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ABSTRACT

Cooperative diversity is a promising technique for range extension and diversity increase without the use of
multiple transmit antennas at the user equipment. In this paper, we propose a cooperative hybrid automatic repeat
request relay method with adaptive retransmission to increase the throughput when the SNR of a source user is
low. In the proposed method, the source user transmits the first segment of a codeword to relay users and a
base station. If the base station fails to recover the information from the received packet, it requests the source
or some relay users to retransmit the packet previously sent. In addition, the retransmission type of a selected
user is chosen from repetition or incremental redundancy according to the quality of systematic bits in a turbo
codeword. Simulation results show that the proposed method improves the throughput compared to conventional

methods, and the improvement is significant when the source user has a low SNR.

I.M & FehtE HEF 5 et T, wEs =217t

A Folg b kY 5 s £

R Ze] AR T4 EA Axdledd] HEES A2 o= | G Sk oleldt Ak 2
=olv e R $Al AHE FoAY uEF 4l A AR} Bm S-S SRR wpgoZ TlE ot
# o] wE-& AR(weTtelr|eR)e] A e saleRlSAnte] AT (KRF-2008-314-D00311) AAAAYE & ARENATAE

o] sk ITATFAE 2922 (IITA-2008-C1090-0804-0007) 5315 <17 Axsuch
* Agdlela A28} (skboy81@airpoint.co.kr, delta310@khu.ac.kr, yheekim @khu.ac.kr)
o gmIaly|ed HadAketE) (fsong @ieee.org)
ErHE KICS2008-12-557, Apalzh 120084 1249 174, #HFE¥A4UA 20004 3¢ 3

213



g2 A1 8k3)=74] °09-03 Vol. 34 No. 3

o] $Al ARE ol8shke Y (Hulel) % W
Alo] ghkslA] QA glep> o

Y A$e 71¥ MdL Coverd] Hello] A
of Higt o] Aol e F gled? 73
uhl e 34 DF$} (Decode-and-Forward)™ AF
(Amplify-and-Forward)® wH]ez & 4 gjch
3oll= DF WA9] g #ko 2 7]& DF WAl
Al s OF A9 FAE floln PHe= &
53} ook oSS AlFshs ¥-53l g wiio)
A k| gl epereino, ‘“’iﬂ HY WAL H30i9
AFE YA o] Afsla o2 d¥e ¥y &
o] AEtozx I RIo7} YA %“—Lb)r K]
9o F 53 AdSs AA 3l Fms) ol
o]5-& 7ML

olelgt 33} 2 w2 Hule] 27} (Incremental
Redundancy) 7]4F] 3lo]HE|= ARQ (Automatic
Repeat reQuest)2]"!! °47‘V4_i 49tk S 7]
& slolHel= ARQ WS &7] A%} AHE

Q3 Wl s U, ¥53 99 S oﬂH‘*
AR gy o] sl Zolch ol [9)414
£ 71E 233} 39 WAL gF § splnele
ARQ #¥ A% W—l_i dulslsly YA o)
st o 2 A B e 718 WA
WA= »HE]EI 3 } HW“&—% Ze3ta AAH R
Ad 538t 7HE A4 o 35 B30 42
7= A5 283k dgich

B E=EdAE R £5E sute s 3 sjo)n
2= ARQ A% 7IHE& A4 o dele] Fv] A
9] S Bkl S AAE 7S =sigct
AR ol2Aea: e 7} AHdo] wkE AA
Furl Aso] fslA Y, 24 v B ﬂi— AL
%ﬁl—— BB 2359 AS An wjES] FI & 7

AR v EsL 231 A7 ke A gshe ii

*év: HES ¥ 5 ook uebA, A’ g 9
S ] e Ad FAe uel 33} 9
ANHF F-E vt Hello] W] Ad FA AR
7} & AS S DY =3 Agshe " A
2 7]4e Agraich

