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Statistical properties of mobile cascade channel

in amplify-and-forward two-way relay networks

LIU Haibin, XIANG Liangjun, YUAN Jibing, ZHENG Linhua
(College of Electronic Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; The statistical properties of mobile cascade channel in amplify-and-forward ( AF) two-way relay networks (TWRN) is focused on.

Based on the statistical properties of double Gaussian, the mobile cascade channel is divided into transmission and interference processes. In

addition, the probability distribution functions ( PDF) , temporal auto-correlation functions ( ACF) and Doppler spectrums of the two processes are

derived, respectively. Furthermore, by approximating the PDFs of the cascade channel by the concise Gamma distributions, closed-form and

approximated expressions of two critical temporal merits, level-crossing rate (LCR) and average duration of fades ( ADF) , are provided. Numerical

simulation demonstrates the validity of the proposed expressions.
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R TE AR 5 ek i b, e B
Rayleigh {FiE (R FEAZ, WA A B ARG =
A& ARR A
vy =ah' (1)h(1)s, +ah' (1)g(1)s,
+ah' (1)n, (1) +ny, (1) {
vy =ag ()h(1)s, +ag' (1)g(1)s, )
+oag (1)n, (1) +ny,(1)
AP h(e) = Chy (1) by (2) -,
h ()" F g (1) = (g (1) 8, (0) -+ ,g.())" IF
MR AMB 2| L(L=2,3,-) kALY
2> Rayleigh {518, LGB FIHE 524 H A
o Rl o 15w AR R 1R ey, (1)

ny (0) Fllmy, (1) gy (0) WARERAE I BRI A
AP s 0T A NSk — b, il Ty 22480
oo T a NP URTIOR R B 1 R AT 3R
Py Py AR R IR Py MATHE T, A «

— PR
- 2 2 20
Ty P/l + O-gPB + g,

X [ Ho 2 i A5 R LG T — P B 1) 5 5
SRR T BB PR TR (R s T & i
oAb . LU A ], i (1) u]
W, HMUE S RS P B AR fE R s, JU
ARG s o MR T TR R A I 2 A
A WEIATICE T B BRI, alRe
/> TWRN %3 Ik A5 36 75 D BE L 23 o fe v 7
B (O)g() TR B (O h(1) . HEXNEAN
PEATA T — D5 ek T T AR E R () F
g(0) Wi s o5 —Jr s /b 1 iR KR
ZEMVBONG I R T REMASICR . O TR, 23l
KHTFG a(0) b () s YU 73 F AL G i
4y, B

{a(t) =h"()h(t) = Ehf(z)

. (2)
b(t) =h'(1)g(1) = Zhg(t)g;(t)

2 BELH

MH(2)FH], a(t) Fmn—1 L REMEFY
6. %R o WA RS 3 S0 PNEG I b
(D) FMFHARKEN LEXEA T 2R o, .0,
095 e i) N AR AR SCHR[ 12, AT @ (2) AN
b(o) TEARDL b [6) S #4959 o3 A, i B2 ) i AT SC
K ( Generalized-K) 7317 , A

Hrp (- ) FKR Gamma pREL, T K, (- ) FoRBY
Ok LS — 2B 00 IS8R R

HRAESCHR [ 13 ] 25 9 R 56 & 2K, AT A3 0l
133 a(e) F1b (o) TR BE R BE AN I (H , A
2 T(1/2)T(L/2+1/2)

L2 +1

L2
Ky, (

I

2
gy

{E(r“) — T T(L/2) (5)
E(r) =2Lo}
T(3/2)T(L+1/2)
(L) (6)

{E(rb) =0,0,

E(r}) =Lojo.

