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ABSTRACT: N

Handover is a very common event in cellular mobil e e B
network. It is the procedure that transfers an dngccall / ><\ \\
from one cell to another as the user’'s moves thinoting / \ N

. / R ~..,. ;
f ase Rl £ Base
coverage area of cellular system. One way to imgrihe \ S A““* -~ -"”)’7;/ R \

Cellular network performance is to use efficienhtaver A B
prioritization schemes when user is switching betwthe \.\ Mobile Trjvcl

cells. Handover decision should be precise by talkimo K \/(/ /
account all the possible options. More handover seau g, SN g Vg, AR

more signaling traffic. Therefore, it is desiredath .
. . Fig.1. Handover
handover should be done only when it is necessarthis . . . .
. Handover mechanism is extremely important in catlul
paper we propose fuzzy expert system to avoid the . .

. . mobile network because of the cellular architecture
unnecessary handovers and also to avoid the pintg poem loyed to maximize spectrum utilization. Howewer
effect. We have used signal strength, distancé, @z, ploy P . . '

N . ) . ensure more frequency reuse, cell size is gettingllsr
speed, direction and signal to interference ratie the

. . and as a resulinore handover is taking place as users
input metrics and handover as an output of fuzssesy. .

) ) roam. If proper handover mechanism is not usecthey
Keywords- cellular mobile network, Handover, ping pong

be huge ping pong at the cell border area or porgyran
take place because of fading. If the metrics aré no
balanced then unnecessary handover attempt wilhdée
l. INTRODUCTION which will increase system load or lead to bad loaed
A cellular network is made up of number of radidice yacision. As a result QoS will be hampered; evéndzap

Each cell is allocated W'th g band of frequencmq &  canbe occurredMohammad Alaul Haque Monil, Romasa
served by a base statioldjacent cells are assigned .
Qasim, Rashedur M Rahman 2013

different frequencies to avoid interference. As enor ) )

customers use the cellular network with single tsaton, C_onv_entpnal Handover depends mostly on S|gr?ahgthe

traffic may be build up so there are not enoughudency Like in Fig.1, if MS mOYes away from BTS, signaltge

bands assigned to a cell to handle its calls. @héign of weaker and after reaching a certain threshold, robuof

this problem is frequency reuse concept. The bt that call is transferred to another base statiai sirong

in cellular network involves the problem when a @b signal. The conventional R_SS baseql handoff method
always selects the Base Station (BS) with strongjgsial.

user travels from one cell to another during a.cAbl ; i
adjacent cell do not use the same radio channetslla Howevgr, the quctuatlpns of signal _strength due to
hadowing and fading cause ping-pong effect.

must be transferred from one radio channel to amoth® ) )
when a user crosses the line between the adjaedst C(Mohammad Alaul Haque Monil, Romasa Qasim,
The process of handover takes place that trandgfer IgashgdurM Rahman 2013)

ongoing call from one cell to another cell as tseryMS) A) Ping Pong Effect —

moves through the coverage area of a cellular rétwo Radio signal fluctuates due to environmental gigan

handover process cellular network automaticallpgfer a Which may result in signal fading. Signal strengtbeived
call from one radio channel to another radio chammgle Py MS depends on these effects. In the boundaryvof

effect, Fuzzy inference system, cell load.

maintaining cells, MS can find strong signal from different Icel
quality of services (QoS) of a call. (Theodore Sppaport alternatively in each measurement period becaustheof
2012) signal fluctuation for shadowing fading effect. H

handover algorithm is completely dependent on signa
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strength, it will give alternative handover decigicso 2) Distance from Base station (m)

number of handovers will be increased. This scenaxi 3) Cell Traffic Load (%)

called ping pong in handover. 4) Speed (kmph)

