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Abstract—In this paper, we consider a scenario where a
secondary base station (SBS) with K antennas utilizes the
licensed spectrum of a single primary user (PU) to send the
same information to N secondary users (SUs). The SBS selects
only one antenna out of the K antennas by using maximum
signal power to leak interference power ratio strategy (SLIR).
Using asymptotic analysis, we first derive the average capacity
of multicast transmission scheme with perfect channel state
information from the SBS to the PU (interference CSI) available
at the SBS. Then, we characterize its capacity loss in the case
that perfect interference CSI is not always available at the SBS.

I. INTRODUCTION

In a spectrum sharing system, secondary users (SUs) are

allowed to transmit information simultaneously to active pri-

mary users (PUs) only if the interference power to each PU can

be guaranteed [1]–[3]. The maximum allowable interference

power is called interference temperature [5], which guarantees

the quality of service (QoS) of the PUs regardless of the SU’s

spectrum utilization. The main problem of spectrum sharing

system can be considered as the co-channel interference.

Multiple antenna technology is one potential solution ex-

ploiting spatial diversity and multiplexing gain for wireless

radio systems [6], [8]. Since the computational complexity

of multiple antenna technology increases exponentially with

the number of antennas, the antenna selection diversity has

been adopted as an alternative for MIMO-based multiplexing,

precoding and beam-forming. This is because that the selection

diversity gain is achieved with a relatively lower feedback

burden and simple antenna selection process [9], [10]. Us-

ing multiple-antenna technology in cognitive radio has been

investigated in [4], [7].

At the same time, for a point-to-multipoint link, there has

been an increasing interest in the applications of sending same

information to multiple receivers. In the multicast scheme, the

multicast gain resulting from the fact any information trans-

mitted is overhead by all users, which is an important issue

in wireless fading channel. In [11], the authors indicate that

the throughput of the multicast transmission scheme is limited

by the worst channel user, for which capacity approximates as

one.

In this paper, we consider a scenario where a secondary

base station (SBS) with K antennas utilizes the licensed

spectrum of a single primary user (PU) to send the same

information to N secondary users (SUs). We analyze the

average capacity of multicast network in spectrum sharing

environment using antenna selection at the SBS. We derive the

average capacity of the multicast transmission schemes when

perfect interference CSI is available at the SBS, and show that

it approximates as N log
(
1 + Γ(1 + 1

K )bNQ
)
, where Γ(·)

denotes Gamma function, bN =
(
1− N− 1

K

)−1
− 1, and Q

is interference temperature. Furthermore, we characterize the

average capacities of the scheme with imperfect interference

CSI available at the SBS and shows that it approximates

as N log
(
1 + λ

1+λΓ
(
1 + 1

K

)
bNQ

)
, where 1/λ denotes the

mean of the channel estimation error.

II. SYSTEM MODEL AND PRELIMINARY

As shown in Fig. 1, a spectrum sharing multicast network

in a single-cell system is considered where an SBS with K
antennas utilizes a spectrum licensed to a single PU to transmit

the same information to N SUs. The PU and SUs are equipped

with single antenna, and the SBS selects one antenna out

of the K antennas for transmission. The channel gains from

the k-th antenna of the SBS to the PU and the j-th SU are

denoted by αk and βkj , respectively, where k ∈ {1, 2, · · · ,K}
and j ∈ {1, 2, · · · , N}. The αk and βkj are assumed to

be independent and identically distributed (i.i.d.) exponential

random fading. Assume that the SBS has perfect information

of SU’s channel gains βkj all the time. Utilizing the feedback

scheme, the SBS can obtain the interference CSI information

through periodic sensing of pilot signal from the PU in the

hypothesis of the channel reciprocity [12]. The SBS knows

the interference channel αk, and by which to compute the

maximum allowable transmission power Pmax to satisfy the

interference temperature constraint at the PU. In this paper,

we consider the interference at the PU created by the SBS.

When the k-th antenna is selected, the interference created

by the SBS is defined as Ith = Pmaxαk ≤ Q. Hence, the

maximum transmission power Pmax satisfying the condition

is equal to Q
αk

, and the received signal strength at the j-th SU

is Pj =
βkjQ
αk

.

