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Abstract 

Need to communicate with others give birth to networks in case of technology. There are many networks like cellular, wimax etc 
exists in today’s world. For communication in networks we need devices that are movable. Due to distance between devices direct 
link is not possible between sender and receiver, so transmission is performed using handover technique. In Wimax Network 
handover is of two type’s horizontal and vertical handover. Horizontal handover is further categorized into four types. Out of all 
IP based handover is base of this type of handover but it has certain drawbacks like more time consumption. In this paper we are 
developing a new method to resolve IP based handover drawback.       
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1. INTRODUCTION 
 In today’s WiMAX, the Worldwide Interoperability for Microwave Access, based on the IEEE 802.16 standard, is a 
telecommunications technology aimed at providing wireless data over long distances in a variety of ways, from point-to-
point links to full mobile cellular type access. The WiMAX technology is intended to provide broadband connectivity to 
both fixed and mobile users in a Wireless Metropolitan Area Network (WMAN). The name "WiMAX" was created by the 
WiMAX Forum, which was formed in June 2001 to promote conformance and interoperability of the standard. The 
forum describes WiMAX as "a standards-based technology enabling the delivery of last mile wireless broadband access as 
an alternative to cable and DSL". There are two types of WiMAX Network 1) Fixed WiMAX 2) Mobile WiMAX. Fixed 
WiMAX IEEE 802.16d .In fixed WiMAX network the mobile node is fixed and mobile node cannot move from one base 
station to another. It is designed to operate in lower frequency range; 2-11 GHz and Support Non-line of sight (NLOS) 
operation. Fixed WiMAX is available in both licensed (3.5 GHz) and unlicensed (5.8 GHz) form. It is mainly Operates 
with a range of up to 50km and data rates of up to 75Mbps. In MOBILE WIMAX IEEE 802.16e the node is mobile that 
means it can move from one base station to another. Mobile Wimax standardizes networking between fixed base stations 
and mobile devices. It will enable high-speed signal handoffs necessary for communications with users moving at 
vehicular a speed which is below 100km/h and provides 70Mbps. Mobile WiMAX operates in the frequency range 
between 2-6 GHz. 
 
The mobility of a terminal is a requirement of great importance, supported by a procedure known as handover. Handover 
is a key element in maintaining air link to base station even when mobile node is moving with high velocity and changes 
its geographical position. The handover can be due to the movement of mobile subscriber or due to change in radio 
channel condition or due to cell capacity constraints. WiMAX networks initially supported fixed and nomadic 
applications and then evolved to support mobility over time. In WiMAX network cellular system, the geographical area is 
divided into adjacent, non-overlapping, hexagonal shaped cells. Handover is a well designed mobility management 
technique in which a connected cellular call or a data session is transferred from one cell site (base station) to another 
without disconnecting the session. Cellular services are based on mobility and handover, allowing the user to be moved 
from one cell site range to different or to be switched to the nearest cell site for improved performance [1]. Mobile 
WiMAX IEEE 802.16e standard gives full mobility maintain to the nodes of cellular networks, at higher broadband 
speeds than other broadband networks like Wi-Fi. Handover (HO) is one of the key necessities to embrace mobility and 
Quality of Service (QoS) for the subscribers in IEEE 802.16e. Mobility aspects in WiMAX are specified as an individual 
Mobility Agent (MA) layer, above the MAC (link) layer, with some network layer signaling to develop a complete 
solution. The existing WiMAX mobility structure defines three types of link layer handover procedures in a homogeneous 
environment. Of these, Hard Handover (HHO) is the default handover mechanism and two soft handover mechanisms, 
Macro-Diversity Handover (MDHO) and Fast Base Station Switching (FBSS), are the optional procedures. Support for 
QoS is a fundamental part of the WiMAX MAC layer design. WiMAX defines a concept of a service flow. To support a 
wide variety of applications, mobile WiMAX defines five scheduling services listed in Table 1.1. Originally, four 
different service types were supported in the 802.16 standard: UGS, rtPS, ertPS, nrtPS and BE [2]. 
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Table 1.1: Service Flows Supported in Mobile WiMAX. 

 
From wide perspective handovers may be split into two groups: 1) Horizontal HO 2) Vertical HO. Horizontal HO: When 
the HO is within the same technology, for example, between WiMAX cells, it is called a horizontal HO or traditional 
handover as depicted in Figure 1.2. Horizontal HOs are easy to implement because the operation is typically made under 
the same operation domain. Vertical HO: If handover is executed between different technologies, for example, WiMAX 
to Wi-Fi, then it is called vertical HO. Vertical HOs, on the other hand, are typically executed between different operators 
and require a much more complex signaling. 
  
