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Abstract 
This paper discusses the problem of selecting the Radio 

Access Technology (RAT) to attach to a given connection 
request in heterogeneous wireless networks. Given the 
complexity of the problem to be tackled, different 
methodological approaches are presented together with 
some specific examples, in accordance with the work 
carried out in the AROMA (Advanced Resource 
Management Solutions for Future All IP Heterogeneous 
Mobile Radio Environments) project  [1].    

I. Introduction 
Nowadays wireless scenarios are characterized by the 

coexistence of a variety of wireless access technologies, 
with different protocol stacks and supporting applications 
and services with different Quality of Service (QoS) 
demands to be provided to terminals with different degrees 
of multi-mode capabilities to access the available networks. 
Each Radio Access Network (RAN) differs from the others 
by the air interface technology, cell-size, services supported, 
bit rate capabilities, coverage, mobility support, etc. 
Therefore, the heterogeneous characteristics offered by 
these networks allow exploiting the trunking gain resulting 
from the joint consideration of all the networks as a whole. 
As a result, the additional dimensions introduced by the 
multiplicity of radio access technologies (RATs) provide 
further flexibility in the way how radio resources can be 
managed and, consequently, overall improvements may 
follow with respect to the performances of the stand-alone 
systems. This challenge calls for the introduction of new 
radio resource management (RRM) algorithms operating 
from a common perspective that consider the overall 
amount of resources offered by the available RANs.  

Common Radio Resource Management (CRRM) refers to 
the set of functions that are devoted to ensure an efficient 
use of the available radio resources in heterogeneous 
networks scenarios through a proper coordination between 
the different RANs  [2] [3]. The functional model assumed in 
3GPP for CRRM operation considers the total amount of 
resources available for an operator divided into radio 
resource pools  [2]. Each pool consists of the resources in a 
set of cells, typically under the control of a RNC (Radio 
Network Controller) in UTRAN (UMTS Terrestrial Radio 
Access Network) or a BSC (Base Station Controller) in 
GERAN (GSM/EDGE Radio Access Network). The same 
functional model could also include a Generic Access 
Network Controller (GANC) if the resources of other access 
technologies like e.g. WLAN (Wireless Local Area 
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Network) or WiMAX, were to be considered  [4]. In any 
case, two types of entities are considered for the 
management of these radio resource pools  [2]: RRM entity, 
which carries out the management of the resources in one 
radio resource pool of a certain radio access network, and 
CRRM entity, which is involved in the coordinated 
management of the resource pools from different RRM 
entities.  

The RRM functionalities arising in the context of a single 
RAN are  [3]: admission and congestion control, horizontal 
(intra-system) handover, packet scheduling and power 
control. When these functionalities are coordinated between 
different RANs, they can be denoted as “common” (i.e. thus 
having common admission control, common congestion 
control, etc.) as long as algorithms take into account 
information about several RANs to make decisions. In 
addition to that, when a multi-RAN scenario is considered, 
a specific functionality arises, namely RAT selection (i.e. 
the functionality devoted to decide to which RAT a given 
service request should be allocated), which can be executed 
either at session initiation (i.e. the initial RAT selection 
procedure) or during an on-going session depending on how 
the network or the terminal conditions have changed since 
the session started. In this case, the RAT selection may lead 
to an inter-system or vertical handover (VHO), changing the 
access network the mobile is currently connected to. The 
successful execution of a seamless and fast vertical 
handover is essential for hiding to the user the underlying 
service enabling infrastructure.  

In this framework, as illustrated in Figure 1, selecting the 
proper RAT and cell is a complex problem due to the 
number of variables involved in the decision-making 
process in real scenarios, characterized by heterogeneity in 
both the network (i.e. different RATs with different 
capacities, coverage and services) and the customer side (i.e. 
users may access the services with a variety of terminal 
capabilities and different market segments can be identified 
with their corresponding QoS levels). Furthermore, some of 
these variables may vary dynamically, making the process 
even more difficult to handle. 

