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Possible effects of electromagnetic fields on hurhealth are a source of concern for a part of thblip opinion.
In particular, the "pulsed" character of RF radidbgdwireless telecommunication systems to a leedbw the limit values
as defined by radiation safety standards is sorestipresented as an additional risk factor. Themcisally no scientific
consensus regarding the criteria to distinguisisgaifrom non-pulsed wave forms with no ambiguitglded, signals radiated
by wireless telecommunication systems show diviegsifvave forms which strongly depend on technitalracteristics such
as modulation, synchronization, multiple access pmder control. In addition, multicarrier exposuiges rise to a RF field
envelope which is different than for single caréaposure. For example, if several signals of simdimplitude and different
frequencies are present, the result of their sumom#étatures large amplitude variations (up to sgvéB). As a consequence,
the analysis of several wireless telecommunicasigstems was carried out by considering single anliigarrier exposures
in order to take into account cases of similaratidg sources on the same site.

1. INTRODUCTION

Possible effects of non-ionizing radiation on paltiealth were a prolific source of studies for thst decades.
Some of these effects are quite well known and rimst. They consist notably in induced currentsvoeffects
from extremely low frequencies up to 10 MHz andalokeating adverse reactions on living tissueslobal thermal
stress into the entire body from 100 kHz. Thesewknceffects have led to current sanitary recommeodsit
in the radiofrequency spectrum range, with safattdrs for occupational and public exposure [1R]Amongst still
controversial issues, the waveform, related to rfaidhin schemes, is often considered as an additiisia factor by
the way of so-called “athermal effects”. In partaoy this topic focuses on pulsed character of mneab
telecommunication signals. A first difficulty isahno consensual definition of pulsed waves has lpgeposed by
standardization bodies (ETSI, ITU, CEPT, IEEE...)em¥ this character is commonly admitted for aegisset of radio
wave systems — e.g. pulse radar, which is usedetmsaore an object position (distance and angulatigpgsand speed.
A second match is that despite suspected adveestiare in weak pulsed electromagnetic fields, thisreintil now
no accepted mechanism that could explain suchtefféds a consequence, the relevance of the vapawameters
defining the shape of the measured signal is unkndwer instance, a pulse is characterized by itatthn relative to
the complete signal period, its shape (e.g. reciangtriangular...), its rise time and its fall tim&iven the wide signal
diversity due to continuous technological evolusipa first step is to analyze different existingnsils and to compare
their form in order to prepare future proposal éfvcould — or should not — be considered as pulsed

2. MODULATION AND VARYING ENVEL OPE

A single sinusoidal signal is the simplest formttban be radiated. However, it is known that neoimfation such as
voice, pictures and other data can be transmitte¢lis way. For this reason, the single-frequengga — usually termed
“carrier” — must be transformed in relation to thessage to send. This process is called “modutation

There are three basic types of modulation accortbintpe three physical parameters which charaetahiz carrier
signal: amplitude modulation, frequency modulatiow phase modulation. For each of these casesatielating signal
represents the information to transmit.

a) Amplitude modulation

The amplitude modulation consists in varying thektede of the carrier according to the modulataignal. For this
modulation, the envelope, which is defined as theves representing the variations of the signal éoge — that is
its maximal value in time — then depicts the motiogpsignal.
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When the modulating signal can take any valuediven range, the amplitude modulation is said tamaog. This is
illustrated in Fig. 1. The AM (amplitude modulatjobroadcasting is probably one of the oldest apfibo of analog

amplitude modulation, see Fig. 2.

Modulating signal = carrier's envelope

IESSANAS

Figure 1. Analog amplitude modulation
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Figure 2. Measured envelope of an AM broadcasting carrier
(central carrier frequency: 620 kHz — frequencgfil40 kHz — time resolution: 25 ps)

Conversely, if the amplitude of the modulating silgoan only take discrete values, the modulatiosaid “digital”
and the envelope features discrete variations. Figpresents a simple case of digital amplitudelutadion, where
the modulating signal has a rectangular shape wiaikds the “1” value when the carrier has to bettethiand the “0”
value if not. This particular modulation, called O®” (on-off keying), is used by RFID (radiofrequgnitientification)
systems. Let us note that the on and off sequedceation is related to the value of the transmiti#s.
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Figure 3. OOK modulation
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b) Frequency modulation

Frequency modulation consists in varying the fregyeof the carrier according to the modulating aigas shown
in Fig. 4 where T and f are respectively the instaeous period and frequency. It is considerednatog if the carrier
frequency can take any value in a given range. Tislulation technique is used in FM (frequency nhaiiton)

broadcasting. Fig. 5 depicts the measured envelbpech a signal.
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Figure 4. Analog frequency modulation
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Figure 5. Measured envelope of a FM broadcasting carrier
(central carrier frequency: 90.5 MHz — frequendtefi 200 kHz — time resolution: 5 ps)

FSK (frequency-shift keying) is a particular casaligital frequency modulation, for which the freancy carrier can
be equal to only two values, one correspondingédinary 0 value, the other one to the 1 value.

