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that cannot be used by the neighboring subdivisions and, If the frequency exists, may select the frequency for use by the central

subdivision. If such a frequency does not exist, the method may identify a frequency that can be used by fewer of the neighboring
subdivisions than other frequencies and select the identified frequency for use by the central subdivision.
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ABSTRACT

The present disclosure relates generally to systems and methods for
dynamic frequency selection based on spectrum etiquette. In one example, the
method includes identifying multiple frequencies usable by a central subdivision in a
wireless communication system that are not in use by neighboring subdivisions. The
method may determine whether the frequencies include a frequency that cannot be
used by the neighboring subdivisions and, if the frequency exists, may select the
frequency for use by the central subdivision. If such a frequency does not exist, the
method may identify a frequency that can be used by fewer of the neighboring
subdivisions than other frequencies and select the identified frequency for use by the
central subdivision.
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SYSTEM AND METHOD FOR DYNAMIC FREQUENCY
SELECTION BASED ON SPECTRUM ETIQUETTE

BACKGROUND

Wireless communications systems generally use multiple frequencies to
provide greater bandwidth than would be possible using a single frequency. Such
systems, particularly large-scale systems such as those used for telecommunications,
are typically divided into cells that provide wireless coverage to a particular area,
although some overlap may exist between cells. In some systems, cells may be
further divided into sectors. The use of multiple frequencies may cause interference
between cells or between sectors.

To avoid such inter-cell or inter-sector interference, some wireless
communication technologies may use spectrum planning to avoid interference
between cells. Such advance spectrum planning may be used in technologies such as
time division multiple access (TDMA) systems (e.g., Global System for Mobile
communication (GSM), General Packet Radio Service (GPRS), and Enhanced Data
Rates for GSM Evolution (EDGE) systems). Some systems, such as those using
Orthogonal Frequency Division Multiplexing (OFDM) technology, may avoid inter-
cell interference by requiring that neighboring cells use different frequencies. This
may be accomplished, for example, by planning the frequency assignment in advance
or by using a central controller to dynamically assign a frequency to each cell.
However, assigning frequencies in advance may not be desirable in some situations,
and relying on a central controller to assign frequencies may introduce issues such as
scalability and point-of-failure. What is needed are a system and method for

dynamically assigning frequencies in a wireless communications system.

SUMMARY

In one embodiment, a method comprises identifying a plurality ot frequencies
usable by a central subdivision in a wireless communication system. The method

determines whether the plurality of frequencies includes a first
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frequency that cannot be used by the neighboring subdivisions and selects the first
frequency for use by the central subdivision if the first frequency exists. The method
identifies a second frequency of the plurality of frequencies that is used by fewer of
the neighboring subdivisions than other frequencies of the plurality of frequencies if
the first frequency does not exist, and selects the second frequency for use by the
central subdivision. -

In another embodiment, a method comprises identifying a first set of
frequency channels representing frequency channels usable by a central subdivision
in a wireless communication system. The method identifies a second set of frequency
channels representing frequency channels from the first set that are not in use by
neighbour subdivisions in the wireless communication system, and identifies a third
set of frequency channels representing frequency channels from the second set that
cannot be used by the neighbour subdivision. A first frequency channel is selected
from the third set for use by the central subdivision if the third set includes at least
one frequency channel, and a second frequency channel is selected from the second
set for use by the central subdivision if the third set does not contain at least one
frequency channel.

In yet another embodiment, a wireless communication system comprises a
central subdivision and a central base station. The central base station provides
wireless coverage for the central subdivision and is coupled to a processor configured
to execute instructions stored on a memory. The instructions include instructions for
identifying a first set of frequencies usable by the central subdivision and identifying
a second set of frequencies containing frequencies from the first set that are not in use
by neighbour subdivisions of the central subdivision. The instructions also include
Instructions for determining whether the second set includes a first frequency that
cannot be used by the neighbour subdivisions, and instructions for selecting the first

frequency tor use by the central subdivision if the first frequency exists.
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BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from the following

5  detailed description when read with the accompanying figures. It is emphasized that,

in accordance with the standard practice in the industry, various features are not
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drawn to scale. In fact, the dimensions of the various features may be arbitrarily
increased or reduced for clarity of discussion.

