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Abstract

A wide-band multiple-input multiple-output (MIMO) antenna with dual-band (2.4 and 5 GHz) operation is proposed for premium

indoor access points (IAPs). Typically, an omni-directional pattern is used for dipole antennas and a directional radiation pattern is used

for patch antennas. In this paper, both antenna types were used to compare their performance with that of the proposed 2 x 2 MIMO

antenna. We simulated and measured the performance of the MIMO antenna, including the isolation, envelope correlation coefficient

(ECC), mean effective gain (MEG) for the IAPs, and the throughput, in order to determine its communication quality. The performance

of the antennas was analyzed according to the ECC and MEG. The proposed antenna has sufficient performance and excellent charac-

teristics, making it suitable for IAPs. We analyzed the communication performance of wireless networks using the throughput data of a

typical office environment. The network throughput of an 802.11n device was used for the comparison and was conducted according to
the antenna type. The results showed that the values of the ECC, MEG, and the throughput have unique characteristics in terms of their

directivity, antenna gains, isolation, etc. This paper also discusses the communication performance of various aspects of MIMO in multi-

path situations.
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1. INTRODUCTION

The rapidly increasing demand for broadband traffic is driv-
ing the need for cellular networks with higher capacity. In these
communication systems, high data transmission rates and low
bit error probability are common requirements [1-3]. Multiple-
input multiple-output (MIMO) systems have been broadly in-
vestigated because they can increase the channel capacity with-
out sacrificing additional spectra [4]. Multiple antennas, which
are used in wireless local area networks (WLANS), can increase

the channel capacity [5]. Several antennas have been designed
with various patterns for indoor access points (IAPs). Omni-
directional antennas (such as dipole antennas) and directional
antennas (such as patch antennas) are generally useful for a vari-
ety of access points (APs), because the radiation patterns of
these antennas allow for good transmission and reception from
mobile units. Omni-directional antennas feature a radiation
pattern that is nearly symmetric [6-8]. The directional pattern
in patch antennas affects the radio frequency (RF) coverage by
focusing the bulk of the RF energy in a specific direction [9, 10].
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Dual bands with a broad bandwidth are advantageous for wire-
less networks in order to allow a greater number of devices to
share the available space. However, dipole and patch antennas
typically have a narrow bandwidth, and it is particularly difficult
to implement a dual-band (2.4 and 5 GHz) patch antenna with
a wide band. Several researchers have studied the communica-
tion performance of WLANS using the 802.11 MAC protocol.
The throughput performance of the 802.11 WLAN has been
simulated using many interesting methods. Modelling the
throughput performance in a WLAN involves studying pa-
rameters such as the packet length and the transmission rate [11,
12]. However, researchers have validated only a predictive mod-
el and simulated data transmission with different packet lengths
and hotspots [13]. Other researchers have evaluated perfor-
mance according to different clients with representative 802.11
chipsets [14]. In addition, throughput data has been simulated
in terms of beam patterns in a scattering environment [15].
However, no studies have measured throughput data in real
multipath conditions or analyzed MIMO performance.

In this paper, two typical antennas that represent omnidirec-
tional and directional radiation patterns were designed to com-
pare the performance of these antennas with that of MIMO in
an IAP. The antennas were composed of dual bands (2.4 and 5
GHz) and designed according to their radiation pattern. The
frequency covers the entire WLAN band (IEEE 802.11b/g and
802.11a/j) and the antennas have sufficient gain and beam cov-
erage to be applied to a premium access point, which requires
the antenna to operate in the full frequency band for WLAN
service. First, the dipole antenna with omni-directional pattern
was designed. Then, the dipole antenna was designed using
back-to-back radiators. The dipole antenna was arrayed to en-
hance the gain and was optimized with a transformer. The pro-
posed omni-directional antenna operates over a broadband and
covers nearly 360 degrees. Further, a dual-band, slot-coupled,
patch antenna with a directional pattern was designed. Radia-
tion was used to focus the radio signal in order to direct the en-
ergy in specific directions. Patch antennas are generally recom-
mended to be placed down hospital hallways or office corridors.
To improve the directivity of the proposed antenna, we used
parasitic elements and a reflector. The proposed antenna en-
hanced the bandwidth by more than 18% at the 5 GHz band
[16]. High isolation and a low envelope correlation coefficient
(ECC) are required in MIMO systems [17-20]. We analyzed
the isolation and the ECC. The mean effective gain (MEG) of
the antenna elements has been widely used to describe the di-
versity performance of multiple-antenna systems in random
multipath, which exist in reflection, diffraction, and scattering.
The proposed MIMO antenna has high isolation, a low ECC,
and a high enough MEG. Next, we evaluated the throughput
performance of WLANSs according to the gain, directivity, and

