1

3GPP TSG-RAN WG4 Meeting #54
R4-100305
San Francisco, USA, 22nd – 26th, February  2009

Source:
ZTE, CATR
Title:
Test scenarios for plug-in cards hosted on laptop mounted equipment
Agenda item:
7.12
Document for:
Discussion
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]. An overview of the work item objectives and propose time plan is given in [2] and approved in RAN4 #53.  According to the time plan, the test requirements and test scenarios should be discussed and identified firstly. 
The Laptop Mounted Equipment (LME) includes not only notebook and tablet PCs that have the embedded antennas located in the display, but also different types of plug-in cards, including PCMCIA, ExpressCard, USB and other external form-factor devices. Due to the fact that these devices will typically be connected to a notebook host and the performance of these cards is laptop-dependent, the OTA test of the plug-in cards should be considered in the work item. Test methods for LME had been discussed and adopted in CTIA [3] and WiMAX forum [4], it is proposed to refer to those methods in 3GPP [5]. However, the test methods for the plug-in cards are not evolved in CTIA test plan and are only shortly mentioned in WiMAX RPT. 
Compared to the size of antenna embedded in the plug-in card, the LME is an electrically large structure. Its location is also in the reactive near field region of the antenna. All these means that the LME will influence the radiation of the antenna, including pattern, Total Radiated Power (TRP), Total Isotropic Sensitivity (TIS) and other performance parameters. In this document, we will discuss the test scenarios for plug-in cards hosted on LME, with emphases on the relative position of cards and LMEs. We will also give some simulation results to explain the impact of the LME on the performance of the plug-in card’s antenna. 
2. The relative position of cards and LMEs
In the following, we will consider the usb-type plug-in card only, which is the most-widely-used type in notebooks. As notebooks usually have several usb ports distributed alone its two sides and the card can be plugged into any port, the distance between the card and the opened LCD display panel (which has a 110° angle from the levelled base) is uncertain. Now, many cards are equipped with a rotary usb plug, then, the angle between the card and the levelled base is also uncertain. Taking into account these factors, we take the following 4 typical cases for discussion. 
· Case 1: Plug-in card is horizontally placed and close to the LCD panel
· Case 2: Plug-in card is horizontally placed and far away form the LCD panel
· Case 3: Plug-in card is vertically placed and close to the LCD panel

· Case 4: Plug-in card is vertically placed and far away form the LCD panel

3. Simulation results and discussion
In the simulation, the notebook is modeled as two Perfect Electric Conductor (PEC) boxes as the method used in [6]. The size of the notebook is 335×238×30 mm, which is taken from ThinkPad T400. The angle between keyboard and LCD panel is 110°. The simulation frequency is 1800MHz. The simulation prototypes are presented in Fig. 1a – Fig. 1d. All the simulation results are obtained by the SEMCAD X software. To confirm the correctness of the model, we compared the simulated TRP with the tested TRP in case 1. The tested value is 21.4dBm and the simulated one is 21.637dBm. The difference is acceptable. 
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                            Fig. 1a: Case 1                                                              Fig. 1b: Case 2
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                        Fig. 1c: Case 3                                                              Fig. 1d: Case 4

                                                                    Fig. 1 Simulation Prototypes
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                           Fig. 2a: The model of Plug-in Card                                     Fig. 2b The Pattern of the Card
 Fig. 2 the card model and the its pattern
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                     Fig. 3a the Pattern in Case 1                                                        Fig. 3b the pattern in Case 2
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                           Fig. 3c The pattern in Case 3                                                       Fig. 3d the pattern in Case 4
Fig. 3 the pattern of the card hosted on LME
Generally, the antenna is placed at the outer end of the card to reduce the effect of the laptop itself on communication performance. The model of plug-in card and its pattern are presented in Fig. 2a and 2b. The patterns of the card hosted on the LME are given in Fig. 3a - 3b. It can be seen that the introduction of the notebook significantly affects the radiation pattern. This effect is more pronounced in the case that the card is vertically placed, where the wave radiated directly from the antenna interferes with the wave reflected in the LCD panel. The TRP and TIS parameters are presented in the following table. 
                                            Table 1 the simulated TRP and TIS of the card hosted on the LME
	
	case 1
	case 2
	case 3
	case 4

	TRP
	21.637dBm
	21.723dBm
	20.579dBm
	20.617dBm

	TIS
	-103.568dBm
	-103.553dBm
	-102.533dBm
	-102.605dBm


From the table, it can be seen that the TRP and TIS differs little between case 1 and case2, so do case 3 and case 4.  However, the horizontal or vertical placement of the card will significantly affect these parameters and the difference is more than 1dB. 
We need to mention that the TRP or TIS is calculated by using the antenna as the centre, not the centre used in OTA test. Although choosing different centre will introduce some difference, the 1dB difference between horizontal and vertical placement of the plug-in card should be considered when the test scenarios are identified. 
4. Summary
In this document, we discussed the test scenario for plug-in cards hosted on LME, with emphases on the relative position of cards and LMEs. We gave some simulation results to explain the impact of the LME on the performance of the plug-in card’s antenna. We propose to give serious consideration to the placement of plug-in card when discuss the test scenarios. 
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