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APPARATUS AND METHOD FOR
REALLOCATING SEGMENTS IN
BROADBAND WIRELESS COMMUNICATION
SYSTEM

PRIORITY

This application claims priority under 35 U.S.C. §119(a) of
a Korean patent application filed in the Korean Intellectual
Property Office on Oct. 13, 2006 and assigned Serial No.
2006-0099848, the entire disclosure of which is hereby incor-
porated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to segment reallo-
cation, and more particularly, to an apparatus and method for
reallocating segments in a broadband wireless communica-
tion system.

2. Description of the Related Art

An Institute of Electrical and Electronics Engineers (IEEE)
802.16e system employs a cellular scheme and supports a
frequency reuse factor of 1. As a result, neighboring cells can
use the same frequency. Thus, a Mobile Station (MS) existing
in such a system has to be able to distinguish a Base Station
(BS) where the MS resides, from a neighboring BS among a
plurality of BSs, which use the same frequency. For this
purpose, whenever a frame is transmitted to the MS, each BS
transmits the frame by inserting a Pseudo Noise (PN) code to
a preamble, which is a first symbol of the frame.

According to an IEEE 802.16e standard, a total of 114
preamble PN codes are defined, and the codes have code
indices O to 113, respectively. In addition, the preamble PN
codes each have an Identification (ID) cell (hereinafter,
referred to as IDcell) and a segment number. By analyzing the
preamble PN codes, the MS can recognize a code index, an
IDcell, and a segment number of a corresponding BS. The
IDcell has 32 values (i.e., 0 to 31). The segment number has
three values (i.e., 010 2). Not all codes have unique IDcell and
segment number combinations. Thus, among the 114 codes,
only the codes 0 to 95 have unique IDcell and segment num-
ber combinations. The IDcell and segment number combina-
tion of the codes 96 to 113 are duplicated with that of the
codes 0 to 95.

A segment is used for various purposes, and a result of
segment allocation has a significant effect on system perfor-
mance. The segment determines a carrier set through which a
preamble is transmitted. The preamble is transmitted through
only a %4 part of a sub-carrier, which remains after removing
a guard band. The sub-carrier set may be determined by using
Equation (1) below.

carrier set=segment+3k (k=0, 1,2,...) Equation (1)

Equation (1) shows that, when the same segment is allo-
cated to neighboring sectors, preambles of two sectors are
transmitted through the same carrier set. In this case, even if
an MS can obtain a preamble without any problems because
different code indices are allocated to the preambles of the
two sectors, downlink throughput may deteriorate.

In a downlink channel, the MS estimates a pilot signal
transmitted from a BS. The estimation result is used in a
demodulation process. However, similar to a Frame Control
Header (FCH) and a Downlink-MAP (DL-MAP), when
information is transmitted during first few symbols of a
frame, no pilot signal is transmitted from the BS, resulting in
difficulty in channel estimation. Therefore, the MS estimates
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a channel by using the preamble. In this case, whether a
carrier set is duplicated between neighboring sectors signifi-
cantly affects capability of channel estimation. If different
segments are allocated to neighboring sectors and thus pre-
ambles are transmitted through different carrier sets, then
channel estimation can be accurately achieved through the
preamble, which leads to improved modulation capability of
the FCH and the DL-MAP. On the other hand, if the same
segment is allocated to the neighboring sectors, channel esti-
mation is inaccurately achieved through the preamble, which
may result in deterioration in downlink demodulation capa-
bility.

Moreover, a segment may determine a frequency band
used in a downlink Partial Usage of Sub-Carrier (PUSC)
zone. In the downlink PUSC zone, a sub-carrier is divided
into 6 groups, which include 3 major groups and 3 minor
groups. Each sector may use all or some of the 6 groups, and
information thereof is transmitted to the MS through the
FCH. In this case, each sector must use one or more major
groups, and the number of major groups to be used is deter-
mined by a segment allocated to the sector. In order to reduce
interference between cells in a cell boundary area, the system
may allow some groups to be used between sectors, and this
will be referred to as segmented PUSC. If the neighboring
sectors use the same segment, the two sectors use the same
group. As a result, interference is not diminished even when
the segmented PUSC is used, which leads to deterioration in
downlink throughput.

As such, when the same segment is allocated to neighbor-
ing sectors, downlink modulation capability may deteriorate.
Therefore, segment allocation may significantly affect sys-
tem performance. However, since the number of segments is
limited to three, it is not easy to allocate segments while
minimizing segment duplication between the neighboring
sectors.

