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1. Introduction
Multi-Input Multi-Output (MIMO) technology, which employs several antennas, enhances

wireless data transmission even with a limited bandwidth [1]. Considering a multiuser environ-
ment, the spatial multiplexing of several users, which is called multiuser MIMO (MU-MIMO),
is more effective in enhancing the total data transmission ratio than single user MIMO [2].

Various types of MIMO antennas have been studied and, in particular, small MIMO anten-
nas and their downsizing techniques have been investigated for application to portable termi-
nals [3]. Combining antennas that employ orthogonal polarizations and patterns is an important
means to configure MIMO antennas into a compact configuration since this method provides
a low level of antenna coupling even with a narrow antenna spacing [4]. The authors proposed
a six-port compact MIMO antenna, and this antenna can be actualized within the size of a
PC card by means of combining the antennas with orthogonal polarizations and patterns [5].
It was shown that the MIMO performance of the antenna is almost the same as that for three
orthogonal dipoles, in which the size reduction of the dipole elements is not considered.

On the other hand, the number of transmitters or receivers in mobile terminals is restricted
in terms of battery power and hardware complexity. The antenna selection in MIMO systems
is effective in extending the channel capacity without increasing the number of transmitters or
receivers [6]. The use of both the combination of the orthogonal antennas and antenna selection
is the key toward achieving a compact MIMO terminal with high data transmission performance
even when the power consumption and size of the terminal are limited.

The polarization selection method for Space Division Multiple Access (SDMA) was investi-
gated and verified under outdoor environment conditions [7], however, the size restrictions and
coupling effect of the small antennas must be taken into account. We need to extend this con-
sideration to multi-antenna cooperative systems with practical small antenna configurations in
order to consider the MU-MIMO performance.

In this report, we propose an antenna selection method suitable for MU-MIMO terminals
with orthogonal polarization and patterns. Two of three orthogonal antennas are selected based
on only the signal-to-noise ratio (SNR) information. From the results of the measured channel
properties in an urban microcell environment, the multiaccess channel (MAC) capacity is esti-
mated and shown under the proposed antenna selection conditions, and the effectiveness of the
proposed method is discussed.

2. Antenna Geometry and Proposed Antenna Selection Method

2. 1 Terminal Antenna Geometry

In the measurement of the MU-MIMO characteristics using an actual small antenna, not
only the antenna coupling, but also the radiation pattern distortion and cross polarization
components, which are generated by its geometries, can affect the channel properties [4], [5].

In this study, to verify the true effect of the use of orthogonal antennas, three orthogonal
dipoles, shown in Fig. 1 (a), are chosen as the simplest antenna configuration that has orthogonal
patterns and polarizations. It comprises one vertical and two horizontal dipoles, and their axes
are orthogonal to each other. The other reason for using this antenna is that it covers any
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direction isotropically and the MIMO performance can be recognized to be independent from the
user antenna direction. For comparison, a single polarization dipole array, shown in Fig. 1 (b), is
measured as well. The array length is set to half a wavelength, since the antenna width of three
orthogonal dipoles can be defined as the antenna length of the half wavelength dipole in Fig. 1 (a).
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Figure 1: Electrical design
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2. 2 Proposed Antenna Selection Method

At the mobile terminal, two of three antennas are supposed to
be used in this scenario. In our method, two antennas with the
highest SNR are chosen from the three antennas at each termi-
nal. This antenna selection method is effective in alleviating the
calculation load since the SNR of each antenna at the terminal is
simply obtained from the channel matrix. Furthermore, our selec-
tion method is intended to be used for the antennas with orthogonal
polarization and patterns. Since some antenna combinations, cho-
sen by our method, affect the spatial correlation between users,
there would be some capacity deterioration compared to that given
by the ideal antenna combination, which would give the highest
channel capacity. However, very slight deterioration is expected
in this case since the spatial correlation can always be lowered by
using orthogonal antennas. Another point of interest is the rela-
tionship between the bandwidth and capacity. Since the optimum
antenna combination would depend on the frequency, the effect
of the antenna selection for the actual bandwidth of the wireless
communication must be clarified.

