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Abstract 

Mobile communications are a changing and really competitive market.  Companies try 
to release new products and upgrade the old ones as soon as possible. And in this 
context it is where Ericsson Test Environment makes available to its customer one of 
the most comprehensive GSM test environments in the world.  

The test site at customer disposal provides a good environment for testing purpose 
and it allows them to improve and develop their products in really interesting time 
terms. 

To make this possible, a huge GSM network is enclosed inside its facilities and this 
entails some problem, mainly in the radio environment. 

The main aim of this thesis work is to study the radio network from an EMC point of 
view, how all this equipment interacts to each other and to propose possible 
improvements in order to make a test environment more competitive. Moreover, it will 
be valued electric magnetic field in the plant with the intention to find out if is possible 
to warrantee an operation free of disruption in the equipment.  
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1 Introduction 

This report constitutes a master’s thesis at department of Electrical Engineering (ISY) 
at Linköping University. 

1.1 Background 

This thesis is written at Ericsson Test Environment AB  in Linköping. The work began 
in April 2005 and ended in October 2005 with this report. Supervisor of the work was 
Mr. Lars Blume and the examiner was Associate Professor Kent Palmkvist at 
department of Electrical Engineering (ISY), Linköping University.  

1.2 Purpose 

The aim of this report is to: 

• Describe the operation carried out by Ericsson Test Environment in 
Linköping. 

• Explain the latest part of the GSM network in the test site, the radio network. 
Afterwards, to present the problems which are coming up due to complexity 
of handling all this resources in an enclosed area.  

• Study possible signal leakages in the different elements which compose the 
RF network, 

- Mobile Stations 
- Mobile Station Racks 
- Base Stations. 
- … 

• Check electric field values in the site in order to know if the EMC 
requirements are being fulfilled as well as value to study possible elements 
that may increase this level. 

• Discuss possible improvements to carry out in the test site. 

 

1.3 Prerequisites & Reading recommendation 

Although the reader must have general knowledge about GSM and mobile 
telecommunication to be able to understand well the subject, in chapter Technical 
Background, this report contains a briefly description of the topic essentially focus on 
the matter in which the thesis will work on.   

The main limitation for a reader completely strange to Telecommunication issues could 
be in relation with radio communication since it is expected a strong knowledge on it. 
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As a consequence, it could be advisable to read through some book about the topic 
before read this thesis. 

Regarding with activities developed by Ericsson Test Environment in Linköping, it is 
possible to find a briefly description in section: Environmental Background as well as 
detailed description of the problem. 

   

1.4 Structure of the report 

This is the structure of the thesis: 

1. Introduction 

This chapter explains the purpose and scope of the master’s thesis and 
briefly describes the structure of this report. 

2. Technical Background 

Chapter 2 contains a brief description of the main GSM network nodes as 
well other important topics such as channel concepts in GSM, in order to 
make more understandable the thesis.  

3. Environmental Background. 

The purpose of this chapter is to give overview about the problem itself 
besides to show the operation carried out for Ericsson Test Environment in 
Linköping. 

4. Interferences in Control Rooms 

To know If the measures taken in control rooms so far are good enough to 
avoid interferences it is the main goal of this chapter, moreover, it is valued if 
another kind of measure is advisable. 

5. Interferences in Mobile Station Racks 

Chapter 5 contains several studies in relation with the isolation provided by 
the cabinets where mobile stations are kept. It is also presented a study 
about the leakages in the cell phones as well as possible interferences 
between MS racks placed one next to each other. 

6. Interferences in BTS Rooms 

In this chapter is analyzed the radio environment inside these rooms. Also is 
showed some results in relation with leakages in different BTS Ericsson 
models. Beside, It is studied the possibility to remove the internal antenna in 
mobile stations before to placed them inside the MS-Racks. 
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7. Interferences in APZ core.  

First of all a briefly introduction about European regulation and internal 
regulation in Ericsson according with EMC matters is presented. Then are 
exposed all the measures taken in the test site.  

8. Future Work 

Possible ideas for further studies after this thesis work. 

9. Useful Figures 

Some figures that can help to the right interpretation of this thesis 

10. References 

An index of references used to gather the information in the thesis. 

11. Abbreviation 

A list of shorted form of useful and often used phrases.  

 

 

 

 

 

 

 

.
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2 Technical Background 

2.1 GSM Overview 

The purpose of this chapter is to help the reader to understand the problem domain. 
The information presented in this chapter has been obtained from [1], [2] and [20].  

2.1.1 History of GSM 

During the early 1980s, analog cellular telephone systems were experiencing rapid 
growth in Europe, particularly in Scandinavia and the United Kingdom, but also in 
France and Germany. Each country developed its own system, which was 
incompatible with everyone else's in equipment and operation. This was an 
undesirable situation, because not only was the mobile equipment limited to operation 
within national boundaries, which in a unified Europe were increasingly unimportant, 
but there was also a very limited market for each type of equipment, so economies of 
scale and the subsequent savings could not be realized.  

The Europeans realized this early on, and in 1982 the Conference of European Posts 
and Telegraphs (CEPT) formed a study group called the Groupe Spécial Mobile 
(GSM) to study and develop a pan-European public land mobile system. The proposed 
system had to meet certain criteria:  

• Good subjective speech quality  
• Low terminal and service cost  
• Support for international roaming  
• Ability to support handheld terminals  
• Support for range of new services and facilities  
• Spectral efficiency  
• ISDN compatibility  

In 1989, GSM responsibility was transferred to the European Telecommunication 
Standards Institute (ETSI), and phase I of the GSM specifications were published in 
1990. Commercial service was started in mid-1991, and by 1993 there were 36 GSM 
networks in 22 countries. Although standardized in Europe, GSM is not only a 
European standard. Over 200 GSM networks (including DCS1800 and PCS1900) are 
operational in 110 countries around the world. In the beginning of 1994, there were 1.3 
million subscribers worldwide, which had grown to more than 55 million by October 
1997. With North America making a delayed entry into the GSM field with a derivative 
of GSM called PCS1900, GSM systems exist on every continent, and the acronym 
GSM now aptly stands for Global System for Mobile communications.  

The developers of GSM chose an unproven (at the time) digital system, as opposed to 
the then-standard analog cellular systems like AMPS in the United States and TACS in 
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the United Kingdom. They had faith that advancements in compression algorithms and 
digital signal processors would allow the fulfillment of the original criteria and the 
continual improvement of the system in terms of quality and cost. The over 8000 
pages of GSM recommendations try to allow flexibility and competitive innovation 
among suppliers, but provide enough standardization to guarantee proper interworking 
between the components of the system. This is done by providing functional and 
interface descriptions for each of the functional entities defined in the system.  

2.1.2 Services provided by GSM 

From the beginning, the planners of GSM wanted ISDN compatibility in terms of the 
services offered and the control signaling used. However, radio transmission 
limitations, in terms of bandwidth and cost, do not allow the standard ISDN B-channel 
bit rate of 64 kbps to be practically achieved.  

Using the ITU-T definitions, telecommunication services can be divided into bearer 
services, teleservices, and supplementary services. The most basic teleservice 
supported by GSM is telephony. As with all other communications, speech is digitally 
encoded and transmitted through the GSM network as a digital stream. There is also 
an emergency service, where the nearest emergency-service provider is notified by 
dialing three digits (similar to 911).  

A variety of data services is offered. GSM users can send and receive data, at rates 
up to 9600 bps (up to 384 kbps with EDGE technology), to users on POTS (Plain Old 
Telephone Service), ISDN, Packet Switched Public Data Networks, and Circuit 
Switched Public Data Networks using a variety of access methods and protocols, such 
as X.25 or X.32. Since GSM is a digital network, a modem is not required between the 
user and GSM network, although an audio modem is required inside the GSM network 
to interwork with POTS.  

Other data services include Group 3 facsimile, as described in ITU-T recommendation 
T.30, which is supported by use of an appropriate fax adaptor. A unique feature of 
GSM, not found in older analog systems, is the Short Message Service (SMS). SMS is 
a bidirectional service for short alphanumeric (up to 160 bytes) messages. Messages 
are transported in a store-and-forward fashion. For point-to-point SMS, a message can 
be sent to another subscriber to the service, and an acknowledgement of receipt is 
provided to the sender. SMS can also be used in a cell-broadcast mode, for sending 
messages such as traffic updates or news updates. Messages can also be stored in 
the SIM card for later retrieval.  

Supplementary services are provided on top of teleservices or bearer services. In the 
current (Phase I) specifications, they include several forms of call forward (such as call 
forwarding when the mobile subscriber is unreachable by the network), and call 
barring of outgoing or incoming calls, for example when roaming in another country. 
Many additional supplementary services will be provided in the Phase 2 specifications, 
such as caller identification, call waiting, multi-party conversations.  
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2.2 GSM Network Elements 

 

Figure 1. GSM Network Overview 

A GSM network consists of the following network components:  

• Mobile station (MS) 
• Base transceiver station (BTS) 
• Base station controller (BSC) 
• Base station subsystem (BSS) 
• Mobile switching center (MSC) 
• Authentication center (AuC) 
• Home location register (HLR) 
• Visitor location register (VLR) 
 

Mobile Station 

The mobile station (MS) is the starting point of a mobile wireless network. The MS can 
contain the following components: 

• Mobile terminal (MT)—GSM cellular handset 
• Terminal equipment (TE)—PC or personal digital assistant (PDA) 

The MS can be two interconnected physical devices (MT and TE) with a point-to-point 
interface or a single device with both functions integrated. 



 

 

Radio Environment Improvement 
Technical Background 

 

 

8 Department of Electrical Engineering
Division of Electronic System

Linköping Universitet

Base Transceiver Station 

When a subscriber uses the MS to make a call in the network, the MS transmits the 
call request to the base transceiver station (BTS). The BTS includes all the radio 
equipment (i.e., antennas, signal processing devices, and amplifiers) necessary for 
radio transmission within a geographical area called a cell. The BTS is responsible for 
establishing the link to the MS and for modulating and demodulating radio signals 
between the MS and the BTS. 

2-4 

Base Station Controller 

The base station controller (BSC) is the controlling component of the radio network, 
and it manages the BTSs. The BSC reserves radio frequencies for communications 
and handles the handoff between BTSs when an MS roams from one cell to another. 
The BSC is responsible for paging the MS for incoming calls. 

 

Base Station Subsystem 

A GSM network is comprised of many base station subsystems (BSSs), each 
controlled by a BSC. The BSS performs the necessary functions for monitoring radio 
connections to the MS, coding and decoding voice, and rate adaptation to and from 
the wireless network. A BSS can contain several BTSs. 

Mobile Switching Center 

The mobile switching center (MSC) is a digital ISDN switch that sets up connections to 
other MSCs and to the BSCs. The MSCs form the wired (fixed) backbone of a GSM 
network and can switch calls to the public switched telecommunications network 
(PSTN). An MSC can connect to a large number of BSCs. 

Equipment Identity Register 

The equipment identity register (EIR) is a database that stores the international mobile 
equipment identities (IMEIs) of all the mobile stations in the network. The IMEI is an 
equipment identifier assigned by the manufacturer of the mobile station. The EIR 
provides security features such as blocking calls from handsets that have been stolen. 

Home Location Register 

The home location register (HLR) is the central database for all users to register to the 
GSM network. It stores static information about the subscribers such as the 
international mobile subscriber identity (IMSI), subscribed services, and a key for 
authenticating the subscriber. The HLR also stores dynamic subscriber information 
(i.e., the current location of the mobile subscriber). 
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Authentication Center 

Associated with the HLR is the authentication center (AuC); this database contains the 
algorithms for authenticating subscribers and the necessary keys for encryption to 
safeguard the user input for authentication. 

Visitor Location Register 

The visitor location register (VLR) is a distributed database that temporarily stores 
information about the mobile stations that are active in the geographic area for which 
the VLR is responsible. A VLR is associated with each MSC in the network. When a 
new subscriber roams into a location area, the VLR is responsible for copying 
subscriber information from the HLR to its local database. This relationship between 
the VLR and HLR avoids frequent HLR database updates and long distance signaling 
of the user information, allowing faster access to subscriber information. 

The HLR, VLR, and AuC comprise the management databases that support roaming 
(including international roaming) in the GSM network. These databases authenticate 
calls while GSM subscribers roam between the private network and the public land 
mobile network (PLMN). The types of information they store include subscriber 
identities, current location area, and subscription levels. 