Even when segments are effectively allocated, the seg-
ments may have to be reallocated later in some cases. For
example, existing segment allocation may no longer be useful
when there are changes in radio configurations such as loca-
tions of some BSs within a system, transmission power, an
antenna angle, an antenna type, etc. Furthermore, the existing
segment allocation may not be preferable when a radio-wave
environment changes due to alternation of buildings and
topographies. If this is the case, segment reallocation is
needed. The segment reallocation may be carried out by allo-
cating new segments to all sectors in the system according to
a conventional algorithm. However, when changes are sig-
nificant in new segment allocation, this may affect operations
of'the system.

Accordingly, there is a need for a segment reallocation
method in which, if required, segments are reallocated by
using a result of existing segment allocation, so as to improve
segment allocation capability while minimizing changes in
segment allocation.

SUMMARY OF THE INVENTION

The present invention has been made to address at least the
above-mentioned problems and/or disadvantages and to pro-
vide at least the advantages described below. Accordingly, an
aspect of the present invention is to provide an apparatus and
method for reallocating segments in a broadband wireless
communication system.

Another aspect of the present invention is to provide an
apparatus and method for reallocating segments by using an
existing allocation result in a broadband wireless communi-
cation system.
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An additional aspect of the present invention is to provide
anapparatus and method for reallocating segments in a broad-
band wireless communication system, whereby segment allo-
cation capability is improved while minimizing changes in
segment allocation.

A further aspect of the present invention is to provide an
apparatus and method for reallocating segments in a cluster
unit by grouping closely located cells on the basis of a concept
of density in a broadband wireless communication system.

According to an aspect of the present invention, a method
of reallocating segments in a wireless communication system
is provided. An average density for all cells in the system and
an average minimal inter-cell distance R are computed. A
circle is determined for each cell which has a radius kR and a
center at a corresponding cell by increasing a constant k until
a density of the circle becomes less than or equal to the
average density. For each cell, a cluster is generated which is
composed of cells included in the determined circle.

According to another aspect of the present invention, an
apparatus for reallocating segments in a wireless communi-
cation system is provided. The apparatus includes an average
density calculator for computing an average density for entire
cells. The apparatus also includes an average distance calcu-
lator for computing an average minimal average inter-cell
distance R A cluster generation condition comparator deter-
mines, while increasing a constant k for each cell, a circle
which has a radius kR and a center at a corresponding cell and
whose density becomes less than or equal to the average
density. Additionally, the apparatus includes a cluster genera-
tor for generating, for each cell, a cluster which is composed
of cells included in the determined circle.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and advantages of the
present invention will become more apparent from the fol-
lowing detailed description when taken in conjunction with
the accompanying drawings in which:

FIG. 1 is a block diagram illustrating a structure of an
apparatus for determining a proximity between sectors in a
broadband wireless communication system according to an
embodiment of the present invention;

FIG. 2 is a flowchart illustrating a method of determining a
proximity between sectors in a broadband wireless commu-
nication system according to an embodiment of the present
invention;

FIG. 3 is a block diagram illustrating an apparatus for
generating a cluster in a broadband wireless communication
system according to an embodiment of the present invention;

FIG. 4 is a flowchart illustrating a method of generating a
cluster in a broadband wireless communication system
according to an embodiment of the present invention;

FIG. 5 is a block diagram illustrating an apparatus for
reallocating segments in a cluster unitin a broadband wireless
communication system according to an embodiment of the
present invention;

FIG. 6 is a flowchart illustrating a method of reallocating
segments in a cluster unit in a broadband wireless communi-
cation system according to an embodiment of the present
invention;

FIG. 7 illustrates an example of a method of generating a
cluster in a broadband wireless communication system
according to an embodiment of the present invention; and

FIGS. 8A to 8C illustrate examples of a method of reallo-
cating segments in a cluster unit in a broadband wireless
communication system according to an embodiment of the
present invention.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention are
described in detail below with reference to the accompanying
drawings. The same reference numbers are used throughout
the drawings. Detailed descriptions of constructions or pro-
cesses known in the art may be omitted to avoid obscuring the
subject matter of the present invention.

Hereinafter, an apparatus and method for reallocating seg-
ments in a broadband wireless communication system of the
present invention will be described.

In a method according to an embodiment of the present
invention, in a state in which segments are allocated for all
cells, segments allocated for some cells change so as to
increase segment allocation capability. In the segment real-
location method, different segments are reallocated to sectors
existing in one cell, and when a segment allocated to a specific
sector needs to change, segments are reallocated for all sec-
tors existing in a cell having that sector. Further, a proximity
between sectors existing in different cells is taken into
account when segments are allocated to the sectors. It is
defined herein that a cell is equivalent to a Base Station (BS)
and includes one or more sectors.