Let us remark that frequency modulation does nfeicathe amplitude — thus the envelope neither thefsignal
carrier, no matter it is analog or digital.

¢) Phase modulation

Phase modulation consists in varying the carrieasphaccording to the modulating signal. As for dety
modulations, it is analog when the carrier phakedany value in a given range; digital if it othkes some discrete
values. A simple case of digital phase modulat®BPSK (binary phase-shift keying) for which theapéxp equals 0°
or 180° related to the transmitted binary digit 10lorespectively. Another example is QPSK (quadeaphase-shift
keying) for which the phase vary amongst four ditewvalues in order to represent four 2-bit symidtgh are illustrated
in Fig. 6, including the reference signal (in blui¢h a lower amplitude scale) as a comparison.
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Figure 6. Phase modulation: reference carrier signal (bBESK modulated signal (a) and QPSK modulated sigmal

Like frequency modulation, phase modulation dodsaffect significantly the carrier envelope (in fahere are very
brief discontinuities the duration of which is coangble to the carrier period in most cases). Howawany modulation
schemes combine amplitude and phase modulations.

d) Synchronization and multiplexing

We have seen that amplitude modulation techniquesadt the envelope of the radiated signal, the eshap
of this envelope being related to the message #&msmnit. However, this envelope may also be modified
for synchronization and multiplexing purpose. Altlgh these two functions affect the signal enveliopa similar way
as “pure” amplitude modulation does, we shall heeexpression “amplitude variations” instead of thalation”. There is
no indication that these two types of variationauldaaffect the living tissues in a different wayhid distinction is only
introduced to avoid confusion between amplitudaatimns which are related to the carried messadeat(ws termed
“modulation”) and those which are due to other o@as

A typical illustration is the signal radiated by BGlobal System for Mobile Communications) basaists, which
use TDMA (time division multiple access) to alloinsltaneous communications with several mobile gsowith only
one carrier. each GSM carrier is divided into 8ni slots”, the duration of which is equal to 577 Hach time slot
is allocated to one communication. A perfect syoniration of mobile phone and base station allowsassive time
slots separation. With most base stations, the sfoe includes a 547.6-us long transmission sequdoliowed by
a 29.4-us long “zero-emission” one (even if one raagume that the 29.4-us long “zero-emission” serpiés used
to allow mobile and base station synchronizatioe, shall see later that such synchronization mayadigeved in
a different way). Fig. 7 shows a measured envetdpe BCCH (Broadcast Control Channel) signal. Althb the GSM
standard uses GMSK (Gaussian minimum shift keyimlgich is a constant-envelope modulation (the anmbditis not
influenced by the message to transmit), the eneeddfits carrier features periodic drops.
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Figure 7. Measured envelope of a GSM base station BCCH carrie
(central frequency: 949.4 MHz — frequency filted0X&Hz — time resolution: 5 ps)

Some systems use a technique called “time-dividigpiex” (TDD) where the same frequency is usedrradiitvely
for transmission and reception. Their respectiveations can depend on the volume of data to besrmdted in each
direction. Although this technique is available twitome third generation networks, it is not prdgamed in Belgium
where the UMTS (Universal Mobile Telecommunicati@ystem) network operates FDD (frequency-divisioplexing)
mode where two different frequency bands allow #iameous two-way transmission. Other systems usiD® are
for instance DECT (Digital Enhanced Cordless Tatetmnications), Bluetooth, WLAN (Wireless Local Arisiztwork,
also called “Wi-Fi” in most countries) and WiMAX (@vldwide Interoperability for Microwaves Access).

Another example of envelope variations for synclration purpose is the analog television signaé 5&. 8;
this shows amplitude variations at 15,625 Hz whatlow lines synchronization. The variations betweaeo pulses
are due to amplitude modulation which represengsltminance and the chrominance of each pixel. blare Fig. 9
reveals synchronization pulses for frames at aufraqy of 50 Hz. Let us note that the signal consdlio a non-null

value after these peaks.
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Figure 8. Measured envelope of an analog television signal
(central frequency: 783.25 MHz — frequency filt&2 MHz — time resolution: 312.5 ns)
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Figure 9. Measured mean envelope of an analog televisiorakign
(central frequency: 783.25 MHz — frequency filte®: MHz — time resolution: 504 ns)

3. MULTIPLE-CARRIER EXPOSURE

We previously focused on signal envelopes corredipgnto single-carrier transmission, which actuallyes not
account for most cases: on the one hand, a siragisritter can radiate several carriers; on therdiand, several carriers
from different transmitters may be present at thmes place. As a consequence, we need to take d¢otiuat every
component of the spectrum close to significantanegal. Given that interferences between comporenisged from far
frequency ranges are quite negligible and that sagnsignals using different modulation techniquesuits in
attenuating, smoothing rapid variations, we wibbrfr now on focus on analyzing the resulting envelopdaifferent
emitted actual signals of the same type. That iisilay envelope variations (due to modulation, TDMADD
or synchronization) for carriers in a same freqyaange, with comparable measured electromagnietétiftensities.

