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ABSTRACT

In this paper, we present an efficient cooperative transmission scheme for high speed 60GHz WPAN
system. In 60GHz, the cooperative transmission with relay is effective scheme because signals are exceedingly
attenuated according to the distance and the transmission is impossible when there is no LOS between
transmitter and receiver. Moreover, the reliability of signal in destination can be improved by receiving data
from a relay as well as a transmitter. However, the overall data rate is reduced because transmission time is
more required for relay. To solve this problem, we propose a cooperative transmission scheme with RS-CC
serial concatenated codes. In the proposed cooperative transmission scheme, the relay can reduce the
transmission data size because the only parity bits of systematic RS code are transmitted after encoding by
CC. But the computational complexity is increased at the relay and the destination.

# AP ANAAR 2 SV 1e7 e TN eIl e gske s 49518, [2008-F006-02; Hlels]2=
o 272 4 SAA2E 97

* g Az 71285 wilee@korea.ac kr, jy4213@korea.ac.kr, dongzizuk @korea.ac kr}

** gEUlela 7)1 4535} (junheo@korea.ac.kr) i
EEHE  KICS2009-12-001, A5}t 120094 1249 104, HEEEAPUA: 20104 29 249

255



5241838 =84 *10-03 Vol. 35 No. 3

I.N B

T o5 Ala"eM e /18] £¥EE <)
3 2nAH S Hadsle Aol T TAR T
= glch =3 o8k deluit]e] dioele] AMge)
FonpuA Zwd 8119 Fane] ¥Rk 43
312 ¢lgh 4n] Ao 7H4r2 Qs 415 o] 387}
wolrlar, ¢l AlEe] AlSAE gushe o] &
23 FAP) Foiek o8y EAEE HEs) 9%
Hlel & 2 Dol o143t ¥ FAl WAl o
3 A77} islA 28 Feloh

HZ FslA A7EE 60GHz WS o8]t =
314 WPAN AlAglolM s P¥o]E o] 43t Y £
Al 719l gt Aol V18R lck 60GHz tHYel|
8] BAle Alse] B4 LOSAE 1A 7] ok 7
%, Balo] BrVssly] o] Zelols o4t ¥
A 71l g @ AsE T Qo) =3 o]
£ o8}t Y FAl 7PHS AR tle|MAlE(path
diversity) & 92 4 & B9 o), AR &4
(path loss) & 24 4 = AEE 7R3 $7] wiiel
LOS7} A8k FAIKE o15E 9g 4

Yajoly] AH-E A F /AR FRE Ak
o 2By $AFH ATE ZZsle] PAGe R AL}
kA (Ampllfy-and Forward, AF)} #H#lo]el|x]
A A o2zl §le A9 1lEl AlEE g
A2 ‘}3] A5l ¥WhAl (Decode-and- Forward,
Ath2]. & =¥ldE M= 2Hol= DF
< A3y 7Rl DR E 7 A
535 Axdled Hgste Al 44314 W W
Si‘*} 4= git}. 60GHz S| 75 Azl =t
32 7t 2] diell 84 45 o Ahe
A31717) ik wElA o) & Bkl 48] &
35 A4sl= Do 27/ AA 55
2435} el= DE7IY Br} EFxolr}. o5 A ¥
55 43t DF7]olX rate-compatible punctured
convolutional (RCPC) codeS AH&-3h= 714[4], RS
codeE AH3he 714, Turbo coded AH8-3h: 7]
i Fo] ZAghe)

H o4& RS codes} convolutional code®] &
4 A4 235 P9 B4l /el H43E224] LOS
7 B 5ol9lA] W #70lA HeR FAle)
TFselg siich w3 LOSTH EAlshs #7449 7

his

[
)

o
3
_°,

Al

4« o

4>

= ([
hr rz

o
o,

% "ol o Y §Al SN ML e

Hlo]e]E A$3 799l % QoS(Quality of Service)E
PEg ¢ YEE Yot ,

256

9 AR

=
r
i

2.1 Al2d 29

£ =R AgEs ST Do), $AI 2T
3 AR A% AV1E Z38
ol QleluE mity gaing RIckw ZRgEh
Reference distance”} d, %l 73-%- 15 Aeie] A= 7}

s 2l (1) Zol vehd 4 glch

PL(d,)ldB) = 20log( 47;01" ) )

old, A& A1%E #}Ae] Zo|E ehdch Path loss
exponent RS £t dukE oAl AgjollA] Al
Az A EE ()9 2k

