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for bioelectromagnetic experiments
A UMTS test signal
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Introduction
The commercial introduction of UMTS

(Universal Mobile Telecommunication Sys-

tem), a mobile radio system of the so-called

3rd generation, planned for the near fu-

ture has rekindled the discussion about

possible health hazards that had already

taken place in connection with the exist-

ing GSM system. In view of the expected

installation of about 60,000 additional base

station antennas by the end of 2003, the

fears of the general population concern-

ing exposure to electromagnetic fields seem

to grow. However, in the light of the re-

sults of published scientific research on

the effects of radio-frequency fields on

biological organisms, the Commission for

Radiation Protection established by the

Federal Government has in its most recent

recommendation [1] continued to conclude

that the protection of the general popula-

tion is guaranteed by the present legal limit

value regulations based upon the recom-

mendation of the European Council [2] or

the conclusions of the International Com-

mission on Non-Ionizing Radiation Pro-

tection [3]. Still, although limit values were

defined which include a precautionary

safety margin with respect to the thresh-

old of thermal tissue stress,  it is some-

times claimed that biological effects or

even a damaging impact are observed at

field strengths distinctly smaller than the

limit values. Often those observations are

not explained by the radio-frequency field

itself but by its modulated signals; in the

case of the GSM system, for example, by

the typical low-frequency impulse forma-

tion of the signals. Until now, the corre-

sponding results have not been able to be

reproduced and thus are not seen as valid

scientific knowledge. Nevertheless, the

Commission for Radiation Protection rec-

ommends the close monitoring of evidence

which would be able to confirm or dis-

prove the above-mentioned findings by

intensified research efforts. As until now

there are no models for mechanisms which

explain how weak mobile radio electro-

magnetic fields might affect biological sys-

tems, no theoretical but only an experi-

mental approach to this issue – at least for

now – has been possible. Here, the time

evolution of the mobile radio signal plays

a key role.

Therefore, it is planned that the research

projects on UMTS and  biological systems

initiated by the Research Association for

Radio Applications (Forschungsgemein-

schaft Funk) will apply a uniform UMTS

signal pattern (in the following referred to

as “generic UMTS test signal”) to permit

later comparison with other experiments.

To this end, it is neither required nor de-

sirable to select an authentic UMTS signal

having all necessary properties for com-

munication. Rather – as already done con-

cerning the test signal applied during bio-

electromagnetic experiments on the GSM

system [4] – from the great variety of high-

ly-complex UMTS signals, only those com-

ponents will be combined that  are seen

(at least by critics of mobile radio) as po-

tentially having biological effects. These

are the mainly temporal amplitude varia-

tions of antenna transmission signals in
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the low-frequency region where also nat-

ural biological processes occur.

This article describes the process of de-

signing an appropriate generic UMTS test

signal [7] for exposure experiments based

upon the essential properties of typical sig-

nals at the UTRA air interface (UMTS Ter-

restrial Radio Access [5, 6]).

Properties of UMTS signals
This paragraph deals briefly with the

main characteristics of UMTS signals sent

between transmitter and receiver. For a

more detailed overview see [8]; compre-

hensive information may be found in [9];

detailed technical specifications can be

found on the web on [10], especially at [5,

6, 11-15).

UMTS is a digital, fully-duplex-capable

mobile communication system. As a du-

plex mode for the separation of the two

transmission directions, either the Frequen-

cy Division Duplex mode (FDD) or the Time

Division Duplex mode (TDD) can be ap-

plied.

In the TDD mode the transmission sig-

nals from the base station (downlink) and

from the mobile telephone (uplink) are of

the same frequency, and are separated from

each other by using different time slots

resulting in a pulsed signal structure. Ini-

tially, after the introduction of UMTS, it is

not planned to use the TDD mode. Later

use of the TDD mode will be limited to

local systems (pico cells). Therefore, we

here consider only the FDD mode.