CRRM in general and RAT selection mechanisms in 
particular have received a lot of attention in recent years, 
clearly acknowledging the key role that these strategies will 
have for a full realization of Beyond 3G (B3G) scenarios. 
Research efforts have been oriented either to propose and 
assess the performance of heuristic algorithms  [4]- [8] or to 
identify architectural and functional aspects for CRRM 
support  [1] [9] [10]. From an algorithmic point of view, in 
 [4] and  [6], mechanisms to balance the load in different 
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RATs by means of vertical handover decisions are analyzed. 
However, the service-dimension is not captured in the 
problem because only real time services are considered. 
Similarly, Lincke discusses the CRRM problem from a 
more general perspective in e.g.  [7] and references therein, 
comparing several substitution policies and including the 
multi-mode terminal dimension with speech and data 
services. Finally, in  [8] the authors propose a RAT 
allocation methodology that considers the specific radio 
network features of a CDMA network to reduce the 
interference by allocating users to RATs depending on the 
total measured path loss and capturing also the service 
dimension but considering that all terminals support the 
available RATs and that the involved RATs support the 
same services. 
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Figure 1. Factors influencing the RAT and Cell selection 

In this context, this paper intends to provide an in-depth 
perspective into the RAT selection problem. Different and 
complementary methodological approaches followed in the 
AROMA project  [1] are presented with some specific 
examples. Furthermore the need to devise a generic RAT 
selection framework is identified and a solution, based on a 
novel metric named fittingness factor, is developed. The 
proposed framework is able to come up with suitable 
selection principles under any possible circumstance arising 
in a practical scenario.  

The rest of the paper is organized as follows. Section II 
presents the methodological approaches to study the RAT 
selection problem based on analytical and system-level 
simulations. Sections III and IV discuss two specific 
solutions dealing with radio coverage and with the 
definition of a cost function model, respectively. Section V 
presents the RAT selection strategy derived from the 
proposed methodology based on the fittingness factor 
definition, given in Section VI. Section VII presents some 
results to illustrate the benefits of the developed framework 
and finally Section VIII summarizes the conclusions. 

II. Approaches to the RAT selection problem 
This section describes different methodological 

approaches to develop and evaluate RAT selection 
strategies, based on the work carried out in the IST-
AROMA project  [1]. 
A. Analytical approaches 

Analytical models can be regarded as a first step towards 
the objective of gaining insight in the RAT selection 
problem. In spite of the necessary simplifying assumptions, 
they can help in identifying the relevant parameters to be 
considered by the RAT selection algorithm. In the 
framework of the AROMA project  [1], one of the first 

works in this line considered a generic CDMA/TDMA 
heterogeneous network with a single service and developed 
the criteria to decide the optimum traffic splitting that 
minimizes the uplink outage probability  [11]. Two different 
functions were identified depending on the propagation loss 
statistical distribution, on the capacities of each RAT and on 
the corresponding sensitivity levels. From the analysis of 
these functions and their mathematical properties it was 
possible to decide the optimum number of users in TDMA 
and in CDMA. 

One of the main outcomes of the previous work was the 
identification of the relevant role played by the propagation 
loss distribution in the two access technologies, mainly 
because of the limited-interference nature of CDMA. As a 
result of that, in  [12] an enhanced methodology was 
proposed making use of the specific measured propagation 
loss, so that those terminals having the lowest propagation 
loss in a given moment were allocated to CDMA. This 
approach could be combined either with a simple load 
balancing approach in which the total load in the CDMA 
and TDMA RATs was kept at similar levels  [4], or with an 
optimization mechanism like the one presented in  [11], and 
in both cases significant outage probability reductions and 
consequent capacity increases were achieved. 

In order to introduce the service component in the RAT 
selection procedure, a flexible framework for evaluating 
generic RAT selection policies in CDMA/TDMA scenarios 
with two different services was built in  [13] using a 4-
dimensional Markov model. Given a total offered traffic to 
the network, the fractional traffic arriving to each RAT was 
dependant on the chosen RAT selection scheme which is 
fully embedded in the state transitions of the Markov chain. 
In this way, the model allows the evaluation of different 
RAT selection schemes accounting for different principles, 
ranging from the simplest ones like service-based selection 
or load balancing, up to more sophisticated schemes 
accounting for the amount of multi-mode terminals in the 
scenario or trying to minimize the resulting congestion 
probability in each RAT.  
B. System-level simulations 

Although they are very useful to get a first insight into the 
problem and to identify the relevant aspects in the RAT 
selection process, analytical models usually require some 
simplifying assumptions in terms of traffic generation 
patterns, mobility, multi-cell structures and detailed 
procedures like measurement averaging, power control, 
scheduling, etc., so that it is difficult to assess the 
performance of RAT selection schemes in more realistic 
scenarios. Then, it is a usual approach to execute detailed 
dynamic system-level simulations, supported by link-level 
simulation results, to evaluate the performance of the 
considered algorithms under realistic conditions in multi-
user, multi-cell and multi-service scenarios. 

