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Abstract—To analyze the propagation characteristics of mil-
limeter wave (mmWave) massive multiple-input multiple-output
(MIMO) channels, channel measurements in an office envi-
ronment using a vector network analyzer (VNA) are carried
out. Detailed parameter settings of the measurement system
and configuration of the large receiver (Rx) antenna array are
introduced. Through dividing the Rx array into several sub-
arrays, characteristics like spherical wavefront, non-stationarity,
and cluster evolution over the array can be found with parameter
estimation using the space alternating generalized expectation-
maximization (SAGE) algorithm. For signals received by the
virtual horizontal planar array, it is shown that the spatial cross-
correlation functions (SCCFs) exhibit significant changes along
different dimensions of the Rx horizontal planar array. Thus, it is
worth taking the relative angle between transmitter (Tx) pointing
direction and Rx array location into consideration while carrying
out channel measurements. It is also verified that the SCCFs can
be influenced by the measurement environment, the coordinates
of antenna elements in the large array, as well as the operated
frequencies.
Index Terms—Massive MIMO, millimeter wave, 5G, planar

array, spatial cross-correlation function.

I. INTRODUCTION

Increasing demands of high capacity, energy efficiency,

spectral efficiency, and reliability have expedited the research

of the fifth generation (5G) communication systems. New tech-

nologies such as mmWave and massive MIMO have been pro-

posed and widely studied to enable a dramatic improvement of

channel capacity and spectrum limitation [1]. The combination

of several techniques also has significant contribution to the

system performance [2]. For example, mmWave and massive

MIMO can be complement regarding the antenna array size

and cell coverage.

MmWave massive MIMO channels show some new charac-

teristics and researchers have carried out many channel mea-

surements to study the propagation channel characteristics. It

was introduced in [3] that, massive MIMO channels exhibited

characteristics such as spherical wavefront and spatial non-

stationarity as the array size is much larger than conventional

MIMO channels. Power imbalance on the antenna array and

statistical properties like spatial-temporal-frequency correla-

tion function (STFCF) were investigated. Lund University

conducted many massive MIMO channel measurements using

128-element uniform linear array (ULA) and cylindrical array,

respectively. The sum-rate capacity and condition number to

separate closely spaced users were investigated [4], and it

was pointed out that the non-stationarity and near field effect

can help decorrelating channels for different users [5]. In [6],

channel measurements carried out at four mmWave frequency

bands with large uniform virtual planar arrays were introduced

to validate the spherical wavefront, cluster birth-death, and

non-stationarity properties. In this paper, we divide the large

antenna array into several sub-arrays and extract channel pa-

rameters for each sub-array using the SAGE algorithm. Thus,

those characteristics can be simply validated by analyzing the

estimated parameters.

However, we find that channel statistical properties like

SCCFs in different dimension of a planar array have never

been analyzed or compared before. This paper focuses on

the discussion of SCCFs along two distinct dimensions of

a horizontal large planar array and impacts of Tx locations

and the operated mmWave frequencies on spatial correlation

properties. We find that SCCF is not only a very useful term

to check the correctness of measurement data, but also able to

show how the channel properties change at different antenna

positions and frequency bands. The correlation coefficient is

verified to be affected by the measurement environment, oper-

ated frequency, relative locations of Tx and Rx, and the angle

between the Tx pointing direction and Rx array. Furthermore,

the difference of SCCFs along different dimensions of the

large array should be taken into consideration while proposing

massive MIMO channel models.

The remainder of this paper is organized as follows. The

signal model is introduced in Section II. Channel measurement

environment and system setups are described in Section III. In

Section IV, the measurement results are given and the SCCFs

are analyzed. Finally, conclusions are drawn in Section V.
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II. SIGNAL MODEL

In a time invariant near-field scenario, multipath compo-

nents (MPCs) impinging at the Rx array element have different

complex amplitudes, delays, and angle of arrivals (AoAs). The

channel impulse response (CIR) can be expressed by summing

L MPCs up [7],

h(t;α, τ,ΩR) =
L∑
l=1

αlu(t− τl)c(ΩR − ΩR,l) +

√
N0
2
N(t)

(1)

where u(t) is the transmitted signal, αl, τl, and ΩR,l are
the complex amplitude, delay, and AoA of the l-th path,

respectively. N(t) is the complex white Gaussian noise with

unit spectral height N0. Steering vector c(ΩR) represents the
response of the Rx array to a wave coming from direction ΩR,
which can be expressed as [7]

c(ΩR) = exp{j2πλ−1 〈e(ΩR), rR〉} (2)

with λ and rR denote the wavelength and antenna location

vector, and e(ΩR) is the unit vector in the spherical coordi-

nates.

