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Abstract
Student : Shao-Hao Wu Advisor : Dr. Jyh-Horng Wen

The process of the development of wireless communications,
wireless data transmission suffers path attenuation. In order to overcome
this problem, relay transmission is employed. The cooperative multi-hop
relay station assisted technology improves the performance and service
range of wireless systems, and the use of relay station-based virtual
antenna for diversity gain improves the link reliability. The space-time
coding(STC) technique can also utilize the time diversity and the spatial
diversity simply. In this paper, the considered system architecture
includes a single source with two antennas, a single relay with one
antenna and a single destination with one antenna. The amplify and
forward(AF) strategy is considered in the relay station and the system
performance with two-hop path only is taken into account. We first derive
the signal-to-noise ratio(SNR) at the two-hop destination, and then

investigate the optimal relay location by maximizing the system capacity.

Keywords: Cooperative Communications, Amplify-and-Forward,
Space-time coding
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2 2 2 2 2 2 (310)
|0[| hs,rl hr,d +|0(| hs,r2 hr,d O
B 2 2 2 2 2 2
O |C¥| hS,r2 hr.d + |a| I"|s,rl hr,d 22

F# (3.10)58 s > -HUE F BTN o EEA L2 (5 0 TE A
L BL Y (t+2) & yp(t+3) % P s, > s, B S i R fREE L i

—7‘\3% %ﬁ, s 1) (311)5\‘ %\» 7‘1‘ o

Fl}_ |a|2 he 1 i he 2 +|0‘|2 h 2 - B 2 0 {Sl}
2 0 af [vaf e ¥l o[ o L
n H H ans,rlhr,d + nr,dl (3 11)
a*n:,rzh:,d + n:,dz .

A (3.11) ¢ eesn & > ¥ 0L B A (3.12)50 o

H H |:ahr,d ns,rl + nr,dl :|

a hr,d ns,rZ + nr,dz

_ o hs,rlhr,d ahs,rzhr,d ahl‘,d ns,rl + nr,dl
ah hr,d _ahs,rlhr,d a hr,dns,r2 +nr,d2

S,r2
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_ 0( hs rlhr d (ahr d ns rl + nr dl) + ahs r2hr,d (a hr,d ns,r2 + nr,dz)}

hr d (ahr d ns rl + nr dl) ahs rlhr,d (a hr,d r-]s,r2 + nr,dz)

sr2

|0£| h sr1+a h hrdnrd1+|a| h hrd2 :r2+ah hrdn:dZ

_ srl s,rl S,r2 S,r2 } (312)

|0£| h n 1+O( h hrdnrdl |0{| h sr2 ahsrlhrdnrdZ

srl

sr2 S,r2

3.3.3 B 2 e

FI* (B11)2(3.12)58 » - HE gt > F A L T AT

2
|:|C¥|2 hs,rl i hr,d 251 +|C¥|2 hs,r2 i hr,d 281 }
SNR; =
St 2
U|a| hs rl s rl ta hs rlhr d nr,dl =+ |(Z|2 hs,rz hr,d 2 s,r2 + ahs r2hr d r]r d2 i|
— (|C¥|4 hs,rl r,d 2|a| s,rl s r2 i hr,d ! +|a|4 hs,rz r,d 4)Ps
(|O[|4 hs,rl i hr,d ‘ |a| s,rl ‘ hr,d |6¥| hs,r2 i hr.d ’ +|a|2 hs,r2 i hr,d 2)N0
_ |0[|4 hr,d 4(lhs,rl ) +2 hs|rl i hs.r2 ‘ + hs,r2 4):)5
2 2
4 4 2 hs rl 2 hs r2
a| |h h ’ ’ N
| | r.d ( s,rl |a|2 thd 2 s,r2 |a|2 hr’d ZJ 0
_ th,rl 2 N hs,r2 2)2 < (3 13)
2 + hs,rl i 2 . hs,rz i N
s,rl |a|2 hr'd 2 S,r2 |a|2 hr'd 2 0

BT X HF o 5 (313)58 ¢ 7 3(3.14) 0

2 2
h +1|h )2

SNR _ q s,rl S,r2 i
NO

2 2

2 hs,rl hs,rZ
hs,rl + 2 S,r2 2
Pr hr,d P hrd
hs,rl i Ps + hs,r2 i Ps + NO hs,rl ’ Ps hs r2 P + NO

