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Abstract
WIMAX is a telecommunication technology that provides wireless 
data over long distances. The main consideration of Mobile WiMAX 
is to achieve seamless handover such that there is no loss of data. 
In WiMAX both Mobile Station (MS) and base station (BS) scans 
the neighboring base stations for selecting the best base station for 
a potential handover. Two types of handovers in WiMAX are: Hard 
handover (break before make) and Soft handover (make before 
break). To avoid data loss during handover we have considered soft 
handovers. We have developed a base station selection procedure 
that will optimize the soft handover such that there is no data loss; 
handover decision is taken quickly and thus improving overall 
handover performance. We will compare the quality of service 
with hard handover and soft handover. We have analysed the 
proposed technique with an existing scheme for soft handover in 
WiMAX with simulation results.
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I. Introduction
Mobile WiMAX (Worldwide Interoperability  Microwave  Access)  
is  a wireless  system  based on  the IEEE 802.16e standard [3].  This 
standard was published in 2005, is innovating previous version 
IEEE 802.16- 2004 [1], which was published in October 2004. 
In the 802.16-2004 implemented support of handover between 
cells was not implemented. This version allows only fixed and 
nomadic access [4]. The handover mechanism is implemented in 
the newest version 802.16e- 2005. That introduced tremendous 
support of soft and hard handovers.

A. Handover Type
The basic mean of WiMAX handover is to provide the continuous 
connection, means without any break in the call. When a Mobile 
Station (MS) moves from an air-interface of one BS to another air-
interface provided by another BS. In  the IEEE 802.16e  three types  
of handovers are defined [5]. Hard  handover, Macro  Diversity  
Handover  (MDHO)  and Fast  Base  Station  Switching  (FBSS). 
Hard handover is mandatory in WiMAX systems. Other two types 
of handover are optional.

B. Hard Handover
During hard handover the MS (Mobile Station) communicates 
with only one BS (Base Station) in each time. Connection with 
the old BS is broken before the new connection is established, but 
the continuous connection is essential. Handover is executed after 
the signal strength from neighbor’s cell is exceeding the signal 
strength from the current cell (in which the cell is originated).  
This situation is shown in fig.1. 

Fig. 1. Hard Handover [2]

C. Fast Base Station Switching
In FBSS, the MS and BS diversity set is maintained similar as 
in MDHO.  MS continuously monitors the base stations in the 
diversity set and defines an “Anchor BS”.  Anchor BS is only one 
base station of the diversity set that MS communicates with for all 
uplink and downlink traffic including management messages (see 
fig. 3). This  is  the  BS  where  MS  is registered,  synchronized,  
performs ranging  and  there downlink channel is monitored for  
control  information.  The anchor BS can be changed from frame 
to frame depending on BS selection scheme. This means every 
frame can be sent via different BS in diversity set.

Fig. 2. Fast Base Station Switching

II. Proposed Technique for Soft Handover
In this paper we modify the FBSS procedure to optimize target 
base station selection for soft handovers in WiMAX. We have 
introduced Monitor Base Station (MBS) which is selected from 
diversity set of mobile station. The function of Monitor Base 
Station (MBS) is to communicate with mobile station and maintain 
the database of potential target base stations for a handover for 
mobile station. Another advantage of MBS is that whenever ABS 
fails, mobile station can start data communication with MBS 
without any loss of data by sending register message.
The mobile station sends its current location to MBS and according 
to history of mobile station movement and its current location, 
MBS sorts the TBS’s having maximum div parameter.  
Div= s/w- d
S= received signal strength
w= work load
d= distance between mobile station and base station
   d=√ (xs – xi)

2 + (ys-yi)
2      

where, (xs, ys) are coordinates of mobile station and (xi, yi) are 
coordinates of i’th base station where, i=1,2,3…. N
N = total number of base station in diversity set
s= (k* st )/d
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Where st= transmitted signal strength
k= other factors affecting signal (interference)

A. How MBS is Selected
When a mobile station gets registered to a Serving Base Station 
(SBS), it sends scan_req message to SBS, it responds to this 
message by sending the data of its neighboring base stations 
through scan_rsp message. With this data the mobile station will 
choose the MBS having maximum value of div parameter. That is 
mobile station will communicate with best suited target base station 
so at any point if SBS goes down, the mobile station can easily 
switch to MBS. As the mobile station is moving continuously the 
diversity set is required to updated according to current location 
of mobile station.
If the div value of MBS goes below the threshold value. It will 
send the stored information to SBS and SBS will select new MBS 
the mobile station. The Serving Base Station (SBS) periodically 
broadcasts Neighbor Advertisement (NBR_ADV) message that 
contains network topology information or channel information 
of available neighbouring base stations. The mobile station sends 
(SCN_REQ) message to the serving base station to scan the 
neighbouring base station according to the current location (div) 
of mobile station. The serving base station responds to SCN_REQ 
message by sending the information of neighboring base station 
as per the calculation, the base station with maximum value of 
div parameter is selected as monitor base station. 
Whenever mobile station requires a handover, it sends HO_INIT 
(Handover Initiation) message to monitor base station that sends 
the information of target base station to mobile station. The mobile 
station synchronizes the downlink and uplink frequencies with 
target base station. The mobile station can now start the data 
communication with target base station.

IV. Simulation
The simulation we have used to simulate WiMAX network 
is Network Simulator 2(ns-2.34 version). We have added 
mac802.16e layer to NS 2.34 Simulator. The trace files and nam 
files are generated according to the need. Nodes in simulation 
move according to “random way mobility model”.

A. Parameter Used for Simulation
Packet size : 1500 bytes• 
Time interval of data sent : 10 ms• 
Total Number of nodes : 5• 
Number of Base Station : 3• 
Physical layer : 802.11• 
Data link layer : 802.16-e• 

We have modified ns-2.34 by adding mac802.16-e layer to it for 
supporting wimax. The wimax.tcl file is coded on c++, when 
executed it generates a .nam file which can be viewed in Network 
Animator tool of ns2 simulator. This simulation.nam file visualizes 
the soft handover procedure.

Step1 

Fig. 2: Various Nodes Used in Simulation

Fig. 2, shows 5 nodes used in simulation of base station selection 
procedure for soft handover. Here, node 1 is mobile station and 
all the other nodes are base stations. The simulation shows the 
handover procedure as mobile station changes its position.

Step 2

 
Fig. 3: Signalling with Serving Base Station

Above fig. shows the ranging between node 0 and node 1. The 
node 0 acts as serving base station for mobile station (node 1). 
The node 1 starts data communication with node0.

Step 3

Fig. 4: Signaling of Mobile Station with Target Base Station
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As the mobile station moves, its distance from serving base station 
increases and the mobile station looks for another base station for 
soft handover i.e. Target Base Station. The above figure shows 
handover when the mobile station connects with target base 
station. Node 2 is target base station.
First result is comparison between the fast base station switching 
handover and our proposed technique. It shows that using 
the proposed technique the performance of soft handover is 
improved. 

Fig. 5: The x Axis Denotes the Time and y-Axis Denotes the 
Packet Received
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