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Abstract—This paper aims to evaluate the contribution of
micro-structured antennas in MIMO communication sygsems.
This antenna technology is based on hybridization el gaps
and presents at the same time a very small form fear and very
low correlation coefficients. In order to evaluatethis new type of
antenna, a comparison of performance with patch amnna type
was performed. Both prototypes were used in an indw
measurement campaign in a residential environment.An
analysis of the MIMO matrix measurement has been ¢ded out
focusing on the MIMO gain capacity of the two typesof
antennas.

Index Terms—antenna, propagation, measurement, MIMO.

l. INTRODUCTION

MIMO communication systems (multiple input multiple
output) have created a technological breakthrouighwviag a
significant capacity increase of the transmissibannels. In
this context, the antennas that provide the interfaetween
the circuit and the propagation medium are esdebtid
complex due to physical constraints (size, eleatraircuitry
integration), technologic limitations (radiatiorffi@ency and
bandwidth) or economic restraints (cost). New amtetdesign,
using the hybridization band gap concept offergragting
prospects for miniaturization or large bandwidthsses.

Such antennas are very compact and allow integratin
large number of highly uncorrelated sensors in &ume
corresponding to WLAN equipment or to FEMTO equipime
The objective of this work is to evaluate the cayagain of
this type of antenna for MIMO systems.

I DESCRIPTION OF THE ANTENNAS ARRAYS

A. Hybridization Band Gap Based Antenna array

The antenna array [1] developed by the company Time

Reversal Communications is shown in Fig. 1 and Ei¢four
port array). The antenna arrays consist of a seflafe and
small monopoles, which are embedded in a densegamaent
of parasitic radiators. These last have two fumstiefficiently
radiate the field produced by the small monopotesensure a
good isolation between them. In such a case, #ie fadiated
by each port of the antenna is de-correlated.Herawords, the
radiation patterns of each port are orthogonal.obtain this
result, this antenna design uses the property efréisonant

behavior of the parasitic radiators that leads fficiently

convert evanescent waves (sub-wavelength fielduaions)
into propagative ones. This result is in accordanite the
Chu’s theorem which implies that an efficient sneattenna
should be resonant [2].

Two micro-structured antenna arrays have been
investigated in this study: At first time a fouremlent array
and in a second time an eight element array. The fort
antenna structure are spaced of alddl® on a FR4 substrate
[3]. Fig. 3 shows the variation of the reflectiomefficient S
as a function of frequency. Each port of the ardelmas been
measured and shows that it is very well adaptatier?.4-2.5
GHz band.

To characterize and evaluate the 3D radiation peatbé
these antennas, a measurement campaign has beed oat
in near field condition which is presented on Fdp. The
antenna pattern is measured at 2.45 GHz for fouspo
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Fig. 1.Microstructured Antenna array.

Fig. 2.Four ports and eight ports micro-structured antenna



0 the other sides. This solution enables a quite emmpight
/. element array.
° \%\/7 The antennas are adapted on the 2.4-2.5 GHz freguen
10 \ band as shown by the;;Scoefficient measured in Fig. 7.
) \\{ Radiation patterns of the reference antenna area lbeen
5'15 measured in the xOz plane of the Satimo SG32 (&jg4-
D o0 l — Taking into account the symmetries to the grourh@) Fig. 7
‘1 — shows the 3D radiation diagrams obtained from the
25 — measurements at the central frequency of 2.45 Gidzhie
U | four ports on the front face of the antenna arRattern and
0720 22 23 24 25 26 27 28 29 3 gains are almost similar; the only difference corfiem the
Frequency [GHz] direction of polarization.
Fig. 3.Reflection coefficient of the micro-structured amta array. Lo
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Fig. 5.Radiation pattern of the micro-structured antennayaat the
central resonnance frequency f=2.45 GHz. /

B. Reference Antennasarray
The reference antenna array (Fig. 6) consists i dual

L . (dB)
polarization square patches printed on a FR4 sathstEach
patch is fed by two microstrip lines supplying theo Fig. 8.Radiation pattern of the reference antenna arrgtyeatentral
orthogonal polarizations (V/H). A line of quarteave length resonnance frequency f=2.45 GHz.

provides impedance matching. This structure idicated on



C. Comparison of the two types of antenna array

Table | summarizes the performances of these twenaa
prototypes measured at 2.45 GHz.The performanctsedivo
antenna arrays are similar in terms of bandwidtblation and
correlation of ports. Only the gain of the referepatch array
is slightly smaller than the band gap antennas Than be
explained by the difference of loss in the substeaid by the
lines supplying the ports which are printed for teéerence
array and composed of little cables for the midraetured
antennas.

