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Sequential Relay Selection in D2D-Enabled Cellular Networks With
Outdated CSI Over Mixed Fading Channels

Jules M. Moualeu
and Daniel B. da Costa

Abstract—The impact of outdated channel state information
on two sequential relay selection schemes for device-to-device
underlaid cellular networks over mixed fading channels is inves-
tigated. To this end, the mutual outage probability (MOP) is
analyzed in which an easy-to-evaluate analytical expression for
the MOP is derived. Moreover, an asymptotic analysis of the
MOP at high signal-to-noise ratio is provided, and the diversity
order is evaluated.

Index Terms—Cellular network, D2D communication, mixed
fading, mutual outage probability, outdated CSI.

I. INTRODUCTION

ELAY-AIDED underlay inband device-to-device (D2D)

communication in cellular networks [1] has recently
attracted a great deal of attention. From a physical-layer
(PHY) security perspective, the interference issue inherent
to such networks can be advantageous and exploited as a
friendly jamming signal to prevent wiretapping [2]. Unlike
a conventional jammer which consumes its power merely on
interfering with the eavesdropper, D2D communication is able
to achieve its own transmission at the same time yielding
a win-win situation for the cellular network and D2D links
in terms of security provisioning and high spectral efficiency,
respectively.

In [1], a full-duplex (FD) orthogonal frequency-division
multiplexing (OFDM) D2D dual-hop system where multiple
FD relays assist the device transmitter was investigated assum-
ing non-security requirements. The impact of interference and
outdated CSI on the performance of a vehicle-to-vehicle (V2V)
cooperative relaying system was studied in [3]. Despite the
popularity of relay-aided D2D-enabled cellular networks, pro-
viding wireless secure transmissions for the cellular network
and throughput improvement for D2D communication concur-
rently has not yet been investigated in the open literature. In
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this letter, we propose two sequential relay selection strategies
in D2D-assisted cellular network with the aim of providing
wireless security for the cellular network as well as through-
put enhancement for the D2D communication. In particular,
we investigate the impact of outdated channel state information
(CSI) on the performance of the underlying system assuming
that both networks experience different fading models. To this
end, an analytical expression for the mutual outage probabil-
ity (MOP) which assesses the cooperation between the two
networks is presented. Furthermore, an asymptotic analysis of
the MOP at high signal-to-noise (SNR) is derived, which gives
some insights into the effect of the key system parameters on
the proposed scheme.

II. SYSTEM AND CHANNEL MODELS

We consider a scenario with multiple uplink transmissions
among L cellular users (CUs) and one base station (BS), in
which each CU transmits on a dedicated channel in the pres-
ence of a passive eavesdropper (PE). Both the BS and the
PE optimally combine the received signals from the L CUs
using a maximal-ratio combiner in an effort to maximize the
probability of secure transmission and eavesdropping, respec-
tively. Meanwhile, a D2D system which consists of one device
transmitter (DT), one device receiver (DR) and N D2D relays
is allowed to reuse the CU channels for its own commu-
nication.! Tt is assumed that all nodes are equipped with a
single antenna, and there is no direct communication between
DT and DR due to shadowing.> Moreover, the BS has full
knowledge of all the channel statistics and the channels in the
cellular network experience n—u fading, while the D2D links
are subject to Rayleigh fading.> Such mixed fading scenario
is suitable to model real urban microcell and indoor wireless
environments [6].

The D2D transmissions occur in two time slots while the
cellular transmissions take place in only one time slot. Both
the D2D and cellular transmissions are assumed to be well
synchronized. In the first time slot, DT transmits to all the
relays by reusing channels allocated to the CUs, while all
the CUs remain silent with the aim of acquiring in return
a higher security for their transmissions by the D2D commu-
nication in the next time slot. The above-mentioned scenario

1t is worthwhile to note that the PE is part of the cellular network and can
be distinguishable from the D2D pairs (i.e., DT or DR) or the relay devices.

2In practice, a strong direct link might not be feasible due to shadow-
ing stemming from the presence of physical obstacles. Recently, relay-based
D2D communications systems (see [4] and the references therein) have
been proposed as a means to overcome the shadowing issues and to extend
coverage.

