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Architectures for MIMO-OFDM Systems in
Frequency-Selective Mobile Fading Channels

Hen-Geul Yeh, Senior Member, IEEE

Abstract—Orthogonal frequency-division multiplexing (OFDM)
is used in third and fourth generation and is being planned for
fifth-generation (5G) systems. OFDM requires that the received
subcarriers be orthogonal. However, various factors, such as re-
sidual carrier frequency offset due to Doppler shift in mobile
fading channels, can lead to a loss in orthogonality between
subcarriers, which results in intersymbol interference (ISI), inter-
carrier interference (ICI), and bit error rate (BER) degradation.
In developing the conjugate cancelation (CC) scheme for miti-
gating these ISI and ICI of OFDM systems, we integrate the
CC scheme together with a space–time (ST) system and form
an STCC multiple-input–multiple-output (MIMO) scheme. This
STCC system improves the BER without expending power or
bandwidth or complexity. Additionally, a Walsh–Hadamard (WH)
transform is employed as a precoder for this STCC system and
forms a novel WHSTCC scheme. It provides a low peak-to-average
power ratio (PAPR) at the transmitter and a significant diversity
gain at the receiver. Simulations indicate that both STCC and
WHSTCC schemes outperform the regular CC and ST systems
in mobile fading channels. Both schemes are simple and are
backward compatible, and they can serve as the baseband building
block for reconfigurable 5G multiuser MIMO systems.

Index Terms—Intercarrier interference (ICI), multiple-input–
multiple-output orthogonal frequency-division multiplexing
(MIMO-OFDM), mobile communication, signal processing,
space–time (ST), Walsh.

I. INTRODUCTION

ONE of the most challenging issues in orthogonal
frequency-division multiplexing (OFDM) communica-

tion systems is the multipath effect and Doppler shift in mobile
fading channels, which lead to a loss in orthogonality between
subcarriers and cause intersymbol interference (ISI), intercar-
rier interference (ICI), and increased bit error rate (BER).
OFDM transmissions also suffer from a high peak-to-average
power ratio (PAPR), which reduces the efficiency of high-power
amplification at the transmitter.

Space–time (ST) coding techniques can effectively exploit
the spatial diversity created by multiple transmit antennas [1].
This has been the motivation for developing a simple ST-based
ICI cancelation method as a baseband fundamental building
block for software reconfigurable fifth-generation (5G) multi-
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user (MU)-MIMO systems. Many ICI mitigation schemes, such
as ICI self-cancelation (SC) [2] and conjugate cancelation (CC)
[3], have been proposed. In ICI SC [2], it employs data repe-
tition within one OFDM block, according to adjacent mapping
rules. On the other hand, a two-path transmission method trans-
mits the data copies in two OFDM blocks, which are referred
to as two independent paths. Repetitive transmission does not
cost additional bandwidth or time delay due to MIMO’s use of
the spatial dimension. In this brief, the effects of ISI and ICI are
shown to be mitigated through the use of a new STCC-OFDM
MIMO architecture, which combines the ST and CC schemes
at the OFDM symbol level in [4] in frequency-selective mobile
fading channels.

Further developing the idea of the STCC, the Walsh–
Hadamard (WH) transform (WHT) is employed as a precoder
for STCC, which forms the so-called WHSTCC architecture
without altering the bandwidth or the information rate. Both
STCC and WHSTCC schemes can be implemented with limited
additional cost and can be employed as baseband building
blocks for MU-MIMO systems. Since both schemes are simple
and are backward compatible, they can be applied alone, or
they can be combined with channel coding schemes to provide
channel coding gain in MU-MIMO systems.

Since the analysis of the general two-path transmission for
ICI reduction in OFDM systems was presented in [5], we
focus on the architecture development and BER performance
comparison of the ST-, STCC-, WHSTCC-OFDM systems via
simulations in frequency-selective mobile fading channels.

