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Abstract

In this paper bit error rate (BER) performance is analyzed for multiple input-multiple output (MIMO) com-
munications systems using antenna selection in the transmitter, maximal ratio combining (MRC) and linear
de-correlating detector (LDD) in the receiver in wide band code division multiple access (WCDMA)
downlink channels with correlated Nakagami fading. The MRC maximizes signal to noise ratio of the re-
ceived signal, then the LDD cancels out multiple access interference (MAI). Theoretical results are validated
using computer simulations. Moreover, a pilot based estimation method is proposed to jointly estimate the
channel gains and the rows of the LDD operator. Simulation results show that using this proposed method,
diversity order is maintained in the receiver. Furthermore, our analysis shows the spectral efficiency degra-

dation due to the pilot based strategy is negligible.
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1. Introduction

Wide band code division multiple accesses (WCDMA)
has been proposed to satisfy ever-increasing demands for
higher data rates, as well as to allow more users to sim-
ultaneously access the network [1]. So, it is employed in
the third generation mobile networks to provide multi-
media services with required qualities. Multiuser detec-
tors (MUDs) are used to detect the desired signal and to
simultaneously cancel out interferences coming from co-
users in WCDMA systems [2]. In downlink scenario,
blind multiuser detectors are proposed for multiple ac-
cess interference (MAI) cancellation [3], but use of these
detectors increases computational complexity of mobile
stations (MSs). Another approach for MAI cancellation
in downlink multiuser scenario is the precoding method
at the base station (BS) [4], but it requires error free links
between each MS and the BS, which is not the case in
practical scenarios.

Multiple input-multiple-output (MIMO) systems sig-
nificantly increase system capacity and improve perfor-
mance [5,6] at the cost of increasing hardware complex-
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ity by increasing the number of transmitting and receiv-
ing antennas. Transmitter antenna selection (TAS) can
reduce the cost of multiple antennas and at the same time
can retain many advantages of MIMO systems. A com-
bined transmitter antenna selection and maximal ratio
combining (MRC) has been proposed in [7]. This method
selects the transmitter antenna that maximizes the total
received signal power at the receiver. Inactivating other
transmitter antennas reduces the hardware complexity;
furthermore, this method reduces the number of radio
channels used in a MIMO system. Bit error rate (BER)
performance of this method has been analyzed in inde-
pendent and correlated Rayleigh fading channels, respec-
tively in [8] and [9]. As well, recently a BER perform-
ance analysis of TAS/MRC has been studied in corre-
lated Nakagami fading channels [10], however it is for a
single user scenario in a non CDMA system.

In this paper, the downlink scenario of MIMO WCD-
MA systems using TAS/MRC plus LDD has been stud-
ied. MIMO is a strong tool for capacity increasing and
performance improvement. But the limitation in the size
of a MS necessitates employing receiver antennas with a
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small distance among them; therefore the correlation
among channel gains should be considered even in rich
scattering environments. For hardware complexity re-
duction and keeping diversity order in the base station,
TAS in the transmitter is a good candidate, which is con-
sidered in this paper. Furthermore for reducing effect of
MALI, a linear de-correlating detector (LDD), which is a
sub optimum multi user detector, is used in the receiver.
The LDD has simple structure with good performance
for MAI mitigation [2]. In this paper, the BER perform-
ance of a downlink WCDMA system in the correlated
Nakagami fading channels is analyzed, and theoretical
results are validated using computer simulations. MAI
cancellation using MUDs needs to know the user’s and
co-users’ spreading sequences, which increases the com-
plexities of MSs. In this paper, we consider the case in
which the links between each MS and the BS are error
prone. So, precoding techniques can not be applied. Fur-
thermore, we give up the blind MUDs for their high
computational complexities [11]. In this paper, we pro-
pose a low complexity pilot based channel estimation
method for the joint estimation of the channel gains and
the rows of the LDD operator in order to cancel out the
MALI. The proposed method does not require the spread-
ing sequences of all active users (which are not available
in the MS), as well as the calculation of the inverse cross
correlation matrix. So, using this estimation method, the
MSs can cancel out the MAI with-out prior knowledge
about spreading sequences of co-users by decorrelating
users’ signals.

