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1 Introduction

In TSG-RAN#45 plenary, a work item “New work item proposal: UE Over The Air (Antenna) conformance testing methodology-Laptop Mounted Equipment (LME) free space test” was approved [1]. The object of the WI is to develop the test method to evaluate the antenna performance of these LME-type products. Since the LMEs are never used again the head, so the test configurations for such equipments are different with those defined in 25.914 and 34.114/25.144, then it needs to define the related matters.
In the recent RAN4 meetings, it was intensively discussed on the test methodology of the usb plug-in devices (usb-dongles) and the main debate is concerned with the test configuration of this type equipment. However, the LME has a wide scope, which includes not only the usb plug-in devices, but also the external plug-in devices with other interfaces, such as PCMCIA and ExpressCard, and some devices embedded into the laptop itself. Even with the usb-dongle, some products use an external antenna rather than the internal antenna. All these features of the DUT will have different impact on the test result and the specify the test methodology.  
We believe that when specify the test methodology for LME, the different classes of DUT should be taken into account. This contribution will analyze the impact of the different classes of DUT on the test methodology of the LME and make some proposals at the conclusion part. At present, the multi antennas have been configured on the terminal, which mainly working in the diversity mode. Some evaluation on the antenna with diversity is also presented. The detailed aspects are as following. 
· Considerations on the Classifications of DUT
· The usb external plug-in DUT
· The PCMCIA and ExpressCard external plug-in DUT

· The DUT with external antennas 

· The embedded-type DUT --- Notebook, Tablet PC
· Evaluate the multi-antenna in diversity mode.

2 Discussion

2.1 Different type of DUT
The vast majority of today’s laptops communicate with peripheral devices (Wireless Personal Area Networks, WPAN) and other computers (Wireless Local Area Networks, WLAN) via radio technology. Moreover, the integration of cellular network radios into some laptops gives the users’ access to the Internet in areas not covered by WLANs. 
There are two main design approaches enabling the wireless connectivity of a laptop computer: (I) use of external plug-in radio interfaces and (II) integration of built-in radio interfaces. The first approach allows the manufacture to design an external component (modem) as a whole, which can adopt the latest technology in wireless communication, without interfering with already existing laptop’s hardware. An inserted card contains the controller, the RF front-end and an integrated antenna or an external antenna. With the use of wireless cards, users can easily add the wireless functionality to their laptops. These external plug-in devices are mainly implemented through two kinds of interface, the PCI-type protocol (CardBus or PCI express) or the usb protocol. When the technology is mature or the customer/market has a strong demand, the wireless connectivity may be integrated into the laptop.
In this section, we give the detailed analysis to the features of all these types of DUTs, with the emphasis on the impact on the test methods and test results. 

2.1.1 The PCMCIA and ExpressCard plug-in DUT. 
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Fig 1. PCMCIA plug-in card          Fig 2. ExpressCard plug-in card

The PCMCIA card and the ExpressCard plug-in card are shown in Fig. 1 and 2, respectively. Under normal condition, these two types of the plug-in cards are directly inserted into the laptop when they are working. Then, taking the plug-in card and the hosted laptop as a whole to perform OTA test is a natural choice. In this case, a pre-defined reference laptop is needed. This will face the similar situation like that of the directly plug-in test of the usb-dongle, as the reference laptop is difficult to determine. 
Perhaps there is another solution. There is a lot of PCMCIA/ExpressCard to USB adapters in the market and the PCMCIA/ExpressCard-type plug-in DUT can first connects to a usb adapter and then connect to the laptop through usb cable. The cable-connected test configuration can then be used to do an OTA test. However, this method introduces a new problem. The plug-in card communicates to the laptop through its drivers which are specific to the interface protocol. Although an adaptor is used to convert a PCMCIA/ExpressCard port to an usb port, the communication between the plug-in card and the laptop may not work properly. After all, the plug-in card is not just an external storage device. 
2.1.2 The usb plug-in DUT
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Fig. 2 usb plug-in devices 
As shown in Fig.2, The usb plug-in devices (usb-dongle) may be the most popular device for a laptop to access to the internet today. The test configuration for this type DUT has been deeply discussed in recent several meetings. Currently, the main divergence lies in the test methodology of plug-in device (usb-dongle) that provides 3GPP radio access connectivity for the laptop. Two different testing proposals are shown as follows: 

1)
The DUT is directly plug-in the laptop. 