2.2.1 GSM Radio Interface 

For the GSM-900 system1, two frequency bands have been made available: 

• 890 - 915 MHz for the uplink (direction MS to BS) 
• 935 - 960 MHz for the downlink (direction BS to MS). 

And in GSM-1800: 

• 1710 - 1785 MHz for the uplink (direction MS to BS) 
• 1805 - 1880 MHz for the downlink (direction BS to MS). 

GSM uses a combination of both TDMA and FDMA techniques. The FDMA element 
involves the division by frequency of the (maximum) 25 MHz bandwidth into 124 
carrier frequencies spaced 200 kHz apart as already described. 

The carriers are then divided in time, using a TDMA scheme. The fundamental unit of 
time is called a burst period and it lasts for approximately 0.577 mS (15/26 mS). Eight 
of these burst periods are grouped into what is known as a TDMA frame. This lasts for 
approximately 4.615 ms (i.e.120/26 ms) and it forms the basic unit for the definition of 
logical channels. One physical channel is one burst period allocated in each TDMA 
frame. 

                                                
1 Note that two alternative systems with additional capacity have been designed: the GSM-1800 and the PCS-

1900 that operates respectively on 1.8GHz and 1.9 GHz carriers. 
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There are different types of frame that are transmitted to carry different data, and also 
the frames are organised into what are termed multiframes and superframes to 
provide overall synchronisation. 

Basic signal characteristics 

Accordingly the system is able to offer a higher level of spectrum efficiency that that 
which was achieved with the previous generation of analogue systems. As there are 
many carrier frequencies that are available, one or more can be allocated to each 
base station. The system also operates using Frequency Division Duplex and as a 
result, paired bands are needed for the up and downlink transmissions. The frequency 
separation is dependent upon the band in use.  

 

The carrier is modulated using Gaussian Minimum Shift Keying (GMSK). GMSK was 
used for the GSM system because it is able to provide features required for GSM. It is 
resilient to noise when compared to some other forms of modulation, it occupies a 
relatively narrow bandwidth, and it has a constant power level. 

The data transported by the carrier serves up to eight different users under the basic 
system. Even though the full data rate on the carrier is approximately 270 kbps, some 
of this supports the management overhead, and therefore the data rate allotted to 
each time slot is only 24.8 kbps. In addition to this error correction is required to 
overcome the problems of interference, fading and the like. This means that the 
available data rate for transporting the digitally encoded speech is 13 kbps for the 
basic vocoders. 

 

Figure 2. BS -MS Radio Link 
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Multipath equalization 

At the 900 MHz range, radio waves bounce off everything - buildings, hills, cars, 
airplanes, etc. Thus many reflected signals, each with a different phase, can reach an 
antenna. Equalization is used to extract the desired signal from the unwanted 
reflections. It works by finding out how a known transmitted signal is modified by 
multipath fading, and constructing an inverse filter to extract the rest of the desired 
signal. This known signal is the 26-bit training sequence transmitted in the middle of 
every time-slot burst. The actual implementation of the equalizer is not specified in the 
GSM specifications.  

Frequency hopping 

The mobile station already has to be frequency agile, meaning it can move between a 
transmit, receive, and monitor time slot within one TDMA frame, which normally are on 
different frequencies. GSM makes use of this inherent frequency agility to implement 
slow frequency hopping, where the mobile and BTS transmit each TDMA frame on a 
different carrier frequency. The frequency hopping algorithm is broadcast on the 
Broadcast Control Channel. Since multipath fading is dependent on carrier frequency, 
slow frequency hopping helps alleviate the problem. In addition, co-channel 
interference is in effect randomized.  

Discontinuous transmission 

Minimizing co-channel interference is a goal in any cellular system, since it allows 
better service for a given cell size, or the use of smaller cells, thus increasing the 
overall capacity of the system. Discontinuous transmission (DTX) is a method that 
takes advantage of the fact that a person speaks less that 40 percent of the time in 
normal conversation, by turning the transmitter off during silence periods. An added 
benefit of DTX is that power is conserved at the mobile unit.  

The most important component of DTX is, of course, Voice Activity Detection. It must 
distinguish between voice and noise inputs, a task that is not as trivial as it appears, 
considering background noise. If a voice signal is misinterpreted as noise, the 
transmitter is turned off and a very annoying effect called clipping is heard at the 
receiving end. If, on the other hand, noise is misinterpreted as a voice signal too often, 
the efficiency of DTX is dramatically decreased. Another factor to consider is that 
when the transmitter is turned off, there is total silence heard at the receiving end, due 
to the digital nature of GSM. To assure the receiver that the connection is not dead, 
comfort noise is created at the receiving end by trying to match the characteristics of 
the transmitting end's background noise.  

Discontinuous reception 

Another method used to conserve power at the mobile station is discontinuous 
reception. The paging channel, used by the base station to signal an incoming call, is 
structured into sub-channels. Each mobile station needs to listen only to its own sub-
channel. In the time between successive paging sub-channels, the mobile can go into 
sleep mode, when almost no power is used.  
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Power control 

There are five classes of mobile stations defined, according to their peak transmitter 
power, rated at 20, 8, 5, 2, and 0.8 watts. To minimize co-channel interference and to 
conserve power, both the mobiles and the Base Transceiver Stations operate at the 
lowest power level that will maintain an acceptable signal quality. Power levels can be 
stepped up or down in steps of 2 dB from the peak power for the class down to a 
minimum of 13 dBm (20 milliwatts).  

The mobile station measures the signal strength or signal quality (based on the Bit 
Error Ratio), and passes the information to the Base Station Controller, which 
ultimately decides if and when the power level should be changed. Power control 
should be handled carefully, since there is the possibility of instability. This arises from 
having mobiles in co-channel cells alternatingly increase their power in response to 
increased co-channel interference caused by the other mobile increasing its power. 
This in unlikely to occur in practice but it is (or was as of 1991) under study. 

2.2.2 GSM Channels 

Each timeslot on a TDMA frame is called a physical channel. Therefore, there are 8 
physical channels per carrier frequency in GSM. Physical channels can be used to 
transmit speech, data or signaling information. 

A physical channel may carry different messages, depending on the information that is 
to be sent. These messages are called logical channels. For example, on one of the 
physical channels used for traffic, the traffic itself is transmitted using a Traffic 
CHannel (TCH) message, while a handover instruction is transmitted using a Fast 
Associated Control Channel (FACCH) message. 

Channels are defined by the number and position of their corresponding burst periods. 
Channels can be divided into traffic channels, and control channels.  

Figure 3. TDMA: Physical and Logical Channels 
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2.2.3 Traffic channels 

A traffic channel (TCH) is used to carry speech and data traffic. Traffic channels are 
defined using a 26-frame multiframe, or group of 26 TDMA frames. The length of a 26-
frame multiframe is 120 ms, which is how the length of a burst period is defined (120 
ms divided by 26 frames divided by 8 burst periods per frame). Out of the 26 frames, 
24 are used for traffic, 1 is used for the Slow Associated Control Channel (SACCH) 
and 1 is used  with idle purpose. TCHs for the uplink and downlink are separated in 
time by 3 burst periods, so that the mobile station does not have to transmit and 
receive simultaneously, thus simplifying the electronics.  

Half-rate TCHs will effectively double the capacity of a system once half-rate speech 
coders are specified (i.e., speech coding at 6,5 kbps, instead of 13 kbps).  

2.2.4 Control channels 

Control channels are in charge of transporting signaling information as well as certain 
parameter for monitoring the radio channel. We can distinguish  three groups of 
control channels Broadcast channels (BCH), Common Control Channels (CCH) and 
Dedicated Control Channel (DCCH) . Eighth-rate TCHs are also specified, and are 
used for signaling. In the recommendations, they are called Stand-alone Dedicated 
Control Channels (SDCCH).  Due to the purpose of this thesis we will see just BCCH 
channel in this theoretical introduction. 

Broadcast Control Channel (BCCH)  

Continually broadcasts, on the downlink, information including base station identity, 
frequency allocations, and frequency-hopping sequences.  

Broadcast CHannels (BCH's) 
Logical Channel 

 
Direction BTS MS 

Frequency 
Correction 

CHannel (FCCH) 

 

Downlink, 
point to 
multipoint 

 

Transmits a carrier 
frequency. 

 

Identifies BCCH carrier 
by the carrier frequency 
and  synchronizes with 
the frequency. 
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Synchronization 

CHannel (SCH) 

 

Downlink, 
point to 
multipoint 

 

Transmits information 
about the TDMA 
frame structure in a 
cell (e.g. frame 
number) and the BTS 
identity (Base Station 
Identity Code (BSIC)). 

 

Synchronizes with the 
frame structure within a 
particular cell, and 
ensures that the chosen 
BTS is a GSM BTS - 
BSIC can only be 
decoded by an MS if the 
BTS belongs to a GSM 
network. 

 

Broadcast 

Control Channel 
(BCCH) 

 

Downlink, 

point to 

multipoint 

 

 

Transmits information 
about the TDMA 
frame structure in a 
cell (e.g. frame 
number) and the BTS 
identity (Base Station 
Identity Code (BSIC)). 

 

LAI information, To 
send  the neighbor cell 
description (ARFCN 
Channels), Random 
access parameters. 

 

Table 1. Broadcast Channel 

Logical channels are transmitted on physical channels. The method of placing logical 
channels on physical channels is called mapping. While most logical channels take 
only one time slot to transmit, some take more. If so, logical channel information is 
carried in the same physical channel time slot on consecutive TDMA frames. Because 
logical channels are short, several logical channels can share the same physical 
channel, making the use of time slots more efficient. 

2.2.5 Burst structure 

There are four different types of bursts used for transmission in GSM. The normal 
burst is used to carry data and most signalling. It has a total length of 156.25 bits, 
made up of two 57 bit information bits, a 26 bit training sequence used for 
equalization, 1 stealing bit for each information block (used for FACCH), 3 tail bits at 
each end, and an 8.25 bit guard sequence. The 156.25 bits are transmitted in 0.577 
ms, giving a gross bit rate of 270.833 kbps.  

The F burst, used on the FCCH, and the S burst, used on the SCH, have the same 
length as a normal burst, but a different internal structure, which differentiates them 
from normal bursts (thus allowing synchronization). The access burst is shorter than 
the normal burst, and is used only on the RACH. 
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3 Environmental Background 

3.1 Test Environment 

Test Environment means all kinds of equipment, networks and services provided today 
and in the future, owned or leased by Ericsson, for testing of products in the R&D and 
Supply & Support processes. The main responsibility is with the management of the 
resources, and the supply of test environments to the user base. This includes the 
configuration, maintenance and support of the respective test environments and the 
test equipment. 

 

3.1.1 Ericsson Test Environment at Linköping 

This Unit is formed to provide an efficient test environment operation to Ericsson users 
and to customers. It will minimize capital expenditures and cost of operations and will 
operate as the only internal test service provider. The main responsibility is with the 
management of the resources, and the supply of test environments to the user base.  

The test site is a huge GSM network embedded into 4000 m2 test facility with the main 
purpose of testing the different elements in the network inside a real networks as well 
as to check new software releases, detect possible bugs and study future 
improvements. 

Ericsson Test Environment, ETE, have the mission to provide co-ordinate and cost 
efficient test environment operations word wide, for Ericsson users and external 
customers. In Linköping they are 45 persons responsible for the complete GSM BSS 
(Base Station System) Test Environment and their main customers is PDU-GRAN 
(Product Develop Unit- GSM Radio Network). The test site is among the most 
comprehensive GSM test environment in the world, with an excess of 100 BSC’s and 
MSC’s, and other supporting nodes such as BTS’s, GSN nodes, TSS’s and SMPC 
nodes along with associated test equipment. 

3.2 Problem Description 

Ericsson Test Environment has one of the biggest GSM testing networks in the world 
enclose in just 4000 m2. This entails certain problems and mainly in the radio 
environment. 

We must take into consideration that in the test site are coexisting around 250 radio 
station, all of these cells would be able to provide GSM connectivity for huge city if we 
were talking about  a “real” GSM network. Even in that situation , it would be required 
a meticulous cell planning, locating radio stations working on the same frequency far 
enough as for warrantee that the same channel coming from different sources never 
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will reach a cell phone. If not, we would have a negative effect called “Co-Channel 
Interferences”, completely undesirable effect which limits GSM networks. 