We define the signal power to leak interference ratio (SLIR)

for the k-th antenna as γkj =
βkj

αk
, where k ∈ {1, · · · ,K}.

The SBS chooses the k-th antenna out of K antennas to send

information by the maximum SLIR strategy, which can be

expressed as k = arg
k∈{1,2,··· ,K}

max γkj . From the concept of

SLIR, it is easy to understand that the interference channel

978-1-4673-5829-3/12/$26.00 ©2012 IEEE



Secondary Base  Station (SBS)

In
terferen

cek

kj

1
SU

SU
j

SUN

PU Primary Transmitter 

Fig. 1. The system model for the SU network coexisting with one PU

and SU’s channel are both considered, and the interference

channel is prior considered in contrast to SU’s channel gain.

This can ensure that the performance of the PU has little

negative influence. Similar to that in [17], the interference from

primary transmitters can be translated into the noise term under

the hypothesis that interference from the primary transmitters

follows a white Gaussian distribution, which can be justified

by the Central Limit Theorem (CLT) if there are many primary

transmitters. To simplify mathematical analysis, all channel

gains are assumed to be the i.i.d. exponential random variables

with unit mean and the variance of white Gaussian noise is

assumed to be 1. Then, the probability distribution function

(PDF) of αk is denoted as fαk
(x) = e−x, for x > 0.

Furthermore, the PDF of γkj can be calculated as follows:

fγkj
(z) =

∫ ∞

0

e−(z+1)yydy =
1

(z + 1)2
, z > 0, (1)

where z is the random variable representing z = βkj

αk
. The

cumulative distribution function (CDF) of γkj is Fγkj
(z) =

1− 1
z+1 . When the SBS adopts the Maximum SLIR strategy,

the CDF and PDF of the normalized received signal strength

ρj at the j-th SU are, respectively,

Fρj
(ρ) =

(
1− (ρ+ 1)−1)K

, (2)

fρj (ρ) = K(1− (1 + ρ)−1)K−1(1 + ρ)−2, (3)

where ρj =
Pj

Q , j ∈ {1, · · · , N}.

III. ASYMPTOTIC CAPACITY WITH PERFECT

INTERFERENCE CSI

In the following, we will analyze the average capacity of

multicast network in spectrum sharing where the same infor-

mation is transmitted to all SUs. In the multcast scheme, the

SBS always transmits to all SUs at information rate decodable

by the worst channel SU. This scheme maximally exploits

the multicast gain by always transmitting to the SUs with the

least instantaneous SNR. Therefore, the average capacity of

the multicast scheme is given by [11],

CM � NE [ln (1 + ρminQ)]

= N

∫ ∞

0

ln (1 + ρQ) fρmin (ρ) dρ, (4)

where ρmin � min1≤i≤N ρi, whose PDF is given by

fρmin (ρ) = Nfρi (ρ) (1− Fρi (ρ))
N−1

. (5)

However, a closed-form of (4) is not available. Even if the

closed-form is obtained, it is difficult to fully understand the

effects of main parameters such as K and N on the capacity

by a numerical evaluation. Thus, we provide an asymptotic

approach to understand the behavior of (4) for the large N
scenario.

Theorem 1: The average capacity of the multicast scheme

in spectrum sharing with perfect interference CSI approxi-

mates as

CM = N ln
(
1 + Γ

(
1 +

1
K

)
bNQ

)
. (6)

Proof: Extreme value theory deals with asymptotic distri-

butions of extreme values, such as minima. It can be used to

analyze the performance of the above scheme approach. Using

extreme value theory in [14], the distribution of the minimum

received SNR satisfies

Pr

(
ρmin
bN

≤ ρ

)
∼ W (ρ) as N → ∞, (7)

where W (·) is a Weibull type distribution with CDF W (ρ) =
1− exp(−ρδ) for ρ > 0, and δ satisfies

lim
t→−∞

Fρj

(
− 1

tρ

)
Fρj

(−1
t

) = ρ−δ. (8)

Using L’Hospital rule, it is easy to show that δ = K. The

variable bN satisfies F (bN ) = 1
N . Consider the fact that (2)

can be re-written as(
1− (bN + 1)−1

)K
=
1
N

. (9)