= AL o ok e g9 Alx
H 233} ¥ slo|He| ARQ AXE AdwWsly, I
Aol edies Al 23g 7o g & Ad4 7y
+ sVlgkt IVARIX e 2oAgS Fa) Ak u
Ale] As e Hold, VAl FAEg Pt

r:-{nrk

214

I. AlAg ¥

43l AEe] A"l
L wal 74°]‘4 HA- ‘:}";_}C’](source)
ZIXF2o 2 dlolelE A% o 9H o] A
A& AT & e TTES Y l—ﬁc’l‘“/}
F2ot. Y afole A e 2Esl F M
o] glom, 1A s
o] whdole}l ¥-Ect U o] dlely] A
< 843k 7N ARF e dloly Adg
sl o] gt §F wAAE AL F= F
4E 319 e g3k @ 2F e o]
SEES JY reAS 2] 98 Ra d=
W Age g FEgch
IL"/‘ 2& Alksks Y Ase -rl?"‘} FPAl7] +
g BelEth A dEe ¥ AE 98 CRC
(Cychc Redundancy Check) HIES ¥l & KA
vlES] A dole 85 b={,, 0<n< K—1}&
F3580] R EH ¥33p|2 H53lsie] Zolrt
N=K/R 453} H7& “P—E} o] w, 1xEV-DO
Ax=dAP 25g RE 13 3L 152 AAslm
slo|HE]= ARQ ol HAsil "11‘513]‘” HPALS 24
slo] ZHF AA $58) A7 o= {c 0<n<N—-1}
& AT} Spolusle ARQ 4 19 AA 53}
S ofe 8 shles e, Al Hgelae) 3
S AL —{CWN,S <n<S+1} i=12,.2
ok oA, %e A AL, S A FE SRl

o At wE A (5=0), L=5.,-5
(K< L; < N& & A7 Zolelck
§User#(M+1) i
Uplink
User #2 Down link
Base Station

3

) User #M

User #1 y i
(Source)

User #3

Cooperative Group

a3 1. ARk ga {9 A A" g



A5 A48T ¥y sloluel= ARQ 713

Subpacket
Selection

Symboi
Mapping

¥

i

Conversion

CRC Turbe .
! attachment ﬂ Encoding ﬂlmmlavmg

B 2

B

HARQ
Feedback Info

(@ A = FAl] P

Daws Soft ; Subpa'cks! Lo peinterteaving Turbo CRC
X | Comb Decoding Check
| SN

1

| sont ) ) Turbe cRe
" Demapping | 7] De'”’e"“"'"gﬁ Desading H Check

Up E Symbol Subpacket Interleavi Turho CRC
Conversion | | Mapping Selection 8 | Enceding | | Attachment
L j

H-ARQ
Feedback Info

HA A v REge] r=K/L A F
B ;WA o & xsle] sAF} o] hdelA
A4l 713 o] e 23 2%} 2(c)
of zho] Bxel A ¥g3} HAoR 4l szl
ARE B8lsky AH v]Ed| sk CRCE 75
ol 7121E-& CRC #5e] Agst ACK #AAE;
Asfsla AHE whgo] Eﬂﬂ NACK #HAAE 3}
#F Ha vo Adz A £
CRC 7o) A :L‘»’a‘ 2@.4 G H 14
533} A7 & WA3ka, CRC 73] Asfsi
AZE Azl Aol AR 7] di7idicl
A3 b} Yelo] e sl Yo v
g Bapdle], ACKeld HH @ A2 b
B #7& A4l NACKe|H NACK AH7}
Asls 54 whge] AAshs Aldd wpde] o
2 R A7le RS ol#dl g e
ACKE WA} 3 A 3l [ o 5 oy}
A A} olld Wi Y sle)dej= ARQ
Fpal WhAle] A= ¥ 36 gokslgich

I A% 28 2 52 XS Yy

® Hhe 99 b
o 3 M

Request for data transmission

Source user

Allocate he conperalive goup &
data and feedback channels
for the Source user

soronan

Generale s codeword &
Transmit the first subpacket
i* 1y

T

e T T T T E T UTRE
!

