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Resumen 
 

 
Las comunicaciones móviles actuales proporcionan una gran cobertura a los dispositivos 
móviles lo cuales están conectados continuamente a la red a través de aplicaciones y 
servicios que requieren de buen ancho de banda y buenas características como pueden ser 
el reconocimiento de voz, reproducción instantánea de videos o juegos, etc.  
 
Con las redes inalámbricas de hoy en día, existe la posibilidad de multi-conectividad 
soportado por estaciones radio con acceso al HSPA, LTE, UMTS, Wi-Fi y que puede ser usado 
de manera simultánea a través de varias bandas de cobertura. 

 
La capacidad del offloading, técnica que he desarrollado en este proyecto, para el tráfico de 
los datos a través de un acceso WLAN, se considera una característica importante para el 
futuro siendo el principal objetivo la descongestión de tráfico de un servicio específico como 
puede ser la descarga de videos, VoIP o transferencia de archivos por FTP en función de 
ciertos parámetros que el dispositivo analiza instantáneamente. 
 
El proyecto está enfocado al análisis y estudio matemático de la técnica IP Flow Mobility 
Offloading en la que varios parámetros son tenidos en cuenta a la hora de realizar una 
simulación de diferentes procesos que suelen utilizarse durante la transferencia de datos 
para ofrecer una mejor calidad manteniendo la congestión de red a niveles razonables. 
Estos parámetros tienen en cuenta la ubicación de las estaciones base y del usuario así 
como el nivel de señal recibido. 
 
Se ha desarrollado también un script de simulación implementado en el entorno de Matlab 
en el que se representa el comportamiento de los diferentes servicios según la carga de 
datos y la calidad de la red en el punto donde esté ubicado el usuario y te muestra qué red 
es la más apropiada para cada servicio. 
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Abstract 
 
 
Mobile communications today has heterogeneous wireless networks providing 
varying coverage and QoS. Various communication services are available. The 
infrastructure enables mobile devices to run applications with diverse bandwidth and 
network connectivity requirements, such as distributed speech recognition, video 
streaming, gaming etc. 
 
Multi-access connectivity in wireless networks is becoming widely available. Most 
handsets on the market today support multiple radio access technologies such as 
HSPA, LTE, WiFi or Bluetooth and can make use of some of them in parallel. 
 
The ability of offloading selected IP data traffic from cellular to WLAN access 
networks is considered as a key feature in the upcoming 3GPP specifications, being 
the main goal to alleviate data congestion in cellular networks while delivering a 
positive user experience. Lately, the 3GPP has adopted solutions that enable mobility 
of IP-based wireless devices relocating mobility functions from the terminal to the 
network. 
 
The project focuses on the analysis and mathematical study of the IP Flow Mobility 
offloading strategy. There are many parameters to be taken into account to fully 
model processes related to the management of a complete end to end 
communications chain. In this project, the main emphasis was put to parameters that 
are vital to management of data traffic flows providing highest possible quality of 
service while keeping the load of the cellular network at reasonable level. 
 
A set of simulation scripts for modelling the flow management was implemented in 
Matlab programming environment. The scripts were used to extensively test the 
behavior of the IP Flow Mobility strategy for scenarios covering different network 
configurations and traffic flow categories. 
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1 Introduction 
 
 
This chapter explain us which has been the main objective of the project as well as 
the topics that have been developed during the process. We will serve to make an 
introduction to mobile networks and Wi-Fi networks and the connection between 
them. 
 
 

1.1 General Introduction 
 
Operators have deployed or are deploying “mobile data offloading” solutions to 

alleviate network congestion quickly. Traffic offloading refers to the ability to move 
mobile data traffic from cellular to alternative network such as WiFi. So, the data 
traffic management will be an important issue in traffic offloading. 
 
Mobile network traffic is growing exponentially, but the potential available 
development space for the traditional operators’ networks (e.g. cellular network) 
can’t meet the traffic demand in future as expected by academics, vendors and 
operators. The technology evolution of radio access networks is limited by the laws of 
physics, and significant growth in radio frequency efficiency can no longer be 
expected. Long-Term Evolution (LTE) radio access is reaching the limit of Shannon’s 
law, the spectrum available for mobile data applications is limited. Operators, who 

were based solely on licensed spectrum for user access just three or four years ago, is 
now developing a roadmap incorporating unlicensed access using the IEEE 802.11 (or 
called as Wi-Fi) technologies. 

 

Wi-Fi is a kind of small cell technologies, and suitable for offloading solution in 
hotspot area, where significant amounts of data are generated (shopping malls, 

stadiums, university campuses, public transportation hubs, etc.) and where 
subscribers spend most of their time and therefore consume significant amounts of 
data (homes, offices, etc.). Comparing to other small cell technologies (e.g. femto), 
Wi-Fi appeals to many operators as a more cost-effective mean of offloading large 
amount of mobile data traffic while delivering a variety of new services with the 
following features: 

 
1.     Widespread existing deployments; 
2.     Availability of user devices that support the technology (e.g. almost all 

smartphones support Wi-Fi); 
3.     Cost efficiency (e.g. cheap devices and unlicensed spectrum resource); 
4.     Globally available unlicensed spectrum capacity. 
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We can define “small cells” to the way as low-powered radio access nodes that 

operate in licensed and unlicensed spectrum that have a range of 10 meters to 1 or 2 
kilometers. Wi-Fi is a small cell but does not operate in licensed spectrum therefore 
cannot be managed as effectively as small cells utilizing licensed spectrum. 
 
This high growth in mobile data traffic is placing enormous pressure on operators’ 
installed network capacity. The arrival of new generation networks (LTE, WiMAX) will 
allow operators to transfer from a voice-centric cellular network to a voice-data 
centric network. Meanwhile, with such massive demands for data, industry 
stakeholders need to look at alternatives to relieve the cellular network from the 
pressure on capacity. 
 

 

1.2 Project description 

 
The developed project is a strategic method called IP Flow Mobility of radio link in 
which users may be able to select the communications network-based optimal 
service deemed of higher quality. In mobile communications, there are many services 
that are increasingly more implemented in the mobile technology, which we will 
study include VoIP, Video Streaming, and FTP (File Transfer Protocol). Each of these is 
characterized by certain attributes that depending on geographical and atmospheric 
factors can vary these attributes such as delay, throughput, SNR and history which 
are those studied in this project.  

 
With IFOM, the terminal can simultaneously connect to a 3GPP access and a WiFi 
access. It can exchange different IP flows belonging to the same APN through 
different accesses. IFOM also enables seamless IP flow mobility, with IP flows 
belonging to the same or different applications being moved seamlessly between 
access interfaces. 

 
IFOM is a network layer solution. It offers type 2 flow granularity and concurrent 
access. In terms of mobility, flows can be switched from an interface to another. Flow 
scheduling can be done flexibly on a per-flow basis. 

 
 

1.3 Project goal 

 
The main objective of the project is to analyze the methods to download the traffic of 
mobile phone over WLAN networks. The introductory part of the project involves the 
review of different strategies that can be used for the download of the data traffic of 
3G cellular networks / 4G. Then one of the methods, IP Flow Mobility (IFOM) will be 
developed by steps and in detail. The project involves the development of a 
simulation based on Matlab for modeling the behavior of IFOM strategy in different 
scenarios taking into account attributes that you have more weight so select the 

http://en.wikipedia.org/wiki/Licensed_spectrum
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network that best meets our needs. Various approaches for the assignment of 
attributes of network based on the situation related parameters (e.g. distance from 
the transmitter, radio technology, number of users, etc.) will be considered and 
compared. The results of the modeling must be then analyzed and discussed. 

 
This project proposes and evaluates a new access network selection procedure in 
such a combined WLAN/LTE environment. 
 
The proposed solution takes not only parameters available in the mobile node and its 
current and candidate access networks into account, but performs an optimization 
on the heterogeneous wireless network level as well. An optimization model based 
on an approximate solution to the well-known bin packing problem is presented 
 
I'm going to briefly explain the structure of the report. As first chapter is the 
introduction, based on position the reader on the subject being exposed, the 
procedures used to reach our goal and strategies chosen to carry out the technology 
studied at different access points. 
 
The second chapter explains the different scenarios found in WLAN offloading as they 
can be Client-driven Wi-Fi offloading, Device-assisted Wi-Fi offloading, Policy-driven 
Wi-Fi offloading and User - a ware Wi-Fi offloading. Also is included various 
technicalities in the process as it is architecture "Leak breakout" when there is low 
quality in the network and have to adopt a policy. 
 
The third chapter is devoted to a study of the possible strategies that you can take to 
get a mobile data traffic offloading between different access points without that 
connection is damaged or lost. Some of these strategies are LIPA, SIPTO and solutions 
related to mobility such as PMIP and GTP 
 
The fourth chapter will be the most extensive and which embrace all the work 
developed in the technical aspect because it explains how it works and the algorithm 
used, also in the subchapter of implementation can be commented Matlab code. And 
at the end of this chapter demonstrates a small evaluation. 
 
We have included a chapter Summary so that on the basis of the idea more general 
about this topic we can go by mentioning the aspects on which we have made more 
emphasis. 
 
At the end all there is a section which is annexes, where you can see all of the code 
used. 
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2 Mobile Data Offloading 
 
 

2.1 WLAN Offloading 
 
In this document I am going to explain four different “states” in the offloading 
process. 
 
Stage 1, Client-driven Wi-Fi offloading. Clients are required to turn on the Wi-Fi 
function in their mobile devices, select an right WLAN based on the little information 
carried via the scanned SSIDs; Human knowledge helped to improve the 
authentication process (e.g. input user name/password); clients may need two 

separate accounts for cellular and Wi-Fi networks; the offloading strategy can only be 
globally set on the mobile device (e.g. using Wi-Fi as long as we have Wi-Fi). 
 
Some operators have already deployed their Wi-Fi networks. Due to this client-driven 
network access procedure, clients often miss their chances to use WLAN and 
operators are suffering from problems named as “hotspot is not hot”. At the same 
time, security issues such as for example the theft of private information has been 
reported. This bad user experience is impeding the development of Wi-Fi networks. 
Thus, the requirement of a user-friendly and secure Wi-Fi network is the driving force 
to push the Wi-Fi offloading into its 2ndstage. 
 

Stage 2, device-assisted Wi-Fi offloading. In this stage, device is expected to 
automatically finish the network discovery, selection and authentication; a client can 
access the Wi-Fi network via his/her subscription in the cellular network using a same 
account; WPA2 is used to protect the traffic on the air-interface in the Wi-Fi network; 
however the offloading strategy is still globally set on the mobile device (e.g. using 
Wi-Fi as long as we have Wi-Fi). 
 
Due to this automatic network discovery, selection and authentication 
procedure, Wi-Fi connection can be ready whenever there is an available Wi-Fi 
network. Clients can enjoy their Wi-Fi access safely wherever the Wi-Fi is available 
and needed. With the boost deployment of Pass point in 2013/2014, the operators’ 
network can reach this stage in near future. 

 
Stage 3, policy-driven Wi-Fi offloading. In this stage, during an automatic and safe 
Wi-Fi access, device smartly decides when to access the Wi-Fi network, which Wi-Fi 
network to use, and how to use this Wi-Fi network (e.g. which services should be 
delivered via the Wi-Fi network) based on operator policies. Thus, a semi-static 
operator policy enables a collaboration between a cellular network and a Wi-Fi 
network. Operators then can extend their control over Wi-Fi networks. 
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Stage 4, user-un ware Wi-Fi offloading. In this stage, as the prime goal, the Wi-Fi 
network can provide a cellular-like user experience. Traffic is timely handed over 
between a cellular network and a Wi-Fi network seamlessly and unwarily according 
to the network status at that time and controlled by the network side. At that time, 
the Wi-Fi network can be completely treated as a 4thnetwork to cellular operators.  
 
Operators will only charge on the service, but ignoring in which network this service 
is running. Thus, operators’ network operation cost can be reduced by the cost-
effective Wi-Fi network with a higher network capacity and a larger network 
coverage, which will increase operator’s profits finally. 
 
Device-centric offloading is another choice and is supported by some mobile device 

vendors. Mobile devices should be controlled by policies preset by clients or device 
vendors. If I am honest, it is not easy for a device to get global network status 
information which is easily accessible to operators. Comparing to Operator’s 
decisions based on global network, devices decision is more local and may lack the 
support from the network side. 
 
 
 

2.1.1 Wi-Fi Offloading Technique Aspects 
 

2.1.1.1 Local breakout 
 
The basic goal of Wi-Fi offloading is offloading some internet traffic which is a big 
burden in the cellular network to the Wi-Fi network. In the next figure, this is a typical 
architecture for “local breakout” collaborated with Evolved Packet Core (EPC) in Long 
Term Evolution (LTE). 
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Figure 1. Local breakout Architecture (4) 

                                                                      

In this so-called “local breakout” scenario, only some low QoS level internet services 
will be delivered via Wi-Fi, while all cellular services and some high QoS level internet 
services are still kept on the cellular network. The policy that deciding the offloading 
strategy is retrieved by the mobile device from the policy server via S-HTTP (Secure 
Hypertext Transfer Protocol) link. The policy server can be an ANDSF (Access network 
discovery and selection function) server defined in 3GPP (3rd-Generation Partnership 

Project) which can be visited via a public IP address. 
 
To support automatic network discovery and selection, an ANQP server is needed to 
endure query using IEEE 802. 11u. The location of ANQP Server is not specified, but it 
requires a logical link between the ANQP server and an AC or a fat AP. 
 
To support the unified authentication and accounting, an AAA (Authentication, 
Authorization and Accounting) server should has an interface with the HSS (Home 
Subscriber Server) which is called SWx. Thus HSS is acting an authentication and 
accounting anchor for the cellular network and the Wi-Fi network. 

 

There are two alternative ways for operators to do policy enforcement on the Wi-Fi 
network. In the first solution, an AAA can send a user-specific policy file to the 
gateway (GW) of the Wi-Fi network after a successful authentication of a user. This 
GW stores this policy file, and acts as a policy executive. GW can also forward some 
policies to the Wi-Fi access network, such as the air-interface QoS control policy. This 
policy enforcement method is static or semi-static, and requires a private standard 
between the AAA and the GW for policy delivery. 
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Another policy method is realized by defining the interface between PCRF (Policy and 

Charging Rules Function) and the GW. Thus it is required the GW has some similar 
functions as the P-GW (Packet data network Gateway) in the EPC side, which is PCEF 
(Policy and Charging Enforcement Function). At the same time, an AF (Application 
function) should also be provided at the gateway between Wi-Fi network and 
internet to provide service information to PCRF. This policy enforcement method can 
be dynamic, and more powerful (e.g. based on application). 
 
This “local breakout” architecture can meet the requirement of unified 
authentication and accounting, and can offload some low QoS level internet services 
to the Wi-Fi network. The low QoS level internet services in our definition could be 
big file transfer, video streaming (cache multimedia), VoIP and FTP. These internet 
services take up a big percentage of mobile data. Therefore, this “local breakout” can 

effectively relieve the traffic pressure on the cellular network. Since this architecture 
has a little impact on the cellular network, this architecture could be widely adopted 
by operators. 
 