A concept of density is introduced in this embodiment of
the present invention. Thus, closely located cells are grouped
into clusters, and segment reallocation is performed in a clus-
ter unit. A cluster is a set of neighboring cells located around
aspecific cell. Because the number of segments is three, when
a segment allocated to a certain sector changes, there is a high
possibility that a neighboring sector is affected thereby. That
is, changes in a segment allocated to a sector may result in
changes in a segment allocated to a neighboring sector, which
may lead to consecutive changes in segment allocation.
Therefore, according to the present invention, in order to
avoid consecutive changes in segment allocation, segments
are reallocated in a cluster unit instead of in a sector/cell unit.

The concept of density is introduced because consecutive
changes in segment allocation occur more frequently in an
area where cells are densely aggregated. Therefore, in the
area where cells are densely aggregated, a cluster size is
determined to be large so that segments are concurrently
reallocated for a plurality of cells. In an area where cells are
not densely aggregated, the cluster size is determined to be
small so as to minimize the number of cells, which are con-
currently reallocated.

Although segments are allocated in this embodiment, the
present invention may also apply in allocation of a Pseudo-
Random Bit Sequence ID (PRBS_ID), which is another
parameter for identifying a BS in a broadband wireless com-
munication system.

It will be assumed hereinafter that a BS includes one or
more sectors. To compute a cost for the case where the same
segment is allocated to neighboring sectors, a proximity
between the sectors has to be defined. An amount of interfer-
ence of a sector i with a sector j is defined as a proximity of
sector i to sector j and is referred to as Prox_ij. The Prox_ij
may be determined in other manners. For example, when
using a network planning tool, the Prox_ij may be determined
to be a total amount of interference of sector j with sector i.
When using only information on a distance between the sec-
tors, the Prox_ij may be determined to be a path loss value
between sector i and sector j. Although the Prox_ij can be
determined in various manners, it will be assumed hereinafter
that the Prox_ij is determined by using an apparatus and
method to be described later with reference to FIG. 1 and FIG.
2 according to embodiments of the present invention.
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FIG. 1 is a block diagram illustrating a structure of an
apparatus for determining a proximity between sectors in a
broadband wireless communication system according to an
embodiment of the present invention. The apparatus includes
anaverage BS radius calculator 101, a sector pair (i, j) selector
103, a sector i’s virtual user location calculator 105, a sector
i’s proximity calculator 107, a sector j’s virtual user location
calculator 109, a sector j’s proximity calculator 111, a sector
pair (i, j)’s proximity storage 113.

Referring to FIG. 1, the average BS radius calculator 101
computes an average BS radius in the system and outputs the
calculation result to the sector pair selector 103. Herein, a
distance from an arbitrary BS ito an adjacent BS is defined as
di, an average of'the distances di with respect to all BSs in the
system is defined as an averages BS distance, and % of the
average BS distance is defined as the average BS radius.

The sector pair (i, j) selector 103 selects an arbitrary sector
pair (i, j), whose proximity is not determined, from a plurality
of'sector pairs. Then, the sector pair (i, j) selector 103 outputs
the selected sector pair (i, j) and the average BS radius input
from the average BS radius calculator 101 to the sector i’s
virtual user location calculator 105 and the sector j’s virtual
user location calculator 109.

By using the sector pair (i, j) input from the sector pair (i, j)
selector 103 and the average BS radius, the sector i’s virtual
user location calculator 105 computes a location of a virtual
user that represents sector i. Then, the sector i’s virtual user
location calculator 105 outputs the computation result to the
sector i’s proximity calculator 107. It is assumed herein that
the virtual user is located at a position corresponding to 2 of
the average BS radius along the same line of an antenna
azimuth of the sector i.

By using the computed location of the virtual user of sector
1, the sector 1’s proximity calculator 107 computes a proxim-
ity Prox_ij of sector i to sector j and then outputs the com-
puted proximity Prox_ij to the sector pair (i, j)’s proximity
storage 113. The proximity Prox_ij is determined by using a
path loss value between sector j and the virtual user of sector
i. In this case, an antenna azimuth of sector i, an antenna
pattern, and transmission power have to be taken into account.

By using the sector pair (i, j) input from the sector pair (i, j)
selector 103 and the average BS radius, the sector j’s virtual
user location calculator 109 computes a location of a virtual
user that represents sector j and then outputs the computation
result to the sector j’s proximity calculator 111. It is assumed
herein that the virtual user is located at a position correspond-
ing to V2 of the average BS radius along the same line of an
antenna azimuth of sector j.

By using the computed location of the virtual user of sector
j, the sector j’s proximity calculator 111 computes a proxim-
ity Prox_ji of sector j to the sector and then outputs the
computed proximity Prox_ij to the sector pair (i, j)’s proxim-
ity storage 113. The proximity Prox_ji is determined by using
apathloss value between sector j and the virtual user of sector
i. In this case, an antenna azimuth or sector j, an antenna
pattern, and transmission power have to be taken into account.

