
 
 

 

Addis Ababa University 

Addis Ababa Institute of Technology 

School of Electrical and Computer Engineering 
 

 

Investigation on LTE for Advanced Real Time Two Way Communication 

for Railway Operational Excellence: Case of Addis Ababa – Djibouti Line 
 

 

By:  Farah Mourad 

                                                 Advisor:      Ato Abi Abate 

 

 

A thesis submitted to the School of Electrical and Computer Engineering 

at AAU in partial fulfillment of the requirements for the Degree of 

Master of Sciences in Railway Electrical Engineering 
 

 

 

 

 

 

June, 2016 

Addis Ababa, Ethiopia 



 
 

The undersigned have examined the thesis entitled “Investigation on LTE for Advanced Real Time 
Two Way Communication for Railway Operational Excellence: Case of Addis Ababa – Djibouti 
Line” presented by FARAH MOURAD, a candidate for the degree of Master of Science and hereby 
certify that it is worthy of acceptance. 

 

 

 

Ato ABI ABATE 

  

Advisor                Signature    Date 

 

Ato JIGSA TESFAYE 

  

Internal Examiner               Signature    Date 

 

Dr YALEMZEUD 

NEGASH 

  

External Examiner               Signature    Date 

 

 

  

Chairperson                Signature    Date 

 

 

 

 

 



 
 

 

UNDERTAKING 

 

 

I certify that research work titled “Investigation  on  LTE  for  Advanced  Real  Time  Two  Way  
Communication for Railway Operational Excellence: Case of Addis Ababa – Djibouti Line” is 
my own work. The work has not been presented elsewhere for assessment and award of any degree or 
diploma. Where material has been used from other sources it has been properly acknowledged. 

 

Name:                 Farah Mourad 

 

Signature:    

Place    Addis Ababa University 

    Institute of Technology 

Date of submission:  June    27, 2016 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



i 
 

Acknowledgments 

First and foremost I would like to thank the Almighty God for giving me the strength to carry 

on and show me the path of rightness in my life.  

Further, I am extremely indebted to my advisor Ato Abi Abate for providing all the necessary 

documents that are relevant for my thesis work. I warmly thank him for his invaluable advice, 

constructive criticism, easy approach, and his extensive discussions on my work. 

I also would like to extend my respect and appreciation to all staff of Addis Ababa Institute of 

Technology, electrical and computer engineering department, librarians and administrative 

workers of the institute: without their support, this thesis would not have been possible. 

I would like to express my deepest gratitude to Ethiopian Railway Corporation (ERC) and 

Societe Djiboutienne des Chemins de Fers (SDCF) who give me the opportunity to join this 

program. 

Thanks to my family and friends. I cannot imagine completing these studies without 

encouragement from my parents and support of my friends. 

 

Farah Mourad 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ii 
 

Abstract 

Railway communication network constitute an important element of the railway environment. 

It plays a crucial role in railway’s operation effectiveness, capacity, safety and passenger 

experience. The actual communication system for the Addis Ababa-Djibouti railway line 

provides basic train operation and protection. However in the long term stage (2035), due to 

the increase of expected cargo and passenger traffic, it may become an obstacle. Hence the 

communication system would need an upgrade and alternative mobile technologies are 

considered to replace it.  

In this research work, GSM-R technology, which is state-of-the-art railway mobile 

communication technology, is investigated and its main shortcomings are exposed, namely: 

lack of capacity, limited data transmission capabilities, inef ciency in radio resource usage 

and risk of obsolescence. Due to these signi cant drawbacks, the Long Term Evolution (LTE) 

mobile technology is selected. 

 This thesis is focused on designing LTE radio coverage network for the Ababa-Djibouti 

route. LTE relevant features and capacity is analyzed. A set of critical and non-critical 

applications, which enhance railway operation in terms of capacity, safety as well as 

passenger comfort, are proposed for the line. LTE radio network design parameters and 

appropriate algorithms are well selected. The link budget calculation is done by selecting a 

suitable path loss model. 

Radio coverage is based on an extensive work on the geographical and morphological nature 

of  Addis  Ababa-Djibouti  route.  Atoll  software  is  used  for  simulation  so  as  to  optimize  the  

network. 

Results of the simulation show that the whole line is well covered in terms of signal strength. 

Also the required total data rate capacity to be able to support the proposed applications is 

achieved. 

All in all, this thesis has tried to design LTE radio coverage network specific to the railway 

environment since LTE technology has only been designed for commercial purposes. 

Moreover it presents a feasible evolution in the eld of railway communications 

Keyword: LTE, GSM-R, Coverage 
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Chapter 1. Introduction 

1.1 Background 
Addis Ababa – Djibouti modern railway Line construction undertaken by ERC 

(Ethiopian Railway Corporation) and SDCF (Societe Djiboutienne des Chemins de 

Fer) along with China companies CCECC/CREC constitute a huge project for both 

countries. Railway is one of the best mode of transportation that will bring great 

development and boost the economy of both countries in terms of import/export 

activities, easy mobility etc. Indeed the 753-km Chinese-financed railway link will be 

able to transport up to 3500 tonnes per voyage between the countries which is seven 

times the maximum capacity of the previous line and will be able to reduce travelling 

times to around ten hours, from the current average of two days that the trucks take 

[1]. Hence railway is a good choice and it has many advantages:  

 Safest mode of transportation, 

 Environmental friendly, 

 Reliability, energy saver etc… 

In order for the railway to be competitive and gain maximum profits, railway 

operation requires: 

 Better efficiency and capabilities 

 Higher safety 

 Speed, sustainability, passenger comfort etc… 

One way of achieving this, is using a good communication technology. 

Communication networks are essential elements of modern railways since its 

performance and capability affect railway operations. For example train dispatcher 

can made faster decision if information is flowing faster, also railway communication 

systems  are    fundamental   for   vital   railway   services   such   as   train  command-

control   systems   and   railway   emergency   call.   These  services  greatly  improve  

railway safety and efficiency (e.g. by ensuring that trains always obey signals and  by  

providing   more   detailed   information   to   train   drivers,   what   allows   reaching  

higher speeds and maximize track occupancy) [2]. Therefore choosing a railway 

communication technology is an important issue. 
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Railways require various types of communication: on-board communication, train-to-

ground communication, communication between interlocking and trackside objects, 

communication between dispatchers and many more. This thesis work is concerned 

only with the train-to-ground communication systems. 

GSM-R is one of the most important communication networks for railways due to its  

growing  popularity  across  Europe  and  other  places  around  the  world,  where  it 

substitutes legacy  national railway communication  technologies [2]. However GSM-

R has some major shortcomings in terms of capacity and capability (see section 2.3), 

which are directly inherited from the commercial GSM [3]. 802.16 Wimax 

(developed by IEEE) and LTE are the latest mobile technology as shown in Figure 

1.1, and hence constitute the probable candidates to replace GSM-R as the next 

railway communication technology. LTE developed by Third Generation Partnership 

Project (3GPP) is a fourth generation network (4G) with many benefits and has a 

greater success than WiMAX [3]. LTE brings important improvements over GSM-R 

and has been chosen in this work as the future railway communication technology. 

 
Figure 1.1 Evolution of wireless standards in the last two decades [3]. 

1.2 Problem Statement 
There is a growing demand for communication-based services in the railway industry 

to improve railway safety and performance as well as passenger experience. Indeed in 

the future some new advanced communication-based applications may be widely used 

like [4]: 

 Real-time information about movement of other trains, 
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 Video surveillance monitoring train interior for passenger safety, 

 Passenger information and entertainment services, 

 Electronic ticketing systems, 

 Internet access for passengers, 

 Services supporting multi-modal transportation, 

 Remote safety monitoring via smoke detectors, platform supervision, etc. 

The current Addis-Djibouti railway line does not provide any services for the 

passengers. In the long term stage (2035), some of the services illustrated above 

may be used to increase the line capacity, safety and passenger experience. 

Besides GSM-R is not able to provide this kind of services due to limited capacity 

and poor data transmission capabilities [3]. Hence, using LTE as the future 

railway communication technology is a good solution.  

1.3 Objectives 

1.3.1 General Objective 

The main objective of this thesis is to design and study safe, efficient, competitive and 

sustainable LTE radio network to provide the stringent performance requirement. 

1.3.2 Specific Objective 

 Perform an investigation on current communication architecture for the Addis 

Ababa – Djibouti Line (strength and weakness). 

 Perform an in-depth investigation on GSM-R limitations. 

 Investigate on future applications capacities demand. 

 Investigate the various communications architecture for supporting enhanced 

IT communication services in the railway context. 

 Design an LTE radio network which could be an alternative to GSM-R 

deployment. 

 Performance evaluation of the propose communication architecture using 

Atoll software. 

1.4 Literature Review 
Because of its role in creating safe, efficient, competitive and sustainable multi-modal 

transportation; train-to-ground communication architecture and associated service 



Investigation on LTE for Advanced Real Time Two Way Communication 
for Railway Operational Excellence: Case of Addis Ababa – Djibouti Line 2016 

 

 
M.Sc Thesis  Page 4 
 

have got a wide research attention in the last few years. Some of the researches 

conducted on the area of train-to-ground communication architecture and related to 

this work are briefly reviewed below. 

Only few research analyzed LTE as a network supporting critical railway 

applications. Liem and Mendiratta compared LTE and GSM-R in terms of availability 

of voice communication [5]. They concluded that LTE can offer an improvement 

compared to the current railway networks. Then, Calle-Sanchez et al. explicitly 

considered LTE as an ERTMS-supporting technology and VoLTE as a propable 

solution for providing railway voice communication [6]. However, the authors 

presented only a theoretical analysis. 

Although  my  work  is  on  LTE,  it  is  useful  to  take  some  points  on  GSM-R  radio  

network planning. Alexandrescu and Nemtoi described the GSM-R radio planning 

parameters for Bucuresti –Constan a railway corridor (225 km) [7]. The parameters 

are set according to the ETSI-GSM-R standard and comply with the requirement of 

mandatory  demands  specified  by  the  International  Union  of  railway  (UIC).  

Procedures, steps and other required materials to radio planning had been elaborated 

and specified. They setup minimum and maximum value of the parameters used in 

their design (i.e. coverage threshold =-95dB, S/I>14dB, S/I A >-6dB). The handover 

and network coverage status are described with graphical simulation software. 

Kawser et al. research deals with LTE radio network planning for the South-Asian 

city Dhaka [8]. They performed a detailed LTE radio network dimensioning 

procedure i.e. capacity and coverage analysis. However this work is not related to 

railways but gives important approach on how to design LTE radio network. 

All in all, according to its benefits, LTE should be able to overcome all major GSM-R 

shortcomings, i.e. the limited capacity, poor data transmission capabilities. Although 

usage of LTE for railway was considered, none of the research publications 

confronted LTE with railway communication requirements. In the two publications 

proposing LTE as a possible successor of GSM-R [5,6], only theoretical 

considerations on railway voice communication in LTE were considered. 
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1.5 Methodology 
This work mainly focuses on designing and studying safe, efficient, competitive and 

sustainable LTE based radio network. 

Literature review has been thoroughly studied, following with data collection and data 

analysis. Then design process has been made. It includes route investigation, capacity 

analysis, coverage planning, frequency planning and handover procedure. The 

performance analyses have been based on simulation of the proposed techniques since 

prototype implementation is not feasible. In as much as possible, an attempt has been 

made to drive analytical expression/system model that will help to support the 

simulation. 

1.6 Contribution 
Choosing a good and reliable communication system will have a great positive impact 

on the railway system. This thesis provides a deep understanding of LTE technology 

and the benefits that could be gain for the railways. The research work analyzed 

relevant features of LTE such as modulation scheme, OFDMA and MIMO techniques 

and calculates the capacity.  

It also tries to design LTE radio network for the Addis-Djibouti line. Indeed it 

provides effective radio coverage depending on the real geographical nature of the 

route that has been inspected. 

1.7 Thesis Outline 
This thesis report consists of five chapters. Each chapter’s content describes as 

follows briefly.  

Chapter 1: introduces some background information, which drives to the problem 

statement. It continues with the objective of the thesis and some reviewed literatures 

relevant for this work. Finally it ends with the methodology followed in this work. 

Chapter 2: introduces future railway communication services, investigates GSM-R 

communication technology limitless in terms of capacities and capabilities and 

proposes alternatives technologies. 
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Chapter 3: deals with current communication architecture proposed for the Addis-

Djibouti Line. It analyses its advantages and drawbacks. 

Chapter 4: developed all the design process required for the Addis-Djibouti Line. 

Chapter 5: deals with test performance of the proposed communication architecture 

using ATOLL software. 

Chapter 6: conclude the whole work by summarising it and with recommendation and 

possible future work.  
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Chapter 2. Railway Communications 

2.1 Brief History of the Railway Communication. 
One of the first communication technologies used in railway was the electrical 

telegraph. The Great Western Railway in England was one of the rst places where 

the telegraph was successfully implemented for commercial usage. This rst trial 

connection started operation in 1838, but already in 1856 the telegraph was called an 

“indispensable companion of railways”. Telegraph was used mainly to inform 

whether line interconnecting stations was clear or blocked.  However, it also offered 

other “services” like the method used to inform about an accident. In case of an 

accident or other serious problem, a train driver was cutting the telegraph wire. The 

link breakdown was then detected by a station of cer, who was aware that something 

has happened on the line. Hence, the telegraph greatly contributed to the railway 

safety [9].  

