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Abstract. Efficient radio resource management in wireless networks is 
increasingly becoming a necessity as current trends drive towards increased 
number of users and bandwidth hungry applications and services. In this paper, 
two concepts for targeting this capacity challenge are addressed: cooperative and 
localization based radio resource management. In cooperation we refer to the 
concept of a sole entity responsible for managing radio resources for 
heterogeneous networking environments, and herein we explore an IEEE 
802.11e overlay for WiMAX.  If a multimode terminal supports several radio 
access technologies the question arises, which one should be used for a particular 
communication? To answer this question, one first needs to investigate which 
systems are available, and what is the required criteria to select the most suitable 
network based on service, capacity and current load.  This paper includes the 
notion of positioning information and SINR database to propose a vertical 
handover between the most recent versions of the standards of WiMAX and Wi-
Fi. The results showed that there is a QoS gain of the proposed algorithm, over 
the traditional power-based handover, translated in the reduction of the number 
of handovers. The results show as well that there is a trade-off of overall system 
throughput decrease when using the proposed positioning-based algorithm.  

Keywords: Vertical Handovers, Positioning, Suitability RAT selection, 
WiMAX, IEEE 802.11e. 

1 Introduction 

In an era where spectral resources are at a premium, it is essential for mobile 
operators to explore new technologies that can maximize the spectral efficiency of the 
system in order to deliver these services at a low cost. One technology trend is to 
exploit the notion of cooperation to allow heterogeneous wireless systems to 
exchange system information for enhancing protocol performance. So called 
“cooperative architectures” already exist between (Wireless Fidelity) Wi-Fi and 
Universal Mobile Telecommunication Systems/High Speed Downlink Packet Access 
(UMTS/WiMAX) like the loose and tight coupling approaches proposed by European 
Telecommunications Standards Institute/Broadband Radio Access Networks 
(ETSI/BRAN) [1] and 3rd Generation Partnership Project (3GPP) [2]. Furthermore, 
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MIND [3], CAUTION [4], EVEREST [5], AROMA [6] have investigated 
architectures and platforms for cooperation schemes between heterogeneous Radio 
Access Networks, mainly between UMTS/HSDPA and Wi-Fi. In [7] the requirements 
and algorithms for cooperation of several radio access networks are presented. 
Cooperation between networks based on the load suitability for delay constrained 
services was investigated in [8]. The notion of suitability is based on the most 
preferred access system to accommodate the service, but this concept, suitability, can 
change as load increases in order to maintain the quality of service across the 
networks. So the goal should be to optimize the load in each RAT without loss of 
quality of service (QoS) guarantee. However, these works have not considered the 
effects of positioning information on network cooperation performance which can 
have a positive impact on protocol performance.  

Research on the area of localization, wireless or cellular geo-location or 
positioning has been conducted since the late sixties. Localization has attracted much 
more interest after the U.S. Federal Communications Commission (FCC) announced 
that it is mandatory for all wireless service providers to be able to provide location 
information to public safety services in case of an emergency [9], [10]. Nevertheless, 
that was just the initial motivation, since researchers soon envisioned new commercial 
services that could become feasible if the exact location of the mobile user is known 
to the provider. Inspired by the difficulty of the localization problem and motivated 
by the aforementioned new commercial services, research exploited the nature of the 
wireless channel in an attempt to estimate meaningful parameters that could in turn be 
used for geo-location. Amongst the numerous techniques that were developed, the 
most commonly used and accepted are the geometrical ones and especially those 
based on the estimation of the Angle of Arrival (AoA), the Time of Arrival (ToA), the 
time difference of Arrival (TDoA), or a combination of two or maybe three of the 
above, or even the estimation of the received signal strength (RSS) [11], [12].  

This paper includes the notion of positioning information and fingerprint database 
to assist with vertical handovers for the most recent versions of WiMAX and Wi-Fi.  

This paper is organized as follows: section 2 presents the addressed Interworking 
scenario; section 3 presents the Inter-system handover Sojourn-time based algorithm; 
the numerical results accounting for localization in RAT selection are given in 
Section 4; and finally the conclusion is presented in Section 5. 

