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Abstract: Access selection is an important key in heterogeneous networks, and 
the design of a new algorithm for decision is not a trivial task. Different aspects 
must be taken into consideration while designing a new decision algorithm, 
including both users’ requirements (in terms of resources, QoS, user’s 
preferences), and operator policies that aim to maximise the utilisation of its 
network capacity and to deliver services with acceptable QoS levels for the 
largest number of customers. Thus, in this paper, we propose a new selection 
algorithm based on user’s preferences. The comparison between the proposed 
scenarios is given based on several performance indicators. The results show 
the improvement achieved by increasing the resource utilisation and therefore 
the overall system capacity. 

Keywords: access selection; heterogeneous networks; user preferences; QoS; 
resource utilisation. 

Reference to this paper should be made as follows: Haydar, J., Samhat, A.E. 
and Pujolle, G. (2023) ‘Access selection in heterogeneous wireless networks 
based on user preferences’, Int. J. Intelligent Systems Technologies and 
Applications, Vol. 21, No. 1, pp.21–39. 

Biographical notes: Jamal Haydar received his Bachelor of Engineering in 
Computer and Communications from the Islamic University of Lebanon (IUL), 
Lebanon in 2002, and Master’s in Networking and Telecommunications from 
the USJ and the Lebanese University in 2004, and PhD in Computer Sciences, 



   

 

   

   
 

   

   

 

   

   22 J. Haydar et al.    
 

    
 
 

   

   
 

   

   

 

   

       
 

Telecommunications and Electronics in 2010 from Pierre and Marie Curie 
University (presently Sorbonne University), France. He is currently an 
Associate Professor and the Head of CCE Department at the Faculty of 
Engineering at IUL. His current areas of research include next generation 
wireless systems, VANETs and neural networks applications. He is presently 
the Secretary of IEEE ComSoc Lebanon Chapter. He has been elected in 2016 
as the President of the branch of Electrical Consultant Engineers at the Order of 
Engineers and Architects – Beirut (OEA), he served as the Secretary General of 
OEA between April 2017 and April 2018. He is currently member of the board 
of directors of FISUEL. 

Abed Ellatif Samhat received his Engineering Diploma in Electrical and 
Electronics from the Lebanese University, Beirut, Lebanon in 2000, and 
Master’s and PhD in Computer Science from Pierre et Marie Curie University, 
Paris, France in 2001 and 2004, respectively. From 2005 to 2008, he was a 
Research Engineer with France Telecom Group, Orange Labs-Paris, where he 
was involved in several national and European projects, including ambient 
networks and Gandalf. In 2009, he joined Lebanese University, where he is 
currently a Professor at the Faculty of Engineering. His areas of interest include 
heterogeneous wireless networks, IoT, and security. 

Guy Pujolle is an Emeritus Professor with Sorbonne University, Paris, France. 
He is a pioneer in high-speed networking having led the development of the 
first Gbit/s network to be tested in 1980. He was at the origin of several 
inventions and important patents, such as DPI, Wi-Fi controller, virtual 
networks, metamorphic networks, and green networks. He received different 
prices for his work and publications, in particular the Grand Prix of French 
Academy of Sciences in 2013. He is the Editor-in-Chief of Annals of 
Telecommunications. He is the Co-founder of QoSMOS, Ucopia 
Communications, EtherTrust, and Green Communications. 

 

1 Introduction 

The new generation of mobile systems is emerging into a wireless heterogeneous access 
network composed of various radio access technologies (RATs), capable of hosting 
multiple interface radio stations, each capable of operating alternately in different radio 
technologies [e.g., mobile networks, wireless LANs (WLAN), etc.]. These existing 
technologies will include collaborating modules and will be linked together by a fixed IP 
backbone (Adamopoulou et al., 2005). 

These technologies differ in connection range, power consumption, reliability, 
security, bandwidth, delay, complexity of implementation, cost to end user, and many 
other features. Having access networks opens up the possibility of choosing the proper 
network or of sharing access networks to guarantee that all applications have an adequate 
quality of service (QoS) (Gustafsson and Jonsson, 2003). Let us say, the applications can 
be transparently handed off vertically to better access networks, whenever the state of 
their current connected networks varies. When bandwidth is constrained in an access 
network, the bandwidth provided by several networks could be combined to sustain 
broadband services. That will lead to ‘always best connected (ABC)’ notion, where the 
users are allowed to stay associated to the network that best outfit their applications 
requirements. In a multiple access technologies environment, ABC networks are 
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considered as a concept that permits users not only to be always connect but also to 
access a specific QoS level at a certain cost, or other criteria (Gustafsson and Jonsson, 
2003; Fodor et al., 2003). The idea of ‘best’ is regularly depending on numeral features 
that are related to both user and application, like device capabilities, user preferences, 
security, QoS needs of an application, etc., or even additional features related to the 
network like the available resources and the coverage (Xing and Venkatasubramanian, 
2005). 