However, due to the lack of a common data anchor for the cellular network and the 
Wi-Fi network in the “local breakout” architecture, the seamless session handover 
between cellular and Wi-Fi networks is impossible. To realize a better integration of 
cellular and Wi-Fi, traffic in the Wi-Fi network is required to route back to the cellular 
core network. Thus, 3GPP defined two network architectures for Wi-Fi (Non-3GPP) IP 
access. 
 
 
Wireless networks are facing explosive data demands driven largely by video. While 
operators continue to rely on their (macro) cellular networks to provide wide-area 
coverage, they are eager to find complementary alternatives to ease the pressure, 
especially in areas where subscriber density is high. Complementing the fast evolving 
heterogeneous cellular networks (HCNs) with the already widely deployed WiFi APs is 
very attractive to operators and a key aspect of their strategy. In fact, WiFi access 
points (APs) along with femtocells are projected to carry over 60% of all the global 
data traffic by 2015.  
 
There are two types of existing solutions to ease the burden of traffic in cellular 
networks: download femtocells and Wi-Fi networks. 
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2.2 Mobile Data Offloading 
 
 
Mobile data offloading provides policy-based offloading of mobile data to alternate 
Wi-Fi networks. It enables telecommunications providers to reduce congestion on 
cellular networks and lower cost of operations. Traffic was able to be transported 
smoothly among multiple Wi-Fi access paths. The test results verified the feasibility 
and showed the features of the scheme. 
 

 
 

2.2.1 ANDSF 
 
Developed by 3GPP, the Access Network Discovery and Selection Function (ANDSF) is 
part of the new Evolved Packet Core (EPC) specifications for cellular networks. It 
enables mobile devices to discover and connect to non-3GPP networks. It provides 
three key information elements to UE: 
 

 Discovery Information 
 Inter System Mobility Policy 
 Inter System Routing Policies 

 
The ANDSF element is a server situated in the operator’s network that uses a 
standardized interface to distribute the network selection information and policies. 
ANDSF is a standalone node in that the UE-to-ANDSF S14 interface is the only 
interface to ANDSF that has been standardized, any interaction between the ANDSF 
server and other network elements is outside the scope of current 3GPP standards. 
 

The information is stored within nodes of a Managed Object (MO), with each leaf 
object containing the specific parameter value. The ANDSF MO has several major 
nodes, including ones for Discovery Information, Inter-system Mobility Policies and 
Inter-system Routing Policies. Brief descriptions of each are included below.  
 
 

 

 

Figure 2. Mobile Data Offloading Process (12) 
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The Policy Node: This node is characterized because contains the Inter-system 
Mobility Policies (ISMP). ISMP rules apply to UEs that can route IP traffic over only a 
single radio access interface at a time. Included in this node are the rules that are 
used to prioritize or restrict access to certain access networks.  
 
The Discovery Information Node: This node contains the Access Network Discovery 
Information (ANDI). ANDI can be used by operators to provide specific information to 
the UE about the access networks that are available in the UE’s vicinity. Also on this 
node is stored information about the type of access technology. 
 
The ISRP Node: This node contains the Inter-system Routing Policies (ISRP). ISRP rules 
apply to UEs that can simultaneously route IP traffic over multiple radio access 
interfaces at the same time. Included in this node are the rules that are used to 
prioritize or restrict the routing of specific IP flows to certain access networks. 
 
More specifically, ISRP rules support 3 different types of flow distribution (each with 
separate MO nodes): ForFlowBased, ForServiceBased, and ForNonSeamlessOffload 
 
The UE Location Node: This node contains the UE location descriptions. 
 
The UE Profile Node: This node contains the OS id of the UE. 
 
The Ext Node: This node can be used to store vendor-specific information about the 
ANDSF MO. 
 
 

Figure 3. ANDSF MO - The high-level structure (8). 



 
15 

3 Offloading Strategies 
 

 

3.1 Modeling Network Traffic in Mobile Networks 
 
Such techniques divert traffic to offloading networks, such as Wi-Fi access networks, 
femtocells, etc... The model is generic in the sense that it is independent of the 
specific offloading technology used and may be of use to provide bounds on network 
dimensioning. 
 
It is model them as strictly alternating independent ON/OFF processes. Therefore, 
the non-offloaded traffic is modeled as the product of these two processes. We prove 
that the resulting process is long-range dependent, with heavy-tailed ON/OFF period 
durations, and its characteristic parameters can be derived from those of the initial 
processes. 
 
The problem of handling all such data is further exacerbated by the increasing rates 
offered by new access technologies as the core will have to handle very high volumes 
of aggregated traffic. A number of techniques are being conceived to offload the core 
network of MNOs by diverting packets to other networks at different points of the 
architecture or by confining local traffic to the local network 
 
An eventual analytical framework is expected to help in taking network design 
decisions when deploying offloading techniques.  
 
The activity of a single source is modeled as a strictly alternating ON/OFF process. We 
introduce the effect of offloading over such source by means of an additional strictly 
alternating ON/OFF process. The resulting traffic sent to the network of the MNO in a 
regular way from a single source is then modeled as the product of the two above 
processes. 
 
 

3.1.1 Preliminaries  
 
Let X(t) be a strictly alternating ON/OFF process where ON and OFF periods follow 
the cumulative distribution functions denoted by Fon(t) and Foff (t), respectively. 

 
where Cj  > 0 is a constant and Lj (t) > 0, is a slowly varying function at infinity and a(t) 
~ b(t) means that a(t)/b(t) -> 1 as t -> ∞. The ON and OFF sequences are heavy-tailed 
whenever 1 < αon < 2 and 1 < αoff  <2, respectively. 
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Presents two fundamental results related to this type of processes.  
 
First, we show how this type of processes presents long-range dependence (LRD). 
Specifically, they prove how the asymptotic behavior of the covariance function ɤx(t) 
of process X(t) by time t presents the following shape, 

 
 
Where 0 < β= αmin -1 < 1 
 
Second, we provide a proof of the fundamental relationship between self-similarity 
of traffic and the aggregation of a large number of heavy-tailed ON/OFF sources. 
More specifically, we denote as V (t) the variance of the process resulting from the 
aggregation of several heavy-tailed ON/OFF sources and they prove that, 
 

 
Where σ is a constant and L*(t) is a slowly varying function at infinity. Then, given this 
result, we show that the fluctuations from the mean level of the aggregation of 
several heavy-tailed ON/OFF sources are given by a fractional Brownian motion 
(FBM) process (i.e., self-similar traffic) with Hurst parameter (H), 
 

 
 
It is also relevant to the procedure that we follow in this paper to consider the 
following relations. For the stationary process modeling the ON/OFF behavior of a 
single source (X(t)), the probability that at time t it is in an ON-period is calculated as 
P(time t is on) = pon = μon/(μon + μoff ) for all t, where μon, μoff are the mean durations 
of an ON-period and an OFF-period respectively. Then, the covariance function of the 
process can be expressed as 
 

 
 
where π11(t) = P(time t is on | time 0 is on). The renewal equation for π11(t) is: 
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with Gc on(t) = P (remaining life of the first ON interval > t | time 0 is ON), and where 
H12(u) is the function corresponding to the inter-renewal (the pair of ON- and OFF 

periods) distribution Fon*Foff . (H12 = Ʃ1 k=1(Fon*Foff )*k). 
 

 

 

 

3.1.2 TRAFFIC MODEL FOR OFFLOADING 
 

3.1.2.1 Model of user activity 
 
 

 
 
A representation of such a process is presented in Figure 4. During the activity period, 
the user is transmitting and receiving packets. On the other hand, no traffic is 
exchanged with any network during idle periods, e.g., user reading time of 
downloaded content. Notice that Y (t) only describes source/user behavior and is 
independent from the network through which the traffic is sent, i.e., no offloading 
considerations have been made in this process. 
 
 

3.1.2.2 Model of offloading periods 
 
Previous measurements carried out in real networks have shown that smartphone 
connection and disconnection periods to Wi-Fi access points follow heavy-tailed 
distributions. This observation led us to also model offloading periods for a single 
source as strictly alternating ON/OFF process. 
 
Therefore, the process X(t) is a stationary binary time series {X(t), t ≥ 0} such that 
 
 
 
 

Figure 4. User activity is modeled as a strictly alternating ON/OFF process, Y (t). (20) 
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                 1 user flow sent through MNO network 
  X(t)      
                 0 user flow sent via offloading network 
 

 
 
During ON periods, the traffic generated by the source (if any) would be sent towards 
the network of the MNO in a regular way (i.e., traffic is not offloaded). On the other 
hand, during OFF periods all traffic generated by the source would be routed through 
the offloading network (e.g., smartphone under the coverage of a Wi-Fi access point 
or a femtocell). 
 
 

3.1.2.3 Model of non-offloaded traffic from a single source 
 
The traffic generated by a single source that is treated in a conventional way by the 
MNO (i.e., non-offloaded traffic) can be modeled as the product of the previously 
defined processes. That is, 
 
                                                             Z(t) = X(t)·Y (t) 
 
 
The next figure represents such a process, which is also a strictly alternating ON/OFF 
process, with ON and OFF periods following heavy-tailed distributions and whose 
characteristic parameters can be derived from those of the original ones, as shown 
below. During ON periods, the traffic being generated by the source (i.e., user activity 
in ON state) is forwarded to the network of the MNO as usual. On the other hand, 
during OFF periods, either there is no activity from the source or traffic is being sent 
through the offloading network (e.g., through Wi-Fi, femtocells). 
 
 
 
 
 
 

Figure 5. Offloading periods are modeled as a strictly alternating ON/OFF process, X(t). (20) 
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3.1.2.4 Problem formulation and high-level view of steps followed to solve it 
 
The goal is to evaluate the potential benefits that offloading techniques could bring 
to operators. In other words, their interest is to compare what is the resource 
consumption in their network without applying offloading and when applying 
offloading on a large scale. Hence, operators are interested in the behavior of the 
process modeling the aggregation of several Z(t) processes. Therefore, our problem is 
to obtain an analytical model describing the behavior of such an aggregated traffic 
and the resource consumption it entails. 
  
A high level view of the steps needed for solving the problem follows. Since, as 
explained above, Z(t) has ON and OFF periods that follow heavy tailed durations, this 
process is long-range dependent. Therefore, the aggregation of several such 
processes is self-similar and can be characterized by means of the Hurst parameter H. 

 
 

3.1.3 Applicability of the model 
 
There are various ways in which offloading could be deployed in a network. Currently, 
the most popular one is the use of Wi-Fi (instead of 3G), when available, for all the 
traffic exchanged by the user. With the advent of femtocells, some parts of the 
network of the operator could also be offloaded when the user is at home or at an 
enterprise, as her traffic would be routed through the femtocell. We are interested in 
modeling the traffic that eventually reaches the network of the operator in a regular 
way (i.e., the non-offloaded traffic). Our goal is to analytically study the benefits (if 
any) that offloading generates in the network of the MNO in terms of resource 
consumption. In this sense, the traffic pattern generated towards the network of the 
MNO in the two above scenarios (i.e, Wi-Fi or femtocells) is the same. That is, all 
traffic generated by the user when outside coverage of a Wi-Fi access point (or a 
femtocell) is sent to the network of the MNO as usual. 
 

Figure 6. Non-offloaded traffic from a single source is modeled as the product of two strictly 
alternating ON/OFF processes, Z(t) = X(t) Y(t). (20) 
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On the other hand, traffic is fully offloaded when under the coverage of the access 
point. Our model captures this traffic pattern disregarding the technology in use for 
offloading, and in this sense, it is agnostic from the specific technology in use. 
 
 

3.1.4 Results 
 
The complementary distribution function for the ON-periods of process Z(t) satisfies 
 
Where 

 
and αx

on and αy
on are the parameters characterizing the heavy tails of the ON and OFF 

periods of processes X(t) and Y (t), respectively. Hence, as α > 1, 
 

 
Additionally, the complementary distribution function for the OFF-periods of process 
Z(t) satisfies 
 

 
Where  

 
czj > 0 is a constant and fLz

j  (t) > 0 is a slowly varying function at infinity. 
 
 
Proof:  
 
The complementary distribution function of the duration of the ON periods of 
process Z(t), Fcz on(t), can be expressed as 
 
                    Fcz

on (t) = 1 - Fz
on (t) = P (ONZ > t) = P (ONX > t) · P (ONY > t) 

 
Let us consider all possible options for the transitions from OFF to ON periods of 
process Z(t). There are three possible situations. 
 

1. Processes X(t) and Y (t) were in an OFF period and at a certain instant they 
both switched to ON period. 

2. X(t) was in an ON period and Y (t) in an OFF period, and at a given random 
instant Y(t) switches to an ON period (on/off -> on/on). 
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3. X(t) was in an OFF period and Y(t) in an ON period, and at a given instant X(t) 
switches to an ON period (off/on -> on/on). 

 

 
 

3.1.5 Performance bounds in offloading scenarios 
 
This section adopts the perspective in order to evaluate the system-wide implications 
of the findings in Results. Specifically, we study which are the large-scale implications 
of implementing an offloading strategy on the provisioning of resources in a Mobile 
Network. 
 
In particular, it derives an approximation of the capacity that a system requires under 
fractional Brownian traffic in order to provide a target level of QoS, expressed as a 
bound (ɛ) on the amount of traffic lost. Let us consider an arrival traffic model such as 
 

 
 

Where λ is the average amount of traffic that arrives to the network, a is a variance 
coefficient and BH(t) is a normalized FBM process with Hurst parameter H. Given A(t), 
the capacity needed to guarantee that the probability of system buffer overflow is 
bounded P(W >w) < ɛ can be approximated. 
 

 
 
When applying offloading to a heavy-tailed ON/OFF source, the distribution of the 
resulting sequence of ON/OFF durations may still keep heavy-tail behavior but with a 
different behavior of the tail. 

 
At large scale, when aggregating a large number of sources, the result is that the 
burstiness of the arrival flow has changed. Let us denote as Hz and Hy, the Hurst 
parameters of the aggregate arrival process to a system when we apply an offloading 
strategy (Hz) and when it is not applied (Hy). 
 
From a network dimensioning perspective relation before has a high relevance. 
Specifically, the expression states that special care should be taken to control the 
distribution of the duration of offloading periods. In particular, when disconnection 
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(offloading) durations present higher heavy-tailness than the original system (i.e., αx 

off < αy min), the net result is that the offered load to the Mobile Network will present a 
higher degree of burstiness (i.e., Hz > Hy). 
 

Traffic offloading is regarded as a solution to the exploding growth of mobile 
broadband data traffic in the deployed 3GPP mobile networks. The reason why traffic 
offloading by WiFi is considered to be a viable solution for mobile data traffic 
explosion is that there is a lot of available WiFi spectrum with a very large number of 
compatible devices. And it simplifies the complexity as well as cost of managing and 
deploying a Cellular network  
 
Many options for integration of Wi-Fi into MNO core networks exist today including 
tunneling of smartphone Wi-Fi traffic back to the mobile core. A variety of network 
architectures allow MNOs to optimize traffic flows and service policy control while 
receiving the commercial benefit of seamless Wi-Fi offload. Even more sophisticated 
means of network selection, traffic optimization, and service control will develop over 
the next few years. 
 