There are various reasons needed to be known ¢ondiee 5) Direction

whether a handover is required. The signal strenfthe 6) Signal to co-channel interference ratio (C/l)

base station, along with the signal strengths of th  7) Signal to adjacent channel interference ratié\JC
surrounding stations, the availability of the chelsnthe Mobile station (MS) continuously provides statupak to
distance of mobile station (MS) from base statiBS) etc. BTS and sends a report which is called Radio link
needs to be known. measurement Report or SACCH (Slow Associated Cbntro
In this paper we have used fuzzy logic along wile t Channel) Measurement reports transmitted peridglical
combination of several different metrics for actera every 480ms interleaved over 4 SACCHs. In Mobile
handover decision. MAHO (mobile assisted handoir) Assisted Handover— MAHO, handover decision is
used along with Fuzzy Logic to make handover denisi dependent on this report. Normally, MS sends repbf
more efficiently (Gjergji Mino, Leonard Barolli, Arjan neighbor cell to BTS and then BSS processes it aem
Durresi, Fatos Xhafa, Akio Koyama 2009) decision.
In this study, we present a Fuzzy Expert System f@ignal strength Signal strength can be found from
handover decision. Fuzzy Inference System (FIS)sesd measurement Report (MR) of mobile station (MS). The
as an estimation method which has fuzzy input anigud  Received Signal Strength (RSS) based handoff dhgori
parameters. associates mobile station to the access point,hiis the
This paper is organized as follows: section 2 deesrthe strongest perceived signal strength at the molidtios
handover decision procedure usifzzy logic section 3 side. The signal received from an access pointadiegr as
describes design and development of FIS (fuzzyrémige the distance between the mobile and the accesgt poin
system) for handover, results are shown in sedtiand increases. Signal strength is considered from -Bido
hence conclusion is drawn in section 5. - 48dBm with relative accuracy of 1dB and absolute
accuracy of 4dB (up to -70dBm) and 6dB and aveiage

. HANDOVER DECISION PROCEDURE calculated over SACCH multiframes (480ms).

USING FUZZY LOGIC Distance from Base stationDistance is the second
The Basic fuzzy system which is used for hando€er jnetric that we have used. It is important to knawtar
depicted in Fig. 2. Different combination of mesibas e Ms is from the BTS. Distance-based algorithelate
been used in this paper for better handover detisiqne mopile with the closest access point. Distarae be
(Mohammad  Alaul  Haque Monil, Romasa QasiMgyicylated from the received signal strength. From
Rashedur M Rahman 2013) measurement report, TA (Timing Advance) is foundain
also be converted into distance and be used. Ristan

Par';:r'r’l'&';mz Fuzzifier || ";3'::::“ > Defuzzifier -5 T2 measurement can improve the handover performance.
— 7 Cell Traffic Load- Handoff should be successful; a
free channel should be available at the candidese B

Rule Base Efficient channel allocation algorithms and somaffic

balancing can maximize the probability of a sucfidss

Fig.2. Fuzzy inference system for Handover ~handoff. Handoff should maintain the planned caliul
A) Metrics For Handover borders to avoid congestion, high interference, ase of
We use seven metrics in total to calculate the baed @ssigned channels inside the new cell. Each BScaey
probability of different cells and accordingly theest ©nly its planned traffic load. The handovers amied out
neighboring cell will be chosen as serving. (Mohaadm only if the receiving cells have a low enough lodthe
Alaul Haque Monil, Romasa Qasim, Rashedur M Rahma@ad in every cell is monitored in the BSC.

2013) (Theodore S. Rappaport 2012) Speed speed is an important input parameter we have
The metrics are included in handover decision. It considers mobilgth
1) Signal Strength (dbm) different velocities, i.e. the handoff needs oft fa®ving
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mobiles should be determined immediately. This ban Carrier to adjacent channel interference ratio
achieved by adjusting the effective length of theraging (CIA)

window in which received signal strengths from #oeess
point are averaged.

