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4G/VHO/WLAN

In the fourth generation (4G) of mobile networks, the special concern is
focused on seamless communications. Mobile station can smoothly operate in any
wireless access technologies when it moves from one technology to the others. For
example, the mobile station utilizes resources from cellular network and then it is
moving into Wireless Local Area Network (WLAN) which is located within the cell of
cellular network. The mobile station has a choice to switch to WLAN by changing the
radio frequency and protocol structure to maintain the continuous communications. This
seamless concept forces the new development on handover, named as Vertical
Handover (VHO). In literature, many methods regarding VHO have been presented to
improve the network efficiency including time delay and data loss. The mechanism of
VHO degrades Quality of Service (QoS) due to delay and data loss so it is better to
reduce an unnecessary VHO. The attempt to reduce the unnecessary VHO was
presented by using call control but the drawback is the increase of call blocking. In this
thesis, the concept of reducing the unnecessary VHO is proposed by using the

information of moving direction to decide the suitable VHO.
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clear all;clc;%clf;
Pt WLAN=0.001;%10 milliWatt
¢=3*(10"8);%m/s
f WLAN=2400*(10"6);%MHz
lamda WLAN=c/f WLAN;
Gt=1;
Gr=1;
X_AP=250; %%%%% AP point %%%%
Y AP=-130; %%%%% %%%%
r=50; %radius of WLAN
R=r;%sqrt(((x_new2-(X_AP))"2)+((y_new2-(Y_AP))"2));
X=1*1e-1;%sqrt(((x_new3-x_new2)"2)+((y_new3-y new2)"2));
lambdal=120; % Time (second)
lambda2=5; % Velocity (km/hr)
user=1;
User Move In AP=0;
STEP=10;
for n=1:user
x(n)=(400)*rand;  %random 100 to 400 scope area
y(n)=-(300)*rand; %random 0 to -300
if (x(n)<(100))
while(x(n)<(100))
x(n)=(400)*rand; %new random 100 to 400 scope area
end
end
check=checkCricle AP In_C Building(x(n),y(n),r);
while(check==1)

y(n)=-(300)*rand; %onew random




check=checkCricle AP In C Building(x(n),y(n),r);
end
t(n)=poissrnd(lambdal); %averaget second
v(n)=poissrnd(lambda2); %average v km/hr
s(n)= (v(n)*(10"3)*t(n))/(60*60);
Ang(n)= 360*rand; % random angle
if Ang(n)==180
Ang(n)= 360*rand,
end
X1=s(n)*cos(Ang(n)*(pi/180));
Y 1=s(n)*sin(Ang(n)*(pi/180));
x_newl(n)=x(n)+X1;
y_newl(n)=y(n)+Y1;
previous_out2=0;
X AP _new point_real=0;
Y AP _new point_real=0;
number=0;
for m=1:0.1:s(n)
X2=m*cos(Ang(n)*(pi/180));
Y2=m*sin(Ang(n)*(pi/180));
X_new2=x(n)+X2;
y_new2=y(n)+Y2;
out2=checkCricle AP In C Building(x new2,y new2,r) ; % check in WLAN
if (out2==1)&&(previous_out2==0)
User Move In AP=User Move In AP+1;
MAX=x new2;
MAX2=y new2;

for angle=1:10:91




for p=1:STEP
sss(p)=p*X;
X3(p)=sss(p)*cos(Ang(n)*(pi/180));
Y3(p)=sss(p)*sin(Ang(n)*(pi/180));
x_new3(p)=x_new2+X3(p);
y_new3(p)=y_new2+Y3(p);
%%%%%%%%%%%%%% position of WLAN (point)
%%%%%%%%%%%%%%% %% %%
Range WLAN=sqrt(((x_new3(p)-(X_AP))"2)+((y_new3(p)-(Y_AP))"2));

% squre root (x2-x1)"2 + (y2-y1)"2
%%%%%%%%%%6%%6%6%%%%%%%%%%%%%%%%% %% %% %% %% % %% %% %Yo
%%

