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ABSTRACT

Channel Division Multiple Access (ChDMA) is a promising
multiple access scheme for Ultra-Wide Band (UWB) systems
based on the use of the Channel Impulse Responses (CIR) as
user signatures. In this work, we modeled the UWB-CIR as
linear combinations of continuous impulses of finite duration
randomly delayed. Two different channels are considered: the
first, very simplistic, generates multipaths that are uniformly
distributed over the time; the second model, which introduces
correlation between the delay and the energy of the paths, is
built based on the channel power profile. The capacity is in-
vestigated assuming no Channel State Information (CSI) at
the transmitters and perfect CSI at the receiver. As results, we
derive the asymptotic capacity of the ChDMA scheme when
the number of users and the number of frequency dimensions
(which is proportional to the bandwidth) go to infinity with
constant ratio. As a consequence, we observe that the asymp-
totic spectral efficiency depends only on the system load, the
power delay profile, the noise variance and the pulse signal.
The results are validated in certain conditions and compared
with known results on CDMA systems.

1. INTRODUCTION

Ultra-WideBand (UWB) has been recently presented as a promis-

ing radio technology due to the large available bandwidth.
UWB systems enables high data rates at short range as well
as high temporal resolution with long Channel Impulse Re-
sponses (CIR) thanks to their large bandwidth, based on wave-
form radiations of “very short” pulses. Moreover, the sys-
tem uses very low power spectral density, below the thermal
noise of the conventional receivers, which is inherently diffi-
cult to be detected and does not cause significant interference
to other systems. These appealing, fundamental properties of
UWRB radio system make it an ideal candidate for commer-
cial, short-range, low power, low cost indoor communication
systems such as Wireless Local Area Network (WLAN) and
Personal Area Network (WPAN).
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Although a large amount of efforts has been devoted to de-
velop efficient UWB systems during the last years, few stud-
ies focused on the design of efficient multiple access schemes
able to benefit from low duty cycle transmissions. In 2006, a
very simple technique called Channel Division Multiple Ac-
cess (ChDMA) [1, 2] was presented to exploit the duty cy-
cle structure of the UWB signal and provide an interesting
way to guarantee efficient multiuser communications in UWB
systems. Benefiting from the fact that the coherence time is
large (typically about 100 us) in comparison with the delay
spread (typically from 15-40 ns, depending on the user envi-
ronment), each user employs its impulse response to modulate
its signal. The system shows many similarities with uplink
code division multiple access (CDMA) systems with random
spreading sequences, whose spectral efficiency is well known
[3].

In this work, we analyze the asymptotic spectral efficiency
of ChDMA systems under the assumption that the number of
users and the size of the bandwidth increases at a constant ra-
tio. To this aim, we modelled the UWB-CIR as linear combi-
nations of continuous impulses of finite duration and employ
two different power delay profiles: uniform and exponential
profiles. During the evaluation of the system efficiency, we
verify the impact of different system parameters.

2. SYSTEM MODEL

We consider an uplink UWB ChDMA system with K sin-
gle antenna users and a base station that employs a single
receive antenna [1, 2]. We also assume that users access si-
multaneously and synchronously (at symbol level). From the
transmitter side, each user sends a low duty modulating sig-
nal with a symbol rate given by f; = T, !, where T denotes
the interval between consecutive symbol transmissions. The
transmitted signal is distorted by the channel and the distor-
tion can be regarded as a modulation. The CIR can be con-
sider as a signature waveform, similarly to the spreading se-
quences of CDMA systems. At the receiver, the base station is
able to detect the transmitted signals by using the CIR, which
are specific to each user. This is the fundamental idea of the



ChDMA. Without loss of generality, we assume 7T equal to
the maximum multipath delay (or delay spread) of the wire-
less environment, i.e. Ts = Ty, and equal for all the users.
The system is impaired by additive white Gaussian noise.

