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COMPARISON OF THE AVERAGE OUTPUT POWER OF
GSM AND UMTS MOBILE PHONES AND THE IMPACT IN
EXPOSURE TO ELECTROMAGNETIC WAVES

Victor NITU', George LOJEWSKI*

In this paper are analyzed the differences in terms of output power and
power control mechanisms between GSM and UMTS mobile phones and is
investigated the magnitude of the reduction of output power brought by UMTS as
compared with GSM. The migration to UMTS is proposed as a simple way to reduce
exposure to electromagnetic waves of the mobile telephony user.
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1. Introduction

When the UMTS system, also known as the third generation mobile
system or simply 3G, was launched in 2001, it was expected to quickly replace the
older, yet very successful, GSM system. However, this did not happen and most
of the mobile phone users today make their voice calls through the GSM
networks.

In the same time, the concern among mobile phone users regarding the
potential health hazards caused by low-level electromagnetic field (EMF)
emissions is growing, although the scientific evidence to demonstrate this is
currently lacking [1]. Under the current European EMF exposure regulations, the
exposure created by a mobile phone during a call is characterized with the help of
the localized specific absorption ratio (SAR), which is limited to 2 W/kg,
averaged over 10 g of tissue [2]. As the processing power of computers has
grown, the finite-difference time-domain method has become easier to employ
when calculating SAR and offers more accurate results than more simplistic
analytical methods. A detailed description of this method can be found in [3]. The
results show that in some exposure scenarios, it is possible for the localized SAR
to exceed the current limits in specific internal organs.

Under these circumstances, it is desirable to reduce the exposure from the
mobile phone. One of the relatively effective methods is the use of a wired hands-
free kit that creates a separation between the head and the mobile phone and thus
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reduces the energy absorbed by the former even up to ten times [4] [5].
Furthermore, a wireless hands-free kit that uses Bluetooth can decrease the energy
absorbed by the head up to 100 times [6]. Of course, depending on where the
phone is positioned during a call made using a hands-free kit, the exposure can
increase in other parts of the body, for example the waist, the hand etc. There is
also the possible discomfort of having to use the mobile phone in an way that is
different to what the user is accustomed to.

One has to consider that the value of SAR is calculated using as input the
maximum transmit power of the terminal and not the usual transmit power, which
in most cases is lower. The actual level depends on the environment in which the
user is located and on the manner the terminal is used, as it was observed
following a study for which GSM mobile phones were employed [7]. Besides
these factors, it will be shown that the technology factor is also very important.
UMTS was designed to be more efficient than GSM in terms of transmitted power
and has several advantages over the previous generation that reduce the exposure
of the user. The purpose of this paper is to illustrate these advantages and to assess
their impact in real life usage through the investigation of measurements.

2. Analysis of the transmit power of GSM and UMTS terminals

One of the basic differences between GSM and UMTS are that the former
is a FDMA system, while the latter uses WCDMA. This means that in the same
time interval, two or more mobiles will transmit on different frequency channels
in GSM, but in UMTS they will use the same channel. Thus UMTS is much more
sensitive to the level of power emitted in uplink and a good power control
algorithm was set in place to avoid as much as possible situations in which one of
the mobiles blocks the receiver of the base station.

In GSM, the mobile begins the call by transmitting at full power and after
several seconds the power control algorithm reduces the power to the minimum
required to maintain the radio link. The procedure is renewed after every hand
over to another cell. This behavior of the system led to the general advice for
limited usage of the mobile phone while travelling fast (and changing many cells)
and also against initiating the call with the phone next to the head.

The UMTS terminal on the other hand starts the call by transmitting at the
lowest possible power and gradually increases it until the base station receives its
access request message and sends back an acknowledgement. This procedure
avoids the unnecessary increase of the uplink noise in the cell and guarantees that
the initiating of a call is done directly at the minimum transmit power required by
the radio link. Similarly, the handovers between different cells are made without
increasing the power.



