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Abstract— The large-scale introduction of the Univer-
sal Mobile Telecommunication System (UMTS) must be
forwarded by a suitable evaluation of possible effects of
its radiowave signals on end-users. For this purpose, a
rigorous characterization of its radio-signals must be per-
formed from a radioprotection point of view, spectral and
power behaviour being among the most important issues.
In this paper UMTS radiowave signals are accurately in-
vestigated. An algorithm is proposed for the numerical
generation of such signals, so that real operating condi-
tions can be accurately simulated, and bioelectromagnetic
interactions studied. Results demonstrate the accuracy of
the proposed algorithm, as well as the amenability of the
attained signals to model the bioelectromagnetic interac-
tion up to cellular scales.

I. INTRODUCTION

The world of wireless technologies is continuously and
rapidly changing. One of the next, and relevant, changes,
is the so-called third generation (3G) of communication
systems, including the quite well-known Universal Mo-
bile Telecommunication System (UMTS).

The wide-scale introduction of UMTS, nonetheless,
must be forwarded by a suitable and accurate prelim-
inary analysis of the possible bioelectromagnetic impact
of such signals on the potential users (or, more generally,
on people exposed to the used signals).

Similar analyses have been performed into details for
previous systems, such as for the GSM one [1],[2},[3],
whilst, as far as we know today, UMTS, or, more gener-
ally, CDMA-based systems, have been only shortly out-
lined in [2].

In this paper a complete, yet simplified, overview of
UMTS is given, so that the power, spectrum and time
characteristics of the used signals can be focussed. As a
practical example, a simple uplink connection is studied
and the reader is proposed a simple algorithm to gener-
ate a numerical UMTS signal. The same signal is used to
simulate the biointeraction at membrane channel level,
in order to identify possible effects on relevant physio-
logical parameters. Finally, conclusions are drawn and
some perspective views proposed.

II. UMTS RADIO-INTERFACE LAYER

The physical layer defines all the procedures directly
involved in the radio-transmission of signals. Its descrip-

tion is herein based on the WCDMA solution as adopted
by the 3GPP Group [4], {5], [6], {7]. In UMTS, two com-
munication standards are adopted: FDD (Frequency Di-
vision Duplex) and TDD (Time Division Duplex). In
this paper, for the sake of brevity and clarity, we elect
the FDD mode as the reference case. In FDD case, the
UPLINK is assigned the 1920 — 1980M Hz band, and
DOWNLINK the 2110 — 2170M Hz one.

The WCDMA is a wideband DS CDMA (Direct-
sequence Code-Division Multiple-Access). Basic issues
for CDMA for bioelectromagnetic purposes are given
in [2]. In WCDMA user’s bits are spanned (spreading
phase) over a wider band thanks to the multiplication
(or frequency convolution) with suitable quasi-random
codes. Symbols attained are called chips.

The WCDMA adopted in UMTS can be partitioned
into three main steps: spreading, scrambling and modu-
lation, respectively.

The spreading operation (often called channelization)
turns bits into chips, as previously mentioned, with a
consequent user’s bandwidth improvement, depending
on the spreading factor (SF). Each user occupies a band-
width equal to:

1 1
B=mSF=m (1)

where Ty, and T, are the bit and chip period respectively.

The DS-CDMA technique used in UMTS uses orthog-
onal spreading codes in conjunction with a different en-
coding strategy, called scrambling. This operation does
not correspond to further bandwidth improvement, but
brings out important network advantages. '

Let us now consider the uplink connection. The fol-
lowing dedicated channels are given: Dedicated Physical
Data Channel (DPDCH) and Dedicated Physical Control
Channel (DPCCH).

The signals are structured into 10 ms frames, which
are themselves partitioned into 15 0.666ms slots, each
containing 2560 chips. Slots and frames are the short-
est time units inside which the transmitting power and
speed, respectively, do not change at all.
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A. Spreading, Scrambling and Modulation
The codes used in UMTS for spreading are the so-

called Walsh’s Orthogonal Variable Spreading Factors [8]

(OVSF), ranging from 4 to 512. They are sinchronous
and orthogonal, guaranteeing a null cross-correlation
and a dynamical use of SF. They are generated by using
the Walsh-Adamart technique.

Scrambling codes are complex-valued and pseudo-.
random. They are attained by using Feedback Shift Reg--
ister generators [9], ensuring an adequately low cross-,
correlation.

