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 from mobile radio
Introduction

In the past few months a broad public

debate has escalated concerning mobile

radio communications, spawned by the

new UMTS technology (universal mobile

telecommunications systems) and the

40,000 new base stations which Germany

alone will require. The debate is focusing

not on the mobile terminals (cellphones)

but rather on base stations. Concerned res-

idents in the vicinity of base stations are

demanding some kind of protection, they

want new safety value limits to replace

the current safety value limits for humans

(this will be referred to in the rest of the

article as simply value limits), they want

these value limits to be made more strin-

gent to protect the population from elec-

tromagnetic radiation.

Against this background the Ministeri-

um für Umwelt und Naturschutz, Land-

wirtschaft and Verbraucherschutz (MUN-

LV) Ministry for the Environment and Na-

ture Conservancy, Agriculture and Con-

sumer Protection of the state of North

Rhine-Westphalia commissioned the In-

stitute for Mobile- and Satellite Radio

Technology (IMST) in Kamp-Lintfort to

conduct a study “An investigation on emis-

sions from mobile radio base stations”. The

main emphasis of the study was to assess

typical emission values which can gener-

ally be expected and especially to record

systematically the technical emission

measurements. From this information ref-

erence points in the vicinity of base sta-

tions concerning the current concrete emis-

sion situation were derived and minimiza-

tion concepts were established. The find-

ings of the study are available to the pub-

lic and can be viewed on the Internet at

the following site: http://www.munlv.

nrw.de/sites/arbeitsbereiche/immission/

mobil.htm.

A part of the study dealt with the ques-

tion, what effects will reducing value lim-

its have on the structure of mobile radio

networks and on total emissions from mo-

bile radio base stations. In particular, the

following should have been determined:

• To what extent will a reduction in

value limits actually lead to a reduction in

total emissions for the population (Will a

reduction in value limits by factor 100

result in a reduction of total emissions by

factor 100 as opposed to the original situ-

ation?)

• To what extend is a concentrated

transmitter concept (fewer installations,

higher power) or a distribution transmitter

concept (many installations, lower power)

to be preferred regarding the overall emis-

sion, and

• To what extent do we have to count

on increasing the number of antennas.

Exactly this is not a factor to be under-

estimated, since there is a correlation be-

tween the concerns in some parts of the

general public and the number of visible

mobile radio installations.

The investigation that has been described

here was primarily conducted for mobile

radio installations according to GSM-

standards; the essential findings of this

study are also transferable to UMTS-net-

works.

In the debate concerning

the locations of mobile radio

transmission installations,

inhabitants in the vicinities of

such installations have made

the reduction of the maximum

safety value limits for humans,

e.g. based on the Swiss model,

a central topic. In this article,

it was investigated what kind

of effect a safety value limit

reduction would have on

the structure of mobile

communication networks and

on total emissions from

mobile radio base stations.
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base stations
What is the typical
situation for emissions?

Before an investigation is conducted on

the effects of a reduction in value limits on

the structure of mobile radio networks, the

current situation with regard to location

and the level of emissions from the mobile

radio base stations (emissions at one par-

ticular place) has to be first discussed, in

order to estimate how much leeway is avail-

able (i.e. to what extent the current value

limits are exhausted). This can be estimated

with technical calculations or determined

with technical measurements.

Just recently with regard to technical

measurements, this study and several oth-

er investigations have been conducted and

published. e.g. [4].

All of the investigations come to similar

conclusions: all of the mobile radio emis-

sions measured outside the safety zone of

base stations, even in locations directly

next to the installation were below and a

percentage was very much below the val-

id value limits for Germany, 26. BImSchV

(26 ordinance executing the federal emis-

sions protection law). When using Swiss

installation values for locations with sen-

sitive use [5] for comparison, it was estab-

lished that only at a few locations, where

measurements were taken, those value lim-

its were reached or exceeded.

This basic statement can also be made

by using simple calculated estimations:

diagram 1 shows the calculated power flux

density over the lateral distance from a

base station. In this case a normal com-

mercial sector antenna Kathrein K 735147

with 20 electric and 00 mechanical down

tilt was observed. The height difference

between the transmitting antenna and the

measurement site is assumed to be 5m.