Pr WLAN=(Pt WLAN*Gt*Gr*(lamda WLAN"2))/(((4*pi)"2)*(Range WLAN"2)); %Watt
Pr dBm_ WLAN=10*log10(Pr WLAN/(10"-3)); %dBm
Fading=0.01*randn;
Loss_from Wall=2;
Loss_from Wall 2=3;
Pr dBm WLAN Add Fading(p)=Pr dBm WLAN-Loss from Wall-Fading;
if p>1
Ans(angle,p)=-10*1og10(1+(((p-1)*(X/R))"2)-2*(p-1)*(X/R)*(cos((angle-
D*(pi/180))));
end
num(p)=p;
end
end
previous_out2=1;
for z=1:STEP
Pr(z)=Pr_ dBm WLAN Add Fading(1,z)-Pr dBm WLAN Add Fading(1,1);
end

%%%%%%%%%%%%% old angel %%%%%%%%%%%%%%%%%%%%%%%%




ce=sqrt(((x_new2-(X_AP))"2)+((y_new2-(Y_AP))"2));
%distant_between WLAN and Intersection
bb=sqrt(((x_new1(n)-(X_AP))"2)+((y_newl(n)-(Y_AP))"2));
%distant between WLAN and mobile MOVE
aa=sqrt(((x_new1(n)-x_new2)"2)+((y_newl(n)-y_new2)"2));
Theta=acos((aa"2+cc 2-bb"2)/(2*aa*cc))*(180/pi)
%ANGLE_between WLAN and mobile 3jui@A1
if (Theta>90)
Theta=180-Theta;
end
end
end
end
plot(num,Ans(1,1:STEP),'d")
hold on
plot(num,Ans(11,1:STEP),'g")
hold on
plot(num,Ans(21,1:STEP),'k")
hold on
plot(num,Ans(31,1:STEP),'¢')
hold on
plot(num,Ans(41,1:STEP),'r")
hold on
plot(num,Ans(51,1:STEP),'m")
hold on
plot(num,Ans(61,1:STEP),'y")
hold on

plot(num,Ans(71,1:STEP),'-.b')




hold on
plot(num,Ans(81,1:STEP),"-.g")
hold on
plot(num,Ans(91,1:STEP),"-.k")
hold on
plot(num,Pr,"*1'")
hold on
xlabel('Sampling rate (time)');
ylabel('Difference of Pr');
h = legend('0 degree','10 degree','20 degree','30 degree','40 degree','50 degree'...
,'60 degree','70 degree','80 degree','90 degree','Measurement',11);
set(h,'Interpreter’,' none")
for n=1:STEP
%%%%%%%%6%0 %% %% %0 %% % %% % %% MSE=sqrt(abs(Real-Regular)"2)
First_degree 0(n)=(abs(Pr(n)-Ans(1,n))"2);
First_degree 10(n)=(abs(Pr(n)-Ans(11,n))"2);
First_degree 20(n)=(abs(Pr(n)-Ans(21,n))"2);
First_degree 30(n)=(abs(Pr(n)-Ans(31,n))"2);
First_degree 40(n)=(abs(Pr(n)-Ans(41,n))"2);
First_degree 50(n)=(abs(Pr(n)-Ans(51,n))"2);
First_degree 60(n)=(abs(Pr(n)-Ans(61,n))"2);
First_degree 70(n)=(abs(Pr(n)-Ans(71,n))"2);
First_degree 80(n)=(abs(Pr(n)-Ans(81,n))"2);
First_degree 90(n)=(abs(Pr(n)-Ans(91,n))"2);
End
%%%%%%%%%%%%%%%%%%%%%%MEAN_MSE=MSE/STEP
AO=sqrt(sum(First_degree 0))/STEP;

A10=sqrt(sum(First_degree 10))/STEP;




A20=sqrt(sum(First_degree 20))/STEP;
A30=sqrt(sum(First_degree 30))/STEP;
A40=sqrt(sum(First_degree 40))/STEP;
A50=sqrt(sum(First_degree 50))/STEP;
A60=sqrt(sum(First_degree 60))/STEP;
A70=sqrt(sum(First_degree 70))/STEP;
A80=sqrt(sum(First_degree 80))/STEP;

A90=sqrt(sum(First_degree 90))/STEP;

