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Abstract: In this paper, a pilot design method for wireless mobile communication system is proposed. All pilots
available for assignment are classified into orthogonal classes that every pilot in each class is orthogonal to the
pilots located in other classes. When a mobile moves in its pilot signal transmission, it’s suffered various
interference levels ensuing from different RF environments of the status changes of its neighboring base stations
and mobiles, and consequently resulting in time varying system performance. With the assignment of the
orthogonal pilot classes the system performance can be maintained at relatively constant level by adaptively
assigning pilots to mobiles to have these pilots orthogonal to each other.

1 INTRODUCTION

In wireless mobile transmission, when a mobile user is
transmitting data it will be affected by various interferences
ensuing from other mobiles or its neighboring base stations,
furthermore it will be a time varying interference when the
mobile is moving since its RF interfering environment with
other entities are changing. With this time varying
interference level it will result in time varying system
performance and consequently many interference mitigation
methods have been proposed in order to assure constant
system performance [1-5].

As shown in Fig. 1 it exhibits a normal cell arrangement
of a base station with three sectors and its three neighboring
base stations. With a mobile station (MS) locating in the
sector closing to the cell center, as shown in Fig. 2, we will
find, by simulation, its affected interference level from other
two sectors that are belonging to other two BSs. From
studying these simulation results we will try to develop a
pilot’s design algorithm to find proper pilots so that they will
result in a minimum interference level for the situation as
discussed in Fig. 2.

This paper is organized in the following. In Section Il
various interference environments or classes will be
introduced. The interference mitigation methods for the
interference classes as discussed in Section Il will be
exploited and proposed in Section Ill. Finally it draws a
conclusion in Section IV.
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Figure 1  Three Neighboring BSs comprise Three Neighboring Sectors
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Figure 2 When an MS in a Sector Central Area its Interference Sources
Coming from Two Sectors of other Two Neighboring BSs

2 INTERFERENCE CASES

Several interference environments are considered in the
following:

Case 1: MS is stationary

As shown in Fig. 3 is a stationary MS, it stays in a fixed
location of a BS, its neighboring two sectors are the
interfering sources.
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Figure 3 Neighboring BSs’ Sectors are the Interfering Sources




Case 2: Mobility Scenario 1

When an MS moves away from its BS sector and enters
into another BS sector the distances between the MS and
these two BS sectors vary and consequently its RF
interference level changes when the MS moves. An example
as shown in Fig. 4 is an MS moving from sector 1 of BS1
(BS1-1) into sector 3 of BS3 (BS3-3), the interference level
generating from BS3-3 increases due to its decreasing
distance with the MS. By proper choice of pilot we can
reduce the interference level generating from BS3-3 due to
the mobile movement.

TABLE|  ORIGINAL (CONVENTIONAL) PILOT ASSIGNMENT FOR EVERY
BS SECTOR
Interference Interference Interference
BS1-1 BS2-2 - Weihgt Weihgt Weihgt

BSI-1 & BS2-2 | BS1-1 & BS3-3 | BS2-2 & BS3-3
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The MS moves from Sector 1 of BS1 (BS1-1) into Sector 3 of
BS3 (BS3-3)

Figure 4

Case 3: Mobility Scenario 2

It is in the same interference environment as in Case 2 but
now the MS is now moving along the cell edge as shown in
Fig. 5. When the MS in BS1-1 moves along the cell edges of
BS2 and BS3; its effected interference levels generating from
BS2 and BS3 are increasing correspondingly since the
distances between the MS and BS2 and BS3 are decreasing.
From considering of a specific channel model [6-13] and if
the same pilot, as shown in Table I, is allocated for all BSs,
the MS will suffer the same interference levels from its
neighboring BSs, its resulting interference level is shown in
Table II. In Table I we introduce the ‘interference weight’
between two pilots from the consideration of their correlating
relation; interference weight will be 1 if two pilots have the
same pilot patterns.
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TABLE Il PILOTS ASSIGNED FOR BSS SECTORS IN CONVENTIONAL PILOT
ASSIGNMENT AND THEIR RESULTING SIGNAL STRENGTHS BETWEEN THE MS
AND BSS SECTORS