The impulse response hy(t) of the channel between user
k and the base station can be written as

Ly,
hie(t) = > Aeeg(t — 7o), (1)
(=1

where L, represents the number of distinguishable paths, g(t)
is the pulse signal employed in the signal transmission, Ay ¢
and 7 ¢ are the amplitude and the delay of the /th path of
user k, respectively. The amplitudes Ay, are random vari-
ables that follow a normal distribution with zero mean and
variances 0%75 such that Zfil aﬁ,g = P,. Without loss of
generality, we assume that P, = 1. In fact, different values of
Py, can be taken into account by a multiplicative factor ay, at
the receiver that includes both, the effects of channel attenua-
tion P, and the transmitted power P, i.e. ap = /PPy .
Furthermore, we assume that all the users have the same num-
ber of distinguishable paths, i.e. Ly = L. As a consequence,
the frequency response Hy(f) of the channel between user &
and the base station can be written as

L
Hi(f) =Y MuG(f)e 72, )
=1

where G(f) is the Fourier transform of the g(¢) function.
Then, in frequency domain, the signal received at the base
station is given by

y = HAs + n, 3)
where y is the N-dimensional vector of received signal; H =
[hy,...,hg]isan N x K matrix whose £** column hy is the

sampled frequency response of user k; A is the K x K diag-
onal matrix of received amplitudes whose k-th diagonal ele-
ment is ay; s is a K -dimensional vector of transmitted sym-
bols (it is assumed to be i.i.d random variables with zero mean
and unitary variance), and n is a vector that takes into ac-
count the additive white Gaussian noise with zero mean and
variance o2. In order to keep the notation simple, we assume
that IV is an even integer. The vector y is obtained sampling
the received signal in the frequency domain at rate Wic, where
W, represents the frequency resolution'. This implies that the
baseband representation of the system is within the frequency
interval [ 5 W,, SW.].

3. CASES OF STUDY

Throughout this work we analyze the capacity of the above
proposed multiple access scheme in the following two cases:

'In order to respect the coherence bandwidth of the system, the frequency
resolution has to satisfy the following inequality W, < T%,'

Case 1: The amplitudes A, and the path delays 75, are
complex and real random variables, respectively. They
are mutually independent and statistically independent
over all the K users and all the L paths. The delays
Ti,¢ are random variables uniformly distributed in the
interval [0, T;]. The amplitudes Ay ¢ are random vari-

ables with zero mean and variances % Furthermore,

if T; # W', the number of multipath L is assumed
to be large enough that the random variable Hy(f) is

Gaussian with zero mean.

Case 2: The amplitudes A ¢ and the path delays 74, ¢ of user
k are joint random variables with joint probability den-
sity function fa,. x, 1.7 (A1,... AL, 71 ...71). They
are independent over all users. The joint distribution
favooap. .., (M, ... Ap, 71 ... T) takes into account
the power delay profile and the random variables Ay
are in general dependent of the delays 7y,. Also in
this case, the marginal distributions of A, , are Gaus-
sian with zero mean and variances Uf\[ and the number
of multipath L is large enough that the random vari-
able Hy(f) is Gaussian with zero mean. The delays

are random variables uniformly distributed in the inter-
1 1¢=1Ta (O)Ta
val [~ ).

)

3.1. Casel

Thanks to the independence of ;¢ and 73 ¢ over all users,
the columns of the matrix H are statistically independent. In
order to characterize the matrix H completely, it is sufficient
to determine the covariance matrix of one of the Gaussian
vector hy, fork = 1,... K. The m" component of the vector
hk is

)

L
WcN j27 m—1)T,
B = ;)‘MG <Wc(m -1) - 2) eI2We(m—1)7

“)
with m = 1,..., N. Then, the (m,n) element of the covari-
ance matrix C") = E{h;h} is

