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Abstract—This paper presents a detailed sum rate charac-
terization of distributed multiple-input multiple-output systems
operating over composite fading channels and employing lin-
ear zero-forcing receivers. We consider the Rayleigh/Lognormal
fading model and also take into account the effects of path-
loss and spatial correlation at the transmit side. New closed-
form upper and lower bounds on the achievable sum rate
are proposed that apply for arbitrary numbers of antennas.
Moreover, we investigate the concept of large-scale multiple-
antenna systems when the number of receive antennas grow large.
In this asymptotic regime, it is shown that the effects of Rayleigh
fading are averaged out and the channel is dominated by the
much more slowly varying shadowing. An interesting observation
from our results is that in order to maximize capacity, the radio
ports should be placed at unequal distances to the base station
when they experience the same level of shadowing.

I. INTRODUCTION

The capacity limits of point-to-point MIMO systems have
been well investigated in the literature for more than a
decade now [1]-[3]. The area of distributed multiple-input
multiple-output (D-MIMO) systems, where multiple antennas
at one end of the radio link are placed into multiple radio
ports that are geographically separated, represents a promising
technology for achieving macro-diversity gains [4]-[7]. A
main difference between D-MIMO systems and conventional
point-to-point MIMO configurations is that in the former
case each radio link experiences different path-loss and large-
scale fading (a.k.a. shadowing) effects, due to the different
propagation paths. This makes their performance analysis a
challenging problem and very few analytical works have been
reported which investigate the impact of composite fading
channels (i.e., with both small-scale and large-scale fading)
on the performance of D-MIMO systems.

Some of the relevant works in this area include [8], in which
a large-system capacity analysis was performed while closed-
form expressions for the mean/outage spectral efficiency in
the high signal to noise ratio (SNR) regime were derived.
The ergodic capacity of D-MIMO systems was also explored
in [9], [10], using tools of majorization theory to propose
upper and lower capacity bounds. The common characteristic
of [7]-[10] is that they consider optimal nonlinear receivers,
whose complexity and implementation cost may be prohibitive
particularly if the number of antennas is not small. In this light,

linear receivers such as zero-forcing (ZF) [11] and minimum
mean squared error receivers [12] are often considered as low
complexity alternatives.

In the following, we pursue a detailed statistical analysis
of ZF receivers over composite Rayleigh/Lognormal (RLN)
fading MIMO channels, taking into account the effect of
spatial correlation at the transmit side. This scenario can, for
instance, occur when a number of small radio ports with small
inter-element spacings (e.g., hand-held devices) transmit data
to a base station (BS). To the best of the authors’ knowledge,
the only directly relevant works are [13] and [14]. In the
former, the authors considered a point-to-point MIMO system
under RLN fading and approximated the sum rate numerically
via Gauss-Hermite polynomials. On the other hand, whilst
[14] considered D-MIMO systems, the results were approx-
imations based on replacing the lognormal shadowing model
with the analytically friendly gamma distribution. Also, no
large-system analysis, in order to exploit the advantages of
large-scale multiple-antenna systems (LSMA), was performed
therein either.

In the following, we derive closed-form upper and lower
bounds on the sum rate of MIMO ZF receivers operating
over RLN fading channels and experiencing correlation at
the transmit side. The proposed bounds apply for any finite
number of antennas and remain tight across the entire SNR
range. We also investigate the performance of LSMA systems
by assuming that the number of receive antennas grow large.
In this case, it is explicitly demonstrated that the effect of
small-scale Rayleigh fading is asymptotically averaged out and
that the sum rate is affected only by the much more slowly
varying large-scale fading. It is also shown that the proposed
lower bound converges to a deterministic asymptote, which is
analytically derived.

Notation: We use upper and lower case boldface to denote
matrices and vectors, respectively. The n x n identity matrix
is expressed as I,,. A complex Gaussian variable with mean
p and variance o2 reads as CN(p,0?). The expectation
of a random variable is denoted as €[], while the matrix
determinant and trace by det(-) and tr(-). The (4, j)-th minor
of a matrix is denoted by A;;, A; is A with the i-th column
removed while [A],,,, returns the m-th diagonal element of
A. The symbols ()T and (-)” represent the pseudo-inverse
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and Hermitian transpose of a matrix, respectively, while [-]
is the ceiling operation to the nearest integer. Finally, ¢(z) is
Euler’s digamma function [15, Eq. (8.360.1)].