The FDD mode of the UMTS system is

characterised by simultaneous transmis-

sion of uplink and downlink channels in

separate frequency bands with a duplex

distance of 190 MHz. For the FDD opera-

tion mode frequency ranges from 1.92 to

1.98 GHz (uplink) and from 2.11 to 2.17

GHz (downlink) are planned.

UMTS applies the Code Division Multi-

ple Access (CDMA) technology as a multi-

access system. This method permits the si-

multaneous use of radio resources of a

mobile radio system by several participants.

The main difference from the Frequency

Fig. 1: Structure of the control channel

showing, as an example, the “uplink” [9]

Annotations to Fig. 1:

PILOT field: The pilot bits are required for

assessing transmission quality and for

frame synchronisation (FSW: Frame

Synchronisation Word).

Transport Format Combination Indicator

(TFCI): The TFCI bits contain information

on user channel data rates.

Feedback Information (FBI): FBI informa-

tion supports the so-called downlink closed

loop transmission diversity mode. In this

mode, a user signal is transmitted from the

base station via two antennas to improve

unfavorable reception conditions at the

location of the mobile telephone. The FBI

bits transmitted by the mobile telephone

contain the necessary commands for post-

regulation of phases and amplitudes of both

transmission signals.

Transmit Power Control (TPC): TPC bits

contain the commands for power regulation

applied for equalising fast fading.

Annotation: PILOT and TPC bits are

constantly available in the control channel,

whereas TFCI and FBI bits are optional.

Fig. 2: Circuit block diagram for signal processing within the transmit component of a UMTS

mobile telephone

Fig. 3: Time evolution of a UMTS signal

without power regulation

Fig. 4: Time evolution of a UMTS signal with

power regulation
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Division Multiple Access (FDMA) and Time

Division Multiple Access (TDMA), applied

for example in the GSM mobile radio sys-

tem, is that in CDMA all participants si-

multaneously communicate within the

same frequency band. The separation of

user signals is accomplished by weighting

via orthogonal spreading and scrambling

codes, permitting the identification of in-

dividual base stations and callers and en-

suring that received information can be

decoded only by the callers to whom it is

addressed. Codes consist of binary chip

sequences of the chip rate 3.84 MChip/s,

by which both user signals and control

signals required for transmission of nec-

essary system control information are mul-

tiplied. By means of the spreading codes

the bandwidth of each channel is widened

up to about 5 MHz independent of the

gross data rate of the signals which may

amount to 960 kbit/s maximum.

Uplink, the control channel is transmit-

ted with its own spreading code parallel

to, and downlink with an identical spread-

ing code serial to, the user channel (see

[8]). Whereas user channels can be filled

continuously with the signal contents, the

control channel always employs a logical

structure, in which defined time periods

are connected with certain command func-

tions [12] (see Fig. 1).

The uplink and downlink user and con-

trol channels of a given connection are

coded, weighted and (after a 90°phase shift

of a part of the signals) overlayed. The

result is a complex chip sequence from

which – after further (“complex scram-

bling”) coding and impulse formation by

a root-cosine filter (root raised cosine fil-

ter RRC 0.22 with a roll-off factor of 0.22)

– the input signals for the in-phase and/or

the quadrature input of an IQ modulator

(QPSK modulator) are developed by redig-

italising the phase position of the radio-

frequency carrier signal in accordance with

the phase of input signals.

Fig. 2 shows the circuit block diagram

for the signal preparation, using the ex-

ample of the transmission component of a

UMTS mobile telephone; Fig. 3 shows a

segment of the calculated time course of a

UMTS signal at the air interface (at point

F in Fig. 2, here shown as the power of the

equivalent low-pass signal) produced by

the overlay of a 960-kbit/s (gross data rate)

user signal by a typical control signal and

following QPSK modulation. Obviously, the

envelope of the RF signal is time-varying;

the form of the variation depends of the

number of overlayed channels, their data

rate and signal form.

