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Abstract

The target of this paper is to show the impact of polarization adaptation on the received signal quality in an outdoor small-
cell deployment scenario. The signal-to-interference ratio (SIR) is the key factor in defining the achievable data rate, and
the capacity of the cell. At the cell border area, the SIR value is typically low and causes a significant decrease in the
system capacity and achievable data rates. These bad SIR areas at the cell border can be improved by using orthogonal
polarizations in the neighboring cells rather than using all polarizations over the whole cell coverage area. For the research
work of this paper, a series of measurements were carried out to measure a received signal power and a cross polarization
discrimination (XPD) ratio while the signal is transmitted and received with a different set of polarizations. In the
measurements, we have considered horizontal, vertical, +/— 45° slanted polarizations, and two different environments,
urban street and open space, and three frequency bands, 970—1030 MHz, 2000—2030 MHz and 3364—3400 MHz. The
measurement results revealed that at a different distance from the transmitter, for horizontal/vertical polarization, the
average XPD is around 24.7 dB and 31.7 dB in the urban street and open area environments, respectively. For +/— 45°
slanted polarization, the average XPD is around 11.5 dB and 12.1 dB in the urban street and open area environments,
respectively. This paper goes on to propose polarization adaptation in each cell, where the primary polarization is valid for
the whole service area of the cell, and secondary polarization is only used in close proximity of the base station antenna.
Considering the results, it is emphasized that system capacity can be significantly improved by having only one channel
with good SIR values compared to multiple channels with bad SIR values. However, MIMO channels with orthogonal
polarizations or with spatial multiplexing can be utilized in the closed vicinity of the base station, i.e., in an area with good
SIR values. It is shown that the overall cell capacity can be increased by almost 35% by utilizing polarization adaptation
compared to MIMO 2 x 2.
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1 Introduction

Cellular systems as mobile networks are based on terres-
trial radio propagation and the reuse of frequencies at
neighbor base stations [1]. All available frequencies are
typically used in all base stations as it yields the maximal
potential system capacity [2]. Utilization of the same fre-
quency in an adjacent cell causes co-channel interference,
and that results in a decrease of the signal-to-interference
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ratio (SIR) as well as system performance. This deterio-
rated SIR happens especially in the middle of base stations,
and those areas are called cell border areas. These cell
border areas cannot be avoided, and the geographical size
of these bad signal areas depends on the site grid, SIR
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requirement, radio propagation, and frequency. In heavily
crowded and dense urban environments, lots of system
capacity is required and thus lots of base stations are built
in certain Continuously increasing capacity
requirements and higher frequencies of new technologies
lead to dense base station site grids and small cells. In
reference [3], it is shown that the system performance of
densely implemented small cell infrastructure is squeezed
as a function of site/cell distance. It is observed that the bad
SIR area in between neighbor cells inversely increases as a
function of site distance when the same frequency and
polarization are used in neighbor cells. This is mostly due
to the presence of a line-of-sight (LOS) component.

A typical approach in mobile network implementations
follows the addition of technologies such as multiple-input-
multiple-output (MIMO), where independent channels are
established, e.g., based on orthogonality offered by dif-
ferent polarizations [4]. In bad-quality areas, MIMO is used
for diversity to improve the SINR, whereas in good-quality
areas, MIMO transmission with spatial multiplexing is
utilized for enhancing the cell/user throughput [4]. Con-
sidering the radio propagation condition, with the adaptive
MIMO switching (AMS) scheme, a better antenna trans-
mission scheme is selected to maximize the user experi-
ence with better throughput and improved quality of
service (QoS) [5]. The main target of MIMO with spatial
multiplexing is to offer multiple independent bit streams
and thus increase the overall system capacity. This
approach of spatial multiplexing works fairly well in the
proximity of the base station antenna where the SIR value
is high and other MIMO-related radio conditions are good.
However, lower bitrates are achieved for MIMO channels
with bad propagation conditions and SIR [6-8]. Thus,
MIMO with spatial multiplexing does not perform well in
bad SIR areas, i.e., cell border areas, and therefore, it is
recommended to switch between transmission modes
considering the radio propagation condition [5]. Generally,
in the case of MIMO systems, two different polarizations
are used at the transmitter (TX) side. Moreover, the same
polarizations are used in all cells of the system, thus
causing strong interference and bad SIRs in the cell border
areas.