II. MIMO FADING MODEL

We consider an uplink D-MIMO system with N, receive
antennas and L radio ports each connected to N, transmit
antennas and also require that N, > LN,. Assuming no
channel state information at the transmitters, the available
average power, P, is distributed uniformly amongst all data
streams. In the case of composite fading, the input-output

relationship is
P
=/ —=HE!/? 1
Y=VIN = M

where y € CVr*1 is the received signal vector, s € CEN:¢x1
is the vector containing the transmitted symbols which are
drawn from a unit-power constellation and are also uncorre-
lated circularly symmetric zero-mean complex Gaussian vari-
ables. The complex noise term is zero-mean with covariance
& [nn*!] = NoIy,, where Ny is the noise power.

The small-scale fading is captured by the random matrix
H ¢ CN-*INt which is assumed to follow a complex zero-
mean Gaussian distribution with correlation among every row;
hence, we have H = ZRIT/ ?, where the entries of Z are
modeled as i.i.d. CA/(0,1) random variables while R is the
transmit positive definite covariance matrix. Note that small-
scale fading correlation occurs only between the antennas
of the same radio port since the L ports are, in general,
geographically separated.

On the other hand, the entries of the diagonal matrix
E ¢ RENeXLN: ref)resent the large-scale effects; thus 2 =
diag {In,&m/ Dy}~ Where D, denotes the distance be-
tween the receiver and the m-th radio port, while v is
the path-loss exponent. As was previously mentioned, the
shadowing manifestations are modeled via the classical log-
normal distribution. As such, we can express the probability
density function (PDF) of the large-scale fading coefficients

&n,m=1,..., L according to
(é- ) 17 _ (nln Emgﬂnz)Q g O (2)
pP\em) = —F7—==¢€ 27m y m =
Emn/2m02,
where 7 = 10/1n10, while p,, and o, are the mean

and standard deviation (both in dB) of the variable’s natural
logarithm, respectively. At this point, it is worth mentioning
that one intrinsic difficulty of the RLN model is that its PDF
is not available in closed-form. This renders the performance
analysis of D-MIMO systems operating in RLN fading chan-
nels cumbersome. Therefore, we first seek to derive some
tractable bounds on the sum rate of MIMO ZF receivers.

III. RATE ANALYSIS OF MIMO ZF RECEIVERS

In the following, we will focus on the sum rate performance
of MIMO ZF receivers. For the case under consideration, the
ZF filter is expressed as G = (P/LN,g)fl/2 T' where T £

HZ'/2. The instantaneous received SNR at the m-th ZF output
(1 <m < LN) is equal to [11]

A Y _ Y [E]mm
LN, [(THT)_l}mm LN, {(HHH)_l]mm

Yrm 3)

where v = P/Nj is the average SNR. Note that the second
equality follows from the fact that = is diagonal. The achiev-
able sum rate, assuming independent decoding at the receiver,
is determined as

LN,

R2 Y€ logy(1+7m)] )

m=1
where the expectation is taken over all channel realizations of
H, = and the channel is assumed to be ergodic.

A. Closed-form boundls

Capitalizing on the results of [16], we derive two novel
generic bounds on the sum rate of MIMO ZF receivers that
apply for a finite number of antennas and arbitrary SNRs:

Proposition 1: The sum rate of ZF receivers over correlated
RLN MIMO channels is bounded by R¥ < R < R¥Y with

RLN _
R =

0_2
wRe) o e ()
LN, 1
1082 | TN, — L) | N, L2 mz::l D
LN,
LN, »
+ 1y ¥ (N = LNy +1) = mX:jl log, [Rr'],,,,, ®)

LN,
R — N g, (14 -1 N, — LN, + 1) + %™
L mz_10g2< +LNteXp P ( ¢+ 1)+ )

—In[Ry'] —vln Dm/)> (6)
where m’ = [m/N].
Proof: Applying the generic bounding techniques of [16,

Th. 1] and [16, Th. 3], after some basic algebra and taking
into account (3), we can easily get

