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ABSTRACT

Error propagation of source-relay (S-R) link limits the performance of decode-and-forward (DF) relay and pro-
hibits DF relay from achieving full diversity gain. In order to solve this problem, the proposed deployment strat-
egy focuses on two objectives. One is to achieve full diversity gain, and the other is to minimize the used pow-
er of the DF relay system. In order to achieve full diversity, the error probability of S-R link should be lower
than that of maximal ratio combining (MRC) at destination without error propagation since the error probability
of the weaker link dominates the total error probability. The proposed strategy of relay positioning points out the
range of the relay position for achieving full diversity, and the used power of the relay is minimized by this
range. Analysis of error probability and simulation results prove that the two objectives are achieved by the pro-

posed strategy of the relay position.

* £ d7e 3&43—}111‘4"] T3k = 7FA1A AT (NRL:ROA-2007-000-20043-0)2] A 9-& Hio} 75915
¥ B A7e ASAARRAY, }ﬁz}ﬂ"i" xFHe 29F 2 RERFOZ G A5y 7‘] Ao ArATgcl
* Al gt 2‘17]7411—‘—52}4—]— AHHEA A7 (chulli@yonsei.ac kr), (daesikh@yonsei.ac.kr)

E=EY3I I KICS2007-09-002, A,UAL:2007d 99 104, HF=TARUAF: 20079 119 18Y

1260



3. ¥ A< (Decode-and-Forward) o] A|~le) 9] A3 AF-

HeolE o83 Y AxwleAE oy )
HEE ARSI BTAE SR olake] AielE
& o]83ld FAFT (source)dllA] Wik a1
(destmatlon)_i T2t te|HAJEIE o]43) WAz
A5 & 5 JdB gz Ae) s wle)
Eéﬂ]"]% A F 7 FHE R shie ¥
golella] Al $al=e) S AAE e
% % A (amplify-and-forward, AF) Z#|o]o]
I HE e pAlE mARE AEsld 012 o
Al Wxse] Agsle B3 3 A
(decode-and-forward, DF) &#o]e|c}?l

AF #Hdo|:= DF ool nlsl sl=glo] )
SellA] 7l o)he] A Ayelola A
T Akgo] AT FEE] Adgivhe Do)
et kel DF elol= wXAE HEslx A
Wzsle] ALstez elolo] A MeEx] o
?‘]‘j‘l DF #lo|7} wiXA & AR B8} %3}

deflololl 4] B9l & o A 2FH I} £
3‘°ﬂ adg Ag=le] Ho)E o]83 ) ‘:}°]
HATE] 0158 9% 4 g _

w2t Hd clejmiAle] o}E5-g . Lol
Hb\gt‘ﬂ- LE AHp=w 93l /Kj%‘- :9;]3— =i 7] HB‘]»
A7Ee] Agsglon] 3A EHQ Yaold #
g A7 PATeN 5EA J A7 g
ATE BFEAP A 2Rt 55 iﬂ ]
< cyclic redundancy check (CRC)E -’F—’{l
2 7L HAlM 277§ welt Als % Xﬁl
T 2FA %L ASE Pl A o
Tk Heeloltl? gzt ol wpge J}E‘*—“
A& 9 Frhdel RS de g ) wea
2R 584 Sl anHelx] ¥alme A%
< 7] A8 55 "ol 7Y vz Ad9A
Zelo)7} A=A, o) AT elrie] $241 Al
3 o) #3¥(signal to noise ratio, SNR)7} ojy
Ho £ ghe ol DF Yool 4447
2 %A Espd AF "Elo]l® 2l u ’ﬂv"]‘:}
= OE $EA Welel= CRCIA eR7h Bl
= dHo]F AFR FHATIL 23R 4E A
At B3 F ALz FaRgle whelti. o=
oA Filele A tlo|HAlE o]5E dE 5
SIAIT AF Welo]s} DR Yelo] FE4AE FA
Aok Blez shmdel S A 2t
E}.

o

rg

‘5 54 o] s "E, PAlFlA
T SIS AHskE 7EE¥ MRCVE A

Sendonarisﬁ} T. Wangol| 98] Alr=ldci?Pl o)7

< Hejloje} FAFe] #AA A3 o FRE

FAFA  olg3te] MRCA| 7EeAE AR
AL, FAIAR] AlE o AR gl oEstER
SAF-Hee] H=ze) #AA Als o) 3w 3
o] e 93 W Ade] ez

