
  

Handover Algorithm for WiMAX Technology 

by 

Alejandro Llibre Beltri 

B.Sc., Universitat Politecnica de Catalunya, 2013 

Thesis Submitted in Partial Fulfillment of the 

Requirements for the Degree of  

Master of Science  

in the  

Department of Engineering Science 

Faculty of Applied Sciences 

 Alejandro Llibre 2015 

SIMON FRASER UNIVERSITY  

Fall 2015 

 



 

ii 

Dedication 

 

To my parents and my grandmother.  



 

iii 

Acknowledgements 

 

I would like to thank all the people who have helped me make this Thesis 

possible.  

Thanks to my advisor Professor Ljiljana Trajkovic for giving me the chance to 

participate in this project. Thanks to Soroush for showing me how to begin using the 

Riverbed Modeler tool and for being so accessible and helpful. I would like to thank Max 

for correct my English over the course of writing this Thesis. I will never forget Rafa and 

Mire and their warm welcome as I arrived to Simon Fraser University. I would like to 

thank them both for introducing me to all other exchange students at the University. 

Without them my experience at SFU would not have been as great. I would also like to 

thank Maria, residing overseas, for her daily support and for making my five months 

away easier. 

 Last, but not least, I would like to thank my family. To have such an amazing 

experience in Vancouver would not have been possible without their constant support 

and patience. Thank you for everything. 

  



 

iv 

Abstract 

 

WiMAX is the acronym for “Worldwide Interoperability for Microwave Access”. 

WiMAX technology is becoming more popular and is continuously improving. One of its 

main characteristics is that it can cover large geographical areas serving all base 

stations. Therefore, serving a large number of Mobile Stations (MS) requires an efficient 

handover performance.   

In this Thesis, we focus on improving the efficiency of handover schemes by 

proposing a handover algorithm for WiMAX networks. The algorithm depends on the 

signal to noise ratio (SNR) received from the Target Base Stations (TBS) at the MS. The 

proposed handover algorithm is also based on the free capacity measurements at the 

Base Stations (BSs) in order to optimize the handover decision. 

We design the proposed algorithms by employing Riverbed Modeler v. 18 

running on Windows operating system.  
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Chapter 1.  
 
Introduction 

WiMAX is a technology that delivers carrier quality, high-speed, wireless 

broadband at a much lower cost than cellular networks and over a much greater range 

than Wireless Fidelity (Wi-Fi). WiMAX will not only deliver significant improvements in 

speed, throughput, and capacity to home and small business users, but will also enable 

portable and mobile services to laptops and handheld devices. The appeal of WiMAX 

systems lies in the fact that they can be applied to a variety of applications offered by a 

range of various providers, including cellular operators, wireline carriers, and cable 

operators. WiMAX is widely supported by an ecosystem of infrastructure and device 

vendors and has been endorsed by network operators around the globe. WiMAX 

delivers Non-Line-of-Site (NLoS) coverage using outdoor transmitters mounted on 

towers or rooftops to deliver multimegabit service in both urban and rural environments. 

IEEE 802.16 is not one single interoperable standard but a collection of 

standards. IEEE 802.16 family provides fixed and mobile broadband access in 

telecommunication industry. Fixed WiMAX offers no mobility and nomadic access is 

provided with no handover. Mobile WiMAX, defined by the standard IEEE 802.16e [1], 

adds mobility to the WiMAX specifications. Mobile WiMAX is a step in the evolution of 

WiMAX. It was the first mobile broadband wireless-access solution based on the IEEE 

802.16e- 2005 standard that enabled convergence of mobile and fixed broadband 

networks through a common wide-area radio-access technology and flexible network 

architecture.  

 The mobile WiMAX air interface employs Orthogonal Frequency Division Multiple 

Access (OFDMA) as the main multiple-access method in the downlink (DL) and uplink 

(UL) for improved multipath performance and bandwidth scalability. It uses both Internet 

Protocol (IP) network architecture and connection oriented MAC (Multiple Access 
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Control) layer. The 802.16 specification applies across a wide range of the Radio 

Frequency (RF) spectrum. WiMAX operates on frequencies below 66 GHz. It either 

operates at higher bitrates or over longer distances but not both at the same time. 