L L
B, = SN E{LG (We(m - 1) - W)

u=1v=1
IBWelm=1)Tu \e | G (W (n — 1) — Ve

.eszﬂ'Wc(nfl)TU }

= G (Welm —1) = M) 6" (Weln — 1) - W52)
L
. Z E{ A, o JE{e/27We(m=m)uy
u=1
= G (Wl 1) = ) & (W 1) 15

1t
. T7d/ eJQTrWC(m_n)TdT 2012\u (5)
0

u=1



= G(Wem—1) = )G (We(n— 1) - 15Y)
I™Welm=m)Tagine (W, (m — n)Ty) . (©6)

For simplification purposes, let g(t) be a Dirac impulse,
i.e. g(t) = 0(¢). Under this assumption, we have that

C,(,Pn = J™Welm=m)Tagine (W,o(m — n)Ty). @)
Therefore, the matrix C for case 1 can be written as

C = S(W. T, W.Tu), ©

where S(z,y) is a N x N matrix with elements given by
si;(x,y) = sinc (z(i — j)) F™I), ©)

Then, thanks to the Toeplitz structure of the matrix c,
the following eigen-decomposition holds when N — oo [4],

cl) = Jim FIDWFy (10
being F  the Fourier matrix and DY) a diagonal matrix with

elements

. _{Wcle for0<n—1< NW,T,

0 , otherwise.

an

As one can observe, the obtained D) does not depend
on L, but only on the delay spread T;; and the frequency res-
olution W..

3.2. Case?2

We assume that the elements of one set (\g ;j, 7%, ;) are statis-
tically dependent of each other but statistically independent
of any element of any other set (Ag j, 7w j7) V k' # k and

i # g, ie.,

L
FOwd - ML o1 Ten) = [ feks - The)-
=1

12)
Furthermore, consistently with the general assumptions in Sec-
tion 2 the marginal distribution of 7y, ¢ is uniformly distributed

in the interval [W, %ﬁ} JE{ e} = 0,and E{| A\, 0]?} =
o3, with STEE ox, = 1. The (m,n)—th element of the co-
variance matrix C?) = E{h;h{’} is given by

L
N
Cy = Soh6 (Witm 1)~ )
{=1
N
G (Wc(n —1)— Wé )

.E{ejQﬂ'Wc(m*n)Tl} (13)

L
W.N
- ZailG(Wc(m—U— 5 )
/=1

.G* (WL(TL - 1) . W;N) ejﬂ-WC(mfn)%(Qlfl)

sinc (WZTd (m — n)) .

By assuming that g(¢) is a Dirac , i.e. g(t) = 4(t), (14) re-
duces to

(14)

L
Cﬁf)n _ Zo_ie.ejﬂwc(m—n)%ﬂé—l)
=1

sinc (WZTd (m — n)) .

Therefore, the matrix C for case 2 can be written as

15)

L
w. Ty W.T,
(2): 2 cld cdz_l 1
C ;le% s( o e (2 )). (16)

Asymptotically, for N — oo, the following eigen-decomposition
holds

with
0_2
dpm = WA’TLd for%(g_l) <n-1< %&
’ 0 otherwise.

(18)
As one can observe, we have that D2 = D) for the
case where A, have identical distributions with the same
variances, i.e., ai( = %, V¢ = 1,...,L. This result shows
that the assumption that each time delay delay belongs to a
fixed interval disjoint from the others does not introduce any
modification/constraint on the asymptotic result if the power
delay profile is constant compared to case 1.

4. SPECTRAL EFFICIENCY

The spectral efficiency analysis of the ChDMA system is sim-
ilar to the one presented by Verdu and Shamai [3] for CDMA
systems with random spreading codes. The spectral efficiency
per frequency bin is given by

1
=% log, det (IN + pHAAHHH)

1 H
=5 log det (IN + pVD@OVAATVE /D) )

(20)

19)



where p = %%, a = 1, 2 if the channel is modelled as in case

1 or in case 2 respectively, and V is an N x K matrix with
random i.i.d. entries having zero mean and unitary variance.

