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3sl7] 93 Bete g tEF e ol(mulihop relay: MR)
71dk FA Al2dlo] LA Qi o]9} 2o o) FE-AlY
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% slte] F2E FIA EHAA AETt SAE,
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2.3 B2 BMD| 24 Tl
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IEEE 802.16j9lA= A 7A¥2)A] Ye] BE gdEo] 7]4]
FoX) FAEdhe Ao FR(E E0], MAP FR)E 2F
FAY 4 SlE transparent T2 1%A] %L non-
transparent F2F0.2 TEIIT <& o, 4 AWEA &
A& A% AVl 7399l non-transparent HER &

25 99, (28 3)9) ZH¢Q F2E w217, 974
MR-BS9} RSE 53 A|A-ol| preamble’} MAP AH-E MS
2 A48}, RSE midamble $3) BSZRE 5712 3=
g 4= 9}, =3k RSE midamble B} The-o)) $)X)8F MAP
HRE T3 ZYY T FRE el Fglon, g =
HYoll A4E MAP HBS BS SRS YIS E3) B|2E §
HE FAst= S g,

Downlink Uplink

Listen Listen
(MS 32 BS) | (RS 8aRS)

MR-BS

BS 8a MS BS 8aRS

’ IlquaedrJ ’ [
JquEpI

-
§ Listen Listen
RS E- RS 8aMs (BS 34 RS) (MS BARS) RS 8aBS
&
Listen (MS 82 BS)
MS (BS/RS 33 MS) NULL (MsdaRs)| NULL

(3% 3) IEEE 802.16] Za|gl 7*X=: Non-transparent Case

A 8 1212 BS — MS, RS — MS #3204 S5} A
AR 5ol e} overlapped & ¥4 3} orthogonal 8%
WAooz FEE 4 Qv Orthogonal 3 wWale
BS —MS ¥ RS — MSHANA BS9} RSE0] FAlo A2
22 HAd(subchannel)-g 53 MSollA HolE} & H4:3}
2] Rahe 7ol slggict. &, BseF RSE 0] AR Al
do] M2 213 orthogonal) B$-5 veERAT} FUsH
’i HellM RSEZ ] 23] 8-S Hars BE Rad
TYE Fukgaz g ok (S, FYF
permutationo]] oJ3) FetEulyt HeElg) o)2 s RS
€ 3¢ virtual grouping®] 7i'do] ZelEolol & Aol
(18].

Overlapped &% W22 Fulp AL £ Fo|7] ¢
3l BS — MS9} RS — MS B37te] 348 3 Y% 7
g& AR & Sl 87 Aol 9, BS—Rs JaE
Sk ZH"]-%OI =7 }‘"5}7 | wjE-oll 32 orthogonal g4
Pl Zi%dﬂ} A4 &Fof gt A A o= 489 A)
Eeold md RRoM tF7)= i
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olF Yol =g FEHT I, ¥ F41S 3 L
o] xrol Mel ¥ueEL TY TG Bidog BE
& & 9lr} dE Bof, 314 o] =& AR olF
E dilole ASolle 71T HEo] =g HeshA =
o, oluf) $:41 7| Ao e A e AR £alo] 71 7
< GYlolE MestAY, T Asd ZHus R £ 2
g0 2 Aesh= w2lo] 9l& 4= itk Az 7uke) = A
o &318)&-2 GPS (Global Positioning Systemn) & 0|83}
A +EE 4= = ¥hH| shadowing™} T} A= Ho|d
< 13 gorg FIerl 7y Hojh, vk, AlE
o) ZHdn] Zjukel Palo] i M Mo Astwr) o
el Ad 73 AR g A1 (signaling) 02
gk 9 Bjgl =7} we wo] JJTHigl,

g | E9 3 EZ2 A (tlopology)& A R3LL(AE &
o, delo] =} Abddl A= o] gl ok H9) AR
FHoA 9 A Ad AT o) 83t 71g & Heo)
£ Agsh7] g 24 A2 3Ae 1 5 glohol
o] B$-oll= 7 m=Eo] 40 LANYAM Q] fAIRE RTS/CTS
handshaking #3-& B3 zhalell <3 dalol=ls A2y
o] FA7 Al A e E S48k, 2 ol vk Elske
§ 2219 glolpE A3t $AAZI, &, ol FUzt
&A A de7t 7 £ w29 Blolvz) 71 WA gt
7191, A& o2 o] =xrt Do) dEg 3 Hil. o
o] gloln7l 7| HE Aale] EAE dEle flagE A
F8aL, FAE A3 E BAA =22 FAI,

A, CTS 4l Fof] T 2] & == 25 E zAle] E4
& ¥elE flagE FA3AY EE dloE A4-g XS
HA Z = Al glo|HE F8A]7)T backoffE
Y3iA Bt

A Fel7t oh2 the AR C] ERehHE ASol 8
glo] =8 AWM A$ET thF AMEA} tholu]AE] o]
55 A FUslE £ QlE 71313 o Me Al 3
BE = ok 2 40N AR A o) 71AZL W
A SAIA FHAE Bl Hu IS ER A$s, 5
ZHolA o}F 27 flo] FASHR= G S A2 oz Yy

o ;= Qg a7l B, T2l o] w=F Fol BAA
7HA9) A et FL gRE B3 F HA DAY A
£ 7YY ol Zo] tha ARGAR Y F dAIo AA )
3|02 sy g o|E 3 WAE Cooperative
Induced Multi-user Diversity Relaying (CIMDR)©]2}3L 3}H
21, 0sIN Teieh 243 Lelo) e e e} E o}
EFE Y= 2 5 At