Fig. 1 is a flowchart illustrating one embodiment of a method for
dynamically selecting a frequency based on spectrum etiquette.

Fig. 2 is a diagram of one embodiment of a network in which the method
of Fig. 1 may be implemented.

Fig. 3 is a flowchart illustrating another embodiment of a method for
dynamically selecting a frequency based on spectrum etiquette.

Figs. 4a-4g are diagrams of the network of Fig. 2 illustrating an example
of frequency selection using the method of Fig 3.

Fig. 5 is a diagram of another embodiment of a network in which the
method of Fig. 1 may be implemented.

Fig. 6 is a diagram of yet another embodiment of a network in which the
method of Fig. 1 may be implemented.

DETAILED DESCRIPTION

It is to be understood that the following disclosure provides many
different embodiments, or examples, for implementing different features of the
disclosure. Specific examples of components and arrangements are described below
to simplify the present disclosure. These are, of course, merely examples and are not
intended to be limiting. In addition, the present disclosure may repeat reference
numerals and/or letters in the various examples. This repetition is for the purpose of
simplicity and clarity and does not in itself dictate a relationship between the various

embodiments and/or configurations discussed.

Referring to Fig. 1, in one embodiment, a method 100 may be used to
dynamically select one or more frequencies for a subdivision (e.g., a cell, sector, or
other network segment) of a wireless communication network. It is understood that
the terms “cell” and “sector” are used throughout the present disclosure for purposes
of illustration and may be interchangeable depending on the configuration of a
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particular network. In the present example, each cell may share one or more
frequencies with neighboring cells, although a cell may also be able to use one or
more frequencies not available to the neighboring cells. The neighboring cells may
be limited to adjacent cells or may include cells beyond the adjacent cells.

Dynamic frequency selection may be desirable, for example, as more of
the frequency spectrum becomes available for license-exempted or light-licensing
operations. In systems based on such concepts, each cell or sector may dynamically
identify and select a frequency with the consideration of avoiding inter-cell
interference.  The need for accomplishing such identification and selection
dynamically is due in part to the difficulty of advance frequency planning in systems
where frequency availability changes over time. In systems that must handle
changing frequency availability, a centralized decision-making scheme may present
1ssues such as scalability and point-of-failure. Although some simple schemes may
exist for spectrum sharing negotiations between, for example, two neighboring cells,
such schemes do not satisfy the need for systematic dynamic frequency-sharing in
large-scale wireless systems. Accordingly, the method 100 may be used in such
systems to dynamically identify and select available frequencies for a cell and/or a
sector while minimizing the impact of the selection on neighboring cells and/or

SeCctors.

In step 102, an access point (e.g., a base station) or other processing
means associated with a cell identifies a set of frequencies that are available for use
by the cell and are not being used by a neighboring cell. In the present example, a
frequency may be identified as available if it is picked up by the cell and the cell is
configured to use that frequency, and may include one or more backup bands. In
step 104, a determination may be made as to whether the set of frequencies contains

at least one frequency that cannot be used by the neighboring cells. If a frequency
exists that cannot be used by the neighboring cells, the method 100 continues to step
106, where the frequency is selected for use by the cell. If the cell needs multiple
frequencies and there are multiple frequencies available as determined in step 104,
the cell may select enough of the frequencies to satisfy its frequency demands.