Mobile WiMAX provides additional features such as flexible power management (sleep 

and idle modes), channel bandwidth scalability (also known as scalable orthogonal 

frequency division multiple access, SOFDMA), fractional frequency reuse, better NLoS 

performance, and indoor penetration and handover. 

At the present time, two types of Handovers (HO) are defined in Mobile WiMAX: 

Hard Handover (HHO) known as break-before-make and Soft Handover (SHO). HHO 

disconnects the existing link to the in-service BS first and then makes a new connection 

to another Base Station (BS). SHO can sustain a secure handover maintaining 

connection with various BSs. SHO consists of Macro Diversity Handoff (MDHO) and 

Fast Base Station Switching (FBSS). SHO improves the Quality of Service (QoS) 

performance while adding complexity and overhead to the system.  

WiMAX was a possible replacement candidate for cellular phone technologies 

such as GSM (Global System for Mobile) and CDMA (Cellular Division Multiple Access). 

There are numerous devices on the market that provide connectivity to a WiMAX 

network. These are known as the Subscriber Unit (SU). There is an increasing focus on 

portable units, which includes handsets (similar to cellular smartphones), PC peripherals 

(PC Cards or USB), and embedded devices in laptops, which are now available for Wi-Fi 

services. It is notable that WiMAX is more similar to Wi-Fi than to 3G cellular 

technologies. The competition against Long Term Evolution (LTE) started with the 

advent of their 4G versions. It seems that the competition ended with the advantage of 

LTE. Nevertheless, WiMAX will bring favorable developments that will improve the 

cellular technologies in the future. 

1.1. Challenges 

Mobility is the most challenging research topic in WiMAX networks and 

broadband wireless communications. The first challenge in this project was to acquire 

the knowledge necessary to manage the Riverbed Modeler tool in order to build the 
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schemes and scenarios required to achieve simulation results. The next step was to 

understand the current Riverbed Modeler handover process and the impact of the SNR 

and the Free Capacity behavior on network performance.  

Our main challenge was to propose and implement a new algorithm that could 

improve the current handover mechanisms in Riverbed Modeler. 

1.2. Contributions 

The main contribution of this Thesis is the analysis of the current Riverbed 

handover algorithm and to evaluate its strengths and weaknesses. We then proposed 

solutions to address weaknesses and improve the tool. Our final contribution is the 

analysis of the proposed handover algorithms.  

1.3. Thesis Organization 

This Thesis is organized as follows: The background of the topic is given in 

Section 2. We introduce the system model in Section 3. The description of the proposed 

handover algorithm is presented in Section 4. Simulation scenarios and results of the 

Thesis are described in Section 5. We conclude with Section 6. 
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Chapter 2.  
 
Background 

WiMAX can provide a transfer speed of 70 Mbps per channel and maximum area 

coverage of 50 km, both under optimal conditions and in different settings. In 

comparison with Asymmetric Digital Subscriber Line (ADSL) technology, WiMAX has a 

marked advantage in total area coverage. ADSL can provide approximately 5 km area 

coverage. Thanks to this large coverage area, users are able to stay connected to a 

high-speed Internet connection. Hence, WIMAX offers a major advantage over ADSL 

and cable. WiMAX is commonly used to provide broadband services in sparsely 

populated areas and rural locations where the deployment of cable or fiber has a very 

high cost per user. WiMAX simplifies the implementation of high-speed Internet access 

to remote users and is much cheaper to implement than wired systems.  

This Thesis focuses on improving the handover algorithm for WiMAX technology. 

Comparing wireless and wired connections, wireless connections have a higher Bit Error 

Rate (BER) because of the nature of the transmission medium (air) and the obstacles 

between the transmitter and receiver. However, WiMAX offers many advantages. 

WiMAX and Wi-Fi are different in many aspects. While Wi-Fi is also a wireless 

technology, it is a different wireless telecommunication standard. There are also 

numerable differences in terms of infrastructure pre-requisites and network capabilities. 

