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Abstract 

 

The current trend in the cellular networks to reduce the amount of spectrum dedicated to 

GSM networks put a burden on the radio access part to keep the promised quality of service. 

In addition to the focus of operators on other radio access technologies and data networks 

have raised the need to direct most of the effort towards other activities. Subsequently new 

techniques are needed to compensate for the lack of time and resources to keep GSM 

networks as optimized as possible. 

The handover functionality is in the heart of any cellular system. It is more important when 

delay is not tolerated. Therefore, the choice of its parameters is important. These parameters 

are chosen based on network performance and traffic load patterns among other criteria. It is 

a time consuming task, and investigating in a way to automatically choose appropriate 

settings for its parameters is desired. 

This work investigates the possibility of such an automated procedure. A simulation 

environment is developed in order to run simulations. An automated function that utilizes 

the principles of control theory, optimization, and live networks statistics is developed and 

used to build an algorithm to regulate the settings of the handover procedure. 

By regulating four parameters from the handover procedure, and by introducing different 

traffic loads, frequency reuse and mobility patterns, while testing the results against a set of 

performance metrics in the simulator. The results show better network performance in terms 

of performance metrics when the regulating algorithm is applied than when manually 

choosing values of these four parameters. However, further investigation shows that the 

algorithm under an aggressive mobility pattern imitating a high speed moving users, might 

need a stopping rule. The algorithm tries to find a better network performance even if the 

current metrics are acceptable. This appears to be invalid approach under some aggressive 

models. 
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1. Introduction 

 

In this first chapter, an introduction to the problem we are addressing in this project is 

presented including the problem statement. 

1.1 Background 

One of the main reasons behind the huge success of wireless communication is its support of 

mobility. GSM being one of the most successful and deployed cellular technologies handles 

mobility very well. There are two scenarios for the cellular network to manage mobility. 

Firstly when the MS is in the idle mode, when there is no call in progress or it is switched 

off. In this case the network keeps track of the MS by a means of location management [1]. 

Secondly, when an active mobile moves within the coverage area of a network. That will 

lead to situations where the MS leaves the coverage area of a single cell, in this case there is a 

need for a feature to transfer an ongoing call from a physical channel to another without 

dropping the call, this feature is the handover. 

Handover is one of the basic features for cellular communication. It can be categorized into 

two types: Horizontal handover where it is performed in one network of the same radio 

access technology (GSM to GSM), and vertical where the handover is performed between 

different networks or between different radio access technologies (e.g. 3G to LTE). Moreover, 

the horizontal handover has two types: a hard handover where at any given time the call is 

handled by only one connection, this is the type used in GSM, and the default in LTE. The 

second type is the soft handover, where the MS is connected to more than one cell at the 

same time during the handover process [2]. 

Before the handover happens, certain conditions have to be met. Such conditions can be on a 

radio-environment nature, like the received signal level, and speech quality. It can be as well 

a network criterion, like cell traffic load. An active MS is continuously sending measurement 

reports to its serving cell, the need to a handover is then decided [3].  

These handover initiation conditions are represented in a network as configurable 

parameters on different network levels, some are System parameters, some are Cell 
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parameters, while others are Cell to Cell parameters. In a national wide network with 

thousands of cells, setting and changing these parameters for optimization purposes can be a 

challenge and consume a significant amount of labour time. Nowadays, more effort is 

steered towards newer radio technologies. Therefore, optimizing the GSM network to 

require as few human resources as possible is crucial for the operators. 

 

1.2 Motivation 

When GSM started to be deployed, most of the world networks were assigned carrier 

frequencies in the 900/1800 MHz, with others assigned the 850/1900 MHz. However, the 

evolution of the mobile services nature from voice dominant to data dominant led to 

develop and implement other radio access technologies such as UMTS and LTE. The 

demand on high speed data rates, and spectrum harmonization for mobile broadband 

international roaming led to the need of refarming of frequencies from GSM to LTE. 

Moreover, new frequency planning techniques incorporate different features such as 

frequency hopping, separation between BCCH and TCH planning in order to address the 

difference in traffic load and mobility patterns between different cells. In addition, operators 

tend to set parameters to default values regardless if optimum performance is met or not 

because of the large number of parameters, especially the cell to cell ones. 

In spite of the rapid evolution in the radio access technologies and with the introduction of 

3G, 4G and the current preparation for 5G, which is expected to be commercially available 

by 2020 [4]. The GSM (2G) is still significant, especially for voice traffic, CISCO estimates 

60% of the connected devices are 2G connected, with a prediction for 2019 reaching 22% [5]. 

Knowing that the voice service is not delay tolerant, the GSM part of the network is very 

important to any operator, however other parts of the network are becoming more 

important and crucial to the core business with the current trend of data consumption. 

Therefore, directing as much effort and time from the GSM part to other parts of the network 

is desired. 

The handover algorithm we are working on in this project has around 50 different 

parameters, the majority is defined per cell, some are defined as cell to cell relations, and few 

are on a system (i.e. network) level. Ensuring an optimum performance of the algorithm 
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within a dynamic network can be a challenging task with respect to both time and finances 

[6]. 

Motivated by this need, this thesis is aiming to propose an algorithm that can adjust selected 

parameters of the handover algorithm based on collected KPIs, to maintain the performance 

metrics within their acceptable ranges. 

The selected parameters from the handover algorithm will be called throughout this report 

as Parameters of Interest (PoI). 

 

1.3 Previous work 

The handover algorithm in GSM is an operational algorithm designed to perform according 

to the specifications stated in [3] and [7], while the implementation and the decision to carry 

out a handover and the choice of the target cell is designed independently by technology 

vendors. Hence, most of the improvement works are internal development works. However, 

some works such as the ones described in [8], [9] and [10] show the benefits of adaptation as 

an optimization for the handover process. However, most of the research work focus on the 

handover margins, aiming to achieve higher overall system capacity by adjusting cell 

boundaries in order to achieve evenly distributed traffic loads as possible, in order to 

minimize the blocking probability (i.e. new users are denied to establish calls). However the 

balance between making unnecessary early handovers which beside being a burden on the 

system, it might lead to what is known as the “Ping-Pong” behavior (i.e. When an MS makes 

a consecutive handovers from and to a certain cell in a short time), and delaying the 

handovers to a point where there is a risk of losing the connection due to low signal 

strength, remains as the main target of all proposed handover processes. 

A framework for optimization based on control theory, and its importance for operators in 

radio networks is presented in [6]. 

However, researchers tend to approach the adaptation problem in different ways. As 

described in [9] the following strategies are noticed: acting based on current congestion in 

overlapped cells by offering off-loading from a cell to another, another approach is by 

limiting the overlap area between cells (i.e. Resizing by changing handover boundaries) in 
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an adaptive way. However, while both approaches may increase the capacity (i.e. the 

capability of the network to simultaneously serve more users), it increases the co-channel 

interference in the network as well. It then becomes a compromise which differs from 

scenario to scenario and from a network to another. Using control theory principles by 

reacting to dynamic traffic behavior as in [10] is another approach. Combining control 

theory principles with prediction of users and traffic behaviors acting based on recorded 

collected measurements by building an optimization problem seems a powerful approach, 

one drawback according to [9] is that it usually requires huge storage and computational 

resources that might not be available, or simply the cost overweigh the benefit of having 

such a powerful tool. 

 

1.4 Problem statement 

Applying automation to processes such as the handover algorithm can achieve a reduced 

operational expenditure and save valuable time. However, to reach our goal of introducing 

an algorithm that can automate the selection decision of the algorithm parameters, certain 

obstacles and questions must be addressed. 

In this thesis, we will try to address the following: 

• How can the handover algorithm take decisions to optimize a set of PoI based on 

network status and certain KPIs? 

This question includes the following sub-questions: 

• How should the regulating algorithm react to a change in a KPI? 

• Is it possible to improve the performance of the handover algorithm by using a 

regulating algorithm? 
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2. Literature review 

 

In this chapter overview and description of the most relative GSM features are presented. 

2.1 GSM overview 

GSM - the Global System for Mobile Communications, which is known as the second 

generation (2G) of mobile cellular networks was introduced in the mid-1980s, then 

standardized by the European Telecommunications Standardization Institute (ETSI) in 1991 

[11]. 

The GSM network layout consists of two main parts as we can see in Fig 2.1, the Base Station 

Subsystem (BSS) and the Switching System (SS), both of these systems are monitored and 

managed through the Operation Support System (OSS). 

  
Fig 2.1 GSM Network structure 
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The SS main responsibilities are subscribers’ management, and connectivity to other 

networks (both cellular and fixed). The SS includes1 the following entities: 

• MSC: carries out the switching functionality for the mobile network. It controls calls 

to and from other systems. The switching role of the MSC defines handover 

scenarios as we will see. 

• HLR: a centralized, permanent network database, it stores and manages all mobile 

subscriptions of an operator. 

• VLR: a temporary database contains information about all the MSs currently located 

in an MSC service area (there is one VLR for each MSC). It can be regarded as a 

distributed HLR. 

• AUC: authenticate the attempts to access and use the network. It is a database that 

provides the HLR with the authentication parameters and ciphering keys. 

• EIR: a database that keeps a record of the MSs identity information which can be 

used to block calls from stolen, unauthorized, or defective MSs. 

While the BSS carries out the functionality related to the radio part of the network [11] [12]. 

BSS includes the following units: 

• BSC: manages all the radio-related functions. It is a high capacity switching and 

processing unit takes care of several functions such as handover, radio channel 

assignment and the collection of cell configuration data. Several BSCs are controlled 

by one MSC. 

• BTS: controls the radio interface between the network and the MS. The BTS contains 

the radio equipment such as transceivers (TRXs) and antennas which are needed to 

serve each cell in the network. A group of BTSs belongs to and controlled by one 

BSC. 

The OSS task is to take care of the operation and maintenance of the network, which 

includes monitoring various network activities and alarms in both the SS and the BSS. 

To have a better understanding of the GSM cellular network, Fig 2.2 represents a 

geographical structure overview of the calls (data) path within a single operator network. 