Since the telegraph age, railways have adopted various technologies. For example, 

telephony has permit communication between dispatchers at neighbouring train 

stations, or train signalling has allowed communication between dispatchers and train 

drivers. Throughout its history, railways used hand signals, ball signals, ags, 

telegraph, semaphore, and position lights, until this evolution brought wireless radio 

and colour light signals used today [10]. Each new generation developed the 

communication and permitted exchange of more detailed information. Thanks to this, 

new services and procedures could be introduced to improve safety and ef ciency of 

the rail transport.  

Nowadays, railways move towards digital wired and wireless networks, such as 

Ethernet  and  GSM-Railways  (GSM-R).  These  networks  introduce  new  type  of  

communication besides the traditional person-to-person communication. Indeed they 

can provide communication between computer-based systems, for instance real time 

communication between a computer-based Traf c Control Centre (TCC) and a 

locomotive computer unit. This way of communication is more detailed and more 

precise than it could ever be possible with the colour light signals. Such kind of digital 

communication between trains and the TCC enabled developing of command-control 

systems that support and supervise train drivers. The European Train Control System 
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(ETCS) and the Communication Based Train Control (CBTC) are the best examples 

of the communication-based command-control systems. ETCS and CBTC provide 

different kind of feature such as in-cab signalling, ATP, also offer moving block 

operation, reduction in trackside equipment, emergency communication, and many 

more [11, 12, 13]. Some of these are briefly described below. 

In-cab signalling is a feature supporting the driver by providing detailed information 

about the speed limits and the distance to the End of Movement Authority (EoMA). 

Such precise information could not be delivered via colour light signals. Besides, this 

information is now displayed right on the driver desk, so there is no risk that a driver 

will miss a trackside signal. The Automatic Train Protection (ATP) is also a feature 

supporting the driver by supervising train movements and ensures that the train stops 

before its EoMA, i.e. it prevents the train from passing a “stop” signal [10]. Both of 

the applications reduce significantly risk of human error. In-cab signalling and 

Automatic Train Protection (ATP) could not be possible without a real-time 

communication between the train and the TCC.  

Some  of  the  CBTC  systems  go  as  far  as  eliminating  human  drivers  entirely  and  

providing the so-called Unattended Train Operation (UTO) [14]. Without systems like 

ETCS, high-speed railways would not be possible. Similarly, without CBTC, ef cient 

high-frequency metro railways could not be built. Both ETCS and CBTC operate on 

the basis of the underlying mobile communication technologies. Therefore, for 

modern railways, mobile network is as essential as the telegraph was for the 19th 

century railways. 

2.2 Next Generation of Railway Services  

2.2.1 Two Groups of Railway Services 

Railway services may be classified into two groups [15]: 

 Core services 

 Additional communication services 

The core services involve services related to the safe movement of the train which can 

be regrouped in three areas namely critical railway communications, train operational 

voice services and train operational data services. Passenger experience services and 
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all the business process support services such as voice and data train crew 

communication and train support applications are part of the additional 

communication services [15]. 

Some future railway services are listed below [6] and illustrated in Figure 2.1: 

 Operational data & voice services: CCTV for security issues, real time traffic 

management, telemetry. 

 Passenger experience services: traveller information, e-ticket, high speed 

internet access, multimedia entertainment. 

 Business process support services: Real Time crew communication with 

Station Staff, Tele-diagnosis and fleet maintenance, High speed 

communications in depots and stations between operator’s staff. 

 

Figure 2.1 Example of future railway applications [16] 

2.2.2 Future Applications Demands 

The core services for the train operation require low data rate but small delay and high 

priority [17]. The additional services require high data rate and low priority [17]. For 

instance find below Qos requirement for Closed Circuit TV (CCTV) and On-board 

Internet Access (business access only) [17]. 
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QoS requirements 

Service Type (examples) 

 

Closed Circuit TV (CCTV) 

On-board Internet Accces 

(business acces only). 

 

First connection 

establishment time 

< 5s. < 5s. 

Connection delay < 5s. < 5s. 

Delay variation < 40s. < 1s. 

Packet loss No (not allowed) Yes (allowed) 

Required Speed Up to 320 km/h Up to 320 km/h 

Numbers of users sharing the 

same connection 

Minimum 1 user/train (if only 

one camera is used at the 

time) 

100-150 users/train 

Table 2.1 QoS Requirements/Service [17]. 

Also note that these two services required high data rate. CCTV requires at least 1 

Mbits/s for upload traffic and 512 Kbits/s for download traffic. The On-board Internet 

Access (business access only) require at least 2 Mbits/s for upload traffic and 7 

Mbits/s for download traffic [17]. 

A communication architecture, which aims to successfully support these services, 

shall meet these services performance requirements. 

2.3 GSM-R Limitation 

2.3.1 GSM-R Overview. 

GSM for railways is the first international mobile communications standard designed 

specifically for railways. It is based on the Global system for mobile (GSM) standard 

for mobile communication and two projects called EIRENE (European Integrated 

Radio Enhanced Network) and MORANE (Mobile oriented Radio Network) which 

guarantee performance at speeds up to 500 km/h, without any communication loss 

[18]. GSM-R is operating with a bandwidth of 2 × 4  (one uplink and one 

downlink) and provides two essential railway services [18]: 

 Train-to-ground data communication for ETCS Level 2 and 3. 
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 Voice communication with speci c features necessary for railways.  

GSM-R was introduced to replace analogue radio systems. It includes the same 

functionality and principle of GSM. However, GSM-R has extra railway specific 

features: 

 Enhanced Multi-Level Precedence and Pre-emption (eMLPP) is a QoS 

mechanism that allows the priority of different calls and connections to be set 

in GSM-R. The default level is 4, used for regular point-to-point calls. The 

highest level is 0, mainly used for emergency calls. There are higher priority 

levels (known as A and B); these are reserved for network messages. For 

instance,  eMLPP  ensures  that  Railway  Emergency  Call  (REC)  is  not  

interrupted by a low-priority voice call [19].  

 Functional Addressing (FA) numbering provides the mechanism by which a 

mobile terminal, or an item of  equipment  connected  to  a  mobile  terminal,  

can  be  addressed  by  a  number identifying the function for which it is being 

used [20]. For example, it is possible to call a train dispatcher responsible for a 

given area, by simply pressing a single “Dispatcher” button on a GSM-R voice 

terminal. Another example is calling a train driver simply by using the train 

running number, rather than knowing the particular phone number used by a 

train.  

 Location Dependent Addressing (LDA) provides the automatic routing of 

Mobile Originated Calls (MOC) to predefined destinations relative to the 

geographic area where the subscriber is roaming. This feature is used mainly 

when  a  train  driver  wants  to  connect  with  a  dispatcher.  LDA  automatically  

chooses the dispatcher responsible for the given railway area. FA and LDA 

greatly simplify everyday railway operation and allow placing voice calls 

faster [21]. 

 Voice Broadcast Service (VBS) allows the distribution of speech originated by 

a  train  driver  or  a  dispatcher  to  all  or  a  group  of  users  in  a  pre-defined  

geographical area. Only the initiator of the call can speak. The others who join 

the call can only be listeners. This kind of call is mainly used to broadcast 

recorded messages or to make announcements [22]. 
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 Voice Group Call Service (VGCS) allows a group of users in a pre-defined 

service area to have a speech conversation. A number of users can take part in 

a conversation. Listeners become talkers by pushing the PTT (Push-to-Talk) 

button [22]. 

 Railway Emergency Call (REC) is the most important GSM-R feature from 

the point of view of railway safety. REC is a group call, or VGCS, dedicated 

to urgency. It is a higher priority call (level 0) [22].  

2.3.2 GSM-R Principles. 

GSM-R network is divided into three main subsystems [2]: 

 Mobile Station (MS) is the user terminal attached wireless to the network. It may 

be a handheld voice terminal, a voice cab-radio or an ETCS OBU installed in a 

locomotive. 

 Base Station Subsystem (BSS) is a Base Station Controller (BSC) and a number 

of Base Transceiver Stations (BTSs), managed by that BSC. BTS is a radio base 

station responsible for wireless communication with MSs. 

 Network and Switching Subsystem (NSS) is commonly referred to as the “core 

network”. The most important nodes in NSS are: Mobile Switching Center 

(MSC),  Home  Location  Register  (HLR)  and  Visitor  Location  Register  (VLR).  

MSC is the central element of NSS. It is responsible for management of the MSs 

(e.g. registration), call establishment, call routing and mobility management. 

GSM-R includes also servers responsible for providing railway services and an 

Operation and Maintenance Centre (OMC) responsible for operation and maintenance 

tasks. The architecture of GSM-R is shown below. 

 

Figure 2.2 GSM-R architecture  
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2.3.3 GSM-R Main Features 

GSM-R is based on GSM technology, some of its main feature will be assessed here 

below: 

 GSM-R, which is based on GSM, has been designed as a circuit-switched 

based network. Therefore all resources for a voice or data session are set up at 

the beginning of the call and are reserved exclusively for the user until the end 

of the call [3]. 

 GSM-R is a Frequency Division Duplex (FDD) technology, so the uplink and 

downlink transmission are carried on different frequencies. As mentioned 

earlier, the 2 x 4 MHz GSM-R consist of a 4 MHz band in uplink and a 4 MHz 

band in downlink [11]. An active connection receives equal uplink and 

downlink network resources since the uplink and downlink resource are 

assigned symmetrically 

 The 4 MHz GSM-R radio band is divided into 19 frequency channels, where 

each channel has the width of 200 kHz. These channels are used to separate 

transmissions in neighbouring cells where thus two neighbouring cells cannot 

use the same channel for interference purpose obviously. One radio cell can 

use one or more channels depending on the expected capacity demand [23]. 

One radio cell can reuse one frequency channel, which has been used in 

another cell only if the distance between them is large enough. Indeed one of 

the  most  important  considerations  in  the  development  of  a  viable  cell  and  

frequency plan is to maximise the distance between base stations 

transmitting/receiving at the same frequencies otherwise co-channel 

interference will arise, thus degrading service. Interference will also arise from 

adjacent channel assignments between neighbouring cells and this too must be 

minimised. Considering the coverage along a linear corridor like the railway 

line, cells are assigned sets of channels among the 19 channels of the GSM-R. 

For instance, if seven sets are de ned, then each of them includes two or three 

channels. Therefore, two or three frequency channels are available in each cell 

[23]. 

 GSM-R uses Time Division Multiple Access (TDMA) in order to allow a base 

station to communicate with several MSs simultaneously. GSM-R radio 
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transmission is divided into frames. A frame (see below) lasts 4.615 ms and 

consists  of  eight  time-slots  (each  0.577  ms).  A  minimum  of  one  timeslot  is  

required per base station to serve as a control channel, leaving seven timeslots 

available to be used as traffic channels to support voice or circuit switched 

data calls [3, 23]. Therefore for a single frequency channel we can have seven 

simultaneous calls. As a typical cell can accommodate up to three frequency 

channels (see above), thus the total capacity of that cell is 23 connections (8 x 

3 = 24 – 1 = 23 one time slot is reserved for network signalling). 

 

 

Figure 2.3 GSM-R TDMA frame. 

 GSM-R uses Gaussian Minimum Shift Keying (GMSK) modulation 

technique. GMSK has been selected for GSM as its modulation and 

demodulation properties are easy to handle and implement into hardware and 

as it interferes only slightly with neighbouring channels. However it transmits 

only one bit per symbol [3]. 

2.3.4 GSM-R Shortcomings 

GSM is an old technology based in voice transmission than data transmission. It has 

now evolved into modern solutions (like UMTS or the more recent LTE) as a 

response for the new demands in data transmission from the commercial mobile 

networks and its users. This has been possible thanks to the advance in the 

telecommunication and electronic sector which now enable much more throughput 

[3]. Nowadays in railways, data transmission demand is increasing as some new 

communication-based application and services are foreseen in railways. However 

GSM-R standard have still remained the same. Here are the most shortcomings seen 

in GSM-R inherited from its design: 
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 GSM-R does  not  provide  packet-switched  based  transmission.  It  is  a  circuit-

switched based network. It may be suited well for voice communication but 

not for data transmission. For instance ETCS data transmission is a typical 

application with variable or ‘bursty’ bandwidth usage. When a Radio Block 

Centre (RBC) sends a Movement Authority (MA) to the On-Board Unit 

(OBU) concerned, as much bandwidth as possible is desired to send the MA as 

quickly as possible. As the bandwidth of a circuit-switched channel is constant 

there is no possibility of increasing the data transmission speed while the MA 

is being send. During an OBU-RBC data transmission, sometime there is no 

transmission, yet the connection is maintained. The bandwidth requirement 

during this time is zero and the resources are simply unused and are thus 

wasted [3]. 

 GSM-R resources are assigned symmetrically in uplink and downlink. 

However, data-based services often generate different amount of traf c in the 

two directions [3]. Hence, symmetry of GSM-R connections means that either 

uplink or downlink is overbooked and the network resources are wasted 

further. 

 GSM-R  uses  TDMA  to  assign  one  time-slot  a  frame  to  each  connection.  

Bursty ETCS data transmission could benefit from using more time-slots per 

frame to increase data speed, however a single connection cannot get more 

than one time-slot. 

 GMSK modulation scheme, used in GSM-R transmits only one bit per 

symbol. It may be sufficient for voice communication but there is now much 

more advance modulation scheme that would allow GSM-R to transmit at 

much higher bitrates. Due to the advances in electronics, nowadays even 

handheld devices are capable of using more advanced multiplexing and 

modulation techniques, such as Orthogonal Frequency-Division Multiple 

Access (OFDMA) and Quadrature Amplitude Modulation (QAM) [3]. 

 The maximum connection bitrate offered by GSM-R is only 9.6 kbit/s [20]. 

Such a low bitrate is insuf cient for many modern applications, especially 

those based on transmission of multimedia. 