_ Teansmission with maximum bit -rate

° -
Uy -
’ Multi user diversity
User/Relay

(28 4) Cooperative Induced Multi-user Diversity Relaying (CIMDR)

g FAld) Aofshe muEo] ZHEW, A4 ofd k=
£ 59 diole AES A4 2 AUAE B =
2EFo] 974 &, A% Z2EF | we} A ofH =
EEd) oJa] 40| o] FolA 7t A HLY, YoM AF
gl ukel o] 4= P BA mE AE Y A AUEe
of we} A% TeEFo] FEREH, F Tl FofEh=
dgo] o] /ol wet FREYE 3}, T3, Ad =
2EZ me} AT 5312 AAT = 9on, 0E 5
& tholHAE BE 37 sl E AlTE & Utk 45 g
g EAL Y3 A T eEF L 38N HEE A8 A
HEEE Fi)

< A7 A

ddlo] koo Aldy WAL FA Ao &
Z 4 B33} oo wa} amplify-and-forward (AF) £}
decode-and-forward (DF) ¥4 0 2 FRET} AF A& 4
A EE2RE FA5 s E B2 Y 553 A §lo] of
921 TuRldX $E% F 544 =22 R4}
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o] Wrale Hij ol EAAA ALE3 T gl FA 7]
(repeaten @] 7157 FABHE, ¢]el B3] DF %2le E
x=7F 2 =ERNE 208 A E Bx d B3sls
T oA Azt B27]) =g AGgit). AF B o)A
= Yilo] x=oX Fg FFo g A% I3} EAl)
w29, DF WHAloME o] 2z dae 2 {7} o
- =52 Hupgd e A% F3t EAlvF dAE = 9k
[7.9,12,13),

« 244 27 Hof 7|

AR HE B2l AvE| 2.9 Bl 2F Ao 7152
Ao R £R% 4 Qe 07 A S 18T = Q)
01, o] & coded cooperationo]2kaL B2 11 QIoh22,23] o
HHE 0 2 DF Al 193 WS A8 A4, g AMgA} A
%38 HIo]EH & IS A =T o2 g3 BodEla
AR5 3kete RHE HE3lA) Dot vbd, 24 . F 3 V)
Hel g A2, ARgA7L ZRale] dlolE] v ERHS A3}
I F7HolA o8 AEH oz AF3 o] =v 3le
T1o)) gt e HEE AAEtY B3] =2 gl A
FoFE A 2Ed 5 Qi) o] 2 dAEHE (2’ S)oll
Al B3z npel o], piA Za oA AL 2HY) N,
HIE Zojo] dlo|e| & EAA =t A43l™ o|uf AMA}
10] FZhollA HEA Eoh AREAL 12 niA] ZefollA] o
£ AMEAL 29] HofE ]t M 7S A&, 277}
g Atele N, E dolo diZlE] JRE A4t AL
£7 12 o|FA A3 N, H|E Zolo| si2jE] JRE 1
O (+ DA ZH Y elN AFE Sk &, Palo) =0
ofs) Hzje) FR o 9 77} BT 5L A4Sl o F

User 1 &
/14v( data bits

for user 2

-
P

User 2 Destination

(a8 5 2 28 ¥

AR 715 FHskE & o dolg vlEY dalE] v
E7l HE tE ZF2E T8 dFEo tolHAE o]5L
L& T 3T} o] B4 &7 8 THL 7 AR} B A A
=) A B3 A 4 AMRLE Atole) AR Azt A
(inter-user channe)9] Fdo)) u}e} Do) kT or] B3
43 AU gebd 4 9lon, o) e wzlE] el A
g 758 Aot gekAA Hozz2s), olE S, 2
AREARZY A 2 9] HofE]of gt BB off Aufdt -l )
2E] HEE Y & 7] vEol 242 =g 2 A
% (direct transmission) &+ 74-$-9} FU3t W3] Ao},
3, (O 62 gollX A B e/ AR Vee =
FE& 1/39] B 23315 B3 T FH S A3 Ho)
tH2224). o71A), Zt AREAR= ARA] HloE] ol thgh Alx
¥l Bl E(systematic bits)$} HelE] ¥ E(parity 1)E A4}
3L, o]F ATHLE A8 o] B FUH e dg
E] H| E(partner parity 2)& A/d3te] HF3ict, wlebA, &
A2 2o ME e & AZE T3l cholwiAle] &
£ Zka 419 d)2lE v EE o] 83l HE B58lE &
BT 7 Ak GoA AFE ulel 2ol FELS] ARE A
THoE B5slA 23 A HEES AT S+ e A
$-oll= 2k2le] dlolel ol thek F712 <) s)2lE B] E(parity
2)E AF3 BEAA oA HE B35S Syt
HARBINGER (Hybrid-ARQ-based intra~cluster geographic
relaying)+= coded cooperationS Yuk3}3t ¥t o 7 A
7149l & Fe2AMR5], olE ad-hoc IEAZ T A A
te Aol $4l =27} EAA] =2 A48t HolEH S
0o kuE0] SEA Hi, 5AA) 227t BExo) A
g 3¢ ANEE JENY REE FoA Bl AFE =

verr &)
N paﬁtym‘
for user 2

User? Destination

02

71&
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Systematic bits
Own CRC Parity 1 \
bits
i o

1
(
. 1Yes
Partner received [ Viterbi RSC2 Partner Parity 2 ]
. | Decoder H !
Systematic
-1| CRC

+ parity 1
(23 6) BMAl Turbo-coded cooperation: encoding

TEo] AHEE FYIA €t &, o] =28 I B
o A=Y T AAF] 7hedl=S 3, ofs} Zo] 3
AN E5E Fshe o] =t A FHE A4S
* 9131, Rate Compatible Punctured Convolutional (RCPC)
T 5§ o] 43le] £ 0 2 hybrid ARQE T8 &= 9l
o} ofuf thre] o] m=go] ofd M2 S-S F
AJAAE A8 of = BFo] A8 #AP} 3lon, o2
€9 24 Z2 29 o) shte] ==r} AdEE & gl
o] #4& B3l 4ol & dao] =7t ACKASE A%
g B¢ A o] =252 £ mEERE FAG
doleE M ¥ £ =27 A4d 2L HolHE
FAG FHE Pt BHA] k=8 $2] 2E27E FH