The selection of a radio access network (RAN) is one of the most important facets of 
the whole process. The key objective, when designing and installing an efficient ABC 
service system, is to define the parameters of the access selection process and to define a 
dependent algorithm that uses these parameters to allow the user to being always served 
by the best connection. Numerous criteria can guide the selection process. Therefore, 
having mechanisms, to help each user decides which network is best for him, at each 
moment for every needed application, is an important issue. The decision depends on 
many QoS parameters (Sgora and Vergados, 2009), which need to be optimised, and this 
causes the algorithm that will be used for network selection to be a very complex task. 

There are already many published works in the field of the optimisation of the 
selection of access networks. An algorithm for access selection dynamically adapted 
according to the needs and the preferences of the users is presented in Iera et al. (2006). It 
is based on an appropriately defined cost function, which simultaneously considers 
metrics that reflect both objective (i.e., network-related) and subjective (i.e., conditions 
related to user preferences). This function associates a weight to each cost parameter 
which is dynamically adapted to user and profile preferences, not only on a per-session 
basis, but also within the same session. 

As many criteria must be taken into account, the problem of selecting an access 
network is generally considered from the side of multi-criteria analysis, more precisely 
by applying different multi-attribute decision-making (MADM) algorithms (Niyato and 
Hossain, 2009). In their work, Dhia et al. (2019) propose a method to improve the 
selection of RATs and resource allocation in multi-technology wireless networks over a 
period of time. The optimisation takes into account the services required, the contracts of 
different users, and users’ satisfaction. They also add constraints to deny the session 
drops and the handovers for static users. The goal of the optimisation is to maximise the 
overall user’s satisfaction and the number of connected users. Guo et al. (2022) design a 
multi-attribute access selection approach based on the attributes of the fuzzy network. 
They calculate, at first, the network attribute values by interval hesitant fuzzy theory. 
Then, they calculate the subjective weights of the network attribute values by the 
analytical hierarchy process, while the objective weights of the network attributes values 
are calculated by the entropy method. The integrated weights of both subjective and 
objective weights are obtained by the method based on the longest geometric distance of 
the negative ideal solution. At the end, they calculated the scores of the candidate 
networks by means of grey relational analysis based on the intuitive fuzzy decision 
matrix. 

Wang et al. (2019) introduce artificial intelligence to highly dense heterogeneous 
networks, and propose a model-driven framework with a combined offline and online 
method, which is able to achieve fast and optimal network selection through the alliance 
of machine learning and game theory. Moreover, they implement a user-distributed 
algorithm based on the proposed framework, which can reduce the number of frequent 
switches, increase the possibility of profitable switching, and provide individual service. 
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Liang et al. (2019) designed an algorithm to select shared access and allocate bandwidth 
in heterogeneous wireless networks. Taking into account the environment in which 
WiMAX, LTE and WLAN can coexist, the algorithm uses the received signal strength, 
network load, and user rate requirements as input decision parameters, and adjusts the 
membership function parameters in a fuzzy five-layer neural network architecture 
through supervised learning, to obtain the values of score and bandwidth allocation, for 
each candidate network. The proposed algorithm can enable users to choose the most 
appropriate network to access, and may modify fuzzy rules and adjust resource usage for 
different networks based on user preferences. 

Li et al. (2017) proposed a 3-Param algorithm for network selection for cognitive 
radio terminals (CRTs). The factors which are detected by CRTs and the factors which 
cannot be acquired before, are used by the proposed algorithm to determine the selection 
of the given network. Montaya et al. (2018) proposed a network-centric strategy to assess 
and define the RAN in a heterogeneous network system that will be used to host a future 
session. The sequential decision-making process is used by the authors to design the 
problem of RAN selection, in which the objective of the optimisation problem is to 
maximise the discounted long-term reward through the dynamic allocation of arriving 
sessions to one of the available RANs. Udhayakumar et al. (2018) developed a  
cost-effective wireless network selection algorithm that was optimised with a modified 
PSO to improve the heterogeneous wireless environment including UMTS and LTE 
networks. PSO is an artificial intelligence technology that could be utilised to find a 
rough solution to reduce or maximise the objective functions. 

