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Abstract—Aerial technologies represent a fundamental part of
transport systems, and the overload of terrestrial transportation
as well as the high demand in urban scenarios are forcing for
new solutions. From this perspective, Urban Air Mobility (UAM)
is emerging as an outperforming solution to guarantee high-
speed vertical transportation taking advantage of low altitudes.
Connectivity is a key factor for UAM vehicles, and mobile
networks represent the best solution to provide immediate
connectivity with high-performance and low expenses. This calls
for the development of enhancement strategies for terrestrial
radio access networks. This letter aims to investigate a strategy
to provide connectivity for UAM vehicles while minimizing the
number of base stations required to provide UAM connectivity.
Insights on the impact of different design parameters on the
number of enhanced BSs required to guarantee average and
minimum throughput requirements for UAM users are provided.

Index Terms—Urban air mobility (UAM), advanced air mobil-
ity (AAM), mobile networks, RAN, 5G, 6G.

I. INTRODUCTION

FUTURE evolution of urban mobility will include novel
aerial transport systems, and Urban Air Mobility (UAM)

represents an interesting solution that can offer high-speed
passengers or cargo transportation based on electric Vertical
Take-Off and Landing (eVTOL) vehicles, with the control
of pilots in the first stage that will be gradually substituted
by autonomous driving systems. Despite the definition of
Unmanned Aircraft System (UAS) [1] and U-Space regula-
tions [2] from the European Union and other agencies around
the world, efforts are still ongoing in UAM development with
an expected impact in traffic scenarios and communication
aspects.

In fact, besides mobility connectivity represents a key
factor, especially for the driverless scenario, the high mobility
provided by UAM vehicles and the expected high density
in vertiports (i.e., dedicated areas for take-off and landing)
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force to abandon classic aviation systems for connectivity
and surveillance in favor of modern technologies. In gen-
eral, UAM connectivity is classified into Communication and
Control (C2) for the transmissions of flight control data (i.e.,
telemetry, diagnostic, etc.), and Payload communication (non-
C2) for non-priority data transmissions [3], [4]. The different
connectivity requirements between C2 and non-C2 communi-
cations as well as the flight altitudes represent major issues
in developing a seamless and reliable UAM communication
system. Considering that the typical altitude values will be
above hundreds of meters, Terrestrial Networks (TNs) cannot
guarantee UAM connectivity as for terrestrial User Equipment
(UE). Non-Terrestrial Networks (NTNs) represent a feasible
solution considering the increasing interest since the first
5G standard releases [5]. NTNs provide high coverage for
potential users of different environments, but the satellite
elevations and the propagation channel affect the latency
and the reliability of the communication, highlighting the
impossibility of adopting this solution for C2 communications
at its actual level of development [6].

Many research efforts [7], [8] are ongoing in the develop-
ment of Aerial Networks (ANs) to support vehicles flying at
altitudes in the order of kilometers, e.g., Aerial Vehicles (AVs)
and High-Altitude Platforms (HAPs) [9], [10], [11]. However,
such networks require the development of ad-hoc technologies
and focus on altitudes that are not compatible with UAM
vehicles which are supposed to flight at ≤ 1km altitude.

Considering the high coverage offered by modern mobile
systems (5G and forthcoming 6G) and the capability to
connect a wide population of users, TNs have become a
robust technology suitable to provide connectivity for UAM
vehicles flying at altitudes below the kilometer. Leveraging
on its readiness from industrial and commercial points of
view, TN represents the best solution to immediately integrate
connectivity in UAM scenarios. However, this requires novel
methodological approaches in the design of Radio Access
Network (RAN) elements as well as in the overall mobile
network design and planning.

In particular, starting from current network scenarios, the
estimation and selection of terrestrial Base Stations (BSs) to
provide UAM coverage may represent a critical decision for
mobile operators in terms of CAPital EXpediture (CAPEX)
and Total Cost of Ownership (TCO) [12]. Thus, this letter
aims to investigate the connectivity demand for emerging
UAM transportation systems exploiting the potential and
reliability of TNs. Our main contribution regards the design
of RAN enhancement strategies to guarantee coverage for
higher altitudes, providing connectivity to UAM vehicles. This
approach will be captivating for mobile operators to exploit the
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Fig. 1. Simplified representation of the considered scenario.

actual coverage offered to terrestrial users and save resources
in terms of CAPEX and TCO.