The simulator must include an adequate modeling of the 
relevant aspects that have an impact over the performance 
of the strategies being evaluated. In the context of CRRM, 
these aspects include the traffic generation, the user 
mobility as well as the different network procedures in the 
radio interface like e.g. the power control in CDMA, the 
packet scheduling, the link adaptation, the measurement 
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reporting, etc  [14].  
In the framework of the AROMA project, different RAT 

selection schemes have been evaluated by means of the 
available system-level simulators, taking into consideration 
the scenarios defined in the project  [15] and including  
detailed characterization of UTRAN, including both release 
99 (R99) channels and High Speed Packet Access (HSPA), 
GERAN and WLAN technologies. The set of selected 
scenarios includes both theoretical and realistic scenarios, 
where the service mix, RAT and environment 
characterization as well as cell deployment are defined.  

A first set of developed RAT selection schemes exploited 
different considerations in terms of the service, load 
balancing and interference reduction. From the service 
perspective, the general conclusion was that in UTRAN 
R99/GERAN scenarios with voice/data services it was 
beneficial to allocate voice users in GERAN in order to 
leave more room in UTRAN for data services. Similarly, 
both interference reduction and load balancing 
considerations were also introduced. Specifically, in the 
following sections two approaches are presented, dealing 
with the coverage and quality-based CRRM and with the 
definition of a cost function to include different 
user/operator preferences. 

 
III. CRRM based on radio quality and radio coverage 

A first set of strategies explored the inter-working 
mechanisms between GERAN and UTRAN specified by 
3GPP, in order to identify useful CRRM strategies 
exclusively based on radio quality perceived by the users. 
More in detail, mechanisms related to segregating traffic 
between these two RATs by means of the parameters 
affecting inter-RAT cell reselection in idle mode and 
handover in connected mode were analysed.  

More specifically, focusing on the idle mode, the main 
parameters governing the inter-RAT cell reselection from 
GERAN to UTRAN are the Qsearch_I and the 
FDD_Qoffset  [16]. Similarly, the cell reselection from 
UTRAN to GERAN can be controlled by regulating the 
SsearchRAT_GSM and Qoffset1_sn parameters  [16]. 
Simulation results revealed that, when Qsearch_I increases, 
GERAN is favored with respect to the UTRAN. Similarly, 
from the achieved results it is possible to derive that when 
FDD_Qoffset decreases, UTRAN RAT is favored with 
respect to GERAN and when the lowest value for the 
FDD_Qoffset is assumed (-28 dB), the maximum UTRAN 
usage level is achieved. For details on the results the reader 
is referred to  [17]. 

In turn, focusing on the terminals in connected mode, 
simulation results dealing with UTRAN to GERAN 
handover highlight that the handover procedure can be 
effectively exploited in order to take advantage of GERAN 
as a back-up system when the radio quality of UTRAN cells 
is not able to support user’s service, which occurs, for 
instance, in case of indoor users  [17]. 

 
IV. CRRM based on a Cost Function Model 

Another model capable of dealing with multiple RATs, 
which have intrinsically some differences on QoS 
indicators, is the Cost Function (CF) one. For each RAT, a 

particular CF definition was identified, by using slightly 
different KPIs (Key Performance Indicators), i.e., each BS-
RAT type has its own CF, supported on different and 
appropriate KPIs. 

Another important issue, related to the computation of the 
CF model, is the different perspectives that different 
network players have over the network, which in this model 
are seen from the operators’ and users’ viewpoint, Table 1. 

Table 1:  Users and Operators CF Parameters. 

