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ABSTRACT

In this paper, a radio resource allocation scheme for a multi-hop relay transmission in cognitive radio (CR)
system is proposed to support the employment of relay nodes in IEEE 802.22 standard for wireless regional
area network (WRAN). An optimization problem is formulated to maximize the number of serving secondary
users (SUs) under system constraints such as time-divided frame structure for multiplexing and a single
resource-unit to every relay-hop. However, due to mathematical complexity, the optimization problem is solved
with a sub-optimal manner instead, which takes three steps in the order of user selection, relay/path selection,
and frequency selection. In the numerical analysis, this proposed solution is evaluated in terms of service rate
denoting as the ratio of the number of serving SUs to the number of service-requesting SUs. Simulation results
show the condition of adopting multi-hop relay and the optimum number of relaying hops by comparing with

the performance of 1-hop system.

¥ o] w2 20119 ARSI e AR el Alete] A|d-g ol el d7-%1(2011-0003735)
EHEElEtetr Frlakedad 7HH(jeshin @hanwha.co.kr),
*x Zadlsta Axpgslal 2pA|UEAIA 28 oA (shming8, jangys @cnu.ac.kr),
wek Z3 ROkl ARFEHE o] F-541 <174 (hscho@ee.knu.ac.kr)
=& CKICS2012-02-053, A} 120121 29 84, HE=wAl4dA} 12012 49 24

*

325



FEAIEFE| = A *12-05 Vol.37A No.05

I.M E

Aa} 2pele] o]g FES ISl wkkeE
T4 ¢lA] (Cognitive radio, CR) 7]&°] F5 wha
doiPl CR 1S AzEge] Ao s
(Software defined radio, SDR)"7]4S- 7uto g
vlws ARgxel 23} ARSA}F (Secondary user, SU
or Cognitive user, CU)7} 3} 2~ EZ-S- A7}
A, IR FA3l AN U FEEE
AR F, ol5 wiEkeR ws| ARl 13} AR
Z} (Primary user, PU or Incumbent user, IU)el|
Aol g kA 9w WSlellA A 5 Sl
71%elth FA Q17| 7]l #A3E TR 13 A
L2 B3 E 9% 24} ARERRY] F1A ~HEH
AIA] - (Spectrum sensing) I}, 23} AREAP ) H-f-
o Wl 123} AR 2RSS WAIEE 73S
+& dYs g TR e 29ER d=e
B (Spectrum handover, SH)3}4 So| 3] x13)
Zoll Q>

Sk, "#lo] 32 FAS (Relay station, RS)<
483 o S 712 dloly AelE
71A|=re] AfB]2~ 39 (Service coverage) FHHHE
A8l ol FEAl Alzdlel] =¥l T)selk oo
A3 ol AX SAlsks ol8nt o F
(Multi-hop) "o 7]&2 Afn]x FAEAE o]z}
7R 4 vl UgE 5 9le] A o]s-EAl
A|zEle] whE FHE Egs F ASE 7k
o} Helo] e ris= o] Alde digk 14,
delo] ZHs =, FHs o] AR 17 A
. I 2& ol A4 (Orthogonal frequency
division multiple access, OFDMA) 7l H#|
o] =] Al AR Fd So] oo A W AT
7} A glef el

dejlo] F419] A F his A TS
3 wAHoer AFdd = F FAl nls)
T A E AHHeR A5 - Q=
oltt. o] HE o]g3te] thE ¥ ddle] AHFe] CR
7ol AEEoH 13 ARAA = s =
doEH v W 22} Axwle] 12} AlxEl FE
g g oS AeR rdEd 53], o] &gl
2 AFH FAle] 7ksst A3 12k ARSAelA &
gEglont Akgx ok ~HEZ E (Spectrum
hole)'"'e] 2| HAxle B8 AAXA =z 7} g
8 7R ok ARE dehs Al v &
A QIR A ElellA] TS Fesltl aFelE &

m N Ao

326

T8k, CR 7|Hke] vl & o] 4 3ol o
g 77} el H oz u|Egk Absfelrylieiee]

B =Foxi CR 7ube] o F dee] A
el A] A= 71 Fog ARl el
A ohEh Az s Ad Ak 2 ek x
she}e] 3ok Alde]es AAsta A dF 19
= wey) AuakE zeEql RS BdE Aus
vk algale] 2 skl HAs FAlR S
sbd mdlgs ) oo High syom v A
a o] W Az MYl gelw 7+ FH Fule
A1 Adele] 3uiAlE pAEE 3 FHAslE ek
Adhe] weke AAE) meoAdeoe Eu
AnarE zZeg] FRE e A s 2%}

4 o

g

Azdle mefslglon, v & S0 9l F 5
Al 7k ABL nlwE Ea T4 Q1A AlElolA]
(¢}

b & B4l Z9A4S Nl w3t & &
A 7k 7P 3t & et 2 33l sl
= ® 9kl

I. AlAR 2

2 eold weishs 23 Asde SRt g
el v whke] <li>a} o] T
o wgE NS M AATE FHeE B
8 Aol hpe] Yellolr} BbAL R wHHk A
& Helat slAezrEle] BY Ag el b
o(Tien) = T-#3kaL 7+ Ele|7t #2]= D(=DyH)
2 Fdsleh A7 D B H = A7 A bt
AW Ele] AGE eRich 7R 23 Ll
o] A32 R oletar 3o, A FAlellAE A&t
of h WA oo &3k Hele] A3 Ry 2 3
(h=0,1,"-H) °] 5 j WA Hol& Ry =t A9
k=1, |Ri). 53], Ry = 71A=& vehdck
Al el s Bxsl whde] A M T i W
A ke M 3l M 7F BRe R dhe Fo e
chest o] Alae)

