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Abstract
The BFWA (Broadband Fixed Wireless Access Network) systems are new terrestrial cellular
point-to-multipoint networks, wherein both the TSs (Terminal Station) and the BSs (Base
Station) have fixed locations. The system is applicable to provide high-speed data for example
Internet browsing or other digital services [1]. In the network evolved SINR (Signal to
Interference plus Noise Ratio) are relevant influenced by the TS-BS assignment. At the
applied 40 GHz frequency band besides the existing interference and noise, the precipitation
causes the greatest problem, therefore the network planning procedures must consider it. A
time-dependent rain event can cause SINR fluctuation, and that can result in termination of
the radio links. If the communication link between TS and its serving BS is affected with
heavy rain, a possible solution could be to assign these TS to another BS (BS diversity). This
method improves the SINR condition for the effected TS, however can lead to SINR
degradation in other BFWA serving area. Therefore a special TS-BS assignment criterion
must be evaluated to improve the overall SINR conditions in the whole BFWA area. In this
paper special dynamic TS-BS assignment method will be introduced, in order to mitigate the
effect of rain on SINR.

1 Introduction
The BFWA systems have a lot of advantages compared to the wired networks. The fast, cheap
and most flexible installation must be mentioned. These systems can be deployed in some
areas, where the wired solution would be hard to install or it would cause the demolition of
the land [1].
The possible applications of BFWA systems are very multiple. It can be applied for providing
high speed Internet, transferring high speed multimedia (video, sound) data. It can be
connected to GSM networks, and it can replace some wired solutions. The BFWA is the part
of the heterogenic network vision by the European IST project BROADWAN, which has the
goal “Broadband services for everyone” in Europe in the near future [2].
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These broadband services need the using of high frequencies in the 20-40 GHz band. Because
of the used high frequency, the most degrading factor in these systems is the rain attenuation.
We focused our attention on the investigation of rain fading in BFWA system, and with a
computer simulation we investigated a new TS-BS assignment method, a special type of
diversity, whose employment the sensitivity of the BFWA system to the rain fading is able to
be degraded. By the simulation both the uplink and downlink direction must have been
examined, in order to achieve the optimal solution.
The paper is organized as follows: Section 2 presents the assumed rain event model, Section 3
describes the principles and the parameters of the investigated system and the major problem
of the PMP system planning, the interference situation, then the effects of rain over the
BFWA system. Section 4 shows the new BS diversity method, while Section 5 represents our
simulation results. Conclusions are given in Section 6.

2 The assumed rain event
The rain event was considered with a Gaussian rain-cell profile. By the simulation this raincell was moved along a straight path over the BFWA system. The model is circularly
symmetric. The distribution of the rain intensity is depicted on Figure 1. The highest rain
intensity value is 50 mm/h. The diameter of the rain-cell is 3 kms [3].

Figure 1: The considered Gaussian shaped rain-cell profile
[dB ]
Because of the changing rain intensity along the path (Figure 1), the rain attenuation ( a rain
)
on a link crossing the rain-cell can be determined in decibel based on the expression (1).
d

a

[ dB ]
rain

= ∫ k ⋅ R α (l )dl ,

(1)

0

where the values of k and α are frequency and polarization depending coefficients [4], [5]
and R (l ) is the value of the rain intensity in the l ∈ [0, d ] position.

3 System Assumptions
In order to introduce the efficiency of the special BS diversity, computer simulations were
accomplished in the 38 GHz frequency band. The simulated BFWA network model is
depicted on Figure 2. The investigated system contains 9 BSs in a regular 3 x 3 BS
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configurations. The system applies 90° sectors, therefore each cells contains 4 sectors
operating at different carrier frequencies. The BFWA cell has a size of 6 x 6 kms, therefore a
sector has a size of 3 x 3 kms realizing an 18 x 18 kms BFWA coverage area model in our
calculations. Accordingly to the 4 sectors, 4 different frequencies were applied. The different
frequencies are signed on the Figure by different color [6].

Figure 2: Cell and sector layout and the typical downlink (on the left) and uplink (on the right) interference
situations in the simulated BFWA system. [6]

The interference in downlink case is defined as follows. The Signal to Interference Ratio
(SIR) is counted at the TS (for example at TS1 on Figure 2). The carrier (desired signal) is
sent by the own BS (BS1), the interferer signals are sent by other BSs using the same
frequency (BS5, BS7, BS9). In uplink case the SIR is determined at the BS (for example at
BS1). The carrier comes from the own TS (TS1), and the interferer signals come from the
other TSs using the same frequency and sending in the same time slot (TS5, TS7, TS9).
TDMA access method and Line of Sight condition (because the high carrier frequency) were
assumed. All the channels use the same polarization. A constant thermal noise was considered
at each TSs. The co-polar and cross-polar characteristics of the antennas are shown on Figure
3. Please observe that the TS antenna is sharply directed, and the BS antenna is a 90 degree
sectored antenna.