 

 

 

Because many practical requirements for Wi-Fi service deployments are not 
standardized, MNOs need to adopt service management systems and strategies that 
address a new reality: Carrier class Wi-Fi networks are nearly always multi-purpose 
intended to serve many device and client types. To build combined Wi-Fi / 3G / LTE 
services as well as services for non-SIM users’ service management flexibility is 
required. 
 
In this section we will find several possible strategies for the data traffic offloading 
between the cellular and the WLAN network. It will be focused on the way to connect 
to different networks according to the needs of the user and the congestion of the 

Figure 7. Examples of Offload specification work in 3GPP 
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network with which we will work. In this way we will be sailing always in the most 
optimal way. 
 
Mobile data offloading, also referred to as mobile cellular traffic offloading, is the use 
of complementary network communication technologies to deliver mobile data 
traffic originally planned for transmission over cellular networks. In 3GPP, from 
Release 9 to 12, some traffic offloading mechanisms are defined. 
 

 

 

3.2 Local IP Access (LIPA) 
 
LIPA is a mechanism by which a User Equipment (UE) connected to a Home NodeB or 
Home eNodeB  
 
(H(e)NB), is able to transfer data to a local data network connected to the same 
H(e)NB system directly, without the data traversing the cellular network, and 
accordingly reduce the load on the mobile core network. LIPA also allows the User 
Equipment (UE) to access any external network that is connected to the local 
network.  
 
Considering an IP based corporate wireless network with multiple devices such as 
laptops, tablets, printers, servers, video conferencing units and IP based telephones 
which all need to connect to each other and also connect to the internet.  
 
The network is implemented using a femto cell gateway and a private gateway to 
which all these devices connect. If a user needs to print from a laptop, LIPA helps in 

Figure 8. 3GPP Evolution 



 
24 

routing the print request internally, without routing it through the femto cell 
gateway. Also, email could be sent directly through the private gateway.  
 
LIPA is a simple architecture well suited to local networks. LIPA is applicable only to 
H(e)NB access, not for macro cell access. It needs the additional Local Gateway 
function in H(e)NB. 
 

 

 

3.2.1 LIPA Architecture 
 

 
Local Gateway (L-GW):  It is a new function defined and is essentially a PDN-GW 
(Packet Data Network-Gateway), implementing functions like IP address allocation 
for the UE, direct tunnel with the H(e)NB. It is logically located in the H(e)NB and 
connects to the private network devices and public network directly using the SGi 
interface. The macro core network still handles the signaling for the registration and 
session management procedures to setup the LIPA PDN connection; once it is up, the 
L-GW takes over to implement the data path. The UE can continue to have data 
session(s) with the macro core network using separate PDN connections while the 
LIPA connection is established. 
 
L-GW Selection: This is similar to the PDN GW selection function in the macro 
network with the LIPA subscription also factored in. The H(e)NB generally sends the 
IP address of the LGW(derived from the IPSec tunnel established on the S1-MME 
interface) to the MME (Mobility Management Entity) during the PDN Connection 
procedure. The MME checks with the HSS if that particular L-GW can be selected by 
the  

Figure 9. LIPA Architecture (6) 
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UE and if so, passes on the L-GW address to the S-GW. The H(e)NB should be 
providing the APN address always if the LIPA permissions in the HSS say “LIPA only”. 
 
The UE sends PDN Connectivity Request message with the well-defined APN for LIPA. 
The H(e)NB adds its capability to support LIPA,  long with the L-GW’s IP address to the 
message that carries the PDN Connectivity Request. The MME checks the UE’s 
subscription in the HSS to determine whether the UE is allowed to access that 
particular APN for LIPA and to also verify the LIPA permissions before selecting the 
LGW. Once the L-GW is selected, its address is communicated to the S-GW in the 
Create Session Request message. The L-GW address is used by the S-GW to 
communicate with the LGW to request the creation of an EPS (Evolved Packet 
System) Bearer. The L-GW responds with a Create Session Response with a PDN (IP) 
address for the UE and L-GW TEID (Tunnel Endpoint ID). 
 

 
 
 
 

3.3 Selected IP Traffic Offload (SIPTO) 
 
SIPTO is a mechanism where portions of the IP traffic on a H(e)NB access or cellular 
network are offloaded to a local network, in order to reduce the load on the core 
network. SIPTO is applicable to H(e)NB access or another gateway in the cellular 
network that is closer to the UE. SIPTO can be triggered by events like UE mobility, 
special occasions that lead to concentration of traffic or other network rules. 
 

Figure 10. LIPA Procedures. LIPA PDN connection   data path setup (6) 
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SIPTO is defined for both macro- and femtocells. There are requirements common to 
both the use cases and there are requirements unique to each. 
 

 Turning on/off of SIPTO functionality should be dynamically controllable 
through multiple mechanisms by the mobile operator, the H(e)NB operator 
and the UE. 

 Offloading through SIPTO shouldn’t compromise the network operator’s 
security mechanism. 

 SIPTO could be turned on without any user intervention. 

 Support of service continuity of the IP flow during mobility within the macro 
network or between macro and micro networks is to be achieved using 
normal 3GPP defined procedures. 

 Support of service continuity of the IP flow during mobility within the macro 
network or between macro and micro networks is to be achieved using 
normal 3GPP defined procedures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3.1 Scenario 1 – Multiple PDN connections 
 

When a UE attaches to the network, it is allocated a default PDN connection which is 
typically for operator services e.g. IMS location or presence services. This therefore 
results in the selection of a centrally located core SGW for the UE. If the UE later 
initiates a PDN connection request for a service subject to SIPTO offload, only a new 
packet data network gateway (PGW) can be allocated since there is no mobility 
trigger for SGW relocation. This results in a non-optimal path as the SIPTO traffic will 
have to traverse the central core SGW which is undesirable. 

Figure 11. SIPTO Architecture (6) 
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Figure 13. Optimization for scenario one. (17) 

Figure 12. Default PDN connection (nonSIPTO session) and subsequent 
(17) 
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A possible solution to this could be to relocate the SGW during the SIPTO PDN 
connection procedure and consequently achieve an optimal route for both SIPTO and 
non-SIPTO traffic. 

 

 

 

Figure 14. Non-optimal SIPTO traffic path during mobility. (17) 

Figure 15. Optimization for scenario two. (17) 
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3.3.2 Scenario 2 – Session continuity 
 

Even if we were to achieve an optimal path as shown in the previous scenario, at 
handoff to a new cell assigned to a different LS/PGW (i.e. whose tracking area ID is 
not on the UEs current LSGWs tracking area list), SIPTO traffic would have to be 
forwarded to the UEs current cell by using a path through the central core network 
SGW. 

 
If an operator was to provide IP connectivity between the local gateways (LGWs) of 
neighboring cells, it would be possible to forward SIPTO traffic directly between the 
source and target LGWs during mobility scenarios, but according to 3GPP 
recommendations, in situations where SGW service area overlap occurs (in this case 
LSGW and central core SGW), it is recommended to select a SGW that will give less 
probability of SGW change and in this case the central core SGW would be selected. 
 

 

In an effort to resolve the non-optimal path in this scenario, 3GPP recommended that 
reselection of an offload point that is geographically close to the user shall be 
possible during idle mode mobility procedures. This solution however does not 
mitigate this problem completely as it does not cater for active sessions. A solution is 
required that will take into account the session context of a UE during handoff and 
determine if it is carrying SIPTO traffic for which there is a LSGW assigned in the new 
cell and thereafter perform SGW selection based on the appropriate criteria for that 
context 
 

 

3.4 Adoption of Mobility Solutions 
 
Despite the differences between GTP and PMIP based mobility solutions, technically, 
operators can select either GTP or PMIP to support seamless integration of multiple 
networks in different architectures. 

 

In an ideal situation, operators would move to the 4G LTE with an EPC architecture 
that implements both GTP and PMIP mobility methods. This move enables operators 
to capitalize on fast 4G data speeds as well as to integrate with other radio access 
networks such as Wi-Fi, 3GPP and non-3GPP networks. 
 
Given its long 3GPP heritage, GTP is a natural mobility approach for 3GPP networks. 
In fact, the 3GPP packet core is built around GTP. All interfaces between entities in 
the 3GPP architecture are GTP based. This makes GTP the sole solution when 
integrating Wi-Fi into current 3G architectures. 
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Figure 16. GTP supported interworking of Wi-Fi and 3GPP networks in existing 
architectures (5). 

Figure 17.  PGTP and PMIP supported interworking of Wi-Fi and 3GPP/ non 3GPP in 
EPC (5). 

Figure 18. PMIP supported interworking of Wi-Fi and 3GPP2 networks in 
existing architectures. (5) 
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3.4.1 PMIPv6  
 
Based on Mobile IP, PMIP is a network based mobility management solution that is 
used to facilitate IP-level session continuity for UEs that do not have MIP client 
functionality. PMIP-based handover relies on the network’s mobility agent rather 
than the client to detect the UE’s movement and performs IP mobility signaling. 
PMIP, mainly supported by CDMA and WiMAX technologies, can be used as the 
mobility mechanism to connect any 3GPP and non-3GPP access networks into the 
EPC architecture. In the Figure 19 shows the high-level integration and mobility 
management of WLAN and mobile networks with the support of PMIP. 

 

 
Mobility management in PMIPv6 is network-based, meaning that the 
MN’s mobility support is located on the network. The MN’s mobility is then 
supported without its direct involvement. In fact, movement detection and IP 
signaling operations are performed by a new functional entity called Mobile 
Access Gateway (MAG), which usually resides in the access router for the MN 
 

Figure 19. Summarization of the roaming architecture between WLAN and 3GPP networks — PMIP based mobility (5) 
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We are going to describe the key points in the process: 
 
 
Local Mobility Anchor (LMA): All traffic from and to the mobile node is routed 
through the LMA.  The LMA maintains a set of routes for each MN (Mobile Node) 
connected to the LMD.  
 
Mobile Access Gateway (MAG): The MAG performs the mobility related signaling on 
behalf of the Ns attached to its access links. The MAG is usually the access router 
(first hop router) for the MN. 

 
1. Attaching:  

MN1 attaches to the MAG through a point-to-point link and establishes the link layer.  
Any access technology is possible provided that it emulates a point-to-point behavior. 
  

2. Identification:  
MAG1 authenticates MN1 based on its link layer address (e.g. MAC address) and 
ascertains what MN1 is permitted to do (authorization). The authorization step may 
use existing services like LDAP or RADIUS.  
  

3. Router solicitation:  
MN1 sends a router solicitation to obtain an IPv6 prefix. MAG1 will not send a router 
advertisement until it obtained a prefix for MN1 from the LMA (step 6, PBA).  
  

Figure 20. PMIP architecture (14) 
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4. Proxy binding update (PBU):  
MAG1 sends a proxy binding update to the LMA. This PBU associates the MAG1 
address with the identity of the MN.  
  

5. Allocate prefix, update BC:  
The LMA allocates a prefix for MN1 (Home Network Prefix). The LMA creates an entry 
in its BC. The entry contains the MN1 ID (MN-ID-1), the address MAG1 of the proxy 
MAG (proxy-CoA) as well as the prefix assigned to MN1.  
  

6. Proxy binding ack (PBA):  
The LMA sends a PBA back to MAG1. The PBA contains the information of the BPC 
entry created in step 5.  
  

7. Tunnel setup:  
The LMA and MAG1 establish a bidirectional IPv6-in-IPv6 tunnel that is used for 
tunneling packets to and from MN1. The LMA sets a route through the tunnel for 
traffic that is addressed to the MN.  
  

8. Router advertisement:  
MAG1 sends a router advertisement with the assigned prefix to MN1. MN1 will assign 
the prefix through stateless autoconfiguration. Stateful autoconfiguration would be 
possible as well (outside of scope of PMIPv6). MN1 creates a routing table entry for 
the prefix. 

 

 

 

 

 

Figure 21. PMIP-based handover from a mobile network to WLAN in EPC. (5) 
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3.4.2 GTP 
 
 
GTP is an IP- based protocol specified in 3GPP networks to allow end users to switch 
services from one access network to another while preserving IP-session continuity. It 
is a tunneling protocol over UDP/IP used to build GTP tunnels and map traffic into 
different tunnel flows from the SGSN to the GGSN in 3G architectures and from the 
SGW to the PWG in EPC architectures. 
 
To achieve mobility, the subscriber’s registration data is carried via GTP interfaces 
from the subscriber’s current (visited) SGSN to the home GGSN that is handling the 
subscriber’s session. The home GGSN maintains the same IP address for the 
subscriber, ensuring the delivery of packets destined to the subscriber in the visited 
network. 
 
Summarization of the mobility architecture for handoff between Wi-Fi and 3GPP core 
networks is illustrated in the Figure. 
 
 

 
 
When a mobile UE moves to an area covered by WLAN services, the UE can make 
decisions to handover to the fast data network. A high-level description is specified 
below: 

 
• The UE initiates the handover procedure and performs mutual 
authentication toward the TTG/PDG and operator network by using 
IKEv2/EAP-AKA 
 
• An IPSec tunnel is established between the UE and the TTG/PDG for user 
plane data traffic 
 

 Figure 22. Summarization of the roaming architecture between WLAN and 3GPP networks — GTP based mobility (5) 
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• The UE requests an IP address by sending DHCP Discover message to the 
TTG/PDG, which creates and maps packet data protocol (PDP) context 
including IMSI and MSISDN to the home GGSN 
 
• The home GGSN sends PDP context including the UE IP address, TEID and 
DNS to the TTG/PDG 
 
• A GTP tunnel is established between the TTG/PDG and the home GGSN 

 
• An IP address — the same IP address as the UE’s home IP address is then 
assigned to the UE via the DHCP Offer 

 
After successful migration to WLAN, the traffic destined to the UE is now sent from 
the home GGSN to the TTG/PDG in WLAN via GTP tunnels. The TTG/PDG will then 
forward received IP packets directly to the UE via the secure IPSec tunnel. 
 

Due to the same IP address assigned to the UE during the handover, the UE continues 
to receive IP packets without any session interruption. The original bearer in the 
home network, as specified by 3GPP, should be torn down after the UE moves  
 
 

 
 
 
 

Figure 23. : Handover from a 3G mobile network to WLAN with IPSec (5) 
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Figure 23 shows the handover procedure from a 3G mobile network to WLAN. A 
TTG/PDG element is included in this architecture to enable the UE authentication and 
authorization, policy enforcement, QoS implementation and tunnel creation/ de-
formation. A GTP tunnel and an IPSec tunnel are established as secure data paths to 
ensure the UE to receive forwarded packets from the home mobile network. 
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4 IP Flow Mobility (IFOM) 
 

As mobile devices can utilize various interfaces to access the Internet, the demand of 
inter-technology handover (i.e. vertical handover) and flow mobility is becoming 
another important issue in the mobility management as well. 
 
