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Abstract: A novel two-user cooperative diversity scheme based on concatenated channel code and distributed
space-time block code is proposed in this paper, and the close form expression and numerical results of channel
capacity, outage probability and bit error rate for the quasi-static rayleigh fading channels are also presented by
theoretical derivation and system simulation. Through integrating with channel coding and space-time coding,
system capacity has been greatly enlarged, and the outage probability is distinctly reduced also. The performance
analysis and simulation for the transmitted scheme, which is based on concatenated convolution code and
distributed space-time block code under the interuser channel is noisy, is carried out exhaustively. Numerical
results show that, even though the interuser channel is noisy, the proposed scheme in this paper is better than
traditional cooperative diversity in every respect, such as the channel capacity raised obviously, outage probability
and bit error rate decreased greatly.

Key words: Distributed space-time block code; Cooperative diversity; Convolution code; Outage probability

Vol.30No.7
Jul. 2008

1 33

B H 509K 0 2 B 55, AR M R A B
R AR GBI BT RE, ERh TRIFEERANZ
ARV R 22 30 RS A R ™ T BELAG T A B P 08 i
R g5 BRI s, RISkl A O B s (5 18 P K 2423
T EAGE) ORI T AR E IR R ) . TAER P 1 2 4
AL (MIMO) R AR, 305 A2 38 R 3 )
W2 B2 ARE, TBEMIMOSF LM, iR FH T =
e, KRR TEERE. REERZ RELMAE
WL IF CEEEr—AUC i RS L P

2006-11-29 Y #, 2007-06-11 2[7]
K B R REEFE4(60372107) VT 9548 ke L SR ABb B K BERE BT ST
5 H (06K JA51001) % By i

KA, ARRAEAE IR . HARIYE, BRI 2 RE&HR W E AL
Hkulidiy, MR 220 WAR A2 B 2 R X T2 W71 )
JRE: — 51, sl S AR, A AR A SR L A
WA 2 Sy U7, BRARKMIMO 2 Kk REEZRAH AN
REZ ) RERESIZ KT 3P, I 2 MCRR & Z A
i fF 8 L AURISLIN, A% 8) 2 th TR BRE], fA
PReS EIE

H T RIXA L, Sendonaris, Erkip il Aazhang[4’5]
SENAR T T A A MR ROR——WME AR, R A
W25 vh - BUOR 2o F P AL S R 2, TR B UM 2 R 2k )
RSN s A, TR AR BT 2 2 8 v L =
gevkRe, I HLECUITST T 0 2 25 B R cp I R e 45 MR 0 B &R
Sl VERE. 5%, Laneman, Tse Fll Wornell ISR NBFFY T
SR SILAENS, PR T [EDE gk, IR AR R4k 3



1558 T 5 1F

SO %30 4

FhMESEN . 1K), Babarossall X4 T Tarokh®I%3 i 43
HATEVMES BTN, I BB RGBT T —
B3t 5 Laneman 45 TAEIA]_L JU-F RIS #EAT K72 Hunter
F1 Nosratinial'® 24 H ) 45 T4 ¥ (coded  cooperation )i
FU, BURHEE g B N B ME s b e (R, DT fiixet
AR IE BT H A5 T G b A I i 5 ok, (i N T
BPMES ST, ARCKEE RIS A SRS — 5 AN BIYME
T, JF HAER ARG TE Rt T RG A&, P
PA SR U A AR RE
2 HHRARIMENEAR
2.1 RGHRE

LGP HRLAIN L (UL U2 ) R~ R 2 H
R i ( d ) INTELIBAE R8I HPIAIMER - ar LARNIN
HATWORAG S, WELIR. A TETRE, AWiE UL U2
TEA & MURRs R AR S, = [s,(1) 5,(2)---5,(N)], K&
S, =[5,1) 5,(2) -+ s(N)]» FHARKIRER L2,

=
=

*f_@@?