The only difference between a real network and the one that Ericsson Test 
Environment has at customers’ disposal is that the radio interface mobile station – 
radio station has been enclosed into a coaxial network since otherwise interferences 
between radio stations would make the test site completely useless. 

Every cell phone receives the signal through a RF cable. This signal can be the 
addition of signal coming from different radio stations, since in a real environment we 
usually receive coverage from several cells belonging to our cell-grid. It is up to the cell 
phone to decide which one will provide us the best connectivity to the network. The 
weight addition of all BTS that “feed” a cell phone in the test site is done by an element 
called CCN (Coaxial Cable Network). These devices have a graphic interface in where 
we can set up a simulated environment with several radio stations and several mobile 
station and we set the distance between elements. Depending on these distances, the 
CCN will calculate the attenuation for each radio signal and it will make an addition of 
all them. 

Figure 4.CCN Graphic Interface Screenshot 

The main problem is that even though the entire radio network is enclosed in coaxial 
cable, every element in the network in some way is behaving as an antenna. They are 
emitting part of the signal to the environment. In the case of the falling down or failure 
of one BTS, every cell phone connected to this BTS would go on in state called search 
mode. This means that the cell phone will sweep the whole GSM band looking for a 
new channel which provides it coverage. It is this moment when quite often the mobile 
station finds channels coming from some radiant element on the network. Then, the 
cell phone hooks up to this cell and even in the case of the original cell would be back 
again, the MS will continue working on the undesirable cell. This is due to the GSM 
architecture. One mobile station just sweeps the whole band looking for the best 
channel in the case of the complete lost of the main cell and all the ones defined as 
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neighbors.  Otherwise, the cell phone only monitories channel belonging to the 
neighborhood in order to save resources. Most likely the interference is not defined as 
neighbor so the cell phone will stay “hijacked” from the other cell. This will happen 
even if the cell phone is rebooted since according with GSM rules, the cell phone 
stores in its SIM cards the last BCCH channel used, and this will be the first channel to 
try when the MS is switched on again. Just in the case of the completely 
disappearance of this channel, the MS will go on in “search mode”. 

In this moment if some customer is testing the BSC that has “stolen” the MS, he will 
get unexpected result and this might ruin his test since he does not know that there is 
a new MS connected to his BSC. Exactly the same for the tester who has lost one oh 
his mobile station, now part of his network is inaccessible. 

The main goal of this thesis is analyze the elements that compound the radio network, 
the signal leakages and propose some improvement in order to get a “cleaner” radio 
environment, free of BCCH channel (channel that is monitored when a MS is 
searching for the best carrier) 

On the other hand, due to the high number of radio elements in the test site, the 
electric field level is quite higher than in a real environment. Beside, all the personal 
has his own cell phone and is quite common to use it nearly to the exchanges (BSC, 
MSN, GMSC…) even when the equipment are in maintenance situation (with the 
cabinet open), this would increase in a drastic way electric field values on the 
surroundings. Nobody has worried so far to check if the EMC requirements of the 
electronic equipments are being fulfilled. Otherwise it is not possible to warrantee that 
the operation of the equipment is free of disruptions.
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4 Interferences in Control Rooms 

4.1 Introduction 

4.1.1 C-Rooms 

Each STP/BSC needs one environment to verify test case. These rooms are where all 
customers can have access to the radio cells in order to make the appropriate test on 
cell phones. Beside, they also have control to all the exchanges as well as the 
possibility of monitoring the interface BSC-BTS and MSC-BSC by means of a protocol 
analyzers. Each BSC has at its disposal a PC for controlling and configuring it at the 
control room, and a small cabinet called “grey box” which it is used to provide radio 
access toward cells which belong to this BSC. 

All the elements in the network are interconnected using MDF (Manual Distribution 
Frame ). MDFs are used to cross-connect any elements in the network between them. 
This provides the network an extreme dynamism.  Thank to them it is possible to send 
any radio cell to a particular control room where customer can need it. There are up to 
6 BSC control-places in each one of the 19 control rooms. 

Since some phenomena observed in these rooms might be caused by interferences, 
the aim of this section it will be to study radio signal inside them an the isolation of 
these rooms. 

4.1.2 Frequency Plan 

One of the most important guidelines that everyone has to follow in the environment 
site is the frequency plan. [3] 

There are around 250 radio base station in the plant working at the same time and 
some of them working in the same frequencies which forces to use a thorough 
frequency plan. Although it is certain that all this radio traffic runs in a close coaxial 
network instead of being sent through the air, in some way, all the elements in the 
network may behave as antennas, causing, therefore, problems of interferences 
among them. 

This frequency policy must be followed just by the “real” BTS´s since simulated ones in 
TSS don’t use in any case radio frequencies. These do not simulate the radio part of 
the network. They send directly PCM signals (digital signals) towards the BSC. 

The main purpose of this plan is to reduce the co-channel interference (C/I) and the 
adjacent channel interference (C/A)  

In order to avoid these unwanted effects, BCCH frequency is not allowed more than 
once within the same control room, and adjacent BCCH channel cannot be used in the 
same control room either. 
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Inside the GSM scope there are four frequency bands corresponding at E-GSM, GSM 
900, GSM 1800 and GSM 1900. Each one has a set of ARFCN channels assigned. 
Part of them are reserved for BCCH channels and the rest can be used for THCs.   

The way of handling the channels is simple. The set of all of them is dived into 12 
groups (as it’s showed in [A2]).  In a control room can be up to 6 BSC.  Each one has 
its own frequency group in such a way that no frequencies are repeated inside the 
room. On the other hand , the other constriction is that the same frequency group 
cannot be used in adjacent control rooms. In order to make this easier, the following 
rule of thumb is used: “Groups with odd frequencies must be used in odd control room, 
and groups with even frequencies must be used in even control rooms”. Every 
frequency group contains 6 BCCH frequencies. 

There are other limitations such the prohibition of using GSM InOffice frequencies. 
GSM InOffice is the system to provide GSM connectivity for Ericsson’s employees 
inside the building. Besides, there are as well several channels reserved for GSM-live 
at the end on the GSM 1800 band. GSM-live. The development of any GSM mobile 
communications systems suffers from one intrinsic problem - can a mobile system be 
fully tested in a small, enclosed environment? Can an indoor environment ever truly 
replicate 'live' network conditions? That’s the purpose of GSM live, an outdoor 'real' 
radio environment is available for the exclusive use of individual customers. If 
someone uses these frequencies, he will have to be careful since, obviously, BCCH 
levels are pretty high. 

4.2 Practical Results 

4.2.1 Attenuation between C-Rooms 

The main aim of these measures, was to value the signal strength that comes from 
others C-Rooms. The procedure was based on to find out losses between different 
control rooms, and then to analyze if they are high enough to avoid undesirable effects 
such as leakages coming from neighbor rooms which can affect the equipment under 
test. Afterwards these results will be study in the chapter number 4.3.2 of this report. 

The instrumentation used was: 

• 7-elements Yagi antenna. (Gain = 10 dB). 

• Rhode & Schwarz Spectrum analyzer. FSP 4kHz-7 GHz. 
• Signal Generator. Agilent E44433B 250 kHz – 4GHz. 
• Omni directional antenna. Dual band. (900MHz –1800 MHz) 

The signal sent from the signal generator was a real GSM frame with the aim of doing 
the experiment more realistic taking profit of the Agilent signal generator features. 

In the receiver part, the spectrum analyzer was used. This device has as feature the 
possibility of taking measures in the time domain (TDMA Measures) and this was the 
way to do it.  
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The GSM frame used, it was made up of just one time slot (TS0). First of all the 
spectrum analyzer was tuned at the frequency used for doing the test (GSM 900: 
ARFCN-76 950,2 MHz and GSM 1800: ARFCN-611 1825 MHz) and the span was set 
to zero. The resolution band was set to 300 kHz (a little higher of the GSM channel 
bandwidth) and the sweep time to 4,6 ms (the GSM frame time). Afterwards, TDMA 
power option in the spectrum analyzer measure was switched on. In this mode, the 
way to work is to choose the time interval in where you want to get your measure 
using a couple of cursors to select the interval under measure, in this case the first 577 
µs of the frame. (Time corresponding to the TS0).  

The omni directional antenna was used as transmitter and the Yagi as a receiver.  
That was done thus there was only one directional antenna for each band and we 
were looking for detecting the beam coming just from the direction in where the 
transmitter was placed. In some way, trying to avoid the multi-path effect on the 
measure. 

The following results were obtained: 

Figure 5.  Measures at 15 C-Room 

Table 2. Results between C-Room 15 and 15. 

GSM 900 GSM 1800

Peak: -14,45 dBm -20,17 dBm
Mean: -15,19 dBm -21,84 dBm
RMS: -15,52 dBm -21,92 dBm

34,45 dB 40,17 dB

Transmitter Location:
Receiver Location:

Distance:
Tx. Power:

Band:

Rx. Power:

Attenuation:

C-Room 15

C-Room 15

2,5 m
20 dBm
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Figure 6. Measures between C Room 15 and 16 

Table 3. Results between C-Room 15 and 16. 

 

 
Figure 7. Measures between C-Room 15 and17 

GSM 900 GSM 1800

Peak: -25,16 dBm -31,2 dBm
Mean: -25,78 dBm -32,71 dBm
RMS: -26 dBm -32,51 dBm

45,16 dB 51,2 dBAttenuation:

Tx. Power: 20 dBm
Band:

Rx. Power:

Transmitter Location: C-Room 15

Receiver Location: C-Room 16

Distance: 6 m
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Table 4. Results between C-Room 15 and 17. 

4.2.2 Multi-Path 

In this section, we tried to value the influence of the second strongest signal received. 
In the section before, the directional antennas was “seeing” the omni directional with 
the intention of getting the attenuation of the main path, the one that goes through the 
walls. In this case, we try to know the signal that comes from the glazed wall on the 
control room sides. 

The measure was taken with the same procedure that in the chapter before but in this 
case, the receiver antenna was aimed towards the glazed side of the room. The 
direction of this was changing slowly up to detect a maximum level of radiation in the 
spectrum analyzer. This point was considered as the second main path between 
transmitter and receiver.  

The results were the followings ones: 

Figure 8. Multi -path measures 

GSM 900 GSM 1800

Peak: -39,05 dBm -44,76 dBm
Mean: -40,08 dBm -45,37 dBm
RMS: -40,10 dBm -45,86 dBm

59,05 dB 64,76 dB

Band:

Rx. Power:

Attenuation:

Distance: 15 m
Tx. Power: 20 dBm

Transmitter Location: C-Room 15

Receiver Location: C-Room 17
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Table 5. Multi Path measures between C-Room 15 and 16 

Table 6. Multi Path measures between C-Room 15 and 17 

GSM 900 GSM 1800

Peak: -37,25 dBm -44,3 dBm
Mean: -37,88 dBm -44,75 dBm
RMS: -38,1 dBm -44,54 dBm

57,25 dB 64,3 dBAttenuation:

Tx. Power: 20 dBm
Band:

Rx. Power:

C-Room 15

Receiver Location: C-Room 16

Distance: 6 m

Transmitter Location:

GSM 900 GSM 1800

Peak: -44,15 dBm -52,3 dBm
Mean: -44,28 dBm -52,55 dBm
RMS: -44,25 dBm -52,80 dBm

64,15 dB 72,3 dB

Band:

Rx. Power:

Attenuation:

Distance: 15 m
Tx. Power: 20 dBm

Transmitter Location: C-Room 15

Receiver Location: C-Room 17

GSM 900 GSM 1800

Peak: -37,25 dBm -44,3 dBm
Mean: -37,88 dBm -44,75 dBm
RMS: -38,1 dBm -44,54 dBm

57,25 dB 64,3 dBAttenuation:

Tx. Power: 20 dBm
Band:

Rx. Power:

C-Room 15

Receiver Location: C-Room 16

Distance: 6 m

Transmitter Location:
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4.3 Conclusion 

This section it will be dived in two parts. In the first one, it will try to find a theoretical 
justification for the results obtained. The multi wall model for indoor environment it will 
be used. In the last section of this report, it will be showed the conclusion reached 
after the study of all information collected during the study. 