The free space model was used as a calcu-

lation model, which is also used by the

regulation authorities for Telecommuni-

cation and Postal Services (RegTP) for cal-

culating safety distances for location cer-

tificates. In diagram 1, the parameter is

the total input power in the sector anten-

na. The following general statements can

be made concerning diagram 1:

1. Emissions fluctuated greatly up to a

distance of 80m (depending on how high

the antenna is installed). This can be ex-

plained by the fact that the entire range of

side lobes (next to the main radiation di-

rection there are secondary radiation di-

rections, the so-called side lobes) is cov-

ered. Starting at 80 m emissions begin to

decrease steadily in relation to the dis-

tance; at this point one only finds the main

radiation direction. Dependent on the an-

tenna used, there can be in the area of the

minor lobes lateral distances where the

emissions are comparable to those of the

main radiation direction.

2. A change in the transmission power

will move the emissions curve into a ver-

tical direction. What is meant by trans-

mission power here is what is radiated al-

together in one sector with the installa-

tion at full load. i.e., channel number times

maximum transmission power per chan-

nel. 5W and 20W are the common values

at many base stations. 50W could occur at

some individual installations, which are

fitted with the maximum of transmission

channels; this is, however, not regarded as

the general case. 100W is really not realis-

tic for a single installation/sector. Howev-

reductions on the network
cation systems and on total emissions
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Diagram 1 : the calculated power flow density dependent on lateral distance at transmission

power variations; one sector, height differences between the transmitting and the receiving

location 5m, free space model
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er, it is conceivable that a location could

be used at the same time by several net-

work operators or that a network operator

could also set up a UMTS transmitting in-

stallation next to a GSM installation that

they operate. With regard to a similar align-

ment of the sector antennas the radiated

power could overlap.

3. At all transmission powers the calcu-

lated exposure values are well below the

limits of the 26. BlmSchV. At 50 W and

100 W of total sector power, the Swiss

installation values (NISV-CH) are reached

or even exceeded (diagram 1).

Obviously local exposures depend on

many other factors, e.g., the kind of trans-

mitting antenna, down tilt, height differ-

ences between the transmitter and the re-

ceiver location, alignment of the antennas

and the propagation conditions between

the transmitter and the receiver location

(including conditions of visibility).

Total emissions
If we define total exposure, as opposed

to local exposure, as power from base sta-

tions that irradiates the entire environ-

ment (i.e., ground, trees, houses, etc.), then

from this we can draw the following con-

clusion:

a reduction in protective value limits

for people, e.g. by factor 100 (by this fac-

tor the Swiss installation value limits are

stricter than the 26.BlmSchV) would not

be reflected in total exposure being re-

duced by factor 100, but rather total ex-

posure reduction would be substantially

less.

The reason for this is the fact that the

actual existing emissions from locations

depending on the installation and the type

of adjacent buildings, as a rule are below

the value limits for 26. BlmSchV and only

at a few places were the Swiss installation

values exceeded. Due to the large safety

zone concerning the legal value limits,

measures to reduce local emissions would

only be necessary:

Reducing the transmission
power of base stations

Reducing the transmitting power of base

stations can be done in the following ways:

1. reducing the channel transmission

power while keeping the same number of

channels per installation.

2. reducing the number of channels and

moving them to new stations and

3. the rebuilding of operating sites that

are jointly used by several network opera-

tors, in such a way that only one operator

is working out of one location.

In the following the first possibility will

be dealt with in detail.

If the transmission power is reduced then

the radius of the mobile radio cell is also

reduced, since at the edge of the cell the

power flow density of the station is not

strong enough to make a phone call. Dia-

gram 2a shows a reduction in the size of the

cell, for a small town scenario with a chan-

nel transmission power of 5 W and a station

height of 15m. At a transmission power of

5 W (corresponding to a 0dB change in

transmission power) the cell radius is circa

1800m. If the transmission power is re-

duced by 3 dB, i.e. from 5 W to 2.5 W, the

cell radius is reduced to circa 1500 m.

Diagram 2b shows how a change in the

cell radius reflects a change in the cell

area. In order to ensure that continual

mobile radio coverage is provided for the

area and that no gaps in coverage will

occur, correspondingly more base stations

will have to be set up. A change in the

number of base stations is counter current

to changes that occur in the cell area ( the

right axis in diagram 2b). 100% of the cell

area or the number of base stations corre-

sponds to the original state. By reducing

the power transmission by 3 dB the cell

area is reduced to 70% of its original val-

ue. The number of base stations must,

therefore, increase by 40%.