The rest of this letter is organized as follows: Section II
presents the system model and the proposed improvement
strategy, Section III illustrates the optimization problem
to adapt the terrestrial BSs for UAM connectivity while
Section IV shows the simulation results; finally, conclusions
are provided in Section V.

II. SYSTEM MODEL

We consider a generic scenario where an urban area with
terrestrial UEs is covered by a TN and a subset of terrestrial
BSs has to be modified to guarantee coverage to higher
altitudes providing connectivity to UAM vehicles. In the fol-
lowing, we refer to the BSs equipped with purposely designed
antennas [12] and configured with proper power levels as to
enhanced-BS (eBS). Here, we compare enhancement strategies
to improve a TN and its BSs to provide connectivity to UAM
vehicles while maintaining the same terrestrial coverage and
performance, as shown in Fig. 1.

Regarding the power modeling, no regulations have been
defined for UAM connectivity despite the TN limitations in the
emitted power. For the downlink, the only aspect to take into
consideration is the presence of vehicles and devices above
the UAM altitude that can suffer interference in the same or
adjacent frequency channels, which however are limited by
path loss. On the contrary, specific regulations are required for
the uplink, since UAM vehicle communications can interfere
with terrestrial UE.

The scenario is assumed to be a square of length L; ui is
the generic UAM vehicle considered as a single UAM user,
with ui ∈ U = {u1, . . . , uU } and i = 1, . . . ,U where U
is the total number of UAM users; bj is the j-th BS, with
bj ∈ B = {b1, . . . , bB}, j = 1, . . . ,B where B is the
total number of BS of the TN in the considered scenario.
Both UAM users and eBSs are deployed into the scenario
according to a Poisson Point Process (PPP) while we consider
a uniform random distribution for the altitudes. The UAM
users connect to an eBS using the Orthogonal Frequency-
Division Multiple Access (OFDMA) and a set of Resource
Blocks (RBs) are assigned to each user following the bestCQI
scheduling algorithm [13], prioritizing the UAM users with
the higher MCSs.

III. OPTIMIZATION PROBLEM

In the aforementioned scenario, let us define the binary
variable βj as follows,

βj =

{
1 if bj is an eBS
0 otherwise

(1)

and

NeBS =

B∑
j=1

βj (2)

where NeBS is the number of BSs enhanced to guarantee
connectivity to UAM users.

We define the binary variable αij that sets the association
between the UAM user ui with the eBS bj :

αij =

{
1 if ui is connected to bj
0 otherwise

(3)

where

αij ≤ βj ∀i , j (4)

The following condition has to be satisfied

B∑
j=1

αij ≤ 1, ∀ i (5)

meaning that a UAM user can be connected only to a single
eBS. The association rule followed by the UAM users is based
on the Signal-to-Noise Ratio (SNR) and each user is connected
to the eBS guaranteeing the highest SNR. Each UAM user
experiences a spectral efficiency εij with

εij = f
(
MCSmij , SNRij ,BLERT

)
[bps/RB] (6)

where MCSmij and SNRij are the m-th Modulation and Coding
Scheme (MCS) among the ones defined in [14] assigned to
the user ui and its SNR, respectively, and BLERT the target
BLock Error Rate (BLER). In fact, the MCS assignment
derives from the set of BLER values depending on the adopted
modulations and coding rates [15]. Among the possible sets
of MCSs provided by 3GPP, we consider the ones in [14]
which account for lower MCSs that are suitable for longer
distances as in our scenario. Thus, given BLERT and SNRij ,
we define BLERij as the corresponding BLER resulting
from SNRij . MCSmij is assigned selecting the maximum m
such that BLERij is lower than BLERT . Once the MCS is
identified, the corresponding spectral efficiency per RB εij is
obtained through [14] with the function f describing the above
procedure.