*ﬁO{ Cemoditate & decode
1

BS

Source user

Relay uses in the caoperative group

Demadulate & decade

{NACK)}

Feedback the retransmission info | 1
over the dewnlink feedback
channgl

Retneve the messayge over the
gawnlink feedback channel

235 A9 ix) Afola] A=HgE - dzlel] digh
= 7

A A% 09 54 el
o] £l W A deln
k,=1), W A8d 52 8 3l ¢ 2 BPSK
Wz gloloh Agkshz Ag S e i > 24
w gAAA] $AE Ay v s oigk A3 Alsw
Feng 71Eed 52 sl ¥ 3 o
ARsky, i Ad FA AR wel kg E AR
t}. o]Z FAskl] Y kA whde] Al Alsd
Agu)E 'Y= Bla,f/No2 A, (i—1)7
gAMb Aol ojgk AR vlEe] AY AR
ikl ohes 2] & 4 ok

i—1
=3 @

sl



241813 =1%] 0903 Vol. 34 No. 3

A= Z_ 7V 83 TR0k zex) dbE
Adsly, FEgt 7,20 24 sElE S
At} o7)x, E¥gt T, Ao
Fe A 533 71l gt s 72 Al
Aol At L A oz o)
b e Adshd 1 ol RE ASE
2E F7} Waleg Adalic) 7)x|Ze] Fo1He
g 2% WS Asoaen {rv}s =
4 7S QAL g AlsdAgazE 71 A
w2 ZAg)
At g P T AR gH aF U &
2 471 2012 (M=2), [,.=2, 9= Hur} 2
H|EY wlo] AF TR I3 40 EAFSICh
a3oA) User 13} User 2+ 742t 43 <hdst &
o] g vehllz, = A e ACK 3 )
dejlo] whdo] 23k whE A4 S5l= ‘NACKY
(23 4(a)), Do) Dol 23 s2lg) Z7} QS
< 53l NACK2' (13 4(b), 94 el o9&
He] 71 A4S ke ‘NACK3 7} St (2
Y 4@). A7IM, F vIEZ A FAzw RS
A& Agslr) S8l A dde] A9 gl 9
chdol] o3t HkE AAH2 Asiddch
ZIAFe] F owbEEREe] 4l AEdFEN)
rs rg 5% oke A% Ve 7,5 W
sl AdS e sk, 1Y% rPg ws

=)
o

L
0.
=
to

N1

[o

A )
o

AR U

= || |

+ |+ h
NN N
User1 [ Paciet A \
User2 | {601

(@) FHlo] Dol 7 vhs (CC) AAE

i

BS it
Derpd. + N
Dty ime"] N bR
\ \ | New
User 1 | Packet
User2 R

BS l e K
. + N Oerrpd. + ~
‘b;?y:'w-;a’ AN [ Doty e AN
User 1 | Paket NG Now
User2

(© 9A w24 el 271 R) AR
a2 4. M=29 o AL ARAL d

216

sle] QAL Foe A3 FH ‘ACK’, ‘NACKL,
‘NACK?2’, ‘NACK3’ 7h¢dl & H=f HrE A
HEE gt} )T Zb ] AsdizhgHlE
zay R Afozyy YA dURyE 4
Azdgres) rkg @ 4 e A s
7.5 vizsle] A5 7pghe AAsa $4 2
glo] whgo] AAEIEE Fhrt o] Af A= A
BE ‘ACK’, ‘NACKI’, ‘NACK2’ 5Hs- &t}

V. DojalE ZHat

B Adde Ae AdEsE A4 ARA ¥
sfolEl= ARQ A% W A%d modYes
Alwl e}, so|He]= ARQ AFE {3
Az glu nsel qleje]H WS A8l
t}. CRCE =gslo] A An v|E £52| =7
£ K=4020]%, A HF FI3&S r=12 ==
2302 ARl A A A ARE
ghgsiclz sigon, R B8] dhE Slee
82 Ak

a8 5+ WA kg Adest siele 3 A
+& AAse BE 7,5 48 4IRS FE
3 A R A5 AL o ARy
Z 2 A, A2 s S s2lE F
7} ARGl gt Rl eFES vwd Aotk 2
ol r, =1/2, L, =L,=804, A =—12,—10,
-8 dBEZ 3Astm A, F P Aed =3
ok A FE A58 AsHFEZE A =—12 dB
o} 2o g g A b AAFo] (‘CC) A