What is especially interesting here is to

have a look at the total transmission pow-

er of this new network. Does more or less

• at installations where the Swiss in-

stallation values were exceeded and

• at these locations to a much lesser

degree than a reduction of the value limits

A value limit reduction by a factor x would

only result in the same way in a reduction

in total emissions when all stations operate

near the legal value limits. This has howev-

er been proven not to be the case.

A reduction in protective value limits
for people, e.g. by a factor of 100 would
not be reflected in total emissions be-
ing reduced by the same factor 100,
but rather the total emission reduction
would be substantially less.

Possible measures for reducing local

emissions at installations are as follows:

1. Reducing the maximum transmitting

power of the base station.

2. Increasing the height difference be-

tween the base station and emission site,

e.g. by increasing the number of transmit-

ting locations.

What consequences these measures will

have on the mobile radio networks (cell

size, density of the base stations etc.)

should be investigated by means of the

following simulation with the example of

the area of a town. In comparison to the

proceeding section a sophisticated wave

propagation model will be used here. This

is necessary, since the free space model is

correct for the immediate area around the

installation, but is from a radio provision-

al standpoint much too optimistic near the

cell limits. However, a realistic calculation

of the cell sizes is for the following inves-

tigation of decisive significance.

With the COST-Walfisch-Ikegami (COST-

WI) model [6] a numerical model is used

that is especially suited for city environ-

ments and is used for radio network de-

sign. The COST-WI model, as opposed to

the free space model, takes into account

statistical conditions of visibility, build-

ings and street details.
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power than before have to be fed into the

new more compressed network, albeit with

smaller individual power transmitting base

stations? Since the total emissions are pro-

portional to the total power fed in, a pre-

diction can be derived from this concern-

ing how total emissions will develop.

The answer can be calculated from the

respective ratio of the individual trans-

mission power to the illuminated area; the

results are shown in diagram 2c. From this

it is obvious that at reduced transmission

power and with it the accompanying com-

pression of the base stations the entire

transmission power of the network and

with it total emission will sink. In the ex-

ample presented, 70% of the original val-

ue is left when at the individual stations

the transmission power is halved.

Thus, an important finding can be es-

tablished: With more base stations, where,

compared to the original situation, the

transmission power per channel is low-

ered, the entire transmission power of the

network is reduced and thus the impact on

the environment with regard to total emis-

sions from base stations is also reduced.

This trend which was originally calcu-

lated under the assumption that the number

of channels per installation remains the

same, becomes stronger when additional

channels are moved to new installations,

so that the overall capacity of the system

remains constant. Including typical mo-

bile radio power regulations, which were

for the time being not taken into account

with the calculations, strengthens the trend

as well. A rebuilding of locations used

jointly into locations for single use will

reduce local emissions, but will have no

effect on total emissions, because every

network operator will only transpose its

own network without reducing channel

transmission and an associated increase

in network density.

However, in contrast to the advantages

of reducing total emissions, there are also

some practical disadvantages.
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Diagram 2a-c: dependence of cell radius (top), cell area or the number of base stations (middle),

total emissions (bottom), on the transmission power of the base station with respect to the

original situation (COST-WI model)
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The power transmission cannot be ar-

bitrarily reduced, since in some sub-ranges

of the radio cell there would not be, cir-

cumstances permitting, adequate radio

coverage, (e.g. in-house gaps in coverage).

Moreover, it is to be expected that with

the required increase in the number of

necessary base stations, the network op-

erators along with more costs will be faced

with more problems when they have to

look for new sites. Since increasing the

number of base stations will be difficult

to convey to the public. In order for this

concept to be successful a constructive di-

alogue among all of the participants is

an absolute prerequisite, in particular be-

tween network operators and communi-

ties.

With more base stations, compared
to the original situation where less chan-
nel transmission power is transmitted,
the entire transmission power of the
network is reduced and thus total emis-
sions. Nevertheless, a problem arises out
of this situation, namely conveying an
increase in base station density to the
public.

Increasing base station height
An increase in base station height leads

to an improvement in radio “visibility” of

the installations; as a result the cell radi-

us, and the illuminated cell area expand.

The number of base stations required by

the networks decreases. If the transmis-

sion power per base station remains the

same, the total emissions are reduced when

compared to the original situation because

of the expansion of the cell areas.