PL(d) [dBl= PL(dy)[dB +10nlog( )(2)

oluf, n-& path loss exponentS @]} $418}
A

€ Azl A71% pldB]E o Ald Alse
A7) pldBlE 33 2k
P.[dB]= P,[dB)- PL(d)dB) €]

S0 Feelrt $Alske Az AP
PldB) 2 U5k B4e) AN, laB) 2 B
SAR A Aole) ALz o) Feule) BER
e @ 2k

LgpldBl= P, gdB]— N,[dB]
= P,[dB|— PL(d,)[dB]- 1wog(%)—zvﬂ [dB] @

$4 Az A7l 9)F ol ZEF +

P,[dB)=I'pldB]+ PL(dy) [dB]
: dgp

dy

&)

+10nlog( }+No[dB]

meb] (5)E o143 A% S Deo] Al

AE o g8l FER T 622 /T 5 ek



1% 58 & AT Y B 7

=% /60GHz WPAN A]2H9]

I’SR[dB]= P, o (dB]- uA [aB]

= 7,45~ PL(4) [w}—wfuog(fsﬁ)—zvatm

d ©®

dsp

= FSD[dB}+ 10nlog( 4
'SR

AR v o2, Delo]e} Al Ao 4% o
A-gle] Bk Iy (HF o] T3] 7Fssih

I'ppldBl= P, ppldBl— N,[dB]
Ao ) m

=TIgldBl+ 10nlog{ 4
'RD

22 J7|1Ee| 3 EAl 7Y

2.2.1 Incremental relayE 0123 &3 SA 71
Incremental relay?Z o]-43 ¥ 4 7P &
Aol Ao 2 Aggt dlofe]ol] L7571 2l
73Sl o]/} AR HlolelE E3hr] v
ol Lellole] 23 2142 a3 & & itk

2.2.2 RCPC code® 0|33t &3 84 7[Y

Rate-compatible punctured convolutional(RCPC)
code ©]43 ¥H FAl 71412 AlaglelA] AL
== RCPC code?] codeword UF-5 S 2
b AFSe lgelth SARelE 4
codeword 5% ©]43}o] Hr} Al 2F AHAo]
7FsshA "ok

2.2.3 RS codeE o|=st €3 EAM 7Y

RS code s ¢]-83F 3 EA] 7H[S] RS code?]
systematicgt A& o] 43le] ¥ T A2l A
A & Aelek Azdleld GH29) & o143 (m,k)
RS code® ARSECHH, A4S bite] Ao}
K(=kxg) 3l messageS Dol Alke s g
gk "gololx] CRC ZHALE %3] °41E message
o 277 W& A%, FAUE messageZ 0]-83}]
systematic RS codeE o]83}e] bite] Holr}
M(=m X ¢) ] codewordZ gk} A= codeword
of|A] B IA} 3= messageS AJ2J3F (M~ K) bit
9] parity ¥ A0 2 AL3it) pAlIdxE &
Altollx] Heo]2 33k messageol] £-577} wrAys}
A %2 7% RS code?] codewordE F218 A £
o8t 535 9A o

|
2.3 Hokst B2 24l 7|

oz

2.3.1 meokst 2] EAl J|Ho| 5} 2

Aok ¥ 24l P $11719 LelolellA Ab
L= Ad 355 28l RS codest convolu-
tional coded] A& 94 ¥IE FAsE ¥ ¥4
Azwolck. Yajolold GF(29) & 0143 (m,k) RS
coded AHESHE A%, $AIRIAE bite] Aol
M{=m X q) %] messageS- interleaving ¥+ F -5 &
o] R;4l convolutional codeE ©]-83}q bit2] Hol7}
Ny(= K/ Ry) 4l codeword & ATt $AES A4
H codewordS Fole} Algke 2 Aggl)