After some mathematical operations,

bN =
(
1− N− 1

K

)−1
− 1. (10)

This means that the distribution of ρmin
bN

approaches to a

Weibull random variable as N increases. In other words, for

some constant l > 0,

Pr
(
N

1
K ρmin ≤ ρ

)
∼ Pr (lW ≤ ρ) . (11)

From the result in Theorem 2.1 of [15], it is concluded that

E [ρmin]
bN

∼ lE [W ] = Γ
(
1 +

1
K

)
. (12)

Therefore, we have E [ρmin] = bNΓ
(
1 + 1

K

)
. Using Jensen’s

inequality, the average capacity of the multicast scheme can

be upper bounded as

CM = NE [ln (1 + ρminQ)] ≤ N ln (1 +E [ρmin]Q) . (13)



On the other hand, we lower bound the average capacity as

CM = N

∫ ∞

0

ln (1 + ρQ)dFmin(ρ)

≥ N

∫ ∞

bNΓ(1+1/K)

ln (1 + ρQ)dFρmin(ρ). (14)

Due to Γ(1 + 1
K ) ≤ 1 for K ∈ N, we have

CM ≥ N

∫ ∞

bNΓ(1+ 1
K )
ln

(
1 + Γ

(
1 +

1
K

)
ρQ

)
dFρmin(ρ)

≥ N ln
(
1 + Γ

(
1 +

1
K

)
bNQ

)

×
[
1− Fρmin

(
bNΓ

(
1 +

1
K

))]
, (15)

where Fρmin(ρ) = 1 − (1 − Fρj
(ρ))N . Considering the fact

that Fρj
(ρ) =

(
1− (ρ+ 1)−1)K

, we get

Fρmin(ρ) = 1−
(
1− (

1− (ρ+ 1)−1)K
)N

≈ 1. (16)

Therefore,

CM ≥ N ln
(
1 + Γ(1 +

1
K
)bNQ

)
. (17)

Combining this with the upper bound, we have

CM = N ln
(
1 + Γ

(
1 +

1
K

)
bNQ

)
. (18)

Remark 1: From Theorem 1, we can see that the capacity

property of the multicast transmission scheme in a spectrum

sharing includes two cases: i) When K = 1, we can see that

bN is 1
N for the large N . Due to ln (1 + (c/x)) = c/x for large

x and constant c, it is concluded that the capacity approximates

as Q, which possesses capacity saturation in terms of N , i.e.,

the capacity is only relevant to Q. In this case, the capacity

increases linearly as the interference temperature Q increases,

which agrees with reality. However, no selection diversity gain

is obtained. ii) When K > 1, bN ≈ N− 1
K for large N .

Therefore, the capacity approximates as N1− 1
K Q. In this case,

the capacity does not bear saturation, which is relevant to N ,

K and Q. We also observe that the capacity increases linearly

as N increases in the case of large K and fixed Q. Thus the

selection gain is approximately N1− 1
K .

IV. ASYMPTOTIC CAPACITY WITH IMPERFECT

INTERFERENCE CSI

Due to limited cooperation between the SBS and the PU,

the accurate αk is usually hard to be obtained at the SBS. We

assume that the SBS performs minimum mean square error

(MMSE) estimation. Assume that the interference channel

estimate is modeled as hk = ĥk + Δhk [13], where ĥk and

Δhk denote the perfect interference channel and the channel

estimation error, respectively. Each element ofΔhk is assumed

to be i.i.d. complex Gaussian distributed. Therefore, its enve-

lope is rayleigh distributed. Furthermore, ĥk,Δhk are assumed

to be independent. By the property of MMSE estimation, ĥk

and Δhk are uncorrelated. We can get αhk
= αĥk

+ αΔhk
,

where αĥk
and αΔhk

denote the magnitude square of ĥk and

Δhk, respectively, which follow the exponential distribution.