In step 110, a determination may be made as to whether the cell has
obtained enough frequencies. If not (e.g., if there were not enough frequencies
identified in step 104 to meet the cell’s needs), the method 100 may move to step
108. The method 100 may also move directly to step 108 from step 104 if no
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frequencies are identified that cannot be used by the neighboring cells. In step 108, a
frequency is selected from the set of frequencies that will have the least effect on the
surrounding cells. The selection may be based on one or more parameters. For
example, a frequency may be selected that can be used by the smallest number of
neighboring cells. In another example, the frequency may be selected based on
anticipated traffic volume for a given cell or a given time period (e.g., rush hour).
The method may then continue to step 110, and determine whether more frequencies
are needed by the cell. If so, the method 100 may return to step 108. In some
embodiments, the method 100 may return to steps 102, 104, and/or 106, depending
on the configuration of the cell. For example, if there are not enough frequencies for
the cell, the method 100 may return to step 102 and determine if additional
frequencies have become available. Accordingly, the method 100 may be used to
dynamically select one or more frequencies for a cell while attempting to minimize

the impact of the frequency selection on neighboring cells.

Referring to Fig. 2, in one embodiment, a portion of a wireless network
200 is illustrated with cells 202a and 202b and corresponding access points (e.g.,
base stations) 204a and 204b. Although not shown, it is understood that base
stations 204a and 204b may include processors, memories, and other components
that enable the base stations to receive, store, retrieve, process, and transmit
instructions and data over wireless and/or wireline communication links.
Furthermore, at least some functionality of a base station may be distributed and
located elsewhere, either within a cell or outside of a cell.

In the present example, the network 200 may be a wireless regional access

network (WRAN), but it is understood that the wireless network 200 may also
represent many different types of wireless networks. In some embodiments, the

wireless network 200 may be configured to use available television (TV) spectrum
frequencies in certain areas (e.g., rural areas) to provide additional bandwidth to user
terminals. For example, a fixed point-to-multipoint WRAN may be configured to
use ultra high frequency and very high frequency (UHF/VHF) TV bands between 54
and 862 MHz. Such specifications may comply, for example, with those developed
by the Institute of Electrical and Electronics Engineers (IEEE) 802.22 Working
Group on WRANS. It is understood, however, that the present disclosure is not
limited to TV spectrum frequencies and that other frequencies may be used in place

of or in addition to those in the TV spectrum.
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In the present example, the cells 202a and 202b are shown 1n a sectorized
configuration. More specifically, the cell 202a is divided into sectors 206a-206f and
the cell 202b is divided into sectors 208a-208f. It is understood that the terms of
central sector/cell and neighboring sector/cell are relative. For example, if there 1s
no sectorization in the illustrated topology, a central cell may have six neighbor cells
(see F1g. 5 for an example). Furthermore, a neighbor cell or sector may not be
immediately adjacent to a central sector in some embodiments. For example, any of
the illustrated sectors may be a neighbor sector to sector 208d. Accordingly, the
present disclosure 1s not limited to the use of immediately adjacent neighbor cells. In
the present 1llustration using sectorization, there are six sectors per cell and a central
sector has three neighboring sectors. It is understood that more or fewer sectors may
be used and that the illustrated configuration of six sectors per cell is for purposes of

example only.

To avoid inter-cell and inter-sector interference, neighboring cells and/or
sectors should generally cooperate when deciding what frequency bands to use. In
the network 200, each cell 202a and 202b may pick up an available frequency band
dynamically, which forecloses the possibility of advance frequency planning and
assignment. Without cooperation between the cells and/or sectors, the frequency
selection 1n a particular cell may prevent neighboring cells from properly
functioning. For example, assume that the available frequency channels at base
stations 202a and 202b are {1, 3} and {1, 2, 3}, respectively. If base station 202b
decides to use channels {1, 3}, then base station 202a has no available channel.
Furthermore, cooperation may be used to facilitate load balancing within the wireless
network 200. For example, if base station 202a is heavily loaded (e.g., has a large

amount of traffic) and base station 202b is not heavily loaded, then base station 202a
may use {1, 3} and base station 202b may use {2}. This provides base station 202a
with additional bandwidth to handle its heavier load while allowing base station

202Db to still provide service. Accordingly, each base station 202a and 204b may be
configured to dynamically select frequencies to be used in its corresponding cells

and/or sectors.

