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ABSTRACT

In this paper, we analyze the outage probability of macro diversity combining in cellular networks in consideration of aggregate
interference from other mobile stations (MSs). Different from existing works analyzing the outage probability of macro diversity
combining, we focus on a diversity gain attained by selecting a base station (BS) subject to relatively low aggregate interference. In
our model, MSs are randomly located according to a Poisson point process. The outage probability is analyzed by approximating
the multivariate distribution of aggregate interferences on multiple BSs by a multivariate lognormal distribution.

e

Stochastic Geometry, Aggregate Interference, Poisson Point Process, Selection Combining, Outage Probability

35 Jleh o, B34 4

| . Introduction

Recently, cellular systems evolve in the direction
of minimizing the distance between base stations
(BSs) (MSs)
small cells (e.g., femtocell and picocell) overlaid on

and mobile stations by deploying

macro cells. A cellular network with a large
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number of small-cell BSs has different chara-
cteristics from the traditional cellular network. First,
the relationship between a BS and an MS becomes
many-to-many from one-to-many. That 1is, a
number of BSs cooperatively serve multiple MSs
rather than one BS serves many MSs. Second,

more MSs can simultaneously be served (schedu-
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led) within the same area due to densely located
BSs, resulting in BSs subject to high interference
from MSs.

In this paper, we focus our attention on the
uplink of the cellular networks with small-cell BSs
as described in Fig. 1. In this network, signals
from an MS are received by multiple BSs and are
combined together to achieve a diversity gain. For
simplicity, we consider selection combining which
selects a signal from the BS with the highest
signal-to-interference-and-noise ratio (SINR).

Typically, a diversity gain of selection combining
comes from variations in signal strength to
different BSs due to channel fading. However, in
the cellular networks with small-cell BSs, inter—
ference from other MSs plays more important role
than signal strength does since multiple nearby
MSs can simultaneously be served. In this envi-
ronment, a BS with low interference is preferred
for receiving a signal. For example, in Scenario A
in Fig. 1, BS 1 is selected for receiving a signal
from MS 1 since there is MS 2, which emits
interference, close to BS 2. On the other hand, in
Scenario B in Fig. 1, BS 1 is avoided since MS 2
is close to BS 1 in this scenario. By selecting a
BS with low interference, another type of diversity

gain, which can be called interference diversity, is

attained.
-
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Fig. 1 Example scenarios of cellular networks with
small-cell BSs

In this paper, we analyze the outage probability
of selection combining in a cellular network with
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small-cell BSs in consideration of exploiting inte—
rference diversity. There have been many existing
literatures deriving the outage probability of sele-
ction combining in various fading models (e.g., [1]).
Different from these literatures, we take account of
interference from randomly located MSs, which is
modeled by a Poisson point process, as well as the
effect of channel fading. Despite previous efforts to
analyze the outage probability under the aggregate
interference from a Poisson field of interferers (e.g.,
[2], [3]), no work has been done so far for deriving
the outage probability of diversity combining in this
environment.

The remainder of this paper is organized as
follows. In Section II, we introduce the system
Section 11,
selection combining under aggregate interference is

model. the outage probability of
analyzed. Section IV provides numerical results and
the paper is concluded in Section V.

[1. System Model

2.1. Network Model

Consider A base stations (BSs) which are capa-
ble of selection combining. A BS is indexed by
k(= 1,..,K). The location of BS k is fixed at the
coordinate ¢, on the two-dimensional plane R
Mobile stations (MSs) transmit signals to the BSs
in the uplink direction. Differently from BSs, we
refer to an MS by its coordinate. That is, MS =z
indicates an MS located at the coordinate z. We
define IT as the set of the coordinates of all MSs.

