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Design of the Advanced Mobile Teletraffic Model
and Object Classes for Mobile Simulator

tet

Younghyun Yoon' - Sang Bok Kim'" - Jeong-Bae Lee'" - Sung Chul Lee

ABSTRACT

Many simulators have been developed and are being used for the complex and various mobile communication service environments. Each
of these simulators has its own teletraffic model that consists of traffic source model and network traffic model. In this paper, network traffic
model and traffic source model, which are based on the data gathered in real environment, are defined in order to get more accurate simulation
results in the mobile communication simulation for the urban region. The network traffic model suggested in this paper reflects the hourly call
generation rate and call duration time by analyzing the data collected from actually installed base station by the time and place, and the traffic
source model includes the delivery share ratio and average speed information in the region where the base station is installed. This paper defined
and designed Mobile Host object that reflects the suggested traffic source model, and Call Generator object that reflects the network traffic mod-
el, and other objects support both objects. Using the teletraffic model suggested in the paper, user mobility similar to real service environment
and traffic characteristics can be reflected on the simulation, and also more accurate simulation results can be got through that. In addition, by
using object-oriented techniques, new service feature or environment can be easily added or changed so that the developed mobile communication

simulator can reflect the real service environment all the time.

7|9 = : 0|5 BAI(Mobile Communication), AlE#IOIE{(Simulator), EHHZ W (Teletraffic Model)
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2 0.81 0.87 0.58 0.50 0.69
3 0.56 0.49 0.36 0.36 0.44
4 0.40 0.32 0.24 031 0.32
5 0.36 022 0.29 0.44 0.33
6 058 0.29 0.53 0.79 055
7 1.32 0.72 1.17 1.62 1.21
8 256 1.69 232 3.09 242
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19 6.71 6.53 6.76 592 6.48
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23 3.81 3.00 334 287 3.26
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(¥ 4) Call Generator EA B4

GlEEs R I ek
L

3 WA E 2 (Dol wre} g oA A7 3 g o
(Calls/hour) |24 HE= 3 % (A) "
3 ARA [ 24E olEEAEY AW WHAT: 6
(sec) Aeixd o AA SA% 1/ ¢)
o) 54 L2k 01%@“1 o1s= E3 9 s
(Mobility) ARste gk WY b
o] 54 g A 59 olF %?’%}% s g o
(Direction) gk w9l (@, 359 weow

. 71A2 We] 7] 9329 X HE
Init_x CS = Cell Size 0<X<CS2
Init_y 71" = W 27) Y9 Y #x 0<Y<CS/2

(E 5) Call Generator Z4xf| Sa{l2

class Generator : public Process

{

public :
Generator (int,double,double) ;
virtual ~Generator () ;

virtual void Body () ;

private :
int G.id; // Call Generator ID
ExponentialStream* InterArrivalTime ; /% 242 93§ Xol48 &
X = IH/AFEEEE
ExponentialStream* Avg_call_duration ; / & A& AJ7he 1%
A GEE LS

UniformStreams MS_Trans; // 4 (38 AAs7] 9%
o]JFIAES] o]FFY
UniformStreamx MS_Direction ; // 2 (5)ell & o]FE1E

Z71 WE
b,

Generator =@ Generator (int id, double AvgArrivalRate, double
AvgCall) : G_id(id)
{

1A A R A F3 RAE HE Fokd
A
// Exponential ¥4 & % dgrez W@ 143 = 3602
double InterA= 3600/AvgArrivalRate ;
double range= AverageCellSize/2; // o|FZ2EQ 93 AH&
A8 Cell A7)

¥Eg 74

InterArrivalTime = new ExponentialStream(InterA) ;
/&8 EAS A% Ay F5
Avg_call_duration = new ExponentialStream(AvgCall) ;
/&3 AT RS 93 Al
// 10744 A& UniformstA #9 4485, 46898 <E 2>
ue} ol g A%
MS_Trans = new UniformStream(10) ;

void Generator = Body ()
{
for(;;)
{
double init_x, init_y ; // M2 BAHE ]5I2EY 7|A=
WHz xy, HA %
double call_duration; // MZ B4HE o3 2E §8 A7
int Trans_mth ; // o|FE2E °o|F &

