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1. Introduction
Approved CR R4-116224 [1] introduces a laptop ground plane phantom. The phantom is used for radiated performance measurements in case of plug-in DUT like USB dongles. The objective of the laptop ground plane phantom is to reproduce the effects of a ground plane for the antenna and to avoid variation of the measurements introduced by a real laptop. 
This contribution studies how large is the impact of the ground plane phantom on TRS of one USB dongle and how well variations due to use of real laptop can be avoided.   
2. Discussion

2.1 Construction of a ground plane phantom

A ground plane phantom was piled up according to R4-116224. In the contruction phase following questions were raised.
· What is the thickness of the copper clad on FR-4? 

· Orientation of the USB connector on the ground plane is stated to be horizontal, this leaves two choices. 
· Is the real laptop operating on battery or can it be AC powered?
· In some chambers 3 meters of usb cable may not be enough to allow placing the real laptop on the floor of the anechoic chamber. Is use of a longer cable allowed in these cases?
In the experiments of this contribution, the copper clad on used a FR-4 plane was18 µm thick. The reqtangular FR-4 planes, emulating the main body and the screen of a laptop, were glued to a rohacell support.  Real laptops were battery powered and taped to the base of the turning table. USB cable hanging in the air was covered with ferrites. 
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Figure 1. Laptop ground plane phantom.

2.2      Performed measurement
TRS measurements on UMTS bands I and VIII were performed using three different setups;

1) The USB dongle connected directly to a real laptop.

2)  The USB dongle connected to the ground plane phantom which has an USB connection to a real laptop.

3)  The USB dongle connected to the ground plane phantom which is optically connected to a real laptop.
With every setup, five real commercial laptops were used to test TRS. Average TRS of the five tests and standard deviations are shown in table 1.
Table 1. Average TRS of five tests using three different setups.

	UMTS band
	Channel
	Direct USB connection to real laptop
	Ground plane phantom with USB connection to real laptop
	Ground plane phantom with optical connection to a real laptop

	
	
	Average TRS [dbm]
	Standard deviation 2δ
	Average TRS [dbm]
	Standard deviation 2δ
	Average TRS [dbm]
	Standard deviation 2δ

	I
	Low
	-88.8
	7.49
	-94.8
	0.16
	-95.0
	0.17

	
	Mid
	-85.9
	4.64
	-91.2
	0.74
	-91.3
	0.57

	
	High
	-88.2
	3.13
	-92.0
	0.45
	-92.4
	0.19

	VIII
	Low
	-83.7
	14.96
	-91.6
	1.67
	-92.5
	0.55

	
	Mid
	-85.0
	12.47
	-92.5
	2.80
	-93.8
	0.26

	
	High
	-78.0
	15.82
	-85.3
	12.30
	-87.2
	7.22


In this case, the use of the laptop ground plane phantom improves the radited sensitivity of the tested USB dongle roughly by 6 dB, compared real user scenario. Apart from band VIII high channel, variations in test results are decreased considerably. However, considering upcoming performance requirements and that the objective of the ground plane phantom was to remove variations due to different laptops, deviation in test results of band VIII is still high. 
Use of optical connection to the real laptop seems to signicantly decrease the deviation of the test results. On the other hand optical connection seems to further improve the radiated sensitivity slightly (<1dB).Sensitity of band VIII high channel showed instable behaviour even with the optical connection. Thus it seems likely, that the USB dongle has endogenous problems in that channel. 
To verify that the variation seen in TRS in the presence of ground plane phantom, was due to chance of the real laptop, following test was performend. The ground plane phantom with the USB device was mounted on a turning table in an anechoic chamber. Single point sensitivity (EIS) was measured over a long period of time with one laptop. Without touching the phantom or the dongle, the real laptop was switched to another model and same measurement repeated. Test results in figure 2 show how EIS was impacted.          
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3. Conclusion

Definition of the laptop ground plane phantom in [1] requires still some fine tuning. 

The ground plane phantom improved the radiated sensitivity of the tested USB dongle signicantly. The test results, measured with a ground plane phantom may not reflect the sensitivity of the device in normal user scenario.   
One of the goals of the laptop ground plane phantom is to avoid variation of the measurements introduced by a real laptop. In this contribution impact of different laptops with the phantom was studied. Large variation in the test results was observed when different laptops were connected to the phantom via USB cable. Use of fiber optics between the real and the phantom laptop reduced variation in the test results. Figure 3 shows the variation of average TRS for each tested setups. It is recognized that the optical/electrical converters may cause some undefined and unwanted interference. However, in this test case the interference level generated by the converter seems smaller than the level laptops are generating, even in the presence of a ground plane phantom.  
The findings in this contribution are based on a very limited set of data i.e. single USB device and five laptops. We would like to encourage other companies to investigate the impact allowing use of any real laptop in the approved test configuration. When performace requirements are set [2], it is important to understand how the ground plane phantom alters the radiated sensitivity of a LME device and take in to a consideration that the real laptop in the test setup may generate variations.
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Figure � SEQ Figure \* ARABIC �2�. Impact of switching real laptop connected to ground plane phantom.





Figure � SEQ Figure \* ARABIC �3�. Band VIII average TRS of a USB dongle with five real laptops.