Perspective KPIs User Operator 
Delay Service BS Average 
Blocking Service BS Average 

Cost 
Service (Free, Flat, 
Volume or Time 
dependent) 

BS 

Throughput Service BS Average 
Service 
Availability 

Number of RATs 
available - 

Drop Rate Service VHO and HHO 

User type  - Mass Market, 
Premium 

Interference - BS Level 
Load - BS 

Channels - BS Occupied 
resources 

 
When each of these groups “looks” to the network, they 

are sensitive to different parameters: for a user, the 
operator/network is seen as a service 
provider/infrastructure, therefore, e.g., service cost (being 
lower) and quality (being higher) are important; however, 
for an operator, the same parameter can have an opposite 
perspective, e.g., service cost should provide good revenue 
and simultaneously be competitive with other operators.  
Hence, in order to provide a more realistic balance in the 
overall network solution, the overall CF should combine 
both operator’s and user’s perspectives.  Table 1 presents a 
list of KPIs identified for both perspectives  [18]. One 
should note that not all KPIs have a correspondence to both 
perspectives, e.g., interference is clearly a very important 
parameter for an operator, but it does not carry any meaning 
for a typical user. 

Based on the previous concepts, the network total CF is 
divided into two sub-CFs, one being related to the operator 
and the other to users.  Furthermore, the operator CF is also 
sub-divided, since different CFs are computed for each 
different RAT type.  Each one of these sub CFs is weighted 
with different values, enabling the implementation and 
evaluation of different policies on CRRM and RRM 
algorithms over each type of RAT. 

The network total cost, CNT, is defined by: 

1 1
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where,  
• Wo and Wu are the operator’s and user’s weights; 
• NRAT and NU are the number of RATs and users; 
• Wor is the operator’s weight for each RAT r; 
• Cor is the operator’s total cost for RAT r; 
• Cun is the nth user cost. 

The value of Cor for a given RAT r (e.g., r ∈{UMTS R99, 
UMTS R5, 802.11’x’}) is calculated as follows: 

,
1

1

=

= ∑
BS r

r

N

r r b
b

Co Co
NBS

           (2) 

where, 
• NBSr is the total number of BSs for a given RAT r,  
• Cor,b is the operator’s cost for each BS b, in RAT r. 
Cor,b is computed by: 
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where, 
• NKPIr is the total number of KPIs of a given RAT r; 
• wr,i is the weight of each KPI i; 
• kb,i represents the normalised value of each KPI 

(0 ≤ kb,i ≤ 1). 
The minimum value for kb,i is 0, which means that this 

KPI has the optimum value, and the maximum one, 1, 
means the saturation of that KPI, or that it has reached the 
worst value possible. In some particular cases, it can be 
above 1, which means that the current KPI is above the 
recommended maximum value. 

The cost for each user n, Cun, is given by: 

1

1

1 KPIu
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N
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=

= ⋅∑
∑

           (4) 

where, 
• NKPIu is the total of KPIs; 
• kui corresponds to each user i KPI; 
• wi is the weigh of the KPI. 

Both Cor,b and Cun are normalised parameters, thus, they 
should be between 0 and 1.  One should note that some kui 
must be conveniently adapted, in order to have the same 
meaning of other KPIs, e.g., the throughput must be 
normalised to its maximum value. 

The CF result applied to all BSs in a heterogeneous 
network environment offers to RRM and CRRM entities a 
good way to implement the Always Best Connected (ABC) 
concept  [18], since each BS has a number associated to it, 
the cost value.  Based on these values, the CRRM entity can 
sort a list of BSs reported/visible by each user, via the RRM 
entity.  On the top of this list, it is expected to have the best 
BS (the lowest cost one) that potentially offers the best 
connection to a given user. 

Similar to BSs, each user has a cost value attached to 
him/her. This information is vital to take users’ interests 

into account, in the overall network management. 
By using this model, the network heterogeneous 

environment can be evaluated based on a huge combination 
of different policies, ranging from only one single KPI, 
looking just for either the operator’s interests or the user’s 
ones, up to the full inclusion of all identified KPIs. 

The following figures presents some results based on the 
CF model and on the AROMA Urban Hotspot scenario 
 [15], by exploring the comparison between operator’s and 
user’s KPIs perspectives, previously proposed and 
identified.  Further results can be found in  [19] and  [20]. 

