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Abstract 

Mobile users need more capacity and higher velocity to work with new data applications. In 

order to satisfy these requirements, mobile systems of third generation were created and they 

are established every day in more places. Consequently second and third generation of system 

have to coexist. 

In this paper is presented a study about the co-existence between GSM and UMTS, the most 

popular systems in Europe. 900MHz is the frequency chosen to work with both systems, due to 

this low frequency allows: less path loss and more coverage, than 2100MHz the usual 

frequency for UMTS system.  

The situation evaluated is focused on introducing a UMTS carrier in a GSM operator, with the 

aim to determine the advantages and cons produced in the mobiles with this change. Two 

cases are distinguished: coordinated operation, GSM and UMTS900 in the same operator and 

un-coordinated operation, UMTS900 respect to other GSM operator. Users under study belong 

to both modified operator and a next GSM operator. Power control was programmed in both 

systems. 

It was determined how affect the interferences in system capacity of the operators and which 

is the guard band necessary to protect the system. Spectral efficiency (user/cluster/MHz) in 

the case GSM and UMTS900 in same band is twice as much as in a GSM operator. The 

separation between operators is set in 300KHz.But is important to know that UMTS carriers do 

not cause damage in others operators because is located in the middle of GSM carriers. The 

guard band fixed to protect each mobile in operator with shared spectrum is not necessary. 

The distance between carriers GSM and UMTS necessary is 2.4MHz while the width of one 

UMTS carrier is 2.5MHz. 
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1. Introduction 
 

1.1 Background 

Radio spectrum is the portion of the electromagnetic spectrum dedicated to 

telecommunications. The frequencies range is from 10KHz to 3000GHz. 

This natural resource is the base for wireless technologies like mobile communications, FM 

radio and the use of GPS. In fact, it is possible to consider that electromagnetic spectrum as a 

basic resource for the development of the information society. 

Today, the market demands more frequencies to allow for new wireless services, since the 

wireless communications have advanced tremendously in the last years. Together with 

Internet, it is the field with the most spectacular growth. This can be seen in the explosion of 

number of mobile communications subscribers and in the use of Wi-Fi and Bluetooth as is 

referred in [1]. 

As mentioned above the radio spectrum is a limited resource. Due to this fact, radio spectrum 

management in an efficient way is both important and necessary. Today, the spectrum is 

assigned in a fixed and specific form. A band of frequencies corresponds to a dedicated service 

and technology. 

However, the European Union (EU) is interested in boosting the growth of the technology 

market. With the aim to promote new technologies, a new policy is presented in order to 

make it easier to introduce new services, the policy is known as Wireless Access Policy for 

Electronic Communication Services (WAPECS) [2]. 

Using the acronym of WAPECS the European Commission has proposed that the use of 

frequencies could be more flexible. As it is described in [3] there are six bands defined, and for 

them the operators should find the least restrictive technical conditions to establish the 

compatibility between the systems. This makes it possible to make better use of frequencies 

for whatever service or technology. 

The goal of this study is to investigate the feasibility of allocating wireless radio transceivers 

from GSM and UMTS systems, in the same band of 900 MHz. 

1.2 Wireless Access Policy for Electronic Communication Services (WAPECS) 

WAPECS introduces flexible rules in the spectrum management, in opposition to the strict 

format on the use of radio spectrum today. The EU pursues an objective with the 

implementation of WAPECS, to improve the efficiency of radio spectrum. The increase of 

spectrum efficiency implies higher growth in the technology sector.  

In the Mandate to develop WAPECS there are identified the next different bands: 



2 

 

• 470-862 MHz; 

• 880-915 MHz / 925-960 MHz (900 MHz bands); 

• 1710-1785 MHz / 1805-1880 MHz(1800 MHz bands); 

• 1900-1980 MHz / 2010-2025 MHz /2110/2170 MHz(2 GHz); 

• 2500-2690 MHz; 

• 3.4-3.8 GHz. 

Although in the theory any service can works in any band, WAPECS takes into account the 

protection of basic services. For this, it books specify bands. The Mandate establishes a study 

about the technical feasibility of different systems for each band. 

In the case of 900 MHz band, the most important assumption is to assure the co-existence 

between GSM a UMTS900, central theme of this thesis. It’s worth mentioning that if in the 

future a service wants to operate in this band, it has to be assured the least restrictive 

technical conditions to coexist. 

In order to determine these restrictions to assure the compatibility there are different 

methods, as for example, the Block Edge Mask (BEM) model or the space centric-model. In this 

work the assumed model includes the use of ACS and ACLR. 

Once the restrictions are established, the operators know the technical information necessary 

to design their systems without causing any harm in others operators and avoiding the 

adjacent interferences. 

Finally, this thesis will answer to the question: How does the new regulation affect in system 

mobiles? 

 

1.3 Motivation  

The main reason for the interest to deploy UMTS in the GSM 900 band is the enormous growth 

in wireless data. As can be seen in the Telecommunications Market Report [4] of “The Swedish 

Post and Telecom Agency” (PTS), the traffic for mobile data services increased from 2.191 

Tbytes during 2007 to 13.720 Tbytes during 2008, which corresponds to an annual growth of 

526 per cent. In the figure below the increased data traffic is illustrated. 
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Figure 1.1 Total data traffic in mobile networks. Source PTS 

Consequently at the end of 2008, the number of subscriptions with broadband connection via 

mobile was 877.000, which corresponds with an increase of 133 per cent compared with one 

year earlier.  

The information showed above is a result of that today wireless users want to be accessible 

and connected even when they are moving. Moreover there are two important markets for 

the operators: on the one hand, the private individuals who want use new data applications 

that for example allow storing music, films… with the aim to be access from any internet 

connection, on the other hand, business people who use the mobile as work tool. In fact, the 

internet subscriptions have increased a 10 per cent for private users and a 16 per cent for 

business people between 2007 and 2008, information obtained from PTS.  

A possible solution to satisfy the new data demand is the implementation of UMTS900 that 

offers the advantages of WCDMA and lower propagation loss. With the deployment of 

UMTS900 the users are going to obtain an improvement in their service associate to higher 

capacity, but also higher coverage. For this reason the purpose of this study is to investigate 

the co-existence between GSM and UMTS900 in adjacent sub-bands. 

The main driver to implement UMTS in 900MHz band is the fact that at lower frequencies 

there are propagation benefits. As we can see in [5], it is possible expected to be great 

coverage advantages for the use of UMTS900 over UMTS2100. When it is considered free 

space propagation UMTS900 has a 6.9dB advantage over UMTS2100. According to the 

COST231-Hata propagation model the advantage depends on the environment: 11.4dB for 

medium and suburban areas and 14.4dB for metropolitan centers.  