4.3.1 Propagation models for indoor interfaces. 

These models are based in a high number of measures and by means of a 
classification of different types of buildings. They use simple models of regression 
where they include the attenuation produced by floors and walls, as well as by other 
materials and structures. It is necessary to indicate that this attenuation is just a 
statistical characterization and no electromagnetic. The main advantages of these 
techniques are the rapidity and simplicity, which allows one fast and efficient planning 
of covers and interferences in interiors environments. Some recent studies 
demonstrate that the results obtained using these techniques previously mentioned 
are similar when they are applied to different buildings from which have been adjusted.  

The Keenan-Motley model [5], also called multi-wall model, it is a statistical model, 
which calculates the path loss according to the distance between the transmitter and 
receiver and the penetration losses through walls and ceilings. 

The multi wall model (MWM) can be expressed in form:  

 
Figure 9. Multi Wall Model formula.  
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The free space losses in the case under study are the following ones: 
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                              Table 7. Free Space Losses for all the assemblies. 

And in relation with the rest of the parameters we will just take into consideration the 
number of walls, and the losses of them, since all the measures were taken in the 
same floor. 

According with the values given by “Radio Coverage in Buildings” [5], the walls in the 
environment plant would have an attenuation of 6,5 dB, corresponding to the brick wall 
value. 

As the measures are being made in the same plant for calculating the MWM 
attenuation it just add the free spaces losses and the attenuation of the walls that the 
signal goes through.  Therefore the MWM attenuation will be:  

Table 8.  Attenuation between control rooms according to the Multi Wall Model  

In the following table a coparision between the measures and the theoretical values is 
showed. The real values belong to the measures taken, plus 10 dB, since a directional 
antenna was used with 10 dB of gain. As it is possible notice, the theoretical 
aproximation done by MWM fits quite well in almost all the cases. These are slightly 
lower that the real values therefore this can be a good way to set the low boundarie. 

Distance
       Freq

39,54 47,15 55,11
45,56 53,17 61,13

6 m 15 m

Free Spaces Losses (dB)

900 MHz
1800 Mhz

2,5 m

To:
From:

900 MHz 1800 MHz 900 MHz 1800 MHz 900 MHz 1800 MHz

39,54 45,56 53,65 59,67 61,61 67,63
C-Room 15

Multi Wall Model Attenuation (dB)

C-Room 15 C-Room 16 C-Room 17
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Table 9.  Comparison between theoretical and real values of attenuation. 

 

4.3.2 Analysis of results 

In this section it will be discussed the current measures that are taken in order to avoid 
interferences between the different control rooms, if they are strict enough and if not 
new ones will be proposed. 

Notice that attenuation between adjacent control rooms is around 55 dB in GSM 900 
and 61 dB in GSM 1800 according with the measures showed in Table 9. Taking into 
consideration that a mobile station has about –105 dBm of sensibility, it would be able 
to “catch” signals coming from the adjacent control room with –50 dBm of strength (in 
GSM 900) and –44 dBm in GSM 1800. As it could be possible to have this level of 
signal on the grey boxes it is more than advisable do not use the same BCCH channel 
in two adjacent control rooms. Anyway, to have interferences it would be necessary a 
really optimum transmission system, this means, to have an antenna directly plugged 
on the grey box. In general this is not common since the mobile stations under test are 
connected using coaxial cable and just an insignificant amount of signal leaks out from 
them. There are some of them in where the internal antennas were not taken away 
when the feed-cable was inserted, so in this case the antenna could re-emit the signal 
and cause interferences problems in the neighboring control rooms.  

However the attenuation between control rooms which have another one between 
them is 69 dB at GSM 900 and 75 dB at GSM 1800, and this seem high enough for 
warrantee a transmission free of interference using the same frequencies in both 
control rooms. It would be necessary to have around –35 dBm of signal strength on 
the grey boxes and this is impossible according with power policy followed in the test 
site [6]. 

As a conclusion it is possible to say that the frequency policy [3] followed so far is: 

• Good enough for warrantee transmission without interferences 
• No too much strict, that means, there are not wasted resources. 
• Therefore it is highly recommended to follow the frequency plan and it is not 

advisable to change the current state of it. 

From:
900 MHz 1800 MHz 900 MHz 1800 MHz 900 MHz 1800 MHz

Real 44,45 50,17 55,16 61,20 69,05 74,76
MWM 39,54 45,56 53,65 59,67 61,61 67,63

To:

C-Room 15

Real Values vs. Multi Wall Model (dB)

C-Room 15 C-Room 16 C-Room 17
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Anyway, a further study could be done in some particular case, if the use of the same 
BCCH in adjacent control room were completely necessary. 

Regarding with the study done at section 4.3.1, the use of propagation models such 
the Keenan-Motley model can be useful since the values obtained by this were quite 
similar to the real ones.  Using this method it would be possible to calculate losses 
between different points at the environment site. 
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5  Interferences in Mobile Station Racks 

5.1 Introduction 

5.1.1 MS-Racks 

The mobile stations are the latest elements in the ETE simulation network.  These are 
arranged inside cabinets in groups of 48. This is called MS-Rack. The advantages of 
using this kinds of “containers” are, for instance, to provide RF protection, easiness of 
movement, easiness for setting up, multiple configuration, and so on. 

Each MS-Rack can be fed by several RBS (Radio Base Station).Using signal dividers 
we can split up  mobile stations belonging to the same MS-racks in different cells, 
according to a certain patterns.  

The ETE ambition is to build every MS rack according to a standard specified by 
LI/ETE. The purpose is to have all racks built in the same way and to have the same 
losses to every MS in the MS rack. [11] 

The advantages with a MS rack standard are: 

• Every MS in the rack receives the same signal strength 
• The same loss, 20 dB, in every MS rack – easy to make a link budget 
• Four standard configurations 
• Easy to reconfigure 
• Only a few components, and always the same 
 

Figure 10. Example of a standard MS-Rack 
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5.1.2 MS Cabinets 

A device can be disturbed by interference fields arising in the environment, and 
operation of the device can at the same time itself produce interference, which affects 
its environment. It is this the reason because of appears the necessity of insulate our 
electronic devices on the proper way. [7] 

This isolation can be provided by the housing system in order to get: 

• Attainment of a defined interference immunity (protection against external 
interference fields) 

• Prevention / reduction of emitted interference (protection for the environment 
against own interference fields) 

So far, we have been using the model TS8 7820.709 from Rittal [7] for the MS-Racks. 
This model is a typical metal housing which already offers electrical devices certain 
protection against electromagnetic interference fields. 

In practical applications, it has been proven that, in more than 95 per cent of all 
applications, a standard Rittal enclosure or housing offers sufficient shielding to 
guarantee electromagnetic compatibility. 

The other model that it will value it is an EMC enclosure with better behavior in radio 
noisy environments. This one is TS 8608.009 EMC also from Rittal [7]. 

Especially intensive interference fields are produced in the environment test plant, so 
maybe standard Rittal enclosures and housings are no longer adequate. Perhaps it is 
recommended instead to use a special Rittal EMC enclosure. 

Figure 11. Attenuation of the Electric and Magnetic Field in EMC cabinets 

 



 

 

 
Radio Environment Improvement

Interferences in Mobile Station Racks

31 Department of Electrical Engineering 
Division of Electronic System 
Linköping Universitet 

5.1.3 Power Issues 

All ETE employees have to follow some rules in relation with power levels in all their 
configurations. 

Carefully planning of the RF network is essential in order to reduce the interference 
from unwanted RF sources. The basic idea behind this policy is to get the same 
received signal strength in every Mobile Station, connected to the RF network. This is 
accomplished the following ways: [6]  

• Standard power setting for all BTSs. 
• Well-adjusted attenuation/loss in the RF network. 

Using pre-set BTS outputs levels for the BCCH carrier frequency and attenuators with 
proper values between the different components in the RF network, signal strength in 
the mobiles will be around -75dBm. 

Since the sensibility of the MS is well below these values, then received signal 
strength is high enough to guarantee a very high RF performance. [6]  

Figure 12. Attenuation in the Radio Network.  

When the test site in Linköping was planned, there was a clear strategy to build an RF 
network as free from interference as possible. The goal was: 

• To have standard cell parameters for all power settings 
• To have the same signal strength in all mobiles connected to the RF network 

The only way to have to achieve this is to have full control over the signal loss in the 
network. This of course means that a link budget must be made for all possible 
configurations. 

More BTS types have been installed in the test plant. More GSM frequencies have 
been introduced. This makes it very complicated to achieve the goals above. 
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5.2 Practical Results 

5.2.1 Isolation in MS-Racks 

As we saw in section 5.1.2 we have two kinds of cabinets in the site, one of them with 
a special RF shielding system and the other one with the standard level of protection 
against unwanted signals. 

The first step it was to check and compare the isolation in both cabinets in order to 
know if it is worth to use the EMC one. 

The procedure it was the same in both cases. The portable spectrum analyzer was 
placed inside the cabinet to use it as receiver and the signal generator was used as 
transmitter. With this configuration we try to avoid possible undesirable signals caught 
from the omni directional antenna. The transmitted power was set to 20 dBm since this 
value is the maximum output power in the signal generator. 

The signal sent was a TDMA signal, generated using the GSM pattern option available 
in our signal generator.  And for calculate the receive power it was used as well, the 
spectrum analyzer capability of measure power in the time domain. (TDMA channel 
power) 

Regarding with the antennas, in the transmitter was used a 7-elements Yagi-antenna 
with around 10dBd of gain (supplied by Procom [8]), whereas in the receiver was used 
an omni directional one with around 1,5 dBd of gain. (See Figure [A3]). The purpose of 
using this kind of antenna was to concentrate the maximum quantity of signal on the 
receiver spot.   

Figure 13. Measurements Configuration. 
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The following results were yielded: 

 

Another experiment done in the EMC cabinet it was to get the frequency response up 
to 6 GHz since this is the upper limit in the portable spectrum analyzer. This was the 
response obtained:  

Figure 14.  EMC Cabinets frequency response. 

It is possible to compare them with the graphs provided by the manufactures [A5]. But 
we must take into consideration that the measures were not taken in a proper 

Transmited Power

Band GSM900 GSM1800

Back Side -60,5 dBm
Right Side -60,8 dBm -51,2 dbm
Left Side -59,9 dBm -46,5 dBm

Front Side (Glazed) -57,2 dBm -47,4 dBm

-20 dBm

Cabinet model TS 8608.009 EMC

Transmited Power

Band GSM900 GSM1800

Back Side -50,4 dBm -57,4 dBm
Right Side -46,2 dBm -49,9 dBm
Left Side -47,4 dBm -48,3 dBm

Front Side (Glazed) -36,5 dBm -42,4 dBm

Cabinet model TS8 7820

-20 dBm
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environment and perhaps that is the cause of the appreciable mismatch.  First of all, 
instead of work in perfect scenario as can be an anechoic chamber free of echoes, we 
were working in an environment plenty of metallic panels and electronic devices which 
undermine the credibility of our measures. On the other hand, we are getting the 
frequency pattern of the set which is made up  of the cables, cabinet and antennas 
used in transmission and reception. The antennas have a bandwidth about 100 MHz 
around 900 and 1800 MHz what means that we can consider flat the frequency 
response of them inside these bands, however the behavior is completely unknown 
outside these frequencies.  

Finally, the last experiment was to emit a pure tone with a frequency of 1800 MHz and 
signal strength of 0 dBm inside the cabinet in order to check the isolation properties in 
these frequencies due to unclear results showed on the previous page in which we 
can not appreciate any improvement in relation with the standard cabinet. We obtained 
the graph showed below. 

Figure 15. EMC Cabinets frequency response 

 

5.2.2 Signal leaked out in Mobile Station 

After study the behavior of the cabinet we checked the mobile station (MS) since there 
were some suspicions of possible problems when the cabinets are placed ones next 
each others. Those suspicions were based on the fact that sometimes the MS hooks 
up with undesirable cells coming from unknown sources. One of the sources of this 
unwanted signal might come from the neighbor mobile stations located at beside 
cabinets. If there is some kind of signal leakage in the connection with the RF cable, 
the addition of almost 50 of these leakages (coming from all  mobiles kept inside the 
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same cabinet since all of them could work on the same BCCH frequency) could be 
strength enough for being caught by a MS, which belongs to another MS-Rack. 

We also will have to value if the shielding provided by the cabinet is good enough to 
guarantee the right isolation of all  mobile station kept inside it.  