FAIgH HlojEje} DHlo] E2FE I HolEHE Y
3t} 233LE FPEH, 850 43T WA o] AL
HHEEc}

o 3 g

A8 Ao} najahs Alagdla HHe A gge A
$ TIEIN ATEY B, 221 Do) 29 X
of Wz} g2k}, o & B0 3709 =x(F4l =5, Do)
X5, BAA] R2)E o|Fojzl P Fal Al BE
=) & 7Hse A Fol AlgtEe] g wvlE &
FEL 23} 313,200 = A2 B5ES H4d)
32729 9% E3 7)E0) W} Z =oly R A%
Ago] 2EAA Bt 28, o)FFAEY Beole A
% A= ol AgHHE Ao] olzl, = [ A<
Fjzte] AgtEn A g mt o Aol v 7H
o] EEAER, ol L3t AE Ao} o]FojAot &
Aol

«7|Et 2471

e ZREZ Y Alady o] A= 1 9jo] 84
7N1EEe] FY FANA AFE & AT €F £,
Alamouti 2331 =271 S B3 hokst Hejo] 24t
A AlFZE H582 AdE 4 9lvH7,12,301, 3§ rate
adaptation [31,32), gain allocation [33], pre-coding [34], 18]
3 HY Fall A3 Wz A1416,35-38) T 718 F
8 92 71e2 18 7 ot 9, §8 FA Fosh=
EEETR ZHY/ER T8 A A Y EAE
7 ejsfof gt

M M4 Z2E2

| 8

B AME Y FUS A SN A 2RSS B
FIL 1 5L Yol HAI= g ZH YL o] 79
AEE FAEY, A HE H3f A8 7 Fd(symbol-
by-symbol transmission)= 1&{3te] 3 YL 3 HEZ

=ik e,

3.1 ok B BAIZ Y3t 54 DEES
- ¥4 mRezo| B3
d ¥ BAS A3 A4 Z2Ee FYo] xo )

Fo w2} g2k = o, otk ojF WS T2EFES
A =T oA the] FUS AES 1

T tholWAE] A3 $44] eTRh| thre] Aol AE
< OE F2E 53 vEslEiA deske 3t oest
Aoz RREY (2™ 7)E o] =7} VY uf 53F
B tholuir g ol5S H3 HY TN AE T2 R
FE ARt Ao}, ofuf, £2A] k=oflx] 27§9] THE
2E B3 474 F2% Fo) A B+ T 72
3to] A3k B2 FEEHA, )8 4Z Cooperative
Receiver Diversity (CRD)[39]2} Cooperative Source Diversity
(CSD)40IZFAL B8t CRDE 27} ool o] =27}
EAE 2R 7T 5 glon, olu) 1A oA RSE0)
A% FAF BS AT E 20 AN A AEFOEN
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ZFH| _CkSE 2ao] AlAHolM 2 &2 b

LA oL AR Ut ol FE TRESS
MIMO A 9] A4 3 H(transmission matrix) 2 8 oF3}H
(E 13 2o} o] A% P29 7} 2 BS9} RSE ViR
1,7 G2 A" 1S Ve,

CRD ¥ ZR2EZ-L Y39 Aol ujz} AdH o2 F
Adis 2 e dId Ju= 7L 900 2
glo] ==oflA 218 A5 7t vlE] A ARG E 2
Aot Mo 2 BA2 k=2 FAE T F 9lonH,
o] WhAl-& MelF] 2| (selection relaying) o= 232 FA|
(adaptive relaying)2h 1 $cH1,9,12], 3HH, A HA G
(Phase Dol Z2{A] =7} 3% Ag ol 0771 S o)
gk o] RSOl A HES 8431 RS} o] AN

A8 BS A28 F WA dAlA 2R =2 SAE 5
Ao, o] HhAlS $=2}4 S (incremental relay) 0|2l §F

tH1,12). §H4, (T 8)2 27l @Al ZAA o B2E
T3 209 ME tE HES tHEslstdA] CRDE E83
A2 o AISE Ao, o] BF24]-& Spatial Multiplexing with
Receive Diversity (SMRD)2}aL BH3CH40), RS7F 171 of
gt 270l W] A T2 EZS A JI= Yehd
(1) 2t}

(1) X4 Z2ES0 02 ML 8y
MN&'IEEE| CRD CSD SMRD: 1 RS

Si Sin
0 s

SMRD: 2 RS

S; Sivt
0 s
s, O

Phase I ()] Phase I G
BS MS

BS

#A) [EEE 802, 16941 Cooperative Source
Diversity¢} Alamouti ¥-3.3}2 238t (1Y

9)ollA Hi= ule} 28 Cooperative Transmit
MS| - Divemsity (CTD) Z2EZ-S I#H3}L gIrh4ll,

Phase II e
S
)

BS MS

ol it EE T e BHolE e AS
E TR 5o, 74 Bl g A =2
EZ2 a9 99 2o} (3 %) ASole
BSollA] Alamouti 85317} 30 € 3 BS$} RS,

(a) Cooperative Receive Diversity

(23 7) CHOIHAIE] 0ISS I3t B3 B4 & D22 RSO 47H 1Y of

(b) Cooperative Source Diversity

T )9 RV} FH o2 FakE EluA
H T8 AlE3E fastE AES AFEH
Hoh g9, (3" 9b)elA B uiel o] BS
oMM A E3 Fosht s EE el 24 RS

Phase 1 «» Phasy (())
é S,- 3 RS1

£ 59 B o A3 REsy) e &
ek,

A -

Phase 11 ()]
I

BS MS

£ 58 37 H32 A% HEg A9 ¥
878 99, ) ol ge] RsEol HY Sl
Felshe Aol 37199 A9 9ol 87
g e ohjeh, T A 8701 ol ol A

(a) 17 RSE O|E2E C}EE

(2™ 8) 32 LSS 0|SE 8t §H 84 T4 n=2EE

54_ 3REAlsEiR|

(b) 27l RSE O|8E CiE8

of #7141 2+ 8<lo] H7|%= ghrh42). o]
g Al g ex Y] e 484X 74
Hog Auuy|2 gt ¢HH, SMRD Z2EF