Figure 2 compares the CRRM delay, when the CF policy 
is based on independent operator’s and user’s perspectives. 
Specifically, the Blocking Only (BO) policy is considered, 
that aims at decreasing the overall blocking probability at 
CRRM level. Note that the BO policy is different for both 
user and operator sides. The users’ oriented policy presents 
worse results, since users are not concerned about the 
overall network QoS. Another important issue is that users 
and operators blocking probability do not represent the 
same quantity, because operators and their BSs QoS 
counters have all events in memory, but only the ones 
registered by active users are considered when their 
perspective is taken into account. Therefore, the CF is more 
realistic when the operators’ perspective is used. Thus, the 
network QoS is better represented by the operators’ 
perspective. 
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Figure 2. CRRM Delay when comparing operators’ and users’ perspectives 

using the BO policy 

In Figure 3, a CRRM blocking comparison is presented, 
using the same previous policy.  In this situation, the 
previous effect is detected. 

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

0 0.2 0.4 0.6 0.8 1 1.2
CRRM Blocking [%]

C
D

F

Operator - BO
 Users - BO

 
Figure 3. CRRM Blocking when comparing operators’ and users’ 

perspectives using the BO policy 
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V. Fittingness factor-based CRRM 
Following the previous approaches in which specific 

studies related with coverage and different operator/user 
perspectives were analyzed, in the following a generic 
model trying to capture all the effects influencing on the 
RAT selection decisions is presented. Specifically, in order 
to cope with the multi-dimensional heterogeneity reflected 
in Figure 1, two main levels are identified in the RAT 
selection problem: 

1) Capabilities. A user-to-RAT association may not be 
possible because of limitations in e.g. the user terminal 
capabilities (single-mode terminals only able to be 
connected to a single RAT) or the type of services 
supported by the RAT (e.g. videophone is not supported in 
2G networks).   

2) Suitability. A user-to-RAT association may or may not 
be suitable depending on the matching between the user 
requirements in terms of QoS and the capabilities offered by 
the RAT (e.g. a business user may require bit rate 
capabilities feasible on HSDPA and not on GPRS or these 
capabilities can be obtained in one technology or another 
depending on the RAT occupancy, etc.). In that respect, 
there are a number of considerations, which can be split at 
two different levels: 

a) Macroscopic: Radio considerations at cell level such as 
load level or, equivalently, amount of radio resources 
available. 

b) Microscopic: Radio considerations at user level such as 
path loss, intercell interference level, etc. This component 
will be relevant for the user-to-RAT association when the 
amount of radio resources required for providing the user 
with the required QoS significantly depends on the local 
conditions where the user is located (e.g. power level 
required in WCDMA downlink, measured interference, etc.). 

The above concepts can be captured in the so-called 
fittingness factor ψ

i,p,s,j
, which reflects the degree of 

adequacy of a given RAT to a given user, as it will be 
detailed in the next section. It is defined with respect to each 
cell of the j-th RAT for each i-th user, who belongs to the p-
th customer profile requesting the s-th service. 

The RAT selection algorithm is considered differently 
depending on whether the selection is done at session set-up 
or during an on-going connection. Specifically, for a user 
requesting a given service s, the procedure would be: 

Step 1.- Measure the fittingness factor for each candidate 
cell kj of the j-th detected RAT.  

Step 2.- Select the RAT J having the cell with the highest 
fittingness factor among all the candidate cells: 

( ), , ,arg max max
j

i p s j jkj
J kψ =  

 
                (5) 

In case that two or more RATs have the same value of the 
fittingness factor, then select the less loaded RAT. 

Step 3.- Try admission in the RAT J. 
Step 4.- If admission is not possible, try with the next 

RAT in decreasing order of fittingness factor, provided that 
its fittingness factor is higher than 0. If no other RATs with 
fittingness factor higher than 0 exist, block the call. 

For on-going connections, the proposed criterion to 
execute a VHO algorithm based on the fittingness factor 
would be as follows, assuming that the terminal is 
connected to the RAT denoted as “servingRAT” and cell 
denoted as “servingCell”. 

Step 1.- For each candidate cell and RAT, monitor the 
corresponding fittingness factor ψ

i,p,s,j
 (kj). Measures should 

be averaged during a period T. 

Step 2.- If the condition  
ψ

i,p,s,j
(kj)>ψ

i,p,s,servingRAT
(servingCell)+∆VHO                  (6)

holds during a period TVHO then a vertical handover to 
RAT j and cell kj should be triggered, provided that there 
are available resources for the user in this RAT and cell. 