Our contributions in this brief are threefold. First, the novel
architecture of the precoded WHSTCC scheme is presented.
Second, the BER of the OFDM-symbol-based STCC and
WHSTCC schemes is presented in frequency-selective mobile
fading channels. Third, although only two transmit antennas
and one receive antenna (2 × 1) systems are shown in detail,
both STCC and WHSTCC schemes can be used as baseband
fundamental building blocks, which are easily extended to
5G MU-MIMO systems to improve BER without expending
additional power, complexity, or bandwidth in comparing with
the CC scheme. In addition, such architectures will be backward
compatible with existing third-generation (3G) and fourth-
generation (4G) systems.

This brief is organized as follows. In Section II, the OFDM
system model is discussed. Section III briefs the CC scheme.
Section IV shows the ST-OFDM system. Section V presents
the STCC scheme. Section VI provides a WHSTCC scheme
with a precoder diversity gain, PAPR at the transmitter, and use
of the WHSTCC as a building block for MU-MIMO systems.
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Section VII shows simulation results. Section VIII presents the
conclusion.

II. REGULAR OFDM SYSTEM

In a simplified regular OFDM system, the baseband transmit-
ted signal xk at the output of the inverse fast Fourier transform
(IFFT) is given by

xk =

N−1∑
n=0

dne
j 2π

N kn, k = 0, 1, 2, . . . , N − 1 (2.1)

where dn is the data symbol, and ej(2π/N)kn, k = 0, 1, . . . ,
N − 1 represents the orthogonal frequencies of N subcarriers.

At the receiver, the baseband recovered signal after fast
Fourier transform (FFT) is given by

d̂m =
1

N

N−1∑
k=0

rke
−j 2πmk

N

=
1

N

N−1∑
n=0

N−1∑
k=0

Hndne
j
2π(n+ε)k

N e−j 2πmk
N

= dmu0 +

N−1∑
n=0,n�=m

dnun−m, m = 0, . . . , N − 1

(2.2)

where

un−m=Hn
ejπ

N−1
N (n−m+ε) sin [π(n−m+ ε)]

N · sin
[(

π
N

)
· (n−m+ ε)

]
∣∣∣∣∣
(n−m)modN

.

(2.3)

In (2.2), rk is the received signal into the FFT; ej(2π/N)kε, k =
0, 1, . . . , N − 1 represents the frequency offset of the received
signal at the sampling instants; ε is the frequency offset nor-
malized to the subcarrier frequency spacing; m is the receiver
subcarrier index; Hn is the nth element of the N -point FFT
of the channel impulse response; and un−m is the weighting
factor on the data symbol. For simplicity, the additive white
Gaussian noise (AWGN) is assumed to be zero, and slow fading
channels with a constant mean of Hn are assumed. At ε = 0,
all weighting factors for dm are zeros, except that the real part
of u0 equals one. This means that it holds the orthogonality
and has no ICI. When ε �= 0, weights on data symbols are non-
zero valued and ICI occurs. To mitigate ICI, a CC scheme is
developed in [3] and is briefly discussed in the next section.

III. CC SCHEME

The CC scheme has a regular and a second branch operation,
as shown in Fig. 1. At the transmitter, after IFFT and the
parallel-to-serial (P/S) and cyclic prefix (CP) operations, the
second branch needs a conjugate process of the first branch as
defined in

x′
k =

{
N−1∑
n=0

dne
j 2π

N kn

}∗

, k = 0, 1, . . . , N − 1. (3.1)

In order to demodulate the first signal xk and the second signal
x′
k separately, x′

k is transmitted independently by employing

Fig. 1. Architecture of a simplified CC-OFDM baseband transceiver.

time-division multiplexing (TDM) with a single Tx antenna
at the carrier frequency f1, as shown in Fig. 1. The receiver
performs demultiplexing (DEMUX), CP removal (CPR), and
serial-to-parallel (S/P) operations. It employs a single Rx an-
tenna to receive both upper and lower branch signals rk and r′k
and employs FFT and P/S operations, respectively. That is

d̂′m =
1

N

N−1∑
k=0

(r′k)
∗
e−j 2π

N km

=
1

N

N−1∑
n=0

N−1∑
k=0

H
′
n
dne

j 2π
N knej

2π
N kεe−j 2π

N km

= dmv0 +

N−1∑
n=0,n�=m

dnvn−m, m = 0, 1, . . . , N − 1

(3.2)

where

vn−m = H
′
n

ej
π(n−1)(n−m−ε)