We can observe, for example, a mobile node equipped with two interfaces using two 
different access technology, 3GPP and WiFi. At the beginning it is walking in the 3GPP 
zone and using voice and video streaming services (figure 25a). Then it moves to an 
overlapping zone of the 3GPP and WiFi networks (figure25b). Since the WiFi can 
support higher bandwidth, the operator decides to seamlessly move the video 
streaming from 3GPP to WiFi network to provide better connection for video traffic 
and also to reduce the traffic load on 3GPP network. 
 

 
 
The IP Flow Mobility (IFOM) provides the means to select and offload a single flow to 
a complementary access network. A shortcoming of IFOM is that it is limited to one 
active 3GPP and one active non-3GPP connections, while all IP flows are intended to 
one Packet Data Network (PDN) connection. 
 
For a more efficient WLAN data offload there is the requirement to send different 
data flows to different CoAs. A new extension for the network mobility has been 
designed in the figure 24. 
 

Central to this approach is a new table, the Flow Bindings. This is a table with one 
entry for each flow, which is characterized in the Traffic Selector field by the source 
or destination address, transport protocol or other fields in the IP and higher layer 
headers. Each flow points to one entry in the Binding Cache using the BID field, which 

Figure 23. IP Flow Mobility scenario (21) 
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identifies one of several CoAs assigned to the UE. Both lists are ordered with respect 
to the priorities (FID-PRI and BID-PRI), which are assigned to each mobile separately. 
A lower number means a higher priority.  
 
For each incoming data packet, its flow is identified with the highest priority 
matching entry from the top of the Traffic Selector field. Using the corresponding BID, 
the CoA and so the technology to be used is identified using the BID entry in the 
Binding Cache. If either the data packet does not fit to any traffic selector or if the 
corresponding entry in the Binding Cache does not exist, the CoA with the highest 
priority is used. 

 
 
Using these IFOM extensions, the offloading of different data flows described in the 
figure can be realized: Depending on the availability and quality of the access 
technologies, different flows can be offloaded to WLAN while keeping the LTE 
connection running. In this example, the (real time) video stream is kept on LTE, 
while the VoIP, Web and FTP connections are offloaded to WLAN. 
 
 
 

 

Figure 24.  IP Flow Mobility Strategy (15) 
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For a given mobile device it is possible, using the same Access Point Name (APN), to 
configure IP connectivity across the LTE/3G cellular network and the WLAN access. 
The simultaneous access is called IP flow mobility support since it enables tracking of 
IP connections belonging to a specific application and the routing of these selected 
flows to a specific technology. For example, a mobile device, having both a Voice over 
IP (VoIP) call and a video download ongoing at the same time, can keep the VoIP call 
over LTE and move the video download to the WLAN network. The mobile node will 
be always be reachable at the same IP home address on both networks. 
 

 
 
 
 

Figure 26. Complete WLAN offload using IP mobility (15) 

(a) (b) 

Figure 25. IFOM Extension to the client based mobility. There are several entries in the binding 
cache now possible, each one connected to a characterized traffic flow. (14) 
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4.1 IP Flow Mobility Trigger Mechanism 
 
Considering network selection decision made by UE, the network conditions are not 
easy to achieve due to operators’ security contain, so that the UE could not have a 
global vision about the network resources management like load balancing. 
Moreover, running too many algorithms and a lot of modification at UE will increase 
complexity. Our proposed mechanism, supposes that network side is responsible for 
the network selection for each IP flow and the trigger of IP flow mobility. The UE 
assists the decision making by informing some necessary information to network, 
such as its available interfaces status, radio signal strength and the application QoS 
requirement. 
 

 
 
 

Figure 27. Flowchart of IP flow mobility trigger mechanism. (19) 
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4.2 IP Flow Mobility Algorithm 
 

In heterogeneous networks environments, a decision for IP flow mobility, which is 
aiming at choosing the best interface for each IP flow, should depend on several 
parameters as a single factor which can provide a clear approach to make selection 
does not exist. The basic idea of our proposed algorithm is designed to make the 
decision satisfying both user/application expectations and load balancing between 
the different networks at the same time. So that we use multiple attribute decision 
algorithm to solve the “IP flow mobility decision making” problem with multiple 
alternatives (networks) and attributes (network characteristics, user preferences, 
application requirements, IP flow types, costs, etc.) 
 

4.2.1.1 Model description 
 
Firstly, we model the IP flow mobility decision algorithm as follows: 
 
N ={ Ni , i = 1, 2, … , n } is a set of access networks available for UE. 
A = {Aj , j = 1, 2, … , m} is a set of attributes which influence the decision such as the 
network characteristics and IP flow characteristics, etc. 
 
Based on historical and current data, each attribute Aj of network Ni has a parameter 
value xij. 
 
f = { fk; k = 1, 2, … , l} is a set of ongoing and new IP flows for which access networks 
have to be determined. 
 
Then we define a set of weight values for each IP flow to represent the relative 
importance of the attributes respectively, as follows: 

 

There is for each IP flow fk. 

 

 

For different types of IP flows, different attributes are corresponding to different 
importance degrees, reflecting the user/application preferences. For instance, 
conversation service flow has a higher requirement in packet delay but lower 
requirement in packet loss rate, while ftp synchronization service is just the reverse. 
 

4.2.1.2 Algorithm description 
 
To select the most suitable access network for each IP flow, we propose to improve 
the DiA (distance to the ideal alternative) algorithm for interface selection in 
heterogeneous wireless networks to solve our problem. The approach is based upon 
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the concept that the chosen alternative should have the relative shortest distance to 
the ideal solution, including the following several steps: 
 
Step 1: Construct the normalized decision matrix. TOPSIS is the algorithm used for 
this model. Each element rij of the Euclidean normalized decision matrix R can be 
calculated as follows: 

 

TOPSIS is an algorithm widely used for mobile terminal interface selection using 
multiple attributes. The approach is based upon the concept that the chosen 
alternative should have the relative shortest distance to the ideal solution. 
 

 

Step 2: Construct the weighted normalized decision matrix for the IP flows belonging 
to an UE which needed to be assigned. As an example, we only choose an IP flow for 
analysis. This matrix V is calculated by multiplying each column of the matrix R with 
its associated weight wkj. 
 

 

 

Step 3: Determine the positive and negative ideal alternative attribute values of each 
attribute. These are the maximum and minimum values of attribute in each column 
of the matrix V 

 

 

Step 4: The distance between the attribute values and the positive and negative ideal 
values are measured using the Manhattan distance. 
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Step 5: We consider the minimum value of D+ and maximum value of D- . 

 

If we consider the (D+; D-) plane, the point (min D+
i max D- 

i) is defined as the 
“positive ideal alternative” (PIA). The best alternative has the shortest distance to the 
PIA. This absolute distance is calculated as follow. 
 

 

 

Step 6: The alternative having the smallest Rj value has the shortest distance to the 
PIA. At last, this corresponding access network is chosen to the specific flow. 
 
 

4.3 Implementation 
 
The network selection algorithm is based on Analytical Hierarchy Process (AHP) and 
Gray Relational Analysis (GRA) two MADM (Multi-Attribute Decision Making) 
methods. The AHP method is used to weigh each criterion and GRA method is applied 
to rank the alternatives. The AHP method is used to get weights of the criteria and 
TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution) method is 
applied to determine the ranking of access network. 
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The development process of this technique took place in Matlab with the creation of 
several functions, scripts, and a central part which is the own simulation of Flow 
Mobility strategy. 
 
Also taken into account for the implementation service such as Video Streaming, VoIP 
or FTP (File Transfer Protocol) because the values of the attributes change and 
therefore the option optimal network selection also being used. Also we are going to 
do a study of the different possible cases that may occur at the time of start-up of the 
analysis, i.e., to analyze the behavior of services when we launched the simulation. 
 
I will describe the steps that have been taken to the solution of the strategy.  
 
 

 Step 1 
 
We will create a map that we will locate the possible Access Networks and the user 
that is connected to the network more optimal according to the analyzed attributes 
using your mobile device. 
 
>> % We position the user on the map 
>> u=[6.5,5]; 
>> plot(6.5,5,'o'); %user position 

 
>> % We created the map with the stations 
>> x=[2,5,6,8]; % Coordinates x from each station 
>> y=[4,2,7,5]; % Coordinates y from each station 

Figure 28.  Both real-time network load and radio conditions can be important 
factors in making optimal network selection. (8) 
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4.3.1.1 First scenario 
 
This scenario is a random case in which we get as a choice of services for the 
connection that two of them have the best conditions on the same network but that 
other select a different network from among the available to the user. 

 

 
Looking at the chart above we can say that access points have been configured with 
circular coverage radio since the propagation of electromagnetic waves is omni-
directional. That has been taken into account an important factor as the signal noise 
relation, configured on the basis of different imaginary rings that, depending on the 
position of the user, it has in its different device services Matrix values in this 
attribute for each different access points. 
 
The distance is calculate by taking the values of "x" and "y" from each access point 
and by the square root of the sum of the squares of each component, we obtain the 
distance from the axis to that point and then do the subtraction of vectors distance 
calculated, obtaining the actual distance between the user and the access point. This 
enters a loop that loops through each season and we get the distance of each access 
point to user. 
 
 
 

Figure 29. Matlab simulation of first scenario. 
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for i=1:4; 
    dx(i,1)=abs(x(i)-u(1)); %distance x axis between user and APs 
    dy(i,1)=abs(y(i)-u(2)); %distance y axis between user and APs 
    D(i,1)=sqrt(dx(i,1).^2+dy(i,1).^2); %distance between user and 

APs 
end 

 
 
Now we will calculate the distances between user and Access Points: 
 
>> Distance from user to networks 

 
>> D = 

 

    4.6098 

    3.3541 

    2.0616 

    1.5000 

 
>> Range of networks (1.BS1 - 2.BS2 - 3.HS1 - 4.HS2): 

 

>> w = 

 

     1 

     0 

     0 

     1 

 
So you can see that the user is within the radio of coverage of BS1 and HS2. 
 
 

 Step 2 
 
The second thing we are going to develop is a characterized matrix that their rows 
are possible networks which are connections to networks 3G/4G and networks 
Hotspot characterized by nodes to connect to Wi-Fi networks and the columns are 
the selected attributes as more significant when studying the best choice of mobility. 
 
The first attribute, Delay, will be a 4 x 1 matrix of random values since these values 
are depending on the technology used to send signal, so it: 
 

4.3.1.1.1 Video Streaming 
 
Some of the applications that work with Video Streaming during the connection 
session is YouTube. The strategy of its attributes may be important for the network 
traffic. 
 
>> d=rand(4,1); 
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>> th= [40;34;51;75]; 
 
For the attribute SNR has created a script that based on the user's position and the 
radio network coverage, is filled each of the cells. 
 
>> SnR=SNRelation(a,D); 
 
Where ‘a’ is the radius of coverage and ‘D’ is the distance of the user to each 
communications network. For instance:  
 
>> SNR=[11;34;18;55]; 
 

In the case of the column's History, that will be that pick up every connection made 
to each network so that it is stored is that column for the following possible 
connections take into account and be weight when deciding. 
 
>> History=[0;0;0;0]; 
 
 
 

Table a. Example of possible Video Streaming matrix. Scenario 1 

Video Streaming DELAY THROUGHPUT SNR HISTORY 

Network 1. 
Base Station 

0.1221 40 19 0 

Network 2. 
Base Station 

0.9518 34 13 0 

Network 3. 
Hotspot 

0.2702 51 1 0 

Network 4. 
Hotspot 

0.8937 75 31 0 

 
 
After creating the parent feature of the Video Streaming service for the point where 
the user is located and through the development of the IP Flow Mobility strategy 
encoded in Matlab code for each of the services created script will result which is the 
best network for this service taking into account the distance between the user and 
the different Base Stations and Hotspots.  
 
Now we obtain the matrix that will provide us which network is better: 
 
>> Decision Matrix of the best network quality (lower value): 
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>> iR = 

 

    0.9964 

    1.0088 

    1.0822 

    1.0478 

 
Taking into account the variable 'w' that provides us which networks reach the user, 
we can calculate which is the best among their: 
 

 

 

>> historyVS = 

 

     1 

     0 

     0 

     0 

 

 

4.3.1.1.2 VoIP 
 
 
VoIP stands for Voice over IP, or in other words, telephone service over the Internet. 
VoIP is simply the transmission of voice conversations over IP-based network. 
Although IP was originally designed for data networking, its success has led to its 
adaptation to voice networking. 
 
>> disp('Created matrix: Delay, Throughput, SNR, History ') 
>> d=rand(4,1);  %delay 
>> th= [67;61;75;59];   %throughput 

 
 
For the attribute SNR has created a script that based on the user's position and the 
radio network coverage, is filled each of the cells. 
 
>> SnR=SNRelation(a,D); 

Where ‘a’ is the radius of coverage and ‘D’ is the distance of the user to each 
communications network. They are the same values of beginning.  
 
In the case of History we will set it like the previous case, based on a matrix with all 
its cells to '0'. 
 
>> History=[0;0;0;0]; 
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Table b. Example of possible VoIP matrix 

VoIP DELAY THROUGHPUT SNR HISTORY 

Network 1. 
Base Station 

0.0343 67 13 0 

Network 2. 
Base Station 

0.3988 61 19 0 

Network 3. 
Hotspot 

0.9795 75 4 0 

Network 4. 
Hotspot 

05428 59 37 0 

 
 
We will work exactly equal, strategic IP Flow Mobility method calculating its 
characteristic decision matrix. 
 
>> Decision Matrix of the best network quality (lower value): 

 

>> iR = 

 

    0.6347 

    0.6156 

    0.6616 

    0.5915 

 
The History matrix of VoIP is: 
 
>> historyVoIP = 

 

     0 

     0 

     0 

     1 

 
 

4.3.1.1.3 FTP (File Transfer Protocol) 
 
FTP is used to transfer files from one machine to another. You can use FTP to transfer 
any type of file, including executable binaries, graphics images, ASCII text, PostScript, 
sound and video files, and more, i.e Flow application of MAC. 
 
disp('Created matrix: Delay, Throughput, SNR, History ') 
d=rand(4,1);  %delay 
th= [80;78;89;94];   %throughput  

 
For the attribute SNR has created a script that based on the user's position and the 
radio network coverage, is filled each of the cells. 
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>> SnR=SNRelation(a,D); 

 
 
Where ‘a’ is the radius of coverage and ‘D’ is the distance of the user to each 
communications network. They are the same values of beginning.  
 
In the case of History we will set it like the previous case, based on a matrix with all 
its cells to '0'. 
 
>> History=[0;0;0;0]; 
 

 

 
Table c. Example of possible FTP matrix. Scenario 1 

FTP DELAY THROUGHPUT SNR HISTORY 

Network 1. 
Base Station 

0.0630 80 20 0 

Network 2. 
Base Station 

0.1832 78 10 0 

Network 3. 
Hotspot 

0.6242 89 4 0 

Network 4. 
Hotspot 

0.2914 94 35 0 

 
 
We will work exactly equal, strategic IP Flow Mobility method calculating its 
characteristic decision matrix. 
 