Liu et al. (2018) proposed a selection algorithm for heterogeneous networks based on 
objective and subjective synthetic weights. Synthetic weighting is used to reduce 
information loss. Meantime, the traditional CRITIC algorithm has been enhanced to 
optimise its performance. Ali et al. (2018) proposed in their work a ranking algorithm to 
rank heterogeneous networks on the basis of a collection of parameters counting those 
related to the network, the terminal and some QoS parameters such as packet 
transmission delay, packet loss rate, jitter and bit rate. Then, they suggest an algorithm 
for network selection to choose the most appropriate network given several handover 
scenarios. Finally, they estimate the work proposed for a collection of parameters taking 
into account different traffic classes. 

In their work, Liang et al. (2019) designed an algorithm for combined access 
selection and bandwidth allocation in heterogeneous wireless networks. Considering the 
environment in which existing wireless networks may coexist, the algorithm uses 
network load, received signal strength, and user throughput requirements as input 
decision parameters for a neural fuzzy network, through supervised learning to acquire 
the degree and the value of bandwidth allocation to each candidate network. Yu et al. 
(2019) proposed an algorithm for network selection for multiservice multimode terminals 
(MMTs) in heterogeneous wireless networks. This algorithm takes into account network 
attributes, service characteristics, and user preferences. It also uses entropy and fuzzy 
analytical hierarchy process (FAHP) to respectively compute the weights of the network 
attributes objectives, and those determined by the properties of the services. 

These algorithms use in the selection process many parameters that can be linked to: 

1 the network state (network capacity, security level, lack of reliability of a network, 
availability of a network, signal quality) 

2 the QoS provided (delay, bandwidth requirements) 
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3 the user terminal (energy consumption associated with physical interfaces of the 
device) 

4 user preferences (monetary cost of a session, type of service requested, network 
operator, type of technology, quality). 

The contribution of this work is three-folds: 

1 definition of new QoS parameters in heterogeneous networks 

2 proposal of a new selection algorithm based on the user’s preferences 

3 definition of new performance indicators to evaluate the QoS parameters. 

Our proposed selection algorithm, based on the user’s preferences, can achieve load 
balancing between networks. We apply the principle of preferences on the service type of 
the application requested by the user; hence, the same user can have several preferences 
according to the service type requested. The performance indicators that we use to make 
the comparison between the proposed scenarios in order to evaluate the QoS parameters 
are: 

1 the rejection rate associated with lack of resources 

2 the rejection rate associated with degradation of QoS 

3 the occupancy rate of the service type in each network 

4 the acceptance rate of users. 

The user preference of user u describes the user’s preferred access network and the 
preference level. Thus, any user should have the ability to set his preference to each of 
the available networks through an interface provided by its main operator and registered 
in the ATS. There are three types of preference values: ‘high-preference’, ‘medium-
preference’ and ‘no-preference’. Therefore, a user A, by example, can specify the choice 
‘high-preference’ to the network X. In this case, this user cannot be assigned to any 
network other than the network X. While, a user B can select the choice  
‘medium-preference’ to the network X. In this case, the network X is considered as the 
favourite network for the user B if there are enough resources that will meet the 
requirements of user’s B traffic, but the other networks are adequate in the opposite case. 
Finally, a user C can select the choice ‘no-preference’ to any network, which is the 
default choice. Therefore, the ATS can assign to this user any available network that will 
meet the requirements of his traffic. 

The remaining of the paper is organised as follows: Section 2 presents the basic 
elements of an ABC system, mainly the access technology selector (ATS) module. In 
Section 3, we explain our new access selection algorithm based on user preferences. In 
Section 4, we apply the preferences used in the proposed algorithm on the type of service. 
In Section 5, the simulation parameters are highlighted, then two scenarios were proposed 
and simulated, therefore their results were discussed and interpreted. A comparison 
between the different scenarios is also presented and discussed later in this section. 
Section 6 summarises the comparison between our work and some existing approaches 
from the literature. Finally, Section 7 concludes our paper and highlights future works. 
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2 ABC system 

The core of the next generation infrastructure is expected to be an IP-based (backbone IP) 
multiservice network that provides connectivity and transmission over any access 
technology, including legacy second generation (2G), advanced third generation (3G), 
long-term evolution (LTE) mobile systems, 5G networks, wireless LANs and future 
access technologies. This multi-access infrastructure supports users and services with a 
widespread variety of multiple access (multimode) terminals (MMTs) (Fodor et al., 
2004). MMTs for next generation wireless networking (NGWN) have the ability to make 
two or more different call classes concurrently (Falowo and Taiwo, 2018; Falowo and 
Chan, 2011, 2012). Thus, from the point of view of QoS and access selection, the main 
components of the ABC system include the ATS module, the multi-interface (MIT) or 
Multi-mode Terminal, the access networks of the candidate (the existing RANs), and the 
IP core network, as shown in ‘Figure 1’. Moreover, the ATS service could be part of any 
RAN, where it may have direct access to get instantaneously the important network status 
parameters from it, or it may communicate with specific access technology network 
through the underlying IP network. 