Referring to Fig. 3, a method 300 illustrates a more detailed embodiment
of a process for dynamically selecting one or more frequencies. The following
entities may be defined for the method 300:

Fusable. ip = frequencies that do not interfere with incumbent uses.
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These frequencies may always be usable or may be usable according to
defined parameters (e.g., during certain times of day, etc.).

Fued 1p = frequencies that the central sector has selected for use,
which may include one or more backup bands.

Fo 001 = the frequencies that are usable by the central sector and are
not in use by neighbor sectors = Fygapie, 10 \ (Fused Nt U Fuseana U Fused.N3)-

F,...; = the frequencies that are usable by the central sector and not
usable by neighbor sectors = Fpool \ {Fusable,Nl U Fusable,N2 UF usable,N3)'

The symbols “U” and “\” are set notation operators representing union
and exclusion, respectively. The term “ID” represents a sector ID (and may
represent a cell ID in non-sectorized examples). In the present example, “ID”
represents the ID of the central sector, whereas neighbor sectors are denoted by

GCNIQS, 6‘N299, and CCN39’.

With continued reference to Fig. 3 and additional reference to Figs. 4a-4g,
the wireless network 200 of Fig. 2 is used for purposes of example as a system
within which the method 300 may be executed. It is understood that the method 300
may be used in other networks, including cellular networks (e.g., TDMA networks).
In the example of Fig. 4a, the sector 208d is the central sector, and sectors 206d,

208e¢, and 208c are neighbor sectors N1, N2, and N3, respectively.

In step 302 (and corresponding Fig. 4a), the central sector 208d may
identify Fuapemn. As described above, this may include frequencies that do not
interfere with incumbent uses. In the present example, Fgpe includes frequency
channels 1, 3, 4, 6, 7, and 9, as illustrated below in Table 1. Although not calculated
in Fig. 3 (in the present embodiment), Fspieni for sector 206d includes channels 1,
2, 3, and 9, Fpiena for sector 208¢ includes channels 1, 5, and 6, and Fspiens for
sector 208¢ includes channels 1, 4, 6, and 8. The information for neighbor sectors
may be provided, for example, by the base station 204a for sector 206d, and may be

known by the base station 204b for sectors 208¢ and 208c.
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Table 1
Neighbor 1 Neighbor 2 | Neighbor 3 Central
| }
( Fusab]e I 1929399 19596 l 1945638 13334)69799

In step 304 (and corresponding Fig. 4b, where underlining indicates a
used channel), the central sector 208d may identify F,o, which may be the
frequencies that are usable in the central sector 208d and are not used by neighbor
sectors 206d, 208e, and 208¢c. To determine F,,,, the central sector 208d may need
to identify the frequency channels used by neighbor sectors 206d, 208e, and 208c
(1.., Fused N1> Fused. N2> @nd Feeq n3)- In the present example, Fueq vy = 2 and 9, Figeq,
N2 = 9, and Fyeeq n3 = 8. The frequency channels to be included in Foo Include the
channels in Fgpe ;p With the exception of the channels in Fygeq N15 Fused, N2> and Fgeq
n3. Accordingly, F,,, includes channels 1, 3, 4, 6, and 7, as illustrated below in

Table 2. Channel 9 is excluded from F,, since it is in use by sector 206d.

Table 2
r [ Neighbor 1 | Neighbor 2 :Neiéhbor 3 | Central
| L
Fusable 1329399 15596 194:638 19394969799
Fused | 299 5 8
Fpool 153549697

In step 306, the central sector 208d may i1dentify F)..,, which may include
the frequencies that are usable by the central sector and not usable by neighbor
sectors. In the present example, central sector 208d may use frequency channel 7,
but channel 7 cannot be used by neighbor sectors 206d, 208e, and 208c¢ (1.¢., channel

7 15 1N Fgapie.ips DUt 1S not 1n Fygapie N1, Fusablenzs OF Fusable n3)- Accordingly, channel 7

1S 1n Fj,., for central sector 208d, as illustrated below in Table 3.

