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New model for frequency hopping wideband Rayleigh fading channels

YU Huo-gen, ZHU Lrdong
(National Key Lab. of Communication, Univ. of Electronic Science and Technology of China, Chengdu610054, China)

Abstract: A new simulation model based on Rice’ s sum of sinusoids is proposed for frequency hopping
wideband Rayleigh fading channels. It is shown that a frequency hop in the physical channel model corresponds
to phase hops in the simulation model while maintaining all other parameters unchanged. Due to the fact that
closed-form expressions are given for all simulation parameters, so the correlation properties of the proposed
simulation model can be studied. Both theory and simulation show that a pretty good agreement between the

correlation properties of the simulation model and those of the underlying reference model has been observed in

low computation complexity.

Keywords: frequency hopping wideband Rayleigh fading channel; simulation model; Rice’ s sum of sinu-

soid;

0 31 5

HI T B 5 FAT IR 98 A PLT- P RE 0 AL Y R 554
ML TS RGP R N T IE, B E A
TS B 28 4 3 B IS AN R B B A 22 i KT
R T 9. % BUE R WA R BOR] #4518 2 B AN
K1, PRI BRG] 22 A T AN HH 5 1) B 1) 8 9% £ T oK
ML, HAESERRIBEIRZE R, th 05 BEIR T IR, AN[H 2%
B PR ZEAEAE /N T8 38 A T 92, XAER B AR 4
AN RIS AF TG B A AR A R BTRUA T WF SR A
TR SR BRATUAR G015 R (K 52 R, Bk A0 B 11 9 £ T A 2R
DA e R NEik: LR EININEIE S EP S

BT SR 1E 5L R AR TE BT — v RUR I Y
RIERER . B2 PR ™ A2 2 AN ANAR S AR 5% A i 1) 2
VIR Y o EAESTHRL 1-4] TR B R R R TE R AN BE L
FEHR™ AP A S B A A V& 5 T . SCHR[ 5-6] H 58
X AN R I B ) 9 T R A e A i 7 2 A 5 14 B M)

Y= B #A: 2008-05-07; f&[E H#A: 2008-09-06.
ESWE: HE AR ES T ANIH ¥ B (60496313)

correlation property; low computation complexity

HVEE R BARZITETT HAE M T AR A O E A vk
18, AR N R R AR, P U SE s RGP IR D
I o STHRT 7-9] 48 H T SR A1 5 Bk 4 s M) 2 v £ 3 1)
FORERY, (HIX e AR A 55 25 28 AR AR A DGR 1 AT A7 4
TREMRZE. XS BB AR TR
R

ASSCAESCHRT 2, 91 FOFE Al 1 32 i —Flos i3 T 300 1E
SR R IR 9 i R T e T O AR TR 2 (7 AR TR AE IR
TR T 55 BRI OR M LA AE AR AT K

W&o
1 BT REFESERE

SCHRFOT IS B R RUR A T B 1 s 1R i Sk 5
IRLAANY ez FEAZAAL T, BOS RGN R B .
S8 IR O 53 55 A

Wty= YhEt- 1) (12

TEZ I Iv: W KAR(1984) , F, Wil L WFot Az, EEFIT 5 M A IEEFEE AR . E-mail: yuhuogen@ ueste. edu. cn



* 1296 -

ARG TR FHA

31k

Wity= YH@at- 1) (1h)
SRob, L 0 PSS SRR A S B (0) B B (1)
I T T TR I PN B ST TR
ik -t AR

K1 Bl S e IR £ A (g S

6 T R — B0 B R Rl S e B 2t S PR 1 17 A
5, H—ReB BRI T IR S 5o, B

plt)= -g—expl_il,o<f <tw (2
a

Kb, a B IT RN YRR, fumxj‘l%jtﬂﬁtf;be 1/(1-
& o) 0 p (1) TG T, BRI [ p () -
dt=1. h TR R W, WE Aly= To= 0; At= T- ~I'L/—ly
(I= 1,2, oy L= 1); A= 2( T Tii)s