Figure 1 Main elements of an ABC system (see online version for colours) 

 

In the ATS module, the algorithms for access selection decision must be applied to 
guarantee a better connection of the users in terms of QoS, price and possibly other 
preferences. These algorithms are expected to improve the combined capacity of the 
multi-access networks. Examples of algorithms that can be used during the selection 
process are suggested and discussed in the next section. 

3 Access selection based on user preferences 

In this section, we present a new selection algorithm based on load distribution according 
to user preferences. The access preference value, called apv, for user u describes the 
user’s preferred access network and the preference level. Therefore, we set the access 
preference value to zero (apv = 0) to users having ‘no-preference’ to any network, so they 
can be assigned to any access network. The users having ‘high-preference’ to a specific 
network RANj, will be assigned a value j to their access preference parameter (apv = j,  
1 ≤ j ≤ m and j ∈ Ƶ, where m is the number of existing access networks), in condition that 
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these users cannot be assigned to any access network other than their preferred network 
RANj. The users having ‘medium-preference’ to an access network RANk, will have an 
apv of negative value equal to –k (1 ≤ k ≤ m), in this case, the access network RANk is 
favourite, but also other access networks are adequate. 

We define the following functions: 

• checkResources(u, RANi): tests the resources availability needed by user u in RANi. 

• abs(u.apv): is the absolute value of the preference of user u. 

• meetQoS(RANi, user): tests if RANi meets the QoS requirements of user u. 

• Assign(ui): is the assignment function represented by Algorithm 1.  

We define dsv as the dissatisfaction value of each user association, it describes the degree 
to which this association does not fit the preference of the user to an access network. 
Therefore, the dissatisfaction value dsv of a user ui associated with an access network 
RANj is defined as shown in (1). 

( )
( )

( )
( )

( )

0, 0                              
0, 0 ,        
0, 1 ,
1, 1 ,
2,                        

i

i j

i j

i j

i
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apv m and Assign u RAN apv j

dsv M apv and Assign u RAN apv j
M apv and Assign u RAN apv j
Assign u null

= ≠
< ≤ = =

= − ≤ ≤ − = = −
− ≤ ≤ − = ≠ −

=                           









 (1) 

The general strategy applied by the algorithm to choose an access network is described as 
follows: 

• The user’s preferences are specified by the ATS when the user tries to connect. 

• A user of high-preference is assigned directly to its preferred RAN if it provides 
sufficient free resources and meets the QoS requirements requested by the user. 
Otherwise, the user request is refused. 

• A user with medium-preference is assigned to its preferred RAN if this one provides 
sufficient free resources and meets the QoS requirements requested by the user. 
Otherwise, the ATS seeks another RAN providing sufficient free resources and 
meeting the QoS requirements requested by the user, the selection process starts with 
the RANs having the largest number of free resources. If no RAN was assigned, the 
user request is refused. 

• A user with no-preference is assigned to any RAN providing free resources and 
meeting the QoS requirements requested by the user, starting with the RAN that 
provides the largest number of free resources. If no RAN was assigned, then the user 
request is refused.  

Algorithm 1 Access selection based on user preferences 

FUNCTION Assign(user): boolean 
 IF user.api > 0 THEN 
  k = user.api; 
  IF checkResources(user, RANk) AND meetQoS(RANk, user) THEN 
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   Assign RANk to user; 
   dsv = 0; 
   RETURN true; 
  ENDIF 
 ELSE IF user.api < 0 THEN 
  k = abs(user.api); 
  IF checkResources(user, RANk) AND meetQoS(RANk, user) THEN 
   Assign RANk to user; 
   dsv = 0; 
   RETURN true; 
  ELSE 
   FOR RANs sorted in decreasing Capacity order 
    IF checkResources(user, RANj) AND meetQoS(RANj, user) AND (j ≠ k) THEN 
     Assign RANj to user; 
     dsv = 1; 
     RETURN true; 
    ENDIF 
   END LOOP FOR 
  ENDIF 
 ELSE IF user.api = 0 THEN 
  FOR RANs sorted in decreasing Capacity order 
   IF checkResources(user, RANj) AND meetQoS(RANj, user) THEN 
    Assign RANj to user; 
    dsv = 0; 
    RETURN true; 
   ENDIF 
  END LOOP FOR 
 ENDIF 
 dsv = 2; 
 RETURN false; 
END FUNCTION 

4 Preferences according to the type of service 

User preference can be set by the user himself and recorded in his profile, or settled by 
the ATS following a specific configuration by the operator. This preference may be 
based, not only on the user as a subscriber, but also on the type of service requested by 
the user, thus a user can have multiple preferences depending on the requested services. 