Yelo]olXE $A1H codewords] BlFH IR L
E3}od o2 message”} CRC ZAHE E3)] 771 &
AR o2 Aol IR 739, systematic RS code s
ol g3l bite] Zel7b M(=mXxgq) &l codewordE
AR B =Foie gyt Bl Adg E
# FAGT A Aol Ade] LoS £4] ANE ¢
I itk 7%kl LOST T EA15Hs A-folle A4
EH RS coded codewordellA] messageS A
(M- K) bit2] parityS interleaving 3 F F589]
R3] convolutional coded ©]83}4d bit®] Zols}
Ny(= (M~ K)/R,) < codewordE A3/33c}. Heo]
= A codewordE ARt AHEIic)

AR = FAgeZHE] A4H codewordell
4] convolutional code?] T1FH2 £ messageS
g4 Hz, YdelzRe] HLE  codewordelA
convolutional code?] T]ZH-E E3] RS coded]
parityS A Hl HZXH O 2 RS coded parity S
©]-8-5}] message?] B LFE A £k ¥ 1
o= LOS7t EAlste A4 Al Hdlo), Al
gxe] FAES Epd Aol

FAS} Al Alele] Aol LOSTE EAlEHA]
B AL GHololA M bitd codewordS
interleaving ¥+ ¥ %8| R, convolutional code
£ o431 bite) o)k Ny(=M/R,)?) codeword
£ AR HEole AAE codeword S AR
2 A3t AR $AR codewordE RA
convolutional code$] ﬂi‘%%y 33132 RS code?)
Hage F38 i o o755 AR a7 2.4
£ LOS7F EA6HA] g A S4ldh, Zee), 41
dellxe F4EE bl Aok

257



2283 =F7] °10-03 Vol. 35 No, 3

Source

Bassage H ;ﬁi‘% CC1 Encoder

Relay
Oeinterleaver
Error check I ) CC1 Decoder
If no arror
RS Panty Tterleaver
Generater {parity}
Destination
Deinterleaver
ESlimated |, I o hocoder [© L—T28202
Beinterleaver
(paity) CC2 Dscoder

Data Transmission at 1st frame

i:> Data Transmission &t 2nd frame

T2 1. ARKE R1E $4 7188 TR QosTH Eske 3

ey
{ Message ’ CC1 Encoder

f——«{ Exror check H : Hcmcewder

lf N0 6ror

I
i
H

RS comewor Intrinaver
Generatar {codewors) ] S Encoder

Quastination

Data Transmission at 15t rame
{::t} Data Transmission at 2nd frame

ozl 2. Ak g8 B4

%E

A 7Y FAE oS 25

2.3.2 g3 52 Zigo) me M& dlojef Zo| vim
B Aol Aokl 83 B4l 714w o B4
e Agste dlolele] P w2l
convolutional code®] ¥3-8<] 1/2, RS coded] 3%
£} 53/63, RCPCY] -4 H3:80] BF 12 4 A%
bit Zo)7} AQl messageE Ashet] F 83k dlole]

A E 1.9 20
7% 3.2 L0S A AsH HolelEe 18

22 393 Aotk

o, 1st frame-S $Aleto] dlolel & /ﬁ?%}r A
ZF 7 2nd frameS %E‘"C’]ﬂ' 1’:}}0] = A3 S5k
AlZb P2 2wl

258

1% 4.5 NLOS #7404 =4s

A8} s} viepd Ao}

E 1. A 7l w2 dlole] Ak via
LOS 87 NLOS &7
Without §——>D dloje]e] Ao)
Relay 2K Br)ssio)
Incremental R 2K/] R\jK
Rel >
| s==0 | N
Cooperation Z%RX;( P2y RXK
with RCPC | g% S/ D
2K
R
Cooperation| X 0.18K LN
with RS SQD s/l : \nD
K
R
Proposed x« 038K 2k R 238
Cooperation SQD S/ \1[)
2K

