AHAEH AZHOUENEE 018 0ISEN AIBO0IH F3 613

ANAGH AgNl AERES o] &2
o) 554 A FdlolE T

&

2

+ T+ Tt
U A =0l B oo

H0

2 o

U AEE o]FEA ARAE A% BN ZIEZNL JF 249 A% S Hrtsn Agsr] sl Agdeldg ¥ H7 uhdo] A}
£HA B =FdAs AAAGY AEdHold EPES o4l o|FFA Mulag A5E dEE & gE o] FEA A EH I PCSsim
(Personal Communication System Simulator)& TF#3}Ach PCSsim AHEal olF4, & WA F7] @ F 2& 2742 v8dlo 7R =23 o)
FIAEE NBHAE £ Qlth o]lF o8& ¥ =RolMe= FA 2 AdAYel e 531 GYE, A o]F 59 B3 AT e W
Zo® BALS AEYoH AR ANGHHLN, ARl Aoy BAE J=e =g AA Mula @AM A=QEgo] A FAG
E4E Uehie g 898 4 A}t PCSsime A AANAM 54 d= X vwyo} A £3 B4 © 7T EAS 243
d AHgd & dow, 7IAF A B AMEaL o] FA S wgsta] A2 o|$E4 MENAE FEHated AT F Aok

e

An Implementation of the Mobile Communication Simulator
using a Object-Oriented Simulation Platform

Younghyun Yoon" - Sang Bok Kim'" - Jeong Bae Lee'™"

ABSTRACT

Traditionally, simulation method was used to test and evaluate the performance of communication protocol or functional elements for mobile
communication service. In this paper, PCSsim(Personal Communication System Simulator) was realized that can evaluate and review the call
process of mobile communication service or to predict its performance by using the object-oriented simulation platform. PCSsim can simulate
the base station and mobile host by considering the user’s mobility, call generation rate and call duration time. In this paper, based on the simu-
lation, presented the simulation results of hand-off generation ratio according to call generation, user’s moving speed and call duration time both
in residence area and commercial area, and it was confirmed that the hand-off rates in simulation and actual service environment have similar
features. PCSsim can be used in adjusting the characteristics of base station following the dynamic hand-off buffering or the characteristics
of user’s call in the design stage, and also can be used in building new mobile communication network by reflecting the characteristics of region
where the base station is located and the mobility of the user.
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X g9 E wAes ABAINY & UEE 44 295
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2 & AE{| Hol(Call State Transition Flow)
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Call Generator

@ Call Termination

€nds a call duration time

New calls are generated
by Call Generator
with a random call duration time,

speed and direction.
© Stay for a exponential
random time

Mobile speed and direction of MS
@ Generates
the new position of MS

New XY position

O Select the BS and
Decide the handoff or
Call Drop

© Compute the pilot
Channel power strength
from BSs

Pilot channel strength value
from near BSs
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(29 3] A Job FP2E C++SIME] Al Eo]lA A=A
A AIZE Ao net Fas ool e AYES F(Queue)
A E Bastsirt Azsle 988 33 PCSsim &
i AlEEOIEE A3ty & Wl Se#l2o|H, Base-
Station, Generator % MobileStation Z# =7 A A o] FFA
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PCSsim¢] Call Generator= A A 8749 7]x)=vje} 7}3
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Call Generator A= A G € 71X 59 G4 wa} Xop4
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Generator::Generator (int id, double AvgArrivalRate, double
AvgCall)
: G_id(id)

double InterA = 3600/AvgArrivalRate ; /& LA F7]
double range = AverageCellSize/2 ; /BT E3} A& Azt

HE BT mE WG & YA
InterArrivalTime = new ExponentialStream(InterA) ;
/BT BRAEA T 0 E @y BRAEAT A4
Avg_call_duration = new ExponentialStream(AvgCall) ;
)

(B 2 WYE 0I832E X7(3 XY

void Generator i Body ()
{
for( ; ;)
{
double init_x, init_y ; / ME BAHE olFIAEY 7]AFY
Az x, v 93 &
double call_duration; // ME HYHE o|FI2EY 53 AT

int  Trans_mth; // ©}¥32E o|F ¢
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Hold((+InterArrival Time)()) ; /AT AR R Az
E3a WAy

init_x = L_gen— get_Location() ; /OB EAEY A% x

#E A3
init_y = L_gen— get_Location() ; /oI5 E2EY Hzy
#% 44
call_duration = (*Avg_call_duration)() ; // ¢| &3 AE9] %38 A7
A3

