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Abstract—This paper proposes a preprocessor for femtocell base 
stations to avoid the downlink interference to the macro users, 
where both systems are multicarrier systems. By using the 
concept of cognitive radio, we design a low complexity transmitter 
including a precoder followed by a power allocation. With the 
judicious design of the interference tolerant constraints, the 
performance degradation of the macro user is controlled to be 
less than a predetermined value. Simulation results show that the 
spectrum efficiency of the femtocell system with the presented 
transmitter is improved significantly. 
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I.  INTRODUCTION  
To increase system throughput and eliminate dead zones in 

traditional homogeneous networks, femtocells are introduced 
recently which include low-power Home enhanced node B 
(HeNB) for providing cellular services within home or 
enterprise environments [1]. A femtocell can devote a large 
portion of its resources (i.e., transmit power and bandwidth) to 
its subscriber. However, due to the co-channel deployments 
with the macrocells, the femtocells act as interferers to the 
macro users (MUEs) in the downlink transmission, especially 
when the femtocells only serve the close subscriber groups [2]. 
Thereby the interference management between femtocells and 
macrocells should be carefully considered. 

If the femtocell and the macrocell systems access the 
spectrum orthogonally either in a static [2] or in a dynamic 
way [3], the interference from HeNB to MUE will vanish. 
However, this is not optimal and will reduce the spectral 
efficiency. With power control the interference from the 
femtocells to the macrocell is reduced effectively [4], but the 
potential of the femtocells is not fully exploited. 

In practice, HeNBs are installed and turned on or off by 
customers. As a result, there may be many HeNBs in a 
macrocell and these HeNBs are located in an ad hoc manner. 
Furthermore, the topology of the HeNBs may be dynamic, 
which is hard to be controlled by the operators. This leads to the 
difficulty of the interference management. In fact, the co-
existence of the macrocell and the femtocells is quite similar to 
the co-existence of the primary and secondary systems in 
cognitive radio systems [6,7]. Consequently, we can regard the 
macrocell as a primary system whereas regard the femtocells as 
the secondary systems, i.e., the femtocells should adjust their 
transmit strategy to minimize the interference to the MUE. 

In this paper, we propose a preprocessor for the HeNBs with 
the principle of cognitive radio to reduce the downlink 
interference from the HeNBs to the MUE. After formulating 
the transceiver design as an optimization problem that 

minimizing the mean square error (MSE), we resort a heuristic 
method to reduce the complexity.  To ensure the interference 
to the MUE to be less than a predetermined threshold, we 
provide a feasible approach for multiple HeNBs to obtain their 
respective interference tolerant constraints. 

Notations: Boldface upper and lower case letters X  and x  
represent matrices and vectors and standard lower case letters 
x denote scalars. TX , HX , 1�X  and Tr( )X  denote the transpose, 
the Hermitian conjugate transpose, the inverse and the trace of 
X . diag{ }x  is a diagonal matrix with the elements of x . E( )x  
represents the expectation of a random variable x . NI  denotes 
an N N�  identity matrix. 

II. SYSTEM AND SIGNAL MODELS 

A. System Model 
We consider a scenario where a macrocell contains a Macro 

enhanced node B (MeNB) and K MUEs. M HeNBs are also 
located in the macrocell and each HeNB serves one home user 
(HUE). An example topology with one macrocell and two 
femtocells is illustrated in Fig. 1. 

 
Fig. 1. Topology of a HetNet, where MeNB is the Macro base station 

Orthogonal frequency division multiple access (OFDMA) is 
considered for downlink transmission in the macrocells, where 
the entire spectral band with sN  subcarriers is divided into M 
groups and each group with pN

 
subcarriers is allocated to a 

MUE. Universal frequency reuse is considered, so that both 
macro cell and femtocells operate on the same spectral band. 
We assume that the femtocells transmit to their HUEs with 
whole bandwidth using OFDM modulation, whose subcarrier 
spacing is the same as the macro system. Such an assumption 
is realistic which complies with the existing or forthcoming 
systems such as LTE Advanced systems [8]. Time division 
duplexing (TDD) system is considered, where the channels of 
the uplink and downlink are reciprocal. 