MSE_Total Pr=[A0 A10 A20 A30 A40 A50 A60 A70 A80 A90]

Min MSE Pr=min(MSE Total Pr);
If Min MSE_Pr==MSE_Total Pr(1)
Mesurement Degree Pr=0;

end

if Min_ MSE Pr==MSE _Total Pr(2)
Mesurement Degree Pr=10;

end

if Min MSE Pr==MSE Total Pr(3)
Mesurement Degree Pr1=20;

end

if Min MSE Pr==MSE Total Pr(4)
Mesurement Degree Pr=30;

end

if Min MSE Pr==MSE Total Pr(5)
Mesurement Degree Pr=40;

end

if Min MSE Pr==MSE Total Pr(6)




Mesurement Degree Pr=50;
end
if Min MSE Pr==MSE Total Pr(7)
Mesurement Degree Pr=60;
end
if Min MSE Pr==MSE Total Pr(8)
Mesurement Degree Pr=70;
end
if Min MSE Pr==MSE Total Pr(9)
Mesurement Degree Pr=80;
end
if Min MSE Pr==MSE Total Pr(10)
Mesurement Degree Pr=90;
end
Min MSE Pr

Mesurement Degree Pr
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A15190 4.1 Threshold -50 dB 1dUN197 1 33 0 938N

UMy ﬂ%ﬂﬁ 1 ﬂ%y’qﬁ 2 ﬂ%y’qﬁ 3 ﬂ%y’qﬁ 4 ﬂ%ﬁ‘ﬁ 5
Sampling (ﬂ%ﬂ) (99717) (9971) (GN) (94711) (949711)
5 0 80 50 60 50
0 40 60 40 40 30
15 30 40 40 40 30
20 20 30 30 30 20
15199 .2 Threshold -50 dB 1&UN147 2 YU 10 937N
Fumaay ﬂ%y’qﬁ 1 ﬂ%ﬁ‘ﬁ 2 ﬂ%ﬁﬁ 3 ﬂ%x‘l‘ﬁ 4 ﬂ%zaﬁ 5
Sampling (ﬂ%ﬂ) (2971) (9971) QN (GNi)) (GMif))
5 0 0 40 50 0
10 50 30 50 40 30
15 40 30 40 30 30
20 30 30 30 20 20
A15197 .3 Threshold -50 dB 1§uN i 3 YU 20 09PN
FuUmMaAy ﬂ%ﬂ‘ﬁ 1 ﬂ%y’q‘ﬁ 2 ﬂ%y’q‘ﬁ 3 ﬂ%y’q‘ﬁ 4 ﬂ%y’qﬁ 5
Sampling (ﬂ%y’q) (GN)! (94F11) (GN)! (94711) (GN)!
5 90 80 70 60 80
10 70 70 70 60 40
15 50 50 50 40 40
20 40 40 40 30 30




M15190 V.4 Threshold -50 dB 1dUN197 4 30 30 DA

IFUmMaAy ﬂ%ﬂ‘ﬁ 1 ﬂ%ﬂﬁ 2 ﬂ%y’q‘ﬁ 3 ﬂ%ljﬂﬁ 4 ﬂ%ﬁ‘ﬁ 5
Sampling (ﬂ%ﬂ) (GN) (99717) (99711) (94711) (949711)
5 90 90 90 90 90
10 90 90 90 90 90
15 70 70 60 70 70
20 50 50 40 50 50
A15191 .5 Threshold -50 dB 1&UM1471 5 YU 40 937N
Fumaay ﬂ%ﬂ‘ﬁ 1 fﬂ%y’vﬁ 2 ﬂ‘?aﬁ 3 ﬂ%ﬂ“ﬁ 4 ﬂ%ﬁﬁ 5
Sampling (ﬂ%ﬂ) (3971) (99¢11) (23971) (9971) (9971)
5 50 60 40 50 30
10 40 40 40 40 40
15 40 40 40 40 40
20 30 30 30 30 30
A15197 9.6 Threshold -50 dB 1§UN 1 6 YU 50 09PN
IFUmMaAy ﬂ%ﬁ‘ﬁ 1 ﬂ%ﬂﬁ 2 ﬂ%y’q‘ﬁ 3 ﬂ%ljﬂﬁ 4 ﬂ%ﬁ‘ﬁ 5
Sampling (ﬂ%y’q) (GN)! (94711) (93711) (94711) (949711)
5 90 90 90 90 90
10 90 90 90 90 90
15 90 90 90 90 90
20 90 80 80 80 90