FH _CiSE 20| AlA oA #Y SN

& A Q] 93 ZeQd 73Ut ook gt o E E
o], (2% 8(b))2] SMRD ZZEFL &) IEEE 802.16j04]
AANE ZEd T2 YolMe ALdE & gle wY,
WINNER IIo|4 = E84Q] A TREZZA AFHIL
ATH, 31,

QFollA AFE A CSD LEEZ-2 Alamouti F-35.3}9}
ZAgtale] A Alamouti 532 AP 4 gloH, [41]
o|X= o]& CID (Cooperative Transmit Diversity)z} 3t
t} CID Z2EF-L 42 Alamouti §-3312 g A5
oj5g 4 F o, (a¥ 3)9 ZHY F2E 1eiE A
+ oF Almulticell) $7g4 BS — MS9} RS — MS 32
Atole] 2 o] Azel A & glrt, thA] w3l g Aoj|A] RS
Au|2E dhs MSE Y8 2 A 9] BSY) RSE #4F 4
Alamouti F 3312 AME3le] A5 A5 ot oldf ¢!
A AellA BSAA 2 Au|2E e MSEF RSEHE A
H|AE dh= MSEA 7H3S PIX)A Bt =3 A Wl
BSEHE Mu|AE wh= MSEF} RSEHE] Mu|AE wkx
ok 2R Alamouti #3381 H3A BSZHE AH|AE @
ofo 3h= MSES 3l (2E 3)9] MR-BS Z#| Y XA
BS—MS 77Hg B33t 2447 &3sliof gy, ol 7}
2l A oz 3 A £48 7HA A otk v
dol (23 7(2))¢) CRD TEEZL CTD TEEZAY 9
A AolM e 2 ol 71 A9 AR Al LAYst
A o=t} YRt phase 1914 BS-RS 2] AR E overhearingd}
T BS — MS® =2} phase oA 2] RS — MS =2 AMC
(Adaptive Modulation and Coding) ##o] dx|3}#] &
g 7] Wil A o2 AlAE Ylellx)i= MRC (Maximal

4

P e

—
STBC
encoder
B

gomsrmems

= “ iats
“5 ........... '
S co
g S.' ssm @
MS

Ratio Combining)- +3§8}A] %&}3L LIRC (Log-Likelihood
Ratio Combining)-& AR&3l|oF §Hc}. o]uf) RS — MS H=9}
BS — Ms# 9] F4 ¢l w2} LIRC o}5o] AAErt. Unt
0 2 RSEHE AMH|2E W= MSE BSEHE W] "o
3 A 7P3AE F YR8k, o]o] wel Bs — Ms P32
o] F29] g3l QI8 LIRC 0|5 0] 24| && 4 3it}.

0)
ob

3.2 &5 AIEXt 2 SMMCR)E 28t Mg Z2ES

A3 AR Y B4l 27 200)dllA olAlgh ulel o]
U BEHAE Zke T AMEAL 437l senders}
partner S-& 3}HA, AMEAL AH21e] HojEje} o] A THA
oA partner7} A48k dio|HE t5:3lste] FAl o A4
S 2H 2l tho|HATE] 0]5-& i wheltt, ofuff Zh =
=X t53tE AE-S MCR AEolebar A3}, ghe
E-R] wood 27) F7kel] AAAM FAE MCR AlE24
H 2} ==} AP AES AT v de SA Y
AR g F8A0] 27 Gt &, &< AR FE by
o] 9ol g AE-S AF37] A3l 27) A8 Fito] "s
3, AT AREA g B4 HAoiME ) AlE s
T3 21 Ao Al A4E 4 ok (2¥ 2)& TDMA
A" oA AR &5 IF T2 W2 o AMEA g
g W3 A5 AR F i27ke] Aol g o AJgk Ao]
o}, o71A Bz upe} Zo] AE ANSAL FE Ao Ui &
S8 O ARA FE il vjs) Fd) 287} HE AS
& 9lck

MCR 22 the-3) 28 A4 d2 yehd 5 Qo

T od ~ST5E
STEC \\*(( ))‘ {hal?:rﬁ:(;dcr{
encoder ‘1\ (( ))....._..___4_...1

. WSS
SRSy \ S S,
WSS Y
el A RSo ¢
BS R I G S, ;
g.......éﬁ..é....ug RS1 i+l MS
¢ half encoder

(a) BSOIA AIR7t £5317| 0120iXl= AL

(h) RSIR &3l AR7F 25§71 OIR0XIE HR

(2™ 9) Cooperative Transmit Diversity

May - 2007_55



j

L%EX" _CIEE Hajlo] Al2EoIM S 33 B4

[so o
Tl o sa+ @

71 Y3} B 242t AR Gje{l2hiz)) o g ARk
(, kD& AL, 50 A i} A7 o] Agake
MCR 482 eIt o) MCR 488 FA33H= W o)
ue} so] deEkAIn, A71A] orthogonal signaling,
superposition modulation, spatial coordinate-interleaving=
o|-8% 3714 o2 Fejo] HZ Walo] AAE v} 9}, Al
2k 1o ARgAL iol] ola A ABS s(holetn & o,
7 gafo] mhE MCR A9 74 FeE the 2ok

* Orthogonal Signaling-based MCR [14]

AREA i AR e} A partnerd] AMEA} j 28
El o] ARbe) 2218 AE-g 242} Lphases} Q-phase@ W)
4 (mapping)3te] T3} o] MCR AlE-2 T3},

s; (D=5, +js;(I-1) @

2, o] ol MCR A1E-& Lphase A%} Q phase 4432
72} % A8A7} Jiro] AHEEEE e B84e] 1/20]
97 Wizo] 5Ug Ad BAY A$ A% HellA] scr 3
s} 3jol7} gl

» Superposition Modulation~based MCR [15]

AREAL i A o) 4B 2219 partnerd] ARgR} jR B
B o] Algkel| f2algk Ao tisiA 22t 1-y29) p2e] A
g 33t tha ) o] A},

s =1-7 5,0 +5,(1-1) 3)

A7, e Y ¥ uES Jehle delrjggn, o
ol w2t 2249 F3hellM AR E 9] AEHE 0| ThoFst
ez $HE & Slck. d&E vl £ AEery 7
AMgAle AES &3t U = 2YS B3 AES
o}, (5le) w21 o] o] MCRE B3] 4% Y 28
3 72 SCR Aol v]3 1.5 - 2dBY] A58 4 A1 &
Sict.