Other benefit as result of the use of a lower carrier frequency is the higher gain in electronic 

devices. Consequently the power transmission and reception will be increased with less cost. 

Moreover the actual development of GSM in 900 MHz band makes cheaper the components. 
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It's worth noting that this thesis coincides with the European works, due to the main issue 

treat about the future works on 900MHz band in the European Conferences is: the coexistence 

of GSM and UMTS. 

Finally, this investigation is intended to be useful for the mobile operators that need to know 

the technical information to design their systems without causing damage in other operators 

and avoiding the adjacent interferences. In order to secure the viability of this model, it has to 

be determined which are the least restrictions necessaries to assure the compatibility between 

the different systems that co-exist in one band.  

1.4 Related Work 

There are several studies about the coordination between UMTS and GSM systems at 900MHz.  

The 3rd Generation Partnership Project (3GPP) has concluded that GSM900 and UMTS900 can 

co-exist in coordinated and un-coordinated operation. [6] 

In [7] it is found how to ensure that the mutual interference between the terminals and the 

base stations from GSM and UMTS does not damage the system. With this aim the variables 

frequency offset and coupling loss were studied. The guard band recommended in the study is 

2.6MHz for uncoordinated operation and 2.2 MHz for coordinated operation. 

The report [8] is a complete work about the compatibility between GSM and UMTS. In it, is 

showed the simulation results from the different scenarios of GSM and UMTS in urban and 

rural areas. In this case it was concluded that the necessary separation to develop UMTS900 in 

co-existence with GSM is 2.8MHz for un-coordinated operation and 2.6MHz for coordinated 

operation. The capacity loss due to the interferences was presented. 

With reference to the guard band is important remember that when the guard band is higher 

the protection against interferences is better, but when the spectrum is shared, it is possible 

that its use would be inefficient because too many frequencies are wasted in the guard band. 

The simulation results from different sources for the co-existence in several scenarios are 

showed in [6]. Here the capacity loss (%) as a function of Adjacent Channel Interference 

Rejection (ACIR) is presented. Moreover the study presents an analysis and results for different 

models similar to [8]. 

From [9] it can be learned how to make a simulation methodology in order to evaluate the 

analysis of the Radio Frequency (RF) interactions between several Code Division Multiple 

Access (CDMA) radio systems. This paper was useful for us to obtain the steps needed for our 

simulation. The steps described in the method are:  

1. To decide user distribution and path loss model. 

2.  To calculate the signal level including the parameter that models the interferences 

(ACIR).  

3. To implement the power control.  

4. To simulate in order to present the outage over the capacity.   
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1.5 Objectives and structure of the project 

Until now GSM networks were implemented in the 900MHz or 1800MHz bands, in Europe. 

While UMTS worked in the band of 2.1GHz.However this thesis works with both systems in the 

band of 900MHz, because lower frequency involves lower attenuation therefore the cover is 

bigger. 

Due to the advantages that UMTS900 presents and the extension that GSM has, their networks 

have to co-exist for some time. 

This study investigate the situation when there are two operators working in GSM and one of 

them decides to improve its service and replace a band of spectrum by one UMTS900 carrier. 

The question is to evaluate the impact of this action on system capacity of both operators. 

Obviously when two services share the same spectrum band there is an immediate 

consequence: interference between them increase. 

For this reason the work consists of calculating the capacity of the two systems named. With 

this purpose it will be presented the percentage of user that the model can support. Within 

these results the advantages and disadvantages of this new implementation will be estimated. 

In order to make the simulations, the programme Matlab was used together to specific 

functions from RUNE, a software tool for cellular network analysis. 

Finally it will be evaluated if the degradation suffered by the systems allows the proper use of 

wireless communication.  

At the end of this thesis we will be able to answer the next questions: 

 

1. How does the introduction of UMTS900 affect the actual system, from the capacity 

point of view? 

2. Which are the proper design parameters to minimize the interferences between GSM 

and UMTS900? As for example, which is the appropriate guard band between carriers? 

3.  How has the spectrum use improved? 

 

The rest of the report will consist of the following parts: Section 2 presents the theory that 

gives base to this thesis; section 3 contains a description of the methodology implemented in 

this project; section 4 the results are presented and discussed. Finally in section 5 the 

conclusion and the future work are exposed.      
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2. Theory 
 

In this section, the basic and necessary theory for focus to the reader in the context of the 

thesis is presented. 

2.1 GSM Theory 

2.1.1 Evolution and Definition  

The Nordics countries were important in the communication development, due to the fact that 

they introduced the first cellular service for commercial use, the Nordic Mobile Telephone 

(NMT) in 1981, as it is explained in [10]. In the next years, more systems were developed, e.g. 

Advanced Mobile phone system (AMPS) and Total Access Communication System (TACS) but 

without compatibility between them.  

The Global System for Mobile Communication is the first standard for digital cellular 

communication. From 1982 to 1987 the main characteristics were defined during the 

standardisation work. In 1992 the first commercial GSM networks came into service [11]. 

2.1.2 Technology 

GSM is the most popular second generation system installed worldwide. Its general 

characteristics are presented in the Table 2.1. 

Table 2.1 General characteristics of GSM 

 

Parameter  GSM 

Frequency band (MHZ) 

Mobile-> Base (UPLINK) 

 

 

Base -> Mobile (DOWNLINK) 

 

890-915 

880-915 

 

935-960 

925-960 

Access Method TDMA/FDMA 

Methode of duplex FDD 

Channel Separation 200KHz 

Traffic channels by radiochannel 

 Total traffic channels 

8 

992-1392 

Voice Channel 

Modulation 

Transmission Rate 

Voice and velocity encoder 

 

GMSK 

270.8 Kb/s 

FR-EFR 13 Kb/s 

Service Channel 

Modulation 

Vel. Transmission 

 

GMSK 

270.8 kb/s 
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As we can see in the table above, there are two possibilities bands .This occurs because at 

beginning it dedicated 25 MHz to each direction but later the range of frequencies was 

extended 10 MHz and it was named Extended Global System Mobile (E-GSM). We will work 

with the spread version. 

Also, it is observed that GSM has a double method of access. On the one hand, it is FDMA 

because it has a certain number of carriers to transmit. On the other hand, it is TDMA due to 

each carrier is shared as the same time by eight users. Moreover, with the data, separation 

between adjacent carrier frequencies equal to 200KHz it is possible to calculate the number of 

carriers in a specific band with. This information establishes the maximum numbers of users in 

GSM. 

Other relevant data is the transmission rate, only 270.8 Kb/s. Finally, to emphasize that 

modulation is done via Gaussian Minimum Shift Keying (GMSK). 

