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Abstract; The article presents selected issues related to GSM-R system installed by PKP for

the needs of ERTMS past-related control system, as well as the replacement of VHF analogue radio
system used so far in the Polish railway system. Particular attention was given to the problems of:
transition period, i.e. transition from the VHF system to the GSM-R system; proper installation of radio
antennas on traction vehicles during the transition period; interfering impact of public narrowband and

broadband mobile systems on the GSM-R system.
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1. Introduction

Digital GSM-R networks are already used in many European
and non-European Railway Managements. The objectives of
the UIC International Union of Railways were to standard-
ise European railway communication systems by introducing
the EIRENE (European Integrated Railway radio Enhanced
Network) project. GSM-R is a digital transmission system for
ETCS (European Train Control System), and together they
create ERTMS (European Rail Traffic Management System)
[7, 8]. In addition to data transmission for the needs of the
ETCS using the EDOR (European Train Control System Data
Only Radio) radio transmission, the GSM-R system assists the
transmission of voice information to a driver and other railway
services, which increased the role of the GSM-R system in the
field of safe operation of train traffic.

The GSM-R system is based on the GSM standard and is
completely compatible with it in terms of the radio interface,
however, in contrast to it, it meets higher requirements in
terms of service quality, both due to the fact that it is a trans-
mission medium for the rail traffic control system in the ETCS,
and it is also applied to conduct process radio communication.
For these reasons, it has an impact on the train traffic ope-
ration safety.

Autor korespondujacy:
Mirostaw Siergiejczyk, msi@wt.pw.edu.pl

Artykut recenzowany

nadestany 21.05.2019 r., przyjety do druku 27.06.2019 r

Zezwala sie na korzystanie z artykutu na warunkach
BY licencji Creative Commons Uznanie autorstwa 3.0

2. GSM-R digital railway radio
communication system

In Europe, ERTMS, namely the European Rail Traffic Man-
agement System, which includes, in addition to the GSM-R
system, the European Train Control System [ETCS] that is
designed to continuously collect and send data on a railway
vehicle, is being implemented. The GSM-R system is a trans-
mission medium for ETCS, it mediates the transmission of
information to a driver and other railway services [7, 9, 10].
By implementing the above-mentioned systems, the rail traffic
safety significantly improves and enables the real-time diag-
nostics of a vehicle. The immediate transfer of information
on the failure detection in a train brings many benefits, i.e.
it minimises the repair time, reduces the delay time, simpli-
fies the repair process, contributes to the efficiency increase,
reduces operational costs, and also allows to increase capacity
on individual railway lines by a precise definition of distances
between trains. It is also possible to activate the applications
dedicated for passengers, e.g. information on train timetables,
weather, and access to the Internet network, etc.

The equipment of the railway lines with the GSM-R, system
does not mean that the existing VHF radio communication
system will be out of service on these lines. Analogue systems
will be still available during the migration period, but they will
be additionally equipped with a RCS (Remote Control Sys-
tem). The adopted migration concept from the VHF analogue
system to the GSM-R digital system imposes additional obli-
gations, in terms of use and maintenance of both systems, on
operating services. The efficient management of such different
systems requires a lot of organisational effort and good class
professionals [11].

Owing to the interoperability of the GSM-R system, this
system can be divided into a track side part and a train side
part. The track side part includes a NSS (Network Switching
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System) subsystem, the main components of which are MSC
(Mobile Switching Centre) together with the following registers:
—HLR (Home Location Register),

— VLR (Visitors Location Register),

— EIR (Equipment Identity Register),

— GCR (Group Call Register),

—and OMC (Operation Maintenance Center) and BSS

(Base Subsystem).

The train side part includes a cab radio for the driver’s two-
-way communication with the environment (train dispatchers,
other drivers and other railway personnel, e.g. railway mainte-
nance workers) and a radio for the transmission of digital signals
associated with the ETCS, the so-called EDOR (ETCS Data
Only Radio) [11, 13].

