DB ris

=2 09-34-03-07 FZEAET S =] °09-03 Vol. 34 No. 3

FA7NE AHEshe U5 AHeA OFDMA Al=ES 931

2279 914 B FA /1Y

.‘_4
=

o

T Fx, BA8A A G

’

o

A AR b, A G R, 3

HN

Efficient Cognitive and Cooperative Communication Scheme for
Multiuser OFDMA Systems using Relays

Mingyu Kang*, Young-Jin Sang* Regular Members,
Byung Hoon Ko* Associate Member, Kwang Soon Kim*° Lifelong Member

o oF
2 %

£ =RoxMe 7 FAVIE A the AREA OFDMA AlZHloA T 3845 A7V s &
27990 QA FE B4 US wERAT WA oA A4S B ERA T ANLEOR 33 Pae] A
& (throughpu) S £9 F Ue ZEY 725 AR 281 T AAREA] FAVIZRE Y 1 AA
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ABSTRACT

In this paper, we investigate the cognitive and cooperative communication scheme to improve the spectral effi
ciency in multiuser OFDMA systems using wireless relays. First, we propose the frame structure in which the ef
ficient frequency reuse scheme with the cognitive technique is performed to increase the system throughput. And
in the case where the THP (Tomlinson-Harashima precoding) is used for the elimination of interference from the
relay, we derive the effective signal to noise ratio of the link largely affected by the channel quantization error.
From the system level simulation results, it is shown that the proposed cognitive and cooperative communication

scheme increases the overall system performance including the feedback overhead.
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3

rlo
o
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& Weata ARad. el 9ol A 918
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O.a O0|laio a
_________ O B
O X : X110 X

| — ...
o A N i o a Real
_____________ e [
® o | X X
0 X-X, 5
O M(x) o|laiD A
@ Mod(X,-X,) :

J2! 2. THP ¥4 AE8E9 A= (QPSK)

www.dbpia.co.kr



=& | FAZNE AHESE T ARSAF OFDMA Al=HlS 918k a8 1A ¥ 54l 714

(Expanded Soft Demapper)' & AF&3lc}

B i’i‘oﬂ/\i“ MMSE (minimum mean square
error) 4 71He] THPVIS ARSIt} o] 7S
A9 FAdeNE 2] Alsel 54 3
s 3 T By mr|E g 41 250 wjol
Lk AE AR & SIS =, FAdelA
= A Azl Ad 2 i =2 —Lo}oq RE
FASA Ak pe A AElA fFEd JFee
% g5 AT

P

‘ﬂo“"?}o BalAA =,

s 4 =
AN T b, S ShE] FREl] D Q)

h.
o W gea} po] oA
P
N S— 8
A ®

A7 3 P HE HA AT X3 T
o] HWi HES vehdth

E 12 B =7 Az g ds g3kl
A8 7 MCS 249 W& THP AMEA| S3%
97l 7S (packet error rate, PER) 10722
A7171 SE FUHHeE dagt Bt 4l HY
(A4p) & ARE T3l Lol A Aotk 4TS
Asle] N, =1024, 28] AEH HE T 01us
Zhal 7Pgstden, 2 ARgAe] Ade ITU-R
Pedestrian A’ RS ARSI TE sk ziE Al
7} Wk Fevta 7PA% 24719 OFDMA Al
% 32719 FkETE o]FoRl 3 BAdS A
Hog AMEsl F 768719 QAM AHEEZ 3 7Y
9] FRleo] FARRT 7Ptk 4 MCS 4

3
I

W UE s Ze 4,5 aEsk usd 2o
ESNRE 78 5 Stk
I, 2P,
ESNR= P 10[).1Aw' (9)

E 1. THP AH8A] B3E PERS ©EA1717] S8l 7130
= dod W7 $4 49 [dB]
Modulation | Code rate | A,, at target PER=10">

QPSK 1/3 2.66 dB
QPSK 1/2 2.17 dB
QPSK 3/4 1.87 dB
16QAM 1/2 0.90 dB
16QAM 2/3 0.70 dB
64QAM 1/2 0.66 dB
64QAM 2/3 0.48 dB
64QAM 3/4 0.40 dB

7% AHgAEe] gh
3 238 A ABste] 71400 AL
°l& olgdte] 7XFo] THPE AHdhs 729l
A At eFw A% YA 9Y 4 oE @
%4 8 0 WE ESNRo djsl] 243} o] A
S AF X ok o] Yehdd

x= Mod(Xl fﬂJ-Q(—ZﬂXQ) (10)

