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Guest Editorial
Advanced Signal Processing for
Local and Private 5G Networks

HIS IEEE Journal of Selected Topics in Signal Processing

(J-STSP) special issue (SI) aims to provide a comprehen-
sive overview of the state-of-the-art advances and a view of
emerging research challenges and opportunities for Advanced
Signal Processing for Local and Private 5G Networks. This SI
describes the latest advances in emerging private 5G networks
from the perspective of signal processing to advance its theoret-
ical underpinnings and practical applications.

Some enterprises, factories and other potential users have
stringent communications performance requirements in terms
of throughput, latency, reliability, availability, and device den-
sity, which cannot be met by 4G long term evolution (LTE)
radio features. Instead, 5G new radio (NR) has the potential
to deliver on such requirements, and shape both the industrial
world as well as our daily lives, by providing spectrum flexibility,
multi-Gbps peak data rates, ultra-low latencies, high reliability,
and massive connectivity. By building dedicated networks with
complete control over every aspect of the network, local and
private 5G NR networks can provide further optimized services
securely and privately, with better performance over the con-
trolled area than that of any public 5G NR deployment. To do
s0, a local and private 5G NR network must tailor its end-to-end
radio behavior towards its performance goal by deploying many
new features such as its flexible physical layer and protocols,
flexible numerology, short transmission times and mini-slots,
self-contained sub-frames, asynchronous HARQ, lean carrier,
distributed multiple-input multiple-output (MIMO), mmWave
operations, connected inactive states, grant-free access, and
importantly spectrum usage flexibility. Moreover, by leveraging
system-level network slicing (NS), radio cloud, edge computing,
and improved security and privacy, such a local and private 5G
NR network can simultaneously provide different performance
profiles for a variety of user needs within its area of service. To
deploy these features, itis necessary to take into account the local
statistics including channel state information, communication
and spectrum resources, along with the heterogeneous environ-
ment. All of the above can be very different in the context of
private networks, as compared to the context of public networks.

I. SUMMARY OF THE PAPERS IN THIS SI

This SI starts with a guest editor-authored survey paper that
summarizes concepts, architectures, and the research landscape
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of private 5G networks. This survey is followed by nine con-
tributed papers. These papers cover arange of important research
topics, described as follows.

The first paper, entitled “Dynamic Scheduling for Hetero-
geneous Federated Learning in Private 5G Edge Networks,”
designs a dynamic scheduling policy to explore the spectrum
flexibility for heterogeneous federated learning (FL) in pri-
vate 5G edge networks. Particularly, the authors formulate a
heterogeneity-aware dynamic scheduling problem to minimize
the global loss function, with the consideration of straggler and
limited device energy issues. By solving the formulated problem,
the authors propose a dynamic scheduling algorithm (DISCO)
to make an intelligent decision on the set and order of scheduled
devices in each communication round.

The second study, “Offset Learning Based Channel Estima-
tion for Intelligent Reflecting Surface-Assisted Indoor Com-
munication,” presents a neural network for channel estimation
of intelligent reflecting surface (IRS)-assisted MIMO systems.
To estimate the indoor channels with an affordable piloting
overhead, the authors propose an offset learning-based neural
network for channel estimation without any prior knowledge of
the IRS-assisted channel structure or indoor statistics.

The third contribution, which is entitled “A Markov Chain
Approach for Myopic Multi-hop Relaying: Outage and Diversity
Analysis,” proposes a new cooperative protocol over a multi-
hop network with finite buffers at the relay nodes based on
a myopic coding strategy. A complete theoretical framework
for the analysis that includes outage probability is investigated
by modeling the evolution of the considered network as a state
Markov chain (MC). The authors also derive an expression for
the achieved diversity-multiplexing tradeoff by using the state
transition matrix and the related steady state of the MC. Simula-
tion results demonstrate that the proposed protocol outperforms
the conventional multi-hop relaying scheme in terms of outage
probability and diversity gain.