The EIRENE standard defines five types of mobile stations
intended for the GSM-R network:

— train radiotelephone (Cab Radio) — used by the train driver),

— mobile radiotelephone for general purposes (General pur-
pose radio),

— mobile operational radiotelephone (Operational radio),

— shunting radiotelephone (Shunting radio),

— radiotelephone for ETCS needs (EDOR).

All of these devices (except for EDOR) should operate in three

frequency bands [15]:

— UIC band 876-880 / 921-925 MHz,

— GSM public band 890-915 / 935-960 MHz,

—E - GSM extended public band 880-890 / 925-935 MHz.

In the GSM-R system, it is possible to provide many tele-
communications services that could not be provided in the VHF
analogue radio communication system such as, for example,
addressing by the message recipient’s function, addressing by
location, etc.

3. GSM-R system receivers on traction
vehicles

A very important element of the train radio communication
is the cab radio, which not only serves to transmit the voice
between the drivers and train dispatchers, drivers and a train
crew, between drivers of various trains, but it also constitutes
an interface between a human (driver, train dispatcher) and
train traffic operation systems (e.g. “Radiostop” and “REC”
signals). The issue of the cab radio is particularly important
during the migration period of the entire radio communication
system, i.e. from the VHF analogue system to the GSM-R, dig-
ital system and, to a large extent, it depends on the adopted
migration method.

The National Implementation Plan of the European Rail Traf-
fic Management System stipulates that in Poland, it is planned
to implement the ETCS system for 5,000 km, and GSM-R, for
15,000 km of the railway lines. The GSM-R system in the per-
spective of a dozen or so years is to replace the currently ope-
rated, obsolete VHF 150 MHz analogue radio communication
system. During the migration period from the analogue system
to the GSM-R digital system, both systems will be operated
on the railway lines. The advantage of such a solution is that:
—on railway lines equipped with both radio communication

systems, trains equipped with an analogue or digital radio

communication system can move without any problems,

— the railway rolling stock can be successively equipped with
digital devices depending on financial capabilities and the area
of operation of railway carriers.

The use of two alarm signals on a single line requires the
development of special procedures and rules for train traffic
operation in emergency situations. The development of these
procedures is particularly important for the needs of the safe
train travel on the railway lines, equipped only with the GSM-R,
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system (without the ETCS system). According to the National
Implementation Plan of the European Rail Traffic Management
System, the number of such railway lines in Poland is to be
approx. 10,000 km.

The migration method adopted in Poland practically requires
the installation of the GSM-R/VHF dual-system cab radio in the
traction vehicles, which is connected with the installation of five
antennas on the traction vehicles’ roofs, i.e. antenna for voice
service in the GSM-R system, antenna for voice service in the
VHF analogue system, antenna for GPS and two antennas for
digital data transmission (two radios EDOR — Furopean Train
Control System Data Only Radio). Incorrectly selected locations
of these antennas on the roof of the locomotive may cause that
the signals generated by these antennas will interfere with each
other, which may lead to sending distorted information, e.g. to
the ETCS system. Since the traction vehicles are designed in
such a way that their operation is to last for several decades,
it would also be necessary for newly built traction vehicles to
provide space for broadband antennas, which would make, e.g.
broadband Internet services available for passengers.

The correct location of antennas on the traction vehicles
depends on [4]:

— the purpose of the antenna (voice transmission service, data
transmission service, broadband services),
—a type of the vehicle roof (flat roof, convex roof, roof with

a lowered section between cabins),

— infrastructure installed on the roof of the traction vehicle

(pantographs, air conditioning, etc.).

These antennas should be located at appropriate distances
on the roof of the traction vehicle so that they do not interfere
with each other. There are three main mechanisms of interac-
tion of radio waves that can cause interference problems such
as blocking, undesirable emissions and intermodulation. The
problems related to blocking, undesirable emissions and inter-
modulation can be avoided by ensuring sufficient physical iso-
lation of antennas connected to various radio systems [6, 12].
According to the RSSB (Radio Safety Standard Board) studies,
the antennas applied on the traction vehicles can be divided
into three groups [3]:

— voice transmission antennas (VHF, GSM-R) and GPS,
— data transmission antennas (EDOR),
— broadband system antennas (LTE, WiMax, etc.).

