from laptops of different brands and operating modes. It was concluded that there are significant levels of noise, which are particular important to consider for TIS and TPUT measurements of laptop mounted equipment. The level of the noise is varying with the laptop brand and operating mode, which makes it difficult to define tests with laptop mounted equipment. This contribution suggests that the device under test should be connected to a laptop test fixture, instead of connecting it directly to the host computer. The fixture is then connected to the host computer via an optical interface. The results show that there is an improvement of the measured TIS and TPUT values when using such a fixture. The discussion about the laptop test fixture is based on a reverberation chamber approach, but is also applicable to anechoic chamber based methodologies, since the computer noise is present during these measurements as well.
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