Each network is preferable for a type of service, and can serve it, in terms of QoS and 
in number of provided resources, better than other types of services. Thus, for example, a 
Wi-Fi network is not preferable for real time applications like VoIP: if the number of 
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voice users increases in a Wi-Fi network, the QoS decreases remarkably, until a moment 
where a user cannot continue his call or make new connections. While in an LTE 
network, QoS is guaranteed at certain level through algorithms used in admission control. 

In the following scenarios, we consider a heterogeneous environment composed of 
two networks: LTE and Wi-Fi, and a number of users trying to find an available network 
to connect to it. These users are divided into two categories: users connecting to make 
VoIP calls, so they require a high level of QoS, and others are transferring files and do 
not require any level of QoS. 

Since the preference may be based on the service type of the user, thus we can 
consider that a user using VoIP has a high preference to LTE network and the user of 
type data can be considered with a high preference or medium preference to Wi-Fi 
network, and this depends on the applied scenario. 

After all the above, the general strategy used by the algorithm is to choose an access 
network as follows: a voice user is assigned directly to its high preference network (LTE) 
in condition that it has available resources and can guarantee the QoS requirements. 
Otherwise, the user is refused. 

For data user, two cases are presented: 

• If the user has high preference, he is assigned to its high preference network (Wi-Fi) 
in condition that it has available resources. Otherwise, the user request is refused. 

• If the user has medium preference, he is assigned, as a first choice, to its medium 
preference network (Wi-Fi) in condition that it has available resources, regardless of 
QoS levels. If Wi-Fi refuses this user request, then the second choice will be the LTE 
network. 

As described in Fodor et al. (2004) and Furuskär (2003), data users consume greater 
number of resources than voice users, and since a session of data transfer takes an 
average time greater than a voice call, thus, a Wi-Fi network becomes saturated more 
quickly than an LTE network. Therefore, to maximise the overall system capacity, and in 
the case where the wireless network (Wi-Fi) becomes saturated, data users with medium 
preference are redirected to the LTE network which has available resources meeting the 
user requirements. 

When a voice user tries to connect to its network of high preference (LTE in our 
case), the ATS checks the availability of free resources in this network and confirms 
whether there are resources reserved for users with medium preference to another 
network (data user in our example). In the case where the network of medium preference 
of these users (Wi-Fi) provides free resources, then the ATS forces one of the data users 
to make a vertical handover from the host network (LTE) to his network of medium 
preference (Wi-Fi). All this is done to ensure that the new voice user will have sufficient 
level of QoS in its network of high preference. 

5 Simulation parameters and applied scenarios 

5.1 Simulation platform 

For our simulation, we used the ‘ABCDecision’ simulator, which we have presented in a 
previous work (Haydar et al., 2010). This simulation platform implements the various 
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modules of an ABC System, such as the ATS, the RANs, and the users. Concerning 
network simulation, many simulation software are available. Although, most of them 
(counting the famous simulators such as Opnet, ns-2, J-Sim and OMNeT ++) were 
initially designed for wired networks. It was only later that it was also expanded to 
support wireless networks. Additionally, these tools use packet level simulation to 
analyse the performance of networks and are not particular to develop models for 
heterogeneous networks. Most of them only simulate two kinds of wireless networks, 
which requires us to write some complex pieces of code to achieve the required 
configuration. 

5.2 Simulation parameters 

Several simulations were conducted to measure the performance of the proposed 
algorithms and to analyse their impact on maximising the total system capacity. To obtain 
convincing results, new parameters have been implemented and measured, and several 
scenarios were simulated while varying the users’ arrival rate λ. 

We define the following measured parameters: 

• The instantaneous occupancy rate of each type of service in each network. 

• RejLackRes: The instantaneous rejection rate related to the lack of resources in each 
network. 

• RejLackQoS: The instantaneous rejection rate related to the lack of QoS. 

• The instantaneous rate of users who are forced to perform a vertical handover. 

• The rate of accepted users in the system. 

• The dissatisfaction value for each user association. 

• The dissatisfaction preference average (dsa) of a given configuration (set of n users 
associated to access networks) is calculated as per (2). 

1
/

n

i
dsa dsv n

=
=  (2) 

• The instantaneous occupancy of each network in terms of resources for each type of 
service. 