3The assumption of Rayleigh faded D2D links has been widely adopted in
numerous previous works (see, for instance, [2], [5] and references therein),
while the choice of the n-p distribution to model the cellular link propagation
is motivated by the fact it can accurately model small-scale variations of the
fading signal under non-line-of-sight (NLOS) conditions.
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provides mutual benefits for both the CU network and the
D2D system. The received signals at the nth relay is given
by yr, = VPifns + zp,, where Py is the transmit power
at DT, f,, is the channel gain of the DT-R,, link, s is the
transmitted signal, and zp is the additive white Gaussian
noise (AWGN) with zero mean and variance 2. All the
relays attempt to decode the received signal, and only the
ones that successfully estimate the transmitted signal form
a decoding set. A single relay, denoted by Ry, is chosen
from the decoding set to forward the signal to DR in the
second time slot. The received signal at DR is given by
yDR - \V ]DRggRg‘§ + Zé:l \V PCuk dek + ZDR7 Where Pcuk
and PR9 are the transmit powers at CUj and Ry, respectively,
IR, and dj, are the channel gains of the Ry—DR link and the
CU-DR link, respectively, s is the estimated source signal,
ZpR is the zero-mean AWGN with variance o2, and Ry rep-
resents the best relay which is selected based on the following
criterion

Ry = arg max{7; , 1
) gjeps{%,DR} (h

with Dy denoting the decoding set, ¥; pr = %\ §j|2 and
g; is the outdated channel gain of the R;-DT link. In (1),
%;,DR, denotes the SNR at the time of selection and may dif-
fer from the actual SNR, denoted by ~; pr. at the transmission
instant due to mobility and feedback delay. The relationship
between the actual channel gain g; and the outdated one g; can
be expressed as g; = /p1g; + /1 — p1u;, where p; denotes
the correlation coefficient between g; and g; with 0 < p; <1,
and wu; is a circularly complex Gaussian random variable (RV)
having the same variance as g}j. In the meantime, the L CUs
transmit to the BS while the PE attempts to intercept the trans-
missions. The received signals at the BS and the PE can be

written as ygg = 215:1 \/Pcukhkxk + 1/PwaRw§ + 2Bs

L =
and YPE = Zk:l \/Pcukekxk + PRwCR¢5+zPE’ where
Pp ,, fepresents the transmitted power at the relay Ry, zy is

the transmitted signal from the k™ CU, hy, ey, bp ” and cp ”
stand for the channel gains of the CU;-BS, CU,-PE, R,,-BS
and R,,—PE links, respectively, zgg and zpg, are the zero-mean
AWGN with variance o2 at BS and PE, respectively. In the
sequel, it is assumed that all the CUs transmit with the same
power P, and for the sake of easy notation, the subscripts
b and ¢ will be used in place of bp , and cp, . respectively.
Given that the cellular transmissions to the BS experience n—u
fading [7] and are optimally combined, the probability density
function (PDF) of the SNR at the receiver’s combiner output
can be obtained with the help of [7] and [8, eq. (8.445.1)],
and is given by

£ (o) = 2, /mhi o (_2uhhhx>
" [(Lpy) T
2L 2k
o0 H]?kﬂh wht+

y Z $2Luh,+2k—1
| . _2Lpp+2k
= KIT(Lysy, + k +0.5) 5200

2)

where 7, = S f_yqn, = L9300 [yl T() s the
Gamma function, §;, = E{v,} denotes the average SNR,
with E{-} denoting expectation, and uy, represents the num-
ber of multipath clusters. From (2), the cumulative distribution
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function (CDF) can be expressed as

- ( ) ﬁ i H3k2—2Lyh—2k+1
T) =
" D(Lptn) &= KID(Lysy, + & + 0.5)h-H 42k

2%
x T(2Luh +2k,W>,
Y

where Y(-,-) denotes the lower incomplete Gamma function
[8, eq. (8.350.1)]. Both %y, and Hj, are dependent of 7, and
can be given in two formats (please, see [7] for details).

3)

III. MUTUAL OUTAGE PROBABILITY ANALYSIS

The MOP can describe the mutual cooperation between the
D2D communication and cellular network and is defined as
the probability that either of the rate associated with any of the
two systems falls below its corresponding predefined rate [9].
It can be expressed mathematically as MOP = P{ygg < 7g
Or Ye2e < YT}, Where yg = 2fs _ 1 is the secrecy threshold,
Rg is the secrecy rate, yp = 2fT _ 1 js the specified sec-
ondary threshold with Rt denoting the secondary threshold
rate and Rt not necessarily equal to Rg, 7e2¢ is the end-to-
end secondary signal-plus-interference-to-noise ratio (SINR),
and P{-} denotes probability. Since the RVs ygg and 7e2e
are independent, the above-mentioned MOP expression can
further be expressed as

MOP = F’YBS (rYS) + F’YCZC (7T)7
where Fx (z) means the CDF of the RV X.