=g, AR A7exde A ¥329 A s
A ARgR7E VA gz 41 Al o ARE]
o F& A5 A dewAE oSS I
Pdg molm gl st AaEs) o= AHx
FE& AT o FAHE 7ok skeAlel disice
w5l QA ek
wehy B =EMe skede A Foh o
Fen] Ade] AR glo] Zheks] Helo|e] $x] 43
e %‘741 gz 44 AlE o AREn7) e
g3 4 éli o ARgHEc 25 3] 93
X AR 7S vhEck 2 A3 Helo|g FAls
o] FYon aMi ol A Ele]5-& P} gt} o]
Z $l8) & =%l DF Hilo] Alxele] o5 g5
o] fr=Em )& o]&sle] Hul rio|AE o]58
P Lyole) 95 395 f= vk ez 2
o|- Al Bzl FAla-Als HAe 4l Als
o AgH7E A Ag Ho delHAEE o
delo] AN E 53t AAFE AXgcL

autd) Geele] QAE AR Axdel 2]
Ao TERE ARlD SAFE) FEe]
sl Bl el "HHolE AR e B
Fpge] Agol olaish AW, wHE eolrt of
J 3mlad (mobile) H#lo1E AHEE= Al 5
A=) pAEA wet Hel delHAlE o
e A sle "HdlolE A 4 gle
Al Heflo] 43 7”e] &84 <+ gk
‘_“-4 AL okt Aok A DAeA o]
DF Zdo] Alag] mdle] Al MA A
o oA o5& 7] #I7F A o] =
v VAIA] 2oAlge B3l ol ki) £
o VAl R =52 AEe] Al

kz

;%

>

o

o 1 {"I‘ji o

M of

I. A|AR] gl

2.1 ME 24
¥ wFolMe 2¥9 16dA] B ule} 2o ")
°o|7} skt AH8R ©1F F DF Hello] Ala®le =

1261



=183 = F1] °07-12 Vol. 32 No. 12

VT U b s
dR [=3
=

3y
2800
A 4 b4 A4
[:} L TET L

Sourve Destination
AR E

4
iz
Ll

32 1. ©]%F ¥ DF E3e] NxH

ek o, 7t x=Fo $Al HelvE SRR
7Pdge). FAE Al Alele] A Hae o
o|HAElE AlFsh| 8] AMSEH webr] FAl-
djol-pAl=E AR $A H=E TN I&
T = Ho deuAE o5 271 "ok A=
¥ delo]e] FA AFo2 Qg 7S 7] sl
Al ddlole} FAFNA AFshe A ME F
Fafo} oz =Relrs e ZEZL Azt
8 wMos Aok R 2 A dle)
B AE2 2 A7 &% F2kl Fl3Eick

A, A A A EFRol FATE AR o
P o] 395 At old, Heo] SIS, yg
FAE FAALE, Ysp= Zzk o3 Zeo| g3l

tlo

=
o

Yor = V kP d; iz +my, 0y
Ysp = d

VEkPydy ® hyx +ng4

hy 3 hye 27 $AE-EHe| At Sl
A= B=ze] 53l Fake v] Ad-AQl g
Hole] A'd (Rayleigh flat fading channel)E]th
o FHl Apeld, ke 7] wE Aol =
g 43 dy= AT F3st FAF-A=
B AvEol n, 3} ny Hio] 00l 24
7}$-Aet (Gaussian) H7F-go]t}
T HA A £l DelolollM AgE A%
= FAlERA AR o3 o] ik

Yro = VkPydy ® h25”+"2, 03]

hye BHlo]-pAlS H=28] Fala v] A
dg] dold Aol & Yolold A Hzy
AlEelct P HdloldlAe] g d¥elth ny=
Faro] 00 FAle] 24l FH-Al Frbakgolr)
oldl, dy= Hellol-FAlx =] Aglels] ¥ 1
oA Rz wie} o] FAF-ATY AL FAS-
deelE=rt  olF= e Em ¥ o