A fundamental property of UMTS is the

implementation of a very rapid transmis-

sion power regulation. This ensures that

variations of the reception field strength

caused by time-varying radio field damp-

ening or interference arising from multi-

path reception – even in the case of a

rapidly moving mobile user – do not lead

to an impairment of transmission quality,

and in addition is necessary for minimis-

ing the power of all signals so that the

signal intended for a certain receiver is

not interfered with by a superposition of

simultaneously-transmitted stronger

CDMA signals in the same frequency band.

During an given connection the receiver

tell the transmitter end whether the power

should be increased or decreased, via trans-

mit power control (TPC) commands which

are transmitted in the time-slot phase of

the control channel (1500 Hz) . Uplink, the

power can be regulated every 0.67 ms = 1/

1500 Hz in steps of 1, 2 or 3 dB up to a

total dynamic range of 83 dB [11], where-

as a power increment downlink amounts

to 0.5 dB and/or 1 dB over a dynamic

range of at least 18 dB [6]. For example,

the power regulation of the signal in Fig. 3

could be modified as shown in Fig. 4. It is

obvious that variations of the envelope

caused by power regulation can signifi-

cantly exceed the variations which have

hitherto been discussed.

Apart from the described normal trans-

mission mode, the UMTS system employs

other special operation modes, of which

we will mention only a few: DTX (key word:

transmission break), packet mode (key

word: SMS), compressed mode (key word:

handover), power save mode (still in plan-

ning),  and PRACH mode (key word: con-

versation set-up).

Generic UMTS test signal
In designing a uniform exposure signal

for biological experiments conducted to

prove or exclude an effect of mobile com-

munication radio-frequency fields, it is

important that mechanisms which could

lead to temporal amplitude variations of

transmission signals in the practical sys-

tem are adequately combined as a kind of

Fig. 5a: Constellation diagram (1 user channel

with 960 kbit/s, 1 control channel) without

impulse formation

Fig. 5b: Constellation diagram (6 user

channels with 960 kbit/s, 1 control channel)

without impulse formation

Fig. 5c: Constellation diagram (6 user

channels with 960 kbit/s, 1 control channel)

with impulse formation



NEWS l e t t e r  3 . 011414141414

T e c h n o l o g yT e c h n o l o g yT e c h n o l o g yT e c h n o l o g yT e c h n o l o g y

bit numberbit numberbit numberbit numberbit number 11111 22222 33333 44444 55555 66666

time slot number 1 1 1 1 1 1 0

time slot number 2 1 0 0 1 1 0

time slot number 3 1 0 1 1 0 1

time slot number 4 1 0 0 1 0 0

time slot number 5 1 1 0 1 0 1

time slot number 6 1 1 1 1 1 0

time slot number 7 1 1 1 1 0 0

time slot number 8 1 1 0 1 0 0

time slot number 9 1 0 1 1 1 0

time slot number 10 1 1 1 1 1 1

time slot number 12 1 1 0 1 1 1

time slot number 13 1 1 0 1 0 0

time slot number 14 1 0 0 1 1 1

time slot number 15 1 0 0 1 1 1

Fig. 6: bit structure of a control channel time slot as an

example of the uplink

Explanation of Fig. 6:

The UMTS control channel has a data rate

of 15 kbit/s. This is equivalent to 10 bits

per slot. In the following, the exact filling

of time slots of the simulated control

channel is described.

The PILOT field is realised as a determinis-

tic bit sequence with 6 bits per time slot.

Filling of the respective time slots within a

frame is specified in [12] and shown in

table 1.

Table 1: Filling of control channel time

slots: For TFCI the value 0 was selected

and corresponding to the specification

[12] coded to a 30 bit long word

sequentially distributed to the time slots

with 2 bits each. The selection of TFCI is

arbitrary, since no information is to be

transmitted.

