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Abstract— This paper presents the work carried out in the 

field of inter-system handovers. Handoff in cellular systems 

is a complex problem. Handoff is to be initiated and 

executed at an appropriate time so as to ensure the quality of 

service (QoS). The future communication depends upon 

many types of co-existing mobile communication 

Systems/Networks normally GSM Networks, WCDMA 

Networks, Satellite communication based networks, 

intelligent transportation systems, high altitude stratospheric 

platform systems (HAPS). An early HO can cause ping 

pong effect whereas a late one can cause QoS to degrade or 

even cause the call to drop. In this paper, there is discussion 

about the various soft computing  handoff techniques like 

Fuzzy System , Neural Network etc. The network designer 

has to ensure that while a handoff is initiated to ensure QoS, 

he has to keep the rate of handoff to minimum, thereby 

reducing the burden on the network while still maintaining 

the QoS. Under such conflicting requirements, an intelligent 

HO system is the need that reduces the HO rate to minimum 

required while maintaining QoS. 

Keywords: Handoff, Intersystem Handoff, Fuzzy system, 

Neural System, Soft Computing Techniques. 

I. INTRODUCTION 

A. Cellular Networks 

The early wireless systems served a large geographic area 

and consisted of a base station with a high-power 

transmitter. Each base station could serve only a small 

number of users and was costly as well. Today, the cellular 

system consists of a cluster of base station with low-power 

radio transmitters. Each base station serves a small cell 

within a small geographical area. The cellular systems 

connect with each other via mobile switching and directly 

access the public switched telephone networks with an 

advantage of providing facilities to the mobile users to make 

a phone call anywhere and anytime. M.G. Marconi did the 

pioneer work establishing the first successful radio link 

between a land based station and a tugboat, wireless 

communication systems have been developing and evolving 

with a fast pace. 

B. GSM Systems, GSM Terminology and Architecture 

The structural design of a GSM system contains a Base 

Station (BS), many Mobile Stations (MSs), and several 

Network Subsystems (NSs). The MS is carried by the 

subscriber, the BS Subsystem controls the radio link with 

the MS and the Network Station performs the switching of 

calls between the mobile and other fixed or mobile network 

users as well as mobility management. The MS and the Base 

Station Subsystem communicate across the radio link. Three 

major interconnected subsystems that interact between 

themselves and with the users through certain network 

interfaces are: Base Station Subsystem (BSS) , Network and 

Switching Subsystem (NSS), Operation Support Subsystem 

(OSS).GSM is world’s most popular third generation digital 

mobile cellular technology which uses the combination of 

Frequency Division Multiple Access (FDMA) and Time 

Division Multiple Access (TDMA) techniques and operates 

in several frequency bands 900MHz, 1800MHz, and 

1900MHz. The Conference of European Posts and 

Telegraph (CEPT) formed a study group to study and 

develop an Integrated Service Digital Network (ISDN) 

compatible pan-European mobile system and named as 

Global System Mobile Communication (GSM). The services 

provided by GSM are subset of the standard ISDN services. 

C. CDMA Systems, WCDMA Network Architecture 

WCDMA Network Architecture consists of two types of 

nodes: Radio Base Station (RBS) and Radio Network 

Controller (RNC). RBS handles one or more cells and 

controls radio transmission and reception to/from the 

handset over radio interface. RNC is the node that controls 

all WCDMA Radio Access Network (RAN) function which 

connects the WCDMA RAN to the core network via 

interfaces. WCDMA RAN is mainly used to provide a 

connection between handset and core network. This is also 

helpful in isolating radio issues from core network. 

With fast growth of Communication, Code 

Division Multiple Access (CDMA) has become popular to 

use in the field of wireless communication. This is also 

called as Wideband Code Division Multiple Access 

(WCDMA) or CDMA-2000. The WCDMA system is 

capable of offering the transmission of voice, text, data, still 

images, and video over a single platform at very high data 

rate. The Wideband Code Division Multiple Access has two 

versions: Frequency Division Duplex (FDD) and Time 

Division Duplex (TDD). FDD version of Wideband-Code 

Division Multiple Access will operate in (1920-1980MHz or 

1850-1010MHz) for uplink and in (2110-2170MHz or 1930-

1990MHz) for downlink. 

II. HANDOFF IN WIRELESS MOBILE NETWORK 

Handover or Handoff is the process of transferring an 

ongoing call from one cell to another as MS moves through 

the coverage area of a cellular system. When a call is in 

progress, the network is required to maintain the call across 

the cell boundaries. 

A. Phases of Handoff, Handoff Decision, Performance 

Metrics, Desirable Features of Handoff 

Handoff process consists of the following three phases: 

1) Handoff initiation 

Either the mobile station or network identifies the need for a 

handoff or the handoff is initiated. 

