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Abstract—In this letter, we analyze the ergodic capacity of
a two-hop multiple-antenna amplify and forward (AF) system,
where the relay is subject to co-channel interference (CCI) while
the destination is corrupted by additive white Gaussian noise
(AWGN) only. A novel integral transform, called the complemen-
tary moment generating function transform (CMGF), is proposed
as a unified tool to compute the ergodic capacity. When both the
relay and destination perform maximum ratio combining (MRC),
we derive a new analytical exact expression for the ergodic capac-
ity. It is shown that the ergodic capacity is better improved by
increasing the number of antennas at the relay IV, than that at
destination V4. Unfortunately, the system shows an incapability
of canceling interference even if IV,. and/or N, grows large.

Index Terms—Two-hop relaying, co-channel interference, er-
godic capacity, multiple antennas.

I. INTRODUCTION

HE deployment of wireless relays has rekindled a wide

interest from the wireless communication community as
a means of achieving high throughput where traditional archi-
tectures are unsatisfactory, such as in cell-edge, indoor, etc.
Several relaying protocols have been introduced in the literature
[1]. Of particular interest is the amplify-and-forward (AF)
scheme due to its low complexity. In such a scheme, in fact,
each relay mimics a simple repeater by forwarding a scaled
version of the received signal to the destination node.

Nevertheless, deployed relays in future wireless systems gen-
erations will, inevitably, face a complex co-channel interference
environment due to the highly aggressive frequency reuse. The
latter actually causes a more severe performance degradation
than thermal noise [2].

Aiming to understand the performance limitations of relay-
ing systems in the presence of interference, significant contri-
butions investigating the ergodic capacity in various practical
scenarios have appeared. As far as the analysis of single antenna
systems is concerned, some insightful results can be found
in [3], [4]. These studies have shed new insights into how
the ergodic capacity is dominated by the interference power,
especially at the relay. Recently, most research activity has been
devoted to the analysis of multiple antenna (MIMO) systems,
which have been shown to provide significant improvements
to the achievable data rates. Some relevant contributions on
the analysis of channel capacity for these systems are [5], [6],
where analytical bounds for the channel capacity over Rayleigh

Manuscript received September 8, 2014; revised September 29, 2014;
accepted October 5, 2014. Date of publication October 13, 2014; date of current
version February 18, 2015. This work was supported by the Discovery Grants
Program and a Discovery Accelerator Supplement Award from NSERC. The
associate editor coordinating the review of this paper and approving it for
publication was Y. Rong.

The authors are with the INRS-EMT, Telecommunications, Montreal, QC
HS5A-1K6, Canada (e-mail: itrigui @emt.inrs.ca).

Color versions of one or more of the figures in this paper are available online
at http://ieeexplore.ieee.org.

Digital Object Identifier 10.1109/LWC.2014.2362744

Interference

N

]
h/lvA———A%;U

Fig. 1. System model.

fading channels with various diversity-combining techniques
are obtained.

This letter is a nontrivial and useful add-on of the framework
proposed by [6], with the main objective and motivation of
taking advantage of an MGF-based approach to obtain new
closed-form expressions for the ergodic capacity of two-hop
MIMO AF systems, an objective deemed impossible to acheive
by the authors of [6].

II. SYSTEM MODEL

Let us consider the two-hop MIMO network in Fig. 1, where
both the relay R and destination D are equipped with N, and
N antennas, respectively, while the source S is equipped with
a single antenna. We assume that the relay is subjected to M
independently but not necessarily identically distributed co-
channel interferers that dominate the noise effect, while the
destination is corrupted by AWGN only. Interference-limited
relay and noisy destination stems from cell-edge or frequency-
division relaying [4], [7].