Ry = Lo, (£ 1)+ 221 B

(LN:)?
— LZNtlg [log, (det (H”"H)) —log, (det (H H,,,))]
(7
Ry = :szilogZ (1 + LiNt exp (5 {m (Bm)
+In (det (H”H)) —In (det (HZH,,)) ] >) ®)

where A is an unordered eigenvalue of H H. We note that
both bounds decouple the small and large-scale fading terms.
The terms corresponding to the small-scale Rayleigh fading
can be evaluated by successively using the property of square
matrices det (AB) = det (A) det (B), and then recalling the

3858



following result for a N,. x LN; (with N, > LN,) central
Wishart matrix [2, Eq. (A.8.1)]
LN,—1

Z ¥ (N, ©

The first negative moment of /\ is equal to &[A7Y] =
tr (R7') /(LN:(N, — LN,)) [16, Th. 4]. For the shadowing
terms, recall the fundamental properties of a lognormal variate

(10)

Em ~ LN(,LL771/77a‘772n/772) [17],
7,,20.2
272 )
= Lo /7). (11

elen] = o (2 4
n
£[Ingy]

Combining these results and applying the key matrix property
[A7!] = det(Ay.n,)/det (A), we conclude the proof. m

Note that for the special case L = 1 (i.e. point-to-point
MIMO systems), we have an alternative upper bound as
follows:

Corollary 1: For L = 1, the sum rate of ZF receivers over
correlated RLN MIMO channels is upper bounded by R <
REIN with

DVtr (R;! 2_9
RiLN:Ntlog2< 1 ( T ) exp(al 277,“1)_’_7)

Nt(N _Nt) 2’[7 Nt
+m¢ (N, — N, + Zlog2

M1
-+ Nt (’(]1112 — U10g2 D]) . (12)

Proof: The proof follows by noting that in the case L = 1,
we have 2 = (&, /D7 )Iy, and by simple rearrangement of (7).
The first negative moment of &; can be evaluated by setting
r = —11in (10). ]

As will be shown in the subsequent analysis, the main
difference between the above bound and Ry, is that the
former becomes exact at high SNRs. Interestingly, R is
independent of the variance of the lognornal distribution, o,.
We point out that Ry exists only for rectangular MIMO
matrices with N, > LN, + 1, whereas Ry is more general
and exists for square matrices (i.e. N, = L) also. Clearly,
the sum rate tends to monotonically increase with the mean
of the shadowing distribution p,,,, while in all cases under
consideration, higher transmitter-receiver distances tend to
effectively reduce the sum rate due to the increased path-loss.

In order to better assess the effects of shadowing parameters,
we will now introduce two basic results from majorization
theory:

Lemma 1: [18, p. 7] For any vector x € R", let a € R"
denote the constant vector with the i-th element given by a; =
(1/n) >"}_, zx. Then, x majorizes a, or a < x. This result
indicates that the vector with identical entries is majorized by
any vector with the same sum value.

Lemma 2: [18, 3.A.1] A real-valued function f(-) defined
on a set A is said to be Schur-convex on A if

y<x on A = f(y) < f(x).

& [In (det (z"2Z)

m m

(13)

With these results in hand, we can now present the following
key result for the case of uncorrelated RLN fading:

Corollary 2: When p,, = p, m = 1,...,L, the lower
bound RS is a Schur-convex function with regard to D,,,
m =1,...,L. Moreover, when D,, = D, m =1,...,L, the
lower bound R¥ is a Schur-convex function with regard to
m, m=1,..., L.

Proof: Let us start with the first claim. When p,, = p,
the lower bound reduces to
a

L
R¥N = N, Z log, (1 +
m=1

where a = TN, €XP (w( — LNy + 1)+ ) Let us now
define the function f(z) £ log, (1+ -%). Then, it is not
difficult to compute
Pf@)  av (v+ 12" +a)
de?2  In2 (2vt! + ax)?