2) Allocation of resources 

After the Handoff is initiated, necessary resources either 

network or radio are reserved to support the handoff. 
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3) Handoff Execution 

In this phase, the actual handoff of the call without violating 

the Quality of Service (QoS) requirements of the user takes 

place. 

Handoff Decision can be made on the state of 

information available from MS as well as kind of the 

network. From decision process point of view handoff can 

be Network Controlled Handoff, Mobile Assisted Handoff, 

and Mobile Controlled Handoff. The performance metrics 

used to evaluate handoff algorithms are: Call blocking 

probability, Handoff blocking probability, Handoff 

probability, Call dropping probability, Probability of an 

unnecessary handoff, Rate of handoff, Duration of 

interruption, Delay. A handoff algorithm should have the 

following desirable features. Speed, Reliability, Success, 

QoS, Congestion, Number, Call Blocking. 

B. Handoff Initiation Process 

 
Fig. 1: Three Threshold Based Algorithm (12) 

According to Hierarchical Optimization Handover 

Algorithm (HOHA) proposed by Lim and Wong (1), 

handoff is initiated on the basis of the values of three 

thresholds as shown in figure 1 (1); registration threshold 

(Rt), handover threshold (Ht), and critical threshold (Ct). In 

this model,  only two BSs are considered in the scenario in 

which when MS is in the overlapped region of two BS then 

handoff process can be initiated based on the value of any 

the threshold in consideration. Registration threshold Rt, is 

the threshold value which is sufficient for continuation of a 

call. Handover threshold Ht, is the threshold value when 

there is need of the handoff from one BS to another BS. 

Critical threshold Ct, comes into existence when the strength 

of signal reaches at very poor level. At Ct, call dropped 

automatically. 

III. PING PONG EFFECT 

A. Introduction 

 
Fig. 2: Ping Pong Effect (7) 

In the location areas scheme, a mobile terminal updates its 

location whenever it moves into a cell that belongs to a new 

location area. When a mobile terminal is moving back and 

forth between the two neighboring location areas, it causes 

excessive location updates. This phenomenon is referred to 

as the traditional ping-pong location update effect. For 

example, given the location areas shown in Figure 1.7 (7), if 

a mobile user moves from cell a to b, it will perform a 

location update to register with location area LA2. However, 

if the mobile user immediately comes back to the cell  a or 

another cell  c in location area LA1, it will again perform a 

location update to register with LA1. This is referred to as 

the traditional ping-pong location update effect or simply 

the traditional ping-pong effect (7). 

IV. LITERATURE REVIEW 

In this chapter different types of handoff algorithms based 

on the conventional and emerging techniques are discussed 

briefly. 

A. Handoff Algorithms 

N. D. Tripathi (2), has written that handoff algorithms are 

distinguished from one another in two ways, handoff criteria 

and processing of handoff criteria. However, these 

algorithms can be broadly classified into two main 

categories i.e. Conventional and Emerging Handoff 

Algorithms. The figure 3 (2) summarizes these various 

algorithms. 

 
Fig. 3: Handoff Algorithms at a Glance (2) 

1) Conventional Handoff Algorithms 

a) Signal Strength Based Algorithms 

B.J.Singh et al. (3),have written that that are several 

variations of signal strength based algorithms, including 

relative signal strength algorithms, absolute signal strength 

algorithms, and combined absolute and relative signal 

strength algorithms. These algorithms are briefly discussed 

next. 

B. Relative Signal Strength Algorithms 

The averaged signal strength of base station 1 decreases as 

the mobile moves away from it. Similarly, the averaged 

signal strength of base station 2 increases as the mobile 

approaches it. 

Gregory P. Pollini (4), discussed the various 

approaches like Relative signal strength, Relative signal 

strength with threshold, Relative signal strength with 
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hysteresis, Relative signal strength with hysteresis and 

threshold on as shown in Figure 4 (4). 

 
Fig. 4: Trends In Handover Design (4) 

Sanjay Dhar ROY (5) has done the evaluation of 

various handover algorithms. In this, handover delay, 

shadow fading and effects of averaging are evaluated. The 

received signal strength coming from any one of BTS can be 

given with the following equation. 

Prx1 (d) = K1 – K2 log10 (d) + x1 (d) dϵ(0,D) 

meter………………………………………….                  (1) 

Prx2 (d) = K1 – K2 log10 (D - d) + x2 (d) 

……………………………………………………………(2) 

Prx1 (d) and Prx2 (d) are received signal from BTS1 

and BTS2 respectively at a distance d meters from BTS1. 

Rayleigh fading is neglected since it has shorter correlation 

distance compared to shadow fading. K1 and K2 are due to 

path losses. K2 is actually 10n, where n is path loss 

component. x1(d)and x2(d)are two independent zero mean 

stationary Gaussian processes. 