)
o
2

ol

I

o714 DY = xr X ¢ =& v 7k A=
el 2] & xEBy 2 2L 4o A
= vehich gbge] 9xd wel F = H 2
A= 9lew H=19 A% 7|A= A FAl
g} o 9e] whkd mksA] o] AR o] Fo



R OE E A A Azdeld Esbhel FA A9 29

&
S
Lo
K
&

o] Gz} 1he] A% F=F E
1ghe), gl 59 Elo] o] elo] 7+ A%

]
ok Zhell= A4 Sl & 4 glal 2
s

o o 2 0

N

ol
o
N
=)
+

5

Cell boundary

Othtier sttier 2nd tier 3 tier 4th tier

2 1. ok & 7Nk 23 Ajxgle] A A (H=4)
Fig. 1. Configuration of secondary system based on
multi-hop (H=4)

<as2>ef o] 7t Tl A she] =e
d2 T 719 E}d<EF (Timeslot) o2 A S &
ZF FA 2S ERIEES WRE AlEEEvi

sl 2t Fl 2R aeleRel AeE

il

H
T,(h=1,-H T= Y T,)e} F27|& g} 2t =&

ol A A1 & Al 1R Fal Afda 1749
Elgl&Eo g o]Foix] A whe|(Resource unit,
RUE 9912 Fasi] 2 AHe o 1hdel 1
A D92 Few dta JpgE) <a32sellaA]
% 350] LR AHEANH-D] A3 7 Tk
170e] 244l =95 ddsfolgich 2 w9 E A7t
%3} b ARe QUaz sl Uehd qle)
o = W (k= tHA EslER(e=1,- T
k WA Tk Adk=1,- K9 23em 7AE
A shel ki

f Resource-unit: (t,k)
allocated to M,

7 with H=3

K 4
freq. |
channel
T
i | [
/ 1 . . T t
\ |

time-slot |
1 frame duration

T2 2. elERS W9l Avdd =g e Al &
_?_]

Fig. 2. Frame structure and resource unit per time slot
. x| de

3.1. 42 B
i M, ZHE 71 Ry 2o AE A A,

7t FE R oF 7R Tk ARlE e arEsh
R o Aol w7t wobd & Alzke] e A

5 olek ol& siAs| Sl e thde] =
AR 5 AR Fole o] Fasitl o)
A= Erld ojt-F W ES = (Mobile ad-hoc
network, MANET)ell4] AR&-8l= 7] 7|bF 234
(Distance-based flooding) W48 o] g3} <1
3>y WA, b M 7 AR S2AE Zen
(Probe) AL AFshd whdzHE] Ag] YA
(D) Wl EAsh= Helolge] A%l Z2HE
59 wAleR At olw) Z2H dFlo=
dele] 2] ARE F7R8I] b k=elA A
23k 7| el 22 wi7bA] o= F& AH A
g5l Zz28 dlE5S 2ol o)E sled Ha F
T2 AdE ARk Fw AR xIAZICL A
HAAl Z2H gjzle] 3] vE= s 2] 9
3] 2 o|Alel|4]= TTL (Time to live) %S 3°=
AAsta AAEE wjvich 14 A ZIck 1A=
o] A1gF 7Y 7l F TTL=18 ZT2H 7S
FHzxw $A187] wiitel TTLo] 18c} 22
HZ1E 7A] =] AlslH et B 7]k

or w

il

:

321



Flooding

TTL: Time to live

Probe | M, |TTL=3

Select

Probe | RS, | M, [TTL=2
Probe | RS, | RS, | M, |TTL=1

i i i

- m 1 I I

Probe |RS_ | RS | RS | M, TTL:DT

Discard

13 3. AE S 91’ 7] 7N E29 wAe] o
Fig. 3. Flooding scheme for path navigation based on
distance

q
AS mEEe ol EFYsH wa dld of
i AR 94 e 1M S wFlden

3.2. A< MAl gl moh

12} ARgAte] A A Aol wek 23 ARgAt
o] A 7HE ot AAEEE 23f AlmEe 13}
AgAte] o el ALg 55 et 5 gl
olof sju] o Sla AD AL St 71AF
& EFe] wE Yeole} e Fr)sE A
AL FaE A AAS FA 77 (Quiet
period) 3t o] FARILY o] FAlellA RE k=

=< dolg] AES Ttk dAl AR Fold F
sk vl ohlel Fu Fube A ta) Al
A= Aow spEth g A AR
Wl Aggy A W, eux AHE: W,
cyclostationary ¥} 5 92| 7[X|7} 9)S o sl&
u, & el Ak B3tert U sk it
g Fgejel oA ZAE wAE ARshe A AlA
o] At SA4H |A =717 dAA(y) olskal A

Sof|ut ARE 713 Ao w s
A o] 7+ e ALS- vhs oS

328

T 7H - E o) 2] Aok
Y={y(i,k)}, iEM*R, k=1,..K 2)
& 5ol o7]elA

_ (1 mE b ESE AR A
0. = b A kS AL

op op

3.3. A et

<a§2>9] 224 Zeg) el A I A
A2} 4 (Indicator matrix)S th2} o] #2]s}
il

Z=A{z(i,t.k) }, MieM, t=1,...T, k=1,... K  (3)

2 Z 5 9laL o7]elA
{ FAES (2, k) 7+ Mol Al Sl 73-9-
0, 182 oA
olth. FAl 2RAe] AM-ES FHdstslr] flElA
= Hello] 2 o x|, |z 7R o, T
7R oA aEa ERIERS W9E § %
(Inter-hop) A% ZH 52 FHo g v

ale] the Al HESEE sjof gl

M T K

maximize Y| Y Z irt,k) 4

i=1t=1k=

B Al o] Aok 2wl P W
T2 HAE = end-to-end HIAL FE 2= Ax
2 AI7E flck
Cl) 7% A=E 2= P; ol shie] A=k
Ad 7hsslel o714 Pis Mol AR A
Al 7 A2 Age vepdck