" s I
Cooperation
2K |
et I
with Inc. Relay
2K |
e ]
with RCPC
2K : 2K
Caoperation
with RS code KB];I{EJ : ?}?K
Proposed ﬂm |
Cooperation | mﬂﬁ]
x j 038K
S
L 3L i
1 st Frame 2 nd Frame Time
T8 3. ¥4 B4 /PEEY Held A4 oSy EAlshs 37
No :
Cooperation I
Goopersin B
with Inc. Relay | (LTI
2K | 2K
gpesen |\ (TN
with RCPC
b4 : 2K
Covperation m "
with RS code " ryr
Proposed | ([ITIIIIIINIIIITIN !
Cooperation
per 2% : 2.38K
1
1 J L J
1 st Frame 2 nd Frame Time

J8 4. 34 A 71

we )

B9 Hole) A% (LOS7H EAA



=¥/ 60GHz WPAN Al~dle] A4 58 348 9% 99 34 714

2.3.3 & EM 7RIl e transmission throughput

£ Aojr= Aklsle 8 B4l 71 71Ee] §
HEA /e A% $xF vlwstus) e oF
$2 3] 98 $E RIS Rl o/ AR F
ZE ¥ 211 7ol A4, Aladleld 2 b
oJElE Aol ] Wil AL S= SholA &
Alo] wbAigic}, uleba HA43ke] dHlolelE o]83)]
J3l= AeE dE Aol Bl Fasitl B AkE
¢k A% & & 9 messaged] %k transmission
throughputol2h Ao & o, bite] ZHel} vl
message S HAFI=t] A8 E AIME T, 3del
A AR AR 277 g A pE ARS 3k,
FAlde] ¥5ge] R Al 2F AA 35 A3t
o7} $380] B2 L7 A FI2E A3
73-%, message blockg v¥ AL A transmission
throughput ¥ (8)3 2k

U= BE(L— Pyjoge)+ -+ BA(L — Py ) (Prgoes)”
TR+ TR+ +Y TR + DR (Pourf
_ﬁ M{U - Pblock) (P blodc)i
== ®
SHTR+ DR P

— K(}'_ipblack)
(7R +1/R)

w24 transmission throughput = A% 34
po} FEEE 4 5 3l

2.3.4 ®moist §3 B4 Jjge] M 24

£ o= Aljkete ¥ A 7S Losqt &
A= 749 A% (BER, BLER)S 4j3iich.

AdE F98 A5 $7E Alg o ALulrt
y(n) ] ©] 3to] Rayleigh £¥5 7FAcky 713}
= y(n)e FFF 'S exponential EEE 7zich
BPSKZ #3% convolutional code®] codeword”}
AdS F33F 7% pairwise error probability (PEP)
© 9= Jehd 4 glchel

Plc—ely)= Q( @17(7)) ©)

oluf, Q(x)+ Gaussian Q-functionS &jvistz
B e £ AZEe] #4el AlE o) 3heu)E
oulglt}. c& $AlIeld A% codeword, et T
IR Fox 2577} EASH= codeword S 2Julsich

& cln) = e(n) o] Asdshe nel Agelch wepy
Inl& c(n) &} e(n)2] Hamming distance?! d2 JE}
9 5 glcd 2k linear codekil 7FA31Y] error
probability”} codeword T E3loj2}d PEP+
Pydhy) = 233} & 4 9lch =3 slow fading A
9e ZIRATE 4(n) & yehe AR 8] Js
sk

Pyd)= Qv2dy) (10)

Convolutional codes] vo] ZALZ Foiz o bit
error rate(BER)2] upper bound: (11)F 2

AOEE 3 cld) By(dhy) an
cd=d;

old, d;= code®] free distanceE, c(d)=
Hamming weight d¢] 25 codewordelir] 257} wb
A3 message 8, K& branchollA] F bite] =7]
£ 2v]3lt}. Convolutional coded] o] A E F
17 o block error rate(BLER)<] upper bound+ <
A (12)7 2P,

P M= 1= (1 Pg)? 12

olu}, B trellis branch52] & Py)2 vo] =
7oz Fod o codewordel] 257} HAY FEL
oplgle}. P(v) <] upper bound: thes} 7).