TPC bits are realised by a random

generator filling subsequent time slots in

pairs in accordance with [12].

Here, the FBI bits mentioned (see Fig. 1)

are not considered since they are

transmitted in only one particular

transmission mode.
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to be sufficiently weighted; there must be

a certain probability that it may occur in

the real system.

In the following we will explain on

which principles the selection of the re-

spective parameters for the generic UMTS

test signal are based.

Essential selection criteria are:

1. Settings have to comform to the tech-

nical specifications of the UMTS system

for adapting the test signal as far as possi-

ble to real conditions.

2. An important point is to consider the

signal properties which deviate from those

of 2nd generation mobile radio systems

(GSM, DECT).

3. The aim is to identify parameters

which affect time-variations of the radio-

frequency signal at the air-interface.

4. The different parameters have to be

combined in a way that leads to a maxi-

mum signal variation with low-frequency

spectral components in the sense of a

worst-case observation.

5. For application as an exposure signal

in biological experiments, the signal must

be repeated periodically with a repeat rate

being significantly below the modulation

frequency of real UMTS signals and below

the frequencies relevant for biological

processes.

To conform with these requirements,the

following properties are set for the generic

UMTS test signal: FDD or TDD mode: For

the reasons mentioned above, and on the

basis of results already available from sev-

eral biological experiments with GSM sig-
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Fig. 7a: Power regulation (segment of entire

signal)

Fig. 7b: Power regulation (segment A) Fig. 7c: Power regulation (segment B)

maximum power

nals of a time slot structure similar to the

TDD mode of UMTS, it seems appropriate

to simulate a UMTS test signal in the FDD

mode.

Carrier frequency: There is general agree-

ment on the fact that so-called “window

effects” are not to be expected in biologi-

cal systems within a frequency interval of

only 15% relative bandwith as used in the

FDD operation mode. Therefore, a given

specification of the carrier frequency forthe

generic UMTS test signal has no signifi-

cant relevance for a given biological ex-

periment.

Modulation: The technologically simplest

solution of applying an RF signal with the

addition of noise as being able to repre-

sent the UMTS signals [8] often character-

ised as “similar to noise” has to be ruled

out because this procedure cannot simu-

late the typical bandwidth and discreet

spectral components of a real signal. There-

fore, it is necessary to produce the generic

UMTS signal via a processing scheme be-

ing as near as possible to the function

blocks specified for the UMTS system as

shown in Fig. 2: spreading coding of the

serial binary data channels (user and con-

trol data), weighting, (/2 phase shift and

combination of two or more channels in a

“complex” chip sequence (1 + j(2)), multi-

plication by a “complex” ‘scrambling’ code

and physical separation of I and Q chan-

nels, impulse formation and I/Q modula-

tion.

Thus, two causes of realistic signal var-

iations have now been considered: where-

as, for example, from only one binary in-

put signal (+ 1 control signal) a constella-

tion diagram such as Fig. 5a follows rep-

resenting only few (approximately discreet)

phase states and hence only slight ampli-

tude variations, a greater number of used

input channels is connected with a filling

of the constellation diagram (see Fig. 5b

for 6 user channels + 1 control signal).

The phase has a significantly higher val-

ue, and the connected signal amplitudes

show considerably bigger differences, too.

In addition, the root-cosine filter for im-

pulse formation leads to a clipping of the

spectrum causing further signal distortions,

i.e. an increase of the number of different

amplitudes (see ill. 5c). The actual time

variations of the RF signal envelope at the

air interface also depend fundamentally

on the nature of the input signal, which

has to be specified for a reproducible test

signal.

Control signals: Because of the control

channel structure described in point 2

above, periodically-recurring control se-

quences can be manifested in the frame

(1/100 Hz) or in the slot phase (1/1500 Hz)

in the form of corresponding low-frequen-

cy variations of the envelope. Therefore,

for simulation of control signals in the

generic UMTS test signal it is necessary to

apply data sequences similar to real for-

mats in accordance with [12]. As for the

filling of time slots of the control channel

for the generic UMTS test signal the set-

tings shown in Fig. 6 are applied.