h?
/ d
2t
2

M1 M G R G

faﬁl

L/

S(1) | Si(2) S1(2i-1)[ Si(29) S| (N-1)| Si(N)

N
(a) UL [HIRBRS

Sy1) | 5x(2) Sy(2i=1)| 5:(2i) Sy(N=1)[ Sy(N)

N
(b) U2 IR i

K2

BV SITAT I )RR T ) A FUERf, R E ULR 02
TEATHUS BREW BN A5 S T AR R A
135(20 = 1) = hyy (20 — 1), (20 — 1) + 0y (2 — 1)
@ppnz%m—mﬂpn+%m—$ S

oAt by (20 —1) 5 hyy (20 —1) SRR REHER U1 2] 02 1
U2 B Ul WS BRI nyy(20—1) 5 ny (20 —1) R U2 Al UL
P B ZFIME, LT B R N N, 52 ai i e s
SRR, H s R E 5ok

1y(8) = Py (1), (1) + g (1), (0) + 1y (4) (2)
I Ry (3) 5 hog(3) S BIZRORFH P LRI P23 R 2k d 2 1)
(52 e AR I R A, LR B2 IR A 43 A, AR IRAAE

X (8] [0,27] BI85 43 Ao AERE, FEASCHTR A IR B A A
il B (1) R Jakes SBIRSHEAT 200, OF
BAFTEG s 7R ) BRI R B p = T 2n fiTL) , Hh £
WKZWG IR, T WFRR—NES . (2) Bk
PN B 0 e 7 R I M N RS, IR B B
NoPIE = i 43417 o (3) AN )R S R R B OR 2 2 IF] (15 1 A7
2R 00 AR EARST . (4) R GAE 1 TR AR 18 B A,
BIVFE T S IR AT 5 R 3 P A5 T 2V AN o (5) B 1 R 2 i
el A ERAAE B(CST),  LMIEEATAI .
2.2 ZEHIAES Viterbi {ZU#1

B3, Tx/Rxit & igaems I AT IR AR S0 PR
2, DSTBCH /R Ai I 7 A gnlidh#s o B4 (ML-STH#
AR IR R T B R A I R 5 S % %, FZH
e SEI A A AR . T TR 1) B A28 5 2 0 B A SE I
Bt ANGTEH 7 i 5 B Gm i 5 1058 K Wit H A U 28 A2 A2 1R 161
BEHNTRFREN B, =[b,(1) b(2) - b(N/2)]. H,
EICE b,(1) A

2k
b(l)=JEe M k=01, M-1 (3)

by (i)
0| o |00 s 512 Yi

—1 gupine | wost DSTBC [~ o Tx/Rx

iy 8y(2i—1
by(1) ML K o

Pl 3 T Tl ) 0 2 i 4 ) 2 K 11 i S ATLATE <]

a (i) Viterbi | Ul

W . PEAi
ML-ST |20 e

TN iz [ ) st

Viterbi | U2
o)

4 BT ML-ST Kl (¥ 4 LS RSOl LAE B

A, j=+-1, E, #nfESHRN%E. M Alamouti
PRI 2% 2 I G RL A R, 7ERTEC 2 — L INBE, UL A0 U2 KA
T3 00 20 50 R S b () AN by(i) » B s (20 —1) = b,(i) K
5,(20 =1) = by(a) » W H FR AR S R, TTRIRA

R,,=S,,H,,+S,,Hyy,+N,, (4)
XN, Fox HRm S E A%, il E4 N, K5
Wrmdng s, HOH, (= 1,2) 2 XW'F,

hiy(1) 0 0 0
0 hy(3) 0 0
Hi,d,o = 0 0 .. ) 0 (5)
0 0 0 hy(N-1)

[, UL F U2 B BIE 5 0 R R A
R21,u = S2,0H21,u + N21,u7 Rlz,u = Sl,ole,o + N1270 (6)