Holdi(xInterArrivalTime)()) ; /7 71A= $1x € Alztoid
BaE w7

mit_x = L_gen->get_Location(); // 9|53 A2EQ H% x

#H3E AH
init_y = L_gen->get_Location() ; // o|8&52EY Hx y
A% AA
call_duration = (*Avg_call_duration)() ; // o|E&AEQ 53
Azt A A

Trans_mth = (*MS_Trans)(); // ©|§Z2E olg5d AH
/AR AN ol EIZ2E B8E AEHlEHY Job Queuedl
A%
Job* work = new Job(G_id,init_x, init_y, call_duration,
Trans_mth) ;

Al e

Tk <HE 6>2 9A A9 Call Generator 2 Zﬂ°ﬂ

EFTAES 93 AYES MAF RoT A

52 7RI FEE AEdolAsy] Y8 &FHE

2 1] AZE olEwE W olHEEE
g g AA fA3kd 4 (3),

1 A Oﬂ"i A4E FEREFEA w

% %H‘é as o}-@ 2 749 gtk

(H 6) 0|SSAE Hx| S~

class MohileStation :

{

public :
MobileStation (int Job*) ;
~MobileStation () ;
void Body () ;
int get_btsO) { return bts_id; ,  // i%lﬂ AT HE
Hﬂ
gy /l =)
Hil
/" Ol%iigq x &%
5 5% Wiz
double get y() { return ms_y;}; // 2153 AEY y HE
45 & via=
/OB RAEY TE
o=
Y/ ol EE2EY x
AE A i
void  set_y(double y) { ms_y = y;};// ol EEXEY y
HE AR Ha=

void  set_hts(int b) { bts_id = b; };

double get_x() { return ms_x; };

double get_Hm() { return Hm ; };

void  set_x(double x) { ms_x = x;
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intx  get_ActivePointer() { return Active_set; }

/o1 BEE2E A AT HrE
double StayTime (); /I F ol% AT 3% viE
dpuble get_Speed() { return ms_speed; } // 0|3 2E o|%

4% 3% dacs

private :
int bts_id ;
double ms_x ;

// &% 7143 ID

/o1 532EY x X HA @&
double ms_y ; //o)B5AEY vy #E 92 #
double Hm ; /Ol EE2EY IE, 9Y im
int Active_set[3] ; // VEELE QA AT frE
Job= T, /A AEPE 4% A4 D
MobileStation** M ; /ol EEAE AA ID
ExponentialStream* STime ; / 133 2E £3} A7t

double ms_speed ; // O BEAE O|F £%
GaussianStream* DIR_var ; // ¢S5 &ZAE o]§ W&

43 7|X|= A

B =EoA A dHEHY EdS s o|FEAE
T AA olFEAES YA olgsE F o|FWHEE I}
AL o] F3AL glong AlE#olde] Bt o AA @A
FAEIEZ 8l7] $1Ele] ol BEZAES 7R =7t dAS
71A 2ol A45E= Pilot Channeld] 718 ZAste] 2
Aotk & =RdAE ol ke A @) 4 9F oF
3o} 7|x 23 o|EFAEZY Pilot Channel 47| ZA
&L, olofl wel olFEAENMY 3 94, J-o T Iy
I35 Ad ARE AEYelA 18]

P,=P,+L,+A+G,+L, (8)

P,- t Power of pilot channel by the mobile

L, :the average propagation path loss

A the allowance for lognormal shadow loss

Gm : the gain of the mobile antenna

Lm :the mobile receiver cable and connector losses

£,

b _p _ _ 0.1, 0.1N,
(N,+1,) P,,—10 log B,,— 10 log[10 +10 1

©

N, : Terminal noise density
I, ' Interference density for the pilot channel
BW : the Bandwidth(Hz)

