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ABSTRACT

In this paper, in order to increase system capacity and reduce the transmitting power of the user's equipment,
we propose a efficient power estimation algorithm consisting of a modified open-loop power control (OLPC)
and closed-loop power control (CLPC) for mobile satellite communications systems. The improved CLPC
scheme, combining delay compensation algorithms and pilot diversity, is mainly applied to the ancillary ter-
restrial component (ATC). ATC link in urban areas, because it is more suitable to the short round-trip delay
(RTD). In the case of rural areas, where ATCs are not deployed or where a signal is not received from ATCs,
transmit power monitoring equipment and OLPC schemes using efficient pilot diversity are combined and ap-
plied to the link between the user's equipment and the satellite. Two modified power control schemes are ap-
plied equally to the boundary areas where two kinds of signals are received in order to ensure coverage conti-
nuity. Simulation results show that the improved power control scheme has good performance compared to

conventional power control schemes in a geostationary earth orbit (GEO) satellite system utilizing ATCs.
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1. Introduction

In 4G systems, the major role of satellites will be to pro-
vide terrestrial fill-in service and efficient multicast-
ing/broadcasting services [1]. However, it is known that
it is difficult for a mobile satellite service (MSS) to relia-
bly serve densely populated areas, because satellite sig-
nals are blocked by high-rise structures and/or do not
penetrate into buildings. Under these circumstances, in a
groundbreaking application to the Federal Communica-
tion Commission (FCC) in 2001, Mobile Satellite Ven-
tures LP (MSV) unveiled a bold new architecture for an
MSS with an ancillary terrestrial component (ATC) pro-
viding unparalleled coverage and spectral efficiency [2].
The main concept of the hybrid MSS/ATC architecture
of the MSV proposal is that terrestrial reuse of at least
some of the satellite band service link [3] frequencies can
eliminate the above-mentioned problem. As the terres-
trial fill-in services using ATC [4], satellite systems pro-
vide services and applications similar to those of terres-
trial systems outside the terrestrial coverage area as
much as possible.
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This paper examines power control and handover us-
ing position information in land mobile satellite commu-
nication systems containing an ATC. The MSV’s hybrid
system architecture is shown in Figure 1.

2. Power Estimation Using Pilot Diversity

SIR estimation is one of the key aspects of the OLPC and
CLPC scheme and is typically needed for functions such
as power control, handoff, adaptive coding, and modula-
tion. Efficient channel estimation is compared with a
channel estimation method using only the pilot symbols
of the common pilot channel (CPICH), as well as a
channel estimation method combining the pilot symbols
of the dedicated physical control channel (DPCCH) and
those of the CPICH.

Equation (1) represents a channel estimation using N
symbols of the CPICH in one slot after a multipath fad-
ing and a dispreading process in a RAKE receiver.

x(D=a(i)y*tn(@) for i=1, 2, ..., N @
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Figure 1. MSV’s hybrid system architecture.

in which a(7) is a channel gain to be estimated. Equa-
tion (2) shows a method for estimating a channel by
combining the pilot symbols of the dedicated physical
channel (DPCH) and CPICH. A receiver of a terminal
acknowledges a pilot pattern for pilot symbols of the
DPCCH in a manner similar to Equation (1).

o) = APa@) + m@) forj=12,...M  (2)
in which A(j)=(1/u(j))"* refers to the power ratio of the
pilot symbols of the DPCH and those of the CPICH.
Equation (3) shows a method for estimating a channel by
combining the pilot symbols of the DPCH, those of the

CPICH, and those of the secondary common control
physical channel (S-CCPCH).

2(k) = (k)atk) + I(k) for k=1.2,.... K A3)

in which 4,(k)=(1/u1;(k))"? refers to the power ratio of the
pilot symbols of the S-CCPCH and those of the CPICH. In
Equations (1)—(3), N, M, and K are the number of pilot
symbols in one slot of the CPICH, DPCH, and S-CCPCH
used in estimating a channel gain, respectively. And n(i),
m(j), and I(k) are presumed AWGNSs that have zero means
and o” variances, respectively. Since it is presumed that the
channel gain is not changed during one slot of an estima-
tion period, a(-) and 4,() become a and A, respectively.
Since channelization codes used in the CPICH, the DPCH,
and the S-CCPCH are different from each other, n(i), m()),
and /(k) are independent of each other. A vector of a signal
received in a rake receiver of a terminal is as follows:

2=[x(1)x(2).. x(NY(D¥(2).. y(M)z(1)z(2)...z(L)]"
4
where T denotes an operator of a transpose matrix. If 4,
A1, and o are known, a conditional probability density
function is as follows:

N M
p(z|ﬂ1,/1,a)=[\/271wz] [\/2:sz {\/2710'2

Xexp[_g Go-ay Y 0)-rar K (z(j)—ﬂ;mf]
i=1 20"1 ]:1 2O-m k=1 261{
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where a denotes a channel estimation value (case 1) us-
ing the CPICH, 1 denotes a channel estimation value
(case 2) combining the DPCH and the CPICH [5], and 4,
denotes a channel estimation value (case 3) combining
the CPICH, the DPCH, and the S-CCPCH [5].

'_E[aZ lnp(zll,l,a)} _E[az Inp(z| A,i,a)}

6211 5/1180(
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(6)
If 4, is known, the output Cramer-Rao Lower Bound
(CRLB) is that shown by Equation (7) [6].
1 _ 1
I(ﬂma)z,z lz.}_ M2 + K 3
O, MO, H4O}
Q)
Accordingly, comparing [7] with Equation (7) results
in Equation (8), as follows.

CRLB(&|A)) =

2
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As a result, it can be seen that the channel estimation
combining the CPICH, the DPCH, and the S-CCPCH is
superior to both the channel estimation using only the
CPICH and the channel estimation combining the CPICH
and the DPCH.

3. Open-Loop Power Control

A modified OLPC and CLPC model is shown in Figure 2.
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Figure 2. Modified OLPC and CLPC model.
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In order to improve the accuracy of the estimation of SIR,
we proposed a method to estimate the interference power,
which will be presented as follows.

In Figure 3, n, k, [, Ty, and T, denote n-th slot, k-th
symbol, /-th resoluble multi-path, bit duration, and chip
duration, respectively. Since the interference noise is
Gaussian distributed, the variance of the interference can
be found from the sum of the variances of the amplitude
of the 7 channel and Q channel, as follows: [8]

I=ER{* + E|Rl’ ©)
Desired signal S is achieved by calculating the sum-
mation of the S; from the 1 to L tap RAKE receiver.

s='S's, (10)
1=0
According to Friis’ free-space propagation-path-loss
Formula [9], in order to apply OLPC, the average re-
ceived power at the mobile station would be:

P.= |E|*/2n0= Po[1/(4md/X)]? an

181

where Py = P,G,G,, and 7, P,, G,, and G,, denote intrinsic
impedance of free-space, transmitted power, gain of the
transmitting antenna, and gain of the receiving antenna,
respectively. Path loss and shadowing effects are re-
garded as slow fading in this work. The general open-
loop response of the OLPC can be approximated as fol-

lows: [10]
O(t) = -AP;,(1-exp(-t/t)u(?) 12)

in which AP;,, 7, and O(¢) are the step change in mean
input power, the time constant of the open-loop re-
sponse, and the output, respectively.

4. Closed-Loop Power Control

CLPC is a powerful tool to mitigate near-far problems
in a DS-CDMA system over Rayleigh fading channels.
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Figure 3. Block diagram of power estimation using pilot diversity.
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Because of a significant difference in the RTD, there is
serious performance degradation of the CLPC if the
power control used for the terrestrial interface is em-
ployed as is. In order to reduce power control error, a
delay compensation mechanism was selected in the ATC
and satellite.

The transmitting power control (TPC) commands are
generated as follows. Firstly, let us define power control
error of As,cz SIRES[_ S[Rtarget + Aloop delays where Aloop delay
and SIR,; denote the prediction for the amount of SIR
increment/decrement of the received downlink CPICH,
S-CCPCH, and the estimated SIR of the received
downlink DPCCH during the next time interval equal to
the loop delay, respectively. Therefore, Ajp deiay 18 added
to SIR,, to result in the predicted SIR value of SIR., preq-
13)
where n % A, is the increment (or decrement) of the
estimated SIR of CPICH and S-CCPCH in dB during the
last frame, and » is the nearest integer to (loop delay)/
(frame length).