Let! the N, x 1 vectors {hy,g;},i=1,..., M denote the
channels for the source-relay and i-th interference-relay links,
respectively, with entries following identically independently
distributed (i.i.d) complex circular Gaussian random variables
CN(0,1). Let also x and sy, denote the source and the i-th
interferer symbol satisfying E{zz"} = Ps and E{sy s}, } =
Pr.,i=1,..., M. Then the received signal at the interference-
limited relay is given by

M

yr=w bz +> gisr, | e
i=1

where w is set to match the first hop, i.e., w = h;/||h;]|, also

known as the MRC combiner. The relay node transmits a trans-

formed version of the received signal to the destination such that

ya = u[GHavy, + n], 2)

where Hy = [hao, .]J.VT"_Nd is a N, x Ny matrix and denotes the
,3dd,5=1

channel for the relay-destination link with entries following i.i.d
CN(0,1), n is the Ny x 1 AWGN vector at the destination

'Bold lower case letters denote vectors and lower case letters denote scalars.
E{x} stands for the expectation of the random variable x, * denotes the
conjugate operator and, T denotes the conjugate transpose operator.
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node with E{nn*} = NyI, where I is the identity matrix, u
and v are the transmit precoding and receive filtering vectors at
R and D, selected by using the channel matrix Hy as the first
columns of U and V, respectively, corresponding to the largest
singular value of H,? Combining (1) and (2), the end-to-end
signal-to-interference-plus-noise ratio (SINR) of the system can
be expressed as

B PAG2|wihy |
G2AS M \wigi|*Pr, + Ny’

3)

where A is the largest eigenvalue of the Wishart matrix H;H2
and G is the power constraint factor given by

2 P,
- M
Pshghl + Zi:1
By substituting (4) into (3), we obtain
Alhy 2P,

No Z ‘hlgz‘ PI

. 4)
‘WTgi|2PI7:

- 5)
S misl
[hq]?

Finally, after noting p; = Ps/Ny, p2 = P,/Ny, and p;, =
Pr,/No,i=1,..., M, amore compact form of (5) is obtained,
after some manipulations, as

Y172
=—, (6)
K T+n+1
Z ‘hlgl‘ PI;

where 7, = ‘hlljpl N ,and v = Aps.

Hh 8

III. ERGODIC CAPACITY ANALYSIS

The ergodic capacity is defined as the expected values of
the instantaneous mutual information and is mathematically
expressed as

1
C = 3E[logy(1+7)]. )

in which ~ stands for the end-to-end SINR and the factor 1/2
accounts for the total number of time slots required for the
transmission.

A. Novel MGF-Based Approach for Two-Hop Channel
Capacity Computation

In this section, we propose a new integral transform for
channel capacity computation by relying on the knowledge
of the first hop complementary CDF (CCDF) and the second
hop MGF.

Theorem 1: The ergodic capacity of two-hop AF relaying
system can be computed as

1 oo o oo o
2ln( ) </o e *M, (s)ds 7/0 e *M,, (s)M,,(s) ds)
=Cy — Cho (®)

where My (+) stands for the MGF of X and My (-) denotes the
complementary MGF (CMGF) defined as

Mx(s) £ / " e Py (a)de, ©)
0

2The singular value decomposition of Hy is given by Ho = UEVT, where
3 is the Ng X N, matrix having the largest singular value v/A as the first
element on the main diagonal. Further, U and V, are unitary Ny X Ny and
Ny X N, matrices, respectively.

with F'x (x) denoting the CCDF of X. In this letter, the integral
in (8) is called CMGF transform, as it relies on a CMGF kernel
function.

Proof: Combining (6) and (7), the ergodic capacity of the
system can be computed by

o %E [1og2 ((1 +y)(1+ ’m))}

1+7v1+7
:CM + 072 - CWT,

211}(2) [1n(1+’y7)]1 1,2 and C’YT 2111(2) [1H(1+
~1 + 72)]. Noticing that the quantities C, ., X € {1,2,T} can

be expressed by means of the MGF-based approach in [8] as

(10)

where C, =

1 00 =8
Cyy = == —(1-M d 11
X 21[1(2) /0 s ( X (8)) S, ( )
and resorting to the key transformation
M, (s) =1— 5/ e F, (x)dr, (12)
0

then, pulling all together in (10), the ergodic capacity can be
expressed as

o 1 /Ooefs 1-— (1 — s]\//.Tvl(s)) .
0

~ 2In(2) s

00 o 00 1 1—81/\M (S) M (S)
1-M 1 2
/ 675 72(3) dS—/ 678 ( v ) i dS ,
0 s 0 s

13)

where M is defined in (9). To this end_ simplifying (13) yields
the desired result.