The fourth paper, which is entitled as “A Novel NOMA
Solution with RIS Partitioning,” presents a novel downlink
non-orthogonal multiple access (NOMA) solution with recon-
figurable intelligent surface (RIS) partitioning to enhance the
system spectral efficiency. The authors propose an efficient phys-
ical resource distribution scheme to improve the ergodic rates
and outage probabilities while maximizing the user fairness.
Simulation results reveal the superiority of the proposed system
over the considered benchmark systems in terms of ergodic rate,
outage probability, and user fairness.
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The fifth paper, “Blockchain-Enabled Electrical Fault Inspec-
tion and Secure Transmission in 5G Smart Grids” integrates
the consortium blockchain (CB) technique to construct an auto-
matic secure and efficient electrical fault inspection system. To
maximize the signal transmission utility and network security,
the authors propose a two-step optimization scheme. Based on
an actual city topology and YouTube video service data statis-
tics, the superiority of the presented solution is demonstrated
from the aspects of network performance and transmission
security.

The sixth contribution addresses the issues of “Fresh, Fair
and Energy-Efficient Content Provision in a Private and Cache-
Enabled UAV Network,” by presenting a private and cache-
enabled unmanned aerial vehicle (UAV) network architecture
and formulating a joint caching, UAV trajectory, and transmit
power optimization problem to maintain the freshness of arriving
data. To solve the formulated problem, the authors propose
a novel algorithm by leveraging the Lyapunov optimization
framework and the successive convex approximation (SCA)
technique. Simulation results verify that the presented algorithm
can provide fresh content files for users and is 22.11% more
energy-efficient and 70.51% fairer than other benchmark algo-
rithms.

The seventh paper, namely “Data-Driven Adaptive Network
Slicing for Multi-Tenant Networks,” presents a two-stage op-
timization framework for allocating network slices to users,
which could be used in a private network. The optimal subset of
network slices to be (de)activated is first found by maximizing
the long-term expected utilities of tenants. At shorter time-
scales, slices within the previous subset of slices are activated
according to the time-varying user traffic demands and channel
states to maximize resource isolation at minimum cost. Convex
approximation is used to relax the non-convex problem formula-
tions, and novel iterative algorithms are proposed to solve them.
Simulation results verify the efficiency of the proposed solution
with respect to a state of the art method.

The penultimate paper entitled “Cognitive Opportunistic Nay-
igation in Private Networks with 5G Signals and Beyond,’
proposes an architecture for a cognitive receiver that can extract
navigation observables from 5G NR signals without requiring
knowledge of the corresponding reference signals. To exploit
the full ranging accuracy, the receiver estimates the reference
signals from multiple 5G base stations and employs them for
navigation. In the acquisition stage, a sequential detection prob-
lem is formulated for the detection of the number of active base
stations and their corresponding reference signals, as well as the
Doppler frequencies. Further, tracking loops refine and maintain
the estimates provided in the acquisition phase. Experimental
results demonstrate the performance of the proposed receiver
by using off-the-air 5G signals on ground and aerial platforms.

The closing paper, titled “Secret Key Generation Using Short
Blocklength Polar Coding over Wireless Channels” belongs
to the broader area of physical-layer security mechanisms.
Specifically, it deals with the problem of secret key generation
over wireless channels using polar codes. The authors treat the
regime of short blocklengths, which is relevant for 5SG networks
that include Internet-of-Things connectivity, such as private
industrial networks. Besides the treatise of short blocklengths

with polar codes, another original aspect of the paper is the
use of correlated Gaussian sources for secret key generation.
The numerical results demonstrate the gain in key rate of the
proposed code constructions compared to the corresponding
basic polar codes as well as LDPC-based protocols in the short
blocklength regime.