isolation in a real office environment.
II. PROPOSED ANTENNA STRUCTURE

1. Dipole Antenna with an Omni-directional Radiation Pattern

Fig. 1 shows a perspective drawing of the dipole antenna.
Each dipole is optimized for 2.4 GHz and 5 GHz and includes
the upper and lower portions of the antenna, such that the an-
tenna is operable as a standard half-wavelength dipole antenna.
In order to maximize the gain of the proposed antenna, the ra-
diating dipole elements were separated by a distance of 0.61,, as
shown in Fig. 1(a). The proposed structure is symmetrical on
the right and left. Fig. 1(b) also illustrates the geometry and
configuration of the proposed dual-band dipole antenna, which
is printed on a 0.8-mm thick RF30 (Taconic Inc.). The top
plane consists of high-band (5 GHz) and low-band (2.4 GHz)
radiating elements; the line of the high-band element is 11 mm,
and the line of the low-band element is 23 mm. The distance
between the high-band elements is 8 mm and the distance be-
tween the low-band elements is 11 mm. A quarter-wave trans-
former was implemented to match the 70.7 Q and 100 Q lines
with the 50 Q microstrip line. The width of the quarter-wave
transformer was optimized for each characteristic impedance.
The 100-Q line is 20.7 mm, the 70.7-Q line is 4 mm, and the
50-Q line is 12.3 mm. The impedance of the 100-Q line was
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Fig. 1. Dipole antenna: (a) dipole antenna, (b) top and bottom, (c)
side, and (d) MIMO antenna.
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divided into the 50-Q line. The ground width of the bottom
plane is 2 mm. To improve the impedance of the proposed an-

tenna, we used the stub elements, §1 and $, at the bottom plane.

Both 8 and §, are configured with A,/4 open stub. §; is 3 mm
X 1.8 mm, and it was placed 13.9 mm away from the feed. S is
6 mm X 2 mm, and was placed 31 mm from the feed. The de-
tailed feeding structure is shown in Fig. 1(c); the feed of the
bottom plane is connected to that of the top plane. The antenna
array is composed of two dipole antenna elements. The two
microstrip lines used for the array configuration were printed on
the top layer. As shown in Fig. 1(c), if the input port impedance
of Py is Zo (50 ), and the two output ports have the same im-
pedance of Z; =2 X Z, (100 Q), then the input power can be
equally divided into the output ports. The MIMO antenna is
composed of four dipole antennas with a 2 X 2 structure. The
overall size of the MIMO antenna is 160 mm X 160 mm, as
shown in Fig 1(d).

The distance between the two radiators is 0.67A, (80 mm) at
the 2.4 GHz band and 1.3%, (80 mm) at the 5.4 GHz band.
The fabricated dipole antenna is shown in Fig. 2. The electric
energy density of the antenna is shown in Fig. 3. The electric
energy shows that each high and low-band radiating element
plays a role in determining the operating frequency.

