
REQUIREMENTS ON EXPOSURE ASSESSMENT METHODS FOR 
EMERGING NEW TECHNOLOGIES 

 
G. Neubauer(1), W.Giczi(1), K. Lamedschwandner(1), G.Schmid(1) 

 
(1) ARC Seibersdorf research GmbH, A-2444 Seibersdorf, Austria, 

georg.neub uer@a arcs.ac.at  
ABSTRACT  
 
The development of new wireless communication technologies raised new questions in 
terms of exposure assessment. A short overview on emerging wireless standards is given 
and assessment procedures for WLAN and UMTS are discussed.  
 
INTRODUCTION  
 
Worldwide about 1.5 billion people are using mobile phones. In 2004 2 % of the users were 
using UMTS in Western Europe, but 34 % in Japan. These numbers are expected to 
augment considerably in the next years: for 2007 the estimated respective percentages are 
31 and 73. Almost half of the 26.000 WLAN hotspots worldwide are located in Europe, 
considerable growth is also expected in this case. Over the past years international 
organisations like ICNIRP, IEC, CENELEC, ETSI, IEEE, ITU, CEPT developed many 
standards, recommendations and guidelines for exposure assessment also applicable to new 
technologies. The ICNIRP guidelines of 1998 are the basis for the Council 
Recommendation 1999/519/EC [1] for exposure assessment of the general public and the 
EMF-Workers Directive 2004/40/EC [2] of the European Union. For radio frequency safety 
compliance of products the R&TTE-Directive 1999/5/EC [3] is in use. In the United States 
the FCC adopted guidelines developed by non-governmental organisations such as IEEE 
and NCRP for evaluating exposure due to radiofrequency transmitters licensed and 
authorised by the FCC. These FCC radiofrequency rules are published in volume 47 of the 
Code of Federal Regulations, Sections 1.1307(b), 1.1310, 2.1091 and 2.1093 [4]. US 
documents containing practical guidelines and information for performing field 
measurements in broadcast and other environments are the OET Bulletin 65 [5] and the 
ANSI/IEEE standards C95.1-1999 and C95.3-1991. Other national developments will be 
discussed in the presentation. 
 
WIRELESS TECHNOLOGIES  
 
The number of existing wireless services is quite large and covers a very wide frequency 
range starting from a few kHz up to 275 GHz. Some prominent examples of new emerging 
wireless technologies are discussed, but a complete overview of all new emerging standards 
cannot be given here. 
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One of the most prominent emerging communication systems is UMTS (Universal Mobile 
Telecommunications System), a broadband mobile communication standard of the 3rd 
generation. UMTS fulfils many requirements, e.g. flexibility in terms of the possibility to 
integrate future developments, multiservice platform, high spectral efficiency and high 
transmission quality (data rates of 384 kBit/s for universal and up to 2 MBit/s for local 
coverage) [6].  
Many standards were developed for wireless networking purposes in the recent years. One 
approach of classification is to subdivide them according to their area of connectivity, i.e. 
Personal Area Connectivity (WPAN, up to 10 m), Local Area Connectivity (WLAN, up to 
100 m) and Metro and Wide Area Connectivity (WMAN and WWAN, both above 100 m). 
Examples for WPAN applications are ZigBee, Bluetooth and Ultra Wideband Technology 
(UWB). The three standards have similar areas of connectivity, but differ in their 
applications. ZigBee (IEEE 802.15.4) is dedicated to low power and low cost networking, 
e.g. transmitting temperature sensors data. Bluetooth (IEEE 802.15.1) offers a higher data 
rate compared to ZigBee (max. 723 kBit/s versus max. 40 kBit/s or 250 kBit/s). This 
technology is dedicated to enable computers, phones and peripherals as printers or headsets 
to communicate wireless. Ultra Wideband (UWB, IEEE 802.15.3a) systems transmit 
signals across a much wider frequency band than other systems. A UWB signal occupies at 
least 25 % bandwidth of the center frequency, e.g. a signal centered at 4 GHz would 
therefore occupy a bandwidth of 1 GHz. UWB’s purpose is high speed interconnection of 
devices  in digital home and office, e.g. transfer digital photos to PC, scan images and 
transfer them. The expected data rate of UWB is 480 MBit/s. Many different WLAN 
standards exist: the most prominent ones are the IEEE 802.11 family (IEEE 802.11, 
802.11a, 802.11b, 802.11g and 802.11h) [7]. The area of connectivity ranges between about 
50 to 200 m, maximum achievable data rates are varying between 2 and 54 MBit/s. 
Worldwide Interoperability for Microwave Access (WiMax, IEEE 802.16 and 802.16.2) 
can be considered as WWAN, the area of connectivity is planned to reach 60 km for Line 
of Sight conditions. A data rate of up to 134 MBit/s is envisaged, the main area of 
application are stationary wireless broadband connections. 
New emerging technologies were also developed for TV and broadcasting. One very 
prominent example is Digital Video Broadcasting (DVB) based on the MPEG – 2 standard. 
One has to distinguish between DVB-S (satellite), DVB-T (terrestrial) and DVB-C (cable). 
DVB-T offers data rates up to 39 MBit/s. The bandwidth of one channel is about 8 MHz, 
giving the possibility to transmit up to 4 broadcast programs on the same channel. Digital 
Radio Mondiale (DRM) is an international standard for digital broadcasting below 30 MHz.  
 