Summing several radiofrequency signals can prodemdting envelopes that are very different from $ingle-carrier
case. A good illustration is the FM broadcastingnal. As we know, summing two sine waves whoseuieegies are
close to each other results in a beat phenomemorin§tance, two carriers at 99 MHz and 101 MHzhwite same
amplitude produce a new carrier at 100 MHz (medmnevaf both frequencies), but with an amplitudeyirmy at a 1-MHz
rate (that is, half the difference between botlgdencies). Actual FM broadcasting transmitter ma gise to a much
more complex situation because there are often tharetwo carriers radiated from the same anteiteaFsg. 10 shows
the frequency spectrum of some FM carriers arow@ NIHz. The highest peaks come from sources loceltesk to
the measurement site; the weakest have been pabdwgceemitters located further. The envelope resyltfrom
the summation of all these FM carriers is depiard-ig. 11 which points large amplitude variatiovith a maximum to
minimum ratio reaching 20, which can be consideasdan extinction (dividing the electromagnetic diddy 20
corresponds to dividing the power density by 400)is must be compared with Fig. 5 whose envelogectie quasi-
constant amplitude. From this point, it is cleaattlseveral components with constant, similar awmbdit produce
a cumulated electromagnetic field that stronglyiesin time. The fact that several similar carrieray be present at
the same place at comparable levels should be tateraccount when the pulsed character of radjpieacy waves
is analyzed.

The multiple interruptions are due to the fact thatnming carriers of different — but close — fraugies together
causes a slow shift of a component peaks. Thieas/s in Fig. 12 which depicts three sinusoids wiitse frequencies.
At some instants, the result of the summation tlerahigh (e.g. at time)t later the summation drops to a nearly null
value (e.g. at time tand §). Let us note that the interruptions that coulddgarded as extinctions in Fig. 11 do not exceed
a few hundred times the period of a carrier (as@uhs which is the time resolution). In comparigaterruption duration
for GSM standard reaches almost 30,000 times thieecaeriod (29.4 pus x 949.4 MHZz28,000). Let us insist on the fact
that this can occur when the different componengsemitted at quite close frequencies and with lamamplitudes:
for instance, when two radiation sources produdield of 1 V/m and 0.1 V/m respectively, the secamt has only
a negligible effect on the cumulated field ampléuzbcause it is one hundred times (102) weakerttafirst one.
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Figure 10.Measured spectrum within the FM broadcasting bé&ed{ency filter: 100 kHz)
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Figure 11.Measured envelope of cumulated radiation from rtieeie one FM broadcasting emitter
(central frequency: 98 MHz — frequency filter: 2(HkI— time resolution: 50 ns)

Figure 12.Measured envelope of cumulated radiation (redhi&fe components with close frequencies

Typical cases of exposure to several carriers otctine vicinity of mobile phone base stationsislteither due to
the fact that one single antenna radiates sevaraérs or because there are several antenna® @athe site or at places
where carriers from several antenna sites are vetteat nearly the same level. The result of suckummation
is illustrated by the example in Fig. 13 which Hights amplitude variations due to the traffic chals and with

the periodic extinctions every 577 us.
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Figure 13.Measured mean envelope of a cumulated GSM signittieehny several base stations
(central frequency: 940 MHz — frequency filter: I@Biz — time resolution: 1375 ns)

4. MEASUREMENTSAND ANALYZES

a) Method and equipment
A persistent difficulty when classifying telecomnication signals according to their hypothetical exde effects
is that there is presently no accepted mechaniatrctuld link the pulsed character of a low-intgnsadiofrequency field
to such effects. Moreover, no clear definition dpalsed” wave exists. In addition, some signaks @nsidered as pulsed
even if their amplitude features slow and periodéiations. In such cases, the Fourier analysigaisvsome low
frequency components that the living tissues coudgbe demodulate in some way even if the fielddakiin comparison
to the level required to produce thermal effects.

From then, a first step is to analyze and compagechvelope of usual signals radiated by somedeigwnication
systems in order to help for classifying them itite “pulsed” or the “not pulsed” category as a r&®p. In particular,
let us remind that some analog signals may hawpally varying envelope and that some digital matiohs do not
feature amplitude variations.

