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ABSTRACT

In this paper, a joint cell grouping and user association technique proposed for a semi-dynamic grouped
network MIMO in a clustered heterogeneous cellular network (HCN). With the conventional macro BSs, small
cells are being overlaid to increase a spectral efficiency per area and these small cells are expected to be
concentrated to support exponentially increasing data traffic in hot spot areas. The main culprits of performance
degradation in the clustered HCN are interference and load imbalance. The proposed scheme jointly handles
them to maximize a proportional-fair metric. It is shown that the proposed technique can largely improve user

average rate and proportional fairness among users than any other conventional schemes in the clustered HCN.
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Fig. 1. An example of joint cell grouping and user
association with 5 fBSs, 6 users, and 3 layers.

de] Albg=elx] gkom olefgt w3} 8 7S
B 3] @2 AR s vEE A=
AZE B3} o] A HEeeixink siR|RE, AR
7F Ao, AHERR] 91 2ErF #HAs] vl
ol BEE o]F A o]z’ wale]
F3hA| vk aElEE) [I8]ENE U & SRl
ARSAES] $IXE aEfsle] ubed Al a5 )
Wk AR Aol Hesle] Faichd, FeE
o]7]1% AEY UESZY] Ao vl vl PE
o] 2 4= 9lck

B m=reis FElaE o7]F AEY JESA
ol FelrEEE Fakdog Agal 7ke] Bl
Fe Hdsksl] fEld, AR 9AE aEgk
e A 259 2 AR S-S e 2] A4
4 A3} TAE e, olF s 8 AL
2L 925 e s A 25 2 AR A4
71%e] Akl =eojAl E3led, 7129 719
EHr} Aok 7S B8l @4 o s AR
2b it AS5E L AR vlEleE s s

Mee dokert

oo

a
fl =
mlo

=
< T RS F%‘G]ﬁ: °]7 ]5;" *é_lzﬁi Lﬂ_—?
SRS E 7]Z]¥TmBS)91 A Ag
Xr={glal,.. & UE A & 7 PPP &, 2
LA, 03714 2t A mB84 #AAE
ehiic}, 2ol e AEA 7|X|SHEBS) S-S PCP (2]
o ofsf EElE=n, zZpzte] ZeiE= “&Z]a— R,

521



FE A3 = 5] *13-06 Vol.38A No.06

ol § mefor | mE|w il 2 2E T*—%
y, = HEhZ|2 3k S FAEe] 913 4

T Y= {ypyp- = LE A\Z /AL PPP 0,2
HAEcl iR ZeiaE o] e SAEEe] 9
A AR Xf= { zO’x{I’ }’o“ FAle] yola A&
Rl S WellM ME N\ F 7P PPP &, 2 A
=, x{,jl:— i FelEe] A BSY] 9=
vebdck e, RS fAel A ARk
X=X"UX' 2 FoAxn, o714 X =u X olrk
AR 1A AR U= {uguy, & T Y
of dlal EE ZIAAEC] FHO AnE md
gty & =UmUTFR FoAT, o)A
4%y, = 7= PPP 6, %
2l2E] FH AREAER] 914 A
3 , E el yolal vAE R,
<l ol W= 45 7 PPP 6,7
© Agelek A& W, F=U, 072 Foixlrk o
%, A FelzE] FHe A7 ARAE F S
2R S 8 ol AREAES] S1A AR
S U Uk JehiZ|2 sk iR SElaEE
91ak A&l A 3hrealization set)S Rly;) ={X7, U}
2

zt iﬂi*ﬂ‘:‘ﬂi AEA 72552 ARdel oA
AeAdze] As w3ks F8 7 WEA JA TS
AAR T 7PE, AR e SRS v
S 2E S 2R AEE st Aleldkems H
Asle Sasicly ). Zel e AT

