W X

=4 A A9 o]F TA A2 Hold M A=A
EgR # K ¥* E®R & 0 8\

Multipath Fading Channel Simulation in
Urban Mobile Radio Environment

Dong Youn Lee* Hyung Myung Kim* Regular Members

-2 3

B =RoME 2AHAA A AE F el Auling £83 2o 2A3S &4 olF F4
Ag-g A B ol dsts wlo thale] Atslc. B Wi e st=dlo] Fo] §oldtn, tdd Ad 4
BE 2ALE 4 2lE Jakes WA o] BH L fx15H A Jakes WAl ol A 2HER o] A 9] A3} YA}
A e 2AAL At AlotE B o2 MAHH AlF e 2714 @B A, LCR(level crossing rate),
ADF(average duration of fades)5& Al B#o] & E5la] A& T oA VT2 58 A%
& Jebd g R =8 2 e odejfe] YA Held AEE 4A 24N + AFE RA

ABSTRACT

A new channel simulation method for the urban mobile radio communication is proposed based on
the Aulin’s mathematical model which is suitable for urban areas. The proposed method maintains
advantage of Jakes method which is readily implemented in hardware and simulates well various
channel states, and solves the problem that measured power spectrum generated by Jakes method
does not agree with practical power spectrum. It has been shown by simulation that good
agreements between measured values generated by the proposed method and theoretical values for
autocorrelation, LCR, ADF and power spectrum are obtained and that this method can easily pro-
duce several independent fading signals,
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Fig. 1. Aulin model

%8 Fo4E JeEl I AE it Faare) B3-S
epdct v/a-cos(a)cos(g) & FAA 7} o] F 8]
W&o vkgato] Futdr) Walsl s @, ol 3
o] FAA7} olFsluaEN FAHE Fayr) W
£ ¥4S Doppler effecta} i 3}, &3] f,=v/2
€ maximum Doppler frequency shiftz} e} (3)
A9 s(t) = g o) FAE 5 At

s(t) =TAt)s,(t) — Ts(#)so(t—90%)
=T(2) -awcos(wot +¢u(t))

—Ts(t) -asin(wot + do(2)) 4)
ERER
TAt) =Y. @ cos(ait +4) (5)
Tt =% @i sin(ait +4) (6)

agla
2n .
== veos(a;)cos(B:), i=1,2,...,N (N

olt},

T.At), Tt)& No] 33 & 7% CLT(central
limit theorem)el] 2j& B o] 0¢1 7142 £ ¥71 @
Hizl, olu) £ AE T.() ¢} T.(H)7} A2 Ego|d,
FANz e X3 V(1) +T5(f) & Rayleigh X,

%144 tan™? -JT_L((:% & 73 B¥E shrglianis

s(t)9] FFL 0019 Az gl Brggw $48
AE = 6(t) =02 B, a7t 09N 22742 73 £
EE 7RG99 s(8) 9] 2714887 (autocorrelation)
© &3 gk

E[s{(t)s(t+1)])=c(z) - apcos(wot) (8)
SHEL!
c(r)=,—; [t 2’;" cos(8:)) paB:) dBi (9)

o], Jo(-)& A13} 1% Bessel stk pa (871 8
(8:) A% Adlin®l 2d-& Clarkeo] 247 42§
=3

Aulin® pg (8] e B X E t}S-3 gol A3t
Ak,

_cos(Bi) . x
p,s(ﬁi)={ Ssin(By) @ | Ail<1Bml<s
| 0 , elsewhere (10)

o 7)o A By F;2] maximum gke]t},

% 2 v=60Km /h, f,=900MHz, 8,=30°°]
I, ps (87 8(8:)d 73$(Clarke) ¢} (10) 4 3%
(Aulin), c(1)& BEYd. A BE vied 2o
Clarke®] 73-$-9 Aulin®] %%, z714@dAs" 2
ol7} vt ol Az Ay AHEY a0l g K
g3+ X

