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Abstract: A cascaded phase modulation is proposed for auxiliary management and control
channel (AMCC) superimposition toward mobile fronthaul employing common public radio
interface (CPRI). Different from other AMCC implementations, like the baseband intensity
overmodulation scheme and the radio frequency pilot-tone scheme, the proposed cascaded
phase overmodulation shows negligible impact on CPRI performance. Differential binary
phase-shift keying is employed to encode the AMCC message, which is then overmodulated
on CPRI via a cascaded phase modulator. Demodulation of AMCC message is achieved
by a delay line interferometer, which converts the phase modulation to amplitude modu-
lation. In the proof-of-concept demonstration, a 500-kb/s AMCC data are superimposed
on a 10.1376-Gb/s nonreturn to zero signal with CPRI option 8, which is transmitted over
20-km standard-single-mode fiber. A −30-dBm receiver sensitivity is achieved for CPRI,
with negligible penalty compared to the AMCC-free transmission of CPRI data.

Index Terms: Mobile front haul, WDM-PON, auxiliary management and control channel.

1. Introduction
In the coming years, a fast evolution of fixed and mobile network is expected due to the spread
of cloud and mobile services. Capacity expansion is strongly required in the 5G era, with data
rates about 10 times faster than current 4G systems. One of the attractive methods for increas-
ing network capacity is densely deploying many small cells on a macro cell in the urban areas.
Accordingly, a centralized radio access network (C-RAN) architecture [1] is proposed to decrease
the network costs. The C-RAN architecture improves transmission performance by coordinated
transmission and reception among small cells, with centralized baseband units (BBUs) and re-
mote radio heads (RRHs). Common public radio interface (CPRI) [2] is used within the segment
between BBUs and RRHs, which is also called the mobile fronthaul (MFH), to send digitalized
IQ-sampling data with low latency [3]–[8]. However, CPRI suffers from low spectral efficiency. For a
typical LTE channel with 20-MHz bandwidth and 2 × 2 multiple-input and multiple-output (MIMO),
CPRI requires a fronthaul data rate of 2.5-Gbps [9]. Furthermore, many optical fibers are needed
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Fig. 1. WDM-PON architecture for connections between BBUs and RRHs.

Fig. 2. Operational principle for 1) the baseband intensity over-modulation, 2) RF pilot-tone, and 3) the
proposed cascaded phase over-modulation schemes.

to accommodate the small cells, which leads to a significant increase of network costs. Recently, a
wavelength-division multiplexed passive optical network (WDM-PON) system has been defined for
MFH by the ITU-T to solve the above problems [10]–[13]. System of this type can provide high
capacity and low latency, which also reduces the required number of fibers. The wavelengths can
be semi-statically assigned to small cells in accordance with mobile traffic load, and it is possible to
reduce the number of transceivers via an auxiliary management and control channel (AMCC) [14].
Fig. 1 shows the implementation of WDM-PON architecture for connections between BBUs and
RRHs. In the optical line terminal (OLT), wavelengths are assigned to each transceiver, which is
connected to each port of the wavelength mux/demux component. And, a tunable transceiver is
used at the optical network unit (ONU), where each wavelength is remotely controlled from OLT
site by means of AMCC scheme.

Implementation of AMCC can be done either by the baseband intensity over-modulation scheme
or by the radio frequency (RF) pilot-tone scheme [15]–[18]. However, performances of both schemes
rely on the modulation depth of AMCC message signal. In this paper, a cascaded phase over-
modulation scheme is proposed, in which a cascaded phase modulator is placed directly after
the intensity modulator, in order to load the AMCC message onto CPRI data. Differently, such
implementation for AMCC superimposition does not decrease the performance of CPRI, because
the phase modulation does not change the intensity of optical carrier, which is directly detected by
a photo detector for CPRI demodulation. The AMCC message itself is differentially encoded, which
is then over-modulated on CPRI via a low-speed phase modulator. Differential binary phase-shift
keying (DBPSK) is employed, while demodulation of AMCC message is simply fulfilled by a delay line
interferometer (DLI). The DLI is used to converts the phase modulation to amplitude modulation.
In the demonstration, a 500-kbps AMCC message is superimposed on a 10.1376-Gbps NRZ
signal with CPRI option 8, which is transmitted over 20-km standard single mode fiber (SSMF). A
−30 dBm receiver sensitivity is achieved for CPRI, with a negligible penalty compared to the
AMCC-free transmission of CPRI data.

