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Abstract—In this letter, we consider a distributed multiple-
input multiple-output (D-MIMO) system, where the channel is flat
fading and may be correlated, and experiences both small and
large-scale fading. We assume that the full knowledge of channel
state information (CSI) is available at the receiver and only the
first-and second-order statistics of the channel are available at the
transmitter. For such a system employing the linear zero-forcing
(ZF) receiver, an efficient linear precoding technique is proposed
to optimize the worst-case performance of average signal-to-noise
ratio (SNR) at the receiver and a simple closed-form optimal
precoder is derived. In addition, under some realistic assumptions,
some significant asymptotic properties are established for the mas-
sive D-MIMO system designed in this letter. Computer simulations
verify our theoretic analysis and show that our presented optimal
system attains significant performance gains over the currently
available equal power-loading system.

Index Terms—Distributed MIMO, large scale fading, zero-
forcing, worst-case average received signal to noise ratio.

I. INTRODUCTION

THE distributed MIMO system has become a promising
candidate for future mobile communication systems be-

cause of its open architecture and flexible resource manage-
ment. Many research activities on D-MIMO system have been
intensified in the past few years owing to the fast growing
demand for high data-rate services [1]–[7]. The scenario in
[8]–[12], has been investigated under various assumptions on
the availability of channel state information at the transmitters
(CSIT), global or local CSIT. In practice, however, it is not
easy to be implemented due to the high cost to acquire full
CSIT at all transmitters and signal processing overhead, even
the local CSIT [11], [12] especially for the massive MIMO
system setting in which each terminal is equipped with a large
number of antennas [13], [14]. Therefore, the works in [15],
[16] assumed no CSIT and proposed distributed space-time
coding for transmission. Unfortunately, they are not efficiently
incorporated to make use of the available partial CSIT. All these
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aforementioned factors motivates us to investigate the design
of transmission strategies with relatively-low implementation
complexity when partial CSIT such as only the first-and second-
order statistics of the channel is available at all the transmitter.
Contrasted with conventional point-to-point MIMO systems,
since many radio-antenna ports (RPs) in D-MIMO systems
are geographically distributed over a large area, each link
experiences different path-loss and large-scale fading (a.k.a.
shadowing) effects. It is these two composite fading (small and
large scale) effects that make the development of a novel trans-
mission technique which is efficient in exploiting the advantage
of partial CSIT of the D-MIMO systems a more challenging
problem. In this letter, we propose an efficient and effective
linear precoding method to maximize the worst-case average
received SNR for the D-MIMO systems with composite fading
MIMO channels employing the ZF receiver. By fully taking
advantage of information on the channel and receiver structures,
and probabilistic density of individual random subchannel for
each user, a nice closed-form optimal solution is obtained. One
of main advantages of the proposed optimal system is that it
naturally leads us to making some important and realistic as-
sumptions for successfully revealing the significant asymptotic
behaviors of the massive D-MIMO system.

Notation: Matrices are denoted by uppercase boldface char-
acters (e.g., A), while column vectors are denoted by lowercase
boldface characters (e.g., b). The i-th entry of b is denoted
by bi. The (i, j)-th entry of A is denoted by ai, j, and also
denoted by [A]i, j. The columns of a P×K matrix A are denoted
by a1,a2, . . . ,aN . The transpose of A is denoted by AT . The
Hermitian transpose of A (i.e., the conjugate and transpose of
A) is denoted by AH . An L×L identity matrix is denoted by IL.

II. SYSTEM MODEL

In this section, we consider the same model as that in [17],
i.e., a single-cell D-MIMO communication system equipped
with N receiver antennas at the base station (BS) and K RPs
with each having M transmitter antennas and also require that
N ≥ KM. For such a system, we assume that the BS has perfect
CSI and only the first-and second-order statistics of the channel
are available at the transmitter. We also assume that all RPs
transmit their data streams to the BS simultaneously. Therefore,
an input-output relationship can be written as

y = Ts+n = HR
1
2
T Ξ

1
2 Fs+n, (1)

