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Abstract. An improved radio resource allocation scheme with avoidance of major interferers is proposed and

analyzed for the downlink of Fixed Broadband Wireless Access (FBWA) systems with full frequency reuse.

The scheme is based on Enhanced Staggered Resource Allocation (ESRA) and permits the enhancement of the

throughput per sector. Simulation results show a maximum downlink throughput per sector in excess of 44% and

an increase of 10% with respect to ESRA is achieved, with Base Station (BS) selection procedure, while meeting

a 15 dB signal-to-interference ratio (SIR).
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1. Introduction

As the demand for integrated broadband services (e.g. interactive television, tele/video con-
ferencing, etc.) increases, further investments from the network operators are needed. Since
the deployment of fiber solutions leads to higher investment risks [1], different technology
alternatives able to support broadband access appear such as fixed broadband wireless ac-
cess (FBWA). A typical FBWA system comprises of cells which are divided into multi-
ple sectors, in order to increase system capacity and spectral efficiency, and the associated
with each cell BS, equipped with sector antennas. Subscribed terminals with rooftop direc-
tional antennas are communicating directly with their corresponding BS, which might be
connected to a backbone network. But, as the number of subscribed terminals per cell in-
crease, the licensed spectrum must be reused and therefore co-channel interference arises
and becomes the major problem to solve and a critical factor responsible for performance
degradation.

Co-channel interference is caused by undesirable concurrent transmissions (i.e. multiple
sector antennas that point directly to a terminal antenna). The mechanism of these transmissions
is separate for intercell and intracell interference. Intercell interference arises from concurrent
transmissions from terminals (uplink direction) or BS (downlink direction) in all cells except
the cell of interest while intracell interference is generated from concurrent transmissions
within the serving cell. It is the primary goal of resource assignment techniques to schedule
appropriately these transmissions so as to mitigate the total interference and to maximize the
total throughput and coverage.

Several resource assignment methods have been proposed for the downlink of FWBA sys-
tems [2–5]. In this paper, a radio resource allocation method based on the Enhanced Staggered
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Resource Allocation (ESRA) method [4] is proposed and analyzed, for the downlink segment
of FWBA, leading to an improvement of the throughput per sector for increased traffic load
conditions. The basic idea of the proposed algorithm is the avoidance of the major interferers by
using different allocation schemes for the even and odd sectors. The rest of paper is organized
as follows. In Sections 2, a short description of the ESRA method is given whereas the details
of the proposed resource allocation algorithm and the downlink performance are described in
Section 3. Section 4 illustrates and discusses simulation results whereas concluding remarks
are given in Section 5.

2. The Enhanced Staggered Resource Allocation (ESRA) Method

As it has been proposed in [4], ESRA examines a packet switched broadband wireless network
using time division multiple access (TDMA) technique and time division duplexing (TDD)
with full frequency reuse. The service area is divided in hexagonal cells and sectors are labeled
from 1 to 6, counter-clockwise, in such a way that there are no adjacent sectors bearing the
same label (Figure 1). The frame is divided into six subframes, which are further divided into
mini-frames labeled from 1 to 6.

Each sector schedules packets for transmissions in available mini-frames of each sub-
frame following the staggered order of Figure 2. According to this order, sector 1 schedules
packets for transmissions in subframe 1 (denoted by a). For further packet transmissions,
exploiting BS directional antennas, it uses subframe 4, which is the first subframe of the
opposite sector. The next options for sector 1 will be the available mini-frames of the first
subframes of the other two opposite sectors (i.e. sectors 5 and 3) clockwise and the last
two options will be the available mini-frames of the first subframes of the adjacent intra-
cell sectors (i.e. sectors 2 and 6) clockwise too. The same procedure is applied to the other
sectors.

Terminals are classified on six classes according to the number of maximum tolerable
concurrent transmissions following the staggered order of Figure 2. For example, a class 3

Figure 1. Major interferers for the downlink direction of the hexagonal cell layout.
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Figure 2. Three concurrent transmissions for sector 1 according to ESRA (two dominant intracell interferers).