“)

A. Exact MOP

From the ypg expression, note that in the cellular network
there is interference affecting the cellular transmissions, which
can be beneficial from the information-theoretic viewpoint,
and can be used to mainly confound the eavesdropper.” The
selection criterion adopted from [10] can be defined as

L
k=1 T

= argmin?yy,, 5
1+, } g i Yo, )

Ry = argmaxq 1+
¥ & JER {

where R = N —{ Ry} represents the set of relays that have not
been selected fo;) the transmission to DR in the second time
slot, and %]. = %|bj|2 is the SNR at the time of selection,
which may differ from the actual SNR at the transmission
instant, denoted by ~;,. The relationship between the actual
channel gain b; and the outdated one IA)j is given by b; =

VP2 Bj + /1 — paw;, where po is the correlation coefficient
between bj and Bj, with 0 < po < 1, and wj is a circularly
complex Gaussian RV having the same variance as b;. From
yBs, the SINR can be expressed as ygg = %’ and based

on probability theory, the CDF of ygg can be evaluated as

Fys (2) = /0 T B (2 (L 4 )y ()dy,

which requires the determination of the PDF f,, (-). In (6), the
PDF of the actual ~; at the transmission instant is given by

fop () = /0 " L ), (1),

(6)

(7

4t is worth mentioning that ideally, such an interference should only affect
the eavesdropper. However, in practical setups, the BS and PE can be in close
range and therefore both will be affected by the same interfering source.
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00 _ _ _ 2L 2k—1
Fips(ys) = Mym > D(2Lpy, + 2k) HF272hen =261 | 5, (po + M(1 = pa)) M}i
s L(Lpn)ys(p2 + M(1 = p2)) F4\ KIT(Lyy, + k 4 0.5)R 02" M =

—(m+1)
2up by, > M 2unhnys ( M )
Js (20 - - ex D(m+1,A)% (11)
) s P\ 5o+ 31— o) )T )
A
Foe (2] zli <z—1) (o™ [, vk p( (m + 1)z ) < [2hy 2Btk (o, 4 ok)
= — — X — =
VRD = \m Jm+1 T(Lpg) YRD(L+m(L=p1)) ) (= KID(Lug + k + 0.5)75 44+

" (2Mdhd

(m + 1):[: 7(2L,U‘d+2k)
+ .
Yd ’YRD(1+m(1_Pl)))

15)

where the conditional PDF [, 5, (z[y) can be expressed as

o (z]y) = Nex —(pay + ) 221y
f’Yb"Yb( ly) = A p((lpg)’_yb)l ((1P2)’_}/b), ®

with A = m, Io(-) denoting the modified Bessel func-
tion of the first kind and zeroth order. Also, in (5), the selection

is equivalent to the worst relay selection so that the PDF of

4p can be given by
M Mzx
p <—) ) ©))
Vb b

fy () = —ex

where M = N—1. By substituting (8) and (9) in (7) and with
the help of [8, egs. (6.614.3), (9.220.2), and (9.215)], and after
some algebraic manipulations, we get

1 — Mx
f’Yb(iE) = ’71)(02 i M(l — PQ)) eXp(”yb(pg + M(l — 92))>.

(10)

Now, by plugging (3) and (10) into (6), and with the help of
[8, egs. (8.352.1) and (3.382.4)] and many algebraic manip-
ulations, an analytical expression for the CDF of ygg can
be obtained as in (11), shown at the top of this page,
with T'(+,-) denoting the upper incomplete Gamma function
[8, eq. (8.350.2)]. Next, we evaluate the CDF of 79, which
in its general form can be written as

Fre(YT) = ( VSR ’YT +Z( ) g ( ’YT))N_Z

x (1 - F’YSR('YT)) Fv%ﬁD

In order to evaluate (12), the CDFs of ygp and 'yeR% are
required. The expression of the former can easily be obtained
as Fygp(yr) = 1 — exp(— JSTR), where Jgp is the average
SNR of the channel between DT and a D2D relay. However,
the derivation of the CDI;; of VR p is a bit more involving.