20 X ]

Clacke BY §o 30° oeen
Mlin XY o 10—

0.er

03

3
L] 0003 001 0013 002 0025 003 0035 0.04 0045 005
*(3ec)

T8 2 xv13aeAY £F(c(r) vz

Fig. 2. Comparison of envelope of autocorrelation

123



HEEES AR 935 Vol.18 No.b

T(t) T T,()9 #g 24EHL (949 cl1)
£ Fourier Transformsi ] #3%ch,

C(f)=Flc()l=

70 >
1 A v v
MT s —ACOS(ﬂm)S|f|S-X
1 A
47ZSin(ﬂm) v (11)
. ) (ZCOSZ(Igm)—l-(% )2 ))
. ( 2 arcsin 1—(fl/v)2
] L 1f1<— cos(Bam)

19 32 f,=900MHz, v=60Km/h¥ o, 8,&
1°, 10°, 30°2 W3A7|H A Clarke mdlof 18 29
EF G(f)9} Aulin el d3 2HEY C(f)E
v astgd el Aulin®] & g0l 28 o dA 9 2
ot Aoz A A Qe 2PN R uhe 2o
Bmel 1°Y Wl C(f) 9} Co( f)E 4738 Aol7}

DEES

2 3. o3 nd g A48 AHEY v
Fig. 3. Comparison of power spectrum of different models

M. 7H & 2D AlZ20|E

|4 1% BA Ad& ANEHA 8] ¥4 Cl-
arkeu} Aulin®] %4 nwdg adg wEes AL
ol 4y AMgEHE Ao BHEF s
()l ZAF Aogplrel 2749 ztzt EYHQ 7t

724

F= FE 27 E T8 U2 A3 shaping fil-
terg AX Ysle AY AHERS A F, vk

A % 9} quadrature amplitude modulationg 3h&
wajolc}, o] Wlg 7he-2 g B4 719} shaping
e Azt oy go] Arh E£F FAlA £x W
3% oheket A8 g Etr] ojyo) & ez
£ Jakesoll 9lsiA At AQHL0) oS B
719 FE7Ivte g FH3l= wyold. Jakesd]
WS FE 247G dE Al3te] Ea3R] gon
g AXEdo] Al EdH ol Btk ol st=go] 7
o= vh§ {83ic)

2 APy Auling] 2o ZASl Jakesot
o] A7} FE7Go 2 7 7eE AlEd ol
A e Aeksiddh 2 Wy AFus) gla, 5
2A 7} o) E kA o, AR AFTl FEE @
48E & 2AbE o] A3 dAle =4 EE
Z YA jht

AHog FAE 4 AE ), (3)elA A 4lE
o A7) gz ZE W Wl FAEH oz dA3
i, g, e FY BXE /MNu288] tgs go)
7+ gt

1 .
ai=—— , {=1,2,- N (12)
VN
P
="y (i 2), i=1,2 N (13)
2r . 1 .
4= N (7 > ), i=1,2, -, N (14)

)31 pe(Bi) 71 (10) 2128 FoX 1L, x;=sin(F;)
g 9 57} ~sin(Bm AN sin(fm) 742 T2 B2
£ JFA] g7 73 BXxolEg x, e e
Zo] 73 %,

_2sin(Bm) . N+1 . )
X N (7 5 ), i=1,2 -, N (15)
fi= arcsin( Zs“;v(ﬂ"') (i N‘ZH ), i=1,2, -, N

(16)

(12), (13), (14), (16)3} o] 748 A% (H) AL
&3 go| Yol

To(t) =—— ¥

o % costat +4) a7



B /= BN ol F A PR el Ad AlgaolAd

o 7] o A
_2n Cos(Zn(i—l/Z))
oY N
., 2sin(Bm) ,. N-+1
cos (arcsin( N (i~ > 3D (18)

olT ¢i& (14) 2o A Fo] A},

2n . 1. _ 2 o ... 1
cos(N (i 2)) cos’(N (N—i+1 2)),

i=1,2 -,N/2 (19)
. 2sin(Bm) . N+1
cos (arcsin( N (i > 13}
=cos(arcsin('—2Ln(,&")‘ (N—i+1- N1 0,
N 2
i=1,2,N/2 (20)

OlBE w,=wn-i+1°1Th N& B2 7} 85 N,=
N/22 AelsH
Aot

T.(t) z (cos(wxt + )