C2) 72t M; o W3l 7+ & o =2 1he] #jd
whelnt HQsh o]F W A AlFH &
Al Au|~g wkerha 7R wjebs, o
o M; oAl Auzslr] fJsiA= HEEA] H;
7ol Apgle] BoslmE che-S mEEA|Ak
g}

L rlo

7 K
3Dzt k) {0, B}, @)
t=1k=1

o714 0l A= AR o] B3t
7455 epdict



B/ TE F A A Asddd b 24 A g

C3) AR8A= A el sk Fxsh Alvd
= 7 A AR e AR REE
w2,

ol2]gt x}dsttdo] #dF FAl= NP-Hard o]

delx glermg FHAY daeEE 2= viE-
ojgfrjl!o* P mely, B =FexE  HIA3}
(Sub-optimal) ¥ o2 28t} BFALS- Aokglc)

V. st KIQISIE HiAl

AL @ellA oF 5 slRe] AR o] Sk E7]
M= v 370 3, S o el dyolR
o]Folzl AR zEw 7 F ° Fue x§lo]
ARwojof gt} B 23 wAle BE E o
slo] A FFe ookl W Ak} el
g3l Ajk n S
Qs WA
2 a2]a 95 AYsk= x4 (Sequential) <+
A A wale =z Hasio,

d

=

=
B ARl A gloh AR My, Mol o
= x]—-%‘% }\L_E—]IJ?‘S]"_\:‘ 7(:)]—?‘ {FZ}a {FI} ;LS—‘ {F1}9
@] Z57F A 5 qlvk A WA Agel=

|

oo} & Aol WS ZolwAl sHaRH Ao]
Mg s Alelsls whalo] dasity

T otk Az AdEe flE wA A H=3eie 7k
g Fol Ao S Tk oA 3k 3 ot
wu HAags 4 ARl dagtes Adsie o
2 AR geirE Edgr wHog HAgSe
FAksto] disgtow AEgict oFA A=s 7
Aze] dxgks 7kl FHAdE 7 ARE A
gigich Awrh AdulEd o) AR s 2

e}, qjelol =8 A4 ¥ hE LS mdE A
9 T a2 AL Fae] A
g2 dAshl =o] b7l whel A b eIA
¥ 2o 4 FHoevd Fo| 48 F fol o)
2wk pEe e e wE o] it A
A WY Fe mE A o] Uge] husw
WU IS TR
45. A of

Aol AljkeE AR g v e] A olE
wolFErh A <a4>E v = M, M, 7}
o] R, Ry Rs < 53l 7IA=F Ry 29 7= &
Aol A HejErh M, o dis| F 309 A=
Pii, Pio, Pz 7F 753 My ol dis] F 27K9]
AZ Py, Pop 7} M sk 4714 Py M;
o 7H A= AR Py T A AEE eRick
23 P & PyollA 7HeE Fake AdS weld
Agtel™ Py = Py ellA kAl (=0 sRes
sk A AThe vebdich

P, M <R R,
P,:M, <R &R P
P,:M &R &R,

38 4. A9 G e A o - AR Al
Fig. 4. Resource allocation scheme - path selection

Fa 3ol el M RS 2ARE At

329



FEAIEFE| = A *12-05 Vol.37A No.05

<a75>2} 2] = Ry—R; ol dis 370, Ry—R:
of thall 270, Re—R; ol sl 270 Faprt 247}
7Fsdt AoR ARE|qIck 7 Helole} whit Ajo]
o] S M; ol W= Mi—R;, Mi<R., Mi<R;
HaeA 27 1, 2, e Fat sbsslEE
numP; )= 3 (=1-3)7], numP.)E 4 (=2-2)7H,
mumP;)E 2 (=120 num@P)E F 9N
(=1:3+2-2+1-2)¢] A&7} AL My of s
A= MyoR,, MyoRs €10 &=l ZH2t 1, 2709
Fo7} 7Fe SR num(Py )l 3l 2 (=1-2)7H,
mum(P2)E 4 (222712 mum@P)E = 670
(=1-2+2-2)9] 7}s3t A=} 2AFE

Sensing %3

results

the number of
available freq.

{num[l’u'_]—l& =p, M LR SR

«———  Available
e : Unavailable

v, bR, AR\ P

LSTRLY RS N
Node )
selection

o (P, )12, ), &SR SR, .
rumPy’ )= 6 (P, |=22P,) M, SR <2—>an :

Relay & path P M, HR (2—>R =>m1n{l
selection P. M. (—)R (_)Ra = mm{2

2 5. A4l @ ] A4 6 - e Al Geo] o

Fig. 5 Resource allocation scheme - node, relay and
path selection

e

F

°ﬂH Zﬂ%ﬂ AR & uAlS 283

F7F FHAel v Adegi
M, °ﬂ EH?SH 97, M, ° w3l 671e] AH=7}
7hs3teR 78] F2e] 4 AL o M,
gk} ok s R s M, ol el Hdle]
Adelgic) Algkgt ubA]ol] oJsh Tzl 73 2o
g3 7 s ek Ade] 3 ARtk
P2 9 num(Pai ) 1, num(Py2)E 29 Al

fz

A

AU
g
EN;
ok
mlo o

N
N
AT

_>L e J
N

330

P25 9 num(Pasi)S 2, num(Pasy)= 29 A}
247k ARG ofell sl b el ] AR
Tk Ao o] FHaghks F8kar o] ghel A
Q ArE Aggcl Py o 49 1 (=min{12}),
P, 9 7% 2 (Fmin{22})°]| B2 P,, 9] ARE
AlEgie