where y is an N × 1 received signal vector, s is a KM × 1
transmitted symbol vector with unit average power per element
and n is an N×1 circularly symmetric complex Gaussian noise
vector with zero-mean and covariance matrix E[nnH ] = N0IN .
Here, the composite channel matrix T is composed of four
parts. The first part is small-scale fading captured by an N×KM
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random matrix H, whose entries are modelled as i.i.d CN(0,1)
random variables. The second part is the KM×KM transmitted
positive definite covariance matrix RT . Note that small-scale
fading correlation occurs only between the transmitter antennas
of the one RP, since the different users are, in general, geograph-
ically separated. Such a scenario may occur when several users,
with multiple spatially correlated antennas, transmit to a com-
mon multiple-antennas BS. Hence, the transmitted correlation
matrix is a KM ×KM block-diagonal matrix, with each block
being an M × M matrix, i.e., RT = diag(RT 1,RT 2, . . . ,RT K),
where RT k is the correlation matrix between the transmitter
antennas of the k-th RP for k = 1,2, . . . ,K and its entries are
modeled via the common exponential correlation model [18],

i.e., [RT k]i, j = ρ|i− j|
k for i, j = 1,2, . . . ,M, where |ρk| ∈ [0,1]

is the transmitter correlation coefficient. The third part is large
scale effects, which is captured by the KM × KM diagonal
matrix Ξ, i.e., Ξ = diag(Ξ1/Dv

1IM,Ξ2/Dv
2IM, . . . ,ΞK/Dv

KIM),
where each Dk for k = 1,2, . . . ,K denotes the distance between
the k-th user and the BS and v is the path-loss exponent.
We consider the lognormal shadowing model, which is the
commonly-used model in the characterization of shadowing
effects in various radar, optical and RF wireless channels. In
this case, the probability density function (PDF) of the large-
scale fading coefficients Ξk for k = 1,2, · · · ,K is given by

f (ξk) =
η

ξk
√

2πδk
e
− (η lnξk−µk)

2

2δ2
k for ξk ≥ 0, (2)

where η = 10/ ln10, µk and δk are the mean and standard
deviation (both in dB) of the variable’s natural logarithm, re-
spectively. The last part is the KM×KM block-diagonal linear
precoding matrix F to be determined, i.e., F = diag(F1,F2,
. . . ,FK), with each Fk being an M ×M matrix. The D-MIMO
channel model (1) looks almost the same as the MIMO multi-
access channel model. However, one of major differences be-
tween them, is that in addition to small-scale fading, there
is large-scale fading at each RP linking to the BS, which is
independent of the other RPs. At the receiver, we use ZF equal-
ization, i.e., G = (THT)−1TH . Then, after the ZF equalizer, (1)
becomes

ŷ = Gy = s+Gn. (3)

III. PRECODER DESIGN VIA WORST-CASE PERFORMANCE

OPTIMIZATION OF AVERAGE RECEIVED SNR

A. Optimization Analysis

Our main purpose in this section is to optimize the worst-
case of the average received SNR subject to a total transmission
power constraint. To this end, we first notice that the received
signals in (3) are decomposed into KM parallel data streams
with the instantaneous received SNR for the m-th subchannel
of k-th RP given by

γkm =
[Ξ]km,km

N0 [(HHFHRT FH)−1]km,km
, (4)

where the equality in (4) follows from the fact that Ξ is the
diagonal matrix. It is known [19] that Xkm = 1

[(HH H)−1]km,km

follows a complex Chi-square distribution with its PDF given

by g(xkm) =
1

Γ(N−KM+1)x
N−KM
km e−xkm xkm > 0. Thus, we have

E[ 1
[(HH H)−1]km,km

] = N −KM+1. Similarly, utilizing (2) yields

E[Ξk] =
e

δ2
k+2ηµk

2η2

Dv
k

= Bk. (5)

Therefore, the average received SNR is determined by

E[γkm] =
Ck[

(FHRT F)−1
]

km,km

, (6)

where Ck is defined by

Ck = Bk(N −KM+1)/N0. (7)

Now, our primary task in this letter is to solve the following
optimization problem.

Problem 1: Find the block-diagonal precoding matrix F such
that

max
F

{min{E[γkm]}}
1≤k≤K,1≤m≤M

subject to tr(FHF) = PT . (8)

�
To solve this problem, we first notice that both RT and F

are block-diagonal matrices. Hence, from (6) we have E[γkm] =
Ck

[(FH
k RT kFk)−1]m,m

. By taking advantage of this separable structure

of the objective function, we can split Problem 1 into the
following two subproblems.

Subproblem 1: For any fixed power Pk of the k-th user, find
a precoding matrix Fk such that

max
Fk

min
1≤m≤M

{E[γkm]}

subject to tr
(
FkFH

k

)
= Pk.

�
Subproblem 2: For the kth RP: 1 ≤ k ≤ K, let the optimum

in Subproblem 1 be denoted by γk =maxFk min1≤m≤M{E[γkm]}.
Then, find a power loading matrix P= diag(P1,P2, · · · ,PK) such
that

max
P

min
1≤k≤K

{γk}

subject to
K

∑
k=1

Pk = PT .

