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Building TETRA coverage to energy production  
tunnels

Creowave enhanced the TETRA network cover-
age in the tunnels of Finnish power production 
company, Helsingin Energia.

Modern metropolitan cities are filled with un-
derground tunnels which must have broad-

casting services for personal and emergency 
communications. As far as emergency communi-
cations are concerned, TETRA is the leading tech-
nology in Asia and Europe.

The capital of Finland, the city of Helsinki, is not 
an exception when it comes to a huge variety of 
underground tunnels in the city. One of these 

tunnel networks belongs to Helsingin Energia, 
one of the largest energy production companies 
in Finland. 

In 2009 Helsingin Energia started a project to en-
hance TETRA network coverage inside a service 
tunnel in the area of Helsinki. The service tunnel 
includes e.g. district heating pipes. The tunnel is 
used by personnel of Helsingin Energia as well as 
various service men. In order to be able to com-
municate in the kilometers long underground 
tunnels an adequate TETRA network coverage 
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needs to be assured. 

- We have many kilometers long underground 
tunnels under the city of Helsinki. For exam-
ple the district heat pipes are distributed in the 
tunnels as well as the network of water supply. 
In these locations the personnel works regu-
larly. Already the tunnel itself creates a chal-
lenging working environment and in addition 
to that, the district heat network can cause 
threatening situations if there occur a leak in 
the pipe or valve. That way a load of hot water 
and steam gets to the tunnels. In these situa-
tions it is important the communication works. 
The HelenNet TETRA network is built to every 
tunnel of Helsingin Energia to assure the safety 
as well as to help the communication of person-
nel in their everyday work, comments Markus 
Weiström, who is responsible for the mainte-
nance and installations of the TETRA network.

Helsingin Energia chose 
Creowave, a Finnish high-
tech company specialized 
in RF & Microwave solu-
tions, to build the TETRA 
network coverage into 
the tunnels. Creowave 
has experience in provid-
ing solutions to enhance 
the TETRA network cover-
age. Company’s business 
area of Professional Radio 
offers a variety of TETRA 
repeaters that allow a 
cost-effective enhance-
ment of the network.
As mentioned, after the quarrying of the tun-
nels, the tunnels were lacking TETRA network 
coverage. Only few driving ramps and the 
service clefts had an adequate coverage from 
the 16 base stations surrounding the tunnels.

The TETRA coverage was needed to whole tunnel 
and also to the clefts. TETRA network coverage 
for the tunnels was built using Creowaves TETRA 
repeaters. The network coverage was planned 
to build to a redundant status which means that 
e.g. power breakdown or breakdown of one base 
station does not compromise the entire radio 
coverage. This would only lead to degrading of 
coverage locally and not destroy the whole TET-
RA network coverage in the tunnels.

The coverage for the 
tunnels was built 
using Creowave 
repeaters. An opti-
mal solution for this 
specific case was 
planned – the best, 
reasonable and 
cost-effective solu-
tion for this case 
was to enhance 
the coverage with 
five Creowave re-
peaters, leaky feed-
ers and antennas. 

The tunnels required 5 repeaters – 3 band se-
lective Indoor Repeaters and two band and/
or channel selective Hybrid Repeaters. In addi-
tion to these repeaters leaky feeders were used. 

We wanted to build the network to redundant 
status by bringing the signals to the tunnels 
from different base stations. This increases the 
reliability of the network. These were the reasons 
why Creowave and its solutions were chosen.

Markus Weiström, Helsingin Energia
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The leaky feeders are a perfect choice for 
tunnels because in addition to the TETRA 
signal also GSM signal can be carried in it.

The redundant nature of the network structure 
defines the positions of the repeaters so that 
there has to be a repeater on the edges of the 
coverage area. Because of the quite complex 
structure of the tunnels there has to be 4 edge 
repeaters. These edge repeaters feed just one 
leaky feeder to one direction. In addition to the 
edge repeaters also one repeater is needed for 
the middle of the coverage area. This repeater 
feed several, usually two feeders heading to dif-
ferent directions. In order to provide coverage 
also in the service clefts that rise upward from 
the tunnel, several couplers were used. Couplers 
“steal” a small amount of the repeater power and 
with an antenna the signal is carried to the clefts. 
to split the signal into two different directions.