This overview will help us later define the handover scenarios. In Fig 2.2 we can see the Cell, 

                                                           
1 Other optional and not essential entities might exist as well. 
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which is the building unit of the network, represented as a hexagonal area shape. A BTS can 

serve one or more cell depending on the TRXs and antenna system it comprises. A cell can 

be defined as the area covered by radio transmitted by one antenna system in a BTS. In Fig 

2.2, each BTS serves 3 cells (some cells are omitted from the figure). A group of BTSs (and 

subsequently cells) is controlled by a BSC, while one MSC/VLR is responsible for routing 

calls and signaling from and to a group of BSCs (known as well as an MSC/VLR service 

area). A GSM network might have several MSC service areas. These areas together comprise 

a PLMN that belongs to one operator in a country. However, in each country there are 

usually more than one operator (different PLMNs in a country). Moreover, there is a bigger 

geographical term which is the GSM Service Area; it is the combined area of all the PLMNs 

over the world. 

 

Fig 2.2 Simple data path/geographical overview 

 

2.2 Protocols and interfaces in GSM 

While providing a good voice and data communications over the radio link is the obvious 

role of any wireless technology, GSM supports roaming as well, smooth handover while on 

call, and the ability to connect to any GSM network in the world. To achieve such level of 
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mobility and accessibility, GSM must have standardized call handling and routing, universal 

location updating functionality and security mechanism [11]. 

2.2.1 General overview 

GSM subsystems are linked together through interfaces; the Um interface between the MS 

and the BTS, the Abis interface between the BTS and the BSC, and the A interface between the 

BSC and the MSC. Certain protocols ensure the correct communications according to the 

intended standards. Understanding some of the interfaces is important to our project. The 

protocols are divided into three levels; level one represents the physical layer, level two 

represents the data link layer, and the third layer is the network layer. The physical layer is 

responsible for the data transmission between the interfaces, the data link layer takes care of 

routing, error detection, and flow control. Finally, the network layer is primarily responsible 

for the management of the connection over the air interface and location data management. 

Figure 2.3 shows the interfaces between the MS, BTS, BSC and the MSC. 

 
Fig 2.3 GSM interfaces 
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2.2.2 The air interface 

The air interface or as it is called the Um interface [11] is the relevant interface for our work in 

this project. Therefore, we give a thorough overview. 

The worldwide frequency spectrum allocation in GSM networks is the responsibility of the 

ITU, many frequency bands have been allocated to GSM networks. In this project we are 

using the GSM900 in the simulator; therefore we describe the frequency allocation of the 900 

MHz band. In the 900 MHz band a total of 70 MHz has been allocated to GSM networks, the 

first 25 MHz (890 - 915) MHz has been allocated to the uplink (MS to BTS), while the last 25 

MHz (935 - 960) MHz is allocated to the downlink (BTS to MS), the 20 MHz between (915 - 

935) MHz is a guard band. Beside this frequency division between uplink and downlink 

bands, GSM uses another level of frequency division by dividing the available 2 x 25 MHz 

bands to 124 carriers for each 25 MHz, with 200 kHz carrier spacing. Moreover, GSM utilizes 

the time domain as a multiple access scheme; Time Division Multiple Access (TDMA) in 

which each carrier is further divided into basic units, these units are called bursts (or time 

slots) in the time domain [11], eight consecutive bursts are grouped together to form a 

TDMA frame. Each burst lasts 0.577 ms, and a frame lasts 4.615 ms. In a TDMA frame 

(during a 4.615 ms) each burst represents a physical channel, while logical channels are 

defined according to the type of information carried in the physical channels. 

The previous paragraph described the physical layer of the air interface, on the data link 

layer, some link signaling, error detection and correction take place, however it is not of an 

interest in this project. The network layer protocols are the most important and relevant to 

our project, the air interface layer three (the network layer) protocols are responsible for 

signaling control channels (Logical channels). The radio resource management in the air 

interface is responsible for establishing, releasing, and maintaining calls not only but 

especially when MSs move around the network changing not only serving cells (BTSs) but 

also BSCs and MSCs. The BSC takes most of the decisions regarding radio resource 

management, including negotiating with other BSCs when needed regardless whether 

within the same MSC serving area or across different areas. In this case the MSC is merely a 

switching unit, between the BSCs. The most relevant functionality of the radio resource 

management in the air interface is the topic of this project; the handover.  
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2.3 Handover in GSM 

The handover in GSM is classified as a hard handover, where the established call is carried 

out by one radio channel, when the handover occurs the MS is ordered to release the current 

radio channel before connecting to a new one [2]. 

2.3.1 Handover classifications 

There are four classifications of horizontal handover in GSM, From Fig 2.2 the call 

data/signaling path is what distinguish them: 

1. Intra-cell handover:  

In this special handover, while the MS is connected to a certain cell, a handover request is 

triggered, however not to another cell, but to the same cell with another physical channel 

(time slot) in the same carrier or another. 

The main objective behind this type of handover is due to high co-channel interference 

which can be seen as a low signal quality at the receiver, if the signal level is satisfactory, 

then moving the call to another time slot, and/or frequency carrier can solve the problem 

giving the time division property of GSM signals (i.e. the co-channel transmitter might be 

using different time slots and/or carriers, therefore avoiding the interference). 

As an example, in Fig 2.2 BSC-B sees an MS in cell number one with bad signal quality, 

however, no other cells can provide a better signal level, therefore BSC-B orders the MS – 

BTS in cell number one to switch to another radio channel. 

2. Inter-cell handover under the same BSC: 

Using Fig 2.2 BSC-B detects that an MS served by cell number two can have a better signal 

level if it is to be served by cell number four (the reason behind the handover is not 

important in this classification), BSC-B controls both cells and has real time information 

about them, therefore, it orders cell number four to assign a radio channel to an upcoming 

connection from an MS, then it sends information to the MS to be able to tune to cell number 

four. Although the MS will use only one radio channel at any given time, the radio channel 

to cell number one will be kept reserved until the handover is successful to cell number four, 
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otherwise in case the handover procedure fails, the MS will try to reconnect to cell number 

two using the same old channel. 

3. Inter-cell handover between different BSCs in the same MSC service area: 

This scenario can be seen in Fig 2.2 by an MS moving from cell number 3 which is controlled 

by BSC–B, to cell number 7 which is controlled by BSC-A, however both BSCs are connected 

to the same MSC-A. The handover procedure is the same in principle, however, BSC-B does 

not know which BSC controls cell number 7, and therefore it asks the MSC to find the target 

BSC. The MSC plays a switching role between the BSCs without taking any decision 

regarding the handover itself. Beside the switching role of the MSC, the handover procedure 

is identical to the one in the previous case. 

4. Inter-cell handover between different BSCs in different MSCs service areas: 

This case can be seen in Fig 2.2 as an MS moving from cell number 2 towards cell number 18, 

and a handover is required. BSC-B asks MSC-A to help finding which BSC controls cell 

number 18, however MSC-A does not have this information, therefore it sends a request to 

other MSCs, until it receives a positive message from MSC-B with the information that BSC-

C controls cell number 18, then the handover procedure continues the same way as in the 

second way but involves additional switching nodes. 

It is worth noting that when more entities are involved in the handover procedure, the 

probability of a handover failure increases. However, as a radio resource management 

problem, what is interesting to us in this project is what happens in the air interface. 

2.3.2 Handover initiation 

Handover in GSM is carried out by the BSC based on either a radio triggered measures (the 

signal strength, RF quality, or the distance) or network management conditions not related 

to radio link status (e.g. Cell off loading and maintenance). 

The radio measures are collected by the mean of measurement reports delivered to the BSC 

(see Sec. 2.7). The MS constantly measures and reports not only its serving cell conditions, 

but also the signal strength of neighbor cells [13]. However the decision to carry out a 
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handover is not defined as a GSM standard, therefore it is up to the operator to choose how 

the handover algorithm works [12] [14]. 

 

2.4 Logical channels  

Logical channels are defined by the actual information sent in the physical channels (bursts 

or time slots in each TDMA frame). Logical channels are classified according to their use, the 

transmitting direction uplink and/or downlink [6] [11]. By usage, a logical channel can be 

either a traffic channel (TCH) or a signaling channel. Traffic channels can be full rate or half 

rate TCH/F, TCH/H (other rates are introduced as well to combine more calls into one 

physical channel or to provide better speech quality with the same rate) [15], signaling 

channels are used for setting up a connection, call management and reporting, paging, 

synchronization and other management tasks. There are 9 signaling channels divided into 

three groups of control channels. 

The first group is the Broadcast channels, it includes the Broadcast Control Channel (BCCH), 

the Frequency Correction Channel (FCCH), and the Synchronization channel (SCH). In our 

project we use the BCCH from these three as it is directly related to the handover procedure, 

the BCCH sends in the downlink general information regarding the network, cell related 

information, and most importantly the MS listens to a few BCCH channels from different 

BTSs (cells), these cells and the BCCH information will be used later in case a handover is 

required [7]. 

The second group is the Common control channels, it includes two channels in the 

downlink, the Paging Channel (PCH), and the Access Grant Channel (AGCH). In the uplink 

there is one channel, which is the Random Access Channel (RACH). None of these channels 

are important in our project nor have a direct role in the handover procedure. 

The third group is the Dedicated control channels, it includes three channels as well, the 

Standalone Dedicated Control Channel (SDCCH), the Fast Associated Control Channel 

(FACCH), and the Slow Associated Control Channel (SACCH). The terms Fast and Slow 

reflect the formatting of the frames and multi frames in GSM, the SACCH occupies one burst 

every 26 TDMA frame, however a complete SACCH frame represents four bursts which 

means it needs 104 TDMA frames, in other words each SACCH period is 480 ms [16]. On the 
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other hand, the FACCH has no dedicated burst or frame formatting, it steals a TCH burst 

when it is needed. Although the FACCH carries the handover instructions, it has no role in 

the handover procedure especially handover decision making. The SACCH is the most 

important logical channel for this project, the SACCH according to the standards is the 

channel that carries the radio link measurements in both downlink and uplink [7], these 

measurements are the fundamentals of any handover decision making. Receiving, 

interpreting, handling and using the information delivered by the SACCH is crucial to meet 

the GSM standards and then attempt to provide a superior GSM experience to the users. 