A QA L 71457 olensEY HAn Ag P
MW wAsts A &4& vYehlie ALE, o 7iA
T EE o|lFE2EY 9, AEA 2 F ALY A
o whel ®EA "ok A (1002 L,E TE7] 93t EA
Ao Mo A7 A EHE 4] st Fol A&
¥ Hata ZH[18]& HE&F22ZH, & =FodA Alte
deEdy nde ma} olgTAES YA Agd 54
o utel v ARRLL AHFIEE 3z gk

L, =69.55+26.16logf.—13.82log h,— a(h,,)
+ (44.9—-6.55log k) log R ;5 10

fe : frequency(MHz) Lsy * mean path loss(dB)
hs  : base station antenna hight(m)

alhnm) : correction factor for mobile antenna height(dB)
R : distance from base station(km)

o] EFAl AladoAe] B3 4L 01%1*57} Qlte
1A= 0 2 HE HMeH = Piot Channel®] A71E 4] (9)9]
oJste] ¢k &, 3 M7jel oebM (2¥ 49 2] Neigh-
bor Set, Candidate Set#} Active Set?! 3719 Fgozw +
H3lo 723 AHE HRsta gloh

Active
Set

Neighbor :Candid
Set iSet
‘

®

Neighbor
Set

'
1
'
'
'
'
'
‘
'
'
‘
'
‘
«
'
i
]
.
CT
+ Tiorp
1

1

PRNIPRD -~ SR PP PR PP EpS

(38 4) MHH LA

B =RdAE o]& AlEHHEY] 43l o|FE2EY
A MR AL A el et o]FE2ENA AT
Pilot channel®] Al7]& A3, (28 DA Yehd 7)%|
T A ARE BAROEHN, o]FE2ESY 3 dF, A=
o BAL 3 Adg (19]0A4 AAF Aol wiet A E
g o] A ghe},

2 =8dME fd AN 7|FEE AEH)AEY] 4
o < > 7|X ol AAH e #4E A7)
A wgoln, < 8>& 4 @) (TY HollAM AAE A
o A7) SRR AT [ ARG B A 27 H

= W,

B DX &84 "

7125 8 d A ‘%‘ 7] 3%
A 54 FA, 24, 7Y, A A4 e
Sb Asd EA 4%, On/Off off
71X A | X, Y #E, Km @9 Er8s
Pu(W) Pilot Channel Power 20
Hp(m) Antenna %0} 200
Gn(dB) Antenna Gain 6.0
Vagkm/h) | A% 7IAS A 212 HF olF &% | A&
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(E & Mot =4 AHlite 28 8Y U

R 3 k! 71 2%
_ NECE T

LN(md) 2;405} I;;"?,?“lﬁgéi}” dds 60
Lpe Path Loss & 4.0
RayleighF Rayleigh Fading On/Off On
Hu(m) MS <HelU o] 0
Gm(dB) MS ¢t} ol 5 0

Tasa(dB) Tadd $3 A %] -14.0

Tarop(dB) Tdrop % AlA| -16.0
Teomp(dB) Tcomp & A % 25
Tiarop(s€C) Ttdrop 72 5.0
A, Active Set Size ’ 3

<E e ol AFE VTS FYSeE dAAE AT

A Fef 2ol

(B P 7I1RI= A S~

class BaseStation :
{
public :

BaseStation (int, double, double, int, double, double,
double, double, double, double, int*,
double, double, double, double) ;