M15190 .7 Threshold -50 dB 1dUN197 7 40 60 997

IFUmMaAy ﬂ%ﬂ‘ﬁ 1 ﬂ%ﬂﬁ 2 ﬂ%y’q‘ﬁ 3 ﬂ%ljﬂﬁ 4 ﬂ%ﬁ‘ﬁ 5
Sampling (ﬂ%ﬂ) (GN) (99717) (99711) (94711) (949711)
5 90 90 90 90 90
10 90 90 90 90 90
15 90 90 90 70 90
20 70 80 60 70 70
15197 .8 Threshold -50 dB 1#UN147 8 YU 70 937N
Fumaay ﬂ%y’qﬁ 1 ﬂ%ﬁ‘ﬁ 2 ﬂ%ﬁﬁ 3 ﬂ%x‘l‘ﬁ 4 ﬂ%zaﬁ 5
Sampling (ﬂ%ﬂ) (2971) (9971) QN (GNi)) (GMif))
5 50 40 40 50 70
10 60 70 60 60 70
15 50 60 50 60 60
20 50 40 40 50 50
A15197 9.9 Threshold -50 dB 1§UN 19 9 U 80 09PN
IFUmMaAy ﬂ%ﬁ‘ﬁ 1 ﬂ%ﬂﬁ 2 ﬂ%y’q‘ﬁ 3 ﬂ%ljﬂﬁ 4 ﬂ%ﬁ‘ﬁ 5
Sampling (ﬂ%y’q) (GN)! (94711) (93711) (94711) (949711)
5 90 90 90 90 90
10 90 90 80 70 80
15 90 70 80 80 80
20 80 70 90 70 80




A15190 .10 Threshold -50 dB 1duUn137 10 31 90 MmN

IFUmMaAy ﬂ%ﬂ‘ﬁ 1 ﬂ%ﬂﬁ 2 ﬂ%y’q‘ﬁ 3 ﬂ%ljﬂﬁ 4 ﬂ%ﬁ‘ﬁ 5
Sampling (ﬂ%ﬂ) (GN) (99717) (99711) (94711) (949711)
5 90 90 90 90 90
10 90 90 90 90 90
15 80 90 90 90 90
20 60 70 90 90 80
15197 U.11 Threshold 70 dB 1§umsii 1 FEUNIGRT R
Fumaay ﬂi}za“ﬁ 1 fﬂ%y’vﬁ 2 ﬂ‘?aﬁ 3 ﬂ%zqﬁ 4 ﬂ%ﬁﬁ 5
Sampling (ﬂ%ﬂ) (3971) (GN)) (23971) (GNi#)) (9971)
5 20 30 20 20 0
10 50 50 50 50 50
15 40 40 40 40 40
20 30 30 30 30 30
15197 .12 Threshold 70 dB 1#un1af 2 YU 10 09PN
IFUmMaAy ﬂ%ﬁ‘ﬁ 1 ﬂ%ﬂﬁ 2 ﬂ%y’q‘ﬁ 3 ﬂ%ljﬂﬁ 4 ﬂ%ﬁ‘ﬁ 5
Sampling (ﬂ%y’q) (GN)! (94711) (93711) (94711) (949711)
5 0 30 0 20 0
10 20 30 20 20 20
15 10 30 20 20 20
20 20 20 20 20 20