 

2.5 Speech and channel coding 

Speech and channel coding influence the handover functionality in GSM, they play a role in 

estimating the connection quality and subsequently (to a certain degree) the speech quality.  

2.5.1 Speech coding 

The importance of speech coding for our project is that different coding schemes reacts 

differently to the channel conditions, What can be considered as an indication of a bad 

speech quality in one scenario using a given speech coding scheme, can be a satisfactory 

situation by using other coding schemes or by changing another radio parameter [12] [15]. It 

is not only possible to change the coding scheme, but also to use an adaptive coding scheme, 

which can adapt to the radio channel conditions [15]. A standard Full rate TCH occupies one 

physical channel (one burst for one TDMA frame) with a bit rate of 13 Kbps (260 bits per 20 

ms) [16]. GSM standards describe the different available codes in full details [17]. Beside the 

notion of having different and adaptive coding schemes reacting differently to quality 

measures2, speech coding is not going to be covered in this work.  

2.5.2 Channel coding 

Channel coding in GSM produces 456 bits (for each 20 ms of speech) block by including 

useful information produced by the speech coder and adding parity bits and redundancy for 

error detection and correction to counter any error during transmission. These 260 input bits 

are divided into three blocks: very important, important, and not very important bits, the 
                                                           
2 Quality measures are described later on. 
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very important bit block includes three parity bits for error detection to its original 50 bits to 

produce a 53 bit block 3 [6] [12]. Any further description is not of an importance of this work. 

 

2.6 Frequency Management in GSM 

As mentioned before for the GMS900 band, there are 124 frequencies available (124 for 

uplink and 124 for the downlink). However, these frequencies are divided between different 

operators, the number of available frequencies varies from one operator to another. 

Frequencies are assigned usually by a governmental agency for a certain amount of time for 

a price that changes depending on the method of assigning the available spectrum, two of 

the common methods are biding where the operator faces a challenge to balance the need for 

spectrum with the cost while competing with other operators, and beauty contest where 

operators presents their plans to provide superior services to the users and let the 

responsible agency choose how many frequencies each operator deserves [18]. Furthermore, 

the continuous introduction of new radio access technologies (RAT) such as UMTS and LTE 

with their data service focus rather than voice put a pressure on the available spectrum. This 

need for spectrum makes operators not only wait to acquire new frequencies, but also to 

reallocate available frequencies between the different RATs. 

The current trend is to reallocate frequencies from GSM to other RATs, this puts a pressure 

on the GSM networks in terms of providing the required coverage and capacity while 

maintaining a good quality of service. In a mature network the available spectrum is divided 

according to the need in terms of a compromise between coverage and capacity, and the 

limitations such as adjacent/co channel interference. 

To effectively use the available limited spectrum, cellular networks reuse the same 

frequencies multiple times within the network, reusing as much frequencies as possible 

provide more capacity however, the coverage for each cell must be limited not to cause 

unwanted interference to nearby cells using the same (co-channel) frequencies or adjacent (± 

200 kHz) frequencies. Examples of frequency reuse patterns: 

                                                           
3 For Full rate TCH. 



Handover optimization in GSM, Bazzari 2015 15 

 
1. 1/1: In this pattern, the whole available number of frequencies is used in each and 

every cell in the network. 

2. 1/3: in this pattern, the whole available number of frequencies is divided into three 

groups, each group is then used in a cell where three adjacent cells form a cluster 

that contains all the available frequencies. Then these frequencies or this cluster is 

copied into all other cells in the network. 

3. 4/12: Another way to represent the reuse pattern as N/F; where N is the number of 

cells in a cluster (a cluster is where all the available frequencies are used), and F is 

the number of frequency groups within a cluster. 

As far as it concerns our work, it is important to understand that a tighter frequency reuse 

can provide more capacity (if the number of available frequencies is the same), however, it is 

more exposed to high interference levels. Sometimes due to the extreme limited number of 

available frequencies, resorting to a tight reuse pattern such as 1/3 or even 1/1 is the only 

way to meet the capacity demands [19]. Nowadays interference management is capable of 

handling such tight reuse patterns (frequency reuse is an interference management 

technique, falls under Interference avoidance) due to the advancement in techniques such as 

Interference cancelation, and interference randomization [20]. An example of the 

interference randomization technique is frequency hopping, in frequency hopping enabled 

networks, MSs engaged in calls will change the frequency they use every TDMA frame. The 

idea is to average out possible interference signals, in this way, there will be no very good 

links and no very bad links, the interference will be averaged resulting in an acceptable level 

of speech quality [20]. There are two types of frequency hopping in GSM: 

1. Baseband: in this type, each TRX has its own fixed frequency, while the MSs hop 

between different frequencies by changing TRXs. 

2. Synthesized: here the TRX does not accommodate a certain frequency; instead the 

frequencies hop between the TRXs while the MSs stay at their assigned TRXs the 

whole time. 

Synthesized frequency hopping has an advantage that it is not needed to have the same 

number of TRXs and frequencies. Less number of TRXs can use a larger number of 

frequencies [12]. 
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Finally the Frequency Load (FL%) per cell is given by the following equation: 

FL(%) =
Traffic per cell

(8 ×  # frequencies)                                                                                                                     (2.1) 

Where the traffic per cell is calculated using Erlang-B tables for a given blocking probability 

and number of available channels (8 x number of TRXs, assuming a TRX can handle one 

frequency), and the number of frequencies in the dominator represents the available 

frequencies. It is a useful measure that tells the operator how much is the actual utilization of 

the spectrum, and it is an indication of how loaded as cell can be, a cell with higher FL, 

generally experiences challenges such as higher dropped call rate, higher rate of reported 

bad speech quality calls [6]. 

 

2.7 Radio link measurements in GSM 

Measuring as much information about the radio environment and the link quality is crucial 

to maintain a good radio service, especially in cellular networks where knowing enough 

information from as many users as possible can help tuning the radio parameters. In GSM 

measurements are collected for both the uplink and the downlink and reported to the BSC 

using the SACCH (i.e. Every 480 ms) [12]. 

The BSC uses the extracted information from the SACCH as inputs to the handover 

algorithm. Fig 2.4 shows the content of the SACCH [21]. It is worth noting that the MS 

measures the signal strength of the neighbor cells by listening to their BCCH, while the 

signal strength of the serving cell is measured directly from the TCH [7]. 

 
Fig 2.4 SACCH contents 

 
As we can see in Fig 2.4 every 480 ms the BTS in the uplink and the MS in the downlink will 

receive the contents of the SACCH which are the basis for any radio triggered handover. 
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One of the contents is the Timing Advance (TA) which is defined by the standards as “signal 

sent by the BTS to the MS which the MS uses to advance its timings of transmissions to the 

BTS so as to compensate for the propagation delay” [22]. In other words, it is a measure of 

how far an MS is from its serving cell, in case the BSC is sensing a TA which indicates an MS 

moving far away from the cell, the BSC might initiate a handover due to the distance 

between the BTS and the MS, even if both the signal level and the quality are within the 

acceptable range. 

There are two very important measures in both uplink and downlink links carried within the 

measurement reports, one is the signal level and the other is the quality level. 

The BTS measures the uplink signal and quality levels. It also estimates the distance to the 

MS and calculate the TA.  On the other hand, the MS measures the downlink signal level of 

the serving cell, the downlink signal level of neighbor cells4, and the quality level of the 

downlink of the serving cell. 

The quality measure is called RXQUAL (received signal quality) [6]. It is a discrete scale with 

values from 0 to 7, where 7 is the worst possible RXQUAL value. RXQUAL values are 

mapped from the bit error rate evaluated before channel decoding over a SACCH period (i.e. 

480 ms). The mapping is done according to the specifications [23]. However, no method to 

calculate the BER is standardized [6]. Table 2.1 shows the mapping between BER and 

RXQUAL. 

 

Table 2.1 Mapping RXQUAL to BER 

 
                                                           
4 The number of neighbor cells the MS reports their signal level depends on how many neighbor cells 
have a received power level above a certain threshold, and whether a neighboring relation is defined in 
the system between the current serving cell and a particular cell. 
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The signal level is known as RXLEV (received signal level) [6]. It is a discrete scale as well 

with values vary between 0 to 63, where RXLEV = 0 is the lowest signal level that can be 

reported. As it is with RXQUAL, an RXLEV values is the average over one SACCH period 

(480 ms). Two R.M.S signal levels have been defined as the both extremes; -110 dBm and 

lower are mapped to RXLEV = 0, while -48 dBm and above are mapped to RXLEV = 63 [23]. 

Table 2.2 shows the mapping. 

 
Table 2.2 Mapping RMS signal level to RXLEV 

 
The BSC collects these values for active MSs every 480 ms, they can be used in the handover 

and the power control algorithms. The way to use these values (and other measures) is up to 

the operator. 

Another useful measure that is related to quality is the Frame Erasure Rate (FER) [6]. It is a 

value between 0 and 100% and calculated over a SACCH frame for both TCH and SACCH 

as follows: 

FER(%) =
# of erroneous frames

Total # of frames
                                                                                                               (2.2) 

In case of a full rate TCH a burst is declared erroneous if any of the three parity bits of the 

most important bits fails the CRC check (see subsection 2.5.2), while in case of a SACCH 

frame, an erasure occurs if after channel decoding errors still presented [12].  

A few notes regarding FER are worth to note: 

1. SACCH erroneous frames are discarded, which means a missing measurement 

report in either the BSC or the MS which leads to a loss in information availability, 
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in the downlink this can mean an MS will miss instructions on adjusting power 

levels and TA synchronization. 

2. FER unlike BER (i.e. RXQUAL) is calculated after channel decoding, which makes 

FER a better indication of the actual speech quality than RXQUAL5 [6] [12]. 

3. There is an inherent problem when it comes to using FER in real GSM networks 

because FER is not usually available by default in the networks (not required by the 

standards). Improvements in GMS reporting capabilities ensure the availability of 

FER in the uplink; however it requires more effort by operators to ensure the 

availability of FER in the downlink. Since FER can be useful, it is possible to add 

FER in the downlink to the measurement reports with optional features and 

enhancements [6].  