A four-level quantized power control step, A, is gen-
erated according to the region of A, as follows:

Aloop delay= 1 X Apre‘d

if |A,|<er and A, <0, A1) =As
if |A,|<er and A,.>0, A1) =-As
if |Ac|>er and A, <0, A()=A,
lf |Agyc|>8T and Ae,c>05 Ap(i):-AL

in which Ag, A;, and ¢ are a small power control step, a
large power control step, and the error threshold, respec-
tively. Because of the RTD in the GEO system, the satel-
lite radio access network (S-RAN) can reflect A, (i) at its
transmission power after about 250ms, during which
time there may be a considerable change in the SIR. The
S-RAN adjusts the transmitting power of the downlink
DPCCH with an amount of DPCCH using the two most
recently received power control steps, A,(i) and A,(i-1),

and this can be modeled as a simple FIR filter, as follows:

[11]
Appccn = Ay(i) - al(i-1) a14)
We can rewrite the above equation as follows:
Appeci = (L-a)A, (D) + a(A(0) - AG-1)  (15)

which means that Appccy; is determined not only by A,(7)
but also by the difference between A,(i) and A,(i-1) with
weighting factors of (1-a) and a, respectively.

5. Simulation Results

A channel with only fast fading and a channel with path
loss, slow fading, and fast fading were simulated to ex-
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amine the performance of the CLPC with and without an
OLPC. The simulation parameters are given in Table 1.
We present the simulation results of only the proposed
CLPC scheme (SCHEME-II), combining the proposed
OLPC and proposed CLPC (SCHEME-I), and only the
proposed OLPC (SCHEME-III) over GEO satellite or
ATC environments, and we compare the performance of
the various conventional- OLPC and CLPC algorithms.
For conventional schemes, we used the terrestrial CLPC
scheme in the WCDMA system and Gunnarsson’s
scheme in [12], and they are denoted in the figures as
SCHEME-II with a dotted line and without SCHEME-II
with a dotted line.

In our simulations, we consider a satellite system with
a single beam and ignore the inter-spot interference. We
assumed power control begins to work after 250$ms$
due to propagation delay.

Figures 4 and 5 show the average transmitting power
consumed at the transmitters of specific users according
to mobile speed. It is observed that average UE transmit-
ted power of all schemes is dependent of mobile speed.
However, we can see that users with a combination of
the modified OLPC and CLPC scheme consume less
power. It is also seen that at low vehicle speeds (<40

Table 1. Simulation environment.

Parameter Value
Carrier frequency 2170 MHz
Power control sam- | UL Serving from GEO sat- 10 ms
ple interval (7,) .elhte
UE serving from ATC 6.667E-4 ms
Frame length 10 ms
GEO satellite 250 ms
q del < slot dura-
Round trip delay tion
ATC ~6.667E-4
ms)
Processing gain 256 (=24 dB)
UE serving from GEO sat- 70,000
Transmit frame ellite frames
UE serving from ATC 60,000 slots

Small step size

1 dB

Large step size

2dB

Fading model Clarke’s model (Classical Doppler spectrum)
Target SIR 5dB
Desired received -140 dBW (= -110 dBm)
power =
UE serving from GEO sat- 5 dB
Rician K-factor ellite
UE serving from ATC -inf
Power command 0~015
error probability )
Interference plus -123 dBm
noise power
Interference vari-
ance 6dB
Path loss variance 8 dB
Maximum trans- GEO satellite 41.8 dBW
mitting power ATC 28 dBm
Minimum trans- GEO satellite -2.9 dBW
mitting power ATC -61 dBm
Mobile speed 0~ 98 km/h
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Figure 4. Average transmitting power of UE serving from
ATC according to mobile velocity.
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Figure S. Average transmitting power of UE serving from
GEO satellite according to mobile velocity.

km/h), combining modified OLPC and CLPC (SCHEME-I
shown with a solid line) is very effective. This is because
SCHEME-I compensates slow fading and path loss by
monitoring transmitting power of UE and simultaneously
archives diversity gain by using efficient channel estima-
tion algorithms.

Figures 6 and 7 show the average received power
consumed at the transmitters of specific users according
to mobile speed. We can see that the received power of
users with a combination of the modified OLPC and
CLPC scheme using pilot diversity is settled compared
to the other scheme. This highlights the importance of
monitoring transmitting power equipment applying for a
CDMA-based system. With a RAKE receiver, the dy-
namic range of the received power decreased as the
monitoring equipment decreased.