upAl SAR ZF f3ellx Folee 7R A}
A 9o v 7B B FElE AdEigith <
He>oh 2 el FrelM AR P E AT
A5 4 W32 9 7R A el "3 MeoR;
4 Fell sl 270, Fsoll tislix] 17]olck wehA,
7R AR w7 7w T e AddiR
o} FU3 o RE vty ® 3 ReoRsolA Feoll o
3 170, Fzell dhsiiAl 270e]me ol Frs AdE
ghe} o]e} o] whid M, o gk AR el
v 2R 3 AR gES wiA elelE F

the ARSARL My ol HiRE AR s AR
R, <R, M, <R,

SR B

| /

M

time

\
D : Occupied

a2 6. A T R AN o -
12!}

1 frame, T time-slots

D : Unoccupied

7} 9z g Fee Al

2]
Fig. 6. Resource allocation scheme - Frequency selection
per each link

3] e Al QA AlxEle] AA Hx
#¢] IEEE 802.22 WRAN (Wireless regional
area network) A|2~ES 7]E wmulg g0l o3}
AFBAS) WA Sk AR <aRl1ss} o] A
o sle] e A BAe Telsel 14 AHeA)
A2 Al o] i F2 A mlel= ARS-
Zkeb vl-g- Wl DTV ARSARE HAAIA vkl &
ZellA] Ak Ade wale] g wrlghetl

lo
it}

Ans




EE R A QA Azl ARl FA A

e

%1—1‘61-

=

% s <aiinst o |
t 27 Abe} e 1A e A )

BE
PES mEc s,

o
o
ok,
32

1. v & AededlA wixE A4 1 Heele]
Table 1. The number of each subcarrier per hop be
placed in multi-hop system

delel Azl | ORI | Rl [ IRy
oI5 AH 12 - -
AFE A 8 16 :
Vs A 2E 6 12 18

H
Ty Ty= YU -
h=1

E

= 2AE R 3}7] W Ty o 23 <¥2>9} 2
t} Ak o2 Alde| iR AL A B F
Alzdl 7] e H7Ph AEelAH eRlERe

E 2. o & Aladlel 7 Eol @ eelae] s
Table 2. The number of time slot per hop be placed in
multi-hop system

%E{]O] /K]Z_\_E}ﬂ T] T2 T3 T4 T= Z T;l

o0FF A | 4| 3| <[ -] 7
AEE AzE | 9| 8| 5| - 2

h=
& A|2=H 16 | 15| 12| 7 50

elelage] e <m3>oR fgaje] A

g4t olsh 2L GAeIN 7 Fliol dis) A
2% 5 gl Aol AgAe] SE el F Asw

E 3. 74E o & AzEe] 4 el g9 elsleR
N4

Table 3.The number of time slot per hop be placed in
multi-hop system - modified

H
ol ANx®l | T, | | T3 | Ty| =37
h=1
o)F3F A ~H 18 12 - - 30
AREE A" | 13 | 11| 6 - 30
AEEE A2E | 10 9| 7 4 30

o] 75307, ol% &2 75 18, AT ¥ A%
13, Z12]aL Ak F] 745 104l A7) o] Ech

4l QLA Aol 23 AR Tl A
Ao Ed 1A AHEAE BEE 5 Sl S A

5
F 245 A7 Sxe] A ool o
E F-& 4= it} olE =°l, IEEE 80222
Azeleld] AsRs AW ARE DTV S
-116 dBm, NTSC "] TVe] 739 -94dBm °&
AT QAL A S olale] e Al 2
ol Ao AERE A8 sl P, o
ek A s A 1A AR wsel] 9
g FQ23F Jlide] 7Md 2%  (Interference
Temperature) |t} 7H] 2%+= vl 9k 541 9
213] (Federal communications commision, FCC)el|
A ESIR Ao 1A ARl FAllh R
7HA & zkeo] oks Aeks) 3f 740];}[3”41 74

v1H X "

5 A e 23 ALl 1 At
Jol

L
L, o
>

WA
zAso} e} o]am A% daﬂ—g— SRR
de wqlsle] mEsa 13} Alade] mEH A
Wel el AEA Azdel AR el 13
As B ek AlAE

2 A|2~®l 2A17)9)F 22} A 2H] A7) 2R bzt
di 3 dy "FE olA S1AFE 13 A= 41719
A5 o] ZHd #®] (Signal to interference ratio,
SIR)[dB]<=

331



2183 =4] *12-05 Vol.37A No.05

P
SIR= 101og10# 7
P, I

2 Jel PPR T PP = 27t
Ppp=Pprd * )

Pp = Pg rdy® (&)

2 & F otk o714 o= AR £4 A|S (Path
5

loss exponent)o]tH0) 12} Axwle] Q3kal xu)

25 2] S8 Aulzedele] A gl 13
TA171] SIR]

5 WEsllok gtk o714 SIR.= #HA B8 SIR
(Minimum required SIR)-S ‘leplw] Foizl FA4l
el S37F sk A ARl 4 B d E
12} A|2=gle] Aqu]zs oo A2| (Service coverage
distance)?} 7H] AIgF 7+ Azl (Keep-out region
distance) 2 717 2o}l olu) 12} AaRl A1
7125 W AlgE 79 A7 Wl sle s
7Hd Algk 7 (Keep-out region)o|2} F-Ec} A
N ~10)ZHE 74 At 7+ A > =

1

SIR,..,\

P req \ o
dQZ( S’T'd(f‘lo 10 j €9Y)]