A15190 .13 Threshold -70 dB 1dun199 3 31 20 0amN

FuUmaay ﬂ%ﬁi 1 ﬂ%ﬂﬁ 2 ﬂ%ﬁ‘ﬁ 3 ﬂ%y’q‘ﬁ 4 ﬂ%y’qﬁ 5
Sampling (ﬂ%ﬂ) (GNi) (99711) (GN) (94711) (GN)!
5 70 40 60 50 70
10 40 50 50 40 40
15 30 30 30 30 30
20 30 30 30 20 20
@159 .14 Threshold 70 dB 1§umsii 4 YU 30 9IFN
Fumaay ﬂ%ﬁ‘ﬁ 1 ﬂ%ﬂ“ﬁ 2 ﬂ‘?ﬁ‘ﬁ 3 ﬂ‘?aﬁ 4 ﬂ%ﬂ“ﬁ 5
Sampling (ﬂ%ﬂ) (93971) (9971) (GN)! (9971) (9971)
5 10 60 40 50 50
10 30 40 30 30 30
15 30 30 40 30 30
20 30 30 30 30 30
15197 .15 Threshold -70 dB 1&UN197 5 YU 40 09PN
IFUmMaAy ﬂ%ﬁ‘ﬁ 1 ﬂ%ﬂﬁ 2 ﬂ%y’q‘ﬁ 3 ﬂ%ljﬂﬁ 4 ﬂ%ﬁ‘ﬁ 5
Sampling (ﬂ%y’q) (GN)! (94711) (93711) (94711) (949711)
5 0 50 30 20 10
10 30 30 30 30 30
15 20 20 20 20 20
20 20 10 20 10 10




A15190 .16 Threshold -70 dB 1dUNn199 6 31 50 0N

IFUmMaAy ﬂ%ﬂﬁ 1 ﬂ%ﬂ‘ﬁ 2 34N 3 ﬂ%y’m 4 | afiiis
Sampling (ﬂ%ﬂ) (99717) (GNi) (99711) (949711) (94711)
5 50 50 50 50 50
10 50 50 50 50 50
15 40 40 40 40 40
20 30 40 40 30 40
15191 .17 Threshold 70 dB 1§umsii 7 YU 60 DI
Fumaay ﬂ%ﬁ‘ﬁ 1 ﬂ%ﬂ“ﬁ 2 ﬂ%x‘l‘ﬁ 3 ﬂ‘?aﬁ 4 ﬂ%ﬂ“ﬁ 5
Sampling (ﬂ%ﬂ) (93971) (9971) (939701) (GMif)) (GNi#))
5 90 90 90 90 90
10 70 60 80 60 80
15 60 60 60 60 60
20 60 60 60 60 60
15197 .18 Threshold 70 dB 1#un1a7 8 YU 70 09PN
IFUmMaAy ﬂ%ﬁ‘ﬁ 1 ﬂ%ﬂﬁ 2 ﬂ%y’q‘ﬁ 3 ﬂ%ljﬂﬁ 4 ﬂ%ﬁ‘ﬁ 5
Sampling (ﬂ%y’q) (GN)! (94711) (93711) (94711) (949711)
5 90 90 90 90 90
10 80 90 90 70 90
15 60 70 70 70 80
20 70 70 70 60 70




A15190 .19 Threshold -70 dB 1dUn199 9 31 80 MmN

IFUmMaAy ﬂ%ﬂ‘ﬁ 1 ﬂ%ﬂﬁ 2 ﬂ%y’q‘ﬁ 3| aSeiia | adeds
Sampling (ﬂ%ﬂ) (GN) (99717) (99711) (94711) (949711)
5 90 90 90 90 90
10 90 90 90 90 90
15 80 90 90 90 90
20 80 90 90 90 90
A15199 ¥.20 Threshold 70 dB 1§umsii 10 YU 90 9IFN
dumaay ﬂ%ﬂ“ﬁ 1 ﬂ%ﬁ‘ﬁ 2 ﬂ%ﬁﬁ 3 ﬂ%x‘l‘ﬁ 4 ﬂ%ﬂ‘ﬁ 5
Sampling (ﬂ%ﬁ) (2971) (9971) QN (GNi#)) (9971)
5 90 90 90 90 90
10 90 90 90 90 90
15 90 90 90 90 90
20 90 90 90 90 90
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Abstract— Relay station is a recent approach for multihop
cellular networks to increase a signal quality as well as support a
high speed data transmission. The coverage range of relay station
is determined by its transmit power and level of handover
between relay station and its base station. This coverage range
directly influences to handover performance. If number of
handover inecreases, the expemse of signaling overheads and
capacity deficiency will be increased. In this paper, the
investigation into number of handover related to coverage range
of relay station is presented. In addition, various handover
scenarios in cellular networks are also examined. The results
indicate that the tradeoff between number of handover scenarios
and coverage range depends on type of handover scenarios.