Spreading and scrambling operations over physical
DPDCH and DPCCH channels are resumed in Fig.
1, where spreading codes are indicated with C. (for
DPCCH channels) and Cy,, (for DPDCH channels).
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Fig. 1. Spreading and Scrambling codes in uplink.

The modulation scheme is QPSK-based, with carrier
frequencies around 2 GHz and bandwidth around 5 MHz.
The signal is time-shaped by a root-raised cosine pulse
p(t), with roll-off factor a of about 0.22, so that possi-
ble inter-chip interferences induced by the channel time
dispersion can be minimized. The used modulator is
proposed in Fig. 2.
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B. Power conirol

As apparent from previous sections, in the WCDMA
approach power is the shared resource, frequency and
time being its corresponding entities in FDMA and
TDMA approaches respectively. Thus, power control is
crucial in order to prevent signals from shadowing in-
duced by their neighbours. Should interfering signals
be too powerful, the interesting signals could not be de-
tected.

In such a framework, an accurate real-time power con-
trol is mandatory. UMTS ensures a power control up to
time-slot level (Fast Power Control): power can be ad-
justed, depending on the several mentioned parameters
(pathloss, load, site characteristics, quality-of-service,
etc. etc.) up to once per slot (around 1500 times per
second).

A further problem related with power is the so-called
Near-Far Problem: should all the users transmit with
the same power, those near the base-station would
shadow the remaining signals, because of their minimum
pathloss. Consequently, transmitted power is accurately
and dynamically tuned according to distance.

III. RESULTS

On the basis of the performed discussion on the physi-
cal characteristic of the radio signals adopted in UMTS,
we propose now some results. First of all, we suggest a
simple procedure to generate synthetic data with all the
main spectral and time properties of the real UMTS sig-
nal. Later on, we demonstrate how such signals can be
fruitfully used in the analysis of the interaction between
UMTS signals and cell membranes.

A. UMTS signal generation

A mobile station (MS), fixed or slowly moving, is con-
sidered, so that the maximum bit-rate can be assumed
during a generical UPLINK connection. It is casted that
the MS is the unique transmitting entity in the consid-
ered cell (in other words, potential interferences between
up and downlink are neglected). An ideal pulse, instead
of the previously mentioned root-raised cosine pulse, is
adopted. One single data channel (DPDCH) and one
single control channel (DPCCH) are assumed. This con-
dition, yet minimal, can be considered quite typical, es-
pecially in the kick-off phase of UMTS services. The
following choices are adopted for the relevant parame-
ters: B4 =1 and B, = 0.33.

The three main operations of spreading, scrambling
and modulation are attacked on the basis of what dis-
cussed in sections II-A and II-B, as well as in Fig. 1 and
2.

An important test to verify the appropriateness of the
proposed algorithm is the spectral behaviour of the gen-
erated signal. More specifically, a simulation interval of
20 chips has been considered, and a frequency carrier of
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1.92GHz. Signal transmission has been supposed con-
tinuous, that is MS is assumed always on-line.
We report in Fig. 3 the PSD as attained by perform-

ing the Fast Fourier Transformation (FFT) of the simu--

lated time signal. The reported bandwidth is of 10M Hz,
about twice the bandwidth of each frequency carrier.
Power density levels (reported in dB) have been nor-
malized, so that the reported results do not depend on

the effective transmitted power, which is, as previously

thoroughly discussed, extremely time-changing.
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Fig. 3. Normalized Power Spectral Density for the simulated
frame (central frequency = 1.92 GHz), as attained after Channel-
ization.

B. Application to signal-membrane channel interaction

We propose now a possible application of the algo-
rithm for UMTS signal generation. The application is
based on a modelling approach proposed in previous pa-
pers [10],[11],[12], based on Markov models, and quickly
resumed here. We assume that this modelling strategy
is a viable and appropriate approach to study the bio-
electromagnetic interaction between EM signals and bi-
ological system at cell membrane level, and jointly use it
together with the numerical UMTS signals, in order to
evaluate possible biological effects.

The adopted modelling strategy focusses on ionic
channels inside cell membranes. We focus in this pa-
per on voltage-dependent ones, i.e. channels whose con-
ducting properties are directly linked with the trans-
membrane potential V;. Each channel is considered as a
stochastic automaton, with a finite number of states (ba-
sically closed and open states, corresponding to a non-
conducting or conducting channel), and the channel’s
kinetical behaviour is described by the transition rates
regulating transitions among states [13].