Figure 3: The co-polar and cross-polar characteristics of BS (on the left) and TS (on the right) antennas [6].
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The interference can be determined in each point of the network; its value is static. In that
case, when a rain-cell is moved above the network, the SIR (SINR) values fluctuate
dynamically. According to the position of the rain cell over the service area of the BFWA
system, the rain attenuation can cause different affect on SIR [6]. For example, in downlink
case, if the interfering signals are attenuated less than the desired signal, which have a longer
path in the rain-cell, the SINR is degraded compared to the case without rain. At the same
situation, in uplink case at the BS determined SINR can be the same, when there is a same
attenuation both on the desired and the interferer signals. So it is very important to examine
the uplink and the downlink SINRs together, in order to obtain a more optimized SINR
situation.

4 The TS-BS assignment methods
In the simplest case all the TSs are connected to the closest BS called TS-BS assignment
method based on distance. Using this TS-BS assignment, not definitely the best SINR
conditions are achieved on both duplex communication directions up and downlink,
respectively. Please observe the different interference situations in up and downlink on Figure
2. Consequently, the optimal SINR conditions in the whole BFWA service area can be
achieved by different TS-BS assignment in case of uplink and downlink interference
situations, respectively. Therefore, we need to find a compromise to realize a BS-TS
assignment providing suboptimal SINR conditions both in up and downlink jointly according
to the importance of the direction of communication. Typically, downlink data transfer
requires higher reliability than the uplink one. This is the case in service on demand
applications (e.g. video on demand). Therefore, in our calculations we consider the different
importance of the duplex communication directions with the weighting factors f dl and f ul
for downlink and uplink importance, respectively. We define a cost function given in
Equation (2) for measure the weighted SINR conditions on the down and uplink for the
examined TS by an existing TS-BS assignment on the BFWA service area.
(2)
The optimal serving BS for the examined TS will be the BS with the highest cost function
value which the examined TS should be assigned to. This can be achieved by applying
adaptive TS antennas by turning the direction of the main lobe electrically towards to the
desired BS. Doing so, it won’t influence the SINR situation in downlink, however, the
interference situation in the uplink direction at the other TSs will be changing. Therefore, this
optimization must be accomplished simultaneously for each terminal station in the BFWA
serving area. This would be lead to solve a multi-dimensional parameter optimization
problem to find a global optimum of TS-BS assignment. To simplify this complex problem
we make the SINR optimization for each TS separately assuming from the other interfering
terminal stations are assigned to the own closest BS. Therefore, our uplink simulation could
occasionally lead to too optimistic results.
The optimal TS-BS assignment could be static without any fading on the signal transmission
channels of the duplex communication. However, in case of i.e. rain attenuation the BS
assignment method requires a dynamic technique and needs central control of the
instantaneous direction of the main lobe of the terminal stations. During the adjourn of the
rain-cell over the network each TS must be connected at each moment to the BS so, that we
obtain the maximum of weighted SINR given in Equation (2). This method (called dynamic
BS diversity) can dramatically mitigate the effect of rain.
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5 Simulation Results
If we assign the terminal stations to the base stations based on distance, we obtain the SINR
maps depicted on Figure 4, in downlink case on the left side picture, and in uplink case on the
right side picture. The SINR maps represent the coverage area of the BFWA network. They
can be compared with the BFWA model depicted on Figure 2, and the 9 BSs can be observed.
These maps show the evolved SINR values in the investigated BFWA network, in uplink and
in downlink case. On the downlink map, the color of a point shows the SINR value evolved at
the terminal station installed at that location. On the uplink map, the color of a point shows
the SINR value evolved at the base station, which belongs to the terminal stations located
here. In each Figure SINR values (in dB) are in accordance to the range of colors beside the
maps. In downlink case the critical areas are located along the sector borders (SINR value is
here approximately 15 dB), and in the corners of the 3x3 cells. In the worst-case downlink
situation the TSs at sector borders receive interfering signals from the second neighbor sectors
as Figure 2 shows. In uplink case all the points in a sector has the same SINR value, because
the desired signal level values are constant through the usage of the transmitting power
calibration at the TS, and the interferer signals are the same in average at the receiver. So in
uplink case the SINR level of a sector is mainly depends on how many sector are visible by
the investigated BS using the same frequency. The worst sectors are the inner sectors of the
cells located at the corner of the service area. The sectors which have the highest SINR values
are located at the corners of the service area, because their BSs „can’t see” any interferer TS.

Figure 4: The evolved downlink (on the left) and uplink (on the right) SINR maps in case of TS-BS assignment
based on distance.