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
5 The same sources (among others) state that it is difficult to draw a correlation between FER, BER and 
the perceived speech quality the user experience.  
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3. Methodology and approach 

 

This chapter is a description on how to approach the problem, which sources and techniques 

to be used to identify and define interesting parameters and tools. 

3.1 Area of interest 

It is important to keep in mind the goal of this project. This project is not meant to improve 

or alter the handover algorithm, the goal of this project is finding a way to choose the 

controlling parameters of the handover algorithm automatically. Therefore, the performance 

of the handover algorithm itself is out of the scope of this work. 

Inter cell handover (see subsection 2.3.1) is considered and the air interface is the only 

interface we are interested in. As for handover initiation, decisions based on radio 

environment conditions are only considered, therefore the different handover types 

presented in subsection 2.3.1 are all equal in our work (i.e. any connection beyond the air 

interface is considered ideal with no impact). 

The Ericsson handover algorithm is studied and considered rather than a generic approach 

to handover in GSM, from this point when we mention handover algorithm, we mean the 

specific algorithm developed and used by Ericsson. The algorithm utilizes radio 

measurement reports (see section 2.7) in order to initiate a handover. The handover 

algorithm has around 50 parameters. These parameters are set manually by operators, and 

according to network and traffic status and conditions some of these parameters might need 

to be changed to adjust to changes. This is a time consuming task, besides knowing the 

required change in the parameters due to changes in network status is not straightforward. 

Moreover, most of these parameters are configured either on cell level (i.e. Each cell has its 

own values) or on cell to cell relation (i.e. a set of parameters  is defined for every pair of 

cells which have some overlap in their coverage area) for cells defined as “Neighbors” (e.g. 

In the theoretical hexagonal model each cell has 6 direct neighbors, see Fig 3.2), this level of 

configuration makes the task more complicated. 

Handover initiation (briefly described in subsection 2.3.3) is the basis of any handover 

algorithm including the one we are working with. Understanding how the handover 
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algorithm uses these measures to initiate a handover is important to our work, because 

finally we want to reach a point where the handover algorithm can carry out its work under 

different network and traffic conditions by adjusting the parameters according to the 

collected measures.  

 

3.2 The approach 

Before we can start working on the main goal of this project, which is a regulating algorithm, 

we have to study both the previous research on the topic of handover adaptation and the 

handover algorithm documentations. Moreover, live network data, field trial reports, and 

engineers’ knowledge are also gathered and examined. The target is to identify interesting 

parameters from the available 40 and to choose a network and traffic conditions to apply the 

handover algorithm for both baseline performance and later to examine the automation 

algorithm. 

The chosen parameters are called throughout the report as Parameters of Interest (PoI) and 

will have numbers to distinguish them (e.g. PoI#1, PoI#2, etc.). Using the same methods of 

identifying the PoI, we also define the performance metrics; the performance metrics are 

called Key Performance Indicators (KPIs). 

As for the automation of the handover algorithm, the goal is to design an algorithm that 

regulates (control and change if needed) a set of PoI depending on available KPIs and 

current PoI settings. This leads us to use principles of control theory; chapter 13 in [6]. We 

approach the problem by first defining a cost (objective) function, then applying model 

predictive control strategy to minimize the cost. Model predictive control does not 

incorporate a specific method, it applies different approaches with a focus on minimizing (or 

in other cases, maximizing) a cost function given that a model is presented and well defined 

[24]. 

The regulating algorithm will make use of KPIs in a slow fashion, KPIs are assumed to 

represent a sufficiently long period of time (e.g. few days or a week in real networks) so that 

we have enough confidence. Moreover, different profiles are to be considered for real 

networks implementation, since networks experience different loads and traffic patterns on 

daily, weekly, and seasonally basis, this work will make a recommendation regarding this 



Handover optimization in GSM, Bazzari 2015 23 

 
issue, however it will be based on previous research and cross referencing with other live 

algorithms in cellular networks. 

The nature of this work is simulation and analysis, the simulation is done in Matlab 

environment using an internal Ericsson simulator based on RUNE (RUdimentary Network 

Emulator), which is implemented as a Matlab toolbox. 

 

3.3 The simulator 

In our work we use an Ericsson internal simulator, however, before we can utilize the 

simulator fully, we have to make sure it can handle a high level of handover functionality. 

The simulator incorporates basic handover functionality; however, it is not good enough for 

us. A major work on preparing and incorporating the handover functionality had taken 

place in this project. The aim is to have a handover functionality as close as possible to the 

real implemented one, not only in terms of how it actually works, but also in terms of 

parameters availability in the correct configuration level (i.e. parameters defined per 

network, cell, or cell to cell). 

3.3.1 Overview 

The simulator is based on RUNE which is described in [25] and [26]. It is a dynamic system 

level simulator utilizing detailed radio models to produce wide link and reasonably detailed 

system outputs. 

While it works on the radio burst level, it allows implementing different traffic and 

frequency reuse models with features such as frequency hopping, different MSs capabilities 

such as different speech coding schemes. The implemented propagation model is based on 

the well-known Okumura-Hata model [27], it includes shadowing (slow) and fast fading 

models. Fading of the transmitted signal is caused by the lack of line of sight between the 

BTS antenna and the MS. In an ideal scenario of a stationary MS with a line of sight from the 

BTS the transmitted signal is degraded with respect to the distance, the longer the distance 

the higher the loss however, movement, building, terrain level change, the lack of a line of 

sight, and small objects as well cause reflection, refraction and scattering of the signal which 

lead to further degradation of the signal on top of the distance related loss, shadowing or 



24 
 

Handover optimization in GSM, Bazzari 2015 

 
slow fading is usually caused by huge objects (e.g. huge buildings and terrain features) 

while fast fading happen usually due to the arrival of different versions of the signal 

(multipath) by reflection, refraction and scattering [6].  

The simulator uses wraparound feature to shift border cells to other positions to create new 

neighbor cells around cells at the border (edge) of the network, preventing a situation where 

a cell has no neighbor in one or more direction. Arrival of users (MSs) is a Poisson process, 

when new users are created in the cells, if no radio resource (traffic channel) is available the 

user is blocked and removed from entering the network, the duration of how long a user 

stays and roams the network follows an average configurable call holding time, when a user 

completes the call it is removed from the network. Users are randomly created in hexagonal 

cells and uniformly distributed among the cells before roaming the network (i.e. the 

distribution of the users after their creation will follow the movement pattern in use). All 

cells are identical in the sense that all users within a cell are always on a call (i.e. there are no 

idle users). The following logical channels TCH, BCCH and SACCH are simulated and used 

(see sections 2.4 and 2.7). Updating statistics and network measurements happens at two 

different time periods, some at a burst level (time slot) such as fading, carrier to interference 

ratios and BER evaluations, while others at a period of 480 ms such as users' positions, 

handover decisions and statistics, power level, and link quality. The 480 ms period 

represents one complete simulation step.   

3.3.2 Handover functionality and movement patterns 

Implemented based on the handover algorithm utilizing collected measurement reports. In a 

broad sense a handover is expected to happen if for example a user is crossing the boundary 

between two cells, at a certain point the MS will start reporting an RXLEV of a neighbor cell 

that is greater than RXLEV of the serving cell, the BSC assumes that the MS is in the 

neighbor cell and therefore initiate a handover, however there is a handover margin known 

as the hysteresis; it is a value to be subtracted from the reported RXLEV of the neighbors to 

prevent a phenomena known as the “Ping-Pong” which happens when an MS is near the 

borders of two cells while it is stationary or moving near the borders but not crossing it by 

enough distance towards the BTS, this might cause the MS to report a greater RXLEV of the 

serving cell and the neighbor cell in an alternating manner, hence if the BSC orders a 

handover every time this happens the MS will switch its serving cell in a “Ping-Pong” 
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manner. By penalizing the RXLEV of the neighbor with a certain value, we prevent the MS 

from switching to that neighbor unless: 

RXLEVNeighborCell(n)  –  Hysteresis >  RXLEVServingCell                                                                            (3.1) 

On the other hand RXQUAL is reported for the serving cell only, initiating a handover based 

on RXQUAL depends on a threshold. In GSM literature bad RXQUAL are usually defined as 

values equal or greater than 5, however since the introduction of adaptive multi rate speech 

coding and other enhancements, the quality is considered bad if RXQUAL values6 are 6 and 

7 [12]. In this case a handover due to bad quality is initiated if: 

RXQUAL > Quality_Threshold                                                                                                                      (3.2) 

Given that7: 

RXLEVNeighborCell(n) −  RXLEVServingCell > − Signal_Level_Margin                                                    (3.3) 

The signal level margin in (3.3) is used to prevent MSs not near the border from connecting 

to a distant cell, therefore handovers based on RXQUAL measurements are limited by two 

conditions. Another scenario that can happen is when both previously described conditions 

in equations (3.1) and (3.2) occurred at the same time. However, there is a scenario where the 

MS fulfills (3.2) but not (3.3), in this case a handover cannot happen; we are logging this case 

to be used as a KPI since it is an indication of a possible high interference level in the cell. 

Moreover, RXLEV and RXQUAL values used in (3.1), (3.2), and (3.3) might not be the 

directly collected values from measurement reports, in essence, we can change a parameter 

in the handover algorithm to pass RXLEV and RXQUAL values to a filter to perform for 

example a simple averaging over a certain amount of time, which gives more confidence to 

the decision whether to initiate a handover or not. 

An extensive work on the simulator was carried out to ensure the described functionality is 

working at the correct configuration and reporting levels, we also introduce different simple 

users’ movement patterns. Movement patterns play a big role in the network performance in 

general and especially in relation to handover. Instead of only random walk, the simulator 

                                                           
6 Under certain conditions even RXQUAL of 6 can be considered acceptable. 
7 If more than one neighbor cell qualify equation (3.3), a handover will be attempted to the cell with the 
strongest RXLEV. 
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can now assign different movements to different users. A short description of available 

movement patterns: 

• Random walk: it is the default movement pattern, where users are randomly 

changing directions every simulation step with a configurable speed. 

• Stationary: users spend the mean call holding time (i.e. the whole time) in the 

position the simulator created them in. 

• Street-like: users are moving in one direction with configurable speed, direction and 

horizontal bouncing space8. 