“BaseStation () ;

void Body () ;

double ServiceTime () ;

int  get_id0) { return bts_id ; } ;

int  get_ HbO { return Hb; };

int  get_x() { return loc_x ; };

int  get_y() { retun loc_y ; };

int  get_PilotERP() { return Pilot_ERP; } ;

int  get_Terrain() { return Terrain; } ;

int get_ Gb() { return Gb; };

double get_Tadd() { return Tadd ; },

double get_Tdrop() { return Tdrop ; } ;

double get_Ttdrop() { return Ttdrop; };

void  set_Tadd{(double T1) { Tadd = T1;};

void  set_Tdrop(double T2) { Tdrop = T2; };

void  set_Ttdrop(double T3) { Ttdrop = T3; };

int  get_Neighbor(int i) { return NeighborListli] ; } ;

int*  get_NeighborPointer() { return Neighborl.ist ; } ;

NormalStream* LN1 ; // Normal Random Stream for
Log_Normal function

NormalStream* R1 ; // Normal Random Stream for
Rayleigh function

private :

int bts_id ; /7145 ID

double loc_x ; /713 1A X AR

double loc_y ; /A= HA Y #E

int  Terrain ; // 71AFe] g AY BA4-
. A, open, mountain

double Pilot_ERP ; // Pilot Channel Power

double Gb ; 7/ Antenna Gain

double Hb ; // Antenna ¥°)

double Tadd ; // Active Set &7} Threshold

double Tdrop ; // Active Set #% Threshold

double Ttdrop ; // #ME=QE Threshold

int  NeighborList[8] ; // 4 71A% ID g2E

Jobx J; VAR E *Wluﬂ e

Call YJ2E

44 & AL st A 7t A

(14 5)% B =R dAE o|5F AlEHHE
Al Call Generator, ©| 85 2E ¥ 7|z A #AE
HolFEm 9ok

(19 5)ellA Call Generator A= 2 7]A =] 43 &
&9 Azl W= 3 5 o we olFEAES A4
ot AAE olFE2ET AAAHE, B3 AHE 9 o]EFA
HE 7P o o|F3tHA 7t rAwo 2Ry Ad
T AT A7E FAs du FfR A% & Add A
EEEXE NEYo AT F JrE g}

Sem aphore

Call Generator 1 j
(e & M=% St
1T, 0] S
i . o j Basa Stsllon 1

Base Slsllun 2

Call Generalor 2
(B, HRAY,
HPEE, OEEY)

Call Generator N
(WEE FRa,
BRZST, 0lERE)

-
"I\
j Base Station N

2/BlCall Generator, O|SEAE,

(D8l 5) 3 HHe
7IR=2ke| A=

(1¢ 59 7125 A 23Ho ds AutLols
F AT A FAC g A ¢ Y= B3 FE
d Aog o|BEAEV Y 7|AFoBHE £33}

2

ﬁ

71 & A8} ArkEo] E2E spdol s, wep
E2% 27 RAGHE o9 o] AT FA Hel@ &
= B8 83 2P Aoz AUHY & 49 WL
A *

AeAE & s, Ao Aa 2USE A9
238 Y3 I goZ AHYHEE ‘_5}'047

_ o4
*l%aﬂom 70l meh A48 WA & S I

AANE HEYR EfY Rde AA *M*
A= AE o] &FoEM AEHe]
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g AAE AAs o|F Call Generatore AAE €
JEHY wdo] wE o]FFAl Hux 8L AF WA
& Fe 75e PPN, oJFHE YA HAE Al
FHoldste A U8 29E douiA FH2 wWEHe
CPU A% #7A Agdole7t 538 & UEE 4F
g AdAsged, AT o)FI2E A AntEolE
AHgstel td & ogd @S AEHAE 7 I=E
A A sk ok,

B = A 712 nedor & Ade AAd ddEY
g 293 4AY AAE o] &3t o]FFA AEHIHE
Tt AFsie], dA Aul~ #AEHR A AY A
7t AEHER Bl Foh £3, AAE EdfE As B
dof aFEopAM BEHE A9E FNEFAT £ FF
ATE g st Aol ol T, Bt} o AZF AMEA
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