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1. Introduction

In TSG-RAN#45 plenary, a new work item “New work item proposal: UE Over The Air (Antenna) conformance testing methodology-laptop mounted equipment free space test” was approved [1]. In previous RAN4 meetings the initial conditions of Laptop Mounted Equipment (LME) OTA test have been discussed. Considering the common use of customer, the directly plugged-in scheme is proposed to adopt.

Considering the laptop is located in the near field of the LME antenna, the size of laptop is a main factor which affects the OTA measurement result evidently. In addition, the background noise from the internal high-speed circuits of laptop is another key factor which exerts effect on the measurement result. Just considering the different background noise, we will show the EMI measurements results of three different laptops and the corresponding OTA measurement results to analyse this theme. 
2. Discussion
The notebook as one of the portable electronic equipments, its characteristic feature is small size. In addition, for the laptops used by the masses, the main frequency is about 2GHz, and the interface data transfer rate is above 1Gbps.  Thus, the design of miniaturization and the high running speed will inevitably cause the high density of circuits. However, the dense arrangement of the fast-changing signal lines and data lines will radiate electromagnetic noises continuously. In laptop, clocks and bus generate significant radio frequency interference (RFI) for the wireless data transceivers and RFI is impulsive in nature [2]. In addition, in some particular occasions, the static or lighting appears, which may exert electromagnetic interference. Furthermore, while the laptop is in battery-powered situation, owing to the effects of laptop power-saving features, the overall notebook circuit voltage is constantly changing and then the coil current of the circuit is in a state of flux, which may also create electromagnetic noises. 

3. Measurement results and discussion
In this measurement, three well-known brand laptops (Dell INSP1440 --- laptop1, Lenovo Y450-TSI --- laptop2 and Compaq6520 --- laptop3)with the same display size (14.1 inches)are chosen to conduct the test. The display is opened at 110o from the leveled base X-Y plane. Configuration parameters such as power management settings and backlights are followed in [3].  

The entire testing process is divided into two parts. Firstly, we make EMI test for the three laptops, and then we make the OTA test using the three laptops mounted the same data card. 

1. EMI test for the three laptops 
During the EMI test, standard stray testing method is carried out. The laptops are located in a 5-meter anechoic chamber, and they are fixed on a turntable. The receiving antennas are selected as a log-periodic antenna which covers from 30MHz to 1GHz and a horn antenna which covers from 1GHz to 3GHz. Moreover, the distance between the turntable and the receiving antenna is 3m and the receiving antenna is just opposite to the screen of the laptops. Through the automatic EMI testing system, we get the background noise of the three laptops. All the testing settings for the three laptops are the same. During the test, the laptops are all powered by the standard battery. The EMI measurement results are shown in Figure.1.
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Fig. 1a: Laptop1
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Fig. 1b: Laptop2
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Fig. 1c: Laptop3
Fig. 1 The EMI measurement results
2.  TRP test for the three cases
All the measurement results are obtained in full-anechoic chamber AMS8800, which is produced by ETS-LINDGREN. The AMS-8800 whose size is 5m cube includes a distributed axis positioning system consisting of an azimuth rotator for rotating the DUT about the phi-axis, and a separate theta arm position for elevating the measurement antenna around the DUT. Base station emulator is Agilent 8960. Spectrum analyzer uses R&S FSP SPECTRUM ANALYZER with 9kHz to 13.6GHz frequency range. All equipments are under period of valid calibration. During the test, the laptops are all powered by standard battery.
During this test comparison, the DUT is selected as a WCDMA USB data terminal whose size is 71.5 x 26 x 11mm and the measurement channels are CH9750 for TRP and CH10700 for TRS. During the test the card plug in the same USB port in the three laptops. Generally, the USB data card is placed at the farthest USB port away from the display to reduce the effect of LCD itself on measurement result. During this measurement, USB port is parallel to the case of the laptops and fixed at the right side of the laptops. We compared the TRP and TRS results of the three cases. 
To confirm the effect caused by electromagnetic noise further, we make Laptop3 turn off and put the USB dongle in the location as Case3 but the USB dongle is truly connected to Laptop2 through a 3m USB cable. USB cable is along the polar axis direction and leads from the North Pole. Laptop2 is located at the bottom of the table and its LCD screen is closed. The TRP and TRS from Case1 to Case 4 are shown in Table 1.
Table 1 the TRP and the TRS of the USB dongle
	
	TRP
	TRS

	Case1(using Laptop1)
	17.2493dBm
	-105.546 dBm 

	Case2(using Laptop2)
	16.7954 dBm
	-104.961 dBm

	Case3(using Laptop3)
	16.5083 dBm
	-103.827 dBm

	Case4(using Laptop3 turn off+Laptop2 power supply)
	17.6321 dBm
	-106.105 dBm 


In the [4], the influence of the laptop can be divided into two aspects. The first impact comes from the reflection and scattering of electromagnetic waves, which mainly determined by the size and the material of the laptop, the second one is the impact of the background noise. 
The results in Table 1 confirm that the background noise does impact the performance of the laptop. In the cases 1, 2 and 3, the three laptops have the same size. Then the difference in the results mainly comes from the the impact of the different background noise. The Case3 and the case4 make further comparison. In the case 4, the laptop2 is far away from the DUT and its influence can be ignored. The laptop3(power off, not in working state) and the DUT have the same relative position as the case3, then the reflection and scattering EM wave is similar to case3. The only difference is that laptop3 don’t produce background noise. Then the difference in the results of case3 and case 4 reflects the impact of the background noise only. 

It can be seen in the results that the background noise dose impact on the TRP and TRS. However, the impacts are not as big as we originally thought. 
4. Summary
In this document, we consider the influence of Laptop’s background noise on OTA performance when the USB dongle plug in for the user’s experiences. The measurement results show that the background noise has influence on the OTA testing results. However, the impacts are not as big as we originally thought.  
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