B. Signal Model of Femtocells  
Denote the frequency domain signal vector transmitted from 

the ith HeNB to its user as =[ (0), , ( 1)]T
i i i sd d N �d � . After pre-
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processed by a matrix iB , the transmit OFDM symbol in time 
domain of the ith HeNB can be expressed as 

=t H f H
i i i i�x F x F B d ,                                   (1) 

where F is the s sN N� Fourier transform matrix. 
Assume that the cyclic prefix (CP) of the OFDM symbol is 

long enough such that there is no inter-symbol interference. 
We further assume that the HUE and the HeNB are 
synchronous in both symbol timing and carrier frequency. 
Then the received signal of the ith HUE after removing CP is 

t hh t
i i i i� �y H x z ,                                      (2) 

where hh
iH is a s sN N�  circulant matrix whose first column is 

[ (0), , ( 1), 0, , 0]hh hh hh hh T
i i i ih h L� �h � � , which is the channel 

impulse response (CIR) between the ith HeNB and its serving 
HUE, hh

iL is the number of resolvable paths, iz represents the 
interference plus noise at the ith HUE. 

hh
iH can be decomposed as hh H hh

i i�H F � F [9], where 
diag{[ (0), , ( 1)]}hh hh hh

i i i s� � N� �� �  is the diagonalized channel 
frequency response (CFR) between the ith HeNB and its 
serving HUE,  the kth diagonal entry ( )hh

i� k  is the CFR at the  
kth subcarrier.  

The HUE firstly transforms the received signal to the 
frequency domain, and then uses a linear processor iG  to 
estimate the transmitted signal vector, i.e., 

� t
i i i�d G Fy .                                       (3) 

C. Signal Model of Macrocell  
Assume that the jth MUE is located near the femtocells, and 

denote the set of subcarriers used by the jth MUE as �j . In the 
following, we omit the index of the MUE for brevity. 

Although symbol timing synchronization may be possible in 
practice, carrier frequency synchronization is hard to achieve 
between the HeNB and the MUE when the femtocells and the 
macrocell are non-cooperative. We assume that a frequency 
offset 

i

f� exists between the ith HeNB and the victim MUE, 
which can be estimated by HeNB via overhearing the training 
signal from the MUE [7].  

Denote the CIR between the ith HeNB and the MUE as 
[ (0), , ( 1), 0, , 0]hm hm hm hm T

i i i ih h L� �h � � , then the interference 
signal vector received by the MUE in time domain can be 
expressed as 

t f hm H f H hm
i i i i i i i i i� �u � H F B d � F � B d ,   (4) 

where 
( 1)

2 2
diag{[1, , , ]}

f f
si i

s s s s

� N �
j � j �

N f N ff
i e e

�

�� �
 
represents the 

diagonalized frequency offset vector, sf  denotes the subcarrier 
spacing, 

hm H hm
i iH = F � F is a s sN N�  circulant matrix whose 

first column is hm
ih , diag{ (0), , ( 1)}hm hm hm

i i i s� � N� �� �  is the 
diagonalized CFR between the ith HeNB and the victim MUE. 

We assume that the interference channel matrix hm
iH  can 

also be estimated by HeNB via overhearing the training signal 
transmitted from the MUE. 

Then the interference signal from the ith HeNB to the victim 
MUE at the kth subcarrier is 

( ) , �f H t H f H hm
i k i k i i i iu k k� � �a Fu a F� F � B d    (5)    

where � is the set of subcarrier positions used by the MUE and 
ka denotes a column vector with 1 at the kth position and 0 in 

other positions. 
The received signal at the kth subcarrier of MUE is 

1
( ) ( ) ( ) ( ) ( ) ( ), �

M
f mm f

i out
i

r k � k s k u k u k n k k
�

� � � � ��   (6) 

where ( )s k  is the frequency domain transmit signal for MUE, 
( )mm� k  is the CFR at the kth subcarrier between the MeNB 

and the MUE, ( )outu k  denotes the interference signal from 
other MeNBs, ( )n k  is the additive white Gaussian noise with 
zero mean and variance 2

n� . 