22



2

qhs,rl 2)2 Ps

+ hs,rz
NO
= ) 2 2 2 2
hs,rl Ps + hs rl hs r2 P + hs rl N + hs rl Pr hr,d hs r2 P + hs rl hs r2 P + hs r2 NO + hs,rz I:>r hr,d
I:)r hr,d ’
2 2
th,rl + hs,r2 )ZPS
— NO
- 4 2 2 2 2 2
R L o . e L e e o iy 1
2
I:)r hr,d
qhs,rl ’ + hs,rz 2)2 Ps I:)r hr,d i
No qhs,rl * + hs r2 )P = 2 hs rl hs r2 - Ps + th,rl k + hs,r2 Z)NO + th,rl i + hs,rz Z)Dr hr,d ’
2 2 2
B th,rl it hs,r2 )2Ps Pr hr,d
- 4 2 2 2 2 2 2
(qhs,rl + hs r2 )D + 2hs rl hs r2 Ps +th,r1 + hs,r2 0 + th,rl + hs,r2 )Dr hr,d )NO
2 2 2
qhs,rl + hs,r2 )zps Pr hr,d N2
0
NO NO
- 4 4 2 2 2 2 2
th,rl + hs,rZ ):)s 2 hs,rl hs,rZ Ps 2 2 qhs,rl + hs,r2 )Dr hr,d 2
+ + Nl + 1N 5|+ N,
N, N ’ - N,

th,rl i + hs,r2 2)2 Ps I:'r|hr,d |2
NO NO

T LW s
{srl srl sr2 r|''rd +thr12+hsr22)
N, ' ’

sr2
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th,rl 2 + hs,rz 2)Ps Pr hr,d i
NO NO
2 2 2
th,rl + hs,rz )Ds 4 I:)r hr,d +1
NO NO

(7s,r1 +7s,r2 )}/r,d (314)

7s,r1 +7s,r2 +7/r,d +1

SA4dkE AT 8%
341 %8Bk %

R ED s N peard R R TR B - B X R=5(Source, S) ~ - B
® #:k(Relay, R)%2 — & p =z (Destination, D)y - £ 2 5+ > 4o
3-2477 o

O ) —)

sr rd

8] 3-2 Source ~ Relay % Destination’s .- & &}
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YT G AR TR TR B

(1) @ H# & h PP BT < © & % & (Large scale fading)#2 5 & % &
(Rayleigh fading) 2 h , =d; (k% 77 i ¥l jend g M 5 > H ¢ d, &
70T j RS 0 ¢ 5 RS % 4p Bic(Pathloss exponent) » k&
% 1w (Rayleigh distribution) -

(2) #EMEHFP =P =P =P, °

(3) 1 * Shannon’s Theorem ?* 537 g # £ C = Iog(1+ SNR) °

CRESEE R R e

3.4.2 i id A ¥

T T
* % 78 4 i pathloss exponent= 2

14

Capacity (bit/sec/Hz)

06+

0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1

S-RIFEHE

B 3-3 B Bl i sith— B3RP AR E
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=
o

T
* HEEIE \pathloss exponent= 2

e
N

=
~

N

Capacity (bit/'sec/Hz)

o
=

o
N

B 3-4 £ 3] & (T8 3 % &

A-BA Y Ml gh FTE

~

: :
« 5 2 4 5 pathloss exponent= 2
"""" * 33 & { 5t pathloss exponent= 2

I
©

o

e
=

=
~

Capacity (bit/'sec/Hz)

o
°

o
=

o
o

o

o
o
2

02 0.3 0.4

0.5

0.6 0.7 0.8 0.9 1

S-RIYEE

W 3-5 PFZ Sl 2y 3] f E5N 31k

FER 337 11§ )0 ke

B34 T

%75
M 35

] =
fl

i 3

KRk g ¢ sk REESAL 1 K

25T (2.12) % 21(3.16) 3

_?f'l (212);7\‘ ‘:;'ﬁ]/s,r = 7/rd

Fxd s 0.6 pFi

(=
b
w}
|l
IRy
(4
b

P M R A 05 P

Tfrom? Mrbh =) & 06 FF
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S SRR NE A e ]