In order to provide the proper isolation between the groups of
these antennas, the recommended distance between them should
be at least 4 m. Figure 1 presents the risk characteristics of inter-
ference between various radio systems installed on the traction
vehicles as a function of separation distances of antennas [12]. It
should be assumed that small risks of interference between the
above-mentioned groups of antennas occur at distances greater
than 4 m. As the distance between antennas decreases, the risk
of interference increases.

Also in individual groups, individual antennas should be
arranged at certain, but much smaller distances than the above-
-mentioned groups of antennas, e.g. VHF and GSM-R antennas
for the voice transmission service should be installed at a sepa-
ration distance of not less than 0.5 m (in this case, it is very
unlikely that these two antennas will operate at the same time).

According to the English experts, the deliberations on the
location of antennas on the roofs of the traction vehicles, should
include a model of a simple, smooth roof with some curvatures
on both sides of the traction vehicle, and this model is suffi-
ciently accurate for many classes of the traction vehicles also
located in Poland [15]. This simple type of roof allows for good
multidirectional coverage from the antennas located at any place
of the roof axis. Such placement of the antenna allows for good
coverage at a low angle in the forward and reverse direction on
a train. This is especially important for the railway communi-
cation systems, where base stations are located along the rail-
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Fig. 1. Characteristics of the risk of interference between various
radio systems installed on the traction vehicles

Rys. 1. Charakterystyka ryzyka powstania zaktécert pomigdzy réznymi
systemami radiowym zainstalowanymi na pojazdach trakcyjnych

way tracks. Unfortunately, such a situation is too idealistic. On
the roofs of the traction vehicles, there are devices that intro-
duce restrictions for a theoretical “simple model” of the traction
vehicle roof. The first restriction is the gauge of the rolling stock
which does not allow to place the antennas of any height on the
roof of the vehicles. Therefore, in turn, special models of anten-
nas were developed but their selection is very limited in compa-
rison, for example, with road transport. The next restrictions
are engine fans, air conditioning of cabins and passenger com-
partments, pantographs and other devices occupying the roof
surface of the vehicle. A particularly difficult situation in terms
of the placement of antennas will occur in diesel locomotives,
where there is very little space on the locomotive roof. Modern
traction vehicles are air-conditioned, and the assembly of air-
-conditioning devices is performed on the locomotive roof, which
is a significant obstacle to the propagation of radio waves, espe-
cially, if the height of the antenna is lower than the height of the
air-conditioning device. The ideal would be the situation that
each antenna is placed higher than the “obstacles” on the roof.

The antennas on electric traction vehicles should be installed
several metres away from the pantographs in order to reduce
the broadband noise generated during sparking of pantographs.
According to experience in other railway managements, the GPS
antenna should be placed at least 5 m from the pantograph due
to a wide spectrum of interference generated during sparking,
however, other antennas should be at a distance of at least 4 m
[4, 15]. The raised pantograph has practically no impact on the
propagation of radio waves, while the folded pantograph acts as
a “metal solid” with an effect similar to the impact of the air-
-conditioning devices discussed above.

4. The issue of interference of the GSM-R
network receivers

The GSM-R system is based on the GSM standard and is com-
pletely compatible with it in terms of the radio interface, how-
ever, in contrast to it, it meets higher requirements in terms of
service quality, both due to the fact that it is a transmission
medium for the rail traffic control system in the ETCS, and it
is also applied to conduct process radio communication. For
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these reasons, this system has an impact on the safety of the
train traffic operation.

The terminals operating in the GSM-R network meet strictly
defined tasks and are assigned to specific groups of employees.
The EIRENE standards define five types of terminals intended
for the GSM-R network. These are [7, 10]:

— General Purpose Radio GPH (General Purpose Handheld) —

a general purpose mobile radiotelephone,

— Cab Radio — a train radiotelephone used by a train driver,

— Operational radio OPH (Operational Purpose Handheld) — an
operational mobile radiotelephone,

— Shunting radio OPS (Operational Purpose Handheld for Shun-
ting) — a shunting radiotelephone,

—EDOR (ETCS Data Only Radio) — a radiotelephone only for
the purposes of ETCS.