Keywords: Handover ; MCN ; RSS ; Relay Station

I. INTROBUCTICN

Recently, relay networks have been widely considered
as supplementary  technology in next - generation
wireless systems  such as fouwrth generation (4G), Third
Generation Partnership Project Long-Term Evolution (3GPP
LTE), and IEEE 802.16m to increase the cell radius or
combat the shadowing effect, which is mainly caused by
large obstacles between ftransceivers [1-5]. The
application of multihop concept to cellular networks,
however, raises many technical issues, such as the best
positions for the base station (BS) and relay stations (RSs);
the number of RSs; spectrum allocation and multiplexing
between the BS and RSs ; scheduling; and handover [1,
2]. Especially, the introduction of RS in cellular networks
creates  additional handover scenarios and increases the
number of handovers . In conventional cellular systems,
handover occurs only when a mobile station (MS) moves
to different cells or different sectors of the same cell,

Monthippa Uthansakul
School of Telecommunication Engineering Suranaree
University of Technology
NakhonRatchasima, Thailand
e-mail : mtp@sut.ac.th

whereas additional handovers occur in a multihop cellular
network (MCN) between the BS and the RSs or between
two different BSs. These additional MCN handovers can
cause a serious ping-pong problems and increase signaling
overhead.

Unfortunately, only a few research articles have studied
handover issues in relay networks [6-8]. In [6], the authors
propose a relay-assisted handover with geo-locating
information in a hybrid ad hoc cellular system. MS is assumed
to be able to establish direct connections with nearby MSs to
form a temporary wireless relay network, and the MS to-MS
interface is based on a WLAN protocol like the integrated
cellular and ad hoc relaying (i - CAR) system proposed in
[2]. The relay - assisted handover in [6] uses relaying
technology to avoid unnecessary handovers and call drop
caused by abrupt channel degradation. The wotks presented
in [7] categorizes and evaluates the performance of different
types of handovers in multihop radio-access networks
(MRANs). In [7], the multihop handover schemes are
categorized into forced handover and route optimization-based
handover, according to the handover initiation method. In
addition, the signaling mechanisms for these handover
scenarios are proposed, and handover delay and signaling
overhead are also investigated. In [8], the authors proposes a
relay-assisted vertical handover scheme for hybrid cellular
and wireless local area network (WLAN) systems. In this
scheme, an active MS, which has an active connection, uses
non-active MSs as relay stations in handover regions
when a handover request is rejected or delayed for an
unacceptable period of time.

Lately, the handover schemes in MCNs have been
defined in the baseline document for the draft standard of
IEEE 802.16] [9]. Media Access Control (MAC) layer
handover procedures in IEEE 802.16j are almost the same as
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Figure 1. Average received signal strength of BS and RS versus the distance
from BS.

handover procedures in IEEE 802.16e, except that an RS
relays handover associated messages between an MS and a
BS. However, scanning procedures in IEEE 802.16] are more
complicated than those m IEEE 802.16e. IEEE 802.16] defines
two different types of RS such as transpareni-mode RS
and non-transparent-mode RS, which support the one-hop
relay and the two-hop relay, respectively. Only a nen-
transparent RS broadcasts its own preamble, time-aligned with
its serving BS preamble. Therefore, a non-transparent mode
RS is included in a neighbor list for handover scanning and
broadcasts a different neighbor advertisement message that is
suitable for its service area [9]. The work in [10] proposes
handover in multihop cellular networks of each scenarios
which RSs are located inside a cell in MCN and RSs are
located on the boundary between two adjacent cell.

From all above literatures, the study on handover has been
paid attention to develop the mechanism of handover process
in order to lower the number of handover and make the fast
connection during handover process. In fact, the coverage
range of RS is determined by RS transmit power and level of
handover between RS and BS. This coverage range directly
influences to handover performance. However, there has never
been any investigation into a physical design of relay station
such as coverage range, transmit power, etc.