 Transmission latency in GSM-R network is estimated to be 400 ms maximum. 

If the low bitrate is added to that, the GSM-R end-to-end delay performance 
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becomes very poor. So GSM-R may not ful l requirements of delay sensitive 

applications [11]. 

 GSM-R Call setup time is in the range of about 5s. GSM-R requirements state 

that the setup procedure cannot exceed 8.5s (95% of cases) and 10s (100% of 

cases). This may be suf cient for a voice call, but such a long connection 

setup time is unacceptable for many real-time applications [11]. 

As a conclusion in this section, here are some of the main shortcomings that are 

summarized below. 

GSM-R is not fit for data transmission. Data connection is provided by Circuit-

Switched Data (CSD) calls. Since the bandwidth over a circuit-switched channel is 

constant, it cannot adapt with the varying bandwidth of data transmissions. So the 

network resources are underutilised and wasted. 

GSM-R network capacity is insufficient. As we have seen earlier in Section 2.3.3, a 

typical cell can provide a total of 23 traffic channels. In the case of ETCS data 

connection, each train must continuously have a dedicated CSD call established while 

operating [11]. That means that a cell can support up to 23 trains only. In practice a 

typical GSM-R cell can only accommodate less than 20 trains as some channels are 

used for voice communication and handover procedure [24].  

It has been widely acknowledged that this is a huge issue at big train stations, depots 

and shunting yards with high train concentration [11]. In these areas with high 

concentration of trains, there is a shortage of communication channels which means 

that GSM-R may not be able to provide connectivity for all of the trains. Hence, 

GSM-R becomes an obstacle for train operations. There are three sources of this 

problem: an inflexible radio interface, circuit-switched based transmission and limited 

frequency spectrum assigned to railways [11]. 

GSM-R is an obsolete technology that is no longer able to meet the communication 

need of the future railways since railway communication demand (especially data 

transmission  capacity)  is  expected  to  increase  [4].  The  evolution  of  the  commercial  

mobile network, undertaken by the telecommunication industry in order to address the 

shortcomings of the GSM technology, shows how outdated the GSM-R technology is. 
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The most significant standards released in Europe, after GSM were GPRS, UMTS and 

LTE.  

In a recent report prepared for the European Railway Agency (ERA), it is predicted 

that the railway industry will not be able to support GSM-R after 2030 [25]. This is 

due to a decline of industry support of GSM and then GSM-R, provoked by a 

decrease of the importance of GSM technology in commercial mobile network, and 

that will make the installation and maintenance costs higher. 

2.4 Alternative Communication Technology. 

2.4.1 Terrestrial Trunked Radio (TETRA) 

TETRA is a network for public services, e.g. police, re brigades, governmental 

institutions etc. TETRA provides bigger coverage and offered various features, which 

is useful for railways, e.g. group calls and direct mode operation (without 

infrastructure). Compare to GSM-R, TETRA is lower cost, wider bandwidth (higher 

capacity)  and  longer  range  of  TETRA  cells.  However  TETRA  offers  data  

transmission rates only up to 28.8 kbit/s, which is very poor and would not solve the 

shortcomings of GSM-R [26]. 

2.4.2 General Packet Radio Service (GPRS) 

GPRS is an extension of GSM standard. It provides packet-switched transmission and 

use advanced modulation and coding scheme. With this improvement, GPRS data rate 

is higher than GSM thus GSM-R and the data transmission is more efficient [3]. 

Therefore GPRS capacity is better in the railway context. Also since GPRS is only an 

upgrade of GSM, it becomes cheaper to use GPRS in railway than deploying a whole 

new  technology  (for  the  railway  companies  that  are  already  using  GSM-R).  As  a  

matter of fact some railway companies have decided to use GPRS as their 

communication technology like Banedanmark, the Danish railway [24]. 

However GPRS present some drawbacks. For example under high network load the 

transfer delay is very poor, also the GPRS handover delay is in the range of seconds 

[11, 27]. These constitute a big issue for railways. Besides, if you add that to the 

decrease of GSM industry support in the future thus also of GPRS support, GPRS do 
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not represent the ideal candidate for being the next communication technology for 

railways. 

2.4.3 Universal Mobile Telecommunications System (UMTS) 

UMTS is a third generation wireless telecommunication system and a successor of 

GSM  and  GPRS.  It  uses  a  more  evolved  radio  interface  as  well  as  the  backbone  

network. UMTS offers much more improvement over GSM-R. Some countries 

adopted this technology like Australia. UMTS would be a good candidate for 

replacing GSM-R, however there are already newer standards available which provide 

even better performance so UMTS might not be the next communication technology 

for railways [3]. 

2.4.4 IEEE 802.16 Worldwide Interoperability for Microwave Access 

(WiMAX) 

WiMAX is one of the hottest broadband wireless technologies around today. WiMAX 

systems are expected to deliver broadband access services to residential and enterprise 

customers in an economical way. WiMAX is a standardized wireless version of 

Ethernet intended primarily as an alternative to wire technologies (such as Cable 

Modems, DSL and T1/E1 links) to provide broadband access to customer premises. 

More strictly, WiMAX is an industry trade organization formed by leading 

communications, component, and equipment companies to promote and certify 

compatibility and interoperability of broadband wireless access equipment that 

conforms to the IEEE 802.16 standards. WiMAX would operate similar to WiFi, but 

at higher speeds over greater distances and for a greater number of users. WiMAX has 

the ability to provide service even in areas that are difficult for wired infrastructure to 

reach and the ability to overcome the physical limitations of traditional wired 

infrastructure. WiMAX was formed in April 2001, in anticipation of the publication 

of the original 10-66 GHz IEEE 802.16 specifications. WiMAX is to 802.16 as the 

WiFi Alliance is to 802.11. WIMAX constitute best candidate for railway 

communication considering its main feature [3, 28]: 

 WiMAX is a packet-switched technology offering large bandwidth and 

ef cient data communication. Realistic data rates reach 16 Mbit/s, while 

theoretical ones reach 78 Mbit/s. 
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 Radio interface in WiMAX is based on Orthogonal Frequency-Division 

Multiplexing (OFDM), which is signi cantly more ef cient and exible than 

the TDMA mechanism used in GSM-R. 

 WiMAX supports a range of modulation schemes (up to 64QAM), which can 

be dynamically chosen based on the radio conditions. 

 WiMAX offers group-calls and push-to-talk voice communication. 

 Multi-hop mesh networking is available, which could be used as a cost-

effective method for connecting remote base stations. 

 WiMAX also offers QoS mechanism for prioritizing different ows in the 

network, which is important if the transmission resources are shared between 

critical and non-critical applications. 

Despite its numerous advantages, WIMAX did not have a large commercial success. 

Indeed WiMAX gained only about 25 million subscribers globally as the currently 

deployed WiMAX networks are usually small and they serve private institutions, local 

communities or small towns [28].  

As a consequence from the railway perspective, this may lead to higher maintenance 

cost since WiMAX cannot guarantee a long-term wide industry support. 

2.4.5 Long Term Evolution (LTE) 

Long Term Evolution (LTE) is the latest family of mobile communication standards 

developed by Third Generation Partnership Project (3GPP). There are over 20 years 

of development separating GSM and LTE technologies, hence LTE benefits directly 

from the development in telecommunications and electronics that occurred during 

these years. There are big differences between these two technologies. Here are some 

few advantages of LTE that could benefit the railway communication [3]: 

 The major change in LTE is the adoption of an all-IP approach. LTE network 

is based on packet-switched transmission. Packet switched transmission is 

more flexible in managing available network resources, thus increasing 

network utilization and reducing waste of limited network resources. 

 The network infrastructure is simplified with fewer elements than in the GSM 

standard all based on a common technology (IP). This will help reducing the 

packet delay. 
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 LTE includes Quality-of-Service mechanisms that provide packet 

differentiation. 

 LTE introduces a new radio interface that offers much higher spectral 

ef ciency than any other legacy mobile communication standard. This is due 

to the advanced multiplexing (OFDMA), modulation (up to 64QAM) as well 

as usage of Multiple Input Multiple Output (MIMO). 

 LTE can operate in different bandwidths: 1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 

15 MHz or 20 MHz (and more with carrier aggregation in LTE-Advanced). 

As we can see LTE includes many technical solutions similar to WiMAX (e.g. 

modulation). Besides LTE gained wide support from the telecommunication 

industry. The LTE deployments are continuously growing.  In North America, 

Europe, South Korea and Japan, it is predicted that LTE terminals will constitute 

over 50% of the total mobile subscriptions by 2019 [3]. Therefore, long term 

industry support for LTE can be expected. Therefore LTE is likely to be chosen as 

the next future railway communication technology. 
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Chapter 3. Addis-Djibouti Line Communication Architecture. 

3.1 Overview of the Line. 
Addis Ababa-Djibouti railway line is located in the mountain areas between the 

central plateaus of Ethiopia and Djibouti border. The line originates westward from 

SEBETA at southwest of Addis Ababa. It runs eastward through LABU, INDODE, 

GELAN, DUKEM, BISHOFTU, MOJO, ADAMA, WELENCHITI, METEHARA, 

AWASH, ASEBOT, MIESO, MULU, AFDEM, BIKE, GOTA, DIRE DAWA to 

DEWELE, reaches DJIBOUTI. Then it passes ALI-SABIEH and HOLHOL, and 

finally ends at NAGAD [1]. Figure 3.1 below shows the actual route of the Addis-

Djibouti line. 

 

Figure 3.1 Overview of the Addis-Djibouti Line [1]. 

The line is an electrified railway designed for both passenger and freight trains. The 

design  speed  for  passenger  trains  equals  or  is  less  than  120km/h  and  that  of  freight  

trains equals or is less than 80km/h [1]. 

The length of the whole international railway line from SEBETTA NAGAD is 

743.245km.  The section from SEBETTA ADAMA (included) is double track 

railway, with a length of 113.836km, 7 stations, and an average distance between two 

stations 16.26km [1]. The section from ADAMA (excluded)  MIESO (included) is 
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single track railway, with a length of 213.418km, 12 stations, an average distance 

between two stations 17.78km. The section from MIESO (excluded)  DEWELE 

(included) is single track railway, with a length of 334.014km, 21 stations, an average 

distance between two stations 15.91km. The section from DEWELE (excluded)  

NAGAD (included) in single track railway, with a length of 81.977km, 5 stations and 

an average distance between two stations 16.4km [1]. 

In the initial stage (2020), 20 stations will be constructed; conditions are reserved for 

construction of 5 stations in short term (2025) and 20 in long term (2035) [1]. 

3.2 Description Topography and Landform of the Route. 

3.2.1 SEBETA-MIESO Section 

The area that the line goes through belongs to the landform of the Ethiopian plateau 

platform, low mountain and shallow hill. The forest coverage is moderate. The ground 

is wide, the topographical relief is not great, and part of the zone has low mountain 

and river valley landform. The elevation of road surface is about 850~2300m. The 

route comprises many cities. This section has a tunnel with 380m distance around 

Awash [1]. 

3.2.2 MIESO ~DEWELE Section 

This section of the line belongs also to the Ethiopian plateau platform and shallow hill 

landform. Part of the zone has low mountain and river valley landform, the ground is 

wide and the topographical relief is not great, the elevation of road surface is about 

700~1200m, and the relative elevation difference is scores of meters. The climate is 

hot and the surface tropical plant is scarce with coverage of approximately 10% to 

30%. There is dry riverbed [1]. 

Specifically the part from Meiso to Dire-Dawa has small hills with moderate 

vegetation coverage, and the section from Dire-Dawa to Dewenle has a flat 

topographical  relief  with  almost  no  vegetation  coverage.  Typical  topography  and  

landform is showed in the Figure 3.2 and Figure 3.3. 
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Figure 3.2 Mieso-Dire-dawa section [1]. 

 

Figure 3.3 Dire-dawa-Dewenle Section [1]. 

3.2.3 GALILEE DEWELE) ~ NAGAD Section 

This section belongs to alluvial  plain,  hills  and plateau landform. There are arid and 

semi-arid plain and desert with low altitude of usually 15~800m. It has low relative 

elevation and flat terrain. The vegetation is rare. Figure 3.4 shows the topography and 

landform of that section [1]. 
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Figure 3.4 Galilee-Nagad Section [1]. 

3.3 Main Technical Standards 

Scope Sebeta-Adama Adama-Djibouti 

Track Gauge 1435mm 1435mm 

No. of Main Lines Double-track Single-track 

Speed Target Value Passenger Transport 

120km/h; Freight 

Transport 80km/h 

Passenger Transport 

120km/h; Freight 

Transport 80km/h 

Minimum Radius of Curve 800m 800m 

Maximum Grade Ruling Grade 9‰, 

Pusher Grade 18.5‰ 

Ruling Grade 9‰, 

Pusher Grade 18.5‰ 

Type of Traction Electric Traction Electric Traction 

Type of Train Passenger Train: SS9* 

Freight Train: SS4** 

Passenger Train: SS9* 

Freight Train: SS4** 

Tractive Tonnage Preliminary 3500T 

Long-term 4000T 

Preliminary 3500T 

Long-term 4000T 

Length of  

Arrival-departure  

Track 

850m 

(Dual-locomotive 

880m) 

850m 

(Dual-locomotive 

880m) 

Block Type   Semi-automatic Block Semi-automatic Block 
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*SS9: The Shaoshan 9 is a type of electric locomotive used on China Railways for                                        
passengers. 

**SS4: The Shaoshan 4 is a kind of AC-powered electric locomotives used in China for 
freight. 

Table 3.1 Main Technical Standard of the Addis-Djibouti Line [1]. 

