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Adwmar — HandolT management is the signal
tramvmission from one base sation to adjacent base
station ay the user moves avound, Ping - Pong effect is
] the crucial problem which deereases the performance of
the Handoll. In this paper, the mean for reducing the
probability of Ping-Pong handofy is proposed. A novel
handolT algovithm iy proposed, based on heeping the old
path between the source and Serving Gate W a (SGW)
during the Ping - Pong movement. Using the network
simulator ASL simulation results of the proposed
algorithm shows that the rate of Ping - Pong handover
can be reduced and, consequently, the handover quality
indicator can be increased. Simulation results sugpest
that optimal timer value should be chosen earefully to
veduce the probability of Ping - Pong handover and
keep the dreapped calls rate at the lowest level,

Nevwords — Ping - Pong: Signal Strength; Handoff:
Serving Gateway,

I, INTRODUCTION

NS s

Hl‘.mt‘ 13 HandofWin Mobile Cellular Communications

o The most important feature of’ wireless cellular
ommunication  system s mobility management,

‘ithin a call’s duration when a mobile user or mabile
Station (MS) moves from one cell o anather, the call
should be transferred 1o-the new cell’s base station
(BS). As the MS recedes, the link with the current BS
- XComes too weak so the call will be dropped. This
P of ability of wransference i a mobile cellular
o Sstem i known as handofT (HO). Figute 1 shows HO
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As the user translerred 1o the new cell’s BS within
the hard HO. the link to the prior BS is terminated.
his means that a MS cannot be linked to more than
one BS ata time. HO preparation may begin when the
reccived signal strength (RSS) - larget is greater than
RSS - source.

There are two i pes of handos: hard and soft.

Ihe signal strength measures are really signal
levels averaged over a chosen amount of time [1]. This
averaging is necessary because of the Rayleigh fading
nature of the environment in which the cellular
network resides. A major problem with this approach
to handoll" decision is that the received signals of both
base stations often Nuctuate,  When the mobile is
between the base stations, the effeet is to cause the
mobile to wildly switeh links with cither base station.
I'he base sttions bounce the link with the mobile back
and forth. Henee the phenomenon s called Ping -
Ponging. It has been shown in early studies that much
of the time the previous link was well adequate and
that handots occurred unnecessarily |11,

Usually hando M or handover (HO) from one cell to
another cell supports seamless service |2]. Handoll is
the process of changing the channel (frequency. time
slot, spreading  code  or - combination  of them)
assoctated with the current connection while a call is
i progress, Ina mobile system. PPing - Pong !l(.) 15 0
vers common phenomenon which causes inefliciencey.
call dropping and  degrading ol the  network
performance. The Ping - Pong 10O is occurred due to
the coverage parameters, user location area and its
movement and speed. The Ping - Pong HO oceurs two
subscquent HOs lwlucsn the source ‘:1‘m.| t:1:." :t:rﬁ:
base stations (BS) and vice - versi. I nu't\l;:; thcl\\L't.‘I\
repeated movement of mobile station .(. st
the source and the target DBSs. of '”i]‘ sig
Muctuation at the common boundary of the BSs.
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11, INPORTANCE
Since the IMing - Fong 1O dispers
wing and-rese
quulity of serviee

this und

petween  rele
deercasing the
for network ope
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Since Ping = Pong [10) is an open ils.snc. lh'crc |~. :!rj
hnology is required to improve
i the Ping Pong type ol
h studies tried to reduce the
Ping - Pong ellects in current umhil..: networks such as
GSM and CDMA [4-8]. In the literature study. @
qumber ol research - papers have revealed  the
concerning problems related to the handover.

