Beamforming for 3G base stations antennas
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Abstract—The electric field produced within the sectoral
coverage area of mobile telecom base stations is very
inhomogeneous. In this paper we investigate how beamforming
can be applied to homogeneize the electric field, thereby better
distributing the power density to mobile users.

L INTRODUCTION

A macrocell antenna for 2G, 3G and 4G cellular mobile
telephony networks is covering a 120° sectoral area extending
up to 3km in front of the antenna location [1]. The vast
majority of those antennas consist of a Nx2 array of /2 dipoles
backed by a reflector plane, where N ranges between 5 and 10,
mechanically tilted downwards by around 5° [2]. To ensure
optimal coverage throughout and at the limits of the cell the
antennas are usually elevated between 20 and 40m above
ground level and the power delivered to the array ranges
between 20 and 80W, depending on the relief, vegetation and
urbanization. In Belgium, especially in the capital district, very
strict radiation hazard limits do apply any mobile
telecommunication operator is not allowed to illuminate public
areas with more than a total electric field |E| of 3V/m. In some
cases, operators are forced to reduce the power fed to the
antenna to maintain the total electric field below this limit
anywhere within the cell, thereby reducing the quality of
service within the coverage area.

The only way-around envisaged by the operators is to add
new base stations where the coverage becomes poor. In this
paper we present the results and conclusions of an alternative
and potentially less expensive beamforming approach.

II.  NON OPTIMIZED SOLUTION

The radiation pattern of the macrocell antenna arrays,
obtained by feeding all the antennas in phase and with the same
amplitude, produces a high gain main lobe and a few side
lobes. Considering the ground reflection, the electric field at
ear height (1,5m above ground) is distributed in a very
inhomogeneous way throughout the cell, as shown in Fig.1.

In this two-ray propagation scheme (direct and ground
reflected rays), the E-field at a height hg, above ground exhibits
spatial oscillations due to both the interaction between the two
rays and the radiation pattern of the antenna. Beyond a ground
distance to the antenna dgr = 4hrchr,/A this oscillatory region
ceases and the electric field invariably decreases, converging at
even larger distance to a d* decay law instead of the d”' law
encountered in free space conditions. For the parameters used
to obtain Fig. 1, detailed further in section III, dpr =1225m.
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For an (untilted) antenna 30m above a flat dielectric ground
(e=2 to 15, tand=0,005 to 0,5), the ratio |E|yax/|E|min throughout
the sectoral cell ranges between 20 (¢=60°) and 60 (¢=0°), as
shown in Fig.1. Keeping the maximum electric field below
3V/m implies that the minimum electric field can be pushed as
low down as 50mV/m. Knowing that operators consider a no
coverage threshold limit around 0,3mV/m for 2G and 3mV/m
for 4G, this gives only 25 to 45dB of margin to cope with a non
free space real environment (shadow areas, indoor
propagation).
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Fig. 1. E-field distribution within a 3G cell.

III.  OPTIMIZED SOLUTION

Feeding the vertical dipoles with appropriate amplitudes
and phases should reduce the large variations of the electric
field within the oscillatory region. It is well known that a
cosecant squared power radiation pattern is the perfect solution
to this problem [3], but only in free space. It is applicable for a
radar looking to the sky, but not for a constant illumination
above ground, owing to the ground reflection. A more complex
optimization scheme has therefore been developed in this work.

We will quantify the beneficial effect of the optimized
beamforming by the homogenization factor (HF) defined as :

HFdB — 20L0g10 {lEImax/IElmin}Before Optimization (1)
{IElmax/lEImin}After Optimization

Considering the large amount of parameters at stake in this
optimization problem, the pragmatic approach in this feasibility
study was to preset some of those parameters to an average
value, thereby reducing the degrees of freedom to the sole
phases and amplitudes feeding the array. Afterwards, a



sensitivity analysis has been conducted separately on each of
those parameters. In this paper we present only the frequency
and height above ground sensitivity analyses.