The five repeaters were installed in five differ-
ent installation sites. Typically the sites were 
service clefts, enabling easy access for serv-
ice and maintenance. In three of five instal-
lation sites a good separation between base 
stations was achieved using directive anten-
nas. This enabled the use of band selective re-
peater, the most cost-effective repeater type. 

Installation sites.

Two other installation sites were more challeng-
ing. In installation site 3 two strong base station 
signals were discovered. These are the same sig-
nals that are present in installation site 2. These 
unwanted signals cannot be separated using 
reasonable sized directional antenna and accept-
able height mast.  Similarly the site 4 base station 
signals are strong in installation site 5. Addition-
ally, the unwanted base station signals were very 
close in frequency to the wanted signal, making 
the use of channel selective repeater mandatory. 
In installation site 3, the frequency separation was 
as small as 50 kHz. For these reasons, the Creowave 
Hybrid Repeater was chosen for these locations.

Due to its filtering challenges the installation site 
3 solution is investigated here in detail. As men-
tioned above, the frequency separation between 
wanted and unwanted signals was as small as 
50 kHz. Figures 1 to 4 present the downlink di-
rection power spectrum, measured from the re-
peater port, normally connected to leaky feeder 
network. Figure 1 presents the spectrum, when 
the Hybrid is used in band selective mode (1 MHz 
band width). The wanted channels are M1 and M2. 
All the other signals are unwanted signals, main-
ly from several surrounding TETRA base stations. 
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When building tunnel coverage, however, the 
small filter delay of standard filters is of less im-
portance due to the isolated structure of the un-
derground tunnel where a direct signal from base 
station does not penetrate into the tunnel. Due 
to this, custom filtering with additional notches 
on M3 and M4 was designed for this application. 
Application of this filter results in very clean pow-
er spectrum (Figure 3), all the interfering signals 
and TETRA channels are separated by more than 
30 dB relative to wanted base station channel M1. 

Figure 1. Downlink power spectrum in installation site 3 when the Hybrid 
Repeater is in band selective mode, the standard 1 MHz filter is used.

In particular, the strong M3 and M4 channels 
are the unwanted ones, as they are distribut-
ed in the tunnels by installation site 2 repeater.

The Hybrid Repeater is equipped with standard 
set of filters. This set of filters is optimized for both 
indoor coverage and tunnel usage. In typical in-
door site, multi-floor building, the filters have to 
have relatively small delay to remove the prob-
lems in the overlapping areas where a direct signal 
from base station and from the repeater confront. 
In Figure 2 the standard 25 kHz filters are applied 
to both wanted carriers (M1 and M2).  The figure 
demonstrates that despite the relatively narrow 
filters, the unwanted carrier M3 close to carrier M2 
is still very strong relative to wanted carrier M1.

Figure 2. Downlink power spectrum in installation site 3 when the Hybrid 
Repeater is in channel selective mode. The standard 25 kHz filter is used to 
filter unwanted signals.

Figure 3. Downlink spectrum in installation site 3 when the Hy-
brid Repeater is in channel selective mode. The custom ultra-nar-
row 25 kHz filter is used to filter basically all unwanted signals.
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Figure 4. Downlink spectrum in installation site 3 when the Hybrid 
Repeater is in channel selective mode, and when the network is loaded 
using several calls. The custom ultra-narrow 25 kHz filter is used to filter 
basically all unwanted signals.

Finally Figure 4 presents the situation, when sev-
eral handheld TETRA terminals are used inside 
the service tunnel. Both wanted TETRA signals 
M1 and M2 are present, while all the interfering 
signals are absent.

During the tests made in April 2010 
we discovered that the coverage en-
hancement solutions provided by Cre-
owave have succeeded as planned.

Markus Weiström, Helsingin Energia

Enhancing the TETRA network coverage in the 
service tunnels of Helsingin Energia has pro-
ceeded as planned. Four repeaters of five are 
now installed and the final one will be installed 
when the tunnel is finished in the autumn 2010. 
According to the measurements operated in 
April 2010, the coverage for the finished areas 
is accomplished according to plan and the cus-
tomer is satisfied with the results. The work-
ers of Helsingin Energia and also other service 
men are now able to communicate in under-
ground tunnels, in the challenging environment.
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