3.4 Train Traffic of the Line. 

3.4.1 Freight Traffic Volume. 

Based on the analysis on economic development, foreign trade and port transportation 

of Ethiopia and Djibouti, the freight volume of each section along the line is shown in 

the table below [30]. It has been combined with the analysis on the current status and 

future development trend of the traffic corridor where the line is located, and sub-

station traffic volume forecast of each station. 

Section Direction 2020 2025 2035 

Indode-Adama Up Direction 530 780 1610 

Down Direction 190 290 420 

Adama-Awash Up Direction 439 697 1503 

Down Direction 136 211 314 

Awash-Dire Dawa Up Direction 456 775 1653 

Down Direction 144 238 351 

Dire Dawa-Djibouti Up Direction 479 800 1700 

Down Direction 148 242 358 

                                                                                                                                 

Unit:104 t 

Table 3.2 Freight Flow Density of Each Section [30]. 

The design traffic volume for the line shows that, the up direction (i.e. Djibouti Port~ 

Addis Ababa) of cargo transport is heavy loaded, which fits the situation of resources 

and current transport condition of the country. Djibouti-Dire Dawa section possesses 

the maximum cargo traffic volume; freight flow density is 8 million tons per year in 

the short term and 17 million tons per year in the long term [30]. 
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3.4.2 Passenger Traffic Volume 

The  table  below  shows  the  density  of  passenger  flow  by  section  based  on  surveys  

undertaken by Ethiopia. 

 

Section 

2020 2025 2035 

Single direction 

Density of passenger flow (104 persons/year) 

Addis Ababa-Adama 137.5 165 275 

Adama- Dire Dawa 55 55 82.5 

Dire Dawa- Dewenle 27.5 27.5 55 

Table 3.3 Density of Passenger Flow by Section and Pairs of Passenger Trains [30]. 

The passenger movement in Addis Ababa-Adama section is very heavy. That is why 

this section is double track. 

3.4.3 Total Train Traffic. 

The line is designed for both passenger and freight trains. Based on the forecasted 

freight and passenger traffic volume along the route (see Table 3.2 and Table 3.3), the 

organization of freight and passenger trains in each term stage is shown in Table 3.4. 

 

Study Year 

 

Section 

Pair of trains (pair/day) 

Passenger 

train 

Freight 

train 

Pick-up 

and drop 

train 

Subtotal 

 

Initial Stage 

Sebeta-Adama 5 5 1 11 

Adama-Awash 2 5 1 8 

Awash-

Diredawa 

2 5 1 8 

Diredawa-

Nagad 

1 5 1 7 

 

Short Term 

Sebeta-Adama 6 7 1 14 

Adama-Awash 2 8 1 11 

Awash-

Diredawa 

2 9 1 12 
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Diredawa-

Nagad 

1 9 1 11 

 

Long Term 

Sebeta-Adama 10 16 1 27 

Adama-Awash 3 17 1 21 

Awash-

Diredawa 

3 19 1 23 

Diredawa-

Nagad 

2 19 1 22 

Table 3.4 Pair of trains [31] 

A  total  of  60  trains  will  be  moving  along  the  line  every  day.  Thirty  trains  will  be  

moving in the up direction (Djibouti-Sebeta) and the other thirty will be moving in the 

down direction (Sebeta-Djibouti). 20 trains will be for train passengers, 2 trains for 

Pick-up and drop trains and 38 trains will be for freight trains. 

3.5 Communication System Architecture 
The communication architecture of the Addis-Djibouti Line is shown below. 

 

Figure 3.5 Addis-Djibouti Communication Architecture [32]. 

The communication network consists of [32]: 

 Communication carrying network: including multi-service transmission 

system, access system and communication lines. 
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 Communication service network: including dispatching communication, 

private communication, in-station communication system and official 

telephone system  

 Communication supporting network: clock synchronization system. 

3.5.1 Communication Transmission System 

The   whole   line   is   established   on   Synchronous digital hierarchy (SDH) based   

Multi-Service  Transfer  Platform  (MSTP).  The  MSTP  technology,  as  it  is  called  in  

China, enable SDH transport network to transmit multiple services. As a matter of 

fact, MSTP may access, process and transmit Time Division Multiplexing (TDM), 

Asynchronous  Transfer  Mode  (ATM)  and  Ethernet  services  in  one  platform,  and  

provide  uniform  network  management.  It  fully  satisfies  the  present  requirements  of  

transmission network. The MSTP technology is very advantageous in performance 

and the costs of construction and maintenance. [32]. 

Labu communication station is provided with one set of Optical Line Termination 

(OLT) equipment, and other stations are provided with Optical network Unit (ONU) 

equipment. ONU equipment in Ethiopia section are connected to OLT (Labu 

communication station), which will perform the management of the network 

throughout the line [32]. 

3.5.2 Communication Service Network 

The line sets train dispatching telephone, freight dispatching telephone and 

dispatching telephone of traction power supply. It adopts railway digital dedicated 

communication system equipment. In fact, it sets railway digital dedicated 

communication primary device at LABU and NAGAD Dispatching Station and sub-

device, patrol desk and recorder at the other stations Dispatching communication 

system shall provide various voice communication businesses of dispatching 

communication characters, including but not limited to single call, group call, multi-

priority call and rapid call, to satisfy demand of scheduling communication [32]. 

There is also mobile communication network, also referred as radio-train dispatching 

system, provided at the stations. The radio train dispatching system is composed of 

radio train dispatching console, radio train dispatching station radio set and radio train 

dispatching portable station, etc. The communication between the dispatch, the station 
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watch and driver or between the station watch, driver and operating train captain shall 

comply with the international railway joint association standard, with an adoption of 

450MHz four-frequency radio train dispatching system [32]. 

3.5.3 Communication Support Network 

The synchronization system of this line is a part of the synchronization network for 

the whole railway system, and adopts the master-slave synchronization method. It 

utilizes  the  synchronization  network  of  the  whole  railway  system  to  provide  timing  

reference signal. The clock center is established at LABU Communication Station 

[32]. 

3.5.4 Addis-Djibouti Signalling System 

The signalling system of Sebeta Nagad Railway uses semi-automatic block. 

Computer interlocking inside station with 97-type 25Hz phase-sensitive track circuits 

and assorted equipment are employed in the station and approach section to ensure 

train safety operation [33]. 

3.6 Advantages and Drawbacks of Current Communication 

Architecture. 
The communication architecture proposed for the Addis-Djibouti Line should meet 

the actual demand. It provides basic train operation and protection. It is enough for the 

initial stage and the short term. The investment cost is also low. 

However since the proposed communication network is a wired one, the probability 

that some incident could happen is not negligible (i.e. failure of the network line, 

stealing cables). If a problem happens, the communication system becomes 

compromised therefore the railway operation completely stops or works in a degraded 

mode reducing its efficiency. This shows that the availability of the system is low. 

Therefore adding a radio communication technology would help increase the 

availability of the system. 

In the long term stage (2035), the proposed communication system may not be 

sufficient and it is explained below.  

Firstly it will reduce the line capacity. Indeed the passenger traffic between Addis and 

Adama could be more than the forecasted one, thus the proposed train passengers per 
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day should not meet the demand. It is then proposed to upgrade the signaling system 

from semi-automatic block to automatic block system in order to increase the line 

capacity [30]. Moreover in the eventuality of an increase of the freight transport more 

than the forecasted one, the Chinese consider building a second track in order to meet 

the demands [30]. 

Secondly the proposed communication system does not provide any services to the 

passengers that would help increase the traffic. It does not provide services like 

internet access for the passengers. Such service require high data rate (i.e. 2 Mbits/s 

for upload traffic and 7 Mbits/s for download traffic is required for On-board Internet 

Access).  

Thirdly the communication system proposed does not provide automatic train 

protection (ATP) mechanism as well as CCTV surveillance that would increase the 

safety of the railway operation. Since railway transport system is in a guided path, one 

train move at a time, if other train came in rear or front end, accident may occur due 

to  collision.  It  is  very  difficult  to  prevent  such  accident  due  to  the  train  speed.  

Collisions mostly happen due to human errors and/or defective equipment. ATP and 

CCTV surveillance constitute the best solution to increase railway safety. CCTV 

surveillance in contrast of ATP need high data rate. 

In one hand, one solution may be deploying GSM-R system which is one of the most 

important communication networks for railways. As the GSM-R signaling 

information is carried directly to the train itself, GSM-R makes higher speeds and a 

greater traffic density possible while increasing the level of safety. However GSM-R 

has shortcomings that have been investigated in the previous chapter. In the other 

hand LTE technology is capable of providing such kind of services stated above. LTE 

will be able to enhance efficiency and capacity of the railway operation as well as the 

safety and passenger experience. So if ERC wants to upgrade its communication 

technology, they have to consider deploying LTE system. 
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Chapter 4. LTE Based Railway Design for Addis-Djibouti Line 

4.1 LTE Overview 
LTE was designed by a collaboration of national and regional telecommunications 

standards  bodies  known  as  the  Third Generation Partnership Project  (3GPP)  [34]  

and   is  known in  full  as  3GPP Long Term Evolution.  LTE evolved  from an  earlier  

3GPP system known as  the  Universal  Mobile  Telecommunication  System (UMTS),  

which in turn evolved from the Global System for Mobile Communications (GSM). 

3GPP  Long  Term  Evolution  represents  the  latest  standard  in  cellular  network  

technology. It was designed to meet the continuous demands on high data rate, 

improve system capacity and coverage, low user latency and high user mobility. 

Indeed LTE system is expected to be competitive for many years to come, therefore, 

the requirements and targets set forth for this system are quite stringent. The main 

objectives of the evolution are to further improve service provisioning and reduce 

user/operator costs. More specifically, some key requirements and capability targets 

for the long-term evolution are [35]: 

 Low  latency:  for  both  user  plane  and  control  plane,  with  a  5MHz  spectrum  

allocation the latency target is below 5 ms. 

 Bandwidth Scalability: different bandwidths can be used depending upon the 

requirements (1.25 to 20 MHz). 

 Peak Data Rates : 100 Mbps for Downlink , 50 Mbps for Uplink 

 Only Packet Switched Domain support  

 Improved Cell edge performance  

 Inter-working with the existing 2G and 3G systems and non-3GPP systems  

 Optimized for low mobile speed but also support high mobile speeds (up to 350 

km/h) 

 Reduction of complexity in both system and terminals  

 Ease of migration from existing networks  

 Simplification and minimization of the number of interfaces   

These requirements match with the LTE characteristics described in chapter 2. 
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4.2 LTE Architecture 

 

Figure 4.1 Overview of LTE architecture in railway environment [36]. 

Figure 4.1 shows basic logical architecture of the LTE network deployed in a railway 

environment. The network is separated into a radio network part and a core network 

part. The radio access part of LTE is called Evolved Universal Terrestrial Radio 

Access Network (E-UTRAN) consists of User Equipments (UEs) and E-UTRAN 

NodeBs (eNodeBs) [36]. UE is a user terminal, which, in the railway case, can be 

either a handheld device or a radio module installed on a train. eNodeB is a base 

station providing radio coverage, managing radio resources, and scheduling packets. 

This thesis is focused on this part. 

The backbone of the LTE network is called Evolved Packet Core (EPC). It consists of 

the following logical nodes: 

 Packet Data Network Gateway (P-GW), which is the EPC’s point of contact 

with the outside world, e.g. a xed railway communication network [3].  

 Serving Gateway (S-GW), which act as a router and forward data between 

eNodeB and Packet Data Network Gateway (P-GW). This is done using GPRS 

Tunneling Protocol (GTP) [3]. 

 Mobility Management Entity (MME) is responsible for all internal networks 

signaling between eNodeB and the core network. It handles authentication, 

bearer management, mobility management, and interconnection with other 

radio networks [3]. 

 Home Subscriber Register (HSS), which is a central database that contains 

information about all the network operator’s subscribers. It includes user 
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pro les, which, for example, list the services available for a particular user and 

the external networks the user can access [37]. 

 Policy and Charging Rules Function (PCRF), which handles QoS policies and 

rules, e.g. regarding bearer establishment [37]. 

4.3 LTE Key Technologies 

4.3.1 Modulation Schemes in LTE 

The modulation schemes used in the LTE standard include BPSK (Binary phase shift 

keying), QPSK (Quadrature Phase Shift Keying), 16QAM (Quadrature Amplitude 

Modulation), and 64QAM. Figure 4.2 shows the constellation diagrams of these three 

modulation  schemes.  BPSK  sends  bits  one  at  a  time,  using  two  states  that  can  be  

interpreted as starting phases of 0  and 180 , or as signal amplitudes of + 1 and  1.  

LTE uses this scheme for a limited number of control streams, but does not use it for 

normal data transmissions. In the case of QPSK modulation, each modulation symbol 

can have one of four different values, which are mapped to four different positions in 

the constellation diagram. QPSK needs 2 bits to encode each of its four different 

modulation symbols. The 16QAM modulation involves using 16 different signaling 

choices and thus utilizes 4 bits of information to encode each modulation symbol. The 

64QAM modulation involves 64 different possible signaling values and thus requires 

6 bits to represent a single modulation symbol [38]. 

 

Figure 4.2 Modulation schemes used in LTE [38]. 

Since  the  availability  of  multiple  modulation  schemes,  LTE  has  the  capacity  to  use  

adaptive modulation based on channel conditions. When the radio link is relatively 
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clean,  that  is  the  Signal-to-Noise  Ratio  (SNR)  is  relatively  high,  we  can  use  

modulation schemes of denser constellations, such as 64QAM. In such a case, sending 

a single symbol results in the transmission of 6 bits and therefore can increase our 

throughput. However, as the channel becomes noisier, we should resort to using 

modulation schemes with more intersymbol separation, such as QPSK. This in turn 

will reduce the number of bits per sample and reduce the throughput [38]. 