Trans_mth = (*MS_Trans)() ; /Ol EZAE olF oy FF
A AZ AYE l5E2E 535 Aol Job Queueo] A7
Job* work = new Job(G_id, init_x, init_y, call_duration, Trans_mth) ;
1
)

<E 2>¢ <F AN ARE FEEX g it o
SI2EE YAy, AXME olFEAEMA F3 A A
23 FHze YA 2 olFFEE A AL FHI A
oft},
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PCSsimAl M= 7|2 =3t o] 53 2EZY] 531 A oBE
A7 8] (8l AM:-¥ HataR9dS o]&3le] o} %
2EA £AFE 7b 7]1X% 9] Piot Channel?] #71& 2
A, olo] wt o]FE2ES] 5 HA, Yo X g
I3 9d gRE AEYolHEEE FHEHUY

PCSsimell A 712]%& veh) & BaseStation Fd2& 7]
AFo] &8 A9H B wel A SAe] gEA= A
& 2R en, ol AMEA dEH o3 AAHEY <E

> VAT An A9 EAE TES Ao Hata 29
[11, 121904 AA g Frol weh ADRE A e o]5F
2EofA AFIEE FEHU
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switch(Terrain) {
case 1: // Open Terrain—7§&= Ao Ag E4
LNI1 =new NormalStream(0, 0.1) ;
R1 = new NormalStream(0, 0.1) ;
break ;
case 2: // Suburban Terrain-=454¥ 29 Az
2-1 g4 E H
LN1 = new NormalStream(O, 09);
R1 = new NormalStream(0, 2.12) ;
break ;
case 3 : // Urban Terrain-E=4 A Ad A9 54
default :
LN1 = new NormalStream(0, 1.82) ;
Rl = new NormalStream(0, 4.24) ;
break ;

o]FBA AMulA Fof BAE T THE T A
A% FFE YA, JAFAA FAl] AH]~ Q A=
Hef AHgaL 8 z‘aﬂr& A% 3 @A o] Yo}
A gk oled #HE AlEdolAsl -1*16}04 PCSsimell
Me ARol AAHAAY A=y oFTAE A}

7175 ARAREEH ARl @] AsiMe ArtEdE &
Furololnt T3t JdHEHEE o, 7jx o] B3} Ad B

g ANEHAE & AEE THIYY (28 9
PCSsim9| A} Call Generator, o] 532 2E % 7|x|=7ke] @

Ash AstEole] Agg vl Aot}

JPN

(32 4) Call Generator, OIS EAE, 7|X[ZZte] BAHT

<E 4% VATC] ol 2ERREH Muja 93L&
%& w, Mal2g ¢ dE R Aide] QleR e &
olat7] % AmlES|E F&EF Aot}
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if('sema_trywait(&SemxIbts_id])) { //Ae o] &g gt
MobileStation* MS1 = new MobileStation(bts_id, J) ;
//AmE RS g

#ifndef NO_RESOURCE

Resource :: ref(MS1) ; AV EE 1A 2y &g

#endif
MSI1 — Activate() ; /A A8
J=0;
} else { //MmtEe] &3 A g

cout << bts_id << “Channel Full !""\n" ;
/AR A B R

TotalBlockedCalls++ ; //EA A

BlockedCalls[bts_id]++ ;

J1=0;

]EQ/\EO]E} PCSsim< [8]ol A é olg Ay EHY 2
of Uﬁ} AHEAE ol E8 S AASES FHHAADL A (D
A Q) olF3iEY £ & 7&”*??}7] A Fepolnt. 4
(1)01]’\1 Sot= oJFELES Hx Hroln, 4 (2)9] SiE Al
st wel WAE o]F&kolrt

So = Gle, o) (D
Si = UlSi1 %09, Si1x1.1] where i=1,2,3 (2)

4 @)% 4 @, 4 G JFuge A4 9% #4
24, 4 (39 Dot o] EB2ES Hz Wpeln, A (1), 2
(5)9] D= Alzbastel neh WAE o] 5 ukaoly).

