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Abstract It is a basic problem for the simulation of correlated Rayleigh fading to produce
the multiple independent Rayleigh fading waveforms. Jakes model has been widely accepted,
but it has major shortcoming in the statistical independence. A new math model of multiple
independent correlated Rayleigh fading is put forward. Both theory and simulation show that
it is superior to the original Jakes model and its modified models that have been discovered
in the aspects of the computation complexity and statistical independence.

Key words Correlated Rayleigh fading, Wireless fading channel simulation, Jakes model

158

To A5 B I K1Y — IR AAT 55 R AR /DN R Y U 38 _E 7= A2 B A2 0 ST A A S B R R T

XFERY /R FTCZAEE 0] LR Y — 1 B A B A 6 R BHY B () i 5K JER 2R Bl X T F il 3

%

XEER AL RPRSIT RN E SIS RE, MR THEN: (1) EREAEYLE

R LM ER s B LRI FHHEH SR, RaSIRARFSA, MRS

i, H

AR RBRE NWER R, TMHXRBNNF;, (2) ZEFR TR SHEHEEMEE

PR, HEMREBNAZF.

XBARRITT LA AP, iR MBER. Gt IR BRI T X il g Sl LW 2 S RE L
o BT RS IR AT, TR 8 AR AR T X i _E RIS Uﬁi’%ﬂ@ﬁﬁﬁ/‘é‘—‘?z&’ A

e ST RS, AR T 42 R IR 6 URT T 05 2O R BE A T R 378 (o (011

fr&m. Clark BEBFHITRBA, BEF&4EHEU EENMSHT L WRAZEE, EF

1 2003-07-07 w3, 2003-12-04 B

WK HRBEESE (60272068) ¥TEIHRE




1934 B F 5 fF B %= #®

5

5 26 #

OB U iR B e
RiEFE B E. Jakes Hi%IE Foh g dopim 4

HAEG T ML M & S 2V T AT — 1 R TE. 7%1?’:’“
TEHATER R R B E XY ARG I T A FRAH E M anti Az,

FIARRIMEENAEGL, Hob, SCR [9] MGES XM AR ZREETIARNFE
M. {HEL b 3 PRy Jakes BERUTI SR AN GE AR S Hb FR D 40 11 il 7.4

MBS ER CEEARRIAFEMSIAMUAECL, M TR/ 2CEH,
AR Jakes BLEIRYPIRE.
TESCER (2, 9] avEat b, & 3GEAXTA

R, | —MErR AR, T,
%Eﬁ.l:%ﬁ"ﬁ%%l%% FRB AR . ¥

AT KRB RRY FFT(REME

14

=R R=R e iR

Y 1

2]

12 R 5EH

H

TR T B DI A

L L

)= yapii)

3“#15%) 2R, HEIRE N
B TR NR

ST IR R BRI, J akes
i SCHR (8] MR 5

AT H 3L

C B 5T 7

HY RS A1 1E

MBETE_E A8 T H B AR BEAH Lo TTHFFE,
FERTHA T &MS i,

F

iwf‘ﬁﬁﬁl{ﬁﬁ R, A0C3R
iy

HE Jakes MR K HOPABERL R T 5 BEXT O A, B
RAER A IR Jakes BIARIA LB 2RI BIEE T R FHu MR o T 1t 20 3L A4
—ﬁfﬁﬁi?ﬁ‘)f&%ﬁﬁﬁﬂﬂ zlijtﬁfl:ﬂfJ;L.l ﬂ@%{”?*ﬁ@_]'u f‘é
o H R T LA E#Z 3] GSM i 3GPP Hhil R priR -

AL HRBOSWEHEZHEMT: 5 2 w%ﬁ%?@%é*ﬁ?&ﬁﬁﬂﬁfé‘%ﬁ
FEA AR RS ESNT B4 TG EREEIGE; 55 W SR,

2 REXSEEXRInTIEENHRLEL

BAZ FE B SRS R 42 b a4 s REB A B S AT NS A
28 N ANEHEANGHEE k2530 Jakes HERIT] DAY (4 .