User signals (communication signals):

During normal operation mode, user sig-

nals have no structure comparable with-

the above-mentioned frame format. There-

fore, their actual simulation for a generic

UMTS test signal is of secondary relevance.

Thus, for a signal with low data rate, an

arbitrary speech signal could be selected,

and for a broadband signal a sequence of

computer network data could be used. In

both cases, pseudo-bit sequences could be

also be applied, which are of additional

advantage for technological realisation.

A number of computer simulations of

the highest data rate planned for UMTS in

the FDD mode (uplink) of 960 kbit/s showed

stronger signal variations with the frequen-

cy components relevant here than at small-

er bit rates. Thus, according to the worst-

case rule, the generic UMTS test signal

should function at the high data rate.

The contents of the data channel are

simulated by a so-called pseudo-noise bit

sequence (PN sequence). A PN sequence is

an artificial periodic time-discreet binary

sequence showing similar poperties to a

random sequence (randomly-distributed

binary signs of the same occurrence prob-

ability [16]. Here, a binary “maximum

length” sequence is applied as the PN se-

quence.

Number of user channels: At the down-

link (base station transmission signal), there

is in practice an overlay of several chan-

nels (for example > 50) being transmitted

by a base station of the same (long) scram-

bling code, but different spreading codes.

Apart from the control channel, an uplink

mobile telephone can process a maximum

of six user channels with different spread-

ing codes and a common scrambling code.

power regulation (logical)

fading region

power regulation (logical)power regulation (logical)
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Code name Code length Chip sequence

user channels Cch,4,0 4 Chips {1,1,1,1}

Cch,4,1 4 Chips {1,1-1,-1}

Cch,4,2 4 Chips {1,-1,1-1}

Cch,4,3 4 Chips {1,-1,-1,1}

control channel Cch,256,0 256 Chips {1,1,1,1,1,................,1}

Table 2: spreading codes of the generic UMTS signal

Apart from details of importance only

for signal processing, the signals of the

individual channels are similar to each oth-

er in their basic time and frequency struc-

ture.

The dominant signal variations triggered

by the fast power regulation show a strong-

er effect uplink than downlink. At the mo-

bile telephone they affect the total trans-

mission power. In contrast, the base sta-

tion emits a common channel of constant

power in addition to the many non-syn-

chronic power-regulated traffic channels.

Thus, the variations of the total signal here

are less deterministic and rather more sim-

ilar to noise.

Therefore, for the generic UMTS test sig-

nal, similar to that of a fully-operating

mobile telephone, an overlay of six syn-

chronous power-regulated user channels

of the gross data rate 960 kbit/s (plus a

control channel) is planned for.

Special operation modes: The operation

modes of the UMTS system used only tem-

porarily, such as DTX, packet mode, and

so on, should not be incorporated as part

of the generic UMTS test signal. Biologi-

cal experiments are usually conducted over

longer time periods longer than those used

for such modes, so that they are not rele-

vant compared with the normal transmis-

sion mode. Moreover, most of the opera-

tion modes are connected with a signal

structure similar to that of the TDD mode;

thus, the knowledge already gained from

biological studies in the GSM range is prob-

ably portable to the UMTS situation.

Spreading codes: The selection of the

rather precisely-defined spreading codes

[14] does not lead to any significant dif-

ferences in the time variation of the signal

at the air interface. For the spreading codes

employed in the generic UMTS test signal,

the chip sequences as shown in Table 2

are used.