In this paper, it is proposed to use orthogonal polariza-
tion in neighbor cells. In this case, signals received from
neighbor cells have orthogonal polarization, and thus the
strength of interference is comparatively lower than when
using the same polarization in neighbor cells. The use of
orthogonal polarization in the neighbor cell should be
beneficial, especially at the cell border areas, and it is
expected to offer remarkably higher data rates and capac-
ity. However, both polarizations, i.e., MIMO with spatial
multiplexing, can be used in close proximity of the BS, i.e.,
areas with good SIR values. Here, adopting single or dual

arcas.

@ Springer

polarization as a function of distance from the BS and SIR
is called polarization adaptation. In this study, a measure-
ment campaign was carried out to measure the received
signal power while signals are transmitted and received
with different polarizations. We have considered horizon-
tal, vertical, +/— 45° slanted polarizations for this work.
Later in the paper, capacity estimates are made for different
polarization configurations considering the LOS environ-
ment and omnidirectional antennas at the TX and receiver
(RX). This concept of adaptive polarization can be exten-
ded to other polarizations, e.g., orbital angular momentum
(OAM) technique [9], as it also offers orthogonal channels
with different polarizations and it is proposed for future
mobile networks. Finally, this polarization adaptation
approach is independent of mobile technologies, frequency
bands, and environments.

2 Background theory
2.1 Radio propagation

In the case of small cells, base station antennas are placed
below rooftop level and therefore, there is a high proba-
bility of having a line-of-sight (LOS) connection with
mobile terminals as presented in Fig. 1. The attenuation of
the radio signal in LOS connection follows a free space
propagation. In such cases, a well-known free space path
loss (FSPL) model [10] given in Eq. I can be used to
estimate a minimum path loss, PLygp;, between the TX and
RX, where d is the spatial separation between the TX and
RX in meters, and f is the center frequency in MHz.

PLFSPL =10n loglo(d) + 10n ]Oglo(f) —27.55 (1)

where 7 is a path loss exponent, and free space propagation
has a path loss exponent of 2. Free space propagation does
not involve any reflection or diffraction, and FSPL given in
Eq. 1 is also independent of the polarization used at the TX
or RX.

2.2 Polarization

Electric and magnetic fields have certain directions, and
these directions specify the polarization of the electro-
magnetic field [11]. In the case of linear polarization, the
electric and magnetic fields both have components in only
one direction whereas circular and elliptical polarization
have components in more than one direction. Moreover,
the direction of the electric field defines the direction of
polarization. In this paper, the main focus of our study is
linear polarization. The traditional types of linear polar-
ization used in a commercial mobile network are vertical,
horizontal, and +/— 45° degree linear polarizations and
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Fig. 1 Small cell deployment at
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elliptical and circular polarizations are commonly used in
satellite communication.

In the case of fully orthogonal and uncorrelated polar-
ization of the antenna used at the TX and RX, no signal is
expected at the receiver, given that a polarization is not
changed during the propagation path. In an open LOS
environment, the polarization of the signal is not impacted.
However, in a multipath-rich environment, i.e., an envi-
ronment with multiple reflected, diffracted, and scattered
paths, the polarization of each propagation path is changed
with interactions with walls or other objects. Hence, the
orthogonality of the polarization is compromised and
therefore, a signal with lower strength is received at the
receiver even though orthogonal polarization is used at the
TX and RX. Figure 2 shows an example of a multipath-rich
environment where several propagation paths exist
between the TX and the RX. All signal components need to
be considered to determine the behavior of the polarization.