The sector pair (i, j)’s proximity storage 113 determines a
sum of the proximity Prox_ij and the proximity Prox_ji
respectively input from the sector i’s proximity calculator 107
and the sector j’s proximity calculator 111 as a proximity of
the sector pair (i, j) and then stores the determined proximity
of'the sector pair (i, j). The determined proximity of the sector
pair (i, j) is used later in a segment allocation process.

FIG. 2 is a flowchart illustrating a method of determining a
proximity between sectors in a broadband wireless commu-
nication system according to an embodiment of the present
invention.
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Referring to FIG. 2, in step 201, an average BS radius is
computed. Herein, a distance from an arbitrary BS i to an
adjacent BS is defined as di, an average of the distances di
with respect to all BSs in the system is defined as an averages
BS distance, and %4 of the average BS distance is defined as
the average BS radius.

In step 203, an arbitrary sector pair (i, j) whose proximity is
not determined is selected. In step 205, a location of a virtual
user that represents sector i is computed. It is assumed herein
that the virtual user is located at a position corresponding to %2
of the average BS radius along the same line of an antenna
azimuth of sector i. In step 207, by using the computed loca-
tion of the virtual user of sector 1, a proximity Prox_ij of sector
ito sector j is computed. The proximity Prox_ij is determined
by using a path loss value between sector j and the virtual user
of the sector i. In this case, an antenna azimuth of sector i, an
antenna pattern, and transmission power have to be taken into
account.

Similar to the case of sector 1, in step 209, a location of a
virtual user of sector j is computed. In step 211, by using the
computed location of the virtual user of sector j, a proximity
Prox_ji of sector j to sector i is computed. That is, the prox-
imity Prox_ji is determined by using a path loss value
between sector j and the virtual user of sector i. In this case, an
antenna azimuth of sector j, an antenna pattern, and transmis-
sion power have to be taken into account.

In step 213, it is checked whether proximities are deter-
mined for all sector pairs in the system. If the proximities are
not determined for all sector pairs, the procedure returns to
step 203. Otherwise, the procedure of FIG. 2 is terminated.

In situations in which the proximities are determined for all
sector pairs as described above, segments are allocated to the
respective sectors. In this case, since interference of sector i
with sector j may differ from interference of sector j with
sector i, a proximity of the sector pair is determined by sum-
ming the proximity Prox_ij and the proximity Prox_ji.

FIG. 3 is a block diagram illustrating an apparatus for
generating a cluster in a broadband wireless communication
system according to an embodiment of the present invention.
The apparatus includes an average density calculator 301, an
average inter-cell distance calculator 303, a cell selector/k
setting unit 305, a cluster generation condition comparator
307, a k increment unit 309, a cluster generator/storage unit
311.

Referring to FIG. 3, the average density calculator 301
computes density (hereinafter, ‘average density”) for an entire
topology and outputs the computed average density to the cell
selector/k setting unit 305. The density indicates how many
cells are densely aggregated, as defined in Equation (2)
below.

The average inter-cell distance calculator 303 computes a
minimal average inter-cell distance R and outputs the com-
puted minimal average inter-cell distance R to the cell selec-
tor/k setting unit 305. The minimal average inter-cell distance
R is defined as an average value for a distance between a cell
and an adjacent cell.

The cell selector/k setting unit 305 selects one cell from
entire cells and determines the constant k to be 1. Thereafter,
the cell selector/k setting unit 305 outputs to the cluster gen-
eration condition comparator 307 the average minimal aver-
age inter-cell distance R input from the average inter-cell
distance calculator 303, the average density input from the
average density calculator 301, together with the selected cell
and the determined constant k. Until clusters of all cells are
completely stored, the cell selector/k setting unit 305 repeats
this process according to a cluster generation result input
from the cluster generator/storage unit 311.
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Upon receiving the average minimal average inter-cell dis-
tance R, the average density, the selected cell, and the deter-
mined constant k from the cell selector/k setting unit 305, the
cluster generation condition comparator 307 checks whether
a density of a circle having a radius of kR and a center at the
selected cell is less than or equal to the average density. If the
density of the circle is greater than the average density, the
cluster generation condition comparator 307 outputs the con-
stant k to the k increment unit 309. When the constant k is
incremented by the k increment unit 309, by using the incre-
mented constant k, the cluster generation condition compara-
tor 307 checks again whether the density of the circle is less
than or equal to the average density. On the other hand, if the
density of the circle is less than or equal to the average density,
the average minimal average inter-cell distance R, the
selected cell, and the constant k are output to the cluster
generator/storage unit 311.

The k increment unit 309 increments the constant k by 1
upon receiving the constant k from the cluster generation
condition comparator 307, and outputs the incremented con-
stant k to the cluster generation condition comparator 307.