5.3 Scenario 1 

In this scenario, we give the voice users a strong preference to LTE network and data 
users a strong preference to Wi-Fi network. We apply the network access selection 
algorithm (Algorithm 1). Five values of inter-arrival have been simulated and these 
values are enumerated in Table 1. 
Table 1 Values of simulated inter-arrival rates 

Simulation 1 2 3 4 5 
Inter-arrival rate (users/min) 10 20 30 40 50 
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Figure 2 LTE occupancy for λ = 10 (see online version for colours) 

  
Figure 3 LTE rejection rate for λ = 10 (see online version for colours) 

 

Figure 4 Wi-Fi occupancy for λ = 10 (see online version for colours) 

  
As shown in ‘Figure 2’, where λ = 10, the LTE network does not become saturated, and 
we always find free resources, as well as the rejection rate due to lack of resources, 
RejLackRes, is always zero as in ‘Figure 3’. In contrast, the Wi-Fi network is almost 
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saturated all the time ‘Figure 4’, and the RejLackRes approaches 50% ‘Figure 5’. Strong 
preferences of data users to Wi-Fi network prevent access to LTE network while the 
latter provides free resources, which affects the rejection rate of those users. As the 
selection process respects the users’ preferences, thus we notice that the rejection rate due 
to the lack of QoS, RejLackQoS, remains null as in ‘Figure 5’. 

We use the following main metrics to assess the performance of the suggested 
algorithm: the instantaneous occupancy rate in both systems, the two instantaneous 
rejection rates related to lack of resources and to degradation of QoS, and the average rate 
of accepted users in the system. 

Figure 5 Wi-Fi rejection rate for λ = 10 (see online version for colours) 

  

5.4 Scenario 2 

In this scenario, we give voice users a strong preference to LTE network and data users a 
medium preference to Wi-Fi network. We apply Algorithm 1, so that these users can be 
assigned to LTE network in case there are not sufficient resources in Wi-Fi. 

Figure 6 Wi-Fi occupancy for λ = 10 (see online version for colours) 

  
‘Figure 6’ and ‘Figure 7’ show that when Wi-Fi network is saturated, new data traffic is 
redirected to LTE network. By comparing the results obtained after the implementation 
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of this scenario with those of the previous scenario, we can notice that the rejection rate 
of users in Wi-Fi network decreases significantly ‘Figure 8’, while the rejection rate in 
LTE network begins to increase after times t = 520 and t = 800 ‘Figure 9’, but their 
increases are relatively small regarding the improvement of the acceptance rate of the 
whole system. 

Figure 7 LTE occupancy for λ = 10 (see online version for colours) 

  
But by varying the arrival rate λ, to a value equal to 40 for example, we get different 
results. As Wi-Fi network is saturated most of the time ‘Figure 10’, and as data users 
access LTE networks, as there are resources available, without any control on their 
numbers or their proportions, then those users prevent voice users from accessing, at a 
given time, their strong preference network LTE, due to the degradation of the provided 
QoS. In other words, ‘Figure 11’ shows that LTE network becomes saturated by data 
users, and between t = 500 and t = 1250 no voice users are accessing the network. As 
‘Figure 12’ shows the increase in the rejection rate related to lack of resources in Wi-Fi 
network, ‘Figure 13’ shows the increase in the rejection rate related to QoS degradation, 
in LTE network, caused by data users. 

Figure 8 Wi-Fi rejection rate for λ = 10 (see online version for colours) 
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Figure 9 LTE Rejection rate for λ = 10 (see online version for colours) 

  
Figure 10 Wi-Fi occupancy λ = 40 (see online version for colours) 

  
Figure 11 LTE occupancy for λ = 40 (see online version for colours) 
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Figure 12 Wi-Fi rejection rate for λ = 40 (see online version for colours) 

  
Figure 13 LTE rejection rate for λ = 40 (see online version for colours) 

  
Figure 14 Average acceptance rate in the overall system for the two scenarios in function of λ 

(see online version for colours) 
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5.5 Comparison between values of average acceptance rate for the two 
scenarios 

‘Figure 14’ shows the variation of the average acceptance rate of users in function of λ 
for different scenarios. 

Scenario 1 provides the lowest acceptance rate for all values of λ: which is normal, 
because data users cannot access LTE network while the latter network provides free 
resources. Scenario 2 leads to better results than scenario 1 with all values of λ (highest 
acceptance rate).  