AT




i
et
=
olo
2%
Y
o}-)'
o
3
oo
<t
i)
i
o,
o,
jis4
o,
irt
g
N
kL

28 Z7} (IR’) AAFRT} sl A FollE
& 4 9lch ol ElE H39] whE 237 gulE
Aztz 23] YaE A vE oz} &
#38] Aok 3] wieolrt A ¥E A szt
+H7F A, = —10 dBE F7isk wbE Agat e
B F71 whAe) Aol Ak tﬂ o|ZHE ¥
Zx T, 7]_ ¢k —10 dB ZAY9L & & elch =3k
=5l An 2EjEE HolA| °‘°L7<IHP r =2/3d
7% #Eg T, oF -9 dBZ 9% 5 9lsirk

I¥ 6-9= Y :1*011 A i) Helo]
“EM s gl M=270 ZA st dlde] o]
Aol f‘iﬁ AsES 2 o 2464
1ol Aolck. Vet P gA whiwt o)
2] sold  Apdeidel £7b Alsdizhgnlela
Ervisr Br®te o o gl a3
o4 ‘IR only’ (‘CC only)& Hlo] whte} Fhat
Hele F7F () AxEE & we] Adgel
‘Adaptive2’ = I'Vare &3 gle w) AA% 74
ub Adelgt 4%, ‘Adaptived’ & '3 1Y% sk
22 AAE 7 QRS s nF Al o
9] Aok

a8 63 7& A AP F3go] r=120]3
Ag Zgr) [ =29 we] HF ASES
ol A by} Heo] whde
S8l wel ‘CC only’ ¢} ‘IR only’ A%l w3t
& % 4 9lrh Aokt *Adaptive2’ #HAle o)
w2}l AAE 7S Addskega] «CC only’ 2}
‘IR only’ W] 718 & AFo= fadg) 3
H, ‘Adaptive3’ & ALF AH$ 13 6olME

o
[og

é

)
Bl

H T T T T T
i t I H H 1
¥ ¥ 1 i 1 I
i 1 ! i ] ]
_________ | S TN U B,
025 !l_ i 1 i v
H I I ¥ I
1 ' 1 I
3 H I |
- 02p---- o
- i t |
o } )
I t
§015< =z --L
]
< ! ! ! ©  Adaptve 3
Lol oA < —’————:-——— == +  Adaptive 2
g ) ) i | & Ronly
005k-—-= :__ ___|____:_ B CConly I
’ o : h T —eq ‘“}«4&3
]
| i ; —Er =128
i 1 1 i
8 -6 -4 2 0 2 4 6
B0y
a8 6. M=2, 1, —1/2,, =2 o, o] wizte]

max

AzoEesls) BE 4%

THROUGHPUT

a8 8. M=2, r, =2/3, I,

02 . T
O Adaptive 3 : :
*  Adaptive 2 z :
A IR only ) '
015H O CConly  p======oad=-ns
- £ #}=-2 dB
g —Er®)=-5dB
T T T e
<§ R it
19 1 @ i
X % !
= |
1 |
005 Tomd oo bmme
| [}
| I
t 1
! 1
i |
) .
16 -14 12 -10 -8 -6 -4
E{I‘“’)
agl 7. M=2, r,=1/2, I, =29 d, 93 3L o

7 Asoenle) B A58

ErV=—4 a8, H{Ir'?}< -2 dBY o, 2% 7
dide E{r?}=—5 aB, B{r'"}> -5 dBY ¥
‘Adaptive2’ #t} Al5o] Foh 5, 7|A=o] He]
o 7k Azehee] ARE o 5 Ak gl
thite] QA wdur}t ¢7b AlEdigairl g
A A diE Rpdes ez
4452 oS B4 & Qo
73 8L I 6elA =23, I, =3°F upF
S| uwsx A Azifgtea s B{rtl=—12
o5& 8]l Aeldh ¥ 64
Ert }—712 dB°1 7$-o} vlwspd, 23 8o A
e Fagd A Ad *VF% 383ty AA
% 35E *5%‘_&4&1 A AFEE ‘%“&*12}—%
2 4 it ?ﬂa 7’1=1/2°L7—— lxax
A= «CC only’7} ‘IR only’ Hr} 3