Fig. 2 Polarization adaptation

BASE STATION M1
ANTENNA

Do
N

This change from one polarization to another is related
to cross polarization discrimination (XPD), i.e., the amount
of polarization change. The cross polarization discrimina-
tion (XPD) is defined as the ratio of the received signal
power with the desired polarization to the received signal
power with the undesired polarization. The XPD, in dB
value, can be computed by using Eq. 2, where Pr;” and
Pr;¥ are the received power of the ith sub-carrier at the
desired and undesired polarizations in dBm scale,
respectively.

k v

k
XPD = Zl’%_zpr (2)
=1 ' =

The reflection loss of perpendicular polarization, i.e.,
transverse electric (TE) fields, and parallel polarization,
i.e., transverse magnetic (TM) fields, can be computed by
using Eqgs. 3 and 4, respectively [10], where, ¢, is the rel-
ative permittivity of the reflected material, and f is the
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grazing angle. The TE and TM equations are valid for
scenarios where the direction of the electric field is parallel
and perpendicular to the plane of incidence, respectively.
Thus, geometry has a huge impact on the polarization
change together with the reflection coefficients. It should
be noted that at high frequencies and in the LOS envi-
ronment, the strength of diffracted paths has lower signal
strength compared with LOS and reflected paths. In an
LOS environment with cells utilizing the same frequency
and polarization, the LOS path is the major contributor to
interference between them, as presented in [3]. In the case
of utilizing orthogonal polarization in immediate neighbor
cells, the interference distance is three times (3x) longer
for the base station utilizing omnidirectional directional
antenna, as shown in Fig. 1.

sinf§ — /&, — cos2 f8
sinff — /¢ + cos? B

g -sinff — /e, —cos?
Rtvm = —
g-sinff — /e + cos? B

(3)

Rrg =

(4)

2.3 Polarization adaptation

The main idea of adaptive polarization is to have primary
(dominating) and secondary polarization in each cell. Pri-
mary polarization is valid for the whole service area of the
cell whereas secondary polarization is only used in close
proximity to the antenna, as presented in Fig. 2. Domi-
nating polarization is planned in such a way that neighbor
cells should use orthogonal polarization, as in Fig. 2. This
adaptive polarization can be easily planned in small cells
along highways. In traditional macro sites implemented on
rooftops, it is challenging to plan the use of adaptive
polarization, however, the reuse of orthogonal polarization
can be planned for 6-sector site configuration, as presented
in Fig. 3. As previously mentioned, multiple polarizations
can only be used to achieve high data rates by using spatial
multiplexing in close proximity of the antenna. The per-
formance of polarization adaptation mostly depends on
polarization change between dominating orthogonal
polarizations in neighbor cells. This polarization change is
measured in the following sections.

3 Measurement setup

For this research, outdoor measurements were conducted at
Tampere University, Finland. During the measurements,
the received signal strength was measured for different
polarization configurations. In the first part, measurements
were done with antennas having vertical and horizontal
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Fig. 3 Reuse of orthogonal polarizations in 6-sector macro sites

polarization, and four cases were considered: both TX and
RX antenna with horizontal polarization (HH), the TX
antenna with horizontal and RX antenna with vertical
polarization (HV), both TX and RX antenna with vertical
polarization (VV), and the TX antenna with vertical and
RX antenna with horizontal polarization (VH). Similar
wide beam antennas were used at TX and RX to capture the
reflections from the building walls nearby, as shown in
Fig. 4. The horn antenna had approximately 13 dBi
antenna gain, and 40° of half power beamwidth (HPBW) in
both vertical and horizontal planes. The horn antenna was
able to transmit and receive with only a single polarization.
Therefore, for transmitting and receiving with other
polarizations, the antenna was physically turned by 90°.
Both TX and RX antennas were placed two meters above
the ground, as shown in Fig. 4(a).