>> Decision Matrix of the best network quality (lower value): 

 

 

>> iR = 

 

    0.3996 

    0.4106 

    0.4294 

    0.394 

 
 
The History matrix of FTP is: 
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>> historyFTP = 

 

     0 

     0 

     0 

     1 

 
 

4.3.1.1.4 Selection of optimal Access Point  
 
Therefore, once is carried out the execution of the selection of the services used by 
access points, is to do a recount of matrices "history" of each service resulting in the 
matrix 'res' which is the grouping of all and therefore the matrix 'choose'. 
 
>> res=[historyVS, historyVoIP, historyFTP]; 

 
>> res = 

 

     1     0     0 

     0     0     0 

     0     0     0 

     0     1     1 
 

 
>> choose = 

 

     1 

     0 

     0 

     2 

 

 

Therefore, by looking at the matrix 'choose' understand that the network that best 
fits the services used with the strategy developed is the access point number 4, HP2. 
 

 

 

4.3.1.2 Second scenario 
 
This scenario is a random case in which we get as a choice of services for the 
connection that all of them have the best conditions on the same network from 
among the available to the user.  And we can check it with the parameter "choose" 
which is located at the end of this subchapter. 
 

We start from the same location created at the beginning of the implementation in 
which the user had a position on the map and possible access networks also. The fact 
is that the points are always in the same position but vary the radio of the stations 
coverage creating another different scenario as which I am going to show you later. 
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We can say that it is the same stage of work by what the values of the radio of 
coverage and the distances that are calculated will do it in the same way for that I will 
not put it in this section. We will simply mention the distances to be remembered it. 
 
 
>> D = 

 

    4.6098 

    3.3541 

    2.0616 

    1.5000 

 
 
The range of coverage if that influence as far as working with the simulation script 
can see which is said to range: 
 
 
>> Range of networks (1.BS1 - 2.BS2 - 3.HS1 - 4.HS2): 

 
>> w = 

 

     1 

     1 

     1 

     1 

 

You can see as the four access points reach the user's device can connect with it. 
With this clear, we are going to analyze the behavior of the services within this 
scenario. 

Figure 30. Matlab simulation of second scenario. 
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 Step 2 
 
The second thing we are going to develop is a characterized matrix that their rows 
are possible networks which are connections to networks 3G/4G and networks 
Hotspot characterized by nodes to connect to Wi-Fi networks and the columns are 
the selected attributes as more significant when studying the best choice of mobility. 
 
The first attribute, Delay, will be a 4 x 1 matrix of random values since these values 
are depending on the technology used to send signal, so it: 
 
 

4.3.1.2.1 Video Streaming 
 
On the basis of a random value for the Delay parameter and an array sets for the 
Throughput parameter: 
 
>>  d=rand(4,1); 
 

 

The Throughput parameter is the same for all networks, but not for all services 
 

>> th= [40;34;51;75]; 
 
 
For the attribute SNR has created a script that based on the user's position and the 
radio network coverage, is filled each of the cells. 
 
>> SnR=SNRelation(a,D); 
 
 
Where ‘a’ is the radius of coverage and ‘D’ is the distance of the user to each 
communications network. For instance:  
 
>> SNR=[18;18;29;36]; 
 

 

In the case of the column's History, that will be that pick up every connection made 
to each network so that it is stored is that column for the following possible 
connections take into account and be weight when deciding. 
 
>> History=[0;0;0;0]; 
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Table d. Example of possible Video Streaming matrix. Scenario 2 

Video Streaming DELAY THROUGHPUT SNR HISTORY 

Network 1. 
Base Station 

0.1048 40 18 0 

Network 2. 
Base Station 

0.1279 34 18 0 

Network 3. 
Hotspot 

0.5495 51 29 0 

Network 4. 
Hotspot 

0.4852 75 36 0 

 
 
After creating the parent feature of the Video Streaming service for the point where 
the user is located and through the development of the IP Flow Mobility strategy 
encoded in Matlab code for each of the services created script will result which is the 
best network for this service taking into account the distance between the user and 
the different Base Stations and Hotspots.  
 
Now we obtain the matrix that will provide us which network is better: 
 
>> Decision Matrix of the best network quality (lower value): 

 
>> iR = 

 

    0.5595 

    0.5576 

    0.5282 

    0.5444 

 

Taking into account the variable 'w' that provides us which networks reach the user, 
we can calculate which is the best among their: 
 
 
>> historyVS = 

 

     0 

     0 

     1 

     0 
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4.3.1.2.2 VoIP 
 
VoIP stands for Voice over IP, or in other words, telephone service over the Internet. 
VoIP is simply the transmission of voice conversations over IP-based network. 
Although IP was originally designed for data networking, its success has led to its 
adaptation to voice networking. 
 
>> disp('Created matrix: Delay, Throughput, SNR, History ') 
>> d=rand(4,1);  %delay 
>> th= [67;61;75;59];   %throughput 

 
 
For the attribute SNR has created a script that based on the user's position and the 
radio network coverage, is filled each of the cells. 
 
>> SnR=SNRelation(a,D); 

 
 
Where ‘a’ is the radius of coverage and ‘D’ is the distance of the user to each 
communications network. They are the same values of beginning.  
 
In the case of History we will set it like the previous case, based on a matrix with all 
its cells to '0'. 
 
>> History=[0;0;0;0]; 
 
 
 

Table e. Example of possible VoIP matrix. Scenario 2 

VoIP DELAY THROUGHPUT SNR HISTORY 

Network 1. 
Base Station 

0.7350 67 17 0 

Network 2. 
Base Station 

0.9706 61 12 0 

Network 3. 
Hotspot 

0.8669 75 30 0 

Network 4. 
Hotspot 

0.0862 59 36 0 

 
 
We will work exactly equal, strategic IP Flow Mobility method calculating its 
characteristic decision matrix. 
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>> Decision Matrix of the best network quality (lower value): 

 
>> iR = 

 

    0.1703 

    0.1773 

    0.1586 

    0.1824 

 
 
The History matrix of VoIP is: 
 
>> historyVoIP = 

 

     0 

     0 

     1 

     0 
 
 

4.3.1.2.3 FTP (File Tranfer Protocol) 
 
FTP is used to transfer files from one machine to another. You can use FTP to transfer 
any type of file, including executable binaries, graphics images, ASCII text, PostScript, 
sound and video files, and more, i.e Flow application of MAC. 
 
disp('Created matrix: Delay, Throughput, SNR, History ') 
d=rand(4,1);  %delay 
th= [80;78;89;94];   %throughput  

 
For the attribute SNR has created a script that based on the user's position and the 
radio network coverage, is filled each of the cells. 
 
>> SnR=SNRelation(a,D); 

 
 
Where ‘a’ is the radius of coverage and ‘D’ is the distance of the user to each 
communications network. They are the same values of beginning.  
 
In the case of History we will set it like the previous case, based on a matrix with all 
its cells to '0'. 
 
>> History=[0;0;0;0]; 
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Table f. Example of possible FTP matrix 

FTP DELAY THROUGHPUT SNR HISTORY 

Network 1. 
Base Station 

0.5309 80 13 0 

Network 2. 
Base Station 

0.0915 78 17 0 

Network 3. 
Hotspot 

0.4053 89 36 0 

Network 4. 
Hotspot 

0.1048 94 31 0 

 
 
We will work exactly equal, strategic IP Flow Mobility method calculating its 
characteristic decision matrix. 
 
>> Decision Matrix of the best network quality (lower value): 

 

>> iR = 

 

    0.5560 

    0.5492 

    0.5364 

    0.5531 

 

 

The History matrix of FTP is: 
 

 

 

 

>> historyFTP = 

 

     0 

     0 

     1 

     0 
 
 

4.3.1.2.4 Selection of optimal Access Point 
 
 
Therefore, once is carried out the execution of the selection of the services used by 
access points, is to do a recount of matrices "history" of each service resulting in the 
matrix 'res' which is the grouping of all and therefore the matrix 'choose'. 
 
>> res=[historyVS, historyVoIP, historyFTP]; 
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>> res = 

 

     0     0     0 

     0     0     0 

     1     1     1 

     0     0     0 
 

 
choose = 

 

     0 

     0 

     3 

     0 

 

 

select = 

 

     0 

     0 

     1 

     0 

 

Also we can see in the matrix 'select' and know what the network more optimal so 
the user's device can transfer authentication protocols and therefore connect to the 
network more efficiency, whereas in this case the HP1 
 
 
 

4.3.1.3 Third scenario 
 

The scenario that we are going to presenter now is the more complicated since each 
service has a choice optima different access point so it would have to resort to other 
parameters like the delay to resolve that equality in the decision. 
 
This case will be analyzed as you can see in the following figure. 
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At first glance is that there is nothing different but if we analyze mathematically 
process already we can see that you there. 
 

>> Range of networks (1.BS1 - 2.BS2 - 3.HS1 - 4.HS2) : 

 

>> w = 

 

     0 

     1 

     1 

     1 

 

Clearly are the three networks picked so before this equality of services, have to 
resort to a parameter that is important consideramuy which is the delay, capable of 
damaging communications 
 

 

 

4.3.1.3.1 Video Streaming 
 
Some of the applications that work with Video Streaming during the connection 
session is YouTube. The strategy of its attributes may be important for the network 
traffic. 
 
>>  d=rand(4,1); 
>> th= [40;34;51;75]; 
 

Figure 31. Matlab simulation of third scenario. 
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For the attribute SNR has created a script that based on the user's position and the 
radio network coverage, is filled each of the cells. 
 
>> SnR=SNRelation(a,D); 
 
Where ‘a’ is the radius of coverage and ‘D’ is the distance of the user to each 
communications network. For instance:  
 
>> SNR=[11;34;18;55]; 
 

In the case of the column's History, that will be that pick up every connection made 
to each network so that it is stored is that column for the following possible 
connections take into account and be weight when deciding. 
 
>> History=[0;0;0;0]; 
 
 
 

Table g. Example of possible Video Streaming matrix. Scenario 1 

Video Streaming DELAY THROUGHPUT SNR HISTORY 

Network 1. 
Base Station 

0.5277 40 5 0 

Network 2. 
Base Station 

0.4795 34 35 0 

Network 3. 
Hotspot 

0.8013 51 36 0 

Network 4. 
Hotspot 

0.2278 75 59 0 

 
 
 
After creating the parent feature of the Video Streaming service for the point where 
the user is located and through the development of the IP Flow Mobility strategy 
encoded in Matlab code for each of the services created script will result which is the 
best network for this service taking into account the distance between the user and 
the different Base Stations and Hotspots.  
 
Now we obtain the matrix that will provide us which network is better: 
 
>> Decision Matrix of the best network quality (lower value): 
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>> iR = 

 

    0.7799 

    0.7718 

    0.7912 

    0.8517 

 
Taking into account the variable 'w' that provides us which networks reach the user, 
we can calculate which is the best among their: 
 

 

 

>> historyVS = 

 

     0 

     1 

     0 

     0 

 

 

4.3.1.3.2 VoIP 
 
VoIP stands for Voice over IP, or in other words, telephone service over the Internet. 
VoIP is simply the transmission of voice conversations over IP-based network. 
Although IP was originally designed for data networking, its success has led to its 
adaptation to voice networking. 
 
>> disp('Created matrix: Delay, Throughput, SNR, History ') 
>> d=rand(4,1);  %delay 
>> th= [67;61;75;59];   %throughput 

 
 
For the attribute SNR has created a script that based on the user's position and the 
radio network coverage, is filled each of the cells. 
 
>> SnR=SNRelation(a,D); 

 
 
Where ‘a’ is the radius of coverage and ‘D’ is the distance of the user to each 
communications network. They are the same values of beginning.  
 
In the case of History we will set it like the previous case, based on a matrix with all 
its cells to '0'. 
 
>> History=[0;0;0;0]; 
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Table h. Example of possible VoIP matrix 

VoIP DELAY THROUGHPUT SNR HISTORY 

Network 1. 
Base Station 

0.8627 67 4 0 

Network 2. 
Base Station 

0.4843 61 28 0 

Network 3. 
Hotspot 

0.8449 75 30 0 

Network 4. 
Hotspot 

0.2094 59 45 0 

 
 
We will work exactly equal, strategic IP Flow Mobility method calculating its 
characteristic decision matrix. 
 
>> Decision Matrix of the best network quality (lower value): 

 

>> iR = 

 

    0.4776 

    0.4128 

    0.4286 

    0.3720 

 
The History matrix of VoIP is: 
 
>> historyVoIP = 

 

     0 

     0 

     0 

     1 

 
 

4.3.1.3.3 FTP (File Transfer Protocol) 
 
FTP is used to transfer files from one machine to another. You can use FTP to transfer 
any type of file, including executable binaries, graphics images, ASCII text, PostScript, 
sound and video files, and more, i.e Flow application of MAC. 
 
disp('Created matrix: Delay, Throughput, SNR, History ') 
d=rand(4,1);  %delay 
th= [80;78;89;94];   %throughput  

 
For the attribute SNR has created a script that based on the user's position and the 
radio network coverage, is filled each of the cells. 
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>> SnR=SNRelation(a,D); 

 
 
Where ‘a’ is the radius of coverage and ‘D’ is the distance of the user to each 
communications network. They are the same values of beginning.  
 
In the case of History we will set it like the previous case, based on a matrix with all 
its cells to '0'. 
 
>> History=[0;0;0;0]; 
 

 

 
Table i. Example of possible FTP matrix 

FTP DELAY THROUGHPUT SNR HISTORY 

Network 1. 
Base Station 

0.1239 80 4 0 

Network 2. 
Base Station 

0.4904 78 30 0 

Network 3. 
Hotspot 

0.8530 89 29 0 

Network 4. 
Hotspot 

0.8739 94 54 0 

 
 
We will work exactly equal, strategic IP Flow Mobility method calculating its 
characteristic decision matrix. 
 
>> Decision Matrix of the best network quality (lower value): 

 

 

>> iR = 

 

    0.3719 

    0.3617 

    0.3583 

    0.3928 
 
The History matrix of FTP is: 
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>> historyFTP = 

 

     0 

     0 

     1 

     0 

 
 

4.3.1.3.4 Selection of optimal Access Point  
 
Therefore, once is carried out the execution of the selection of the services used by 
access points, is to do a recount of matrices "history" of each service resulting in the 
matrix 'res' which is the grouping of all and therefore the matrix 'choose'. 
 
>> res=[historyVS, historyVoIP, historyFTP]; 

 
>> res = 

 

     0     0     0 

     1     0     0 

     0     0     1 

     0     1     0 
 
>> choose = 

 

     0 

     1 

     1 

     1 

 

 

In this case that there are three different choices in the matriz “choose” so I need to 
analyze which parameter is the better suited to our conditions.  From my point of 
view, the most critical parameter is “delay” so we have to look at the FTP matrix and 
choose the value lower.  
 
I choose the FTP matrix in this case because I consider this flow actually one of most 
important flows when we are using these technology connections in smartphones.  
 