#Hlo

03} =~

025 - === frmmm

02 == == e e

~&— Adaptive 3
—4— Adaptive 2

_______________ 4
O'Oé X ' : 1| TR only
7 ! ! ! t} —8-—-CC only
O 1 1 1 1
-6 4 -2 ) 2 4 [
E(r®)

=3, E{F<”}=-12 dBY o,

aelo]o] W AlsdRoHld] T AEE

217



5183 +=F2) '(09-03 Vol. 34 No. 3

& 29w, r=230l% [ =32 1% gollAe
E{r¥}<o0s dBeld ‘cc only’”} ‘IR only’®r}
B 4§ it} ol A Aol
F3g0] ¥& 7% ke Aguc) d2je 2} A
% o5l ©] o] =7 dFolch
I3 9-102 ¥ 25 W9 9 St M o A
g Al AHE 7Rt ohle) AR e A9
3 o] FF HAEEL Bl Holrh WH el
T Astiakgule B{rVlelz, Yee) wwe) B
Azorens w5 g{r®}, =923, M= 2}t
A 5ok 2% 9= r=l2elx [, =24 we) A
I 10 =301 [, =3 W] 5ok
I3 99k 1§ 10014 B 4 gl%e] L] &
2] Asoiggn] EBro}s) dojels g9 o8
Wel 2 471 Soldel wet sl Ad Al
T2 o] g Ao vy H4Eo] Hyzh
22 $HEE B 4 gl olHF A% ke I
= Aust (1+ [logll] )ug Zvlela 71A=
o] BE Heole) A Al ARE gojo} d=
s 2 B3 Zvl2 A8 4 gl 2y
B 5 URe] = ewser) 3 8B Zr)gel
w2t s o5 A 28y F13e B S ik
=g a3 1094 ARS 3leg EYeEn o
H orrt ur} e B} ol xds-go] Ay
HoE 3= S 2 S gl

[}

v.d &

B EEdE Age Aade) ARk el
dge] YPoz AS ANEE sk sl

=
5 4
a 1
I dy t
0] (Y IS TV WSROI NS
3 X !
@ 1 1
X 1
= 04 -
H ]
X 1 1
a : M=2
00 Y ek T e -
2 g i | VT Er Y408
; t 1 | t {—ErM=-12d8B
o ; : . ;
8 6 4 2 0 2 4 [
E(I‘(Z))

33 9. ¥ 2% W 92 ) melw, r =1/2, [, =29

o A STe sl Ak upe) AeE

218

04
035
0 %
E
5 o2
Q.
X
i
[ »
€ o o M=18
= « M=8
0.1 A M=4 |
SE/E/ 0 M=
00 —Er"=4dB H
I —E{{"}=-12 dB
S -4 2 0 2 4 6

EIr®)

33 100 ¥Y¥ 2F W J@F Gt melx, r =2/3,
L, =3 9, A% 92e delshs Agk e A4E

2]= ARQ WS ARSI Aljkshe whale A
B BlES] A Ao we) WhE == dejg &
7F RS wAE AAse I, Y 2F 9EHE
9 Hd Ae AR 9lE AS e A
ks Al AQKE WalE 243] s A
Ag WA AAske FEE ooz 49
o, FEHAE o83 A4 AHE /Y Ase
Brslsdc

AE WAL RS vkl G Aldgho g
53] 94 =g Aziakselrl wis s g9
455 Tk SoRes 72 de Apd
A ARE ol8sle A whEg Al=sid )
=o oujsles SIS Y AlaoiAbey] W
el AEES A 5 ok 53], 8y 2
F it $E 242 A¥Epd 12 v]Ee Fow
LHEH =R A4ES A BY 4 ek FF Ak
71 AAA] AL-E siM S s|RF A
ole] Apd FAW ole} YA Uy Hee]
= Ao Ad FAE I zed aedql L
o] A W& 7% AFolr)

=]

(1) GJ. Foschini and MJ. Gans, “On limits of
wireless commnmmnications in a fading environment
when using multiple antermas,” Wireless Personal
Comnun., vol. 6, no. 3, pp. 311-335, Mar. 1998.

(2)  TM Cover and AAE. Gamal, “Capacity theorerrs
for the relay chamnel,” JEEE Trams. Inform.
Theory, vol. 25, no. 5, pp. 1927-1948, Sept. 1979.