These movement patterns can be mixed or used alone. If more than one pattern is used, the 

pattern is assigned to certain cells then users will follow the pattern assigned to the cell they 

are created in and keep the pattern for the whole time they exist in the network regardless 

whether they cross to other cells or not. Fig 3.1 shows the layout of the cells in the simulator 

and an illustration of one MS moving in a street-like fashion, the MS is created in cell#1 and 

crosses to cell#9 and then to cell#8, if the MS is to continue its movement it will go to cell#4 

next thanks to the wraparound. 

Fig 3.1 Network deployment with one MS movement pattern 

 

 

                                                           
8 Like a zigzag movement, allowing not only forward steps but also a bounce range. 
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3.3.3 The model and scenarios 

For this work some simulation parameters are to be fixed throughout all simulations, these 

parameters define the model we assess the handover functionality within. Other parameters 

are changeable from one simulation to another defining different scenario. Table 3.1 shows 

some of the fixed model parameters. 

Parameter Value 

Cellular layout Hexagonal grid, wraparound 
RAT GSM – 900MHz 
No. of Cells 12 
Cell radius 500 meters 
Site to Site distance 1500 meters 
Antenna height 40 meters 
Average call time 90 Seconds 
Simulation time 600 Second 
Average No of users9 20 per cell 
Frequency hopping Yes, Synthesized 
Traffic channel  Full rate 
Fast fading model Rayleigh according to typical urban (TU) [28] 
Random walk user speed 5 Km/hr 
Street-like user speed 70 Km/hr 
No of BCCH frequencies 12 
No of TRXs 4 per cell 
No of time slots per TRX 8 

Table 3.1 General Simulation Parameters 

 

Table 3.2 shows the parameters which give the different scenarios and their allowed values. 

Varying parameters Allowed values 
Frequency reuse 1/1 and 1/3 
Movement pattern Random walk, Street-like, and a mix of both 
Frequency Load 8.3%, 10.4%, 16.6% and 20.8% 

Table 3.2 Varying simulation parameters 

 

                                                           
9 The simulator creates 20 users in each cell, however, the movement pattern will then redistribute the 
users, however the simulator through creating new users will try to reach the average number of 20 
users. The capacity of each cell is determined by the available time slots, in each cell there are 4 TRXs 
with the assumption that each TRX incorporates one carrier, which yields 32 available time slots, which 
means a cell can serve 32 users simultaneously.  
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Frequency load is calculated according to equation (2.1). Since the number of users per cell is 

fixed throughout the network, the frequency load values represent different number of 

frequencies used for carrying traffic. FL can be represented as follows: 

FL % No of TCH frequencies per cell 
8.3 30 

10.4 24 
16.6 15 
20.8 12 

Table 3.3 Frequency loads used TCH frequencies per cell 

 

By varying the parameters in Table 3.2, the number of scenarios can be calculated. Table 3.4 

shows the twenty-four scenarios. 

FL (%) Frequency reuse Movement type Scenario No. 

 
 

8.8 
 

 
 

1/1 

Mix One 

Random-walk (Slow) Two 

Street-like (Fast) Three 

 Mix Four 

1/3 Random-walk (Slow) Five 

 Street-like (Fast) Six 

  Mix Seven 

 1/1 Random-walk (Slow) Eight 

10.4  Street-like (Fast) Nine 

  Mix Ten 

 1/3 Random-walk (Slow) Eleven 

  Street-like (Fast) Twelve 

  Mix Thirteen 

 1/1 Random-walk (Slow) Fourteen 

16.6  Street-like (Fast) Fifteen 

  Mix Sixteen 

 1/3 Random-walk (Slow) Seventeen 

  Street-like (Fast) Eighteen 
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  Mix Nineteen 

 1/1 Random-walk (Slow) Twenty 

20.8  Street-like (Fast) Twenty-one 

  Mix Twenty-two 

 1/3 Random-walk (Slow) Twenty-three 

  Street-like (Fast) Twenty-four 

Table 3.4 the simulated twenty-four scenarios 

 

3.4 Parameters of Interest and Key Performance Indicators 

The simulator is capable of setting the chosen PoI at the correct configuration level, for our 

work in this project we have four PoI from the handover algorithm are to be optimized and 

regulated, below is a description of these PoI: 

• PoI#1: the hysteresis in equation (3.1), it works as a symmetrical cell to cell relation 

(i.e. configured independently for each cell to cell relation). It is used to address the 

Ping-Pong phenomena and allow (or prevent) early handovers. 

• PoI#2: the signal level margin in equation (3.3), it works as a symmetrical cell to cell 

relation and it is used to prevent handovers initiated due to bad quality from 

occurring away from cell borders which is estimated by the difference in signal 

levels. 

• PoI#310: Configured for each cell independently, responsible for estimating RXLEV 

that is used in equations (3.1) and (3.3). 

• PoI#411: Configured for each cell independently, responsible for estimating 

RXQUAL that is used in equation (3.2). 

As we can see, we have four parameters, two are configured at cell to cell relations level, and 

two are configured at cell levels. In other words, in a hexagonal cell in a cluster of seven cells 

as in Fig 3.2, the cell in the middle (Cell#1) has six different values for PoI#1 and PoI#2 but 

only one value for each of PoI#3 and PoI#4.  

                                                           
10 It can be thought of as some sort of a filter. 
11 It can be thought of as some sort of a filter. 
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Fig 3.2 Illustration of seven hexagonal cells 

Each PoI has its own value range, while some have default or recommended values as well. 

For this work the range of each PoI is limited to values around the default (or 

recommended). 

As a performance metrics (KPIs) the following are used: 

• Handover rate: The number of handovers per unit time. This KPI can be used to 

calculate the handover probability which is the probability that during a call in a 

certain cell a handover occurs, or to calculate the average number of handovers per 

call (per user in this work since all users hold calls all the time). In this report the 

three notions are considered not to produce different information since all the users 

in the network are engaged in calls all the time, and the average number of users in 

the network is fixed at any given time instance. Handover rate is monitored across 

simulation steps for each scenario, only if all other KPIs are in their best behaviors, 

the network should try to lower it. 

• RXQUAL: Radio link quality from a cell point of view. It is the average of all 

reported RXQUAL from all the users in a cell averaged over the simulation period, 

any value greater that 3.5 is considered as unacceptable. 

• Sadness of cells: we introduce this term; a sad cell is a cell with the averaged FER 

reported by the users and averaged for the simulation period is > 2%. 

• Handovers due to bad quality ratio: There are three handover initiation conditions, 

according to equations (3.1), (3.2) and (3.3). The first one is when only (3.1) is 

fulfilled, the second is when all three equations are fulfilled, and the third is when 

only (3.2) and (3.3) are fulfilled. This KPI is the ratio of the latter two cases over the 

summation of the three. It is calculated for each cell over the whole simulation 
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period, and available for each cell to cell as well (i.e. Handovers ordered from a 

certain cell towards another certain cell). A twenty-five percent (25%) and below is 

considered acceptable. 

• Delayed handover: in the context of this work a delayed handover is when an MS 

fulfills equation (3.2) but not (3.3). In this case the MS is reporting bad radio quality 

situation, but the network will not initiate a handover. Since we do not allow intra-

cell handover in our model, most likely these MSs will satisfy the equation (3.3) later 

on (unless the call duration is over, or the movement pattern allowed the MS to 

experience new better conditions) hence the choice of the name delayed, a ratio of 

1:3 (we use 30%) or lower with the absolute number of handovers is considered 

acceptable. 

Each KPI provides an insight about a different aspect of the network performance; to utilize 

them to the most it is important to be able to interpret them not only independently, but also 

to find tendencies and correlation between them and with the PoI. 

 

3.5 Simulation 

In this project we have steps of simulations for each one of the twenty-four scenarios. The 

first step of simulations is to create a baseline for the scenarios; it works as a reference point 

for later simulations when the regulating algorithm starts changing the PoI. 

Besides the fixed parameters in Table 3.1 and the corresponding parameters for each 

scenario in Table 3.2 the reference values of the four PoI are: 

Parameter of Interest Default value 
PoI#1 3 
PoI#2 3 
PoI#3 6 
PoI#4 4 

Table 3.5 PoI initial values 

 

The values of PoI#1 and PoI#2 are RXLEV margins, RXLEV range is shown in Table 2.2. On 

the other hand, the values assigned to PoI#3 and PoI#4 work as follows, decreasing the 

default value of PoI#3 means that RXLEV (or RXQUAL for PoI#4) that is used in equations 
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(3.1) and (3.3) is close to the instantaneous reported RXLEV, while increasing the default 

value means that the instantaneous reported RXLEV does not have a big impact and it 

requires a few reported RXLEV values to represent the value that is used in the equations12. 

PoI#1 and PoI#2 have 66 values13 each, covering all possible cell to cell relations, while PoI#3 

and PoI#4 are defined per cell so they have 12 values each. 

To estimate the minimum needed simulation time, we resort to three conditions: 

• Rules of thumb: Engineers familiar with the simulator give inputs on how to 

estimate an enough simulation time and repetitions. One rule deals with the 

absolute minimum simulation time, which is defined as the configured call mean 

holding time which is 90 seconds. 

• KPI - handover rate: By monitoring the handover rate for all the scenarios for 

different simulation time, we notice the handover rate tends to become constant 

after a certain time. Fig 3.3 shows three random scenarios to demonstrate how the 

handover rate becomes constant. On the x-axis we notice the time steps (480 ms) 

representing 600 seconds (i.e. 1251 X 480 ms) 

 

Fig 3.3 Handover rate for three different scenarios 

                                                           
12 Same concept for PoI#4. 
13 Excluding a cell relation with itself which is an invalid relation. 
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• KPIs proportions: By looking at how the KPIs change with time, we notice that after 

a certain amount of time that although the absolute numbers of different KPIs keep 

increasing, they tend to keep their proportions with respect to each other’s after a 

certain time. 

By combining these inputs, the single simulation time is set to 600 seconds, however, in 

terms of real time; this translates to around two hours. Moreover, for each scenario we run 

ten different simulations14 (i.e. different values of random number generation) then an 

average over the ten realizations is calculated to obtain the KPIs (i.e. for each scenario among 

the twenty-four we run ten different realizations to eventually obtain an averaged value for 

each KPI to increase the confidence in the results). 