We remark that the result in (8) offers a flexible and simple
approach for the computation of the ergodic capacity that relies
on the knowledge of the first-hop SIR CMGF and the second-
hop SNR MGF. To the best of our knowledge, closed-form and
exact expressions for these quantities do exist for most fading
models. Moreover, in those scenarios where very complicated
expressions of the CMGF/MGEF of the per-hop SIR/SNR do not
allow easy computation of the aforementioned integral in closed
form, the result in (8) can efficiently and easily be obtained
using standard computing environments, such as Mathematica.
In fact, in contrast to [8], it is worth noting that the singularity
of the % kernel function around zero is avoided by the integral
simplification performed in (13) and that the evaluation of (8)
does not face, in general, numerical problems.

B. Ergodic Capacity of Two-Hop MIMO AF Systems With
Interference in Rayleigh Fading

Hereafter, we will restrict the scope of (8) to the yet challeng-
ing scenario described in Section II.

Corollary 1: The ergodic capacity of two-hop MIMO AF
systems with interference is obtained as

N,—1p(D) 7:(D) Uy
k=0 =1 j=1 k+‘7
P (P+Q)a— 2a?
B(a,b)
P2 5, 14
k:+1 Zl Z NCES el RS
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where
o _[eR(akegrn-ge), gl
k.j= Priiy
2F1< T P1<1i>)’ p1 >7
15)
and
0;1+b;14+k
5, —qbLLL2 &’ P1 ; i1 ’ 16
ki =S |, 701“) 0:0,j—1 (16)
wherein 2F;(-) and Gp’qg ;J]lB (0,5 (») denote the Gauss

hypergeometric function [9, Eq. (9.100)] and the general-
ized Meijer-G function [10], respectively. Moreover in (14),
D = diag(pr,, p1ys- -+, P1p,)> p(D) is the number of distinct
diagonal elements of D, py,, > pr, >...> pr,,, are the
distinct diagonal elements in decreasing order, 7;(D) is the
multiplicity of py ,, and ¢; ;(D) is the (4, j)-th characteristic
coefficient of D [11]. For instance, when non-equal-power
interferers are considered, we have 7;(D) =1 and ¢; 1 (D) =

Hzg?k#l 1/ < » ) In (14), we also note that the coef-

ficients 3(a, b) are given by?

Ca7bb!
a M (P = DNQ — )Y

where P = min(N,, Ny) and Q = max(N,, Ng).

Proof: According to the CMGF transform and the SINR
expression in (6), the ergodic capacity of two-hop AF systems
with multiple antennas at the relay-destination pair, interference
at the relay and noise at the destination is obtained by the
calculation of the two Aitems 61 and 6’12.

1) Calculation of Cy: To proceed, we need to find out the

/8(a7b) =

A7)

statistics of y; = L 1)‘( L1 where y = % It is easy

to observe that |h; |? is an exponential random variable with pdf
N1

Sy () = me ‘ (18)

Also, according to [11], x follows an hyper-exponential distri-
bution with pdf

j 1
x] o x
P1< )

") (19)
(j—1)!

p(D) 7;(D)
Then invoking [9, Eq. (3.381.8)] and [9, Eq. (3.381.4)], the
CCDF of ~; is obtained after some manipulations as
N,-1p(D) 7;(D)
=D D B DA
k=0 i=1 j=1
k+j
. k
« F(k + j) (zpfm > P1 (20)
F(J)k' P1 lex‘f‘m
3¢a,p is the coefficient of e~ %®x® in the expansion of 7= d — det[S(z)], where

S(x) is an P x P Hankel matrix with elements S; ; = 'y(Q P+i+j—
1, z), with v(+) denoting the incomplete Gamma function [9, Eq. (6.5.3)]. The
coefficients cq,p, can be readily determined using mathematical softwares such
as Maple or Mathematica.
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The next step is to calculate Z/M\Vl. From (9), and using (20),
along with some basic algebraic manipulations, we arrive at

N,—1p(D) 7;(D)

ZZZCw

=0 i=1 j=1

L(k+J) p1
(]) PI

vlk+r1,2-5; 2 5), @b
Pl

where U(a;b;z) denotes the Triconomi confluent hypergeo-
metric function [9, Eq. (9.211.1)]. Then, substituting (21) into

51, the latter can be evaluated as

N,.—1 p(D) 7;(D) k—|—j)
7J )
k=0 i=1 j=1
[e%} PI i
X / e 1 "U(k+1,2—4,8)ds. (22)
0
I
Utilizing, [9, Eq. (7.621.6)], we obtain
L'(j)
S VAN, 23
Tk+j+1) ™ @3)

wherein Uy, ; is given in (15). Finally, substituting (23) into (22)
yields the desired result.