The set of the coordinates of MSs, II, follows
Therefore, the
number and the locations of MSs are completely

the Poisson point process [3].

random. Let us define @(X) as the number of
MSs in the area X. From the definition of the
Poisson point process [3], #(X) follows a Poisson
distribution, and @(X) and @(Y) are independent
of each other for any disjoint sets X and Y. In
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addition, the density of MSs at the coordinate x is
denoted by A(z).
appear only within a specific area A, that is,
Mz)=0 for 2 A. If A(X) denotes the
expected number of MSs within X,

AX) = Elo(X)] = f Aa)de

rEX

We assume that an MS can

we have

2.2. Channel Model

For a channel model, we consider the following
two cases: a non-fading case and a fading case.
Let g,(s) denote the power attenuation from MS s
to BS k. In the fading case, the power attenuation
includes the shadowing and the multi-path fading
as well as the path-loss. Therefore, the channel
gain from MS x to BS k is g,(2)= w,(z)
§.(x)n(z), where w(x),§,(x), and n,(z) respe-
ctively denote the path-loss, the log—normal shadow
fading, and the multi-path fading components from
MS z to BS k. In the non-fading case, the
channel attenuation includes only the path-loss
component, that is, g,(z)= w,(z).

With the bounded path-loss model [4], the
path-loss
wple) =1+ z—c¢ )",

path-loss exponent. The log-normal shadow fading

component is given as

where « s the

component §,(x) in a dB scale (ie, 10log,d,(x))
follows the normal distribution with zero mean and

standard deviation ;. The multi-path fading

follows  the  exponential

component 1, (x)

distribution of mean g, The ith moment of the
fading and the fading
~/200)

shadow multi-path

components are pl) = Els,(z)']= T

"
(@)

©= Elp(z)']= 1l « ()", respectively [5].

and p
We assume that the power attenuation of a channel
is independent of that of other channels. An MS
BSs with the fixed

transmission power p. Therefore, the received

transmits a signal to

power from MS z on BS k is given by g, (z)p.

2.3. Selection Combining

The signals received by BSs from an MS are
combined by using selection combining. For
selection combining, one BS receiving the signal
with the highest SINR is selected among all BSs.

The SINR of the signal from MS s on BS k is

9.(s)p 9,(s)p

S g+ Nw L) NW
zEM{s}

(1)

Ck(s):

where II\{s} is the set of the coordinates of all
MSs but MS s, N, is the noise spectral density on
a BS, W is the system bandwidth, and Z(s) is
the aggregate interference on BS k from all MSs

but MS s, ie, 4(s)= Y, g.(z)p.
zEIN\{s}

After selection combining, the SINR of MS s is
the maximum of the SINRs on all BSs such that
&(s)=max,_, 4 (s) . To properly decode a
the SINR should exceed the
required SINR, denoted by 5. An outage occurs if

received signal,

the SINR after selection combining does not exceed
a required SINR (., if &(s) < ). We will ana-
lyze the outage probability in the next section.

Ill. OUTAGE PROBABILITY ANALYSIS

3.1. Outage Probability of Single MS

We first consider the case that there is an MS
at a specific coordinate s (i.e., the case that s € IT)
and calculate the outage probability of MS s. The
outage probability of MS s given that s € Il is
denoted by (s). Then, we have

Y(s)=Prl¢(s) < Als € 11] @)
=Pr[(,(s) < yforall k=1,...Kls<1I]

To express the inequality in this equation in a
vector form, we define a “received power vector”
as R(s)= (rl(s),...wK(s))T where rk(s)= gk(s)p

and define an “interference and noise vector’ as
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Vis)= (vl(s),...,vK(s))T,Where ’Uk(S): ]k(s) +

N,W. In addition, I'=(,....y)” is defined as a
column vector all A components of which are ~.
From (1) and (2), we can rewrite the outage
probability as

¥(s)=PrlnR(s)—1nV(s) < InIls<IT] 3)

where the logarithm of a vector X=(z1,...z;) "

is InX=(Inz,,...,Inz,)” and the notation < is a
component-wise inequality.