TABLE I. ANTENNA MEASURED PERFORMANCES
Measurement Antenna characterls.tlcs
types Reference patch | Hybridization band
antenna gap antenna

Gain max 1.2-2.2dB 1.3-2.7dB
Efficiency 29-33% 45-60%
Correlation <0.15 <0.15
$11(100 MHz) -6 to -20 dB -8to -25dB
Isolation min -13dB -12 dB

Il.  MIMO CHANNEL SOUNDER

receiving antennas can be measured. All elementshef
acquisition chain are controlled by a computer ghd
measurement process is set through a graphic o&face
developed in Matlab. This interface provides calibration
process, the switching of the antennas, the channel
measurement, and the post processing of data.

This experimental set-up is designed for the meamsent
of 8x8 MIMO channels. The channel can be measur¢d w
different antenna arrays and thus their influencéhe channel
capacity can be estimated. A validation of the pongnt was
performed in an anechoic chamber.

IV. DESCRIPTION OF THHNDOOR ENVIRONMENT

MIMO channel measurements have been achieved in a
typical indoor environment at Orange Labs premBelfort)
that is statistically representative of an apartm&he layout
and the measurement locations are shown in Fig.The.
transmitter was located in 5 different locationshilev the
receiver was placed at a single location (Table Tihe
reception and transmission antenna arrays have been
positioned at the same height (1 meter). Four miffe
orientations of the arrays were considered: 0 °,4% ° and
135 ° for the receiver and the transmitter. Finall§,000
impulse responses in LOS (Line Of Sight) and NLOS Line
Of Sight) configurations have been recorded.

A MIMO channel sounder has been developed for this

experimentation in order to measure the MIMO matrfixhis
4x4 or 4x8 antennas system.

RF
cable
Portl

Switch

1
1
1
1
1
1
1
1
1
Radio channel 1
1
1

Fig. 9. Set-up of the MIMO channel sounder.

Figure 9 shows the equipment carried out for thislys A
vector network analyzer (VNA - ZVB20) is used allagy the
measurement of the propagation channel over a ardehbrhe
ports 1 and 2 are connected to the transmitter tanthe
receiver respectively. The impulse responses aitaireu

measuring the S parameter channel (including antenna

arrays). For this study, the channel measurememts
performed in an indoor environment. Two SP8T RRdwas
(Radio Frequency) are used both for the transmitet the
receiver allowing the selection of Tx and /or Rxesma ports.
Thus, all possible combinations between the trattisigiand

, 12,45m ,

135990°
45°

0°

7,270

B Rx

W Tx

Fig. 10. Indoor environment with transmitter and receiveakions

TABLE II. TRANSMITTER AND RECEIVER LOCATIONS COORDINATES
Locations | X(m) | Y(m) | Z(m)
Ro 6.46 5.88 1
T1 1.40 3.86 1
Tz 5.28 1.08 1
T3 5.35 2.74 1
Ta 10.53| 1.48 1
a Ts 10.70| 3.98 1

The transmission channel has been characterizedtQdn
frequencies between 2.2 and 2.7 GHz. This conftgura



corresponds to a delay max of 400 ns and a resolati 0.1
ns.

V. ANALYSIS OF THE RESULTS

The MIMO analysis has been performed on the 4x4 an

8x4 configurations. Sub-antenna arrays have beestert in
order to maximize the number of channels:

Micro-structured (TRCMA ) antennas at the transenitt
and at the receiver.

Reference patch array at the transmitter and ttesver
both located on the front side (P1, P2, P3, P4short

receiver. Two patches on the front side and twoles
on the back side (P1, P2, P5, P6 ports).
Reference patch array at the transmitter (P1, B2PR

Reference patch array at the transmitter and th
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Fig. 11.

ports) and micro-structured array at the receive

(TRCMA)
Reference patch array at the transmitter (P1, B2PB

ports) and micro-structured array at the receive

(TRCMA)

Reference patch array at the transmitter (P1, B2PR,
P5, P6, P7, P8 ports) and micro-structured arrdieat
receiver (MAS8)

receiver (P1, P2, P3, P4, P5, P6, P7, P8 ports).

