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0 ABSTRACT 

Current VHO decision algorithms use few QoS parameters to choose which interface to connect to 
in a heterogeneous network. In this paper we submit a multicriteria decision algorithm that 
incorporates QoS parameters as well as cost rates. The end result being a mathematical model that 
effectively chooses according to any of the seven attributes fed on a heterogeneous network of 
3GPP/LTE, Wi-Fi, WiMax. 

1 INTRODUCTION 

Services and applications available to NGMN, in which we may include VoIP, Video telephony and 
streaming, require a seamless flow of information, so the user must retain his connection even while 
moving from place to place, and from network to network. A mobile can switch between network 
known network interfaces by its own, but to do so it must understand and integrate several different 
network technologies, such as LTE, UMTS, EDGE, GPRS, Wi-Fi, and WiMax. These platforms 
possess different ways to measure similar parameters (Throughput, delay, received signal strength, 
to name a few) and are evaluated separately because of it. However, the need to able to switch 
between them is still present, and it must be achieved without the user noticing any downfall in his 
service, therefore a smart decision must be made that will not affect the user negatively. According 
to [5], this decision must be based on criteria like preferences determined by the user, network 
coverage, availability of the interface and requirements established by the application requesting 
the connection, so that it may satisfy the quality of service and guarantee it follows Always best 
Connected – ABC [8], which simply means it must always be connected to the best possible 
interface available. 

When a mobile device switches from one network to another, and they’re both different network 
technologies, it’s a process called Vertical Handover – VHO. According to [1] VHO refers to an 
automatic handover between technologies, while maintaining communication, while [2] defines it as 
the handoff process done by a mobile between access points that use different network 
technologies.  
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Fig. 1. A Mobile Device’s perspective of a Heterogeneous Network 

 

A handoff can be hard, soft or softer [2]:  

Hard handoff: In this process, the current network interface connection is terminated while a new 
connection is being established with another interface. What’s important to note here is that, at any 
time in the process, the mobile device is connected to up to one interface. 

Soft handoff: When switching from one network to another, a mobile device does not terminate 
connection with the old one until its throughput is below a certain threshold. The key difference here 
is that the mobile at no point loses connectivity. 

Softer Handoff: Established as maintaining a soft handoff process while switching between 
technologies that use different frequencies. 

 

Another concept to keep in mind is proactive handoff, which is when the mobile device decides to 
initiate de handoff automatically rather than by the user’s initiative. 

In VHO, there are two main types of Handoff: Upward and downward. Upward consists of 
transferring from a cell to another one with a larger range and less bandwidth like WANs (Cellphone 
networks). Downwards is, as expected, it’s opposite, to connect to a smaller cell that offers more 
bandwidth. 

In a horizontal handoff (Handoff between cells of the same technology), largely rely on the quality of 
the signal, which is indicated by the received signal strength, and the availability of the cell. If the 
RSS of another cell exceeds the RSS of the current cell by a certain threshold, it does the switch. 
However, this doesn’t promote load-balancing, and vertical handoff also requires considering many 
more factors than just signal strength.  

According to [3], the handover process may be divided into four parts: measurement, processing, 
reporting, decision and execution. During measurement, the different RSS and CIR values are fed 
to the Mobile Device, who then process it, and then sends the result to the station so it may decide 
whether or not to do the handover.  
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Current Mobile Devices come with a built in multiple network interfaces [4], and through them they 
obtain the data necessary to decide which the best network to connect to is. 

QoS Analysis 

An important fact to consider when considering a VHO are the Quality of Service (QoS) attributes, 
which according to [6] must go beyond these and account the whole spectrum of QoS: Class of 
Service (CoS), Grade of Service (GoS), Quality of Resilience (QoR), y Quality of Experience (QoE). 

Quality of Service (QoS): IETF deals with intrinsic requirements of QoS and defines them as “A 
set of requirements of a service to be gathered by the network as it transmits the flow”. Intrinsic 
QoS parameters are defined as those that are related to the network’s performance. These are: IP 
Packet Delay variation (IPDV), IP Packet Error Ratio (IPER), IP packet Loss Ratio (IPLR), and IP 
packet Transfer Delay (IPTD) 

Class of Service (CoS): According to ITU-T, they are known as “The characteristics of a service as 
described by the service entity, the network, and include the capacity of the switch, QoS parameters 
and traffic”. 