Assume that αĥk
is normalized to have unit mean, and Δαhk

’s

mean value is 1/λ. After some calculation, For λ 	= 1, the PDF

and CDF of αhk
are

fαhk
(x) =

λ

λ − 1
(
e−x − e−λx

)
, (19)

and

Fαhk
(x) =

λ

λ − 1
(
1− 1

λ
− e−x +

1
λ

e−λx

)
, (20)

respectively. Using a similar argument in Section III, Eq. (2),

and Eq. (3) are found as follows, respectively

Fρj (ρ) =
(
1− λ

(ρ+ λ)(ρ+ 1)

)K

, (21)

fρj (ρ) =
Kλ

λ − 1
(

1
(ρ+ 1)2

− 1
(ρ+ λ)2

)

×
(
1− λ

(ρ+ λ)(ρ+ 1)

)K−1
. (22)

In the following, we asymptotically analyze the capacity to

understand the effects of channel estimation error in spectrum

sharing environments. We can get the asymptotic capacity of

the multicast scheme using extreme value theory.

Theorem 2: The average capacity of the multicast scheme

under imperfect interference CSI available at the SBS approx-

imates as

CME = N ln
(
1 +

λ

1 + λ
Γ
(
1 +

1
K

)
bNQ

)
. (23)

Proof: According to the extreme value theory, the distri-

bution of the minimum received SNR satisfies

Pr

(
ρmin
b
′
N

≤ ρ

)
∼ W (ρ) as N → ∞, (24)

where W (·) is a Weibull type distribution and the variable b
′
N

satisfies F
(
b
′
N

)
= 1

N . From Eq. (21), we can get

λ(
b
′
N + λ

) (
b
′
N + 1

) = 1− N− 1
K . (25)

Taking the logarithm on both sides of (25), we have

lnλ − ln
[
b
′2
N + (1 + λ) b

′
N + λ

]
= ln

(
1− N− 1

K

)
, (26)

From (25), b
′
N approaches to zero as N goes to infinity. Since

b
′2
N is far less than b

′
N , the terms ln(λ) and ln

[
(1 + λ) b

′
N + λ

]
in the left hand side of (26) become dominant. Therefore, we

have
λ

(1 + λ) b′
N + λ

= 1− N− 1
K . (27)
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Fig. 2. Average capacity of the multicast scheme in spectrum sharing versus
the number N of SU

After some mathematical operation,

b
′
N =

λ

1 + λ

((
1− N− 1

K

)−1
− 1

)
. (28)

According to the similar argument in Theorem 1, we have

CME = N ln
(
1 +

λ

1 + λ
Γ
(
1 +

1
K

)
bNQ

)
. (29)

Remark 2: From Theorem 2, one can see that the capacity

loss of the worst user scheme is about ln(1 + 1
λ ), compared

to the case that perfect interference CSI is available at the

SBS. We also conclude that the channel estimation error

will result in the average capacity loss, because the channel

estimation error will leak interference power levels at the PU.

The capacity loss will decrease as λ increases, since large λ
means less error of the channel estimation. We further see that

the average capacity loss approaches to zero when λ goes to

infinity.

V. NUMERICAL RESULTS

We present simulation results to validate our theoretical

claims. These results are obtained through Monte-Carlo sim-

ulations. The SBS chooses one antenna out of K antennas

by using maximize SLIR. The predetermined interference

threshold Q = −3 dB (i.e. Q=0.5 Watt). Fig. 2 shows the

capacity of the multicast transmission scheme in spectrum

sharing versus the number N of SU when perfect interference

CSI is available at the SBS. When K = 1, the capacity

scales as 0.5 nat, which is irrelevant to N . When K = 3, the

capacity scales as N
2
3 Q nat. As an overall observation, the

selection gain increases as N increases, and the approximated

expression of the capacity well agrees with the simulation

results even if the number of SU is small.

Fig. 3 shows the capacity of the multicast transmission

scheme in spectrum sharing versus the number N of SU

for different λ when imperfect interference channel CSI is
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Fig. 3. Average capacity of the multicast scheme in spectrum sharing versus
the number N of SU with imperfect interference CSI available at the SBS

available at the SBS. It shows that the channel estimation error

will result in capacity loss. This is because that the channel

estimation error will leak interference power levels at the PU.

The capacity loss will decrease as λ increases, since larger λ
means smaller channel estimation error. We further see that the

capacity loss approaches to zero when λ goes to large and the

approximated expression of the capacity in the case of large

λ well agrees with the simulation results even if the number

of SU is small.

