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Abstract — In this study was investigated the transmitted (TX
power of mobile phones for different usage modes dnin
different conditions of environmental signal recepbn. Tx power
was measured by an experimental system set-up forhis
investigation. The variation of mobile phone exposw for the
operation with 2G or 3G network technologies and fodifferent
levels of environmental signals was analyzed.

I. INTRODUCTION

Output power of the mobile phones is an importactdr
for exposure assessment of electromagnetic fiatdttes by
these devices. So the characterization of timeatian of
output power is of interest to evaluate the diffees in level
of exposure to mobile phones and to estimate thaplpe
exposure during real use in operating networks,3L,Zime
variation of phone output power is due to power tan
technologies which regulate transmitted power ddimgnon
the received signal strength (Adaptive Power CdriraPC).
Previous works evaluated output power via softwase
network analysis tool [4,5]. In this study, measoeats of
transmitted power were made for three models ofrspfene
operating both in GSM and in UMTS networks. To fyethe
variability of transmitted power with network teailagy, the
smart phones were forced to operate with only enbrtology.
Further tests were carried out considering the tifterent
usage modes: voice call and data transmission.

Output power was determined by on site measurenients

seven areas with different reception quality aretteic field
exposure levels.

II. EXPERIMENTALSETUP

The instrumental chain for radiofrequency power teadi
from mobile phones is shown in figure 1.
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Fig. 1 Measurement system set up for output poiverobile phones

A supplementary antenna outside the mobile phong
used because the signal detection at the feedingector of
inner antenna was not possible. A variable attemuaias

added into the system before the signal enteredotiside
antenna and the attenuation value was fixed so gbality
reception was comparable with that of inner antgiabaut 20
dB). RF output power was measured by power sen&s R
mod. FSH-Z1 with a frequency range 10 MHz - 8GHd4 an
dynamic range 200 pW — 200 mW. Power sensor, coadec
to mobile phone by a directional coupler, was rastyot
controlled by a self made application based on liabV/
Power measurements were acquired with a time stef0o
msec for determining average and maximum exposuriegl
mobile phone usage. Usage mode of phone was sthrelcr
by reproducing a typical registered voice call abg
downloading the same video during tests on dataemod
Environmental electric field levels were measuren f
relating exposure levels and quality reception witione
transmitted power. These measurements were catiedhy

spectrum analyzer Narda mod. SRM3000 connected to a

triaxial antenna. By this instrumental chain, theod&icast

Control Channel (BCCH) signal level was measured in
frequency domain, for GSM network, and Common Pilot

Channel (CPICH) power was measured in code donfain,
UMTS signal [6]. BCCH and CPCIH level do not depemd
the traffic load and they can be good indicatorgemfeption
level for GSM and UMTS signals in the investigaseda.
Tests were made on three different models of sptarhes.

Ill. RESULTSAND DISCUSSION

An example of mobile phone transmitted power messur
for the three considered usage mode is shown imefig.
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%. 2 Example of measured transmitted power of ilagbhone for three

usage mode: a) voice call with GSM network, b) eomall with UMTS
network, c) data mode with UMTS network.



Figure 2a shows the peak level due to settingainitplink
transmission power when mobile phone is accessirgSM
network. Graph in figure 2b shows a typical noiske |
transmitted signal due to the codes used in UMTESntelogy
which have a pseudo random bit sequence. In figar¢he
different peak levels are representative of thekgaonode
communication.

Average output power measurement results as aidunct
environmental electric field (BCCH and CPICH leyetse
shown in figure 3 for one of the tested smart pBone
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Fig. 3 Average output power versus environmentadtec field for one of
the tested mobile phones: a) GSM network; b) UME8wvork for voice call
and data transmission usage mode

Measured transmitted power changed as a function of

electric field reception level. For GSM voice ctike average
transmitted power varies from 2 mW, in areas wiceic

field strength of about 2 V/m, to levels higherrthE00 mW,
in areas with electric field strength of about A.G0OM. So the

reduction in electric field level of a factor of @D corresponds

to an increasing of transmitted power of a factoalmout 60.
Similarly, we observed the transmitted power insieg with

the reduction of reception level for UMTS voicelaaid data
transmission mode. The average transmitted powdd6TS

voice call varies from 0.4 pW to some mW passiogifareas
with electric field of about 1 V/m to areas withwler levels
(0.01 V/m).

The above reported results indicate also that ragitione
average output power for UMTS voice call is verywéw than
for GSM voice call in all investigated environmenifBhe
difference between average output powers is ot®ifaf 15
in environments with low reception level (100 mW f8SM
and some mW for UMTS). This difference raises faaior of
5000 in environments with high reception levels, even

average output power passing from 0.4 pwW for UMTS

network to 2 mW for GSM network.

IV. CONCLUSIONS

In this study the real transmitted power for GSMdan
UMTS services was measured in different configoreti
Variation of average output power of mobile phoness
guantified with relation to environmental receptieuel.

Measurement results indicate that exposure leveb$i
mobile phone in outdoor areas with higher environtake
electric field strengths and a good reception ¢yai60 times
lower than in indoor situation with bad signal neben. This
variability in exposure levels is much higher foMUS voice
call usage reaching a factor of about 2000. Ininkiestigated
areas, exposure levels due to UMTS voice callsltebtrom
15 times to 5000 times lower than those due to G®iMe
calls.

Further studies will be necessary to compare hgpdseire
to mobile phones with whole body exposure to emrimental
radiofrequency fields from base stations.
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