(1)- 12)

Knowing that VRD = f’fﬁd, where v4 = Zk:l Yd,,» from

probability theory, FV}EHD (y1) can be evaluated as

Fag 0= [ Fay G+ )k, 0y (13)
D 0 TrD

To obtain the CDF of fyﬁ"D, which corresponds to the best
relay in the D2D communication, we use a similar approach
to that used to derive (10), which yields

w-1x ()5

{l_exp( VRD(l(Tj‘jng_Pl))>}. (1

Upon substituting (2) (with the subscript # and d interchanged)
and (14) into (13), and with the help of [8, eq. (3.382.4)], and
after some algebraic manipulations, F of (z) can be obtained
as shown in (15), at the top of this page. Fmal]y, plugging (15)
and the aforementioned expression of F. g, (yT) into (12), and
together with (11) into (4), the MOP is attained. Although such
an expression is not given in closed-form, the derived series is
steadily convergent and requires around 20 terms to achieve
precise results. In addition, the derived exact MOP can be
easily implemented in most popular computer softwares, such
as MATHEMATICA.

F oy (

TYrD

B. Asymptotic MOP

Now, the asymptotic behavior of the MOP is investigated.
Firstly, we start with the asymptotic expression of Fy ¢ (vg).
As 4, = 4 — oo, (3) is dominated by the term corre-
sponding to k = 0. With the approximation T(s z) ~ %
(x — 0), (3) can be reduced to F,‘Y’}?(x) A %,
T o
g1 = IO (T T (L T05)" Substituting (10) and the above-
mentioned expression F 00(:10) in (6) and after performing
some algebraic mampulatlons (11) can be approximated by
F2 (vs) ~ (GiB~ g ePEi(—2Lpy,, B))7 21, where
B="p(p2+M(1— pg)) and Ei(+) is the exponential integral
defined in [8, eq. (8.211.1)].

Next, we focus on the high-SNR approximation of (15).
Since the relay selection in the D2D communications is based
on the nature of the CSI, the analysis consider two scenarios:
outdated CSI (0 < p; < 1) and perfect CSI (p; = 1), and
it is assumed that ygp = ygp = 7 — oo for the above-
cited scenarios. Under the latter assumption, (12) reduces

where
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to F2° (y7) =~

e & (7). Considering perfect

w(2/2"GLS (], 2 1),

v
the binomial expansion (1 + a)? = Jb—o (;’) al, and [11,
eq. (2.24.3.1)], and after tedious manipulations, (12) can be

approximated by

N
El— (l) 'YRD
CSI, with the help of I,(z) =

s,y = S (1) (V) (2 )
Ye2e ,-? Ya = ] ,Lthd
H, 1- 2Lud+J) 2—(2Lpg+j)
() 1 21 ) (16)
h Oa_LMd+§7§

Lpg+s L

iy td 2h, td My ey ..
where © = and Gp (+].) is the Meijer
_ Hd+2 .

U(Lpg)7,
G-function deﬁned 1n f8 eq. (9.301)].
Similarly, assuming outdated CSI, (12) is approximated by

N
N@’YT N -1 (_1)m
F2e ~—= e —
’Ye2e(/7T) 5 WLZ:O ( m ) 1+ m(l — Pl)
() )
Yd J/) \#kdhq

=0

s H, 2 1—(2[/2ud+j) 2—(2Luq+y)
< oL Hd ’ (17)
2 ( hq ) 0.~Lpg + 3. 3

Remark 1: The asymptotic MOP for any arbitrary value
of p2 and p; = 1 is given by using the derived F3T
and (16) in (4), and the diversity order is given by éd =
min(2Luy, N).

Remark 2: The asymptotic MOP for any arbitrary Value of
p2 and 0 < p; < 1 is given by using the derived FJ7
and (17) in (4), and the diversity order is given by C?d =
min(2Lup, 1).