4.3.2 Multiple Access Techniques: ODFMA and SC-FDMA 

In   cellular   communication,   numbers   of   channel   are   limited   within   a   cell.   

Hence, the capacity of the whole network is limited. Therefore, multiple access 

techniques are very important.  The technique used for radio transmission and 

reception in LTE is known as orthogonal frequency division multiple access 

(OFDMA). OFDMA carries out the same functions as any other multiple access 

technique, by allowing the base station to communicate with several different mobiles 

at  the  same time.  It  is  also  a  powerful  way to  minimize  the  problems of  fading  and  

inter-symbol interference (ISI) [36]. 

Orthogonal frequency-division multiplexing (OFDM) 

OFDM is a specific type of multicarrier modulations which provides high spectral 

efficiency. This efficiency is achieved by dividing the whole system bandwidth into 

subcarriers which are orthogonal among each other. The spacing between two 

subcarriers is fixed at 15 kHz. Figure 4.3 shows the spectrum of an OFDM signal 

[36]. 

 

Figure 4.3 Spectrum of an OFDM signal [36]. 
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In OFDM, firstly a high rate data stream is converted into M parallel information 

stream with data rate of R/M as depicted in Figure 4.4. Then the symbol duration 

increases by a factor of M such that it becomes longer than the typical channel delay 

spread. Then each information stream modulates a subcarrier. The frequency of mth 

carrier is [38]: 

+ = 0,1,2, … … … … , 1                                           (4.1) 

Where fo is the lowest frequency of the subcarrier and T is the symbol duration. Thus 

the multicarrier transmitted signal is written as [38]: 

( ) ( ) ( ) )     (4.2)    

Where bm(i)  is  the  symbol  of  the  mth subchannel at time interval iT and p(t) is the 

response of the transmitter filter which is a rectangular pulse with duration T and 

amplitude 1. 

 

Figure 4.4 Serial to parallel conversion operation for OFDM 

A major feature of OFDM that made it chosen as a key technology for LTE is its 

ability to combat the severe effect of multipath propagation. The delay induced by 

multipath propagation can cause a symbol received along a delayed path to interfere 

the subsequent symbol arriving at the receiver via a more direct path [40]. This effect 

is referred to as inter-symbol interference (ISI) as depicted in Figure 4.5. 

( . . ) 

( . . ) 
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Figure 4.5 Multipath induced time delay result in ISI [40]. 

In a high-rate data stream, the symbol duration is shorter than the typical delay spread. 

Thus  it  is  prone  to  ISI  which  can  be  solved  by  means  of  complex  channel  

equalization. On the other hand, OFDM divides the whole system bandwidth into 

subcarriers which have small bandwidth. Hence the symbol duration in each 

subcarrier becomes longer and it can mitigate the bad effect of ISI.   

Moreover,   OFDM  inserts   cyclic   prefix   (CP)   in   the   data   symbol   during   the   

guard  interval  as shown in Figure 4.6. There are two components of OFDM symbol, 

cyclic prefix and FFT period. Within the CP, it is possible to have distortion from the 

previous symbol.  But,  when the length of CP exceeds the maximum access delay of 

the multipath propagation channel, the previous symbol doesn’t spill into the FFT 

period. Therefore ISI can be eliminated [38]. 

 

Figure 4.6 OFDM eliminates ISI [38] 

In spite of its remarkable features, OFDM has some drawbacks. A major drawback is 

that it has high signal peak to average power ratio (PAPR). The instantaneous 

transmitted power can vary dramatically within one OFDM symbol. This reduces the 

efficiency of the transmitter RF power amplifier. Because of this drawback, OFDM is 
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only implemented in LTE downlink data transmission as the power consumption is a 

key consideration for UE terminals.  

As for uplink transmission, SC-FDMA (Single Carrier-Frequency Domain Multiple 

Access) is chosen as the multiple access technique. A SC-FDMA signal can be 

generated by using the discrete Fourier transform (DFT) spreaded OFDM digital 

signal processing. It has the same benefits of OFDM, like multipath mitigation and 

low-complexity equalization since it uses the main principle [41]. The difference 

between OFDMA and SC-FDMA is  that,  in  SC-FDMA signal  the  data  symbols  are  

spread over all the subcarriers carrying information and produces a virtual single-

carrier structure. The Figure below shows the difference between OFDMA and SC-

FDMA. 

 

Figure 4.7 Comparison of how OFDMA and SC-FDMA transmit a sequence of 

QPSK data symbols [42] 

The example in Figure 4.7 uses 4 (M) subcarriers over two symbol periods by QPSK 

modulation. The difference between the two schemes is that OFDMA transmits the 4 

QPSK data symbols in parallel, one per subcarrier, while SC-FDMA transmit the four 

QPSK  data symbols in series at 4 times the rate, with each data symbol occupying 
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Mx15 kHz bandwidth. The OFDMA signal is clearly multi-carrier and the SC-FDMA 

signal looks more like single-carrier, which explains the “SC” in its name [42]. 

SC-FDMA compare  to  OFDM has  a  lower  PAPR,  that  is  why SC-FDMA has  been  

chosen for uplink transmission. The user equipment (UE) benefits in terms of 

transmitted power efficiency. Also since  all  symbols  are  present  in  all  subcarriers, 

if  some subcarriers  are  in  deep  fade,  the  information  can  still  be  recovered  

from  other  subcarriers experiencing better channel conditions [41]. 

4.3.3 Multiple Input Multiple Output (MIMO) 

MIMO system employs multiple antennas at both transmitter and receiver side. Figure 

4.7  shows  a  diagram  of  a  MIMO  wireless  transmission  system  with  N  transmit  

antennas and M receive antennas. The key feature of MIMO is its ability to achieve 

the ambitious requirement of LTE in terms of throughput and spectral efficiency. The 

idea behind MIMO is that the signals on the transmit antennas at one end and the 

received antennas at the other ends are combined in such a way that the quality of the 

communication for each MIMO user will be improved [36]. For the LTE downlink, a 

2x2 configuration for MIMO is assumed as baseline configuration, i.e. two transmit 

antennas at the base station and two receive antennas at the terminal side.    

There are two functionality modes of MIMO regarding on how the data is transmitted 

across the given channel. Different gains can be achieved depending on which MIMO 

mode is used. The Spatial Multiplexing mode allows transmitting different portions of 

the data on different propagation paths (spatial multiplexing) so that the data rate or 

capacity is increased [36]. The other one is the Transmit Diversity mode. It is used to 

exploit diversity and increase the robustness of data transmission. Each transmit 

antenna transmits essentially the same stream of data, so the receiver gets replicas of 

the same signal.  This increases the signal to noise ratio at  the receiver side and thus 

the  robustness  of  data  transmission  especially  in  fading  scenarios.   Only  the  spatial  

multiplexing mode is concerned in this thesis. Also the MIMO is not applied in 

Uplink in this thesis, as the MIMO for the uplink is considered in 3GPP LTE 

advanced standards phase. 
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Figure 4.8 Block diagram of MIMO wireless transmission system [43] 

The transport channels are the interface between the Medium Access Control (MAC) 

layer and the physical layer. A transport channel is defined by how and with what 

characteristics the information is transmitted over the radio interface [43]. Data 

transmitted on a transport channel is organized into transport blocks. One transport 

block of a certain size can be transmitted over the radio interface to/from a mobile 

terminal without the spatial multiplexing, in each Transmission Time Interval (TTI) of 

duration of 1 ms. Up to two transport  blocks can be transmitted per TTI for MIMO 

case. A transport block corresponds to one codeword in case of downlink spatial 

multiplexing. It means that although the LTE supports the downlink spatial 

multiplexing up to four layers, the number of transport blocks and codewords is still 

limited to two. The mapping between the transport blocks and codeword is illustrated 

in Figure 4.9 below: 

 

 

Figure 4.9  Codeword-to-layer mapping for spatial multiplexing [43] 
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MIMO Performance 

According to Shannon theory, the capacity of a system using single antenna at both 

the transmitter and the receiver or often called SISO (Single Input Single Output) 

system is given by [47]: 

= log (1 + | | ) / /                                                      (4.3)                                                

where h is complex gain of the fixed wireless channel or that of particular realization 

of  random  channel  and   is  the  SNR  at  any  Rx  antenna.  When  more  antennas  are  

deployed at the receiver, the system becomes single input multiple output (SIMO) and 

the capacity is given by [44]: 

= log (1 + | | ) / /                                                        (4.4)                                                                                    

Where hi is  the  channel  gain  between the  transmitter  and  the  receive  antenna.  From 

the above equation (4.4), it can be seen that by implementing SIMO the capacity of 

the system increases logarithmically with the number of receive antennas. Similarly, 

when more antennas are implemented in the transmitter, the system becomes MISO 

(Multiple Input Single Output) and the capacity is given by [44]: 

= log (1 + | | ) / /                                                  (4.5)                                                     

Where hi is  the  channel  gain  between the  transmitter  i  and  the  receive  antenna.  The  

normalization  by  N  ensures  that  the  total  transmitted  power  is  fixed.  Again,  the  

capacity of the system has a logarithmic relationship with the number of transmit 

antennas.  Furthermore,  when  N  antennas  are  employed  at  the  transmitter  and  M  

antennas are employed at the receiver giving rise to MIMO systems, the diversity is 

exploited in both transmitter and receiver yielding a famous capacity equation [44]: 

= log det( + / /                                                    (4.6)                

Where * means transpose-conjugate, H is MxN channel matrix and IM is identity 

matrix  with  size  of  M.   The  equation  assumes  equal  power  among  transmitter  

antennas. It is investigated in [45, 46] that the capacity grows linearly with m = min 

(M, N) rather than logarithmically as in the case of SIMO and MISO. 
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4.4 LTE Cell Capacity 

4.4.1 LTE Frame Structure 

The duration of one frame in LTE system is 10 ms with each frame is divided into 10 

sub-frames of 1 ms. Each sub-frame is further divided into two time slots, each with 

duration of 0.5 ms. Each time slot consists of either 7 or 6 OFDM symbols depending 

on  the  type  of  cyclic  prefix  (CP)  employed.  Figure  4.9  shows  the  generic  frame  

structure for uplink and downlink operation in LTE [47]. 

 

Figure 4.10 LTE Frame Structure with 7 OFDM symbols per time slot [38]. 

Cyclic prefix (CP) is a copy of the last portion of the data symbol which is inserted in 

front of the same data symbol during the guard interval. LTE employed two types of 

cyclic prefix, namely normal CP and extended CP [47].  

For FDD, 10 sub-frames are available for downlink transmission and 10 sub-frames 

are available for uplink transmissions in each 10 ms interval. Uplink and downlink 

transmissions are separated in the frequency domain. For TDD, a sub-frame is either 

allocated to downlink or uplink transmission [47]. 

As mentioned above, LTE uses OFDM as one of the key technologies. In OFDM, the 

whole transmission bandwidth is divided into subcarriers. Further, in LTE physical 

layer, 12 consecutive subcarriers are grouped into one PRB (Physical Resource 

Block). A PRB has duration of 1 time slot and has a total size of 180 kHz. Within one 

PRB there are 12x7 or 12x6 resource elements as shown in Figure 4.10. One resource 

element carries QPSK, 16QAM or 64QAM with number of different bits.  A PRB is 
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the smallest element allocated to a user [48]. Table 4.1 provides total number of 

available PRBs for different spectrum bandwidth. 

 

Figure 4.11 LTE downlink resource grid [47]. 

Bandwidth (MHz) 1.4 3.0 5.0 10.0 15.0 20.0 

Subcarrier bandwidth (kHz) 15 

Physical Resource Block 

(PRB) bandwidth (kHz) 

180 

Number of available PRBs 6 15 25 50 75 100 

Table 4.1 Available PRBs for different bandwidth [48]. 

The LTE uplink SC-FDMA is also of a similar structure as the downlink resource 

grid. Table 4.1 is also applied for the uplink. 

4.4.2 Peak data rate calculation 

Both the downlink and uplink peak data rate are calculated using the 3GPP standards 

[49]. The data rate is a function of different variables like the modulation, the number 

of resource blocks allocated, and the amount of control information overhead as well 
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as the rate of channel coding applied. Considering the case of 2x2 MIMO, the 

following method is applied in order to get the achievable downlink peak rate [50]. 

For 2x2 MIMO with 2 transmitters, we get 2 codewords, with one Transport Block 

per codeword, each being mapped to 1 layer (see figure 4.9). For instance, if the 

bandwidth is 5 Mhz, it has 25 physical resource blocks (NPRB) from the Table 4.1. 

Looking for the Table 7.1.7.2.1-1 in [49] of the NPRB = 25, we find that there are in 

total  27  rows  with  ITBS (Transport  Block  Size  Index)  from 0  to  26.  Referring  to  the  

“Table 7.1.7.1-1: Modulation and TBS index table for PDSCH” in [49], there is a 

mapping between MCS and ITBS.  Qm = 2,  4,  6  corresponds  to  QPSK,  16QAM and 

64QAM respectively. Choosing ITBS = 26 means that 64QAM is applied 

correspondingly. So in Table 7.1.7.2.1-1 in [49], for ITBS = 26 the transport block size 

is 18336 bits per codeword with 64QAM modulation. We know that two transport 

blocks are transmitted per TTI (see section 4.3.3), therefore the peak rate is 2 x 18336 

/ 1ms = 36 672 kbits/s with 64QAM modulation. This method is applied for each 

modulation scheme and the results are shown in the Table below. 