=)

Py < Y] ald) Pyldhy) (13)

a=d;

old, a(d) & L£77} AT codeword] Hamming
weight7} d7} © = lE BE 4$2] £E onigid,

Stow fading #74llx] BER¥} BLER2] AA] kel
4% upper boundE EZ3F7] 913 limit-before-
average 7L A1g-319ic).

B [ i 5 darian|ion ao

=) sl B
Py <1-— f (1—min[1,d=2da(d)1>2(aa7)]) f(dy(15)

0

259



=23 =FA) 1003 Vol. 35 No. 3

TR (14), (15)F o183le] Y FAl Alawle
BER# BLERS %% ¥ Aolch
FAlolA ool 2 ASE Aol 2577} LAs)
2 & B3E Ao=1)< (16 2}

P(e=1)=1-P5E
o o B,
> f (l—min[l, Ea(d)PQ(th,,)]) frsRdrsr 6
4 d=d,

olu, A% &
BLERS, B, $AIe25%¥] A4E codeword®)
trellis branch&2] 5, 7g,= $AIT Dello] 7k
Ard Ale]2) 7kl "‘_:9: ‘41 g ()8
F FIIE ot

AN AR Heeld: FaiA e
message?} RS code parity®] BER upper boundt
(17, (183 2k

S|4 Heol2 AE Ane

PP f:min[% > de)Pz(dmw) Flvsoldrsp  (17)

2 f:c(d)P Adlyz o)

- d=d

Pﬁ”sf min l,
0 2

f(’)’zu)) dyrp (18)

olul, ygp& SAIT $AIT Ajole] 74l Al
I o ALY, v o ot AR Ale]2] Als

o Ag), K= 4415 brancholld §13 bit®] 227],
K& 2] branchellA] 1 bite] 2715 <jwlgich

FAGeA Deols 58 AlsE AR A
RS code®] codeword®] average BER (192 %3
7Fesith

Pd"' BmI(JPbSD-*'BpKfPfD (19)
=
ij(g'_*_BpK?

old, B Aoz e A codeword?|
trellis branch &2 & 2|3}

(m,k) RS codet 29712 symbold o3} <At
3}7] Wl symbol error rate® +& H&7} gk
Convolutional code® £3 tlzw ¥ QA% 2F{+=
burst error patterne 7}tk A% error rated- 7]-
A= 734, burst error pattern®] random error pattern
Br} 232 symbol error raeE 7FIch welA
convolutional code® T]FH3l] He& Anel

260

symbol error tate Pg2l bounde TheI} 2]
random error pattern< 712 af 2%+ symbol error
rate & Fdo| 7P,

Pg<1-(1~F)" (20)

RS code?] TJ@E $343151S o 257} AR
A ok dolgle B I 2ol

Xj}( ) 1-Pg™" @D

m

oluj, t= [—?ﬁJ £ (0k) RS coder} AT

2
4 9 o7 £ 9ugh). RS coded T]TH
43 ¥ messageol] 57} WIS SES (22)-‘1L 7"
1:}[10].

LS e -ra @

1
P -
£ 20—1 M i3

PRl Heo]2HE] AFE AR ASs) 5
41 8] ¢ 7-%-9] BER¥ BLER-S o33} 7o) 1}
Bl & gith
Case o)A AZE FABA] & B%

F(&=0)=p3" 23)

onw(@=0)=1‘(1-P@k @4
Case 2)Zde]ollA] AlZE $ARF 4%
PO=1)= Py (25)

Pal@=1)=P,, (26)

waba] $AldellA] A5 A Re] BER¥ BLERS
o3 o] vehd 4 9t

P, =P@=0A0=0+RBO=1)AO=1)