H1 T DU JE 7K R RO 8 IR 1, M LB 4 i 5



- 68 - B BE K 2= 2 i

536 &

(3) X (4) EFE— PR EIEHE S Jas 5 i
e A P HAT e KA R AFAER) Gamma 73 A1
X JEAT S AT T AL FE

HIRSHECE MRESH 0 © R, H

Gamma 734 2 HABEBUE A
pr(r) =F0(_k)rk’le><p( —%)
) (7)
E (") =F(lli(%))0 n=0,1,-

Pha(e) R, 8562005) F1(T7) , 2 P Fh oA 1)
— B AR SR, AT DS 2GR Gamma 43 py,
(r)IB%0, Flk, A
) 2Lo T (L/2) 2 JrL(L/2 +1/2)
(L2 +12) 1 T(L/2)
b= Jal(L/2+1/2) 1
ok T'(L/2) 6,
[FFE, bl Gamma 5345 pr, (1) B9 6, Fl &, Ky
_2Loy0 I'(L/2) oo Jral(L+1/2)
Jul(L+172) "¢ 20(L) 93

Jal(L+1/2) 1
2T (L) 6,

(8)

b

k, =00,

3 BHEXERRMSEHNEE

[ SCHR L7 J T 2% 3 ) BR B AR 0L, 74 3 2ot
P G ZqlR i FH P R b 4k B AR I B,
AR I 2 [8] 24 NLOS A% 4, 1 7+ 5 rh 4k [a] i) i A5
SE AR MREE TR 7 A 1 2R 8500 2
KTALEERIT b(1) ,H ACFR,(7)H
R, (7)=E[b(t +7)b" (7)]

= E(Z hi(t +7)g (1 +7) - Z h' (D)g (1))

L
= 002 )y Qaf, )y Qafyr) D, Jo Qafr)
i=1

(10)
Hop gy () FRTB M4 — IR
1 fo S RS rHRE T A B Kohdk i i 238

B, YN AR A FEBE R v, v,
270, _ 2710, _ 290, .
%l]vi Hr‘l"ﬁf;;: A \fB— A &ft— A ﬁklo

KL, T a() B ACFR, (1)

R.(7) =200Ji2nf,r) X JoQmfir) (11)

i1 T ACF 5 2235 ) 2 F83% 5.y {f 5L 0722 46
KFZMRPEA(10) Fn=C 1) AT RAAS BRI Y 23
RIS

$,(f) = Latol [ py(7) - exp( - pafordr

S, (f) =2Lo, f:pu(r) - exp( - Rafp)dr
(12)
JEEARRERIG AR BT 238 0 20, (H2 RS 1, (- ) Y
B R BT, A IR E R AT
/() = @il [ hnfuo ) Qufyo-

L
2 .]3 ( 217fl,7')COS( ZqTfT)dT
= (13)

S.(f) =20 fo JoQaf,m

L
Y Jo2afcosQafpdr
i=1

4 HBEFEITRE YR EFFERE

LCR™ 4l T 28 4 (5 10 A8 (h 5 B AE 1s Py
o EE R ) Zead B — 45 5 L r I UCHR,
LCRN, (r) Al LAl 2G5 21

N,(r) = f:r'pg.(r, Py dr (14)

Ho pe (ry 1) Fomad 7 € () B HC[R) —f 20 T g
(6] S K0 € (1) BB 5 L4 o B2 B B, Jl i A 2 €
(1) g Rayleigh B¢ Rice i i iof RE % 74 21 A 45 #Y 73
Pk
EF SRS S RIS TEAL T4 b () A
P (1, r) =p, (1) .p[]\b(’:‘r)
g, " - ! .

" /2aB,T (kb)eXp( 5 2p) (09
P55 By s b(1) =r &, ACF R, (7) 7EJ5L A
Kb G A

. dzpb(’f)

By = —6,r a7 .

=4 0,r(f3 +2f 2 +f3)  (16)
Fek (15) Fl (16) FO A (14) , S %3k 13],
[YECE:

2B
Nb(r) = - 1_‘(kb)r exp( 01)) (17)

7] LCR A B0 53— AH5 by ADF, 2 7%
BEBLAL R £(0) R4 5 v r 0 ] D K
WO T, (r) . AT F st
1.(r) = Lelr) (18)
) Ng(r)
Soopt B, (r) FR BPLITRR £(0) 10 B+ 4L
S b 1) B3 18 Gannma 475 , i S 56 258, o]
L5




4 R , 565 < ORI 0L o] v 44 190 2% (1 % Sl JK A5 TE G T HRRAE 0 A7 - 69
U'(k,, 1/6,) MAERSE B S R 222 R A T

Fy(r) =1- (19)

I'(k,)
I'( -, ) FRARTES Gamma A" . 454 20
(17) A (19) , Bl 7, (r) .