N sin [π(n−m− ε)]

N sin
[(

π
N

)
(n−m− ε)

]
∣∣∣∣∣
(n−m)modN

(3.3)

and H
′
n is the nth element of the N -point FFT of the conjugate

of the second-branch channel impulse response, and vn−m is
the weighting factor for the data symbol. Note that m is the
receiver subcarrier index and vn−m is similar to un−m, but the
sign of ε is changed from positive to negative. Both first and
second branches are combined coherently without interfering
each other, and the final detected symbol is the averaged
detected symbols as:

d̂′′m=
(
d̂m + d̂′m

)
=

N−1∑
n=0

dn(un−m + vn−m) (3.4a)

=dm(u0+v0)+

N−1∑
n=0,n�=m

dn(un−m+vn−m),m=0,1,2, . . . ,N−1.

(3.4b)

The first term in (3.4b) is the desired signal component, and the
second term represents the ICI terms. The signal-to-ICI ratio
(SICIR) of the CC scheme is defined as

SICIR = 10 log
|u0 + v0|2

N∑
n=1

|un + vn|2
dB. (3.5)

The SICIR comparison among three OFDM systems, i.e.,
regular, SC, and CC schemes, in the additive white Gaussian
noise channel is given in [3]. It shows that the SICIR of the CC
scheme is the highest when ε is smaller than 0.04 in AWGN
channel.
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Fig. 2. Block diagram of the STCC-OFDM transceiver.

IV. ST-OFDM TRANSMISSION SYSTEM

The ST-OFDM [4] applies the ST transmitter diversity tech-
nique at the OFDM symbol level. In a 2× 1 system, two length
N consecutive blocks are formed as input data vectors at the
transmitter as:

d1 = [d0 d1 . . . dN−2 dN−1]
T

d2 = [dN dN+1 . . . d2N−2 d2N−1]
T . (4.1)

At time t, d1 and d2 are sent, and at time t+ T , −d∗
2 and d∗

1

are sent, thereby forming an Alamouti [1] rate 1 code. They are
sent to two parallel IFFTs via transmit antennas Tx1 and Tx2,
respectively. The receiver first needs to perform the DEMUX;
then, the two received signal vectors at times t and t+ T after
the FFT operations are given by

y1 = H1d1 +H2d2

y2 = −H1d
∗
2 +H2d

∗
1. (4.2)

The channel at time t may be modeled as h1 for Tx1 and
h2 for Tx2. H1 and H2 are two frequency-transfer-function
diagonal matrices, whose elements are FFTs of the respective
channel impulse responses h1 and h2. It is assumed that fading
is constant across two consecutive symbols, so that the decision
variables can be obtained as:

d̂1 = y1H
∗
1 + y∗

2H2 =
(
|H1|2 + |H2|2

)
d1

d̂2 = y1H
∗
2 − y∗

2H1 =
(
|H1|2 + |H2|2

)
d2. (4.3)

V. STCC-OFDM ARCHITECTURE

The key aspect of this brief is the novel architecture, which
integrates both the ST-OFDM and CC techniques together to
perform ISI and ICI cancelation in MIMO-OFDM systems
without any increase in computation. To illustrate the concept, a
2 × 1 system is presented in Fig. 2, showing a simplified block
diagram of the STCC-OFDM transceiver.