Modulation 

LTE Downlink Peak Rates (kbits/sec) for MIMO 2x2 

1.4 MHz 3 MHz 5 MHz 10 MHz 15 MHz 20 MHz 

6 15 25 50 75 100 

QPSK 1872 4688 8016 15984 23664 31680 

16QAM 3600 9168 15472 30528 45840 61152 

64QAM 8784 22128 36672 73392 110112 150752 

Table 4.2 Theoretical LTE Downlink peak data rate [49]. 

To calculate the LTE uplink peak data rate, the same method is applied. However 

since there is no MIMO for uplink only one transmitter antenna is considered. One 

transport block is assumed, and it is mapped by one codeword. For example, if the 

bandwidth is 10 MHz, then it owns 50 physical resource blocks (NPRB) from the Table 

4.1. With the same procedure as done with the downlink data rate calculation above, 

we find that the transport block size is 36696 bits per codeword with 64QAM 

modulation scheme. Only one transport block is transmitted per TTI, so the peak rate 

is 36696 / 1ms = 36696 kbits/s with 64QAM modulation. This method is applied for 

each modulation scheme and the results are shown in the Table below. 
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Modulation 

LTE Uplink Peak Rates (kbits/sec)  

1.4 MHz 3 MHz 5 MHz 10 MHz 15 MHz 20 MHz 

6 15 25 50 75 100 

QPSK 936 2344 4008 7992 11832 15840 

16QAM 1800 4584 7736 15264 22920 30576 

64QAM 4392 11064 18336 36696 55056 75376 

Table 4.3 Theoretical LTE Uplink peak data rate [49]. 

4.5 LTE Radio Bandwidth and Band Selection  
LTE supports only the following bandwidths: 1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 

MHz and 20 MHz [40]. The 5 Mhz LTE bandwidth is selected in this work and 

should be sufficient for the Addis-Djibouti route. 

The LTE standard covers a range of many different bands, each of which is 

designated by both a frequency and a band number. LTE band 8 (FDD-LTE) lies in 

the 900 Mhz frequency region [38]. The advantage of 900 MHz range is the reliability 

of connection and signal penetration. Lower frequencies have also the advantage of 

longer coverage range which is important for the investment cost point of view since 

it reduces the number of sites. 900 MHz frequency fixed radio link can be almost 2.67 

times farther in distance than a 2.4 GHz connection. It provides also a better 

penetration. A longer wavelength of 900 MHz transmission allows the connection to 

easily penetrate amongst dense materials such as tree line between sites etc.  

LTE band 8 (FDD-LTE) is selected in this thesis. 880-885 Mhz is the uplink band and 

925-930 Mhz is the downlink band. 

4.6 Capacity Planning 

4.6.1 Traffic for Proposed Applications 

For Addis-Djibouti Corridor the proposed applications are: 

1- ETCS Signaling is a digital railway control-command system that provides 

ATP, in-cab-signaling and moveable block operation. In accordance with 

EIRENE specification, the transmission data rate has to be higher or equal to 

2.4 kbps [20]. 
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2- Telephony defines VoIP communications between rolling stock and the 

control centre and between staff. Each call generates two 64 kbit/s data 

streams, one in the uplink and the other in the downlink [51]. 

3- Passenger information provides the on-board passengers with the latest 

updates on delays and disruptions in traf c. The passenger information server 

will send voice announcements that will be played out in the passenger cabin. 

The application generates a 64 kbit/s downlink stream with audio message 

[51]. 

4- On-board Internet Access (business access only). The minimum required 

traffic for uplink is 2 Mbits/sec and 7 Mbits/sec for downlink [20].  

5- Platform surveillance defines the transmission of real-time videos, from 

cameras along the platform to a set of monitors in the driving cab. The driver 

will be able to monitor a platform before entering in a station. This allows the 

driver to react if, for example, someone would fall from the platform on the 

track. This service is also based on the CCTV application. The video 

surveillance application requires a continuous 500 kbit/s downlink stream 

[51]. 

4.6.2 LTE Network Dimension Calculation 

In the long term stage, there will be 40 running trains at pick hour in the Addis Ababa 

– Djibouti section. Some of the proposed applications have to communicate with the 

eNodeBs continuously such as the ETCS signaling, On board Internet Access and the 

Platform surveillance. The traffic intensity per train is 1 Erlang, therefore during the 

pick hour the total traffic intensity becomes 40 Erlang for each of these applications. 

For the telephony and the passenger information, the traffic intensity is calculated 

using below equation: 

( ) = × ×                                                                                      (4.7) 

where: 

 I(E) is the traffic intensity. 

 Utotal is the maximum number of users in the section. 

 Callph is the call frequency per hour. 
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 Calldura is the call duration in second. 

A  total  number  of  536  personnel  will  be  employed  and  will  use  the  LTE  radio  

network. There will be 12 calls per hour with an average duration of 25 s. Hence the 

traffic intensity for the telephony is: 

( ) = ( )× × = 44.67                                                                   (4.8) 

For the passenger information, each of the trains is supposed to receive 4 audio 

messages per hour and every audio message lasts for 5 s, on average. Thus the traffic 

intensity is: 

= ( )× × = 0.22                                                                               (4.9) 

Therefore the total data rate of the LTE network along the route is given as: 

= × + × + ×  

                  + × + ×                                                                        (4.10) 

where: 

  is the traffic intensity of the ETCS signaling (40 Erlang). 

  is data rate of the ETCS signaling transmission (2.4 kbps). 

  is the traffic intensity of the On-board Internet Access (40 Erlang). 

  is data rate of the On-board Internet Access (7 Mbps). 

  is the traffic intensity of the platform surveillance (40 Erlang).  

  is data rate of the platform surveillance (500 kbps). 

  is the traffic intensity of the telephony (44.67 Erlang) 

  is data rate of the telephony (64 kbps) 

  is the traffic intensity of the passenger information service (0.22 Erlang) 

  is data rate of the passenger information service (64 kbps) 

Inserting  the  corresponding  values  in  equation  (4.10),  the  total  data  rate  of  the  LTE 

network is: 

= . .                                                                                 (4.11) 
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This shows the overall data rate dimension to be afforded for the whole route. 

4.6.3 Traffic Load of a Station 

Considering Indode station with the most number of personnel (53 personnel), the 

traffic intensity for voice communication is given as below: 

( ) = [( ) ] = 1.766                                                                   (4.12) 

where: 

 Ip is voice traffic intensity of personnel 

 0 is blocking probability 

 6 is call frequency per hour 

 20 is average call of each user 

Thus the data rate dimension for voice communication (DRv) is: 

= 1.766 64 = 113                                                                              (4.13) 

For the downlink, the total traffic generated by the services proposed is: 

2.4 + 113 + 64 + 7000 + 500 = 7679.4                                                    (4.14) 

For the uplink, the total traffic generated by the services proposed is: 

2.4 + 113 + 2000 = 2115.4                                                                        (4.15)     

LTE is able to support these services. For downlink, LTE cell capacity for 5 MHz 

bandwith is 15 472 kbps if the modulation scheme is 16QAM. If the radio link is 

cleaner, the cell capacity reach 36 672 kbps using 64QAM modulation scheme. This 

is greater than 7679.4 kbps. As for the uplink, LTE cell capacity for 5 MHz bandwith 

is 7 736 kbps if the modulation scheme is 16QAM. If the radio link is cleaner, the cell 

capacity reach 18 336 kbps using 64QAM modulation scheme. This is again greater 

than 2115.4 kbps. 

However, when you consider the four largest stations namely Labu, Indode, Adama 

and Nagad at least two trains are expected to be operated. The two trains would 

communicate to the eNodeB station. If we consider 16QAM modulation scheme, the 

LTE cell will be able to accommodate the two trains (2 x 7679.4 = 15358.8 kbps).  
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4.7 LTE Radio Coverage Planning and Analysis. 

4.7.1 Number of Base Station 

One of the important parameter to determine with care is the number of base stations 

used for providing the necessary radio coverage. On one hand, depending on the 

deployment strategy, we can choose to deploy relatively few eNodeBs which would 

transmit at higher power. Therefore the coverage along the railway line would be 

provided by few large radio cells. On the other hand, it may be decided to cover the 

railway line with many eNodeBs but with smaller power transmissions. Thus there 

would be many small radio cells covering the railway line. Considering the 

deployment cost, in this thesis we decide to take few eNobeBs with high transmission 

power (Pt = 46 dBm) [37]. 

4.7.2 Received Signal Power. 

The railway mobile communication network must provide sufficient coverage in 

terms of the received signal power over the entire railway area in order to have proper 

transmission. EIRENE recommend a minimum acceptable power of the received 

downlink signal to be -92 dBm for ETCS levels 2/3 for speeds above 280 km/h [20]. 

This minimum value has been taken for the work here. 

4.7.3 Other Parameters. 

According to some specifications used for modeling LTE coverage, assumptions and 

parameters have been taken as follows: 

 eNodeB antenna gain (Genb) = 15 dBi; Power loss at eNodeB (Lenb) = 9 dB; 

UE  antenna  gain  (Gue)  =  0  dBi;  Power  loss  at  UE  (Lue)  =  2  dB.  These  

parameters have been taken following the typical values as published by Neele 

and Wootton in UIC “GSM-R Procurement Guide” [23].  

 UE height (hue) = 4m assuming antenna on the roof of the train according to 

EIRENE specification [20] / 1.5 m for handset mobile station. 

 eNodeB height = 45 m chosen as an general assumption for rural area. 

 Interference and fading margin (M) = 8 dB taken considering the worst-case 

value selected within a typical range for LTE [37]. 

All of the assumptions and parameters are summarized in the following table. 
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Parameters Values 

Minimum received power requirement (Pmin) 92 dBm 

Carrier frequency (fc) 925 

Bandwidth 5MHz 

eNodeB antenna gain (Genb) 15 dBi 

Power loss at eNodeB (Lenb) 9 dB 

eNodeB height (henb) 45 m 

UE antenna gain (Gue) 0 dBi 

Power loss at UE (Lue) 2 dB 

UE height (hue)  Portable mobile station / 

Train mounted UE 

1.5 / 4 m 

Interference and fading margin (M) 8 dB 

Table 4.4 Parameters and assumptions used for the design. 

Some parameters have been taken assuming the worst case conditions (interference), 

therefore the results obtained in the simulations would be improved if the conditions 

were more favorable. 

4.7.4 Radio Link Budget 

A  link  budget  is  the  accounting  of  all  of  the  gains  and  losses  from  the  transmitter,  

through the medium (propagation loss, cable loss, antenna gains, etc.) to the receiver 

in a radio system. A link budget equation, on the dBm scale, in the wireless channel 

is: 

= + +                                                    (4.16)              

where: 

 Pr is the  UE received signal power, 

 Pt is the eNodeB transmission power, 

 Genb is the antenna gain of the eNodeB transmitter, 

 Lenb is the feeder cable loss at the transmitter, 
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 Gue is the antenna gain of the UE receiver, 

 Lue is the sum of power losses at the receiver, e.g. due to penetration loss, 

 M is the margin for interference and fading, 

 L is the signal path loss 

In a wireless communication system, the signal spreads out as it travels from the 

transmitter to the receiver. However as the radio signal propagates through space, 

its power is attenuated due to various physical phenomena, such as free space loss, 

re ection, etc. This effect is called path loss. Path loss in wireless channel refers 

to  the  received  signal  power  attenuation,  as  a  result  of  distance  between  the  

transmitter and the receiver. Hence the further the receiver is from the transmitter, 

the lower is the received signal power and that limits the cell range in order to 

maintain the required signal level. Apart from the path loss, other important 

factors affecting the signal reception must be taken into account, such as antenna 

gains, cable losses, and interference margin [37].  

4.7.5 Empirical Path Loss Model Selection 

Path loss (PL) is an important parameter in the energy budget of each mobile cells. For 

this reason, it is necessary to estimate or measure path loss with such precision and 

accuracy so as to provide effective and stable connection in the coverage area. 

Empirical models are used here to estimate the path loss. Empirical models are 

developed based on observations and measurements alone. These models are mainly 

used to predict the path loss, but models that predict rain-fade and multipath have also 

been proposed. The deterministic models make use of the laws governing 

electromagnetic wave propagation to determine the received signal power at a 

particular location [52]. Some of the models are discussed here and one will be 

selected. 

Okumura – Hata Path Loss Model 

The Okumura–Hata model is a well-known propagation model, which can be applied 

for a macro cell. Having one component the model uses free space loss environment 

to predict median radio signal attenuation. Okumura performed the eld 

measurements in Tokyo and published results in graphical format. Hata applied the 

measurement results into equations. The model can be applied without correction 
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factors  for  quasi-smooth  terrain  in  an  urban  area  but  in  case  of  other  terrain  types  

correction factors are needed. The weakness of the Okumura–Hata model is that it 

does not consider re ections and shadowing [53]. The parameter restrictions for this 

model are: 

 Frequency  f : 150–1500 MHz, extension 1500–2000 MHz 

 Distance between MS and BTS d: 1–20 km 

 Transmitter antenna height Hb : 3–200 m 

 Receiver antenna height Hm : 1–10 m 

The Okumura–Hata model for path loss prediction can by written as: 

= 69.55 + 26.16 log ( ) + [44.9 6.55 log ( )] log ( ) 

13.82 log ( ) ( )                                                         (4.17) 

where   

 f is the frequency (MHz)  

 Hb is the base station antenna height (m) 

 Hm is the MS antenna height (m). 

 (Hm) is the mobile antenna correction factor as shown in Table 4.5. 

 d is the distance between the BTS and MS (km) 

 K is the environmental characteristics described in Table 4.5. 

