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Abstract—We evaluate the performance of a dual-polarized
wideband antenna in terms of polarization-MIMO in Random-
LOS for two different modes of operation: 2 and 4-port excited
mode. The 2-port mode was obtained by differential excitation of
two opposite ports of the 4-port design by using two baluns. The
Zero-Forcing receiver throughput is evaluated based on the
Probability of Detection of two bitstreams when orthogonal
polarizations provide the MIMO subchannels. Assuming a
uniform distribution for the Angle of Arrivals and orthogonally
polarized waves incident on the antennas, the overall PoD over
coverage cones of 30°, 60° and 90° are presented. The 2-bitstream
multiplexing MIMO efficiency defined at the 95% Probability of
Detection is evaluated for the two modes of operation at different
frequencies and for different coverage cones. The 2-bitstream
coverage pattern of the antenna for the two modes are plotted
over the range of Angles-of-Arrival (AoA), by choosing fixed
polarization (horizontal and vertical) for the incoming waves.
The coverage pattern is significantly degraded for the 2-port
mode, in particular in the middle of the band.

Keywords—MIMO ; Random-LOS; probabilty of detection;
Digital threshold receiver
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Multiple-input and multiple-output (MIMO) technology
make use of multiport antennas to increase channel capacity
and improve the reliability of the communication system [1].
In this paper, a polarization-MIMO antenna is studied. Using
orthogonal polarizations to transmit two bitstreams through
MIMO subchannels can lead to more compact antenna
designs. This is especially important for wideband micro-BTS
(Base Transceiver Station) applications. The Over-The-Air
(OTA) performance of multiport MIMO antennas operating in
multipath  channels are accurately characterized in
reverberation chambers by their total embedded efficiencies,
diversity gains and maximum available channel capacity [2-3].
On the other hand, there might be a significant line of sight
(LOS) component between the micro-BTS and the user due
closeness. This LOS contribution will also increase as the
frequency goes up such as for 5G systems. Therefore, it is
important to introduce characterization methods valid for LOS
propagation conditions. This LOS component will arrive from
a random direction due to the random location of the user. The
orientation of the user terminal will be also random leading to
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a random orientation of the polarization of the LOS wave
impinging at the micro-BTS. Therefore, it is appropriate to
introduce a Random-LOS test scenario [4-5] as a complement
to the Rich Isotropic MultiPath (RIMP) emulated in a
reverberation chamber [3].

The Random-LOS characterization of MIMO-diversity and

MIMO-multiplexing has been introduced in [6] and [7]. In this
paper, we use the self-grounded 4-port bowtie antenna [8-9] in
two different modes of operation. We set out to compare its
performance in the 4-port mode and in the 2-port mode for 4 x
2 MIMO and 2 x 2 MIMO systems, respectively. The 2-port
mode is obtained from the 4-port mode when opposite ports
are differentially excited. The comparison is done in terms of

Probability

of Detection (PoD), 2-bitstream MIMO

multiplexing efficiency and throughput coverage patterns.
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Fig. 1: a) Self-grounded bow-tie antenna, b) reflection coefficient, i.e., S11 and

¢) directivity of each port for the 2 and 4-port operational modes
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Simulations are performed with the ViRM-lab (Visual
Random Multipath environment Laboratory) simulation tool
[10], which is MATLAB® based.

The 2-bitstream PoD curves are computed based on the
threshold receiver model assuming the Zero Forcing (ZF)
receiver algorithm [11]. The MIMO multiplexing efficiency at

95% level of the PoD curve is presented for different

shaped petals that are attached to the ground plane, over
virtual cylinders. The simulated reflection coefficient and the
directivity of the 2 and 4-port mode are shown in Fig.1, both
for the 2- and 4-port cases. As we can see, the reflection
coefficient is below -10dB over the bandwidth 1.6-3.2 GHz
and 1.5GHz-3GHz for 2 and 4-port modes, respectively. The
directivity varies from 5dB to 6.5dB for 2-port and 3.5-5.5 for

frequencies in the band of interest. The 2-bitstream MIMO

throughput coverage patterns of the antenna are presented too.
The reference level for the coverage patterns are the PoD
coverage of a wall-mounted isotropic antenna that is
polarization-aligned with the incident wave. The MIMO
multiplexing efficiency relative to the isotropic polarization-
aligned case is referred to as the MIMO efficiency in dBi at

95% PoD.