2. Patch Antenna with a Directional Radiation Pattern

The configuration of the proposed patch antenna is shown in
Fig. 4 and that of the slot antenna is shown in Fig. 4(a) [21].
The size of the reflector is 80 mm X 80 mm. The substrate that
the first radiator was printed on was an RF 30 by Taconic Inc.
with a 0.8 mm thickness and relative permittivity (g,) of 2.9.
The size of the substrate is 56 mm X 56 mm. It is configured as
a bow-tie shape to enhance the bandwidth at the 2 GHz band.

Stub Coax feed

Coax feed

Fig. 2. Dipole antenna fabricated for an indoor access point.
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Fig. 3. Electric energy density (J/m®) of the dipole antenna at the
2.4 GHz (a) and 5.4 GHz (b) bands.
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Fig. 4. Patch antenna: (a) top, (b) side, and (c) MIMO antenna.

The dimension of the slot with the bow-tie shape is 39.4 mm
X 6 mm so it can operate at 2.4 GHz. The length of the feed
line on the slot antenna is 29.5 mm and the width of the feed
line is 2 mm, for a characteristic impedance of 50 . The radia-
tor size of the patch antenna of the second radiator operating at
the 5 GHz band is 60 mm X 60 mm, and the rectangular patch
(P1) on the center of the second radiator is 14 mm X 14 mm.
This antenna was printed on a 1 mm thick substrate (FR-4: ¢,
=44, tan 6§ =0.02) [22]. All metal was etched with copper,
and the depth of etching copper is 17.5 um (0.5 0z). The patch
is usually 0.3333\ < Length <0.5A, where A is the free-space
wavelength. The patch is designed to be very thin such that #<<
A (where 7 is the patch thickness). The height 4 of the dielectric
is usually 0.003% = 5 = 0.05A [23]. The optimized dimen-
sions of the four parasitic patches (P,) are 15.5 mm X 15.5 mm
and they are separated from the rectangular patch (P1) by 0.5,
at the 5 GHz band (7.5 mm). The chocks (28 mm X 1 mm)
were etched on the patch antenna with a gap of 1 mm from the
parasitic patch (P2). The azimuth beam width is wider than the
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Fig. 5. Patch antenna fabricated for an indoor access point.
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Fig. 6. Electric energy density (J/m®) of the patch antenna at the
2.4 GHz (a) and 5.4 GHz (b) bands.

elevation beam width. The chock of the second radiator de-
creases the beam width of the azimuth. Controlling the beam
width can improve isolation among the radiators in MIMO
structures. A side view of the proposed antenna is shown in Fig.
4(b). The distance between the slot antenna and the reflector is
6 mm, and the distance between the first and second radiator is
5 mm (1/8), at the 5 GHz band). The MIMO antenna is
composed of four patch elements, as shown in Fig 4(c). The
MIMO antenna overall is 160 mm X 160 mm. The distance
among the patch radiators is 0.67A, (80 mm) at the 2.4 GHz
band and 1.3A, (80 mm) at the 5.4 GHz band. The fabricated
patch antenna is shown in Fig. 5, and the electric energy density
is shown in Fig. 6. As pictured, the electric energy density of the
rectangular patch (P;) is transferred to the parasitic patch (P;) by
coupling. The simulation showed that parasitic patches play a
role in determining the bandwidth at the 5 GHz band.

III. MIMO PERFORMANCE OF THE PROPOSED ANTENNA

The MEG was defined in [24] as the ratio between the mean
received power of the antenna and the total mean incident pow-

er. It can be calculated by (1):

MEG =—tre
(B, +P,) @)
The expression for the MEG can be rearranged as the fol-

lowing equation:

XPR XPR
1+ XPR Go(0.0)PO.9)+ 1+ XPR )

w6 =" [

G,(0,4)P,(0,4))sin 0d0d

where G (6, ¢) and Gy (6, ¢) are the 0 and ¢ components of
the antenna power gain pattern, respectively, and Ps (6, ¢) and
Py (0, ¢) are the 6 and ¢ components of the angular density
functions of the incoming plane waves, respectively.

