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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 the RAN4 meetings during last months, the discussion was mainly focused on the test setup for plug-in devices, e.g. USB dongles. In RAN4#AH04-10 meeting, a way forward on LME OTA test setup has been agreed in [8]. In RAN4#57 meeting, a test setup using an artificial laptop has been presented in [9].

In particular, during last RAN4 meeting some comments have been made on the artificial laptop proposed in [9]:

· the artificial laptop is mounting any USB dongle without being connected to a real laptop: USB dongles that requires a connection to a functional laptop in order to start-up and to correctly operate (e.g. due to specific Operating System drivers) cannot be tested

· the artificial laptop seems to have several parts to be standardized (material of each part, overall size, position of USB port, etc.) and this could seem to further complicate the standardization process of the test setup
· it has been proposed to verify further the repeatability of the test using an artificial laptop

· nevertheless, the artificial laptop is introducing the extended ground plane in the test setup, recognized as an important element of the setup for the measurement process of plug-in devices like e.g. USB dongles (see [7] and [9]).

In addition, it is worth to recall the first point agreed in the way forward [8], stating that 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.
In the light of the points reported above and the way forward agreed in [8], this paper proposes an upgraded setup for LME OTA measurements with USB cable and a ground plane. The aim of the proposal is to minimize or even eliminate the issues highlighted for the artificial laptop and, at the same time, satisfy the first point of the agreed way forward, in particular to propose a test setup able to fulfils the conditions of test repeatability, sustainability and simplicity. 
2 OTA LME test configurations: USB cable and ground plane

The test configuration hereafter proposed can be basically considered an improvement of the LME OTA set up firstly introduced in [2] and called “USB cable approach”, and further described in [3] and [4] (see Figure 1). 
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Figure 1: Telecom Italia labs test configuration with USB cable and grounding plane

The main features can be summarized as follows: 

· The LME Device Under Test is mounted over a positioner in order to define and reproduce as better as possible the position of the device.
· The device is connected to a real functional laptop by mean of USB cable 

· Both USB cable and laptop are properly embedded into anechoic material in order to reduce, as better as possible, the RF disturb introduced by these elements inside the anechoic chamber. 
In particular:
· The laptop is fully wrapped up with the same panels used for anechoic chamber absorbers (see Figure 2), so that we can ensure a good absorption of spurious emission provided by laptop components such as DVD player, internal clocks, screen…etc. Indeed, this kind of emissions, dealt with in [4] and [5], can be considered, in practice, an effective interference especially for TRS measurement and it links the OTA test with the specific laptop model, seeing that each laptop provides a own spurious spectrum [4].
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Figure 2: Fully anechoic laptop cover

· In analogous manner, the USB cable is wrapped up with a chain of absorber rings as depicted in Figure 3. This practical expedient strongly reduces the e.m. scattering phenomena raised in R4-103524 [6].

[image: image3]
Figure 3: Anechoic USB cable cover

In facts:

· USB cable doesn’t carry RF signals but only Base Band signals (see also [4] for further details). Additional interference dealt with in [6] can be referred essentially to e.m. induction over the grounding line of the USB cable, generally made as a shielded cable.

· In practice, e.m. fields hit the USB cable surface, stimulating a “superficial current always in such a direction as to oppose the motion or change causing it” (Lenz’s law of e.m. induction). 

· The aim of this set up it to avoid or significantly reduce the e.m. induction phenomenon, absorbing the incoming field over the USB cable surface, and reducing the corresponding radiation effect.

· Otherwise, the USB cable represents a radiating element in different frequencies depending on the physical length or position (rod antenna or coil antenna) also confirmed by other Labs investigations [6].  

Finally, in order to ensure a referenced ground plane in proximity of the LME antenna, and according to the main comments reported in [7] and [9] related to the initial USB cable set up presented [2], [3] and [4], a 16x25 cm FR-4 copper-clad sheet (commonly used as PCB) is inserted (see Figure 4) providing both the physical support for USB plug-in device (welded on the surface) and a referenced ground plane similar to the one provided by laptop motherboard (i.e. the ground of the USB connector is welded on the ground plane). 
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Figure 4: Referenced ground plane for LME
The grey strip shown in the picture above is a conductive adhesive strip used for fixing the cable on the board and for guarantying, at the same time, the superficial continuity of the ground plane.

It’s worth noticing, that the aim of this paper is not to define, at least at this stage, a specific size for the PCB, but essentially to prove the concept and to test of the effectiveness of the proposed LME OTA measurements test setup, in which the free space conditions are reproduced and in addition with the previous setup [3] [4], a referenced ground plane is added (PCB). 
The specific dimensions and placing of the conductive board could be for further discussed, under the condition that the DUT (connected to the board) shall be always positioned in correspondence of the rotation center of measurement system as depicted in Figure 4. 
On the other hand, this approach also provides the advantages to decouple the OTA measurements with the specific laptop model as demonstrated below.  