The remaining of this paper is organized as follows. In
Section 2, system models are considered. BER perform-
ance analysis has been presented in Section 3. Joint es-
timation of channel and the LDD operator is proposed in
Section 4. Simulation results are presented in Section 5
in order to validate our performance analysis and evalu-
ate the performance of our proposed joint estimation
method. Finally conclusions are presented in Section 6.

2. System Model

We consider the downlink scenario of a WCDMA sys-
tem. The jth antenna of the MS receives signals of K
users which have been sent by the ith transmitter antenna
in the base station. It is given by

K o
Tij )= Z Z Akdk[l]hi,j (t-1IT, _Ti,_j)+n(t)’ (1)
k=1l=—0
where A, d[l], T, and T

ceived amplitude, /th data symbol of kth user, symbol
period and path delay between ith transmitter antenna
and jth receiver antenna and n(f) is additive white

are, respectively, the re-

Gaussian noise. The 4, ; is expressed by:
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h ()= \Fch \p,;(t—=mT)), @)

where N is the processing gain, 7. =T/N is the chip
time, p, (¢) is the convolution of three components:

the chip pulse shaping waveform, the channel filter be-
tween the ith transmitter antenna and the jth receiver
antenna (which represents the channel echoes) and the
receiver filter, with unit energy. c,[m] is the value of
the mth chip of kth user’s spreading sequence with
|ck[m]| =1. Data symbols {dk [l]} of different users are
independent with identical distributions (i.i.d). The
channel between the ith transmitter and the jth receiver

o (1)
720 s assumed to

antenna denotes as f3, () =a, ;()e
be a quasi-static fading and its envelope ¢, ;(¢) follows
Nakagami-m distribution

2

2 (mY 2m-1 —mx
paf’j(X)_m(Ej X eXp( 5 ) (3)

where ngz/E[(afj—g)z} , E:E(afj) ,

F(n) = J‘:u”’leﬂ’du . Therefore ¢, ; = al

;; has gamma

distribution,

mY x"! —mx
Ps, m‘(?j r(m) s @

2.1. Transmitter Antenna Selection

The TAS is performed so that the total received signal
power is maximized. Mathematically, it is equivalent to
selection antenna such that:

L’/
i, = arg max [Z

1<i<L, =1

/3,.,,\2]. (5

The MS sends I using only (logz(L,)—| bits, where
r| denotes ceiling operation. In performance analysis,

channel estimation is assumed to be performed perfectly
at the receiver, also the feedback link between the re-
ceiver and the transmitter is considered to be perfect and
without delay (using forward error correction (FEC) it is

possible to send a few flag bits, i.e., |'10g2 (L,)] , without

error even in error prone link). The size of a Ms limits
the use of antenna diversity and this makes the channels
correlated. The covariance matrix among channel power

T
gains, e.g., &, :[5. - 5‘;.@} in the receiver is

i, i

WSN



S. GHAVAMI ET AL. 557

given by
Q=£{53"1, (6)

where, E{}and ", respectively denote expectation and

Hermitian operations.
2.2. BER Performance Analysis

In this section, BER performance of TAS/MRC plus
LDD in the downlink scenario of WCDMA systems is
analyzed. In the following, a bold capital letter denotes a
matrix (A), a bold small letter denotes a vector (a), and
an unbolded letter denotes a scalar (a or A). Samples of
the channel are considered to be constant for each sym-
bol; such that for the /th symbol defined as
Bl= 4 ,T) Defining A =diag(4,,....4,) .,

C=[c, .. k] . ¢ =N"[¢[0L..c[N-1]] ,

1

A1) =[d[1).end [] and w[=[w'[n 1]

which contains the noise samples in the jth receiver an-
tenna, the received signal form the ith transmitter an-
tenna to the jth receiver antenna is given by

r. [[] =B [[ICAd[/]+n[/]. %

For any linear detector combined with MRC, the deci-
sion variable, &[Z] is obtained by a linear combination

of r, [/],ie,

[N =sign{Re(@Y 4 [, 11} (®)

where the matrix D represents the operation of the mul-
tiuser detector. For the LDD, D is the Moore-Penrose
generalized inverse of the code matrix C [2], given by

D, =(C'C)'C" =R7'C", Q)

where R=C"'C is a KxK matrix containing the

autocorrelation coefficients of the users’ spreading codes.