We analyzed MEG according to the propagation models.
The wireless channel is modelled to specify the incident field in
the form of an angular density function. In this paper, we used
the typical model of an incident field using both the uniform
spread in the azimuth angle and Gaussian spread in elevation
angle according to the general method of MIMO measurement.
The statistical distribution of Gaussian in the elevation angle (6)
is determined by the following equation:

ofzn) F(w

202,

F(O)=e » Fy(0)=e 3)

Also, the statistical distribution of uniform in azimuth angle
(@) is determined by the following equation:

Fp(g)=1, P,(¢)=1 (4)

where 7, and m; are, respectively, the mean elevation angle of
each vertically polarized and horizontally polarized wave distri-
bution observed from the horizontal direction. In addition, o
refers to the standard deviation of the vertical (o) and horizon-
tal (0n) wave distributions, respectively. The angles of the sce-
nario parameters of the indoor environment are 7, = 20°, m,
=20° and o, = 30°, o, = 30°, respectively. The antenna branch
power ratio is MEG1/MEG2. In a good diversity system, the
power levels of the signals received by the two antennas are
similar. The ECC (p.) between the two antennas can be calcu-
lated from the following complex correlation coefficient.

J':” I:A12(9,¢)sin 0dodg

P

. \/j:”jn”A“(a,msin 0d0dg|”" |7 A,,(0.9)sin 0d0d (5)
A,y =XPRE, . (0.9)E", ,(0.4)P,(0.9)
+Eyn (0.0)E’, ,(0.9)P,(0,9) (6)

where Eg and Ey denote the 6 and ¢ polarized electric fields of
the antennas. The correlation coefficient of the signals is related
to the propagation environment and the radiated far-field
characteristics. The relationship between the complex cross-
correlation coefficient p and the ECC (p.) is obtained with |p|?

=p..

1. Measured Result of the MIMO Antenna with the Dipole An-
tenna with an Omni-directional Pattern

Fig. 7 shows the measured isolation (12, 813, and Si4) and the
reflection coefficient (S11, Sy, S33, and Su4) of the MIMO an-
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Fig. 7. S-parameter of the dipole antenna.

tenna. The return losses are less than -10 dB over the operating
frequency band (2.4-2.48 GHz and 4.905-5.845 GHz). The
proposed dipole antenna has a sufficiently broad bandwidth to
satisfy the full band set by IEEE 802.11 standards. The feed
point distance from the primary antenna is 0.67A¢ (80 mm) at
the 2.4 GHz band for best isolation. The isolation is below -15
dB over the operating frequency band. However, in the case of
S13 (isolation), it has good isolation compared to other ports, as
the distance between port 1 and port 3 is longer than that be-
tween ports 1 and 2 or ports 1 and 4. Fig. 8 shows the measured
radiation patterns of the proposed antenna according to the
ports. In addition, Fig. 8 shows the radiation patterns in the Y-
X plane (0° = @ = 360°) and X-Z (0° = 8 = 360°) plane at
2.44 GHz and 5.4 GHz. The radiation pattern of the proposed
dipole antenna shows omni-directional characteristics and the
measured peak gains of the ports are similar. Fig. 9 shows the
measured peak gains and radiation efficiencies of the dipole
antennas in the operating frequency bands. The peak gain of
each port is 4.6-5.07 dBi at the center frequency (2.44 GHz) of
the 2.4 GHz band and 6.24-6.5 dBi at the center frequency
(5.4 GHz) of the 5 GHz band. The radiation efficiencies of
each port are higher than 69% at 2.44 GHz and 66% at 5.4
GHz. The results show that the dual-band omni-directional
antenna achieves a high antenna gain and provides a wide
bandwidth while maintaining a compact size. Table 1 shows
ECC characteristics of the dipole antennas according to the
frequency. The ECC can be calculated from the S-parameter
with (5). The isolation (812) improves as the distance between
the proposed antennas increases. The ECC value for the high
band (i.e., the 5.4 GHz band) is lower than that for the low
band (i.e., the 2.42 GHz band), as the spatial separation of the
two antennas is large at high frequencies (>1A). The measure-
ment results of diversity parameters for the dipole antenna using
a Gaussian spread are shown in Table 2. The MEG ratio is
close to 1 dB. The MEG values of each antenna are less than
0.1 dB [18]. As expected, the value of the MEG ratio between
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Fig. 9. Measured gain and radiation efficiency characteristics of the
dipole antennas.