Because the situations of simultaneous exposuseveral carriers are frequent (e.g. from mobilenghloase stations,
FM broadcasting antennas...), the envelope of theutated field must be considered when it is relev&@iven that
summing fields radiated in the same frequency Hautdwith different envelope shapes tends to smdlghstrongest
variations of amplitude and because of the widemdity of existing situations, this paper will facan signals of the same
type in a the same frequency range. Moreover,daemind that a measured cumulated electromagfieiticin a given
frequency band is mainly influenced by the one wite highest intensity, so that we have to surdgietith similar
amplitudes to get reliable results.

Unfortunately, the scientific and technical litens does not always provide useful information rege the carrier
envelope pattern, especially when complex moduladod multiplexing techniques are used. Perfornengelope
detection records of the studied signals is in gEnmore efficient, especially when exposure toesal carriers
is considered.

Measurements were carried out with the equipméstegdihere below:

» afield meter NARDA SRM 3006 which is similar tepectrum analyzer;

» one triaxial antenna for measuring the electric ponent of electromagnetic field from 27 to 3000 NMHz
» one triaxial antenna for measuring the electric ponent of electromagnetic field from 400 to 6000 MH
» aloop-antenna sensitive to the magnetic compdretateen 9 kHz and 80 MHz.

The spectrum analyzer has been used in “Spectrualy#is” mode to determine the carriers present igiven
frequency range. The “Scope” mode performs signaklepe detection and recording. For a given domatit displays
the amplitude variations of the sum of all the freqcy components within a chosen frequency barkdctne frequency
filter). The filter bandwidth must be large enoughorder that all the considered carriers are takémaccount. Let us
mention that in order to get the best time resotuth Scope mode, envelope detections have bededaut with only
one axis of triaxial antennas active.
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If the sweeping time is less than 16,000 times tthee resolution, the device shows the curve obthidaring
a measurement (“Act” is then written on the figgraght side) and the figure caption mentions “Meead envelope...”

If the sweeping time is greater than 16,000 tinmestime resolution, the device gives the maximum, minimum
and the mean values. The figure caption then seiegasured mean envelope...”

All measurements concern operating devices in nbcoraitions, so that transient signals radiate@méwitching on
and off have not been taken into account.

b) Frequency modulation broadcasting

As mentioned above, radio emission due to a FMdwasting source does not cause notably varying itudg)
see Fig. 5. Conversely, the amplitude of the sumeledtromagnetic field reveals important, irregudaid very short
(a few times the signal period) variations of atogle, see Fig. 11.

c) Amplitude mdulation broadcasting

According to Fig. 2, measured envelope of AM br@eting often depicts reductions of about 15 dBtdube analog
modulation within about 100 ps, that is a few healdimes the carrier period which is 621 kHz.

d) Analog television

Fig. 8 and Fig. 9 depict the envelope of a sigrmlorded in Brussels, Belgium. They show rapid viams
in amplitude especially due to synchronization esigd-or instance, Fig. 8 reveals a signal dropbofial6.5 dB. Let us
note that analog television signal is generally ittehoh as pulsed [4]. Because there was only onbgnelevision emitter
left in this part of the country, it was not wortteasuring other components in the same frequenay. ba

e) Digital Audio Broadcasting

Measurement of a DAB (Digital Audio Broadcastinggral has been carried out in Brussels. The resuéisshown
in Fig. 14. As described in ETSI standards, theaigs interrupted every 96 ms during 2.543 msdigmchronization
purposes.

DAB+ is an upgrade of DAB which uses improved audaia compressing. T-DMB permits to transmit video.
The DAB, DAB+ and T-DMB systems differ from codibgt radiation is similar.

Let us remark that there is generally only oneieamadiated at a given place, so that there isvatth measuring
the cumulated field of several DAB emitters.
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Figure 14.Measured mean envelope of a DAB signal
(central frequency: 226 MHz — frequency filter: Hil— time resolution: 52 ps)
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f) Digital Video Broadcasting - Terrestrial
The envelope of the radiated DVB-T (Digital VidecoBdcasting — Terrestrial) signal has been measirdiferent

time scales, see Fig. 15 and 16.

This shape is due to the use of OFDM (orthogoredufency-division multiplexing) which consists imrtsmitting
a set of orthogonal sub-carrier signals with fremies close to each other. This results in irregalad very short
variations (a few hundreds times the carrier’sqabrisimilar to the multi-carrier cumulated FM broadting envelope,
see Fig. 11.