o
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Di=UIDi1 - 8, Di1 + 8} where i = 1,23+
for Mobile Host in > 20kn 4
=UIl0, 359] where i=1,2,3-
for Mohile Host in < 20km 5)

<E 5>E PCSsimolA 0|53 AEY £ 4 W&gs 4
A& F7] A3 F+E FEHI Ao}

(B 5 0|S52EQ| &% ¥ W& 23 &+

HAKEH NEHOIMENEE 0IRS OI88Y AMEO0IH 7 617

Aeg (19 2)9 @Wd @ AL FAF Relnh

(E 7> O|ESAES 8 Z 0|5 1Y 78

float Get_MS_speed_n_direction()
{
/ol EAEY] N2g e A4
if (MS_Speed < 20) {
MS_Direction = new UniformStream(0, 359) ;
} else {
MS_Direction = new UniformStream(MS_Direction- 8,
MS_Direction+{) ;

/ol BEAEY NEE % AF
MS_Speed = new UniformStream(MS_Speed x 0.9,
MS_Speed x 1.1) ;

<E 6>8 PCSsimollA AlRo] AAE o3 2EE $3%
7t WEE 27|38l AE FEE Aolth

(E 6) O|EZ2E He X7|8

// olBE2E #E WE 2718
CallDrop = FALSE ;
HandOFF = FALSE ;

working = TRUE ;
OngoingCalls++ ;
OngoingCallsInBTS{bts_id]++

[ o1EEAES] o B3 AL W 2718

RemainTime = ] — get_duration() ;

/ol EAES A& Wy Wy 273
MS_direction = (*DIR_var)() ;

/OB BEAEY WY &5 W 278
MS_Speed = new GaussianStream(L_speed_limit, H_speed_limit) ;

2R 49 3744 7123 Zone AH ¥F 278
Tadd = BTS[bts_id] — get_Tadd() ;

Tdrop = BTS[bts_id] — get_Tdrop() ;

Ttdrop = BTS[bts_id] — get_Ttdrop() ;

<E 7>L PCSsimolAd 53 F AHEA7L olFdE A
NEFHolAs7] g8 7AT Aoz (28 29 @9 @
W AAE FEI Aol

<E 8¢ PCSsimolM olBEsES 71X A
EAS AEH)AEY A8 ATz RE HEd Pilot
Channel®) Z=& Adsld A= 2 % 3 @4 o%g

do {
/(Y 2) ol B aAE AHHo| e @
stay = StayTlme()

if ( RemainTime < stay )
stay = RemainTime ;

// Job Queved) M stay M Bl A zto] AFstE Ft W7
Hold(stay) ;

RemainTime -= stay ;

J/ {18 2) o] EZAE M%) @ 4H
Y EE A Aol e WY, olEFY M2 E A FE AN
if (RemainTime > 0} {

Compute_position(stay, speed, direction, var_x, var_y) ;

/ol A #ENN W HEE s, M2E FAF AY
mS_X = MS_X *+ var_x,
iftms_x < 0}
ms_x =0,
ms_y = ms_y *+ var.y,
ifms_y <O
ms.y =0,

/58 Ao} Azre] EAdte A, olEFY AR &% W AN
Get MS_speed_n_direction() ;
}
} while(RemainTime > 0) ;

(B 8 0|SEAEQ| Pilot Channel M7 &8 ¥ ez N

/(28 2)9] @
7/ @A JAANA 712 Z529] Pilot Channel Strength A}
new_bts = Compute PCSM(this Tadd);
if((Active_set[0] == -1) && (Active_set[1] == -1) &&
(Active_set[2] == ,1)){

// Active_set ¢rell 71X Fo] glol & @A

CallDrop = TRUE ;

break ;
}

/(29 2)9] @ 4H)

/I BELE A AR AL

if((bts_id '= new_bts) && (Active_set[1] != bts_id) &&

(Active_set[2] '= bts_id)){

TotalHandoffs++ ;
Handoffs[new_bts][bts_id]++ ;
IncomingHandoffs[new_bts]++ ;
OutgoingHandoffs{bts_id]++ ;

N RAEQEH 7R T AntEolR Fitg ¥ 8%
sema_post(&Semx[bts_id]) ;
bts_id = new_bts ;
if(sema_trywait(&Semx[bts_id])) {