Comparison of the average output power of GSM and UMTS mobile phones and the impact... 77

In Fig. 1 we compare the evolution of the transmitted power of a GSM
terminal placed in a certain location and that of an UMTS terminal in the same
location. The GSM phone starts transmitting at 33 dBm (2 W) [8] and then
reduces the power down to the minimum value of 4 dBm (2.5 mW). As the
mobile moves into an area with poorer radio propagation conditions, it increases
the power again. The UMTS terminal starts close to the minimum transmit power
of -50 dBm (10 nW) [9] and, as the network coverage worsens, the power rises.
However, the maximum power of 21 dBm (125 mW) is never reached. Another
observation is related to the frequency of the modifications of the transmit power
due to differences in the power control algorithm. In UMTS the modifications are
very rapid, in order to compensate the fast fading effect, while in GSM it takes
longer to change the power and it is only done in relatively limited steps.
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Fig. 1. Comparison between the evolution of the transmit power of a GSM and of an UMTS
terminal

However, the power control mechanism isn’t relevant in poor coverage
conditions, when the mobile is forced to transmit close to or even at the maximum
power in order to maintain the radio link. Under these circumstances a higher
sensitivity is required from the base station. In (1) it was defined the minimum
detectable signal by a GSM base station, based on the standard equation of the



78 Victor Nitu, George Lojewski

minimum detectable signal by a radio receiver [10] and on the main factors that
influence the power budget of the GSM radio link [11].

SGSM=101gKT+101gB+NF+%—GA+LF—GRxD—GFH+MF (1)

The terms are explained below:
= Bis the 200 kHz bandwidth of the GSM channel.
= NFis the noise figure of the base station that is usually around 2 dB.
= (/1 is the carrier to interference ratio for which value required by the
GSM standard for voice is 9 dB.

= G4 is the antenna gain, which for a typical dual-polarized antenna with
a half-power beam width of 65 degrees in the horizontal plane and 7
degrees in the vertical plane is around 17 dB.

= [rrepresents the losses on the feeders connecting the base station with

the antenna. The usual value is 2 or 3 dB, but it depends on the
frequency and length and thickness of the feeders.

= G is the gain provided by the polarization diversity of the antenna

and the value is around 3 dB in an urban environment.

=  (Gpy represents the gain produced by the use of frequency hopping for

the GSM traffic channels, which is a good method for countering fast
fading. The typical value is 2 dB.

= My is the shadow-fading margin. We considered an outdoor urban

environment, which corresponds to a margin of 4.2 dB.

The minimum detectable signal in the case of the GSM base station
calculated with the above-mentioned parameters is -124.8 dBm. This value will be
compared to that of the minimum detectable signal by an UMTS base station,
which is detailed in (2). This is also based on the standard equation of the
minimum detectable signal by a radio receiver [10] and on the main factors that
influence the power budget of the UMTS radio link [12].

E
Sumrs =101gKT+101gB+ NF+—2- -G, + L, —Grpy — Gp. =Gy +

No ()
+M, + M +M,

Most of the parameters are the same as in the case of GSM, with the
exception of B, which is of 3.84MHz instead of 200 kHz. There are however
several new parameters:
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= FEy/N, is the energy per bit per noise ratio and is 5.6 dB for CS voice in
UMTS.

= Gp, represents the processing gain and it is calculated as the ratio
between the maximum chip rate (3.84Mcps) and the bit rate of the
voice service (12.2 kbps). It is 25 dB.

=  Gjsno, the soft handover gain, is usually considered to be around 3 dB.

= M, is the interference margin, also known as the uplink noise rise, and
depends on the uplink load in the cell. The system is typically designed
taking into account a 50% load in order to leave room for the cell
breathing effect that occurs when the load rises. For the chosen load of
50%, the margin is 3 dB.

= Ms represents the saturation margin, which is meant to preserve a
headroom for the transmit power when the mobile is in poor radio
coverage conditions. Because the power control algorithm is changing
the transmit power with a frequency of 1500 Hz in order to
compensate the fast fading, it requires a safety margin to avoid
entering saturation when there isn’t enough power available for
allocation. The value of this margin is 3 dB.