2) Calculation of C12: Since M., (s) is derived in (21), the
remaining task is to figure out M., (s). To derive the latter, one
needs the closed-form statistics of A, the largest eigenvalues of
the central Wishart matrix H;Hg. According to [12], f,, can
be expressed as

2, (24)

where ((a,b) is defined in (17). Then, the MGF of s is
obtained as

Bla,b)

P (P+Q)a—2a?
prg 4 1)b+1 :

X 2 @
a=1  b=Q a

To this end, substituting (21) and (25) into 512, the latter can
be evaluated as

(25)

R N,—1p(D) 7;(D) T(k —I—j)zP:(PJF%Qaz
012— i -
k=0 i=1 j=1 ‘]) a=1 b=Q
- \I/<k:—|—1,2—j, L s)
« 5(a,b)£/ e b:I ds. (26)
Py Jo (L2254 1)

[l

We now have to solve the integral d to derive 6‘12 To this end,

Gt (3] 2 1 2
)

)ds, Q7

N (
(9343)] and, \I/(a, b, Z) = WG < ‘
[9, Eq. (9.34.3)], the integral ® is now given by

<I>:A/ e Gl (p23 —k
0 ’ a

noticing that (1 + Sx)™¢

1—a
0,1—0

P1

—b\ 2,1
G)
0) 1’2<p

S .
14y O?J -
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Fig. 2. The impact of the R — D MIMO link size (N, Ng) and the inter-
ference power p; on the ergodic capacity of two-hop MIMO AF systems with
p1=p2 =p,and M = 3.

where A = 1/T'(b+ 1)T'(k + 1)I'(k + 7). Integrals of this type
can be evaluated by means of a G-function of two variables [10,
Eq. (1.2)], as can be seen from a more general integral formula
due to [10, Eq. (3.2)]. Accordingly and under consideration of
the functional relation

Qe ’Yl,..-,’Yc)le €1,...,€R
T, 31— ces l=yo; 1—€q, ...
GO#],IC l ; ‘ 717 9 9 5 5 )
0,[C,E,0,[D,F] |F1: 72| | _ T o O
(28)
we obtain
G1111’2 o2 o |01+ 1+ kK
1[ ]707[172] a7pl<i> 70’07.]_1
¢= (29)

T+ 1DT(k+ DTk +5)
Finally, substituting (29) into (26), 612 can be expressed in a
compact-form as

N,—1p(D) 7:(D) P (P+Q)a—2d*

o CZ,J
Crz = 2111 Z DT Z Z
= i=1 j=1
Bla,b) ~111.12 p2 p1 | 0;14b1+k
mGL[l o2\ g p L5005 (30)

Finally, pulling everything together yields the desired result.*

IV. NUMERICAL RESULTS

Fig. 2 plots the ergodic capacity of two-hop multiple-antenna
AF systems with different values of /V,. and N, under different
interference power levels, i.e., weak interference p; = 0 dB and
strong interference p; = 25 dB. As shown in the figure, the
theoretical results match perfectly their empirical counterparts,
confirming thereby the correctness of the analytical expres-
sions. It is observed that the ergodic capacity is better improved
by increasing the number of antennas at the relay NN, than
that at the destination IN;. However, as the interference power
grows large, the capacity gap between the different antenna
configurations narrows down at low SNR. On the other hand,
stronger interference has a detrimental effect on the capacity
performance of the MRC scheme as shown by the considerable
gap between the two interference power scenarios.