KYEONG JIN KM, Senior Member
Mitsubishi Electric Research Laboratories
Cambridge, MA 02139 USA

OCTAVIA A. DOBRE, Fellow

Faculty of Engineering and Applied Science
Memorial University

St. Johns, NL A1A3C5, Canada

DAVID LOPEZ-PEREZ, Senior Member
Algorithm and Software Design Department
Huawei Technologies

92100 Boulogne-Billancourt, France

H. VINCENT POOR, Life Fellow
Department of Electrical and Computer
Engineering

Princeton University

Princeton, NJ 08544 USA

PETAR POPOVSKI, Fellow
Aalborg University
9220 Aalborg, Denmark

THEODOROS A. TSIFTSIS, Senior Member
Jinan University
Zhuhai 519070, China

MIAOWEN WEN, Senior Member

School of Electronic and Information Engineering
South China University of Technology
Guangzhou 510640, China

ACKNOWLEDGMENT

The guest editors would like to thank all the authors who
submitted their valuable contributions to this SI. The guest
editors are also grateful to all the reviewers, who were very
responsive to repeated reminders about staying on schedule.
Critical comments and suggestions to the authors contributed
substantially to the quality of the final papers. The guest editors
are also indebted to Prof. Lina Karam, J-STSP Editor-in-Chief
and to the Executive Editor Mikaela Langdon for their
encouragement, guidance, and suggestions.

APPENDIX:
RELATED ARTICLES

[A1] M. Wen et al., “Private 5G networks: Concepts, ar-
chitectures, and research landscape,” IEEE J. Sel.
Topics Signal Process., vol. 16, no. 1, Jan. 2022, doi:
10.1109/JSTSP.2021.3137669.


https://dx.doi.org/10.1109/JSTSP.2021.3137669

[A2]

[A3]

[A4]

[A5]

[A6]

IEEE JOURNAL OF SELECTED TOPICS IN SIGNAL PROCESSING, VOL. 16, NO. 1, JANUARY 2022

K. Guo, Z. Chen, H. H. Yang, and T. Q. S. Quek,
“Dynamic scheduling for heterogeneous federated
learning in private 5G edge networks,” IEEE J. Sel.
Topics Signal Process., vol. 16, no. 1, Jan. 2022, doi:
10.1109/JSTSP.2021.3126174.

Z. Chen et al., “Offset learning based channel es-
timation for intelligent reflecting surface-assisted
indoor communication,” IEEE J. Sel. Topics Sig-
nal Process., vol. 16, no. 1, Jan. 2022, doi:
10.1109/JSTSP.2021.3129350.

A. Nicolaides, C. Psomas, and 1. Krikidis, “A Markov
chain approach for myopic multi-hop relaying: Out-
age and diversity analysis,” IEEE J. Sel. Topics
Signal Process., vol. 16, no. 1, Jan. 2022, doi:
10.1109/JSTSP.2021.3128810.

A. Khaleel and E. Basar, “A novel NOMA so-
lution with RIS partitioning,” IEEE J. Sel. Top-
ics Signal Process., vol. 16, no. 1, Jan. 2022, doi:
10.1109/JSTSP.2021.3127725.

Z. Ning, H. Chen, X. Wang, S. Wang, and L. Guo,
“Blockchain-enabled electrical fault inspection and
secure transmission in 5G smart grids,” IEEE J. Sel.

[AT]

[A8]

[A9]

[A10]

Topics Signal Process., vol. 16, no. 1, Jan. 2022,
10.1109/JSTSP.2021.31208727Z.

Yang, K. Guo, X. Xi, T. Q. S. Quek, X. Cao, and C. Liu
Fresh, “Fair and energy-efficient content provision in
a private and cache-Enabled UAV network,” IEEE J.
Sel. Topics Signal Process., vol. 16, no. 1, Jan. 2022,
doi: 10.1109/JSTSP.2021.3121878P.

N. Reyhanian and Z.-Q. Luo, “Data-driven adaptive
network slicing for multi-tenant networks,” IEEE J.
Sel. Topics Signal Process., vol. 16, no. 1, Jan. 2022,
doi: 10.1109/JSTSP.2021.3127796.

M. Neinavaie, J. Khalife, and Z. M. Kassas, “Cog-
nitive opportunistic navigation in private networks
with 5G signals and beyond,” IEEE J. Sel. Top-
ics Signal Process., vol. 16, no. 1, Jan. 2022, doi:
10.1109/JSTSP.2021.3119929.