/2R E FRe7t glo] 33

CallDrop = TRUE ;

/) ol BEAET HAE AvuiRo] whg

sema_post(&Semx[bts_id)) ;

// O1BEAE MA A

this — terminate() ;
break ;
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3. PCSsim 4ld d# % &4

31 AlE3olM &

TdE PCSsim?] A5& MEs] st 7] 5] A3
5ol e Ao FPAGH FAAHgH THea, A
A A9 g £x(13]9 T3 54E <E > 2o
sk, (¥ 53 22 H2E 39 e PCSsime &
Fat7] A8 7HE B #$E dYsdh

(B 9 7IX= o3 B ¢

Hr 4 3 4 4 #

Sh AW AEHd B3 o5 On/Off

gl dE A%

71X A7) S 27 A7)

5x5KmA W 13

177224 5 & 31/ 2094 ¥ )

Vaw(km/h) | 2 e} A3 TSRS |ofon o) ahr g 54)/19.13(9] 2 2)

N 3,042(4d)
Hl A = y
InterA | & '#457|(calls/hour) L8505 A)
Dtime |3& #-4A17k(sec) 65

(19 5)& PCSsime #1¢ 9= #YY “PCSsimdat” ]
dAlelth QY e BE /AT 2 AFAIAE U
FE W5 2R Z A2 B4 ws RRoe 74

of gtk

SimulationTimes = 6hours

LpMethod = 1 1 : Hata_model
AverageCellSize = 5Km

Total TrafficChannelsERP = 57dBm
MobileERP = 20dBm

NumberOfUsers = 200users
TrafficChannelActivityFactor = 0.6unit
PilotChannelERP = 51.5dBm

7]A = | PagingChannelERP = 46.94dBm

3% | SyncChannelERP = 41.5dBm

]
E4 | BaseStationNoiseFigure = 5dB
W4 | MobileNoiseFigure = 8B
ForwardTrafficChannelBitRate = 9600bps
ReverseTrafficChannelBitRate = 9600bps
PagingChannelBitRate = 9600bps
SyncChannelBitRate = 9600bpsBandwidth = 900Mhz
ChipRate = 1.2288Mchips
MobileAntennaGain = 0dB
AverageMobileHeight = 1.5m
FrequencyReuseFactor = 0.65unit
NumberOfBaseStation= 36 unit
05 52 514 14 30 -140-18050 167 -1-1-1-1-1
0 3H 0 393978 10
e 15102 514 14 30 -140-18050 02678 -1-1-1
=4 035 0393978 100
as |

3H 5102 514 14 0 -140-180 50 02678-1-1 -1
0350 3593978 100

(22l 5) PCSsim.dat T ol H|

32 HF g & 24

3.2.1 o|552EQ] o|F

(1% 6)& YolA Hd oJFITAES o]F EAJ u
2} A|I7HE R o] FAES o5 S vehd Aotk (1Y 6)
ofr 2} o]lEFZAEE FojF F7F oA uniform EXo|
g3t 27 Y4X7F AAEHA, Aol AJTte] A HEd
A 2} o] EFAES oA (mobility)o] wEld Foiz BE
Erot B o|Fdte HAE e drh

Location of Mobile Hosts at simualtion time 0 sec.

5% - .
.
*. .
4 F
.
N N . 4
. .
3t . <
. . .
. . . .
2 f .
‘e . . .
. .
r;o ‘. * .
.
0 L LY n 1
0 1 2 3 4 5

Location of Mobile Hosts at simualtion time 75 sec

5 b ry T o ¢
.
4 r . -
. . . *
L4
3 . . *
S0
2 b e *
* & * *
. »,
1 f Y hd
L4 * o0
>
o 2 ) . -
0 1 2 3 5
Location of Mobile Hosts at simualtion time 150 sec
5 B v .
-
4 .
.
» * *
* * * * *
3 *
4 . .o
; »
2 - N hd .
-
* -
1 F & .
4 -
- »
L 2 hd » A ek hd
0
0 1 2 3 4 5