Figure 3. Class 3 and class 4 terminals according to ESRA method.

terminal of sector 1 tolerates the following three concurrent transmissions: sectors 1-4-3 in
subframe 1, sectors 4-1-6 in subframe 4 and sectors 5-2-1 in subframe 5 (Figure 3). The
degree of concurrent transmissions of each mini-frame is defined on its label. More precisely,
mini-frame 1 allows only 1 packet transmission; mini-frame 2 allows 2 concurrent packet
transmissions and so on. Terminal classification is based on the reception quality of their
location that depends on antenna characteristics (3dB beamwidth and Front-To-Back (FTB)
ratio), shadowing and distance from serving BS. The reception quality may be improved
through a macrodiversity procedure (i.e. selection of serving sector). Each mini-frame with
the same label has the same number of timeslots in each subframe (mini-frame i has ni , i = 1,
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2 . . . 6 timeslots in each subframe). The size of mini-frames is chosen to match the expected
traffic load and is a mechanism to increase the overall throughput.

3. Resource Allocation with Avoidance of Major Interferers (RA-AMI)

For a typical FBWA system, throughput enhancement is achieved by upgrading the number of
higher classes terminals through advanced methods of major intercell and intracell interferers
avoidance. As shown in Figure 1, the major interferers for sector 1, under a simple path loss
model, comes from the shadowed intracell sectors 2 and 6 (due to overlapping sector antenna
patterns) as well as from shadowed intercell sector 3 (because of the front lobe of sector antenna
3 that point directly to the terminals of the tagged sector) and the opposite shadowed sector
2. Following the ESRA staggered order (Figure 2) for higher terminal classes (i.e. classes
4, 5 and 6) the major intracell interferers are appearing not only solely but also together. In
the case of class 4 terminals, as shown in Figure 3, sector 6 interferes sector’s 1 terminals in
combination 3-6-5-1, sector 2 in combination 5-2-1-3 and both sectors 6 and 2 in combination
4-1-6-2. So, the motivation for this work is to further examine the throughput enhancement
possibilities through the increase of the lower class terminals.

The ESRA framework is adopted as far as terminal classification, mini-frame structure,
sector selection procedure and scheduling mechanism for packet transmissions are concerned.
The maximum downlink throughput per sector for the system is given by [4]:

γ =
∑

i

ini

K N
(1)

where K is the number of sectors in each cell and ni the number of timeslots per mini-frame i:

ni =
[

Ntai/ i∑
j a j/j

]
(2)

where a i is the percentage of class i terminals, Nt ≈ N the number of timeslot in each subframe
and [x] the closest integer to x . So, it is clear from (1), (2) that the maximum throughput
enhancement is relevant to the fractions of terminals in the defined classes and is achieved by
upgrading a portion of terminals from a lower class to an upper class.

As shown in Figure 3, following the ESRA order for sector 1, class 3 terminals must tolerate
both major intracell interferers (i.e. sector 6 in combination 4-1-6 and sector 2 in combination
5-2-1) resulting thus in degradation of class 3 terminals.

The RA-AMI method is based on a different allocation scheme for odd and even sectors,
which is examined and proposed as follows.

The sector 1 schedules packets for transmission in subframe 1, as shown in Figure 4. If
there are more packets for transmission, it uses the available mini-frames of subframe 4, which
are the first subframe of the opposite sector, in order to exploit the BS directional antennas
and the low level of interference. All sectors follow this procedure for the first two subframes.

However, the next two options for sector 1, according to the staggered order will be the
available mini-frames of the first subframes of the other two opposite sectors (i.e. sectors 5 and
3) clockwise and the last two options will be the available mini-frames of the first subframes
of the two adjacent intracell sectors (i.e. sectors 6 and 2) counter-clockwise. This concept is
applied to the odd labeled sectors (i.e. sectors 3 and 5).
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Figure 4. Three concurrent transmissions for sector 1 according to RA-AMI (one dominant intracell interferer).

On the contrary, for sector 2, the next two options will be the available mini-frames of
the first subframes of the other two opposite sectors (i.e. sectors 4 and 6) counter-clockwise
while the last two resorts will be the available mini-frames of the first subframes of the two
adjacent intracell sectors (i.e. sectors 3 and 1) clockwise. This procedure is repeated for the
even labeled sectors (i.e. sectors 4 and 6).