In (9), it is assumed that K users’ codes are linearly in-

dependent, to guarantee the existence of R™'. The re-
ceiver output is obtained as follows

vil]= ZR'ICT,B: 7]

"

R'|g,, 1] C'CAd1+RCnl] (10

I
g

~.
I

"

|8, 1] Ad[+ RCT (1]

1M

J
The ¢, = (R'l)k,k >1 is the noise enhancement fac-

tor produced by the de-correlating operation, therefore

Copyright © 2010 SciRes.

noise variance in the receiver side is increased to
2 2 2 . . . .
O, 1pp = &,0,, Where o, is variance of n[/], which is

equal to N,/2.

In the first step of the BER performance analysis, the
probability density function (PDF) of maximum channel
gains, which has been selected by criterion given by (5)

Lr
must be obtained, &, =max{5,}, where 5 =35, S

Ii<L, .
Jj=1
The PDF of 6, is obtained as [12]
s, ()= L(F ()™ £ (x), (11)

where F; (x)and fj (x) are respectively, the cumula-
tive distribution function (CDF) and PDF of &,. Fj (x)
and f; (x) for multi user scenario over correlated Na-

kagami fading channels are extracted similar to those of
a single user scenario over correlated Nakagami fading
channels, which proposed in [10].

The TAS in the transmitter and MRC in the receiver
increase the received SNR of kth user to

&=nXIB,I. (12)

in which 7, = E, / (skaf) ,where E, isaverage energy
per bit in the transmitter. For the BPSK modulation the
instantaneous BER of the kth user is obtained as
Q(\/E ) , where Q(-) is the Q-function. The BER is
obtained by integration of instantaneous BER from zero
to infinity, as [13]

Py =] 0W28)p, (£)dé,. (13)

Since &, in (12) is 7,9, , the PDF of & is also
obtained similar to (11), e.g., p. ()=p; (). Hence,

'max

ax

calculation of integral in (13) can be performed using
p;, () . Calculation of above integral, which is related

to BER performance of multi-user scenario, is similar to
the calculation of BER performance in a single user sce-
nario, which has been performed in [10]. The final BER
is obtained as (14), where, ! denotes the factorial opera-

tion and {/1, <0< L,,} are the eigenvalues of the matrix

\/5/m As well, y, is defined as (15), and the ex-
pressions of a ;»b;,c; can be obtained using the multi-

nomial theorem [14].

3. Joint Estimation of Channel Gains and
LDD Operator

In this section, effect of joint estimation of the channel
gains and the rows of the LDD operator is investigated.
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+r

ci+r-1 g (14)
><j 2S[c/.+r—l+sJ 1+ l E,,
$=0 § \ij/1+(bj +Al)gkN0
I, -m
H l_ﬁ > r<m
k=1k#I A
1 dlﬂ*l‘
= 1-sA4)™" _ , r=m 15
l//lr (m—r)'(—l, )m—r dsmfr (B( k) j s=1/2 ( )
O’ r>m
In the downlink scenario of a WCDMA system, each MS pilor ,
knows only its own spreading sequence and doesn’t have 7" =40, e, ®F +n’, (17

any knowledge about spreading sequence of any other
user, however using the LDD in the receiver needs the
knowledge of spreading sequences of all other active
users. Moreover, even if a mobile user knows the code
matrix of all users (e.g., C) it needs to calculate the in-
verse cross correlation matrix among spreading se-