We assume a horizontal planar Rx array consists of M ×N
antennas, and let hm,n and hm′,n′ denote the measured CIRs at

the Rx antenna element with coordinates (m,n) and (m′, n′)
in the x-y plane, respectively. The correlation coefficient

between hm,n and hm′,n′ can be given as

ρhm,n,hm′,n′ =
E{(hm,n − h̄m,n)(hm′,n′ − h̄m′,n′)}√
E{(hm,n − h̄m,n)2(hm′,n′ − h̄m′,n′)2}

(3)

where E{·} denotes the expectation considering K delay bins,

h̄m,n and h̄m′,n′ are the mean values of CIRs. The correlation

distance is usually defined as the antenna distance where the

spatial correlation coefficient decreases to 0.5.

III. MMWAVE MASSIVE MIMO CHANNEL

MEASUREMENTS

A. Measurement Environment and Setup

To study the propagation channel characteristics in indoor

mmWave massive MIMO channels, channel measurements in

an office using the Keysight N5227A VNA are conducted

. As shown in Fig. 1, the office is furnished with multiple

chairs, desks, computers, and electronic devices. Tx and Rx

are connected to Port 1 and Port 2 of the VNA through cables,

respectively. The size of the office is 7.2 × 7.2 × 3 m3. The

locations of Tx1, Tx2, and Rx array center are (2.2, 4, 2.6),
(3, 3.6, 2.6), and (3, 1, 1.45), respectively. Close to the Rx, a

whiteboard with an area of 1.5 m2 is vertically placed. During

channel measurements, the environment is kept quasi-static.

During the measurement, the environment is kept quasi-static.

To compare the channel characteristics at different mmWave

frequency bands, we conduct measurements at 11 and 38 GHz.

Detailed system setups can be found in Table I, and the antenna

array configurations are described in Section III, B.

Fig. 1. Layout of the indoor office.

TABLE I
MEASUREMENT SETTINGS.

Center frequency, f (GHz) 11 38
Wavelength, λ (mm) 27 8
Bandwidth, B (GHz) 2 4

Output power, P (dBm) 15 8
Sweeping points, K 401 801
Rx array elements 51×51 121×121

Array size (mm2) 600×600 360×360
Antenna spacing step, dx = dy (mm) 12 3

Rayleigh distance, R (m) 53.3 64.8

B. Antenna Array Configurations

During the measurement, a 10 dBi horn antenna is placed at

two Tx locations successively, while the Rx omin-directional

antenna working at 3–40 GHz bands is placed on a positioner

to shift positions, thus to form a massive virtual horizontal

uniform planar array. Tx is aligned to the center of the large

Rx array.

In order to have a vivid exhibition of the configurations of

Tx and Rx, a simplified geometrical structure of the office

room, two Tx locations, and Rx array are shown in Fig. 2.

Specific places of the Rx antenna elements can be symbolized

by the x′-y′-z′ coordinates. It is also clear to see that the

distances of Tx1 and Tx2 to Rx are 3.3 m and 2.8 m,

respectively.

IV. MEASUREMENT RESULTS AND ANALYSIS

A. Data Processing Using the SAGE Algorithm

In this section, we analyze the measurement data received

at Tx2 in 38 GHz. Considering that the Rayleigh distance for

the whole array is beyond the office dimensions, the Rx array

is divided into several sub-arrays with antenna elements equal
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Fig. 2. Tx and Rx antenna array configurations.

to 20×20. Thus, we can see how the parameters of MPCs

variate over the sub-array by using the SAGE algorithm. In

this paper, we select sub-arrays 1 and 2, as shown in Fig. 3,

to analyze the parameter variations.