The experiment will have the aim of checking the signal power leaked out by a mobile 
station in order to know if this is the source of the problems before described. 

The first steep was to choose the right instrumentation for taking the measure. It was 
chosen a Yagi antenna due to its high gain (YA-900 Radiation pattern [A5]) and its 
good directional behavior. As a receiver it was used the portable spectrum analyzer 
Rhode & Schwarz FSH6 which has around –100 dBm of sensibility. 

The assembly was as follow: 

Figure 16. Measurements Configuration. 

For doing the test it was used one of the mobile stations connected  to a mobile rack 
that in that moment was working on a test. After to find out the BCCH channel in which 
the mobile station was working on, the spectrum analyzer was tuned to this frequency. 
The reason of taking the BCCH channel was because this is the one which is scanned 
by the mobile in order to get the best radio cell. 

The measure was done using the TDMA power measure option in the spectrum 
analyzer and setting up a proper bandwidth (300 kHz) and sweep time (4,6 ms) 
chosen according the GSM signal properties (Channel bandwidth: 200 kHz and frame 
time: 4,6 ms). First of all the power that reach the MS was calculated connecting the 
SA directly to the RF socket, which feeds each mobile station. Afterwards the measure 
was repeated but in this case using the Yagi antenna. 
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The results were the following ones: 

Signal strength in the cable: -75dBm 

Signal detected using the antenna: < -100 dBm 

in spite of using a directional antenna,  the signal strength was not strong enough to 
exceed the sensibility of the spectrum analyzer  (-100 dBm). No signal was detected. 

5.2.3 About Nokia 6230 holder  

The purpose of the use of this kind of holder in the test site is: 

• Provide a steady way to hold the MS in the MS-Racks as well as to facilitate 
the handling of them by the part of the operators. 

• To be used as interface between the coaxial cable which carries the RF 
signal and the MS. These holders have an adaptor to connect the MS with an 
external antenna, in our case the RF cable. 

Almost all Sony Ericsson terminals have a special plug on the back side to connect 
directly the MS with an external antenna. However Nokia terminals haven’t this 
connector and they use an inductive antenna in the holder to re-transmit the signal to 
the MS. 

This fact could cause problems in our RF environment since inside the MS-Racks can 
be up to 48 MS. And this probably might be a source of RF noise. 

The first step was to find out the response in the frequency domain of these inductive 
antennas at both bands, GSM900 and GSM 1800. It was used the function of tracking 
generator that the portable spectrum analyzer (Rohde & Schwarz FS6 [9]) has at or 
disposal. 

   Figure 17.  Frequency response 1800 MHz Figure 18. Frequency response 900 MHz 
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Figure 19. Assembly for measuring Nokia´s antenna response. 

 

The next step was to find the impedance pattern for the internal antenna of this mobile 
station.  In almost all this kind of mobile station (Nokia 6230), the internal antenna is 
taken away and replaced by  RF cable. This cable is used to feed the mobile station 
with the RF signal, which comes from the different RBS. The purpose of enclose the 
signal inside a coaxial cable is to keep free of RF signals the test site as much as be 
possible. 

However some cellular phones still have this internal antenna such as TEMS terminals 
since the price of these makes to dismiss to take the risk of opening the mobile station. 
This can be the cause of some problems detect in the use of them. Some times they 
don’t hook up in the right BCCH channel catching others undesirable signal. This 
happen even more often when Nokias are used, perhaps because they use an 
inductive antenna which re-radiates the RF signal.  

In order to know how this antenna can affect in the problems above described, the 
impedance pattern for the internal was obtained. The procedure was the following one.   
First of all it was measured the frequency pattern in a mobile station with RF cable 
plus internal antenna. In the schema below it is possible to see where exactly the 
measure was done: 
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Figure 20. Equivalent circuit for Nokia 6230 with RF cable and internal antenna. 

 

As we can see, there are two impedances in parallel. One of them it is the internal 
antenna and the other one it is the impedance of the internal transceiver. The measure 
is taken at the end of the RF cable. Therefore, this is the impedance parallel but with a 
certain move on its phase. The length of this cable is 15 cm and that means 0,9λ at 
GSM900 and 0,45λ at GSM1800.  All the data were treated with MATLAB since the 
frequency sweep done by the spectrum analyzer is composed of 301 measures and 
that means a huge amount of calculus.  

The graph obtained was: 

        Figure 21. Impedance Zin in GSM 900 band . 

Z(l=0)=Z
in

Z(l=0,9λ)=Zpar

l=0,9λl=0
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 Figure 22. Impedance Zin in GSM 1800 band    

Beside, the measure was repeated but in this case using the mobile station without 
internal antenna, with the RF cable directly connected to the transceiver inside the 
device. 

The schema was the one showed below: 

   Figure 23. Equivalent circuit for Nokia 6230 with RF cable. 

 

Thanks to this it is possible to find out ZTRX and “undo” the parallel with the intention of 
getting ZANT. 

Z(l=0)=Z
in

Z(l=0,9λ)=Zpar

l=0,9λ (900 MHz)l=0

ZTrx

l=0,45λ (1800 MHz)
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The graphs got were the following:  

 Figure 24. Impedance Zin in GSM 900 band. 

 

 Figure 25. Impedance Zin in GSM 1800 band 
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As in both case we are “seeing” the impedance at the end of the line, it is necessary to 
move them up to the impedance. That means to move all the point in the graph 0,9λ or 
0,45λ. After this we get, ZTX and Zpar. 

 

This is a second-degree equation in where Zant is the unknown value. After to figure it 
out we get the following graphs for both bands: 

Figure 26. Impedance Zant in GSM 900 band. 

Figure 27. Impedance Zant in GSM 1800 band. 
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5.2.4 RF Immunity in Nokia 6230 Holder 

In order to know the causes of the problems before described, the following test was 
done.  A pure tone at 950 MHz was injected trough the input cable in the phone holder 
using a signal generator. The signal strength chosen was inside the margins in where 
it uses to be at the grey-box since the intention was to pretend to be the RF signal 
coming from the CCN.  On the other hand, another signal was generated and sent 
through the air using the Yagi antenna and the other signal generator. The purpose of 
this signal was to simulate an interference.  

A spectrum analyzer was plugged directly to the mobile station thank to the RF cable 
that these ones have on their back side. So it was possible to see what signal is being 
received in the mobile station. 

 

            Figure 28.  Assembly for measuring Nokia’s holder immunity. 

Omni directional antenna was placed beside the MS-Rack. The output signal in the 
signal generator with the Yagi antennas was set up in such way that the power 
detected in the portable spectrum analyzer was about –80 dBm, that is more or less 
the maximum value that the un-wanted BCCH channels have in the test site (in the 
area where MS’s are placed). 

Little by little the power in the holder was decrease until to reach the point in where the 
mobile station hook up an un-wanted BCCH channel instead of the one provided by 
the grey box. That is when it is possible to see both signals with the same level on the 
spectrum analyzer. 
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According with the experiment this point is about –80 dBm. This means if we have 
less that this power in the grey boxes, we will have the risk of “lost” the mobile station.  
That is really possible. 

5.3 Conclusion 

After the study of the metal cabinet used in the environment plant it is possible to 
reach some conclusions. First of all, there is a clear improvement in relation to use the 
EMC shielded cabinet and the standard one. 

The attenuation measured in the TS8 cabinet was around 56 dB [Table 10] at 900 
MHz and just 5 or 6 dB higher at 1800 MHz. On the other hand, the results obtained in 
the EMC TS cabinet were around 20 dB higher at 900 MHz. However the results were 
not as good as expected at 1800 MHz since it was not possible to notice any kind of 
improvement. After to get in touch with the provider and check the new information 
given by them [A5] the test was repeated but in this case changing the procedure 
(described in 5.2.1). It was obtained 10 dB of improvement working with the RF secure 
cabinet in comparison with the normal one. 

It must be emphasized what exactly it was measured. Those 56 dB are the difference 
between the output signal in the signal generator and the received signal by the 
spectrum analyzer. This does not mean it is going to have an improvement of 70 dB of 
losses instead of not using any type of cabinet to keep the instrumentation. It has to be 
taken into account the cable losses, the efficiency of the antenna and specially the free 
space losses, which are really intense in the denominated near field (R).  

λ(900 MHz) = 33,3 cm.  λ(1800 MHz) = 16,6 cm. 

R ≤ 3λ R(900 MHz) = 1 m, R(1800 MHz) = 50 cm. 

Therefore we should consider: 

Free Spaces Losses: 
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Another aspect to take into consideration is the antennas’ gain. In the receiver it was 
used an omni directional GSM antenna with 2,5 dB of gain. On the other side it was 
used a 7-elemnt Yagi antenna [A3] with 10 dB of gain. 

Losses in the cable used in the transmitter (RF Blue, Habia, loss: less than 0,5 dB per 
meter) and connectors (loss: 0,2 dB of losses per connector) can be underestimated 
due to their low value. 

However the losses in the cable used in the receiver (2,5 meters of coaxial RG-174) 
are higher so we will take into account. The attenuation of this cable is 2,46 dB at 900 
MHz and 4,5 dB at 1800 MHz. 

So we have: 
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Working out the value of LCABINET we get the result showed below: 

Cabinet Model TS 7820 

LCABIENT(900 MHz)= 29,5 dB 

LCABIENT(1800 MHz)= 29,44 dB 

 

Cabinet Model TS 8608.009 EMC 

LCABIENT(900 MHz)= 60,2 dB 

LCABIENT(1800 MHz)= 34,44 dB 

The result shows 30 dB of improvement at 900 MHz using the EMC Rittal cabinet in 
relation with the standard rack and only 5 dB at 1800 MHz. 

As we already pointed out, according with the result obtained the improvement using 
the EMC cabinet is not too much in relation with use the standard cabinet when we are 
working at 1800 band The cause of this mismatch between the results and the info 
that Rittal provided us could be the equipment used or most likely the measure 
procedure followed. We just took a random channel inside each band, but the 
frequency response inside the band maybe is not flat. If so, we could be valuing in one 
case a peak in the pattern (at 900 MHz) and in the other a low point (1800 MHz). The 
right way it would be to find out the worst attenuation possible inside each band and 
then compare them. 

The second point of this report it was about signal leaked out in the mobile stations. 
After analyzing the obtained results it is possible to be concluded that the signal in the 
mobile station is not strength enough to be radiated to the outside. 
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This conclusion was drawn after the experiment carried out in where it was completely 
impossible to catch the BCCH channel used in a MS. Even though that it was used a 
high gain directional antenna (10dB) and high sensitive spectrum analyzer (-105 dBm).  

The signal strength is at most around – 70 dBm in the cable, which feeds each mobile 
station with the RF signal coming from the RBS. 

After the study of all these result we can conclude the report: 

• The unwanted signals detected at test environment site in Linköping do not 
come from the mobile station located inside the mobile racks. 

• There is not any kind of problem to place MS-Racks ones next the others 
even if they are working on RBS that are using the same channels. 

• It is not possible that a mobile station hook up to another cell which his signal 
comes from another mobile station even if both MS are sharing the same MS-
Rack. 

• The use of the new EMC cabinets involves a noticeable improvement in 
relation with the RF isolation of the mobile station keep inside them I we 
based on the technical sheets.  

• Although it has been proved that the interferences do no come from this point 
in our RF network, we have the evidence of their existence, reason why the 
use of new EMC cabinets is really advisable. 

It will follow studying the problem to find out where the interferences come from in 
further chapters. 
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6 Interferences in BTS Rooms 

6.1 Introduction 

6.1.1 BTS Rooms 

BTS Rooms or also called just radio room are the places in the test site where all the 
GSM base stations are kept. There are  three in the test site, but only one is enclosed, 
the other two have no walls.  

In these rooms it is also possible to find MDFs and CCNs, the first one provide a 
extremely customizable configuration possibilities and the second one are used to 
simulate the free spaces losses in a real environment. 

 

6.1.2 BTS Ericsson Family 

There are two GSM Radio Base Station (RBS) families from Ericsson: 

• RBS 200 1st generation, 900 and 1800 MHz 
• RBS 2000 2nd generation, 800, 900, 1800 and 1900 MHZ. 