B

AR IBEE: — BB P M 2 5T S A BERIE T 1559

KHL, H,, ,, Hyy, 250K (5) 5 X, FORUMER 1530 7 7
FONZIEERE 2 . UL A1 U2 18 A A IS 3 7 e At
BRIV AR 5 5, (20 — 1) M1 5,(20 — 1), SRJG T2 HITEAREN BR A
BRI, B s, (20) = =5, (20 —1) Mo s,(20) = §, (20 —1) &
I, FEAREONBR A B s R S o
,:_SQ(’HldE+S1"H2de+Nde (7)

HhH, (=1 2) BTN AE AR B UM T 210 ) 5 18
Wai. Do T RE L W IR AL TR 22 B IR OURT RS e

R, AR EMET T @ BRSSO
S, =8.0, (8)

BAR, M HAY 0, , T A FEIN R R IR, bR
A . )AL (), 155
R;,r =8,,0,,Hyy,—S,,0,,H,, + N;,c 9)
A (4)F0(9), I MU S5 RE A
Ro=(R, R.) . SRS, =(S, S.,) . @5
R,=H,S +N, (10)
RS GRS H, IEASTE, ¥ H ) HEAS R A e i 5
FE R, , [FIHER B IR]FH P R RS 58 4 IR A, DA T8 3 4
1% ﬁﬁﬁ’hﬁ%ﬂ@ﬂﬂﬁ}{ e 2 (10) T LARE— 245 3
thm 1‘ ‘hQJZZ‘JI()

+ hy (20 = Dny (20 — 1) + hyy (20)n,(26) (11)
3 RGERMEMEES T

3.1 MMEDERZHSEMELRE
W TAEGIMEN SRR SE, B 75X 23 I 4 4 A 34T
B RASR R, [R] IR b 43 2R R B T e Ao P £ P A 3y
FHE R P AR 1 PP f SRR AT SR, DRI A e i 1)
BEIES S IMER B E N e, 3 i e &
Ik 5 AN 0] 52 5% B 43 ) Ky
Time(N) = O(N),

Space(N) = O(N + N) (12)

B T8 I EME 23 4R R G R OWLAE T Viterbi 55023 18k
ATAE 5 BB RSN, H H Viterbi Al i #2 2 7R MR K]
B P P e AR, TS RSO R AR B
FUREEES, FE Pk H BR B d5 /N 10— 4% SO A PRI Bl
R, SBIEME 23 R RGNV S A B2 it = AME S5 23
BIPME R B H NG, 1 BaE S GRS A XS E0E k.
HTETRE, ARG FH (m kL) &R0, PR
VRG34 2R G IR IN 1) 52 2% F5E 0 2% ) S 2= B3 30 Ay

Time(N) = O(2™LN),

Space(N) = O(2™LN + N) (13)

P, Al kg3l Z s A R A\ e (0 5 1 R S ) e ) 25
H, LRGBS RN . W (12) 10 (13) it b n]
u%ﬂj HARH 7 RSB R IR R B T AR S oy T

s AR FTIT S RIS 0] 52 2% RE AN 2% (] S22 8 55 R G A N
?&ﬁﬂé%, PRI A 1 SRR O T AT TRl Ak Bt AN A S5

UK. Zr BT, ORIEME S ERGAEN MR BRI
IREAER D TR IME D ARG, X EZER s XK
AT ViterbidZfeHL, EABIER WL, By ZM RS RE, F
R S LU AR ARG 58, N IR VR0 23 40T
P2 4R R GRS fE
3.2 MEDERFRERES T

AR A SR I PME D T R R SR &=, P
R, DA By R AT VRGN A BLSHE  5 0 B il T3X(11)
R AR I NI N %, TR Ny I w3 A JF
HARBARNT, DRI AT RAZY S SRAGH 5 D AR 75 D) R 1R

o = [ hma@i =1 + [ 22\} .,
Ny = [na@i =1 + [Rag(20)° |, (14)