56_ giasalsialn

* Spatial Coordinate Interleaving—based MCR [16]

3714 (D& AR} B9 AFHES 99+ 3)- A7)
A 22 T A E A EHS AR, oju) MCR A
B2 v o] A -

s =5, D+ js; o)) @)

7141 s(D=Rels (D)} & 24, 242} MCR 4129 I-phased} Q-
phasedl] ST}, Z, o] Mol $2A1%+ MCR A& I-phase
BE-S B3 AT AES FA3)AL o2 Ao AgstuA}
3= MCR AE9] Q-phase JE02 331, 2}419) Hlo]g)
AE-Z MCR AE9] Iphase 4¥-02 T4t 319 Al
4 FZtolM= 27)e] AZHE 0] FYFH I-phase B
phase 4v-& 714 4= §17] whE-o)) I-phase == Q-phase 4
BUORE ZF AMgate] AB-E HEE 4 gloke AdA
R Aol o]df, o]t EHE A7) $iXE phase
¢} Q-phase AdE0] MZ ZZZE 7HAok 3}, o] W4
X TheE AMEAIE ] FHH o M2 g2 Yde 7Y)
ool o]2igt 5438 71 & Qlok

(2" 1009 (a)9k (b)= AH&AZFe) 24 (inter-user
channel)-& $HH3ICH= 7PA3toll Z ARgAte] AR H=19]
7t SNRO| FYE 73--(symmetric uplink channel)9} 5
3R] 94 7--(asymmetric uplink channel)ol] gt z}z}e]
BER A5 UERAE (28 10@)dll B nls} o] 2}
ARgAte] A B3 Aeol YUY e Y U &S
23& FA1SHEA SCR WA ET} SCID 7]8F MCR 4] A
ol 958 A& & & ok =3 18 10b)E AR 1
o] 3% B2 7 SNRo| AREA} 29] A33F A 7 SNRE.
o} 10dB7} 38 22 BE2A, & ARl Ak 3= A
7} o8 ARARY] A3 F3 el 383 22 39
= MCRe| tholHAJE] 0|58 B3 A5-& FAZ + 9l
= ¢St

IV, g2} A2 FHo|A g
EAIO] AL HA
[ J B QO C |

Mo

71E] e

rlo

0+ gelo] ¥ g9 S A% 7%



TH _CFSE Zajlo] M2 B 4 J

10° e

101E

H102kes
om s

103 [™* QPSK wio cooperation (Theoretical)
14 16-QAM with SCR

1@QPSK with SCID-MCR

|+ QPSK wio cooperation (Simulatio?) |

10
0 5

10 15 20
Mean SNR of uplink channel (dB)

(a) Symmctric uplink channel

(28 10) BER Y& Hlm: 4

2] U= g & A oA RSE F4o g o] 79 sub-
cellE°] T3 =™, Bs9} Rsz7he) vlo|e] $A1E 93+ Ao
F7HH o2 A a3t g, od) th Y E &AL S8l
$J3) RsEo] FL3 F-A ALLE A= overlap 8
< 223, oluf sub-cell A E Q14 RSTHe) 7S
2 3 M= Eso] AT = ok, =3, g=e) R}
Y Aol Fods}r] faiAl= o8 Rsoll 719 A4 LE
go] a7, & A o) wE) e HE Ao &
2t = Qlth, TS, S712 9 A mha 91y Azt
T TLZ AT & A3t 2 Nul2 B8 S
A Sl

QoA AuiE FY FAL Y3l A ZeEFEL 2
B3 dEE FAHLE AT EAo] o] o wbd, ofeidt
HE Z2EFZEC] A AEY o5 A2ddM 289 F
S0l Yeh s A" #d oA o] g disiye 249 B
a2} @tk o] A3 7MY dd Fele) A TREZE
A RS 27§18 AH&-8} cooperative source diversity (CSD) ¥}
& A 2Y3k3L [EEE 802,16 THA & #l|o]28}¢1 0 7 3led A]x
2 G Al Egol e a3t

4.1 S SAof W AlAYH Ms

[= o <Y 4
* AlE2j0| M AlLtz|2
Overlap Z}9 &3 wlg} Al Wj¢] 2E RSE= RS-)MS
3E Y3 T4 FurE TR RS Ayl

fol

—QPSK wio cooperation (user 1) [
Fi=- QPSK wio cooperation (user 2)

# 16QAM with SCR (user 1) -
104k1-- 16QAM with SCR (user 2)
OQPSK with SCID-MCR {user 1) |3
~=QPSK wjth SCID-MC'R (user2) -

103

10

5 10 15 20
Mean SNR of uplink channel for User 2 (dB)

(b) Asymmctric uplink channel

83 B4 vs, S Y SU[16]

EE MST V19| RSEREH FUT 25 S Falste] Ags}
+ cooperative source diversityZ ARE3IT}, & 2}Alo} &3t
RS¥ETF ol ) Q3 RSZHE 5UT AFE Ao 4
3n, o] 93] 7 FAlo) Fofsl= RSoAl= FYd u)
olE] FHe] gFHojof 3t} (I 1)L 9714 melsh=
g T4 FEE oA Aoz A, MS13 MS4E BS,
MS2%= RS1, MS3E RS2E £8f A 2531, RS29} RS1L 2}
ZF MS29} MS3E 93] 3 B2lo) Avlste tholwAlE] 7
2 AFdt 39, (0¥ 12F UEF djo] Al2E
Aol Zg ¢ T2 FE Bald w2 A g AL
SJAIgE Aolct, oluf overlap EF-& 71437 wjidl BS
- MS T (T 12())9) 2o] E3 =11, o] 77k 1Y
12(b)ollri st 2ol RS-y MS 7% SN Sgeet, =31,
RS 13} RS27} ¥ B41E 817) o] $Y93% 2AH9S Rt
— MS29} RS2 — MS2 %= (E3H RS1 — MS33} RS2 — MS3
FD) ol e FHAAN TP 1200) € 29
12(c)). ©]9k 2o alte] Msel| thaliA 27He) B =5 A3}
71 3 71l A Fdo] o]Fojxjof slug g &
&7d0] A23AY = F7HARI QI A 714S obr1EHA
o -89 ZHAT olo)d 4=