A 7 AAEE 2 AAREe B A o5
& S48k, 7 AR AT Z4% AT A
9 olSgkee nwaeh ofr|4, B Al

3 = (feedback)e 71E e AzslelAE
=2 r(handover)A] wide] Eprle] 7|A|=e)
it Ad ARE SAFl, F=wEiA| FHo] gle
2l o5 o)gsp =W, Akl duElES
91g Wxe] Al d=(signaling)oll Wik ol
T FEA 7|A 52 whiE 7]A] S Ale]] o A
GEs F58 5 9

zb FelzEEE, AA N FAde] #s3)
Al K7Wl Heolo® v i, olF Helolss ¢l3
e A 253 2 AR ASe] FaEch AE
A°] BE 7Fs3t FE]X(partition) 5] RSk
p(A)Z el o]F Ne] iz o]Felx

Ar o

522

wE s A3 py(4) 2 ez sk o
e, kA dolele] A agz AAl A4S
A3 ede A Gep(X) BEpg ()
= bl S olek 1< < |G o W, Go
Bol Al flase 27 sl A age] AEA
A 912 AP o] gl sk A5 A}
|ke] 912 AFE ey 2|, iR 29
2EE 1F $% 4 89 2 MR A% e
V= (V5 Vo Vi SO Rly)) 2 o
= sk o7)A, vk Gk,Pk)OM, U(R(y,)) =

o
¢

hiv

(vector) = V

/—\

Al eflelet. = 3742] dlelof7} Sl 57H-/] fBS=
I 67 2] o] AREAP} 7+ oo ® FElA
olxgle). A WA HololE oﬂi =4, A 189
ol o8] 5709 BSEL zfg.xl,zf, 02 o] Fexl
5} o0l 2 olFeln TR TSI 3,
7 ARSAE ugug ugu Tt AL ugusE AHIS
gtk o] w, ARSA} yy= A WA Hojolelx] 7]
A= 5510’ 12» ——i‘v—a S L1 Eat= Lo L 1 =
A& of 1—£—r‘51 EAs R | B2 g e - |
ARSAPE E A, Al #A Elo]o]ol| 4] AREAL UOT‘E
71X 2l g2l 250 Sl SR =,
A5 FAE 4E T ol aF WE ’\]‘%‘Z}"c}
TS sk

7zt FelzEd AREel 2] S SlEl, A
w3 2 AR AESS e ER AR
vlEggE sl TAE v 2ol &
it

o rl

—

V= argmary; < (g E 1og( ))

ey

o] 7] of|A], ru( ) ZFojx] A 729 9 AleA}
A< wE VOﬂ ek ARgAl we U o) 7 AEE
S etk HE ZE2E #H-s 1) 23
A Sl # | 4 slokn sdelE Yele] g
AE 7193 2~A1E" (scheduling) WA ESol] of

slo] AlgAlEe] | ASES 913 AR ¢



wE Fe2E o713 AF VEADE A $5 A 259 2 A8 A% 7)Y

TAE du AL FEHoE 4] vk aElRE,
B el AR VY AsES A T
szl $18l, A|Z3EAl(zero-forcing  beamforming,
ZFBRP'& A % delxe €Y AF 7fem
Aala, eele] M HYdow glole] A4S
Ashe 272w WS TPsleg g,

Y Akl AREAS FYPFS o, lele] A}
A1) ZH AFES 2219 AR AW ASE
& 9l 9 Sue gsle] 4 7 4 9l
2219 2ASHE A olgale] T
Adsleld s wel sd AE5ES [, (Ve
VAl 2Ea, 1A= 2o AR uAlele] o
&+ 4% o #h2H] (signal-to-noise power ratio,
SNR)S 7, (u)ekar vheble o), 7, (V)& 2w
e W] 7A=E ARSARE Alele] Wi SNR
TES o83t 2al FAow FER|H, ol df
g AARE AR 2218 FusleE gtk s(u.k)
S Mg wk b Aelelold &3 ATF dus
gt & o, ARgA wE A% A 71 S

|
5 1, (V)= chest o] 928 4 9rt

¢

4)
=1, (el 7, (V) el (V)2 Abe

stod, vt Aol £ A3 S A& 5 ek

V+ = argmaﬂ?veW(R(yi))uZU'log<a<V))7

&)