5 HEME

AR B i 5T by (0) Fl g (1)
(i=1,2, L) BIRMNFALL 7 22 B s oA o Ol
T ORIEZAS TE W R TG4 B B AR S
R A E PR N (SOS) 77 A HAT W RS EE 11
LPNM 3 A B0 LR o () 1 b(1) o Rl 4
W2 ARy 150MHz, A 71 B f) 58 2l 5 73531
o 8m/s Hil 2m/s s AR ECEE L O 2,

0.7 L Transmission K
—A— Transmission T’
Transmission sim |

0.6 L

Interference K
05 L ==%~~ Interference I"
----- Interference sim

"._" .......... Rayleigh

04 L

l::
03} ji:
:

02 [

Probability distribution function

0.1

6 o5 1 15 2 25 3 . 3
Amplitude of envelop
K2 BB EE R R &
Fig.2 PDF and simulation of mobile cascade channel

P2 g5y T ARER Y b (o) FIT 4IRS a (1) 1Y
BTG 45 | Generalized-K 43 i 2 i/t {tl Gamma
S3Aie B S, AT LLE B B K AE JE (W) AL Y
Rayleigh {FiEA 2% X, 7350, 47 45 RAPIF
o3 A 75 2 TA] 8 22 AR N ZR W1 R PR DS IE 5 12345 31
1) Gamma 734 LA sk BE T DL 35 1B U 2%
Generalized-K /)47 , i T ] L8 # 40 B[R], 77
BRE ey B 9 VT N £ 17 v i O )
LRI, IR I E TWRN AR A5 1 T
HHR I3 BEARALE 2 BRITAE I, 4 W] B 42 im0k
15 SRR AE BAL B PERE

13 FIEL 4 #5381 75 rh 4k 8 K FS 3k 32 43 3
9 2m/s Fom/s BfELL T, AR IE (10) (=L (11)
A (13) 15328 b(0) Fl a(e) H—4L ACF £
IR A 2, [ 2 T ACHE A BBy
Rayleigh {FiB 5 OLAE X k. #E ACF Jy i, ] LA
& BEE b Ak RE 3G, B Bl GBK 5 1 AR DG I
()00, 4 20 14 o 300 % s 3 iR AT, 349 4 2 DX
T Rayleigh {518, 1E2 % #2034 7, W 2 B
o U R Jakes ZEHY b i Sy e (8 5 W7 4 b T

1
Transmission
- ‘\ ----- Interference
= '\ I Rayleigh
g \
E 05 3
£ ]
) =
$ \ =6
£ 5\
2 \ --
~
E %
: 3
£ WZZ/V‘-_‘
-0.5 . . !
0 0.1 0.2 0.3 04

Time interval

K3 BB AEE A )1 — 1k A ARG R %L
Fig.3 Normalized ACRs of mobile cascade channel
1

0.8
=
g 0.6
&
=3
S 7
-Té 0.4 by vr=6
5 H .
Z i
0.2 Transmission
----- Interference
. wevreennae Rayleigh =2 — q| ..
-15 -10 -5 0 5 10 15

Normalized Doppler frequency f(Hz)

&4 R BIAEE 1) 0 — D) 245
Fig.4 Normalized spectrums of mobile cascade channel

Bl 5 FE 6 4345 T Hh kL Sl B Dy 2m/
s Fl 6m/s B, FEAL Rl 72 b () Fl Rayleigh {58 i
PRI T A%t By 3l LCR F0 ADF, A] L& 3R
e 2k B i PR, B S B 1A 1) LCR L {43
KX ADF 0 A B, H B8 S 9Lk 5 18
LCR TREBrBCE48 T Rayleigh (F1EFR 5T, &4
LB A5 i A B [ 0 L 2R B W) 6, 0
Wl T HES A R R IE R M

——
- ‘\‘s
v =6——> r”"_"-'""\~ N
< N,
r 4. SN
% o Q)
— " e
> > S\
= 2 A\
o 7 \‘
B ’ \
b £ vr=2
1] Y A\
£ 1 4 A
@ 4 RAXY
a o7
4 X \
g b
] ¢
T>J 4
Q
’4 i 5
Transmission
----- Interference
---------- Raylelgh
\
-10 -5 0 5

Envelope level »/dB

K5 flhmid B2 b(0) By
Fig.5 LCR of transmission part b(t)



<70 -

(FE TR SR S AN S

536 &

Fr =k - PR e R

Average duration of fades 7(#)

10!