5 A4
- .
4
4o - * * - .
d .
3k hd
. . - .
o .
2T - N - .
: -
* .
* *
1 ’o ° .
A
o b *, X h¢ .
Y] 1 2 3 4 5

(08 6) AlZiHE O0|E52E 2|X| 0|5 &



3.22 3 44

Ng ol Aol LA EE A H FAAGY & A
et (28 7% 2ok (29 DelA e ZgAGAM 24
g 3 A7 FAAG) Hdte] Hr} go] dAso] A
Jd& HoFa ok A4 Mujx FHAME AYAHel
N LTHE o|FEAEY B3 ¢ FIMHIA a7t FA
Aol Hlated Forv@ PCSsime 7|AF A A9 &
4y EXo] W g AlEdeld At Agdts AE &7
gt & slth

o 24

(O 7) XY 7 85t ¢l <

3.2.3 AF o]F &ke ©j Ao F4
(18 v FdAeA wEFE 1A FRE W}

E g As W Y=E && BAY Aod wEF
DA % AgHolde A W FF ofF Fhrke w

g Anoln EY A2 2dS AL A= [BoA
A AA B Akog ol ofFEAES 4 A
el Mol s8x Bl Agde olF&nd FFEHE]
gk oo

012 \-—‘ — =
g a.10 _
i oce — :u"::

0.04

002

A 2H0.Shr)

(O% 8) AeZIHoIM mES ME W= 2

(2 9ollA RFFe nstA ¥ 499 d=2Z &
& RE o535 2EV} PYF £ER o) AR AEY
o AE7] Wi REFL 1Y AFRG 5L d=ox
£9 BdFn 23 EdY 44 Bl AL 117

HHXEE ABHOIMENES 08T 018N AEdI0IE] 78 619

8 749 duoxgo] AetAe] NP AF ojFER
of o&) AstHo] A YA WET} FolF L Holu
At

(19 9L FANYY n&E27 AE 7IATAA A
20T £ AEY oA Anoltt 1&ERE FAAY
3 gE2A 245271 AHFH Q& Wk wa P
n&oE apFgo] olFaE EAS VM1 dth wekA, F
2 AA EE AEoR FFolE §EA4E 7H JA T H|
o] ou] AR e P=9E §8& HolREw grh PCSsim
A olgd NATe EA WFE e gl ofsty
NEHATE F St

.
=
o

W onE
°
3

A2Ho.5hn)

(38 9) D&z =22 F A AojMe] HERZ 2 H|ln

3.2.4 & Hf Nzt 02 J=e T P4

P oI o|FEAEY B8 Fo| o] F3HA H¥|2E
AFeE 1A Fe] Hgets AR o|FIAEY B3 F
olFA e} AHF @AV} Utk 714 o]FE2E o]FA
2= Pt o) BLE9 o] FATe] HEZE olFFA I A
ol R Fo] W 4 Qv E UE 24F %R
2E9 Hi g Alzelrh

(19 1002 ARG #F 3 A g PJ=ox
&9 WEE HoFa ok AA o)5EN @AHNN HFA
235 AL 65EF(1ESF =102)01H, (213 10)2 o] & 4|
g Aol

008
. iy
o7 M i
—
o —-——
e B e = A e N
o 0o0s
2 —opet
2 om -ase
H - 1050
(1<)
o0z [—
o0
_ wocay s S i geiigied e v i 3 0 dga b o e

1 2 3 Ll s L] T L] 9 w0 " 12

(32 10) Y7 & HFAlIZ0| 02 =X 2 H|D



620 FEHMalStE ==X C H11-C HI5=(2004.10)

(39 10944 B B8 Azl F7k) gt m} Ee
WEQT go] et Qnk ol oFEA U2t 7]
E 24 97 Az B4 QNS UFEF g
24 dolHEA Aulx 9F2 WsaEs B Fo AT
o Z7kstm Qonz, AES NAFAN &4 Hulz 94F
o A=eXE AF 2F AepEHE WA Y wIHE 3
ol a7Ee ¢ 4 AUk

4.4 B

2 =EoME AAALH AEHH ME =AU C++
SIME #4319 o5& AEHIHY PCSsime& T#s
At PCSsime [8]olA A|Ag 7|AF29] AX A9E &
WA EAdo] vidE WEYA EdY A 7} JAT 4
A AGd AHF JF £59 FFESES NG EdY
22 Bdo] A{HYch EF, AWEAE AN VAT
53 Ad 99 715 S 78893, Pilot Channel A& Al
71 At 7158 ol&dl J=oELL ARY F YEE
3 ch