III. A PREPROCESSOR AT THE HENB 
In this section, we will design the transceiver of each 

femtocell which ensures the performance of the MUE 
meanwhile improves the performance of the femtocell.  

A.  Problem Formulation 
The pre-processing matrix iB  and the post-processing 

matrix iG  for the ith HeNB and its serving HUE can be jointly 
designed by minimizing the MSE of the receive signal [7]. 
From (3), the estimation error of the data symbol of the ith 
HUE can be obtained as 

   ˆ ( )
s

hh H
i i i i i i N i i i� � � �e d d G FH F B - I d G Fz .         (7) 

Then, the MSE is Tr(E( ))H
i ie e . Given i� , it is not hard to 

derive iG  as [7], 
1( )H hh H H

i i i i
��G B F H T F ,                       (8) 

where ( )hh H H hh H
i i i i i i� zT H F B B F H + R , E[ ]H

i i i�zR z z is the 
covariance matrix of the interference plus noise experienced by 
the ith HUE.  

Now the problem of minimizing the MSE only involves iB . 
To ensure the performance of the MUE when femtocells are 

active, the interference energy from the ith HeNB to the MUE 
at each subcarrier should be lower than an interference 
threshold, ( )i

thP k , i.e., 

    
2

�( ( ) ) ( ), �, 1, ,f i
i thu k P k k i M� � � � .              (9) 

Consider that the transmit power of the ith HeNB should 
satisfy its maximal transmission power constraint max

iP , then 
the optimization problem can be formulated as  

 

max
2

min Tr(E( ))

. . Tr( )

E( ( ) ) ( ), �

i

H
i i

H i
i i

f i
i th

s t P

u k P k k

�

� �

B
e e

B B

    

 (10) 

This is a convex problem, which can be solved by using 
the primal-dual interior point method [7]. However, the 
computational complexity is prohibited for practical use. In the 
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sequel, we propose a heuristic solution to design the pre-
processing matrix iB . 

B. Low Complexity Preprocessor 
In order to reduce the complexity, we decouple the pre-

processing matrix into a power allocation matrix and a 
precoding matrix as  

'
i i i�B B P ,                                   (11) 

where 0 1diag{[ , , ]} 
s

i i
i Np p ��P � is the power allocation 

matrix, , 0,1, , 1i
k sp k N� �� , is the transmit power of the ith 

HeNB for the kth symbol ( )id k , and '
iB  is a unitary matrix. 

Consider that the frequency offset between the HeNB and 
the MUE will lead to inter-subcarrier interference, we design 
the precoding matrix '

iB  to map the interference channel hm
iH  

into multiple orthogonal subspaces. Then we design the power 
allocation matrix  iP to meet the interference tolerant 
constraints on the subspaces used by the MUE. 

To this end, we rearrange the channel matrix between the 
HeNB and the MUE as  

[ ]hm H H
i Pi NPi�H H H ,                      (12) 

where  f hm
Pi M i i�H F � H  , p sN N

M
��F � is the pN  rows of F  

with indexes as the subcarrier indexes used by the MUE, 
f hm

NPi NM i i�H F � H , ( )s p sN N N
NM

� ��F �  is the rest rows of the 
matrix F  with MF  being removed. 
To obtain an orthogonal subspace of the interference channel, 

we apply QR decomposition to the rearranged channel matrix 
hm
i i i�H U R ,                                (13) 

where iU  is a unitary matrix, and iR  is an upper triangular 
matrix. Then we obtain the frequency domain precoding 
matrix as '

i i�B FU .  
In typical settings, the bandwidth used by femtocell systems 

will be larger than that of the victim MUE in macrocell system. 
This is especially true when the femtocell is located at the cell 
edge of the macrocell. In this case, we only need to control the 
transmit power of the HeNBs on the subcarriers occupied by 
MUE to be lower than a threshold. We can improve the 
transmission performance of femtocells by power allocation to 
transmit more power on the subcarriers which are not used by 
MUE. The optimal power allocation iP  matrix can be obtained 
by the well known multilevel water-filling method [10]. It is 
worth to note that the power constraints are on account of the 
subcarriers rather than the transmit symbol. We can observe 
from (5) and (9) that even when the interference tolerant 
constraints to different carriers are all equal, the equivalent 
interference tolerant constraints to different symbol, ( )id n , 
differ. 