= Aok A anEFE], 13k AJ=ge] dE A
Hol &3, 12} Al2gle] Au|s o] FE5F
ae|ar 23k Ajagle] AE Ao gEE 7MY
gk 7 Aele Aagks o & ik

i-hop A=®lellA F AF A=E digst 39,
dinpe Elo1Z 712] D(=Dy/i)= A= 75 <2
H8>ollA] of - -t zlo] Au|x F@ S ¢l
cgefo] HhAgicl o]’k Aula Bt A9E &
7] flEE vF =2 b i AlEle] 23
"] =k A AIF AR 7= AR ER
A dipy AEe] Ba3Ic)

_i

S e

332

Pst Desired signal

Undesired signal

SIR 4y < SIR = 10l0g4(Pp /Pp,)

Pp r=Ppd;*

Pp =P rd,*
—— distance

LI

2X ANAEHOZ2H

e M

T 7. A=lel e A2 Al 2 e SIRel ofg 7t
A AR

Fig. 7. Path loss depending on the distance and
interference limited due to the minimum required SIR

Uncovered area

40 T T

' IQeIay cqlverage

__________________

] R AR EEer

IRV O N N
WaASR Rl

=
=)

Position (km)
)

_agl-EeRtE T

a
Position (km)

T 8 ol F AsdIN A F AL AT A
23} A

Fig. 8. Not service area due to small hop in a two hop
system

A9 dug, S $13) <953} o] o]
Sl el AR doy, A8 B HY

Yool F o] Aol gl HZ AT
wE 7 AW E 2& 5 ek AR
% 5 olSpske AW A AAe WAk
AASH ke Ao A Aulzs 27h A

% %Hi—sa]— '/;: 9\1‘:} Eq"t/']'/ﬂ %—9’—6\_} ';:{’]i d2-h0p 'E‘

>
[>



R OE E A A Azdeld Esbhel FA A9 29

D, \? D, D, \? D, [ D D,
dy pop = \/(J) +(J+J) *Q'J‘(JvLJ)COSG

2 2 2 2 2 2 (12)

ot

=Dy Z*COS@

s} o] T, o714 6 = 2_7;;1‘
=

A e s AR F3 A & Alzglel dial

-
di.hgp —

2 FofRick

4

d3_hop = Dp %— 50089 13)
1

1oy = Dy 15— 050 (14)

D2

,]F‘.S

32 9. ol § Asdeld Bew Az F A4S A
(CPE: Customer premise equipment)

Fig. 9. The minimum required hop transmission distance
in a two hop system (CPE: Customer premise equipment)

DTV Alzgs} ko] & Axdls] 45 94 4
AR ZH AT T NS Abgsle] Fokg The
s WA % 4 AR ol vl 24
Azsje] $A7E EAS A g AL

ool amA e A% A% FoeE AR
S oA Feh AR F4l vlela 53} o] X%
g Azwle] A A AR A S ol gs)
A S 124 Azg wse] HeRd 4 glckh w2
==

=
g Azwle] ASelAst el 23k Asge] 4
A e weld g FARE 8T S s
sk Hml 23 Asge] $5417] Alelel 1
Azge] EASRE A7} Sl Heh 3 1

>
P
a

19 27 Asde] genie 2EY & gl
Al "ot weba] o3t AEH AxwlE HIE]
93 B ERelE 27 $4171s} 13 A<x Aol
o A7t sIAA] ol A g FIkE AR
& o Qlvtar 7pdRich ofu A= kel s
dinpe ©1837]12 Sl

5.1.4. 7|Et &Y 24

Aol AR T2 JRPEE <F4>9f <H5>
o Aelelaley A= A A wrf 48] A5l o
3 Adggom A A 792 174+ Alzge] A
Hl2 st A AY g2]a 28 SIR 5% o
A anzFE 77 Aelck & We] Holrk d
ola FAlel (0,003 BAPAES RoUFE doe
AgelstaL o] 4% el 13 Al=gle] $417]
drze YA 12} A zEe] G4
12} A|zEle] Afu|acgdelnt EAfdcia 7Pg i)
w2, 13} AlzEle] palr]e Auladd st 7k
ARE 7o 2L 3l A Resok AEY A
2gle] AL oAy e ol 24k AlxH
o] A W} Fdsl sl gk T Al
I ey Alzgle] sk Aol W2 A
2 Fdse 13 Ajzgle] ARl Fkee 13}
A28l Zhol] A2 ARGk 7 g

o

]
EANET

5.2. Zo|dly Znt

(Spectrum sharing gain)¥} vl F A% A] Q75
= & % T 2 &4 (Spectrum  division
loss)°] FAlel| BHAslEE o5 7k SAIS 1E
dlof gk} o] & Fall, thekst 27 SlollA] =l &
A"l o - A2Ee] vlal $Ade] it
ofo} gtk A5 AR 22k ARSARY] AH|E
(Served secondary users ratio)S ARSI o]& A]
v~ 84 23F AREAL ol tisl] Afu]~ HEE- ALE-
2F 2] mlZ A=)

333



ot

TEA8}3]=5A] *12-05 Vol.37A No.05

E 4. 99 A48 17 A28 78 shebvle]
b

Table 4. Parameters of a primary system

& A ey A
FA17] o] Alg oo v | B A o 4
SR 7o B 7 2%
A5
1,000 0.04
W)
8]~
39 A 100 0.2
d; (km)
I8 SIR
=
20 20
(dB)
AR | B | R | R | ARE | B OB | | R
o A2 d;
(m) | M140] 75830 | 53840 | 43810 | 3757 | 296 | 1554 | 1302