- M6) e,

A7W Qe « & B golu, 5,5 ®)
A n A Q)& YT golek wx) & F
a7 el f s vel Ad my ¥
Oa(=0)% F3le] T Thst o] yehddk

M= By (11)
b b7t FOIE W Mx,) T MX,) ) o))
= ge 2 Ad WE} oFe] wE

& qree] Wi AAS T1ew} o] fET 4 AT

Bl|mx;) - mCx, )|

:E‘(lfﬂH)Z*ﬁﬁ%J“X(ﬂf Q(hi B”Z 2}

=(1- ﬂR)P-FﬁR‘h' Py p—r h; Rz—i’z

+2(1-3,)E| R { (ﬂT h; ﬂR: H
12

A7 X, & nF h7h FOId W A As
L, B ol8dtd RERE A S8 99 Asol
7] W&ol X, X, “38gk (correlation)S %
s77F A deEw fE e s ved
o] gtk

EHMH@IQ]

Qhy) by
(1 ﬁR>P+’6}2|h ‘z BTQ(h) Rh_]
+2(1_ﬁ}2)\/7ﬁ7"g((h§ ﬁRZ
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=24, QPSK, coderate=1/2, NQ=5

g F--J-—-F---E===Z

OFDM

THP, Ns:1024' NC:32, N

— — o —©—No THP (no interference)

—>— No pwr. compensation (interference+quantization error)
—&— No pwr. compensation (interference)

—8— Pwr. compensation for interference & quantization error
T T = T T T T

0 2 4 6 8 10 12 14
average SNR or effective SNR

J8 3. dAEkE AdEs o8-S THPY ¥ B o
o] WZ PER A%

e dAEE Ad ARES wlRo® THP
S AR B9 QA Adi FAskE kel A
olZ st WA == F7HER Ay 4
gk (PYrer) @ & SNRO BIE (ESNRS™T)
et 2ol 27t 7 4 9l

Q( ) }’2
),

+ 2P (1=8,) VAP,

P[ppw ‘h |2

Ahs) D

rom,) |
(14)

L . |h1‘2])1
ESNRQomm — — T (15)
(Py+ PErer)10™ A

O3 3L A AEE Ad ZERE 7
o= dlo] THPE ARSSIRS wf A= BA oF
o] @2 PER A%S Hlws Zolth QPSKE At
L FE5E 129 A5 #Esem, v
4 %73% 1914¢] 273} FYsitt Ad
Z13)el7] 913 B35 WE (code vector)S
71 918led LBG aelEe AMgsink WA
23tE QDS olf3le] THPS 38 w) A
s A @ Atde AAEA &2 1
AL At LR/RE st FZY sl
A sl RAe #EAT ¢ Ak 2 oY

Ad JHRE o83l THPE 43 ) g
e sHA fe Agole AAEA &2 1Y
FFoE Qlet F 104 YERAIRC] E3E PER
(1072) & 71%0"® 4,,=217dBo] A £alo] b
ke AL AT & Aok 53 789 Ad &

240

XN op 2,
ofs

N
g
"
o
o

3
o

. B o2 M

_E

23t QFe] WE A% ot @il HAske A

ESNRy"*" & WA =
Ay 7Hdo] gle 499 PER ATETH °F
FeElo] Y 2Es & 4 Aok AN &
PERS 7o A9 zel7t 24 &2 A
I = 9o, olF B3t B =i
gk ESNRyver o] A & SNRel 7Pk @&
Hellle As 98 F %E} webx] ESNRC
olg3le] 7|R=o] aFHe 29 Y B H
Hzol 2o AES & —’F Ut

E
ki
d

ofy
2
2,

o rw o

0

J

(

010 it

V. NAR 2 20| Atz

B oERE AZRY Fue m84 (92
ofels} o] el
CLVVUL

_ D,
5= Wor W [bps/Hz]. (16)

&~

7 A9 Y e B @
S ogle S gac) Ad §e Yk, w,
e &% yac Fae oo @E Yo
NJTZ FRTL W, AS] Dad 43
Ae] Fokr g 2718 YEpiH F/(CULNOFLWJ)
2 oA, a7l G,e A% P39 B A
9 gL U, B EENE gew 2ol
AR} AT AES S e BE A &
o Flga

tlo

Gy = Ellogy(1+p,)]- a7

w3l e A2E AAe G AlgES el
] THPE ARESHA] e Aol o3 o]
Foixith

Fp = NyK(Ny,+ [log,(N,+1)]) [bits]. (18)