Defining wij ∈ [0, 1] ⊂ Q+ as the portion of RBs of eBS
bj assigned to the user ui and assuming that each eBS assigns
all the available RBs, the following condition can be stated:

U∑
i=1

αij · wij = 1 ∀ j (7)

The available data rate of the user ui connected to the eBS bj
can be defined as

Rij = wij ·K · εij [bps] (8)
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where K is the overall number of available RBs per eBS and
K · wij is the number of RBs of bj assigned to the user ui .
Therefore, the throughput of the generic UAM user ui is:

THRij = Rij
(
1− BLERij

)
[bps] (9)

We aim to minimize the amount of BSs NeBS that should
be enhanced to guarantee connectivity to UAM users. In the
following, we provide a formal definition of two optimization
problems aiming at offering a target average throughput and
minimum throughput per UAM user, respectively.

A. Average Throughput per UAM User

The first optimization problem OP1 is based on the average
throughput per UAM user, aiming to guarantee a certain
performance on average. The average throughput per UAM
user can be defined as:

THR =

∑B
j=1

∑U
i=1 αij · THRij

U
[bps] (10)

where THRij is calculated according to (9). Then, OP1 can
described as follows:

OP1 : min{NeBS} (11)

s .t . NeBS =

B∑
j=1

βj (C1.1)

αij ≤ βj ∀i , j (C1.2)
U∑
i=1

αij · wij = 1 ∀ j (C1.3)

Rij = wij ·K · εij (C1.4)

THRij = Rij
(
1− BLERij

)
(C1.5)

THR ≥ Thavg (C1.6)

where Thavg is the average throughput threshold.

B. Guaranteed Throughput per UAM User

Note that OP1 targets an average throughput level. As a
consequence, single users may experience a very low through-
put or stay disconnected as long as the average throughput
condition is fulfilled. Since C2 communications in UAM may
require high levels of reliability, here we provide an alternative
formulation OP2 of the optimization problem targeting a
minimum throughput per user.

OP2: min{NeBS} (12)

s .t . (C1.1), (C1.2), (C1.3),

(C1.4), (C1.5)

THRij ≥ Thmin ∀ i , j (C2.1)

where Thmin is the minimum throughput threshold. This
enforces that all the UAM users experience a minimum
throughput level, and consequently no UAM users can remain
unconnected.

TABLE I
SIMULATION PARAMETERS

Fig. 2. Simulation results with the average throughput per UAM user
constraint for different values of BLER and Ptx .

IV. SIMULATION RESULTS

The previously defined optimization problems for the UAM
users scenario have been analyzed by implementing an exhaus-
tive search algorithm and evaluated through a Monte Carlo
approach across 10000 snapshots. The parameters adopted for
the simulations are listed in Table I.

We assume the full buffered traffic model for the UAM
users. The outcome of each simulation is thus the minimum
number of eBSs over the simulated area able to fulfill the two
performance requirements, Thavg and Thmin where both are
intended as downlink performance indicators. A LOS channel
is assumed for each link between UAM users and eBSs [16],
while the UAM user-eBS association is regulated through the
maximum SNR.

In Fig. 2 we evaluate the density of eBSs vs the average
throughput thresholds for different eBS transmitted powers
(Ptx ) and BLER values, considering U = 250 UAM users.
Results show that the increase in the average throughput
threshold corresponds to a higher demand for eBSs. For
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Fig. 3. Simulation results with the minimum throughput per UAM user
constraint for different values of BLER and Ptx .

Fig. 4. Simulation results comparison between average and minimum
throughput conditions for different values of UAM users and Ptx .

an increasing Thavg , the eBS density increases linearly for
higher Ptx values, i.e., Ptx = {40, 50}, while it grows more
rapidly for low Ptx values (Ptx = 30dBm). Indeed, Ptx

plays a critical role. Values like 40dBm and 50dBm result
in better channel conditions between UAM users and eBSs
and consequently in the utilization of higher MCSs. Instead,
for 30dBm the low experienced SNR corresponds to the
selection of low data rate MCSs which cannot guarantee high
performance. This corresponds to a higher demand for eBSs to
fulfill the performance requirements. This effect is also pointed
out from the BLER. High Ptx values reflect the high quality
links between UAM users and eBSs with almost equal results
for different BLER values. Conversely, low Ptx highlights the
higher demand for eBS to guarantee high quality links with
low errors.