�
First, let us consider how to solve Subproblem 1. Note that

min
1≤m≤M

{E[γkm]}= min
1≤m≤M

{
Ck[

(FH
k RT kFk)−1

]
m,m

}
=

Ck

max
1≤m≤M

{[(
FH

k RT kFk
)−1

]
m,m

}
≤ MCk

tr
((

FH
k RT kFk

)−1
)

Therefore, we obtain

max
Fk

min
1≤m≤M

{E[γkm]} ≤
MCk

minFk tr
((

FH
k RT kFk

)−1
) (9)
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Now, following the way similar to that in [20], a solution to
the optimization problem minFk tr((FH

k RT kFk)
−1) in (9) can be

obtained as follows: Fk = VkP
1
2
k U, where U is an arbitrarily

given M ×M unitary matrix, Vk is the eigenvector matrix of
RT k, i.e., RT k = VkΛkVH

k = Vkdiag(λk1,λk2, . . . ,λkM)VH
k and

Pk = diag(pk1, pk2, . . . , pkM), with pkm determined by pkm =

Pkλ
− 1

2
km

∑M
i=1 λ

− 1
2

ki

=
Pkλ

− 1
2

km
MAkM

, where AkM = 1
M ∑M

m=1 λ− 1
2

km . In this case, we

have (FH
k RT kFk)

−1 = UHP−1
k Λ−1

k U. Therefore, by specifically
choosing U to be the M ×M normalized DFT matrix W , we
can attain that [(FH

k RT kFk)
−1]1,1 = [(FH

k RT kFk)
−1]2,2 = · · · =

[(FH
k RT kFk)

−1]M,M , i.e., the equality in (9) holds, thus, leading
to the optimal solution to Subproblem 1.

We are now in a position to solve Subproblem 2. We first
notice that with the optimal solution given in Subproblem 1,
the objective function in Subproblem 2 becomes γk =

CkPk/(MA
2
kM) and thus, we aim at maxP min1≤k≤K

CkPk

MA
2
kM

. If

for some i: 1 ≤ i ≤ K, min1≤k≤K
CkPk

MA
2
kM

= CiPi

MA
2
iM

, then, we have

CkPk

MA
2
kM

≥ CiPi

MA
2
iM

. For notational simplicity, let W = ∑K
k=1 A

2
kM/Ck.

Then, we can attain

CiPi

MA
2
iM

=
1

∑K
k=1

A
2
kM

Ck

(
Pi

M
+

K

∑
k �=i

CiPiA
2
kM

MA
2
iMCk

)

≤ 1

∑K
k=1

A
2
kM

Ck

(
Pi

M
+

K

∑
k �=i

Pk

M

)
=

PT

MW
(10)

where the equality in (10) holds if and only if

C1P1

MA
2
1

=
C2P2

MA
2
2

= · · ·= CKPK

MA
2
K

(11)

Combining (11) with the total transmission power constraint

yields Pk =
PT A

2
kM/Ck
W .

After having solved Subproblems 1 and 2, we now show how
to make use of these two optimal solutions to solve Problem 1.
Since min1≤k≤K,1≤m≤M E[γkm] ≤ min1≤m≤M E[γ�m] ≤
maxtr(FH

� F�)≤P�
min1≤m≤M E[γ�m] for any �: 1 ≤ � ≤ K and for

any fixed P�: 0 ≤ P� ≤ PT , we have min1≤k≤K,1≤m≤M E[γkm] ≤
min1≤�≤K γ� and thus, maxF min1≤k≤K,1≤m≤M E[γkm] ≤
maxP min1≤�≤K γ�. Very fortunately, the two suboptimal
solutions of Subproblems 1 and 2 together make all the
equalities here hold simutaneously, hence, resulting in an
optimal solution to the original Problem 1. Finally, all the
above discussions can be summarized as the following theorem.

Theorem 1: Let the eigenvalue decomposition of RT k be
given by RT k = VkΛkVH

k = Vkdiag(λk1,λk2, · · · ,λkM)VH
k . If we

let AkM = 1
M ∑M

m=1 λ−1/2
km and W KM = 1

K ∑K
k=1 AkM/Bk, with Bk

defined in (5), then, the optimal solution to Problem 1 are
determined as follows: F̃ = diag(F̃1, F̃2, . . . , F̃K), where F̃k =

VkP̃
1
2
k W , with W being the normalized M ×M DFT matrix,

and p̃km =
λ
− 1

2
km AkPT

MW KM
. In addition, the optimum of the worst case

average received SNR is given by γ̃KM = (N−KM+1)PT
KMW KMN0

. �

We would like to make the following three comments on
Theorem 1:

(a) Theorem 1 tells us that the worst average SNR is opti-
mized when the SNR of each subchannel is equal each
other and optimized.