; 27
=B Py apy - (1-p38) @D



=%/ 60GHz WPAN AlA®le] A4 58 A& 13 3 B4 714

By = Pua(0=0RAO=0)4+ By, (6= 1) AO=1)
=(1" I—PSE)k) « Bii+Pyp e (1"Pbﬁ§:) @)

T4 27), 28)°ll S (16)~(20)& A8k A
o Y BA AxEs AR AL ™
message2] BER¥} BLER®] upper boundE 73 4
ek

. X% 2

£ ZelAe o dellx] 4% ¥ 54 1Ed
BER BLER?| A58 vz, ¥4 ¥ £ =&
4] AHEEE convolutional codet= H-F-80] 1/20]2
M=43] code® 313, RS codels GF(2%)& o]4-
3= (63,53) RS coded ARE3}3, RCPC code:
Hagenauer "7} AIFEE 3¥5go] 1/40]2 M=4%)
codeE AHERIch W] Fals f =60GHz, path
loss exponent n=2.1, reference distance d,=1m <}
B73e zEiskid’ Sl AT Alele] Aw
£ 5m, $497 Do) Alole] AvlE 1m, Deol9}
A Aol Al E 4mE RSk

LOS7} 34 EA3he 749 §8 B4 7[HES A}
43152 o pAlolA] Wk AR BERS 13 3
= 2w A8 BLERS ¥ 49} )

LOS7} 84 EA15H= 7%, BERS A3 o 3e
H]e] HFgto] & o] RCPC coded o]L3F
¥y 54 7ige] /1 U2 e JRRT AE o
Fgu]9 Fagke] B2 99 Ad ¥E 4l 7
el ¥ Z1& & F 9tk BLERS RCPC coded
ol-4gt ¥ FAl 719l 3 M e S FIRA]

1OE40Q ey

10501

10802

E 10803 \ by
o0 :
1om0q 4 2-No-Relay %
| wincremental Relay WU
~o~Cooperation with RCPC - ;\,\
195 £ e Cooperation with RS [N
-&-Proposet? choperati.on #\51\‘_]

6 * 2 3 4 5 & 7 8 3 10 11 12 13 14 5 15 17 18

Average received SNR at Destination {d8}

a8 3. 33 $A 7|4l W BER ¥% (LOSIH 4 &
A 39

248300 [ 7
e
’\ & N"Ek..‘
10801 \ \ it
\ hY d"’!\ g,
N 3 o
o« N~ =
uj 10802 X
a N
<A-No-Relay \'»\\
~eoincremental Refay '\\
1990% 1) amCoaperation with RCPC
-@-Cooperation with RS
<3-Proposed Cooperation
10604 T

e 1+ 2 3 & s 5 7 B 9 10 1 1T I3 13 15 16 17 1B

Average received SNR at Destination [dB}

38 4. 39 BA 7]y w}& BLER ®|E (LOS7} 34
E3He 39D

AT o zsule] BEghe) B& FYelA Al
4 241 7147} RCPC code S 0]43F ¥4 4l 7]
o] -$AF BLERE 7Kl AL & 4 Yot

T 0.29) FEE $algka $4I5k Ajol2] Adel
LOS7} EA181R] e 7%, Alddeld e Ane
BERL 13 59} 723 AHe] BLERS 18 63} 2tk

LOS¢} NLOS7} 4 sl 7%, HHolE o83
A %= 92 RS coded o] 8% {H B4l A%
o} #Fene] a3kl o= BERY BLER¢] &
A 7 ol3lE oA o AL FHel & S ik
BER¥} BLER®] A% o] hg#]9] Fdgle] & o
HollAl= RCPC codeT o143 €8 B4l 719 7F¢
P& ks XA A3 O Agale] FEge] B2
Feell e A dH FAl 7] 7B & e
9l & 4 9k BERF BLER®] S|4l Aokt
9 EA 7189 RCPCE 0|43 ¥H B4l 7]4o]
2 $Al Alxw] Be) G5l AL 8918 4 glck

