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ABSTRACT 

Presently, IEEE 802.11 based wireless local area networks 

(WLAN) have been widely deployed for business and personal 

applications. The main issue regarding wireless network 

technology is handoff or hand over management, especially in 

urban areas, due to the limited coverage of access points (APs) 

or base stations (BS). In this paper a new cost efficient and low 

latency handoff scheme is proposed where the number of access 

points (AP) is optimized in such a way that it fulfils both the 

criteria of low cost and low handoff latency. Here an efficient 

mathematical design utilizing the data’s available from the base 

station is implemented which includes maximum number of 

active calls within a network, number of calls it can support and 

range of connectivity or coverage area. The simulations were 

performed in MATLAB 7.8 to judge the applicability of the 

model in practical field.  

General Terms 

Mathematical Model, Wireless Communication. 

Keywords 

Access Point (AP), Handover latency, Optimization, High and 

Low Load Network, Coverage Area. 

1. INTRODUCTION 
Handoff has become a plaguing factor in mobile communication 

system, especially in urban areas, owing to the limited coverage 

area of Access Points (AP). Whenever a mobile station (MS) 

moves from its current AP to a new AP it requires handoff. For 

successful implementation of seamless Voice over IP 

communications, the handoff latency should not exceed 50ms. 

But measurements indicate MAC layer handoff latencies in the 

range of 400ms which is completely unacceptable and thus must 

be reduced for wireless networking to fulfill its potential.   

With the advent of real time applications, the latency and packet 

loss caused by mobility became an important issue in Mobile 

Networks. The most relevant topic of discussion is to reduce the 

IEEE 802.11 link-layer handoff latency. IEEE 802.11 MAC 

specification [1] defines two operation modes: ad hoc and 

infrastructure mode. In the ad hoc mode, two or more stations 

(STAs) recognize each other through beacons and hence 

establish a peer-to-peer relationship. In infrastructure mode, an 

AP provides network connectivity to its associated STAs to 

form a Basic Service Set (BSS).  Multiple APs form an 

Extended Service Set (ESS) that constructs the same wireless 

networks.  

 

1.1 Channel distribution 
IEEE802.11b and IEEE802.11g operates in the 2.4GHz ISM 

band and use 11 of the maximum 14 channels available and are 

hence compatible due to use of same frequency channels. The 

channels (numbered 1to14) are spaced by 5MHz with a 

bandwidth of 22MHz, 11MHz above and below the centre of the 

channel. In addition there is a guard band of 1MHz at the base to 

accommodate out-of-band emissions below 2.4GHz. Thus a 

transmitter set at channel one transmits signal from 2.401GHz to 

2.423GHz and so on to give the standard channel frequency 

distribution as shown in Figure1. 
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Figure1. Channel distribution in IEEE802.11b 

 It should be noted that due to overlapping of frequencies there 

can be significant interference between adjacent APs. Thus, in a 

well configured network, most of the APs will operate on the 

non-overlapping channels numbered 1, 6 and 11. 

 

1.2 Handoff 
When a MS moves out of reach of its current AP it must be 

reconnected to a new AP to continue its operation. The search 

for a new AP and subsequent registration under it constitute the 

handoff process which takes enough time (called handoff 

latency) to interfere with proper functioning of many 

applications. Three strategies have been proposed to detect the 

need for hand off [2]: 

 

 Mobile-controlled-handoff (MCHO): The MS 

continuously monitors the signals of the 

surrounding base stations (BS) and initiates the 

hand off process when some handoff criteria are 

met. 

 Network-controlled-handoff (NCHO): The 

surrounding BSs measure the signal from the MS 

and the network initiates the handoff process when 

some handoff criteria are met. 

 Mobile-assisted-handoff (MAHO): The network 

asks the MS to measure the signal from the 

surrounding BSs. The network makes the handoff 

decision based on reports from the MS. 

Two separate types of handoff approach are adopted i.e. hard & 

soft handoff depending upon the network criteria. Originally 

hard handoff is used where a station must break connection with 

the old AP before joining the new AP thus resulting in large 

handoff delays. However, in soft handoff the old connection is 

maintained until a new one is established thus significantly 

reducing packet loss. The handoff procedure consists of three 

logical phases which is depicted in Figure2.  