A typical two-state Markov model is shown in Fig. 4,
where o and 8 are the transition rates, O is the open
state, and C is the closed one. ’

The physiological behaviour of a voltage-dependent
channel can be simulated by generating random pro-
cesses whose aleatory variable is the dwell-time in each
state of the channel.

Fig. 4. A two-state Markov model.

The transmembrane voltage V; modifies the kineti-
cal behaviour of transitions, and consequently the cur-
rent flow through the channel. In fact, referring to Fig.
4, o and B depend on V;. Therefore, an external EM
field, impinging on the cell membrane, modifies V;, and
perturbes the physiological equilibrium of the channel.
More specifically, the probability for the channel to be
open at a certain time can be perturbed by an expo-
sure to an external UMTS signal of a given intensity.
If we indicate with P*® the open probability for a non-
exposed channel, and with P? the open probability for
an EM-exposed channel, we can quantify the induced
bioeletromagnetic effect as

Pe - Pre

effect = Ppe

)

Now, by using the UMTS numerically-generated sig-
nal, we estimate and discuss the observed effects consid-
ering the Potassium voltage-dependent channel, which
is appropriately modelled by using a two-state Markov
model. Under the assumption of Ohmic behaviour of
the channel [10],[11], P, is generally proportional to the
current flowing through the channel.

A variable gain has been considered in the algorithm:
the maximum considered power variation is of 10% be-
tween adjacent slots, with respect to the average value,
thus simulating a dynamical power management similar
to that required by the distance variation between MS
and BTS.

In Fig. 5 we report the attained results for the Potas-
sium channel exposed to UMTS signals of different am-
plitudes, and for different clamping transmembrane volt-
ages V;. Working frequency is the typical 1.92GHz for
the uplink connection.

It can be argued that the observed effect (as from eq.
(4)) is complex and multi-folded. It assumes both posi-
tive (increase in P,) and negative (decrease in P,) values,
depending on the transmembrane clamping voltage and
on the stimulating field. '

Moreover, very small differences in the stimulating sig-
nal’s amplitude correspond to substantial changes in the
channel response, as frequently observed in many bio-
electromagnetic phenomena.

The large number of simulations performed for differ-
ent stimulating frequencies has also demonstrated an ev-
ident frequency sensitivity. For the sake of conciseness,
we report here a simple table (Tab. I). For four differ-
ent stimulating frequencies in the UMTS range, and for
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Fig. 5. Potassium channel exposed to a UMTS signal (f=1.92
GHz). Effect is reported as a function of the clamp voltage (V¢)
and the amplitude of the external signal (A)

an amplitude equivalent to a transmembrane voltage of
1mV, we report the average value for the observed over-
all effect for a given signal’s amplitude, estimated by
referring to the following formula:

N:
<effect >= =3 [effect(i)| 3)
N, i=1
where N, is the number of considered clamping volt-
ages, and effect(i) is the observed effect for the i-th
stimulating-field amplitude.
On the other hand, the algebraic summation of all the
observed effects at each clamping voltage is reported, as
estimated by using the following formula:

N,
effect = Z effect(7) 4)
i=1

with the above reported considerations for N, and ef-
fect(i).

£1=1.92 | fo=1.94 | f3=1.96 | f,=1.98
Average | 0.0114 | 0.0101 | 0.0091 | 0.0119
Overall | -0.222 | 0.037 | -0.191 | -0.155
TABLE I

AVERAGE AND OVERALL PERCENTAGE EFFECT FOR A 1MV
STIMULATING FIELD AND FOUR DIFFERENT FREQUENCIES (IN GHz).

IV. CONCLUSIONS

In this paper the main characteristics of radiowave sig-
nals adopted by the UMTS standards have been studied
from the radioprotection point of view. The forthcoming
diffusion of third-generation systems, in fact, compells

to a careful evaluation of possible risks. This implies
an immediate need of theoretical and experimental skills
to model the used radio-signals, as well as the typical
operating conditions.

. As possible application, the case of an interaction be-
tween UMTS signals and cell membranes is addressed,
with a specific focus on the use of a modelling technique
to represent the response of ionic channels inside cell
membranes.

Results attained, both for the generated signals, and
for the considered applications, demonstrate the accu-
racy of the proposed algorithm, and its usability for re-
search and development purposes.
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