(b) Since the covariance matrix RT is block-diagonal, each
RP can obtain ρk and pkm through its feedback channel
from the receiver and then, by Theorem 1, design the
optimal precoder independently and simultaneously.

(c) Because of Comment (b) and the Toeplitz structure of
each RT k, the complexity of the optimal precoder design
for each RP using Theorem 1 is O(M2)

B. Massive D-MIMO

One of main advantages of our optimal system designed by
Theorem 1 is that it exposes some nice structures naturally
leading us to study its asymptotic behavior when the following
situations occur:

Case 1: M grows to infinity while K is kept fixed;
Case 2: K grows to infinity while M is kept fixed;
Case 3: K and M grow to infinity simultaneously.

Let us assume that the ratio of the number of receiver
antennas to that of the transmitter antennas, β is fixed, i.e.,
β = N

KM is a constant independent of K and M. By Theorem 1,

we have γ̃KM = ((β−1)KM+1)PT
KMW KMN0

. Therefore, we can directly attain
the following proposition.

Proposition 1: Let notations AkM , W KM , and γ̃KM are defined
in Theorem 1. Then, the following three statements are true for
massive D-MIMO systems:

1) If limM→∞ AkM = Ak exists for each k: 1 ≤ k ≤ K, then,
W K∞ = limM→∞ W KM = 1

K ∑K
k=1 Ak/Bk and thus, γ̃K∞ =

limM→∞ γ̃KM = (β−1)PT/(N0W K∞).
2) If W ∞M = limK→∞ W KM exists, then, γ̃∞M =

limK→∞ γ̃KM = (β−1)PT/(N0W ∞M).
3) If W ∞∞ = limK→∞ W K∞ exists, then, γ̃∞∞ = limK→∞ γ̃K∞ =

(β−1)PT/(N0W ∞∞). �
Fig. 1 verifies that the optimal worst case average received

SNR is indeed convergent, which implies that the assumptions
on Proposition 1 are reasonable.

IV. SIMULATION RESULTS

In this section, we carry out some computer simulations
to compare our proposed optimal precoding scheme with the
equal power-loading scheme considered in literature [17]. For
simulation simplicity, some parameters of the small and large-
scale fading are fixed throughout our experiments.

To show superiority of our proposed optimal power-loading
scheme, we compare the SER performance of the proposed
system with that of the system using the equal power allocation.
All numerical results are shown in Figs. 2 and 3. From these
results, we can see that the efficient utilization of the statistics of
the channels at the transmitter leads to significant performance
enhancement, particularly for the high correlation and the mas-
sive MIMO system.
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Fig. 1. Analytical received average SNR against the M or K (SNR = 20 dB,
β = 2, ρ = [0.1,0.6,0.9], v = 4, µk = 4, δk = 2).

Fig. 2. Simulated average SER against the SNR (QPSK, β = 2, K = 4, M = 2,
ρ= [0.1,0.5,0.9], v= 4, µk = 4, δk = 2, D1 = 0.5 km, D2 = 1 km, D3 = 1.5 km,
D4 = 2 km).

Fig. 3. Simulated average SER against the SNR (16QAM, β = [1.25,2,3],
K = 4, M = 2, ρ = 0.9, v = 4, µk = 4, δk = 2, D1 = 0.5 km, D2 = 1 km,
D3 = 1.5 km, D4 = 2 km).

V. CONCLUSION

In this letter, we have considered the D-MIMO system, in
which the channel experiences both small and large-scale fad-
ing. For such a system equipped with the ZF receiver, we have
developed an optimal precoder optimizing the worst-case of the
received average SNR subject to a total transmission power
constraint, where only the first-and second-order statistics of
the channel are needed at the transmitter. A simple closed-
form optimal solution has been attained. In addition, some
interesting asymptotic properties of the optimum of the worst
case received SNR for the massive D-MIMO systems proposed
in this letter have been revealed under some realistic assump-
tions. Comprehensive computer simulations have verified our
theoretic analysis and demonstrated that our presented optimal
system attains significant performance gains over the currently
available equal power-loading system.