Wi-Fi is a limited wireless extension of the conventional wired telecommunications 

network, enabling access to wireless Internet within a small range of 10-100 m from the 

Wi-Fi access point. In contrast, WiMAX supports large coverage wireless Internet access 

with the help of a dedicated network infrastructure built exclusively for wireless data 

communication at higher speed. The differences are illustrated in Figure 1. 
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Figure 1. WiMAX and Wi-Fi area coverage comparison [2] 

There are two different types of WirelessMAN broadband: The Fixed WiMAX 

development (IEEE 802.16d) and the Mobile WiMAX development (IEEE 802.16e). The 

main features are listed in Table 1. 
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Parameter Fixed WiMAX Mobile WiMAX 

Definition Allows BWA when the user is in the 
range of a WiMAX BS but not when 
the user is roaming. 

Allows for handover of cell/data 
session as the user moves between 
radio towers 

Standard 802.16d 802.16e 

Release date Q3 2004 December 2005 

Frequency 2 - 66 GHz Licensed bands 2 - 6 GHz 

Key feature - Allows for LoS as well as NLoS 
deployments 

- Amendment for mobile wireless 
broadband up to vehicular speeds 

  - Selectable channel bandwidth 
ranging from 1.25 to 20 MHz 

- At vehicles, user data rates will be 
lower than for pedestrians 

Application Fixed and Nomadic Access Supports mobile and Nomadic 
Wireless Access 

CPE 
Requirement 

Outdoor directional antenna, 
indoor modems 

PC data cards, laptops and mobile 
handsets with embedded CPE 
required WiMAX chips 

Table 1. Comparison of Fixed and Mobile WiMAX [3]. 

2.1. Infrastructure 

WiMAX requires a cost similar to implementing basic telecommunication 

infrastructure for voice communication network such as Global System for Mobile (GSM) 

and Code Division Multiple Access (CDMA).  

2.2. Coverage 

Under ideal conditions, WiMAX is capable of providing broadband speeds 

covering over 50 km radius. That implies in Line-Of-Sight (LoS) area, without real-time 

traffic and with negligible attenuation. One base station can provide a satisfactory 

broadband access within a range of 10 km in NLoS conditions and 15 km in LoS 

conditions.  
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2.3. Terminology 

WiMAX refers to interoperable implementations of the IEEE 802.16 family of 

wireless-networks standards ratified by the WiMAX Forum. The original IEEE 802.16 

standard was published in 2001. IEEE 802.16 standard is officially called WirelessMAN 

while WiMAX is the commercial name adopted by the WiMAX Forum [4]. 

2.4. Limitations 

The main WiMAX challenge is delivering acceptable QoS in congested traffic 

scenarios and in NLoS areas. This limitation is inevitable as in many other wireless 

networks. 

2.5. Future 

WiMAX is expected to continue to grow in the future. There are already over 592 

WiMAX networks deployed in 148 countries worldwide, as illustrated by Figure 2. The 

network is expanding at a fast pace [4]. In the future, WiMAX and Wi-Fi may introduce 

alternatives for implementing last-mile wireless broadband services. 

https://en.wikipedia.org/wiki/IEEE_802.16
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Figure 2. WiMAX expansion around the world [5]. 

2.6. Deployment 

The telecommunication standards address needs of the future data networks. 

WiMAX modulation is more spectrally efficient and can provide more bits per 

OFDM/SOFDMA symbol. When the bursts have high signal strength and high carrier to 

noise ratio (CINR), the signal can be easily decoded using digital signal processing 

(DSP). In case of degrading environmental conditions for RF communication, the system 

steps down to a more robust mode, which implies fewer bits per OFDM/SOFDMA 

symbol. 
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Figure 3. WiMAX client station connection [6]. 

The WiMAX system is complex to deploy since it is necessary to track not only 

the signal strength but also the dynamic assignment of available frequencies. The 

system has to be defined according to the capability of BSs to correct the frequency use, 

interference, and general functionalities. 

The Asia-Pacific region has surpassed the North American region in terms of 4G 

broadband wireless subscribers. There were approximately 1.7 million pre-WiMAX and 

WiMAX customers in Asia (accounting for 29% of the overall market), compared to 1.4 

million users in USA and Canada. 

2.7. Allocation 

WiMAX lacks a uniform global licensed spectrum. Nevertheless, WiMAX Forum 

has defined three licensed spectrum profiles: 2.3 GHz, 2.5 GHz, and 3.5 GHz. 