For the small town scenario, which was

described in the previous section, simula-

tions for the changes in station height are

described in the diagrams 3a, 3b, and 3c.

If a transmitter is raised by 2m, which

means from 15 to 17 m, the cell radius

expands from 1800 m to 2000 m (diagram

3a). This is equivalent to an expansion of

Diagrams 3a-c: Dependance of the cell radius (top), cell area resp. the number of base

stations (middle), and total emissions (bottom) based on the original situation with regard to

the transmission height of the base station; small town scenario, COST- WI model
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Summary
At generally accessable locations in the

area surrounding mobile radio installations,

the actual local emissions are generally

below and partly well-below the value lim-

its of 26. BlmSchV. Since there is enough

“leeway” concerning the value limits a

value limit reduction by, e.g. a factor 100

would not result in a reduction in total

emissions by a factor 100 but the reduc-

tion in total emissions would be much less.

To reduce local emissions there are the

following possibilities:

• reducing the transmission power

• moving the antennas to higher loca-

tions.

A reduction of the transmission power

leads to a reduction in the cell radius and

the cell area when compared to the origi-

nal situation and therefore, this requires

that the number of base stations be in-

creased. Total emissions, i.e., the sum of

the transmission power (network transmis-

sion power) required for the new denser

network results in a reduction of total emis-

sions when compared to the original net-

work. In practice operational transmission

power cannot be arbitrarily reduced be-

cause otherwise there would be coverage

gaps in some areas. Moreover, problems

will arise in finding locations and convey-

ing this distribution concept to the public.

Distributing locations so that they can

be operated by several network operators

as a possible way to reduce transmission

power, has no effect on total emissions.

An increase in the height of the base

stations leads to cell expansion and corre-

spondingly to a reduction in the number

of base stations that are required. Also in

this case total emissions are reduced. In

reality an unlimited increase in the height

of transmission locations is not possible

because of interference from neighbour-

ing cells would increase and problems

would also be expected in finding loca-

tions. In order to convert both concepts a

constructive dialogue among all of the

participants is indispensable, especially

between the network operators and the

communities.

Both scenarios, reducing transmission

power and increasing the height of trans-

mission locations have been viewed indi-

vidually and independently of one anoth-

er. Basically, there is the possibility that

both variations could be combined, i.e.,

moving the base stations to higher loca-

tions and reducing the transmission pow-

er so that the cell areas remain the same.

All of the findings presented in this ar-

ticle deal with calculations done with ex-

amples. From a practical point of view it

is necessary to calculate or measure with

actual cases.

Dr. Christian Bornkessel,

IMST GmbH Kamp-Lintfort

Dr. Elke Stöcker-Meier, Ministry for

Environmental protection, agriculture

and consumer protection of the state

of North-Rhine Westphalia
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the cell area of 50% (diagram 3b); the

number of base stations could be reduced

to 70% of the original value. In this way

total network transmission power and to-

tal emissions would be reduced to 70% of

the original value (diagram 3c).

Consequently, moving the base station

to higher locations would lead to an en-

largement of the radio cells and to a re-

duction in the number of base stations.

The total network transmission power and

thus total emissions would be reduced.

Here as well, there are a number of prac-

tical disadvantages which have to be con-

sidered. Transmission locations cannot just

arbitrarily be moved to higher locations,

since interference form neighbouring cells

would increase and this is a fact which is

of major significance for the UMTS-net-

work. Moreover, in the simulation exam-

ple given above the system capacity, that

is the number of maximum possible calls

per area, would be reduced so that the

installation, if need be, would have to be

equipped with new channels. This would

mean that the total transmission power is

increased and the effect reducing total

emissions would be weakened. As was

mentioned in the previous paragraph where

a reduction in transmission power was

dealt with, finding a suitable location will

be problematic, particularly as the sites

are “visible to everyone”. Zoning aspects

and aesthetics of the townscape also have

to be taken into consideration. Here a con-

structive dialogue among all of the partic-

ipants, especially among network provid-

ers, is indispensable.

Moving the base stations to higher
locations leads to an expansion of the
cell area and to a reduction in the
number of base stations. The total net-
work transmission power and total ex-
posure are reduced. In contrast, inter-
ference problems with neighbouring cells
has to be considered. The “visibility” of
the base stations will increase.