Measurements were done for four different TX-RX
separation distances: 7.5, 30, 45, and 60 m. Carrier mea-
surements were performed at 1 GHz, 2 GHz and 3.4 GHz
frequency bands. The three frequency bands targeted in this
work were 970—1030 MHz, 2000—2030 MHz, and
3364—3400 MHz. At each frequency band, several mea-
surement samples were collected over the frequency
bandwidth to analyze the characteristics of fast fading in
LOS propagation channels. Moreover, each measurement
was repeated four times to average out any abnormal
readings. The transmitting power was set to 15 dBm for all
three frequency bands, and the receiver sensitivity (noise
floor) was — 92 dBm. It was intended to keep the received
signal level above the noise floor in all cases, and fre-
quencies were selected to avoid external interference.

We have considered two different measurement envi-
ronments in this paper. The first measurement scenario
refers to a typical small cell environment in an urban street
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Fig. 4 Measurement setup in a street canyon environment, a Scenario,
and b Layout

where building walls exist close to the transmitter and
receiving antennas, as shown in Fig. 4(b). It also represents
a practical pedestrian case or a lamp post small cell case. It
should be noted that the building walls had rough surfaces.
In the urban street environment considered, both TX and
RX antennas were located nearly three meters away from
the closest building wall. The second environment con-
sidered was categorized as an open area, as highlighted in

Fig. 4(b). The same measurement setup was used for the
open space as well. The RX antenna was located nearly
15 m away from the closest building wall, and hence strong
nearby reflected paths were not present. The measurement
environment was not changed so there is no impact of other
moving objects. In the second part of the measurement
campaign, urban street and open space environment mea-
surements were repeated with a Kathrein K742222
antenna, which can support 4+/— 45° dual polarization.
The target was to compare the performance of horizontal
and vertical polarization with slanted +/— 45° polarization
in terms of XPD. The Kathrein K742222 antenna does not
support the 3.4 GHz band, therefore, measurements were
only done for 1 and 2 GHz bands. A detailed data sheet of
the Kathrein K742222 antenna is provided in reference
[12].

4 Measurement results and discussion

The main goal of the measurements was to evaluate cross-
polarization discrimination ratio in a small cell environ-
ment, which is mainly dominated by the LOS path. The
quality of the measurement data was taken into account
while post-processing the measurement data. Each mea-
surement was repeated four times, and all measurement
samples were considered during the analysis.

Initially, the impact of small frequency change is ana-
lyzed, and for this purpose, the measurement samples from
the 970-1030 MHz frequency band with a TX-RX sepa-
ration of 30 m was considered. Figure 5 shows the
received power levels of different horizontal/vertical
polarization configurations at TX and RX for the
970-1030 MHz frequency band, with a TX-RX separation
of 30 m in the urban street and open area environments. It
can be seen in Fig. 5(a, b) that the received signal strength
is fairly stable for HH and V'V polarization configurations.
It was found that the standard deviations (STDs) of the
received power levels of HH and VV configurations in the
urban street environment were 0.77 dB and 0.84 dB,
respectively, whereas in the open area environment, the
STDs for HH and VV configurations were even lower at
0.42 dB and 0.44 dB, respectively. It can be seen in
Fig. 5(a, b) that the received power levels of HV and VH
configurations in both urban street and open area envi-
ronments are much lower compared with HH and VV
polarization configurations, and they fluctuate more. The
STDs of the received power level of HV and VH config-
urations in the urban street environment are 3.59 dB and
2.1 dB, respectively, whereas in the open area environ-
ment, the STDs of HV and VH configurations are 6.41 dB
and 3.38 dB, respectively. These results presented include
the impact of fast fading along with the impact of
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Fig. 5 Measurement samples at 970—1030 MHz in cases of HH, HV,
VYV, and VH at a 30 m distance in a Street canyon and b Open area
environments

polarization turning due to the environment. As expected, it
was found that the received power levels with HV and VH
polarization configurations are significantly lower than HH
and VV configurations.