The estimated time for each scenario is then increases to around 20 hours, and since we have 

24 scenarios, each simulation step (i.e. 24 scenarios for a given set of PoI) needs around 480 

hours (20 days). However, with the availability of parallel simulations and processing this 

time is reduced to be between 15 and 24 hours. 

After obtaining the baseline results (for each scenario among the 24) using the PoI values in 

table 3.5, we obtain the resultant KPIs. More steps of simulations are run after this step and 

the regulating algorithm is applied. 

The regulating algorithm reads the resultant KPIs and suggests new values for the four PoI. 

The first simulation step sees how the regulating algorithm responds to the KPIs that were 

obtained by the baseline simulations. Then, it suggests new values of the four PoI for (each 

scenario). More simulation steps for all scenarios are carried out based on the new KPIs 

obtained after each simulation step to check if the regulating algorithm is still suggesting 

changes to the PoI (the regulating algorithm is trying to improve the KPIs by changing the 

values of some PoI). Fig 3.4 illustrates three simulation steps as an example. Each simulation 

step (including the baseline) consists of the independent twenty-four scenarios.  

 

                                                           
14 Simply increasing the simulation time for one scenario does not change the KPIs much, while 
running the same scenario with different seeds for random number generating gives (sometimes) 
significant different results. A rule of thumb is to run each simulation for at least three different seeds.  
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Fig 3.4 Three simulation steps 
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4. The regulating Algorithm 

 

Design an algorithm that maintain or improve the KPIs and the network performance by 

ensuring optimum handover decisions is the ultimate goal of this work. In this chapter a 

description of the approach is presented. 

4.1 The framework 

There are two frameworks to be studied in this project to design such an algorithm, the first 

approach is by applying control theory concepts and the other one is mathematical 

optimization. Both approaches are trying to address the following: 

KPIs                   Automated logical choice of the PoI                     Acceptable KPIs 

Design the ‘Logical choice of the PoI’ by any of the two approaches is what this work is 

investigating. 

4.1.1 Control theory approach 

Applying model predictive control (MPC) principles to the problem requires a cost function, 

a system model and a feedback loop. 

The feedback loop represents one simulation step, trying to choose optimal PoI values for 

each scenario can be approached by a mean of optimization where no assumptions or 

knowledge can be employed to steer or to influence the choice. However, in the MPC 

approach rules of thumb, educated guesses, industry recommendations, field trials, and low 

level of optimization are used to create a model that uses the KPIs to produce a new set of 

PoI. 

The cost function in a broad sense is formulated as follows: 

C = �wi × (ci−ri) +  �wj ×  δPj                                                                                                            (4.1)
m

j=1

n

i=1
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Where 𝑐𝑖 is a cost variable (i.e. a KPI), 𝑟𝑖is an optimum (or accepted) value of 𝑐𝑖 (desired KPI 

value), 𝑤𝑖and 𝑤𝑗  are penalties (weights) to prevent large changes, and 𝛿𝑃𝑗 is a change in a 

PoI. The cost variables15 (the KPIs) are as follows (see section 3.4 and section 3.5): 

1. Handover rate: 

µhandover rate  = (
∑ (∑ No. Handoverscellj)1251

i=1
12
j=1

1251
)/12                                                           (4.2) 

2. Cell Sadness: 

µSadness  = (
∑ (∑ FERcellj)1251

i=1
12
j=1

1251
)/12 

Therefore the cost variable16 is: 

max(𝜇𝑆𝑆𝑆𝑆𝑆𝑆𝑆  − 2,0)                                                                                                                       (4.3)                                                                                                           

3. Radio link quality: 

µRXQUAL  = (
∑ (∑ RXQUALcellj)1251

i=1
12
j=1

1251
)/12 

And the cost variable is 

max�𝜇𝑅𝑅𝑅𝑅𝑅𝑅 − 3.5,0�                                                                                                                     (4.4)                                                                                                        

4. Bad quality handover ratio: 

µbad quality handover ratio  

= � � Bad_Quality_handoverscellj/� � No. Handoverscellj   (4.5)
1251

i=1

12

j=1

1251

i=1

12

j=1

 

And the cost variable is 

max�µbad quality handover ratio  − 0.25,0�                                                                                      (4.6) 

5. Delayed handover ratio:   

µDelayed_handover_ratio  = 

= � � Delayed_handoverscellj /� � No. Handoverscellj          (4.7)
1251

i=1

12

j=1

1251

i=1

12

j=1

 

And the cost variable is 

max�µDelayed_handover_ratio  − 0.3,0�                                                                                            (4.8) 

 

 

                                                           
15 The summation(∑ ) 1251

𝑖=1  indicates that the cost variable is calculated over the whole simulation 
period. 
16 This is for the whole network of 12 cells, however individual cell sadness is taken into consideration 
as well. 
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The set of PoI is formulated as follows: 

• PoI#1: 

Assuming that a cell to cell relation can be defined for any two cells in the network, 

and since these relations are symmetrical, there are (1+N) N
2

− N. Where N is the 

number of cells (i.e. sixty six unique values for a twelve cells network). However the 

total number of relations is given by: 

��∆PoI#1i,j, i
12

i=1

12

j=1

≠ j                                                                                                                       (4.9) 

• PoI#2: 

It has the same properties as PoI#1. 

��∆PoI#2I,j, i ≠ j
12

i=1

12

J=1

                                                                                                                    (4.10) 

• PoI#3: 

It is a cell parameter; therefore there are twelve values in the network. 

�∆PoI#3j

12

j=1

                                                                                                                                       (4.11) 

• PoI#4: 

A cell parameter similar to PoI#3. 

�∆PoI#4j

12

j=1

                                                                                                                                       (4.12) 

The cost function (4.1) then becomes (4.13): 

C = wµhandover rate  × µhandover rate  + wµSadness  × max(µSadness  − 2,0) + wµRXQUAL  

× max�µRXQUAL  − 3.5,0� + wµbad quality handover ratio   

× max�µbad quality handover ratio  − 0.25,0� + wµDelayedhandoverratio

×  max�µDelayed_handover_ratio  − 0.3,0� + wPoI#1 × ��(∆PoI#1i,j, i
12

i=1

12

j=1

≠ j)  + wPoI#2 × ��(∆PoI#2i,j, i
12

i=1

12

j=1

≠ j) + wPoI#3 × �∆PoI#3j + wPoI#4 ×
12

j=1

�∆PoI#4j

12

j=1
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The weights w are chosen in such a way that they normalize the cost and weigh the variables 

so that C : P => (0,1], P being the set of cost variables, where a high C indicates a network 

that needs to be regulated, and a low C indicates that not a lot has to be done. 

The change in PoI is set to be one step away from the previous values, these are the global 

constraints of the PoI: 

∆PoI#1j,i  ∈ 0,1,−1 ∀ j = 1 … 12, i = 1 … 12, j ≠ i                                                                                 (4.14) 

∆PoI#2j,i  ∈ 0,1,−1 ∀ j = 1 … 12, i = 1 … 12, j ≠ i                                                                                 (4.15) 

∆PoI#3j  ∈ 0,1,−1 ∀ j = 1 … 12                                                                                                                  (4.16) 

∆PoI#4j  ∈ 0,1,−1 ∀ j = 1 … 12                                                                                                                  (4.17) 

The final step is to use the model to predict the outcome of the cost function. In this 

approach, the model is implemented in Matlab as multiple functions with a set of If-

statements in the following form: 

if y(t)i ∈ some interval A and x(t − 1)j ∈  some interval B and C(t) ∈ some interval D                                                                                        

∆x(t)k = 1 and ∆x(t)m =  −1 and ∆x(t)n = 0 

end  

Where y(t)i represents a given KPI at time t (at the end of a simulation) with a certain value 

that belongs to range A. x(t − 1)j represents a given PoI at the time before running the 

current simulation, and ∆x(t)k represents the suggested change in a given PoI, and C(t) is the 

global cost from equation (4.13). 

The global cost, the KPIs and the previous values of the PoI all play a role in determining the 

new values of the PoI. There are many if-statements17 represent the rules under which the 

regulating algorithm works and makes suggestions. 

The results of applying the rules are the previously shown ∆PoI, which can be 0 (no change), 

1 (increase the previous value by 1), or -1 (decrease the previous value by 1). 

The four PoI have certain ranges with certain values being favored more than others, this is 

accomplished by applying penalties when the algorithm suggests steering the value of a PoI 

                                                           
17 The rules are omitted. 
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towards a less favored value (i.e. Makes it difficult to change), Fig 4.1 summarizes the MPC 

approach to the problem. 

 
Fig 4.1 Control theory approach 

 
Moreover, it is important to notice that despite the use of wide sources of inputs (e.g. field 

trial reports and rules of thumb) to design the model (i.e. the rules), it is difficult to define all 

the correlations and the relations among the KPIs, the set of PoI, and between them. 

Therefore a simplified mathematical optimization approach is used within the MPC 

approach to. 

The following work till the end of the subsection is carried out by my colleague Johann 

Pavski. 

Given a single cell, there are two internal PoI values PoI#3 and PoI#4, each with one value 

per cell. Moreover, there are 12 PoI values that come from cell to cell relations, six from 

PoI#1 and another six from PoI#2 (assuming only six neighbor cells for simplicity). These 

values yield that a single cell produces a fourteen dimensional problem, which by no means 

can be investigated visually. To approach the optimization problem, a cluster of only three 

cells which turns the problem into a thirty-six dimensional problem is considered. Expecting 

that a thirty-six dimensional problem will behave at least similarly to a twelve cells network 

can give us a chance to observe tendencies or the lack of them between KPIs and PoI, which 

can be useful in building further rules (i.e. if-statements). 
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The same previously described twenty-four scenarios are then simulated, however, only 

three adjacent cells have the freedom to change the values of PoI, the other nine cells keep 

the default values (as in table 3.5), the work is described as follows: 

1. All three PoI#4 variables are being changed and simulated over all allowed values 

together. 

2. All three PoI#3 variables are being changed and simulated over all allowed values 

together. 

3. All fifteen PoI#1 variables are being changed and simulated over the allowed 

values. 

