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A rapid evaluation algorithm for erthogonal space—time block

coding systems in non—identical -Nakagami.channels
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(National key Lab of Communication, University of Electronic- Science and Technology of China, Chengdu 610054, China)

Abstract: Based on MGF (Moment Generation Function) method, we present a rapid evaluation algorithm for orthogonal STBC
(Space —Time Block Coding) systems in non-identical -distributed Nakagami channels. The method we proposed is not involved with
hypergeometric function, which can be used to evaluate the symbol error rate (SER) of STBC systems in high SNR (Signal —to—
Noise Ratio). The simulation results show that the SER performance of our method is better than that of existing method.

Key words: orthogonal STBC system; MIMO; MGF; SER

, : Keying) : [14]
MIMO , , M-QAM (M-ray Quadrature Amplitude Modula-
o [1] , Alamouti tion) M-PSK SER ,
) (Hypergeo-
[2] b metric Function) ; [15] SER
, , STBC
s n, n, SER R SER
nn, Bl S [15]
MIMO o , [10-15] MIMO
- PEP (Pairwise MIMO s MIMO
Error Probability), PEP .PEP ,
. PEP PEP 4=t o
BER (Bit Error Rate) [10-15], STBC
SER (Symbol Error Rate) , [10- M-QAM  M-PSK SER
13] M-PSK (M-ray Phase Shift , Nakagami MI-
* . (No. 60272009, No. 60472045, No. 60496313) MO ’ Nakagami MIMO °
(No. 20020614001) . STBC SNR - MGF )

110 www.chinaaet.com ( ) 2009 3



Communication and Network

MGF STBC SER
s SER STBC ,
BER o [15]
, Nakagami MIMO ,
Nakagami , Nakagami
s [15] s
o STBC
SER , o
1
n, n, MIMO s
o L b
b L b
o L K o )
STBC
&1 8xn - &
G- & g.22 gf.,z (1)
& 8 EnL
’ g;/ )
l J yi=1, e ns =
1, L, K L d
STBC R=K/L,
STBC :
r=HG"+7 (2)
,r n.xL . L n,
. G n,xL
i n,XL )
) 0, No/2 , MIMO
H:[ b, , ,ji==1,h;
hj,k:a/',ke] k=1 J 7k
k J
) o Nakagami—m ,
2 m,, kK P m.,(()t2
P, (@)= =5 @ exp| -~ | @20 3
’ F(’".z‘k)["ﬁ] p( o J )
, () Gamma ,m;,(=0.5)  Nakagami
,O';k Nakagami ,a'; =F [ai ol
E[-] s by hi. )
[0,277] o
,STBC MIMO
SISO B,

( ) 2009 3

2
_A/ M HI
y= WR x+n

(4)
2
Jx=(vpox)" n~Ng (0,no-I), I+,
Frobenius .
(2) o
4) STBC SNR
2
_HIl,  E
STaR N )
5) STBC Nak-
agami o M-QAM  M-PSK
, SER E /N, o
2 MGF
a;;,  Nakagami—m ,
m, azj,k Gamma s aZj,k~‘y(0'j2%k/m/_,,”mji
s MGE LSk
M, (5) =
| [1+ Ok 'SJ (6)
mJJr
MGF MGF
]M”Hfﬁ, (S):HHMa;k(S) (7)
71 k=1 '
(5) y MGF
MV(S):HI_[M&A(IUS) (8)
j=1 k=i !
_ 1 [ E _logpM | E,
BEUR TNy T aR N, ©
s ,(6)
(72 Tk
M > {(S5)= Sk .8 9
D’/.k() (m/’k J ( )
,(8)
no le Mk
M) =TTTT - #SJ =a-(us)” (10)
g1 k=t M

02 \'—mﬂtn’. 1
M(s)=|<| —
(s) [mj (asyo
3
STBC Nakamai
) , STBC

(11)

Nakagami
111



Communication and Network

SER , [14]
3.1 M-QAM SER
M-QAM  AWGN (161
QAN _i NM =1 g2 _ﬂ 3
P4W<1N(E)‘7T[_“‘—‘m )L exp[ N, _2(1V~1)(Sin0)2/(]9 (12)
4 JM -1 ijex _E 3 16
m v ) 0 PN, 207 —hsiney” [
M-QAM
poar E:i M -1 2 (%
g (E) ﬁ{ m _L M, 2(M ~1)sin 6y 1 03
_4 VM -1 ’ w4 3
5] s
(10) (13) STBC  M-QAM
SER:
JM-1 EY
P (E)=4- 1[1;,1)— — I(b,lr) = 14
(&) { IR 1)|1N (14)
[ -b
_i( VM -1 ) . 3
A=r\Tvir ¢ (Z(M—l)n,R | (15)
6
1(b:0)= | sinxd (16)
(16) [17]
i) e = Gy (2} sin@e=2)x 1 (2n
I(smx) dx S ;( 1) [kj o +22,(n]x (17)

. o nH 2n+1)cos(2n—2k + 1)x
(sinx)*™*'dx = ~1)* _—
I 22 ;( ) k 2n—2k+1 (18)
3.2 M-PSK SER
M-PSK  AWGN el
" 1 pM-ym Ev sin‘(w/ M
&Py‘:,é,\,(E):? o eXp[—N—‘hsﬁ}]ﬁ (19)
0
M-PSK g
(M -1y miM in(m/ M
P = [ (%Z_H—)Jda (20)
(10) (20) STBC  M-PSK
SER .
1 (sintemian [, M-1 EY'
PP By =~ . 4. B
(B == a[ A j ](b, - ‘n') y (21)
(14) (21) b,
(14) (21) ,
STBC , ,
STBC o
m=1,0°=1,(14) (21)
112 www.chinaaet.com