The mean values of the received signal strength of HH,
HV, VV, and VH polarization configurations, and XPD
ratio at 970-1030 MHz with 30-m TX-RX separation are
given in Table 1. Interestingly, it was found that the XPD
ratio for both HH-HV and VV-VH configurations is
around 22 dB in the street canyon environment but there is
a higher XPD ratio of around 32.6-34.7 dB in an open area
environment. It should be noted that there were no nearby
walls at RX in the open area environment, and thus there
was less change in polarization in the open area environ-
ment compared with the urban street environment, which
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results in increased XPD ratio. It can be seen from the
results presented in Table 1 that the multipath-rich envi-
ronment (urban street) offers lower XPD ratio compared
with a less multipath-rich environment (open area).

As the main focus of this research work was to study
XPD ratio, in the next phase, we investigated the change in
XPD ratio from small changes in TX-RX separation and
frequency. TX-RX separation distances of 27, 28, 29, and
30 m were measured in the urban street and open area
environments to check local variations in XPD ratio. Fig-
ure 6 shows the XPD ratio of different polarization con-
figurations at three frequencies, 1, 2, and 3.4 GHz. As
previously discussed, it can be seen from Fig. 6(a, b) that
the mean value of XPD is higher in an open area envi-
ronment than the urban street environment at all considered
distances, due to less availability of strong reflected paths
from the nearby walls. Moreover, the STDs of XPD ratio in
each frequency band is between 0.3—7.5dB and
0.4—4.5 dB for urban street and open area environments,
respectively. These results indicate that XPD is unique at
each location, and there is less variation in cases where
reflections have less influence on the total received power.

Figure 7 shows the mean values of XPD ratio at dif-
ferent distances in the urban street environment for 1, 2,
and 3.4 GHz operation frequencies. The results presented
in Fig. 7 show that the mean value of XPD ratio may
remarkably change with the change in distance as well as
with the change in frequency. For example, at 3.4 GHz
frequency, the XPD ratio of the HH-HV configuration is
around 42 dB, 14 dB, 26 dB and 22 dB at distances of 7.5,
30, 45 and 60 m, respectively. From Figs. 6 and 7, it can
also be noted that XPDs in both cases of HH-HV and VV—
VH are also changed with the change in frequency. Fur-
thermore, XPD ratio is not linearly dependent on frequency
and distance, rather it depends upon the intensity of the
reflected paths available. Considering all measured XPD
ratio results from horizontal/vertical polarization at 1, 2,
and 3.4 GHz frequencies, the mean values of XPD ratio
were around 24.7 dB and 31.7 dB in the urban street and
open area environments, respectively.

In the second part of this research work, measurements
were done with 4/— 45° slanted antennas. Figure 8 shows
the received power level of different TX—RX configura-
tions utilizing an antenna with +/— 45° slanted polariza-
tion at the 970-1030 MHz frequency band with a TX-RX
separation of 30 m in the urban street and open area
environments. Before discussing the results presented in
Fig. 8, it is important to highlight here that the receiving
antenna was facing towards the TX antenna. Therefore, the
notations used for 4+/— 45° slanted polarizations are
reversed at the RX end, unlike horizontal/vertical polar-
ization. For example, in Fig. 8, the notation OV represents
the case of TX and RX antenna with 4+ 45° and OO
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Table 1 Mean RX level and
XPD ratio at 970—1030 MHZ

Mean RX level (dBm)

XPD ratio (dB)