2.2 UMTS Theory 

2.2.1 Evolution and Definition  

The Universal Mobile Telecommunications System (UMTS) standardisation was preceded by 

several research projects. In 1996 it was completed UMTS Task Force Report on a UMTS 

strategy for Europe. During 1998 it was decided basic concepts about UMTS services and radio 

networks aspects and the standardisation work it was transferred to Third Generation 

Partnership Project 3GPP.Finally in 2001 it was implemented the first net UMTS, information 

extracted from [10]. 

 2.2.2 Technology 

UMTS emphasizes to provide high-speed in the transmission rate, bandwidth services and to 

support more users. 

The key of UMTS advantages is to use the Wideband Code Division Multiple Access (WCDMA) 

technology in order to implement the radio access. In WCDMA technology, all users share the 

common physical resource: a frequency band in 5-MHz slices as it is explained in [12]. 

 

 

 

UMTS can works in several frequencies like 850, 1700 and 2100MHz, but the thesis is focused 

in UMTS900. 

Figure 2.1 WCDMA carrier 
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In the next table are resumed the general characteristics of UMTS900:  

Parameter UMTS900 

Transmission frequency (MHZ) 

Mobile-> Base (UPLINK) 

 

Base -> Mobile (DOWNLINK) 

 

880-915 

 

925-960 

 

Access Method W-CDMA 

Methode of duplex TDD/ FDD 

Carrier Separation (MHz) 5 

Modulation 

Transmission Rate 

 

QPSK 

384.14Kb/s 

 

Table 2.2 General characteristics of UMTS900  

2.3 GSM plus UMTS900 

It is important to know, that in practice the aim of the thesis is possible, due to in the last years 

it was created appropriate technology. 

The coexistence of GSM and UMTS900 presents economic advantages. One of them is to use 

base stations installed. This is the best solution for the problem that many operators find to 

obtain new sites to install the radio base stations. 

It exist different deployment configurations for co-located GSM and UMTS systems as it 

showed in [5]. Two examples of them can be seen in figures below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2 Separated antennas Figure 2.3 Shared antennas 

UMTS 

900 

GSM UMTS 

  900 

  GSM 
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The configuration 1 shows two separated antennas each one with their own feed. Only the 

place and the civil structures to support the base station are shared. On this way a higher RF 

interference isolation is obtained and of course a better efficiency in antennas. They work in a 

separated form to find the best orientation for their system. The main con is the cost of this 

approach. 

In the configuration 2 is formed by one antenna that support UMTS and GSM in the same 

band. The problems are that the frequency plan for GSM has to change, in consequence the 

coverage change and new devices are necessary to work with the different signals and with 

them the system has more losses. The benefit of this configuration is the reduced cost.   

Nowadays telecommunication companies are developing the technology in order to 

implement the configuration 2. The objective is to add a new module to allow sharing of 

antennas between two systems with the same frequency band. Next example shows a schema 

of the solution offered by Huawei [13]. 

 

 

The box Same Band Antenna Sharing Unit (SASU) is formed by filters and signal combination 

device. SASU allows sharing the antenna system between UMTS900 and existing GSM900 

equipment. 

This technology it was created few years ago and it is in a trial period. The losses introduced by 

this kind of device are not fixed. For this reason in the thesis is assumed separate antennas one 

for GSM900 and other for UMTS900. 

 

 

Figure 2.4 Schematic diagram of a system same-band antenna-sharing 
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2.4 Power Control 

Power control is a method with the objective of obtaining a similar quality in the service of 

each user independently of his position. The received power and interference at a mobile 

change with the distance to transmitters. Consequently the relation between the signal and 

the noise is variable and there are favourable and unfavourable cases. 

In the case of downlink, the worst case is produced when a mobile is in a border of the cell, 

that is, far to his base station and very close to an adjacent BS. The best case is when the 

mobile is situated near his BS. In order to compensate these situations the power control is 

applied. 

Base stations are communicated with its users and it is possible distinguishes which are the 

users that need more power making measurements and analyzing the information received. 

The base station can transmit different levels of power.  

 

2.5 Spectrum efficiency 

The spectrum efficiency in general terms is a measurement that determines the maximum use 

of the bandwidth. There are different ways to describe this parameter, for example: referred 

to digital modulations as data that can be transmitted in a spectrum band, expressed in 

bits/s/Hz.  

In mobile communications usually is considered as the maximum number of users per cell to 

allow for all users a minimum of quality in their service. The spectrum efficiency represented in 

the graphs of this thesis considers the next definition: the maximum number of users divided 

by the total of frequencies of the spectrum (users/MHz). 

Due to its importance the frequency plan was determined with the aim of obtaining the 

highest spectrum efficiency.  
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3. Method 

In this chapter, the scenarios and the work methodology followed during the thesis are 

defined. The main objective of this part is to clarify how the results have been obtained.  

3.1 System Model 

Firstly the cases under study will be explained to understand the methodology applied in this 

work.  

The general idea is that initially the system is formed by two GSM operators and later one of 

them changes its frequency arrangement and includes and UMTS carrier to improve his 

service. To study this situation and with the objective to determine, how the introduction of a 

UMTS carrier affects in the installed system mobile, is presented a model formed by three 

scenarios, where each scenario presents two mobile operators.  

The scenario one consists of two operators working with GSM technology (initial 

situation).While the scenarios two and three are composed by one operator working with GSM 

and UMTS in the same band of frequency and other operator working only with GSM system 

(final situation).  

The reason to distinguish two scenarios which deploy an operator working with GSM and 

UMTS in the same band is because exists different options for the distribution of the carriers. 

Then the main difference between scenario two and three is the place where the UMTS carrier 

is situated. In the first case, the carrier is placed in the middle of the frequency band and in the 

second case, the carrier is situated in the right most part of the frequency block. Comparing 

these scenarios will be determined the best option to keep the mobiles in good working order.  

Regarding the interferences two kind will be studied: interferences inter operator to know if 

the new UMTS carrier causes damage in a near operator and interference intra operators 

produced over the operator UMTS carrier belongs it. After consider the interferences the 

necessary guard band between carriers will be determine, with the aim to protect the 

operators each other. With this parameter the feasibility of the model will be assured. 

It is important to mention that the situation where GSM and UMTS co-exist in the same cell is 

called, coordinated operation. With this model the advantages obtained are: a lower cost, a 

faster development and a less site impact. On the other hand, the uncoordinated operation is 

the relation that exists between the different operators. 