C. Absolute Signal Strenth Based Algorithms 

W.C. Y. Lee (6), has explained that threshold values are -

100 dBm for a noise-limited system and -95 dBm for an 

interference-limited system. In absolute signal strength 

based algorithm, when the RSS drops below a threshold 

level, handoff is requested. Better handoff initiation can be 

obtained by varying the threshold. The threshold level 

should be varied according to the path loss slope L of the 

RSS and the level crossing rate (LCR) of the RSS. 

D. Combined Absolute and Relative Signal Strength 

Algorithms 

N. D. Tripathi (7), has explained that handoff takes place if 

the following two conditions are satisfied. The first 

condition is that the average signal strength of the serving 

BS falls below an absolute threshold T (dB), and second is 

the average signal strength of the candidate BS exceeds the 

average signal strength of the current BS by an amount of h 

(hysteresis) dB. 

1) Distance Based Algorithms 

N.D. Tripathiet al. (7),explained that the relative distance 

measurement is obtained by comparing propagation delay 

times. This algorithm connects the MS to the nearest BS. 

This criterion allows handoff at the planned cell boundaries, 

giving better spectrum efficiency compared to the signal 

strength criterion. However, it is difficult to plan cell 

boundaries in a microcellular system due to complex 

propagation characteristics. 

2) SIR Based Algorithms 

In (6), for good quality voice, SIR at the cell boundary 

should be relatively high (e.g., 18 dB for WCDMA and 12 

dB for GSM). This algorithm makes a handoff when the 

current BS's SIR drops below a threshold and another BS 

can provide sufficient SIR. Hysteresis can be incorporated in 

the algorithm. The lower SIR may be due to high 

interference or low carrier power. In either case, handoff is 

desirable when SIR is low. However, SIR-based handoff 

algorithms prevent handoffs near nominal cell boundaries 

and cause cell dragging and high transmit power 

requirements. 

3) Velocity Adaptive Algorithms 

G. Edwards et al. (8), gave the concept of averaging 

window. Handoff requests from fast moving vehicles must 

be processed quickly. A handoff algorithm with short 

temporal averaging windows can be used to tackle fast 

users. In this, the concept of a “short" averaging window is 

relative to the mobile speed. Thus, optimal handoff 

performance will be obtained only at one speed if the length 

of the averaging window is kept constant. A velocity 

adaptive handoff algorithm provides good performance for 

MSs with different velocities by adjusting the effective 

length of the averaging window. 

a) RSS and BER Based Algorithms 

In (3, 13), RSS and BER based algorithms are described. 

For RSS, a threshold is used for the current BS, and a 

hysteresis window is used for the target BS. For BER, a 

separate threshold is defined. The target BS can be either 

included or excluded from the handoff decision process. The 

latter scheme is used in GSM in which the mobile does not 

know the signal quality of the target BS. In principle, it is 

possible to measure BER of the control channel of the target 

BS. 

In (23), three parameters considered are RSS 

threshold, BER threshold, and RSS hysteresis window size. 

The effects of these parameters on handoff probability are 

discussed. In general, a low threshold value reduces the 

handoff request probability. The best threshold value is the 

average signal level at the mid-point between two BSs. 

However, due to the propagation environment, this threshold 

must be estimated for each base site. 

(1) Emerging Handoff Algorithms 

The Algorithms based on the emerging techniques discussed 

in Figure 3 are known as the Emerging Algorithms. These 

algorithms are discussed briefly in the section below. 

b) Dynamic Programming Based Handoff Algorithms 

Reference (9, 13), views signal strength based handoff as an 

optimization problem to obtain a tradeoff between the 

expected number of handoffs and number of service failures, 

events that occur when the signal strength drops below a 

level required for an acceptable service to the user. An 

optimal solution is derived based on dynamic programming 

and is used for comparison with other solutions. The 

handoff problem is defined as a finite horizon dynamic 

programming problem, and an optimal solution is obtained 

through a set of recursive equations. This optimal solution is 
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complex and requires a priori knowledge of the mobile 

trajectory. Dynamic programming allows a systematic 

approach to optimization. However, it is usually model 

dependent (particularly the propagation model) and requires 

the estimation of some parameters and handoff criteria, such 

as signal strengths. So far, dynamic programming has been 

applied to very simplified handoff scenarios only. 

c) Pattern Recognition Based Handoff Algorithms 

In (2), Pattern Recognition (PR) identifies meaningful 

regularities in noisy or complex environments. These 

techniques are based on the idea that the points that are close 

to each other in a mathematically defined feature space 

represent the same class of objects or variables. 