186400

N i o 7
10801 TP i
1002 i
- -
& e
& i '
10803 1
- | w#~No-Relay \]‘ \ gy
wedncremental Relay b
toeos .| ~omCooperation with RCPC TR
y e
| wawCooperation with RS kﬁ:“ﬁ
H
. | ~=mProposed Cooperation
-] EI T N )

19605
© 1 2 3 4 5 § 7 8 9 10 11 1Z I3 14 15 16 17 18

Average received SNR at Destination [dB]

2 5. 3% Al 714l 9& BER ¥la LOS%} NLOS7H
A Qe 4D

261



PFEAI8H3] =87 1003 Vol. 35 No. 3

10802 Gt

1DE0E oo

preey + = -
H . =
~sNo-Relay NG \\\

o
o]
o
wséoincremental Refay \ ) Pt
10r33 -1 <G ion with RCPC
-ewCooperation with RS J\\E
--Proposed Cooperation 3\?

20704 Lok

o & 2 5 4 S 6 7 8 § 1 M 12 ¥ ¥ I/ 16 1 8

#Average received SNR at Destination [dB}

22l 6. Y9 E4 PHe) ok3 BLER ¥]E (LOSSF NLOS
7+ 34 e A9

I3 7.2 LOS$ NLOS7} 37 3l 7% Azt
g4 ¥4 7185} RCPC code s o]43 dY £41 7]
9] transmission throughput& Vebdl Aok oluj,
dlelele] AEL 1Gbpsztx AN de,
K/T=1Gbit/sec).

A% o 3hgule] B3] 6dB Bt 22 A Al
o1gh 318 4] 71¥o] RCPC coded o184 4% ¥
Al 714 2t} transmission throughputo] ¥ Z-& 3
& 4 gk

webA vF g e A% o) g9 )
AR ke S0 E AR ¥Y $Al 7o)
32 BERF BLERS 7}AWA RCPC coded o}4-
g 3 B4l 714 ¥} =L transmission throughput
£ /e A 8 & F 9tk

a7 8.2 Akt ¥ B4l 7149 ek Bade
E4] ==% upper bound®} simulationd &3+ 27}
£ u)=3 Hojth

27 8.2 upper bound¥ simulation$ 53 =&

450

a0
'g: 350
£
2
- 390
5
o
'gg 250 .
g [P an
ﬁ 200 o f
< I
§ /
u 130 -4
Vi
£ 100 ~awCooperation with RCPC
= /

-&-Proposed Cooperation
of " =

9 0 Z 3 4 5 6 7 & 9 10 3 W 2 4 1 16 17 18

Average received SNR at Destination [d8}

:% 7. %a %/‘11 7]‘%0‘] UZ}% transmission through'put
(LOSS} NLOS7} € Sl A9

262

10800

R et

BER & BLER

—4BER{Bound)
~#BER{Simulation)
~&-BLER{Bound) Ny
¢ BLER(Simulation) i

10606

S 31 2 3 2 5 & 2 § § 10 11 12 I3 1 35 16 7 B 13 2B

Average received SNR at Destination [dB]

o8 8. Akt & B4 714 BER ¥ BLERY bound
(Los7t & EAlske A9

H z=ao o 6dB AR Aolrl AL
Convolutional code®] BER®} BLERS Aiksle 7
Ao} v 34 gk union bound S ©]-831517] o
Foll Aotk 5 41 714 BER} BLER 2] upper
bounds} AlE€Held A AlojellA] vl E 247}
2AE ek FF A7 FAZA] union bound ©]9]2)
714-& AMgsled tight boundE TekaA}t gk

v. g &

B =iodie 60GHz HGdlx deelE o143t
Y B4l 714¢ Aldsict 60GHz 912 LOS7}
FEAEA e A FAlel Fbsab] diEel 2y
o7} gAlete e $AIgE ARE 4] 1z sled
Ao ALgroay palgke oAl Hue)
FAlo] Vbt =3 ¥ Al 71 A’ RS
code®} convolutional codeZ} A& A4 ¥3E A
4324 LoS7E EAldke A, 718 ¥ 34l
PR AL o dHeleE AsIlE E7sla
G 0F4E 7 ol XN o E {Y &
Al de] £ 7RX) 0F A $EE AMgsel, Ll
o]eflx}E RS coded) 917G A& RS code
9] fags 7R el s7] Wi AlxEle
sdateke] Zlsle dio] Stk