C. Interference Threshold 
In practice, the distance between the MUE and the HeNB 

will vary due to the movement of MUE. Moreover, the 
HeNBs can be either placed far from the MeNB or near the 
MeNB, thereby the allowed maximal transmit power of 

HeNBs max
iP  will also depends. We need to judiciously design 

the interference threshold i
thP  to guarantee the performance of 

the MUE for all possible scenarios. 
We propose the following criterion to design the 

interference threshold in an adaptive way. We let the 
normalized performance reduction of MUE at each subcarrier 
be no larger than a predetermined value,  i.e,  

0

0

( ) ( )
( )

Ir k r k
�

r k
�

� , �k �                           (14) 

where 0 ( )r k is the data rate that the MUE can achieve at the 
kth subcarrier when there are no interference from the HeNBs, 
and ( )Ir k  is the rate when there are interference from the 
HeNBs.  

Since we consider that M HeNBs act as interference to the 
MUE, 0 ( )r k  and ( )Ir k  can be respectively expressed as 

0 2( ) log [1 ( ) / ( )]r k S k N k� �
 
,
                             

 (15) 

2( ) log [1 ( ) / ( ( ) ( ))]I sumr k S k N k I k� � � ,                     (16) 
where 2( ) | ( ) |mmS k � k�  is the received signal power of the 
MUE from the MeNB, 2 2( ) | ( ) | | ( ) |outN k u k n k� �  is the 
thermal noise power plus the total interference power from 
other MeNBs, and ( )sumI k  is the sum interference power from 
all HeNBs. 

2( ) | ( ) |f
j iI k u k�  

When ( )S k  and ( )N k are known, the allowed maximal sum 
interference power ( )sumI k can be obtained by substituting (15) 
and (16) into (14) as  

max

1

( )( ) ( )
( )(1 ) 1
( )

sum
�

S kI k N k
S k
N k

�
� �

� �
.          (17) 

Then the interference threshold of the ith HeNB can be 
calculated as 

max

1

( )
( ) ( )

( )

i i
th sumM

i
i

I kP k I k
I k

�

�

�
,                            (18)  

where 2( ) | ( ) |f
j iI k u k� is the interference power from the jth 

HeNB to the victim MUE when no interference coordination is 
employed. 

To compute ( )i
thP k , both max ( )sumI k  and ( )jI k , j=1,…,M, 

should be known as a priori. Considering that there could be 
some signaling exchange between the MeNB and the HeNBs, 
we suggest that the MeNB first collects all the needed 
information  and computes the interference threshold for each 
HeNB, then send them to each HeNB through backhaul link.  

In practice, considering the feedback delay, it is impossible 
for the MeNB to obtain the instant information on the 
subcarriers used by MUE. Thus we use the long term average 
information to take the place of the instant information 
required by the computation of ( )i

thP k . Specifically, we 
assume that each HeNB can firstly sense the average 
interference power from itself to the victim MUE, i.e., iI , and 
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then transmit it to the MeNB through backhaul link. We 
further assume that the MeNB can obtain the average signal 
power and average SINR of the MUE, i.e., S and  SINR , 
which is realistic because these can be acquired in practical 
system through the feedback of the received power of the 
reference signal  and  the wideband channel quality indicator. 
The average noise power can be calculated as follows when S , 
SINR and iI are  known as a priori, 

1

M

i
i

SN I
SINR �

� �� .         (19) 

Substituting  S , SINR , iI and N  into  (18), we can obtain 
a unified interference threshold of the ith HeNB for all the 
subcarriers occupied by the MUE. 

IV. SIMULATION RESULTS 
Now we evaluate the performance of the proposed method. 

A topology with 7 macrocells and 3 sectors in each cell is 
considered. The inter-site distance is 500m. We consider that 
two HeNBs are located in each sector. The line between the 
two HeNBs is perpendicular to the line between the MeNB and 
the midpoint of two HeNBs, and the distance between MeNB 
and the midpoint is d =150m. The HUE is 3 meter away from 
its HeNB and the location of MUE is along the line between 
MeNB and the midpoint of the two HeNBs. 