1
T
~+cos(wn—i+1t + dn-i+1))

\/_ Zcos wit + (@i + Pn-i1) /2
cos((di — gn-i+1) /2) (21)

D 2NA (gi+dn—iv1) /2=m, (¢~ Pn-iv) /2=
2n/N-(i—1/2) —no| B2, ¢;=2r /N-(i—1/2) 24

T(t) 27—12\—7— }::1 cos(wit) cos(d;) (22)

olt}, (6)A ] Tt & T.(t)s} gL uhgog

Ts(t) —TIZV '}); sin(w;t) cos{g;) (23)

s} go] EAlE, X

<THD)> =% “*'}V icos(zz,-)) (24)

L (ADAL OE 3 go] v &

<THt)> =% (1 +71\7 Z cos(24:)) (25)

<T ()T (8)>=0 (26)

olm 2 (22), (23)A L, <T¥t)>=<Tt)>=clo)
=1/2, <TAHT(t)> =08 HEF} A7 A <

->& Azt Wi (time average) @24 lim —lf J.;

dt2 g 4tz o | olF FAlNA sojd 4
3 & ergodic processetil 7Fg 3t o v g FAlAl
39 FAEH FFge Al Hoy Fdsi, 99
Aae FANZTY BASH BHULLBIRE & ¢
X gl 19 4% B gl ti@ block diagramol
=3

S} o)E ZAME AT E g & AuE] 9
8 diversity 71&% ol &&t}tl4l Diversity 7]1&-2
og 7127 dEeEd 2 F b s FEE &
¥ AR space diversityelt}l. Space diversity@

FAlAAN A FEHe AHUE ubgy e 1/29]
A S ARIE F gEL =2HEe AEE
ME AR SojolM F A5 BEV} olF o
A " gEo] @] uio A% Ay BEL =
d 7 Ue PHE =34 aeg &4 olF B4
AlgEiolE e SHAHA AN Hloly A3E W
AR = 9lojok e},

2 ABd ol wyL gigkel HM3HFE 7] gain
Hah ko 2 A Nojel 2P 3 #Hoidg An
E 2 AE A ol d49dd o g

cos(a, 1)

ADDER ,__:(L)
cw it [0 |- - -
Osciltator

sin(un, 1)

______..>__:.

sinfon 1)

on sinfox, 1)

3% 4 AILE A1EH o3 ¥4 9 block diagram
Fig. 4. Block diagram of proposed simulation method
725



HEEELAR L "93-5 Vol.18 No.5

MR e ey A5 g s;(t)ek &d s;(t) e

Si{E)=Te;(#) cosawot +go(8)) —=Ts;(¢) sin(wot + do(t))

(27)
7t s, o7]e A
Ti(t) =71%— gCOS((Dit)COS(;ji) (28)
rs,.u):——f— 3 sin(ait) cos (@) (29)
o)},

bi=j-2n/N-(-1/2), j=12 ~,No  (30)

21 7l Hold A% EAL WA g
2, i Hold AEE s (8)ehsta gru=;"-
2n/No(i—1/2), j#j & 30 <T, ()T, (t)>=
LTt Tsjp()>=0, <Tj(t)Tsj{8)>=<Ts;(t) Te;
(t)>=00°] "t} 712 ExdA A (cross
correlation)”} 0 A% F £¥X & EAHoz M2
Egolrgll s} s (e M2 Y Aoy
Azolt},

N. o8 % 08

£ o] B4 Ad Al s B A
£ LCR(level crossing rate), ADF(average dur-
ation of fades) 2 &4 stt}l4l LCRo]& $A1AF 7}
@9 A DY EAF N F leveld ¥ 7187 o
2 uxlste A2 439 warziE Jehan
ADF& #3335 7F 5A3 A% level ofzfel &
HAAA Aoz A% e nulle] gL AL E
Ebdic) LCRY o] 8 g& thgddiA 7],

n(R)=mn, - ng (31)

o7l A R EAF A% level & E311, ne ATF
3} ) 2H(nomalization factor) 2 A t}&-3} g},

=2z v/A (32)

ne FAA) SR BET) FH40) BYT 5
726

A 22 t}2u go] HAHTE,
ng=R exp(—R?) (33)