 
VI. Fittingness factor definition 

The fittingness factor considers the levels influencing on 
the RAT selection explained above. It is computed as the 
product of three different terms, which are detailed in the 
following, and account for the capabilities and the 
suitability from the user and network perspective. 

( ), , , , , , , , ,i p s j i p s j i p s j NFC Qψ δ η= × ×       (7) 

A. Capabilities 
The first term in (7) reflects the hard constraints posed by 

the capabilities of either the terminal or the technology. It 
takes the value 1 if the both the i-th user’s terminal supports 
the j-th RAT and the j-th RAT supports the s-th service, and 
it takes the value 0 otherwise. 
B. User-centric suitability 

The term Qi,p,s,j reflects the suitability of the j-th RAT to 
support the s-th service requested by the i-th user with the 
p-th customer profile. It accounts for a user-specific 
suitability according to the bit rate that can be allocated to 
the user depending on the existing load and the path loss 
experienced by the user. Function Qi,p,s,j can be defined 
empirically or analytically. In particular, in  [21] analytical 
expressions for the computation of this function for voice, 
videocall and interactive services in GERAN and UTRAN 
RATs were presented.  

From a microscopic point of view, the definition of this 
term should take into consideration aspects such as the link 
adaptation mechanisms in GERAN, which reduce the 
modulation and coding scheme (i.e. equivalently the bit 
rate) of users experiencing bad propagation conditions, or 
the transport format reduction in UTRAN. Similarly, from a 
macroscopic point of view, the definition should account for 
the multiplexing of users onto shared channels according to 
specific scheduling strategies, which reduces the effective 
data rate that can be achieved by the different transmissions. 
C. Network-centric suitability 

The term δ(ηNF) intends to capture the suitability from an 
overall RAT perspective, then to provide further flexibility 
on the fittingness factor definition. Let define the non-
flexible load ηNF in one RAT as the total load coming from 
non-flexible traffic, which is the traffic that can only be 
served through one specific RAT and therefore it does not 
provide flexibility to CRRM. For instance in UTRAN ηNF 



Workshop Trends in Radio Resource Management (3rd Edition)                        Barcelona 21st November 2007 
 

could be the total load from videocall users assuming they 
cannot be served through GERAN. Similarly, in case of 
GERAN, ηNF could be the load from mono-mode terminals, 
which cannot be served through UTRAN. Then, δ(ηNF) is a 
function that reduces the fittingness factor of flexible traffic 
depending on the amount of non-flexible load. The idea is 
that if there is a high amount of non-flexible load in a given 
RAT, this RAT is made less attractive for flexible load, thus 
leaving room to non-flexible users.  

It is worth mentioning that the definition of the network-
centric suitability can include tuneable parameters to allow 
the enforcement of specific operator policies arising from 
the trade-off between the degree of QoS to be provided to 
the non-flexible traffic with respect to the flexible traffic 
 [22].   

The fittingness factor should be computed separately for 
uplink and downlink of a given RAT. Then, a weighting 
between the two values can be carried out depending on the 
service characteristics  [21].  
VII. Results on the fittingness factor based CRRM 

The developed framework has been analyzed through 
exhaustive simulations in a variety of scenarios with 
different traffic mixes to reveal the ability to adapt to the 
conditions in each case. In the following some results are 
given to illustrate the benefits of the proposed framework. 
They consider a scenario with UTRAN R99 and GERAN 
cells with EDGE capabilities. Voice at 12.2 kb/s and 
videocall at 64 kb/s services are considered as 
representative of the conversational traffic class while a 
www browsing service with two different profiles, namely 
consumer (with bit rate up to 128 kb/s in UTRAN and low 
priority in GERAN) and business (with bit rate up to 384 
kb/s and high priority in GERAN), have been selected as 
representative of the interactive traffic class.  