A4S vehle | Ze3
+1)] 2 7HAseERE A
of ¥ ofd FAZIE AXAM A
217t ag HESoIth (1]
BT FAY 22 Agelnt. 3, THPE AR
Aol B AFe] tE o] Folxith

ae)

o714 N, MCS
0g,(NVg

3
o j

ofy [
e
2
.
i

il

Hre. ]]

=

i
i

=

ru°*‘ r1r ofr X

FHTHP:FH+E[N5HP]((K—1)MI+2NQ) [bits].
(19)
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;\1%:1024. Ng=32, N.=32, Ped. A ch., n=4, Dg=1km, D=0.5km, p =0dB, T, =10

3.6
3.5
3.4

2
3.3

3.2

SDL uL

3.1
3L f— N _ T T
—e— No frequency reuse (NR:3)
2.9 T T T TIT T T T 777 T | —B— Nofrequency reuse (No=6) []
| | =
o8l _ _ _ __ [P I —@— Frequency reuse (NR—3)
| | —A— Frequency reuse (N;=6)
2.7 I I : :
5 10 15 20 25 30

The number of users

T8 4. AF8A ol e Fus B84

’:“?;1024‘ Ng=32, N.=32, Ped. A ch., n=4, DB=lkm, DR=0,5kn‘|, pb=0dB, Ty~10

i i
Propbsed schemes\

Sum(Log(R,))

—©— No frequency reuse (N,=3)

—8— No frequency reuse (NR=G) I
—&— Frequency reuse (N =3)
—a&A— Frequency reuse (N =6)

5 10 15 20 25 30
The number of users

T2 5. ARSAF ol mE mlEH 334

AN E[N;"|= THPE AH8sHAl € it
Ao o, Ny(=5)€ & FAd AdEs
Al Zag HESolth 5 THPE AHE:
Al = FAgel] WA FPEAE AAE A9
& UmiA) ALgAEe] THPE Fao] Aeng &
o= MCS 2418 AL, ol nigor 7%
ol oJsf del® ARgAk= THPe| Zed Ad
BEE FAglete] Hagit.

% 49} 5= ¥4 FAVIE ©l€3= OFDMA
Age Al=gelx 71Ee] XH g Wl o)
o & =M Atehks A dE B4 7l
A AHEEAS W ARl Sl wE Fule

24 (9 B vEH 344 (ZlogE)% ¥k
k

ERd SA7IS = 370, 670 = 2

Zolet,
7t mefstglom, 49e HAdtel a=1/2, D, =

Ng=1024, Ng=32, N.=32, Ped. A ch., n=4, DB=1km. DR=0.5km, K=10, T,,~10
4.6

A4 — — - - - - - —

—6— No frequency reuse (NR=3)

|~ — — 71 —8— No frequency reuse (NR=6) i

: —o— Frequency reuse (N,=3)

—A— Frequency reuse (N=6)
T

|

| T T T

4 6 8 10 12 14
average SNR (pB)

a2l 6. A ZA] W SNRO W Fug a4

km, D,=05km, 7},=10, Ny, =48 1|3l

pp=0dBT F1ASRT, UuiA 48 85 o
4 APEANe) IR FYskha APk
A 38 40lM= AR 47 STKEEE o
Z AR U o5 (multiuser diversity gain)
o olal sk Y=ol Aol Wsle w, A
Fel Zrel wet ayse 4% Y2 Fue o)
oo} Z7lw Qs 7+ 7|Me) A HHe ALeA
ol Ful meA 7} Aoigke 2 = 2
S HRIT ok aFa FYE HY A
Aokt 7HE AMgEE AS 287 Fu A)
ARGO 2 Qleta] A|2El 9] Zﬁﬂﬁ‘i T A8
o] A He A AT F Uk ¥ 500
AME IR E Agkshe 91A] d8 B4 7|HS
AR A vlEd FAA TS 34 sREE
RS #EL F om, 53] ARAY 7 AR
TE 71EY 71t F7EEe] AXE s #
ST 7SS BEAL T ANS
< AT A 3P Y=g ol A 3
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