We use the SAGE algorithm to extract 100 MPCs for each

sub-array, and check the correctness of the estimated results

by comparing with the measured power delay profiles (PDPs).

Also, we can verify the correctness of estimated azimuth

angles of arrival (AAoAs) by finding the possible travel paths.

As shown in Fig. 4, the measured and estimated PDPs of the

sub-array 1 are plotted. Typical line of sight (LoS) components

with delays around 9.25 ns are extracted, which corresponds to

the travelling time from Tx to Rx sub-array 1. Other reflected

and scattered MPCs with smaller powers are also estimated

accurately referring to the measurement data.

Fig. 3. Two selected sub-arrays in the Rx array.

As Rx is a horizontal array, we cannot distinguish signals

from up and below, so elevation angles of arrival (EAoAs)

are not studied in this paper, though it is important in the

indoor near-field scenario. In order to see how the AAoAs

and powers variate at different antenna elements of the large

array, the power angular profiles (PAPs) for sub-arrays 1 and

2 are compared in Fig. 5 with dynamic range of 30 dB. The

LoS components for sub-array 2 have power up to −69 dB

and AAoA equals to 16◦, while the power is −73 dB and

AAoA equals to 13◦ for sub-array 1. Thus, the variation

of power is unneglectable, which shows the non-stationarity

of massive MIMO channel. The shift of AAoAs for LoS

components verifies the importance of considering antenna

element location within the Rx array. Another phenomenon

that cannot be neglected is that sub-arrays 1 and 2 can see

different scatterers. For example, for sub-array 1, MPC with

AAoA equals to 176◦ is not captured by sub-array 2. That

means the cluster evolution along the array should also be

taken into account.

B. Comparison of SCCFs Along Different Dimensions of the
Planar Array

In order to see how the channel changes along different

dimension of the horizontal planar array, we firstly select the

measurement data of one virtual ULA from the planar array

to calculate the spatial correlation coefficients towards the

positive direction of the x′ axis. The selected ULA lies in line

with y′ = 26 which is parallel to the x′ axis and cut the planar
array into half. In Fig. 6(a), the SCCFs calculated according

to (3) from 11 GHz channel measurement data at Tx1 and

Tx2 are shown. It can be seen that, correlation coefficients of

Tx2 along x′ axis are all above 0.8, while those of Tx1 are

smaller than that of Tx2 but still larger than 0.5. That means

signals received by the linear antenna array along x′ axis are
highly correlated, even when the antenna spacing distance is

extended to 600 mm.

τ

α

Fig. 4. Measured and estimated PDPs.
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α

Fig. 5. Estimated PAPs of two sub-arrays.

Similarly, we select the ULA lying in line x′ = 26
to calculate the spatial correlation coefficients towards the

positive direction of the y′ axis. SCCFs shown in Fig. 6(b)

are calculated from measurement data at Tx1 and Tx2, re-

spectively. It is obvious to see the difference with that in

Fig. 6(a), as these two curves are decreased to approximate

0. It can be interpreted by the increasing distance between

Tx and antenna element along the y′ axis. However, SCCF
calculated for Tx2 exhibits a valley shape and the coefficients

increase when antenna spacing distance larger than 300 mm,

this is caused by the reason that Tx2 is aligned to the center

of the extracted ULA.

C. Variations of Channel Correlation Properties at Different
Frequency Bands

We choose antenna elements located in x′ and y′ axes

as base points to calculate SCCFs along y′ and x′ axes

and combine those curves together, respectively, as shown

in Fig. 7. Thus, a comprehensive exhibition of how the

channel correlation properties change along x′ and y′ axes

are obtained. Fig. 7 is plotted based on measurement data of

Tx1 at 11 and 38 GHz frequency bands.

As shown in Fig. 7(a) and (c), SCCFs along the x′ axis at 38
GHz decrease fast and the correlation coefficients reach 0.2,

while at 11 GHz the correlation coefficients still above 0.3 and

even larger than 0.6. The same tendency of how the SCCFs

change when channel moves to higher mmWave frequency

band can be seen when comparing Fig. 7(b) with Fig. 7(d).

This is caused by the more abundant scattering components

at higher mmWave frequency band. However, SCCF curves

plotted in Fig. 7(b) and (d) are very much different with those

in Fig. 7(a) and (c), as introduced in Section IV, B.