It is noticeable that several DVB-T carriers canpbesent in the same place. However, the resuttimyulated field
is expected to show approximately the same envelapations as discussed above.
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Figure 15.Measured envelope of a DVB-T signal
(central frequency: 650 MHz — frequency filter: Bz — time resolution: 100 ns)
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Figure 16.Measured mean envelope of a DVB-T signal
(central frequency: 650 MHz — frequency filter: Bz — time resolution: (a) 2.8 us; (b) 25.2 us;{2p.2 ps)
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g) GSM base stations and 2G mobile phones

Base stations for mobile telephony “2G” can trarnsmithin two frequency bands: between 925 MHz af@ ®1Hz
(GSM) and between 1805 MHz and 1880 MHz (DCS, Bidellular System).The frequency of the carrisrghe only
difference between the two standards. Fig. 7 andldstrate this point at the frequency of the ¢ohthannel BCCH:
both standards use TDMA to share the communicdiioe between the simultaneous users. The transmissistopped

every 547.6 us during 29.4 us in the end of eawé $lot.

Moreover, the amplitude at “traffic carrier” is noanstant due to the power control mechanism wtads not affect
the BCCH carrier. In addition, the transmissiorstepped during the “unused” time slots. As a couenge, Fig. 18
and Fig. 19 show intermittent, but regular intetioms of emission.

The HSCSD (High-Speed Circuit-Switched Data), GR&8neral Packet Radio Service) and EDGE (Enhanegd D
rate for GSM Evolution) standards have been deeeldp increase the data rate to a level similatkdTS (3G).
These standards are put together in the so-callésls™ systems and are related to the electronicpoomants before
the antenna, with no change in the measured eraelop

Let us remark that cumulated field measurementsinvithe whole either GSM or DCS 1800 band show that
the envelope still highlights regular interruptiengen in the realistic case of several antennas ffifferent operators.
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Figure 17.Measured envelope of a DCS base station BCCH carrie
(central frequency: 1826.8 MHz — frequency filt2&00 kHz — time resolution: 5 ps)
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Figure 18.Measured envelope of a GSM base station carrientdd to a traffic channel
(central frequency: 948.6 MHz — frequency filte@0&Hz — time resolution: 5 ps)
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Figure 19.Measured envelope of a DCS base station carrieatdd to a traffic channel
(central frequency: 1813.8 MHz — frequency filt2@0 kHz — time resolution: 5 ps)

Fig. 20 highlights the use of TDMA by the mobileople (2G): while the GMSK modulation scheme doesimpty
amplitude variations by itself, a mobile phone smaits only a part of the time, that is 547.6 psrg¥e615 ms, i.e. at

a repetition rate of 216.7 Hz.
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Figure 20.Measured envelope of a GSM (2G) signal
(central frequency: 886.8 MHz — frequency filte®@0&kHz — time resolution: 5 ps)

h) GSM-R network

The GSM-R network operates for railways companiesits physical layer characteristics are very lsinb the GSM
(2G) ones, including the use of TDMA techniqueswideer, the measurements that have been carrieth &glgium
do not feature any interruption of the carrier sigas illustrated in Fig. 21. This shows that ipassible to use TDMA
with uninterrupted transmission, provided that #yachronization of successive time slots is colgdoby another

process.

Conversely, measurements of GSM-R signals radifated Germany that were carried out in HergenratslgBim,
show that the German GSM-R network uses TDMA bpsittg the transmission every 547.6 us during 28.4gishown

in Fig. 22.
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Figure 21.Measured envelope of a GSM-R base station BCChecarr
(Belgium — central frequency: 923.6 MHz — frequefiltgr: 200 kHz — time resolution: 5 ps)
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Figure 22.Measured envelope of a GSM-R base station BCChecarr
(Germany — central frequency: 921.4 MHz — frequdfiitar: 200 kHz — time resolution: 5 ps)

i) Terrestrial Trunked Radio network
TETRA is a digital radio communication system mpstsed by emergency services. Like the GSM standandes
the time-division multiple access techniques, wibthiceable difference such as the time slot dunafiigt.2 ms instead

of 577 us) and the number of time slots per fradn@gtead of 8).

It has been pointed that time-division multiple egx produces periodic interruptions of the radiagmission in some
cases (e.g. GSM) but not necessarily (see GSM-fibagc

Fig. 23 and 24 show a TETRA signal’'s envelope BtGCH (Multidestination Control Channel) frequenchiah is
a control channel that plays the same role than BG@OGSM standards. The periodic interruptions db¢orrespond to
the duration of a time slot: the base station digteaases emitting during less than 6 ms ever§ 4.t order to preserve
amplifiers linearity. These interruptions are eesiuoy the BLCH (Base station Linearization Channel)
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Figure 23.Measured mean envelope of a TETRA signal, MCCHearr
(central frequency: 390.86 MHz — frequency filted: kHz — time resolution: 2.56 ms)