> 0. (15)

Hence, f(x) is convex w.r.t. z. As such, the first claim can be
proved by invoking a result from [9, Lemma 1].
Similarly, when D,,, = D, the lower bound reduces to

L
RMY — N, Z log, <1 +bexp <M;7n)>

m=1

(16)

where b = o, exp (¥ (N — LNy + 1) —vIn D). Again, we

log, (1 + bexp (%
convex function w.r.t. 2, which confirms the second claim. ®

Combining Corollary 2 with the above Lemmas, we can
infer that the radio ports should be placed at unequal distances
to the BS when they experience the same level of shadowing;
this implies that a symmetric deployment of radio ports (i.c.
equal distances to the BS) can not in practice maximize the
achievable sum rate of MIMO ZF receivers. This can be
attributed to the decay rate of D,." being much faster for
small values of D,,. As such, having some radio ports very
close to the BS is highly beneficial since these ports contribute
significantly to the total sum rate, thereby making the non-
symmetric configuration superior.

We can now assess the performance of the proposed bounds
against different model parameters. In Fig. 1, we examine
the tightness of the upper bound RY in (5), RE in (12)
and the lower bound R¥" in (6) against the SNR. We keep
Ny = 4, = 1 and increase only N,. Here and in subse-
quent figures, the transmit correlation matrix is constructed as
Ry = diag {RT»m}izl where R ,, is the correlation matrix
between the antennas of the m-th port. The entries of the latter
are modeled via the common exponential correlation model
{Rrm},,; = pltzmjl with p¢,,, € [0,1) being the transmit
correlation coefficient.

It is evident that having more receive antennas can sys-
tematically improve the performance of a MIMO ZF receiver,
which is due to the mitigation of the noise enhancement effect.
Clearly, both RN and REMV tighten (i.e. they approach the
exact sum rate curves) at high SNRs and when the number

can show that the function g(z) = ) is a
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Fig. 1. Simulated sum rate and upper/lower bounds against the SNR ~ for

RLN fading (N; =4, L = 1,0 =4, pt.y = 0.8, i, = 4 dB, o', = 2 dB,
D = 1000 m).

of antennas grows large. On the other hand, the more general
upper bound R} remains sufficiently tight across the entire
SNR range; in fact, for small number of receive antennas, N,
RMN is tighter than RE™ in the low SNR regime. In order to
get some additional insights into the tightness of RV, we can
consider the associated bounding error at high SNRs, which
is quantified as a fixed rate offset given by

ARRLN L RI[{/[..N _ RRLN

q

2
L Km m
1 exp ( + 2)
—»00 n m
"= LNogs | £ > —

m=1

(77'1{:2 —vlog,y Dm) .
Interestingly, this offset is only a function of the shadowing
parameters, the number of transmit antennas and radio ports,
and is independent of the spatial correlation and numbers of
receive antennas. This occurs due to the inherent structure of
Ry, described in (7), which decouples the terms depending on
small-scale fading from those depending jointly on SNR and
large-scale fading. In general, R is tighter for small number
of transmit antennas and radio ports and small transmitter-
receiver distances. Note that for the special case of point-to-
point MIMO systems (L = 1), the expression in (17) simplifies
to

L

_Ntz

m=1

(17)

N Y00 NtO'%

ARMN "= L
i 27?2 In 2

The above result further indicates that for a fixed L, the upper
bound is tighter for a small number of transmit antennas and
smaller shadowing variance. In other words, the bound is
tighter when the fading fluctuations are not very severe.

In Fig. 2, we investigate the impact of radio ports’ deploy-
ment on the sum rate. To this end, we consider two different

(18)
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Fig. 2.  Simulated sum rate and upper/lower bounds against the SNR ~

for RLN fading and two different configurations (N, = 12, Ny = 2, L =
3,v =4, pt,m = 0.8, tm = 4 dB, 0y = 2 dB with (a) anti-symmetrical
configuration D1 = 1000 m, Do = 1500 m, D3 = 2000 m and (b)
symmetrical configuration D1 = D2 = D3 = 1500 m).

configurations with the same total distance constraint. For the
symmetrical configuration, all ports are placed at the same
distance to the BS (D1 = Dy = D3 = 1500 m) while for the
anti-symmetrical configuration we have that D; = 1000 m,
Dy = 1500 m, D3 = 2000 m. As suggested by Corollary 2,
the latter configuration yields higher sum rate due to weaker
path-loss effects (i.e. it is beneficial to put the radio ports
close to the BS to get a stronger signal). On the other hand,
it turns out that both bounds, and especially the upper bound,
are tighter for the former configuration.

