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1 Introduction

Determining the radio performance of mobile handsets has been a hot topic recently. For example, final report [1] on the 3GPP RAN WG4 work item "UE antenna efficiency test methods" concluded that the 3-D radiation pattern measurement performed in anechoic chamber is the most feasible method for testing the User Equipment (UE) antenna performance. Based on this it seems that further work should be focused on the further development and the standardization of this method. 

The major organizations, which have been working on the antenna performance test method for 2G terminals, are COST273 Working Group 2.2 Test Methods for Handset Antennas (formerly COST259 Working Group 2.2) in Europe, and CTIA (Cellular Telecommunications and Internet Association) in USA.

In this document we propose that 3GPP RAN WG4 would use COST273 WG2.2 in co-operation with CTIA as the expert organization for developing a suitable antenna performance test method for 3G terminals. 

COST273 WG2.2 has been involved for more than two years in the handset antenna testing methods and the members have large expertise in the fields of terminal antennas and cellular radio wave propagation. The member organizations include mobile terminal manufacturers, antenna manufacturers, network operators, research institutes, universities, and antenna measurement system manufacturers. Many of the industrial members of COST273 WG2.2 are also members of 3GPP. The COST273 WG2.2 is open for new members. 

Among the critical issues in developing the testing method are the special features needed to test the upcoming 3G terminals. For instance, it is likely that using the phone for data transfer increases significantly, which basically means that the users not only holds the phone against the head but also increasingly places the phone on the belt clip, on the table in the briefcase, etc. It should be made absolutely sure that the testing method that to be recommended will address these issues. 

The antenna testing procedure by CTIA [3], which has been presented for 3GPP in [2], does not currently take the 3G terminals into account at all. That method also lacks the performance values and needs more work on uncertainty and validation issues. These shortcomings will be discussed later in this document.

As will be shown in the following, the significant amount of work will be needed to establish a proper method for testing 3G terminals. This work should be done in a separate working group specialized in handset antenna measurement methods. For that the COST273 WG2.2 would be a natural choice. 

2 Discussion on the open issues in the antenna test method

The performance requirements and the measurement uncertainty are among the important issues that still remain open in the test method draft proposed by CTIA [3]. Moreover, that test method has been developed for 2G terminals. There are special technical aspects, which need to be taken into account for 3G terminals. The following list includes a number of issues related to the method proposed by CTIA that need to be addressed as soon as possible:

1) The investigation of a parameter, which appropriately describes the real-world antenna performance

The UE antenna performance testing procedure must reflect the operating performance of the terminal in real use and network conditions. In the CTIA draft the TRP (Total Radiated Power) and TIS (Total Integrated Sensitivity) are proposed to be used as performance criteria. However, the TRP and TIS are parameters that do not take into account the effect of the radio channel. In several recent studies [4] - [7] it is indicated that the TRP may not, in general case, give terminal antennas the same performance ranking as the mean effective gain (MEG) does. The real-world performance of a terminal antenna does not depend solely on the TRP, but also e.g. the polarization properties of the antenna and the radio channel. Considering only the TRP (and TIS) of an antenna may not be enough to describe its performance in practical operating environments. The MEG, according to the current knowledge, describes the real-world performance of the terminal better than TRP because it takes into account the distribution of the incident radio waves and cross-polarization ratio of the radio channel.

Evidently, there is a need for experimental work in which a number of real terminals are used to determine the difference between the TRP/TIS as compared to MEG. Only after this kind of study the real-life performance criterion for the terminal antennas may be set. It must also be investigated what typical radio channel parameters should be used in defining the MEG. When all this information is available, the best performance parameter for the test method can be decided.

2) Accuracy of antenna testing procedure 

The validation of the accuracy of the antenna test results is a very important work item. At the moment, only a rough estimate of the measurement accuracy (1 dB is given in the CTIA proposal [3]. The uncertainty budget is completely missing from the document. The validation of the accuracy includes an interlaboratory test campaign and the derivation of a comprehensive overall measurement uncertainty budget by determining all the error sources in the measurement. 

In the CTIA draft [3], a technique for validating the anechoic chamber performance and reflectivity level has been proposed. However, the method is not / has not been commonly used for chamber evaluation nor are the antennas needed in it commercially available.

The overall uncertainty budget is currently under investigation in Aalborg University, Denmark.

3) Performance requirement limits

The performance requirements of 3G terminals will be different from 2G terminals. Different 3G UE types may also need different requirements. The performance requirements are also dependent on the overall uncertainty that can be achieved. Therefore the performance requirements cannot be fixed before the overall measurement uncertainty has been determined and the appropriate test parameter selected.

4) The 3G system aspects affecting the test procedure

The wideband modulation type, for example, will affect the testing procedure and the choice of measurement equipment. A proper receiver sensitivity testing technique (especially, for 3G terminals) is needed.

5) The intended use positions of 3G terminals

For 3G terminals, in addition to the traditional talk position, there will be use positions, which are not common with 2G terminals. Whether these should be included in the 3G terminal antenna testing procedure needs to be investigated.

6) Phantom related matters

There are some open questions related to the phantom to be used in the testing: for example, should the head phantom have also shoulders. For simplicity of the testing procedure, the phantom including only the head seems the most feasible. The tissue-simulating liquids need to be investigated as well: for example, is different liquid needed at 800 - 900 MHz band, at 1800-1900 MHz band, and at WCDMA band? 

The work to investigate phantom and liquid matters is currently going on e.g. in the COST273 WG2.2.

3 Conclusions

The test methods that have been presented up to date are not advanced enough to take into account the 3G terminals. Substantial amount of work is needed to develop a new or improve the already presented methods to such technical level that the 3G issues are taken into account. Therefore, we propose COST 273 Working Group 2.2 to be appointed as a body of liaison to 3GPP in the antenna performance testing issues in addition to CTIA. COST273 WG2.2 has already started working on the issues listed in the previous section. In its new capacity COST273 WG2.2 would report to the 3GPP.

Actions needed: 

1) We propose that the chairman of 3GPP RAN WG4 will send LS (liaison statement) letter to COST273 WG2.2 for establishing the liaison between 3GPP and COST273 WG2.2. 

2) COST273 WG2.2 shall report in the future 3GPP RAN WG4 meetings the progress in the development of the antenna test method. The final report would be a proposal on the UE antenna performance test method to be standardized.

Contact information for the chairman of COST273 WG2.2:

Mr. Gert F. Pedersen,


Center for Person Kommunikation 

Aalborg University


Niels Jernes Vej 12

DK-9220 Aalborg Ø

   
Denmark

Phone (+45) 9635 8640

Fax (+45) 9815 1583 

e-mail: gfp@kom.auc.dk

Currently participating in the work of COST 273 WG2.2:

Aalborg University, Alcatel, Allgon, Centurion, Ericsson, E-tenna, Filtronics, Helsinki University of Technology, IMST, KPN, Maxon , Moteco, Nokia , Philips, Satimo, Siemens, Telia, Telital, Test Factory, Vtech Mobile
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