2. RELATED WORK 
In 2008 Salhani, M., et.al A model of mobility for WiMAX network users, introducing horizontal handover mechanism 
with channel reservation was the goal of this paper to improve horizontal handover. To perform the channel reservation 
they considered three different approaches: by neighbor nodes (NNs) (cooperative approach), by the BSs (individual 
approach) or by both (mixed approach). It is shown that the channel reservation mechanism reduces clearly the handover 
blocking rate and it does not degrade the performance of the system [1]. Similarly, in 2009, Hamid et.al explains in paper 
that handover is very significant factor in the performance of mobile WiMAX, but because of the presence of unnecessary 
ranging/scanning in Layer two along with the network re-entry procedure enormous handover latency occurs. Due to the 
HO delay and wireless resource waste, there occurs significant level of service level degradation. For the elimination of 
such degradation in service level; adequate intelligence utilizing neighbor advertisement message for efficient scanning 
algorithm, modified dedicated ranging and network re-entering method are proposed[2]. In 2011 Ashoka et.al describes 
that order to increase the efficiency of handover schemes in paper presented an experimental study on network-based 
handover and host-based handover in mobile WiMAX. Analysis of the performance of the two standardized handover 
schemes, namely the Mobile IP and the ASN-based Network Mobility (ABNM), in mobile WiMAX were made using 
simulation. Overall this paper demonstrated that the ABNM handover scheme can strengthen the capability of mobile 
WiMAX network operators to manage and control their networks more efficiently in terms of handover delay and 
throughput [3]. Same year Bala et.al describes the impact of mobility on QoS of WiMAX (IEEE 802.16e) with CBR 
application was analyzed by. This paper analyzed the impact of mobility on the QoS parameters (Throughput, Average 
Jitter and Average end to end Delay) of a mobile WiMAX network (IEEE 802.16e) with CBR (Constant Bit Rate) 
application. The results concluded that as the handover takes place, then due to connection timeouts, connection time 
lags, data traffic congestion and interference, jitter occurs and because of this average end to end delay increases, but 
when mobile node again come to its registered base station both jitter and average end to end delay will decrease 
although [4]. 
With the dramatic growth of the broadband telecommunications market, the demand for mobile internet access is 
continuing its growth at increasing speed for multimedia applications, voice and video transfer and fast Internet access. 
Providing diverse broadband services every time to mobile subscribers will be a major challenge for the 

Service Class Applications QOS Specifications 
Unsolicited Grant 
service(UGS) 

Voip  Jitter tolerance 
 Maximum latency tolerance 
 Maximum sustained rate 

Real-time packet 
service (rtps) 

Streaming 
Audio/Video 

 Traffic priority 
 Maximum latency tolerance 
 Maximum sustained rate 
 Maximum reserved rate 

Extended real-time 
packet service 
(ertps) 

Voip (voip with 
activity detection) 

 Jitter tolerance 
 Traffic priority 
 Maximum latency tolerance 
 Maximum sustained rate 
 Maximum reserved rate 

Non real-time 
packet service 
(nrtps) 

Ftp   Traffic priority 
 Maximum reserved rate 
 Maximum sustained rate 

 
 

Best Effort (BE) Data transfer,web 
browsing 

 Traffic priority 
 Maximum sustained rate 
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telecommunication community. Mobility is important in wireless network because internet connectivity can only be 
effective if it is available during the movement of node. To enhance mobility, wireless access systems such as WiMAX 
IEEE 802.16e are designed to operate on the move without any disruption of services. Major element introducing 
complexity in mobility is the need for handovers. Handover (HO) is one of the key requirements to embrace mobility and 
Quality of Service (QoS) for the subscribers. The success of a good mobility framework largely depends on the capability 
of performing fast and seamless handovers. Handover latency, end-to-end delay, packet loss, handover failure and 
inefficient use of network resources are some of the important issues involved in mobility management procedures that 
pose severe impact on performance of real time application such as VoIP, video conferencing, etc. These different 
handover related WiMAX research issues need to be analysed to support high-speed mobility. 
 
3.  Proposed Work 
As defined there are two types of handovers named vertical and horizontal handover. In this paper main concentration is 
on horizontal handover. Approach used contains a idea of applying a technique ASN with router in a network that used as 
base scenario. This approach is integrated with approach of arranging all mobile stations around base station in a circular 
way. Before my approach, mobile stations arranged in a square based grid that causes increment in distance while 
mobility case is under consideration. In this paper approach is implemented and clearly shows that total delay of network 
in case of mobility increases with this approach. This approach is applied on special case in which handover occurs 
between stations. Then with different mobility speed our approach is tested on network. It is concluded that with increases 
in speed throughput, MOS etc parameters of network are improved.   
 