with 30 m TX-RX separation HH HV \AY VH HH-HV VV-VH
and horizontal/vertical
polarization Street canyon - 37.0 — 58.6 —35.0 —57.0 21.6 22.0
Open area - 373 — 704 — 372 — 69.5 34.7 32.6
40 : : . : ; 55
HH-HV 1GHz ———HH-HV 1GHz
————— VV-VH 1GHz 50 \ —-=-=W-VH1GHz |
35l ———HH-HV 2GHz | \1\ HH-HV 2GHz
————— VV-VH 2GHz 451 NS —-=-=VV-VH2GHz | -
——— HH-HV 3.4GHz Y ———HH-HV 3.4GHz
o~ |z VV-VH 3.4GHz | | 40 b VV-VH 34GHz | |
g B 35F
=) [a]
& & 30 -
251
20 -
151
10 1 1 1 1 1 10 L L L L L
27 27.5 28 285 29 295 30 0 10 20 30 40 50 60
Distance [m] Distance [m]
(@ Fig. 7 Average XPD isolation with horizontal/vertical polarization at
40 : : : : : different distances and frequencies in an urban street environment
levels of OV and VO configurations are almost the same as
in the urban street, and the reported values are 1.04 dB and
0.92 dB, respectively. Furthermore, the STDs of the
_ received power levels of OO and VV configurations in the
% urban street environment are 2.3 dB and 1.8 dB, respec-
2 tively. Surprisingly, the received power level fluctuates
. more for OO and VV configuration in an open environ-
20T HH-HV 1GHz | | ment, as can be seen in Fig. 8(b), and the STDs of the
o ‘H/xm;%ﬁz received signal power in an open area for OO and VV
. 2 i
15 —— VV.VH 2GHz | T configurations were around 5.8 dB and 5.4 dB,
HH-HV 3.4GHz respectively.
="="='VV-VH 3.4GHz ) .
10 : : : 1 1 The mean values of the received signal strengths and
27 275 2 285 2 295 s XPD ratios for different configurations with +/— 45°
Distance [m] slanted polarization antennas at 970-1030 MHz and 30-m
(b)

Fig. 6 Local variation of XPD for antenna with horizontal/vertical
polarization at a distance of 27—30 m in a Street canyon and b Open
area environments

represents the case of TX and RX antenna with + 45°
and — 45°, respectively. The notation VO represents the
case of both TX and RX with — 45°, and VV represents
the case of TX and RX with — 45° and + 45°, respec-
tively. It was found that the STDs of the received power
levels of OV and VO configurations in the urban street
environment are 0.9 dB and 0.76 dB, respectively. In an
open area environment, the STDs of the received power

TX-RX separation are given in Table 2. The XPD ratio
was similar in open and street environments and was in the
range of 8.6—11.2 dB. However, the results presented in
Table 1 showed more XPD ratio in an open area environ-
ment compared with a street environment in the case of
horizontal/vertical polarization.

Figure 9 shows the mean values of XPD ratio at dif-
ferent distances in the urban street environment for 1 and
2 GHz frequencies. A similar random response of XPD
ratio was observed with slanted polarization as received
with horizontal/vertical polarization. The XPD ratio of
00-0OV and VV-VO configuration changed considerably
with changes in distance and frequency. Considering all

@ Springer



Wireless Networks

Received power [dBm]

25

00-0V 1GHz
—emem VV-VO 1GHz
00-0V 2GHz

e VV-VO 2GHz

20

_5%70 980 990 1000 1010 1020 1030
Frequency [MHz]
(a)
-30 T T T T T
‘:::::::=:§’-'§:>/'*~, &'\/J:\\léi"w:\_-?“ﬁ.
351} \" = i ]

'
ey
o

Received power [dBm]
IS
(6}

-50
-55
-60
-65 I I I L L
970 980 990 1000 1010 1020 1030
Frequency [MHZz]

(b)

Fig. 8 Measurement samples at 970—1030 MHz in cases of OO, OV,
VV, and VO at a 30 m distance in a Street canyon and b Open area
environments

measured XPD results from +/— 45° slanted polarization
at frequencies of 1 and 2 GHz, mean values of XPD ratio
were found to be around 11.5 dB and 12.1 dB in the urban
street and open area environments, respectively. It is evi-
dent by comparing the results presented in Figs. 7 and 9
that the horizontal/vertical polarization yields greater XPD
ratio, i.e., more isolation, compared with the +/— 45°
slanted polarization.