In order to illustrate how the fittingness factor algorithm 
affects the traffic splitting among the two RATs, Figure 4 
plots the fraction of traffic served through GERAN for the 
voice, interactive consumer and business profiles when 
increasing the total load coming from videocall users 
(which are always served through UTRAN). For 
comparison purposes, the distribution according to the load 
balancing case (LB) is also shown, in which the less loaded 
RAT is selected at session set-up. It can be observed how 
LB does not make significant distinctions among the 
considered services, with the general trend that, by 
increasing the load of videocall users, more traffic of the 
other services should be derived to GERAN in order to keep 
similar load levels in the two RATs. On the contrary, the 
fittingness factor based algorithm is able to split the traffic 
according to the peculiarities of each service. In particular, 
most of the interactive business traffic is served through 
UTRAN, where this type of traffic can achieve a higher bit 
rate. Only in case that the videocall load is very high there 
is a certain interactive business traffic that should be moved 
to GERAN. In turn, when looking at the voice and 
interactive consumer users, as a result of the increase in 
videocall load, the algorithm tends to move to GERAN 
mainly the voice traffic, while it keeps a significant fraction 
of interactive consumer traffic still in UTRAN.  

The different traffic split impacts over the QoS observed 
by each service, as it is reflected in Figure 5, which 
compares the packet delay of the interactive consumer and 
business users with the fittingness factor based algorithm 
and with LB when increasing the load of voice users in the 
scenario. It is observed that the performance from a user 
point of view is better with the fittingness factor-based 
algorithm than with LB for the two user profiles. Although 
it is not plot here for the sake of brevity, the total 
throughput achieved in the scenario in this case is 
approximately the same for the two approaches, which 
reflects that the fittingness factor is able to improve the user 
QoS perception without degrading the overall capacity. 
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Figure 4. Fraction of traffic served through GERAN as a function of the 
videocall users for the fittingness factor and the load balancing strategies 
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Figure 5. DL packet delay for interactive business and consumer users 

according to the fittingness factor and the load balancing case 

The impact of the videocall users, which are a non-
flexible type of traffic, is plot in Figure 6 and Figure 7 in 
terms of packet delay and total throughput in the scenario. 
To illustrate the ability of the algorithm to reflect different 
operator criteria, two different settings have been 
considered in the network-centric suitability component of 
sub-section VI.C. Setting 1 reflects the case in which the 
operator aims at improving the QoS of the interactive 
business users. In this case, as reflected in Figure 6, the 
delay for this traffic is the smallest one among the 
considered approaches, which is achieved by keeping as 
much as possible this traffic in UTRAN, even if videocall 
load is high. However, this improvement occurs at the 
expense of a reduction in the throughput of non-flexible 
traffic, because the interactive users leave less room in 
UTRAN. As a result, there is some reduction in the total 
throughput in the scenario, as shown in Figure 7. In turn, 
setting 2 reflects the situation in which the operator prefers 
to keep more capacity for the videocall traffic in UTRAN, 
which is ensured by allowing that some interactive business 
users are served through GERAN. Notice in Figure 6 and 
Figure 7 that, with this setting, the total throughput in the 
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scenario is increased with respect to setting 1 at the expense 
of some delay degradation. Nevertheless, the delay is still 
much better than that achieved with LB. 
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Figure 6. DL packet delay of business interactive users  

Total Throughput 

4

5

6

7

8

9

10

11

12

100 150 200 250 300 350 400

Videocall users

D
L 

Th
ro

ug
hp

ut
 (M

b/
s)

Load Balancing Fittingness Setting 1 Fittingness Setting 2

 
Figure 7. Total scenario DL throughput when increasing the videocall load 
 
VIII. Conclusions 

This paper has presented a detailed perspective on how to 
deal with the RAT selection in heterogeneous networks. 
The different methodological approaches followed in the 
IST-AROMA project have been described. First, different 
analytical based approaches have been discussed. Then, 
specific algorithms evaluated by means of system-level 
simulations have been analysed. They deal, on the one hand, 
with the radio coverage considerations in the RAT selection 
process for UTRAN/GERAN scenarios for both idle and 
connected mode. On the other hand, another approach based 
on a cost function model has been presented. The results 
based on the CF model are promising, since CRRM policies 
based on this CF model can enhance CRRM capabilities 
and overall QoS.  

Finally, a generic framework has been presented based on 
the so-called fittingness factor concept that captures the 
heterogeneous conditions that can arise in a given network 
regarding terminal and network capabilities, load and 
propagation conditions as well as operator policies. Some 
results have been provided in order to illustrate the 
capability of the algorithm to adapt to different loads and 
traffic mixes and to improve the user QoS for different 
profiles without degrading the throughput. 
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