At the transmitter, two length N consecutive blocks are
formed as input data vectors at the transmitters, as defined in
(4.1). At time t, d1 and d2 are sent, and at time t+ T , −d∗

2 and
d∗
1 are sent to two parallel branches for upper IFFT, lower IFFT,

and conjugate operations ( )∗, respectively, needed for the CC
operation. At the receiver baseband, the upper branch employs
an FFT for demodulating the received signal from Tx1, whereas

the lower branch first employs a conjugate operator and then an
FFT for demodulating the received signal from Tx2. By using
a DEMUX, the received signals r1 and r2 in upper and lower
branches are separated. The two received signal vectors at time
t are presented with spatial- and time-detailed subscripts as

y111 = H1d1 and y121 = H∗
2d2 (5.1)

where H∗
2 is a conjugated frequency-transfer-function diagonal

matrix, whose elements are the N -point FFTs of the conjugated
channel impulse response h∗

2. The first and second indices ij of
yijk refer to the receiver and transmit antennas, respectively,
whereas the third index k of yijk represents the time slot.
Results of the FFT of the conjugate operation of the received
signal vector r2 at the lower branch is given by

y121 = FFT [(r2)
∗]

= FFT
{
[h2 ⊗ (IFFT (d2))

∗]
∗}

= FFT [h∗
2]d2

= H∗
2d2. (5.2)

Note that ⊗ denotes the circular convolution. Similarly, the
received two signal vectors at time t+ T are given by

y112 = −H1d
∗
2 and y122 = H∗

2d
∗
1. (5.3)

Again, the decision variables are defined as:

d̂1 = H∗
1y111 +H∗

2y
∗
122 =

(
|H1|2 + |H2|2

)
d1

d̂2 = −H1y
∗
112 + (H∗

2)
∗y121 =

(
|H1|2 + |H2|2

)
d2.

(5.4)

The conjugate operation does not add any computational
load. Hence, the requirement of the STCC scheme is the same
as that of the ST scheme without additional cost in complexity.

VI. NOVEL WH STCC ARCHITECTURES

Employing the WHT as a precoder for STCC forms a novel
WHSTCC-OFDM MIMO system, as shown in Fig. 3. The
WHT is a normalized orthogonal matrix with unity gain, which
processes input data vectors d1 and d2 at time t and t+ T ,
respectively. The outputs are vectors d1 and d2 defined as

di = WNdi , i = 1, 2 (6.1)

where WN is an N ×N WHT matrix. After ST coding, d1 and
−d

∗
2 are generated in the upper branch at time t and t+ T ,

respectively. Similarly, d2 and d
∗
1 are generated in the lower

branch at time t and t+ T , respectively, as shown in Fig. 3.
Similar to Section V, with DEMUX at the receiver, the re-
ceived signals r1 and r2 in the upper and lower branches are
separated. The received two signal vectors at time t after FFT
(upper branch) and conjugate and then FFT (lower branch) are
given by

y111 = H1d1 and y121 = H∗
2d2. (6.2)
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Fig. 3. Block diagram of the WHSTCC-OFDM transceiver.

Note that results of the FFT of the conjugate operation of the
received signal vector r2 at the lower branch based on the
transmitted signal d2 is given by

y121 = FFT [(r2)
∗]

= FFT
{[

h2 ⊗
(
IFFT (d2)

)∗]∗}
= FFT [h∗

2]d2

= H∗
2d2. (6.3)

Similarly, the received two signal vectors at time t+ T are
given by

y112 = −H1d
∗
2 and y122 = H∗

2d
∗
1. (6.4)

After the combiner, the inverse WHT (IWHT) is applied at the
receiver. Then, the decision variables are defined as:

d̂1 = W−1
N (H∗

1y111 +H∗
2y

∗
122) =

(
|H1|2 + |H2|2

)
d1

d̂2 = W−1
N [−H1y

∗
112 +(H∗

2)
∗ y121] =

(
|H1|2 +|H2|2

)
d2.

(6.5)

Note that both WHT and IWHT are real matrices. Only N ×N
addition operations are the required operations in (6.1). The
total computational load of the WHSTCC-OFDM scheme is
slightly more than that of the STCC scheme without additional
cost in power or bandwidth in comparing with the CC scheme.
Moreover, the fast Walsh–Hadamard–Fourier transform algo-
rithm [8] that combines precoding and FFT operations can
significantly reduce the complexity.