II. THE SELF-GROUNDED BOWTIE ANTENNA

The dual-polarized self-grounded bowtie antenna is a low
profile directional antenna which can be used as a 4-port
antenna with 4-ports individually excited, or as a 2-port
antenna with opposite ports differentially excited using two
baluns [8], [9]. A photograph of the antenna is shown in Fig.1.
The general structure is generated by bending 4 triangular-
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where Tpumax is the maximum throughput, P, is the threshold
is the Probability of

4-port mode in the band of interest.

III. MIMO 2-BITSTREAM PERFORMANCE

A. Threshold receiver model and simulations

According to the threshold receiver model [11], the
average relative throughput can be expressed by

= PoD(P, | P,)=1~CDF(B, | P,)(1)

power level of the receiver. PoD
Detection of the data bitstream and CDF is the cumulative
distribution Function of the output power of the receiver. As
can be seen, the relative throughput can be interpreted as a
probability of detection.
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Fig. 2: Probability of Detection (PoD) of two bitsreams at frequencies 1.7GHz (left column), 2.2GHz (center column) and 2.7GHz (right column) over
coverage cones with apex angles equal to 90° (top row), 60° ( center row) and 30° (bottom row) for two different modes of operation.
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We further assume that there is no information available
on the transmit side. Therefore equal power distribution at the
transmitter ports are considered and zero forcing (ZF)
algorithm is used to extract the information from received
signal at the antenna ports. In polarization-MIMO in Random-
LOS, it is not possible to use more than two bitstreams (for co-
located antennas), which corresponds to two orthogonal
polarizations through the environment. It is worthwhile to note
that ideal orthogonally polarized antennas on both sides of the
LOS link can resolve two bitstreams without being
polarization-aligned [12, Sec. 3-10]. A ray-based simulation
tool named ViRM-lab is used to evaluate the performance of
the antenna [10]. Uniform distributions for the Angles-of-
Arrivals (AoA) and the polarization of two orthogonal
incoming waves are assumed. The corresponding PoD curves
for the two considered modes of operation of the bowtie are
plotted in Fig. 2. The power level corresponding to PoD=0%
is the maximum received power obtained from the ZF
algorithm. For example, for the 2x2 MIMO system, this value
equals the negative of the realized gain - 3dB. This arises from
the fact that the Bowtie antenna patterns are orthogonal in the
main beam and the transmit power is equally divided between
the two bitstreams. Also the dBt reference is a polarization-
matched single-port antenna which has an isotropic far-field
function over the desired angular coverage. The latter is here
assumed to be the full unit sphere.

B. MIMO efficiency in dBi

The 2-bitstream MIMO multiplexing efficiency is defined
here as the difference between output power (in dB) of the ZF
receiver at the 95% PoD level and the threshold power level of
a single bitstream when using an isotropic polarization-aligned
antenna. Fig. 3 shows the multiplexing efficiency obtained for
the 2-port and 4-port modes, for different coverage pattern
cones at different frequencies.