The scenarios are exposed in order in figures below: 
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Figure 3.1 Operator A. GSM System 

 

Figure 3.2 Operator B. GSM System 
 

 

 

 

 

Figure 3.3 Operator C. GSM and 

UMTS900 System 
 

Figure 3.4 Operator B. GSM System 

 

 

 
 

Figure 3.5 Operator D. GSM carriers 

and UMTS carrier in the right extreme 

Figure 3.6 Operator B. GSM System 

 

3.2 Co-existence between GSM and UMTS900 in urban areas in coordinated 

and uncoordinated operation  

Once the objective of this thesis is defined, it is time to focus on the parameters necessaries to 

develop the simulation model. 

The area was the first parameter defined to create the simulation case. The implantation of 

UMTS900 is interesting in two scenarios: rural and urban areas. On the one hand, in rural areas 

it is possible to give a higher coverage with less cost. On the other hand, in urban areas its 

development will improve the service in-buildings. UMTS900 will complement to GSM in order 

to satisfy the user demand.  The kind of area selected was the urban area. Once chosen this 

parameter the next step is to determine the cellular model. 

The cellular model consists of 49 hexagonal cells with an Omni-directional antenna located in 

the centre of each cell. The system is formed by 7 cluster with 7 cells each cluster. Moreover, 

in order to reduce the interferences and increase the capacity of the system each cell is 

divided into 3 sectors. In the next figure a section of the cellular system is shown. 
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Cellular model. Coordinated operation                                            Sectoriced cells 

 To continue, the scenario is detailed in table below: 

Scenario 1 GSM and UMTS900 in urban areas in coordinated operation 

Simulation cases Interference between GSM and UMTS900 with power control in 

both systems. Downlink case will be study. It is considered that all 

time slots are in use. 

Specifications  The BS’s from GSM and UMTS900 are co-located in an urban area, 

with a ratio cell equal to 550m. Omni-directional antennas are 

considered.  

In our model 49 cells will be simulate, each one with 3 sectors. GSM 

cell 7/21. 7 cells by cluster.  

Propagation Model Urban area propagation model 

Technical 

Characteristics  

 

UMTS900 

 

Maximum power (Node B) 

dBm 

43 

Antenna gain dB 18 

Antenna height m 45 

BS-UE-MCL dB 80 

Receiver Noise Figure (BS) 

dB 

5 

Receiver Noise Figure (UE) 

dB 

12 

GSM Maximum power  (BS) dBm 43 

Maximum power ( MS) dBm 33 

Services UMTS900 

 

8 kbps Speech (chip rate: 3.84 Mcps) 

- Eb/Nt target (downlink): 7.9 dB 

- Eb/Nt target (uplink): 6.1 dB 

GSM - SINR target (downlink): 9 dB 

- SINR target (uplink): 6 dB 

Table 3.1 Scenario’s description 

GSM 

  UMTS 
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Due to the implementation of two operators an un-coordinated operation is necessary to fix 

other parameter, the distance between the BS´s of each operator. The parameter has been set 

in 550m, the radio of one cell. 

3.3 Frequency plan 

Following the development of the model, it is important to establish in which portion of the 

spectrum this thesis works and how the frequency management is organised. 

As it can be seen in [8], the most recommended spectrum form, when one operator wants to 

develop the second and third system communication in the same cell, is the “sandwich” form 

represented in the next figure and implemented in scenario two: 

This form is the best because protects other systems from interferences. 

The spectrum band used presents 2 GSM blocks with 18 and 17 carriers each one and one 

UMTS carrier. Moreover it is necessary a guard band to protect the systems. This parameter is 

a variable to determine. The smaller guard band, the better spectrum efficiency. 

Besides the case above mentioned, other option was evaluated in the scenario three. The case 

when a UMTS carrier is placed in the right extreme working in the highest frequencies as it is 

illustrated in figure below: 

 

Figure 3.10 Operator D. GSM carriers and UMTS carrier in the right extreme 

 

Only one block with 35 frequencies working in GSM are consider plus the UMTS carrier. This 

case presents an advantage: the number of GSM carriers near to UMTS carrier is less than in 

the called “sandwich“ arrangement frequency. 

It bears mentioning that in a real system it is better if the channels next to the UMTS are not 

used like RACH, because the user transmits in this channel with the maximum power and it is 

worth for the interferences. 

In operator B, which develops only the GSM system, the frequency plan is formed by 63 

frequencies. In each cell there are nine frequencies distributed in groups of three, in each 

sector that presents one cell.  

 

 

Figure 3.9 “Sandwich” frequency arrangement 

룋 
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All operators have the adjacent frequencies situated as far as possible, never two adjacent 

frequencies are in the same cell.   

3.4 Propagation model 

The path loss from a transmitter antenna connector to a receiver antenna connector (Including 

both antenna gains and cable losses) will be determined by: 

 �������� � max ���� � ��������������� � �� � �!  , #$� } 

 

(1) 

Where ����, is the macro cell propagation model defined in [14] as: 

 

 ���� � 40 ' �1 � 0.004 ' *+,� ' -��� � 18 ' log�*+,� � 21 ' log 3 � 80 (2) 

 

*+, is the BS antenna height above average building top in meters. In urban area *+, is 

set in 15 m. R, is the distance between the BS and the mobile in kilometres 3 is frequency 

in MHz. Finally the result is: 

���� � 37.6 ' -��� � 121.1 (3) 

                                                    

���������������is the shadowing fade following the log-normal distribution with a deviation 

of  10dB. 

��  is the transmitter antenna gain in the direction toward the receiver antenna and �!  is the 

receiver antenna gain in the direction toward the transmitter antenna, which takes into 

account the antenna pattern and cable loss. 

 

MCL is defined as the minimum loss in signal due to the fact that the base stations are always 

placed much higher than the mobile stations.  

3.5 Interferences 

Transmit and receive filters are part of interferences. Their selectivity and amplitude have 

influence in the receiver signal. In order to model these characteristics the next parameter is 

included: adjacent channel interference rejection (ACIR). 

ACIR is defined in [7] as the ratio total power transmitted from a source to the total 

interference power affecting a victim receiver. It provides information about interference 

level. 

ACIR is calculated as: 

7$8� � 117$�� � 17$9 
(4) 
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Where ACLR is adjacent channel leakage ratio and ACS adjacent channel selectivity.  

ACLR is the ratio of the RRC filtered mean power centred on the assigned channel frequency to 

the RRC filtered mean power centred on an adjacent channel frequency as is defined in [15]. It 

is calculated as the ratio of Power in band to Power out band from a transmitter. In downlink, 

the transmitter is the BS. 

ACS is calculated in the same form but from a receiver, in our case mobile station. It is defined 

in [15] as the ratio of the receive filter attenuation on the assigned channel frequency to the 

receive filter attenuation on the adjacent channel(s). 

There are two kinds of ACIR: ACIR_intra and ACIR_inter. The first, represent the interference 

due to the coexistence of different systems in the operators C and D and the second, represent 

the interference between the operators. 