T, ZE AR 553 A 713 E ) 94, &4
ARAR7} round robin ¥4]el| we} A4 7158 AUL o)
A o] HE3he] Y3 314 3] He A2 Fgie
2 ARt aA) AA A i Do) ko] uje-g shA

May - 2007_57



| _ ckSE allo] AlARoiM e 7 S

AZITHAS], 2ot FAFR] AlE o)A Rl Mg Al

o stebel

T2 BIE A 5 o,

b

s,
(o / Help MS2 'l Help MS3
RS2 Ms3

(3" 1) e g Sdel & 74 oA

Downlink Downlink

« AlZ2i[0|M Zu}

(T3 132 LY olE AMR3IA B2 AS, I Dol 2
AREERE 78, T18]aL CSD Wle] §E BAale ARgshes
5ol thaiA A o] AEAF 8 FTHATIEA A5-S
Hlwgh Aot (2 13)0A B i} o] Laole] =
Ue B B &% AH2 E5E Aol riges
FHEE AL ¢ F ok 23, M FES AL FY
AL F3A D ool v)3) AH| A B8] 31
o2 g F Yo, et 782 238 ZAstm gl
T Aol o] YellA -3 uls} Zo] Y Ba1S 93]
LT HE /M A ggoz Qs ol & A &
&440] Zas7] whiolnt. webA, of7)14 1€ csh W
Ao Y A2 78 U EHH= E5E 59 @
FE T AN A FA ol A o] E Aol

Downlink Downlink

Average throuthputper cell (Mbps)

BS—RS

BS—-RS

BS-MS |

BS-MS

RS1-MS§
RS2~+MS

(a) MS1 8

©OMSI§S M4 €€

(72 12) =AY 7E U H S4S AB XY B oA

10 ot
~—a— wio Relay
94- —e— w Simple Relay(BS-RS:14)}-Overlap
E —:—~ w Cooperative Relay(BS-RS:12)-Overlap
8
7 B e “_‘,.-—' A 1
- :
6 / el E
5 -
o
P35 BSOSO £ P
o y 81—
2] ) I e ot )
S e
2 /’i/ ....................... 4
1 B ettt ettt ea et nean -
T T T T T
0 20 40 60 80 100

Number of users per cell

30
~—=a—w/o Relay
2 —e—w Simple Relay(BS-RS:14)}Overlap |

7 4 -w Cooperative Relay(BS-RS:12)-Overlap 7
g D0 fereeeret ettt et et s neaeaen /
T /
3815 J/. ......... o
08 .
o X
o2 ]
O -
- TJRET/ N See— .
O _f
8 -
@ 5.4 . ../,l ..... ]
g / /'"—.F.'“ )

. AT
< P S S (o i A
M 1 M 1 M T N T T T
4] 20 40 60 80 100

Number of users per cell

(a3 13) llo] Yaoj mE 45 Hlw[42]



|
7R _CHSE Zal0] AlAHOIA S| B2 B4l

4.2 MERM H 40| ME d5 B

7 2 ellA AT E ule} o] CsD 419 3 FAE A
H2 85 A PINZ F Jou BT FE8 HaA
4 5 e S VAL At oleh 22 EAl= €4 B4
< A3 AAH 22 F7HHRI A FFo] o]Fo Aok 8]
wiolc}, wetA, o] FAIE 2T 4 e Wk A
AAHQ] F7} TFo] AFHA| ghe thE FHjo] A =
FESS AU B A & SUE 9 289
Aot Ao 2 HY FAS He3he AL LA &
At AzLe] Aol vl AFHAQ] el HE TRE
Ftto] 284 & 7] dEol(dE 9, (2™ 7))
cooperative receive diversity BH2]) 24| 28 7}5-8l 1Al o]
2R gt} [l e FE TS 8l F7HAE A 89
A BF3 CINR ol of31 8 Folr} 7hed A%
ofgk Ae) 2 0 2 CSDE -85k WalE A3kl it o]
£ A A9 7|1Ee s Ad 8% 7]F(capacity criterion)¥

>~

] BEEg simple relay
[F%% Cooperative relay (AMC criteria)
B Cooperative relay (Capaclty criteria)

Throughput per cell (Mbps)

RR Schedtler

(3™ 14) 2o} ilof o}

PF Schedtler

1]
0
ET]
4
1o

459 HlR

(a) IEEE 802.16¢

(33 15) (o] LAl E T MH|A 25 22

(b) IEEE 802.16;

¢ Wz 9 B33l YA 71FAMC diterion)& A3}
Hqon, ol T3 F& A3} Qlo] MHlE B sS &
A F Y5E BY (A8 1495 A7) OE 2AEY
HF2(Z}2} round robin® proportional faimess scheduling)
S AMEEEA HEA Y §AE H83e W BT &
35& vjagt Aoln, Y T AeA 2 U E
glo] WAz} Ao FARE A5-g Hole AL 4 4 Sl &
A, (O" 1555 dHolE AREIA] 982 A5, T dilo]
£ AMS 49, 18]3 CSD HE BAlS HhHo g He
g 7o e AL Beo| WAdE W BXE
272} QNG Ao}, o714 e delo|E H8gk -9l
T RS A ol Bl Au| 2 Bgo] s vk, g3
e TAIE T ol2gt AFo] A7 FR AAL & U
< ¢ U

