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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],[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 particular, two proposals have been made for testing plug-in device that provides the 3GPP radio access connectivity (e.g. USB dongles):

1) the DUT is directly plugged-in the laptop

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

Regarding the second proposal, one comment has been made that the situation that a user could experience may be quite different to that of the testing. 
In this paper, some considerations on the user operating conditions for plug-in devices are further elaborated.
2 Discussion
Of course an Ideal testing methodology would be: repeatable, easy to implement, sustainable over the time, would enable comparing the performance of different devices and would reflect, as much as possible, the performance experienced by the end user over real usage conditions.

Let's see if it's easy to fulfil all these constraints.

Despite some USB dongles are sold with a USB cable for the connection to the laptop, it is true that the test configuration that foresees connecting the plug-in DUT to the laptop through a cable doesn't' reflect a very typical usage situation as experienced by the user when exploiting such kind of devices.

Nevertheless, the first question would be what the user operating conditions are. As a matter of fact, the user operating conditions can not be modelled so easily.
Actually, there are several different models of laptops, notebooks, netbooks, etc. Each model has a specific design in terms of number of USB ports, location of USB ports, size of the screen, etc. Then, the user could install any operating system on its laptop, and configure it differently in terms of battery usage, screen usage, internal radio peripherals usage (e.g. bluetooth and WiFi), etc. In addition, the user could plug-in the device in any of the available USB ports, and rotate it freely in any direction; or could use a USB cable for connecting the device to the chosen port. Finally, the user could work with his laptop located on a table, on his knees, on a chair, etc. Each one of these possibilities or options has a specific impact on the OTA performances of the radio device.
On this basis, it is clear that the number of dimensions involved in describing the user operating conditions is very large and identifies a hyper-space of possible options.

In case of the proposal of testing the DUT directly plugged-in the laptop, since the measurements should be comparable, the only reasonable possibility for identifying a test configuration is to pick one specific reference configuration among the several possible options contained in the hyper-space introduced above. The definition of such a reference configuration would require the precise setting of several key elements:

· the model and the size of the laptop

· the operating system (version and release)

· the plug-in port to be used by the DUT on the laptop (e.g. rear right, rear left, front right, right front, etc.)

· the mechanical configuration of the plug-in DUT (e.g. rotary horizontal, non-rotary horizontal, rotary vertical, etc.).

· the configuration of the laptop in terms of display, radio peripherals, internal peripherals, power supply, noise level, etc.

· the opening angle of the screen.
Of course, this proposal would imply extra efforts during the test setup to make sure that the test configuration, being used, complies with each one of the criteria that define the reference configuration.

On top of that, due to the very high number of possible test configurations, the reference test configuration will be in any case just one possibility among the many available and thus it cannot represent in definite manner the real user operating conditions.

Therefore, whatever specific reference configuration we choose there will always be a distance between the OTA test performance and the end user experience on the field as the later won't be using the same material as on the test configuration.  

In addition, such reference test configuration would require a continuous updating due to technology evolution of laptops and/or operating systems [12]. This might also require updates of the related OTA minimum performance. Let's think about the choice of the laptop model: even if we identify an exact model of laptop for the test, in the very near future this model will be superseded and a new one will be needed. Regarding the operating system: nowadays it could be possible to identify a reference one largely used, however in the very near future others could become mostly used. Let's consider the settings: each operating system has its own settings, it is expected that some operating settings of the laptop (e.g. the display settings or the internal peripherals settings) should be updated in the future when updating the reference operating system, according to the technical evolutions of the laptop itself. And this kind of issues could be highlighted for most of the settings.

Therefore, any test configuration that doesn't decorrelate the plug-in device performance from possible impacts related to the laptop won't be repeatable and sustainable over time. 

On the other side, the test configuration where the DUT is connected to the laptop through a cable does not claim any specific reference to user operating conditions, since - as shown above - the user operating conditions are so various that it is really difficult to identify just one representative of all of them. However, this test configuration would easily enable a direct comparison of measurements. In addition, such test configuration avoids the influences to DUT from many uncertain factors and simplifies the testing, as already shown in [12].
3 Conclusion and Proposal
When addressing the topic of the user operating conditions for plug-in devices, a large number of elements involved in describing the user operating conditions have to be considered (e.g. model of laptop, operating system of the laptop, configuration of the laptop, power supply configuration, laptop location, USB ports location, USB port used by the plug-in device, rotation of the USB plug-in device, noise level, etc.), and such elements represents the dimensions of a hyper-space of many possible options. On this basis it is really difficult to identify inside such hyper-space just one reference configuration that would be representative of all of them, since such reference test configuration will be in any case just one possibility among the many available and thus cannot represent the real user operating conditions. In addition, such kind of reference test configuration won't be repeatable and/or sustainable over time and would require a continuous update due to technology evolution of laptops and/or operating systems [12].
Ultimately, the test configuration where the DUT is connected to the laptop through a cable does not claim any specific reference to user operating conditions, since - as shown above - the user operating conditions are so various that it is really difficult to identify just one representative of all of them. Although this configuration 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 and sustainability and simplicity. In addition, such test configuration decorrelates the DUT's performance from the influences of many uncertain factors and deeply simplifies the testing compared to the test configuration where the DUT is plugged-in the laptop, as already shown in [12].

On top of that, 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, loss in Ohm, kind, etc.), as already shown in [12].
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