2E P53 SEAE FollA oA gl F HA
3t #A (59 vlEEE RS Hdslsle S
=+ Ze S BAert =2 vEA oA
(nondeterministic Polynomial, NP)tAJo]Eg2, o]Z
18l &8 dE]E(greedy algorithm) HMHH-S AR
gto] (59 &= HA-ME Fokes sk

ol& g Aljtehs wAlS AT Fsle] ¥
S dAsta, FAlel Hg ZE AR A 2%
W AR E 5 QIR AR SRS aEEkA
we T4 ey wked IR A2 U1

L

oZ

s s, AHEAES] A weleel dAe
Sz et S wejstel, F AEA 7
o) 7 elolo] W Az b2 A 2§ 9 AHA
48 T oA, A buelEe e
Pl A 2AFY Folue 2w
Wb e, Askeke dbuelzes wsl s
L F| =(overhead)= T HEA 7|A|=ro] H
A ARE 5o, ol olbsie] 2e A 2F
A5} AgA AEATNE 7 AHFeR el
Ald=elzt & 5 gla, Aljkske dazEse] At
A AERE 2 572 A7) vl W
ol A e FA g Adske daElE
= AR 5 olek Ao =206l A’k 71 S
al, mE Aagel delld A dag 2718 N
et 7Pgskes dhvk 2o, (5)9] e FHd
7171 S8l Albels s A 254 2 AR

AS daElE2 ofelie} At

X

44
X

N

e

fr

B A 17 AR R AE g ] Y AR
Z1#H] (signal to interference plus noise power
ratio, SINR)E Ztilsh= 2l N9 =7]
= Z= A 7IA= Ak et

B A 2. wA 1ellA] R ZF AP Q1A 7]
A= AjE FollA, AEe A aFow Ald
H3, g AR g AR el
< o, 59 vEEE WS P Hdiskele
AaFS Ak, Y ARARE s A 1
Foll g3l

B A 3 v TREES ke RE ' 1
25 HHESlaL, T2 |Ase] o ol glod,
| 42 Joizicl

B A 4. AEER] R AREAREel iEte], AA
7 el oFore] AHES aEEs d,
vl weggre] 7 Hdizl s AR 2
s ARA a5 Adsta, #id ARAREE
3 AEA aFow A5

B A 5 32 EA AREAEe] BF JEA
25l g wizbA] SA4E wkERieh e
A, ok Elelefe] A e AR A
&5 98 DA 12 Bt o] HAHES o
Faigiel wkef, &A wlojoizt wiA]Rt loloidd

Aelle daEs SRk

B

523



FE A3 = 5] *13-06 Vol.38A No.06

a9 2= ZoAFHA ARE mjaRAdd '
Aol 912 - ofolrk AHEE AA UESNI= 7}
2o} AlRe] Zeo] mF 10kmE 5L A
wajolw, MjaRA 7|A|5 AHL 43dBm, WEA
A= AHES 23dBm, ZH AY dUrs
—174dBm/ Hz, 7AZ3FA4 n=4, 222 9
Zo 0MHzZE slodr). FAEA FejsE dHEE
A, =28%1077, 2zt Zel2Ele ARA SAFELS
HAE R =100m 3l 9 Wil $x|5tn, 2+ 22
28 ¥ HAEA SR A NE
NF=AH (¥ RD) 2 FoIxIvh. fastaa) sh= =
A ZH2EE A SAAA Fa, FEaEe
ol AMEARs WE 4, =60/ (7*(R,)%) = 0.0019
2 3ioick e, SElaE W] AR W Sy
ARAL = NP NY=p /02 Foixleh A
jazzd 7|A=3} e 7S5 S vl
= oS 3k aEla, AREAR 2AERS Sl
vE 38 FHdislele AES AAsgle
v, AR827E vlERew s (5)/\1_/] wWakom X
olatdar, o] uf ARSE AREALES] W AFE
e Mbps/Hzolth B =Hollx] AlRkEh HbAle]
s dotrr] flEte] 1EEE f% exE=rt
Aol gle A4 A 159 WA(static), s A
153 v (semi-dynamic), 223 7 AR =3
Hog F=2bsl= "M (single-cell processing)¥} H]
ste] ®Wokeh

