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1. Introduction

In April of 2009 the CTIA ERP Working Group approved an update to their OTA Test Plan, now as version 3.0. [1] Amongst other additions, v3.0 adds in a test method for Laptop Mounted Equipment (LME). In WiMAX Forum, there is also a document containing the LME test methodology,WiMAX Radiated Performance Test (RPT).[2] It may be helpful to consider those similar test methods for reference resource in 3GPP. This paper will give a brief summary of those test methods.
2. Proposal
The OTA assessment of Laptop Mounted Equipment (LME) is similar to hand held UE OTA measurement assuming one has access to a proper SISO OTA measurement system. It would seem reasonable to adopt some similarities in the deployment of an LME OTA test method in 3GPP. 

The difficulties of OTA measurement of LME can be divided into four basic categories. Below is a brief summary of those categories and the resolutions found in CTIA. 

1. Increased DUT size

The current 3GPP OTA test method [3] utilizes a 300mm diameter quiet zone in an anechoic chamber. Since many laptops, netbooks, or similar equipment have physical dimensions larger than 300mm, a decision has to be made on how large of a quite zone should be required. In CTIA the decision was made to require an increased quiet zone size of 0.42m (no longer spherical). 
2. Laptop placement and mechanical configuration
One issue with a laptop type of device is that the geometrical center of the DUT does not actually lie on the surface, or inside, the DUT. The geometrical center usually lies in front of the display, and above the keyboard for a conventional laptop. In CTIA the decision was made to locate the axis of rotation at the geometrical center of the DUT (yes, in space above the keyboard as mentioned). Further, the angle between the display and the keyboard is set to 110 degrees in CTIA. Indeed the laptop mounting arrangement in specific implementations of OTA chambers will vary, but it has been shown in CTIA that all of the current OTA chambers can readily be modified so as to accommodate this testing. 
3. Minimum measurement distance
Due to the potentially large aperture of the laptop, the minimum measurement distance must be adjusted accordingly. Consider that it is common for 802.11 antennas to be placed at opposing upper corners of the display. Even for the case of WWAN antennas (USB dongles, PCMCIA card modems, etc) the frequency of operation may be low enough such that there are radiating currents present on much of the chassis of the laptop. The result is an effective aperture larger than that of a hand held cell phone thus necessitating a larger minimum measurement distance. In CTIA the decision was made to allow devices with a largest physical dimension up to 0.42m to be used with the currently prescribed minimum measurement distance of 1.2m, providing that an additional measurement uncertainty contribution is taken to account for violation of the standard far field equations. Guidance is given on the determination of this required additional measurement uncertainty. 

4. Operating mode of the laptop
This was found to be the most difficult aspect of the LME OTA measurement to define. That is because of the considerable number of software and hardware combinations of laptop computers. Clearly there are a proliferation of software applications, configurations with applications, and states of the software. But also there are many operating conditions of the CPU where dynamically changing CPU speeds based on CPU load is just one example. After considerable effort in CTIA, it was found that the huge number of these combinations did not allow the precise specifying of all possible combinations. 
A practical position was found where most of the commonly adjustable parameters are set to prescribed settings and any remaining operating conditions would have to remain at their default settings, or under the control of the CPU as necessary. 

A few of the commonly adjustable parameters categories and some sub-categories are shown below. Most of these settings are available for example in Microsoft Windows XP, Vista etc, and some are also available in the system BIOS. Here are a few examples:
1. Display: Screensaver, Turn off display never, Brightness

2. Transmitting radios: WLAN, BT, IR, 

3. Power Management Settings: Hibernate Never, Battery operation normal

4. Backlights: Display and Keyboard turn off never

5. Powered by the battery only

6. Dynamic control of the CPU or bus speeds: Off or Maximum performance

7. Internal Peripherals: Turn off hard drive never
There is another laptop OTA test plan worth considering in 3GPP, that being the WiMAX Radiated Performance Test (RPT) [2]. This test plan requires the following additional test conditions for laptops that should be considered in 3GPP.
1. Laptop Display Backlight

The laptop shall have the display backlight set to maximum brightness.

2. Reference laptops for plug in cards

Plug-in cards such as Cardbus/PCMCIA, ExpressCard, and USB devices shall be tested  using a reference notebook chosen by the vendor and/or test lab. The device may be tested in more than one notebook, but the average performance across all tested platforms shall be reported as the resultant metric.
3. Power supply to the laptop

As the laptop computer is typically used with the power supply cable attached, and considering the rather long test times for OTA (especially for TRS), it may be necessary to test the laptop with the power supply cable attached. The RPT does consider this case while CTIA does not. The concern with any cables connected to the laptop during OTA testing is that of impact to the RF performance of the DUT due to the connection of cables and any inconsistency of dressing of those cables. This can be investigated in 3GPP in more detail. 
3. Conclusion


LME can be viewed as yet another mechanical and functional implementation of cellular radios that we all are familiar with. The major differences lie in the mechanical mounting in OTA chambers, and the difficulties associated with the huge variation in hardware and software configurations. We believe that CTIA and WiMAX RPT have defined a practical and useful implementation of OTA testing for LME. 3GPP could compare CTIA and WiMAX’s Pros and Cons and adopt some reasonable parts of approaches from CTIA and WiMAX.
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