2)
The DUT is connected to the laptop through a cable.
In [7] and [8], some analysis and comparison are given for these two schemes, mainly from the point of the implementation difficulty and the objective of the active testing. In [9], the directly plug-in scheme is analyzed and compared with the cable-connected method from a point of the real performance of the antenna. Follows this way, we give some further discussion. 
· The impact on the TRP and the Pattern
The metal material of the laptop lies in the near field zone of the antenna, which means that the whole laptop is acted as the ground plane of the antenna. Since the antenna in the usb-dongle is of limited electrical-size, the influence of the ground plane is important. For dual or multi frequency antenna, the influence on the low band is more obvious. So, it is clear that the metal laptop will influence the pattern and the TRP. In general, as shown in [11] the impact on the TRP is not very much. It also needs to note that a DUT with better performance in the cable-connected testing is not necessarily better in directly plug-in condition. 
· The impact on the TRS
The impact on the TRS mainly comes from the background noise of the laptop, which in general has a bad impact on the TRS. In some cases, the influence may be quite large. So, if the DUT is just test under cable-connected condition and no knowledge about background noise is available, the true performance in real condition is still unknown.  
2.1.3 The DUT with external antenna
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Fig. 3 the DUT with external antenna
The usb-dongle may use an external antenna as the chassis of the plug-in device can’t hold the antenna. In this special case, the laptop is not necessary to be test with the plug-in card and the cable-connected method may be reasonable choice since it reflects the real working state of the DUT. 
2.1.4 The embedded-type DUT
[image: image5.emf]
Fig4. Possible antenna locations for several types of antennas (From [10])

The test method of this embedded antenna is discussed in [4], the similar approach is also adopted both by CTIA [5] and WiMAX forum [6]. It seems that no big divergence on this test method. However, there are still two small problems to be solved. The first one is how to determine the measurement center. As shown in the Fig. 4, the typical locations of the embedded antenna distribute different part of the laptop. Do all these use the same measurement center as that mentioned in [5]? The second problem is, for a real product, which may run different OS, the specification of the operating mode of the laptop may be of a little difficulty, since the embedded antenna is quite sensitive to the background noise and different operating mode can introduce a relative large difference in TRS. 

2.2 Evaluate the multi-antenna in diversity mode
Currently, the multi-antenna configuration is also introduced into terminal to take the advantage of receiver diversity. The diversity performance of a multi antenna system can be presented in the terms of Diversity Gain (DG), which is an relative measurement of the improvement of the signal-noise ratio (time averaged) of the combined signals of the system relative to the signal from the best performing antenna of the same system [12]. The Diversity Gain is however not including the antenna efficiency and mutual coupling effects, which is why the concept of Diversity System Gain is introduced. However, all these mentioned concepts mainly come from the passive test, which just reflect the performance of the single component. 
As the single antenna device, the OTA test is needed to evaluate the real performance of the device in working state. The TRS is packed performance parameter which represent the signal level at which the message can be successfully received. It has no problem when the single antenna is tested but in multi-antenna case, whether the TRS is sufficient to reflect the receiving performance DUT is not clear. 
3 Conclusions 
In this document, we analyze the features of the different DUT. As the same class of device, it seems that the usb-dongle, the PCMCIA and ExpressCard plug-in card should use the same test configuration. For the special case of the external antenna, the cable-connected scheme can be adopted since the external antenna is specially designed for the condition.
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