2 5,(9) EéU\M/FMPSKﬁ% HH S5 R BT AL R AT
VU 2R 9 i A £ I B A

S
Yo = Nbl(Y) = |:‘h’1r1 2Z ]" ‘thl 22‘ j| Vs (15)

o, R R BT T AEEE L. BT Ry, ZERIRAE

AT, FESEHRR A JE T ME R0, Ty ST 2I00F
B, I HEAMSE, B2, (20 — D] F1 2|k, (20)] 48
T B B2 S Ai. R BT (518 2 IRAH BT, i
h=2|h,(2i-1 \2 + 2| (20 H5E IRA E EE R 4R X 43,
B (AR5 B R 28A

L b
f(hy=The®  h>0 (16)

WA ARBERE K, BAOGHREH

0 h,T
I(v) = IOgﬂ1+-h73/2]Ze 2

=1- [1—1]6%&'[—1] (17)
7, oA

BEAh, AR RS I e X, RIS BRI R K TR I
AN, 5 R RUR
2f+l 9 h
Potlt(R7Fys) ( (We/h) < R) J‘ Vs 7h8 th
”‘ L [ ] (19)
Y,

wﬁmmmmﬁﬁMMﬁkF%wﬁrF?%%%M%K
PS5 R bR e R A3, A1 BI7EE R VK R 18
(1 22 45 (R 4158 HL AR 2%y

h
m Y
Q h Yo sin— |he 2dh
( ’ M)

+00

p]lls: =
-([ 2log, M

= 71(M) {1 - (1 + 3 );T {2 + (1 + 3 );} (20)

_210g2
b MR RGN E, B = J7sin(r/ M) « A%
feett, BRI I R AP SER R D d, W ZEHE B AR (1R

R d>d, , [FEEZF )R E S R Y




1560 M7 5 1FE

30 %

(@+1)/2d, < d, FULATLA A 2B P %
+o0 d d
F)ﬁf = Z Arl Z (d \Jp][@e(]'_pMc)ddT (21)
d=d,, d.=(d+1)/2\ "r
PeAl, A, RoRTEA d BRI 48 AN RGTREL

R A
55 (hoenrs
d Me Pare

R:b =
k d.=(d+1)/2

It

A{h B, FoR A &N d B ZE BT AR TN B 45 EF 41
TR, ARSCRA(3,1,2) BB ) A ik 22 10 30 A
G,=[l 1+D 1+D+D’] (23)

PltE, B SRAF R G R RN
Pb = 5pilc + 4p13\4p - Bpjlc

el

40
-5 ch (24)

- 58])7\4( + 60p§]c 3

4 RBMAELER

RG] 8PSK AL PR, P CEAm ) H— 23
BB £,T=00113, 8538 8 35 (0 I AR ¢ R 8
£=0.99874, BARMEBEW 2.1 WA (1)—(5). Uk4h, THE
RGPS 5 —Fh %N 1/3 (11(3,1,2) R, Hall
i SR FH 2 TR e R 4R LE PR 3 . LR IR, X HLH
FoRME L )5 F AR A5 e b S B S BB T
58 LI 2 R LA .

B 5 451 T 1710 43515 T 0dB, 5dB, 100dB i, K FH(3,1,2)
A5 B 143 A1 22 43 AR G0 1R T WA 43 7 R
F o AT I o A AR e UME S SR R B LR . NI
TRTAE H, TRy IS FEUE T REMES £ RN ARG A
SRR A T 43 A 3 B 43 4 4 B 1 A G R oy 4R
TRNRG =, W52, HMUMESERG SIS IMES
ERGML, BN TR, B 6 MGH TR
e i SR b A, 25T 10dB I, FORER, W B
S, LUK R RY =4 2 InTh e vk e L.
MRS E M, UE BRI R N T IR T, [H]
I BEA AR R, TR B K, R T
Lo X EFGHIRSH, FOhEAsE AKX, ([Fis