VI. CONCLUSION

Using the extreme value theory, we first analyze the

asymptotic capacity for the MISO multicast network with

perfect interference CSI in spectrum sharing. The asymp-

totic capacity of the multicast transmission scheme ap-

proximates as N ln
(
1 + Γ

(
1 + 1

K

)
bNQ

)
. Then, we inves-

tigate the capacity loss when perfect interference CSI is

not available at the SBS, and found that it approximates as

N ln
(
1 + λ

1+λΓ
(
1 + 1

K

)
bNQ

)
.

ACKNOWLEDGMENT

This work is supported by NSF China #60972031, by

SEU SKL project #W200907, by Huawei Funding YJCB

#2009024WL, by National 973 project #2009CB824900,

by GuiJiaoKeYan Funding #200103YB149, by Program for

Excellent Talents in Guangxi Higher Education Institutions

and Funding #X10Z003.

REFERENCES

[1] Q. Zhao and B. M. Sadler, “A survey of dynamic spectrum spectrum
access,” IEEE Signal Process. Mag, vol. 24, no. 3, pp. 79-89, May 2007.

[2] J. Ji, W. Chen, H. Wan, and Y. Liu, “Capacity analysis of multicast
network in spectrum sharing systems.” IEEE International Conference
on Communication, pp. 1-5, 2010.

[3] J. Ji, and W. Chen. ”Asymptotic Capacity Analysis in Point-to-Multipoint
Cognitive Radio Networks.” IEEE International Conference on Commu-
nications , pp. 1-5, 2012.

[4] S. Sridharan and S. Vishwanath, “On the capacity of a class of MIMO
cognitive radios,” IEEE J. Sel. Topics Signal Process, vol. 2, no. 1, pp.
103-117, Feb. 2008.



[5] Federal Communications Commission, “Spectrum policy task force re-
port,” ET Docket No.02-135, Nov. 2002.

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

[7] S. Jafer and S. Shamai, “Degrees of freedom region of the MIMO X
channel,” IEEE Trans. Inf. Theory, vol. 54, no. 1, pp. 151-170, Jan.
2008.

[8] “Long term evolution(LTE): A technical overview,” Motorla, Inc.,
Schaumburg, IL[online]. Available: http://business.motorola.com/ expe-
riencelte/pdf/LTE%20 Technical%20Overiew.pdf

[9] Q. Zhou and H. Dai, “Asymptotic analysis on the interaction between
spatial diversity and multiuser diversity in wireless networks,” IEEE
Trans. Signal Process, vol. 44, no. 8, pp. 4271-4283, Aug. 2007.

[10] S. Peters and R. W. Heath, “Nonregenerative MIMO relaying with
optimal transmit selection,” IEEE Signal Process. Lett, vol. 15, pp. 421-
424, 2008.

[11] P. Kumar and H. E. Gamal, “On the throughtput-delay tradeoff in cellular
multicast,” International Conference on Wireless Networks, Communica-
tions and Mobile Computing pp. 1401-1406, vol. 2, 2005.

[12] Q. Zhao,S. Geirhofer, L. Tong and B. M. Sadler, “Opportunistic spec-
trum access via periodic channel sensing,” IEEE Trans. Signal Processing,
vol. 56, no. 2, pp. 785-796, Feb. 2008.

[13] M. Sadek, A. Tarighat, and A.H.Sayed, “A Leakage-Based Precoding
Scheme for Downlink Multi-User MIMO Channels,” IEEE Trans. Wire-
less. Commun., vol. 6, no 5, pp. 1711-1721, May. 2007.

[14] B. C. Arnold, N. Balakrishnan, and H. N. Nagaraja A first course in
order statistics., New York: John Wiley Sons, Inc., 1992.

[15] J. Pickands, “Moment convergence of sample extremes,” Annals of
Math.Statist., vol. 39, no. 3, pp. 881-889, 1968.

[16] J. Galambos,The Asymptotic Theory of Extreme Order Statistics. New
York: Wiley, 1978.

[17] T. W. Ban, W. Choi, B. C. Jung, and D. K. Sung, “Multi-User diversity
in a spectrum sharing system,” IEEE Trans. Wireless Commun., vol. 8,
no. 1, pp. 102-106, Jan. 2009.



<<
  /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 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
    /Shruti
    /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