4. SIMULATION RESULTS 
Simulator OPNET 14.5 is used for creating scenario. A Scenario is a single instance of a network. Typically, a scenario 
presents a unique configuration for the network, where configuration can refer to aspects such as topology, protocols, 
applications, baseline traffic, and simulation settings. In this paper simulation scenario contains seven base stations and 
each base station connected further to five mobile stations. Table below shows value of various network parameters used 
in scenario:  

Table 1.2: Mobile WiMAX parameters used in the experiments. 
Parameters  Value Set 
OFDM PHY Profiles(default) Wireless OFDMA 20 MHz 
Transmission Power(Watts) 0.5 
Modulation and Coding QPSK ½ 
Traffic Type VoIP 
Service Class  Gold 
Scheduling Type UGS 
Pathloss Parameter Vehicular 
Network Size(No. of Nodes) 45 [Network1: 7cell] 
Mobility Pattern (Trajectory) Random Waypoint Mobility Modeling 
Simulation Time 1 Hour  (3600 Seconds) 

 
Various scenario of integrated WiMAX network are created with 5 nodes in each cell. In these, some scenarios are of 
node mobility with in network (with handover) at the speed of 20, 60 and 100 km/h and other  are of node mobility with 
in cell (without handover) at the speed of 20, 60 and 100 km/h. The aim of different scenarios is to analyze different 
parameters like throughput, delay and MOS (Mean Opinion Score) at different speed. Moreover, the effect of handover 
on different parameters will also be analyzed.  Each scenario`s experimental results will summarized in a separate graph. 
Therefore, the graphs will clearly indicates how system performance has been influenced in different conditions. 

 
Table 1.3 Scenarios Used for Analysis. 

 Scenario  Handover Node Mobility (km/h)  Application 

Scenario 1                  20  
Scenario 2  With 

Handover 
                60  

Scenario 3                  100 VoIP 
Scenario 4                  20  
Scenario 5 Without 

Handover 
                60  

Scenario 6                  100  
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End To End Delay: From Figure 1, it can be analysed that Packet end-to-end delay in voice is more in case of handoff as 
compared to a mobile network without handoff by 16.50 %. Whenever a handoff occurs, it involves some basic steps like 
scanning, ranging, network re-entry and registration. There is no data transfer during scanning and transmission is 
further delayed due to ranging, network re-entry and registration process. So, all these factors sum up to increase the end-
to-end delay during handover. 
                    

   
Figure 1 End To End Delay Diagrams (a) 20KMP (b) 60 KMP (c) 100 KMP 

 
Additionally, we can make out that delay of the network increase with the increase in speed of mobile devices. 
 
THROUGHPUT: From Figure 2, Throughput is one of the most important performance analysis parameter used in the 
research. From the graph it can be concluded that the throughput of the data packets flowing in the scenario which 
supports node mobility without handover is 55.04% more than the node mobility with handover. This is due to the fact 
that the end-to-end delay is increased in the case of mobility with handover. 
  

   
Figure 2 Throughput (Packet/Sec)Diagrams (a) 20KMP (b) 60 KMP (c) 100 KMP 

 
Moreover, it can be analyzed that the throughput increased with the increase in speed of mobility from 20km/h to 
100km/h.  
MOS (Mean Opinion Score) : From Figure 3, It can be concluded that MOS value of the scenario which supports node 
mobility without handover is more than the MOS value in case of node mobility with handover by 47.70 %. This is due to 
the fact that number of packets is dropped and end-to-end delay is increased in the case of mobility with handover. 
Moreover, we can see that MOS value remains constant with the time elapse in both the cases. 
 

 
Figure 3: MOS (Mean Opinion Score) Diagrams (a) 20KMP (b) 60 KMP (c) 100 KMP 
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In addition we can conclude that the MOS value decrease with the increase in speed of mobility.  
 
SERVINNG BASE STATION ID: In order to confirm that handoff is taking place for the mobile nodes; change in the 
Serving BS Id of one of a node has been shown in the graph below: 
 

 
Figure 4: Serving BS ID 

 
From Figure 4, we can clearly depict that the mobile node is changing its Serving BS Id while it move from one location 
to another i.e. it move from the cell coverage of one base station to that of another base station. Whenever a mobile node 
exhibit handoff its base id is changed from the serving base station to the target base station. 
 
5. CONCLUSION AND FUTURE SCOPE 
In this paper extensive simulation based performance analysis for VoIP is done over Mobile WiMAX based BWA 
network that supports vehicular mobility. The variation in performance of a WiMAX network deployed for VoIP 
application with mobile nodes moving at varying speeds of 20, 60 and 100 km/h is investigated. Network consists of two 
sub networks to analyze the impact of inter-cell and inter-network horizontal handoff. The trace of traffic and 
measurements for different performance parameters (MOS, End-to-End Delay and Throughput) are analysed and 
compared for mobile devices that perform handover and those who do not perform handover as they move from one 
location to another. It is clearly concluded that handover within network is better than within cell.  
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