port 1 and port 3 performs better compared to the MEG ratio
with other ports. The other two MEG ratios for ports 1 and 2
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Table 1. Measured ECC characteristics of the dipole antenna ac-
cording to the frequency

Freq. (GHz) Feed
Port1/Port2 Port1/Port3 Port1/Port4
2.4 0.03 0.02 0.043
2.42 0.038 0.025 0.055
2.48 0.041 0.03 0.054
4.095 0.032 0.031 0.067
5.25 0.024 0.023 0.031
5.45 0.027 0.014 0.023
5.75 0.015 0.009 0.019
5.845 0.013 0.007 0.021

and ports 1 and 4 show almost equally good characteristics.
Each port has similar MEG values favorable for an independent
channel in a multipath environment [25].

2. Measured Result of the MIMO Antenna with a Patch Anten-
na of in Directional Pattern

The measured reflection coefficient (S11) of the proposed
MIMO antenna is shown in Fig. 10. The distances between the
antennas are 0.671; (80 mm) at 2.4 GHz and 1.3, (80 mm) at
5 GHz. The measured return-loss result is almost equal to that
of the reference antenna. The i1 of the antennas is less than -
10 dB (VSWR 2:1) at 2.4 GHz and 5 GHz. Patch antennas
typically have a narrow bandwidth. However, the proposed an-
tenna improved the bandwidth with the use of a coupled feed
and a parasitic element structure at the operating frequency.
The isolation between each feed is also less than -15 dB over
the operating band. The isolation (S13) is better than the isola-
tion between other ports like a dipole. In addition, the isolation
performance (S12) in the parallel condition is better than that in
the series (814) condition due to the distribution of the E/H-
field. When the proposed antennas are located in a series, the
E-field is created by a positive charge and a negative charge like
a dipole at the center. As a result, the main beams are directed
toward each other face-to-face due to the electric field. When
the proposed antennas are parallel to one another, the main
beam is relatively directed in the opposite direction plane be-
cause the H-field is canceled at the center [26].

-parameter [dB]

2 25 3 35 4 45 5 5.5 6
Frequency[GHz]

Fig. 10. S-parameter of the patch antenna.

plane) and the elevation (X-Z plane) planes at 2.44 GHz and
5.4 GHz. In the elevation plane pattern, the angle starts from
the +x direction. The major lobe directed the signal at the +z
direction (90°) and in the azimuth plane, the angle starts from
the +y direction.

Fig. 12 shows the measured peak gains and radiation efficien-
cies of the patch antennas in the operating frequency bands.
The peak gain of each port is 6.7-7.24 dBi at 2.44 GHz and
10.26-10.9 dBi at 5.4 GHz. The radiation efficiencies of each
port are higher than 80% at both 2.44 GHz and 5.4 GHz fre-
quency. The correlation characteristics show a low ECC (<0.5)
at 2.42 GHz and 5.4 GHz, respectively. The measurement re-
sults of diversity parameters for the patch antenna using a
Gaussian spread are shown in Tables 4. It shows an equally
good MEG value with a low ECC as the result of the dipole
antenna. As a result, the best correlation and MEG are ob-
tained for the MIMO system.