E 5. A A8 23} A2He] F¢ sleulg

Table 5 Parameters of a secondary system

Self | ol%E | AEE | AR
| Asd | Asd | Az

33,000 | 33,000 | 33,000 | 33,000

m)
o] 7} 7
=l 12l 33,000 | 16,500 | 11,000 | 8,250
D (m)
A 7
" 12l 33,000 | 17,589 | 12,564 | 10.224
i-hop (m)
ALAHE (W) 40 3.230 0.840 | 0.370

REENCE

23} AbgA} 2 100 100 100 100

5.2.1. &3 X} AAH

WA E2H 12; ARAE el e F Al
o F Al ZEe] s vlaiith <
10> 12} AREAL 2] Wistel] whE 22F ARgA}
AR g dERlid o714 13F ARSARE 13} Al
26le] FAE vepdich 13} ARSAP) Ao 71
3} zjq../,: x].S}Jo] WS = tle] :6: /K]/\Eﬂo] H]
5 4R e ek 53] 1 AR 4
7F 4 olsial A9, P it Aes BTk 3
A, 13 AL Sl 23 ARgAe] Thg
S Aol £IE0E T § Al Ao

HXI S B T+ I:]—

-

334

—2—No-relay system
—¥—2-hop system
—©-3-hop system
—E—4-hop system

o
@
T

o
LS I
T

S f’/z i)u
///
7

Served secondary users ratio

0:1 %&
e ——

o A A
2 4 6 8 10 12 14 16 18
Number of primary users

J% 10, 12k AREALS] Fol| whE 22} ARGALS] AfH] g
- AEH A|xH (J_,]/gaﬂ odo] Zo] . 200km, = X
1;1 /\ 4)

Flg. 'IO. The service ratio of secondary users according
to the number of primary users - high power system
(distance : 200km, the number of frequency channel : 4)

A
7}

A Fap elM 12 AR
e w2 AYE ARgstke 9l &
o frelsh 17} AR8Ake] 71 W well=
+ Alase] Ao fefsict.

<THl>e FI Adpe] Wt whE 23}
AREARS] A EE HolEth 1A ARARe] e
2ARE el ok E(Pool)o] ARTE 23}
Algle] 74g- Fala 94 ksl ek Vﬁi
T ARde] S Arele =2 AYe A
ke ©l F Alsdle] Bo B2 23F ARSARE A
Hl~E 4 glom wig= 7l~%— "I"-J’]'T‘ Aplo] Ao
d HE5 7R e
e =2 e v —‘% Alz=glo] Arjdom
frelse A B 5 Sk 3, 23F Alagle]
Au)zs 87 @ SE 10002 A7) ol
<7 kel =t HH]* ks

/\}—S—X]—./] T2 1000 sk AL & 5 Sk
#ﬁ'é SEs B F ol & AT & "H‘ -

S

» Y

>, 1o
4

ok

> flyi Elllo &

[
o

oy

-
f
L

s

>
_>I_4
?ﬁf

= T T2
Al 2~dl _/,Eo]cﬂiu ol=

& wAle A g



i
M

| OE & A A Asdely Bk Al

)

A}

pul

]

s

<

o
©
T

e

I
/ _
/ _

I

e
3

/ﬁ
/zr

o
3
T

=4
)

I
=

Served secondary users ratio
o
(3,
T

e
w
T

e
N

—£—No-relay system
—¥—2-hop system
—&—3-hop system
—£-4-hop system

5 10 15
Number of frequency channels

o
ok

38 11, Foe A Fel mE 27 AbgAe] Mg
359 Azd (oY 99 Aol : 200k, 13 AHEA} 4
1 8)

Fig. 11. The service ratio of secondary users according

to the number of frequency channel - high power system
(distance : 200 km, the number of primary user : 4)

5.2.2. MEH 1x} Al2H”

<3125 AEY 13} ARERle] ol wE A
w2~ wke 23} ARgRe] AW A8 BolFETh 13}
AR b g A 7E (oF 10 olshellA=
el & A|xade] t}E F AW 053k Ay}
5 HYARE 2 9o] Flell= vl & AlEle]
925k 59 wodr)k oF 10~308] FloAE o]
A 2Ho], oF 30~809] TrtollME A &
Azelo] Ta]a oF 80 oAkl Frlel A= AR
A5 Ryl 15}
thel & A aEle] A
nls ol 3 A)4H
Bk 53], 12+
Al e A & Al
golo) A& A~
W kel g3t
Hooh A}E F AxdHo] Hg 7 = F
Agle} ole wFE A HAHo| o]F FAE
A|2EHT} A7) wiel] 7H] AR il A=
olxlc). wleha], 13} ARAlE AdAdom v
A 3T 5 9w o]E E) = I T
0]So] 3l AR} A x|7] wFol}. o]e} 7+
12} ARgAte] Fabe Ay Aol w2l 3 e
=9 Holk F 4} delxl: AS o]8sle] o}
F AxEe Adgdor 83t 41 9l

Q9] A%e 48] Y A4 S gch

o] 7743 Astasien ol
© Ao AL A% 4
A7} 1% Azl
el 7] A9
ol Aoz e}
e

4=

2~Hlo]

ﬁ#OLPﬂEH

No?L

0{

Al

—£—No-relay system
—¥—2-hop system

T
\l\ ~&—3-hop system
\\ —£—-4-hop system
| B
i\e\ -

N
N

=}
™

e
=

1=d
o)

o
~

Served secondary users ratio
o
v

e
w
T

o
N

N

H
c0 20 40 60 80
Number of primary users

e

100 120

a7 12, 13 AR goll wE 23 AHEAle] Al ag
el - AEH AlzE (G A 5 6)

Fig. 12. The service ratio of secondary users according
to the number of primary users - low power system (the
number of frequency channel : 6)