A. MIMO 44

Water Filling capacities were calculated for
measurement configuration to quantify the contidyutof
micro-structured antenna for MIMO communicationtsyss.
The capacity is plotted at the center frequenc.4fGHz in
function of the SNR (signal to noise ratio).

The comparison of the average water-filling capaaftthe
different configurations 4x4 is presented in thg.FL. An
average of the different orientations of the anteamray is
realized for each configuration and the measuresnemre
normalized by the values of path loss. To improbe t
comparison, a reference plot has been added: geeita of a
Rayleigh channel 4x4. The curves are similar, iiclg slopes
that are substantially identical. The two typesamftennas
therefore are able to measure four degrees of dreeaf the
channel. However, these results highlight the insed
channel capacity with micro-structured antennas tiaa be
estimated of 3bits/s/Hz compared to the capacitginbd with
the reference antennas. This gain correspondsvadua of 3
dB for the link budget of such configuration. Itbstantially
corresponds to the efficiency ratio between the ramic
structured antenna array and the antenna refeegrepge

The variation of the channel capacity of all the
measurements (minimum, maximum and average) ingive
Fig. 12 for each 4x4 configuration. The dispersanthe
curves is higher for the reference antenna arrap for the
micro-structured antenna.

Reference patch array at the transmitter and at th

each
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Fig. 12.
for all transmitter positions and orientation atideceiver orientations

MIMO Waterfilling Capacity for 44 Systems- average, max, min

B. MIMO 8x8

The capacity of 88 MIMO matrix measurement are shown

SNR [dB]

in Fig. 13. The dispersion of the curves is copsistvith the
4x4 systems results.

All locations norm=56dBm

Capacity [bit/s/Hz]

70

40

10

AVG antennes patch8 X patchg
MIN antennes patch8 X patch8
MAX antennes patch8 X patchg
AVG antennes TRCMAS X patch8

Fig. 13.
for all transmitter positions and orientation atideceiver orientations
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MIMO Waterfilling Capacity for &8 Systems- average, max,min



C. Analysisof the MIMO capacity for different locations. Propagation (EuCAP), 2010 Proceedings of the Fourth
An analysis of the results has been realized féiergint European Conference

locations of the transmitter. Two typical resulte aresented [5] https://rd-project-trimaran.rd.francetelecom.com

in Fig. 14 and Fig. 15. In the first case, the sraitter is

located in a room with two walls and furniture thgh the

for the T2 transmitter than for the T3 transmit®w.the micro-
structured antennas are well adapted for multipaémnel.

radio link. In this case, the gain of the micrasstured 0 ‘ _locetlon R2 rom=s6dem
antennas is obvious. In a different configuratisrhen the 1 1 1 ‘ | | |
configuration is Obstructed Line of Sight (OLOS)etgain of S o N amemes s xpmers. |~~~ 1= == -1 SIS
the micro-structured antenna is not observable {6)jg These || == A6 atennes cAIAB X pachs o/ —
results are consistent with the number of multipsftthe two [ s antemes TROWAG xpatens |77 T T T T T
radio link configurations. Indeed, some previousrkso[4] § Rafiegh 929 ‘ ‘ | B Rx
have shown that the number of “pertinent” multipatiigher = l m Tx

8

VI. CONCLUSION

The purpose of this study was to evaluate expetiatign :
the micro-structured antennas developed under togeqgb ’ ) SNR [dB]
TRIMARAN by Time Reversal Communications Company. A
MIMO channel sounder has been developed and usedded  fig 14, MIMO Waterfiling Capacity for 88 Systems- average, max,min
MIMO measurements in indoor environment. Initiabults  for T2 transmitter positions and orientation arldedeiver orientations .
confirm that the micro-structured antennas prowddgiversity

similar to a reference antenna array but in a smaiblume. o ‘ _ locaton E12 nom=S6d3m
The MIMO capacity is less dispersive with micradstured ! ! !
antenna array and better in configuration with mantipath. 801 e M s puch Xphicht Y e
----- MAX antennes patch8 X patch8 H
— AVG antennes micro8 X patch8 - i
Y g [ MIN antennes micro8 X patch8 L.
ACKNOWLEDGMENT = || MAX antennes micio8 X patchs
I Rayleigh 8 x 8
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