These factors are directly impact to the performance of
handover. In this paper, the preliminary mvestigations
between a physical design, in term of coverage range, and
handover performance, in term of number of handover, are
presented. The results indicate a tradeoff between guarantee
received signal strength and number of handover when RS
coverage range is changed.

The remainder of paper is organized as follows. Section I
presents the handover algorithm based on Received Signal
Strength (RSS). The basic approach of hard handover is
adopted in this paper. In Section III, the details of handover
scenarios and parameters used for simulations are described.
Section IV provides the simulation results and finally the
conclusion of this paper is given in Section V.
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ratio (1/R).

II.  HANDOVER ALGORITHMS BASED ON RECEIVED SIGNAL
STRENGTH (RSS)

Traditional mobile assisted handover algorithms [11] use
level of signal strength obtained by calculating over time
duration of the received squared envelope,< |7(t)|? >from
BS to RS. A MS is reconnected to an alternate BS or RS
whenever the signal strength estimate of the target BS exceeds
that of the serving BS by at least H dB. For example, a
handover is performed between BS and RS when

Yi(n) = Yy(n) + H if serving BS
Yo(n) =Y, (n) + H if serving RS (1)

where f7 denotes the hysteresis (in dB), and ¥y(n)and ¥;(n)
are the estimated mean sighal strengths (in dBm) given by

Yo(n) = %Z}é=n—n’+1|r0(k)[fdﬂj ()
Yi(n) = = SenaaIn (0 3)

where < |ﬁ(k?})|?du) > is the kth sample of the squared
envelope (in dBm), T is the sampling period, and N is the
window length.

Many other variations of signal strength based handover
algorithms  have been suggested in the literature. In one
variation, handovers are also triggered when the measured
signal strength of the serving BS drops below a threshold.

Y, (n) > ¥,(n) + H and Yy(n) > 1, if serving BS

¥i(n) > Yo(n) and Yy(n) < 11, if serving BS

Yo(n) > Y,(n) + Hand Y, (n) > 0, if serving RS

Yo(n) > ¥ (n) and Y, (n) < {1, if serving RS )

This scheme encourages a handover whenever the received
signal strength from the serving BS drop below the threshold
{1, thereby reducing the probability of dropped call.




Another variation discourages handovers when the
received signal strength from the serving BS exceeds another
threshold 0, . For example, a handoff is performed between
BS and RS when

Y, (n) > Yy(n) + Hand Q; < ¥,(n) < 0 il serving BS

Y1 (n) > Yy(n) and Ya(n) < 0, if serving BS

Yo(n) =Y, (n) + Hand Q, < Y,(n) < Q if serving RS
Yo(n) = Yi(n) and Yi(n) < 0, ifserving RS (5)

This scheme avoids unnecessary handovers, thereby reducing
the network load and network delay. In this paper, the
hysteresis Ff is set to the guarantee RSS5 + 3dB and the
threshold bounds, Qg and €, are set to the guarantee RSS + 5
dB. The guarantee RSS is varied according to the RS coverage
range. For example, Figure 1 shows average received signal
strength of BS and RS versus the distance from BS. It is
obvious that RSS of BS and RS have one certain point in
which the crossing level of handover is occurred. Moreover, if
handover is successful, this cross point will be the lowest level
of signal strength obtained by MCNs. As a result, this point is
able to be named as guarantee RSS for MS. Note that the
results in Figure 1 present only average values and do not
graphically display the fading signal.

Also seen in Figure 1, the distance r is the radius of RS
coverage area. We define the ratio between radius of RS and
BS as RS coverage range ratio (7/R) in order to investigate the
effect of RS coverage range on handover performance.

Figure 2 present the RS transmit power and guarantee RSS
versus RS coverage range ratio. [t can be seen that both curves
increase when the ratio is increased. However, it is interesting
to observe that both increase slopes are different. For example,
when the ratio is changed from 0.1 to 0.28, RS has to boost
transmit power 28 dB but the guaraniee RSS just increase only
11 dB. It means that the transmit power of RS does not
linearly add the level of guarantee RSS. It also implies that to
increase RS coverage range does not provide the efficient
energy consumptions.