The first members in the RBS 2000 family were the RBS 2102, 2202 and RBS 2101 
macro and the first micro versions RBS 2301/2302. The 2nd generation of RBS 2000 
consists of 2 different HW and SW versions. 1st version was introduced year 1995 and 
the 2nd version was introduced 2001 with RBS 2206 / 2106 macro. Since then RBS 
2207/2107, 2112 and 2109 for macro and 2308/2309 for micro been added to our 
product line. 

The RBS 2000 generation enables new functionality such as EDGE and also provides 
improved radio performance. Since all RBS in 2:nd generation belongs to the same 
RBS 2000 families it has been possible reuse solutions to improve already installed 
equipment. The development of EDGE was first developed on the EDGE dTRU for 
RBS 2x06 and the radio design has been reused for development of EDGE sTRU for 
RBS 2x02. Another good example is the replaceable unit DXU-21 designed for RBS 
2x06 that can be used in all RBS 2x02 and add new functions like Synchronized Radio 
Network if this is wanted in installed network to increase traffic in existing spectrum. 
Support of EDGE in all RBS 2000 macro will enable new set to services based on the 
ability to guarantee high data throughput. RBS areas: [12]  

• RBS 2x06; 12 TRX per cabinet “Maximum Capacity and Flexibility RBS” 
• RBS 2x07; 6TRX per cabinet “Medium capacity RBS” 
• RBS 2112; 2 TRX outdoor cabinet “Low capacity RBS” 
• RBS 2109; 2 TRX outdoor cabinet “Macro RBS in Micro body” 
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• RBS 2308; 4 TRX outdoor cabinets “High Capacity Micro RBS” 
• RBS 2309; 2 TRX outdoor cabinet “Medium capacity Micro RBS” 

 

 

Figure 29. BTS Ericsson Family 

 

6.2 Practical Results 

6.2.1 Un-wanted BCCH channels leaked out in radio rooms 

In this section it will be presented the measures which were taken in the test site in 
relation with signal leakage. After the RF environment study, the research was focused 
on the BTSs since is here where we have highest signal values and therefore more 
risk of RF problems.  

On the first walk around the radio rooms we already could notice many signals at the 
GSM bands that probably come from our network given that the high number of them 
as well as that most of them it was not possible to tune them outside the building.   

The procedure was to check them out one by one (all of them which were higher than 
around –95 dBm) with the intention of knowing if these were BCCH channel and if they 
belonged to our GSM network. For do this a TEMS terminal was used. In this kind of 
terminal you can read information such as the serving cell and parameters as for 
instance the mobile country code (MCC) and the mobile network code (MNC). All of 
the signals which have NNC: 262 and MNC:02 belong to our GSM network. 
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In the picture below we can see an example of how looks the GSM 900 band inside a 
control room. Some of them belong to GSM provider such as Telia and Vodafone but 
the rest come from the site network as we could check by means of a TEMS terminal. 

 

Figure 30. GSM 900 band at radio room 3. 

There were found signal coming from the Ericsson network with signal strengths up to 
–30 dBm inside radio rooms. Some of the first facts it was to find out that the three 
most significant signals came from Micro RBS in spite of the output power in this kind 
of base station is lower. But it also true that they are lack of enclosure such as 2000 or 
200 RBS. 

The signal were important enough for being caught by a TEMS terminal, even far 
away from radio rooms. That can be a cause of problems since it was possible to force 
the TEMS terminal to hook up in our private cell even beside MS-Racks. If for 
instance, the RF signal which feeds MS-Racks was lost during a short while, MS 
inside it would be cable to find these BCCH channel and hook up on them. Even if the 
signal would come back, MSs will still connected in the wrong cell since if the original 
cell was not configured as neighbor cell, MS will not check more frequencies unless 
the current BCCH signal was completely lost. 

The main reason of this leakages could be the high number of RF component used 
and the high attenuation suffered by the signal in just a few meters. We also must to 
point out that this leakages would not be a problem in a real scenario since the signal 
emitted by the antennas would be much higher. 
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6.2.2 Test of the RF shielding features of the Radio Room 3. 

There are three BTS room right now in the test site at Linköping although the number 
one is falling into disuse. The characteristics of them are pretty different in relation with 
the layout and isolation. The BTS room 1 and 2 are not enclosed rooms like BTS room 
1. Radio room number three has a special RF shielding mechanism to avoid 
interferences. 

The aim of this section is to check the isolation properties of this radio room and to 
value if they are good enough to warrantee an environment free of interferences. 
Beside this, it will be studied if it is possible to take a similar measure in the other radio 
rooms or not. 

The procedure was to put a transmitter inside the BTS rooms and to make different 
measure at the surroundings.  The method was like before, using the signal generator 
as transmitter and the portable spectrum analyzer as receiver. 

It is possible to check that the signal strength detected outside the radio room would 
have strength enough to be caught by a MS. The signal level at the transmitter 
surrounding was similar to the signal strength measured in the section before. 
Therefore we can consider a quite good approximation this test. 

Some consideration about the result may be, for instance, that signal strength in 
adjacent rooms is pretty high since the isolation at the sidewalls is not as good as in 
the wall between the radio room and the corridor. 

The radio room number three is made up of two rooms. The biggest one was a 
computer server room before and therefore it has iron plates on the wall which provide 
it a quite good RF isolation.  In order to get as well some shielding in the small one, a 
metal grid was placed on the wall.    

We also can see how the signal strength detected at 1800MHz is always lower than in 
900 MHz what is easily justifiable from a theoretical point of view. It is predictable to 
state that we would have less problems working on GSM1800. 
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Figure 31. RF Signal Isolation in Radio Room 3. 
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6.2.3 Comparison between MS with internal antenna and without. 

As already it has been explained, the way to connect mobile station with the network is 
through a car holder. This makes easy and handily to work with them.  The way to 
make this connection depends of the brand and the model but mostly we have 
Ericsson T610, T616 and T630. Those models have a special plug on their back side 
through the cell phone is fed with the RF signal.  However others cell phones, as for 
instance Nokia terminals, have not this kind of plug and it is necessary to remove the 
internal antenna and replace it for a RF cable. 

In the case of Ericsson mobiles the internal antenna could be a source of interferences 
since it may re-transmit the signal, which comes from the back plug as well as may do 
the cell phone less immune to interference. Therefore in this section it will be valued if 
it is worth to take the same measure as in the Nokia terminal and to remove the patch 
antenna. With this aim two test were done, in which were tried to figure out how many 
dB of difference there are between the signal (signal coming by the air, not by the RF 
feeder) that reach the transceiver in a terminal with internal antenna in relation with 
another without it. 

The first test was to check how much signal the internal antenna catches from an 
external source and compare it with another terminal without antenna. Using a Yagi 
antenna a GSM burst was sent toward the mobile station. The signal detected by the 
mobile station was measured through the connector on its backside. Afterward the 
measure was repeated but this time with a cell phone in where the internal antenna 
was removed. 

On the next picture we can see a spectrum analyzer screenshot which shows the 
signal received in both mobile stations. Red: With antenna. Green: Without antenna. 

Figure 32. Signal detected by the transceiver at 900 MHz 
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 Figure 33. Signal detected by the transceiver at 1800 MHz  

The graphs represent the power in the transceiver input so should be proportional with 
the signal strength detected by this. Graphs don’t show almost any improvement 
between terminals with path antenna and without it and neither of two bands. The 
cause might be a wrong method of measure since there are facts which show this 
improvement. 

The next test was to check these differences in a more realistic environment.  

The experiment was to send trough the air a BCCH channel belonging to ETE’s 
network and compare the MS behavior in both cases. It was used a couple of  
standard Ericsson T 610. 

Using a fix phone belonging to the network it was set up a call towards the MS. The 
power transmitted by a directional antennas was decreasing little by little until reach 
the point in where the call was interrupted due to the lack of coverage. In order to 
know the power received by the MS, an small omni-directional antennas was placed 
next to the cell phone and connected to the spectrum analyzer.  

It was noticed that in the case of the MS with antennas the call was interrupted when 
the SA showed around –97 dBm. However in the case of the MS without antenna the 
interruption was around –79 dBm. 

It was also observed that this big improvement  (regarding of our purpose, of course) it 
was not as big when the MS was on the holder, perhaps because of the impedance 
matters.  Therefore, next test was based on finding out the signal rejection coming 
from the air interface,  with mobile station connected to the network by means of RF 
cable. 
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In this case both cell phones were fed by RF signal coming  through the cable. 
Another cell was emitted using the directional antenna towards the phones.  That cell 
was defined as neighbor of the one which fed the MS since we were expecting a 
handover process. This cell behaved as a interference with the purpose of  “hijack “ 
the MS connected to the network by the cable. 

The output power of the cell was decreased little by little until reach the point in where 
the mobile station gets the “interference” cell. 

In this case we were using two Ericsson TEMS R520 terminals since we needed to 
know when exactly the handover took place, one of them with external antenna and 
the other one without it.  

The signal strength from de interference was set up in such way that the signal was 
around –80 dBm at the surroundings of the mobile stations. 

Figure 34. Signal detected by Ericsson R520 

As expected, the first cell phone that caught the interferences was the one with the 
antenna, when the power was -85 dBm. We continued decreasing the signal strength 
that gets the cell phone through the cable until the second MS got the interferences 
too. This happened when the spectrum analyzer placed beside the TEMS terminals 
was showing -94 dBm. 

As a conclusion we can say that removing the antenna we would gain around 9 dB of 
interference rejection.  
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6.2.4 Comparison between BTS: RBS2000 Micro vs. Macro 

Micro cells are cells with antennas below rooftops, thus providing a more confined cell. 
They are usually introduced in a network to take care of traffic hot spots, quickly 
providing offload for congested macro cells. Some examples of hot spots are shopping 
malls, sport arenas, and cafes, in parks or in intersections where lines of waiting cars 
can be expected. 

Other areas for micro cell applications could be close to office buildings, giving 
coverage and better capacity for office applications such as mobile data. Micro RBS is 
very convenient alternative since these are very landlord friendly with its small 
package, silent operation and options to use variants of built in antennas. [12]  

In section 6.2.1 it was noticed that most important signal coming from radio rooms 
belong to Micro BTSs.  This can be possible since the shielding system in this case of 
BTS is weaker than in macro base station but it is also true that this kind on stations 
work with less power. 

The test consisted in compare a RBS belonging to the macro family with a micro one. 
After find out at least one of the BCCH in which the BTS was working on, the spectrum 
analyzer was tuned to this frequency in order to measure the signal strength that leaks 
out the cabinet. 

 The experiments yielded the following results: 

Based on these result we may notice that the isolation at GSM 900 is better than at 
GSM 1800 in macro BTS (2206 and 2202), however the behavior in micro BTS (2308  

 

 Model: Type: Band: BCCH Channel: Number: Location: Power Detected:

2206 Macro 900 64 RBS359 1-7-4 -25,0

2206 Macro 1800 550 RBS191 3-17-2 -20,0

2202 Macro 900 27 RBS197 3-4-2 -34,9

2202 Macro 900 27 RBS26 1-5-3 -50,0

2202 Macro 900 58 RBS16 1-4-7 -34,0

2202 Macro 1800 540 RBS31 1-6-6 -38,0

2202 Macro 1800 581 RBS30 1-6-7 -28,9

2308 Micro 900 9 RBS267 3-20-3 -17,8

2308 Micro 1800 527 RBS263 3-20-5 -48,0

2301 Micro 900 34 Micro2 1-9-14 -19,0

2301 Micro 900 20 Micro103 1-9-17 -34,0

2301 Micro 900 29 Micro103 1-9-13 -28,0

2301 Micro 1800 577 Micro10 1-9-4 -48,0

2302 Micro 900 3 RBS102 3-6-5 -13,4

2302 Micro 1800 573 M13 3-20-9 -45,0

205 Macro 1800 578 BTS5 1-1-5 -55,0



 

 

Radio Environment Improvement 
Interferences in BTS Rooms 

56 Department of Electrical Engineering
Division of Electronic System

Linköping Universitet

and 2302) is just the opposite one.  We also can check how the suspicions of higher 
interferences in micro BTS have been proved. 

The output power is between 33 dBm and 35 dBm in all BTSs. 

 Figure 35. Signal Leakage in Ericsson BTSs. 