quences of all active users (e.g., R™), which has high
computational complexity. Furthermore, the mobile user
is allowed to detect only its own data. On the other hand,
the total D, is not required in the mobile. And the

kth user requires only the kth row of the D,,, denoted
by D’ZDD in the /th detected data as can be seen in the

following equation

V=04, B Uf CAd 0t (16)

where n[/]=D" n[/]. To obtain D* in the receiver,
LDD LDD

in this paper, a new method is proposed, in which the
base station sends D’ZDD through a pilot signal. In the

proposed method, the base station transmits the D"
LDD

periodically, whose period is much larger than the sym-
bol time since the number of mobile users changes much
slower than the symbol time. Moreover, the base station

. . .. k .
spreads the pilot signal for transmitting D~ using the

kth spreading sequence. This strategy avoids generating
interference and maintains the system security since only

the kth mobile user can obtain the D]pr for detecting its

data. The received pilot symbol is as follows:
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where F, =¢,®D‘ |, n"=c¢,®n and ® denotes
LDD

element by element multiplications of two vectors. If
4, =1 then r™ will be equal to S, [/]F, +n". Fig-

ure 1 shows block diagram of the proposed strategy for
joint channel and LDD operator estimation, in which TS,
[/] denotes /th symbol of the training sequence of kth
user. Training sequences for LDD operator estimation
have been sent in non-overlapping time slots, hence MAI
is not produced due to the transmission of pilot signals.

If the pilot symbols length of each user increases, the
effect of n” in (17) reduces and a better estimation of
D]ZDD
mation is obtained at the expense of increasing the train-
ing duration from NT to gNT,, where ¢ is the number of

pilot symbols repetition for the desired user.
In the feedback link, A [/]F, is sent from the mo-

bile user to the base-station to be used for the TAS. Since,
Fi is known at the base-station, S, [/] can be easily

can be exploited. Error reduction of DiDD esti-

calculated at the base-station. Exactly like the previous
section, feedback link is assumed to be error free and
without any delay.

Using pilot based strategy for joint estimation of chan-
nel gains and LDD operator reduce the spectral effi-
ciency. Hence, effect of using pilot based strategy on the
spectral efficiency is analyzed in this section. The spec-
tral efficiency of joint estimation of channel and LDD
operator is defined as,

TIB

B _ _qK/i
TTB

1 ,
Rh

n (18)
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B[]

TS|

B[J[l] D:DD +n ,(t)

D >

TS[/] =
) c,< n(o) Ck
Transmitter Module Wireless Channel Receiver Module

Figure 1. Block diagram of proposed joint channel estimation and LDD operator method.

where, TIB and TTB are transmitted information bits
and total transmitted bits, respectively; also, 4 and R,

are variation rate of number of arriving user to the cell
and bit rate, respectively. The spectral efficiency of the
proposed method is analyzed for practical values of ¢,

K and A in the next Section.

In the next section, the currently explained algorithm
is used for the joint estimation of channel and the LDD
operator. Also, the bit error probability performance of
this method is evaluated and compared with the bit error
probability of the same system with the perfect estima-
tion of channel and the LDD operator.

4. Simulation Results

In this section, we validate our analysis, equation (14),
using computer simulations. We simulate the TAS/MRC
plus LDD scheme in flat Nakagami correlated fading
channels. Furthermore, the effect of the proposed method
for joint estimation of channel and the LDD operator is
studied on the BER performance of TAS/MRC plus
LDD system.

The base station transmits data with equal amplitudes
for each of K = 25 users. Random sequence with length
of 63 has been used for short spreading codes. A rectan-
gular pulse shaping waveform p(#) is used for shaping

filter in the transmitter side. The type of modulation is
BPSK. Simulations are performed for a MIMO system
with 2 transmitter antennas and 3 receiver antennas over
correlated Nakagami flat fading channels. The normal-
ized correlation antenna matrix is the same as the one
given in [9], it is given by a 3 X 3 matrix denoted by

Q=[2.92,2] , where 2, =[1 0727 0913] ,

2,=[0727 1 0913] and @,=[0913 0913 1]'.