The following theorem provides the spectral efficiency per
frequency bin as K, N — oo with constant ratio. In asymp-
totic condition this figure becomes deterministic and depends
on few macroscopic system parameters.

Theorem 1. Let H be and N x K matrix of random indepen-
dent columns and let the elements of each column be corre-
lated Gaussian with zero mean and covariance matrlx . Let
us assume that asymptotically as N, K — oo, the empmcal
eigenvalue distributions of the matrices C and AA con-
verge to the deterministic distribution functions Fc(v) and
Fiap2(p), respectively. Then, when K, N — oo with % — 0,
the spectral efficiency v converge to a deterministic limit

_ oo pn(z)d Flaj=(p)
w=nm | =) T @
with
) = [ n(v.2)d Fe(v) @)
and
ﬂ/ pEia]2(p) 23)
( Lt p[n(v,z)d Fe(v)

being n(v, z) the unique positive solution to (23)*.

For case 1 (see Eq. (11)) and case 2 (see Eq. (18)) the
limiting eigenvalue probability density functions of the co-
variance matrix C are given by

1
((jl) (v) = (1 — Wch)(S (’U) + WCTd5 (’U — WCTd> (24)

and
L 2
(2) ox L
1-W.T,
18 ) = (1= W.Ta)s 3 ( We%)
(25)
respectively.

Under the assumption that all the received powers are equal
to one the expressions (21), (22) and (23) simplify consider-
ably and depends only on T;, W, and S3.

2Due to the lack of space, the proof of this theorem could not be included.
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Fig. 1. Impact of the number of frequency samples N.

5. RESULTS

In this section, we present the results obtained by the asymp-
totic analysis (Eq. 21) and compare them with the results
obtained by Monte Carlo simulations of ChDMA systems of
finite dimensions (Eq. 19). For finite simulated systems, we
consider two different methods to build the channel matrix:
the first one, labelled Method 1, creates the channel by gen-
erating random multipaths under the restrictions discussed in
Section 3. The second method, referred to as Method 2, is
based on the random generation of the channel by employing
the diagonal matrix D(®). In fact, this is a fundamental step
to derive the asymptotic equation.

The results are obtained averaging over 500 Monte Carlo
simulations. We considered an environment with a maximum
delay spread of 25ms. Furthermore, when (3, the number of
frequency samples NV, the frequency resolution W, the ratio
E, /Ny or the number of multipaths L are not given, we as-
sume by default that they are respectively 0.8, 50, 40MHz,
5dB and 100. Similarly, by default the received power dis-
tribution is Fla|2(p) = 1 for p < 1, i.e. we assume perfect
power control.

5.1. Validation

As a first step, we validate numerically the assumptions made
to derive the asymptotic results and we compare the resulting
spectral efficiency with known results in the literature.

In Fig. 1, the impact of the number of frequency dimen-
sions on the spectral efficiency is presented. As the system
dimensions increase, the spectral efficiency of all the simu-
lated channels converge to the asymptotic theoretical value.
Convergence was also observed for different system configu-
rations, but the speed of converge is intimately dependent of
all the system parameters.

It is possible to verify that the spectral efficiency v;n fty
reduces to the expression of the asymptotic spectral efficiency
per chip of CDMA systems with random spreading codes
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Fig. 2. Validation with the CDMA result (£ = 10).

studied by Verdd and Shamai in [3], when Ty = W' and
the power delay profile is uniform. Fig. 2 compares the spec-
tral efficiency as a function of the system load ( in case of fi-
nite simulated channels with the asymptotic theoretical spec-
tral efficnecy of CDMA as % = 10dB. Although the plots
are obtained assuming a very low number of frequency di-
mensions in the finite case (N = 50), the two curves match

completely for different values of 3.

5.2. Power Delay Profile

In this section we investigate the impact of a nonuniform power
delay profile (PDP) on the spectral efficiency of ChDMA sys-
tems. We consider an exponentially decaying PDP when the
assumptions of case 2 are enforced. This type of profile is
more realistic and it is largely used to characterize the UWB
environment [5, 6]. Such profile is defined by assuming 012\[ =

[e5] —QaTy :
T(—c T2 e , where « is the decay factor.