Fig. 3 investigates the interference reduction capability
of two-hop MIMO AF systems. By letting N, grow, we

4 An accurate routine for the evaluation of the bivariate Meijer’s G function
can be found in [13].
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Fig. 3. Ergodic capacity versus the relay antenna number N, with p1 = pa =
10dB, p;y = [1,5] dB for M = 2 and p; = [1,2, 3,4, 5, 6] dB for M = 6.

observe that the ergodic capacity increases at a rate that grad-
ually becomes smaller without attaining the performance of an
interference-free system. On the other hand increasing Ny is
useless, more so when M is larger.

V. CONCLUSION

Named as CMGF, a novel integral transform was proposed
as a unified tool to compute the ergodic of a two-hop multiple-
antenna AF system, where the relay is subject to CCI, while the
destination is only corrupted by AWGN. When both the relay
and destination perform maximum ratio combining, we have
been able to derive a new analytical exact expression for the
ergodic capacity. The letter’s findings have shed new lights on
how the antenna number, the CCI numbers, and the interference
power affect the performance of the system.

REFERENCES

[1] J.N.Laneman, D. N. C. Tse, and G. W. Wornell, “Cooperative diversity in
wireless networks: Efficient protocols and outage behaviour,” /[EEE Trans.
Inform. Theory, vol. 50, no. 12, pp. 3062-3080, Dec. 2004.

[2] J. H. Winters, “Optimum combining in digital mobile radio with cochan-
nel interference,” IEEE J. Select. Areas Commun., vol. SAC-2, no. 4,
pp. 529-539, Jul. 1984.

[3] L. Trigui, S. Affes, and A. Stéphenne, “Ergodic capacity analysis for
interference-limited AF multi-hop relaying channels in Nakagami-m fad-
ing,” IEEE Trans. Commun., vol. 61, no. 7, pp. 2726-2734, Jul. 2013.

[4] I Trigui, S. Affes, and A. Stéphenne, “On the ergodic capacity of amplify-
and-forward relay channels with interference in Nakagami-m fading,”
IEEE Trans. Commun., vol. 61, no. 8, pp. 3136-3145, Aug. 2013.

[5] Y. Huang et al., “On the capacity of dual-hop multiple antenna AF relay-
ing systems with feedback delay and CC1,” IEEE Commun. Lett., vol. 17,
no. 6, pp. 1200-1203, Jun. 2013.

[6] G. Zhu, C. Zhong, H. A. Suraweera, Z. Zhang, and C. Yuen, “Ergodic
capacity comparison of different relay precoding schemes in dual-hop AF
systems with co-channel interference,” IEEE Trans. Commun., vol. 62,
no. 7, pp. 2314-2328, Jul. 2014.

[7] R. Pabst et al., “Relay-based deployment concepts for wireless and mo-
bile broadband radio,” IEEE Commun. Mag., vol. 42, no. 9, pp. 80-89,
Sep. 2004.

[8] K. A. Hamdi, “Capacity of MRC on correlated Rician fading channels,”
IEEE Trans. Commun., vol. 56, no. 5, pp. 708-711, May 2008.

[9] L S. Gradshteyn and I. M. Ryzhik, Table of Integrals, Series and Products,
Sthed. San Diego, CA, USA: Academic, 1994.

[10] R.U. Verma, “Onsome integrals involving Meijer’s G-fucntion of two vari-
ables,” Proc. Nat. Inst. Sci. India, vol. 39, no. 5/6, pp. 509-515, Jan. 1966.

[11] H. Shin and M. Z. Win, “MIMO diversity in the presence of double
scattering,” IEEE Trans. Inform. Theory, vol. 54, no. 7, pp. 2976-2996,
Jul. 2008.

[12] Y. Chen and C. Tellambura, “Performance analysis of maximum ratio
transmission with imperfect channel estimation,” IEEE Commun. Lett.,
vol. 9, no. 4, pp. 322-324, Apr. 2005.

[13] I. S. Ansari, S. Al-Ahmadi, F. Yilmaz, M.-S. Alouini, and
H. Yanikomeroglu, “A new formula for the BER of binary modulations
with dual-branch selection over gereralized-m composite fading chan-
nels,” IEEE Trans. Commun., vol. 59, no. 10, pp. 2654-2658, Oct. 2011.




<<
  /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 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

  /CreateJDFFile 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