2

1262

\/ d2—2ddscos0+d: 2 BTHPTE B =Fde
tzyeg QI3 ddoloe] Frpel A¥inel
sese]  BAlmE Il Hiele X2
(demodulate)Rt 313 AAF AlE-S ohA] HEI=
Ae® AR

2)9] F A7 £FF9h Ado] Friw v 54l
T2 MRCE 33he ol thd Aoz 2dE:

hyy/ kPd; hy/ kPydy
Yoo+ o2 Yrp

2.2 DF 2ole ol &E

DF #dolola] ARl 2R/ FAlFelA $4l
AT F=20] ARl A¥E o DF Hee] A
28le] g A3t 7}k 1 23} A4 DF ¥
go] AxEle 2F BE, Py rp) < T
3} e Aoz wdE=d

P yspyyspotrp) = (1— PCSR(’YSR))PeMRC(’YSD”YRD)
+ PeSR(’YSR)ReE_mC(VSD”YRD)a

I

A71A, Y12t e A FALE-PALS, &
Az-Felo] ae|a o]l ®HIEY A
AE o aguEeltt PMyg) S A wA AR
Exol|  Fdolellx] WAL 2F FHEow,

Remc(’YSD»WRD)‘q’ PeE‘NmC(’YSDfYRD)lC‘ 7 A Al
7 EFolM WA oF FEER P (v mo)
& 3 HA AR SRl Qeleleld Bx A 2
b 9e W ST F F=e) 4 AlsE
AP oF FEolw PPV ygypp)e A W

A AZF LFoAM dololA] B A 2F{T WA
3lo] Al F ARy AR dE ASE
FAIGE 7390 27 FEolr)

A @l PR g ) S 2T HES
Fal7] $l8) 21%kst o)A (binary) A3EE AEdhe
7395 WAL old, FAlFelAe] MRC A
(3)& v}t 2o] EH=ITh

Yo = (hsfolp — [haf vk ) . )
hy/ kPdg © hi/kPydy
2 L] 2 Ny
O'H Jn



2o

=T/ Hd to|HAE 0|52 7] Y3 235 F Ad(Decode-and-Forward) Halo] A|2=ele] $)x|o] #3F A7+

weld, MRC ¥ S714al Als o) Ahgw]
&3 o] AArETh

o}

v

o, = (1h3|2’Y§D“|h2|2’YzRD)2 ©)
© b e

5yt (6)2] AsfollA & 4 gle AL Azl
@2 ZHE welsE DWHOR 49 gl g
Hr} ZE2 47l & 38 Zoieke 2L ddo)-
ST Gzl AR 0F AR, —o2 HEE
Ex 1 Ay PITMEC(yppp) el 16l Zhke
o] s Holr}. olF Ak o)Al
Fz2e] 441 AE o gult AT =
9] aznc} 242 G Aok

meta], deflol-4Ala =] Al AlE o) Ake
v7} Al gad AS v ole 2 o)
AA DF Ylo] Alxele] 2FIEL thg 2o
2218 & 4 9k,

P (Yspr¥smYen) = Po " vspr¥an) + P vgr) . (D)

A7 BR0] el #el it F de
Al o5 5 deoldld WAg oF
3 Helololx &F glo]l Ad Al FAFIA
MRC &5 #g2] gog uasc)

II. Z{CH CIOIHAIE] OISS 247] 215+ 2i20l9) I

SUFAY MRCE olgslel A el Al
15 W e Leflelold BT 2R
SUFoR Ansx) Y dob U e
2 =Rl aeishe el 2ok A2 9l
o] BA 4l AlEE Haska A WEshEE 44
el Yzl WA LFE TAAN Rekn
ol A Yelo] Azde] e At
b ol% =] 9% s sk Eabael
e $AF-Pelo) P29} NE FAL elol4
AF Pzsh $AFHAF Y29 MRCH ALSE
Anck A BEel 257h Aol 1 9%
o] MRCHS 3%& T BHEZ wee Wy
oS,

w3, Alxe FAL A BE g% Aze
el Sla) AYs R SAF-Beho] B2 A

>

Lo

F4& A 3] Slsike "Hdeold A7 4
ol 7P7R9]ek det At Fellolrh Al 7t
AR A "o B FAlS-He] #
298] A AZ o Al STRAE Al
A A AE o AgEle Fhasle] 25 AHA &
F 25 2B Soh 1 A3 Dol
gz A B S Hs Heleld] Aduiy
2 Ml BAg Qe

by Agk "] A P A tiolH
AJE] o5& 7] I3t FAl=-Hele] =] A=
o] qdE FAlF-pAlT H2] Als o FhgHlel
ufe} AAE B opet H tloHAlE o]5g ¢
oA AEANE 243 she AHS AARL