4. All fifteen PoI#2 variables are being changed and simulated over the allowed 

values. 

This means the previous thirty-six dimensions scenario is reduced to a four dimensional 

problem. In order to visualize the results of the four dimensions simulations, a six figures 

each is a three dimensional graph of a pair of the four PoI are produced for each cost 

variable (i.e. for each KPI and for the defined cost function). 

The following three figures show how the results of this approach look like, the exact values 

does not matter. The useful inputs that can be observed by noticing trends and correlations 

from a high level general view. Fig 4.2 suggests that minimizing the handover due to bad 

quality rate can be achieved at high values of PoI#4 and low values of PoI#3, while Fig 4.3 

suggests that PoI#2 has little impact on RXQUAL, while increasing PoI#4 decrease it. On the 

other hand Fig 4.4 suggest an optimum situation of high values of PoI#2 and low values of 

PoI#1 in order to reduce the delayed handover ratio.  

 



Handover optimization in GSM, Bazzari 2015 41 

 

 
Fig 4.2 Handover due to bad quality ratio with changing PoI#3 and PoI#4 

 

Fig 4.3 RXQUAL with changing PoI#2 and PoI#4 

 

Fig 4.4 Delayed handover with changing PoI#1 and PoI#2 
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4.1.2 The optimization approach 

In the previous subsection, a simplified version of the mathematical optimization approach 

is used to provide general ideas about the behavior of the KPIs and the PoI. However, 

another approach to the main problem using pure mathematical methods is being 

investigated by my colleague Johann Pavski. In this approach, all the constraints, rules of 

thumbs and any assumptions regarding the model are ignored. The cost function however is 

the same or it might change with new inputs (e.g. a result from the control approach can be 

used to update the cost function). This approach is not described in this report since it is 

being handled separately and independently of the control approach by my colleague 

Johann Pavski. 
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5. Simulation results 

In this chapter the results obtained from simulations are demonstrated, the baseline results 

represent the results for each scenario without applying the regulating algorithm. The 

results obtained after applying the algorithm are named according to which iteration of the 

algorithm has produced them; results obtained for all twenty-four scenarios after applying 

the algorithm are called a simulation step, there are five simulation steps which are 

translated into a five consecutive iterations of the algorithm working on each scenario. 

 

5.1 Baseline results18 

Simulations for the twenty-four scenarios (described in Table 3.4) are carried out, the results 

show different performance across different varying variables (see Table 3.2 and 3.4). It is 

interesting to notice how varying one variable can produce different KPIs patterns, generally 

scenarios with slow movement pattern show less handover rates, less delayed and bad 

quality handover ratios, lower FER, and lower RXQUAL than the other two movement 

patterns. 

However, for scenarios with FL 8.3% and 10.4% these variations are within the acceptable 

limits, as shown in Fig 5.1, Fig 5.2 and Fig 5.3. It is not until FL reaches 16.6% and later 20.8% 

where KPIs variations become more problematic with traffic pattern, as can be seen in Fig 

5.4, Fig 5.5 and Fig 5.6. 

On the other hand the frequency reuse has little influence. Although moving from 1/3 to 1/1 

makes the environment more interference hostile, both of the frequency reuse patterns are 

considered as tight patterns already. Moreover the utilization of frequency hopping lowers 

the impact of interferes (and subsequently lowers the interference). 

However, for a high FL% the behavior of 1/1 reuse shows much worse KPIs than the 1/3. Fig 

5.7 shows the KPIs of scenario #21 which differs from scenario #24 (Fig 5.6) only in the 

frequency reuse (see Table 3.4). Handover due to bad quality (yellow and dark blue bars in 

the lower left subplot) is significantly worse in scenario #21, with greater handover rate. 

                                                           
18 In the discussion section, a full view of the KPIs changing for all the scenarios across all simulation 
steps is provided. Figures are provided in this section only, as examples. 
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Fig 5.1 baseline KPIs for scenario #4 

   
Fig 5.2 baseline KPIs for scenario #5 

 
Fig 5.3 baseline KPIs for scenario #6 
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Fig 5.4 baseline KPIs for scenario #22 

 
Fig 5.5 baseline KPIs for scenario #23 

 
Fig 5.6 baseline KPIs for scenario #24 
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Fig 5.7 baseline KPIs for scenario #21 

 

5.2 The algorithm results 

The baseline KPIs work as inputs to another simulation step. All scenarios are run for five 

steps of simulation as default regardless whether the KPIs converge before that or not. 

5.2.1 First simulation step 

The algorithm produces a new set of PoI for each scenario based on both the KPIs obtained 

in the baseline simulation and the PoI values, or in case there is no need to change PoI values 

(because the KPIs are within their acceptable ranges) the algorithm should not change the 

PoI values (see Subsection 4.1.1). 

The first step of the simulation has produced mixed results, they can be categorized as 

follows: 

1. Stable networks, where all KPIs from the baseline simulations are within their 

acceptable ranges (the cost variables except the handover rate are equal to 0, see 

Section 3.4 and Subsection 4.1.1) the algorithm should recognize the stability and 

either trying to lower the handover rate as a global goal, or not to change anything. 

Most of the scenarios which fall in this category are either the slow random-walk 

movement scenarios and/or scenarios with low FL (i.g. 8.3% and 10.4%), there are 

thirteen scenarios fall under this category according to the results obtained from 
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baseline simulation. Two of them; scenario #3 and scenario #9 showed worse KPIs 

than what was seen from the baseline simulations, indicating that the changes in the 

PoI values by the regulating algorithm for these two scenarios were not the best 

choice. All other scenarios (i.e. 1,2,4,5,6,7,8,14,17,20,23) shows better or same 

acceptable KPIs. Both of these scenarios have high FER and extremely high delayed 

handover ratio for all twelve cells in the network. 

2. Scenarios where the algorithm should try to enhance the KPIs (because some or all 

of the KPIs which were obtained from the baseline simulations were not in their 

acceptable values). There are eleven scenarios under this category; the first iteration 

of the algorithm shows better KPIs (all the KPIs) in five of them, scenarios #10, 11, 

12, 16 and 21. However, the other six scenarios show worse KPIs for either all twelve 

cells; scenarios #15, 18 and 24 (which are a street-like fast movement scenarios) have 

extremely high FER and delayed handover ratio, or show a local degradation in FER 

and delayed handover ratio such as scenario #13; three cells, and scenarios #19 and 

#22 with one cell having high FER and extremely high delayed handover ratio. 

5.2.2 Second Simulation step 

After obtaining the results of the first simulation step, a second step of simulations is run for 

all the scenarios with same expectation reasoning. The results of the second step show either 

an improvement where it is needed, or it keeps the performance as acceptable as it was. 

However, for some scenarios at least one KPI is still out of the targeted acceptable range, for 

which the third simulation step should try to work on, while keeping the good performance 

of other scenarios as it is. 

5.2.3 Third Simulation step 

The second step results in a promising behavior for all scenarios, therefore the results of the 

third step are expected to preserve the very good scenarios by not allowing any change to 

any PoI. Although the results show that twenty-two scenarios either in a stable zone where 

all their KPIs are within the acceptable range or they show improvement from the previous 

steps, there are two scenarios; #15 and #16 show worse unacceptable results especially for 

the FER, bad quality handover ratio and the delayed handover ratio. 
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5.2.4 Fourth simulation step 

The fourth step show little change, which is a positive sign since there are only two bad 

results aggregated from the previous step. These two scenarios show improvements in their 

results, for scenario #15 the algorithm made changes allowing higher handover rate, which 

led to a lower delayed handover ratio, lower bad quality handover ratio and subsequently a 

better FER. Scenario #16 shows that all the KPIs are within the acceptable range. As a total 

result, the scenarios show minimum cost variables compared to the baseline results.  

5.2.5 Fifth Simulation step 

At the last step, it is noticed that for most the scenarios all the PoI has stabilized and the 

change is minimum. PoI#1, PoI#3, and PoI#4 do not change any value within most of the 

twenty-four scenarios, and the change when happen is local to limited cell to cell relations 

and usually to the old value as in the fourth step. While PoI#2 for scenarios associated with 

street-like movement and/or high FL shows a tendency to increase steadily. Only simulating 

for more steps can show to what extend PoI#2 keeps increasing and what impact that can 

have on the KPIs. However, for most scenarios all KPIs have stabilized, and the algorithm 

tries to lower the handover rate by increasing PoI#1, which in turns lead to an unnecessary 

compromise between the handover rate and other KPIs, these results are noticed for 

scenarios #3, 7, 12 and 13. 

Moreover, there is one scenario (Scenario #15) that shows no stabilizing behavior throughout 

the five simulation steps. Scenario #15 which has a street-like movement and a 1/1 frequency 

reuse, Fig 5.8 shows how the KPIs19 for scenario #15 change for each simulation step.  

                                                           
19 These KPIs are the average for the 12 cells. 



Handover optimization in GSM, Bazzari 2015 49 

 

 
Fig 5.8 Scenario #15 KPIs across simulation steps 

 
 
 
5.3 Discussion 

The results of the baseline show generally expected trends; having tighter frequency reuse, 

greater frequency load or aggressive mobility pattern would result in worse KPIs, changing 

the reference (initial) values of the four PoI from those shown in table 3.4 might improve the 

KPIs in some scenarios even if making them all fill in the accepted targets ranges. 

The first simulation step shows that the algorithm can respond to the KPIs and produce a 

new set of PoI to lower the global cost in general and subsequently the cost variables. 

However, in some scenarios especially when the mobility pattern is a full street-like fast 

users, a slight change in a PoI can led to extreme KPIs behavior, this can be explained by 

following the change in the set of PoI, it is noticeable that PoI#1 change to lower values, 

while PoI#4 reacts by increasing its values accordingly, however the relation is clearly not 

linear. The current implementation of the algorithm allows a change of one step only, while 

PoI#4 needs to change its value by two before these scenarios could stabilize again, the 

reference (initial) value of PoI#4 is 4, however it is clearly not the best value to start with, 

using a greater value similar to PoI#3 (i.e. 6) in the baseline simulation could produce a 

better and more stabilize results. 
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Moreover, the street-like fast users mobility pattern20 gives an aggressive behavior of any 

scenario with this pattern, in handover procedures special parameters are responsible to deal 

with fast moving users, identifying a fast moving user can be done through utilizing the 

timing advance measurements. However, in this thesis timing advance is not utilized. 