2 Interworking Scenario  

An algorithm for RAT selection is proposed for handover decision between WiMAX 
(802.16e) and Wi-Fi (IEEE 802.11e). The addressed scenario is depicted in Figure 1. 
An IP-based core network is assumed to act as the bridge between Wi-Fi, and 
WiMAX. The depicted scenario is aligned with future wireless trends that envisage a 
B3G network, a network of wireless networks that allow the users to attain the same 
service through, as covered by the 802.21 standard, whose details are neglected in this 
work. Within this IP cloud, we envisage a cooperative networking entity that logically 
communicates with WiMAX, and Wi-Fi to provide this networking bridge, more 
specifically referred to as the Reconfiguration Module entity, which is responsible 
for: i) gathering system and user specific information; ii) processing this information 
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according to operator specific criteria; and iii) triggering a new handover event 
minimizing the so called Ping-pong effect, while maximizing the overall system 
performance. Moreover, it is assumed that a common operator deploys either systems, 
or that those systems from different operators share a service level agreement to  
cut-out any constraint related to heterogeneous systems management. 

This scenario addresses the delivery of near-real-time video (NRTV) services that 
can be streamed either over WiMAX or Wi-Fi systems. The end user is currently 
subscribing to an IPTV service, which is currently also being delivered over the Wi-Fi 
hotspot. The default selection of the Wi-Fi network was chosen since it was deemed 
to be the most “fitting” network for the requested service. An example is the 
following. The operator, which is monitoring both networking entities, observes a 
sudden surge in Wi-Fi subscribers overloading the Wi-Fi network, or leak of 
coverage, whilst WiMAX is either under-loaded or in coverage area of the subscriber, 
and handling the usual internet services. The Radio Reconfiguration entity suddenly 
decides that it would be more efficient to shift one or some of the Wi-Fi users to the 
WiMAX network, since this leads to better QoS provisioning, and exploits the 
existing network capacity in a more efficient way. When a user is triggered for 
handover, the multi-mode terminal will initiate a new connection with WiMAX, 
whilst gracefully terminating the existing connection with Wi-Fi. 

 

 

Fig. 1. Coverage area for Wi-Fi, WiMAX and for both systems 

The study will mainly be focused on the criteria for handling a handover event, 
whilst neglecting architectural aspects of the intersystem handover, (tight/loose 
coupling, centralized or decentralized), including signaling aspects. It is assumed that 
the values for the metrics are available and can be obtained with no errors. By using 
signal strength, positioning information and predicting a mobility pattern not 
neglecting the load measurement for both systems, based on the Sojourn value, the  
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algorithm selects the RAT which the user should be attached to. The details and 
decision criteria are the scope of the work presented in this section and are detailed in 
the next section. 

3 Inter-system Handover – Sojourn-Time Based Algorithm 
System 

3.1 Models and Parameters Used in Hard-Handover 

Since the appearance of the WCDMA (UMTS), Soft-Handover has been introduced 
in order to extend and improve the capacity and coverage. WCDMA uses the fact that 
cells coverage is separated by spreading codes to increase the notion of coverage, as 
opposed to GSM, which would require hardware costs, since the cells are separated or 
distinguished by frequency bands. Apart from being a more power consuming 
solution, HSDPA, which uses fast scheduling and fast cell selection, is shown to be 
more efficient in packet based applications. [13] has indicated that hard handover is 
recommended, instead of soft-handover, for the packet based HSDPA. We will use 
the same approach for vertical handover, where while assuming multi-mode 
terminals, hard-handover case will be used. 

Ping-Pong Effect, Average Window and Hysteresis 

Typical radio propagation environment is characterized by fluctuations in the received 
signal power due to slow fading caused by buildings and obstructions as well as fast 
fading resulting from multiple propagation paths that the receivers are exposed to. 
Handover theoretically deals with these variations in the cells boundary where there is 
a signal decrease from one cell and increase on the other cell. As a results of the user 
mobility in the cell boundary, these fluctuations are fast and occur in frequent 
increase and decrease of signal strength. These signal fluctuations will lead to many 
handovers if a user is going to simply handover to a cell which provides a better 
quality of signal, when the user is moving from one cell to another. This impact, very 
significant around the cell boundary, forces the user to handover back and forth 
between two cells. This is normally referred to as the Ping-Pong effect. 

To effectively reduce this Ping-Pong effect two mechanisms are normally adopted 
in hard handover algorithms: the Averaging Window and the Hysteresis value, which 
are explained below. 