5.6 Comparison between values of users’ dissatisfaction average for the two 
scenarios 

‘Figure 15’ shows the variation of users’ dissatisfaction average in function of λ. With 
small values of λ, the dissatisfaction average in the two scenarios are close, this is due to 
the availability of resources and because most of the users are assigned to their preferred 
networks. We recall that a low value of dissatisfaction rate indicates that users are 
satisfied, i.e., that most of them are assigned to their preferred networks and the rejection 
rate is very small. When users are assigned to networks other than their preferred 
networks (the rejection rate increases), then we get a high average dissatisfaction rate. 
When the arrival rate increases, networks become saturated more quickly, and the 
rejection rate increases. Additionally, scenario 2 shows better dissatisfaction average 
values than scenario 1, as data users are assigned with medium preferences to Wi-Fi 
network, there will not be rejected immediately even if there are no resources available 
on their preferred network, instead they could be assigned to the LTE network, and this 
operation impacts on decreasing the average dissatisfaction rate. 

Figure 15 Users’ dissatisfaction average in function of λ (see online version for colours) 
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Table 2 Comparison between our work and some existing approaches from the literature 
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6 Comparison with existing access selection algorithms 

In the related work, the most effective and widely used parameters are those related to 
network capacity, to the QoS and to user preferences. But these algorithms do not 
consider the problem of load balancing between the various available networks, nor the 
problem of finding a trade-off between the user satisfaction (in terms of QoS) and the 
profit of the operator (in terms of maximising the network capacity). These issues are 
treated in our approach of decision selection that we proposed. 

Table 2 summarises the comparison between our work and some existing approaches 
from the literature that were presented in the introduction section. 

7 Conclusions 

In this paper, we proposed an access selection algorithm that aims to maximise the 
overall ability of a system composed of many heterogeneous access networks. This 
algorithm, which is based on user preferences selection, can be used to maximise the 
capacity of a heterogeneous system composed of multiple access networks. The user 
preferences were applied on the type of service of the application required by the user. 
Two scenarios were discussed and simulated, where the results showed an enhancement 
on the overall acceptance rate. 

In the future work, we aim to add a threshold for each network to limit the user 
accepted in a time, thus a network will not be saturated when the others still have 
resources. 

References 
Adamopoulou, E., Demestichas, K., Koutsorodi, A. and Theologou, M. (2005) ‘Intelligent access 

network selection in heterogeneous networks – simulation results’, 2005 2nd International 
Symposium on Wireless Communication Systems, pp.279–283, DOI: 10.1109/ISWCS. 
2005.1547704.  

Ali, J., Ahmad, R.W., Maqsood, T. et al. (2018) ‘Network selection in heterogeneous access 
networks simultaneously satisfying user profile and QoS’, Int. J. Commun. Syst., Vol. 31, 
p.e3730, https://doi.org/10.1002/dac.3730. 

Dhia, I.B., Bouhtou, M., En-Najjary, T., Lahoud, S. and Lagrange, X. (2019) ‘Dynamic access 
point selection and resource allocation in multi-technology wireless network’, 2019 IEEE 
Wireless Communications and Networking Conference (WCNC), pp.1–6, DOI: 10.1109/ 
WCNC.2019.8885438. 

Falowo, O.E. and Chan, H.A. (2011) ‘Multiple-call handover decisions using fuzzy MCGDM in 
heterogeneous wireless networks’, 2011 – MILCOM 2011 Military Communications 
Conference, pp.1909–1914, DOI: 10.1109/MILCOM.2011.6127593. 

Falowo, O.E. and Chan, H.A. (2012) ‘Effect of call dynamics of a multiservice multimode terminal 
on RAT selection in heterogeneous wireless networks’, 2012 IEEE Global Communications 
Conference (GLOBECOM), pp.5249–5253, DOI: 10.1109/GLOCOM.2012.6503954. 

Falowo, O.E. and Taiwo, O.A. (2018) ‘Network selection decisions for multiple calls based on 
consensus level’, Journal of Network Systems Management, Vol. 26, pp.592–615,  
DOI: 10.1007/s10922-017-9433-0. 

Fodor, G., Eriksson, A. and Tuoriniemi, A. (2003) ‘Providing quality of service in always best 
connected networks’, in IEEE Communications Magazine, July, Vol. 41, No. 7, pp.154–163, 
DOI: 10.1109/MCOM.2003.1215652. 



   

 

   

   
 

   

   

 

   

    Access selection in heterogeneous wireless networks 39    
 

    
 
 

   

   
 

   

   

 

   

       
 

Fodor, G., Furuskär, A. and Lundsjö, J. (2004) ‘On access selection techniques in always best 
connected networks’, Proc. ITC Specialist Seminar on Performance of Wireless Networks, 
ITCSS, Antwerp, Belgium, August/September, pp.89–100. 