It is important to note that the network’s total performance determines the performance of the 
application and, consequently, the quality perceived by the user.  This can be due to two things: the 
application’s type and the network’s type. From the application’s point of view, the most general 
classification and type of traffic are determined by the following characteristics: elastic or non-
elastic, and interactive and non-interactive. Together, they generate four types of application 
classification: 

• Elastic non-interactive 

• Elastic interactive. 

• Non-elastic non-interactive (Streaming) 

• Non-elastic interactive (also called conversational or real time) 

Grade of Service (GoS): Relevant to circuit switching networks, and describes everything that 
happens during the connection adjustment, release y maintenance. 

Quality of Resilience (QoR): A network’s ability to survive errors. Mostly involves availability, the 
probability that a service will be up and working. ITU-T Rec 800 dictates basic metrics, such as 
reliability, availability, downtime, error rate, etc. 

Quality of Experience (QoE): ITU-T Rec P.10 defines it as “The total acceptability of a service or 
application, as perceived subjectively by the user”. 

This article focuses exclusively on the decision algorithm that selects the best interface in order to 
proceed with a VHO. All of the data necessary is assumed to be already given by the interfaces. 
See Figure 2. 
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Fig. 2. Phases of the Vertical Handover Process. 

 

It concentrates mainly on applying the decision function to the values given as input, which are 
obtained by the candidate interfaces and given to the mobile device. The way the operators give 
this information or how the handoff works after the decision is made is not considered. The first part 
is merely the introduction to the text; the second part is the General Description, where the context 
for the article is given. The third part is Specifications and Design, where the problem statement is 
defined and the mathematical model around it is established. Part four is where the Multi-Criteria 
algorithm is explained and part five, tellingly named Validation, is where it’s put to the test. Finally, 
part 6, Conclusions contains the analytical results of the text and part seven its references. 

2 GENERAL DESCRIPTION 

2.1  Objectives 

 Understand and analyze the basic operations of NGMN networks, along with their scope of 
importance in future infrastructure endeavors. 

 Create a smart cross-network mathematical model to improve automatic vertical handover 
while considering multiple criteria with enough modifiability to allow future works in the area. 

 Analyze the preferential behavior of an automatic model in order to anticipate and handle 
pre-emptively a more realistic network. 

 Model a cross technology QoS analysis that ensures a predictable behavior in a 
heterogeneous network. 

2.2 Related Works 

Lots of articles mention the subject of the different phases in handover, in [2] the author describe 
the decision, radio link transfer and channel assignment phases of the handoff. In [7] the authors 
establish the phases of network discovery, handoff decision and handoff execution. From these it’s 
determined that there is a data acquisition phase where the information the algorithm uses is 
obtained and that afterwards the choice elected by it commences the handover execution without 
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affecting any other part of the process. In other words, since it’s isolated, it can’t affect the rest of 
the process beyond its decision, and so the work can be specified to only the decision algorithm. 

 

In [1] the authors show a selection algorithm based on events and triggers that come from different 
network layers, and the selection is based on fuzzy logic. They create simulations that consider 
Required Bandwidth, Available Bandwidth, Network load and Jitter. 

A Joint Vertical Handover Decision (jVHOD) is proposed in [9]. Its cost function considers 
bandwidth, average received signal strength, packet delay, degree of user satisfaction which can be 
used to measure QoS requirements of network bearer applications. Where the handover decision 
strategy chooses the network with the smallest cost function as the optimal handover target 
network. However, this function considers few elements. 

A comparison and analysis of several selection algorithms is made in [7], including SAW (Simple 
Additive Weighting), TOPSIS (Technique for order preference by similarity to ideal solution), MEW 
(multiplicative exponent weighting), Grey relational analysis (GRA). It evaluates several parameters, 
including bandwidth, jitter, delay, packet loss, Cost per Byte. 

 In [10] an algorithm for upward and downward vertical handover scenarios is proposed that tries to 
avoid the ping pong problem and unnecessary handoffs in general. It considers de movement 
speed of the mobile, delay and received signal strength as its main factors. It also focuses on 
service-oriented VHO in real-time. 

 The authors of [11] propose a VHO decision based off of 3GPP TS 22.105 service classification to 
determine the weight of each QoS parameter considered. These being bandwidth (B), delay (D), 
jitter (J) and packet loss rate (L). A decision matrix is used for each service and comparisons based 
on RSS and ABC methods are performed. 