Similar results outcome by enforcing a Thmin throughput
condition in the network design, as reported in Fig. 3.
However, it can be noticed that for low Ptx values the
increase in eBSs density is drastically higher compared to

Fig. 5. Cumulative distribution functions of UAM user throughput for
different values of Ptx in average throughput condition.

Fig. 6. Cumulative distribution functions of UAM user throughput for
different values of Ptx in minimum throughput condition.

Tavg throughput condition. This arises from the requirement
to guarantee a minimum performance level for all UAM
users. In scenarios where the transmit power Ptx is low, this
necessitates the addition of extra eBSs to ensure coverage for
all users. Instead, higher values of Ptx such as 50dBm result in
lower eBS demand, with an implication for network operators
in terms of costs, since Thmin values up to 1Mbps can be
guaranteed with the same amount of eBSs thus without cost
variation.

Furthermore, in this scenario, the BLER has a more signif-
icant impact on the demand for eBSs. Specifically, reducing
the BLER from 10−1 to 10−3 leads to an approximate 10%
increase in the eBSs density for Ptx = 30dBm, compared
to an approximate 4% difference when enforcing the average
throughput requirement. Fig. 2 and Fig. 3 highlight that while
low performance requirements imply lower costs to enhance
the network, high requirements have an impact on costs but
enable more throughput-demanding services.
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The eBSs densities for the average and minimum throughput
conditions have been compared in Fig. 4 varying the number
of UAM users for Ptx = {30, 40, 50}dBm, BLER = 10−3

and throughput thresholds Thavg = Thmin = 5Mbps. The
disparity among eBS demand is fairly consistent for Ptx =
40dBm and Ptx = 50dBm, with Ptx = 50dBm exhibiting an
eBS density in the Thmin condition up to 2.6 times higher
than that of Thavg , while for Ptx = 40dBm, the difference
reaches up to 4.4. However, for Ptx = 30dBm the minimum
throughput condition shows a different order of magnitude,
being up to 14 times greater than the Thavg condition.

Fig. 5 and Fig. 6 exhibit the Cumulative Distribution
Functions (CDFs) with the average and minimum throughput
thresholds, respectively, for different Ptx values. Here we
consider 250 UAM users, BLER = 10−3, and throughput
thresholds Thavg = Thmin = 5Mbps reported with the
vertical dashed lines. CDFs for the average throughput con-
dition highlight that high Ptx values not only reduce the
number of eBSs but also increase the UAM user experienced
throughput. In fact, despite the average throughput requirement
is satisfied, a significant number of UAM users experience a
throughput below the threshold for Ptx = 30dBm. While for
Ptx = 30dBm approximately 60% of UAM users present a
throughput below the Thavg threshold, this quantity is reduced
to nearly 40% for Ptx = 50dBm. An analogous effect is shown
in Fig. 6 for the different Ptx values. Here, all UAM users
experience a throughput above the Thmin threshold as per the
design requirement and the UAM user throughput is higher
for higher Ptx values.

V. CONCLUSION

Sustaining the rising interest in UAM motivated by indus-
trial and research communities, the purpose of this letter is
to provide a novel strategy for the integration of commercial
mobile networks to satisfy the connectivity necessity of UAM
vehicles. The integration of mobile networks stands out as the
easiest and fastest solution to provide seamless and reliable
connectivity for critical transport services, requiring only an
improvement strategy for the terrestrial BSs to guarantee
connectivity toward higher altitudes. This strategy has been
investigated defining two optimization problems, providing
insights on the impact of different design parameters on the
minimum number of enhanced BSs needed to guarantee aver-
age and minimum throughput requirements for UAM users.
Further directions involve optimized handover procedure,
which may be impacted by different mobility patterns of UAM

compared to other vehicular technologies, and the development
of integration strategies exploiting NTN to provide enhanced
and reliable coverage while offering efficient radio resource
utilization and cost optimization.

REFERENCES

[1] European Union Aviation Safety Agency, “Easy access rules for
unmanned aircraft systems (regulations (EU) 2019/947 and 2019/945),”
2022.

[2] European Commission, “Commission implementing regulation (EU)
2021/664,” 2021.