<R3-S A 1 AR Bl T

A ol wsel] TR 23 AbgAle] Anlagg
HelET, T Ale] WEAE 27 Alzdo] A}

T Qs AN S 7] whe] Auls

e AgAlel 7k A4 hsidek Thed

S ARle] b AL (o A 47b of 2ur}

2) ASele AF & Asdel, 7 Wl T3
S ARle] WS- we (FI A 47b o ench
B FINE olF F Azdle], Jela 1 A}
o] TN AF F Azdle] A7 $pah =
g Al 24 AHgAe] $E 10002 ARk
7] el T Aol RS we P1 F, of

10 oga] Flellfis Al B A8 71

] ARk old sk SR olF &
WE B A F el 9§ Ase) 2015
okl Asiel el W@l F o Alzdle] U F
A|2~" Bl 93 Frlo] gl AL 1

7t Tk A

ol vlsl w7

$7] S8 Bk B F AR Al 7
A} ozg) RS 18 5= ot}

335



2183 =4] *12-05 Vol.37A No.05

o
©

o
©

P
78

o
3

R

o
IS

Served secondary users ratio
o
G

b
w

V74
Vg,

/ / { —&—No-relay system
—*—2-hop system
M

.

o
N

o

—©—3-hop system

—H—-4-hop system

2 4 6 8 10 12 14 16
Number of frequency channels

=}
o

32 13, Fuke 9l Wkl mE 27 AbgAle] Aulsg
sl - A5 Az (1 A 5 40)

Fig. 13. The service ratio of secondary users according
to the number of frequency channel - high power system
(the number of primary user : 40)

Vi.d E

BdE A QA B BE F A 39 n

o Auls e AbgAle] RE Hdskshe A
= 3 mdue sgov, g Y, A
Ale, Fi A4l AlEle] SRR o) Relxli 7
A5 $A A e e Al weluy
o 17 AR 33 A A% A
o@ Pyala olF meel] Aulatd AL
= sel ©el § Azush o F Azl A
o Al Ak o AT 17 Azdle] A%
9 Azdel 497} 7 A 293 7 e
hegt Ae) BATE A wAsk] uhie] 1E
Aurt 2 A% e A%

+
x

(2]

(3]

[4]

(5]

(6]

(7]

(8]

[9]

[10]

FARE AEY Azd e o o 2

o2k

d|
Mo
rok

77, “Cognitive Radio 7% 538" SR l&
Aed78l FAAEETFA, A1, A4z,
pp.62-69, 20061 8%

J. Mitola, “Cognitive Radio for Flexible Mobile
Multimedia Communications,” in Proc. IEEE
Workshop on Mobile Multimedia Comm.,
pp-3-10, Nov. 1999.

S. Haykin, “Cognitive Radio: Brain-Empowered
Wireless Communications,” IEEE Journal on
Selected Areas in Commun., vol.23, no.2,
pp-201-220, Feb. 2005.

A1, x4l |lElA, 2008
gHoll, A4k, %13}, “Cognitive Raio V[ ES$:
20 N8, =g HaEts] k], A2, A2
3, 2008+ 114,

J. Heo, J. Shin, J. Nam, Y. Lee, J. G. Park,
and H.-S. Cho, “Mathematical Analysis of
Secondary User Traffic in Cognitive Radio
System,” in Proc. IEEE VTC 2008-Fall, pp.1-5,
Sept. 2008.

M. Herdin, “A Chunk Based OFDM
Amplify-and-Forward Relaying Scheme for 4G
Mobile Radio Systems,” in Proc. IEEE ICC’06,
Vol. 10, pp. 4507-4512, June 2006.

W. Ying, Q. Xin-chun, W. Tong, and L. Bao-ling,
“Power Allocation and Subcarrier Pairing
Algorithm for Regenerative OFDM Relay
Systems,” in Proc. IEEE VTC2007-Spring, pp.
2727-2731, Apr. 2007.

W. Wang, S. Yan and S. Yang, “Optimally Joint
Subcarrier Matching and Power Allocation in
OFDM Multihop System,” EURASIP Journal on
Advances in Signal Processing, vol. 2008, pp.
1-8, Jan. 2008.

Z. Qi, Z. Jingmei, S. Chunju, W. Ying, and H.
Rong, “Power Allocation for Regenerative Relay
Channel with Rayleigh Fading,” in Proc. IEEE
VTC2004-Spring, vol. 2, pp. 1167-1171, May
2004.



)

Rt B e R LI o B B e o R R B i

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

M. O. Hasna and M.-S. Alouini, “Optimal Power
Allocation for Relayed Transmissions Over
Rayleigh-Fading Channels,” IEEE Trans. on
Wireless Commun., vol. 3, No. 6, pp. 1999-2004,
Nov. 2004.

J. Shi, Z.-Y. Zhang, P.-L. Qiu, and G.-D. Yu,
“Subcarrier and Power Allocation for
OFDMA-Based Regenerative Multi-hop Links,”
in Proc. IEEE WiCom 2005, vol. 1, pp. 207-210,
Sept. 2005.

Y. Li, W. Wang, J. Kong and M. Peng,
“Subcarrier Pairing for Amplify-and-Forward
and Decode-and-Forward OFDM Relay Links,”
IEEE Commun. Lett., Vol. 13, No. 4, Apr. 2009.
G.-D. Y, Z.-Y. Zhang, Y. Chen, S. Chen, and
P.-L. Qiu,
Non-regenerative OFDM Relaying Channels,”
in Proc. IEEE WiCom 2005, Vol. 1, pp. 185-188,
Sept. 2005.