(A

—&— SEME B
o {FiG 25 =04B

/CQ;Q-Q—ﬁwﬁHMFm

T 4 o o 5

n {125 =5dB

=35 éf/i/r > FrWE LI
= 3 # {F1HHE 55 =100dB
= Z% —a— fEGHE L P ]

K25 AT A {3935 —0dB
NN = —a AREEME LA

= {5135 =5dB
L5 —x— AEHEE L P )
1 {5125 =100dB

0 2 4 6 8 10
SNR (dB)

K5 BribfEMERS S LG MED RGN A

; —— LR RS
” —— JI P (A
j 35 =0dB
—— P fEE
#25 =5dB
—A— P fE
W35 =10dB
—v— WP A
125 =15dB
—— J{ P A
125 =100dB
—& RERS

N
\\\

=3
'S

PN

N

TPHIER (Outage)

o

0 2 4 6 8 10
LA (bit /s Hz)

K6 ~, =10dB I RS h T2 Ak L

HEERTF 0, AEGERILA /BN T, e im,
FrLh, {5 BRI R T 0 AT Re =4 A,  [RI 7E4%
LITPEES 3 iy s DN ) T R S GBI S i DAY o X 11
Gb, EIHIETT DR HEES R L, SRR E T,
ERERG R AP WFIMR DR TR RERS, JHMES
o WG B B I Y R R 4

B 7450 T T (3,1,2) BRI T RIREL, W EMEK
PARE SR Re LA, B L4 08 M 25t B 77,5
Iy W4T 0dB, 5dB, 10dB, 15dB, 20dB, 100dB. o LL#&
W, 7E gy, A EIBUE T PR P W 2 S 10 LR R B 2 A
THRRERZSWRENERG R, KWW T HH -
PMERGIRA T o datlizs, HHRMM AR Z N TR
LA ERGE. TN, BEE g, WK, ESERG DY
PEAERH WA PIHEE, M 2T 100dB B, RS TEAEIEA
PR PR RGO, Wt 2 U, BEAEYMER P I fE R
B B SR AR I S A Bt 3K, JF H I PRS-
R ETTRAF I 2 /N o B 8 45 A T W H P M E 7 B
ANF B 1o KA AR G 1 oA 282 i 43 20 20 0 5 S A
oA s o A0 1 R R LR R LU . R FEH, £y
B FPIUE T 51 NE ARG 0D K M E 7 22 RS R L R
AR T R KGR M E S UME R RS R LRRE,
FeAJUE UL, FEF ARG A A 2 I A A R BT (R M
NERGBAERIMEN LRGSR T W A5 .

10° —— YR RS
—— P A

435 =0dB
—o— PR IE

125 =5dB
—— PR IE

W35 =10dB
- M PRfEE

35 =15dB
—— H P

35 =20dB
—— P S
1073 = WR&RY

0 1 2 3 4 5 6 7 8 9 —x IHRHESH

SNR (dB)

B

107

K7 BT (3,1,2) B T RS TEAE HLAL



B

AR IBEE: — BB P M 2 5T S A BERIE T

1561

10° —=— (LGOI A )
{5125 =hdB

~o— (EGEHMEH P 1)
{5155 =15dB

3 — B

{HiE 25 =5dB

m =
& = o LB I P
= s e Gy

—— FYME H AP
{HiE i =15dB
—— FTPME R 1]

{38 TG
1078 —o— FRGE M ER R 5 T
0 1 2 3 4 5 6 7 8 9= FUMEMILEHH
SNR (dB)