H. Hentild, Y. Y. Shkel, and V. Koivunen, “Se-
cret key generation using short blocklength polar
coding over wireless channels,” IEEE J. Sel. Top-
ics Signal Process., vol. 16, no. 1, Jan. 2022, doi:
10.1109/JSTSP.2021.3129624.

Kyeong Jin Kim (Senior Member, IEEE) received the M.S. degree from the Korea Advanced
Institute of Science and Technology (KAIST), Daejeon, South Korea, in 1991, and the M.S.
and Ph.D. degrees in electrical and computer engineering from the University of California, Santa
Barbara, CA, USA, in 2000. From 1991 to 1995, he was a Research Engineer with Video Research
Center, Daewoo Electronics, Ltd., South Korea. In 1997, he joined the Data Transmission and
Networking Laboratory, University of California. After receiving his degrees, he joined Nokia
Research Center and Nokia Inc., Dallas, TX, USA, as a Senior Research Engineer, where he
was an L1 Specialist, from 2000 to 2009. From 2010 to 2011, he was a Visiting Scholar with
Inha University, South Korea. Since 2012, he has been a Senior Principal Research Staff with
Mitsubishi Electric Research Laboratories, Cambridge, MA, USA. His research interests include
transceiver design, resource management, scheduling in the cooperative wireless communications
system, cooperative spectrum sharing system, physical layer secrecy system, device-to-device
communications, local and private 5G networks, and Al-based smart grid systems.

Dr. Kim was the Editor of the [IEEE COMMUNICATIONS LETTERS and a Guest Editor of the /ET Communications Special Issue
on Secure Physical Layer Communications. Recently, he was also a leading Guest Editor of IEEE JOURNAL ON SELECTED AREAS
IN COMMUNICATIONS SPECIAL ISSUE ON SPATIAL MODULATION FOR EMERGING WIRELESS SYSTEMS. He is currently a leading
Guest Editor of IEEE JOURNAL OF SELECTED TOPICS IN SIGNAL PROCESSING Advanced Signal Processing for Local and Private
5G Networks, and the Editor of IEEE TRANSACTIONS ON COMMUNICATIONS. He was the recipient of the Best Paper Reward in
2014 IEEE-Chinacom, IEEE ICC-2019, and IEEE PES-GM 2020.

Octavia A. Dobre (Fellow, IEEE) received the Dipl. Ing. and Ph.D. degrees from the Politehnica
University of Bucharest (formerly Polytechnic Institute of Bucharest), Romania, in 1991 and
2000, respectively. Between 2002 and 2005, she was with the New Jersey Institute of Technology,
Newark, NJ, USA, and Politehnica University of Bucharest. In 2005, she joined Memorial
University, St. John’s, NL, Canada, where she is currently a Professor and Research Chair. She
was a Visiting Professor with the Massachusetts Institute of Technology, Cambridge, MA, USA
and Universite de Bretagne Occidentale, France. yShe has authored and coauthored more than
350 refereed papers in her research field, which include enabling technologies for beyond 5G,
blind signal identification and parameter estimation techniques, and also optical and underwater
communications. Dr. Dobre is as the Editor-in-Chief (EiC) of the IEEE Open Journal of the
Communications Society and the Editor of IEEE COMMUNICATIONS SURVEYS AND TUTORIALS.
She was the EiC of IEEE COMMUNICATIONS LETTERS, and also Senior Editor, Editor, and Guest
Editor for various prestigious journals and magazines. She was the General Chair, Technical

Program Co-Chair, Tutorial Co-Chair, and Technical Co-Chair of symposia at numerous conferences. Dr. Dobre was a Royal
Society Scholar and a Fulbright Scholar. She obtained the best paper awards at various conferences, including IEEE ICC, IEEE
Globecom, and IEEE WCNC. Dr. Dobre is the Fellow of the Canadian Academy of Engineering and a Fellow of the Engineering