Upon receiving the average minimal average inter-cell dis-
tance R, the selected cell, and the constant k from the cluster
generation condition comparator 307, the cluster generator/
storage unit 311 generates a cluster, which is composed of
cells included in the circle having a radius of kR and a center
at the cell, and then stores the generated cluster. Furthermore,
the cluster generator/storage unit 311 outputs a cluster gen-
eration result to the cell selector/k setting unit 305.

FIG. 4 is a flowchart illustrating a method of generating a
cluster in a broadband wireless communication system
according to an embodiment of the present invention.

Referring to FIG. 4, in step 401, a density (i.e., average
density) is computed for entire topology, and an average
minimal inter-cell distance R is computed. The average mini-
mal inter-cell distance R is defined as an average value for a
distance between a cell and an adjacent cell.

The density indicates how many cells are densely aggre-
gated and is defined as expressed by Equation (2) below.

density=(number of cells included in target topology)/

width of target topology Equation (2)

In step 403, one cell is selected from all cells, and then a
constant k is set to 1. In step 405, it is checked whether a
density of a circle having a radius of kR and a center at the
selected cell is less than or equal to the average density. If the
density of the circle is greater than the average density, in step
407, the constant k is incremented by 1. Then, the procedure
returns to step 405, and thus subsequent steps are repeated.

If the density of the circle kR is less than or equal to the
average density, in step 409, a cluster is generated for a
corresponding cell such that the cluster is composed of cells
included in the circle, and the generated cluster is stored. For
example, if the constant k is 1, when the density of the circle
is less than or equal to the average density, the generated
cluster is composed of only the selected cell.

In step 411, it is checked whether clusters are completely
stored for all cells. If the clusters are not completely stored,
the procedure returns to step 403, and otherwise, the proce-
dure of FIG. 4 is terminated.

FIG. 5 is a block diagram illustrating an apparatus for
reallocating segments in a cluster unitin a broadband wireless
communication system according to an embodiment of the
present invention. The apparatus includes an existing alloca-
tion input unit 501, a cluster generator 503, a segment real-
location cell candidate group selector 505, a segment reallo-
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cator 507, a proximity determination unit 509, a reallocation
result comparator 511, and a reallocation result storage unit
513.

Referring to FIG. 5, the existing allocation input unit 501
receives an initial segment allocation result, that is, a segment
allocation result for existing cells. Then, the existing alloca-
tion input unit 501 outputs the initial segment allocation result
to the cluster generator 503 and the proximity determination
unit 509.

By using the initial segment allocation result input from the
existing allocation input unit 501, the cluster generator 503
generates a cluster having a center at each cell with respect to
the entire cells, reallocates a segment to the generated cluster
for each cell, and thereafter outputs the segment reallocation
result to the segment reallocation cell candidate group selec-
tor 505. In other words, an average density and an average
minimal average inter-cell distance R are computed, and for
each cell, a circle which has a radius of kR and a center at a
corresponding cell and whose density becomes less than or
equal to the average density is determined. Thereafter, a clus-
ter is generated so that the cluster is composed of cells
included in the determined circle.

The segment reallocation cell candidate group selector 505
selects a predetermined number of cells to be subject to seg-
ment reallocation from among the entire cells until optimal
segment allocation is determined. Then, the segment reallo-
cation cell candidate group selector 505 outputs clusters of
cells selected from among clusters for the respective cells
input from the cluster generator 503.

The segment reallocator 507 reallocates segments with
respect to only internal parts of the clusters corresponding to
the selected cells, and outputs a segment reallocation result
for each selected cell to the proximity determination unit 509.
Various segment algorithms may be used when the segments
are reallocated to the clusters.

By using the initial segment allocation result input from the
existing allocation input unit 501, the proximity determina-
tion unit 509 determines proximities of sector pairs for the
entire cells, and outputs the determined proximity of each
sector pair to the reallocation result comparator 511. In other
words, an average BS radius in a system is computed, and by
using the computed average BS radius, a location of a virtual
user of each sector is computed with respect to an arbitrary
sector pair (i, j) whose proximity is undetermined from the
initial segment allocation result input from the existing allo-
cation input unit 501. Then, a proximity Prox_ij of sector i to
sector j is computed by using the computed location of the
virtual user of sector 1, and a proximity Prox_ji of sector j to
sector 1 is computed by using the computed location of the
virtual user of sector j. Thereafter, a proximity of the sector
pair (i, j) is determined by summing the computed Prox_ij and
Prox_ji. Likewise, with respect to each selected cell input
from the segment reallocator 507, by using the segment real-
location result, the proximity determination unit 509 deter-
mines a proximity of each sector pair and outputs the deter-
mined proximity of each sector pair to the reallocation result
comparator 511.