FESCHR/ 9] IS HRETUrR W)= W (1) + jB, (1) H
W)= W (0)+ j ¥ () v thJG BRAS DB 45 2k 202 hn
M. HT BB RE W, () F W (1) (i.j= 1L 2) K
AISAS TR RE S 4 e (o) W (o) AR SRHR I, BT LLA T
BF TR 2R ) g 0 S B A 2R G R 5% i, SCHR/ 97 B R BIF9E T
W () R0 (o) AR AR AR . 20 3) A KA 5% Ay By 1) 7%
1518 Z 25 B (R FH OC R £

r“u”u(-l) = ”Fz“f;;(-l') = _;-b(Al— BI)JO(ZTB'{M“D

(3a)

ru (D= rge (D= ryu,(P=rgu (D=0
(3b)
ruu, (D= reue (D=0 (3c)

bl o (27

Ty = —Rlo@Wu® |
rp?.lu:l( 3 ) 2[1+ (ZJTCIX)zj
® & t+ at, 2
— —| [2TaX * sin (27XP) — cos (2TXP) ]
a

exp

& t- st
(3d)
bl o (2T
Ty Ty~ a2 T
ru,, (TX) i, (%) 2/ 1+ (2Tax)’]

& t+ at, 2

exp | — L. [sin (2TXP) + 2TaXcos (2TIXP) | . i g
a ® I—Al/z

(3e)

ru (TX) =0 ( 3f)

FE3(3) P, TRIRIF AN AIRE; £ e RN K 2 918 RS; X=
f o= fo BRI Jo (o) £RE— M U ZE R K5
A= exp [- (Tti— At/2)/f; Bi= exp [ (T+ ATw1/2)/
O f ()22 RIR S (2) = f(x1)s0j= L 2L &= 0,1, -

L- 1HI#\
2 BB R AR R REER
B0 FHR 5 5% HOUAT AR LI 454, (e

AL A Sk K P TR S A . EFE A, R
(D) B ()R W (¢)(1= 0,1, .y L— 1) "] fig A AL
e BRIk = 3U4) g B () R (o) A Bk AI 5
T ) S0 VA7 T BTS2 v (1 A 4k 3k BT T

NooM

W)= B, (0)+ ¥, (1) = ZZC .

exp [J(2T it — $1— é,\,,n,,13] (4a)
TOEEFORSTYURED 3) YRR

exp [J(2Tf it — Bi— Quni)] (4b)

K, b= 27 D Boi= 20 Bui= 2T ot X) G

X(4) FrARERIE R N : 7256 | AL IR T 4, (1) A
(% (1) F, UL fo AZHERMB RIS 0 AP P ST L
Com t NWESE, DL @ HAERIEN T M AT

thaX(4) &, 58 1AMk s T NV AN R L, B
TR TR R S &2 2 FOB A ALy dE e . e 4)
B0, ISEI S AT T - 1) ). FEHESEART K&
TR, BRGS0 — AR AT £ f R T
BT () — AL AE 0~ B

BT REATHEE T HREEN cons, for M By, AE
PRI A R S S AR AT BRIV

B (3a) MSHRETE | Nk EMTHE Q h Q=
2rum, (0)= b(Ai— Bi)o ATAHFKE S SHEBEIALE |

N,

Ak b SRR B DD 3, 6 BRTE Y Y ES Rt ] =

n=1m=1

b(Ai— Bi)(Hrb E[] £RBEG A FHEAE) o (EF AL
B com i AEE, BT IRE TSR] e m FRIERX
b(A;— B
Gl = NM, (5a)
B SCHR/ 9] T AN, 2 % BT I 2 35 8 S 7% e A
fuacos (B)o HH B KR NMEMNERAE. BHES
ERA B BN BN AT - A EEAR AL
TAERIA A A RS A T [- o, m) [, SR T S0
[2] P BIA A IE R . S(Sh) AT [ HRIAER
= cos | 2Tt
fai= fan ’ = ‘ (5b)
Aorp, O, T A0 T - T ) (A,
XY @, BRI SCHER 9] I TT SR 2 . K (5c)
HHT L REX
1
Ai- AJ;Z(A/— Bi)

HEWE T comi, for 1 Qo) KW TEHBIARL P (1) FO
Wa(t)(i,j= 1,2:0 X% 0,1, ., L— 1) FIAHH
Puu (D= E[Yi(t)B(t+ ] (6a)
Fuw (TX) = E[H ()W (t+ 9] (6b)
X, Ef] FomstBENLAE & O, F1 0, BT
g, Balo4) Ak s) AN 6) nl 5B AT 5 A 3 A1) 2E
AT TE BT AR TR (1A O bR 3L

Puns (D= P, (D = Sb(A1= B)Jo(20 e
(7a)

%1 = dn (5¢)