Institute of Canada.


https://dx.doi.org/10.1109/JSTSP.2021.3126174
https://dx.doi.org/10.1109/JSTSP.2021.3129350
https://dx.doi.org/10.1109/JSTSP.2021.3128810
https://dx.doi.org/10.1109/JSTSP.2021.3127725
https://dx.doi.org/10.1109/JSTSP.2021.3120872Z
https://dx.doi.org/10.1109/JSTSP.2021.3121878P
https://dx.doi.org/10.1109/JSTSP.2021.3127796
https://dx.doi.org/10.1109/JSTSP.2021.3119929
https://dx.doi.org/10.1109/JSTSP.2021.3129624

IEEE JOURNAL OF SELECTED TOPICS IN SIGNAL PROCESSING, VOL. 16, NO. 1, JANUARY 2022 5

David Lépez-Pérez (Senior Member, IEEE) received the Ph.D. degree in wireless communica-
tions from the University of Bedfordshire, U.K., in 2011. He is currently a Research Expert and
Team Leader with Huawei Technologies, Paris, France. He is a Telecommunications Engineer,
who has devoted most of his career to the study of both cellular and Wi-Fi networks, where his main
research interests include network performance analysis, both theoretical and simulation-based,
network planning for optimization, and technology for feature development. He has authored
one book on small cells and has authored or coauthored more than 150 research manuscripts on a
variety of related topics. He has filed 54 patents applications with more than 25 granted as of today.
His main contributions are around the understanding of small cells and ultra-dense networks. He
has also pioneered work on cellular and Wi-Fi inter-working, and investigated both multiantenna
capabilities and ultra-reliable low latency features for future indoor networks. In 2019, he was
recognized as a Bell Labs Distinguished Member of Staff. He was the recipient of a number of
prestigious awards. He is the Editor of IEEE TRANSACTIONS ON WIRELESS COMMUNICATIONS
and has a wide experience in workshop and also special issue organization.

H. Vincent Poor (Life Fellow, IEEE) received the Ph.D. degree in electrical and computer
engineering from Princeton University, Princeton, NJ, USA, in 1977. From 1977 to 1990, he was
on the faculty of the University of Illinois at Urbana-Champaign, Urbana, IL, USA. Since 1990,
he has been on the faculty at Princeton, where he is currently the Michael Henry Strater University
Professor. From 2006 to 2016, he served as the Dean of the Princeton’s School of Engineering and
Applied Science. He has also held visiting appointments at several other universities, including
most recently at Berkeley and Cambridge. His research interests include information theory, signal
processing and machine learning, and their applications in wireless networks, energy systems, and
related fields. Among his publications in these areas is the forthcoming book Machine Learning
and Wireless Communications (Cambridge University Press).

Dr. Poor is a Member of the National Academy of Engineering and National Academy of
Sciences, and a Foreign Member of the Chinese Academy of Sciences, the Royal Society, and
other national and international academies. He received the IEEE Alexander Graham Bell Medal

Petar Popovski (Fellow, IEEE) is a Professor at Aalborg University, Aalborg, Denmark, where
he heads the section on Connectivity and a Visiting Excellence Chair at the University of
Bremen, Bremen, Germany. He received the Dipl.-Ing and M. Sc. degrees in communication
engineering from the University of Sts. Cyril and Methodius in Skopje and the Ph.D. degree
from Aalborg University in 2005. He is a Fellow of the IEEE. He received an ERC Consolidator
Grant (2015), the Danish Elite Researcher Award (2016), IEEE Fred W. Ellersick Prize (2016),
IEEE Stephen O. Rice Prize (2018), Technical Achievement Award from the IEEE Technical
Committee on Smart Grid Communications (2019), the Danish Telecommunication Prize (2020),
and Villum Investigator Grant (2021). He is a Member at Large at the Board of Governors in IEEE
Communication Society, Vice-Chair of the IEEE Communication Theory Technical Committee
and IEEE TRANSACTIONS ON GREEN COMMUNICATIONS AND NETWORKING. He is currently
an Area Editor of IEEE TRANSACTIONS ON WIRELESS COMMUNICATIONS and, from 2022, an
Editor-in-Chief of IEEE JOURNAL ON SELECTED AREAS IN COMMUNICATIONS. Prof. Popovski
was the General Chair for IEEE SmartGridComm 2018 and IEEE Communication Theory Workshop 2019. His research interests
are in the area of wireless communication and communication theory. He authored the book Wireless Connectivity: An Intuitive
and Fundamental Guide, published by Wiley in 2020.