[3] J. Bae, H. Lee, and H. Lee, “A study on communication technologies for
urban air mobility,” in Proc. 13th Int. Conf. Inf. Communication Technol.
Convergence (ICTC), 2022, pp. 2235–2240.

[4] L. Tomaszewski and R. Kołakowski, “Advanced air mobility and
evolution of mobile networks,” Drones, vol. 7, no. 9, 2023. [Online].
Available: https://www.mdpi.com/2504-446X/7/9/556

[5] 3rd Generation Partnership Project (3GPP), “Technical specification
group radio access network; study on new radio (NR) to support non-
terrestrial networks (release 15),” 3GPP, Tech. Rep. TS 38.811 V15.0.0
(2018-06), 2018.

[6] M. Vondra, M. Ozger, D. Schupke, and C. Cavdar, “Integration of
satellite and aerial communications for heterogeneous flying vehicles,”
IEEE Netw., vol. 32, no. 5, pp. 62–69, 2018.

[7] F. Salehi, M. Ozger, and C. Cavdar, “Reliability and delay analysis of
3-dimensional networks with multi-connectivity: Satellite, HAPs, and
cellular communications,” IEEE Trans. Netw. Service Manag., pp. 1–1,
2023.

[8] J. Liu, Y. Shi, Z. M. Fadlullah, and N. Kato, “Space-air-ground integrated
network: A survey,” IEEE Commun. Surveys Tuts., vol. 20, no. 4,
pp. 2714–2741, 2018.

[9] G. Karabulut Kurt et al., “A vision and framework for the high
altitude platform station (HAPS) networks of the future,” IEEE Commun.
Surveys Tuts., vol. 23, no. 2, pp. 729–779, 2021.

[10] S. Chandrasekharan et al., “Designing and implementing future aerial
communication networks,” IEEE Commun. Mag., vol. 54, no. 5,
pp. 26–34, 2016.

[11] M. Ozger et al., “6G for connected sky: A vision for integrating
terrestrial and non-terrestrial networks,” in 2023 Joint Eur. Conf. Netw.
Commun. 6G Summit (EuCNC/6G Summit), 2023, pp. 711–716.

[12] K. Park, J. Lee, H. Ryu, and Y. Kim, “A novel cell deployment for UAM
communications in 5G-advanced network,” in Proc. IEEE Globecom
Workshops (GC Wkshps), 2022, pp. 1431–1436.

[13] A. Mamane, M. Fattah, M. E. Ghazi, M. E. Bekkali, Y. Balboul,
and S. Mazer, “Scheduling algorithms for 5G networks and beyond:
Classification and survey,” IEEE Access, vol. 10, pp. 51643–51661,
2022.

[14] 3GPP, “Evolved universal terrestrial radio access (E-UTRA); phys-
ical layer procedures (release 18), table VII.2.3-2,” 3rd Generation
Partnership Project (3GPP), Technical Specification (TS) 36.213,
Sep. 2023.

[15] P. Korrai, E. Lagunas, S. K. Sharma, S. Chatzinotas, A. Bandi, and
B. Ottersten, “A RAN resource slicing mechanism for multiplexing of
eMBB and URLLC services in OFDMA based 5G wireless networks,”
IEEE Access, vol. 8, pp. 45674–45688, 2020.

[16] E. Dinc, M. Vondra, and C. Cavdar, “Total cost of ownership
optimization for direct air-to-ground communication networks,” IEEE
Trans. Veh. Technol., vol. 70, no. 10, pp. 10157–10172, 2021.

Open Access funding provided by ’Università degli Studi dell’Aquila’ within the CRUI CARE Agreement



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Helvetica-Condensed-Bold
    /Helvetica-LightOblique
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-Italic
    /HelveticaNeueLightcon-LightCond
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /Helvetica-Oblique
    /HelvetisADF-Bold
    /HelvetisADF-BoldItalic
    /HelvetisADFCd-Bold
    /HelvetisADFCd-BoldItalic
    /HelvetisADFCd-Italic
    /HelvetisADFCd-Regular
    /HelvetisADFEx-Bold
    /HelvetisADFEx-BoldItalic
    /HelvetisADFEx-Italic
    /HelvetisADFEx-Regular
    /HelvetisADF-Italic
    /HelvetisADF-Regular
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /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 "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