Figure 2 shows the BER of the TAS/MRC plus LDD
in the aforementioned Nakagami correlated fading chan-
nels for m = 1, 2 and 3. It is obvious that our analytical

result given by (14) is validated by computer simulations.

Moreover, the system with TAS/MRC plus LDD has a
better performance so that it has approximately 3.5 dB
SNR gain relative to that of the MRC plus LDD without
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the TASat P, =10~ with the diversity order m = 1.
Figure 3 shows the effect of proposed joint estimation
of channel gains and the LDD operator on the perform-
ance of the TAS/MRC plus LDD with a training sequence
having length of either 25 or 50, which needs once (¢ = 1)
or twice (¢ = 2) repetition of D,,, elements, respec-

tively. From Figure 3, it is obvious that the diversity
order remains almost constant since the slope of the three

O m=1, MRC+LDD, Sim.
------- m =1, MRC + LDD, Theo.
O m=1, TASIMRC + LDD, Sim.
--e-m=1TAS/MRC + LDD, Theo
7 ¢ m=2 MRC+LDD, Sim.
——m =2, MRC + LDD, Theo.
3 ¥ m=2 TASIMRC +LDD, Sim.
—e—m =2 TAS/MRC + LDD, Theo

X m=3, MRC+LDD, Sim.
----- m =3, MRC + LDD, Theo.

A m=3, TAS/MRC + LDD, Sim.
e m = 3 TAS/MRC + LDD, Theo

BER

SNR [dB]

Figure 2. BER performance of MRC plus LDD and TAS/
MRC plus LDD.

10"
T —B-q=1
) S = —$—q=2
'\E\ --©- Perfect Channel
102D it
S — g
o
% 10° :
. 5 A : \‘:‘.\
Q,
10" ‘
§ B
’G,\' ~g
0 2 4 6 8 10 12
SNR [dB]

Figure 3. BER performance of TAS/MRC plus LDD for m
=1 with imperfect channel estimation.
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curves are approximately the same, and there is only 4.5
dB or 3 dB loss in the SNR at P, =10™" due to using

the proposed joint estimation of channel and the LDD
operator with training sequence whose length is 25 or 50,
respectively. It is notable that by increasing g the SNR
loss reduces.

The mean square error (MSE) of the proposed joint
estimation of channel and the LDD operator is defined

as,
R 2
MSE = E|:H(DLDD )k‘: _(DLDD )k: :| (19)
where (ﬁLDD) is kth row of the estimated LDD op-
k,:
era- tor, FE{} denotes expectation operator and

2
denotes square norm of matrix.

“(DLDD )k _(f)LDD )

» k,:
Figure 4 shows MSE of the proposed joint estimation of
channel and the LDD operator over AWGN, in terms of
number of pilot repetition ¢, for different values of SNR.

It is obvious that by increasing g, MSE of (D, )

k.,
estimation is reduced.

Figure 5(a) shows the 7 in terms of the ¢g for dif-
ferent values of active users in the cell with traffic varia-
tion of A =10 user/secand R, =5 Mbps. It is obvious
even with ¢ = 50 bits and k£ = 90 users, the efficiency is
greater than 0.99. Figure 5(b) is similar to Figure 5(a)
with A =20 user/sec. It can be seen with ¢ = 50 bits
and & = 90 users, the efficiency is greater than 0.98. Fig-
ure 5(c) and 5(d) are similar to Figure 5(a) with
A =50 user/sec and A =100 user/sec, respectively.