 

 

>> d= 

 

    0.1239 

    0.4904 

    0.8530 

    0.8739 

 

 

>> The best option to select is: 
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>> select = 

 

     0 

     1 

     0 

     0 

 
 
 

4.3.1.4 Fourth scenario 
 

This fourth stage will be characterized by the choice of a single access network that 
the user's device can connect only is at your fingertips. It is a very simple case 
because applies no strategy in particular but that being the only network available, it 
will be to finally connect. 
 

 

 

 Step 2 
 

 

The second step we must do in such situations is to indicate communications network 
is that finally connected by being the only one that is within your area. 
 

 

Range of networks (1.BS1 - 2.BS2 - 3.HS1 - 4.HS2) : 

 

Figure 32. Matlab simulation of fourth scenario. 
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>> w = 

 

     0 

     0 

     0 

     1 

  

We see in the graph and the result of Matlab optimal and unique network is the 
fourth. So we don't have to show the calculations made in services since there has 
been no situation of strategy. 
 

 

4.3.1.5 Fifth scenario 
 

This fifth scenario stands out because none of the communication networks can 
reach the user, i.e., the mobile device is not able to connect to any network 
communication because it is not within the range of access points. 
 

We can see it in the following graph shows us that there is no radio coverage on the 
user. 

In this case the user has to move to get a network connection so that the services can 
operate. Even so the parameter characterized by networks is 'w'. 
 
>> Range of networks (1.BS1 - 2.BS2 - 3.HS1 - 4.HS2) : 

 

 

 

 

 

 

Figure 33. Matlab simulation of fifth scenario. 
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>> w = 

 

     0 

     0 

     0 

     0 

 

 

4.3.1.6 Case 
 

In this case will analyze how a special case since we are going to focus on this chapter 
at the time in which the user changes position in the map or the region in which it is 
located. Also we mention an important point when it comes to the decision to choose 
a communication network of an access point or connect to another network. 
 
 

 
 
The outstanding feature of this section is that once the user has been able to connect 
to a network from its scope, i.e. BS2, and stored in the matrix 'history', when it moves 
to another network that you have two, i.e HS1, but there is no left the range of the 
previous, the user will continue connected to the network of it was first connected 
that will be BS2 regardless of values of attributes. 
 

 

Figure 34. Matlab simulation of Case scenario. 
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First is one of the scenarios explained above and for example we studied the fourth 
stage, which is characterized by there is only an available network (see paragraph 
4.1.3.4) shown with the symbol 'o'. 
 

 
>> Range of networks (1.BS1 - 2.BS2 - 3.HS1 - 4.HS2) : 

 

>> w = 

 

     0 

     0 

     0 

     1 

 

>> The only one network is:  

 

 

>> select = 

 

     0 

     0 

     0 

     1 

 

Then select another position of the user, shown with the symbol ' +', within the same 
range of BS2 but including other network at its disposal as it is the case of HS1. 
 

 
>> Range of networks (1.BS1 - 2.BS2 - 3.HS1 - 4.HS2) : 

 

>> nw = 

 

     0 

     1 

     1 

     0 

 

We can see what networks are in your reach 
 
Now perform the analysis of the following situation to which the user is subject that 
will decide that network will be the most optimal to the connection. Let's look at the 
services. 
 

 

4.3.1.6.1 Video Streaming 
 
Some of the applications that work with Video Streaming during the connection 
session is YouTube. The strategy of its attributes may be important for the network 
traffic. 
 
>>  d=rand(4,1); 
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>> th= [40;34;51;75]; 
 
For the attribute SNR has created a script that based on the user's position and the 
radio network coverage, is filled each of the cells. 
 
>> SnR=SNRelation(a,D); 
 
Where ‘a’ is the radius of coverage and ‘D’ is the distance of the user to each 
communications network. For instance:  
 

In the case of the column's History, that will be that pick up every connection made 
to each network so that it is stored is that column for the following possible 
connections take into account and be weight when deciding. 
 
>> History=[0;1;0;0]; 
 
 
 

Table j. Example of possible Video Streaming matrix. Case 

Video Streaming DELAY THROUGHPUT SNR HISTORY 

Network 1. 
Base Station 

0.2251 40 11 0 

Network 2. 
Base Station 

0.3500 34 34 1 

Network 3. 
Hotspot 

0.2871 51 14 0 

Network 4. 
Hotspot 

0.9275 75 17 0 

 
 
After creating the parent feature of the Video Streaming service for the point where 
the user is located and through the development of the IP Flow Mobility strategy 
encoded in Matlab code for each of the services created script will result which is the 
best network for this service taking into account the distance between the user and 
the different Base Stations and Hotspots.  
 
Now we obtain the matrix that will provide us which network is better: 
 
 
>> Decision Matrix of the best network quality (lower value): 
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>> iR = 

 

    1.2101 

    1.1998 

    1.2352 

    1.3257 

 
 
Taking into account the variable 'w' that provides us which networks reach the user, 
we can calculate which is the best among their: 
 

 

>> historyVS = 

 

     0 

     1 

     0 

     0 

 

 

 

4.3.1.6.2 VoIP 
 
VoIP stands for Voice over IP, or in other words, telephone service over the Internet. 
VoIP is simply the transmission of voice conversations over IP-based network. 
Although IP was originally designed for data networking, its success has led to its 
adaptation to voice networking. 
 
>> disp('Created matrix: Delay, Throughput, SNR, History ') 
>> d=rand(4,1);  %delay 
>> th= [67;61;75;59];   %throughput 

 
 
For the attribute SNR has created a script that based on the user's position and the 
radio network coverage, is filled each of the cells. 
 
>> SnR=SNRelation(a,D); 

 
 
 
Where ‘a’ is the radius of coverage and ‘D’ is the distance of the user to each 
communications network. They are the same values of beginning.  
 
In the case of History we will set it like the previous case, based on a matrix with all 
its cells to '0'. 
 
>> History=[0;1;0;0]; 
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Table k. Example of possible VoIP matrix. Case 

VoIP DELAY THROUGHPUT SNR HISTORY 

Network 1. 
Base Station 

0.8011 67 18 0 

Network 2. 
Base Station 

0.2330 61 32 1 

Network 3. 
Hotspot 

0.9325 75 19 0 

Network 4. 
Hotspot 

0.7633 59 19 0 

 
 
We will work exactly equal, strategic IP Flow Mobility method calculating its 
characteristic decision matrix. 
 
>> Decision Matrix of the best network quality (lower value): 

 

>> iR = 

 

    0.5707 

    0.5252 

    0.5849 

    0.5540 

 
The History matrix of VoIP is: 
 
>> historyVoIP = 

 

     0 

     1 

     0 

     0 

 
 

4.3.1.6.3 FTP (File Transfer Protocol) 
 
FTP is used to transfer files from one machine to another. You can use FTP to transfer 
any type of file, including executable binaries, graphics images, ASCII text, PostScript, 
sound and video files, and more, i.e Flow application of MAC. 
 
disp('Created matrix: Delay, Throughput, SNR, History ') 
d=rand(4,1);  %delay 
th= [80;78;89;94];   %throughput  

 
For the attribute SNR has created a script that based on the user's position and the 
radio network coverage, is filled each of the cells. 
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>> SnR=SNRelation(a,D); 

 
 
Where ‘a’ is the radius of coverage and ‘D’ is the distance of the user to each 
communications network. They are the same values of beginning.  
 
In the case of History we will set it like the previous case, based on a matrix with all 
its cells to '0'. 
 
>> History=[0;1;0;0]; 
 

 
 

Table l. Example of possible FTP matrix. Case 

FTP DELAY THROUGHPUT SNR HISTORY 

Network 1. 
Base Station 

0.8005 80 16 0 

Network 2. 
Base Station 

0.1051 78 37 1 

Network 3. 
Hotspot 

0.8214 89 19 0 

Network 4. 
Hotspot 

0.8411 94 20 0 

 
 
We will work exactly equal, strategic IP Flow Mobility method calculating its 
characteristic decision matrix. 
 
>> Decision Matrix of the best network quality (lower value): 

 

 

>> iR = 

 

    0.5516 

    0.5397 

    0.5636 

    0.5711 
 
 
The History matrix of FTP is the following: 
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>> historyFTP = 

 

     0 

     1 

     0 

     0 

 
 

4.3.1.6.4 Selection of optimal Access Point  
 
Therefore, once is carried out the execution of the selection of the services used by 
access points, is to do a recount of matrices "history" of each service resulting in the 
matrix 'res' which is the grouping of all and therefore the matrix 'choose'. 
 
>> res=[historyVS, historyVoIP, historyFTP]; 

 

 

 
>> res = 

 

     0     0     0 

     1     1     1 

     0     0     0 

     0     0     0 
 

 
>> choose = 

 

     0 

     3 

     0 

     0 

 

Therefore, by looking at the matrix 'choose' understand that the network that best 
fits the services used with the strategy developed is the access point number 2, BS2. 
 

 
>> select2 = 

 

     0 

     1 

     0 

     0 

 

 

 

 

 

 



 
74 

4.4 Evaluation index 
 
After using above algorithm, each IP flow could be routing due to the optimal access 
network.  To do this we have analyzed all the process involved selecting data network 
to reach optimal to determine which services will be used in mobile devices. 
 
Referring to the evaluation of the developed processes can be seen in the following 
figures that depending on the quality connection, the phone services are sent by the 
same channel. 
 

 

 
The presented scenarios have been developed for each possibility that our program 
can have. In this we have so-called used electromagnetic energy in the radio 
communication will be used in a safe and Omni-directional, i.e. propaganda in all the 
senses. Also have taken into account a map that covered 6 miles on both axes. 
 

To support seamless roaming between heterogeneous wireless networks is one of 
the key issues in the future mobile communication system. The chapter 3 presents 
the strategies for the interworking of UMTS-WLAN and discusses the general aspects 
of integrated WLANs and cellular data networks. I have examined the architecture of 
the strategies that have been submitted in the area of WLAN-cellular data network 
integration 
 

The process developed by the wireless interfaces of mobile devices with this 
heterogeneous networks based on a system of matrix that using a random algorithm 
of weight on the flows, are able to apply them to the formulas shown in 4.2.  
 

Figure 35. Original scenario before IP Flow Mobility. 
(16) 

Figure 36. Resulting scenario after IP Flow Mobility. (16) 
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In the next figure we can look at the process for interworking networks. It intends to 
provide a MH the highest possible level of access to the UMTS services, where fully 
seamless access is considered to be the optimal accomplishment. 
 

 
 

The flow of data originates goes through SGSN and GGSN to reach the destination 
network. Since the 3GPP enables both Home-GGSN and Visitor-GGSN direct roaming 
and also used user data routing. 
 
Applied to Video Streaming, VoIP, and FTP services characterized each of them with 
different values of attributes, those should be able to identify the access point that 
best service users using the same IP address gotten initially so thus to perform 
seamless. 
 

Also simulate a movement of the user around a few kilometers to see the differences 
that exited when the distance, delay, signal noise ratio or the history of connections 
are the attributes that depend on communications stations. 
 

 

 

 

 

 

 

 

 

 

 

Figure 37. Architecture for Interworking between WLAN-3G Cellular Networks. (18) 
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Summary 
 

 
The main goal of the project was to analyze the use of IP Flow Mobility strategy to 
offload mobile data traffic to WLAN networks. To analyze and simulate different 
possible scenarios I developed a set of Matlab scripts and functions. During the 
implementation stage I considered some parameters important from the point of 
view of the decision algorithms used to manage the mobility of data flows in a mobile 
network.  
 
The parameters that had most influence on the decisions were; the ‘delay’ value 
which has much significance when a user tries to set up  communications channel, 
and the  ‘history’ parameter giving the highest priority to access networks saved by 
the user in the list of his preferred networks.  
 
I have analyzed a scenario with two Bases Stations which provide Wi-Fi network and 
Hotspot which provide mobile network. In this scenario could be decision difficulties 
since technologies are mixed and appear some troubles but for lacking time to 
develop it, I made a scenario where I have assumed just one kind of technology for 
each Access Points and device. 
 
The way to implement this analysis and simulation method was to develop a mobility 
behavior on devices to make more effective the mobility between different networks. 
This provides the advantage of maintaining an IP address throughout the whole 
communication session, since the first connection. The scenarios implemented in the 
Matlab code reflected behavior and requirements of different services such as video 
streaming, VoIP, or FTP provided by network devices.  
 
During the implementation some simplifications were assumed, i.e. regarding the 
coverage of a user's device, certain parameters important in the development of a 
network have not been taken into account, such as the protocols of connection 
establishment or used diffusion technology, the processes of radio link, etc.  
Another thing that has not been taken into account is when it comes to 
authentication by a user on the network. This would be a sophisticated process to 
implement and not vital from the point of view of analysis of selected offloading 
strategies. 
 
The data traffic offload solution in flow mobility is one of the best solutions to 
manage increased traffic related to the rapid spread of smartphones.  
 
The advantages of IP flow mobility against the other two strategies discussed in the 
report are: 
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 For the operators, introducing WLAN into their networks would increase their 
network capacity and help with load balancing, and for the UE no 
enhancements are required.  

 

 Traffic offloading has been attracting attention from mobile operators as one 
solution to the problem of increased traffic. 
 

 With IFOM, the terminal can simultaneously connect to a 3GPP access and a 
WiFi access. It can exchange different IP flows belonging to the same APN 
through different accesses. 
 

 Compared to the other two strategies mentioned above, IP flow mobility is 
the only one that has intelligent connectivity. 

 
 
To summarize, the research on possible offloading methods I have conducted during 
the project revealed that competitive approaches cannot currently compete with IP 
Flow Mobility. As the result I selected for further analysis the algorithm that 
characterizes the aforementioned strategy. Using the Matlab environment I have 
programmed several scripts and functions to model different access network 
configurations and user mobility scenarios. 
 
Further improvements that can enhance the implemented IP Flow Mobility strategy 
can include incorporation of user mobility models, take into account more detailed 
transmission parameters of different access technologies and authentication 
protocols. Other improvements that can be made in the field of the implementation 
of security mechanisms, i.e. to include access barring for some of the unsecure 
networks. 
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Annexes 
 

 

In this annex will mention an important part of the development of the IP Flow 
Mobility technology implemented in one of the programs more useful, Matlab. We 
analyze step by step every function involved in the overall process simulation.  

Then I will write the code developed in Matlab for the implementation of the strategy 
and the optimal selection of the network. The set of simulation scripts contains 12 
Matlab files.  
 

Matlab files that have the extension "2" refer to the second position of the user 
scripts and having the modification with respect to the without extension simply 
position else has to run as. 
 

Simulation.m  
 

The “simulation.m” script is used to configure the simulation scenario and control the 
simulation flow. From this file, we can represent the coordinates of Access Points to 
the networks with their respective areas of coverage (which will be assigned 
randomly to each network), it is estimated the distance between the user position 
and each of Access Points, keeping those values in the array "D". Subsequently 
compared if the user within the range it is indicating the matrix "w". 
 