The reallocation result comparator 511 computes an objec-
tive function value by using the proximity of each sector pair
according to the initial segment allocation result input from
the reallocation result comparator 511. Then, the reallocation
result comparator 511 stores the computed objective function
value and the initial segment allocation result to the realloca-
tion result storage unit 513. Thereafter, until optimal segment
allocation is determined, with respect to each selected cell
input from the proximity determination unit 509, the reallo-
cation result storage unit 513 computes objective function
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values by using the proximity of each sector pair according to
the segment reallocation result. The objective function values
for the selected cells are compared to select a cell having a
smallest objective function value. The objective function
value of the selected cell is compared with an objective func-
tion value stored in the reallocation result storage unit 513.
Values stored in the reallocation result storage unit 513 are
updated to a smallest objective function value and the seg-
ment allocation (or reallocation) result. When updating is not
performed in segment allocation (or reallocation) by a prede-
termined number of times or more, the segment allocation (or
reallocation) is determined as optimal segment allocation.

The reallocation result storage unit 513 stores the objective
function value input from the reallocation result comparator
511 and the segment allocation (or reallocation) result.

FIG. 6 is a flowchart illustrating a method of reallocating
segments in a cluster unit in a broadband wireless communi-
cation system according to an embodiment of the present
invention. In the method of reallocating segments, a prede-
termined number of clusters are randomly selected, and seg-
ment reallocation is repeated for the selected clusters until
optimal segment allocation capability is obtained.

Referring to FIG. 6, in step 601, initial segment allocation
for existing entire cells are recognized, an objective function
value is computed by using a proximity for the initial segment
allocation, and the computed objective function value and the
initial segment allocation are stored as a best solution. A
count is initialized to 0. The count indicates the number of
times of repeating this process without updating the best
solution.

An objective function for the segment allocation is deter-
mined by Equation (3) below.

mm[z (prox_iw; + prox_w;) Equation (3)
7

Herein, w, denotes a sector having a greatest sector pair
proximity among sectors each having the same segment as
sector i. Since there are only three segments, segment dupli-
cation frequently occurs in the system. Thus, if the objective
function is determined in accordance with only a worst case,
overall system performance may significantly decrease in
order to improve capability of one sector pair in the worst
case. On the other hand, if all sector pairs having the same
segment are taken into account, capability of a specific sector
may significantly decrease in order to improve overall system
performance. Therefore, in the present embodiment, the
objective function is determined such that sector pairs are
generated in accordance with only one sector which is
affected the most by segment duplication and a sum of prox-
imities of such sector pairs is minimized with respect to all
sectors.

In step 603, for the entire cells, a cluster is generated
around each cell by using the initial segment allocation result.
Specifically, the cluster is generated in such a manner that, as
shown in FI1G. 3 and FIG. 4, an average density and an average
minimal average inter-cell distance R are computed, a circle
which has a radius of kR and a center at a corresponding cell
and whose density becomes less than or equal to the average
density is determined while incrementing a constant k, and
then the cluster which is composed of cells including the
determined circle is generated.

In step 605, for segment reallocation, a predetermined
number of cells are randomly selected from the entire cells,
together with clusters of the selected cells. When the number
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of selected cells increases, an algorithm becomes complex
even though reallocation quality may improve. Therefore, in
the present embodiment, the number of selected cells is
defined as 10% of the number of entire cells.

In step 607, by reallocating segments for respective clus-
ters corresponding to the selected cells, a predetermined num-
ber of solutions are generated. That is, the solutions are gen-
erated by as many as the number of selected cells by
reallocating segments with respect to only internal parts of
clusters corresponding to the selected cells. Various segment
allocation algorithms may be used when the segments are
reallocated to the clusters.

In step 609, a solution having the most superior capability
is selected from the predetermined number of solutions gen-
erated. That is, with respect to the predetermined number of
solutions generated, objective function values are computed,
and a solution having a smallest objective function value
among the solutions is selected.

In step 611, it is evaluated whether capability of the
selected solution is superior to the best solution. That is, an
objective function value of the selected solution is compared
with an objective function value of the best solution, and then
it is checked whether the selected solution has an objective
function value smaller than that of the best solution. If the
selected solution has capability superior to that of the best
solution, that is, if capability superior to the initial segment
allocation can be achieved by reallocating segments for a
cluster of a cell corresponding to the selected solution, then
the procedure proceeds to step 613, and thus the best solution
is updated by storing the selected solution as the best solution.
Then, the count is initialized to 0. On the other hand, if the
best solution has capability superior to the selected solution,
the procedure continues at step 617, and thus the count is
incremented by 1.

In step 615, it is checked whether the count is greater than
orequal to areallocation threshold. Ifthe count is less than the
threshold, the procedure returns to step 605, and thus subse-
quent steps are repeated. In contrast, if the count is greater
than or equal to the threshold, that is, if the best solution is not
continuously updated, segment allocation corresponding to
the best solution is determined to optimal segment allocation.
Then, the procedure of FIG. 6 is ended. The best solution is
best allocation having the most superior capability, that is,
having a smallest objective function value.