The WiMAX spectrum employed per region in the world is shown in Table 2. 
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Region Spectrum (GHz) 

Canada 2.3, 2.5, 3.5 

USA 2.3, 2.5, 3.7 

Latin America 2.5, 3.5 

Europe 2.5, 3.5 

Russia 2.3, 2.5, 3.5 

Asia Pacific 2.3, 2.5, 3.3 

Table 2. Spectrum by region defined by the WiMAX Forum. 
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Chapter 3.  
 
System Model 

The main goal of this Thesis is to evaluate and improve handover in WiMAX 

networks in order to provide the best possible QoS. Therefore, we focus on the SNR and 

the Free Capacity calculations [15].  

3.1. Calculation of the Signal to Noise Ratio (SNR)  

We consider a simple network scenario shown in Figure 4 comprising two Base 

Stations (BSs) separated from each other by the distance D and one Mobile Station 

(MS) located a distance of d from BS1.  

 

Figure 4. Simple scenario for SNR calculation. 

The power Pr received from both BSs is: 

From BS1:  Pr [dBm] = PtBS1 + GtBS1 + Gr – PL(d) – L   (1) 

From BS2:  Pr [dBm] = PtBS2 + GtBS2 + Gr – PL(D - d) – L ,  (2) 
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where Pt is the transmitted power, Gt the transmitter gain, Gr the receiver gain, L the 

system loss factor, and PL(d) and PL(D – d) are the path loss at distances d and D – d, 

respectively. 

 We assume that both BSs transmitted identical power and that the loss factor L = 

1. Then, the relative signal strength at the MS may be written as [7]: 

y(d) = 10 x nlog(d) – 10 x nlog(D - d) + u(d) – v(D - d) ,  (3) 

where n is the path loss exponent, which is equal to 2 for free space and is usually larger 

for wireless channels. Its value may be calculated as n = a - bHbs + c/Hbs, where a, b, 

and c are constants for a specified terrain category [7]. Hbs is the height of the BS. 

Processes u(d) and v(D - d) are independent and identically distributed zero mean 

stationary Gaussian random processes representing the shadow fading components of 

received signals from BS1 and BS2. We model the autocorrelation of the shadow fading 

as an exponential function:  

E[u(d1)u(d2)] = E[v(d1)v(d2)] = δ2exp(- ld1 – d2l / d0) ,  (4) 

where δ2 is usually between 3 dB and 10 dB and d0 determines the correlation decay 

with distance. The SNR hysteresis remains within 8 dB due to the result of averaging the 

received signals [15]. 

3.2. Capacity Calculation 

In OFDMA systems, time is divided into time slots while the bandwidth is divided 

into number of sub-channels. There are three types of OFDMA subcarriers used for 

guard bands and data carriers (DC): data subcarriers for data transmission, pilot 

subcarriers for various estimation and synchronization purposes, and null subcarriers for 

no transmission. The OFDMA scalability parameters for mobile WiMAX (IEEE 802.16e) 

are shown in Table 3. 
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Table 3. OFDMA parameters [9]. 

The area covered by BS1 is divided into multiple regions. Each region 

corresponds to an area where users may transmit data using specific coding and 

modulation scheme. The available BS capacity is shared among multiple MSs on a per-

demand basis [10], [11]. Mobile WiMAX employs Adaptive Modulation and Coding 

(AMC), which dynamically selects the coding and the modulation scheme based on the 

channel status. When SNR of an MS channel is high, MS selects higher AMC (i.e., 64 

QAM). However, when the channel SNR is low, MS switches to lower AMC (i.e., QPSK). 

The coding rates and modulation schemes for the four regions are shown in Table 4. 
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Region number Modulation Coding rate SNR (dB) 

1 BPSK 1/2 6.4 

2 QPSK 
1/2 9.4 

3/4 11.6 

3 16 QAM 
1/2 16.4 

3/4 18.2 

4 64 QAM 
1/2 22.7 

3/4 24.4 

Table 4. AMC configurations for WiMAX. 

In design the handover algorithm, the BS free capacity refers to the free capacity 

of the upload link. The second condition in the proposed handover algorithm is based on 

the free capacity of the target BS. 
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Chapter 4.  
 
Handover  

4.1. Introduction 

 In mobile communications, handover is the process of transferring an active 

connection from one BS to another BS depending on the QoS requirements of the 

mobile station. 