Once you get the Access Points available to the user, start the simulation of services 
will be to analyze (Video Streaming, VoIP and FTP). These services are also developed 
in Matlab code, but will explain later. 
 
The following lines of code that have been written are to define the different 
possibilities that can arise when the optimal network is calculated for each service 
separately. 
 

1. All three services agree on a single point of access.  
2. Two services agree on an access point but one of them does not.  
3. All three services selected different access points. 

 

Once representative map of Base Stations and the Hotspot have shown along with 
the user, by using the command "ginput" can select another point as if it were the 
user and simulating a movement of this. After this start the script 
"ChangedPosition.m". 
 

 
clear all, clc 

  

  
% We position the user on the map 
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u=[6.5,5]; 
plot(6.5,5,'o'); %user position 

  
% We created the map with the stations 
x=[2,5,6,8]; % Coordinates x from each station 
y=[4,2,7,5]; % Coordinates y from each station 
theta=linspace(0,2*pi); 
a=rand(4,1)*6; %Select range of each network 
his=[0;0;0;0]; 
hisn=[0;0;0;0]; 

  
hold on 
for i=1:4; 
    fill(x(i)+a(i)*cos(theta),y(i)+a(i)*sin(theta), 'c', 

'FaceVertexAlphaData', 0.6,'FaceAlpha', 'Flat');  
    plot(x(i),y(i),'x'); 
    plot(x(i)+a(i)*cos(theta),y(i)+a(i)*sin(theta)) % Access Network 

position 

     
end 
axis equal 
title('Coverage range of Networks') 
xlabel('x(Km)') 
ylabel('y(Km)') 
xlim([1.5 8.5]) 
ylim([1.5 7.5]) 
text(u(1),u(2),' User'); 
text(x(1),y(1),' 1.BS1'); 
text(x(2),y(2),' 2.BS2'); 
text(x(3),y(3),' 3.HS1'); 
text(x(4),y(4),' 4.HS2'); 

  
for i=1:4; 
    dx(i,1)=abs(x(i)-u(1)); %distance x axis between user and APs 
    dy(i,1)=abs(y(i)-u(2)); %distance y axis between user and APs 
    D(i,1)=sqrt(dx(i,1).^2+dy(i,1).^2); %distance between user and 

APs 
end 
disp('Distance from user to networks') 
D 

  
% Coverage range of networks  
for i=1:4; 
    if D(i,1)<a(i) 
        w(i,1)=1; 
    else 
        w(i,1)=0; 
    end 
end 
disp('Range of networks (1.BS1 - 2.BS2 - 3.HS1 - 4.HS2) :') 
w 

  
if sum(w)==0 
     disp('There are not available networks'); 
end 
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if sum(w)>1 
    VideoStream 
    a; 
    VoIP 
    a; 
    FTP 

     
    res=[historyVS, historyVoIP, historyFTP]; 
    [r,c]=size(res); 
    for i=1:r 
    choose(i,:) = sum(res(i,:));     
    end 
    choose 
    [fila,col]=find(choose==max(max(choose)));  

  
    for i=1:4; 
        if choose(i,1)== max(choose) 
        hisn(i,1) = 1; 
        end 

         
    end 
    hisn; 

     
    % This is the case when there are 3 possibilities 
    J=choose; 
    num=find(choose==1);  
    [fi,co]=size(num); 
    if fi == 3 
      for i=1:4; 
          if J(i,1)~=1; 
             t=find(J==0);  
           end 
      end 
       J(t,:)=[]; 

        
       L=d; 
       L(t,:)=[]; 
       guar=min(L); 
       for i=1:4 
            if d(i,1)==guar 
                select(i,1)=1; 
            else 
                select(i,1)=0; 
            end 
       end 
       disp('The best option to select is:') 
       select 
     end 
[fil,colu]=find(choose==max(max(choose)));  

  
 hisn(fil,colu) = 1; 
 select=hisn; 
 select  

     
else 
    for i=1:4; 
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        if w(i,1)==1 
            disp('The only one network is: '); 
            i 
            choose(i,1)=1; 
        end 
    end 
 [fil,colu]=find(choose==max(max(choose)));  
 hisn(fil,colu) = 1; 
 select=hisn; 
 select  
end 

  

  
% We introduce the position to which the user moves 
[N,B]=ginput(1); 

  
newP=[N,B] 
plot(N,B,'+'); %user position 

  
changedPosition 

 

 

 

 

ChangedPosition.m 
 
In this file has been included a code very similar to the previous but simply works 
with the new distance obtained and selected by the user. After the procedure is the 
same to the previous file, having the same three possible combinations for services 
but taking into account the history of connection since the choice of the access point 
is what has priority. 

 
  
for i=1:4; 
    ndx(i,1)=abs(x(i)-newP(1)); %distance x axis between user and APs 
    ndy(i,1)=abs(y(i)-newP(2)); %distance y axis between user and APs 
    nD(i,1)=sqrt(ndx(i,1).^2+ndy(i,1).^2); %distance between user and 

APs 
end 
disp('Distance from user to networks') 
nD 

  
%It is calculated that network covers the user. 
for i=1:4; 
    if nD(i,1)<a(i) 
        nw(i,1)=1; 
    else 
        nw(i,1)=0; 
    end 
end 
disp('Range of networks (1.BS1 - 2.BS2 - 3.HS1 - 4.HS2) :') 
nw 
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if sum(nw)>1 
    VideoStream2 
    a; 
    VoIP2 
    a; 
    FTP2 

     
    nres=[historynVS, historynVoIP, historynFTP]; 
    [r,c]=size(nres); 
    for i=1:r 
    nchoose(i,:) = sum(nres(i,:));     
    end 

      
    J=nchoose; 
    num=find(nchoose==1);  
    [fi,co]=size(num); 
    if fi == 3 
      for i=1:4; 
          if J(i,1)~=1; 
             t=find(J==0);  
           end 
      end 
       J(t,:)=[];  

     
    else 
        disp('The selected network is: ') 
        nchoose 
        [fila,col]=find(nchoose==max(max(nchoose))); 
        his2(fila,col) = 1; 
        hisT=his+hisn; 

     
    end 
    for i=1:4; 
          if hisn(i,1)==1 && nchoose(i,1)~=0; 
             select2=select; 
           end 
    end 
    select2 
else 
    for i=1:4; 
        if nw(i,1)==1 
            disp('The only one network is: '); 
            i 

             
        end 
    end 
end 
hisT=hisn+nw; 
if sum(nw)==0 
    disp('There are not available networks'); 
    hisT=hisn; 
end 
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history.m 
 
This function is characterized to have some input parameters which are the matrix 
which provide us with information about which networks are available to the user 
and other parameter which is the array of quality. As output parameter we have the 
history array that will be the final choice based on the values of the attributes. 
 
 
function  histo = history(P,V) 

  
% creates a matrix marking that network has been previously saved 
% 
P 
F=V 

  
if sum(P(:,1)) > 1  
    posi=find(P == 0) 

     
    P(posi(:,1),:)=[] 
    V(posi(:,1),:)=[] 

         
    save = min(V) 

     
    for i=1:4 
      if F(i,1)==save 
        histo(i,1)=1; 
      else 
         histo(i,1)=0; 
      end 
    end 

     
else 

    
end 

  
end 

 

 

SNRelation.m 
 
This function is very useful for the access points as radius of these has been divided 
into 4 zones with different quality values of the ratio signal noise by assigning a value 
depending on the position of the user. This makes the simulation it more similar to a 
real situation. 
 

 
function quality =  SNRelation(radio,dist) 

  

  



 
87 

for i=1:4; 
    radio(i,1); 
    dist(i,1); 
    h=randi([45 60],1,1); 
    m=randi([28 40],1,1); 
    l=randi([10 20],1,1); 
    vl=randi([1 5],1,1); 

     
    if dist(i,1) <= radio(i,1)/3 
        quality(i,1) =h; % Assigns a high SNR value for being next to 

node value 
    else 
        if radio(i,1)/3 < dist(i,1) &&  dist(i,1)<(2*radio(i,1))/3 
            quality(i,1) = m; % Assigns a medium SNR value 
        else 
            if dist(i,1) < 3*radio(i,1) %compares if the distance is 

3 times more large that the radio so it has poor quality 
            quality(i,1) = l; 
            else 
                quality(i,1) = vl; 
            end 
        end 

             
    end 

      
end 
end 

 

 
 

VideoStreaming.m 
 
The VideoStreaming.m file works with the IP Flow Mobility  model strategic whose 
mathematical algorithm was developed in 2.4.2 and that I have translated it into 
Matlab language to simulate it. 
 
 
 
% We create an array consisting of communication networks and the 

values of its parameters 
disp('Running Video Stream') 
disp('Created matrix: Delay, Throughput, SNR, History ') 
d=rand(4,1);  %delay 
th= [40;34;51;75];   %throughput (rendimiento) 
SnR=SNRelation(a,D); %Signal-Noise Relation 

  
X=[d,th,SnR,his] % Matrix X composed of Networks and Attributes 

  
X1 = X/norm(X); 

  
disp('Random weight Matrix:') 
Wkj=rand(1,4); % attibutes weight 
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s=sum(Wkj); 
sWkj=Wkj/s; 

  

  
% check the sum of each attribute from each row is 1: sum(Wkj(1,:)) 

  

  
suma=((sumatoria(X.^2))).^0.5; 

  
Ru = X/suma; %Normalized Decision Matrix 
Rd = 1- X/suma; 

  
[r, c] = size(Ru); % it's the same for Wkj  

  
for i=1:r 
    for j=1:c 
        V(i,j)=Ru(i,j).*sWkj(1,j); % Weight Normalized Decision 

Matrix 
    end 
end 
disp('Weight Normalized Decision Matrix:') 
V; 

  
% Step 3: Determine the positive and negative ideal alternative 

attribute values of each attribute. 
% These are the maximum and minimum values of attribute in each 

column of the matrix V . 

  
for i=1:r 
    Aplus(i,1)=max(V(i,:)); 
    Amin(i,1)=min(V(i,:)); 
end 

  
Aplus; 
Amin; 

  
% Step 4: The distance between the attribute values and the positive 

and negative ideal values 
% are measured using the Manhattan distance 
% Manhattan distance 

  
for i=1:r 
   for j=1:c 
        Dplus(i,j) = sumatoria(abs(V(i,j)-Aplus(i,1))); 
        Dmin(i,j) = sumatoria(abs(V(i,j)-Amin(i,1))); 
   end 
end 

  
Dplus; 
Dmin; 

  

  
minDplus = min(Dplus(:)); 
maxDmin = max(Dmin(:)); 
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% Step 6: The alternative having the smallest Rj value has the 

shortest distance to the PIA. At last, this corresponding access 

network is chosen to the speci?c ?ow.  

  
for i=1:r 
    for j=1:c 
        R(i,j) = ((Dplus(i,j)-minDplus).^2 + (Dmin(i,j)-

maxDmin).^2).^0.5; 
    end 
end 

  
R; 

  
for i=1:r 
    iR(i,:) = min(sum(R(i,:))); 

    
end 
disp('Decision Matrix of the best network quality (lower value):') 
iR 

  
historyVS=history(w,iR) 

 

 

VoIP.m 
 
Like in VideoStreaming.m file, the VoIP.m file works with the IP Flow Mobility model 
strategic whose mathematical algorithm was developed in 2.4.2 and that I have 
translated it into Matlab language to simulate it. 

 
 
% We create an array consisting of communication networks and the 

values of its parameters 
disp('Running VoIP') 
a; 
disp('Created matrix: Delay, Throughput, SNR, History ') 
d=rand(4,1);  %delay 
th= [67;61;75;59];   %throughput (rendimiento) 
SnR=SNRelation(a,D); %SNR relacion señal ruido 

  
X=[d,th,SnR,his] % Matrix X composed of Networks and Attributes 

  
X1 = X/norm(X); 

  
disp('Random weight Matrix:') 
Wkj=rand(1,4); % attibutes weight 
s=sum(Wkj); 
sWkj=Wkj/s; 

  

  
% check the sum of each attribute from each row is 1: sum(Wkj(1,:)) 
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suma=((sumatoria(X.^2))).^0.5; 

  
Ru = X/suma; %Normalized Decision Matrix 
Rd = 1- X/suma; 

  
[r, c] = size(Ru); % it's the same for Wkj  

  
for i=1:r 
    for j=1:c 
        V(i,j)=Ru(i,j).*sWkj(1,j); % Weight Normalized Decision 

Matrix 
    end 
end 
disp('Weight Normalized Decision Matrix:') 
V; 

  
% Step 3: Determine the positive and negative ideal alternative 

attribute values of each attribute. 
% These are the maximum and minimum values of attribute in each 

column of the matrix V . 

  
for i=1:r 
    Aplus(i,1)=max(V(i,:)); 
    Amin(i,1)=min(V(i,:)); 
end 

  
Aplus; 
Amin; 

  
% Step 4: The distance between the attribute values and the positive 

and negative ideal values 
% are measured using the Manhattan distance 
% Manhattan distance 

  
for i=1:r 
   for j=1:c 
        Dplus(i,j) = sumatoria(abs(V(i,j)-Aplus(i,1))); 
        Dmin(i,j) = sumatoria(abs(V(i,j)-Amin(i,1))); 
   end 
end 

  
Dplus; 
Dmin; 

  

  
minDplus = min(Dplus(:)); 
maxDmin = max(Dmin(:)); 

 
% Step 6: The alternative having the smallest Rj value has the 

shortest distance to the PIA. At last, this corresponding access 

network is chosen to the speci?c ?ow.  
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for i=1:r 
    for j=1:c 
        R(i,j) = ((Dplus(i,j)-minDplus).^2 + (Dmin(i,j)-

maxDmin).^2).^0.5; 
    end 
end 

  
R; 

  
for i=1:r 
    iR(i,:) = min(sum(R(i,:))); 

    
end 
disp('Decision Matrix of the best network quality (lower value):') 
iR 

  
historyVoIP=history(w,iR) 

 

 

FTP.m 
 
Like in VideoStreaming.m and VoIP.m file, the FTP.m file works with the IP Flow 
Mobility model strategic whose mathematical algorithm was developed in 2.4.2 and 
that I have translated it into Matlab language to simulate it. 
 