3. Measured Result of the Throughput Performance of the Wire-
less Networks

In data communication systems, throughput is traditionally
defined as the ratio of the amount of data over the time needed
to transfer it. Thus, we use the general formula:

Received data

Throughput =

Fig. 11 shows the radiation patterns in the azimuth (Y-Z Transmission time @)
Table 2. Measured results of diversity parameters for the dipole antenna using Gaussian spread
F MEG (dB) MEG ratio (dB)
req.
Value MEG1 ~ MEG2 MEG1 MEG3 MEG1  MEG4
H
(GHz) Port1&2 Portl&2 Portl&3 Portl&3  Portldd  Portl&cd Port1/Port2 Portl/Port3 Portl/Port4
2.44 Uniform/ -3.685 -3.925 -3.685 -3.497 -3.685 -4.067 0.939 1.054 0.904
Gaussian
5.4 Uniform/ -4.237 -4.04 -4.237 -4.046 -4.237 -4.459 1.048 1.047 0.950
Gaussian

25
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Fig. 12. Measured gain and radiation efficiency characteristics of
the patch antennas.

We define “received data” as the amount of 802.11 payload
data successfully received by the destination node expressed in
number of bits. The test was set up in a small room in a general

26

Table 3. Measured ECC characteristics of the patch antenna ac-

cording to the frequency

Freq. (GHz) Feed
Port1/Port2 Port1/Port3 Port1/Port4
2.4 0.037 0.027 0.092
2.42 0.027 0.018 0.068
248 0.015 0.018 0.021
4.095 0.037 0.003 0.029
5.25 0.012 0.003 0.021
5.45 0.002 0.001 0.006
5.75 0.002 0.001 0.003
5.845 0.001 0.001 0.006

office. The office’s dimensions are 6.3 m X 9 m, as shown in
Fig. 13(a). The RX is composed of a MIMO antenna with
802.11n support. The dipole and patch antennas of the TX are
configured based on a ceiling mount as a general structure. The
throughput depends heavily on its environment, including the
distance between the client and the IAP, the presence of radio
channel interference, obstacles such as furniture, walls etc., and
signal reflections like scattering. Therefore, it was necessary to
limit the impact of external factors that interfere with the IAP.
Any radio devices that might interfere with the throughput
were removed, and the internal and external conditions, includ-
ing all physical obstacles, the RF environment, and temperature
conditions, were fixed.

We focused on comparing the performance of the through-
put according to three main factors: the beam pattern, the an-
tenna gain, and the isolation between the ports. A block dia-
gram of the throughput measurements is shown in Fig. 13(b).
All tests were measured using the Chariot program of Ixia Inc.
The PC 1 at TX is composed of Endpoint 1 and the IAP with
2 X 2 MIMO, and the PC 2 at RX is composed of Endpoint 2
and the IAP with the proposed antenna. In addition, the
IP addresses differed for the test runs. For example, when
192.168.0.1 was assigned to Endpoint 1 in the test run, End-
point 2 was assigned to 168.168.0.2. The IAP of PC 1 sends a
test signal to Endpoint 1. When all the endpoint pairs were
ready, the two endpoint computers executed the test. The End-
point 1 computer collects the test results and timing records and
sends them to IxChariot [27, 28]. The IAP chipset at the TX
was the RTL8197D (Realtek Inc.) and the chipset of the wire-
less LAN card at the RX was RTL8812AU (Realtek Inc.).

In order to equalize the conditions, we used the same PC and
IAPs with wireless cards for all the tests, and the same packets
with loads of 9.53 Mbytes. Fig. 14(a) shows the graph of a typi-
cal Transmission Control Protocol (TCP) throughput test with
the dipole antenna, which is an omni-directional radiation pat-
tern. It is necessary to compare data throughput according to
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Table 4. Measured results of diversity parameters for the patch antenna using Gaussian spread

