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1 Introduction
During last RAN4 #AH04-10 meeting, two ad-hoc sessions on LME OTA were held [1]. The following way forward on LME OTA was proposed and agreed [2]:

1) the test configuration for plug-in devices has to enable comparison of different devices' performance based on the same environment and to fulfil the conditions of test repeatability, sustainability and simplicity

2) real functional laptop is affecting USB dongles' OTA performance, it should not be considered to plug-in devices in test configuration

3) USB cable method and other methodologies and models need further investigations, e.g. surrogate laptop

4) LME OTA WI and MIMO OTA SI will be kept separate.
According to the proposal 2, the real functional laptop should not be considered in LME OTA tests. 
In order to investigate other test methodologies, Orange Labs has designed an artificial laptop to propose a new solution for LME OTA testing.
In this paper, a new set of OTA measurements based on artificial laptop is reported, analysed and compared to other methods based on real laptop and on USB cable.

2 LME OTA test configurations
Different sets of TRP and TRS measurements have been performed in Orange labs with a plugged in USB based on three different methods described below in 2.1. These tests were performed in GSM 900, DCS 1800, UMTS 2100 and UMTS 900 bands. The test protocol is described in 2.2.
2.1 Test methods description

Three methods are used for LME OTA tests:
1) Method 1: The USB dongle is plugged in a real laptop without any cable. Three laptops are used: laptop 1, laptop 2 and laptop3.
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Figure 1: USB dongle plugged-in a real laptop 
2) Method 2: The USB dongle is connected to a power supply (5 volts) with a cable (3 meters).
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Figure 2: USB dongle connected with a cable

3) Method 3: The USB dongle is connected to an artificial laptop designed by Orange Labs in order to propose a new solution for LME OTA testing that minimizes the noise and that ensures a ground plane.
The characteristics of the artificial laptop are the following:
· Two PVC (Polyvinyl chloride) plans (thickness: 2*10mm) covered with metallic film on one side are used to simulate the keyboard.

·  One PVC plan (thickness: 3mm) covered with metallic film on one side is used to simulate the screen.

· Metallic sides of the keyboard and the screen are connected.

· The USB port is between the 2 metallic plans and the battery –with a 5 volts linear regulator- is located at the back of the laptop.
· The size of this laptop corresponds to a laptop with a 14 inches screen.
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Figure 3: Artificial laptop description
Two cases are considered: 
a) Case A: The USB dongle is on an artificial Laptop connected to a power supply (5 volt) with a 3 meters cable as shown in Figure 4.
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Figure 4: artificial laptop connected to a power supply with a cable of 3m (5V on USB port)
b) Case B: the USB dongle is on an artificial Laptop with an embedded battery (5 volts and no cable) as shown in Figure 5.
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Figure 5: artificial laptop with its own battery (5V on USB port)
2.2 Test protocol description

The test plan is based on [4] and [5].
The TRS and TRP measurements are performed in 3D dimensions (in an Anechoic Chamber and with a Network simulator). For each point of the space, the TRS and TRP values are measured on low, mid and high channels of GSM900, DCS1800, UMTS 2100 and UMTS 900. Then, the average TRP and TRS values are calculated for each frequency band and technology.
For GSM900 and DCS 1800, a GPRS connection is used with a Coding Scheme 4 and a BLER threshold at 10%. The reason for that is that CS connection requires a human interface to set up the call; this is not the case with a PS connection.
For UMTS 2100 and UMTS 900, a 12.2kbps AMR connection is used with a BER threshold at 1%.
3 LME OTA test results 

The average TRS and TRP measurements' results are reported respectively in 3.1 and 3.2.
3.1 TRS measurements results

The TRS measurements results are given in Figure 6 for GSM 900, GSM 1800, UMTS 2100 and UMTS 900.
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Figure 6: TRS measurement results for GSM 900, GSM 1800, UMTS 2100 and UMTS 900
The TRS measurement results reported above have been analysed and the following points are observed:

· The real laptop method (method 1) provides lower performance notably at 900MHz band. This can be explained by the noise generated by the laptops. Moreover, the results are strongly dependent on the laptop used.
· The cable method (method 2, called also ‘Intrinsic’ into Figure 6) provides lower performance at 900MHz band. This can be explained by the absence of a good ground plane.
· TRS performance is roughly the same whatever the method on 2100MHz band.
3.2 TRP measurements results

The TRP measurements results are given in Figure 7 for GSM 900, GSM 1800, UMTS 2100 and UMTS 900.


[image: image8]Figure 7: TRP measurement results for GSM 900, GSM 1800, UMTS 2100 and UMTS 900
The TRP measurement results reported above have been analysed and the following points are observed:

· The cable method (method 2, called also ‘Intrinsic’ into Figure 7) provides lower performance at 900MHz band. This can be explained by the absence of a good ground plane.
· The artificial laptop method (method 3) provides globally the best TRP results whatever the technology and frequency band. 
4 Conclusion and Proposals
Orange Labs has designed an artificial laptop in order to propose a new solution for LME OTA tests. In this paper, a set of OTA measurements based on this new methodology is reported, analysed and compared to two other methods: the real laptop and the USB cable.

The advantages and drawbacks of the different methods are reported below in Table 1:

	LME OTA test methodology
	Advantages
	Drawbacks

	Real Laptop
(method 1)
	Corresponds to the user configuration

	The real laptop generates noise that can decrease the USB dongle performance
USB dongle performance depends strongly on the laptop used

	Cable (method 2)
	USB dongle is not affected by the noise
	Bad ground plane for the antenna

	Artificial laptop connected to a power supply

(method 3_a)
	No noise that can affect the USB dongle sensitivity 
Presence of Ground Plane
No need to load the battery
	The cable that connects the artificial laptop to the power supply may affect the measurement accuracy

	Artificial laptop with its own battery

(method 3_b)
	No noise that can affect the USB dongle sensitivity 
Presence of Ground Plane
No cable
	None



Table 1: LME OTA test methods advantages and drawbacks
The main conclusions are the following:

1) The real laptop affects strongly the USB dongle performance, notably for GSM 900 and DCS 1800MHz but also for W-CDMA at 900MHz band. This confirms that real laptop should not be considered to plug-in devices in test configuration. 
2) The usefulness of the laptop’s ground plane for dongle's antenna is highlighted.
3) The artificial laptop represents the best solution by minimizing the noise and ensuring a good ground plane. 

Based on the above conclusions, the following proposals are suggested:
Proposal 1: It is proposed to use an artificial laptop for USB dongles' OTA performance tests.
Proposal 2: The exact characteristics of the artificial laptop can be studied and determined further by RAN4, but shall secure easy and cost effective testing.
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