“Scrambling codes”: Considering signal

variations it is very important whether long

or short sequences are applied as scram-

bling codes [14]. Basically, for long scram-

bling codes 100-Hz components and har-

monics occur, whereas for short scram-

bling codes additional 1.5-kHz and 15-

kHz components and their harmonics are

possible. The latter have to be seen as a

worst case, and thus should be used for

the generic UMTS test signal. The short

scrambling codes described in [14] have a

length of 256 chips and are clearly speci-

fied by their code numbers. Out of the

total of 224 possible codes for the generic

UMTS test signal, the code with the code

number 30 is selected.

Power regulation (“inner loop power con-

trol”): As shown in paragraph 2, power

regulation is the second fundamental cause

of alterations of the RF transmission pow-

er, in other words, for further low-frequen-

cy variations of the signal envelope at the

air interface. It is meant to minimise the

variations of the transmission power

caused by the – mostly unknown – time

variation of the transmission function of

the air interface. For a description of the

spatial alterations of the radio field atten-

uation for the frequency range around 2

GHz, there are semi-empirical standards

based upon measurements (extended COST

Hata model, COST Walfisch-Ikegami mod-

el). However, they allow only conclusions

to be drawn on the average with respect to

the radio field attenuation to be expected,

depending on the quality of the environ-

ment (rural, urban, etc), on the distance of

the mobile telephone to the base station

and on the antenna height [17]. The su-

perimposed spatial and time variations of

radio field attenuation that need to be an-

alysed for the simulation of an actual reg-

ulation signal can be found only with the

help of stochastic models [18], or by a

deterministic field analysis of selected sce-

narios for the shape of  the landscape or

the layout of building development

schemes.

For the generic UMTS test signal a time

evolution of the initial power is set (ill. 7a.

7b and 7c), on one hand containing

typical characteristics of fast power reg-

ulation, and on the other hand providing

a periodic total signal as well as a rela-

tively small difference between mean and

maximum power (about 2 dB).

In practice, such an exposure signal for

example could occur when a mobile radio

user is initially at a location with very bad

reception conditions for 45 s (transmis-

sion power remains at maximum value with

superimposed regular variation, 3 dB here),

then moving within an area of varying

reception conditions for a duration of 15

s; transmission power is adapted anti-cor-
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related to the fading every 0.67 ms (1/

1500 Hz) in 3-dB steps.

Absolute RF power: The maximum initi-

tal power of a mobile telephone  (user

equipment) specified for UMTS is 2 W.

However, the total power transmitted from

a base station reaching a person at a per-

mitted distance is normally much smaller

than the power transmitted by a mobile

telephone. Moreover, because of the al-

ready above-mentioned need for equal-

ised reception signals for different chan-

nels, the transmission power is always reg-

ulated to the smallest possible level.

However, the power applied during bio-

logical experiments does not correspond

to the very small values which in practice

occur with the use of a mobile communi-

cation system, since the aim is to prove or

disprove a biologically-relevant effect, as

related to the specific absorption rate which

can be expected in a system without ex-

ceeding the SAR limit values which are

based on the thermal threshold. To achieve

such high SAR values in experiment dur-

ing in vivo tests in general an RF power

significantly higher than those occurring

within the UMTS system is required. Basi-

cally, the RF power required depends on

the number, forms, and material parame-

ters of the objects under test, as well as on

the type of the exposure set-up employed

(see [19]).

Thus, the power of the generic UMTS

test signal to be used has to be adjusted to

each experiment planned.

Summary: This article describes in de-

tail the properties of a generic UMTS test

signal which is planned to be used as an

exposure signal in experiments with the

purpose of examining the compatibility of

biological systems with modulated elec-

tromagnetic fields. The signal contains a

cocktail of the new UTMS features that

could be seen as biologically relevant be-

cause of their contribution to low-frequen-

cy signal fluctuations.

For a practical realisation of the sug-

gested generic UMTS test signal a signal

generator was developed (GUS 6960 S)

which provides an average initial power

between -20 dBm and + 10 dBm with a

fixed programmed steady-signal form. This

is fed into an RF power amplifier.
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