B. Sum rate analysis of LSMA systems with ZF receivers

We can now investigate the emerging area of LSMA sys-
tems, which are anticipated to deploy very large number of
low power antenna elements (e.g., hundreds of antennas at
a BS with a power on the order of mW) [19]. In this case,
we assume that the available transmit power is normalized by
the large number of antennas at the BS. With the aid of this
normalization, we guarantee that the total received power does
not diverge as NV, — co. Mathematically speaking, we set the
transmit power, P, to be scaled down /N, times such that the
effective transmit SNR can be defined as ~, £ ~v/N,., where
v is kept fixed and finite.

Corollary 3: For RLN MIMO channels as NV, grows to
infinity and NV, is kept fixed, while the effective SNR is given

A

by vu = /N, Ry, approaches

L
Ny—o0 'YuNr Hm
R, = N E log, (1 + LN, exp (77 —wvlin Dm>)

m=1
19

L
g Hom
= N log (1+exp (—Ulan)>.
mZ:1 ’ LN n

(20)
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Proof: For the lower bound in (8) it suffices to recall that
P(z) = In(z) + 1/ + O(1/2?), if 2 — oo and thereafter
simplify. |

From Corollary 3 a number of insightful observations can
be drawn: first, when the number of receive antennas grow
without bound, the effects of small-scale Rayleigh fading
are asymptotically averaged out and the wireless channel is
dominated by the much more slowly changing large-scale
fading. This conclusion is consistent with [19], [20], although
the authors therein considered shadowing as a deterministic
manifestation. More importantly, even by scaling down the
transmit power with the number of BS antennas, we can still
average out the effects of fading and, at the same time, serve
LN, radio ports (users) with a simple linear ZF receiver.
From (20), we can easily infer that in the large-antenna limit,
we can still acquire a linear increase with the number of
transmit antennas per radio port and a logarithmic increase
with the SNR. Finally, (20) clearly demonstrates the impact
of shadowing parameters on the sum rate that reflects the same
observations made for the finite-V,. case.

IV. CONCLUSION

The impact of large-scale fading, path-loss and spatial
correlation on the performance of D-MIMO systems is of
fundamental importance since it can significantly limit the
advantages of this promising technology. Despite this, perfor-
mance results for D-MIMO systems are not yet well-known,
mainly due to the difficulty in averaging the eigen-statistics
over the shadowing distribution.

Motivated by this, we herein investigated in detail the sum
rate analysis of D-MIMO ZF receivers over composite RLN
fading channels. More specifically, we presented two new
upper and lower bounds on the sum rate that apply for any
arbitrary number of antennas. We also considered LSMA
systems where the number of BS antennas grows without
bound. A very important observation is that in the “large-
system” regime, the effects of small-scale Rayleigh fading
are averaged out and only the much more slowly varying
shadowing effects remain. This is achieved with a simple
ZF receiver and by scaling down the transmit power with
the large number of receive antennas. Finally, our results
explicitly showed that the radio ports should be placed at
unequal distances to the base station when they experience
the same level of shadowing,

ACKNOWLEDGMENTS

The work of M. Matthaiou has been supported in part by
the Swedish Governmental Agency for Innovation Systems
(VINNOVA) within the VINN Excellence Center Chase. The
work of M. R. McKay was supported by the Hong Kong
Research Grants Council under grant number 617108. The
work of T. Ratnarajah was supported by the Future and
Emerging Technologies (FET) Programme within the Seventh
Framework Programme for Research of the European Com-
mission under FET-Open grant number CROWN-233843 and

also by the U.K. Engineering and Physical Sciences Research
Council under Grant EP/G026092/1.

REFERENCES

[1] L. E. Telatar, “Capacity of multi-antenna Gaussian channels,” Europ.
Trans. Telecommun., vol. 10, no. 6, pp. 585-595, Nov./Dec. 1999.

[2] A. Grant, “Rayleigh fading multi-antenna channels,” EURASIP J. Appl.
Signal Process., vol. 2002, no. 3, pp. 316-329, Mar. 2002.