W. Wang, S. Yang, and L. Gao, “Comparison

“Power Allocation for

of Schemes for Joint Subcarrier Matching and
OFDM
Decode-and-Forward Relay System,” in Proc.
IEEE ICC 2008, pp. 4983-4987, May 2008.
W. Wang and X. Liu, “List-Coloring Based
Channel Allocation for Open-Spectrum Wireless
Networks,” in Proc. IEEE VTC2005-Fall, pp.
690-694, Sept. 2005.

Q. Wang and H. Zheng, “Route and Spectrum

Power Allocation in

Selection in Dynamic Spectrum Networks,” in
Proc. IEEE CCNC 2006, vol. 1, pp. 625-629,
Jan. 2006.

X. Zhou, L. Lin, J. Wang, and X. Zhang,
“Cross-layer Routing Design in Cognitive Radio
Networks by Colored Multigraph Model,”
Wireless Personal Communications, vol. 49, No.
1, pp. 123-131, Apr. 2009.

T. Peng, W. Wang, Q. Lu, and W. Wang,
“Subcarrier Allocation Based on Water-filling
in OFDMA-based Cognitive Radio
Networks,” in Proc. IEEE WiCom 2007, pp.
196-199, Sept. 2007.

T. Weiss, J. Hillenbrand, A. Krohn, and F. K.
Jondral, “Mutual Interference in OFDM-based
Spectrum Pooling Systems,” in Proc. IEEE

Level

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

VTC-2004 Spring, vol. 4, pp. 1873-1877, May
2004.

G. Bansal, M. J. Hossain, and V. K. Bhargava,
“Adaptive Power Loading for OFDM-based
Cognitive Radio Systems,” in Proc. IEEE ICC
2007, pp. 5137-5142, June 2007.

S. Yan and X. Wang, “Power Allocation for
Radio
Nonregenerative OFDM Relay Transmission,”
in Proc. IEEE WiCom 2009, pp. 1-4, Sept. 2009.
S.-Y. Ni, Y.-C. Tseng, Y.-S. Chen, and J.-P.
Sheu, “The Broadcast Storm Problem in a Mobile
Ad Hoc Network,” in Proc. ACM MobiCom’99,
pp. 151-162, Seattle and Washington USA,
Aug.1999.

N. Garg, M. Papatriantafilou, and P. Tsigas,

Cognitive Systems  Based on

“Distributed Long-Lived List Colouring: How
to Dynamically Allocate Frequencies in Cellular
Networks,” Wireless Networks, vol. 8, Issue 1,
pp. 49-60, Jan. 2002.

M. Bir6, M. Hujter, and Z. Tuza, “Precoloring
extensions. 1. Interval graphs,” Discrete
Mathematics, vol. 100, no. 1-3, pp. 267 -279,
1992.

IEEE P802.22/D0.2, Drafi Standard for Wireless
Regional Area Networks Part 22: Cognitive
Wireless RAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications:
Policies and procedures for operation in the TV
Bands, Nov. 2006.

IST-2003-507581 WINNER D3.2, ver 1.1,
Description of identified new relay based radio
and  first

assessment by comparison against benchmarks

network  deployment concepts
of well known deployment concepts using
enhanced radio interface technologies, Feb.
2005.

C. Cordeiro, K. Challapali, D. Birru, and S. S.
Nandagopalan, “IEEE 802.22: An Introduction
to the First Wireless Standard based on Cognitive
Radios,” Journal of Communications, Vol. 1, No.
1, Apr. 2006.

IEEE 802.22-05/0007r48,
Requirements for the 802.22 WRAN Standard,
Nov. 2006.

Functional

337



FEAIEFE| = A *12-05 Vol.37A No.05

| (Ho-Shin Cho) A3
1992+ 29 =sr|e=d A
ML e e 2
1994 29 g=slr|e=d A
7|L2AAgst ) FEA AL
19991 24 g=aslr|e=d A
7R gt Fshakal

P
fok
>

[30] T. S. Rappaport, Wireless Communications, 2nd,
Prentice Hall, 2002.

[31] H. Kang, H. Hong, and C. Kim, “Performance
Evaluation of CR-based WRAN System using
Spectrum Utilization Efficiency,” in Proc. IEEE
WiCom 2008, pp. 1-4, Oct. 2008.

[32] IEEE 802.16j-2009, IEEE Standard for Local

and metropolitan area networks Partl6: Air I 19991 39~20011 29 &=
Interface for Fixed and Mobile Broadband HAAFgAlATd A7
Wireless Access Systems Amendment 1: 2001 3¥~2003 29 =gt AR
Multihop Relay Specification, June 2009. FAIFSE T A 7AL

200341 3L~ AHHSt ITHE
20109 1¥€~2011 1€ v AUEA ot v

A A X (Jung-Chae Shin) 34 g
20021 8¢ Audista Azt <Ilel ol FgAlNzE, AR, Ed
A7) g3k skl Ao, FEFFAAIES =

20041 84 ZEsta o3}
4 ARSI et
2010 89 Auefea ojst g & 4 (Youn-Seon Jang) S
o) A pel) EeLAl 199211 29 AFwigka 2x}
3= St
1994 2% gEelr)ed
A7 LA FE AL
19999 24 sl
A7) YA e} gehatat
19991 34 ~20064d 24 3l
HAAREAATA Alledd

Al
<FAlFol> FAQ1X] 7], HE]E Edo], Mobile
WIMAX, 5241,

|:||_| % il- (Seung_Hwa Mln) %ﬁ]% 20061’1:1 3'%—;-]_'”%}“ %‘]ELEHEJI-E— ﬁ]}—‘g«éj'-j’,]‘ J":[L—‘T—'/T\‘
2011 29 Pt Ak FEt & <FHtel FeAl ASAAE, FARA] s
2011 39 ~3A FEaiAbst Aalb T

<Fliep ol 58Al 7oAl 3l

338




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