A. Discussion on ST and Precoder Diversity Gains

Equations (4.2) and (4.3) show the detected OFDM symbols
with combined channel gains. This is the ST diversity gain with
integrated components, which combines data symbol weights
of (2.3) and (3.3) in OFDM symbols to mitigate ICI. Moreover,
the WH in (6.1) maps all data symbols into every element of
WHT vectors, which are processed and transmitted via OFDM
subcarriers. Hence, the WHT provides significant precoder
diversity gain among data symbols.

B. Discussion on PAPR

The major drawback of a conventional OFDM system is its
large PAPR. A large PAPR corresponds to a high probability

Fig. 4. Architecture of MU-MIMO for supporting k user groups.

of the OFDM signal being clipped when passing through a
power amplifier at the transmitter. Clipping reduces the signal
power, degrading BER performance due to in-band distortion
and causing nonlinear phenomena such as spectral spreading.
Spectral spreading causes degradation of spectral efficiency due
to out-of-band radiation [6], [7]. When the WHT is applied to
a traditional OFDM scheme, the PAPR may be reduced with
or without clipping [7]. Since both ST and CC schemes do not
change the correlation property of the OFDM input sequence,
the PAPR of the WHSTCC-OFDM system may be reduced
similar to that of traditional WHT-OFDM systems. The WHT
precoder not only generates a diversity transmission gain but
also reduces PAPR.

C. Discussion on Employing the WHSTCC as a Building
Block for Reconfigurable MU-MIMO Systems

One of the applications of the WHSTCC scheme is to em-
ploy it as the fundamental building block of the MU-MIMO
system in 5G wireless systems. For example, Fig. 4 illustrates
the concept for supporting k user groups at the base station
(BS) by employing k WHSTCC transmitter building blocks
(one for each user) for the downlink. The needed k data sets
du1, . . . ,duk are transmitted independently via a multiplexing
(MUX) scheme such as TDM with 2k transmitter antennas
in parallel at the BS (two antennas per each group or user).
At the mobile unit receiver side, k multiple users employ
k WHSTCC receiver building blocks to receive the desired
signals d̂u1, . . . , d̂uk at their own receivers, respectively. The
DEMUX at each receiver is performed first to select the cor-
responding transmitted group signals and to separate upper and
lower branch signals accordingly.

VII. SIMULATION RESULTS

The COST207 six-ray typical urban (TU) and bad urban
(BU) frequency-selective mobile channels [9] are used. Both
slow (TU) and fast (BU) channel parameters are applied to all
simulations at a symbol rate of 220 symbols/s and a sampling
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Fig. 5. BER comparison of the STCC and WHSTCC schemes, with the OFDM
block size N = 512 and fD range from 20 to 100 Hz in the TU area.

Fig. 6. Average BER comparison of the STCC- and WHSTCC-OFDM
schemes with maximum Doppler frequency = 100 Hz in the BU area.

period of Ts = 2−20 s. One quarter of the N samples is
employed as the CP. Quaternary phase-shift keying (QPSK)
modulation is employed for all simulations. It is assumed that
the channel responses h1 and h2, which are estimated at the
receiver, remain constant for two block periods.

Fig. 5 shows the average BER comparison among ST,
STCC, and WHSTCC schemes, with N = 512 and the maxi-
mum Doppler spread (fD)-to-subcarrier-frequency-spacing ra-
tio εD = fDNTs from 0.01 to 0.05 (i.e., fD range from 20
to 100 Hz) in the TU area. In all cases, due to the precoding
diversity gain, the ST spatial diversity gain, and the CC process,
the WHSTCC scheme outperforms the related ST and STCC
schemes significantly. The STCC scheme outperforms the regu-
lar ST-OFDM system due to the CC and diversity gain. When
εD is small with the maximum Doppler frequency at 20 Hz, the
WHSTCC scheme has a precoder diversity gain about 8.5 dB at
a BER = 10−5 compared with STCC.