To calculate the outage probability in (3), we
should derive the multivariate distributions of the
received power vector R(s) and the interference
V(s). Fortunately, the distri-

butions of these vectors can well be approximated

and noise vector

by the multivariate log-normal distribution. We will
derive the approximate istribution of the received
power vector in Section III-B and the approximate
distribution of the interference and noise vector in
Section II-C.

3.2. Multivariate Distribution of Received

Power Vector

To derive the distribution of the received power
vector, we first focus on one component in the
vector, ie., the received power from MS s on BS
k, ie, g.(s)p. In the fading case, the received
power is g,(s)p=w,(s)8,(s)n,(s)p which follows
the composite log-normal and exponential distr—
ibution since 4,(s) follows a log-normal distri-
bution and ,(s) follows an exponential distri-
bution. It is well known that the composite log—
normal and exponential distribution approximately
follows the log—normal distribution since the log—
normal component is dominant in a wireless
channel. From [6], the probability density function
(pdf) of the received power 7,(s) in the fading

case 1is
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f"A (s) (x) (4)
10/1n10 (10log,gz =1, ()
= exp(— )
Vr(s) V2T T 2(7,,)

where ¢, () and 7, () a are respectively the
mean and the standard deviation of the received
power in a dB scale (ie, 10log,r.(s)). Then
¥, (s) = 10log,op+10l0g,gw, (s) +10logou, —2.5 and

V() = VY4557, In the non—fading case, the
received power has a deterministic value such that
9.(s)p=w,(s)p. Therefore, the received power in
a dB scale in the non-fading case follows the
distribution with the
¥, () = 10log,gw, (s)p and the standard deviation

normal mean

Vrpls) = 0.

From (4), the multivariate distribution of R(s)
can be approximated by a multivariate log—normal
distribution. The pdf of the
multivariate log—normal distribution is given as

K—dimensional

fH(S)(X) S S 5)

x
(271')[‘/2\ UP/Ql;E[lxk

< exp(— %(mx— QU (Inx— Q)),

where Q= (g;,--qg)” is the mean vector and
U= (W) pm—1..x 1S the covariance matrix of the
multivariate normal distribution which the logarithm
of the random vector R(s) follows. Since the pdf
in (5) is not based on the received power in a dB

scale but on the natural logarithm of the received

power, we have ¢, = hiéo Y, (s for al k. In
.. In1
addition, uk,k:(ri—oov,‘_(s))Q for all k and wy,, =0

for k= m since the power attenuations to all BS
are independent of each other.
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3.3. Multivariate Distribution of Interference
and Noise Vector
Now, we derive the approximate distribution of

the interference and noise vector V(s). In the
interference and noise vector, the aggregate
interference 7,(s) is the sum of interferences

coming from all MSs but MS s, ie, MS X such
that XeIN{s}. From Slivnyak’s theorem [3], the
point process IN\{s} given that s€II also follows
the same Poisson point process as does. Therefore,
the joint distribution of 7 (s),...,L(s) given that
s€IT is the same as the joint distribution of
L,...I, where I, is the interference on BS %k from
all MSs such that

Egk )p= /XE

XeIn
Therefore, if we let V= (1)17-~~7UK)T
of which is v, =1, + N, W for all k, the distribution
of V is the same as that of V(s).
no known closed-form expression for the joint

X) p®(dX) 6)

a component

Since there is

distribution of the aggregate interferences 1,...,1y,

we proposed in our previous work [5] to appro-
ximate the distribution by a multivariate log—
normal distribution and showed that the appro-
ximated distribution is very close to the true one.
Although the

composed of the noise as well as the aggregate

interference and noise vector is

interference, this vector can also be approximated
by a multivariate log-normal distribution. This is
because a log—normal variable plus a deterministic
variable can be regarded as a sum of log—normal
variables which can be approximated by another
log—normal variable [6]. Moreover, noise is almost
negligible compared to interference in the inter—
ference-limited scenario.