(DA B mpe} o] fAlFoA oF & S
Pel\mc(’YSDa')’RD)Q’}’ PeSR(’YSR)Eq o7 wHEFL o
oJHAE|O]SE F F & L5 #te theHAE o]
5& w2ug MRCE 3 &= A deo|HAH
ol58 ] HAA= fLMRC(’YSDWRD)P'] Rt
PS(y) 9] glol o Aolo} Weke AMIE o &
itk we2tx DR o] Al2gle] o tjolAE]
o]5-% 7] %t 715 the o] EdErh

POy vmp) = PR (yeg). 8)

dyol-gAl=r =t FAS-AlE W=zl
MRC Al AlZEde] ) 23] ZAA™ x|l
ol AlE] o]5& FHUE I AE ARHo=
Hol7] $JM g =pp T 7HESIAR old, Hile]
AEvhele o Aol &) A=

P.
Ysp =Vrp = 5 kds ¥ = U—dez—“‘. )}

(10)

olu], B3y HAIS-Hdo] = o Ay,
dP 2 Jepict, 2 A3}, A DF Zo] Al
9] 9% #HEe 4 (lowerbound)= TR %o
HA%ick

53]

_ 1 3 - 3
4¥sr 1672SD B 8728D

PetOt('YSD"ySR77RD) Sy

1263



5133 =F4] *07-12 Vol. 32 No. 12

47164 i e} o] WA DF elo] Al
de 9F BES SUFSAUT wdzel 4w o g
Su)e] AT Pastu PolAle tolulAe
o5 20l o)t Axwe] Heh oAy o)s
3} .

A% A PE ) 98 @2 2AE Aee
" gt R

d,\7¢
PRy (12)

1 i 4
=P, | .
V/1=2d,/dycosf+(d,/dy)

Aoz $AZH Lelels] *
A A5 okt o) ﬁi%u}.

A9l s

Py =P +D

=P+ . B '
( ( \/1—2dl/d3cosﬁ+(d1/d3)2 ) )

13)

Gelololne) A aﬁ} sleiml (12)°]
A 9=oslel} m}_ ol Gelels} 4415} 441
2] A= Aol s} Beke APIE o)

Pok W b} do] BARSE $AF-Yeo]
Yze) SNFAe] Urix) mge] $UFA ue
A so] Ao tholulAle o5& AxL Belol-
a3 aasq A2l d7h FohdA Sz @eo)
slxlel AET8lr) So) slo] AA dsele
27V ﬂu} Hetd Ao clelAlE oS¢
om AW A% T9E Hastely S
o] wze] Azl dyo] ¢z Solde} @k 1
A3k Delolrh AT P2 Al 27 7

2ol A AaHe) Ha DEIE T Aoz
= =k
Prr=p 1+ N N 14)
tot _d;na‘x/d:}

_ 1
_P1 1+ _1—(4’)/5])/3)71/& ))

ojala], 2 lgToﬂxa Alkshes Felo]o] 9 7]
A AE o Ayt dAs

e v 7] Yelele] UAS AL Aol &
SHow AgE 4 sleh EH, S 4 B
Aol WSshe Ages =l Pelole] 4ol
St A SelElAe oIS 3ol el Refe]
F A9goR Age] 7Fssih

V. &8 21

E AHolde AR Helo] Hxel o A
ZA5E RS BelAM gk A Ak
o] $1x 7S B3 A cle|HAE o
A Holr] 3 AY At 29 20 =4 H
ek Ak Pdlole] 9= FH cloHAE o]
55 don AL E 43 s oo AA,
di™ 2 AR (10)904 #El & 5 sl niet
o] di¥e BAS-AE w32 ARyl
23 AAEHER ’YSD"ﬂ e 4P el ol Hgst
th gl & 12 A A= 2 7R el
g a9 g A Aol