Nevertheless, the algorithm could produce a better KPIs for the street-like mobility scenarios 

by changing the four PoI in hand, however the results from scenario #15 show an unstable 

divergent KPIs for each simulation step, a reason behind that behavior is that the algorithm 

finds a set of PoI that results in an acceptable KPIs, but it keeps looking for better KPIs 

specially by attempting to lower the handover rate which can be done by increasing PoI#1, 

however this approach to find the optimum (rather than an acceptable) set of PoI might not 

be feasible for a local21 search approach like the one followed in this work with aggressive 

mobility pattern, beside that the number of PoI might not be enough to pursue such a goal. 

Therefore, lowering the handover rate must not be pursued if all KPIs have reached 

acceptable values, unless an illogical increase has occurred to the handover rate, which 

requires in turn a definition of what is an illogical increase.  Scenarios #3, 7, 12 and 13 show 

acceptable KPIs before the fifth simulation step, however as a result of attempting to reduce 

the handover rate, in the fifth simulation step results show slightly worse KPIs specially the 

FER and handover due to bad quality ratio. This raises a need to stopping criteria to be 

added to the algorithm, where it sense an acceptable KPIs with comparison to not only the 

predefined thresholds, but also to the previous KPIs, because in extreme situations such as 

high frequency load, tight frequency reuse and extreme mobility pattern making all KPIs 

reach a global target acceptable threshold might not be possible. 

Generally, by looking at the results of the five simulation steps it is not possible to visualize a 

trend for PoI changing, it varies from scenario to scenario and it is more difficult to make 

conclusions for PoI#1 and PoI#2 since they are a 12 × 12 matrices. However in a broad sense 

reducing the cost is associated with low values of PoI#1 and greater values for PoI#2, while 

for PoI#3 it appears that the reference value is generally good unlike PoI#4 which there is a 

tendency for the algorithm to increase its value. 

                                                           
20 It is similar to a hypothetical 3.5 Km wide highway with the users moving in one direction, see Fig 
3.1. 
21 The local search tries to optimize per each cell and cell to cell relation independently, unlike a global 
search which tries to optimize for a group of cells by looking at them as they are one cluster and then 
optimize the cluster by assigning the PoI values at once. 
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To visualize how the KPIs for each scenario change with simulation steps, the scenarios are 

grouped according to the mobility pattern, there are eight scenarios for each pattern (see 

table 3.4), Fig 5.8 though Fig 5.10 show the KPIs across all simulation steps. 
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Fig 5.9 Mix movement scenarios KPIs across all simulation steps, B refers to basline step 
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Fig 5.10 Ranodm walk scenarios KPIs across all simulation steps, B refers to basline step 
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Fig 5.11 fast movement scenarios, KPIs across all simulation steps, B refers to basline step 
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As for the four PoI, it is difficult to visulize them with respect to the KPIs since a PoI change 

its value at a cell or a cell to cell level, however ther are some observations from the 

behaviour of the PoI in general, for street-like movement and high frequency load PoI#1 

tends to have low values, while the change in PoI#4 in response to a low PoI#2 value which 

is noticed in some scenarios in the second simulation step indicates a low reference value of 

PoI#4. 

In appendix-A the change in the four PoI of selected six scenarios representing the lowest 

and the highest FL, all movement types, and both frequency reuse schemes is presented. It 

shows a tendency for PoI#1 and PoI#2 to have the same pattern not across similar mobility 

patterns like the KPIs, rather the way PoI#1 and PoI#2 is distributed in the network with 

respect to high or low values seem to follow the frequency load of the network. 

Although this does not give a lot of useful information to the operator, it might give an 

indication of how these parameters behave under different conditions (i.e. frequency load, 

frequency reuse, etc.) that can be used in troubleshooting or in applying the same PoI values 

in other parts of the network (or other networks) where the regulating algorithm might not 

be implemented. 

  

5.4 Limitations 

Measurement reports in the simulator assume downlink direction only (BTS to MS), the 

traffic model in the simulator environment assumes busy hour behavior all the time, in the 

sense that there are no ideal users; all users are engaged in calls all the time they exist in the 

network. Processing resources, the number of simulations and the ability to run more 

scenarios and more simulation steps are limited; it would be interesting to run further 

simulation steps to check whether the KPIs stay within the acceptable ranges for most 

scenarios as the results show after step five. Moreover there are other functionalities such as 

intra-cell handover, cell offloading22 and vertical handover which are not implemented; also 

the traffic channel is always a full rate traffic channel. 

 

                                                           
22 When a congested cell release some of the users to another cell. 
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6. Conclusion 

 

Regulating the handover parameters according to the network key performance indicators 

utilizing control theory principles and approaches such as the model predictive control is 

achievable. 

6.1 Summary 

Using key performance metrics and building a model to apply a predefined set of rules not 

only on the performance metrics, but on the historical settings of the parameters to lower a 

cost function, can successfully not only choose a suitable set of parameters for the handover 

procedure, but also improve the radio environment and the network performance. 

The main challenge in this approach is defining the model (the rules; the if-statements which 

are described in Subsection 4.1.1) of the regulating algorithm. The handover functionality is 

not a stand-alone feature in a static system; rather it is affected by and affecting other 

functionalities. Subsequently correlations and more importantly causation between the KPIs 

and the handover parameters become complicated to grasp, however rules of thumb, broad 

sense recommendations, mathematical optimization and simulations can all play a role in 

designing an acceptable model (i.e. defining rules). The model however, has to be updated 

and modified with new parameters and performance metrics correlations and causations 

findings. 

The regulating algorithm by applying a set of rules improves the performance under 

different scenarios: frequency reuse of 1/1, frequency load up to 20% and an aggressive 

mobility pattern, however the current rules of the algorithm are ambitious in a sense that the 

algorithm keeps looking for a better performance metrics, this is shown to be harmful to the 

performance in certain scenarios (e.g. an aggressive mobility pattern), hence the need for 

additional rules to play the stopping criteria role when the performance of the network 

deemed acceptable. 
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6.2 Future work 

Building on the work of this project can take different directions; possibilities of 

improvement can vary from employing more parameters as PoI from the handover 

algorithm, improving the simulator, and to further statistical/analytical studying live 

networks data. 

Similarly, adding more KPIs to the performance metrics such as the two probabilities 
blocking and dropping the call, can give more confidence to the changes in the PoI values, if 
the positive results do not affect the dropping and blocking probabilities.  

Moreover, improving the algorithm by adding a stopping criterion to prevent the algorithm 
from suggesting a change to any PoI when the KPIs are considered acceptable. Constraints 
and thresholds can be improved by studying live networks data as well. 

The output data set of the regulating algorithm can be statistically analyzed using linear 

regression methods for example, to try finding a local search function for each cell (or maybe 

for a cluster of many cells with KPIs behaving similarly) in the general following form: 

PoI#1(t)cellj = f �a1 ∙ KPI#1(t)cellj + a2 ∙ KPI#2(t)cellj + ⋯+ aN ∙ KPI#N(t)cellj +  𝜀�                (6.1) 

However, there is no guarantee such a function exists. 
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Appendix A  

Examples of PoI evolution with simuation steps 

The change of a Parameter of interest in different scenarios across different simulation steps 

is difficult to visualize specially for PoI#1 and PoI#3, each one of them is configured as a cell 

to cell relation, that means for each scenario with a twelve cell network, there are 132 relation 

for PoI#1 and the same for PoI#2, although a cell to cell relation is considered symmetrical 

which means there are sixty-six independent values for each of PoI#1 and PoI#2, however it 

is unknown which cell to cell direction will determine the value, therefore the evaluation is 

carried out for 132 different relation, then another step of rules determine what value should 

a certain cell to cell relation has if there are two different suggestion for each direction. On 

the other hand PoI#3 and PoI#4 are both configured at the cell level, which makes them 

easier to visualize. 

As an example of how each PoI changes from its reference value from the baseline 

simulations into each simulation step, the following figures show the change of the set of PoI 

for selected scenarios across the simulation steps. 

 

Fig A.1 PoI #1 for scenario No.4 across all simulation steps, showing the 12 x 11 cell to cell 

relations. Absolute change values are omitted. 
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Fig A.2 PoI #1 for scenario No.19 across all simulation steps, showing the 12 x 11 cell to 

cell relations. Absolute change values are omitted. 

 

 

Fig A.3 PoI #1 for scenario No.6 across all simulation steps, showing the 12 x 11 cell to cell 

relations. Absolute change values are omitted. 
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Fig A.4 PoI #1 for scenario No.21 across all simulation steps, showing the 12 x 11 cell to 

cell relations. Absolute change values are omitted. 

 

 

Fig A.5 PoI #2 for scenario No.4 across all simulation steps, showing the 12 x 11 cell to cell 

relations. Absolute change values are omitted. 
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Fig A.6 PoI #2 for scenario No.19 across all simulation steps, showing the 12 x 11 cell to 

cell relations. Absolute change values are omitted. 

 

 

Fig A.7 PoI #2 for scenario No.6 across all simulation steps, showing the 12 x 11 cell to cell 

relations. Absolute change values are omitted. 
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Fig A.8 PoI #2 for scenario No.21 across all simulation steps, showing the 12 x 11 cell to 

cell relations. Absolute change values are omitted 

 

 
Fig A.9 PoI #3 and PoI# 4, scenario No.4 across all simulation steps23 for 12 cells. Absolute 

change values are omitted. 

 

                                                           
23 B refers to baseline results 
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Fig A.10 PoI #3 and PoI# 4, scenario No.19 across all simulation steps24 for 12 cells. 

Absolute change values are omitted. 

 

 

Fig A.11 PoI #3 and PoI# 4, scenario No.6 across all simulation steps25 for 12 cells. 

Absolute change values are omitted. 

                                                           
24 B refers to baseline results 
25 B refers to baseline results 
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Fig A.12 PoI #3 and PoI# 4, scenario No.21 across all simulation steps26 for 12 cells. 

Absolute change values are omitted. 

                                                           
26 B refers to baseline results 