To derive the parameters of the log—normal
distribution, we match the mean and the covariance
of the log—normal distribution to those of the inter—
ference and noise vector V. To calculate the mean

and the covariance of V, we need to derive the
cumulant generating function of ¥ defined as

C/(B) =In(Elexp(B"V)]), where B=(8},-0:)"
From [5], we can calculate C}(B) as
B = [ (= Hexp(BTg0MNXX (1)
XeEA
+ N, WB"1
where g(X) =(g,(X),-..gx(X))" and 1 is the

column vector of all ones. The mean of v, is
calculated as

dC,(B)

=N, W+prEAEqu(X)}A(X)dX7

l5-0 @®)

where Elg,(X)]
and  Elg,(X)] = w, (X))

Similarly, the covariance of v, and v,

=w,(X) in the non-fading case
in the fading case.

is calculated

as
d*C,(B)
Covlo,v, ] = B.dB. \d 0 9
=7 Ho(g, (X))
XEA
where E[gk(X)gm(X)] Zwk(X)u)m(X) in the
non—fading case. In the fading case,
Elg(X)g,,(X)] = w,(X)w,, (X) (uf)) (V)2 if
k=m and Elg,(X)?] :wk(X)Quf;Z)uf]z) otherwise.

Note that the calculation of the mean and the
The
distribution of the interference and noise vector V'

covariance involves numerical integration.
is approximated by a multivariate log-normal dis—

tribution such that

0 P ——— (10)

(27F)K/2|HT1/2H1’,€
k=1

X exp(f%(lnX*D) "H (InX—D))),
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where D= (dy,dg)” and H=(hy,)pm-1. 1
From [5], we can derive the parameters D and H
by matching the mean and the covariance of the
approximate log—normal distribution to those of V.
Then, we have

B Cov[vk,vm]
hk:,m—ln(m‘f‘l) (1)
h,
g =ln(Elp,) — =" (12)

3.4. Deriving Outage Probability of Single
MS and Whole Network
The outage probability in (3) can be rewritten as

(o) =Prlzs) = nrkem= [ pu )y

y<Inl"

(13)

where Z(s) =InR(s)—InV and f., is the pdf of
Z(s). Since we approximate R(s) and V by the
distri-
bution of Z(s) given s=II follows the multivariate

multivariate log—normal distributions, the

normal distribution the mean vector and the
covariance matrix of which are @Q—D and U+ H
respectively. Therefore, the pdf of Z(s) is

Sz (X)
1

(271_)1(/2| U+ HP/Q

X exp(= S (X=(Q= D) (U+ 1) (X~ (Q- D).

(14)

To evaluate the outage probability (s) in (3), a
cumulative density function (cdf) of the multivariate
normal distribution should be calculated. For doing
this, we can use various methods developed to
calculate the cdf of a multivariate normal distr-
ibution. For example, we can approximate the

covariance matrix U+ H by a Green’s matrix and
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derive a closed-form expression for the cdf as in
[1].

From the outage probability of a single MS s,
ie, 9(s), we can calculate the outage probability
of the whole network, denoted by . Let O(X)
denote the outage indicator of MS X, which is 1
an outage occurs (e, £(X) <+); 0 otherwise. The
outage probability ¢ is defined as the average
number of MSs undergoing an outage divided by
the average number of all MSs. That is,

P=EY; _ 0(X)]
E[l1

(15)

where [ITII=®(A) is the number of all MSs.
In (15), the average number of all MSs is

calculated as E‘[IHH:A(A):/ AMX)dX . On
XEA

the other hand, the average number of Mss unde-
rgoing an outage is

Ay, 0= [ A (16)

Then,
network is calculated as

the outage probability of the whole

/ DOAX)AX
XeA

/ AX)ax

Y= (17)