FIG. 7 illustrates an example of a method of generating a
cluster in a broadband wireless communication system
according to an embodiment of the present invention.

Referring to FIG. 7, regarding a leftmost cell, a cluster 701
having a radius of R is generated. This is because a cell
density within a circular area having a radius R and a center at
the cell is greater than an average density, and a cell density of
a circular area having a radius 2R is less than the average
density. Regarding a central cell, a cluster 703 having a radius
of 2R is generated. This is because a cell density within an
area having a radius of R and a cell density within an area
having a radius of 2R are greater than the average density, but
a cell density within an area having a radius of 3R is less than
the average density. Regarding a rightmost cell, a cluster 705
composed of only one cell is generated. This is because a cell
density within an area having a radius of R is less than the
average density.

FIGS. 8A to 8C illustrate examples of a method of reallo-
cating segments in a cluster unit in a broadband wireless
communication system according to an embodiment of the
present invention. It will be assumed herein that three cells are
randomly selected for segment reallocation. Initial segment
allocation is assumed to be the same as FIG. 7.
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Referring to FIGS. 8A to 8C, among the three selected
cells, regarding a leftmost cell, segments are reallocated only
with respect to internal parts of a cluster 801 of the cell in the
initial segment allocation (see FIG. 8A). Regarding a central
cell, segments are reallocated only with respect to internal
parts of a cluster 803 of the cell in the initial segment alloca-
tion (see FIG. 8B). Regarding a rightmost cell, segments are
reallocated only with respect to internal parts of a cluster 805
of the cell in the initial segment allocation (see FIG. 8C).

According to the present invention, in a broadband wireless
communication system, a concept of density is introduced so
that closely located cells are grouped into clusters, and seg-
ments are reallocated in a cluster unit. Therefore, when seg-
ment reallocation is required, segment allocation capability
can be improved while minimizing a width of segment real-
location.

While the invention has been shown and described with
reference to certain preferred embodiments thereof, it will be
understood by those skilled in the art that various changes in
form and details may be made therein without departing from
the spirit and scope of the invention as defined by the
appended claims and their equivalents.

What is claimed is:
1. A method of reallocating segments in a wireless com-
munication system, the method comprising:
computing, by an average density calculator, an average
density for all cells in the system and, by an average
distance calculator, an average minimal inter-cell dis-
tance R;

determining a circle for each cell having a radius kR and a
center at a corresponding cell by increasing a constant k
until the density of the circle becomes less than or equal
to the average density; and

for each cell, generating a cluster that is composed of cells

included in the determined circle.

2. The method of claim 1, wherein the density indicates
how many cells are densely aggregated and is computed
using: density=(number of cells included in target topology)/
width of target topology.

3. The method of claim 1, wherein the average minimal
inter-cell distance R is an average value for a distance
between a cell and an adjacent cell.

4. The method of claim 1, further comprising:

recognizing initial segment allocation for the all cells in the

system, determining a proximity of each sector pair for
the cells using the recognized initial segment allocation,
computing an objective function value using the deter-
mined proximity, and storing the computed objective
function value in a memory;

selecting one or more cells for segment reallocation, real-

locating segments with respect to internal parts of clus-
ters corresponding to the selected cells, determining a
proximity of each sector pair for the cells using a corre-
sponding segment reallocation result for each selected
cell, and computing an objective function value using
the determined proximity; and

comparing the objective function value of each selected

cell with the stored objected function value and updating
the objective function value stored in the memory to be
a smallest objective function value.

5. The method of claim 4, wherein the selecting of one or
more cells is repeated until the objective function value is not
updated by a predetermined number of times or more.

6. The method of claim 5, further comprising, when the
objective function value is not updated by the predetermined
number of times or more, determining segment allocation for
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the objective function value which is not updated by the
predetermined number of times or more as optimal segment
allocation.

7. The method of claim 4, wherein objective function value
is computed by using

mm[z (prox_iw; + prox_w;i)|,
i

where w, denotes a sector having a greatest sector pair prox-
imity among sectors each having the same segment as a sector
i, and prox_ab denotes a proximity of a sector a to a sector b,
and

wherein the objective function is performed so that a sector

pair is generated in accordance with one sector that is
affected the most by segment duplication while mini-
mizing a sum of proximities of all sectors with respect to
the generated sector pair.