|

|

1

[e

-

524

Downlink cHCN PF, K=6, Aver. # of femto BS=20

MU — — — = — — — — - - =

MO — — — — — — — e

Proportional fair metric

Maximum cluster size, N®

Fig. 3. Proportional fair metric for N9=3,4,5 when
NF=20,K=6.

Downlink cHCN PF, NC=3, # of layers=6

©
8

Proportional fair metric

|
|
‘F“\“F‘

T
| =@ static
=== single cell processing
10 1 12 13 14 15 16 17 18 19
Average # of BSs, N

Fig. 4. Proportional fair metric for N*'=10,15,20
when N¢=3,K=6.

a8 3% Zead Wl g AR V=20,
golol & A=6% i, 4‘41 ATE F7]d e
ARGAREE] wlEE RS =X Aot 7]E WA
SHr} Aljkehs kAo Sl dhste] 74
= Ao vepa gler, 5o Hd AaF =2
717V AASFE Al dar]ES o] &l AREAR]
AAE 3 2 25 AF&X} ey ’s‘ﬁi
A, AR vlEEEA Sl ARk W
o] As oI5 201 715—94 A5 As 01%
E—ﬂ’ = 7/4\‘% Qf ;3 T }\}]\D}‘

a4 Hd A o 37] NO=3, Heolo] &
K=69 o, 2+ Z=i2F 4 A7 A=A 7152
M Noll & ARgApzke] wleEleds =AR
Aolet. AEA 7|A|=2] N7t goprlel wiel, A
I% 9 AR 7 E0iEA Hel BE ‘3“‘91
HlEgg wHEgte] S7kska glem, AlQkeh whael
71E WA SR Y i Ale #@RE alv}

il

[¢3

; i}
f
ulyl

o oﬁ r-'“

—

s _1>



wE Fe2E o713 AF VEADE A $5 A 259 2 A8 A% 7)Y

Downlink CHCN PF, MAX=3, # of layers=9, Aver. # of femto BS=20
Ir—a-—r—= -7 - T - -7
| | | | | | | | |
09 — A — =k — —l— — 4k — —lm — 4 — — = — 4 e abaR
4 S il
| | | | | | | o i

CDF
o
)

T
|
s
|
|

|
—©— Proposed greedy search |
Semi-dynamic [

oD ! ! || —4—static !

o1 g ’: - T - ’:’ —p— Single cell processing | 4‘
: ) i i

| | | | | | | |

06 08 1 12 14 16 18 2

Awerage rate [bps/hz]

Fig. 5. Cumulative distribution function for user average rate
when N¥'=20,N9=3,K=09.

2o, AbaAbEe] 91HE Tl AQk Wale 25
of AMgATEe] wlelEsg Wt ohe} s)Ee] W

& < olvks As #3IF 5 sl

B mellrds FeaE or|F AEe vES=
olx AR&AF zte] wlElEgAdS FHuskelr] 917
A a5 E AR AS 7l diste] dolrgt
ok olE SE A4 FE2EE S’ A A ¥
HA3 TAE vl ol B sy
Al AREAL AE aHE e A 2FE 2 A

4 A% g Aeleith meage Falol
9 7

W AR A AEE 2 AR nlElE

O oo 2~ © o 3 =
‘uga éa'l"?v]\ua _lq-— ]’Oﬂr’}-

References

[1] H. Y. Lee, Y. J. Sang, J.-B. Park, J. H. Kwon,
and K. S. Kim, “Survey on heterogeneous
networks for B4G systems,” Inform. Commun.
Mag., vol. 28, no. 8, pp. 17-25, Aug. 2012.