3 Experimental results

A first set of measurements has been performed in order to assess the effect of the additional ground plane. This set of measurements is based on the Test case  # 2 (USB dongle connected to the laptop through an USB cable) already presented in [2].
Similarly to the above mentioned Test Case #2 [2], three different models of USB dongles have been used in connection with the same laptop model and all the considered USB dongles have a fixed horizontal mechanical mode.

The obtained measurement results are reported in the following tables:
	
	TRS USB cable (case 2 from [2]) 
	TRS USB cable                          (case 2 from [2] + ground plane)
	Delta

	UE1
	-106.9 
	-108.1 
	- 1.2 dB

	UE2
	-109.4 
	-109.6 
	- 0.2 dB

	UE3
	-106.5 
	-108.8 
	- 2.3 dB


Table 1: TRS results comparison [dBm]
	
	TRP USB cable (case 2 from [2])
	TRP USB cable                          (case 2 from [2] + ground plane)
	Delta
	Notes

	UE1
	17.6 
	18.5 
	+ 0.9 dB
	Power class 4

	UE2
	19.0 
	18.6 
	- 0.4 dB
	Power class 3

	UE3
	20.3 
	20.1 
	-0.2 dB
	Power class 3


Table 2: TRP results comparison [dBm]

On the basis of this first experimental comparison, it seems that essentially TRS performance benefits can be obtained from the ground plane even if the delta performance depends on the specific UE.
As second set of measurements, the following combination UE/laptop was taken into account:

· UE2 has been fixed and TRS and TRP measurements were carried out connecting the DUT with three different laptops (LP1 – LP3). The aim of this measurement is to prove effectiveness of the laptop anechoic cover as well as a good uncorrelation between the measurements and the specific used laptop.  

In Table 3, the experimental results are shown: the limited differences among measured values confirm the set up effectiveness above mentioned, being around 0.5 dB. 

	
	TRS
	TRP

	LP1
	-109.8 
	18.5 

	LP2
	-109.6 
	18.6 

	LP3
	-109.1 
	18.1 

	Delta Max
	0.7 [dB]
	0.5 [dB]


Table 3: TRS and TRP results for different laptops [dBm]

Finally, as third set of measurements, the following combination was taken into account:

· UE2 and laptop LP2 have been fixed and TRS and TRP measurements were carried out connecting the DUT with three different USB ports of the laptop (USB1 – USB3). The aim of this measurement is to prove a good uncorrelation between the measurements and the specific USB ports used on the laptop.  

In Table 4, the experimental results are shown: the limited differences among measured values confirm newly the set up effectiveness mentioned above, being lower or equal 0.4 dB. 

	
	TRS
	TRP

	USB1
	-109.6 
	18.6 

	USB2
	-109.3 
	18.9 

	USB3
	-109.2 
	18.9 

	Delta Max
	0.4 [dB]
	0.3 [dB]


Table 4: TRS and TRP results for different USB ports on the laptop [dBm]

4 Conclusions and way forward
In this paper, an upgraded setup for LME OTA measurements with USB cable and a ground plane has been proposed. The aim of the proposal is to minimize or even eliminate the issues highlighted for the artificial laptop and, at the same time, satisfy the first point of the agreed way forward, in particular to propose a test setup able to fulfils the conditions of test repeatability, sustainability and simplicity.
The advantages and drawbacks of the different methods discussed for LME OTA testing of plug-in devices are reported below in Table 5 (see also [9]).
The following main conclusions can be summarized for the proposed test setup of USB Cable with ground plane:

1) it allows to correctly startup and operate any USB dongle, including those requiring the connection to a real laptop (e.g. due to specific operating system drivers)

2) it minimizes or even eliminates the e.m. induction phenomena that can occurs using the USB cable

3) it practically eliminates the effects due by the noise generated by the laptop

4) it successfully exploits the presence of the ground plane for USB dongle's antenna

5) it fulfils the conditions of test repeatability, sustainability and simplicity
6) it seems to be the best solution by minimizing the noise, ensuring a good ground plane, and allowing the test of any USB dongle. 

Based on the above conclusions, it is suggested as a way forward to use the test setup with USB cable and a ground plane for USB dongles' OTA performance tests. The specific size and material for the ground plane may be further studied later.
	LME OTA test methodology
	Advantages
	Drawbacks

	Real Laptop


	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
Complexity in identification of laptop and sustainability over time of the test setup

	USB Cable
[2], [3], [4]
	No noise that can affect the USB dongle sensitivity

Any USB dongle can correctly startup and operate
	No extended ground plane for the antenna

	Artificial laptop connected to a power supply
[9]

	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
USB dongles that requires a functional laptop to correctly startup and operate cannot be tested

	Artificial laptop with its own battery
[9]

	No noise that can affect the USB dongle sensitivity 

Presence of Ground Plane

No cable
	USB dongles that requires a functional laptop to correctly startup and operate cannot be tested 

	USB Cable with ground plane


	No noise that can affect the USB dongle sensitivity 

Any USB dongle can correctly startup and operate

Presence of Ground Plane
	None (assuming to properly embed USB cable and laptop into anechoic material)


Table 5: LME OTA test methods advantages and drawbacks
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