41 f 4
RS R A Y AR S R

SR HBE - R RIS H - P ek - R H -

B e

é?f

TR R PR NAR T R 7T

ez ez e BE 27 3¢ 21 vb (Signal-to-Noise Ratio, SNR) 15 » 3 » jE3

\\\?{r

BB bbb R o BA2E D ok kAR E B A
43 &7 f5 iF UL @RI fRRE S RS 2 B i SNR G i B 4.4

B9 0 B7 Uk T RS R

KiRE(S) s - B P k(R)fe- B P (D) Kimzgs - f9x 4 ¢
MR P s A S - R AR AR T R E BT hy, 5 KRR F
- PRAAF Y bl ERE o h, s KRS D R AR Mrban
WM F o h 52 b pansgenid g F « BRAEEHE T 548
BB AT 1 ¥ #c(Complex Gaussian Random Variables) » % £ #c
(Variance) 5 — » T 3=iE(Mean) 5 % o @ M ELE I E A7 4 b eA v 4o

t B 2716 32 (AWGN)R] A B 1in, ~n,, % n, 47 » 2 T35

v
Y
- F

=

0%

ESR L - AR I Ngii=No > Ngp =Ny ©
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s,rl

hr,d

S R D
%] 4-1 ,:‘i ,f‘fi,’;ﬁ ’fﬁ;%}

4.3 ki A
431 AR GRHERE

AR b Bicd KR -1 s YA s s, 11 (4.1)
FA T Rl Y MR R KRR S R R A BB s, s 1Y

(4.2)5%8 &1 -
yR (t) = hs,rlsl+hs,r282 + ns,rl (41)
yR (t +1) = _hs,rls; + hs,rzsf + I"ls,rz (42)

PR MR R R A B a0 de(43) - H P p A

Mk R LB AR e T o

2
Ehahsr151+ahsr252 + ansrl| J= P

= a?lh,| P, +a?h,|'P, +a®N, =P,

P
e r 4.3
’ \/|h5r1|2 PS +|hsr2|2 Ps + No ( )
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Jo(bA)R T Bt 2 R R Fud e P Mk -8 { PERY AT 3
HRUEE A {5 BiE o de(AB) N T Bt 3P D BT ] P Mk i

FOOHLPE R R T Bl g B 4 (8 @i o

yD (t + 2) = a(hs,r151+hs,r252 + ns,rl)hr,d + nr,dl

(4.4)
= ahs,rlhr,d Sl+ahs,r2hr,d SZ + ahr,d ns,rl + nr,dl
yD (t +3) = 0((— hs,rlsz + hs,rzsl + ns,r2 r,d + nr,d2 (4 5)
= _ahs,rlhr,d SZ + ahs,rZhr,d Sl +ahr,d n3,r2 + I”lr,dz

4.3.2 fRPET kB
FP o AT t+ 2T At 3 T D A BB R R ) =
A5 5 4e(4.6)5% ¢

yD (t + 2) s,rlhr,d S1 + ahs,rzhr,d SZ ahr,d rIs,rl r‘lr,dl
* = *y x * *y % * a Ky ok * + * (4'6)
yD (t + 3) 21 a hs,rzhr,d s1 - hs,rlhr,d SZ 251 24 hr,d ns,r2 25 n 21

r,d2

H(4.6):N e — H FIT I HARE T F P(4.7) 5%

|:yD(t+2):| _{ahs,rlhr,d ahs,rzhr,d } |:Sl:| +|:ahr,dns,rl :| +|:nr,dl:|
y;(t+3) 2 a*h:,rzh:,d _a*h:,rlh:,d 2x2 S 2x1 a*h:dn;fz 21 n:’dz 2x1

S ahr,dn rl nr,dl
:H{l} 0 +| 4.7)
Sz 2x1 o hr,dns,rZ 2 N g2 v

H P HAEE4o(4.8) 7 #7774

ahsr hr ahsr hr

H = * ’*l ’d* ;—2* Yd* (4'8)
o hs,rzhr,d -a hs,rlhr,d 22
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MHELITL e E 2 (8 FELH 40(4.9)77 » 5 £ #H" & HAP L