The process to obtain ACIR is explained in Annex A. 

The value of ACIR_intra in the operator C depends of technology used. Two cases are 

distinguished: 

1. ACIR_intra; GSM user: 

In the fisrt case, ACLR has the characteristics from UMTS Node B, and ACS from the mobile 

station GSM. 

ACLR values are presented in the next table, source figure 10 from [8]. 

∆f(MHz) 2.4 2.45 2.5 2.6 2.7 2.8 2.9 3 3.5 5 

ACLR(dB) 12.5 14 16.25 45 48.75 50 51.5 53 63 63 

 

Table 3.2 ACLR for GSM DL as victim being interfered by UMTS DL 

ACIR is equal to ACLR, due to ACS=∞.This means that the transmission filter is considered 

ideal. 

2. ACIR_intra; UMTS user: 

In the second case, ACLR has the characteristics from GSM BTs, and ACS from the mobile 

station UMTS900.The values of ACLR are detailed in table below 

 

Table 3.3 ACLR for UMTS DL as victim being interfered by GSM DL 

∆f(MHz) 2.05 2.1 2.15 2.2 2.25 2.3 2.35 2.4 2.45 2.5 

ACLR(dB) 10 23.75 31.5 38.25 46.8 49.25 50 51.25 52.25 53.75 
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Source figure 10 from [8]. 

ACS=30.5. Then ACIR is approximate ACS as it can be see in the next table: 

 

Table 3.4 ACIR for UMTS DL as victim being interfered by GSM DL 

In order to calculate ACIR_inter are defined three cases: 

1. ACIR_inter; Operator C, GSM user: 

ACLR have the characteristics from base station operator C, and ACS from the mobile station 

GSM. 

Once the procedure explained in Annex A is made, the values of ACLR obtained are: 

 

Table 3.5 ACLR for GSM DL as victim being interfered by GSM DL 

In this case ACIR is equal to ACLR, due to ACS=∞. 

2. ACIR_inter; Operator C, UMTS user: 

ACLR have the characteristics from base station operator B, and ACS from the mobile station 

UMTS900.As second case for calculating ACIR intra. 

3. ACIR_inter; Operator B, GSM user: 

ACLR have the characteristics from GSM and UMTS900 base station from the operator C, and 

ACS from the GSM mobile. As first case for calculating ACIR_inter.  

3.6 Downlink Interference Calculation 

In this section it is explained how to calculate the downlink interference between a mobile 

station : and its base station ;. 

The interference received for a mobile depends on the operator belong it, the technology and 

the frequency used. Remember that throughout this thesis, three scenarios have been studied 

and four independent operators, A, B, C and D are distinguished.  

∆f(MHz) 2.05 2.1 2.15 2.2 2.25 2.3 2.35 2.4 2.45 2.5 

ACIR(dB) 9.96 22.91 27.96 29.82 30.4 30.44 30.45 30.46 30.47 30.48 

∆f(kHz) 100 150 200 250 275 300 350 400 500 600 

ACLR(dB) 2.26 4.63 10.27 16.25 22.2 39.04 42 64.67 67.35 71.41 
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In this study at the same time only two operators are working as is represented in the next 

scenario: 

 

 

 

                                                                      

 

 

 

 

 

Figure 3.11 Coordinated and Uncoordinated deployment of UMTS900 and GSMS900 

In the figure 3.11 is represented the scenario two with the interferences that suffer each 

mobile. The black lines are the interferences due to the operator to belong it each mobile. The 

red lines are the interferences due to other operator or technology. 

In the next sections it is specified the steps followed in the operators A, B, C and D. 

3.6.1 Operator C. GSM and UMTS system 

First the operator C drawn above is studied. This operator works with GSM system and a 

UMTS carrier situated in the middle of the frequency band. The analysis is formed from 

general terms to specifics variables. 

In order to evaluate if the power received for the mobile is enough to work, it is calculated the 

Signal to Interference plus Noise Ratio 98<� as: 

 

98<� � 98 � < 
(5) 

 

To estimate the 98<� at each iteration step in the downlink for each mobile, it is necessary to 

calculate the resulting power, 9 and interference, - in each step. <, represents the noise and is 

a constant equal to -128 dB.  

The power received at a mobile :over a link to base station ; is given by:  

9 � ���= 
(6) 

  

 

 

 

 

 

 

 

                        UMTS900 UE        GSM900 MS                                      GSM900 MS       

GSM900BTS                                 

UMTS900 Node B 

+GSM900 BTS     

Radio Link 

ACIR 
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�  is the power  radiated by the BS in the UMTS mode �  is multiplied by �> the processing  

gain. is the path loss, ��= calculated as is indicated in the equation 3. 

The interference suffered by mobile  :  depends of the technology used.  

When the mobile is using the UMTS system, the total interference is defined as: 

 

 8 � 8?@�A � 8��=�BC�D?@�AEFA@ � 8��=�BC�DE�>C��D�� 

 

(7) 

 

The first contribution to the interference is called   . This interference consists of two 

parts:   

 

Intracellular interference �8��D��?@�A� is produced by the users of the cell. In the downlink 

path are used orthogonal codes, which in the practise are not orthogonal due to the multipath 

propagation.  

Intercellular interference �8��DC�?@�A� is produced by the BS of the other cells. The mobile  

receives no desired power from the base stations that work with the UMTS system. They are 

calculated as: 

8?@�A � G H I∑ �K=@KLMKN� O
��= � P ��  H ���

QA_?@�A
�LM�N=

    (9) 

 

Where: 

α is the orthoganality factor 

#  number of mobiles presented in the base station ; 

�K=is the power assigned to user in the desired cell ; 

��= is the path loss ratio from the base station; to the mobile station :  
S9_T#U9 is the number of base station that implements UMTS system 

�� is the transmitted power from a co-channel base stationV to the mobile station  :  

8?@�A � 8��D��?@�A � 8��DC�?@�A (8) 



20 

 

��� is the path loss ratio from the  co-channel base station V to the mobile station : . 
As it was mentioned the operator C shares its spectrum between two different systems, and 

for this reason is necessary to calculate the interference between the adjacent carriers from 

GSM and UMTS. This interference is called 8��=�BC�D?@�AEFA@ and is defined as: 

 

Where: 

���  is the transmitted power from the GSM adjacent base station  

����FA@ is the path loss ratio from the GSM base stations in GSM with the adjacent 

frequencies to the mobile  

The next figure shows the interference: 

 

 

 

 

 

Figure 3.12 Adjacent Interference between the systems 

It has been considered that if the mobile operates in UMTS, the system present interference to 

carrier 18 (the last carrier from the first GSM block) and with carrier 46 (the first carrier from 

the second GSM block).  