 

6.3 Conclusions 

Based on all these results the following conclusions were taken: 

The signal levels on BCCH channel are quite higher in almost all the test site and the 
source of these signal are  mainly from the radio rooms. In many of these places the 
signal is strength enough to be caught by a mobile station. This entails certain 
problems, mainly at mobile station racks and in the control rooms where sometimes 
the experiments are done working on wrong cells  

The main prove about these un-wanted channel come from the leakage in radio rooms 
is that all the main interferences detected where found with a pretty higher value inside 
the radio rooms and the signal decreased with distance from its radio rooms. The use 
of directional antennas (Yagi) also made possible to find out the direction of the 
source, and this always pointed out the radio rooms.  This affirmation makes sense 
since the maximum signal level is on the BTS outputs and this decrease about 30 dB 
(by means of attenuators and cables) in just a few meters. 

As it was already presented at point  6.2.1, this problem is more important at radio 
room 1 and 2 surroundings since there is not any kind of isolation or protection wall 
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that encloses the BTSs. That causes the necessity to take some measure to avoid 
these signals, mainly due to mobile station racks placed on building A as well as C-
Rooms between 13-18. 

Radio room 1 was enclosed some years ago but it was necessary to re-build it due to 
overheat problems and now is completely open. Perhaps this it will have to take into 
consideration in future works. 

There are two proposals that should be a good way to improve the situation, 

Remove internal antennas in mobile stations:  

It would be really advisable to take away internal antennas in the workshop before to 
place mobile station in the MS-racks. As it was already showed we would get a gain of 
about 9 dB in relation with interference rejection.  This measure it would have to been 
taken on Ericsson terminal since it is already done in the rest. 

Use of EMC secures cabinets:  

And if we add the immunity gained thank to the use of shielded enclosures should be 
enough to ensure mobile station will not catch un-wanted BCCH. 

And in relation with the different types of BTSs just to said that maybe it would be 
necessary to take more precautions with Micro BTS in view of the fact that their 
leakage are higher than in Macro base station. A future layout for the test site might be 
taking into consideration to move all Micro BTS to the radio room number 3 due to its 
higher isolation. 
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7 Interferences in APZ Core 

7.1 Introduction 

7.1.1 EMC Introduction 

Electromagnetic Compatibility (EMC) is the ability of electrical or electronic 
equipment/systems to function in the intended operating environment without causing 
or experiencing performance degradation due to unintentional EMI. It is recommended 
that the performance be tested or qualified to insure operation within a defined margin 
of safety for the required design levels of performance. The EMI source minus the 
coupling mechanism path losses should result in an emission level that is less than the 
victim's susceptibility threshold minus a predetermined safety margin. The goal of 
EMC is to minimize the influence of electrical noise. 

Electronic equipment can malfunction or become totally inoperable if not designed to 
properly minimize the effects of interference from the internal and external 
electromagnetic environments. Proper equipment and system designs are also 
necessary for minimizing potential electromagnetic emissions into the operating 
environment. 

It is important that electronic equipment designs ensure proper performance in the 
expected electromagnetic environment, thus maintaining an acceptable degree of 
Electromagnetic Compatibility (EMC).[15]  

Do you ever experience any of the following problems? Your computer interferes with 
FM radio reception, operating your vacuum cleaner causes "snow" on your TV, your 
car radio buzzes when you drive under a power line, a helicopter goes out of control 
when it flies too close to a radio tower, you pick up CB radio conversations on your 
stereo, your telephone is damaged by lightning-induced surges on the phone line, the 
screen on your video display jitters when the fluorescent lights are on, your new 
memory board is destroyed by an unseen discharge as you install it,  the clock on your 
VCR resets every time your air conditioner kicks in,  your laptop computer interferes 
with your aircraft's rudder control,  the airport radar interferes with your laptop 
computer display,  your pacemaker picks up cellular telephone calls,  a hospital's EKG 
machine picks up Channel 5. All of these problems could be avoided with a right EMC 
previous planning. [14] 

Why is so important EMC in the Ericsson’s test site? We must be aware that this site is 
among most comprehensive GSM test environments in the world, with an excess of 
100 BSCs and MSCs, and other supporting nodes such as BTSs, GSN nodes, TSSs 
and SMPC nodes along with associated test equipment. All these equipment is packed 
into 4000 m2 test facility. This can obvious causes problems, especially in the radio 
environment. 



 

 

Radio Environment Improvement 
Interferences in APZ Core 

60 Department of Electrical Engineering
Division of Electronic System

Linköping Universitet

The main aim of this thesis was to check the RF environment from an EMC point of 
view. There was no study so far if we are fulfilling the EMC requirements for all our 
equipment and taking into consideration, for instance, we have about 250 radio 
stations in just a few thousand square meters perhaps we should take care of it.  We 
have to be sure that all of our test case are carried out in the right way since might be 
possible some kind of disruption from RF equipment such as mobile station and base 
stations. 

To work over EMC requirement means that it is not possible to warrantee the proper 
operation of our equipment. Electromagnetic compatibility (EMC) is sometimes 
considered as black magic, sometimes as scapegoat for not being able to explain 
system failures, and sometimes as an invention of regulators to give designers a hard 
time. 

All Ericsson's products are designed, tested and installed to comply with international 
safety standards and regulations regarding exposure to radiofrequency (RF) 
electromagnetic fields (EMF). 

The purpose of this chapter it will be go through all this regulation and requirements 
with the aim of checking the right fulfilment of them in our equipment.  

7.1.2 European Regulation 

If you make telecom equipment destined for the European Union, you must be 
concerned about its EMC performance. Verification that the equipment meets the 
requirements of standards designated by the European Commission is required by 
both the EMC Directive (89/336/EEC) and the Radio and Telecommunication Terminal 
Equipment Directive (1999/5/EC).  

These directives are "incomplete," or open-ended in the sense that they set out 
"essential requirements" and leave the details of specific measurement methods and 
compliance limits to standards that are selected on an ongoing basis. The standards 
are usually written by the IEC (International Electrotechnical Commission) and 
reviewed and sometimes modified by CENELEC. Under the provisions of the EMC 
Directive, CENELEC is the "expert body" which selects the standards which are used 
to ascertain compliance with the essential requirements of non-interference and 
immunity. CENELEC Committee TC/210 transmits its recommendations to the 
European Commission, which publishes them in the Official Journal of the European 
Communities. It is this publication, or "designation," which makes the standards official 
for compliance assessment.  

With the passage of time, a large number of Directives and implementing standards 
have been passed. The sheer number of titles can make it difficult to keep track of 
which standards are in force, which are in transition, and which have expired. Once a 
standard has expired, the "presumption of conformity" associated with its use is 
withdrawn. This means that equipment that is still being manufactured and exported 
into the EU must be requalified to a current standard. There are some fine points of 
interpretation, but my understanding is that the key issue of when an expiration date 
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triggers requalification relates to the "placing on the market" of the equipment. This is 
its time of importation (at which time national customs authorities can review the 
Declaration of Conformity) and availability for sale. It is clear that a unit cannot be 
qualified on the basis of a standard, and then manufactured and imported as compliant 
with the Directive after that standard has been withdrawn. It must be requalified to a 
standard that is current. [13]   

EMC directive (89/336/EEC), the electromagnetic compatibility directive, to ensure that 
equipment does not disturb essential services (mostly radio services) and that 
equipment has certain immunity against disturbances. 

 

7.1.3 Ericsson Internal Regulation 

Ericsson has its own directives. The main document is EMC Generic Requirements 
(1/1056-FAU 104 02 Uen [16]). The purpose of this is to specify EMC requirements for 
Telecommunication equipment, to be used as Ericsson internal quality requirement for 
EMC. 

The main target is to cover legal requirements according to European EMC Directive 
89/336/EEC [17] and FCC part 15 in North America [18]. 

Due to specific customer or specific requirements, these generic requirements are 
more stringent than what is necessary with respect to the EMC directive Europe. With 
this document Ericsson tries group in just one document European and American 
EMC constrictions in order to fulfill both legislations. It is a set of all the requirements 
described in both document and in case of common requirements, the strictest  value 
is chosen.  

With regard to our purpose, we will focus in the RF immunity requirements showed in 
this document.  To be more precise in the section number 6.2, called Immunity within 
the chapter “Generic Requirements“. There we can see the maximum values allowed 
in order to warrantee the right equipment operation.  

Our tests were centered in the switching hall since it is here where the most sensitive 
equipments are placed. To be exact, the study will value the electro magnetic field at 
AXE devices.  

Ericsson equipments has the followings requirements: 
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That means that Ericsson warrantees the right behavior of its devices as long as the 
electromagnetic field keeps below 10 V/m in normal operation and between 1 and 1,7 
V/m in maintenance operation  (depending on the frequency range). 

Normal operation means with the cabinet enclosure closed, whereas maintenance 
operation means when personal are doing some kind of test or maintenance task in 
the equipment so the cabinet is open. This is so important since some of the 
equipment in the test site is in this situation for long period and notice that under this 
condition the RF immunity is 10 times lower. 

The compliance criterion means how should be the behavior of the equipment during 
and after the test. Criterion A is the strictest; the apparatus shall continue to operate as 
intended. No degradation of performance or loss of function is allowed below a 
performance level specified by the manufacturer, when the apparatus is used as 
intended. The performance level may be replaced by a permissible loss of 
performance. If the minimum performance level or the permissible performance loss is 
not specified by the manufacturer then either of these may be derived from the product 
description and documentation and what the user may reasonably expect from the 
apparatus if used as intended. [16]  

 The test method is described in the standard IEC 61000-4-3 [19]. This sets the 
method that how is the way to make the test in order to get the certification and will 
base on it for deciding how we will take the measures. 

7.2 Practical result 

7.2.1 Measure Method 

Electromagnetic fields are the result of the addition of fields coming from different 
sources. Therefore if we want to get the field in a spot, it would be necessary to take 
into consideration signal coming from all directions. We would need three sensors 
oriented according the X, Y, Z axis, and from these to get the measures in the three 
directions separately. These components may be added in a quadratic way 

                                 222

zyx EEEE ++=  

Beside this, we also need to take the measure in a wide band range since the 
specification determines maximum electromagnetic fields values for a wide band 
between 80 and 2700 MHz in our case. 

These kind of measures are usually taken by means of wide-band probe which gets 
signal coming from these three direction using three wide band antennas and adds 
them on the proper way in a processor unit. 

The problem is there are not these kinds of devices in the test site thus we had to use 
an omni directional antenna and make the calculus by ourselves. Another setback was 
that these GSM antennas are ready to work just in 900 MHz and 1800 MHz so we will  



 

 

 
Radio Environment Improvement

Interferences in APZ Core

63 Department of Electrical Engineering 
Division of Electronic System 
Linköping Universitet 

not get the add of the field between 80 MHz and 2700 MHz. For that reason we will 
add just the signal belonging to these two bands instead of the whole range. It is 
possible to consider this as a good approximation since it is in these bands where we 
have almost all the “noise”. 

We had at our disposal a portable spectrum analyzer and dual GSM omni directional 
antenna. The way used to take the measure was the following one: The spectrum 
analyzer from Rohde&Schwarz has a software function which allows to calculate 
power in the frequency domain. The way to do it is easy, just to set the center 
frequency of our channel and the bandwidth of it, and automatically it gives us the 
power on this frequency channel in dBm’s.  

In our case we used as center frequency 1.2 GHz and as bandwidth 2 GHz so we 
calculated the power between 200 MHz and 2.2 GHz. Notice that the frequency 
requirements are wider but with our antenna doesn’t make sense since it is almost 
insensitive in frequencies higher than 2 GHz. 

The spectrum analyzer makes a sweep in the frequency domain by means a band 
pass filter, this add all the values obtained in each “window” in order to get the power 
in the entire channel. Therefore we are using a narrow band device with the aim of 
getting a wide band measure. 

It should be taken into consideration that with the antenna we only are able to catch 
one of the three component necessaries to calculate the field. On the other hand, as 
the interference’s sources are completely random as well as their polarization, we can 
consider that all the contributions have the same influence so: 

{ }
xzyxzyx EEEEEEEE ⋅====++= 3222  

We may calculate all the measures using the antenna in just one orientation and 
multiplying the electric field obtained by √3. 