Handover procedure is based on the signal strengths received by an MS from 

multiple BSs. We implement in the Riverbed Modeler tool the HHO mechanism. We only 

consider the bidirectional signaling between the MS and the serving BS. We do not 

consider communication or signaling between MSs and neighboring BSs because we 

assume that the MS is aware of the neighboring BSs through the MOB_NBR_ADV 

message, which includes ID of the target BS, physical frequency, downlink channel 

descriptor (DCD), and uplink channel descriptor (UCD).   

Handover occurs frequently because of the channel traffic load and the wireless 

environment that causes channel fading and shadowing. Most reported algorithms 

depend on various handover criteria such as SNR or the received signal strength 

indicator (RSSI). These algorithms may be divided into three categories [12]: 

First category: Handover decision is initiated when the received signal strength of the 

serving BS is lower than the received signal strength of target BS. Repeated and 

unnecessary handovers may occur even if the MS receives a signal with an 

acceptable SNR, which affects the performance of the system and degrades QoS of 

the connection.  
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Second category: The decision is based on relative signal strength and the 

threshold. This method may prevent the repeated handovers between two BSs, 

which occur in the algorithms in the first category when the MS reaches the cell 

boundary. However, an optimization of the threshold value is required because 

choosing a large threshold reduces the handover attempts and, consequently, delays 

the handover initialization and degrades the connection quality.  

Third category: The decision is based on the relative signal strength with a threshold 

and a margin. The handover is initiated only when the current received signal 

strength from the serving BS is lower than a certain threshold and the SNR of the 

target BS is higher than the SNR of the serving BS. In this case, the repeated 

handovers are prevented and the coverage area of the BSs is maximized. The 

drawback of this method is the optimization overhead of both the handover threshold 

and the margin: low threshold causes degraded connections due to late handover 

while high threshold causes premature handover. Both affect the coverage and the 

system throughput.  

4.2. Handover Procedure 

The standard handover procedure consists of the following four steps [13] shown 

in Figure 5: 

1. Network topology advertisement: In this stage, the serving BS provides the 

network topology information to the MS using the MOB_NBR-ADV message at a 

periodic interval. Channel information of neighboring BSs that are normally carried by 

each BS’s is provided in MOB_NBR-ADV. 
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Figure 5. WiMAX handover procedure. 

MOB_NBR-ADV  Neighbor Advertisement 

MOB_SCN-REQ  Scanning interval allocation Request 

MOB_SCN-RSP  Scanning interval allocation Response 

MOB_SCN-REP  Scanning result Report 

MOB_MSHO-REQ MS HO Request 

MOB_BSHO-REQ BS HO Request 

MOB_BSHO-RSP  BS HO Response 

MOB_HO-IND  HO Indication 

Table 5. List of messages. 

2. MS scanning of neighbor BSs: The MS sends a MOB_SCN-REQ message to 

request scanning intervals thus seeking available BSs and determining the target 

BS. The serving BS replies with a MOB_SCN-RSP message to allocate the scanning 

intervals for the MS. The MS then scans all recommended BSs and reports the 

scanning result in the MOB_SCN-REP message that is sent to the serving BS. 

3. HO decision and initialization: The HO decision may originate either at the MS by 

sending a MOB_MSHO-REQ message or at the serving BS through a MOB_BSHO-

REQ message. In the handover process shown in Figure 5, we assume that the MS 

initiates the HO. Within the MOB_MSHO-REQ message, the MS indicates one or 

more possible target BSs based on the evaluation from previous scanning results. 

The serving BS then returns a MOB_BSHO-RSP message as an acknowledgement 
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(ACK). Finally, the MS sends a MOB_HO-IND message to indicate the release of the 

serving BS and that it is about to perform a handover. 

4. Synchronization to the target BS: In this phase, the MS synchronizes itself to the 

DL transmission of the target BS and obtain the DL and UL transmission parameters. 

The MS could already have received the target BS identity (BSID), physical 

frequency, DCD, and UCD from the MOB_NBR-ADV, which would shorten this 

process. 

After synchronization to the target BS, a few additional steps need to be implemented for 

the MS to establish connection to the mobile network. We consider Step 4 to be the last 

important step of handover that is implemented in this Thesis. 