P‘QAM(E)_4(\/H_1J( 3

2(M - l)n[Rj

£l N3
_ 22
. ,(M E]_i M -1 ,[M ey @
r "2 T \/ﬁ 4 r’4J No
PFSKE:l sin®(7/ M) f] _M“l.. 'iiw 23
() w[*nlk o | (23)
4
. , C. Xu
SER 1151,
N
(1Y (2N=1
P(EY=N_|— 7 >>1 24
-5 [ @4
Ny _
’7=dminy’N“
admin 9N:nlnr0
y G,, Alamouti
(;4 [210
1 C. Xu
SER J C. Xu
o QPSK
1 , s
, Xu ,
b 1 b b
SER ., SER 10
Xu 0.1dB o
, Xu
SNR ,
107"
#ies B
“ O Y
0¥ - == Xuffgk 3
10k
g
107
107k
IO‘K 3l4 34‘2| 344 l34 6 34, :5 EE ) ) ) \ ‘
20 22 24 26 28 30 32 34 36 38 40
EJN,
1
SER
2 Nakagami ,
Nakagami m SER

{ ) 2009

3



Communication and Network

@

10

-2
10
© N
10 ©
=
= AN
o
N
-8
10
¢} HEER
IU-IU I i 1 i i L L
20 2 24 26 28 30 32 34
EgN,
2 Nakagami
SER
G4 )
2, 16-QAM
0.5.1.1.5.2,
,4
- 2
3 Nakagami

SER

2

o

2

smp=m =1, o +o,,=2,0QPSK

’

, Nakagami

2 2
o, ,:0,,=3:1,

3

iR
o HESR
10. 1 L 1 1 i 1 1
20 2 24 26 28 30 32 34
LEyN,
3 Nakagami
SER

) 2009 3

) Nakagami R
M-QAM  M-PSK ,
STBC Nakagami
o Nakagami
SER
o SER
, , m
Nakagami MIMO , SER
STBC Nakagami MI-
MO ,

[1] ALAMOUTL S"M.A simple transmit diversity technique for

wireless _communications. IEEE Journal on Selected Areas

in Communications, 1999,16(8):1451-1458.
[2] TAROKH V, JAFARKHANI H, CALDERBANK A R.
Space—time block codes from orthogonal designs. IEEE

Transaction on Information Theory,1999,45(5):1456-1467.
[3] GONG Y, LETAIEF K B. Concatenated space—time block

coding with trellis coded modulation in fading channels.
IEEE Transaction on Wireless Communications, 2002, 1
(4):580-590.

[4] ZUMMO S A, AL-SEMARI S A. A tight bound on the
error probability of space—time codes for rapid fading
channels. IEEE Wireless Communications and Networking
Conference (WCNC), 2000,3:1086-1089.

[5] BYUN M K, LEE B G. New bounds of pairwise error

probability for space—time codes in Rayleigh fading chan-

nels. IEEE Wireless Communications and Networking

Conference (WCNC), 2002,1:89-93.

[6] DOGANDZ A, BREVE, ACUTE.Chernoff bounds on pair—

wise error probabilities of space—time codes. IEEE Trans.

Inform. Theory, 2003,49:1327-1336.

[7] TARICCO G, BIGLIERI E. Exact pairwise error probability
of space—time codes. IEEE Trans. Inform. Theory, 2002,

48:510-513.
[8] UYSAL M, GEORGHIADES C N. On the error perfor—

mance analysis of space—time trellis codes: An analytical

framework. IEEE Wireless Communications and Networking

Conference (WCNC), 1:99-104.

[9] LU H F, WANG Y, KUMAR P V, et al. On pairwise
error probability of space—time codes. IEEE Int. Symp.
Information Theory Lausanne, 2002:330-335.

[10] GANESAN G, STOICA P. Space-time block codes: A
maximum SNR approach. IEEE Trans. Inform. Theory,

113



Communication and Network

2001,47:1650-1656.

[11] SANDHU S, PAULRAJ A. Union bound on error probability
of linear space—time block codes. IEEE ICASSP, 2001:
2473-2476.

[12] GAO C,HAIMOVICH A M, LAO D. Bit—error probability
for space—time block code with coherent and differential
detection. IEEE Vehicular Technology Conf., 2002,1:410-
414.

[13] BAUCH G, HAGENAUER J. Analytical evaluation of
space—time transmit diversity with FEC coding. IEEE
GLOBECOM, 1:435-439.

[14] SHIN H, LEE J H. Exact symbol-error probability of

114 www.chinaaet.com

orthogonal space—time block codes. IEEE GLOBECOM,
2002,2:1197-1201.

[15] XU C, KWAK K S. On decoding algorithm and perfor—
mance of space—time block codes. IEEE Trans. Wireless
Commun. 2005,4(3):825-829.

[16] SIMON M K, ALOUINI M S. Digital communication over
fading channels: A unified approach to performance analy-—
sis. New York; Wiley, 2000.

[17] GRADSHEYN I S, RYZHIK I M. Table of integrals,
Series, and Products. 6th ed., San Diego: Academic

Press, 2000. ( :2008-08-30)

( Y 2009 3