Furuskär, A. (2003) Radio Resource Sharing and Bearer Service Allocation for Multi-bearer 
Service, Multi-access Wireless Networks – Methods to Improve Capacity, PhD thesis, Royal 
Institute of Technology, TRITA-S3-RST-0302, ISSN: 1400-9137, ISRN KTH/RST/R–03/02–
SE, May. 

Guo, X., Omar, M.H., Zaini, K.M., Liang, G., Lin, M. and Gan, Z. (2022) ‘Multiattribute access 
selection algorithm for heterogeneous wireless networks based on fuzzy network attribute 
values’, in IEEE Access, Vol. 10, pp.74071–74081, DOI: 10.1109/ACCESS.2022.3186149. 

Gustafsson, E. and Jonsson, A. (2003) ‘Always best connected’, in IEEE Wireless 
Communications, February, Vol. 10, No. 1, pp.49–55, DOI: 10.1109/MWC.2003.1182111. 

Haydar, J., Ibrahim, A., Samhat, A. and Pujolle, G. (2010) ‘ABCDecision, a simulation platform 
for access selection algorithms in heterogeneous wireless networks’, EURASIP Journal on 
Wireless Communications and Networking (EURASIP JWCN), p.787098. 

Iera, A., Molinaro, A., Campolo, C. and Amadeo, M. (2006) ‘An access network selection 
algorithm dynamically adapted to user needs and preferences’, 2006 IEEE 17th International 
Symposium on Personal, Indoor and Mobile Radio Communications, pp.1–5, DOI: 10.1109/ 
PIMRC.2006.254290. 

Li, M., Du, Y., Ma, X. and Huang, S. (2017) ‘A 3-param network selection algorithm in 
heterogeneous wireless networks’, 2017 IEEE 9th International Conference on 
Communication Software and Networks (ICCSN), Guangzhou, pp.392–396. 

Liang, G., Yu, H., Guo, X. and Qin, Y. (2019) ‘Joint access selection and bandwidth allocation 
algorithm supporting user requirements and preferences in heterogeneous wireless networks’, 
in IEEE Access, Vol. 7, pp.23914–23929, DOI: 10.1109/ACCESS.2019.2899405. 

Liu, D., Zhang, D., Chen, J. and Pan, Z. (2018) ‘A heterogeneous network access selection 
algorithm based on improved CRITIC’, 2018 IEEE 3rd Advanced Information Technology, 
Electronic and Automation Control Conference (IAEAC), pp.381–387, DOI: 10.1109/ 
IAEAC.2018.8577486.  

Montoya, J., Sethi, A. and Gómez, N.G. (2018) ‘A load-based and fair radio access network 
selection strategy with traffic offloading in heterogeneous networks’, 2018 7th International 
Conference on Computers Communications and Control (ICCCC), pp.193–202,  
DOI: 10.1109/ICCCC.2018.8390458. 

Niyato, D. and Hossain, E. (2009) ‘Dynamics of network selection in heterogeneous wireless 
networks: an evolutionary game approach’, in IEEE Transactions on Vehicular Technology, 
May, Vol. 58, No. 4, pp.2008–2017, DOI: 10.1109/TVT.2008.2004588. 

Sgora, A. and Vergados, D.D. (2009) ‘Handoff prioritization and decision schemes in wireless 
cellular networks: a survey’, in IEEE Communications Surveys & Tutorials, Vol. 11, No. 4, 
pp.57–77, Fourth Quarter, DOI: 10.1109/SURV.2009.090405. 

Udhayakumar, S., Kumar, R.R. and Indumathi, P. (2018) ‘Network selection in wireless 
heterogeneous network’, 2018 International Conference on Recent Trends in Electrical, 
Control and Communication (RTECC), pp.57–60, DOI: 10.1109/RTECC.2018.8625640. 

Wang, X., Li, J., Wang, L., Yang, C. and Han, Z. (2019) ‘Intelligent user-centric network selection: 
a model-driven reinforcement learning framework’, in IEEE Access, Vol. 7, pp.21645–21661, 
DOI: 10.1109/ACCESS.2019.2898205. 

Xing, B. and Venkatasubramanian, N. (2005) ‘Multi-constraint dynamic access selection in always 
best connected networks’, MobiQuitous 2005: Second Annual International Conference on 
Mobile and Ubiquitous Systems – Networking and Services, pp.56–64, DOI: 10.1109/ 
MOBIQUITOUS.2005.39. 

Yu, H., Ma, Y. and Yu, J. (2019) ‘Network selection algorithm for multiservice multimode 
terminals in heterogeneous wireless networks’, in IEEE Access, Vol. 7, pp.46240–46260, 
DOI: 10.1109/ACCESS.2019.2908764. 