The results provided the expected range of XPD ratio in
a small cell urban street environment and open areas with
horizontal/vertical, and +/— 45° slanted polarization. In
streets, the immediate neighbor cell is the major contrib-
utor to the interference at the cell edge. Therefore, at the
cell border area, the XPD ratio may represent the signal-to-
interference ratio. In this way, XPD ratio can be used to
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Fig. 9 Average XPD isolation with +/—45 - slanted polarization at
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estimate the maximum supported bitrate at the cell border
area. The maximum supported data rate 7 can be estimated
by using Shannon’s capacity formula given in Eq. 5, where
Np is the number of parallel bit streams, B is the system
bandwidth in Hertz, SIR is the signal to interference ratio in
a linear scale.

T = NpBLog>(1 + SIR) (5)

Assuming the received signal strength is clearly above
the noise floor level, and considering 1 Hz of bandwidth,
and 25 dB of SIR (referring to the average XPD of 24.7 dB
with horizontal/vertical polarization in an urban street), the
Shannon equation yields a data rate of 8.3 bps. Whereas for
an SIR of 0 dB, i.e., the cell border area considering the
utilization of the same polarization in the neighbor cell, the
Shannon equation gives a spectral efficiency (SE) of 1bps.
Thus, the 25 dB of improvement in SIR achieved by uti-
lizing orthogonal polarization at the neighbor cell offers
more than an 800% improvement in throughput at the cell
border area compared with a cell utilizing the same
polarization in the neighbor cell with a single bit stream. It
should be noted that the SIR distribution heavily depends
on the base station antenna configurations and antenna
radiation patterns.

For ease of understanding, the performance gain of
polarization adaptation is compared with a traditional case
in an example calculation where the same polarization is
used in the neighbor cell and with a widely used MIMO
2 x 2 configuration utilizing two orthogonal polarizations,
e.g., horizontal and vertical, in the same cell. We consider a
simple system of two cells with omnidirectional antennas,
and the worst-case scenario is considered such that there
exists an LOS connection between the UE and the serving
base and the interfering base station, whereas the impact of
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Table 2 Mean RX level and
XPD ratio at 970—1030 MHZ

Mean RX level (dBm)

XPD ratio (dB)

with 30 m TX-RX separation 00 oV 'A% VO 00-0V VV-VO

and 4 /— 45~ slanted

polarization Street canyon — 422 - 320 —41.1 — 325 10.2 8.6
Open area — 4338 — 326 — 435 — 328 11.2 10.7

Table 3 Spectral efficiency of different configurations in two cell scenario in LOS channel

Distance SIR normal SISO SE MIMO 2 x 2 SE SIR orth pol Orth pol SE Orth + MIMO 2 x 2 SE
(m] [dB] [bps] [bps] [dB] [bps] [bps]
10 25.57 8.50 17 25 8.3 17
20 19.08 6.35 12.7 25 8.3 12.7
30 15.06 5.05 10.1 25 8.3 10.1
40 12.04 4.09 8.18 25 8.3 8.3
50 9.54 3.32 6.64 25 83 8.3
60 7.35 2.69 5.37 25 8.3 8.3
70 5.37 2.15 43 25 8.3 8.3
80 3.52 1.70 3.4 25 8.3 8.3
90 1.74 1.32 2.64 25 8.3 8.3
100 0 1.00 2 25 8.3 8.3

