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Abstract—There is a little clue on how such interference is
taking place, although the cause is related to the application
of time division multiple access (TDMA) technique, which
imposes a pulsed-nature of the signal. In this paper we
characterize the interference due to applied TDMA in
wireless systems, such as the public Digital Mobile Radio
System GSM, together with its derivatives GPRS (General
Packet Radio Services) and EDGE (Enhanced Data Rates for
GSM Evolution), and the pulsation in private mobile radio
communications systems, namely DECT (Digital Enhanced
Cordless Telecommunications system) and TETRA (TErrestrial Trunked RAdio), since all apply TDMA technique.

I. I NTRODUCTION
Wireless communication has boomed in recent years
and has acquired an important place in society and rose
many people concerns. This has ignited the debate and
the suspicion over harmful effects of the emissions of
wireless transmission systems. The suspicion, despite
their acknowledged benefits, is growing proportionally
with the time and the release of new wireless products.
However, many opinions and published work stress possible health risks of wireless systems based on reports
of measured effects from radio emissions exposure. The
health relevance of such effects is still unclear. The belief
of the health treat poses by the wireless transmission
is not wiped out, nevertheless, to date, no unequivocal
evidence of harmful effects has been established. The side
effects of concern, on the other hand, is the interference
on medical devices and concerns equipment, such as heart
monitors, respirators, dialysis units and infusion pumps.
It is essential that such equipment continue to function
normally under all circumstances. Failure to do so might
have adverse repercussions for pateints’ health. Although
scientific evidence for health hazards of low level cellular
phone radiation is weak, the World Health Organization
(WHO) has recommended that the precautionary principle
could be voluntarily adopted in this case. It follows
the recommendations of the European Community for
environmental risks. According to the WHO, the Precautionary Principle is a risk management policy applied in
circumstances with a high degree of scientific uncertainty,
reflecting the need to take action for a potentially serious
risk without awaiting the results of scientific research.
Other less stringent recommended approaches are prudent
avoidance principle and ALARA (As Low as Reasonably
Achievable). Although all of these are problematic in
application, due to the widespread use and economical
importance of wireless telecommunication systems in
modern civilization, there is an increased popularity of
such measures in the general public.

The rest of the paper is structured as follows: In the
following section we present an overview of the interference and pulsation in narrowband wireless systems. In
the subsequent sections we give a detailed description,
including technical aspects of the GSM system and the
others, aiming to demonstrate the application of our
model. In section six we present the simulation results as
the verifications of these results by means of laboratory
measurements. We finally present the conclusions.

II. P ULSATION INTERFERENCE IN NARROWBAND
WIRELESS TRANSMISSION SYSTEMS

The Man can obviously hear and notice frequently that
noise coming from the car radio if his/her mobile phone
is switched on. Also at home a similar disrupted noise
like clicks can be heard from the TV set whenever there
is a mobile phone nearby. A number of studies have
reported that electromagnetic interference from GSM
and similarly PCS-1900 disrupt the proper operation of
i.e. electronic complaints, heart-pacemakers, and hearing
aids [1] [2] [3], if such equipment is located in the
direct vicinity of these systems. Interestingly, most of the
observed biological effects were related to high power
RF exposure. However, there is a little clue on how
such phenomenon is taking place, although the cause is
related to the application of time division multiple access
(TDMA) technique, which imposes a pulsed-nature of the
signal with a repetition rate in the audible range (i.e.
the repetition rate in GSM, TETRA and DECT is 216
Hz, 100 Hz and 17 Hz respectively). Unfortunately, those
above mentioned systems are TDMA based systems. In
other aspect, different precautions and measures are being
taken, aim to reduce or isolate and protect a vulnerable
victim, i.e. some car manufactures suggest to install the
antenna of the mobile unit outside the vehicle in order to
avoid the blocking or triggering of the air bag or other
important systems, others enforce the prohibition of the
use of GSM and DECT telephones in the direct vicinity of
medical electronic equipments, i.e. the recommendation
that for implanted pacemakers a minimum distance of
15 cm should be maintained to a switched-on mobile
telephone. What the industry and the various regulatory
bodies dispute is that the very weak pulsed microwave
radiation used in GSM and TETRA can non-thermally
affect these various biological (electrical) activities in
ways that can provoke adverse health reactions.