ADF9] o] 849 ghe the-3t gl

iRy =) Pr=R) _; ¢ (34)
No nr
e s ARz A 1 /02 Fejdch

2 Ao e $4143 7 vhgawt e A&,
#)=0)°l1, a,=1% A% ths) AEalolHaA
o},

a¥ 59 1Y 62 N=76, Am=230°¢0 2%, 2}
£% £ 15, 30, 60Km /hZE H3lA 7|8 222 LCR,
ADFE ©]&X1Q) ng, £x5} W@ Aot} w43t F
#4271 900MHzY o, 213 &% 15, 30, 60Km /h+
maximum Doppler frequency shift7} zt2t 78.5,
157, 314HzRl 73 %-0 g€} 7t2&HL& A& level
REA 441413 9] RMSA]o) o g Aoh &<l g8 dB
2 JepJAct. 2 A BE ulep o] o]Ex ¢}
2 A=A e}

I8 78 39 82 N=76 A& £ X7} 60Km /ho]
3 Bne 1°, 10°, 30°2 WEAF|E A LCR, ADFE
olEX 9 Hlwd Aoty B,9 W3l Aol
LCR, ADF+ o] &% 9} & d x| 3},

a8 9= (2DAAA 7t 17 29 W § 439
CDF(cumulative distribution function)& ©]&x}¢}
Bl g Aoty CDFe A&7t EF A3 level®t}
olgol AL FERA P(r<R)Z H¥Er} % A3
7t FAHLE HE EYPY A F AE 25 level
R ofdoll A& #HE2 24e] 4157 R ol A
g o Folgpizizl 033 9 B Ao A Akd
Hoz dAANZ F AZr MR 5E€98 2o £
o},

a9 108 A% £%7F 60Km /holil gxe] 30°Y
o, ¢(0)& °lEX<Q (Y vwslg 7} 0.
Obsec H-oll Al o] efzhe] o]l 5 A3l HAFH O
2 olEX % & YR}

a9 112 # hHoz QYA AT e Ay 2HE
H 3} Jakes W0z QAT 2139 HY AHEFY
£ wmslch B o3& Auling] A 59 Hksln
Jakes W2 Ckarke9] 799} v]s=3ic), AA] 41
A&} MY AHEYo] Aulin 9] A AHEY
I} FAEEE B owyo] Bt o] AA g A



Bt/ =A 87302 o]F A bR sold Mg AlgE ol

dia & 4 Utk

Nomalized 102

8! 5. Level crossing rate(LCR)
Fig. 5. Level crossing rate(LCR)

o valSka/h, ¢ i vedOKah, o : veSlka/h

1
10-1 [
-30 ~25 -20 -18 -10 -8 0 ] 10
[ }
118l 6. Average duration of fades{ ADF)
Fig. 6. Average duration of fades(ADF)
114 ]
g 10-+ 3
1
1
108
0 fam 1%, o1 Paw 10", o: B, = X
1070
-30 -85 -20 -18 -10 -8 o ] 10

&l 7. Level crossing rate(LCR)
Fig. 7. Level crossing rate(LCR)

oOF (%)

kis) o4

103

E o fam 1, o Bomw 10°, o:

-30 -25 -20 -15 -10 -8 0 8 10
14
&l 8. Average duration of fades( ADF)
Fig. 8. Average duration of fades(ADF)
108
E — 42 wAN o slaay ar T
[ oo 4127 U o &€ F .
B4 of |8 O .
e A2 AN o A o .
0 .
[T 3 . o,
10- x
-30 -2 -20 -18 -10 -5 [ ) 10

1% 9. Cumulative distribution function(CDF)
Fig. 9. Cumlative distribution function(CDF)

—: el R Ay (<}

o000 ¢ AYY els)

© 0005 001 0018 002 0038 003 0035 004 0048 005
wsec)

I8 10. A7) 4@ A L) &M (e(r)) Bl
Fig. 10. Comparison of envelope of autocorrelation