In order to analyze the impact of the PDP, we consider
three different decay factor values of the exponential decay-
ing profile. Fig. 3 shows the spectral efficiency of a ChDMA
system with exponential PDP as a function of the load [ for
a = 0.01, 1, 5, 10. Furthermore, the performance of the sys-
tem with exponentially decaying PDP is compared to case of
uniform PDP (solid line) with @ = 0. At the parameter «
increases the spectral efficiency increases if the system load
[ is sufficiently large. This is due to the concentration of
the channel energy in a small portion of the channel inter-
val. This concentration determines an inefficient utilization
of the available system dimensions. Then, the receiver cannot
separate completely the information transmitted by different
users. On the other hand, for lower values of «, the system
performance tends to the performance of a system with uni-
form PDP, as we could expect.

Uniform PDP’
— © —Expo. PDP:0:=0.01
Expo. PDP:0=1
— ~ —Expo. PDP:a=5
— * — Expo. PDP:0=10

Spectral Efficiency (bits/sihz)
o
T

0.8
Ratio K/N (B)

Fig. 3. Impact of the Power Delay Profile.

6. CONCLUSIONS

In this work we provided an analysis of ChDMA systems in
terms of spectral efficiency as the system size grows large.
Under this asymptotic conditions the spectral efficiency is in-
dependent of the channel realization and becomes determin-
istic. Two channel models were considered and analytic ex-
pressions of the spectral efficiency were derived based on re-
sults of random matrix theory. We validated the asymptotic
equations via simulation results and verified the impact of the
power delay profile on ChDMA systems.

As perspectives, we would like to tackle problems related
to errors on channel estimations, the impact of training on the
spectral efficiency of the system and refine the UWB channel
models to include typical behaviours such as the non-linear
frequency attenuation.

7. REFERENCES

[1] R. L. de Lacerda Neto, M. Debbah, and A. Menouni Hayar,
“Channel division multiple access,” in Ist IEEE International
Conference on Wireless Broadband and Ultra-Wideband Com-
munications, New South Wales, Australia, Mar. 2006.

[2] R. L. de Lacerda Neto, A. Menouni Hayar, and M. Debbah,
“Channel division multiple access based on high UWB chan-
nel temporal resolution,” in 64th IEEE Vehicular Technology
Conference 2006 Fall, Montreal, Canada, Sept. 2006.

[3] S. Verdd and S. Shamai, “Spectral efficiency of CDMA with
random spreading,” IEEE Transactions on Information Theory,
vol. 45, pp. 622-640, Mar. 1999.

[4] R. M. Gray, Toeplitz and Circulant Matrices: A Review, Tech-
nical Rept. No. 6504-1, Inform. Sys. Lab., Stanford Univ., Stan-
ford, CA, April 1977.

[5] A.Saleh and R. Valenzuela, “A statistical model for indoor mul-
tipath propagation,” Selected Areas in Communications, IEEE
Journal on, vol. 5, no. 2, pp. 128-137, 1987.

[6] D. Cassioli, M. Z. Win, and A. F. Molisch, “The ultra-wide
bandwidth indoor channel from statistical model to simula-

tions,” IEEE Journal on Selected Areas in Communications,
vol. 20, no. 6, pp. 1247-1257, Aug. 2002.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 0.1000
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AharoniBold
    /Algerian
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BankGothicBT-Medium
    /Baskerville
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /CaslonOpenfaceBT-Regular
    /Castellar
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /FelixTitlingMT
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldItalic
    /Garamond-Italic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /ItcEras-Medium
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /MingLiU
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MVBoli
    /Narkisim
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /Stencil
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TechnicalItalic
    /TechnicalPlain
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /USPSBarCode
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /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 2.00333
  /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 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