 

Type of area (Hm) K 

Suburban [1.1 log10(f) – 0.7] Hm 

 – [1.56 log10(f) – 0.8] 

 

2 [ log(fc/28)]2 + 5.4 

Rural (semi-open) 4.78 [log(f)]2 - 18.33 log(f)  

+ 35.94 

Rural (open) 4.78 [log(f)]2 - 18.33 log(f)  

+ 40.94 

Table 4.5 Okumura-Hata Environmental parameters. 

COST 231 Hata Model 

An  extend  version  of  Hata  Model  is  known  as  COST  231 Hata Model  [54].  In 

three different areas (i.e. sub-urban, urban and rural), it is used to calculate path loss. 

It provides simple and easy ways for calculations.  

The path loss model equation is given as: 

= 46.3 + 33.9 log ( ) 13.82 log ( ) 
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( ) + [44.9 6.55 log ( )] log ( ) +                                      (4.18) 

where 

 Cm is a constant factor 

(Hm) and Cm parameters are given by: 

For Rural and Suburban Areas: 

( ) = [1.1 log ( 0.7] [1.56 log ( 0.8] 

= 0                                                                                                    (4.19) 

                       

Figure 4.12 shows the relation between the path loss (L) and the distance (d) of the 

Okumura-Hata model and Cost 231 Hata Model using frequency 925 Mhz and 

applying the chosen parameters. Matlab Simulation has been used to compute the 

different  path  losses.  Matlab  code,  used  for  the  calculation  of  the  two  empirical  

models, is available in Apendix-1. As expected, the longer is the distance between the 

transmitting eNodeB and the receiving UE, the higher is the signal path loss. Due to 

that, the received signal power is lower as the UE moves away from the eNodeB. 

Comparing the path losses of the two propagation model, the maximum path loss is 

obtained using the Okumura-Hata model. Since it is convenient to assume the worst 

case scenarios so as to avoid risks of inadequate coverage in a cell, this model is 

selected as a tool to develop the radio coverage planning in this work. 

 

Figure 4.12 Path Loss of different models 
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4.7.6 Coverage Calculation 

Okumura-Hata propagation model is applied in order to compute the radius cell for 

the different environment. Combining equation 4.11 and equation 4.12, we found: 

= + +  

= + + 69.55 + 26.16 log ( ) 

[44.9 6.55 log ( )] log ( ) + 13.82 log ( ) + ( ) +       (4.20) 

 The cell radius d (km) can be calculated as: 

 = 10 . . ( )                                                                                                     (4.21) 

where: 

= + + 69.55 

26.16 log ( ) + 13.82 log ( ) + ( ) +                                      (4.22) 

Applying the chosen parameters in this equation, the cell radius for the different 

environment is: 

s/n Environment Radius (Km) 

1 Suburban 5.85 

2 Rural (semi-open) 14.68 

3 Rural (open) 20.58 

Table 4.6 Cell radius for different environments 

4.8 Frequency Planning 
Like UMTS, the LTE radio access network reuses a single carrier for all cells. The 

key issue with OFDMA is the co-channel interference (CCI) or inter-cell interference: 

especially terminals located at the cell border largely suffer from the power radiated 

by the base station (BS) of neighboring cells in their communication band. 

Interference mitigation is a great challenge for cellular systems. Previous systems 

have used two different techniques. In GSM, nearby cells transmit using different 

carrier frequencies. Typically, each cell might use a quarter of the total bandwidth, 

with a re-use factor of 25%. This technique reduces the interference between nearby 
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cells, but it means that the frequency band is used inef ciently. In UMTS, each cell 

has the same carrier frequency, with a re-use factor of 100%. This technique uses the 

frequency band more ef ciently than before, at the expense of increasing the 

interference in the system [38]. 

In  a  LTE network,  OFDMA provides  the  ability  for  each  BS to  selectively  allocate  

frequency subbands, rates and power to the users depending on their location in the 

cell, according to some prede ned frequency reuse pattern which may lead to 

signi cant capacity gains for the overall network. There are three major frequency 

reuse patterns for mitigating inter-cell interference: hard frequency reuse, fractional 

frequency reuse (FFR) and soft frequency reuse. FFR is considered as a compromise 

between hard and soft frequency reuse and is therefore a pro cient option for future 

wireless systems [55]. In this thesis, FFR is selected as the frequency reuse scheme to 

mitigate the interference.  

FFR splits the given bandwidth into an inner and an outer part. It allocates the inner 

part to the near users (located close to the BS in terms of path loss) applying a 

frequency reuse factor of one (i.e. the inner part is completely reused by all BSs). For 

users closer to the cell edge (far users), a fraction of the outer part of bandwidth is 

dedicated with the frequency reuse factor greater than one [38]. The figure below 

shows how the implementation of FFR is carried out, half of the frequency band is 

reserved for nearby mobiles, while the remainder is divided into three sets, denoted 

f1, f2 and f3, for use by distant mobiles. The resulting re-use factor is 3.  

(a) 
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(b) 

Figure 4.13  Example implementation of fractional frequency re-use when using 

OFDMA. (a) Use of the frequency domain. (b) Resulting network plan [38]. 

 

4.9 Handover Type and Procedure. 
One  of  the  main  goals  of  the  LTE  radio  network  is  to  provide  fast  and  seamless  

handover from one cell to another while simultaneously keeping network 

management simple. LTE technology is designed to support mobility for various 

mobile speeds up to 350km/h [3]. 

Handover is one of the key procedures for ensuring that the users move freely through 

the network while still being connected and being offered quality services. Currently 

only traditional hard handover scheme, also known as Break-Before-Connect (BBC), 

is supported in LTE where there are two types of handovers. The X2 based handover 

is when the source eNode-B and the target eNode-B directly communicate with each 

other over the X2 interface. If for some reason the two eNode-Bs cannot communicate 

with each other, for example, because they have not been con gured for direct 

communication, the handover signaling will take place over the S1 interface and the 

MME assists in the process. Such a handover is referred to as an S1 handover. The 

most ef cient one is the X2 based handover so this one has been considered in this 

work [3]. 

Handover procedure in LTE can be divided into three phases: handover preparation, 

handover execution and handover completion [39]. The procedure starts with the 

measurement reporting of a handover event by the User Equipment (UE) to the 

serving evolved NodeB (eNB). The whole process is show in the figure below [56]. 

Different colors means different 
frequency band. 
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 Handover preparation: During the handover preparation, data flows between 

UE and the core network as usual. This phase includes messaging such as 

measurement control, which defines the UE measurement parameters and then 

the measurement report sent accordingly as the triggering criteria is satisfied. 

Handover decision is then made at the serving eNodeB, which requests a 

handover to the target cell and performs admission control. Handover request 

is then acknowledged by the target eNodeB.  

 Handover execution: Handover execution phase is started when the source 

eNodeB sends a handover command to UE. During this phase, data is 

forwarded from the source to the target eNodeB, which buffers the packets. 

UE then needs to synchronize to the target cell and perform a random access 

to the target cell to obtain UL allocation and timing advance as well as other 

necessary parameters. Finally, the UE sends a handover confirm message to 

the target eNodeB after which the target eNodeB can start sending the 

forwarded data to the UE. 

 Handover completion: In the final phase, the target eNodeB informs the MME 

that the user plane path has changed. S-GW is then notified to update the user 

plane path. At this point, the data starts flowing on the new path to the target 

eNodeB.  Finally  all  radio  and  control  plane  resources  are  released  in  the  

source eNodeB. 
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Figure 4.14  X2-based handover message ow [3]. 

4.10 eNodeB Antenna Type Selections 
There are mainly three different types of antennas, the isotropic antenna, the 

omnidirectional antenna and the directional antenna which are briefly discussed 

below: 

 An isotropic antenna is a hypothetical antenna radiating the same intensity of 

radio waves in all directions. An isotropic radiator is a theoretical point source 

of electromagnetic or sound waves which radiates the same intensity of 

radiation in all directions. It has no preferred direction of radiation. It radiates 

uniformly in all directions over a sphere centred on the source. Isotropic 

radiators are used as reference radiators with which other sources are 

compared [57]. 

 An omnidirectional antenna is a class of antenna which radiates radio wave 

power  uniformly  in  all  directions  in  one  plane,  with  the  radiated  power  

decreasing with elevation angle above or below the plane, dropping to zero on 

the antenna's axis. This radiation pattern is often described as "doughnut 

shaped".Note that this is different from an isotropic antenna, which radiates 

equal power in all directions and has a "spherical" radiation pattern. 



Investigation on LTE for Advanced Real Time Two Way Communication 
for Railway Operational Excellence: Case of Addis Ababa – Djibouti Line 2016 

 

 
M.Sc Thesis  Page 58 
 

Omnidirectional antennas oriented vertically are widely used for 

nondirectional antennas on the surface of the Earth because they radiate 

equally in all horizontal directions, while the power radiated drops off with 

elevation angle so little radio energy is aimed into the sky or down toward the 

earth and wasted. Omnidirectional antennas are widely used for radio 

broadcasting antennas, and in mobile devices that use radio such as cell 

phones, FM radios, walkie-talkies, wireless computer networks, cordless 

phones, GPS as well as for base stations that communicate with mobile radios, 

such as police and taxi dispatchers and aircraft communications [58]. 

 A directional antenna or beam antenna is an antenna which radiates or receives 

greater power in specific directions allowing for increased performance and 

reduced interference from unwanted sources. Directional antennas provide 

increased performance over dipole antennas or omnidirectional antennas in 

general – when a greater concentration of radiation in a certain direction is 

desired. Since the area to be covered in our work is the Addis-Djibouti railway 

line, which is almost a straight line, directional antennas suit well our goal and 

is selected [59]. 
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Chapter 5. Simulation and Test Performance 

5.1 Overview of Atoll Software 
Atoll radio network planning tool has been used in this thesis for the simulation and 

test performance. Inputs for the simulation are based on the design made in the 

previous chapter. 

Atoll is an open, scalable and flexible 64-bit multi-technology wireless network 

design and optimisation platform that supports wireless operators throughout the 

network lifecycle, from initial design to densification and optimization [60]. 

Atoll includes integrated single RAN – multiple RAT network design capabilities for 

both  3GPP  (GSM/UMTS/LTE)  and  3GPP2  (CDMA/LTE)  technology  streams.  It  

provides operators and vendors with a powerful native 64-bit framework for 

designing and optimising multi-technology networks including small cells, and 

integrated Wi-Fi [60]. 

The Atoll working environment is both powerful and flexible. It provides a 

comprehensive and integrated set of tools and features that allow you to create and 

define your radio-planning project in a single application. You can save the entire 

project as a single file, or you can link your project to external files [60].  

Atoll sofware uses familiar Windows interface elements, with the ability to have 

several document windows open at the same time, support for drag-and-drop, context 

menus, and support for standard Windows shortcuts, for example, for cutting and 

pasting. Atoll not only enables you to create and work on your planning project, but 

also  offers  you  a  wide  range  of  options  for  creating  and  exporting  results  based  on  

your project. The working environment provides a wide selection of tools to facilitate 

radio-planning, such as a search tool to locate either a site, a point on the map, or a 

vector [60]. 

5.2 Simulation Steps 
In  this  work  we  have  performed  coverage  analysis  (link  level  simulation  result)  for  

the Addis-Djibouti route.  
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Unfortunately the digital map was not available, instead we have used a different 

method that provides almost the same performance [61]. Prior to start the project, we 

need to create the route in the appropriate format so as to use it in Atoll. Here are the 

major steps followed in this work. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1 Flowchart of simulation steps 

The Addis-Djibouti has been sectioned in two parts so as to ease the simulation results 

analysis. The first section of the route starts from Sebeta station to Dire-Dawa station 

and the second section starts from Dire-Dawa station to Nagad station. Figure 5.2 and 

Figure 5.3 below show the two sections of the route using Google Earth. 

Create the Addis-Djibouti route using Google Earth (create a path)  
and save it in .KMZ format 

Convert the .KMZ file to .CAD format using online Zonum Solution Software 

Import the .TAB file into the project (the route will appear in the map) 

Create a new LTE project in Atoll and set the corrected projection system 

Using MapInfo Software import the .CAD file and save it in .TAB format 

Configure network parameters and add network element in the map of the project 

Select network propagation model 

Run the configuration and make some adjustments until the required coverage 
prediction is achieved  

Coverage analysis and capacity analysis using sample points in the route 
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Figure 5.2 Sebeta-Dire Dawa Section 

 

Figure 5.3 Dire Dawa - Nagad Section 

As you can see, the two figures show the route without the bases stations. After 

creating a new project in Atoll software, we need to import the map showing the route 

into the project file. The eNode-b locations are defined using Atoll. Google Earth 

helps  us  to  identify  the  nature  of  the  route  which  affects  the  strength  of  the  signals.  

Then we add the transmitters needed. 

5.3 Simulation Parameters 
The parameters used for the simulation are set using the result of Chapter 4. These are 
resumed in the table below. 
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Parameters Values 

LTE band LTE band 8 

(FDD-LTE) 

Bandwidth FDD 5MHz 

eNodeB antenna gain (Genb) 15 dBi 

Power loss at eNodeB (Lenb) 9 dB 

eNodeB height (henb) 45 m 

UE antenna gain (Gue) 0 dBi 

Power loss at UE (Lue) 2 dB 

UE height (hue)  Portable mobile station / 

Train mounted UE 

1.5 / 4 m 

Interference and fading margin (M) 8 dB 

Path Loss model Okumura-Hata 

MIMO type 2x2 

Frequency Allocation FFR 

Handover Type Over X2 

Table 5.1Parameters Setting for the Simulation 

5.4 Sebeta-Dire Dawa Section Simulation Results. 

5.4.1 Bases Stations Location. 

Sebeta-Dire Dawa section length is about 454.854 km. This section requires 22 base 

stations. Table 5.2 below shows the bases stations location according to the 

geographical and morphological nature of the route [62]. Also the corresponding cell 

radius per base station, calculated in chapter 4, is associated. 