Ty (t) = \/ { 3

2 Z(cos Bn + jsin B,) cos(wps cos anpt + Onk)
+ \/ﬁcos(wMt + 90k)}

AR

1
2Ng + 1

n=0

fu REKREUEGHER, No = (1/2)
+2n(k — 1)/(No +1) .
S3CRR Dent BRI

1k = 132:'”:N0: Wm = zﬂ-fM:
an =2mn/N), Bn = m[/(No + 1), Onx =7wn/(No +1)
— 1 IERY Jakes BRIy Dent FESCHR [9] F (]

L
JtL

)
I

T

T (t) = | — No Z Ak (n)(cos By, + j sin B,) cos{wps cos ant + Ot ),

HA No = N/4, ap, =27n/N —
1,
BHEXRE, HE & o, Af(n)Ai(n) = {0

R T AR TR A 0 ST T T R AR B A,
Mg BGHERAL (FOX#Ry Li AL , s (3) Fras:

Ng-—-1
t)_”Ng

JM_]‘?

k=1
k #1.
K I L1 Yun-xin Lt

ﬁ-‘-

H

A

Wpa = 27rfM:

HF

nk = 27 /N + 27k /(M N) + oy,

bt k=0,1,2,---

n=012---,N —-1;

a5,
F 838 RN L5 EES,
_:E{-Jgﬁ{g*%%’fml_ﬁﬂ
ILLRIR;

k=1,2,---

= SCHR (2] H

k:0,1,2,"',

el

LB,

. 1H

S RG A%
- 3T R BRI L IX —
s[a)s, SCHR (2] 38 xd X sg
FE )

A2

M
5

th E‘J%ﬁ["’%ﬁ

=% 3

(N/2

:NO

)
[ |

73

friill

Z [cos(wps cos ang + t + Ok ) + 7 sin(wps sin ang - t + 6, )]

M-1

SHip=:

T

A FAHSR A ST TR, ]

- 1),

= (2) PR

(2)

(x/N), B = t/No, On BB ATHBENAL,  As(n) BAE

T.._.._.

(3)

fu B REZEEHHM, M ESRE, No=N/4

(4)



# 12 85 RidrF: —MHSRAXRAGEEMNEEEY: Bieoth X45HE L 1935

0<ap <2r/(MN), Hag#n/(MN), O Fl 6, BSETHESL 50100 FEYIAE{AL.
Li BRI A FHoC R E0 a9 881 (Ensemble-average) Ffl6d(8]°F1J (Time-average) BI4E R 2 —

e, AMER X FEFRAESASTTZN. SHKE Jakes #81RIfI Dent BIRIAH LA, Li AT AH
XA EANE, ERHMIEAFEE THEMNE, NI EERERERNT, HL
HREBTHBREEEAFGFIRAMETREL, BMEEHEEESRAIPFARBMFEGE. 222, Li
WA D e B R R B SRR i .

3 FREIRIRHE R AT RIS h

FOR R EREHSHEBE T U TS HEEY S MEMAIEZ B EMAEL, #ER
MBI MEERZETFXENEREE, R, RNBEEIEBILmERRE LA BEGINA
SAMHARATHENAS IR, BFEZE M ARHBLHEERAES, TEIEER
N NMEIIRAG B, WLE b BRFEER IR (TR REE) -

Ng—1
N Z (A1 (n) + § A (n))[cos waramg -t +0)], k=0,1,2,-- M =1, (5)
)=/ - _

Hpwy =2nfy, fu BREBEAKZESHHR, M 2EBEE, No=N/4, any =27n/N+2rk/(MN),
n=012,---,N-1,k=0,1,2,--- M -1,

FERIAY ok 5 Li BEEIPHY o B9 SR, HITUBHERHHEA oo . 78 Li BB,
WIEEH f 00 BYIRE EBEREN T HBLRAEREEARBBMm, MRS ITTHCE. mXFT

AR, SEEMETE R AR, HE Mt B ER A E A 1IE 3 R EORRIE.
Agi1(n), Aga(n) ﬁ%ﬂ%ﬁéf—iﬁﬂﬁﬁ%}mm?{‘l— HIIEAZ R, B

gy {1, k=IL,p=gq

Z A n)Alq | ’ kal:011:2:"':M_1: p:q:1:2
2 0, it

B 0, AT, RIVERWIHFER, X0, BSOS mEIUEAE, RIVEGIIAH
R R Y FFasd #2 (Wide sense stationary procession) ., 3£ b, 6, BBUEXTEFERIA ST