The averaging window is basically a filter that is applied in the received signal in 
order to average it during a certain period. The averaging window is applied so that N 
instantaneous measured received energy over interference plus noise (Ec/Io) samples 
of the pilot (or preamble) to be averaged with the same weight. The N is indicated as 
the averaging window size. For instance, the ith averaged Ec/Io from pilot channel 
from cell j can be presented as, 


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The hysteresis value, Hyst, is used to prevent immature handovers. When the pilot of 
the best candidate cell is better than the current serving cell by Hyst, the handover will 
be performed. By doing this, the handover algorithm now can be explained as,  

HystIoEcAvrgIoEcAvrg serving >− )/()/( max                              
(2) 

where (Ec/Io)max indicates the best CPICH among candidate cells and (Ec/Io)serving 
corresponds to the CPICH of current serving cell. 

While the averaging window N and the hysteresis Hyst prevent successive 
handovers avoiding the Ping-Pong effect, sometimes these will lead to late handover 
in some cases provoking firm degradation of communication quality. For this purpose 
the selection of the averaging window and the hysteresis are crucial for the network 
performance and communication continuity. 

Optimization point and instant on handover decision will depend essentially on the 
system dynamics tracking and measurements prediction. In other words, if we can 
track the dynamics of the system by the meaning of the channel variation, optimized 
point for the handover decision can be reached. This is one of the most important 
challenges on the study of handover algorithms, and has been based on channel 
parameters characteristics evaluation [14] [15].  

3.2 Sojourn-Time Based Handovers 

We propose a vertical HO algorithm based on the Sojourn time of a mobile user 
within each RAT during a given period. The sojourn time theory is based on the Little 
theory, and Sojourn time corresponds to the amount of time that an entity remains in 
Steady-State within system S. The Little theorem referenced is a straight model to 
relate the concept of the Sojourn-time model in systems with wireless mobile 
networks. Figure 2 shows an entity moving in the system S1 and across S2. 

 

Fig. 2. Motion of an entity in systems S1 and S2 

The proposed algorithm is based on two principles which are, (1) the average 
measured SINR in the local vicinity and (2) the positioning information of the mobile 
station (MS). The proposed algorithm is based on the fact that if the motion of a MS 
can be tracked and predicted, then together with the average propagation conditions, 
unnecessary handovers can be avoided by estimating the best point in time for a 
handover decision.   
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In the case of wireless systems, we will assume that the Steady State time is the 
time that the received signal SIRi,j of MS i and RAT j is above a threshold Thj. The 
flow of entities can be attached to the call arrival rate, and the transit duration as the 
call duration. If a successive handover from one RAT to the other should not be made 
after a period of T, due to the Quality of Service degradation related to the handover, 
a Sojourn time Si,j based on estimated conditions of each mobile i in relation to the 
RAT j can be calculated. The selection of the suitable RAT can only be performed if 
it is assured that the Sojourn time is equal to T. 

We have proposed a function that identifies the Sojourn time during a period T for 
each RATj, and the best RATj for attachment is given by:  
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The success of the proposed algorithm is directly attached to the precision of the 
positioning information available, and the accuracy of the prediction algorithm for 
future positions. 

3.3 Mobility Prediction 

A) Mobility Model 
The mobility model is based on 3GPP model [16]. The model is a pseudo random 
mobility model with semi-directed trajectories. Mobiles’ positions are updated 
according to the decorrelation length [16], and direction can be changed at each 
position update according to a given probability. Direction can be changed within a 
given sector to simulate semi-directed trajectory. 

Mobiles’ speed is constant and the mobility model is defined by the following 
parameters: 

• Speed value : 3 km/h 
• Probability to change direction at position update : 0.2 
• Maximal angle for direction update : 45° 
• Mobiles are uniformly distributed on the map and their direction is randomly 

chosen at initialization. 

B) Mobility Prediction 
Among many methods proposed for the mobility and positioning tracking e.g. using 
Markov, White Noise [17], we adopt the Least Mean Square Error method fitted to 
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linear function, assuming availability of present and past positions. The future 
positions are estimated using the previous 50 positions samples, obtained during each 
measurement period, which is 0.4 s. 