REFERENCES

[1] H. Zhang and H. Dai, “On the capacity of distributed MIMO systems,” in
Proc. CISS, Mar. 2004, pp. 1–5.

[2] H. Dai, “Distributed versus co-located MIMO systems with correlated
fading and shadowing,” in Proc. IEEE ICASSP, May 2006, vol. 4, pp. 1–4.

[3] H. Dai, H. Zhang, and Q. Zhou, “Some analysis in distributed MIMO
systems,” J. Commun., vol. 2, no. 3, pp. 43–50, May 2007.

[4] H. Hu, Y. Zhang, and J. Luo, Distributed Antenna Systems: Open Architec-
ture for Future Wireless Communications. Boca Raton, FL, USA: CRC
Press, 2007.

[5] D. Castanheira and A. Gamiero, “Distributed antenna system capac-
ity scaling,” IEEE Wireless Commun., vol. 17, no. 3, pp. 68–75,
Jun. 2010.

[6] H. Zhu, “Performance comparison between distributed antenna and mi-
crocellular systems,” IEEE J. Select. Areas Commun., vol. 29, no. 6,
pp. 1151–1163, Jun. 2011.

[7] J. Zhang, C.-K. Wen, S. Jin, X. Q. Gao, and K.-K. Wong, “On capacity
of large-scale MIMO multiple access channels with distributed sets of
correlated antennas,” IEEE J. Select. Areas Commun., vol. 31, no. 2,
pp. 133–148, Feb. 2013.

[8] A. Tolli, M. Codreanu, and M. Juntti, “Cooperative MIMO-OFDM cellu-
lar system with soft handover between distributed base station antennas,”
IEEE Trans. Wireless Commun., vol. 7, no. 4, pp. 1428–1440, Apr. 2008.

[9] H.-F. Chong, M. Motani, and F. Nan, “Transmitter optimization for dis-
tributed Gaussian MIMO channels,” in Proc. IEEE ITA Workshop, 2010,
pp. 1–6.

[10] R. Zhang, “Cooperative multi-cell block diagonalization with per-base-
station power constraints,” IEEE J. Sel. Areas Commun., vol. 28, no. 9,
pp. 1435–1445, Dec. 2010.

[11] B. O. Lee, O.-S. Shin, and K. B. Lee, “Distributed MIMO precoding
strategies in a multicell environment,” IEEE Commun. Lett., vol. 15, no. 9,
pp. 938–940, Sep. 2011.

[12] J. Zhang, X. Yuan, and L. Ping, “Hermitian precoding for distributed
MIMO systems with individual channel state information,” IEEE J. Sel.
Areas Commun., vol. 31, no. 2, pp. 241–250, Feb. 2013.

[13] T. L. Marzetta, “Noncooperative cellular wireless with unlimited numbers
of base station antennas,” IEEE Trans. Wireless Commun., vol. 9, no. 11,
pp. 3590–3600, Nov. 2010.

[14] J. Hoydis, S. Ten Brink, and M. Debbah, “Massive MIMO: How many an-
tennas do we need?” in Proc. IEEE 49th Annu. Allerton, 2011, pp. 545–550.

[15] Y. Jing and B. Hassibi, “Distributed space-time coding in wireless relay
networks,” IEEE Trans. Wireless Commun., vol. 5, no. 12, pp. 3524–3536,
Dec. 2006.

[16] S. Yiu, R. Schober, and L. Lampe, “Distributed space-time block coding,”
IEEE Trans. Commun., vol. 54, no. 7, pp. 1195–1206, Jul. 2006.

[17] M. Matthaiou, C. Zhong, M. R. McKay, and T. Ratnarajah, “Sum rate
analysis of ZF receivers in distributed MIMO systems,” IEEE J. Select.
Areas Commun., vol. 31, no. 2, pp. 180–191, Feb. 2013.

[18] M. Chiani, M. Z. Win, and A. Zanella, “On the capacity of spatially
correlated MIMO Rayleigh-fading channels,” IEEE Trans. Inf. Theory,
vol. 49, no. 10, pp. 2363–2371, Oct. 2003.

[19] R. J. Muirhead, Aspects of Multivariate Statistical Theory. NewYork,
NY, USA: Wiley, 1982.

[20] Y. Ding, T. N. Davidson, Z.-Q. Luo, and K. M. Wong, “Minimum
BER block precoders for zero-forcing equalization,” IEEE Trans. Signal
Process., vol. 51, no. 9, pp. 2410–2423, Sep. 2003.



<<
  /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