P77 - % & REE40(4.10)58 o

a'h; h aoh, ,h
H H s,rl s,r2' 'r,d (49)
o h h - ahs,rlhr,d 22

S,r2

H"H = |:a hS rlh ahs rzh :| |:ahs rlhrd ahs r2h

a hs,rzhr,d ahs rlh 2%2 a hs rZh —a hs rlhrd 2%2
4.10
_ |0[|2 hs,rl i hr,d +|0(| hs,r2 i hr,d i O ( )
O |a|2 hs,r2 i hr,d i +|a|2 I"|s,r1 i hr,d i 22

% (4.10)5% chgeld > -HT K F(A7)5% o I 2 18 T E A
R g’ I["EJ’; YD(t+2) bt: yD(t+3)P$ 2 ms1 v S, FH‘%{»:’\' ')7 ’ T\l )l’m £ éﬁnl%

2 (AL £ e @ (A11)F S A>T AT & (4.12) 3%

AN
o] e | sl 5

s,r2

2 2 2

|:§1:|_ |C¥|2 hs,rl hr,d i +|(l|2 hs,r2 hr,d
g O |a|2

ang h +n g
+H" (4.11)

a’ng L +n g,

N

s,rl

s,r2

A (4.11)7 shze A T X (4.12)3¢ o

H H ahr,d ns,rl + nr,dl
a hr,d ns,rZ + nr,dz

a hs rlh ahs r2h ahrdns rl +nr,dl
a hs r2h ahs rlh a hrdns r2 +n:,d2
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S,r2

S, r2hr d (ahr d ns rl + nr dl) Oth hr,d (a*h:,d n:,rZ + n:,dz)

s,rl

_ 0( hs rlhr d (ahr dns rl + nr dl) + ah hr,d (a hr,d ns,r2 + nr,dZ)}

2 * *
_ |0!| hsrl srl+a hsrlhrdnrd1+|a| hsr2 hrd sr2+ahsr2hrdnrd2 (412)
|05| h n 1+O{ h hrdnrdl |0{| h Oth hrdnrdz

sr2 s,rl

sr2 S,r2 srl

433 P chih2 eI

1% (411)2 (418 s P ER AL > T AR LTINS

2
|: s,rl y hr,d 2Sl +|a|2 hs,r2 i hr,d 281 }
SNR; =
St 2
U|a| hs rl s rl to hs rlhr d nr dl |a| hs r2 s,r2 + ahs,rzhr,d r]r,d2 i|
_ (|C¥|4 hs,,rl r,d 2|C¥| s,rl s r2 ‘ hr,d ’ +|a|4 hs,r2 r,d 4)Ps
(|O[|4 hs,rl i hr,d ‘ |a| s,rl ° hnd “y |6¥| hs,r2 ‘ hr,d ‘ +|a|2 hs,rz \ hr,d 2)N0
|0[|4 hr,d 4th,rl ' +2 hs,rl \ hs,r2 : + hs,rz 4)35
- 2 2
4 4 2 hs ri 2 hs r2
al |h, h,, ’ ora| T ’ N
| | d ( 1 |a|z thd 2 2 |a|2 hr,d 2 0
o+l [P
_ Q s,r21 + s,r2 s . (413)
2 hs r 2 hs r2
S,r + ’ 2 S,r2 + 2' 2 NO
ol [P
B A F o o (4.13)58 ¢ 17 F](4.14) 50
SNR _ qhs,rl i + hs,r2 2)2 i
NO
2 2
h h
hsyrl 2 " s,rl . - s,r2 .
Pr hr,d P hrd
hs,rl i Ps + hs,r2 i Ps + NO hs,rl i Ps hs r2 P + N
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qhs,rl ’ + hs,rz 2)2 Ps
NO
= ) 2 2 2 2
hs,rl Ps + hs rl hs r2 P + hs rl N + hs rl Pr hr,d hs r2 P + hs rl hs r2 P + hs r2 NO + hs,rz I:>r hr,d
I:)r hr,d ’
2 2
th,rl + hs,r2 )ZPS
— NO
- 4 2 2 2 2 2
R L o . e L e e o iy 1
2
I:)r hr,d
qhs,rl ’ + hs,rz 2)2 Ps I:)r hr,d i
No qhs,rl y + hs r2 )D + 2 hs rl hs r2 j Ps +qhs,rl i + hs,r2 Z)NO + th,rl i + hs,rz Z)Dr hr,d ’
2 2 2
_ qhs,rl + hs,r2 )2Ps I:)r hr,d
- 4 2 2 2 2 2 2
(qhs,rl + hs r2 )D + 2hs rl hs r2 Ps +qhs,r1 + hs,r2 0 + th,rl + hs,r2 )Dr hr,d )NO
2 2 2
qhs,rl + hs,r2 )ZPS Pr hr,d N2
0
NO NO
- 4 4 2 2 2 2 2
th,rl + hs,rZ ):)s 2 hs,rl hs,r2 Ps 2 2 qhs,rl + hs,r2 )Dr hr,d 2
+ +{h; o+ 5| J+ N,
NO NO ' ' NO