The result of the minimum detectable signal calculation in the case of the
UMTS base station is -135.4 dBm, which is 10.6 dB lower than the GSM base
station. This means that given the same propagation path loss, the UMTS terminal
will emit at a power level at least 10 dB lower than the GSM one.

Another limitation of GSM that should be taken into consideration is that
the output power has a dynamic range of 30 dB, varying from 33 to 3 dBm. Thus,
in good radio propagation conditions, even though the necessary transmit power
could be lower than 3 dBm, the GSM terminal is unable to transmit below this
value.

The UMTS phone however has a much broader dynamic range at around
70 dB, going from 21 or 24 dBm to -50 dBm. This allows it to transmit at a lower
power when the radio conditions permit it. Mathematically, the basic dependence
of the transmit power on the received signal level and, consequently, on the
propagation path loss is given in (3).

MS, , =BS,,—L, —S+ RxLev 3)

The RxLev is the value reported by the mobile after measuring the BCCH
(Broadcast Control Channel) in GSM or the C-PICH (Common Pilot Channel) in
UMTS. The usual output power (BSrp) of the BCCH channel is 43 dBm and that
of the C-PICH channel is 33 dBm. § was calculated with (1) and (2) and the
feeder losses (L) are again considered 3 dB. By using these inputs and (3) we
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calculated the variation of the transmit power of the two terminal types, which are
both illustrated in Fig. 2.
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Fig. 2. Variation of the transmit power of a GSM and of an UMTS terminal

However, GSM and UMTS are usually deployed in different frequency
bands, the most common being 900 MHz for GSM and 2100 MHz for UMTS.
Thus the propagation will also be different and, in the same location, the
propagation losses for UMTS will be higher than for GSM and hence the received
signal level will be lower.

The minimal extra propagation loss for the UMTS signal, according to the
free space propagation model at the same distance between the base station and
the mobile, is given by (4).

5, =10-lg wm )

GSM

For the above mentioned frequency bands, the difference is 3.6 dB, which
means that the power transmitted by the UMTS terminal will be at least 7 dB
below the level that would be necessary for a GSM terminal. Obviously, the
factors influencing the propagation are more complicated and the exact difference
will vary from case to case.

Taking into consideration the issues presented in this section, the UMTS
mobile phone has on average more chances of emitting less electromagnetic
radiation during a call than the GSM mobile phone. In order to determine with
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more certainty the difference several measurements were conducted. They will be
analyzed in the following section.

3. Measurement results

The equipment consisted in Sony Ericsson W900i phones with the TEMS
Pocket 5.0 software installed on them. For each measurement, two logs were
recorded: one with a GSM call and the other with an UMTS call. The data was
then extracted from the logs using the Actix Analyzer software. The main
parameter in which we are interested in is the terminal’s output power, but for
GSM we also extracted the received signal level without power control and for
UMTS we extracted the received signal code power levels for all the cells in the
active set. The samples were taken every 500 ms.

In Fig. 3 and 4 we synthesized the average values recorded during the
measurements. They are divided into two categories: fixed positions (10
measurements) and during movement (6 measurements). The former were chosen
both indoor, in poorer radio propagation conditions, and outdoor, in the streets of
Bucharest, where the coverage is good.
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Fig. 3. Distribution of the GSM and UMTS terminals’ average transmit power in fixed positions
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Fig. 4. Distribution of the GSM and UMTS terminals’ average transmit power during movement

As expected, the average transmit power of the GSM terminal is much
higher and varies between 8 and 27 dBm, while that of the UMTS terminal varies
between -45 dBm and -3 dBm. The gap between the two is not constant. It
depends on the radio propagation conditions. Only in the case of the
measurements made in motion, the difference between the average transmit power
of the two technologies is roughly similar. This can be explained through the fact
that these measurements were all carried out in the center of Bucharest, where the
network is very dense and the radio propagation losses were not high.