2 =24 T8E PCSsime oj-&3l9 =49 F=AXY
7 *o“?;]xl‘%’ﬂ]*ii’% T A v okt olF 4 §3 &
7 gl & Hso s AYE ArgozH, PCSsim
o] AlEdo) A @47} AA gAAM e 3 F2 5EZH &
AT AL Hel 790 o]& S8 PCSsim 7] x| Fof
A CJEZAE B odEd wE T3 =0 E WYy P
& 71%H 84E AA dAldA 1A, 4% AlF
ALEE = glon o|FEAE o]54T A9 EHE 1T
A gRele] o] &= £ Qi)

B =2 7+dE PCSsimolA F71H o2 m#sjor &

84 ol EA AMuj2dA Eolue dlojg FAIS uky
gt7] $l5ted, diole B4l BAo] wiodd dHEE 2dg
Fosta ol & T Aol

Faoes

[1] Nail Akar, Nihat Cem Oguz and Khsrow Sohraby, “TELP-
LACK : An Advanced Teletraffic Analysis Package,” IEEE
Communication Mag., Aug., 1998.

[2] Hauro Akimaru and Konosuke Kawashima, “Teletraf-
fic : Theory and Applications,” Springet-Verlag, 1993.

[3] Hannu Arvelo, “MobSim : A GSM Network Simulator”,
http://mordor.cs.hut.fi/tik-76.115/95-96/palautukset/
Mobiili/pt/manual html

[4] Martin Steppler, C. H. Rokitansky, “SIMCO3++ : Simu-
lation of Mobile Communication”, http://www.comnets.
rwth-aachen.de/report/subsection2_4_12_4.html

[5] BONes, “Systems & Networks, BONeS DESIGNER 3.0
Modeling Guide”,

[6] Network IL5, http://www .caci.com.

[7] M. C. Little, D. L. McCue, “Construction and Use of a
Simulation Package in C++" http.//cxxsim.ncl.ac.uk/
manual/cppsim.html.

[8] £94, “ol5FA Al EdolHE A% deEHY »di}
A Sl A ARAR 3 =FXC, A11-CH #43,
August, 2004.

[9] Telecommunications Industry Association, “TR-45 Mo-
bile Station - Base Station Compatibility Standard for
Dual-Mode Wideband Spread Spectrum Cellular System”,
pp.6-70-72, Ballot Version.

[10] Paradigm Plus, http.//www.platinum.com.

[11] Vijay K. Garg and Joseph E. Wilkes, “Wireless and Personal
Communications Systems,” Prentice Hall PTR, 199.

[12] Vijay K. Grag, Kenneth Smolik and Joseph E. Wilkes,
“Applications of CDMA in Wireless/Personal Communica-
tions,” Prentice Hall PTR, pp.140-143, 1997.

[13] =28, “wETYE (4", pp.s9-6l.

2 o

e-mail : yhyoon@mail. mjc.ac kr

19899 AEdigtn AFEFT I £

1994 e n AT G FaHaa}

20000 LH AL AAFFET FIat

19894 ~1991d t 954 7l&%

1991 ~2001d SKC&C Zedta B3

20023~ A AT} HRFNY F0

Al Hof : dEujr]o] 2}$8 Active Network, i

r]o}_

off

o4 8=
E-mail : shkim@anybil.com
19929 ghFheta 7 <4 &3 o 8Ah
20049 MEdiEt dubdsh A ket
A8}
1992 S ARA A 71&718
20000 ~ @A) Y g EolA}
g FAJEY AZET P £F4, Buld guiti=

of & tH
e-mail : jblee@sunmoon.ac.kr
19813 AEdew Axgea A

19833 Z5hetw vist AA-geta)
AAA G A FT(FFAD
1995 fi}%ktﬂé}ﬂ 4 Az n

19821 ~ 1991 6&%@1}&”@ % **‘%}"E?d
1991 ~2002d
20024 ~ & A HD:}] } @%E}ﬂyg‘;}gz_ By

BTk HAR A2H, PulTE Ag], AN B Z2ES