V. Simulation Result

In Fig. 2, we present a comparison between the
Monte Carlo simulation results and the Log-normal
approximation based on our analysis. This figure
shows the complementary cumulative distributed
function (ccdf) of the multivariate distribution of
the aggregate interference on two receivers (ie.,
BSs). We can see that the analysis results well
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match the simulation results.
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Fig. 2 Comparison between the monte carlo
simulation results and the log-normal approximation

VI. Conclusion

In this paper, we have analyzed the outage
probability of selection combining when MSs follow
a Poisson point process. In future work, the
analytic framework in this paper can be extended
for analyzing the outage probability of diversity
combining in the multiuser distributed antenna
system (DAS) and coordinated multipoint (CoMP)
[7]. This work can also be extended for wireless
personal area networks [8][9].

ZAtel 2
o A7E Man=vlstistn Wi st=+H| X|

ez = AFHCL

ot

3 <!

MO

[1] T. Piboongungon and V. A. Aalo, “Outage
probability of L-branch selection combining
in correlated lognormal fading channels,”
Electronics Letters, vol. 40, no. 14, pp. 89,

July 2004.

[2] J. Zhang and ]J. G. Andrews, “Distributed
antenna systems with randomness,” IEEE
Trans. Wireless Commun., vol. 7, no. 9, pp.
3636-3646, Sept. 2008.

[3] M. Haenggi, J]. G. Andrews, F. Baccelli, O.
Dousse, and M. Franceschetti, “Stochastic ge-
ometry and random graphs for the analysis
and design of wireless networks,” IEEE ]J.
Sel. Areas Commun., vol. 27, no. 7, pp.
1029-1046, Sept. 2009.

[4] H. Inaltekin, M. Chiang, H. V. Poor, and S.
B. Wicker, “On unbounded path-loss models:
effects of singularity on wireless network
performance,” IEEE |. Sel. Areas in Comumun.,
vol. 27, no. 7, pp. 1078-1092, Sept. 2009.

[5] K. W. Choi, S. Choi, and ]J. H. Yun, “On
joint distribution of aggregate interferences
on multiple wireless receivers,” IEEE Trans.
Veh. Technol., vol. 62, no. 3, pp. 1355-1362,
Mar. 2013.

[6] H Fu and D. I Kim, “Analysis of
throughput and fairness with downlink sche-
duling in WCDMA networks,” IEEE Trans.
Wireless Commun., vol. 5, no. 8, pp. 2164-
2174, Aug. 2006.

[7] S-M. Kim, “Limit analysis of the distance
between DU and RU in 4G FDD mobile
communication systems,” ]. of The Korea Ins-
titute of Electronic Communication Sciences, vol.
7, no. 1, 2012, pp. 135-139.

[8] Y.-5. Ko, “An experimental study about the
BIS (Bus Information System) using ZigBee
communication,” |. of The Korea Institute of
Electronic Communication Sciences, vol. 7, no.
1, 2012, pp. 157-162..

[9] S-S. Kim, J.-S. Park, S.-J. Go, and H.-J. Ro,
“Design and development of strain meas-
urement system based on Zigbee wireless
network,” J. of The Korea Institute of Electronic
Communication Sciences, vol. 7, no. 3, 2012,
pp- 585-590.

193



JKIECS, vol. 9, no. 2, 187-194, 2014

XA 274

Ewaldo Zihan

20101  University of Indonesia,
Department of Electrical Engin-
eering =4 (FAhH

o M 203~ AeFstr|sdsta
AFE T} A9

% FHAIE-o} : Device-to-Device Communications

Z| Al &d(Kae-Won Choi)

20014 A2 dtal A PR AI A

B e ()

2007 Al2oekal Hieks] A4

33 Z4(F3Hh

20100~ &) Aeshsb|srista e st

% FAI R0 ¢ Deviceto-Device Communication, Mach-
ine-to-Machine Communication, Cognitive Radio

194




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /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 true
  /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 1200
  /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 1200
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