The proper operation of the GSM-R system may, under cer-
tain conditions, be affected by the public GSM systems. In the
general case, the interaction of the GSM-R network and the
network of public operators is associated with four types of radio
communication transceivers. They include:

— GSM-R network base stations,

— base stations of public networks,
— GSM-R network mobile stations,
— mobile stations of public networks.

All types of the GSM-R terminals belong to digital devices
containing both a transmission part and a receiving part. The
discussed issue of interference to the proper operation of termi-
nals concerns the receiving part, as it can be subjected to strong
signals from the BTS public transmitters. The two main causes
of interference to the proper operation of the GSM-R system
receivers include:

— undesirable emissions from public networks,
— too strong broadband signals.

As an effect of these reasons, at the receiver’s input, there

may occur the undesirable effects, such as:

— receiver sensitivity reduction,

— receiver blocking,

— out-of-band emissions,

— intermodulation,

—overloading of the input part of the radio system of the
receiver.

4. Receiver sensitivity reduction

The reduction of the receiver sensitivity is caused by: unde-
sirable radio emissions, intermodulation products and energy
transmission of undesirable signals due to the limited selec-
tivity of the receiver.

4.2. Blocking of receivers caused by a high level
of signals outside the GSM-R band
The receiver blocking is defined as the maximum level of the
interference signal expressed in dBm affecting the reduction of
specific sensitivity of the receiver by the certain number of dB
(usually 3 dB). Therefore, the receiver blocking phenomenon
is assessed at the level of the desired signal that is 3 dB higher
than the receiver sensitivity level and at a frequency different
from that desired signal. The receiver blocking is a measure of
the receiver’s capabilities of receiving the desired modulated
input signals in the presence of undesirable signals at frequen-
cies other than spurious responses or adjacent channels without
reducing the receiver’s performance below the acceptable limit.
The blocking and intermodulation effects of operation of the
GSM-R terminals occur when the interfering radio emissions
in the GSM system exceed the level of approx. 40 dBm. It is
compliant with the acceptable level of interfering signals [1],
however, it is in contradiction with the acceptable power of
out-of-band signals in the public band. As a result, the public
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Fig. 2. lllustration of the effect of undesirable emissions from the
UMTS/ LTE channel GSM-R [5]

Rys. 2. llustracja wptywu niepozadanych emisji z UMTS/ LTE w kanale
GSM-R [5]

network receivers may introduce signals that cause interference
to the operation of the GSM-R network receivers.

Out-of-band emission (OOB) occurs outside of the channel
band as a result of the modulation and non-linearity process in
the transmitter, without side emissions. The emissions discussed
here occur at the interface of adjacent bands. Interferences
occurring due to out-of-band emissions (OOB). Interferences
resulting from the direct adhesion of the GSM-R network chan-
nels and the public network operator are associated with insuf-
ficient suppression of out-of-band signals. The ETSI T'S 137 104
[2] standard defines this phenomenon in the following way that
out of band out- puts are unwanted signals coming directly from
outside the channel band resulting from the modulation and
non-linear processes in the transmitter, and are not undesirable
emissions. Thus, if the level of out-of-band signals is insuffi-
ciently suppressed in relation to the signal strength desired, this
signal will be exposed to interference (Fig. 2).

The types of interference present in the GSM-R network that
occur between the GSM-R and public GSM networks are mainly
dependent on the equipment of transceivers, including the fol-
lowing features:

— effectiveness of filtration of parasitic frequencies,

— characteristics of the propagation of radio waves of transmis-
sion antennas,

— transmitting power of transmitters,

— geographical location of base stations of interfering networks,

— the size of separation between transmission channels interfe-
ring with networks,

— levels of the network interfering signals at the ends of cells.

The most frequent impact of public networks on GSM-R,
results in blocking and intermodulation in the GSM-R rece-
iving terminals. In some cases, there is also a broadband noise
phenomenon. The interference was more often observed during
the reception of low-power signals. As a result, the receivers
have reduced sensitivity, and as a consequence, they can be
overloaded and block the possibility of correct communication.