We focused on the Belgian 3G uplink and downlink bands
(1885 to 2200 MHz). The beamforming optimization has been
performed at the central frequency (2042 MHz). The antenna is
a 5x2 array of vertical A/2 dipoles, optimally matched to 50Q.
No mechanical downtilt is applied, as it will be included in the
beamforming process. The array center of gravity is located
30m above the ground. The dipoles vertical and horizontal
spacings in the array are set to a uniform value of 0,75\ and
0,254 respectively, while the distance to the backplane is set to
0,15A. The backplane is 15x75cm, or approximately AxSA at
2042MHz.

The electric field homogenization optimization has been
performed at 1,5m above ground throughout the macrocell
coverage sector extending up to 3km away from the antenna.
Considering now that a feeding symmetrical with regard to the
vertical axis is constrained to ensure symmetrical illumination
of the -60/+60° sector, the highest field variations always occur
on the ¢=0° symmetry axis, as illustrated in Fig 1.

The cost function to minimize in the optimization stage is
the difference between |E,,,| and |E,;,| on the $=0° axis for a
given value of the active power fed to the array. The 5
amplitudes and 5 phases producing the most homogeneous
electric field distribution are obtained as follows: we discretize
the ¢=0° axis in ten equally spaced sampling points along p
and we impose that the cost function must equal zero at these
points. The obtained system of ten equations with ten
unknowns 1is resolvable. In the next iteration, we double the
number of samples by dichotomy. This system of 20 equations
is now resolved in the least squares sense by taking as a starting
point the solution obtained in the previous iteration. We
continue this way until the norm of the difference between the
solution obtained at a given iteration and that obtained at the
previous iteration becomes smaller than 107,

For a soil characterized by (¢=2 to 15, tand=0,005 to 0,5), a
base station antenna located 30m above this ground, the result
of this optimization, conducted with the full wave software
FEKO and the Nelder Mead algorithm, yields the tapered
complex feeding coefficients of Fig.2, the lowest (highest) ones
corresponding to the lowest (highest) horizontal dipoles pair in
the array. The current distribution on the backplane is also
represented.

The ratios E./Emn before and after optimization are
respectively 24,6 and 11,8 corresponding to a HF~6,4dB. This
improvement is illustrated in Fig.3, along with a sensitivity
analysis through the whole 3G band : applying to the lowest

and highest frequencies of the 3G band a unique feeding,
optimized for its central frequency, shows that the
homogeneization degrades only for the shortest distances
(p <20m) to the base station antenna.
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Fig. 2. Optimized feeding.

Finally we also observe in Fig. 3 that the solution optimized
for a height of 30m above ground improves (degrades) for a
higher (lower) elevation.
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Fig. 3. Optimized solution and sensitivity analysis.

CONCLUSIONS

It was shown how the electric field homogeneity can be
improved by more than 6dB throughout a 3G macrocell by a
simple beamfoming, optimization without any hardware
changes to the array, but feeding it with tailored amplitudes
and phases to properly account for the direct and ground
reflected rays.

REFERENCES

[1] Peter Scholz “Basic Antenna Principles for Mobile Communications,”
Kathrein-Werke KG

[2] Jan Hesselbarth “Antenna for cellular base stations: challenges, trends,
and constraints, ” University of Stuttgart, January 30, 2014

[3] L.Freytag, “Conception, réalisation et caractérisation d’antennes pour
stations de base des réseaux de télécommunications sans fil ,” Université
de Limoges : Ecole doctorale Science-Technologie, 2004

[4] Nelson Jorge Gongalves Fonseca “Etudes de systemes Micro-ondes
d’Alimentation d’Antennes réseaux pour Applications Multifaisceaux, ”
Université de Toulouse, 2010

[5] John L. Volakis. “Antenna engineering handbook, "The Ohio State
University




<<
  /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


