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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]. Also, Time plan for this work item was discussed and approved in [2]. In RAN4 #AH02-10 meeting test configuration of other standard group such as CTIA and WiMAX was introduced in [3]. In RAN4 #54 meeting, ZTE provided some information on test configuration on LME OTA in [4], [5] and [6]. In RAN4 #55 meeting, some proposals on test configurations for LME OTA have been presented and discussed in [7],[8],[9],[10],[11],[12]. In RAN4 #AH03-10 meeting, further contributions on the test configurations have been presented and discussed [13], [14], [15], [16].
In particular, two approaches are currently under discussion for testing plug-in device that provides the 3GPP radio access connectivity, like e.g. USB dongles:

1) the DUT is directly plugged-in the laptop

2) the DUT is connected to the laptop through a cable.

In this paper, an initial set of OTA measurements of plug-in devices using both approaches is reported and discussed.
2 OTA test configurations
The following two test configurations have been considered:
1) the USB dongle is directly plugged-in an USB port of the laptop:

a. Display angle: 110 degree

b. Two positions of the USB dongle have been considered:

A. rear left USB port (the closest to the display)

B. front right USB port (the most distant from the display)

2) the USB dongle is connected to the laptop through an USB cable:

a. USB cable length: 2 m

b. Display closed

c. The laptop is covered by an anechoic material, in order to minimize the noise perceived by the device under test.
In both cases the following common conditions have been considered:

· Reference laptop: notebook PC with size  355.0 x 263.5 x 28.2 mm (display size 15.4 inches)
· Power supply of the laptop during the test: only the battery
· Cellular Technology: UMTS Band 1.
3 Measurement results from Telecom Italia labs
On the basis of the two test configurations described above, three sets of TRP and TRS measurements have been performed in Telecom Italia labs premises:

1) USB dongle directly plugged-in an USB port of the laptop:

A. rear left USB port (USB port 1)
B. front right USB port (USB port 2)
2) USB dongle connected to the laptop through an USB cable.

The three considered test cases are represented in the figures below:

1A) [image: image1.wmf] 1B) [image: image2.wmf] 2) [image: image3.wmf]
For each test case as described above (cases 1A, 1B and 2), three different models of USB dongles have been used in the measurements (UE1, UE2, UE3). All the considered USB dongles have a fixed horizontal mechanical mode (as shown in the figures above).

The obtained measurement results are reported in the following tables:
	
	TRS USB port 1 (case 1A)
	TRS USB port 2 (case 1B)
	TRS USB cable (case 2)

	UE1
	-105.0
	-106.5
	-107.0

	UE2
	-105.0
	-107.0
	-109.5

	UE3
	-102.0
	-105.5
	-106.5


Table 1: TRS measurement results [dBm]
	
	TRP USB port 1 (case 1A)
	TRP USB port 2 (case 1B)
	TRP USB cable (case 2)
	Notes

	UE1
	17.5
	18.0
	17.5
	Power class 4

	UE2
	18.5
	17.5
	19.0
	Power class 3

	UE3
	20.0
	20.5
	20.5
	Power class 3


Table 2: TRP measurement results [dBm]

4 Analysis of measurement results
The following points are observed carrying out a quantitative analysis of the obtained measurement results (see also figures 1 and 2):
1) TRS performance seems to be quite sensitive to the considered test case, varying up to more than 4 dB among different configurations;
2) TRS performance are always better using the USB cable (case 2) than using a direct plug-in approach (cases 1A and 1B);
3) the worst TRS performance are obtained using USB port 1 (case 1A), where the USB dongle is closer to the display of the laptop;
4) TRP performance are generally less varying among different configurations;
5) TRP performance obtained using the USB cable (case 2) can be considered aligned with or even slightly better than the ones obtained using direct plug-in configurations (cases 1A and 1B);
6) the quantitative impact due to the laptop on the results of the plug-in approach (cases 1A and 1B) compared to the USB cable case (case 2) is not a constant and varies on a case-by-case basis, i.e. one USB dongle could be affected more than another one (e.g. UE1 seems to be less affected than UE2 or UE3).
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Figure 1: TRS measurement results comparison
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Figure 2: TRP measurement results comparison

As a further analysis, the following qualitative points can be also observed:
1) the influence due to the laptop is strongly evident testing the receiver (i.e. TRS measurements), since the noise generated by the laptop is directly affecting the sensitivity of the device under test; in particular, the worst results are obtained using USB port 1 (case 1A), since such port is the closest one to the display and the noise experimented by the USB dongle is higher than in the other cases;
2) the presence of the laptop is less affecting the test of the transmitter (i.e. TRP measurements), since the noise generated by the laptop is almost negligible compared to the transmitted power; in this case, the position of the USB dongle coupled to the presence of the laptop could modify the radiation pattern of the device under test and could affect the final result.
5 Conclusion and Proposal
On the basis of the measurement results and the corresponding quantitative and qualitative analyses presented above, it seems clear that the test configuration with a direct plug-in approach is deeply affected by the presence of the laptop.

On top of that, the test configuration using the USB cable decorrelates the DUT's performance from the influences of many uncertain factors due to the laptop and deeply simplifies the testing compared to the test configuration where the DUT is plugged-in the laptop. A similar conclusion is also derived in [17], based on a different set of measurements (a single USB dongle measured using three different laptops).
As already shown in [12] and [13], although the test configuration using USB cable doesn't reflect perfectly the "real" usage conditions from the field, it enables comparison of different devices' performance based on the same environment and fulfils the conditions of test repeatability, sustainability and simplicity. 

Proposal: In case of laptops with a plugged-in device (e.g. USB dongles) it is proposed to use a test configuration where the DUT is connected to the laptop through a reference cable with well specified characteristics (length, etc.), as already shown in [12] and [13], and in line with [17].
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