The number of APS used varies with the density of users in a 

network and other parameters like coverage area. An optimal 

solution in placement of the network calls for looking through 

this issues and maintaining low handoff latency. In this paper an 

Optimal solution to the problem of number of APs required to 

be placed and the distance between them is dealt with in 

consideration to input parameters which includes Call density, 

call blocking probability, call termination rate and number of 

servers. To the best of knowledge this issue hasn’t been 

answered in any manuscript. Overall the provided optimal 

solution reduces the cost of the network by maintaining good 

Quality of Service (QOS). 

 

In section II the related work to this field are discussed and in 

section III the proposed mathematical model based optimization 

procedure is presented. This is followed by performance 

evaluation using simulations in MATLAB 7.8 in section IV. 

Section V provides an in-depth conclusion with provisions for 

further research in this field. 

 

Figure2. Stages in Handover in Wireless Network 

2. REALTED WORKS 

A number of different methods have been proposed to reduce 

handoff latency in IEEE 802.11 wireless LANs. IEEE 802.11b 

based wireless and mobile networks [3], also called Wi-Fi 

commercially, are experiencing a very fast growth upsurge and 

are being widely deployed for providing variety of services as it 

is cheap, and allows anytime,  anywhere access to network data. 

The new age applications require a seamless handover while the 

small coverage of individual APs has increased the number of 

handoffs taking place. Thus reducing the handoff latency has 

become a burning issue and much work has been done to 

achieve this. An overall review of handoff latency reduction 
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methods are presented in [4]. Shin et al in [5] have introduced a 

selective scanning algorithm with the help of channel masking 

technique coupled with a caching mechanism to significantly 

reduce the handoff delay. However, it still scans excess APs 

even after the new AP may have already been found and thus 

leaves room for further improvements. Handoff, an inherent 

problem with wireless networks, particularly real time 

applications, has not been well addressed in IEEE 802.11, which 

takes a hard handoff approach [6]. In [7] the authors have 

introduced a novel caching process using neighbour graphs by 

pre-scanning neighbour APs to collect their respective channel 

information. The concept of neighbour graphs can be utilized in 

different ways and have become very popular in this field. In [8] 

a pre-authentication mechanism is introduced to facilitate 

seamless handover. [9] is a novel approach towards reducing 

handover latency in AP dense networks. In [10] a cross layer 

handoff management protocol scheme has been proposed which 

tried to enhance the handoff performance by analyzing the speed 

of the mobile node, handoff signaling delay, relative signal 

strength of old and new base station and their relation with 

handoff failure probability. A novel mobility management 

system is proposed in [11] for vertical handoff between WWAN 

and WLAN. The system integrates a connection manager (CM) 

that intelligently detects the changes in wireless network and a 

virtual connectivity manager (VCM) mantains connectivity 

using end-to-end priciple. Authors of [12] propose solutions 

towards enabling and supporting all types of mobility in 

heterogeneous networks. The proposed approach does not 

support real time applications by the network mobility 

functionality. This keeps the application unaware of network 

mobility and works as a back up for real time applications. 

Handoff using received signal strength (RSS) of BS has been 

proposed also to reduce handoff latency in NGWS. In [13], the 

authors proposed a handoff algorithm in which the received pilot 

signal strength is typically averaged to diminish the undesirable 

effect of the fast fading component. Unfortunately, the 

averaging process can substantially alter the characteristics of 

path loss and shadowing components, causing increased handoff 

delay.  In [14], a handoff algorithm using multi-level thresholds 

is proposed. The performance results obtained, shows that an 8-

level threshold algorithm operates better than a single threshold 

algorithm in terms of forced termination and call blocking 

probabilities. In [15] signal to interference ratio between old 

base-station and neighboring base-stations are calculated to 

make the handoff initiation decision for next generation wireless 

system or 4G networks. In [16], a handoff algorithm using 

multi-level thresholds is proposed. The performance results 

obtained, shows that an 8-level threshold algorithm operates 

better than a single threshold algorithm in terms of forced 

termination and call blocking probabilities. In research paper 

[17] a handoff management technique has been proposed where 

a curve fitting equation is implemented to the trajectory of MS 

by statistical regression method and the most potential AP is 

chosen according to the direction of the curve. In research paper 

[18 an efficient distance measurement technique where the 

distances between MS and the neighbor APs are measured and 

the nearest one is chosen as the best AP is proposed. In paper 

[19] authors proposed an angular displacement measurement 

technique where the cell segmenting had been done and each of 

the neighbor APs are assigned to each segment.  