[II. HANDOVER MODELS IN MCN

A, Handover Scenarios
To illustrate various types of configurations, the handover
scenarios are classified into three sets explained as follows,

*  Scenario 1 (Intercell BS to BS Handover)

In this scenario, MS performs handover between
two different BSs in the same way as traditionally
inter-BS cell. For example, in Figure 3, MSI1 is
moving from BS1 to BS2 which is outside the serving
cell. This occurrence is so called as intercell BS to BS
handover.

+ Scenario 2 (Intracell BS to RS Handover)

Scenario 2 describes the situation that MS moves
from serving BS to RS within the same cell. For
example, in Figure 3, MS2 is moving from BS1 to
RS3. This is called as intracell BS to RS handover.
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e  Scenario 3 {Intracell RS to BS Handover or Intercell
RS to BS Handover)

In scenario 3, MS performs handover between RS
and either serving BS or neighbor BS so called as
intracell or intercell RS to BS handovers, respectively.
For example, in Figure 3, MS3 is moving from RS5 to
BS1  (intracell) and MS3 is moving from RS5 to BS2
(intercell).

B, MCN configurations

The design principle and performance of handovers depend
on a number of RS as well as deployment structure in MCNs.
In this paper, there are three MCN configurations to be
considered including 6, 4 and 3 relay stations which are shown
in Figure 3, Figure 4 and Figure 5, respectively. The purpose of
three configurations is to understand whether number of
handover is a function of number of relay stations. The
outcome is very interesting to design tradeotts between the area
size improving signal quality and the cost of handover.

IV. SIMULATION RESULTS

In simulations, the traffic of MS is generated by
randomizing the loecation inside cell with uniformly
distribution. After that, both velocity and call duration are
randomly generated by assuming Poisson distribution. Total
1,000 MS have been simulated and the results shown in this
section is the averaging value. This paper considers a fixed
cellular system where cell of BS are dimensionally fixed and
each MS is moving in one direction at a call.

In addition, it 15 assumed that the handover decision is
made by hard handoff algorithms described in Section II. The
lognormal path loss with exponent factor 3.84 including
Gaussian shadowing is used. BS coverage area is considered
as hexagonal-shaped cell while RS coverage area is a circle.
The results in Figure 6 7and 8 assume a constant value for
average velocity, 100 km/'hr, and call duration time, 1 minute
Figure 6, shows the number of handover (%) versus the RS
coverage range ratio (1/R) for handover scenario 1 (intercell
BS to BS). It is interesting that the number of handover is not
changed by any ratio or MCN configuration. It implies that the
number of handover in scenario 1 is not a function of number
of relay stations. Hence, the handover operation between BS
to BS is still the same no matter how many RS and how large
of RS coverage range are employed.

Figure 7 and & show the number of handover (%) versus
the RS coverage range ratio (r/R) for handover scenario 2
(intracell BS to RS) and handover scenario 3
(intercell/intracell RS to BS), respectively. The results confirm
that number of handover increase as a function of number of
relay station. Also the increase of number of handover is a
function of RS coverage range ratio.

In Figure 9, the coverage range ratio is fixed at 0.2 and
MCN configuration with 6 relay stations is determined. The
velocity is also fixed at 100 kan'hr but the call duration time is
changed from 1 minute to 20 minutes. [t can be observed that -
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the number of handover increases rapidly until it reaches a
certain level. In addition, Figure 10 fixes call duration time at
1 minute and changes the velocity from 3 km/hr (human
walking speed) to 120 kmv/hr (car speed). The number of
handover increases continuously as a function of velocity.

In summary, if the coverage range of RS increases, the

number of handover increases except the scenario of BS to BS.

Also, the RS transmit power is required more but in turn the
better signal quality will be guaranteed when increasing the
RS coverage range.

V. CONCLUSION

This paper investigates the number of handover related to
coverage range of relay station. In addition, various handover
scenatios in cellular networks are also examined. The results
indicate the effect of RS coverage range depends on type of
handover scenarios. Also the results help MCN designer to
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plan for handover operations when increasing number of relay
stations or their coverage area.
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