¥ 204 F2 A4S Ak relay 1A
2] H|E 2.F-& (bit error rate, BER)°|Z 93 %
Al (1S 2™ 702 AFAIe} 249 dAE
Hol7] $golck ¥k ope} AL 4o -2 A
T o TrE I3 AR AR Fde] 94 7]
HE T3 oA delHAlE o]5e] 3=

1. Ysp :'YRDQl 75]‘?"’ 'Ys])q] e dxlnax/ds

Ysp 5dB 10dB 15dB | 20dB | 25dB

& /dy | 0.69 0.52 0.39 0.29 0.22

i Fikoct poSition reley. 4,/050 5
amnsn THB GAPOIER OF T DHOB 2, R

0 Anavik BER of proposed strstely
h— e BER of

e COIBIAIEIOIS 52 .o

; :
i [
SR of SRk, v,

I3 2.

pd A, 2AE A9 Yol A=
delo] «l?‘l 71 «1 A

|3 (a=4)



i/ A oW AE o] 52

@1 ST Es

=

A 2HDecode-and-Forward)y o] A=) 9)x]o] #A3} o7

Hello] Alzvle] Ao tio{AE] o]5al 2918 B
°o]7] 98 z=iFrh

AR BAZE R AL Heele] Y7} gl
FAYe] $AZ ST Fabel Y7 Ao
HIE 25/-8S vehlicy a7 29 AHE ¥ 4
7b e ASole 1A dHelrt o &
Hole 7l Halrh ol df*/d,=0.59 Y&
Al oF 11dBAE HE=E AF 11dBo|s}
AE g =mpRAE U37] SlEA 2R dele)
7b Aok Helo] wpAlRc} o E I9]E ARgslm
W1 wEelch weld o & AL E Abes)
whiel] HIE SFgo] Ye bl gl HAgAel
e Blae Aelx) Fslch whEbR|R 4 7}
11dBolAe]l =H®H  dP™/d,0] 0.58T} Aoixlpmg
Yop =TYepEAE LF7] Hal AE Whe) o ¢
< J9E A sz 24 Yol £ A4
oo BolA =Hcl Agk x| 7o) =A o]
71gel Bls) o @ 392 AR % 9lw o
AL e AT 2 IR 3gelx] Aduig
niel zrol Alokel whyg- Algst =Wl Ho clo)
HAElS d7] 913 A4k euks R8s
Hrh= Ho] 83}

I 32 FATPAT] Al AT o 3hew),
o7t IAR A, dee] AAA wE A=Y

HIE 0F A5 Holw gtk o5 A

Z=90
e /\j

T "6 =
o] =9 Ael o FAT-FAT WA A2 w)E
ol y&FL H|EQEgolr) ey R nle}

o] "ele] At Al AR HE 2
Fgol ok ANA e & & Uk ole B E
Folxl Az elo] 942 sPHel el A %

O RO Q5 R P s D
oD LIMRCH &R R 5P, s '

HHE SR GER

a8 3.

% A, $ATATY AT o A4
a7t 29 A

Aol $Xo HE BEL{E (a=4)

Als-deo] g=z9) 4l AlE o) 3H8w] Fho] Eof
EA FHol AA vE 2F{FElA $AF-Heo] F
2] ¥|E QF-89 el & %S vH7] wlie]
th MAgellx] At wle} Zo] $AlS-A15714)
FA As d AgRt SRS Al
MRCA| A5o] Folz)7] wel Ho tie]HAle]
ol5% dx 2F-8] FHE W Hsx A=
deflo|zke] Al AlE o AdHle o 2 3e 2
T3 ek 2 A} "elelrk A FAlat Kol
Aot geh a2z ADelA He upe} 2ol
Ao celHAlE o5& dom AN AFINIE
Fas} sk 9, oA FAR=Y FAlFIA
MRCS] H|E 2F-80] Zolx|A Xl wlalx 4]
B|E 9F/-8L 1x2 single input multiple output
(SIMO) MRC R|E &F-89 % v A% e 7
A =l

a3 4 ZHo]d Xl wet AA gt
WIS RoiFe adelth o352 ad 33 vt
A2 FA-delo] 7t A2 o FAF-FAF7E 7
2lgoln y&E A AFIY (FAlF AL
+ Helo] Apule]) of HAlE ALl ulgol
ok Flol- Al gast $AlE-pAlE Hae A
3 o 3gurt Zoug Hielrl FAlEel 7t
E5E AA Ag] Blge] AAA = a3l
FAG At Fho] FAF-AS B3] Al AE
o AgRrt S el Ayt v} §
Alstol] 7i7kgjof slE2 AMElE AA ASIes
sl whet Al o= SR