As can be seen, the MIMO multiplexing efficiency of the

2-port mode shows a considerable drop, i.e., more than 25dB
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Fig. 3 : MIMO efficiency in dBi in Random-LOS of different conical
coverage in degrees around the vertical axis normal to the ground plane of
the antenna, versus frequencies for a) 2x2 and b) 4x2 case considering two
orthogonal linear polarizations of the incoming waves.
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at 2.2 GHz. Compare this to the much smaller variation of the
MIMO multiplexing efficiency for the 4-port excited bowtie at
the same frequency. This degradation in the center becomes
less severe when the coverage apex angle decreases. It is
worthwhile to note that the performance degradation would
not have been as severe if a more directive antenna was used
as reference. This cannot be seen from the graph, because we
use the isotropic polarization-aligned antenna as a reference.
On the other hand, if the reference had been an antenna with
uniform coverage within the conical coverage region, we
would have seen degradation in MIMO multiplexing
efficiency for small angles too.

C. MIMO throughput coverage pattern

The MIMO throughput coverage patterns are obtained as
follows. For each AoA, we consider two incoming waves with
fixed orthogonal linear polarizations (horizontal and vertical).
Then, we evaluate the 4x2 or 2x2 MIMO channel matrices
when these waves are received at four or two ports
(differentially excited) of the bowtie antenna, respectively.
Thereafter we use the ZF-algorithm to estimate the
corresponding received power of each bitstream. The
simulation is repeated for a uniform distribution of AoA
within the hemisphere.

¢)

Fig. 4: 2-bitstream MIMO throughput coverage of 2-port (left) and 4-
port (right) bow-tie antenna corresponding to two orthogonal linearly
polarized incoming waves at various frequencies a) 1.7GHz b) 2.2GHz and
¢) 2.7GHz. The blue circles and the black circles correspond to the 60° and
the 30° coverage cones, respectively.

The 2-bitstream MIMO throughput coverage of the
individually excited 4-port mode and the differentially excited



2-port mode of the bowtie antenna are shown in Fig. 4. The
black and blue circles indicate coverage cones of 60° and 30°
polar angles, respectively. We see that for the 4-port bowtie
antenna, the MIMO coverage is almost flat over the whole
coverage hemispehere. Despite this, when the antenna is fed as
a 2-port antenna, there are deep nulls in the coverage pattern at
the middle of the frequency band at the edges of the coverage.
Since these deficiencies of detections are mostly in the edge of
the coverage, they will not be seen as a frequency variation in
the MIMO multiplexing efficiency performance when the
angular coverage decreases, as illustrated in Fig. 3 above.
However, the whole curve will have bad efficiency compared
to having two orthogonal ports with sector radiation patterns
filling the desired coverage cones. To see this we would need
to produce new coverage graphs using such 60° and 30° sector
beams as references.

The reason for the appearance of nulls in the MIMO
throughput coverage pattern of the differentially excited 2-port
bowtie antenna can be mainly attributed to two factors: first,
loss of orthogonality of the radiation patterns of the antenna
ports for large AoAs, and second, less spatial (at certain
directions) coverage of the radiation pattern of the antenna
ports. For future work, we aim to verify the simulation results,
i.e., the performance of the antenna will be evaluated in a
Random-LOS measurement set-up that is currently being
developed for automotive OTA tests [13], [14]. In addition,
thanks to the identified performance degradation, the antenna
design will be improved to exhibit better MIMO multiplexing
performance at mid frequencies too.

IV. CONCLUSION

The performance of a self-grounded bowtie antenna in
polarization-MIMO Random-LOS has been evaluated for 2-
and 4-port operation modes of the antenna. A performance
degradation of the differentially excited 2-port bowtie antenna
was discovered in the middle of the band, thanks to the
application of a new characterization method based on
Probability of Detection curves. A degradation of about 25dBi
in terms of MIMO multiplexing efficiency at the 95% PoD
level was observed in the middle of the frequency band, which
stands in contrast to the consistently good performance over
the whole bandwidth of the individually excited 4-port bowtie
antenna. The MIMO throughput coverage patterns have been
instrumental in identifying the position of the degradation in
certain spatial directions. It has been suggested that the
performance degradation is the combined result of
orthogonality loss and low directive gain values in the
radiation pattern of the antenna at some parts of the desired
coverage sector.
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