It is interesting to illustrate the gap between the average transmit power of
the two systems. First it is necessary to determine the corresponding radio
propagation path losses for the GSM and UMTS signals, so that the differences
are mapped according to them. Equation (5) has been employed for this exact

purpose.

PL_ . =min(P,., —RxLev,P. ., — RSCP) (5)

RxLev represents the average power measured on the BCCH channel in GSM.
RSCP represents the average power measured on the C-PICH channel of the
UMTS system.
Ppccr and Pc_picyr are the output power levels of these channels at the base station:
43 and 33 dBm.

By using (5) and the data extracted from the measurement logs, the path
loss was determined for each location and the results were used to create Fig. 5.
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Fig. 5. Difference between the average transmit power of the GSM and UMTS terminals

In the case of stationary measurements, it is easy to observe a major gap
between the average transmitted power of the UMTS and GSM terminals when
the call benefits from good network coverage. This gap can reach even 59 dB,
more than the difference between the minimum output powers of the two
terminals, which is only 53 dB. This is due to the power control mechanism of the
GSM system, which is not able to decrease the terminal's output power fast
enough and thus the average value is significantly higher than it could be in an
ideal case. Also, the minimum power output could be set in the network to be
higher than the standard value of 3 dBm. Such a setting would increase the
average output power of the GSM terminal. As the propagation path loss
increases, the gap between the two technologies decreases to 28.6 dB, which is
still a considerable value.

Compared with the results of the stationary measurements, those of the
measurements done in motion reflect a relatively smaller difference for similar
propagation conditions. However, the absolute value is still high, around 40 dB.
This is owed to a higher output power of the UMTS terminal while in motion. The
network coverage was good, because the measurements were made in the street,
in open space, in order to be able to perform several handovers between different
cells.

To conclude, the average output power of the UMTS terminal during a call
is at least 1000 times lower than the average output power of a GSM terminal
during a similar call. Because of this, the electromagnetic field produced during
the UMTS call will be inferior to the electromagnetic field owed to the GSM call.
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This dependency can be expressed theoretically starting from the strength
of the electric field, which can be determined as a function of the transmitted
power Pr, using the expression (6).

Z -P )
E= d Tz , with (6)
Ar-d
Z, - free space impendence
d - distance between the transmitter and the receiver

The specific absorption ratio (SAR) can be calculated with (7), if the field
strength E, the density of the tissue p and its conductivity ¢ are known [1].

2 . .
SAR:@.E_ZLOZPT (7)
p 4Ar-d°-p

Both the electric field strength and the specific absorption rate are used to
quantify the exposure to electromagnetic waves and, both of them, decrease if the
average output power decreases.

However, in order to have a more accurate view, one needs to consider
also the energy emitted by the terminals, which takes into account the duration of
the time interval in which these are actually transmitting. In GSM, one call has
one time slot reserved for it from a total of eight in a standard frame, so we can
consider that the mobile phone is emitting one eighth of the time. There is also the
possibility to activate the mechanism of discontinuous transmission that will stop
the emission when the user is not talking. This effect is more difficult to model
with accuracy, but one can assume that half of the time one the callers will speak
and the other listens and vice-versa. Thus, in average, one can state that the GSM
terminal is transmitting 1/16 of the time. Unlike the previous generation, the
UMTS terminal has a continuous emission, at least for the Dedicated Physical
Control Channel (DPCCH). The voice is transported on the Dedicated Physical
Data Channel (DPDCH) when the user is speaking. The power transmitted on the
DPCCH is usually equal to that on the DPDCH and one can consider that half of
the time the power emitted by the terminal will be half of the nominal power
(Pppccr) and the other half, when the user is speaking, the full measured power
(Pppcc + Ppppcr)- Only starting with the 3GPP Release 7 standard the UMTS
terminal is able to stop the transmission of the DPCCH when it is not necessary.
This allows it to save battery time and decrease the noise level in the cell.
However, the measurements presented in this paper were made on 3GPP Release
6 UMTS network that did not benefit from this feature. Thus, in average, only 3/4
of the measured power is actually transmitted.
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Under these circumstances, the ratio between the energy transmitted in
average by the GSM terminal and that transmitted by the UMTS terminal during a
voice call can be described by equation (8).