Fig. 6 shows the average BER performance of STCC and
WHSTCC schemes, with fD = 100 Hz and N range from 64
to N = 512 (i.e., εD = 0.006 to 0.05) in the BU area. The

BER performance of the WHSTCC scheme outperforms the
corresponding STCC scheme, regardless of N , i.e., the size of
the OFDM block, in the more difficult fast fading channels. The
error floor of the WHSTCC scheme is much lower than that
of the STCC scheme. The WHSTCC scheme has a precoder
diversity gain about 7.5 dB at BER = 10−5, as compared with
STCC at N = 64 (i.e., εD = 0.006).

VIII. CONCLUSION

This brief has investigated both STCC and WHSTCC
schemes for enhancing the BER performance of OFDM sys-
tems and applications to MU-MIMO systems in mobile fading
channels, without additional cost in power or bandwidth or
complexity in comparing with the CC scheme. With a CC oper-
ation, the error floor of the STCC scheme is significantly lower
than that of the ST scheme. Similarly, with a precoder diversity
gain, the error floor of the WHSTCC scheme is significantly
lower than that of the STCC scheme. Hence, the WHSTCC
scheme is the most robust with different OFDM block sizes and
Doppler spread. Although only a 2 × 1 transmitter diversity
scheme is fully presented, it can be used as the fundamental
building block and applied to MU-MIMO-OFDM systems.
This novel fundamental building block provides a low PAPR
at the transmitter and a significant diversity gain to improve
the BER at the receiver. Since both STCC and WHSTCC
architectures are very simple and back compatible to 3G and
4G wireless systems, they may serve as the needed baseband
function for reconfigurable 5G in a time-variant and dynamic
environment.

ACKNOWLEDGMENT

The author would like to thank Dr. B. Sklar, for carefully
editing and fruitful discussions; S. Yıldız, for simulations; and
anonymous reviewers and editors, for their valuable construc-
tive comments and suggestions that have improved this brief.

REFERENCES

[1] S. M. Alamouti, “A simple transmit diversity technique for wireless com-
munications,” IEEE J. Sel. Areas Commun., vol. 16, no. 8, pp. 1451–1458,
Oct. 1998.

[2] Y. Zhao and S.-G. Haggman, “Intercarrier interference self-cancellation
scheme for OFDM mobile communication systems,” IEEE Trans. Com-
mun., vol. 49, no. 7, pp. 1185–1191, Jul. 2001.

[3] H. G. Yeh, Y. K. Chang, and B. Hassibi, “A scheme for canceling intercar-
rier interference through conjugate transmission for multicarrier commu-
nication systems,” IEEE Trans. Wireless Commun., vol. 6, no. 1, pp. 3–7,
Jan. 2007.

[4] A. Yiwleak and C. Pirak, “Intercarrier interference cancellation using com-
plex conjugate technique for Alamouti-coded MIMO-OFDM Systems,” in
Proc. Int. Conf. ECTI-CON, May 2010, pp. 1168–1172.

[5] M. Wen, X. Cheng, L. Yang, and B. Jiao, “Two-path transmission frame-
work for ICI reduction in OFDM systems,” in Proc. IEEE GlobeCom,
Atlanta, GA, USA, Dec. 2013, pp. 3716–3721.

[6] X. Li and J. Cimini, Jr., “Effects of clipping and filtering on the performance
of OFDM,” IEEE Commun. Lett., vol. 2, no. 5, pp. 131–133, May 1998.

[7] Y. Wu, C. K. Ho, and S. Sun, “On some properties of Walsh-Hadamard
transformed OFDM,” in Proc. IEEE Veh. Technol Conf. Fall, Sep. 2002,
vol. 4, pp. 2096–2100.

[8] T. Su and F. Yu, “A family of fast Hadamard-Fourier transform algorithms,”
IEEE Signal Process. Lett., vol. 19, no. 9, pp. 583–586, Sep. 2012.

[9] M. Patzold, Mobile Fading Channels. New York, NY, USA: Wiley, 2002.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /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 false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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.)
  >>
  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