th,rl i + hs,r2 2)2 Ps I:'r|hr,d |2
NO NO

T LW s
{srl srl sr2 r|''rd +thr12+hsr22)
N, ' ’

sr2
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th,rl ’ + hs,rz 2)Ps Pr hr,d ’
NO NO
2 2 2
th,rl + hs,rz )Ds 4 I:)r hr,d +1
NO NO

(7s,r1 +7s,r2 )}/r,d (414)

7s,r1 +7s,r2 +7/r,d +1

H ¢

e 7s,r1 =

4.4 Bctd A5 %
441 $Ecik E

R e Y s A j P AR B~ B kIRE(Source, S) ~ -
¢ =k (Relay, R)%2 — B P ehzh(Destination, D) .- BT & + > 4-§4-2

S

(00) 10)

Bl4-2 Source ~ Relay % Destination .- T & *
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(1) s 3 & h, PR EF < © & % (Large scale fading) £ 55 5 % &
(Rayleigh fading)r h, =d; k% 7% = i3] jed g & > 27 d, %
7 F) jEPEESE 0 0 5 BT % 4 #(Pathloss exponent) » k& 3
# 1w (Rayleigh distribution) -

(2) & =55 F P =P, =R =P,

(3) 1 * Shannon’s Theorem 2+ 5 3i 1 % & C = Iog(1+ SNR)

(4) AL kR P chsg o Riksh R4 5(0,0) 0 B Ak s (01) -

Foobo P MEEE R L (XY) ) F0<x<l,—1<y<l-° KRz I P Mk

SRR S Ay o ¥ MR T P i e L d

4.4.2 Bcig A~ 17 W

\\\\\\\\\\*{

\ \\\\\\\\ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

f

Yo B e ik B MR

Bl 4-3 EpFs il k- Tg b P b izl
35



]“”HH”m”””“””””“”’““”’””'“““HHummm
WHIWHWHMNM I

| il
~ (@&

|
HH HHHHHIHHHHHIHIHHIHHHIIHIH ”“HH

ZZW“WWHH_{HIHIHL L,

x-JE AR

Bl 4-4 EpF2 Bl 2 5 Sot— TG b P kb ik =% PEE

KR A3H R A4 BB A S AT P b h- Th L BA
Hoidif BB 0 @ 2oF ¢ ek a4 (0.6,0)22 (0.7,0) T PE i 5 B

¢ fadF o B 4-5 2 §] 4-6 P - &k & B 4%(0.5,0) 1T BF € fadF o

W GG y
| \§ \\\ \\\\\ \\\\\\xx\\\x\\ N

P—— e

V- #Sé
x-EAR

B14-5 5 4] g iFstad st hbid - g bo kb izl

36



1 [ nnlnu |

nnmlllllHII}_
| i | mli

rum
Tl e

:mllﬂjﬂlt “Hmlitxm11111[11111;1111mmt HWH“H”I

Bl 4-6 £ A& P2 & sote— T g + P b g id % PR

o e
= =




FIF B

st e g AU U = g AP B S A s N
BEERBE B E AR DFERE L AR PR KRRl -
WA P b2 P L 5 - A8 o) Mk ¥ s B BER