#nE8

{1) Emesto Zimmermann, Patrick Hethold, Gerhard
Fettweis, “On the Performance of Cooperative
Diversity Protocols in Practical Wireless
Networks,” in European Transactionson Telecom-



=¥/ 60GHz WPAN AJ=el9] A$ 3¢ 48 A% ¥4 34 714

(2]

(3]

(4]

(53

(6]

(7]

(8]

(9]

(10)

(11)

(12)

(13)

munications (ETT), January 2005

J. Nicholas Laneman, David N.C.Tse, Gregory
W. Wornell, “Cooperative Diversity in Wireless
Networks: Efficient protocols and Outage
Behavior,” IEEE Transactions on Information
Theory, Vol.50, No.12, December 2004.

T. 8. Rappaport, Wireless Communications:
Principles and Practice, Englewood Cliffs, NJ:
Prentice-Hall, 1996.

Todd E. Hunter, Aria Nosrantinia, “Diversity
through Coded Cooperation,” IEEE Trans. on
Wireless Commun., Vol.5, No.2, Fubruary 2006.
V. Bashun and K. Dubkob, “Cooperative trans-
mission through incremental redundancy,”
NEW2AN 2006, LNCS Vo0l.4003, pp.452-460,
2006

Marvin K. Simon, Moharmed-Slim Alouini,
Digital Communication over Fading Channels,
Wiley-Interscience.

A. Viterbi and J. K. Omura, Principles of Digital
Communication and Coding. New York:
McGraw-Hill, 1979.

E. Malkam#ki and H. Leib, “Evaluating the
performance of convolutional codes over block
fading channels,” IEEE Trans. Inform. Theory,
Vol45, No.5, pp.1643-1646, July 1999

S. Kallel and C. Leung, “Efficient ARQ
schemes with multiple copy decoding,” IEEE
Trans. Commun., Vol40, pp.642-650, March
1992.

John. G. Proakis, Digital Communications, 4th
ed. New York: McGraw-Hill, Inc., 2001.

J. Hagenauer, “Rate-compatible punctured convol-
(RCPC codes) and their
applications,” IEEE Trans. Commun., Vol.36,
No.4, pp.389-40, April 1988.

B. Zhao and M. Valenti, “Distributed turbo
coded diversity for the relay channel,” IEE
Electronic Letters, Vol.39, pp.786-787, May
2003.

C.R. Anderson, T.S. Rappaport, K. Bae, A.
Verstak, N. Ramakrishnan, W .H. Tranter, C.A.
Shaffer, L.T. Watson,” In-building wideband
multipath characteristics at 2.5 and 60 GHz”
Vehicular Technology Conference, 2002.

utional codes

Proceedings. VIC 2002-Fall. 2002 IEEE 56th,
Vol.1, pp.97-101

0| & &l (Won Jin Lee) 314
20083 24 AFUF=m A}

=3
20081 349~¥A R
A7 )-g3 AAE 24
<TARol o] UEHZ,
PEEA, 74 A &3

Ol X ¥ (Jae Young Lee) 314
2008 24 wdstw Al

SAF3t

2008 3¥9~FA e
ARV e A - ai) 55
4

<Al Eeo] vEYZ,
FHEA vEY=z 39

M 9 & (Young Kil Suh) =34
200913 249 zEYEm Ay

A sgsat
20094 3¥~&A ze=idistz
AR T A A
<PilEol Feo] JEHF,
HHEA, A Arg

139

19894 249 Aot AxlE
B

19914 29 Agdistal AR
g3} AAL

2002 2¢ == USC Azt
3} uhal

20034 19~2007d 249 A
gt AREEE 2ag ‘

20079 3¥~3A mEUjEkE ASAAPASEEH
A

<HEek  FAARE, Ad=zH, MIMO

& (Jun Heo)

Ed

263