rators (o reduce

important need ol tee
the 1O perlormanee durin
movement, Severil researc

from statistical
paration based on
12] and complex

Approaches in literature  vary
analysis |8, 9] up to handover pre
cross - layer optimization [11.
pattern detection algorithms [13]. Previous handover
studies have revealed the techniques 1o improve the
handover technigues and reduce the Ping - Pong
effect. In [14). the method for determining the
efficiency of a handover algorithm and its initiation
given. In [15]. decision to initiate @
an important component in the process
because the success and efliciency of the handover
depends on the accuracy and timeliness of the
decision. In [16]. the effeets of hysteresis and
threshold criteria on handover rate. delay, and link
drops are studies in a GSM network., In [17]. the study
is based on a simplified model with two neighboring
cells and a mobile move in a straight line from one
cell 10 the other. A new handover algorithm and
pr(.wL‘fiur' are studied in [I18]. and the parameters
affecting handover initiation are identified.

control are
handover is

A novel algorithm is presented in this study that is
able lo perform  suceessful — handover 'uilhuul
Hysteresis. This new algorithm focuses on reducing
the n.umbcr of Ping-Pong HOs and at the same limﬁ
L;ccp_mg the old path between the base station and
Serving Gate Way (SGW). ‘ "

Normal mov

ovement  and  Ping i

move oile e g - Pong type

ovements are not distinguished by lhuécdr'lip;
-~ : c

mobility techniques i
: ility techniques. In this new technique that selects

the movement which may be Ping

i - ; -Pong s
via setting a timer as a firsy a5 £ or general

p. In the next step, the
d for delaying  the
zu]d keeping the old path
lor the Ping - Pong type

completion of HO procedure

Network Infrastructure

1 p;xlmrll.‘;lnn k i -
“_‘I’llh' ]"l‘ﬂll‘r'n“y ([:NIA(J 15 - ]()) ]”

o moyement. In the proposed algorithm, ellopy
HO procedure and pgy s‘
S8

o indtinte 1he are

e e :
el which is bigger than that from e sOtirce e
v ovalue is expired, 1) g

i s Lme
uitil 1I|§. b Proceg,
perlorn. In this work, elTorts yee re
Made o

orithm that deereases the pig, P
= Py

nlson
will not
develop an alg

ellect,

mp

In the pl‘npt)h'r.'ll work. attempt is done 10 redyee
pumber of Ping = Pong HOs, primarily cmwcnlr.l:,”""
maintain the connection and avoid im.-rc;:xing q”: [0
[his is happening to guaraniee (he wm?lllcd

-

cnlls. ’ )
user is moving,

connection while the

IV, RESEARCIH METHODS AND TOOLS

This novel HO algorithm is based on keeping
old path between source BS and SGW during he i'i e
. Pong movement and delaying the c”“\plcl‘ng
handover  part. This algorithm  detects (he ‘::;:
ment and check  whether the m”w"lun{ :
general type oF the Ping - Pong type. This algorithy, Is
made using NS2 simulator. The rate of Ping - Punu
1O and the ||:|m|nv:.'r quality - indicator  wij| hf
pointer 1o check the genery|

move

considered as 4
performance of the algorithm.

A Handover Preparation and Execution

When the MS moves to the cell boundary it sengs

a measurement report to the source BS, which decideg

10 handolT the MS based on the measurement rcpnﬁ
and Radio Resource Management (RRM) information

The source BS informs a HO request message 1o (hé
target BS by passing the information about the
preparation of HO at the target BS. Then target BS
prepares HO and sends the acknowledgement of H(\)
request 1o the source BS. The source BS generates the
HO command with the necessary pur:.imclurs and
forwards to MS. After receiving the command from
source BS, MS performs synchronization to target 13S.
Then MS accesses the target cell and sends the
confirmation message about the completion of 10
lr;r;)ccdurc (preparation: and execution) to the target

8. Handover Complenion

' l"igurc 2 shows that afier getting the
conlirmation message from MS, the target BS sends
the path switch message t0 SGW to inform that the
MS has changed its cell. The SGW switches the
downlink data path to the target BS and then releases
any User plane (U - plane) resources to the source BS.
I'he target BS sends the release resource message 10
the source BS which can release radio and control
plane (C - plane) related resources associated 1o the
MS context.