Transmission

Interference

PeTTTTIIT Rayleigh

Envelope level »/dB

K6 fehmd e b(e) B Eis Rranfa]
Fig.6 ADF of transmission part b(t)

it

BERITRORHES S BRSO 9 X 1) Hh 4 R0 45, K
BRI R% BRIk A5

B AE DR L0 0 AL o A PR 40 4 s ]
g MRS T FEIE T 2 Rayleigh Jp A AT, 44
CANEC S Ribl s R N R PRV E AL
DhAgp BN i Gamma S AT LK 4
A FFEDE BEAT B, 73 BT 4 S 1 3R 2 3 LK A7
A AR 14 P Y00 3 23R 24 35 7 1 2 T £
IR fRa BB O HBE T LAk
M IERA T

2% 3R ( References)

(1]

Hyungsik J, Eunsung O, Daesik H. Catching resource-
devouring worms in next-generation wireless relay systems: two-
way relay and full-duplex relay [ J ].
Magazine, 1EEE, 2009, 47(9) . 58 -65.
Abu H M, Moon H L, Tae C S, et al. Pilot-based channel
estimation in two-way amplify-and-forward relay networks
[ C 1//Informatics, Electronics & Vision ( ICIEV ), 2012
International Conference on, 2012 996 —999.

Patel C, Stuber G, Pratt T. Statistical properties of amplify and

Communications

forward relay fadincg channels [ J]. Vehicular Technology,
IEEE Transactions on, 2006, 55(1): 1 -9.

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Feifei G, Rui Z, Yingchang L. On channel estimation for
amplify-and-forward two-way relay networks [ C ]//Global

Telecommunications Conference, 2008. IEEE GLOBECOM

2008: 1 -5.
Feifei G, Rui Z, Yingchang L. Optimal channel estimation and
training  design  for  two-way relay networks [J].

Communications , IEEE Transactions on, 2009, 57(10) : 3024
-3033.

Lioliou P, Viberg M, Matthaiou M. Bayesian approach to
channel estimation for af mimo relaying systems[ J]. Selected
Areas in Communications, IEEE Journal on, 2012, 30(8) .
1440 - 1451.

Patzold M, Hogstad B, Youssef N. Modeling, analysis, and
simulation of mimo mobile-to-mobile fading channels [ J].
Wireless Communications, IEEE Transactions 2008,

7(2) : 510 -520.

Talha B, Patzold M. Level-crossing rate and average duration

on,

of fades of the envelope of mobile-to-mobile fading channels in
cooperative networks under line-of-sight conditions [ C]//
Global ~ Telecommunications 2008. IEEE
GLOBECOM 2008. IEEE, 2008: 1 -6.

Talha B, Patzold M. Level-crossing rate and average duration

Conference,

of fades of the envelope of mobile-to-mobile fading channels in
relay [ C]//Wireless
Communications & Signal Processing, 2009. WCSP 2009.

International Conference on, 2009: 1 -5.

K-parallel  dual-hop networks

Talha B, Patzold M. On the statistical analysis of equal gain
combining over multiple double rice fading channels in
cooperative networks [ C]//Vehicular Technology Conference
Fall (VTC 2010 - Fall), 2010 IEEE 72nd, 2010. 1 -5.
Al-Ahmadi S, Yanikomeroglu H. On the approximation of the
pdf of the sum of independent generalized-K rvs by another
Generalized-K pdf with applications to distributed antenna
systems [ C]//Wireless Communications and Networking
Conference (WCNC) , 2010 IEEE, 2010: 1 -6.

Simon M. Probability distributions involving gaussian random
variables| M ]. Pasadena: Springer, 2006: 1 —200.
Gradshteyn I, Ryzhik I. Tables of integrals, series and
products (7 Edition) [ M]. San Diego: Academic, 2007 1 —
1221.

Patzold M, Killat U, Shi Y, et al. A deterministic method for
the derivation of a discrete wssus multipath fading channel
model [ J]. European Transactions on Telecommunications,

1996, 7(2): 165 - 175.