Finally, in order to know the influence that one operator has over the capacity of the other 

operator, the mutual interference, 8��=�BC�DE�>C��D�� it was calculated as: 

8��=�BC�DE�>C��D�� � ����H�����>W� (11) 

 

Where: 

���  is the transmitted power from the GSM  BS that  operates with the first frequency of the 

operator B to the mobile station :. 

 

 

8��=�BC�D?@�AEFA@ � X P ���
Y

QA��=LM H ����FA@Z 

(10) 

18 46 
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�����>W is the path loss ratio from the GSM BS that  operates with the first frequency of the 

operator B to the mobile station :. 

The next figure shows the interference explained above: 

 

 

 

 

  Figure 3.13. Operator C.GSM and UMTS900                           Figure 3.14 Operator B.GSM 

 

On the other hand, when the mobile is working in GSM mode, the total interference is 

calculate as: 

 

8 � 8FA@[\] � 8��=�BC�D?@�AEFA@ � 8��=�BC�DE�>C��D�� (12) 

The part of the interference due to the GSM system  8FA@[\]  is divided into two parts: 

 

The co-channel interference,  8B�EB^���C�_FA@_�>W is calculated taking into account that our 

systems divides each cell into 3 sectors. This fact makes the interference lower than without 

sectors, because only two or three clusters are considered as interferences for the mobile :. 

 

The adjacent interference,   8��=_FA@_�>W  in this thesis is considered zero due to the frequency 

plan is thought to eliminate this parameter. There are not adjacent frequencies in the same 

base station, and moreover they are far in the same cluster. 

The interference is calculated as: 

 

8FA@[\] �
_
` P �� H ���

QA_FA@
�LM�N= a

b 

 

(14) 

 

In order to calculate  8��=�BC�D?@�AEFA@ is necessary taking account that now the no desired 

power comes from the UMTS NodeB to the GSM mobile. And, only the GSM mobiles that use 

8FA@[\] � 8B�EB^���C�_FA@_�>W � 8��=_FA@_�>W (13) 
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the carrier 18 y 46 have interference with the base station that is operating in UMTS. As shows 

the next figure: 

 

 

 

 

 

 

 

The corresponding equation is: 

 

 

��� is the transmitted power from the UMTS nodeB.  

����?@�A is the path loss ratio from the UMTS nodeB to the mobile : 

The interference 8��=�BC�DE�>C��D�� is calculated in the same way as in the case of UMTS UE. 

To see equation 11. 

With the previous results, the SINR on downlink to the mobile m from base station j is 

calculated by: 

UMTS UE: 

98<��>W � 9
8?@�A � 8��=�BC�DFA@E?@�A7$8���D�� � 8��=�BC�DE�>C��D��7$8���DC� � < 

 

(16) 

 

GSM mobile: 

98<��>W � 9
8FA@[\] � 8��=�BC�DFA@E?@�A7$8���D�� � 8��=�BC�DE�>C��D��7$8���DC� � < 

 

(17) 

 

Remember, in the equation two notations for ACIR’s appear. The first one, ACIRintra 

represents the adjacent interference between the carriers from one operator, and ACIRinter 

represents the adjacent interference between the operator C and the B. 

8��=�BC�DFA@E?@�A � ����  H ����?@�A� (15) 

 

 

 

 

Figure 3.15 Adjacent Interference between the systems 
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3.6.2 Operator A and B. GSM System 

 

To continue with the analysis operator A and B will be study. These operators present the 

same frequency arrangement using a GSM system. From that moment in this section only it 

will be referred the operator B that is used in all scenarios but the analysis is useful for both. 

The operator B suffers the typical interferences of the GSM systems besides the adjacent 

interference between the operators. As it is defined in the next equation: 

 8FA@_�>Q � 8B�EB^���C�_FA@_�>Q � 8��=_FA@_�>Q 

 

(18) 

 

8FA@_�>Q �
_
` P �� H ���

QA_FA@
�LM�N= a

b � ����  H ����FA@� 

 

(19) 

 

��is the transmitted power from a co-channel base station  to the mobile station : 

���  is the path loss ratio from the  co-channel base station V to the mobile station :. 

��� is the transmitted power from the GSM  BS that  operates with the last frequency of the 

operator C to the mobile station  : . 

����FA@ is the path loss ratio from the GSM BS that  operates with the last frequency of the 

operator C to the UMTS UE. 

3.6.3 Operator D. GSM System 

 

Finally the operator D which has co-located frequencies for GSM and UMTS systems is under 

study. This operator presents mutual interferences between the GSM carriers and the UMTS 

carrier intra operator. Moreover due to the presence of Operator B exists interference intra 

operators. 

The situation suffered by the mobiles in this operator is similar to the Operator C. When the 

mobile is using the UMTS technology the final interference is:  

8c � Iefgh � Iijkilmnopqrstusq � IijkilmnoEvwmxiovxy 

The difference in this case is that the interference from GSM to UMTS is only in a sense, to 

higher frequencies. 

For GSM mobiles the interference is: 

8FA@E�>c � 8B�EB^���C�EFA@E�>c � 8��=�BC�DFA@E?@�A 

Now the difference is that there is not interference from operator B because the minimum 

distance between carriers is 5.2 MHz, a value so high that is possible depreciate this 

interference.  
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3.7 System capacity and simulation methodology 

 
The system capacity is defined as the maximum number of users per cell that can be 

supported. 

The capacity will be calculated through a computer simulation using Matlab. Specifically RUNE, 

a software tool for perform analysis in wireless networks.  

The simulation methodology consists of counting the number of users who do not achieve the 

target SINR and to divide between the users who are in the system. With this operation the 

outage will be know. 

In the algorithm the next steps will be follow as is explained in [16]:  

• To define the parameters of cellular system. 

• To distribute the mobiles and the BS’s in the system 

• To calculate the distance between the MS’s and the BS’s 

• To calculate the propagation model and the power received 

• To apply the power control in UMTS system 

• Calculate the SINR 

• To obtain the capacity and the graphics 

• Repeat for different values of ACIRinter 
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4. Results 

In this section, the results from the simulations are presented and discussed. These 

simulations were obtained applying the models explained in the previous section. 

4.1 Cases under study 

As it was introduced, the capacities of two adjacent mobile operators will be studied in three 

scenarios. This approach allows an interesting analysis because it is possible to show how 

affect the mutual interference that exists between the operators, over the capacity, that is, 

how much damage produce each operator over the other.  

In the second and third scenario operators C and D deploy GSM and UMTS900 systems in a 

coordinated operation. Moreover these operators are related with operator B in un-

coordinated operation. Important information is obtained from the comparison between the 

exposed systems in the different scenarios. The advantages and disadvantages due to the 

development of UMTS900 will be deduced and explained. This Information may be useful for 

the companies. 