Thus, we conclude that distance between Tx and Rx ele-

ments and operated frequency have impacts on the propagation

ρ

(a)

ρ

(b)

Fig. 6. Measured SCCFs at Tx1 and Tx2 (a) along x’-axis and (b) along
y’-axis.

channel characteristics. It is also worth taking the relative

angle between Tx pointing direction and Rx array into consid-

eration, as the calculated SCCFs along two certain directions

exhibit significant variations.

V. CONCLUSIONS

In this paper, channel measurements at 11 and 38 GHz

frequency bands have been carried out at two different loca-

tions in an typical indoor environment. Detailed measurement

environment, system setup, and massive antenna array settings

have been introduced. Parameters of MPCs estimated using

the SAGE algorithm and spatial cross-correlation properties

calculated for the large horizontal planar array have been

investigated. Through comparing the parameters of two sub-

arrays, new characteristics of massive MIMO channels have

been introduced. Variations of the SCCFs at two distinct

directions of the horizontal massive array have been shown by

calculating the spatial correlation coefficients of the selected

ULAs, and compared at different Tx locations and frequency
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(a) (b)

(c) (d)

Fig. 7. Measured SCCFs at Tx1 (a) along x’-axis, 11 GHz; (b) along y’-axis, 11 GHz; (c) along x’-axis, 38 GHz; (d) along y’-axis, 38 GHz.

bands. Results have shown that, measurement environment,

relative distance of Tx and Rx, certain positions of antenna

elements, as well as the operated frequencies have significant

impacts on the space cross-correlation properties.

ACKNOWLEDGMENT

The authors would like to acknowledge the support from Natural

Science Foundation of China (No. 61771293, 61371110), Funda-

mental Research Funds of Shandong University (No. 2017JC029),

Key R&D Program of Shandong Province (No. 2016GGX101014),

EPSRC TOUCAN project (No. EP/L020009/1), and EU H2020 RISE

TESTBED project (No. 734325).

REFERENCES

[1] C.-X. Wang, F. Haider, X. Gao, X.-H. You, Y. Yang, D. Yuan, H.
Aggoune, H. Haas, S. Fletcher, and E. Hepsaydir, “Cellular architecture
and key technologies for 5G wireless communication networks,” IEEE
Commun. Mag., vol. 52, no. 2, pp. 122–130, Feb. 2014.

[2] A. L. Swindlehurst, E. Ayanoglu, P. Heydari, and F. Capolino,
“Millimeter-wave massive MIMO: The next wireless revolution?” IEEE
Commun. Mag., vol. 52, no. 9, pp. 56–62, Sept. 2014.

[3] S. Wu, C.-X. Wang, H. Haas, H. Aggoune, M. M. Alwakeel, and B.
Ai, “A non-stationary wideband channel model for massive MIMO
communication systems,” IEEE Trans. Wireless Commun., vol. 14, no.
3, pp. 1434–1446, Mar. 2015.

[4] X. Gao, O. Edfors, F. Rusek, and F. Tufvesson, “Massive MIMO
performance evaluation based on measured propagation data,” IEEE
Trans. Wireless Commun., vol. 14, no. 7, pp. 3899–3911, Jul. 2015.

[5] S. Payami, and F. Tufvesson, “Channel measurements and analysis for
very large array systems at 2.6 GHz,” in Proc. EuCAP’12, Prague, Czech
Republic, Mar. 2012, pp. 433–437.

[6] J. Huang, C.-X. Wang, R. Feng, J. Sun, W. Zhang, and Y. Yang,
“Multi-frequency mmWave massive MIMO channel measurements and
characterization for 5G wireless communication systems,” IEEE J. Sel.
Areas Commun., 2017, accepted for publication.

[7] B. H. Fleury, M. Tschudin, R. Heddergott, D. Dahlhaus, and K. I.
Pedersen, “Channel parameter estimation in mobile radio environments
using the SAGE algorithm,” IEEE J. Sel. Areas Commun., vol. 17, no.
3, pp. 434–450, Mar. 1999.

2017 IEEE/CIC International Conference on Communications in China (ICCC)



<<
  /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 false
  /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
    /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
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /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 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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