B MEG (dB) MEG ratio (dB)
req.
(GI‘;{Z) Value MEG1 MEG2 MEG1 MEG3 MEG1 MEG4  Portl/Port Portl/Port  Portl/Port
Port1&2  Portl&2  Portl&3  Portl&3  Portl&4  Port1&4 2 3 4
2.44 Uniform/ -5.143 -4.879 -5.143 -5.06 -5.143 -4.623 1.054 1.016 1.112
Gaussian
5.4 Uniform/ -5.425 -5.895 -5.425 -5.554 -5.425 -6.045 0.920 0.976 0.897
Gaussian
6.3m was similar to that of the port when isolation was high (less than
€ > -15 dB) over the operating frequency band; however, ports 1
Ry gx and 3 had slightly better TCP performance compared to the
. X other ports, as the isolation between ports 1 and 3 was better
! = than that for the other ports.
s r_l"‘-‘ - Fig. 14(b) shows the typical TCP performance of the IAP
K H with a patch antenna, which has a typical directional pattern.
'/ . . 9m When the antennas at ports 1 and 2 were combined, the average
‘.. il 5L throughput was 122.4 Mbps. The measured throughput data of
\\\ ports 1 and 3 combined was 126.5 Mbps, and the throughput
\\\ data measured by combining ports 1 and 4 was 123.5 Mbps. In
"\\ Tx wireless telecommunications, multipath is the result of radio
a -
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Fig. 13. The throughput measurement of wireless networks: (a) 180 i ; : i ;
experimental and (b) block diagram. — Portl and Port2: T
2 |
=
the directional and omni-directional patterns, which are typical =
radiation patterns for the general APs. The test was conducted =
consistently according to the different types of radiation patterns =
showing good isolations in the indoor condition. The experi- 2
S
ments were run three per port, and the average value was rec- =
orded. The data packet cycle was run 180 times. Using a large =
time unit, we measured the average capacity of the IAP [29].

When the antennas at port 1 and port 2 were combined, the
average throughput was found to be 139.13 Mbps. The meas-
ured throughput data of ports 1 and 3 combined was 149.8
Mbps, and the throughput data measured by combining ports 1
and 4 was 141.6 Mbps. The results of the TCP performance

|
0 20 40 60 80 100 120 140 160 180
Time [s]
(b)

Fig. 14. Typical TCP performance of the IAP: (a) dipole antenna
and (b) patch antenna.
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signals reaching the receiving antenna by two or more paths. In
multipath environments, the diversity of the antennas involved
affects the throughput data. The patch antenna with a relatively
high gain has poor throughput data compared to the dipole
antenna in an office environment. As the total power received
by the antenna is the sum over the arriving planes waves from
the distribution of the angles, it is shown that the directive an-
tenna as a patch enhances a relatively small number of incident
waves. Therefore, the overall power is dependent on the angle

of arrival and that received by the directive antenna is lower [15].

In an office environment, the dipole antenna with omni-
directional characteristics covers a wide area and has a higher
maximum throughput compared to patch antennas.

IV. CONCLUSION

In this paper, we designed a wide and dual-band MIMO an-
tenna with an omnidirectional and directional radiation pattern
for premium IAPs. We analyzed the MIMO performance us-
ing two types of antennas in the 2 X 2 MIMO system. The
optimized frequencies were 2.4-2.4835 GHz and 4.905-5.845
GHz. In order to analyze the proposed MIMO antenna for the
IAPs, we simulated and measured the isolation. The isolation
was below -15 dB. The proposed MIMO antenna has a low
ECC (<0.5) with low correlations in a comparative analysis.
The values of the MEG between the two antenna elements are
less than 0.5 dB. The proposed MIMO antenna supports
802.11n and is capable of providing a high-quality IAP. Finally,
we analyzed the throughput performance according to the ra-
diation pattern, the antenna gain, and the isolation using the
proposed antenna in an office area. We have shown that the
MIMO antenna with an omni-directional pattern can improve
throughput data in office environments with multipath. The
results of this study should apply to 4 X 4 MIMO systems and
provide guidance on the selection of suitable types of antennas
for certain environments and particular purposes.

This work was supported by a grant from the National Re-
search Foundation of Korea, which is funded by the Korean
government (No. 2016R1D1A1B02012957).
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