By the end of this step the HO is totally completed
und.lhc target BS can start sending the packets
received on the new direct (SGW - target BY)
However, the target BS should first deliver @
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Inx this algorithm (Figare 3, the timer will aet as o
auide o select whether the ongoing O is general or
Ping = Pong e movement. 10 the recenad signal
srength (RSS) flom the taget (RSN« tget) i
stronger than the reecived signal thrn the souree (RSN
«souree), then the tmer can be initiahizad and 1O gy
proparation and execution procedures of bath souree \ecarding o the differenee between the received
and target BSs, Ninee the RSN = trget s sulliciently signal strength fiom the trget (88 = tangel) and the
strong than the RSS = sowee, the et is expired then received sipnal strength from the souree (SN-source),
the movement is general (no Ming = Pong mosement) IO decision is taken,
ln this case the operator can immaditely release all
resourves along the old path (SGW = souree BN and I 201 the mean signal steength has - fong
finish the HO completion dependence of the distanee (- target/souree) hetween

DS (arget sotree) and the M the received signal
strenpth from the tarpet (SS=taget) aan be caleulated

Fhgwre 8 Phases of the Proposed Algorithm

VL ANALYSINOE THE PROPOSTD ATGORVTTIN

Rut, iU RSN ~ tarpet is sufliciently stronger than the

RSS =source then the movement is Ping = Pong ipec
In this case, (he operator heeps the ofd path (SGW - '
source BS) during the Ping = Pang duration and delays ] :
b ® y ) x NTOR Nolowtd )40, K]
the O completion (o avidd between releasing and () saps A MO I il ()
initiating ol the paths between SGW and B,
Whereas, the teceived signal strength fiom the

The \ YOr'L Y nitiate \ )
L Pml‘\‘-\ld ulb::r“tl!l::\l:!":\ri::"1:::‘.‘:::\k||::ll: |\!.|\}S souree (NN=souree) can be ealeulated as:

CHO will not pertorm until

l seen in llul‘ figure 4 the Mo worer = K=K LR ) e il 9
for HO prepaation
woconnection
ping the old
(dark line in

provedure when the R
- target but completion ot
the timer is expiredd. As can be
proposed system has 2 phases, one
and exeention which means that the ne
between MS and target is made by hee
path through $1 intertaces is sull i use

figure 4),

K2) depend o the

where (KL KD and (K
v the Base and

fransmitted  power. antenig features 1
(e TSR ION SNV IFONIMEnts,

R T
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\ (ping  pong Diis
’IE,-.-( reeg ) i \ 1o (-‘]
\Y ; seinif
N hone - ot e, and e are the number of
- y
where

W HOs.
i + total number <
Ping-Pong 1Os and the ot
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HO  indicator allnu!d hu‘\ dc.llnu.:JI |||(',:r|
measuring the 1O quality indicator is de :n'L icq[cd
The p:u:im-:lcrs are used lo evaluate “de:h\-
algorithm are 1O rate. block and drop rates and delay
ol HO ’

N - N

H) Lping - pong )y, (4}
!
J\r HO * A‘ Block ¥ N

Puw =

Drop

where N s and Norn are the number of HO call
blocked and number of HO call dropped.
respectively.

VI, RESULTS AND DISCUSSION
By applying the Ping-Pong detection algorithm.,
the parameter A:"'""” Pomds i the equation (3) will
decrease and the HO quality indicator will be

calculated as:

'\:I"&‘ renct
Xu,:u”_ e —"‘]

P - '\"“... - “_P:wrr"w,.) (5)
S A Ry
X, (142 —trey (142 Tty
- M, Ny,

(¥}

From the equation (3). it can be inferred that by
decreasing the number of Ping-Pong HO and
decreasing the number dropped and blocked calls, the
HO quality indicator can be improved, The above
equation shows that the proposed algorithm reduces

the Ping - Pong HOs rate and increases the HO
quality indicator.