2. Principle
Fig. 2 shows the operational principle for AMCC superimposition in MFH employing CPRI, based
on 1) the baseband intensity over-modulation, 2) RF pilot-tone, and 3) the proposed cascaded
phase over-modulation schemes. The baseband over-modulation of AMCC message is to load an
amplitude shift-keying (ASK) signal on the data by controlling the envelope amplitude of CPRI. It is
typically fulfilled by a variable optical attenuator (VOA) or a semiconductor optical amplifier (SOA),
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Fig. 3. Experimental setup for the transmission of CPRI data with AMCC superimposition, fulfilled by
the proposed cascaded phase modulation.

which is driven by a low-speed message signal [15], [16]. The envelope can be retrieved by a low
pass filter (LPF), after the photo detector. In the RF pilot-tone scheme, baseband AMCC signal is
first up-converted to a proper RF frequency. Then, it is mixed with the CPRI signal [17], [18]. In the
AMCC receiver, RF pilot tone is down-mixed by a local oscillator (LO), then it is low pass filtered.
However, in both schemes, the modulation depth of AMCC message decreases the performance of
CPRI data. In this work, a cascaded phase over-modulation for AMCC superimposition is proposed,
as shown in the bottom of Fig. 2. It is achieved by a phase modulation of CPRI’s carrier. The
phase modulator (PM) is placed directly after the intensity modulator. The AMCC message is first
differentially encoded with DBPSK, then it is over-modulated on CPRI via phase modulation. In
the receiver, received signal is split into two parts. One part (for CPRI) is directly detected. While,
the other part (for AMCC) is demodulated by a DLI, which converts the phase modulation to
amplitude modulation.

The delay line interferometer splits the input optical signal equally into two beams, delays one
of the beams by a symbol period. After recombination, the two beams interfere with each other
constructively or destructively. The resultant interference intensity is the intensity-keyed signal. The
input optical signal can be simply represented as

E in (t) = a (t) e jϕ(t) (1)

where a(t) is the CPRI data in the intensity domain, and ϕ(t) is the AMCC message in the phase
domain. After interference, the output signal can be represented as

E out (t) = 1
2

(
E in (t) + E in

(
t − T

))
(2)

and, T is the symbol period of AMCC message. After square-law detection, the output can be
represented as

E
(∣∣E out (t)

∣∣2) = 1
4

[
a(t)2 + a(t − T )2 + 2a (t) a (t − T ) cos (θ)

]
(3)

where θ is the phase difference between two consecutive AMCC symbols. Due to the CPRI
modulation, a(t) is no longer a constant amplitude, which degrades the performance of AMCC.
However, such performance degradation can be minimized by reducing the extinction ratio (ER) of
CPRI modulation. Using a low pass filter after the photo detection also helps, since the data rate
of AMCC message is much lower than CPRI data. Supposing a(t) equals to a(t − T ), the proposed
AMCC receiver will output ‘1’, when θ is zero. While, it will output ‘0’, when θ is π.

3. Experimental Setup
Fig. 3 shows the experimental setup for the transmission of CPRI signal with AMCC superimposition,
which is fulfilled by proposed cascaded phase modulation. In the transmitter, an external cavity
laser (ECL) is used as the optical carrier, which works at around 1552-nm wavelength. A dual-drive
Mach-Zehnder modulator (DDMZM) is employed as the intensity modulator, which is biased at the
quadrature point to provide linear modulation. The DDMZM is driven by a 10.1376-Gbps NRZ signal
(CPRI option 8) with PRBS31, which is generated by an arbitrary waveform generator (AWG). After
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Fig. 4. (a) Optical spectra with and without an AMCC message, (b) electrical spectrum of CPRI signal,
after the square law detection.

Fig. 5. Measured BER performance of CPRI signal with and without the AMCC message, under different
received optical powers.

the intensity modulation, the output of DDMZM is fed into an additional phase modulator (PM),
which is driven by a 500-kbps AMCC message. The AMCC message is first generated offline with
PRBS7. Then, the AMCC message is differentially encoded and output by an AWG working at
500-kSa/s sampling rate. The optical distribution network (ODN) is composed of 20-km SSMF and
a variable optical attenuator (VOA), which is used to emulate the optical power splitter in the passive
optical network. In the receiver, signal is first split into two paths. One is fed into the CPRI receiver,
while, the other is fed into the AMCC receiver. The CPRI receiver is simply composed of a photo
detector (PD), and a digital sampling oscilloscope (DSO). CPRI data is recovered in the offline DSP
by simple feed-forward equalization (FFE) and decision. In the AMCC receiver, the received signal
is first split equally into two beams, with one beam delayed by an AMCC symbol period. Polarization
controller (PC) is used to align the polarization states between the two beams. After interference,
a photo detector (PD) is used to convert the optical signal into analog, and the analog signal is
sampled by a low-speed DSO. In the offline DSP for AMCC message, a digital LPF is first applied
before the clock and data recovery (CDR) and decision. The inset of Fig. 3 also shows the restored
eye diagram by the AMCC receiver.