This situation is exploited by the RA-AMI method in order to increase the number of class
3 terminals due to the fact that each sector is interfered only by one adjacent intracell sector
in contrast with ESRA where each sector is interfered by both adjacent intracell sectors one
after the other.

More explicitly, in the case of three concurrent transmissions (class 3 terminals) of sector
1, Figure 2 presents the allocation scheme based on ESRA and Figure 4 the proposed scheme.
Sector 1, following the ESRA staggered order, is interfered in subframe 4 by sector 6 (one
dominant intracell interferer) and in subframe 5 by sector 2 (the other dominant intracell
interferer). On the other hand, following the RA-AMI staggered order, sector 1 is interfered
in subframes 4 and 5 by sector 2 (i.e. the same dominant intracell interferer). As a result, the
proposed method upgrades the fraction of terminals that tolerate three concurrent transmissions
enhancing the maximum throughput per sector according to (1).

4. Results and Discussion

Simulation results have been obtained in order to study the terminal classification and the
maximum throughput (packets/slot/sector) of ESRA and RA-AMI methods. A two-tier cell
layout consisting of seven hexagonal cells with six sectors each have been considered. To avoid
border effects only the statistics in the middle cell are presented here, while 1000 terminals are
randomly placed over sector 1. Typical patterns are used for BS and terminal antennas with
FTB ratio of 25 dB and 15 dB respectively, while a 3 dB beamwidth of 50 and 30 degrees is
incorporated correspondingly. A simple path loss model, with an exponent of 4 and lognormal
shadowing with zero mean and standard deviation equal to 8, is adopted. The reference SIR
threshold for success packet transmission is taken to be equal to 15 dB.
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Table 1. Fraction of terminals to various classes for ESRA and RA-AMI

Without BS selection With BS selection

Terminal class ESRA RA–AMI ESRA RA–AMI

1 7.60% 7.60% 4.15% 4.14%

2 55.36% 34.47% 59.15% 34.60%

3 3.61% 24.50% 4.26% 28.89%

4 2.85% 2.85% 3.37% 3.36%

5 3.80% 3.80% 4.49% 4.48%

6 17.38% 17.38% 20.54% 20.49%

Coverage 90.60% 90.60% 95.96% 95.96%

Throughput 36.96% 40.41% 39.68% 44.15%

Figure 5. Downlink comparison of the ESRA and RA-AMI methods with BS Selection.

Following the ESRA order [4], Table 1 summarizes the fraction of terminals into 6 classes
for both methods, with and without BS selection and sector selection. The sum of the fractions
for all classes gives the total percentage of terminals that can be served by both methods and
is mentioned as coverage. The coverage for both methods is the same since it is determined
by intercell interference, which is avoided in the same manner in both methods. Without BS
selection, the coverage is 90.60%, as shown in Table 1, while in the case of BS selection it
is 95.96%. It becomes clear from Table 1 that the difference between ESRA and RA-AMI
methods for class 3 terminals is more than 20% either with or without BS selection. As a result,
an increment of 3.45% and 4.47% of maximum throughput per sector is achieved with and
without BS selection correspondingly. This happens because with RA-AMI more terminals
can tolerate more concurrent transmissions.
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Figure 5 compares the throughput of ESRA and RA-AMI methods as a function of nor-
malized aggregated load using BS selection. For a normalized aggregated load up to 39.68%
both methods achieve the same throughput. For normalized aggregated load between 39.68%
and 44.15% ESRA is maintained at 39.68% while RA-AMI is further increased until 44.15%
is reached. As traffic increases more, the difference between the two methods remains fixed at
4.47%, which is the difference between the maximum throughputs of both methods. The same
comments apply without using BS selection, where the difference between the two methods
remains fixed at 3.45% for value above 40.41% of normalized aggregated load.

5. Conclusion

A radio resource allocation method for the downlink direction of a fixed broadband wireless
access system is proposed and analyzed. This approach is based on ESRA method thus en-
hancing the throughput per sector by increasing the number of terminals that tolerate more
concurrent transmissions. For a typical radio environment a maximum throughput per sector
close to 44% and an upgrading with respect to ESRA method of 4,47 percentage units (10%
improvement) are achieved with the RA-AMI method with BS Selection, maintaining the
packet success probability equal to one.
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