In all of the related articles it’s evident that a few QoS factors are repeatedly considered (Jitter, 
Delay, and Bandwidth). And in those that do consider a larger set of parameters, like in [11], it can 
be pointed out that they’re specific to a network interface. 

The work in this article is exclusively about the decision function, where the mobile device chooses 
which interface to connect to. This function also incorporates more parameters than the rest of the 
mentioned articles. 

3 SPECIFICATIONS AND DESIGN 

3.1  Problem Statement 

If a user is in a heterogeneous network of possible connections and wishes to know which should 
he connect to, he must evaluate which are his priorities. What’s the most important aspect to him? 
The speed of the connection? The network’s congestion level? The financial cost of the 
connection? In order to answer this, he must first know which each connection’s details are and 
which of these is the most important to him. 

Considering that the needs of the user vary between criteria, the problem can be defined as a 
multiple objective problem do to the fact that not all users place parameters in the same order of 
importance, yet must consider all of them to truly know which is the best option for them. 

3.2 Mathematical Context 
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The problem statement begins by establishing that there is a set of  interfaces  which includes the 
one he’s already connected to, and a set of  interfaces to which he could connect named .  

 
 

Next, the question is stated: Should he switch from his current connection  to another available 
connection ?. 

 

 

In order to take this decision, all factors available in a heterogeneous network must be evaluated. In 
this article, the factors chosen were QoS parameters and charging rates available on 3GPP/LTE, 
Wi-Fi and WiMAX. The QoS parameters are divided into two main groups: Ascending parameters, 
those who are deemed better the larger in value they are, and descending parameters, those who 
are deemed better the smaller in value they are. 

The Ascending Parameters are: RSSI, Throughput and Availability. RSSI is the Received Signal 
Strength Indicator, and as its name clearly states, it determines how strong the signal of the 
interface is. Throughput is the amount of   bits per second the interface can provide. Availability is 
the rate of the amount of the interface’s uptime over its uptime plus its downtime. 

The descending parameters are: Packet Loss, Jitter, Delay and Cost. Packet loss is the rate of how 
many packets were received over how many were sent. Delay is amount of time it takes for a 
packet to travel from one point of the network to another. Jitter is the variation of the delay of 
multiple packets over a network. 

Cost must also be determined. In this paper, the charging models evaluated are: Free, Monthly fee, 
Bits consumed rates and Time consumed rates. Free are interfaces where the user would not incur 
in any financial cost if he were to connect to them. Monthly fee are interfaces which use fixed rate 
charging so no matter how much is consumed, they charge the same. For the purposes of this 
paper, Monthly fee and Free are essentially the same, as the user doesn’t incur in any additional 
cost by connecting to that interface. Bits consumed rate are interfaces which charge by how many 
bits are used in the connection (So a user who uses it to send a small text package would be 
charged considerably less than one that uses it for Video Telephony). Time consumed rate are 
interfaces that have a flat-rate charging model that bills according to how much time the user is 
connected to the Interface. In order to compare the two, time consumed rate interfaces are 
converted into Bits consumed rate using the following formula: 

 

All of these parameters are either percent’s or values given by the interfaces, so no calculation must 
be done with them. Except in the case that it’s a Time consumed rate and must be converted to Bit 
consumed rate. 

3.3 Mathematical Model 

3.3.1 Objective functions 

a)  
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Where the ascending parameter of the interface the user iscurrently connected to and  is the 

ascending parameter of any of the interfaces in J. Since it must be maximized, the current 

interface’s  is compared to the highest in J. If the value of is greater than that of then it 

should transfer to the interface . 

 

b)  

 

Where the descending parameter of the interface the user is currently connected to and  is 

the descending parameter of any of the interfaces in J. Since it must be minimized, the current 

interface’s  is compared to the highest in J. If the value of is greater than that of then it 

should transfer to the interface  

 
3.3.2 Restrictions 

 
a) Lower Value Limit for Delay, Jitter and Throughput 

 

Where  is the delay of the interface,  its jitter and  its throughput. Since these three values are 
measured in time and bits/s, it’s expected that they should be positive values. 

 
b) Range for Packet Loss, Availability and RSS 

 

Where  is the packet loss of the interface and  its availability. As both of these values are 
percentages, it’s required that they be bound between 0 and 1. 

 
c) Lower Value Limit for Cost 

 

Where  is the cost rate of the interface. Since the rate can be free, cost can be equal to 0, but it 
can go up from there. 

 
d) Lower Threshold for RSS 

 

This is a simple restriction to assure that any interface which is being considered must have 
minimum threshold strength. Otherwise, the service is deemed too weak to be considered. 