8. The method of claim 4, wherein the determining a prox-
imity of each sector pair for the cells using the initial segment
allocation, or determining a proximity of each sector pair for
the cells using a segment reallocation result comprises:

selecting an arbitrary sector pair (i, j) whose proximity is

undetermined;
computing a location of a virtual user of the sector i and
computing a proximity of the sector i to the sector j by
using the computed location of the virtual user of the
sector i;

computing a location of a virtual user of the sector j and
computing a proximity of the sector j to the sector i by
using the computed location of the virtual user of the
sector j; and

determining a proximity of the arbitrary sector pair (i,j) by

summing the proximity of the sector i to the sector j and
the proximity of the sector j to the sector i.

9. The method of claim 8, wherein the virtual user of each
sector is located at a position corresponding to %4 of an aver-
age Base Station (BS) radius in a system along a same line of
an antenna azimuth of a corresponding sector.

10. The method of claim 9, wherein the average BS radius
is Y2 of an average BS distance that is an average distance
from an arbitrary BS to an adjacent BS with respect to all BSs
existing in the system.

11. The method of claim 8, wherein the proximity of sector
ito sector j is computed using a path loss value between sector
j and the virtual user of sector i, and the proximity of sector j
to the sector iis determined by using a path loss value between
sector i and the virtual user of sector j.

12. The method of claim 8, wherein the proximity of sector
i to sector j is computed in accordance with at least one
selected from a group consisting of an antenna azimuth of
sector i, an antenna pattern, and transmission power, and the
proximity of sector j to the sector i is computed in accordance
with at least one selected from a group consisting of an
antenna azimuth of sector j, an antenna pattern, and transmis-
sion power.

13. An apparatus for reallocating segments in a wireless
communication system, the apparatus comprising:

an average density calculator for computing an average

density for all cells in the system;

an average distance calculator for computing an average

minimal inter-cell distance R;
a cluster generation condition comparator for determining
acircle for each cell having a radius kR and a center at a



US 8,041,357 B2

13

corresponding cell by increasing a constant k until the
density of the circle becomes less than or equal to the
average density; and

a cluster generator for generating, for each cell, a cluster
that is composed of cells included in the determined
circle.

14. The apparatus of claim 13, wherein the density indi-
cates how many cells are densely aggregated and is computed
using: density=(number of cells included in target topology)/
width of target topology.

15. The apparatus of claim 13, wherein the average mini-
mal inter-cell distance R is an average value for a distance
between a cell and an adjacent cell.

16. The apparatus of claim 13, further comprising:

an existing allocation input unit for recognizing initial
segment allocation or the cells;

a reallocation cell candidate selector for selecting one or
more cells for segment reallocation;

a segment reallocator for reallocating segments with
respect to only internal parts of clusters corresponding to
the one or more cells selected;

a proximity determining unit for determining proximities
of sector pairs of the cells using the recognized initial
segment allocation and for determining proximities of
sector pairs for the selected cells using a corresponding
segment reallocation result; and

a reallocation result comparator for computing objective
function values by using the determined proximities and
for determining segment allocation corresponding to a
smallest objective function value as optimal segment
allocation by using the objective function values.

17. The apparatus of claim 16, wherein the segment real-
location cell candidate selector repeats the cell selection pro-
cess until the determined optimal segment allocation is not
updated by a predetermined number of times or more.

18. The apparatus of claim 16, wherein the objective func-
tion value is computed by using
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mm[z (prox_iw; + prox_w;i)|,
i

where w, denotes a sector having a greatest sector pair prox-
imity among sectors each having a same segment as a sector
i, and prox_ab denotes a proximity of a sector a to a sector b,
and

wherein the objective function is performed so that a sector
pair is generated in accordance with only one sector that
is affected the most by segment duplication while mini-
mizing a sum of proximities of all sectors with respect to
the generated sector pair.

19. The apparatus of claim 16, further comprising:

a sector pair (i, j) selector for selecting an arbitrary sector
pair (i, j) having an undetermined proximity among the
generated sector pairs;

a sector 1’s virtual user location calculator for computing a
location of a virtual user of the sector i;

a sector i’s proximity calculator for computing a proximity
of the sector i to the sector j by using the computed
location of the virtual user of the sector i;

a sector j’s virtual user location calculator for computing a
location of a virtual user of the sector j;

a sector j’s proximity calculator for computing a proximity
of the sector j to the sector i by using the computed
location of the virtual user of the sector j;

a sector pair (i, j)’s proximity storage for determining a
proximity of the arbitrary sector pair (i,j) by summing
the proximity of the sector i to the sector j and the
proximity of the sector j to the sector i.

20. The apparatus of claim 19, wherein the virtual user of
each sector is located at a position corresponding to %2 of an
average Base Station (BS) radius in a system along a same
line of an antenna azimuth of a corresponding sector.

21. The apparatus of claim 20, wherein the average BS
radius is Y2 of an average BS distance that is an average
distance from an arbitrary BS to an adjacent BS with respect
to all BSs existing in the system.
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