Table 3

Neighbor 1

| Neighbor 2

Neighbor 3

Central
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Fore ] 1.2.3.9 [1.5.6 1.4.6.8 11.3.4.6.7.9
i 2.9 5 3
Fpool 1,3,4,6,7
Flocal ! 7

In step 308 (and corresponding Fig. 4¢), a determination may be made as
to whether any frequencies exist in Fj,.s. If Fiocar do€s not contain any frequencies,
the method 300 continues to step 314. If F,,., contains at least one frequency, the
frequency is selected in step 310. In the present example, channel 7 would be
selected in step 310, as illustrated below in Table 4. The central sector 208d may
also update F .4 In step 310 to notify other sectors that the selected channel 1s now in

use.

Table 4

R T

— —

B #’ N;ighl;or ] Neig};bor 2 _’_N-eighrbor 3 Central

| Fuabi 1,2,3,9 1,5,6 1,4,6,8 1,3,4,6,7,9

[ - |

[ Fused 259 S 8 7

] L il —

Fpool | 1,3,4,6,7

17

Pth
=)
©
=8

1% selection 7

Al —

In step 312, a determination may be made as to whether the central sector
208d needs additional frequencies. If not, the method 300 may end. If the central
sector 208d does need additional frequencies, the method 300 may return to step 308
to determine if F,.; contains another available frequency. If F ., contains another
available frequency, it may be selected in step 310 as previously described. It is
understood that steps 308, 310, and 312 may be repeated until the central sector 208d
has enough frequency channels or until F) ., contains no more available frequencies.

In the present example, F,.. contains only channel 7 and the method 300
continues to step 314 (and corresponding Fig. 4d) to secure another frequency
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channel for the central sector 208d. In step 314, the method 300 attempts to identify
a frequency that, if selected by the central sector 208d, will have the least impact on
the neighbor sectors 206d, 208e, and 208c. For example, step 314 may entail
examining Fyspie N1, Fusable N2, and Fusapie N3 to determine which channels are usable by
5 fewer of the neighbor sectors 206d, 208e, and 208c than other channels. Note that
channels in Fyed N1» Fused, N2» and Fiugeq n3 may be excluded from this analysis.

ACCOfdingly, Fusable,Nl \ Fused, Nl — {la 3} s F usable N2 \ F used, N2 = {1, 6}9 and Fusable,N3 \
Fused,N2 = {19 49 6}

In the present example, channel 3 is usable only by neighbor sector 206d,

10 channel 4 is usable only by neighbor sector 208¢, channel 6 is usable by neighbor

sectors 208¢ and 208c, and channel 1 is usable by all three neighbor sectors.

Therefore, 1dentifying the impact of frequency channels based only on their usability

may result in channel 3 and 4 having the least impact (a single neighbor sector),

channel 6 having the next level of impact (two neighbor sectors), and channel 1

15 having the most impact (three neighbor sectors). Accordingly, in the present

example, one of channels 3 and 4 may be identified in step 314 and selected in step

316. The selection of the particular channel may be random or may use other criteria

(e.g., past traffic patterns may indicate that channel 3 is more likely to be needed

than channel 4). In the present example, channel 4 is selected, as illustrated below in

20 Table 5. The central sector 208d may also update F 4 in step 316 to notify other
sectors that the selected channel is now in use.

Table 5

- _—LNeigﬁbori | Neighbor2 | Neighbor3 | Central ‘
 Foatr 1239 | 156 1 1.4.6.8 1,3,4,6,7,9

F ooy 2.9 15 g 4.7

Frow | | | 1 1.3.4.6.7

| Flo - L J i | 7

[ 1% selection 1 7
2 celection 4 (from 3,4)
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In step 318, a determination may be made as to whether the central sector
208d needs additional frequencies. If not, the method 300 may end. If the central
sector 208d does need additional frequencies, the method 300 may return to step 314
to identify another frequency that, if selected by the central sector 208d, will have

5 the least impact on the neighbor sectors 206d, 208e, and 208c. It is understood that
the method 300 may return directly to step 316 if the additional frequency has

already been 1dentified.

For example, step 314 may identify each available

frequency and their impact, and step 316 may simply select the needed number of
frequencies from those identified.