4.2 Scenario 2: GSM and UMTS900 in a coordinated operation 

The scenario 2 is represented in the figure below. The graph shows both technologies formed 

by their base transceiver and mobile. 

 

 

 

 

 

 

 

 

Figure 4.1 GSM and UMTS900 in a coordinated operation 

 

For the programme created for this thesis the scenario 2 has other representation showed in 

the figure 4.2, where is showed a cluster of cellular model for coordinated operation. The base 

 

 

 

 

 

 

 

 

                        

                             UMTS900 UE        GSM900 MS                                                                     

UMTS900 Node B 

+GSM900 BTS     
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stations are represented with a red circle in the middle of the hexagons and the mobiles are 

situated in random positions.  

 

 

 

 

 

 

 

 

Figure 4.2 Cluster of cellular model from scenario 2 

In each cell, UMTS and GSM systems are implemented. It is supposed that each mobile only is 

communicated with the transmitter of its technology, but the mobile received the 

interferences from the other system. Consequently, depending of the technology used the 

results are different. 

4.2.1 UMTS capacity in Downlink 

 

When a UMTS mobile is working next to a BS that works with the GSM system, it receives 

interference that affect to the capacity of UMTS system.  

In order to evaluate in the correct way the results, is important to know that the objective 

fixed in the simulations was an outage probability equal to 5 per cent. If the results are lower 

than 5 per cent the system is suitable to work. Moreover in each cell there are 100 UMTS 

collocated mobiles in a random form. 

It was decided to work with 100 mobiles in base to two reasons: the spectrum efficiency is 

better when the number of mobiles growth but, the greater number of mobiles produces 

more interference in uplink that can damage the system. Moreover after several simulations it 

was discovered that the system was saturated with 200 mobiles. Fixing the number of UMTS 

users in 100 per cell the results are suitable.   

In the figure below is showed the outage probability of UMTS in the case of UMTS UEs as 

victim, due to the interferences from GSM BS as a function of ACIR between the UMTS carrier 

and the nearest GSM carrier. 
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Figure 4.3 UMTS DL outage probability due interference from GSM 

In order to evaluate with exactitude the values between 2.1 to 2.5 in the previous figure, is 

presented the figure 4.4. 

 

Figure 4.4 UMTS DL outage probability due interference from GSM 
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As is showed in the figure above, the necessary carrier separation is only 2.1MHz, due to from 

2.1 MHz to 2.5MHz the outage probability is smaller than 2.5 per cent. With this result is 

possible concluded that the interference produced by operator B over UMTS system is 

negligible. 

The capacity of the UMTS is depicted in Figure 4.5 

 

 Figure 4.5 UMTS DL capacity due interference from GSM 

The figure 4.5 is the confirmation about the good work of UMTS system over the GSM 

interference. The most users are going to operate without a significant degradation. And the 

most important the subscribers are going to experiment a higher quality in their service. 

4.2.2 GSM capacity in Downlink 

 

In the case of GSM users that are working in operator C, is going to be distinguished two 

sources of interferences, one produced from UMTS900 Node B and other from GSM BS 

operator B. 

The first interference analysed is the produced from UMTS900.Figure below shows the outage 

probability of the mobiles that are working in the adjacent frequency of the UMTS carrier.  
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Figure 4.6 GSM DL outage probability due interference from UMTS 

In this case the minimun carrier separation to avoid the interferences is a value higher than 

2.4. To realise all values are under five per cent. The width of a UMTS carrier is 2.5MHz this 

means that without a guard band, the system work properly . 

4.3 Scenario 2: GSM and UMTS900 in a uncoordinated operation 

 

Once the intra system interferences have been studied,it is going to be analyse the problems 

that exist between the operators. 

During the simulations the outage probability that an operator has due to the existence of the 

other operator was analysed.The figures below show which is the frequencial distance 

necessary to protec the operators each other.Figure 4.7 shows GSM DL Operator C outage 

probability due interference from GSM operator B, and Figure 4.8 the same function but in this 

case Operator B is the victim. 
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Figure 4.7. GSM DL Operator C outage probability due interference from GSM operator B 

 

Figure 4.8. GSM DL Operator B outage probability due interference from GSM operator C 
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B can serve 72 users in each cell. When the number of users is higher the consequence is: 

mobiles receive lower power from the BS to avoid the damage caused by the interferences. In 

figure 4.9 and fig 4.10 is showed the capacity of both operators in downlink.    

 

Figure 4.9. GSM DL capacity operator C due interference from GSM operator B 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.10. GSM DL capacity operator B due interference from GSM operator C 
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Due to one of the reasons to implement UMTS in the 900 band is to get the best use of 

management spectrum, an analysis about the spectrum efficiency is presented.  

 

Figure 4.11 Spectrum efficiency operator C against operator B 
The blue straight line depicts total users that are working in the operator C and the blue users 

of operator B. As we can see in figure above spectrum efficiency for operator C is double as 

much as for operator B, despite of operator C books guard bands to protect mobiles from the 

interferences. This result make possible that the cost of UMTS900 system can be consider for 

the companies because the improvement in the service is substantial. Moreover foreseeable, 

with the increased of revenues for the new users the inversion is going to be recuperating 

faster.  

4.4 Scenario 3: GSM and UMTS900 with UMTS in the right extreme 

 

The analysis of this scenario is also divided depending of mobile technology. 

First, UMTS users present a graph very similar to the case for the users operating in UMTS 

operator C. Next graph shows that the minimum frequency distance is also equal to 2.1. It is 

bear mentioning that in the signal are added both interferences intra and inter operator due to 

GSM carriers. 
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Figure 4.12 UMTS DL outage probability due interference from GSM 

Despite the good result, this option is not recommended. The reason is that the UMTS carrier 

is not protected as in “Sandwich” form. The operator D has not control about the border 

frequencies of its neighbour operator. Then if for example the lowest frequency is used as 

BCCH the interference is going to be higher and the UMTS system will be fail due to the outage 

probability is near to five per cent and constant from 2.1 MHz. 

The GSM mobiles operating in D only suffer the interference from UMTS carrier.  With a 

distance of 2.4MHz the outage probability is less than the outage target. 
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Figure 4.13 GSM DL outage probability due interference from UMTS 

When the users are placed in the operator B, the near UMTS carrier from operator D is taken 

account to calculate the interferences. In order to draw the next figure, it is considered the 

first carrier from GSM. If in this frequency the outage probability is less than five per cent the 

carrier separation necessary is valid for the rest. It is established that with 2.6 MHz is enough 

to work properly, that is, a guard band of zero MHz. 