8 HTIMES A S LS UME S LK LU A LA

5 YERIE

ARSCHE T — P A A G B 0 43 A X ) 2 2
BT P UMES TR, I HAAEMEE SRR %S
TE X RN RRA &, WM LR RSl AT T 21
RHEFF RGN, Sl T REXREES R, [
B, 7E ZR 0K H SPSK A il I A [Rl B H P (A5 1R L
ST T RNRGVIE, SREARRMYMES SETT R
TE& 7 AL TAERYME R, REFEWBIER, Tl
SRR R OR IR, P A XSS A& . )
Aby ARSCHGTR TR M ANEE . RGP E
R FRREGHMINE DL, T — 2 TAERT L% IR R 3 (5 1l 5L
2 M YME RS 2 BRI, IR AH R 1 e 53
Hro WbAb, ] DRSO TR 1) T7 2N B Te 2 i 2, HD
WERYME RIS M AEAd hoe M 45 it 5 2 (45 2. Mac)z
P2 ) TV E IR A o

2 % X #k

[1]  Goldsmith A, Jafar S A, Jindal N, and Vishwanath S.
Capacity limits of MIMO channels. IEEE Journal on
Comm, 2003, 21(5): 684-702.

[2]  Gowrishankar R, Demirkol M F, and Yun Zhengquing.
Adaptive modulation for MIMO systems and throughput
evaluation with realistic channel model. International
Conference on Wireless Networks, Communications and
Mobile Computing, Hawaii, USA, June 2005, 2: 851-856.

[3]  Zheng Jun and Rao B D. LDPC-coded MIMO systems with
unknown block fading channels: soft MIMO detector design,
channel estimation, and code optimization. IEEE Trans. on

Signal Processing, 2006, 4(4): 1504-1518.

(4]

[5]

(6]

[7]

(8]

(9]

(10]

(11]

(12]

[13]

(14]

£ S

HF K

AL -

Sendonaris A, Erkip E, and Aazhang B. User cooperation
diversity part I: System description. IEEE Trans. on Comm.,
2003, 51(39): 1927-1937.

Sendonaris A, Erkip E, and Aazhang B. User cooperation
diversity. Part II. Implementation aspects and performance
analysis. IEEE Trans. on Comm., 2003, 51(11): 1939-1948.
Laneman J N, Tse D N C, and Wornell G. Cooperative
diversity in wireless networks: Efficient protocols and outage
behavior. IEEE Trans. on Inform Theory, 2004, 50(12):
3062-3080.

Barbarossa S, Pescosolido L, Ludovici D, Barbetta L, and
wireless networks based on

Scutari  G. Cooperative

distributed space time coding. in Proc. International
Workshop on Wireless Ad-hoc Networks, Taiwan, China,
2004: 1-5.

Tarokh V, Jafarkhani H J, and Calderbank A R. Space-time
block codes from orthogonal designs [J]. IEEE Trans. on
Inform. Theory, 1999, 45(7): 1456-1467.

Tarokh V, Jafarkhani H, and Calderbank A R. The
Application  of  Orthogonal Wireless
Communication [A]. In Proc. IEEE Information Theory

Workshop [C], Killarney, Ireland, 1998: 46-47.

Designs  to

Hunter T and Nosratinia A. Diversity through coded
cooperation. IEEFE Trans. on Wireless Communications, 2006,
5(2): 283-289.

Hunter T, Sanayei S, and Nosratinia A. Outage analysis of
coded cooperation. IEEE Trans. on Inform. Theory, 2006,
52(2): 375-391.

Hunter T, et al.. Outage analysis of coded cooperation. IEEE
Trans. on Inform. Theory, 2006, 52(2): 375-391.

Jakes W C. Microwave Mobile Communications. New York:
Wiley, 1974: 40-100.

Proakis J G. Digital Communications. Fourth edition, New

Jersey: McGraw-Hill, 1995: 681-686.

5, 1984484, FAE, HATWITUS I b B4 5 H Mesh
NN (SULEESE /2 11K % NV S QG EX S T8 0 4]
B, 1945, #HE, WA, EERAWAEE
555 Z RS FATE R, ARG AL
H, RO MCAIAGRE T IR eSS 515 AR
B, 197844, WA, BRSO ROV EAGEE A S
515 B Ab .