ASSESSMENT PROCEDURES 
 
WLAN-Systems according to IEEE 802.11x are using either a Direct Sequence Spread 
Spectrum (DSSS) or an Orthogonal Frequency Division Multiplex (OFDM) transmission 
scheme, leading to stochastic signal characteristics in time domain and a broad occupied 
frequency band (approximately 22 MHz for DSSS according to IEEE 802.11b and 



approximately 16 MHz for OFDM according to IEEE 802.11a,g,h). Therefore, for 
appropriate frequency selective measurements using a precision antenna in combination 
with a spectrum analyser, sufficient resolution bandwidth (or a corresponding correction 
factor in case of a narrowband measurement) and a RMS detector are absolutely necessary. 
On the one hand measurements with too small resolution bandwidth (without corresponding 
correction) would lead to arbitrarily underestimations of the actual RF fields, and on the 
other hand using a PEAK detector would lead to overestimations due to the stochastic 
signal characteristics. Moreover, due to the Carrier Sense Multiple Access / Collision 
Avoidance (CSMA/CA) scheme used in WLAN systems for accessing the media, one has to 
take into account that WLAN devices do not emit RF energy continuously. Only in case of 
data transmission a WLAN device emits RF bursts. The length of the burst depends on the 
data structure to be transmitted and it is basically limited to a maximum length after which 
an acknowledge packet from the recipient has to be waited for. This leads to an effective 
duty cycle of WLAN devices of not more than 70-80%, even under high load data 
transmission conditions. In practice this means that one can expect highly dynamic, burst-
like and randomly occurring exposure without a predefined duty cycle or crest factor, 
respectively. Consequently, measurements in LIVE mode of the spectrum analyser will not 
lead to stable results. Using the MAXHOLD mode, only the burst amplitude of the device 
closest by (causing the maximum burst amplitude in the considered position) will be 
recorded, which of course is not a representative figure for the time averaged exposure. To 
overcome this practical problem two approaches are available: One possibility is to use the 
BAND POWER or CHANNEL POWER functionalities of (high quality) spectrum 
analysers in combination with time averaging functions. Another way would be to 
determine the burst amplitude of all relevant contributors (e.g., in the ZERO SPAN mode) 
and to calculate the average exposure based on statistical modelling of the data traffic in the 
network. In any case, only stating MAXHOLD measurement results as exposure figures is 
not a useful way, because this normally overestimates the actual (time averaged) exposure 
at least by 2-3 orders of magnitude. 
The frequency range of downlink WCDMA UMTS signals in FDD mode (Frequency 
Division Duplex) is 2110 MHz to 2170 MHz with a fixed difference of 190 MHz to the 
uplink signals from the mobiles (1920 MHz to 1980 MHz). In TDD-mode (Time Division 
Duplex) carrier frequency ranges from 1900 - 1920 MHz and 2010 - 2025 MHz (downlink 
and uplink at the same frequency separated by time in half duplex, each pulsed in 15 time 
slots of 0,667 ms in 10 ms frames). Due to CDMA with spread spectrum technology the 
channel bandwidth of UMTS is 5 MHz containing all subscribers on a given frequency 
channel. To measure the full RF channel power a proper resolution bandwidth (RBW) of 
the spectrum analyser must be selected, eg. 5 MHz fulfils this condition but not all 
analysers offer such a RBW filter. The disadvantages of a 5 MHz RBW filter are the poor 
channel separation and a high noise level, but the benefit is the very short sweep time to 
capture the fast signal dynamic. The total signal power of one UMTS carrier varies very 
strong depending on traffic and cell parameters. If the maximum possible field strength has 
to be quantified signal decoding of the CPICH (Common Pilot Channel) is necessary 



because UMTS has no separate control frequency channel with constant RF power like the 
BCCH at GSM base stations. The separated CPICH has a known constant power ratio to 
the maximum composite signal power. Therefore measurement of the CPICH power allows 
calculating the maximum possible signal power. UMTS uses digital modulation QPSK 
(Quadrature Phase Shift Keying). This leads to a crest factor up to 11 dB. This makes it 
necessary to select a spectrum analyser with a true RMS detector to avoid overestimation of 
signal power. UMTS uses fast high dynamic control of transmitted RF power. A 3 dB 
power step is possible every 0,667 ms. To capture this fast changes a very fast analyser 
frequency sweep below 0,667 ms per 5 MHz is necessary. A second way is to check only 
every single frequency channel in zero span mode but this is might become very time 
consuming. 
 
CONCLUSIONS 
 
Most of the existing international exposure assessment standards do not contain specific 
information on exposure assessment of electromagnetic fields from new emerging 
technologies. Some reports and publications give advice how to assess exposure arising 
from UMTS sources, but the situation is even worse for other new technologies. Overall it 
can be highly recommended to developed international exposure assessment standards 
including specific recommendations how to assess exposure from emerging technologies. 
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