CHZ RS R e 0 RA GG R Y LIS %

=
w
o
a0\

To Bk iE? MY AR R Beban? o @ % T 0
o RREFIEF DR AR I AR SRR IS R TR

VoML R R ORGREGE o T TG B P MERh @ F 2n S 1 B g BE
- R ApE LR s T M B A AR IAT P T PR

i § Y RUE o AT AT AR R Y M e A Pl

\\\Xr

BB cin b S A

38



54 2

[1] J. N. Laneman, D. N. C. Tse, and G W. Wornell, “Cooperative
diversity in wirelessnetworks: efficient protocols and outage
behavior,” IEEE Trans. Inform. Theory, vol. 51, no. 12, pp.
3062-3080, Dec. 2004.

[2] A. Sendonaris, E. Erkip, and B. Aazhang, “User cooperation diversity
part I: system description,” IEEE Trans. Commun., vol. 51, no. 11, pp.
1927-1938, Nov. 2003.

[3] Y.W. Hong, W.J. Huang, F. H. Chiu, and C. C. J. Kuo, “Cooperative
communications in resource-constrained wireless networks,” IEEE
Signal Process. Mag., vol. 24, no. 3, pp. 47-57, May 2007.

[4] A. Nosratinia, T. E. Hunter, and A. Hedayat, “Cooperative
communication in wireless networks,” IEEE Commun. Mag., vol. 42,
no. 10, pp. 74-80, Oct. 2004.

[5] M. Janani, A. Hedayat, T. E. Hunter, and A. Nosratinia, “Coded
cooperation in wireless communications: space-time transmission
and iterative decoding," IEEE Trans. Signal Process., vol. 52, no. 2,
pp. 362-371, Feb. 2004.

[6] S. M. Alamouti, “A simple transmit diversity technique for wireless
communications,” IEEE J. Sel Areas Commun., vol. 16, pp.
1451-1458, Oct. 1998.

[7] P. A. Anghel, G. Leus, and M. Kavehl, “Multi-user space-time coding
in cooperative networks,” in Proc. IEEE Int. Conf. Acoust., Speech,
Signal Process., Apr. 2003, vol. 4, pp. 73-76.

[8] S. Kim, H. W. Kim, and D. S. Ahn, “A cooperative transmit diversity
scheme for mobile satellite broadcasting systems,” in Advanced
Satellite Mobile Systems, Aug. 2008, pp. 72—75.

[9] J. N. Laneman and G. W. Wornell, “Distributed space-time-coded
protocols for exploiting cooperative diversity in wireless networks,”
IEEE Trans. Inf. Theory, vol. 49, no. 10, pp. 2415-2425, Oct. 2003.

[10]A. Sendonaris, E. Erkip, and B. Aazhang, “User cooperation diversity
part I: system description,” IEEE Trans. Commun., vol. 51, no. 11, pp.
1927-1938, Nov. 2003.

[11]Y.W. Hong, W.J. Huang, F. H. Chiu, and C. C. J. Kuo, “Cooperative
communications in resource-constrained wireless networks,” IEEE
Signal Process. Mag., vol. 24, no. 3, pp. 47-57, May 2007.

[12]A. Nosratinia, T. E. Hunter, and A. Hedayat, “Cooperative

39



communication in wireless networks,” IEEE Commun. Mag., vol. 42,
no. 10, pp. 74-80, Oct. 2004.

[13]M. Janani, A. Hedayat, T. E. Hunter, and A. Nosratinia, “Coded
cooperation in wireless communications: space-time transmission
and iterative decoding,” IEEE Trans. Signal Process., vol. 52, no. 2,
pp. 362—-371, Feb. 2004.

[14]Cai Jun, Shen Xuemin, J.W. Mark, and A.S. Alfa, “Semi-Distributed
User Relaying Algorithm for Amplify-and-Forward Wireless Relay
Networks,” IEEE Transactions on Wireless Communications, vol. 7,
pp. 1348-1357, April 2008.

[15]Yin Rui, Zhang Yu, Zhang Jietao, Yu Guanding, Zhang Zhaoyang and
H Yanikomeroglu. “Optimal relay location for fading relay channels,”
IEEE VTC Fall, Sept. 2010.

40