 
% We create an array consisting of communication networks and the 

values of its parameters 
disp('Running FTP') 
a; 
disp('Created matrix: Delay, Throughput, SNR, History ') 
d=rand(4,1);  %delay 
th= [80;78;89;94];   %throughput (rendimiento) 
SnR=SNRelation(a,D); %SNR relacion señal ruido 

  
X=[d,th,SnR,his] % Matrix X composed of Networks and Attributes 

  
X1 = X/norm(X); 

  
disp('Random weight Matrix:') 
Wkj=rand(1,4); % attibutes weight 
s=sum(Wkj); 
sWkj=Wkj/s; 

  

  
% check the sum of each attribute from each row is 1: sum(Wkj(1,:)) 

  

  
suma=((sumatoria(X.^2))).^0.5; 

  
Ru = X/suma; %Normalized Decision Matrix 

ftp://ftp.m/
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Rd = 1- X/suma; 

  
[r, c] = size(Ru); % it's the same for Wkj  

  
for i=1:r 
    for j=1:c 
        V(i,j)=Ru(i,j).*sWkj(1,j); % Weight Normalized Decision 

Matrix 
    end 
end 
disp('Weight Normalized Decision Matrix:') 
V; 

  
% Step 3: Determine the positive and negative ideal alternative 

attribute values of each attribute. 
% These are the maximum and minimum values of attribute in each 

column of the matrix V . 

  
for i=1:r 
    Aplus(i,1)=max(V(i,:)); 
    Amin(i,1)=min(V(i,:)); 
end 

  
Aplus; 
Amin; 

  
% Step 4: The distance between the attribute values and the positive 

and negative ideal values 
% are measured using the Manhattan distance 
% Manhattan distance 

  
for i=1:r 
   for j=1:c 
        Dplus(i,j) = sumatoria(abs(V(i,j)-Aplus(i,1))); 
        Dmin(i,j) = sumatoria(abs(V(i,j)-Amin(i,1))); 
   end 
end 

  
Dplus; 
Dmin; 

  

  
minDplus = min(Dplus(:)); 
maxDmin = max(Dmin(:)); 
% Step 5: We consider the minimum value of D+ and maximum value of D- 

. 

  
%for i=1:r 
   % for j=1:c 
   %     maxD(i,j) = min(sumatoria(abs(V(i,j)-Aplus(i,1)))); 
   %     minD(i,j) = max(sumatoria(abs(V(i,j)-Amin(i,1)))); 
 %  end 
%end 
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% Step 6: The alternative having the smallest Rj value has the 

shortest distance to the PIA. At last, this corresponding access 

network is chosen to the speci?c ?ow.  

  
for i=1:r 
    for j=1:c 
        R(i,j) = ((Dplus(i,j)-minDplus).^2 + (Dmin(i,j)-

maxDmin).^2).^0.5; 
    end 
end 

  
R; 

  
for i=1:r 
    iR(i,:) = min(sum(R(i,:))); 

    
end 
disp('Decision Matrix of the best network quality (lower value):') 
iR 

  
historyFTP=history(w,iR) 

 

 
 

Select.m 
 
This script is created for the case in which there is conflict when selecting a 
communications network. This part of the networks that are reached, and choose 
which has less delay between all of them. Therefore we put the delay as priority 
attribute when the history on all networks is the same and there is a decision. 

 
 
 
posic=find(choose == 0) 

  
choose(posic(:,1),:)=[] 
d(posic(:,1),:)=[] 

  
keep=min(d); 
for i=1:4 
   if d(i,1)==keep 
      choose(i,1)=1; 
   else 
       choose(i,1)=0; 
   end 
end 

 

 
 



 
94 

VideoStreaming2.m 

 
% We create an array consisting of communication networks and the 

values of its parameters 
disp('Running Video Stream in position 2') 
disp('Created matrix: Delay, Throughput, SNR, History ') 
d=rand(4,1);  %delay 
th= [40;34;51;75];   %throughput (rendimiento) 
SnR=SNRelation(a,D); %Signal-Noise Relation 

  
X=[d,th,SnR,hisn] % Matrix X composed of Networks and Attributes 

  
X1 = X/norm(X); 

  
disp('Random weight Matrix:') 
Wkj=rand(1,4); % attibutes weight 
s=sum(Wkj); 
sWkj=Wkj/s; 

  

  
% check the sum of each attribute from each row is 1: sum(Wkj(1,:)) 

  

  
suma=((sumatoria(X.^2))).^0.5; 

  
Ru = X/suma; %Normalized Decision Matrix 
Rd = 1- X/suma; 

  
[r, c] = size(Ru); % it's the same for Wkj  

  
for i=1:r 
    for j=1:c 
        V(i,j)=Ru(i,j).*sWkj(1,j); % Weight Normalized Decision 

Matrix 
    end 
end 
disp('Weight Normalized Decision Matrix:') 
V; 

  
% Step 3: Determine the positive and negative ideal alternative 

attribute values of each attribute. 
% These are the maximum and minimum values of attribute in each 

column of the matrix V . 

  
for i=1:r 
    Aplus(i,1)=max(V(i,:)); 
    Amin(i,1)=min(V(i,:)); 
end 

  
Aplus; 
Amin; 

  
% Step 4: The distance between the attribute values and the positive 

and negative ideal values 
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% are measured using the Manhattan distance 
% Manhattan distance 

  
for i=1:r 
   for j=1:c 
        Dplus(i,j) = sumatoria(abs(V(i,j)-Aplus(i,1))); 
        Dmin(i,j) = sumatoria(abs(V(i,j)-Amin(i,1))); 
   end 
end 

  
Dplus; 
Dmin; 

  

  
minDplus = min(Dplus(:)); 
maxDmin = max(Dmin(:)); 

  
% Step 6: The alternative having the smallest Rj value has the 

shortest distance to the PIA. At last, this corresponding access 

network is chosen to the speci?c ?ow.  

  
for i=1:r 
    for j=1:c 
        R(i,j) = ((Dplus(i,j)-minDplus).^2 + (Dmin(i,j)-

maxDmin).^2).^0.5; 
    end 
end 

  
R; 

  
for i=1:r 
    iR(i,:) = min(sum(R(i,:))); 

    
end 
disp('Decision Matrix of the best network quality (lower value):') 
iR 

  
historynVS=history(nw,iR) 

 

 
 

VoIP2.m 
 

 

% We create an array consisting of communication networks and the 

values of its parameters 
disp('Running VoIP in position 2') 
a; 
disp('Created matrix: Delay, Throughput, SNR, History ') 
d=rand(4,1);  %delay 
th= [67;61;75;59];   %throughput (rendimiento) 
SnR=SNRelation(a,D); %SNR relacion señal ruido 
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X=[d,th,SnR,hisn] % Matrix X composed of Networks and Attributes 

  
X1 = X/norm(X); 

  
disp('Random weight Matrix:') 
Wkj=rand(1,4); % attibutes weight 
s=sum(Wkj); 
sWkj=Wkj/s; 

  

  
% check the sum of each attribute from each row is 1: sum(Wkj(1,:)) 

  

  
suma=((sumatoria(X.^2))).^0.5; 

  
Ru = X/suma; %Normalized Decision Matrix 
Rd = 1- X/suma; 

  
[r, c] = size(Ru); % it's the same for Wkj  

  
for i=1:r 
    for j=1:c 
        V(i,j)=Ru(i,j).*sWkj(1,j); % Weight Normalized Decision 

Matrix 
    end 
end 
disp('Weight Normalized Decision Matrix:') 
V; 

  
% Step 3: Determine the positive and negative ideal alternative 

attribute values of each attribute. 
% These are the maximum and minimum values of attribute in each 

column of the matrix V . 

  
for i=1:r 
    Aplus(i,1)=max(V(i,:)); 
    Amin(i,1)=min(V(i,:)); 
end 

  
Aplus; 
Amin; 

  
% Step 4: The distance between the attribute values and the positive 

and negative ideal values 
% are measured using the Manhattan distance 
% Manhattan distance 

  
for i=1:r 
   for j=1:c 
        Dplus(i,j) = sumatoria(abs(V(i,j)-Aplus(i,1))); 
        Dmin(i,j) = sumatoria(abs(V(i,j)-Amin(i,1))); 
   end 
end 
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Dplus; 
Dmin; 

  

  
minDplus = min(Dplus(:)); 
maxDmin = max(Dmin(:)); 

  
% Step 6: The alternative having the smallest Rj value has the 

shortest distance to the PIA. At last, this corresponding access 

network is chosen to the speci?c ?ow.  

  
for i=1:r 
    for j=1:c 
        R(i,j) = ((Dplus(i,j)-minDplus).^2 + (Dmin(i,j)-

maxDmin).^2).^0.5; 
    end 
end 

  
R; 

  
for i=1:r 
    iR(i,:) = min(sum(R(i,:))); 

    
end 
disp('Decision Matrix of the best network quality (lower value):') 
iR 

  
historynVoIP=history(nw,iR) 

 
 

 
 

FTP2.m 

 
% We create an array consisting of communication networks and the 

values of its parameters 
disp('Running FTP in position 2') 
a; 
disp('Created matrix: Delay, Throughput, SNR, History ') 
d=rand(4,1);  %delay 
th= [80;78;89;94];   %throughput (rendimiento) 
SnR=SNRelation(a,D); %Signal-Noise Relation 

  
X=[d,th,SnR,hisn] % Matrix X composed of Networks and Attributes 

  
X1 = X/norm(X); 

  
disp('Random weight Matrix:') 
Wkj=rand(1,4); % attibutes weight 
s=sum(Wkj); 
sWkj=Wkj/s; 

  



 
98 

  
% check the sum of each attribute from each row is 1: sum(Wkj(1,:)) 

  

  
suma=((sumatoria(X.^2))).^0.5; 

  
Ru = X/suma; %Normalized Decision Matrix 
Rd = 1- X/suma; 

  
[r, c] = size(Ru); % it's the same for Wkj  

  
for i=1:r 
    for j=1:c 
        V(i,j)=Ru(i,j).*sWkj(1,j); % Weight Normalized Decision 

Matrix 
    end 
end 
disp('Weight Normalized Decision Matrix:') 
V; 

  
% Step 3: Determine the positive and negative ideal alternative 

attribute values of each attribute. 
% These are the maximum and minimum values of attribute in each 

column of the matrix V . 

  
for i=1:r 
    Aplus(i,1)=max(V(i,:)); 
    Amin(i,1)=min(V(i,:)); 
end 

  
Aplus; 
Amin; 

  
% Step 4: The distance between the attribute values and the positive 

and negative ideal values 
% are measured using the Manhattan distance 
% Manhattan distance 

  
for i=1:r 
   for j=1:c 
        Dplus(i,j) = sumatoria(abs(V(i,j)-Aplus(i,1))); 
        Dmin(i,j) = sumatoria(abs(V(i,j)-Amin(i,1))); 
   end 
end 

  
Dplus; 
Dmin; 

  

  
minDplus = min(Dplus(:)); 
maxDmin = max(Dmin(:)); 
% Step 5: We consider the minimum value of D+ and maximum value of D- 

. 
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%for i=1:r 
   % for j=1:c 
   %     maxD(i,j) = min(sumatoria(abs(V(i,j)-Aplus(i,1)))); 
   %     minD(i,j) = max(sumatoria(abs(V(i,j)-Amin(i,1)))); 
 %  end 
%end 

  

  
% Step 6: The alternative having the smallest Rj value has the 

shortest distance to the PIA. At last, this corresponding access 

network is chosen to the speci?c ?ow.  

  
for i=1:r 
    for j=1:c 
        R(i,j) = ((Dplus(i,j)-minDplus).^2 + (Dmin(i,j)-

maxDmin).^2).^0.5; 
    end 
end 

  
R; 

  
for i=1:r 
    iR(i,:) = min(sum(R(i,:))); 

    
end 
disp('Decision Matrix of the best network quality (lower value):') 
iR 

  
historynFTP=history(nw,iR) 

 
 

 
 

Select2.m 

 
posici=find(nchoose == 0); 

  
nchoose(posici(:,1),:)=[]; 
d(posici(:,1),:)=[]; 

  
keep2=min(d); 
for i=1:4 
   if d(i,1)==keep2 
      nchoose(i,1)=1; 
   else 
       nchoose(i,1)=0; 
   end 
end 

 
 
 



 
100 

                                                                                                                                                 
………………………................................. 

 MIEJSCE I DATA 
PLACE AND DATE 

 
................................................................................ 
IMIĘ I NAZWISKO STUDENTA 
STUDENT’S FIRST AND LAST NAME 
 
.............................................................................. 
NR ALBUMU 
STUDENT’S REGISTRY NUMBER 
 
................................................................................ 
WYDZIAŁ 
FACULTY 
 
................................................................................ 
PROGRAM STUDIÓW 
PROGRAMME OF STUDY 

      Oświadczenie 
Statement 

 
Świadomy odpowiedzialności oświadczam, że przedkładana na nośniku praca 

magisterska / inżynierska*  na temat: 

I hereby state that the Bachelor / Master* Thesis delivered on  a digital storage 

device,  entitled:  

 ................................................................................................................................................  

 ................................................................................................................................................  

 ................................................................................................................................................  

zawiera te same treści, co oceniany przez promotora i recenzenta wydruk 

komputerowy. 

contains exactly the same content as the evaluated by the supervisor and the 

reviewer printout. 

 
Jednocześnie oświadczam, że jest mi znany przepis art. 233 kk 

określający odpowiedzialność za składanie fałszywych zeznań. 
I also declare that I am aware of article 233 of the Polish Penal Code  

(art. 233 kk) defining the liabilities attached to the giving of false testimony.   

 
 

............................................................
              

PODPIS STUDENTA 
STUDENT’S SIGNATURE 

 
 

* niepotrzebne skreślić / delete as appropriate 
 



 
101 

                      ………………………................................. 
 

  MIEJSCE I DATA 
PLACE AND DATE 

................................................................................ 
IMIĘ I NAZWISKO STUDENTA 
STUDENT’S FIRST AND LAST NAME 
 
.............................................................................. 
NR ALBUMU 
STUDENT’S REGISTRY NUMBER 
 
................................................................................ 
WYDZIAŁ 
FACULTY 
 
............................................................................... 
PROGRAM STUDIÓW 
PROGRAMME OF STUDY 

                                                            Oświadczenie 

Statement 
 

Świadomy/a odpowiedzialności karnej za składanie fałszywych zeznań 
oświadczam, że samodzielnie napisałem/am przedkładaną pracę magisterską / 
inżynierską* na temat: 

I hereby state that I am the sole author of the Bachelor / Master* Thesis delivered 
on a digital storage device, entitled: 
 ...................................................................................................................................................................  
 ...................................................................................................................................................................  
 ...................................................................................................................................................................  

Jednocześnie oświadczam, że ww. praca: 

- nie narusza praw autorskich w rozumieniu ustawy z dnia 4 lutego 1994 roku o prawie 

autorskim i prawach pokrewnych (j.t. Dz.U. z 2006 r. nr 90, poz. 631, z późn. zm.) oraz dóbr 

osobistych chronionych prawem cywilnym, a także praca nie zawiera danych i informacji, które 

uzyskałem/am w sposób niedozwolony, 

- nie była wcześniej podstawą żadnej innej urzędowej procedury związanej z nadawaniem 

dyplomów wyższej uczelni lub tytułów zawodowych. 

 
I also declare that this thesis:  

- does not infringe copyright within the meaning of act of 4 February 1994 on copyright and 

related rights (Dz.U. of 2006, No 90, item 631 as amended) as well as personality rights 

protected by civil code and does not contain any data or information obtained illegally.   

- has not been used as a part of formal procedure connected with awarding a diploma of 

higher education institution or awarding a professional title. 
      
.........................................................
              
          PODPIS STUDENTA 
      STUDENT’S SIGNATURE 

 
* niepotrzebne skreślić / delete as appropriate 