According to the recommendations set by [14] the GSM-R
radio network signal level for the lines equipped with ETCS for
the speed of 220 km (ETCS 2) cannot be lower than 95 dBm
and for the speed of 280 km/h lower than 92 dBm (ETCS 3).
Therefore, in some countries (e.g. Norway, Sweden, Switzerland),
in order to guarantee a proper difference in signals between the
GSM-R network and the public operators’ networks, it was assu-
med that the levels of signals from the GSM network narrow-
band transmitters cannot exceed the level of =107 dBm,/200 kHz
in the railway areas. In case of the UMTS and LTE broadband
networks, it was adopted that the signal level for the first frequ-
ency block adjacent to the GSM-R band should not be transmit-
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ted with power exceeding the value of -33 dBm/5 MHz, and in
subsequent channels, it should not exceed —23 dBm/5 MHz [13].

5. Conclusion

The article discusses the mobile on-board part of the GSM-R
system in the field of radiotelecommunications services on driv-
ers as well as the rules of the placement of the radio system
antennas installed on the traction vehicles. The considerations
were limited to radiotelecommunications services which will
be most often used by the railway vehicle drivers and to the
selected rules for installation of antennas in the traction vehi-
cles that have a direct impact on the transmitted information
quality (e.g. only physical separation of antennas was discussed
and a method for using appropriate filters was omitted).

The authors believe that the appropriate rules of, e.g. instal-
lation of antennas should be developed in Poland for each type
of the traction vehicle and its “roof” equipment, on which the
appropriate antenna types will be installed for the provision
of specific radiotelecommunications services. For example, it is
currently possible to apply multi-band antennas as well as fre-
quency multiplexers that allow to reduce the number of anten-
nas and perhaps may allow to reduce the antenna separation
distances. The adopted quality of services (QoS) for individual
telecommunications services is also important, e.g. there is diffe-
rent quality for the voice transmission service, and the different
one for the data transmission service (EDOR). The data trans-
mission quality will have a decisive impact on the separation
distances of antennas.

The interruption of radio communication used in the railway
rolling stock has a huge impact on the train traffic and the safety
of passengers and service providers. The continuous availability
and accessibility to the GSM-R network is needed to transmit
and receive alarm signals (Railway Emergency Call) along the
entire railway line. In addition, depending on the railway ope-
rational needs, critical zones can be identified at the national
level, in the places such as:

— places where trains start or continue their travel after stop-
ping,

— places where dangerous situations may occur,

—areas with ETCS level 2/3, where continuous data transmis-
sion is required:

— limit zones of ETCS Level 2/3,

— places where a handover occurs.

The GSM-R digital rail radio communication system belongs
to important elements affecting the technological process course
in the railway transport. The direct adherence of the GSM-R
system operation band and the transmission band of public ope-
rators promotes the creation of interference, the effects of which
have a direct influence on the operation of the GSM-R system
receivers. The work carried out at CEPT and ETSI resulted
in the creation of a series of guidelines aimed at weakening the
impact of adverse effects on the GSM-R receivers. Among them,
it is indicated to improve the filtration of the receiver’s input
stages and the use of improved GSM-R modems. Subsequen-
tly, it is proposed to reduce the power of transmitters of public
operators emitting the radio signals towards the railway areas,
and to reorganise the frequency in the band directly adjacent
to the GSM-R band.
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Wybrane zagadnienia jakosci pracy odbiornikow sieci GSM-R

Streszczenie: w artykule przedstawiono wybrane problemy zwigzane z instalowanym przez PKP
systemem GSM-R dla potrzeb przesziosciowego systemu sterowania ERTMS a takze zastgpienia
radiowego systemu analogowego VHF stosowanego do tej pory w polskim kolejnictwie. Szczegding
uwage poswiecono problemom: okresu przejsciowego tj. przejscia z systemu VHF do systemu
GSM-R, odpowiedniej instalacji anten radiowych na pojazdach trakcyjnych w okresie przejsciowym,
zaktdécajgcego wptywu publicznych systemdw komdrkowych wasko- i szerokopasmowych na system
GSM-R.

Stowa kluczowe: odbiornik, radio kabinowe, GSM-R, zaktocenia, GSM
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