15



Study of Pulsed Character of Radiation Emitted kiyeWss Telecommunication Systems

Act

101
E
>
E
]
e
L

0.11

0 20 30 40 50
Time (ms)

Figure 24.Measured envelope of a TETRA signal, MCCH carrier
(central frequency: 390.86 MHz — frequency filted: kHz — time resolution: 20 ps)

The same signal has been measured in order tartek@ccount the traffic channels and the other MG&rriers
on the same site. Fig. 25 shows no deep differaiittethe narrow-band measurement except that thgitude does not
return to zero due to the measurement bandwidib.nibticeable that the field produced by otherssis negligible due to
the generally little density of TETRA antennas.
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Figure 25.Measured mean envelope of a TETRA signal, MCCHerarr
(central frequency: 393 MHz — frequency filter: 644z — time resolution: 5 ms)

Besides, let us note that the TETRA mobile phormdg tsansmit during a time slot to four (insteadarfe to eight
for GSM), so that the signal’s envelope is simitaFig. 20.

i)  Universal Mobile Telecommunications System network

As mentioned in 82.d, UMTS has been designed toatpeby two main modes which are time-division @upl
and frequency-division multiplexing. We know thddD systems allocate the communication time by dwitg between
transmission and reception so that the method pesdtransmission interruptions.

UMTS-FDD is quite different because the base statind the mobile phone transmit in distinct frequeranges,
(between 2110 MHz and 2170 MHz from the base staiiothe mobile phone and between 1900 MHz to 19B@
from the mobile phone to the base station). All¢benmunications through a given operator network sieultaneously
use the same frequency because the identificasi@athieved by the code. This is the so-called CD{d#de division
multiple access) method. Because traffic and cbminannels lay over each other, a 5-MHz bandwidty roontain
several carriers. This is taken into account in figare captions for UMTS signals’ envelope beldwig. 26 to 31
represent the envelope of UMTS-FDD radiation in-lli3z band, with brief interruptions often not lomglan a point
of the curve. Given the time resolution of Fig. @& the approximate frequency of 2 GHz, the fathtlan is not more
than 400 times the carriers’ period of 0.5 ns. Tikigpproximately the same ratio as for FM cumuldteld envelope

in Fig. 11.
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Figure 26.Measured envelope in a 5-MHz band allocated to UNAD®
(central frequency: 2162 MHz — frequency filtefbiz — time resolution: 200 ns)
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Figure 27.Measured envelope in a 5-MHz band allocated to UNAD®
(central frequency: 2112.6 MHz — frequency filt@MHz — time resolution: 200 ns)
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Figure 28.Measured mean envelope in a 5-MHz band allocatetM®S-FDD
(central frequency: 2162 MHz — frequency filtefBiz — time resolution: 200 ns)
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Figure 29.Measured mean envelope in a 5-MHz band allocatetM®S-FDD
(central frequency: 2162 MHz — frequency filteiVBiz — time resolution: 25.6 ps)
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Figure 30.Measured mean envelope in a 5-MHz band allocatetM®S-FDD
(central frequency: 2112.6 MHz — frequency filt@MHz — time resolution: 125.6 ps)
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Figure 31.Measured mean envelope in a 5-MHz band allocatetM®S-FDD
(central frequency: 2112.6 MHz — frequency filtetHz — time resolution: 250.4 pus)
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Fig. 32 shows UMTS-FDD signals when all the trafficannels are inactive. The apparent periodic trans of
the envelope are due to fact that the ten firstgoas of every time slot of the control channel reqgeated at a constant

rate, as mentioned in [5].

30 ] Act
= 107
>
E
£ 3y
L
“] 1
0 100 200 300 A00 500
Time (us)
30 ] Act
E
>
E
&
0 100 200 300 400 500
Time (us)
30 ] Act
E
>
E
&

0 100 200 300 400 500
Time (us)

Figure 32.Measured envelope in a 5-MHz band allocated to UNMD® with no traffic
(central frequency: 2162.2 MHz — frequency filt@MHz — time resolution: 200 ns)
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UMTS HSDPA, also called “3.5G”, “3G+” or “turbo 3G% a standard that upgrades the downloading ddéa r
by changing of modulation according to the needs the quality of the signal, from QPSK to 16QAM aBiQAM.
16QAM and 64QAM schemes induce amplitude variatithha do not appear in Fig. 33, probably because5tiviHz
bandwidth contains several carriers that vary difidly, covering the amplitude variations. Measurata during longer
times show occasional and irregular changes iretivelope, see Fig. 34. These HSDPA measuremenéstalken when

significant traffic was generated.