- Interference resulting from signals which are
adjacent in frequency to the desired signal isedall
) ] adjacent channel interference.Adjacent channel
Direction- In direction biased algorithms handoffs to thenterference results from imperfect receiver fitewhich
access points towards which the mobile is moving agllow nearby frequencies to leak into the pass bahe
encouraged, while handoffs to the access points frcmore selective the receiver is the less will berésponse
which the mobile is receding is discouraged . I®-prto adjacent channels. The carrier to adjacent @Ha@iA)
selection handoff algorithm, a mobile hands offth® ratio expresses the strength of the wanted chaarkht of
access point towards which the mobile is movingnevethe adjacent channel. GSM channel coding includes e
though measured handoff decision metrics of thaesg detection and correction; there is a limit to theiference
point is not the best. Considering that these wewill it can deal with successfully. The GSM recommeroateti
improve as the mobile gets closer to the accesg.poi specify a working minimum C/A of -9 dB. The greatkee
Speed and direction plays an important role incteig the  distance between the source of the wanted sigmalste
best candidate for handover. As it is the meastirelative  source of the adjacent signal, the better williE@/A.
speed with the BTS, it shows how fast the MS isiogm

towards the BTS or how fast it is going away fronet |||, FUZZY |INFERENCE SYSTEM FOR
BTS. So it provides a prediction, after some tim8 il HANDOVER

be coming closer to a BTS or going farther fromTesBand A FIS (Fuzzy Inference System) is developed to joi@v
selects candidate based on that prediction. Basethie fuzzy handover decision using the seven metrics as
metric, there are reduced number of handovers Ganu input. To design the system, the FIS tool in MATLAB

it avoid unnecessary intermittent handovers. R2010a is used. Membership function needs to be
Carrier to co-channel interference ratio (CH)  defined to develop the FIS. We have used total of 8
Interference, is a limiting factors in the performe, of linguistic variables including Handover as outpute

cellular radio systems .it causes cross talk whtbe have used Z shaped, Gaussian and S shaped membershi
subscriber hears noise in the background due to arfunction as they are appropriate for their smooth
undesired transmission. Interference leads to kBlddalls [ _>< < |
due to errors in the digital signaling. It is m@evere in

urban areas, due to the greater High Frequency (dise : sz i /\\ /\

floor and the large number of base stations andilesb . fe Y \X,' |
Frequency reuse implies that in a given coveraga Hrere / i

§
(nanden i A

are several cells that use the same set of fretpeeribese / /’ \\// \\ \\
cells are called co-channel cells and the intenfege [ oo > ~
between signals from these cells is called co-celanntzz

mterferer\ce. Carrier-to-Interference ((?/I) ratmpmgses ‘ Fig.3. Fuzzy inference system (FIS)

the relative strengths of the wanted signal andriating . ; : .
ianals. At | o/ the Bit E Rate (BER transition rather than triangular trapezoidal function.
SIgnas. ower (C/l) the Bit Error Rate ( ) &s _Range of the membership functions are chosen faollpw

vzry high and the chgnneIAcE@rr:gC;ls “rﬁab'? to ||@Ie>Vl other literatures [2, 3] and based on practicahade. The
adequate error correction. '9 ratio yietglsality membership functions of a fuzzy system are designed

communication. A good C/I ratio is achieved in gkl - . .
; b . " levels th h based on heuristic experience. The parametersemided
Systems by Using optimum power fevels throug D as per other research conducted in these arenacamigtic

control of most links The GSM recommendations dpegxi . . . L
- . . 7. experience. Membership functions of the linguistic
minimum working C/I of 9 dB. So in handover decisii® . . .
variables are given below:

is necessary to know how good will be the qualitycall 1)Signal Strength (SS) = {Weak, Normal, Strong}:

\t/vhenf w::-htransfer the Tla'!l to some neészTS. Yfl/hrfen V‘@gnal strength of -95 dbm is acceptable as nosigaual
ranster the ongoing call to some hew quality strength in telecom industry and used in otherditee,

call should not be hampered. therefore it is considered as normal signal stifengt
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Membership function plots