%6

Vg KRR A — Tl D B

Bt M S P AR T R * 1297 -

?ﬂl.lﬂll(-g = ?.1“‘1.11;2.[(‘-O = ?1’2.1111.1(-9 = ;\-‘l"t_”‘li“:ll(‘-9 = 0

(7b)
Pum (D= fuu (D=0 (7¢)
. b(A = B;)
T X = .
r‘ﬁ./“y_r( ? X) 2N.M,

N,

";m;E[COS (ZJVILIT_ ZJTX('P,"’ l)] (7(1)

b(A - B
Pun, (§X == (VX = 0
N,oM,
33 Efsin (27, T- 27X%,,,) ] (7e)
= 1 = |
Pu o (TX) =0 (79
I\:E':la i7j= 17 2;17 )¢ 07 17 "'7L— 1E‘l¢k

3 AESHSITE
LEX AT E T /N 33k COST 207 TU fRIEM S5
R LGB 45 B b 2 2 1 T (W AH O iR B X TN Sk
COST 207 TU {5, a= 1 Us, Tow= 7 Hs. 7E{5ELRLFE T,
B fuw= 91 He, { TpEI—F0RI2 K¢ T )= £0,0.2 0.5,
1.6,2.3,5) bs,
HAWHE N M, EERE . h T N, BA15]
AT Y() FIRRE B ARG B R
Rus (D = 1%JT-J2111 ()W(1+ Ddt (8)
o, (1) Fom T(n) L. BEFRGH T Ruw (DT
Var {Rus, (D) = E[l Run (D= tun(Y1°] (9)
K,
fun (D= E[W (0)W(t+ T] =
b(Ai= Bi)Jo(2 ua D (10)
Eika(8)- (10), Al4%n
Var {Ruw (T} =

b (A~ Bf)2| M= LN = [o(TN = 2 (TN

(11)
A
N, o 2
fe(UN:) = k:Z: 5%_[' J.u;\cos (2T max Tecos Y)d Y
(12a)
N, oy 2
FARN) = D oL o sin (20 wa Teos Y
(12b)

fa(TN1) = kj

E‘IJ_'[J‘;‘Sin (2Jymm( TCOS Y) d Y‘

B2 T I= 0B AF N FHE Var (Ruw (T))
Var {Ruw (D) FHUE R /D, 38 8] SEBR 7 0 (o) FICSL
AR, B 2 WTE B2 N 212 1], Var {Rus (D) 1
HOEBRRIRDN.

E];-[ y J‘;ncos (2T max Tcos Y)dJ *

¥

(12¢)

Var(R, ,(v)}

0O 1 2 3 4 5 6 7 8
H AL ] fonr
—o—:N=4; —o—:N=6;, —»—:N=8;
—a—: N=10; ——: N=12;——: N=14;
—: N=16; — : N=18; ——: N=20

B2 BB Var (Ruw (D f(l= 0)

XU e Mo, FATR] R I RAAT SR/ 97 1 75
o N THE M BIHUE, AT RERES, & BloE X

&= 3o [ (0.9 -y (097

’ (13a)
&= 3o [ I (09 - 7y (0,9
(13b)

HTATRE Mg 530/ 97 ha(26) 4HE &
MG FEa—H, WO O BRI TR 9] h 4. B
M, 215,

TEREE T N A M, TREUE ), B2 TR i S % i
BB A O .l A B 3) (7)) n, B e
TﬁﬁﬂF‘I‘%?ﬂ,?%ﬁjﬁ?%% (D= W, 4, (7D, ?“1,/“1,1 (D= ru,n, (7D,
Puu (D= rww (Do fy e (D= ryu (D(L & 0,1, s L-1
HI#Zxij=1,2). XT(3d) 5(7d) F(3e) 5(Te), NEKIER
AR EMME HEMTMOCER, ProlFRA i v Eh U 2ok
L e, ELE G5 T B 5 Z4 i 5 R ge ) Bt b, &
JEHE N, N 16, My 5E R 20, FHEELSH 1= 0B (3d) 5
(7d) Fl(3e) 5 (7e) ML B 3 AFE/SHSL K COST 207
TU f5IE T 1= O A HIR R ru e, (T ) H 7y v (T X
Kl 4 AENHEL COST 207 TU (518 F 1= 0 IR B A SC
Born o, (TOMby 0 (T X0 AE3HIE 4[5 H

P (TN =ruu (TX (14a)
Fuae, (52X =1y, (TX (14b)