4. Results and Discussions
Firstly, the CPRI performance is investigated using proposed cascaded phase over-modulation
scheme. Fig. 4(a) shows the optical spectra, both with and without an AMCC message. Fig. 4(b)
shows the electrical spectrum of CPRI signal, after the square law detection. Since the AMCC
message is modulated only on the phase of CPRI’s carrier, and the square law detection removes
the phase information. No difference is observed for the received CPRI signal after photo detection,
both with or without an AMCC message.

The extinction ratio (ER) is defined as the power ratio between ‘1’ and ‘0’ levels in the eye diagram.
A typical ER in the experiment is around 6 dB. However, the ER can be adjusted by the driving
voltage and the bias current of DDMZM. Fig. 5 shows the measured BER performance of CPRI
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Fig. 6. (a) Eyediagram of CPRI signal at an ER of around 4.3 dB, (b) measured curve of Q-factor penalty
versus ER of CPRI signal.

Fig. 7. Restored eyediagrams for AMCC message signal.

signal with and without an AMCC message, under different received optical powers (ROPs). The
ER is set to 6.2 dB at the transmitter. Result shows that the AMCC message has negligible impact
on the performance of CPRI signal. The minimum achievable ROP is around −30 dBm, using the
hard-decision Reed Solomon FEC (RS255/239), with a BER limit of around 2 × 10−4. If 0-dBm
launch power is assumed, the system power budget should be 30 dB, which means at least 1:256
power splitting ratio (24-dB insertion loss) can be supported after transmission over 20-km SSMF.
The inset of Fig. 5 also shows the received eyediagram at the corresponding received optical power.

Although the AMCC message shows little impact on the performance of CPRI signal, the ER
of CPRI signal indeed affects the performance of AMCC, as mentioned in Equation (3). Fig. 6(a)
shows the eyediagram of CPRI signal at an ER of around 4.3 dB. Since lower ER makes higher
power for the ‘0’ levels, it reduces the difference between a(t) and a(t − T ), thus, increasing the
output signal Q factor from the delay line interferometer. Fig. 6(b) shows the measured curve of
Q-factor penalty versus ER of CPRI signal. Within 1-dB Q penalty is found for the AMCC message
signal, when the ER of CPRI signal is less than 7 dB.

Fig. 7 shows the restored eyediagrams for AMCC message, corresponding to a CPRI signal
extinction ratio of 4.3 dB and 6.2 dB, respectively. The eyediagrams in Fig. 7 are measured at a
ROP of −32 dBm. A BER less than 1 × 10−5 is achieved for the AMCC message under both ERs,
which is far below the FEC limit of 2 × 10−4. The outperformance of AMCC message is mainly
due to the much lower baud rate, compared to the CPRI signal. Thus, around −30 dBm receiver
sensitivity can be achieved for the transmission of 10.1376-Gbps CPRI signal with AMCC over
20-km SSMF.

5. Conclusion
A cascaded phase over-modulation method was proposed for AMCC superimposition in a MFH
WDM-PON architecture. DBPSK was employed as the modulation format, and demodulation was
done via a DLI. The implementation was simple and thought to be cost effective. Different from the
baseband intensity over-modulation and the RF pilot-tone scheme, the proposed cascaded phase
over-modulation shows negligible impact on CPRI performance. Within 1-dB Q penalty is found
for the AMCC message signal, when the ER of CPRI signal is less than 7 dB. Around −30 dBm
receiver sensitivity can be achieved by 10.1376-Gbps NRZ transmission with CPRI option 8, with
no penalty compared to the AMCC-free transmission.

Vol. 9, No. 4, August 2017 7904706



IEEE Photonics Journal Cascaded Phase Modulation for AMCC Superimposition

References
[1] China Mobile Research Institute, “C-RAN: The road towards green RAN,” whitepaper v. 2.6, 2013.
[2] Common Public Radio Interface (CPRI); Interface Specification, CPRI Specification V6.1, 2014.
[3] A. Pizzinat, P. Chanclou, T. Diallo, and F. Saliou, “Things you should know about fronthaul,” presented at the Eur. Conf.