/
/ /
V ; W *“ ; ; Fig.7. Member ship functions of Speed
Fig.4. Member ship functions of Signal Strength
(S9)
5)Direction (D) = {towards, away};
2) Distance from Base station (Distance) = {Near,
medium, Far}, Membership functon plots
For distance, half kilometer distance is considessd L
medium. /
/
ereship Fnci s o W e / ]
hse. medim ‘ far /
\V—B\\ //—\\ Ve
\\ / \\ / 3\ 1 1 14 9 0 o 04 0 0 1
\N\ \ /’/ Fig.8. Member ship functions of Direction
/ 6)Carrier To Co-Channel Interference Ratio (C/l) =
n_& o @ {low, medium, high};
. . . . The GSM recommendations specify a working
Fig.5. Member ship functions of Distance - . .
g P minimum C/A of -9 dB, scC/l of 9 dB is considered as
3)Cell Traffic Load (CL) = {Low, Medium, High}; low.
For cell load, 50% cell load is considered medium.
‘ Membership functon plots /’—\\ /—
\\ ,// 1
Fig.9. Member ship functions of C/I
7)Carrier to adjacent channel Interference Ratio
(C/A) = {low, medium, high};

Fig.6. Member ship functions of cell load(CL)
For C/A -9dB is considered as low.

4)Speed = {Slow, medium, Fast}; S
Verueshp fnckn potz
For speed more than 60 kmph is considered as fast.
N\ \ /// \\ ///
\ / \ ‘
\N // R //
N /
I

Page | 70



International Journal of Advanced Engineering Research and Science (IJAERS)

[Vol-1, Issue-1, June 2014]
ISSN: 2349-6495

Fig.10. Member ship functions of C/A
8)Handover (HD) = {Low, Medium, High};

T T
low mEdn hh

oufutvarisbe “iendver

Fig.11. Member ship functions of Handover
The fuzzy inference engine is a group of rules bgpexl
using expert knowledge. We have designed the krdyele
based rules that connect the inputs and the outgaged
on a careful understanding of the philosophy behhmel
handover behaviors. Fuzzy rule base is shown ineTab
Five rules are used in this system. The rules Hmen
developed usingf-then method. Using these rules, the
result Hanover probability has been computed.
Table 1: Fuzzy Rule Base

INPUTS OUTPUTS

SS| DI |[CL|SP| DI |C/ll|C/ | HANDOVE
S R A R
S |C L F | T H | H H
S | M M IF | T H | M H
N | M H |S |T L M L
W | F HI|F | A M | M L
S | M L M| A H (M M

V. RESULTSAND DISCUSSION

Figure 12 shows the result for the Handover i.¢puatuat
inputl (signal strength) -84.8, input2 (distance)0i207,
input3 (cell load) is 23.2 and input4 (speed) isA68puts
(direction) is -0.439, input6é (carrier to co-chahne
interference ratio) is 14.2 and input7 (carrieratjacent
channel interference ratio) is 8.85. Hence, thepwtut
probability of handover occurring is 0.883.
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Fig.12.The result rules of FIS
The surface view of fuzzy inference system in three
dimensions as shown in Fig. 13 .

cel pad

Fig.13.Surface view of FIS

V. CONCLUSION

As handover is dependent on fading and other
environmental factors, fuzzy logic gives good resslit

can work with imprecise data. In our proposed
algorithm, it has been found that, maintaining othe
parameters in an acceptable level handover is dsede
for high speed MS, which avoids ping pong effect
successfully. In this paper a fuzzy logic rule base
created using the known sensitivities of handoff
parameters. It uses mobile‘'s speed, direction dianp
distance from BTS, signal strength receives fronSBT
cell traffic load and interference to enhance the
performance of handoff initiation significantly. #lso
significantly reduces the cost associated with fiise
handoff initiation because it achieves lower fdisadoff
initiation probability. However it is essentiallpmplex

to make handoff decision considering multiple ciéte
Sometimes, the trade-off of some criteria should be
considered. Therefore heuristic approaches based on
Neural network (NN), Genetic algorithm (GA) and Zyz

Page | 71



International Journal of Advanced Engineering Research and Science (IJAERS) [Vol-1, Issue-1, June 2014]
ISSN: 2349-6495

logic (FL) can prove to be efficient for wireless JOURNAL OF NETWORKS, Vol. 4, No. 10, 2009,
networks. pp. 931-940.
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