127



HEE IR 3 '93 -5 Vol.18 No.5

cy, &
107t~

© Matin Bofs] oldaql du avMuy
P MY Yol AYY Vo avug
: Clarke S58] o] BN Y axEY
« 1 Jakes YHM YU VW avMAy

i

froquency, Mt

3 11 A3 MY AHEY v %
Fig. 11. Comparison of power spectrum

v.d 8

B =E2die Auling 88 ndd 2A s &
A} o]% E4l g AEdolAdste Wl vt
g alglo). o] WS Jakes W4l o] A} gl
AA-g 7FA 3 ¢li LCR, ADFEo] o]&x9} vl
3w, Jakes WMo @l AZ o) Ay 2HEY0
AA 2] A9 2po|7} Ve G S BastAh At
B oy 1y AHEHRLE HA9 43S 7 e
= Aulin 2de A8 AHEHN FASE). Jakes
uralo]] s Az AF(N)7F 2g u, Bz A
71 2e thdol glAw, oY) Eg Al Aol
258 ZFZ7)9 gain M3POE IF F deER
w7 BB g A HIA Aol 3t Jakes
wha)of) u)s) WA §-olstct.

>

o g 8

1]

1. W.C.Jakes, Microwave Mobile Communication, New
York, Wiley, 1974.

2. ].D.Parsons, The Mobile Radio Propagation Chan-
nel, New York, Wiley, 1992,

3. W.C.Y.Lee, Microwave Mobile Communication

Engineering, McGraw Hill, 1982.

4. W.C.Y.Lee, Mobile Communications Design Fund-
amentals, Howard W, Sams, 1986.

5. R.H.Clarke, “A Statistical Theory of mobile
radio reception,” Bell Syst. Tech. J., vol.47, pp.

~728

957-1000, July 1968.

6. S.Stein, “Fading Channel Issues in Sysetm En-
gineering,” IEEE ]. Select. Areas. Commun., vol.
SAC-5, No.2, pp.68-89, February, 1987.

7. G.A.Arredondo, W H. Chriss, E.H. Walker, “A
Multipath Fading Simulator for Mobile Ladio,”
IEEE Trans. Veh. Technol., vol.VT-22, No.4, pp.
241-244, November 1973.

8. E.Caples, K.E. Massad, T.R. Minor, “A UHF
Channel Simulator for Digital Mobile Radio,”
IEEE Trans. Veh. Technol., vol,VT-29, No.2, pp.
281-289, May 1980.

9. C.Loo, N.Secord, “Computer Models for Fa-
ding Channels with Applications to Digital Tr-
ansmission,” IEEE Trans. Veh. Technol., vol.40,
No.4, pp.700-707, November 1991.

10. E.Casas, C.Leuing, “A Simple Digital Fading
Simulator for Mobile Radio,” IEEE Trans. Veh.
Technol., vol.39, No.3, pp.205-212, August 1990.

11. T.Aulin, “A Modified Model for fading signal
at a mibile radio channel,” IEEE Trans. Veh.
Technol., vol, VT-28, No.3, pp.182-203, August
1979,

12. A. Papoulis, Probability, Random Variable and
Stochastic Processes, McGraw Hill, 1984,

13. W.D.Rummler, “A New Selective Fading Mo-
del : Application to propagation Data,” Bell
Syst, Tech. J., Vol.58, No.5, pp.1036-1071, May
1979.

14. J.G.Proakis, Digital Communications, McGraw
Hill, 1989.




WX/ =A B olF T HAE HAold Ald A FEH o)A

#F W M(Dong Youn Lee) 339
1968 114¥ 20¢ 4
1991 29 : $t=x el s Myl R HAFEI(FE
AR
1993\ 24 : =2 erigd A7) @ AxpF (M A
1993 3¢~ &AA : (F)AA A7 A F
F@AEol: 0] 5B, H AT M Eot

# 1M 89 (Hyung Myung Kim) % 3] ¢}
1952 1049 244 A
19743 29 : Mgoistw F3tal
1982 49 : v = Pittsburghth &
A7 st A}
1985 129 : v]= Pittsburght
& HArlgea FEet
A}
1986 4¥~1992d 8¢ : $=H3riegd Ar) 2 Ay
&t Ay
1982'd g€~ A =AY A7) 2 Az
Rl
XEBA Rk UGN GA4HE, hAYA 28 o]
&, ute4ls A4EA o8

729