3. Measurement Environment and Evalua-

tion of Multi-user Properties
Figure 2 shows the configuration of the base station antenna.

It consists of four dual-polarization (0 / 90 degrees) subarray an-
tennas. The subarray spacing is one wavelength in the horizontal
direction. The actual gain of the subarray antenna is 14.5 dBi for
both polarizations. This base station antenna array has eight ports
and all ports are connected to the receivers. The base station an-
tenna is placed on an antenna tower at the height of approximately
50 m.

The terminal antenna placed on the roof of a vehicle transmits
a 4.85-GHz OFDM signal, which has a 20-MHz bandwidth and
consists of 104 subcarriers. Figure 3 shows the measured urban
environment. The terminal antenna is placed at five locations on
the street, indicated as Points A to E in the figure.

In this study, the channel matrix is measured at each point,
and the MAC capacity for MU-MIMO is calculated by combining
several numbers of channel matrices at different points. When the
matrices, HA, HA, and HA represent the channel information for
Users A, B, and C respectively, the MU-MIMO channel for the
three users can be expressed as Hmulti = [HA,HB,HC ]. Since
two of three antennas are chosen at each terminal, one column for
each point is removed from the combined matrix. Therefore, three
columns are removed in this case because three channel matrices
are combined. Now, this matrix is defined asH 0

multi, and the MAC
capacity is obtained from the following formula.

Cmulti = log2 det

µ
I +

γ0
M 0
T

H 0
multiH

0
multi

H

¶
(1)
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Here, I is the unit matrix, M 0
T is the number of

selected transmitter antennas at each terminal, and γ0
is the SNR. The optimum antenna combination, for
which (1) gives the highest capacity, is searched using
the procedure described here.

In the actual measurement, since the number of
base station antennas is 8, and the number of the ter-
minal antennas is 3, 8 × 3 MIMO channels are mea-
sured. After the measurement, the MAC capacity, in
which the number of selected transmitter antennas is
set to M 0

T = 2, is calculated.

4. Results
Figure 4 shows the cumulative distribution func-

tion (CDF) of the SNR at Point B. The results of the
three orthogonal dipoles show that the highest SNR
is observed at the vertical antenna, #1. One of the
horizontally polarized dipoles exhibits the lowest SNR
among the three orthogonal dipoles. This is caused by
the matching of the radiation pattern and propagation
environment. This corresponds to the tendency that
a high SNR is observed at all antennas in the vertical
dipole array. In the vertical dipole array, Antenna #1
yields a higher SNR than the vertical antenna, #1, of
the three orthogonal dipoles. The reason why the end
elements in the vertical dipole array yield a high SNR
even with the coupling loss among the neighboring el-
ements is that the vertical dipole array functions as a Yagi-Uda array and the antenna gain in
the horizontal plane is enhanced. This tendency is observed at the other measurement points.
Based on this consideration, we estimate that most of the propagation paths are distributed in
the horizontal direction from the terminal antenna.

The MU-MIMO MAC capacity, which is defined as the total achievable bit rate at the base
station, is verified by combining the measured channel information at Points A to E. Figure 5
shows the mean MAC channel capacity versus the number of users where the transmitted power
and antenna geometry of the user terminals are uniform. At each terminal antenna, the antenna
is chosen based on the proposed antenna selection method. The values in the graph indicate
the average capacity of all the possible combinations of the users, and are averaged through all
frequency bands that we measured. From these results, we find that the three orthogonal dipoles
yield the highest MAC capacity. On the contrary, the horizontally polarized array exhibits the
lowest MAC capacity and this is because of the low SNR of the horizontally polarized antenna
as shown in Fig. 4. The MAC capacity for the vertical dipole array is slightly lower than that for
the three orthogonal dipoles. These results mean that the performance of the single polarized
terminal antenna fluctuates between the vertical and horizontal polarizations. Nevertheless,
three orthogonal dipoles stably maintain the highest channel capacity for various numbers of
spatially multiplexed users, and the improvement in the capacity compared to the worst case of
a single polarized array, where the antenna is inclined horizontally, is up to 50 %.