Other than handover delay reduction or handover management, 

research is yet to be done on the field of cost reduction in 

wireless networks. In literature no such paper exists to have 

dealt with the solution f this problem.   

3. PROPOSED METHOD 

Networks used for wireless and mobile communication use 

access points (AP) or base station (BS) to provide all time 

connectivity between the servers. Call density, call blocking 

probability, call termination rate and number of servers are 

deciding parameters to design a cost efficient low latency 

wireless network. An efficient network design calls for efficient 

installation of AP in a desired coverage region. In the proposed 

method following parameters are used: 

bP = Call Blocking Probability of an AP 

iS = The coverage region defined in terms of topology for an 

AP i . 

tiC , = Te number of active calls with an AP i .at an hour 

interval t . 

iN =The minimum number of subscriber that can be supported 

by an AP i . 

jiD , = An arbitrary distance parameter which traces out the 

distance between the two APs i .and j .for the various values of 

parameters stated above. 

3.1 Circular cell coverage area: 

Due to fading of signal strength (fast fading due to scattering 

from interfering objects & slow fading due to long term spatial 

and variations, inversely proportional to the square of the 

distance) it is consider that each base station services a circular 

area (depending on the height of the antenna and power of its 

signal) beyond which signal strength becomes lower than usable 

levels. But for the presence of obstacles (like buildings, 

mountains) an exact circular cell area cannot be obtained. For 

this reason here topological concept is used which helps to 

consider the coverage area as a circle of radius iS  for the 
thi  

AP, as shown in Figure 3. 
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Figure3. The actual and assumed coverage area of an AP 

3.2 Optimization of AP 

For providing an all time connectivity if the number of active 

calls exceed the maximum achievable load of the AP then the 

overlapping coverage areas are required to sustain the 

requirement of the subscribers. A typical diagram for a low load 

and high load network considering the coverage area of each AP 

to be the same (i.e. smooth terrain) are shown in Figure4 and 

Figure5 respectively. Here a seven cell cluster is considered (i.e. 

number of cells jiji  22
, where 1,2  ji ) and 

carried on this convention for rest of the papers.  

 

Figure4. Overlapping coverage region for low load 

networks 

 

Figure5. Overlapping coverage region for high load 

networks  

 

3.3 Placement of optimized AP for Cost 

effectiveness and low latency 

The cost effectiveness and low latency through a mathematical 

approach is explained in this section. In this section the exact 

position of APs will be determined for which it could provide a 

low latency handoff scheme in communication network along 

with network cost optimization. In order to determine the 

placement of an AP in a network the parameter jiD , is used 

depending upon the mathematical derivations which will be 

stated afterwards.  

In designing the wireless communication network, the prime 

constraint is the handover distance. To satisfy this constraint a 

minimum distance of overlapping coverage area between two 

APs must exist for efficient handover of subscriber connection 

in the network which in turn provides low latency. Let the 

minimum perpendicular distance of overlap between two APs be 

α, as shown in Figure6. 