d) Prediction-based Handoff Algorithms 

In (2), proposes Prediction-based technique and shows it to 

be better than the relative signal strength algorithm and the 

combined absolute and relative signal strength algorithm via 

simulations. The final handoff decision is made based on the 

calculated handoff priority. 

e) Neural Handoff Algorithms 

G. Edwards (8),presents a signal strength based handoff 

initiation algorithm using a binary hypothesis test 

implemented as a neural network. However, simulation 

results are not presented. Most of the proposed neural 

techniques have shown only preliminary simulation results 

or have proposed methodologies without the simulation 

results. These techniques have used simplified simulation 

models. Learning capabilities of several paradigms of neural 

networks have not been utilized effectively in conjunction 

with handoff algorithms to date. 

f) Fuzzy Handoff Algorithms 

ChiewFoongKwonget al. (9), proposed a newer approach 

using Adaptive Network Fuzzy Inference System (ANFIS) 

where the training element is incorporated into the existing 

fuzzy handoff algorithm. The fuzzy handoff algorithm 

proposed by earlier work is not optimized and required 

constant attention from the human experts. The aim of this 

approach is to minimize the ping pong effect and to enhance 

the quality of service during the handoff process. 

Sheng Jieet al. (10), proposed a triangle module 

operator and fuzzy logic based handoff algorithm for 

heterogeneous wireless networks. It adapts fuzzy logic 

algorithm to fulfill the fuzzy decision values of RSS based 

algorithm and Qos parameters based algorithm respectively. 

In this, the triangle module operator is used to calculate 

handoff decision value.  

Presila Israt et al. (11), have developed a new fuzzy 

logic-based adaptive handoff (FLAH) management protocol 

for next generation wireless system for seamless 

communication. This is then integrated with an existing 

cross layer handoff protocol. Mobility management consists 

of two parts: the first is location management and second is 

handoff management. In location management, the location 

of mobile node is to track with respect to movement of user. 

In handoff management, the call connectivity should be 

there when the user moves from the coverage area of one 

cell to another cell. 

Manoj Sharma et al.(12), have proposed intelligent 

approach for handover decision in heterogeneous wireless 

environment using sugeno type fuzzy system. In this, RSS, 

network availability and bandwidth are taken as fuzzy input 

variables. On the basis of input variable the handoff decision 

changes.  

Leonard Barolliet al. (13), proposed a Fuzzy-based 

handover system for avoiding Ping-Pong effect in cellular 

networks. In this, signal strength from present serving BS, 

signal strength of neighboring BS and distance between MS 

and BS are taken as handoff decision parameters for Fuzzy 

system. In this, Monte Carlo technique is used.  

MeriemKassaret al. (14),proposed an intelligent 

approach for handover in intersystem environment for future 

generation wireless networks. In this, the author used the 

concept of always best connected (ABC) for seamless 

connectivity through the different available networks.  

B.J. Singh et al. (15), proposed a fuzzy based 

multicriteria handoff algorithm. The fuzzy handoff 

algorithm has been shown to possess enhanced stability (i.e., 

less frequent handoffs). The algorithm so developed is based 

on the received signal strength threshold, received signal 

strength with the hysteresis margin and the time interval for 

reduced signal level condition. The effect of threshold value 

and hysteresis margin on the performance of HO algorithm 

has been studied in a descriptive manner. The only 

hysteresis value used in conventional handoff algorithm may 

not be enough for heavy fading’s, while fuzzy logic has 

inherent fuzziness that can model the overlap region 

between the adjacent cells.  

In (8), a fuzzy classifier is used to process the 

signal strength measurements to select a BS to serve a call. 

The performance of this algorithm in a microcellular 

environment is evaluated. It also explains the concept of cell 

membership degree to handoff. It is shown that the change 

of RSS threshold as a means of introducing a bias is an 

effective way to balance traffic while allowing few or no 

additional handoffs. It is suggested that a combination of 

range and RSS modified by traffic weighting might give 

good performance. Different fuzzy composition methods to 

combine the cell membership degrees of different criteria 

methods are investigated. Effects of changes in the cell 

membership degrees on handoff performance have been 

evaluated. 

V. CONCLUSION 

Handoff in cellular systems is a complex problem. Handoff 

is to be initiated and executed at an appropriate time so as to 

ensure the quality of service (QoS). The network designer 

has to ensure that while a handoff is initiated to ensure QoS, 

he has to keep the rate of handoff to minimum, thereby 

reducing the burden on the network while still maintaining 

the QoS. An early HO can cause ping pong effect whereas a 

late one can cause QoS to degrade or even cause the call to 

drop. Under such conflicting requirements, an intelligent 

HO system is the need that reduces the HO rate to minimum 

required while maintaining QoS. Fuzzy logic and Neural 

Networks are the intelligent control strategies, which is used 

for such conflicting control requirements. 
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