EE A A

o}}
o
2
Ol
=
i)
I
ok,
o,
T
m,
{rt
2
N
zt

3]

(6)

(7]

(11)

(12)

B. Zhao and MC. Valenti, “Distributed turbo
coded diversity for relay chammel” FElectr.
Lerters, vol. 39, no. 10, pp. 786-787, May 2003.
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.

A. Sendonaris, E. Erkip, and B. Aazhang, “User
cooperation  diversity-Part II:  Implementation
aspects and performance analysis,” IEEE Trans.
Commun., vol. 51, no. 11, pp. 1939-1948, Nov.
2003.

M Janani, A. Hedayat, TE. Hunter, and A
Nosratinia, “Coded cooperation in wireless
communications:  space-time  transmission and
iterative decoding,” IEEE Trans. Sig. Process.,
vol. 52, no. 2, pp. 362-371, Feb. 2004.

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

JI. N. Laneman, D. N. C. Tse, and G. W.
Womell, “Cooperative diversity in  wireless
networks:  efficient protocols and outage
behavior,” IEEE Trans. Inf. Theory, vol. 50, pp.
3062-3080, Dec. 2004.

B. Zhao and MC. Valenti, “Practical realy
networks: a generalization of hybrid-ARQ” IEEE
J. Select. Areas Commun., vol. 23, no. 1, pp.
7-18, Jan. 2005.

TE Hunter and A Nosratinia, “Diversity
through coded cooperation,” IEEE Trans.
Commun., vol. 5, no. 2, pp. 1-7, Feb. 2006.

P. Frenger, S. Parkvall, and E. Dahlman,
“Performance comparison of HARQ with Chase
combining and incremental redundancy for
HSDPA,” Proc. IEEE VIC, pp. 1829 - 1833,
Atlantic City, USA, Oct. 2001.

3GPP2  CS0002-C, +v2.0, “Physical layer
standard for cdma2000 spread spectrum
systems,” July 2004.

communication  in

Zt M 1 (Sung Kyo Kang) A=l

20059 249 AN Ay
g7} Faha}

20079 249 AZEw A
&3} FEA AL

2007 2%~¥A) Airpoint 4=
Zedoid A7

<] Hop o]FFAl, Aol

2 Zl &= (Jin Sco Wang) shAyE el
| 20089 2% AEoiEa A=
B3 FEAL
2009'd 29~&A) Zs|chska A
A gt A
<ok olg A B4, #Y
o s A AR

Z & 3| (Yun Hee Kim) FA413]
19951 24 3kxaslrledd

Lo P e e e

1997 24 shgaslries] A
719w} FEA AL

20004 149~20001 4% UCSD
v At ‘

T S 2000 89 TRl e A

A abskat ukap

200041 99~20041 8Y I=AAEAIATH AlY
A4

(B2

20049 99~ Aty HAARER FwS
o

20063 1%~314) IEEE X134, 3
4 HRHA

<IRok olE/TAl B4l FAlelE, AR Al
348, FIYARo|E

A =

219



24183 =54] °09-03 Vol. 34 No. 3

& 9 & (lickho Song) 4134

19824 2% 1984 249 A2
g Axkgsts 3l (&
399, T4t

1985 8 1987 59 =AM
Yoldigtn  Ar|gsta)gst
AAlREAL

198741 39-~1988d 24 ¥ ¥

Al AFA 7Y
1988 3¥4-~-dA] I=FHeried AxAAEE =

2 A=) P A
al, Fals, ol

1995 19~8A] g=-3A183] =2 ALY

1991 119, 19963 119 I=EA33] k4t

19934 11Y =333 ety

1998\d 11¥ g=-5418t3] LGt

1999 11¥ digbdagsts] sls=iat

20001 349 32 IRt

2000 11¥ g=-5A1%hs| R EERstet

20061 119 =843 S5 REA et
20079 149 9= Fr|eshs] S|4

NebAA-FEls, 5aats], egAlEhs] s
<, IET A33}3]8), IEEE $483]

<FlEoEARY AEA]el §AlolE, A&}
o} 34, o584l

220