[21 R. K. Ganti and M. Haenggi, “Interference and
outage in clustered wireless ad hoc networks,”
IEEE Trans. Inf. Theory, vol. 55, no. 9, pp.
4067-4086, Sep. 2009.

[3] M.-S. Kim, H. W. Je, and F. A. Tobagi,

[4]

(5]

(6]

(7]

[8]

[9]

[10]

[11]

“Cross-tier interference mitigation for two-tier
OFDMA femtocell networks with limited
macrocell information,” in Proc. IEEE Global
Telecommun. Conf. (GLOBECOM 2010), pp.
1-5, Miami, U.S.A., Dec. 2010.

H.-S. Jo, Y. J. Sang, P. Xia, and J. G. Andrews,
“Heterogeneous cellular networks with flexible
cell association: a comprehensive downlink
SINR IEEE  Trans.
Commun., Submitted, July 2011, available at
http://arxiv.org/abs/1107.3602.

F. Boccardi and H. Huang, “Limited downlink

analysis,” Wireless

network coordination in cellular networks,” in
Proc. IEEE 18th Int. Symp. Personal, Indoor
and Mobile Radio Commun. (PIMRC 2007), pp.
1-5, Athens, Greece, Sep. 2007.

S. Shamai and B. M. Zaidel, “Enhancing the
cellular downlink capacity via co-processing at
the transmitting end,” in Proc. IEEE Veh.
Technol. Conf. (VIC 2001), vol. 3, pp.
1745-1749, Rhodes, Greece, Apr. 2001.

M. Kemal Karakayali, G. J. Foschini, and R.
A. Valenzuela, “Network coordination for
spectrally efficient communications in cellular
systems,” IEEE Trans. Wireless Commun., vol.
13, no. 4, pp. 56-61, Aug. 2006.

M. Kamoun and L. Mazet, “Base-station
selection in cooperative single frequency
cellular network,” in Proc. 8th IEEE Workshop
on Signal Process. Advances in Wireless
Commun. (SPAWC 2007), pp. 1-5, Helsinki,
Finland, June 2007.

P. Marsch and G. Fettweis, “A framework for
optimizing the downlink of distributed antenna
systems under a constraint backhaul,” in Proc.
13th European Wireless Conf. (EW 2007), pp.
1-5, Paris, France, Apr. 2007.

S. Venkatesan, “Coordinating base stations for
greater uplink spectral efficiency in a cellular
network,” in Proc. Personal, Indoor and Mobile
(PIMRC 2007), pp. 1-5,
Athens, Greece, Sep. 2007.

A. Papadogiannis, D. Gesbert, and E. Hardouin,

Radio Commun.

“A dynamic clustering approach in wireless

networks with  multi-cell cooperative

525



A18}3] =2 *13-06 Vol.38A No.06

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

526

processing,” in Proc. IEEE Int. Conf. Commun.
(ICC 2008), pp. 4033-4037, Beijing, China,
May 2008.

F. Boccardi. H. Huang, and A. Alexiou,
“Network MIMO with reduced backhaul
requirements by MAC coordination,” in Proc.
Asilomar Conf. Signals, Syst. Comput. (ACSSC
2008), pp. 1125-1129, Pacific Grove, U.S.A.,
Oct. 2008.

3GPP TSG-RAN1 #54, “Network MIMO for
downlink in LTE-Advanced,”
3GPP R1-083192, Aug. 2008.

S. A. Ramprashad, G. Caire, and H. C.
Papadopoulos, “A joint scheduling and cell
clustering scheme for MU-MIMO downlink
with limited coordination,” in Proc. IEEE Int.
Conf. Commun. (ICC 2010), pp. 1-6, Cape
Town, South Africa, May 2010.