Furthermore, the spectrum analyzer shows the measure in logarithmic power units 
(dBm) so we have to make the proper conversion in order to get electric field (V/m).  
To make this conversion we need a couple of parameters. One of them is the 
characteristic impedance of our system, Z=50 Ω, and the other one is the antenna 
factor (AF). The Antenna Factor (AF) is defined as the ratio of the incident 
electromagnetic field to the output voltage from the antenna. 
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Using some substitution we come up with the standard AF equation used for 50Ω 
systems: 
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The antenna used has gain of about 1.5 dBi so we have AF(900 MHz)= 27.80 dB/m 
and  AF(1800 MHz)= 33.82 dB/m at the two bands where we are interested in. If we 
use the antenna as a wide band probe we would have to calculate the antenna factor 
for each frequency. Instead of this and for simplify the measure we will use the AF at 
1800 MHz for the whole range since it is the value which we will get highest electric 
field values so we will obtain the worst case with the aim of warrantee the truthfulness 
of our conclusions. 

The following relation will let to calculate the electric field from the power detected in 
the spectrum analyzer: 
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7.2.2 Electric Field detected in the test site 

With the purpose of finding out if we are fulfilling the EMC requirements in all the 
exchanges, 35 random points were chosen around the entire site. 

By means of the spectrum analyzer and according the procedure before described the 
following measures were obtained on these points: 

Figure 36. Electric Field detected in the test site 
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The exact value of these measures may be seen in [A1]. We can see there is no point 
higher than 300 mV/m. All the values are pretty even and there are no big differences 
between points close to radio room with other further away. 

7.2.3 Electric Field generated by a mobile station during a call 

Another topic under study was to calculate the influence of the operators’ cell phones 
since sometimes they establish calls while they are in maintenance operation with the 
exchanges and that could be a risk from EMC point of view.  

The test consisted in set up calls from a mobile station to cell phone placed one meter 
far away. In between an omni directional antenna was placed connected with the 
spectrum analyzer. The procedure followed was as the one before described. 

It was also checked the signal strength transmitted by a cell phone when it is switched 
on since according with the GSM procedures. 

When an MS is switched on, the IMSI attach procedure is executed. This involves that 
the MS sends an IMSI attach message to the network indicating that it has changed 
state to idle. This message is sent with the using maximum power possible in the 
mobile station since the MS does not know yet how far is the closest BTS. After this 
the BSC sends a message to the MS, via the RBS, containing information about the 
output power to use. This information is sent to the MS using FACCH. From that 
moment on, the MS will adapt the output power depending to the distance from the 
BTS in order to save energy. 

First of all the power emitted during a call was measured. The spectrum analyzer was 
set up in the power channel mode, and the frequency window was moved at 1800 
GSM uplink since we were trying to find out the power emitted by the mobile station. 
The max hold function was used for getting the highest value emitted. A call was set 
up for 5 minutes and the experiment yielded the following results: 

Figure 37. Electric field detected during a call 
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This power means an electric field of 9,87 V/m, according with the conversion before 
proposed.   

The next test had the goal of finding out the power emitted during the IMSI attach 
procedure. This was tricky since we should take into account   the spectrum analyzer 
sweep time is quite high in comparison with the GSM frame time duration.  After 
discover the BCCH channel used by GSM Office, the spectrum analyzer was tuned to 
this frequency and the span was set us to 200 KHz (GSM channel bandwidth) in order 
to use the lowest sweep time possible in the SA. 

The signal caught by the SA was -2.3 dBm and this means 14,6 V/m. The measure 
was taken 50 cm from the mobile station. 

7.3 Conclusion 

With all the information collected in this chapter we can take some important 
conclusion about EMC matter in the test site. 

With respect to the general electromagnetic fields in the test site as we can see in 
section number 7.2.2, levels are between 10 % and 30 % in relation with the 
boundaries set up by the document 1/1056-FAU 104 02 Uen [16] in maintenance 
situation, this means, doors or panels open. On the other hand the signals are 
between just 1 % and 3 % working in service mode.  

Therefore under these circumstances it is possible to warrantee the right operation of 
the equipment in the entire switching hall from an EMC point of view. 

However, after the test done in section 3.2 we must be aware that these security level 
are fully exceeded in maintenance situation when we are setting up call with a mobile 
station, and near to be exceeded or even over the limits in service mode. 

Consequently, we can say 

• It would be really advisable to keep close all the equipment as far as 
possible. 

• Service personal shouldn’t use the cell phone near to open cabinets, mainly 
we some test is running on it since we cannot warrantee results free of 
disruptions. 

• As long as we keep cell phone some meter far away from the cabinets the 
levels won’t be high enough to exceed security levels. 

Also it would be really advisable to make another further study in the future using 
instrumentation specifies for broadband measures as well as using isotropic antennas. 
All the measures taken in this section are just a simple approach to the correct ones 
taking into consideration the instrumentation that we had at our disposal.
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8 Future Work 

A lot of things have already been done and a lot of time Ericsson Test Environment 
personal have spent to improve the radio environment in the test site, and, as 
consequence, many successes have been achieved. In spite of all of this, it should not 
cease since there are many matter left to improve with the aim of provide to the 
customers an environment more competitive. 

After this thesis there are still left some topic worthy of study as for instance, to 
develop a new layout for the site more comprehensive from a radio electric point of 
view or improvements in the radio room shielding system.  

On the other hand it is highly recommended measure proposed during this thesis such 
as the use of EMC secure cabinets, antenna removal in all the mobile station where 
this measure was possible. 

In relation with the electric field measures done in the site, it would be also 
recommended to repeat them with new equipment more specific for this aim. 

With all of this and with the great professionals who watch over for the right operation 
of the site, the success is guaranteed.
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9  Useful Figures 

Figure A 1. Electric field values obtained in the test site. 

 

Location Power (dBm) Electric Field (Vx/m) Total Electric Field (V/m)

1 -41,8 0,089330548 0,154725048
2 -41,6 0,091411324 0,158329058
3 -45,6 0,057676646 0,099898882
4 -36,2 0,170215851 0,294822502
5 -38 0,138356638 0,239640726
6 -45,7 0,057016427 0,098755349
7 -39,3 0,119124201 0,206329168
8 -39,6 0,115080039 0,199324474
9 -45,4 0,059020108 0,102225826
10 -41,6 0,091411324 0,158329058
11 -36,4 0,166341265 0,288111522
12 -41,2 0,095719407 0,165790876
13 -41 0,097948999 0,169652642
14 -38,7 0,127643881 0,221085687
15 -40,1 0,108642562 0,188174438
16 -36,9 0,15703628 0,271994816
17 -42,3 0,084333476 0,146069865
18 -42,9 0,078704579 0,13632033
19 -42,4 0,083368118 0,144397817
20 -41 0,097948999 0,169652642
21 -39 0,123310483 0,213580022
22 -42,2 0,085310011 0,147761274
23 -44,6 0,064714262 0,112088389
24 -45,2 0,060394863 0,104606971
25 -45,1 0,061094202 0,105818263
26 -43,9 0,07014553 0,121495622
27 -44,6 0,064714262 0,112088389
28 -44,1 0,068548823 0,118730044
29 -43,6 0,072610596 0,125765241
30 -45,2 0,060394863 0,104606971
31 -45,9 0,055718575 0,096507403
32 -43,9 0,07014553 0,121495622
33 -42,6 0,081470428 0,141110921
34 -42,2 0,085310011 0,147761274
35 -44,6 0,064714262 0,112088389
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 Figure A 2. Frequency distribution for BCCH channels. 

Group Band

1 900 1 13 25 37 49 61 0
1800 513 525 537 549 561 573 585 597
800 129 141 153 165 177 189

1900 715 727 739 751 763 775 787 799
2 900 2 14 26 38 50 62 975

1800 514 526 538 550 562 574 586 598
800 130 142 154 166 178 190

1900 716 728 740 752 764 776 788 800
3 900 3 15 27 39 51 63 976

1800 515 527 539 551 563 575 587 599
800 131 143 155 167 179 191

1900 717 729 741 753 765 777 789 801
4 900 4 16 28 40 52 64 977

1800 516 528 540 552 564 576 588 600
800 132 144 156 168 180 192

1900 718 730 742 754 766 778 790 802
5 900 5 17 29 41 53 65 978

1800 517 529 541 553 565 577 589 601
800 133 145 157 169 181 193

1900 719 731 743 755 767 779 791 803
6 900 6 18 30 42 54 66 979

1800 518 530 542 554 566 578 590 602
800 134 146 158 170 182 194

1900 720 732 744 756 768 780 792 804
7 900 7 19 31 43 55 67 980

1800 519 531 543 555 567 579 591 603
800 135 147 159 171 183 195

1900 721 733 745 757 769 781 793 805
8 900 8 20 32 44 56 68 981

1800 520 532 544 556 568 580 592 604
800 136 148 160 172 184 196

1900 722 734 746 758 770 782 794 806
9 900 9 21 33 45 57 69 982

1800 521 533 545 557 569 581 593 605
800 137 149 161 173 185 197

1900 723 735 747 759 771 783 795 807
10 900 10 22 34 46 58 70 983

1800 522 534 546 558 570 582 594 606
800 138 150 162 174 186 198

1900 724 736 748 760 772 784 796 808
11 900 11 23 35 47 59 71 984

1800 523 535 547 559 571 583 595 607
800 139 151 163 175 187 199

1900 725 737 749 761 773 785 797 809
12 900 12 24 36 48 60 72 985

1800 524 536 548 560 572 584 596 608
800 140 152 164 176 188 200

1900 726 738 750 762 774 786 798 810

BCCH Frequencies (ARFCN)
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Figure A 3. Radiation Pattern for YA-900 (Yagi 900 MHz). Procom 

   Figure A 4. Radiation Pattern for YA-1800 (Yagi 1800 MHz). Procom 
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Figure A 5. Frequency response for cabinet TS 8608.009 EMC.  

Figure A 6. Cabinet model TS8 7820 from Rittal
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11 Abbreviations  

Abbreviations are common in scientific reports. For the first time reader the 
abbreviations can feel like an obstacle and therefore we introduce an abbreviation list 
in this section explaining the most common concepts.   

AMPS  Advanced Mobile Phone System 

ARFCN Absolute Radio Frequency Channel Number 

AuC  Authentication Centre 

BCCH  Broadcast Control CHanel 

BCH  Broadcast Channel 

BS  Base Station 

BSC  Base Station Controller 

BSIC  Base Station Identity Code 

BSS  Base Station System 

BTS  Base Transceiver Station 

CCH  Common Control Channel 

CCN  Coaxial Cable Network 

CENELEC European Committee for Electrotechnical Standardization 

CEPT European Conference of Postal and Telecommunications 
Administrations 

DCCH  Dedicated Control Channel 

DCS  Digital Cellular System 

DTRU  Double Transceiver Unit 

DTX  Discontinuous Transmission 

EDGE  Enhanced Data Rates for Global Evolution 

EMC  Electro Magnetic Compatibility 

EMI  Electro Magnetic Interferences 

ETE  Ericsson Test Environment 

ETSI  European Telecommunication Standards Institute 

FACCH Fast Associated Control Channel  
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FDMA  Frequency Division Multiple Access 

GMSK Gaussian Minimum Shift Keying 

GSM  Global System for Mobile 

GSM BSS Global System for Mobile Base Station System 

GSN  GPRS Support System 

HLR  Home Location Register 

IEC  International Electrotechnical Commission 

IMEI  International Mobile Equipment Identity 

IMSI  International Mobile Subscriber Identity 

ISDN  Integrated Services Digital Network 

ISY  Department of Electrical Engineering 

ITU-T  International Telecommunications Union 

MCC  Mobile Country Code 

MDF  Manual Distribution Frame 

MNC  Mobile Network Code 

MS  Mobile System 

MSC  Mobile services Switching Centre 

MT  Mobile Terminal 

MWM  Multi Wall Model 

OSS  Operation and Maintenance Centre 

PCM  Pulse Code Modulation 

PCS  Personal Communication Service 

PDA  Personal Digital Assistand 

PDU-GRAN Product Develop Unit GSM Radio Network 

PLMN  Public Land Mobile Network 

POTS  Plain Old Telephone Service 

RACH  Random Access Channel 

RBS  Radio Base System 

RF  Radio Frequency 
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SACCH Stand Alone Control Channel 

SCH  Synchronization Channel 

SIM  Subscriber Identification Number 

SMPC  Serving Mobile Positioning Center 

SMS  Short Message Service 

TACS  Total Access Communication Service 

TCH  Traffic Channel 

TDMA  Time Division Multiple Access 

TSS  Traffic Simulation System 

VLR  Visitor Location Register
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