Opt. Commun., Cannes, France, 2014, Paper Tu.4.2.1.
[4] N. Cvijetic, A. Tanaka, K. Kanonakis, and T. Wang, “SDN-controlled topology-reconfigurable optical mobile fronthaul

architecture for bidirectional CoMP and low latency inter-cell D2D in the 5G mobile era,” Opt. Exp., vol. 22, no. 17,
pp. 20809–20815, 2014.

[5] Y. Ma et al., “Demonstration of CPRI over self-seeded WDMPON in commercial LTE environment,” presented at the
Opt. Fiber Commun. Conf., Los Angeles, CA, USA, 2015, Paper M2J.6.

[6] H. B. Li et al., “Improving performance of mobile fronthaul architecture employing high order delta-sigma modulator
with PAM-4 format,” Opt. Exp., vol. 25, no. 1, pp. 1–9, 2017.

[7] X. Liu, H. Y. Zeng, N. Chand, and F. Effenberger, “Efficient mobile fronthaul via DSP-based channel aggregation,” J.
Lightw. Technol., vol. 34, no. 6, pp. 1556–1564, Mar. 2016.

[8] M. Sung, C. Han, S-H. Cho, H. S. Chung, and J. Y. Lee, “Improvement of the transmission performance in multi-IF-
over-fiber mobile fronthaul by using tone-reservation technique,” Opt. Exp., vol. 23, no. 23, pp. 29615–29624, 2015.

[9] X. Liu, N. Chand, F. Effenberger, L. Zhou, and H. Lin, “Demonstration of bandwidth-efficient mobile fronthaul enabling
seamless aggregation of 36 E-UTRA-like wireless signals in a single 1.1-GHz wavelength channel,” presented at the
Opt. Fiber Commun. Conf., Los Angeles, CA, USA, 2015, Paper M2J.2.

[10] 40-Gigabit-Capable Passive Optical Networks (NG-PON2): Physical Media Dependent Layer Specification, Recom-
mendation ITU-T G.989.3, 2015.

[11] Y. Ma et al., “Demonstration of digital fronthaul over self-seeded WDM-PON in commercial LTE environment,” Opt.
Exp., vol. 23, no. 9, pp. 11927–11935, 2015.

[12] J. Dong, and R. Hu, “Transmission of 112(4 × 28)-Gb/s PAM-4 signal over 48.6-km SSMF within only 50-GHz grid,”
Opt. Commun., vol. 381, pp. 200–204, 2016.

[13] N. Cheng, L. Zhou, X. Liu, and F. J. Effenberger, “Reflective crosstalk cancellation in self-seeded WDM PON for mobile
fronthaul/backhaul,” J. Lightw. Technol., vol. 34, no. 8, pp. 2056–2063, Apr. 2016.

[14] K. Honda, T. Kobayashi, T. Shimada, J. Terada, and A. Otaka, “WDM passive optical network managed with embedded
pilot tone for mobile fronthaul,” presented at the Eur. Conf. Opt. Commun., Valencia, Spain, 2015, Paper WE.3.4.4.

[15] G. Nakagawa et al., “Experimental investigation of AMCC superimposition impact on CPRI signal transmission in
DWDM-PON network,” in Proc. Eur. Conf. Opt. Commun., Dusseldorf, Germany, pp. 989–991, 2016.

[16] S. Yoshima et al., “Experimental investigation of an optically-superimposed AMCC in 100 Gb/s coherent WDM-PON
for 5G mobile fronthaul,” in Proc. Eur. Conf. Opt. Commun., Dusseldorf, Germany, pp. 986–988, 2016.

[17] K. Honda et al., “Low-frequency pilot tone management for WDM-PON toward future mobile fronthaul employing
64B/66B line coding,” in Proc. Eur. Conf. Opt. Commun., Dusseldorf, Germany, pp. 992–994, 2016.

[18] Z. Tayq, L. A. Neto, P. Chanclou, and C. Aupetit-Berthelemot, “Experimental real time AMCC implementation for
fronthaul in PtP WDM-PON,” in Proc. Eur. Conf. Opt. Commun., Dusseldorf, Germany, pp. 995–997, 2016.

Vol. 9, No. 4, August 2017 7904706



<<
  /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 0.0000
  /ColorConversionStrategy /sRGB
  /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 false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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 "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