It is noticeable that only the HSPDA signals wegeorded in Fig. 33 and 34 despite that UMTS-FDDhalig are
generally emitted simultaneously (from the same 3zMband or from a close another one). However, ¢ated field's
envelope is expected to depict the same noisy aspec
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Figure 33.Measured envelope in a 5-MHz band allocated to UMBBPA
(central frequency: 2166.2 MHz — frequency filt@MHz — time resolution: 200 ns)
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Figure 34.Measured mean envelope in a 5-MHz band allocatetM®S-FDD with no traffic
(central frequency: 2166.2 MHz — frequency filteiMiHz — time resolution: 1024 ps)
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The UMTS can be deployed in several frequency haodsnstance in the GSM band. As mentioned in hé sum
of the fields radiated by two different technolagior instance GSM and UMTS both emitted at 900zMitém nearby
sources, should show a signals’ envelope with ng@yations from UMTS, periodic decreases in thepl#ode due

to TDMA and increases due to traffic channels fG8IM.

The envelope of 3G mobile phones radiation was rdstb during a communication. Some results are ptede
in Fig. 35.

Act
1000/ ¢
£ 100
>
E
3 m'WWWMMWWMM“WWWWWWW
i
’] i
0.1
0 20 40 60 80 100
Time (us)
Act
1000/ ¢
£ 100,
>
E
3
i
L
’] ]
0.1
0.0 0.5 1.0 1.5 2.0

Time (ms)

Figure 35.Measured envelope in a 5-MHz band allocated to UNFD® mobile phones
(central frequency: 1922.5 MHz — frequency filteHz — time resolution: 200 ns)

k) Long Term Evolution network

LTE technology is a mobile phone standard curreimlyleployment. It is also called “4G” or “LTE Adweed”.
This system can use different frequency bands laaatthannel bandwidth can be adapted to the ne&f86Fepresents
a LTE carrier's envelope emitted by a testing “3&inpatible” base station — that is, not yet 4Goatiag to the LTE
network standards, but having the same radiatittenpa— which is located at Heverlee, Belgium. T¢hews recurrent,
rapid variations that look like pulses in the alugenf data transfer. These pulses depict the doctannels radiated

alone. When downloading data, the envelope lodesHig.37.

Because LTE had not been deployed while prepatfiiggdaper, it was not possible to measure a cusuileld
resulting from summing LTE and other networks’ sitgn for instance in the DCS 1800 frequency banohvéver,
the existing interruptions will likely stay meashia but attenuated, while the variations during @ntinuous

transmission” could be more important.
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Figure 36.Measured envelope of the signal emitted by a LTé&tstation with no traffic
(central frequency: 1815 MHz — frequency filter: I®iz — time resolution: 100 ns)
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Figure 37.Measured envelope of the signal emitted by a LTéelsaation when downloading
(central frequency: 1815 MHz — frequency filter: I®iz — time resolution: 100 ns)

[)  WLAN networks
A wireless local area network (also called “Wi-Fihh most countries) allows connecting digital desice

(e.g. computers, personal digital assistants... ptdh @ther. They communicate by a set of proto@frenced by the so-
called IEEE 802.11 standards. The current versi802.11n) makes possible separate or simultaneo@s us
of two frequency bands, one around 2.4 GHz andtter one at about 5.5 GHz.

As mentioned in § 2, Wi-Fi protocol use time digisiduplex to share packaged information. Fig. 3@ 3® depict
pulse structures, the duration of which depend$hemmount of data being downloaded.
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Figure 38.Measured mean envelope of the signal emitted by AN\station when downloading
(central frequency: 2437 MHz — frequency filter: K61z — time resolution: 400 ns)
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Figure 39.Measured envelope of the signal emitted by a WL#dtien when downloading
(central frequency: 2437 MHz — frequency filter:[461z — time resolution: 50 ns)

m) WiMAX network

WIMAX is another standard that provides Internatess, allows high data rate transfers and covegelodistances
than wireless local area networks with the helpelefvated antennas. The authorized frequency ramgpiite large:
between 2 GHz and 66 GHz. WiMAX standard uses filivésion duplex as WLAN does. Fig. 40 depicts puisens
when traffic channels are activated, with a cortsthmation of emission. On the other hand, Figiltistrates that

no signal is radiated in the absence of traffic.

A WLAN produces a relatively weak electromagneied that is stronger near the source and rapidigreases
with the distance from the source. For this reagnd given that mobile phones cause more intenssd Exposure
to electromagnetic fields in different frequencyis, we can reasonably afford that the WLAN radiats dominant near
the source and negligible further in most exissitgations, what makes unnecessary the measurerhemtnulated fields

from all the possible present sources.
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Figure 40.Measured mean envelope of a carrier radiated byMAX base station
(central frequency: 3.58 GHz — frequency filter:MBlz — time resolution: 28 ps)
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Figure 41.Measured mean envelope of a carrier radiated byMAX base station when no traffic
(central frequency: 3.58 GHz — frequency filter:NMBlz — time resolution: 50 ns)
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5. SYNTHESISAND CONCLUSIONS

Radiation produced by the studied telecommunicai@miems shows generally important amplitude vianatin time.
This is true for many radio systems based on digi@nsmission and even for less recent technicgieh as
AM broadcasting which uses analog transmission nigcies. Moreover, FM broadcasting of which everyrieds
amplitude is constant undergoes important variatiwshen we consider the cumulated electromagnetid firoduced by
several transmitters. Summing several componentinafar amplitudes and slightly different frequersc may result
in strong, irregular variations of the envelope.

