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Abstract
This paper presents the improvements that can be achieved in frequency reuse and
service availability by using high-grade antennas with improved performance at the
base station in a Fixed Broadband Wireless Access (FBWA) Point-to-Multipoint
(PtMP) network. The parameters that are analyzed and explained are, Null Fill, Side
Lobe, Front-to-Back Ratio (F/B) and Cross Polarization (X-Pol.).
Introduction
Not all Wireless Internet Service Providers (WISP) or Wireless System Integrators are
aware of the importance of the base station antenna performance and the affect that it
may have on the overall system performance, hence the service availability, which
ends with better coverage and translated into improved Return On Investment (ROI).
It is highly recommended that WISP’s and System integrators will choose High Grade
base station antennas rather then trying to save a buck on low cost poor performance
antennas that will end with coverage problems, poor link reliability and customer
dissatisfaction.
The Radiation Pattern
The radiation pattern of every antenna has the following parts:
Main Lobe (M.L.) - This is the sector represents the highest radiated power.
Half Power Beam Width (HPBW) – The angle where the radiated power is between
its peak gain and down by -3dB.
Side Lobes (S.L.) – This is a parasitic effect of radiated power sectors apart from the
Main Lobe. Usually the S.L. level will be lower then the M.L.
Nulls – These are the areas between the M.L. to the S.L. or between neighboring
S.L.’s where the radiated power in this direction is very low.
Back Lobe – The level of radiated power from the back of the antenna pointing the
opposite direction of the M.L.
X-Pol. – Represents the suppression of a signal received by the antenna at a
perpendicular polarization, compared to the same signal if received with the same
polarization as the antenna.
Figure 1 shows the above discussed parameters in the Elevation pattern of a typical
Base Station antenna.
The higher the antenna gain is, the narrower the M.L. is as well as the side lobes. A
typical Base Station antenna will have different radiation pattern in the Elevation (EL)
plane and the Azimuth (AZ) plane. In the AZ plane (see Fig-3) the M.L. will be wider
and the S.L.’s will be fewer and lower. A typical HPBW will be 60-120 degree. In the
EL plane (see Fig-2) the M.L. will be narrower with more and higher S.L.’s
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Fig.1 – Polar elevation radiation pattern of a common base station antenna

Fig-2 – Elevation Radiation Pattern

Fig-3 – Azimuth Radiation pattern

Null Fill and its effect on system performance
Looking at the gain envelope of the antenna in Fig-1 we find that the antenna has side
lobes at about 10, 15, 25, 35, 45, etc degrees and nulls at 14, 21, 31, 41, etc degree. If
we translate it to a practical system with the antenna on a 30m pol then subscribers at
a distance of about 78, 120, 244, etc meters will be pointing to the antenna nulls and
hence the link budget between the subscribers to the base station will be poor. In this
case, some subscriber who are closer to the base station but pointing to a null will
have poor system performance compared to subscribers who are more far from the
base station antenna.
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Fig-4 – nulls line of site of an antenna installed on the field
To prevent this situation and create a more even system performance versus the
subscriber distance, a Cosecant Squared or Null Filled antenna is recommended. This
antenna has a Cosecant Squared envelope shape in the EL plan of the lower part of the
radiation pattern such as in Fig-5. In this situation the close nulls are “Filled” and a
subscriber pointed by the base station antenna at this direction will be illuminated
with a reasonable level of energy and the link budget will improve dramatically.
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Fig-5 – Cosecant Squared envelope shape (Null Filled)

Side Lobes and their effect on system performance
In a cellular system topology there are several base stations operating in different
channels and each base station will have several sectors. A base station arrangement
may be comprised of 4 x 90 degree antenna, 6 x 60 degree antennas, etc. The side
lobes in the AZ plane of one antenna are radiating energy and illuminating the
neighboring sectors. If the frequencies of the neighboring sectors are close, this
radiated energy is taken as Interference (I) and reduce the C/I ratio in this sector. In
order to prevent this, the antenna should have side lobes as low as possible. The lower
the side lobes are the better the C/I of the neighboring sector is and hence the system
performance.
Front-to-Back Ratio and its effect on system performance
Every antenna radiates some energy at 180 degrees or in the opposite direction of the
main lobe. The back lobe may just be considered as another side lobe at 180 degrees.
The back lobe may have the same effect as a side lobe, interfering neighboring
antennas or sectors located in the same base station. Again, the higher the F/B is, the
lower the energy radiated backwards and the lower the interference is to neighboring
antennas or sectors.

Fig-6a – System reliability with standard S.L
and F/B performance

Fig-6b – With null filling and,
high S.L. and F/B performance

Cross Polarization (X-Pol.)
When the base station is comprised of several sectors (e.g. 6 sectors of 60 degree), to
achieve better spatial separation between neighboring sectors, it is recommended to
use different polarized antennas, mainly Linear Vertical (V) and Linear Horizontal
(H). The higher the X-Pol. is, the lower the interference from a neighboring sector
with orthogonal polarization.
Fig-7 shows a typical cellular network deployment of 6x60 degree base stations with
only 3 frequency channels available for usage.

Licens

DL

Channel

X.1

X.2

X.3

UL

(MHz)

(MHz)

1

3501.25
3501.25

3401.25

2

3504.75

3404.75

3

3508.25

3408.25

4

3511.75

3411.75

5

3515.25

3415.25

6

3518.75

3418.75

7

3522.25

3422.25

8

3525.75

3425.75

9

3529.25

3429.25

Table-1 – An example of three different licensed providers operating in the same cell
with only three DL/UL channels
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Fig-7 – Multi-Cell deployment with six 60 degree sectors

V: Vertical Polarization
H: Horizontal Polarization
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Summary and Conclusions
MTI Wireless Edge, the world leader of flat panel antennas for Fixed Wireless is
offering a wide range of High Grade Base Station antennas that improves dramatically
a PtMP FBWA network. It improves the overall system performance, hence the
service availability, which ends with better coverage and throughput, and translated
into improved Return On Investment (ROI). It is highly recommended that WISP’s
and System integrators will choose High Grade base station antennas rather then
trying to save a buck on low cost poor performance antennas that will end with
coverage problems, poor link reliability and customer dissatisfaction.