—B—SNR=0dB
—O—SNR=3dB
—O—SNR=6dB
—%—SNR=9dB
—A—SNR=12dB

Training Length, q

Figure 4. Mean Square error of joint estimation of channel
and the LDD operator in terms of training length.
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1.002

1

0.998

= 0.996

0.994

0.992

Training Length, q
(a) M = 10 user/sec
1.005

0.995

0.99

0.985

098,
Training Length, q
(b) A2 = 20 user/sec

Training Length, q

(c) A3 = 50 user/sec

Training Length, q
(d) A4 = 100 user/sec

Figure 5. Efficiency in terms of number of pilot symbols
repetition for different number of active users in cell with
(a) variation of input traffic of A, =10 user/sec, (b) i,=20

user/sec, (¢) A, =50 user/secand (d) A, =100 user/sec.
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4. Conclusions

In this paper, the BER performance analysis of the TAS/
MRC plus LDD is performed for the downlink WCDMA
network in correlated Nakagami fading channels. Equa-
tion (14), derived in the analysis, was validated using
computer simulations. Also a pilot based channel estima-
tion method is proposed for joint estimating of the chan-
nel gains and the LDD operator. Simulation results show
that with joint estimation of channel gains and the LDD
operator, diversity order is kept in the receiver. Moreover,
our analysis shows that the spectral efficiency degrada-
tion due to using the pilot based strategy for joint estima-
tion of channel gains and LDD operator is negligible.

5. References

[1] L. B. Milstein, “Wideband Code Division Multiple Ac-
cess,” IEEE Journal on Selected Areas in Communica-
tions, Vol. 18, No. 8, August 2000, pp. 1344-1354.

[2] S. Verdu, “Multiuser Detection,” Cambridge University
Press, Cambirdge, 1998.

[3] X. Wang and H. V. Poor, “Blind Multiuser Detection: A
Subspace Approach,” IEEE Transactions on Information
Theory, Vol. 44, No. 2, March 1998, pp. 677-690.

[4] B. R. Vojcic and W. M. Jang, “Transmitter Precoding in
Synchronous Multiuser Communications,” I[EEE Trans-

actions on Communications, Vol. 46, No. 10, October
1998, pp. 1346-1355.

[5] E. Telatar, “Capacity of Multi-Antenna Gaussian Chann-
els,” European Transactions on Telecommunications, Vol.

Copyright © 2010 SciRes.

(6]

[10]

[11]

10, No. 6, 1999, pp. 585-595.

G. J. Foschini and M. J. Gans, “On Limits of Wireless
Communications in a Fading Environment When Using
Multiple Antennas,” Wireless Personal Communications,
Vol. 6, No. 3, March 1998, pp. 311-335.

S. Thoen, L. Van der Perre, B. Gyselinckx and M. Eng-
els, “Performance Analysis of Combined Transmit-SC/
Receiver-MRC,” IEEE Transactions on Communications,
Vol. 49, No. 1, 2001, pp. 5-8.

Z. Chen, J. Yuan and B. Vucetic, “Analysis of Transmit
antenna Selection/Maximal-ratio Combining in Rayleigh
Fading Channels,” [IEEE Transactions on Vehicular
Technology, Vol. 54, No. 4, 2005, pp. 1312-1321.

L. Yang, D. Tang and J. Qin, “Performance of Spatially
Correlated MIMO Channel with Antenna Selection,” /EE
Ectronics Letters, Vol. 40, No. 20, 2004, pp. 1281-1282.

B. Y. Wang and W. X. Zheng, “Exact BER of Transmit-
ter Antenna Selection/Receiver MRC over Spatially Cor-
related Nakagami-Fading Channels,” /EEE Conference
on Circuits and Systems, Kos, May 2006, pp. 1370-1373.

Y. Yao and H. V. Poor, “Blind Detection of Synchronous
CDMA in Non-Gaussian Channels,” IEEE Transactions
on Signal Processing, Vol. 52, No. 1, January 2004, pp.
271-279.

A. Papoulis, “Probability, Random Variables and Sto-
chastic Processes,” 4th Edition, McGraw-Hill, New York,
2001.

J. G. Proakis, “Digital Communications,” 4th Edition,
McGraw-Hill, New York, 2001.

R. L. Graham, D. B. Knuth and O. Patashnik, “Concrete
Mathematics,” Addison-Wesley, New York, 1989.

WSN




<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.66667
  /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 1.66667
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 [2400 2400]
  /PageSize [595.276 807.874]
>> setpagedevice