Py i
Wesu _ “M 16 :L‘ Posu (8)
WUMTS ;P umrs "Lt P, umrs "t 12 PUMTS

So, in order to translate the gap between the average output power of the
GSM and UMTS terminals into the gap between the average energy emitted by
the terminals, the values measured in the field will need to be reduced by 10.8 dB:
from 59 dB to 48.2 dB in good network coverage and from 28.6 dB to 17.8 dB in
poor network coverage.

6. Conclusions

It is clear, both from the theoretical analysis and the field measurements,
that the output power of the UMTS terminal is much smaller than that of the GSM
terminal in similar situations. This, in turn, leads to a reduced exposure to
electromagnetic waves of the mobile phone user, which can be of several orders
of magnitude in the right circumstances and does not require a change in the day-
to-day use, as other exposure reduction solutions do.

REFERENCES

[1] *** ICNIRP 16/2009, Exposure to high frequency electromagnetic fields, biological effects
and health consequences (100 kHz-300 GHz) - Review of the Scientific Evidence and
Health Consequences, Munich, 2009. ISBN 978-3-934994-10-2

[2] *** ICNIRP, Guidelines for limiting exposure to time-varying electric, magnetic and
electromagnetic fields (up to 300GHz), Health Physics, Vol. 74, No. 4: 494-522, April
1998

[3] A. R. Buleandra, Studiul propagarii cadmpului electromagnetic in diferite structuri biologice
[The study of the propagation of the electromagnetic field in different biological structures],
Teza de doctorat, cond. stiintific prof. univ. dr. ing. Teodor PETRESCU, UPB, 2010

[4] D. Picard, Dosimétrie des oreillettes Bluetooth, Compatibilité Electromagnétique, 14éme
Colloque International et Exposition & Journees Scientifiques d’URSI France, Paris, 20-23
Mai 2008

[5] S. Kiihn, E. Cabot, A. Christ, M. Capstick, N. Kuster, Assessment of the radio-frequency
electromagnetic fields induced in the human body from mobile phones used with hands-free
kits, Phys. Med. Biol. 2009 Sep 21, 54(18): 5493-5508

[6] D. Picard, Hand free kit dosimetry results analysis, Biological Effects of Electromagnetic
Fields 4th International Workshop, 16-20 Oct 2006, Crete, Greece

[7] L. S. Erdeich, M. D. Van Kerkhove, C. G. Scraffod, L. Barraj, M. McNeely, M. Shum, A. R>
Sheppard, M. Kelsh, Factors that influence the radiofrequency power output of GSM mobile
phones, Radiat Res. 2007 Aug; 168(2):253-61



86 Victor Nitu, George Lojewski

[8] *** 3GPP TS 05.05 V8.20.0 (2005-11) — 3rd Generation Partnership Project, Technical
Specification Group GSM/EDGE, Radio Access Network, Radio transmission and
reception (Release 1999)

[9] *** 3GPP TS 25.101 V3.5.0 (2000-12) — 3rd Generation Partnership Project, Technical
Specification Group Radio Access Networks, UE Radio Transmission and Reception (FDD)
(Release 1999)

[10] J. Smith, Modern communication Circuits, 2nd Edition, McGraw Hill, 1998, pp. 82

[11] J. Lempiainen, M. Manninen, Radio Interface System Planning for GSM/GPRS/UMTS,
Kluwer Academic Publishers, 2002, pp. 44-72

[12] H. Holma, A. Toskala, WCDMA for UMTS - Radio Access for Third Generation Mobile
Communications, 3rd Edition, John Wiley & Sons, 2004, pp. 187-190