Setting a boundary between signals for which theli@mle varies quickly in time and pulsed radiatisnquite
complex because some analog signals’ envelope asi@malog television’s signal are generally comsiieas pulsed
because they feature amplitude variations that Ibkd non-rectangular pulses. Besides, given thatdefinition
of a pulsed signal has been consensually fixed kmwhuse no active mechanism could connect adveosethermal
effects to some distinctive parameters defining ghised wave form (rising and falling times, intgations’ duration,
periodicity and so on), there is no reason to gt&ea non-rectangular fall in intensity back teadue different from zero
is expected to be more or less risky than an expotu rectangular pulses falling down to a nullueal Actually,
a definition of a pulsed wave must consider the glewity and the diversity of existing and futurai@ transmission
systems.

It is known that the human body is generally expgaseseveral radiations of the same type. For imgtaa GSM base
station currently transmits several carriers siendbusly. As is seems very unlikely that the liviisgues would be able
to dissociate these components, the sum of allrddagations that could be present at one place dhbal taken
into account. For this reason, the measurements earied out by focusing on existing exposure g when it was
possible. The analyzed results are presented lm itaielow.

TABLE I. SYNTHESIS OF THE RESULTS
L Amplitude variations of the measured signals

Radiation sour ces - — - -

Order of magnitude Duration in carriers’ period (T) Causes

. . = 50 Hz: 1,300,000 T -
Analog television broadcasting antenna 15dB-R0d 15625 Hz: 7800 T Synchronization
DAB antenna Interruptions 575,000 T Synchronization
AM broadcasting antennas >15dB 10T-100T Mavidtorh
DVB-T antennas >20dB 100 T—-1000 T Modulation
Modulation,
UMTS-FDD and UMTS HSDPA base stations > 20 dB 400 T cumulated field,
power control
FM broadcasting antennas > 26 dB 1T-10T Curedlfield
. . 900 MHz: 27,000 T

2G (GSM and DCS) base stations Interruptions 1800 MHz: 55,000 T TDMA

<10dB 5000 T
GSM-R base stations or or TDMA

interruption$ 27,000 T
TETRA base stations Interruptions 2,340,000 T Biiaake transmission
LTE base stations Interruptions or 20 dB 126,000 T Inactive channels when no traffic
WLAN antennas Interruptions No transmission if radftc TDD
WIMAX base station Interruptions No transmissiondf traffic TDD

a. Amplitude variations of the cumulated field inbe GSM-R frequency range

b. In. Belgium, TDMA for GSM-R is controlled withoninterruptions

If only the shape and the magnitude of the ampditudriations are taken into account, it comes fthendifferent
results that:

» Several systems that are different by the frequeange, the modulation schemes and the transmissiole can
present similar types of varying envelope. Foranse, FM broadcasting, which uses an analog maallahich
generates a constant envelope, can be compareddigital video broadcasting and UMTS-FDD if several
carriers are simultaneously considered which cpmeds to actual conditions.

e Conversely, very similar standards can undergcediifferent envelope shapes: GSM-R and TETRA arecti
descendants of the GSM networks but the studyedf #mplitude variations showed that TDMA can bsurad
with no interruption of the transmission in sonteaions.
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* It is not right that every digital mode system prds transmission interruptions: conversely, “pudéjital
frequency and phase modulations do not affectty@itude which is in fact more often influencedtieghniques
that do not depend on the message to transmit.

« We showed that analog signals can vary as muchgisldnes. In particularly, let us recall thatlsmiradar
systems are very good examples of analog pulsesrtiiasion.

Which mechanisms could be active in aimed non-taéradverse effects is not clear until now. Dis@rss include
the way that the living tissues and the human bmomyd react to non-ionizing radiation, in partiaulevhich parameter
characterizing the waveform could be the most @rftuOne hypothesis concerns the possible abflitheliving tissues
to demodulate a signal, resulting in the importateestudy some low, even extremely low frequencydutated
components. The other more “global” point of viesfers only to a cumulated influence of all the comgnts because
the human body could possibly not be able to disodte within the spectrum of the signal, so thet effects of
the envelope shape (e.g. pulsed variations ofrif@ditude) would need to be defined.
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