4.3. Proposed Algorithms 

4.3.1. Handover Conditions 

The algorithm proposed in this Thesis belongs to the second category of the 

handover algorithms. The implemented algorithm does not exclude the handover 

process from one MS to a target Base Station whose capacity could not serve the 

incoming data. The current handover permits an arriving MS to perform the handover to 

a target BS that already operates at full capacity (zero free capacity). The drawback of 

the current handover is that the target BS will then force one of the connected MSs to 

perform handover to one of the available neighboring BSs. Therefore, the arriving MS 

gets resources to perform the handover while the departing MS may suffer poor quality 

of the new connection.  

The proposed handover algorithm defines a new triggering mechanism based on 

computation of the SNR and the estimation of free capacity. The proposed triggering 

conditions are defined as: 

Condition 1: SNR 

SNRmaxTBS  - SNRSBS ≥ H1,      (5) 
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where SNRmaxTBS is the maximum downlink SNR of the target BS, SNRSBS corresponds 

to the downlink SNR of the serving BS, and H1 is the first handover threshold hysteresis. 

The handover threshold hysteresis indicates the minimum difference between the SNR 

of a neighboring BS and the SNR of the serving BS. Therefore, Condition 1 (5) implies 

that the handover is performer if the difference between the SNR of the target and 

serving BS is larger than H1 (8 dB is chosen heuristically). 

Condition 2: Free Capacity 

CEF ≥ H2 x Cmax ,        (6) 

where CEF is the estimated free capacity of the target BS, Cmax is the maximum free 

capacity of the target BS, and H2 is the second handover threshold hysteresis. This 

approach reduces the probability of data loss since no call will be dropped even if the BS 

is operating close to its capacity limit. 

4.3.2. Flow Chart of the Proposed Algorithms 

We propose in this Thesis two algorithms: Algorithm 1 that implements the SNR 

handover Condition 1 (5) while Algorithm 2 implements both Condition 1 SNR (5) and 

Condition 2 Free Capacity (6). 

The proposed Algorithm 1 is shown in Figure 6. The algorithm implements the 

SNR condition shown in Step 2 and Step 3. The algorithm was successfully 

implemented in Riverbed Modeler v. 18.  
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Figure 6. The proposed handover Algorithm 1. Shown are Step 1 (left), Step 2 (middle), 

and Step 3 (right). 

The proposed Algorithm 2 is shown in Figure 7. The algorithm implements the 

SNR and the Free Capacity condition shown in Step 2 and Step 3. The algorithm could 

not be implemented in the Riverbed Modeler tool due to time constrains and 

unavailability of the WiMAX licenses at the beginning of this project. However, we have 

provided the expected simulations results in Chapter 5. 
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Figure 7. The proposed handover Algorithm 2. Shown are Step 1 (left), Step 2 (middle), 

and Step 3 (right). 

We distinguish three different phases that coincide with the three steps of the 

handover procedure (Subsection 4.2).  

During regular operation mode (Step 1), the MS first continually monitors the 

value of the Serving BS SNR and checks if it is still above the scanning threshold. 

Furthermore, the serving BS is continuously providing parameters of neighboring BSs to 

the connected MSs using the MOB_NBR-ADV message, as described in the network 

topology advertisement described in Subsection 4.2. 

When the scanning threshold is reached the MS steps into the scanning mode 

(Step 2), as shown in Figure 8. Once in the scanning mode, the MS uses the information 

of MOB_SCN-RSP to evaluate the QoS of the neighboring BSs. In the scanning mode, 

the conditions are evaluated in order to select the possible target Base Station, as 

shown in the Figure 7. 
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Figure 8. Scanning and handover integration [14]. 

In the handover mode (Step 3), a handover begins with a decision for an MS to 

make a handover from a serving BS to a target BS. The handover decision results in a 

notification of the MS intent to make a handover through the MOB_MSHO-REQ 

message. The serving BS will negotiate via the backbone with the neighboring BSs to 

check the resource availability of these BSs, as shown in Figure 6. When the serving BS 

receives the HO_Rsp messages from the neighboring BSs, it checks their free capacity 

defined by Condition 2 (6). The free capacity of the candidate BS should not be smaller 

than H2 (30% is chosen heuristically) of its maximum capacity. If the estimated free 

capacity of the neighboring BS is smaller than of the maximum free capacity, the serving 

BS flags this neighboring BS as an invalid candidate for the handover. The list of valid 

BS candidates is sent in the MOB_BSHO_RSP message back to the MS. Finally, if the 

filtered list of BSs is not empty, the MS sends MOB_HO_IND message to confirm the 

handover. 
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Chapter 5.  
 