[3] C. K. Wen, S. Jin, and K.-K. Wong, “On the sum-rate of multiuser
MIMO uplink channels with jointly-correlated Rician fading,” /EEE
Trans. Commun., vol. 59, no. 10, pp. 28832895, Oct. 2011.

[4] W. Roh and A. Paulraj, “Outage performance of the distributed antenna
systems in a composite fading channel,” in Proc. IEEE Veh. Techn. Conf.
(VTC), vol. 3, pp. 1520-1524, Vancouver, Canada, Sept. 2002.

[5] H. Zhang and H. Dai, “On the capacity of distributed MIMO systems,” in
Proc. Conf. Inform. Sciences and Systems (CISS), Princeton University,
Princeton, NJ, Mar. 2004.

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

[7] H. Dai, “Distributed versus co-located MIMO systems with correlated
fading and shadowing,” in Proc. IEEE Int. Conf. Acoustics Speech Signal
Proc. (ICASSP), Toulouse, France, May 2006.

[8] D. Wang, X. You, J. Wang, Y. Wang and X. Hou, “Spectral efficiency
of distributed MIMO cellular systems in a composite fading channel,” in
Proc. IEEE Intern. Conf. Commun. (ICC), Beijing, China, May 2008, pp.
1259-1264.

[9] C. Zhong, K.-K. Wong, and S. Jin, “Capacity bounds for MIMO
Nakagami-m fading channels,” /EEE Trans. Signal Process., vol. 57, no.
9, pp. 3613-3623, Sept. 2009.

[10] M. Matthaiou, N. D. Chatzidiamantis, G. K. Karagiannidis, and J. A.
Nossek, “On the capacity of generalized-K fading MIMO channels,”
IEEE Trans. Signal Process., vol. 58, no. 11, pp. 5939-5944, Nov. 2010.

[11] D. A. Gore, R. W. Heath, Jr., and A. Paulraj, “Transmit selection in
spatial multiplexing systems,” /EEE Commun. Lett., vol. 6, no. 11, pp.
491-493, Nov. 2002.

[12] M. R. McKay, I. B. Collings, and A. M. Tulino, “Achievable sum rate
of MIMO MMSE receivers: A general analytic framework,” /EEE Trans.
Inf. Theory, vol. 56, no. 1, pp 396-410, Jan. 2010.

[13] M. Park, C. B. Chae, and R. W. Heath, Jr., “Ergodic capacity of spatial
multiplexing MIMO channels with log-normal shadowing and Rayleigh
fading” in Proc. IEEE Int. Symp. Personal Indoor Mobile Radio Commun.
(PIMRC), Athens, Greece, Sept. 2007.

[14] M. Matthaiou, N. D. Chatzidiamantis, G. K. Karagiannidis, and J. A.
Nossek, “ZF detectors over correlated K fading MIMO channels,” /IEEE
Trans. Commun., vol. 59. no. 6, pp. 1591-1603, June 2011.

[15] L. S. Gradshteyn and I. M. Ryzhik, Table of Integrals, Series, and
Products, Seventh Ed. Academic Press, 2007.

[16] M. Matthaiou, C. Zhong, and T. Ratnarajah, “Novel generic bounds on
the sum rate of MIMO ZF receivers,” I[EEE Trans. Signal Process., vol.
59, no. 9, pp. 4341-4353, Sept. 2011.

[17] J. Aitchison and J. A. C. Brown, The Lognormal Distribution, Cam-
bridge University Press, Cambridge, U.K., 1957.

[18] A. W. Marshall and 1. Olkin, Inequalities: Theory of Majorization and
Its Applications, New York: Academic Press, 1979.

[19] T. L. Marzetta, “Noncooperative cellular wireless with unlimited num-
bers of BS antennas,” IEEE Trans. Wireless Commun., vol. 9, no. 11, pp.
3590-3600, Nov. 2010.

[20] H. Q. Ngo, E. G. Larsson, and T. L. Marzetta, “Energy and spectral effi-
ciency of very large multiuser MIMO systems,” submitted to IEEE Trans.
Commun., 2011, [Online] Available at http://arxiv.org/abs/1112.3810.

3861




<<
  /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
  /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 true
  /MaxSubsetPct 1
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /SABAEN44
    /SAKURAalp
    /Shruti
    /SimSun
    /STSong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