We investigated the effect of the bandwidth on the MAC capacity. Figure 6 indicates the
deterioration bit rate versus the bandwidth. Here, nu is the number of the multiplexed users.
Since antennas would be selected by means of an RF switch, it is impossible to achieve the
optimum antenna selection for an arbitrary frequency range. In this graph, the reference bit rate
is set to the narrowest bandwidth in our measurement, which corresponds to the bandwidth of
the subcarrier. For comparison, the ideal selection method, which gives the maximum capacity,
is also indicated. These results show that the proposed selection method with the vertical dipoles
yields high bit rate deterioration. On the contrary, the deterioration with the proposed method
for three orthogonal dipoles is fairly low. The effectiveness of the proposed method for the
three orthogonal dipoles in particular is enhanced when a wider bandwidth and many more user
terminals are employed. The improvement of 0.7 bits/s/Hz in the MAC capacity is observed
when nu is 4, and the bandwidth is 16 MHz. Considering the slight difference in the proposed
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Figure 6: Bit rate deterioration versus bandwidth.

method and the ideal selection, we find that applying the proposed method to the orthogonal
antennas is quite effective. On the other hand, the result of the horizontal dipoles shows very
little deterioration, but only a low MAC capacity is expected from the graph shown in Fig. 4.

5. Conclusion
The antenna selection method suitable for MU-MIMO terminals with orthogonal patterns

and polarizations has been proposed and verified based on outdoor measurements. Based on
a comparison with a single polarization array, we found that the orthogonal antennas with the
proposed antenna selection method, which can simplify the selection algorithm by utilizing only
the SNR information, provided the highest channel capacity, and improved the capacity by
50% compared to that using a horizontally polarized array antenna. Furthermore, the proposed
method with orthogonal antennas suppressed the bit rate deterioration even when the bandwidth
and the number of the users are increased.

Acknowledgments
The authors thank Mr. Satoru Tawara, Mr. Masaaki Ida, and Mr. Yoshinobu Makise of

NTT Advanced Technology Corporation for their helpful assistance. This work is supported
by the Ministry of Internal Affairs and Communications, Japan, under the grant, “Research
and development of fundamental technologies for advanced radio frequency spectrum sharing in
mobile communication systems.”

References
[1] I. E. Teletar, “Capacity of multi-antenna Gaussian channels,” Tech. Rep., AT&T-Bell Labs, June

1995.
[2] Q. H. Spencer and M. Haardt, “Capacity and downlink transmission algorithms for a multi-user

MIMO channel,” The Thirty-Sixth Asilomar Conference on Signals, Systems and Computers, vol.
2, pp. 1384-1388, Nov. 2002.

[3] D. W. Broune, M. Manteghi, M. P. Fitz, and Y. Rahmat-Samii, “Experiments with compact antenna
arrays for MIMO radio communications,” IEEE Trans. Antenna and Propagation, vol. 54, no. 11,
pp. 3239-3250, Nov. 2006.

[4] N. K. Das, T. Inoue, T. Taniguchi and Y. Karasawa, “An experiment on MIMO system having
three orthogonal polarization diversity branches in multipath-rich environment,” IEEE VTC Fall,
LA, Sept. 27-29, 2004.

[5] N. Honma, K. Nishimori, T. Seki, K. Nishikawa, and K. Tsunekawa, “Triple polarization antenna
employing capacitor loaded monopole antenna and notch antenna for MIMO systems,” 2005 Inter-
national Symposium on Antennas and Propagation (ISAP 2005), vol. 2, TB2-4, pp. 367-370, Aug.
2005.

[6] S. Sanayei and A. Nosratinia, “Antenna selection in MIMO systems,” IEEE Communications Mag-
azine, vol. 42, no. 10, pp. 68-73, Oct. 2004.

[7] K. Komiya, K. Nishimori, K. Cho, and H. Mizuno, “Effectiveness of directivity and polarization
control SDMA systems in a cellular environment,” 2002 IEEE Vehicular Technology Conference,
Vol. 1, pp. 351-355, Sept. 2002.

1321



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