VHLSysTE\ AND SIMULATION MoDEL

In [1819). yser

mobilin arameter s
defined as: o

d:'[Z*R],'[V *Tm]

(6)
Iy the user i assumed o
radius R during the call

Where v the unif
rave] ip the
duration Ty,

lorm veloer
cell with (he

! key pertor .
are y Mmance indicators
roped oy 1% e proposeg algorithm which is
Simulator hag ::e weg ™8 - Pong Hg rate. NS2
of the pr ::lgouscr' l;‘i to Ievaluale the Performance
. 1
10 ik . IS a very er
Simulite the mobile network. Herem“crlul iodl

sxpertising Network Infrastructyre ~—
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1ltwf:£kl?1he !l\cadumic Fraternity (ENIAC 15 - 16)
pts

12
1obility of the MS o be 25 lfmﬂmur (low "
::nd 70 km/hour (medium mobility), m”b‘l'ly)

The simulation methodology appl|
choose the best HOs criteria. The results
performances of different handu.vcr Setlingg for 1h‘c
algorithm are evaluated by all different timer i

s Valye
for diflerent user velocities in Wo see afiusdﬁ;:s
25km/Mour  (low speed) and T0km/hoyr ‘mediunc]
speed).

Scenario 1: Low Speed Mobility (25 Kmfﬁou”

In this low speed scenario, th
chosen as 0.3, 0.5, 1, 1.5,
respectively and the velocity of the MS is |
be 25 km/hour. The proposed mode| gives th
as shown in the figure 5. The figure shows th
simulation for the timer value 1.5, e Probability o«
dropped calls has lowest value which is this n:lain

priority. At the same time the HO rage is decreasing
while the timer value increases, s

€ timer value i
secons,
Mited
€ resyls
alin thig

For the user speed 25 km/hour, the
timer value can be chosen as |5 SCC. at which e
probability of the dropped calls remains [ow and
probability of Ping-Pong HO decreased efficienyly,
Timer value bigger than 1.5 sece should not e takén
because the probability of the dropped cal|s increases,
and the intern makes the chosen parameters are o
appropriate to be used at timer value bigger thay 1.5
seconds. So that in the simulation the optimal timer
value can be chosen as 1.5 sec which gives lowest
dropped calls rate and Ping - Pong HO rate.

Optima|

Key Performance Indicators for User
Speed 25 km/hour

0.2
0.18
0.16
0.14

0.12

0.1

0.08

0.06

04

02

0 N . -
03 05 1 15 2 4

Timer Value (Sec)

Dropped Call Rate & Ping-Pong HO

W Oropped Calls Rate QPing-Pong HO rate

Figure § Dropped cal| fate and Ping-Pong Handover rate m case of

the speed of M§ equal 10 25 Kmh
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From the results given w tigare § and o, the
proposed algorithm could significantly minimize the
probabihin of Ping - Pong lowest standards, also the
optimal value tor the dropped call rates and the
probability of Ping-Pong HOs indicates to be LS and
1 sec depending on the user velocity.  Minimum
probability of the Ping - Pong HOs and low level
dropped calls rate lead o inerease the handover
quality indicator which improves the quality and the
reliability of the connection and that recommends the
equation 3.To get the optimal values of the handover
procedures, the timer value can be chosen from 1 see
to 1.5 sec.

IX. CONCLUSION

The proposed algorithm distinguishes between the

: ‘general and Ping - Pong (ype movement. ln a Ping -
-~ ~Pong type movement, only the completion part ot the
. ~HO procedure can be delayed to avoid the swinging
© “between releasing and initiating the paths betwecn the
- SGW and base stations. Evaluation of the algorithm
shows that Ping - Pong HO movement can be reduced

astructure .
aternity (ENIAC 15 - 16) 13

by keeping the ol path Between SGW and hase
stations This moded also shows that the timer value
play signilleamt role redieing the probabiling of
g Pong HOS hosweser the higher timer value can
vause dropped calls: 8o the optimal timer salue can be
vhosen carelully 1o determine the best vilue 1o the
mner vadug

Current Ic\'hm\lnp{\ does not support
systematie and inbinsed solution Toe the operators to
perform a distinet Ping-Pong 1O from the peneral
HO piocadire. Bat (e proposed — alporithm
distinguish between the general and Ping = Pong type
movement. A a fiture enhancement the setting off
thieshold and timer topether should be concentrated
o reducmg the pher rate of dropped calls, blocked
calls and Pig-Pong HOS elticienthy
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