Simulations and Results 

5.1. Riverbed Modeler: Simulation Tool 

We use the Riverbed Modeler tool v. 18 to implement the proposed algorithms. 

Riverbed Modeler is a powerful network simulation tool used to simulate behavior of 

wired and wireless networks. The tool is also known as OPNET Modeler tool. Riverbed 

acquired OPNET in October 2012. OPNET (formerly Mil 3) was founded in 1986 and 

went public in 2000. The tool provides high-fidelity modeling, simulation, and analysis of 

wireless networks. Furthermore, the ability to incorporate node mobility and 

interconnection with wire-line transport networks provide a rich and realistic modeling 

environment. 

The Riverbed Modeler tool supports the IEEE 802.16-2004 and IEEE 802.16e-

2005 standards. It was originally developed by OPNET and was used by industry 

leaders such as Motorola, Samsung, Alcatel-Lucent, and France Telecom. 

5.2. Simulation Scenario Based on SNR 

In this Subsection, we consider Condition 1 (5) of the proposed Algorithm 1. In 

the first scenario, we simulate the behavior of the SNR threshold. We design a scenario 

consisting of four base stations (BS_i, i = 0, 1, 3, 4), one server (node_2), a backbone, 

and a Mobile Station (Mobile_3_2). The MS moves following a defined trajectory (shown 

in white) that traverses through four cells. Modules WiMAX configuration, Profile 

definition, and Application definition are required in order to define various parameters. 

The first simulated network topology is shown in Figure 9. 
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Figure 9. SNR simulation scenario. Scenario consists of four base stations (BS_i, i = 0, 

1, 3, 4), one server (node_2), a backbone, and a Mobile Station (Mobile_3_2). 

The goal of this simulation scenario is avoid unnecessary handovers. Handover 

is a complex procedure and an incorrect decision would lead to additional HOs on the 

same trajectory, which in turn increases the number of packets lost. Decreasing the 

number of HOs will decrease the probability of packet loss.  

5.2.1. Default Threshold Hysteresis 

We first simulate the handover using default scanning and handover parameters. 

These parameters are shown in the Table 6: 
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Scanning thresholds (db) 25 

Scan Duration (N) (Frames) 25 

Interleaving Interval (P) (Frames) 240 

Maximum Scan Request Retransmissions 10 

Handover Threshold Hysteresis H1 (dB) 0.4 

MS Handover Retransmission Timer (ms) 30 

Maximum Handover Request Retransmissions 6 

Multitarget Handover Thresholds Hysterias (dB) 0 

Maximum Handover Attempts per BS 3 

Table 6. Riverbed Modeler simulation and handover parameters. 

The graphs generated to evaluate the effect of the handover thresholds 

hysteresis (H1) are shown in Figure 10: 

 WiMAX traffic sent by the MS (top): This graph illustrates that the handover 

generates traffic loss. 

 WiMAX Mobility Serving BS ID (middle): The graph shows the number of 

handovers. Shown on y-axis is the BS number currently served. 

 WiMAX PHY Downlink SNR (bottom): Shown are SNR signals received by the MS 

from the four BSs. 
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Figure 10. Simulation results with H1 value of 0.4 dB. The three graphs have the same x-

axis (time in min). 

The simulation results are as expected. The areas A, B, and C illustrate that 

decreasing the threshold hysteresis H1 (5) results in increasing number of executed HOs.  

 Areas A and B: Three HOs occurred. 

 Area C: Five HOs occurred. 

The outcome is packet loss shown in Figure 10 (top). 
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5.2.2. Proposed Threshold Hysteresis  

In the simulation scenario we alter the handover threshold hysteresis H1. The 

simulation parameters are shown in Table 8. 

Scanning thresholds (db) 25 

Scan Duration (N) (Frames) 25 

Interleaving Interval (P) (Frames) 240 

Maximum Scan Request Retransmissions 10 

Handover Threshold Hysteresis H1 (dB) 8 

MS Handover Retransmission Timer (ms) 30 

Maximum Handover Request Retransmissions 6 

Multitarget Handover Thresholds Hysterias (dB) 0 

Maximum Handover Attempts per BS 3 

Table 7. Scanning and handover parameters for the simulation scenario. 