Figures 8 and 9 show the probability density function
of the received SIRs for a mobile speed of 98km/h hav-
ing a probability of power control command error of 0.
Intuitively, we turn out that the SCHEME-I using pilot

Copyright © 2009 SciRes.
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diversity has a larger improvement, as confirmed in the
simulation results.

6. Conclusions

Conventional channel estimation methods incur many
errors in the case of deep fading. In contrast, the proposed
channel estimation method using the S-CCPCH to the
conventional methods can obtain an improved pilot diver-
sity gain by performing channel estimation using other
channels when the first channel does not reach a required
level of a received signal. Thus, it is possible to implement
an ideal maximum ratio combining method in a RAKE
receiver. The channel estimation method described in this
paper provides a more improved performance than chan-
nel estimation in a receiver of a terminal having conven-
tional pilot symbols of a CPICH or a DPCCH by combin-
ing pilot symbols of a CPICH, a DPCCH, and a S-CCPCH,
and estimating a channel. In this paper, we have presented
satellite access technologies for a future mobile system.
We suggested desirable modifications for application to
the 4G system. Combining modified CLPC and OLPC
with delay compensation algorithms and monitoring
equipment proved to provide a good performance in a
MSS/ATC hybrid system. In addition, to increase the per-
formance and to keep commonalities between terrestrial
standards, more advanced transmission technologies, in-
cluding multi-carrier transmission, interference cancella-
tion, and highly efficient modulation and coding should be

Copyright © 2009 SciRes.
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investigated in more detail.

7.

[11]

[12]

References

1. Philipopoulos, S. Panagiotarakis, and A. Yanelli-coralli,
“The role of S-UMTS in future 3G markets,” ist-
2000-25030 SATIN project, SUMTS, P-specific re-
quirement, deliverable No. 2, April 2002.

G. M. Parson and R. Singh, “An ATC primer: The future
of communications,” MSV, 2006.

Report and order and notice of proposed rulemaking, fcc
03-15, Flexibility for Delivery of Communications by
Mobile Satellite Service Providers in the 2 ghz band, the
L-Band, and the 1.6/2.4 Bands, IB, Adopted: January 29,
2003, Released: February 10, 2003.

S. Dutta and D. Karabinis, “Systems and methods for
handover between space based and terrestrial radiotermi-
nal communications, and for monitoring terrestrially re-
used satellite frequencies at a radioterminal to reduce po-
tential interference,” US Patent No. 6879829 b2, April 12,
2005.

T. Luo and Y. C. Ko, “Pilot diversity channel estimation
in power-controlled CDMA systems,” IEEE Transactions
on Vehicular Technology, Vol. 53, No. 2, pp. 559-563,
March 2004.

S. M. Kay, “Fundamentals of statistical signal processing:
Estimation theory,” 2nd Edition, Englewood Cliffs, NJ:
Prentice-Hall, 1993.

H. V. Khuong and H. Y. Kong, “BER performance of
cooperative transmission for the uplink of TDD-CDMA
systems,” ETRI Journal, Vol. 28, No. 1, pp. 17-30, Feb-
ruary 2006.

C. -C. Lee and R. Steele, “Closed-loop power control in
CDMA systems,” IEE Proceedings of Communications,
Vol. 143, No. 4, pp. 231-239, August 1996.

W. C. Y. Lee, “Mobile communications engineering,”
2nd Edition, Mcgraw-Hill, 1998.

S. Choe, “An analytical framework for imperfect DS-
CDMA closed-loop power control over flat fading,”
ETRI Journal, Vol. 27, No. 6, pp. 810-813, December
2005.

K. Lim, K. Choi, K. Kang, S. Kim, and H. J. Lee, “A
satellite radio interface for IMT-2000,” ETRI Journal,
Vol. 24, No. 6, pp. 415-428, December 2002.

F. Gunnarsson, F. Gustafsson, and J. Blom, “Dynamical
effects of time delays and time delay compensation in
power controlled DS-CDMA,” in IEEE Journal of Se-
lected Areas on Communications, Vol. 19, No. 1, pp.
141-151, January 2001.

Int. J. Communications, Network and System Sciences, 2009, 3, 169-247




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