Sensitivity Sensitivity Sensitivity

(dBm) (dBm) (dBm)

BS1-1 BS2-2 BS3-3 MS: BSI-1 MS: BS2-2 MS: BS3-3
Interference: Interference: Interference:
BSZl-Z & BS3-3 BSI-1 & BS3-3 BSI-1 & BS2:2
m m m -128.2400 -128.2400 -128.2400
m m m -128.2400 -128.2400 -128.2400
m m m -128.2400 -128.2400 -128.2400
m 5 m -128.2400 -128.2400 -128.2400

3 INTERFERENCE MITIGATION

From the simulation results as discussed in the above
section, it is imperative to develop pilots’ assignment
algorithm to ensure constant interference level and
consequently constant system performance when different
interference environments are encountered.

With a BS consisting of three sectors as considered in
IEEE 802.16m, it can classify the available pilots into three
classes that the pilots in one class are orthogonal to the pilots
allocated in the other classes [1-5]. In the assignment of a
pilot for a BS, the BS has its choice by selecting the pilot
from the class that is orthogonal to other pilot classes that are
currently used by its neighboring BSs; therefore when an MS
moves and it realizes that its interference level becomes
higher as it closes to a BS it can select a pilot from the class
that is orthogonal to the pilot class that is allocated to the
coming BS so that to reduce its coming interference level.
The design principle of pilot selection can be summarized in
the following:



1. When the MS is located in the central area of the cell,
i.e. when it is far away from other BSs, as shown in Fig. 6, it
has less interfering levels and the pilot patterns play little role
in the interference reducing effort.

2. As shown in Fig. 7, when the MS moves from BS1-1 to
BS2-2 the interference level generating from BS2-2 to the MS
increases, then the MS selects a pilot from the class that will
be orthogonal to the pilot pattern allocated for BS2-2 and
simultaneously it makes a handover process to switch the
pilot from one class into another class to reduce the possible
interference level.

3. When the MS moves from BS1-1 to BS3-3, as shown
in Fig. 8, the interference level generating from BS3-3
increases, then the MS needs to select the pilot pattern from
the class that is orthogonal to the pilot pattern allocated to
BS3-3 and simultaneously it makes the handover process to
switch the pilot from one class into another class to reduce the
interference level.

Figure 6  The MS is located in the Central of a Cell, its Distances are Far
Away from other BSs; its Resulting Interference Level is Low
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The MS moves from BS1-1 to BS2-2 it selects its Pilot from the
Class that is Orthogonal to the Pilot of BS2-2

Figure 7

Frequency

The MS moves from BS1-1 to BS3-3 it selects its Pilot Pattern
from the Class that is Orthogonal to the Pilot of BS3-3

Figure 8

Similarly whichever the direction the MS moves, it is
advisable to follow the pilot selection algorithm that a new

pilot is selected to have it orthogonal to the existing pilots that
are allocated to other BSs to reduce the resulting interference
level. Although the theoretical optimal pilot selection
principle is still not available in the literatures, however, we
still can follow our design principle as discussed above in the
selection of pilots so that its resulting interference level will
be smaller than that generating from the conventional pilot
design rule where all BSs are allocated with the same pilot
having the result as shown in Table Il1.

TABLE Il THE RESULTING SIGNAL STRENGTH BETWEEN THE MS AND
BSS WHEN MOBILE MOVES AND DIFFERENT PILOTS ARE ASSIGNED FOR
VARIOUS BS SECTORS

-134.2606 -134.2606 -131.2503

-134.2606 -131.2503 -134.2606

Frequency
Frequency

-131.2503 -134.2606 -134.2606

4  CONCLUSION

The pilot allocation principle to reduce the system
interference level is proposed and studied in this paper. When
a mobile moves from one BS into another BS its pilot
allocation is switched so that the new assigned pilot to the BS
will be orthogonal to the pilots allocated to the coming BSs to
ensure a constant system interference level can be maintained
no matter the mobile is stationary or moving in any directions.
From the simulation results of considering various
interference classes or scenarios it is evident that the resulting
system interference level by using our pilot design algorithm
is always lower than that generating from the conventional
pilot design where the same pilot is assigned to all BS sectors.
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