=
o

V.22 4 g% a7

£ ede FE T 712 S avlska AA T
Feloll b2 g4 A AL 2 71ed 27l A8l
A Eglct =3 HE FAS 9T A% 12EES 3
g F8 94 7leES 1A B, §Y FAE A8
g A& OFDMA Al=RlolX o] de-& HESHL Al2H
el 8 S 8 F 7ol ol & AEl
sl =oJaict. ¥ $A Ve BAd (o] =
T AR 2] 33 e Sl v el A usst &

lo
L=
kl

May - 2007_59



A _CiEE Eallo) AlARiolM e B St

HE AU 2R &g FulslaL Al F2E 3 Al
A 5 glet, ol Fu A BES FASHEA A A7
X o] Mul2 5 Aeg T AZE F AT Btel E &
Ut ol5F AR &3 Fuo} AR A5y BAE
7ol & o, 8 A 71e2 FF A o]FFA Al
o] dRZ FeEL YA A2 J|e2 A A
Ao ddEry, ojsh e ¥ 5 A2ule) ehgHe
8 2 HA3E dsNE A8 A2zt A7 Y
% O AR §3¢ 228 483 A9 528 A
o] A%Hog 9T H} T3, A4 TREF 9T B
AZelTt ek} QI Fejo] ¥ Ao gt 7 ¥
A8 39 AFoE gsn AL A7E BAseR
A HY §A 719 284L FRsheT 2L Folof
& Ao|t}, '

{1] IST-2003-507581 WINNER D3,1

[2] IST-2003-507581 WINNER D3.2 ver 1,0

(3] IST-4-027756 WINNER 11 D3,5.1 v1.0

Ml http//www.ieee802, org/16/relay/

Bl 23vl, A, $53, AFT, YT, B35T, “EE
2| OFDMA-TDD Al2H”l oAl ] F5A] 719} 74 oh5F
Yol o} A v, JCCl, 59, 2007

[6] “Harmonized definitions and terminology for 802,16
Mobile Multihop Relay” , IEEE 802.16-06/014r1,

{7] R.U. Nabar, H, Bolcskei and F. W, Kneubuhler, “Fading

Relay Channels: Performance Limits and Space-Time
Signal Design,” IEEE Journal on Selected Areas in
Communications, vol, 22, no, 6, pp. 1099-109, Aug,
2004,

(8 S. Cui, AJ. Goldsmith, and A, Bahai, “Energy-efficiency
of MIMO and cooperative MIMO techniques in sensor
networks,” IEEE Journal on Selected Areas in
Communications, vol, 22, no, 6, pp. 108998, Aug, 2004,

(91 A. Nosratinia, T.E. Hunter and A. Hedayat, “Cooperative

Communication in Wireless Networks,” [EEE
communications Magazine, pp.74-80, Oct. 2004.

[101A. Sendonaris, E. Erkip and B, Aazahang, “User
Cooperation Diversity Part I: System Description,” IEEE
Trans, Commun, , vol.51, no.11, pp, 1927-38, Nov, 2003,

f11]A. Sendonaris, E, Erkip and B, Aazahang, “User
Cooperation Diversity Part II: Implementation Aspects
and Performance Analysis ," IEEE Trans, Commun,,
vol.51,n0.11, pp. 193948, Nov, 2003,

(12]J.N. Laneman, D.N.C. Tse and G, W, Wornell,
“Cooperative Diversity in Wireless Networks: Efficient
Protocols and Outage Behavior,” IEEE Trans, Inform,
Theory, vol.50, n0.12, pp. 3062-80, Dec, 2004,

{13]]. Boyer, D.D. Falconer and H. Yanikomerogiu,
“Multihop Diversity in Wireless Relaying Channels,”
IEEE Trans, on Commun., vol,52, no.10, pp.1820-30,
Oct, 2004.

(14]V.Mahinthan and J. W Mark, “A Simple Cooperative
Diversity Scheme based on Orthogonal Signaling,”
Proceedings of IEEE WCNC, vol. 2, pp. 1012-1017,
March 2005,

[15]E.G.Larsson and B.R.Vojcic, “Cooperative Transmit
Diversity based on Superposition Modulation,” IEEE
Communication Letters, vol, 19, no, 9, pp. 778780, Sep.
2005.

6K M. Park, H.S. Ryu, H.S. Lee, and C.G. Kang, “Spatially
Coordinate-Interleaved Design for Mutually Cooperative
Relay Scheme,” accepted to Proceedings of ICC, June
2007.

[17] “Frame Structure to Support Relay Node Operation”,
IEEE C802,16-06/23318.

(18] “Relay Grouping and PUSC Segment Selection for
FCH/MAP Transmission,” IEEE C802. 16106/234,

(191H. Hu, “Performance Analysis of Cellular Networks with
Digital Fixed Relays,” Master s Thesis, Sept, 2003,

(20]A. Bletsas, A. Khisti, D.P. Reed, and A, Lippman, “A
Simple Cooperative Diversity Method Based on Network
Path Selection,” IEEE Journal on Selected Areas in



,_ﬂ__-‘_#f‘_%

|
|
%R _CHSE He0l AABDIMSl B S

Communications, vol, 24, no. 3, pp, 659-672, March,
2000,

[21]K. Navaie and H. Yanikomeroglu, “Induced
Cooperative Multi-user Diversity Relaying for Multi-hop
Cellular Networks,” Proceedings of IEEE VTC spring, pp
658-662, 2000,

[22]T.E. Hunter and A, Nosratinia, “Diversity through coded
cooperation,” IEEE Trans, on Wireless Commun, vol. 5,
no, 2, pp. 1-7, Feb, 2006,

[23]M.Janani, A. Hedayat, T.E. Hunter, and A, Nosratinia,
‘Coded Cooperation in Wireless Communications:
Space-Time Transmission and Iterative Decoding,” TEEE
Trans, on Signal Processing, vol, 52, no, 2, pp. 362-371,
Feb, 2004.

[24]B, Zhao and M.C, Valenti, ‘Distributed Turbo Coded
Diversity for Relay Channel,” Electronics Letters vol, 39,
no, 10, pp. 786787, May 2003.