F. Huang, Y. Wang, J. Geng, M. Wu, and D.

Yang, “Clustering approach in coordinated

transmission

multi-point transmission/reception system,” in
Proc. IEEE Veh. Technol. Conf. Fall (VIC
2010-Fall), pp. 1-5, Ottawa, Canada, Sep. 2010.
S. V. Hanly, “An algorithm for combined
cell-site selection and power control to
maximize cellular spread spectrum capacity,”
IEEE J. Select. Areas Commun., vol. 13, no.
7, pp- 1332-1340, Sep. 1995.

S. Das, H. Viswanathan, and G. Rittenhouse,
“Dynamic load balancing through coordinated
scheduling in packet data systems,” in Proc.
IEEE Int. Conf. Comput. Commun. (INFOCOM
2003), vol. 1, pp. 786-796, San Francisco,
U.S.A., Mar. 2003.

K. Son, S. Chong, and G. D. Veciana,,
“Dynamic association for load balancing and
interference avoidance in multi-cell networks,”
IEEE Trans. Wireless Commun., vol. 8, no. 7,
pp. 3566-3576, July 20009.

J. G. Andrews, F. Baccelli, and R. K. Ganti,
“A tractable approach to coverage and rate in
IEEE  Trans.
Commun., Submitted, Sep. 2010, available at
http://arxiv.org/abs/1009.0516.

K. Dimou, M. Wang, Y. Yang, M. Kazmi, A.

cellular networks,” Wireless

[21]

[22]

(23]

HF X

Larmo, J. Pettersson, W. Muller, and Y.
Timner,, “Handover within 3GPP LTE: Design
principles and performance,” in Proc. IEEE
Veh. Technol. Conf. Fall (VTC 2009-Fall), pp.
1-5, Anchorage, U.S.A., Sep. 2009.

P. Lu and H. Yang, “Sum-rate analysis of
multiuser MIMO system with zero-forcing
transmit beamforming,” IEEE Trans. Commun.,
vol. 57, no. 9, pp. 2585-2589, Sep. 2009.

R. W. Heath, Jr., T. Wu, Y. H. Kwon, and A.
C. K. Soong, “Multiuser MIMO in distributed
antenna systems with out-of-cell interference,”
IEEE Trans. Signal Process., vol. 59, no. 10
pp. 4885-4899, Oct. 2011.

A. Jalali, R. Padovani, and R. Pankai, “Data
throughput of CDMA HDR a high
efficiency-high data rate personal

communication wireless system,” in Proc. IEEE
Veh. Technol. Conf. (VIC 2000), vol. 3, pp.
1854-1858, Tokyo, Japan, May 2000.

dt Xl Hf (Jin-Bae Park)

20064 29 A A7)
AAAbgsk) &4

2008 24 AAHE . 7]
ZAAbgska) Al

2008 3L~ <At
742 E = v

0l & & (Hyung Yeol Lee)

2007 29 A 37

" gt 24
2007 3934 et
A7zttt
7+
<ol A AL A A
S ey, 4 3



R FRaE or)% AFY MENZE A FE A 289 2 AR A% 71

% 2 2| (Uri Choi)

20124 29 olsfedxidEta
A B Fs ) E4
2012 39 ~&A] dAdst
A7 142 Akt
<FlEel o|7|F AlEE M

E=

Z & &= (Kwang Soon Kim)

19941 29 F=Hslr]Eedd
A7) 4 Azl £4
19961 249 g=EElr|ed
A7) 4 HzpgEtE AAL
19994 24 sl
A7) 4 HAgEt) Al
19991 3¥-~2000d 39

Dept. ECE, UC San Diego, ¥M}5-¢37-¢1
20001 49~20041 29 F= AxF BAl A4
A
2004 3¥~20091 29 AA|HEtw AR

oy M=) A<
Shy F g

20091 3~ AAEgn A7 |AAgEH Hal

<
T

<ol BAlOlE, Als AE o|F oF AF
2 Y EY=, D2D/EHI of=F vELT, A
2 7k 3

521




<<
  /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