The transmit power of MeNB and HeNB are 46dBm and 
20dBm respectively, and the terminal noise power is -95dBm. 
The carrier frequency is 2G Hz, the subcarrier spacing is 15k 
Hz, 128sN �  and 32PN � . The pathloss model is the same as 
that in [8]. The frequency offsets between all HeNBs and MUE 
are uniformly distributed between 0 ppm and 0.3 ppm [11]. 
The performance degradation value of MUE, i.e., � , is set as 
5%. 

We compare the performance of the proposed method 
with the case using orthogonal frequency splitting between the 
macrocell and femtocell systems as well as the case without 
any interference coordination. In Fig. 2 and Fig. 3, we present 
the spectrum efficiency of the MUE and the HUE versus hmd ,  
which represents the distance between the MUE and the 
midpoint of two HeNBs. It is observed that the performance 
degradation of the MUE over the orthogonal transmission 
scheme is about 0.2bps/Hz, while the performance increase of 
the HUE improves from 1.7 bps/Hz to 2.7 bps/Hz when the 
MUE moves away from the HeNBs. 

V. CONCLUSIONS 
In this paper we proposed a low complexity transmit 

strategy for HeNBs, which includes a precoder and a power 
allocation satisfying specific interference tolerant constraints. 
We provided an adaptive interference constraints calculation 
method for each HeNB, where only limited coordination is 
required between the MeNB and HeNBs. The HeNBs are able 
to operate in a distributed manner. It was shown by simulation 
results that our preprocessor improves the spectrum efficiency 
of the femtocell systems significantly with a permitted 
performance degradation of the MUE.   
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Fig. 2. Performance of the MUE versus hmd  
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Fig. 3. Performance of the HUE versus hmd  

REFERENCES 
[1] V. Chandransekhar, J. Andrews and A. Gatherer, “Femtocell network: a 

surery,” IEEE Commun. Mag., vol. 46, pp. 59–67, Sep. 2008.  
[2] J. D. Hobby and H. Claussen, “Deployment options for femtocells and 

their impact on existing Mmacrocellular networks,” Bell Labs Technical 
Journal, vol. 13, no. 4, pp. 145–160, Feb. 2009. 

[3] Z. Bharucha�H. Haas�G. Auer and I. Cosovic, “Femto-cell resource 
partitioning,” IEEE GLOBECOM Workshops, 2009. 

[4] V. Chandrasekhar, J.G Andrews, T. Muharemovic, Z. Shen and A. 
Gatherer, “Power control in two-tier femtocell networks,” IEEE Trans. 
on Wireless Commun., vol. 8, no. 8, pp. 4316–4328, Aug. 2009. 

[5] X. Li, L. Qian and D. Kataria, “Downlink power control in co-channel 
macrocell femtocell overlay,” IEEE  CISS, 2009. 

[6] J. Ma, G. Y. Li, and B. Juang, “Signal processing in cognitive radio,”  
IEEE Proceedings, vol. 97, no. 5, pp. 805–823,  May 2009. 

[7] Z. Xu and C. Yang, “Secondary transeiver design in the presence of 
frequency offset between OFDM-based primary and secondary systems,” 
IEEE ICC, 2010. 

[8] 3GPP TR36.814 v.1.7.0, “Further advancements for E-UTRA physical 
layer aspects (Release 9),” Feb. 2010. 

[9] Y. G. Li and G. L. Stuber, Orthogonal Frequency Division Multiplexing 
for Wireless Communications. Springer, 2006. 

[10] F. Boccardi and H. Huang, “Zero-forcing precoding for the MIMO 
broadcast channel under per-antenna power constraints,” IEEE 7th 
Workshop on SPAWC, 2006. 

[11] 3GPP TS 25.105 v.10.0.0,”Base station (BS) radio transmission and 
reception (TDD) (Release 10),” June 2010. 

1666



<<
  /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