6 IEEE JOURNAL OF SELECTED TOPICS IN SIGNAL PROCESSING, VOL. 16, NO. 1, JANUARY 2022

Theodoros A. Tsiftsis (Senior Member, IEEE) received the B.Sc. degree in physics from the
Aristotle University of Thessaloniki, Greece, in 1993, the M.Sc. degree in digital systems
engineering from Heriot-Watt University, Edinburgh, U.K., in 1995, the M.Sc. degree in decision
sciences from the Athens University of Economics and Business, Athens, Greece, in 2000, and the
Ph.D. degree in electrical engineering from the University of Patras, Patras, Greece, in 2006. He
is currently a Professor with Jinan University, Guangzhou, China, affiliated with the University
of Thessaly, Greece, and also a Honorary Professor with Shandong Jiaotong University, Jinan,
China. His research interests include communication theory and wireless communications with
emphasis on energy efficient communications, smart surfaces, ultra-reliable and low-latency
communication, and physical layer security.

Dr. Tsiftsis was in the Editorial Boards of the IEEE TRANSACTIONS ON COMMUNICATIONS,
IEEE TRANSACTIONS ON VEHICULAR TECHNOLOGY, and IEEE COMMUNICATIONS LETTERS. He
is currently the Editor of the IEEE TRANSACTIONS ON WIRELESS COMMUNICATIONS, and an
Associate Editor for the IEEE TRANSACTIONS ON MOBILE COMPUTING. Prof. Tsiftsis has been appointed as an IEEE Vehicular
Technology Society Distinguished Lecturer (IEEE VTS DL), Classes 2018 & 2020.

Miaowen Wen (Senior Member, IEEE) received the Ph.D. degree from Peking University,
Beijing, China, in 2014. From 2012 to 2013, he was a Visiting Student Research Collaborator
with Princeton University, Princeton, NJ, USA. He is currently an Associate Professor with the
South China University of Technology, Guangzhou, China. He has authored or coauthored two
books and more than 130 journal papers. His research interests include a variety of topics in the
areas of wireless and molecular communications. He was the recipient of the IEEE Asia-Pacific
(AP) Outstanding Young Researcher Award in 2020, and four best paper awards from the IEEE
ITST’ 12, the IEEE ITSC’ 14, the IEEE ICNC’ 16, and the IEEE ICCT’19. He was a Guest Editor
of the IEEE JOURNAL ON SELECTED AREAS IN COMMUNICATIONS SPECIAL ISSUE ON SPATIAL
MODULATION FOR EMERGING WIRELESS SYSTEMS and of the IEEE JOURNAL OF SELECTED
TOPICS IN SIGNAL PROCESSING SPECIAL ISSUE ON INDEX MODULATION FOR FUTURE WIRELESS
NETWORKS: A SIGNAL PROCESSING PERSPECTIVE. He is the Editor of the IEEE TRANSACTIONS
ON COMMUNICATIONS, IEEE TRANSACTIONS ON MOLECULAR, BIOLOGICAL AND MULTI-SCALE
COMMUNICATIONS, and IEEE COMMUNICATIONS LETTERS, and a Guest Editor of the IEEE JOURNAL OF SELECTED TOPICS IN
SIGNAL PROCESSING SPECIAL ISSUE ON ADVANCED SIGNAL PROCESSING FOR LOCAL AND PRIVATE 5G NETWORKS.





<<
  /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 true
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /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