III. P ULSATION I NTERFERENCE IN GSM AND ITS
D ERIVATIVES

TABLE I
M AIN PARAMETERS OF TETRA, GSM AND DECT.

It is worthwhile a brief discussion of the GSM system,
to describe the nature and the cause of the pulsation.
Figure 1 illustrates the network architecture of the GSM
system. The location area in the GSM system is served
by a gateway mobile switching center GMSC. This is
interfaced with the public switched telephone network
PSTN [4]. Each GMSC is provided with a home location
register HLR, which contains the details of all mobile
subscribers belonging to the area related to the GMSC
and a visitor location register VLR which contains details
of all visitor subscribers. The GMSC is connected to
a number of base station controllers BSC via the A
interface. Each BSC controls a number of base station
transceivers BST via the Abis interface. This represents
the stationary part of the GSM system and is linked to
each other via whether a physical connection or line of
site radio link. However, the true mobility and roaming is
provided by the radio interface U m between the BSTs
and mobile stations. Whiles the traffic and signalling

Fig. 2. GSM TDMA frames occupied in slots number 1, 2 and 4.

keying signal which is given by
s(t) = Am(t)cos(2πf t),

Fig. 1. GSM network.

data are arranged into frames for scheduling purposes,
before they are mapped or loaded on the physical channels
(time slots). We therefore conclude that the cause of the
pulsation is due to the emission of the RF signal in the
U m interface, as the signals are exchanged between the
mobile and the base stations. Thus we confine ourselves
to this layer for evaluating the pulsation. Since a time
division multiple access scheme (TDMA) is applied, the
RF signal emitted from i.e., a mobile unit has a nature
of pulse transmission. It sends one burst of duration
0.577 ms, within a frame time of 4.616 ms see table I.
Because of the usage of GMSK modulation, the envelope
of the frequency modulated signal (GMSK) during one
slot is constant. It appears as a pure cosine wave or a
single tone. This tone is switched on during a time slot
and turned off during the rest of that frame before it is
switched on again during the next time slot. Fig. 2 shows
a number of TDMA frames of a GSM signal. Slots one,
two and slot number four are occupied in these frames.
In the following we disregard the GMSK modulation
and we simply model the RF-signal within a burst by a
simple single tone cosine wave. However, the process of
switching on and off the transmitter is exactly a process of
amplitude shift keying (ASK) and the RF transmit signal
s(t) unintentionally takes the shape of an amplitude shift

(1)

s(t) composed from the carrier and the envelope m(t),
where A and f are the amplitude and frequency of the
carrier at RF (for GSM f = 900 and 1800 MHz) and m(t)
is a rectangular signal in a single user case and given as
(
Y
1 0 ≤ t ≤ Tburst
(t) =
(2)
0 Tburst < t < Tf rame
The power of the envelope of the RF signal (unintended
ASK signal) can be very strong (A is high), especially
near both the mobile and basestation. This power can get
detected once an envelope detector accidentally existed.
The detector is simply a squared circuit. This effect can
be loudly and clearly heard in a car radio and TV set at
home as noise. This power is the average power of the
RF signal envelope shown in Fig. 3 which represents the
envelope of the GSM signal shown in Fig. 2. The shape
of the output of an envelope detector, designated as m(t)
is a periodic rectangular with duration Tburst = 0.577
ms, a period Tf rame = 4.616ms and an average power
for a single user case
Pav =

A2
Tburst A2
⇒ Pav =
2Tf rame
16

(3)

This power represents the effective isotropically radiated
power (EIRP), whereby we assumed an isotropic antenna
with gain equal to unity. We used an envelope detector
for lab measurements. If equation (1) is the input to this

IV. PULSATION INTERFERENCE IN DECT
DECT aims to support a range of applications such
as residential and business cordless telephone systems. It
provides a system specification for both voice and non
voice applications. It is a TDMA based system as well.
The frame comprises of 24 slots, with a frame length of
10 ms, the duration of each slot is 416.7µs. The slots
from 0 to 11 are assigned to the uplink, while from 12
to 23 are for downlink. The other system parameters are
shown in table 1.
;
Fig. 3. Detected envelope of GSM signal which is occupied by users
1,2 and 4.