4 MULTI-CRITERIA ALGORITHM 

4.1 Solution 

The multiple criteria algorithm was chosen for its versatility in how it can prioritize and modify its 
answer to suit the needs of the user, along with its versatility in implementation. 
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4.2 Solution Structure 

The basic solution structure represents a possible answer to the Multi-Objective problem. In it, there 
are two interfaces: the current one and the one being considered for the handover. Each interface 
has the QoS parameters and cost of the connection. 

 

Fig. 3. Solution Structure 

4.3 Determining Fitness 

Fitness is how the solutions are ranked. Each one is compared to the others inside the same 
population and for each  parameter it bests another solution in (For each descending parameter 
that is lower than the one being compared to, or for each ascending parameter higher than the one 
it’s being compared to), it gets a plus one to its fitness. Eventually, the overall best solutions have a 
greater fitness. 

4.4 Use Case 

The algorithm will be tested with a scenario taken from [12]. Granted, this scenario doesn’t possess 
availability or RSS, but these values are easy to determine, as availability was placed in a range of 
99.99% to 99.999999% and RSS is a random percentage above 40%. 

 

Table I. Use case interface values. 

5 VALIDATION  

5.1 Method 
To correctly evaluate the algorithm’s effectiveness, one interface of the use case is compared to 

the rest. The chosen interface was HSPA. Table II describes how it faired against the rest of the 
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HSPA vs
Change 

Delay?
Delay Value

Change 

Jitter?
Jitter Value

Change 

Packet Loss?

Packet Loss 

Value

Change 

Cost?
Cost

Change 

RSS?
RSS Value

Change 

Throughput?
Throughput

Change 

Availability?
Availability 

UMTS Yes 45.0 Yes 1.0 No 1.0E-4 No 0.0 No 0.5876686617326432 No 2000.0 Yes 0.99999

Wi-Fi 1 No 55.0 No 2.0 No 1.0E-4 No 0.0 No 0.5876686617326432 Yes 23000.0 Yes 0.999999

WiMAX No 55.0 No 2.0 No 1.0E-4 No 0.0 No 0.5876686617326432 Yes 4000.0 Yes 0.99999

GSM Yes 30.0 Yes 1.0 No 1.0E-4 No 0.0 Yes 0.8559065923037904 No 2000.0 Yes 0.9999999

EDGE 1 No 55.0 No 2.0 No 1.0E-4 No 0.0 No 0.5876686617326432 No 2000.0 Yes 0.9999

Wi-Fi 2 No 55.0 No 2.0 No 1.0E-4 No 0.0 Yes 0.6779584607841843 Yes 4500.0 Yes 0.999999

GPRS 1 No 55.0 No 2.0 No 1.0E-4 No 0.0 Yes 0.9044498841530813 No 2000.0 Yes 0.9999999

GPRS 2 No 55.0 No 2.0 No 1.0E-4 No 0.0 Yes 0.7802183983883983 No 2000.0 Yes 0.99999999

EDGE 2 No 55.0 No 2.0 No 1.0E-4 No 0.0 Yes 0.7809815790154385 No 2000.0 Yes 0.9999

interfaces. It must be stressed that these are just sample values from a use case, and should not be 

taken as definitive general judgments. 

5.2 Result Validation 

 

Table II. HSPA interface compared to other interfaces 

 

Since HSPA has a flat cost rate, it’s technically free. So as expected, the algorithm shows no 

necessity to change based on cost. Neither does it show a need to change due to package loss 

rate. Interestingly enough, since HSPA has the lowest availability (99.9%) it stipulates that it should 

change for any of the other networks if available. 

6 CONCLUSIONS 

6.1 Discussion 
The algorithm satisfyingly proves to pick which interface is best for each parameter and points out 

if a VHO is necessary or not. However, it only does it for one parameter. The way to choose 

between parameters is left intentionally ambiguous and modifiable.  

6.2 Future Work 
Future work could further test the algorithm’s strength at multiple objective solutions using genetic 

algorithms as the current structure is compatible with them, as well as focus the way the priority of 

the parameters is established, such as a service oriented attribute ranking. 
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