We compare results obtained from two simulation scenarios. As shown in Figure 

11, the calculated value for H1 allows us to achieve a clean handover (Area D) without 

data loss. The graph shows that the selected threshold is not high enough to generate 

packet loss due to a late HO. Hence, the selected H1 is optimal for this scheme. 
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Figure 11. Simulation results for the H1 value of 8 dB. 

5.3. Simulation Scenario Based on Free Capacity 

These simulation scenarios deal with the Condition 2 (6) of the proposed 

Algorithm 2 and the effect of the Free Capacity on the handover performance. We have 

created two scenarios consisting of four base stations (BS_i, i = 0, 1, 3, 4), one server 

(node_2), a backbone, and a Mobile Station (Mobile_3_2). The modules WiMAX 

configuration, Profile definition, and Application definition are required in order to define 

various parameters. The MS moves following a defined straight trajectory that passes 

from BS_4 to BS_1 through the BS_2 cell.  

5.3.1. Simulation Scenario with one MS  

This simulation scenario is simple and has only one MS (Mobile_3_2). The 

objective is to evaluate the effect of Free Capacity. The network topology is shown in 

Figure 12. 



 

29 

 

Figure 12. Free Capacity simulation scenario with one MS. 

We analyze three graphs. The x-axis shows time in minutes: 

 WiMAX BS Free UL Capacity of the BS_2 (top): The y-axis shows Mega symbols 

per second (Msps).  

 WiMAX Mobility Serving BS ID (middle): The graph shows the number of 

handovers that occur. The y-axis shows the BS number that is currently serving the 

MS.  

 WiMAX PHY Downlink SNR (bottom): The graph shows SNR signals (in dB) 

received from the BSs by the MS. 
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Figure 13. Results of the first simulation scenario. 

The maximum free capacity is 2.6 Msps as shown in Figure 13. At 40 s  the MS 

perform a handover to BS_2 the value of the free capacity reduces to 1.6 Msps. After the 

second handover at 90 s, the BS_2 regains its maximum available free capacity. 

5.3.2. Multi-MS Simulation Scenario 

In the Multi-MS simulation scenarios MSs (Mobile_3_i, i = 3, 4, 5, 6, 7) have been 

added close to BS_2 in order to reduce its free capacity.  The scenario is shown in 

Figure 14. 
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Figure 14. Free capacity Multi-MS simulation scenario. 

The simulation results are shown in Figure 15. Even when BS_0 has no free 

capacity, the handovers are performed as in the case with one MS and when BS_2 has 

full capacity. 
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Figure 15. Results of the Multi-MS simulation scenario. 

We have demonstrated that the Riverbed implementation cannot perform 

handovers to a BS that is not capable to serve the incoming data from the MS. We next 

described possible implementation of Condition 2 (6) of the proposed Algorithm 2. This 

simulation results would show the handover from the BS_4 to the BS_0 and 

subsequently from BS_0 to BS_1. Two possible expected results in the WiMAX Mobility 

Serving BS ID graph are shown in Figure 16. After both modifications are implemented, 

the WiMAX handover algorithm will perform as shown in Figure 16. The implementation 

of the Condition 2 (6) is left as future work.  
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Figure 16. Expected simulation results with the Condition 2 (6) implemented. 
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Chapter 6.  
 
Conclusion 

An efficient handover performance is necessary for communication technologies 

intended to be universally accepted in the future generation systems. WiMAX has many 

attractive features even though its handover procedure needs to be improved.   

We have employed Riverbed Modeler v. 18 to simulate the WiMAX handover 

algorithm. We designed various simulation scenarios to demonstrate the improvements 

of the proposed WiMAX algorithm. The proposed WiMAX handover Algorithm 1 was 

implemented in this Thesis. Its advantage is that it avoids unnecessary handovers thus 

preventing loss of traffic data. 

Future work calls for the implementation of the Algorithm 2 proposed in this 

Thesis. As shown in the Multi-MS simulation scenario, the handover performance 

ignores the capacity of the TBS that is incapable of serving the MS. Hence, the 

improvement would rely on improving the Multi-MS scenario to achieve simulation 

results similar to those results obtained by Algorithm 1.  
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