 

Figure6. Perpendicular Distance of overlap between two AP 

The maximum separation that may occur between two APs 

iAP and jAP with radius iS and jS is  ji SS .The call 

blocking probability of iAP  is defined mathematically as, 

iiimumtii NNCPb /}){( max,   

And that is for jAP  is defined as, 

jjimumtjj NNCPb /}){( max,   

As, 1,0  ji PbPb  

Therefore, ),( jiji PbPbPbPb   

So by increasing the overlapping region or in other words 

decreasing the distance between two APs a network design can 

be achieved with improved quality of service. We have defined 

a variable µ (user defined matrix) which guides the distance 

between two APs in terms of the blocking probability. 
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For optimizing the overlapping region between two AP i  and 

j  is defined by ji, as, 

jijiji PbPb  ,,       

The above equation stands as follows on putting the respective 

values,  

]/})[{(]/})[{( max,max, jjimumtjiiimumji NNCNNC 

            

Now ji , is the optimization factor which guides the over 

lapping region between two APs. It is evident that the minimum 

value which µ can attain is, 

)/(minmin ji PbPb   

But for such case lower connectivity is ensured in the network. 

For optimizing µ we define an arbitrary variable P which gives 

the blocking value based on the blocking probability of the 

whole network. For n number of APs in a network with 

separation as found in above equation for 
ji ,  and the for the 

overlapping area in AP1 and AP2 as shown in Figure6, the 

variable P can be defined as, 

  
  


n

i

n

ji

n

kji

kjijii PbPbPbPbPbPbP
1 1,1 1,1,1

.....)()(

 

In the above equation, 1st term defines the blocking probability 

of region of 
thi  AP without any overlapping region. 2nd term 

defines the overlapping region of iAP and jAP . 3rd term 

defines the overlapping region of iAP , jAP  and kAP  and the 

rest of the terms are defined in a similar way. So, for particular 

optimization matrix   the common coverage distance matrix 

 is derived from which the distance separation matrix D  is 

calculated. It may be noted here that for the APs which have no 

direct connection between them i.e. no overlapping region, the 

value of ji , will be zero.  

The cost effectiveness can be determined by the number of APs 

required to be deployed in the network following the data 

calculated from the above procedure. For a network where N 

numbers of APs are present the total cost is given by the 

equation 

XNC   

Where X is the cost of setting up one AP. 

The number of AP required for a particular area can be 

determined by the spacing factor jiD , . In the simulation section 

the variability of P and C with different values of ji , and the 

optimized value is shown i.e. the value for which the minimum 

possible value of P and C are obtained (with tradeoffs), is taken 

as the design parameter. So, for a defined set of blocking 

probability, maximum load and network area to be covered the 

optimized number of AP and the cost of the network can be 

determined. 

4. SIMULATION RESULT 

In this section a design is done to show the applicability of the 

model proposed in the previous section. For justifying the 

practicability of the method in real models an artificial 

environment is created where the method is implemented. The 

network traffic is considered to be Poisson both in respect to 

arrival and density of callers in an area. As µ is a user defined 

matrix let it be an arbitrary matrix defined as below (this is just 

demonstrated as an example and this kind of scenario may be 

bizarre to this context), 

























542

431

21

aaa

aaa

aaa

  

The parameter ‘a’ is a variable on which the optimization factor 

depends. To find the optimized value the variable ‘a’ is varied to 

calculate the optimal solution to the above matrix µ. The plot for 

various values of ‘a’ with network cost C and blocking 

probability are shown in Figure 7 and 8 which are done with 

values for the defined parameters in section 3 generated by 

Poisson distribution function which adds to the real time based 

simulation for the method. The number of active calls with an 

AP at an hour interval tiC , was taken to be 12 and minimum 

number of subscriber that can be supported by an AP was taken 

as 15.  
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Figure7. Plot of the cost (C) with varying optimization factor 
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Figure8. Plot of the blocking probability with varying 

optimization factor 

From Figure 7 and 8, the minimum value of P and C is obtained 

at µ = 23 for the hypothetical network designed. For different 

networks the value of the above parameters will change and 

according to those parameters different optimized value of µ can 

be obtained. 

5. CONCLUSION 

The optimization technique discussed above guarantees a low 

cost adaptive wireless network with optimal blocking 

probability and number of APS required to design the network 

i.e. it acts as an efficient design tool. Here the optimization 

factor is defined in terms of the common area of coverage 

between two APS. Optimization can also be done in reference to 

signal strength with more complex situations where dynamic 

nodes are deployed. Future research prospect following this 

work can be designing an efficient optimization factor in respect 

to these situations and parameters. 
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