4 Numerical Results 

4.1 Simulation Scenario and Models 

The scenario is based on a WiMAX area with an overlay of Wi-Fi Hotspot. The 
WiMAX is a cellular system with 3 tiers in a hexagonal layout consisting of 19 cells. 
To minimize the simulation duration due to complexity, we consider for transmission 
purposes only the central cell, acting all the others as interfering cells. 35 users are 
uniformly distributed in the central cell, moving at the speed of 3 km/h and 
experiencing high-priority NRTV video traffic at 64 kbps characterized by the 3GPP 
model [18]. To confine the movement of the mobiles on the central WiMAX cell, a 
wrap-around technique is applied. One Wi-Fi hot-spot is inside of the central cell for 
demonstrating the sojourn-time based handover concept. The simulation sample 
duration is 6 min real-time, and results were collected for 20 simulation samples. The 
mobility model is based on the 3GPP model for outdoor urban presented in [16]. For 
more details about the simulations platform used in this work please refer to [19] for 
the WiMAX platform and [20] for the Wi-Fi part. The key simulation parameters are 
presented in the Table 1. 

Table 1. Main WiMAX and Wi-Fi simulation parameters 

Parameter WiMAX (802.16e) Wi-Fi (802.11) 

Tx Mode - EDCA (MAC Tx mode) 

CRRM HO measurement period 0.4 s 0.4 s 

CRRM HO decision period 10 s, 20 s 10 s, 20 s 

Scheduler MaxCI Round-Robin 

Link Adaptation BLER 10% - 

Radio propagation model [16] 
3GPP Urban + Fast 
Fading 

ITU 2GHz propagation 
(Path Loss) 

Cell type Omni Omni 

Bandwidth - Variable with the user SNR 

Environment Urban Micro Cell Outdoor Hotspot 

Cell Radius 175 m 100 m 
 

In the simulations we don’t use a fingerprint database itself. The notion of 
fingerprint database is used in the sense that with the available channel models, one 
can calculate the average channel composed by path loss and shadowing loss, for each 
position, given the position coordinates. The multiple cell scenario is created in the 
beginning of the simulation, and based on this the average SINR can be calculated for 
any position in the environment.  
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4.2 Simulation Results 

The performance of the handover (HO) algorithms is measured in terms of the 
Number of handovers occurred during the simulation period, and Overall System 
Throughput. There are some additional parameters that should be introduced which 
are:  the measurement period, which is the period during which the signal strength is 
measured; and handover decision period, used in the positioning-based HO proposed 
algorithm. The measurement period used in our simulations is 0.4 s which is 
approximately the measurement period utilized in cellular GSM network. The 
handover decision period should be related to the Quality of Service degradation 
during a handover. If we assume a handover delay around 2-3 seconds, and a QoS 
target of 90%, two values for the location based handovers can be proposed of 10 s 
and 20 s. These parameters are summarized in the Table 2. 

Table 2. Handover parameters 

Parameter Positioning Based HO Power Based HO 

HO measurement period 0.4s  

HO decision period 10 s, 20 s - 

Number of Windows - 10 

Signal Hysteresis - 3 dB 

Figure 3 compares the CDF of the number of handovers for both the positioning 
based HO and the power based one. One can notice that there were significantly less 
handovers when the handover algorithm uses positioning information.   

 

Fig. 3. CDF of number of Handovers with Positioning-based HO and Power-based HO 
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Figure 4 presents the system throughput. One can notice a reduction in the 
handover throughput when using the Positioning-based HO. This can be explained by 
the fact that the positioning algorithm fails to track the mobility due to the re-
evaluation period. Increasing the evaluation period will result in more precise 
handover decisions, but can sometimes lead to a late handover decision, which can 
result in some degradation throughput. 

 

Fig. 4. Overall system throughput with Positioning-based HO and Power-based HO 

5 Conclusions 

In this work a positioning-based vertical handover algorithm was proposed using the 
mobile WiMAX (802.16e) with a mobile Wi-Fi (802.11) overlay. The algorithm 
assumes the existence of a fingerprint database that stores average channel 
measurements for a given area and availability of positioning information of each 
mobile. The proposed algorithm is based on the short-term mobility prediction for 
assisting with handover decision. The results showed that there is a QoS gain by using 
positioning information in contrast to traditional power-based handover, however this 
was at the expense of some loss in global throughput, translated in the reduction of 
the number of handovers.  
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