B K LU BOR B A 5 SOk 9] Hh 7 AR Y I S R
FESCHRE O] (T EARA ep, S T ARAIEAS [ 48 Sk 149 P 28 4k Sk [
FIRIAFIIE, AL Ny B AR No/NyZ(2n— 1)/
(2k- 1)HHk=1,2, .,Nyn= 1,2, .., Nio XKFEALE
AR 4 AN LA E I AR 4 Sk BRI, SCRiR/ 97 R BLAR ALK N
VHE A AR K . (HAEIRATIFAE R, ANF k16 N,
Al LUAISE . P i ki COST 207 TU {514, SCHk/ 9]
4 B T 5 000 AN 45 50 ek 20 ifn F AT 6 57 518 1L
77 1 920 MRER AL



* 1208 »

ARG TRSHETEAR

31k

0.05
0.04
0.03
0.02
0.01

LY )

-0.01
-0.02
0

(a) BHHAMY, |

(x1=0)

RN LT LT (R

w ,/7////,/ ///////
0 ”//7/44//‘4//// ’
(@) BHYAMr, . ()(1=0)
PO 4 BT T B,
4 HRIE

ASCHREH T — OB B3 T3 0 I 52 R 5 B, &
Pl SR BURAT 55 A1 B R REVR A I . BT AL Y BT AT S 5
FHEFEWAENRIER. BEGESREY, AR DR
BRI B TS AL 15 2 2 R0 A AR OGBS WA (Y

o BEANHRE IR AT DL Skt L e AT R AT < i R 3 VA AR
TEFATERAE, L MC-CDM A Fl OFDM i F) 5 ¥4 (518 .

Sk

[ 1] Patel CS, Steber G L, Pratt T G. Comparative analysis of statistical
models for the simulation of Rayleigh faded cellular channels| J].
IEEE Trans . on Communications, 2005, 53(6): 1017-1026.

[ 2] Xiao C, Zheng Y R, Beaulieu N C. Novel sunr of sinusoids simula-
tion models for Rayleigh and Rician fading channels[ J]. [EEE
Trans. on Wireless Communications, 2006, 5(12):3667-3679.

[3] Zajic A G, Steber G L. Efficient simulation of Rayleigh fading
with enhanced de correlation properties| J]. [EEE Trans. on
Wireless Communications, 2006, 5(7): 1866-1875.

[4] Wang C X, Petzold M. Efficient simulation of multiple cross
correlated Rayleigh fading channels[ C] I PIMRC-IEEE Inter-

Indoor and Mobile Radio

national Symposium on Personal,

o) (BERE, =05 }I.‘ s

= (pﬁ(%%‘ﬁﬂ.l:miﬁ },, PN

P00
(=]
(=]
3]

’ | ”f/;?////// N
_0:0% l Il |{ //// =
/MHz ) X { T y >

(b) BFBERIAG?, . (5. 0NI=0,N,=16,M=20)

v’(r-x)(ﬁ*ﬁ?ﬂ-lzﬁ)

002y |
0.01 41

7 ///// //’// ////////
i W

— 0
>
= -0.01

P.

-0.02
-0.03
-0.04 |3

40

(% x)(I=0,N,=16,M,=20)

(b) BBLRIGF,

(z2y) GHTHERL, 1=0)

Communication, 2003: 1526-1530.

[ 5] Sorooshyari S, Daut D G. Generation of correlated Rayleigh fading en-

—

velopes for accurate performance analysis of diversity systems[ C] Il
PIMRC-IEEE International Symposium on Personal, Indoor and
Mobile Radio Communication, 2003: 1800-1804.

[6] Yao R G, Wang Y S, Kong W D. A novel algorithm for the sim-
ulation of crosscorrelated Rayleigh fading channels[ C] Il IC-
CCA S-International Conference on Communication, Circuits
and System, 2006: 798-802.

[7] Wang C X, Petzold M, Itsarachai B. A deterministic frequency
hopping Rayleigh fading channel simulator designed by using op-
timization techniques[ C] I PIMRC-IEEE International Symp o-
sium on Personal, Indoor and Mobile Radio Communication,
2002: 478-483.

[ 8] Wang C X, Petzold M, Yao Q. Stochastic modeling and simula-
tion of frequency hopping wideband fading channels[ C] Il VT C
Spring-lEEE 57th Vehicular Technology Conference, 2003:
803-807.

[9] Wang C X, Petzold M, Yao Q. Stochastic modeling and simula-
tion of frequency-correlated wideband fading channels[ J]. IEEE
Trans. on Vehicular Technology, 2007, 56(3): 1050-1063.

| 10] Parsons J D. The mobile radio propagation channel| M]. Sec-

ond Edition. New York: Wiley, 2000.