Site 
Number Longitude Latitude 

Geographical and 
morphological  nature of the 

route 

Cell radius 
per 

eNodeB (km) 

Site1 38°36'14.11"E 8°55'3.44"N Small city with scattered long  
trees, almost hilly (up-down 5.85 
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altitude) 

Site2 38°41'33.23"E 8°56'27.29"N 
Small city with scattered long  

trees, almost hilly  
(decreasing altitude) 

5.85 

Site3 38°47'44.97"E 8°48'49.85"N 
Scattered houses and trees, 

almost flat  
(decreasing altitude deference) 

14.68 

Site4 38°59'53.62"E 8°45'24.35"N 
Scattered long trees, almost 

flat   
(decreasing  altitude) 

14.68 

Site5 39°8'23.24"E 8°34'49.94"N 
Small city with scattered trees,  
almost flat (decreasing altitude  

structure) 
14.68 

Site6 39°18'23.78"E 8°34'57.15"N 

Small city with scattered  
trees,  

almost flat  (decreasing 
altitude  

structure) 

14.68 

Site7 39°30'18.38"E 8°41'4.7"N Scattered trees, almost flat   
(decreasing altitude structure) 14.68 

Site8 39°35'2.99"E 8°52'24.89"N Scattered  trees, almost flat   
(up-down altitude structure) 14.68 

Site9 39°47'17.83"E 8°58'1.63"N Scattered trees, almost flat   
(decreasing altitude structure) 14.68 

Site10 40°0'47.63"E 8°56'11.99"N Scattered trees, almost flat   
(up-down altitude structure) 14.68 

Site11 40°12'56.49"E 9°2'9.44"N Scattered trees, almost flat   
(up-down altitude structure) 14.68 

Site12 40°25'58.29"E 9°1'30"N Scattered trees, almost flat   
(increasing altitude) 14.68 

Site13 40°37'53.01"E 9°9'24.97"N Scattered trees, almost flat   
(up-down altitude structure) 14.68 

Site14 40°42'35.32"E 9°11'41.48"N 
Small city, heavy trees,  
almost flat (decreasing 

altitude) 
5.85 

Site15 40°47'20.02"E 9°14'34.49"N Moderate forest, small city,  
hilly area (decreasing) 5.85 

Site16 40°51'54.11"E 9°17'53.28"N Moderate forest, scattered  
houses and hilly areas 5.85 

Site17 40°56'4.63"E 9°21'46.59"N Moderate forest, scattered  
houses and hilly areas 5.85 

Site18 41°6'23.32"E 9°30'28.26"N Moderate forest, dispersed  
houses, semi-hilly area 14.68 

Site19 41°11'40.23"E 9°31'26.57"N Moderate forest, small city,  
hilly area 5.85 

Site20 41°25'12.16"E 9°34'0.45"N Moderate forest, small cities,  
semi-hilly area 14.68 

Site21 41°38'18.17"E 9°36'36.07"N Moderate forest, small cities,  14.68 



Investigation on LTE for Advanced Real Time Two Way Communication 
for Railway Operational Excellence: Case of Addis Ababa – Djibouti Line 2016 

 

 
M.Sc Thesis  Page 64 
 

semi-hilly area 

Site22 41°43'56.69"E 9°37'18.65"N Moderate forest, scattered  
houses, hilly area 5.85 

Table 5.2 Sites locations for Sebeta-Dire Dawa according to the nature of the 
route. 

5.4.2 Coverage Prediction 

Coverage by best signal level 

Figure 5.4 shows the coverage prediction of the signal level of the Sebeta-Dire Dawa 

section. There are 22 bases stations with two transmiters each.  

 

Figure 5.4 Coverage by best signal level for Sebeta-Dire Dawa section 

 

 

Figure 5.5 Signal level with different colors. 

The best signal level is shown in Figure 5.5. Different colors are used to identify the 
signal strength. It starts with the color red where the signal strength must be equal or 
above 62 dBm, and finish with the color blue where the signal must be equal or above 
-92 dBm which is our limit defined in chapter 4. The section Sebeta-Dire Dawa is 
well covered in terms of signal strength. 
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Figure 5.6 Area coverage per each signal level 
Figure 5.6 shows the area coverage per each signal level. The lowest signal level, here 

with the color blue, covers the largest area of about 1,920 km2. 

5.4.3 Performance Evaluation 

In order to analyze the cell edge throughput scenario, we used point analysis of Atoll 

software.  We  selected  site  2_1  along  the  Sebeta  –  Dire  Dawa  section  along  with  a  

receiver (i.e. train). The point analysis results as the signal reception level appeared as 

the following shown in Figure 51.7 (a). Figure 5.7 (b) shows the geographic profile of 

the site 2_1. 

 

(a) 
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(b) 

Figure 5.7 Point analysis results of Sebeta-Dire Dawa Section (a), (b) 
Figure 5.7 (a) shows that the signal strength received by the train located at the cell 

edge is -91.47 dBm. It is above the minimum power received requirement (-92 dBm). 

Hence this proves that the area is well covered. Figure 5.7 (b) illustrates that moving 

away from the eNodeB, the received signal weakened which is normal. Here the 

signal strength drop quickly, it is due to the geographic nature of the area which is 

small city with scattered long trees, almost hilly. The cell radius is 5.85 km.    

5.5 Dire Dawa-Nagad Section 

5.5.1 Bases Stations Location 

Dire Dawa-Nagad section length is about 288.391 km. This section requires 8 base 

stations. Table 5.3 below shows the bases stations location according to the 

geographical and morphological nature of the route [62]. Also the corresponding cell 

radius per base station, calculated in chapter 4, is associated. 

Site 
Number Longitude Latitude 

Geographical and 
morphological  nature 

of the route 

Cell radius 
per 

eNodeB (km) 
Site1 41°51'49.44"E 9°42'2.53"N No forest, semi-hilly area 14.68 
Site2 41°54'26.06"E 9°56'37.17"N No forest, almost flat 20.58 
Site3 42°4'16.66"E 10°15'40.43"N No forest, almost flat 20.58 
Site4 42°15'33.12"E 10°34'29.32"N No forest, almost flat 20.58 
Site5 42°31'16.62"E 10°43'56.59"N No forest, semi-flat 20.58 
Site6 42°37'33.68"E 10°56'28.37"N No forest, hilly area 14.68 
Site7 42°42'41.24"E 11°9'25.45"N No forest, almost flat 20.58 
Site8 42°59'9.08"E 11°23'44.87"N No forest, almost flat 20.58 
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Table 5.3 Sites locations for Dire Dawa-Nagad according to the nature of the 
route. 

5.5.2 Coverage Predication 

Coverage by best signal 

Figure shows the coverage prediction of the signal level of the Dire Dawa-Nagad 

section. There are 8 bases stations with two transmitters each. The section is well 

covered. 

 

Figure 5.8 Coverage by best signal level for Diredawa-Nagad Section 
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5.5.3 Performance Evaluation 

Same procedure is followed as in section 5.3.3. We selected site 6_1 along the Dire 

Dawa – Nagad section along with a receiver (i.e. train). The point analysis results as 

the signal reception level appeared as the following shown in Figure 5.9 (a). Figure 

5.9 (b) shows the geographic profile of the site 6_1. Figure 5.9 (c) gives the link 

budget of site 6_1. 

 

(a) 

 

(b) 
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(c) 

Figure 5.9 Point analysis results of Sebeta-Dire Dawa Section (a), (b), (c) 

Figure 5.9 (a) shows that the signal strength received by the train located at the cell 

edge is -91.08 dBm and is above the minimum power received requirement (-92 dBm) 

which is good. The area is well covered. Figure 5.9 (b) illustrates that moving away 

from the eNodeB, the received signal weakened which is normal. The cell radius is 

14.68 km. Here the signal strength drops slowly, it is due to the geographic nature of 

the  area  which  is  no  forest,  hilly.  Figure  5.9  (c)  shows  the  link  budget  of  the  

transmitter 6_1, it respects well enough the link budget calculated in Chapter 4. 
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Chapter 6. Conclusion and Recommendations 

6.1 Conclusion 
In this study, LTE is selected as the railway communication technology for the Addis-

Djibouti line. Due to its advanced radio interface and packet-switched based 

transmission, LTE is signi cantly more ef cient than GSM-R, offers large capacity, 

high throughput and low delay and has much lower obsolescence risk. This work tries 

to design LTE radio coverage and capacity for Addis-Djibouti route.  

Several critical and non-critical applications are proposed for the line. LTE is capable 

of supporting these services, as the cell capacity of LTE is greater. When you consider 

individually these businesses-supporting applications, it is not essential enough to 

justify an introduction of a new communication technology. However when mix 

together, then it surely has a positive impact on the efficiency and safety of the 

railway  operation  as  well  as  the  attractiveness  for  the  passengers.  Hence  the  

communication-based applications may be an important advantage of railways in the 

competition with alternative means of transport. 

During the process of the radio coverage planning, Okumura Hata model is selected 

as the propagation model and three different cell radiuses is calculated for three types 

of different environment identified along the route which are as follows: 

 Suburban area with moderate and/or no coverage of forests and small hills 

 Rural area with moderate forest coverage and hilly or flat topographic 

 Rural area with no forest and flat topographic 

There have been some real difficulties in retrieving some significant data regarding 

the profile of the route, however these obstacles have been overcome by using all the 

data found and a method explained earlier but with the same performance.  

The  whole  route  requires  a  total  of  30  eNodeb  stations  with  a  data  rate  capacity  of  

464.160 Mbps and the maximum data rate capacity needed for the whole route is 

302.969 Mbps which is less than the total capacity. Atoll software is used for the 

simulation of the study. Analysis results show that the whole route is well covered. 
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6.2 Recommendations 
This  research  work  gives  a  valuable  estimation  of  the  LTE radio  network  system in  

the field of railways. To make this thesis even better, using a more detail traffic and 

site visiting investigation, will help complete this work. 

LTE mobile communication system has not been designed to support specific railway 

services. Hence there are many areas to investigate so has to complete this research 

work. Indeed some future works can be made to enhance the study like end-to-end 

transmission performance offered by LTE network or how to provide voice 

communication over LTE.  

This work only focuses on the access network and interface dimensioning of LTE 

network. Comparing the present work with other technologies like UMTS or WiMAX 

on investment, capacity, service quality and maintenance cost analysis is also a good 

point to extend the study. 
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Appendix-1 

clear 
clc 
%%%%%%%%%%%%%% PATH LOSS SIMMULATION OF DIFFERENT EMPERICAL MODELS % 
d  = 1:1:20; 
fc = 925; 
hb = 45; 
hm = 4; 
%%%%%%%%Okumura-Hata %%%%%%%%%%%%%% 
a= (1.1*log10(fc) -0.7)*hm - 1.56*log10(fc) - 0.8;  
%%for suburban and rural area%% 
L1= 69.55 + 26.16*log10(fc) + (44.9-6.55*log10(hb))*log10(d)- 
13.82*log10(hb)-a ; 
  
%%%%%%%%%COST 231 –  Hata Model %%%%%%%%%%%%% 
a1 = (1.1*log10(fc)- 0.7)*hm - (1.56*log10(fc)-0.8); 
C = 0;                                               %%%%for suburban 
and rural areas %%%%%%%% 
L2=46.3 + 33.9*log10 (fc) - 13.82*log10 (hb) - a1 + (44.9 - 
6.55*log10(hb))*log10(d)+C; 
  
plot(L1,'r','linewidth',2),title('path loss of different 
models'),xlabel('distance(km)'), ylabel('path loss(dB)') 
hold on 
hold all 
plot(L2,'b','linewidth',2) 
hold on  
hold all 
legend('Okumura-Hata','Cost 231-Hata','location','SE') 
  
%%%%%%%%%%%%%  cell radius calculation with Ak_Hata model  %%%% 
a1= (1.1*log10(fc) -0.7)*hm - (1.56*log10(fc) - 0.8);  
k1=2*(log10(fc/28))^2+5.4; 
L3=69.55 + 26.16*log10(fc) + (44.9-6.55*log10(hb))*log10(d)- 
13.82*log10(hb)-a1 -k1;    %%suburban%%% 
                           
r1 =(134 - 69.55 - 26.16*log10(fc) + 13.82*log10(hb) + a1 +k1)/(44.9-
6.55*log10(hb)); 
Rsu =10^r1; 
  
k2=4.78*log10(fc)^2-18.33*log10(fc) + 35.94; 
L5 = 69.55 + 26.16*log10(fc) + (44.9-6.55*log10(hb))*log10(d)- 
13.82*log10(hb)-a1-k2;%%for semi-open rural areas %% 
r2= (134 - 69.55 - 26.16*log10(fc) + 13.82*log10(hb) + a1 + 
k2)/(44.9- 6.55*log10(hb)); 
Rsor =10^r2; 
  
k3=4.78*log10(fc)^2 - 18.33*log10(fc) + 40.94; 
L4 = 69.55 + 26.16*log10(fc) + (44.9-6.55*log10(hb))*log10(d)- 
13.82*log10(hb)-a1 -k3; %%for open rural areas %% 
r3= (134- 69.55 - 26.16*log10(fc) + 13.82*log10(hb) + a1 + k3)/(44.9- 
6.55*log10(hb)); 
Ror =10^r3; 
  
Rsu 
Rsor 
Ror 