 

Figure 4.14 GSM DL outage probability due interference from UMTS 
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In order to make the study about the improvement in the spectrum efficiency, it has to be 

considered that the number of users in UMTS is 100 as is demonstrated in next figure. The 

graph shows different lines for the different number of users as variable of outage probability. 

The sequence of subscribers used is: 120, 110, 100, 85, 75, 70, 60 and 55. 

 

 

 

 

 

 

 

Figure 4.15 Number of users versus outage probability 

It worst mentioning that the process gain in this occasion was fixed in 33dB. 

 

At this time the spectrum efficiency is calculated as a number of users per MHz. The result 

shows that the number of users with service in operator D is the double of users of operator B. 

 

 

 

 

 

 

 

 

 

 

Figure 4.16 Spectrum efficiency operator C against operator B 
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5. Conclusions and Future Work 

 

The conclusions deduced from the results of the simulations are summarized in this section. 

Moreover specific ideas for future works are described in the next paragraphs.  

5.1 Conclusions 

In uncoordinated case, were analyzed the interferences produced by each operator in the 

users of the other operator. With the finality to protect the communication and the service 

that the users require, the separation recommended between the operators is 300 kHz. 

Although the results showed that 275 kHz is the separation strictly necessary, due to operator 

B. The reason is to assure the isolation.    

In coordinated case that is, GSM900 and UMTS900 are coexisting in same operator, were 

studying two cases: “sandwich” arrangement and the UMTS carrier placed at highest 

frequency. Due to the second case is not recommended because the UMTS system is 

unprotected. The conclusions are focus in the “sandwich” mode.  

The situation most restrictive is produced when GSM mobiles are victim from UMTS Node B 

interferences. The minimum frequency distance between carriers is 2.4. Although to avoid the 

use of the same frequency in both systems, it is considered a separation carrier of 2.5MHz, the 

width of one UMTS carrier. Then is not necessary a guard band. 

The last point studied is referred to comparison between the operators. The measurement of 

spectrum efficiency clarifies which is the best operator. The operator most efficiency is the 

operator C due to the introduction of UMTS carrier, that allows duplicate the number of 

served users. Remember that instead 25 GSM carrier where collocated one UMTS carrier in 

each cell. This implementation allows a higher quality in the service of the users, higher 

velocity and new work tools. 

To co-locate GSM900 and UMTS900 has a cost that can to be recovered in a fast way due to 

the higher number of users in the operator C. These customers are going to increase the traffic 

with the use of the new data applications. 

In a real case it should to be analyzed how to change the frequency planning in order to avoid 

any damage impact in the users, but always with the objective to obtain the highest benefit. 
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5.2 Future work 

As engineers we have two goals, to solve the problems that we have in the present, and to 

investigate in order to improve the current situation for the future. In the case of mobile 

communications the aim is always to offer more capacity and higher speed to the user. 

This Thesis is focused on the most used technologies, GSM and UMTS and how to ensure their 

coexistence with the best results. The studies related to this issue started five years ago. Now 

it is the moment to implement the system in a real environment and to make test to prove its 

advantages. Also, It is the moment for the companies to check which devices provide the lower 

loss, and with the lower economic impact. 

Furthermore, it is very interesting to study new technologies as for example Long Term 

Evolution (LTE) which is the evolution of 3G. LTE is created to assure a future with higher 

quality services. The advantages of this system based on OFDM and FDMA are: to increase the 

peak data rates (100Mb/s in downlink, and 50MHz in uplink), to reduce C-plane latency, to 

obtain higher capacity and to improve spectrum efficiency. This technology can operate in 

spectrum allocations of different size. This information is presented in [17]. 

Due to the implantation of this system in the next years, it is important to study the 

coexistence with other operators and adjacent channels.  
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Annex A 

Process to obtain Adjacent Channel 

Interference Rejection (ACIR) 

 
The carrier separation is a variation of frequency (∆f) used as variable in all the figures that 

represent capacity and outage probability of the system. The higher separation carrier, the less 

interferences suffered. This variable is introduced in the calculation of SINR using ACIR as is 

showed in equations 16 and 17. For this reason is important to know how ACIR was calculated.  

ACIR is a variable that represents interference rejection according to the separation carrier. 

 

ACIR is equal to: 

   

 

(19) 

The first step to obtain ACIR is to calculate ACLR (Adjacent Channel Leakage Ratio) and ACS 

(Adjacent Channel Selectivity). With this aim the next step is to study spectrum characteristics. 

Next explanation is focus to explain how affect the interference from a GSM base station over 

a GSM user that is situated in other operator. For this reason next figure present mask 

spectrum due to modulation in a GSM BTS.  
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Figure A.1 GSM 900 BTS spectrum due to GMSK modulation 

The figure was extracted from [19] 

In the next table are listed the maximum allowed level (dB) relative to a measurement in 

30 kHz on the carrier and in 100kHz that are presented in the graph above. 

 

Table A.1 Output RF modulation spectrum for a GSM 900 BTS 

 30 (kHz) 100(kHz) 

∆f(Hz) 100 200 250 400 ≥600 
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With the information obtained, the different equations that form the figure A.1 are 

determined. The results are expressed in lineal and they are referred to 200kHz: 

 

� �
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Once the equations are obtained, ACLR is calculated following the next equation: 

 

 

(20) 

 

In order to distinguish different cases the variable considered is the separation carrier between 

the operators. 

1. case:  ∆f=0  

 

 

 

Figure A.2 Carriers separated 0 kHz 

Obviously in this case the transmission and reception power is equal then the result of ACLR is:  

ACLR=1, expressed in dB as:  ACLR=0dB. This means that there is not rejection against the 

interferences. Interference is received in the mobile without to be filtered.  

2. Case: ∆f =100kHz 

 

 

 

Figure A.3 Carriers separated 100kHz 
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The figure above clarifies the next calculation to obtain ACLR.In this figure is showed how the 

interference received damages only the half of the useful signal.  
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For the next  cases the steps to follow are the same.  

3. Case: ∆f =200kHz 

 

 

 

 

Figure A.4 Carriers separated 200kHz 

In this case the space between the signals over study is zero. 
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4. Case: ∆f =500kHz 

 

 

 

Figure A.5 Carriers separated 500kHz 

The last case represent two carriers separated a high distance.  
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In the next table are summarized the results obtained for the different separation between 

carriers: 

 

Table A.2 ACLR regarding the different separation between carriers 

 

In this case ACS is consider ∞, then ACIR is equal to ACLR following the equation 19. 

 

 

 

∆f(Hz) 100 150 200 

 

250  

 

275 300 350 400 500 600 

ACLR 2.26 4.63 10.27 16.25 22.2 39.038 42 64.67 67.35 71.41 