the antenna radiation pattern is ignored. It is assumed that
the inter-cell distance is 200 m, and an FSPL model given
in Eq. 1 is used to compute path loss at any given point.
Table 3 provides the SIR and expected SE at a given
distance from the serving BS for three cases, traditional
SISO, MIMO 2 x 2, and the polarization adaptation
approach. In Table 3, it should be noted that the SIR for the
case of utilizing orthogonal polarization in neighbor cells is
fixed at 25 dB, which corresponds to the fixed SE of
8.3bps. In Table 3, at a distance of 10 m from the BS, the
reported SIR value for traditional SISO and MIMO 2 x 2
systems utilizing the same polarization in neighbor cells is
25.57 dB, which has a SE of 8.5bps and 17bps for SISO
and MIMO 2 x 2, respectively. It can be seen in Table 3
that the SIR in the normal case degrades with the increase
in distance, and at the cell border area (assuming 200 m
inter-cell distance) the SIR = 0 dB, and that yields a SE of
only 1bps and 2bps for SISO and MIMO 2 x 2, respec-
tively. It should be noted that MIMO 2 x 2 is able to
provide better SE compared with polarization adaptation
for distances up to 30 m, which is only 30% of the cell area
in our sample calculation. Polarization adaptation provides
better SE for the rest of the cell coverage area, which is
70% of the cell area. Therefore, an adaptation between
MIMO 2 x 2 utilization and single orthogonal polarization
could enhance the overall spectral efficiency of the cell,
where 70% of the cell area is covered with single orthog-
onal polarization, and MIMO 2 x 2 is used in the

remaining 30% of the cell area. Finally, the average SE of a
cell is 7.23 bps and 9.79 bps for traditional MIMO 2 x 2
and polarization adaptation, respectively. This means that
the overall cell capacity can be increased by almost 35% by
utilizing polarization adaptation compared with MIMO
2 x 2.

5 Conclusions

The main goal of this research work was to highlight the
impact of polarization adaptation on bitrates and system
capacity in an outdoor small cell scenario in mobile net-
works. Through a series of measurements, a cross polar-
ization discrimination (XPD) ratio was measured for
different configurations of polarizations at the transmitter
and receiver. We have considered horizontal, verti-
cal, +/— 45° slanted polarization to investigate the dif-
ferences. A two-cell model was the main focus of the
measurements and therefore, other cell interference was
excluded. Measurement results revealed that the mean
value of XPD ratio may change significantly with the
change in distance as well as with the change in frequency
of operation and is not a linear function of them. It was
found that there is greater XPD ratio in an open environ-
ment than in close proximity of walls. Considering all
measured XPD ratio results for horizontal/vertical polar-
ization at 1, 2, and 3.4 GHz frequencies, the mean values
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of XPD ratios were around 24.7 dB and 31.7 dB in the
urban street and open area environments, respectively.
For +/— 45° slanted polarization at 1 and 2 GHz fre-
quencies, the mean values of XPD ratios were around
11.5 dB and 12.1 dB in the urban street and open area
environments, respectively.

Later, considering a simple two-cell model, the perfor-
mance gain of polarization adaptation was compared with a
traditional case where the same polarization is used in the
neighbor cell and with a widely used MIMO 2 x 2 con-
figuration utilizing two orthogonal polarizations, horizontal
and vertical, in the same cell. It was found that MIMO
2 x 2 is able to provide better spectral efficiency (SE)
compared with polarization adaptation for 30% of the cell
area whereas polarization adaptation provides better SE for
the rest of the cell coverage area, which is 70% of the cell
area. Therefore, an adaptation between MIMO 2 x 2 uti-
lization and single orthogonal polarization could enhance
the overall spectral efficiency of the cell. Finally, the
average SEs of a cell were 7.23 bps and 9.79 bps for tra-
ditional MIMO 2 x 2 and polarization adaptation,
respectively. This means that the overall cell capacity can
be increased by almost 35% by utilizing polarization
adaptation compared with just MIMO 2 x 2.

The optimal implementation of polarization adaptation
should be studied in future research. These optimal
implementation scenarios include both fixed beam and
beam steering cases. The impact of antenna configurations,
such as radiation pattern, the direction of the antenna in the
azimuth plane, and down tilting, need to be studied. In
future studies, work can also be extended to the orbital
angular momentum technique which is one method offer-
ing new orthogonal channels in 6G mobile networks.
Future studies can also be extended to highways where
wide low SIR areas happen between sites, and where
polarization turning/change is minimal due to a lack of
scattering cross-sections. Finally, typical non-LOS (NLOS)
areas from macro base stations need to be studied as this
paper was mainly focusing on LOS scenarios.
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