M AERRAKR, X G5iRHE Jakes B ERAXF, XTARAE Jakes AL, =4 0, £ NFHT,

AT E SR Z BRI T.
PLEFE i, Fr R A R Ea=t (6)~(9) Frs:
1 "No—1 h
< Tpr(O)Tir(t+7) > = 2N0 Z cos(wWps COS Qnk * T) (6)
L n=0 -
Mot -
< Tei(t)Thilt +7) > = 5 A > cos(war cos ang - T) (7)
L n==0
1 - Ng—1
<Ter(OThi(t +7) > = 5 A Y Ag1(n)Aga(n) cos(wns cos ang - ) (8)
n=0 i
1 "]
< Te(®)Ti(t +7) > { Ny 2 coslmcosans-m), k=] (9)
0, k41

<> ﬁﬁ*ﬂﬁlﬁjizi@: fcféj{:ﬁ ﬁﬂ < f( ) > = limT——)»oo% fj_T f(t)dt o f!: (9) ﬁ Tk(t) H{JUEI
—{LH EAESCERR, Ri(T) = 3= Yooy cos(war oS ang - 7) , U@ 4 B AR e 27 5 18 B HAH




1936 | B OF 5 F OB % # % 26 %

WA DRI E L REL, = (10) FrorR:

Ng—1

: > 0(f = fmcosank) + 6(f + fm cosank) (10)

+ 00
Suf) = | Ra(ryexp(-j2nfrydr = o
— n=>0

HAr, 0() R BALMWIEERE, W Se(f) B9 n BrEE (n =0,1,2) ATRARAR A (11)-(13):

+ 00 1 No—
bo= [ Su(p)Af = Ru(0) = mél“‘l (1)
+ 00 . Np—1
by = 27 fSe(f)df = —7 - Re(0) = N Z —fm COSQnk + fmcosaney =0  (12)
— 00 | L —
+00 )2 No—1
by = (27T)2/ F2Sk(f)df = —jRi(0 Z 2, cos® i
2 No—1 2
W W
— m 2 (1 + COS 2ank) = — (13)

Lot Ry (1) #1 Re(7) S BI2R Ri(7) B9—Brf B S8, X (11) ER (13) £RE SR Jakes
ﬁ@lﬁ‘]fﬁw’fﬁ%%,
EHEERENE, FR S5 Jakes BIRIA Dent AIRARY, JR Li BRI —%,
4 (A EEEEM5

FA 1T A T 47 Jakes, Dent, Li FBTBIRIAYSEH v, EERRETE A A AR
FEER, RAITAOMRSE T B S ERAHMIRR £, X 3840Hz , SR L EHHM
fm & 20Hz , EA9fMAEEREL N, & 38400, BAIZREI M & 8.
T EEAHEGX 4 MR Clark B B, RAOTLGIREMVER, Wk (14)

A
N—-1 ¢ 3 : 12
i=0 - S -

el N ER 1000, RATEFIMHERERME 1 Pk, BE 1R SEERM L EE N Tigs
j@ﬁﬁ A, W¥E Jakes, Clark Fl Dent gy FiRER KB Y, BiERE =456 B,

®1 FHRIENEEXRELER

Clark frHE Jakes Dent Li 5
LB AHXKIRE 4.7TE-3 6.0E—3 5.0E-3 3.1E—4 4.3E8—-4
BEPH HRIRE 1.3E~3 6.7E—-3 6.1E—3 1.1E—4 1.4E—4

AT R HEBGX 4 FRELR Clark g9 EARSRKHE, MU IREHCOVER, = (15)

57
N-1 ;

2 = R? (—-—) N 15

=5 (5)/ 19

He N L1000, FA1GRIpHLBREF R 2 s, B3R 2 7] 0. B8R, Li B8R Clark /9
WHiRERKBAY, trdE Jakes il Dent ARIRG HiREW KEAY, = FHEREFHEN
.