detector, the average output power of the demodulator is
then
Pout =

A2
,
32

(4)

which represents the interference power. It is a result of
the pulse-nature of the transmission. It is apparent, in
light of the GSM parameters that the interference is in
the audible frequency range, and thus, the pulsation is
the term which describes the power in the low frequency.
1) Pulsation interference due to mobile station: A
detailed study of the up-link and call-setup procedure by
a mobile station, reveals that the first wave of pulsation
starts when the mobile station requests a signalling channel. However, it is always a single slot per frame, and
hence, the period of the envelope Tf rame = 4.616 ms
⇒ f0 = 216 Hz.
2) Pulsation interference due to base station: At the
base station the shape of the envelope is not fixed, but
it depends on the instantaneous number as well as the
position of active users on the frame. We therefore expect
a total of 28 − 1 different shapes, consequently a variety
of frequency contents. Nevertheless, the upper bound of
the repetition rate is 4 × 216 = 864 Hz.
A. Pulsation interference in GPRS:
The evolving of GSM from second to higher generation
lead to GPRS, which is at the transitions stage to the third
generation. The network architecture of GPRS is therefore
built on top of the existing GSM network infrastructure.
Thus, we simply extend and validate the analysis of the
pulsation in GSM to GPRS. The only difference to GSM
concerning pulsation is the fact, that one user may use
more than one slot within a frame. As a consequence
pulsation depends on the instantaneous number as well
as the position of active slots per frame.
B. Pulsation interference in EDGE:
Further enhancements to GSM networks are provided
by EDGE technology. EDGE uses the same TDMA frame
structure, which allows it to be overlaid directly onto an
existing GSM network. For many existing GSM/GPRS
networks, EDGE is a simple software-upgrade.

V. PULSATION INTERFERENCE IN TETRA
TETRA is another private system and is intended to
provide the wireless communications to organizations
that operating in rather large distances. It allows wide
area coverage with a single carrier without resorting to
cellular frequency reuse schemes. Its mobile stations can
access each other directly without the need of the control
stations, this facility is known as direct mode. Again the
system deploys the TDMA technique. It has 4 slots (users)
per frame per carrier and its length is 56.67 ms [5]. The
rest of the system parameters are shown in table 1.
VI. SIMULATION RESULTS , LABORATORY AND FIELD
MEASUREMENTS AND RESULTS DISCUSSIONS

A Monte-Karlo simulations are conducted for most of
narrowband wireless digital transmission systems, based
on our model of the pulsation. It is particularly grateful
for the insight and it aims to extract information about
the nature and the quantity of the interference due to
pulsation. Besides, we verified the results in Laboratory
and by means of field measurements. We started with
GSM and the analysis of the pulsation in GSM system
can then elaborate the pulsation in DECT and TETRA
systems. However, the structure of the DECT and TETRA
physical layer has minor differences to GSM. The interference power is shown in Fig 4 for a case of a single
user and another case when the users occupy even or odd
numbered slots in the frame. The radiated GSM signal
from a mobile unit is shown in Figure 5 which obtained
from lab measurements for the purpose of verification, the
pulsed-nature of the GSM signal can be readily observed.
Figures 6 and 7 show the measured detected envelope of
the GSM and TETRA single user, which is designated by
m(t). Figure 8 depicts the detected envelope of a number
of GSM frames. Figure 9 shows the measured spectrum
of the envelope displayed in Figure 6 for GSM up-link
transmission.
VII. CONCLUSIONS
In summary, our model approximates what happens in
the wireless systems. Nevertheless, it captures the key
parameters, that we want to study. We conclude that
the interference due to pulsation is strongly associated
with the application of time division multiple access
technique. Most important that the pulsation can only be
experienced in presence of a detector model. We hence
conclude from the point of its frequency content, it is
a low frequency phenomenon. This detector model can
exist co-accidentally in several electronic equipments and
complaints in life leading to interference. However, the

Fig. 4. Power spectrum of the pulsation that shows a case of single
user and case of three users occupy slots 1,2 and 4 as shown in figure
3.

Fig. 5. GSM signal radiated from a mobile unit.

Fig. 8. A number of GSM frames obtained by field measurements

Fig. 9. Detected envelope spectrum (GSM frame occupied by single
user).

harm of this phenomenon to human body is only if it is
proved that the reaction of the human body to the RF
signal demonstrates such non-linearity.
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