el a3 2,349 AAESS vlEeZ Ak 4
o] AR Hefloht ST AHd Arnt
CRCE-& o438 554 714 A glol= &

a5 i, =0.69

S

| o = 1B P = SAB
b aid =052

e/’

b

64 05 0B

or 8 o 4
SF BB S PA R B R 4,

A%, FAole] 9709 et A4
£ A AEASEAT B Hededele] Aeuke) of £
Aol A% wl(a=4)

38 4. yp =%mpd

1265



24183 =E %] °07-12 Vol 32 No. 12

dolollx] AR 257} 41 MRCASo! 3%
& BlAA WE & e Aol sAe) welE
ngten delollel A9l Hassn Ao
el AEE Gt HA) Yeele] AT 2
Adaich. 223 A9 Delo] ARz} A1)
AL CR Rt R S !
AR A AR 340 24 a4 %
3.

V.28 B

E =1 AR "dHele] $1% 71H-2 DF
Hejlo] Axdle] FAlQl Heololy AR of
A ool BAksed] Skt Ad AR 4)
4 glo] SEIT HA tlolAE o]5% Eolll
ol =k ozl el Haet SAlE-Al
= 3z A Als o FRgerh 2 Al
Hd tle|yAE o]5& W& Pk ohz} AMEE|
= AA A AYE s € 5 9= olFHe] 9l
o} o]E siFsh] Yl B =2 29 AREl
g BA T e mejdddEe] AAEA &)
o B =R e 332 ] Held
(short term fading)3} #2joll whE zhafubs F3H4
7271 wEel 7] ol (long term fading)ell ©]
g Ase] ZFE U] ¥7] Wil oldl it
AF F7H R dasic

)

g8

(1]  A.Sendonaris, E.Erkips, and B.Aazhang, “User
cooperation diversity. Part I : System descrip-
tion” IEEE Trans. on Comm., Vol. 51, No. 11,
pp.1927-1938, Nov. 2003

(2] A.Sendonaris, E.Erkips, and B.Aazhang, “User
Cooperation Diversity Part II : Implementation
aspects and performance analysis” IEEE Trans.
on Comm., Vol. 51, No. 11, pp.1939-1948, Nov.
2003

(3) JN.Laneman, D.N.C.Tse, and G.W.Wornell,
“Cooperative diversity in wireless networks:
Efficient protocols and outage behavior,” IEEE
Trans. on Inform. Theory, Vol.50, No.12, pp.
3062-3080, Dec.2004

(4) T. E. Hunter and A. Nosratinia, “Coded

1266

Cooperation under slow fading, fast fading and
power control” in Proc. Asilomar Conf. Signals,
Syst., Comput., 2002.

(5] T.Wang, R-Wang,and G.B.Giannakis, “Efficient
Demodulation in Cooperative Schemes Using
Decode-and-Forward Relays” Conference Record
of the Thirty-Ninth Asilomar Conference on
Signals, Systems and Computers, pp. 1051-1055,
2005

(6] Jemin Lee, Sungsoo Park, Hano Wang, and
Daesik Hong, “QoS-guaranteed Transmission
Scheme Selection for OFDMA Multi-hop
Cellular Networks”, IEEE ICC07,
pp.4587-4591, 24-28 June 2007

(7] Proakis, “Digital Communication Systems, the
4th edition” Mc Graw Hill, pp.821-839

2} A & (Kyungchul Kwak) A3
; sy 200343 24 Ak 7] A=}
FEH(ED
20051 29 AAlE A7)}
F&aHAAD

20054 39~&A] AAHETL A
7132 FE A A)
<A Hop BAIFEL A3 AE

M $ 8 (Woohyun Seo) 3]

20043 24 AAHEh 7] A=}
3R

2004'd 39~FA A hEtad
A3t 4uiAkE gy

<A FAU A2,
OFDMA, MIMO

Z [} A|(Daesik Hong) 234
- ghEAlEks] =R AL, Al
83(1996) F=