IV. NUMERICAL RESULTS AND DISCUSSIONS

Without loss of any generality, in this section we assume
the following parameters: 1y, = 1.5, pp = 0.5, ng = 0.5,
pd =8 YSR = YRD = Vh = 7> ¥4 = 7 = 10 dB, and
Rg = Rp = 1 bit/s/Hz. Fig. 1 shows the MOP performance
for various values of the correlation coefficients p; and po.
It can be observed that as po approaches unity, there is no
substantial performance gain as opposed to when p; tends to
unity. Hence, it can be implied that for relay selection with
perfect CSI in the D2D communication, the mutual cooper-
ation between the D2D and cellular networks become more
beneficial to both systems regardless of the nature of the CSI
used for the second relay selection strategy. Fig. 2 illustrates
the analytical MOP performance as a function of the num-
ber of relays N with varied L and p;. As can be seen, for
a fixed p1, i.e., p1 € {0.1,0.9,1}, the MOP improves as L
decreases. This implies that a large number of CUs can have
a detrimental effect on the mutual cooperation between the
D2D communication and cellular network. This is due to the
fact that all the CUs interfere with the D2D communication at
the DR and therefore, the impact of interference is substantial.
Moreover, we note that the performance gap between L = 4
and L = 10 greatly increases as p; improves. Furthermore,
there is an error floor in all cases as N becomes fairly large.
It can be inferred that a very populated D2D communication
in terms of relays, does not further benefit the two networks.

IEEE WIRELESS COMMUNICATIONS LETTERS, VOL. 8, NO. 1, FEBRUARY 2019

100 P

Mutual Outage Probability
>
Y

Analytic
,,,,, Asymptotic

10 15 20 25 30 35 40
7 (dB)

Fig. . MOP versus 4 for L = N = 4 and different p; and po.

10°
P
10'2,
=
2 10t
2
Ay
©
S o6t
g
=
é
= — 4o
E jo8f|—*—rL=tn=01 Q.15 g
;5 —e—L=10p =01 \Eﬁ
! — e L=4p =09 mmq *
0L —g— L=10p =09 2 8¢ 6 8 10
10
—8—L=4p=1 \D\\
— o —L=10,p=1 B
12 T | | | |
10
2 4 6 8 10 12 14 16

N (Number of relays)

Fig. 2. MOP versus N for 4 = 25 dB, po = 0.1, and various p1.

REFERENCES

[1] S. Dang, G. Chen, and J. P. Coon, “Multicarrier relay selection for full-
duplex relay-assisted OFDM D2D systems,” I[EEE Trans. Veh. Technol.,
vol. 67, no. 8, pp. 7204-7218, Aug. 2018.

C. Ma et al, “Interference exploitation in D2D-enabled cellular
networks: A secrecy perspective,” IEEE Trans. Commun., vol. 63, no. 1,
pp. 229-242, Jan. 2015.

P. S. Bithas, G. P. Efthymoglou, and A. G. Kanatas, “V2V cooperative
relaying communications under interference and outdated CSI,” IEEE
Trans. Veh. Technol., vol. 67, no. 4, pp. 3466-3480, Apr. 2018.

J. Huang and H. Gharavi, “Performance analysis of relay-based two-way
D2D communications with network coding,” IEEE Trans. Veh. Technol.,
vol. 67, no. 7, pp. 6642-6646, Jul. 2018.

J. Sun, Z. Zhang, C. Xing, and H. Xiao, “Uplink resource allocation
for relay-aided device-to-device communication,” IEEE Trans. Intell.
Transp. Syst., to be published.

D. Dixit and P. R. Sahu, “Performance of regenerative relay-assisted
D2D communication in mixed fading channels,” IEEE Commun. Lett.,
vol. 22, no. 4, pp. 864-867, Apr. 2018.

M. D. Yacoub, “The n-p distribution and the - distribution,” IEEE
Antennas Propag. Mag., vol. 49, no. 1, pp. 68-81, Feb. 2007.

I. S. Gradshteyn and I. M. Ryzhik, Table of Integrals, Series, and
Products, 7th ed. San Diego, CA, USA: Academic, 2007.

K. Tourki and M. O. Hasna, “Proactive spectrum sharing incentive for
physical layer security enhancement using outdated CSI,” IEEE Trans.
Wireless Commun., vol. 15, no. 9, pp. 6273-6283, Sep. 2016.

H. Lei et al., “Secrecy outage performance of transmit antenna selec-
tion for MIMO underlay cognitive radio systems over Nakagami-m
channels,” IEEE Trans. Veh. Technol., vol. 66, no. 3, pp. 2237-2250,
Mar. 2017.

A. P. Prudnikov, Y. A. Brychkov, and O. I. Marichev, Integrals and
Series, Vol. 3: More Special Functions. New York, NY, USA: Oxford
Univ. Press, 1986.

[2]

[3]

[4]

[5]

[6]

[7]
[8]

[9]

[10]

(11]




<<
  /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 100
  /Optimize true
  /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
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /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
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfChancery-MediumItalic
    /ZapfDingBats
    /ZapfDingbatsITCbyBT-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 "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