IR

5 12 #1 RS, —MESRAEERAEEAREER. BT R 1937

* 2 BENARNEEXIRELR

Clark nHE Jakes Dent L T
N EMHKIRE 1.3E-3 7.3E-3 7.0E—~3 8.6E—4 9.8kE—4
RlE BT IR E 3.80E—4 4.94E—-2 2.09E—2 3.61E—4 8.7TE—4

B2, Fuore AR AR B R A Y, TESH MLt EER T iE Jakes HLHY
il Dent #2R1, 5 Li BAIMY, BEHAREERERSA L #HER—3

5 £k

B4, "REmTER:
(1) A= 3CE XA [F AR LA BT B OEFEA RSB IEZ R A, BH —FEaY

ZRM AR A ER RF B - RAEE, T, MBI AT T E B AHRAIE A
KETHREE, AWBUS Lot T HIWEREE R A H Eﬁﬂﬁﬁ%

EE AR H AR / A

(2) ATE E B T trHE Jakes, Dent, Li MBI S MiLtE,

M may R E B, (FEMNAFEH: FEAES T L EZ ST ARAE Jakes R
A Dent #38Y, 5 Li SiRUFHY,

77 fEHE F E) GSM il A1l 3GPP #il  ir{e tH 1) S ) TR FEE B .

9]

[10]

[11]

B) EHHHEERETE, REEHE Li AR —, T -S5157 Jakes #1 Dent ARIAH =,
(4) BT, %*ﬁlﬂ%’%é HRRY, AU ZN AT HIE IR R EFER RS, JTHEHZR

& F X B

Rappaport S ¥, ¥, F8& TKEGFRESNA. F—M8, b5 a7k, 1999 4 &,

Li Yun-xin, Huang Xiao-jing. The Simulation of independent Rayleigh faders. IEEE Trans. on
Commun., 2002, COM-50(9): 1503-1514.

Proakis J G. Digital Communications. 3rd ed. New York: McGraw-Hill, 1995: 1st chapter.
Jakes W C. Microwave Mobile Communications. New York: Wiley, 1974: 1st chapter.

Young D J, Beaulieu N C. A quantitative evaluation of generation methods for correlated Rayleigh
random variates. in Proc. GLOBECOM, Sydney, Australia, Nov.8-12, 1998: 3332-3337.

Verdin D, Tozer T C. Generating a fading process for the simulation of land-mobile radio com-
munications. FElectron. Lett., 1993, 29(23): 2011-2012.

Fechtel S A. A novel approach to modeling and efficient simulation of frequency-selective fadmg
radio channels. IEEE J. Select. Areas Commun., 1993, 11(10): 422-431.

Pop M F, Beaulieu N C. Limitations of sum-of-sinusoids fading channel simulators. ITEEE Trans.
on Commun., 2001, COM-49(43): 699-708.

Dent P, Bottomley G E, Croft T. Jakes fading model revisited. Electron. Lett., 1993, 29(13):
1162-1163.

Pdtzold M, Killat U, Laue F. A deterministic digital simulation model for Suzuki processes with
apphcatlon to a shadowed Rayleigh land mobile radio channel. IEEE Trans. Veh. Technol., 1996,

45(40): 318-331.

Crespo P M, Jimenez J. Computer simulation of radio channels using a harmonic decomposition
technique. IEEFE Trans. Veh. Technol., 1995, 44(39): 414-419.

Bk B, 1977 F£4, Ht4, ELCESERAEG. MNEE. BIaEES.
46 5 H- H, 1974 4, ERMXEREEHEHOTE, FENFT W-CDMA 4/ XKE R KN H Y

AT A TAE.

g R B, 1973 F£4, @14, WRAAIBILEKEETHESLENE, SFERG. EESEAR.
R : 5, 1938 F4, HE, Ht4EFW, YEATFELEIRASEEZR. FENFEER. FELES

% 3hil {5 7 Tl /Y B0 AR L AE.