[25]B. Zhao and M.C, Valenti, “Practical Relay Networks: A
Generalization of Hybrid-ARQ,” IEEE Journal on
Selected Areas in Commun, vol. 23, no. 1, pp. 7-18, Jan,
2005,

ROl FEA, B7gw, ol&F, o]aZl, A5T, BT ¥y &
Al Eeolo] HAo) o HA AL YL L 5 7
A 2006 5¥, 54183

[27]1A. H?st-Madsen and J. Zhang, “Capacity Bounds and
Power Allocation for Wireless Relay Channels,” IEEE
Trans, on Inform, Theory, vol. 51, no. 6, pp. 2020-2040,
June 2005,

[28]N. Ahmed, M. Khojastepour, A, Sabharwal, and B,
Aazhang, “On Power Control with Finite Rate Feedback
for Cooperative Relay Networks,” Proceedings of
International Symposium on Inform, Theory and its
Application, Oct, 2004,

[29]Y. Cao, B. Vojcic, and M, Souryal, “User-cooperative
Transmission with Channel Feedback in Slow Fading
Environment,” Proceedings of VIC Fall, Sept, 2004,

(30]T. Miyano, H. Murata, and K, Araki, “Space Time Coded
Cooperative Relaying Technique for Multihop

Communications, Proceedings of VTC Fall, Sept, 2004,

B1E.G. Larsson and Y, Cao, “Collaborative Transmit
Diversity with Adaptive Radio Resource and Power
Allocation,” IEEE Commun, Letters, vol, 9, no, 6, pp.
511-513, Jun, 2005,

[32]S. Cui, and A.J, Goldsmith, “Cross-layer Optimization of
Sensor Networks based on Cooperative MIMO
Techniques with Rate Adaptation,” Proceedings of
Signal Wireless
Communications, pp, 960-964, June. 2005.

(3311, Hammerstrom, M, Kuhn, and A, Wittneben, ‘Impact

of Relay Gain Allocation on the Performance of

Processing Advances in

Cooperative Diversity Networks,” Proceedings of VIC
Fall, pp. 1815-1819, Sept, 2004,

[34CK. Lo, S. Vishwanath, R W, Heath, Jr., “Rate Bounds
for MIMO Relay Channels using Pre-coding,’
Proceedings of Global Telecommun, Conference, pp.
1172-1176, Dec, 2005,

[351P. Tarasak, H.Minn, and V.K.Bhargava, “Differential
Modulation for Two-User Cooperative Diversity
Systems,” IEEE Trans, Commun., vol, 23, no, 9, pp.
1891-1900, Sept. 2005,

B61Q. Zhao and H, Li, “Performance of Differential
Modulation with Wireless Relays in Rayleigh Fading
Channels,” IEEE Commun, Letters, vol. 9, no, 4, pp.
343-345, April 2005,

[37]S. Nagaraj and M, Bell, “A Coded Modulation Technique
for Cooperative Diversity in Wireless Networks,”
Proceedings of Acoustics, Speech, and Signal
Processing, pp.523-528, March 2005.

[38IM.0, Hasna, “On the Capacity of Cooperative Diversity
Systems with Adaptive Modulation,” Proceedings of
Wireless and Optical Communications Networks, pp.
432436, March 2005,

[391H. Ochiai, P, Mitran, and V, Tarokh, “Design and
analysis of collaborative diversity protocols for wireless
sensor networks,” Proceedings of VTC Fall, pp, 4645-
4649, Sept. 2004,

May - 2007_61



TR _CHSE a0l A|A—IM] # B

N R P

[401H.S. Ryu, D.S. Kwon, and C.G. Kang, “Transmission
Protocol for Cooperative MIMO with Full Rate: Design
and Analysis,” Proceedings of VTC Spring, April, 2007,

[41] “Cooperative Relaying in Downlink for IEEE 802,16j,”
IEEE C802.16j07/124

(42K, M. Park, C, G, Kang, D, Y. Chang, S. H. Song, J. G.
Ahn, and J. T. Ihm, “Relay-enhanced Cellular
Performance of OFDMA-TDD System for Mobile
Wireless Broadband Services,” submitted for
presentation in ICCCN 2007.

[43]A. Osseiran, “Advanced Antennas in Wireless
Communications: Co-located and Distributed,” Ph.D,
Dissertation, Royal Institute of Technology, Stockholm,
Sweden, 2006,

(441K, Witrisal, “Antenna Diversity for OFDM using Cyclic
Delays,” Proceedings of VTC Fall, pp, 13-17, Oct, 2001,

(4511, W. Kim, E. T. Lim, and C. G. Kang, “System-level
Performance of Cooperative Relaying for Mobile
Wireless Broadband Services,” submitted for

presentation in VI'C 2007 Fall,

353

2008 ~ ix§ TTAPG302 Reheleiul ZRME T8 HolR/MH|A 3 HEYS

190001 TR{CHerm FAEEa) BiAl
Y8t A Rsa) AL

20063 ~ B{R TR{CHSHD A7 AR Sl

B0} BT T B/441 71, 4HIEH 0SS, AlAE

Sz U M 24

19871 Univ, of Calformia (San Diego), MAH22ta} 8t
198944 Univ, of Califormia (vine), RAHS! ZIEE|T51a} MA}
199814 Univ, of Calffomia (vine), X} & Z1ZE{Z8ta) 4k}
1992+ ~1998 (3[) Aerospace Corp, 7
19931 ~199414 (@)) Rockwell International o178
1994 ~ il nedchsln MolSMEstel/M | HAM DSt
gas :
20004 ~ 20014 (@}) Center for Wireless Communication,
UCSD Y2 n

Aoy

2006 BrmE LIRS OlSEAII TS| AT

200611 S=EELIES] (MalEtsolAL

2007 ~ $IX] SIRSAIE!S] (Tgl)ata ot o|A}

kR0 BU M ST TS, U UiXEEH 0 ZREE, 2M YEY
Cross Layer Design 7|&