In the following the efficiency of the TS-BS assignment algorithm described in Section 4 will
be introduced without any rain event. The TS-BS assignment based on exclusively the
maximal downlink SINR is presented on Figure 5. In this case the factors of the cost function
are chosen as f dl = 1 and f ul = 0 for downlink and uplink, respectively. Please observe that
the downlink conditions are improved a bit, especially at the corners of the service area. The
uplink conditions are degraded. The worst areas with low SINR become extended.
In the case, when the factors of the cost function are chosen as f dl = 0 , f ul = 1 , the BS
assignment based on exclusively the uplink SINR. This case is depicted on Figure 6. Please
observe that the uplink conditions are improved dramatically, but the downlink conditions are
degraded considerably.
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Figure 5: The evolved downlink (on the left) and uplink (on the right) SINR maps in case of TS-BS assignment
based on downlink SINR.

Figure 6: The evolved downlink (on the left) and uplink (on the right) SINR maps in case of TS-BS assignment
based on uplink SINR.

The case was examined too applying TS-BS assignment based on cost function, when both
downlink and uplink SINR are simultaneously optimized, in order to take into account both
communication directions. Because as usual, the downlink traffic is more important than
uplink, the investigated factors are f dl = 2 and f ul = 1 , respectively. The evolved SINR maps
are depicted on Figure 7. On the whole, both the uplink and downlink SINR is improved
compared to the base station assignment based on distance depicted on Figure 4.

Figure 7: The evolved downlink (on the left) and uplink (on the right) SINR maps in case of TS-BS assignment
based on both downlink and uplink SINR (with cost function factors: f dl = 2 , f ul = 1 )
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In the following, the efficiency of the dynamic BS diversity during a rain event will be
introduced. The algorithm uses the most usual weighting factors f dl = 2 , f ul = 1 . By the
simulation, the rain-cell described in Section 2 was moved along a straight path over the
BFWA network, which means 60 rain-cell positions.
On Figure 8 under each other, the results of the system applies BS assignment based on
distance (traditional method), and the system applies dynamic BS diversity are shown. The
black circle on the diagrams signs the contour of the rain-cell on Figure 8.
Please observe, that both in uplink and downlink case the SINR values are dramatically
degraded at the areas covered by the rain-cell in the network applies TS-BS assignment based
on distance. The system depicted on the bottom pictures applies dynamic BS diversity, so the
TS-BS assignment based on weighted SINR is performed in each moment.

Figure 8: By the 35. rain-cell position evolved downlink (on the left) and uplink (on the right) SINR maps in
case of TS-BS assignment based on distance (on the top) and in case of apply the dynamic BS diversity with
cost function factors f dl = 2 , f ul = 1 (on the bottom).

In downlink case the SINR values are nearly insensitive to the attenuation effect of the rain.
In uplink case at some areas the SINR values are degraded a bit, but at bigger areas the SINR
values are improved.
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The fluctuating quality of service (QoS) level is depicted on Figure 9. Depending on the
position of the moving rain-cell the percent of the coverage area where no service are
provided are given on Figure 9. Areas without services are defined by the criterion that the
SINR values are lower than the SINR minimum value belongs to the 10 −6 Bit Error Ratio
(BER) applying 16 QAM. The dashed line belongs to case when the system applies TS-BS
assignment based on distance, the solid line belongs to system that applies dynamic BS
diversity. Please observe, that in uplink case we achieved in average 6 percent improvement,
in downlink case, at some rain-cell positions the improvement is about 7 percent, and at some
rain-cell position the degradation is about 1-2 percent. So with dynamic BS diversity the
result is better both in uplink, and downlink cases.

Figure 9: The fluctuating QoS level depending on the position of the moving rain-cell by the system using the
TS-BS assignment based on distance, and by the system applying dynamic BS diversity.

6 Summary
In BFWA systems operating at high frequency the meteorological phenomena especially the
precipitation is able to cause notable attenuation. Our goal was the mitigation of this
degradation due to rain. Besides TS-BS assignment based on distance, a new TS-BS
assignment method based on a cost function was presented. The work of the algorithm was
demonstrated through some weight factor combination. In the case without rain, SINR value
improvement can be achieved using TS-BS assignment based on cost function. We presented
that in the case with rain, dramatically improvement could be achieved through using
dynamic TS-BS assignment based on the const function (called dynamic BS diversity). The
system applies dynamic BS diversity is more complex, so it must be retraced, whether the
grown complexity against the SINR improvement is worth.

7 Future Works
The model used by the simulation could be improved in several areas. The applied model was
defined on totally flat terrain, so obstacles and different altitudes of antennas should be
considered. Using adaptive modulation, in order to improve QoS level, is also can be
examined.
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