10 As stated previously, frequency channel 3 has the least impact of the
remaining channels (i.e., 3, 6, and 1) and so may be selected in the current iteration
of step 316 (and corresponding Fig. 4e). This is illustrated below in Table 6.

Table 6
_lNelghbor 1 Neighbor 2 J Neighbor 3 T Central ) i
usable 1,2,3,9 1,56 1,4,6,8 1,3,4,6,7,9
#used 2.9 5 8 3.4.7
F poot | 1,3,4,6,7 J
| Flocal B | 7
[* selection L 7
2" selection 4 (frorﬂ 3,4)
| 34 selection I 1 r L 3 (from 3) |
15 If needed, further iterations of step 316 may result in the selection of

channel 6 followed by the selection of channel 1 (illustrated in Figs. 4f and 4g,
respectively). An example of the final channel allocation is illustrated below in

Table 7.

20
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Table 7
) Neighbor 1 Neighbor 2 Neighbor 3 Central
F isable 1,2,3,9 1,5,6 i 1,4,6,8 4 1,3,4,6,7,9
Fused 2,9 D 8 1,3,4,6,7
F o | j 1,3,4,6,7
h‘ local d 7
{ 1% selection | I 7
| 2" selection 4 (from 3,4)
: 3" selection L 3 (from 3)
| 4™ selection J 6 (from 6)
| 5" selection i + 1 (from 1)

It 1s understood that restrictions may be placed on the central sector 208d
to regulate its selection of channels. For example, central sector 208d may be
limited to selecting a maximum number of channels or may be prohibited from
selecting a channel usable by multiple neighbor sectors. Furthermore, past traffic
patterns may be used to restrict the ability of the central sector 208d to select a
particular channel or to select a channel that are usable by a particular sector.
Accordingly, the actual selection process used by the central sector 208d may be
modified in many different ways. In some embodiments, the method 300 may return

to steps 302, 304, and/306 to recalculate some or all of Fygapie, Fpoot, and/or Fioea. For
example, it there are not enough frequencies available after all frequencies have been

selected, the method 300 may return to step 302 to determine if additional frequency
channels have become available.

It 1s understood that a neighbor cell or sector may not be immediately
adjacent to a central sector. For example, sector 206¢ (Fig. 2) and other non-adjacent
sectors may be included when determining which frequency channels to select using
a method such as the method 300 of Fig. 3. Accordingly, the present disclosure is
not limited to the use of immediately adjacent neighbor cells.

In other embodiments, the central sector 208d may request that a neighbor
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cell release a frequency channel if not enough channels are available for the central
sector. For example, central sector 208d may request that the neighbor sector 206d
release channel 9 for use by the central sector. In still other embodiments, the central
sector 208d or a neighbor sector may mark a channel as used (e.g., may place the
channel in the sector’s Fu.q set) to reserve the channel for future use. For example, if
a sector anticipates an increased traffic volume at a particular time of day based on
past traffic patterns, the sector may attempt to reserve one or more channels to serve
the increased traffic volume while avoiding the need to identify available channels at

the time they are needed.

Referring to Fig. 5, an embodiment of a system 500 illustrates non-

sectorized cells 202a and 202b (Fig. 2) and cells 502a-502¢ (having base stations
504a-504e, respectively). A method such as the method 100 of Fig. 1 or the method
300 of Fig. 3 may be used within the system 500 to dynamically select one or more
frequencies for use by one of the cells. For example, if the cell 202a is the central

cell, then the cell 202a may select frequencies based on Fgpie s Fused,ms Fpool, and
Fio.q as described previously with respect to sectors. The selection may take into
account F . and Fq for each of the neighbor cells 202b and 502a-502¢ (and other
neighbor cells if non-adjacent cells are considered). Accordingly, a non-sectorized
center cell may identify and select frequency channels dynamically based on

previously described parameters.

Referring to Fig. 6, a communications network 600 illustrates another
embodiment of a system within which the method 100 of Fig. 1 may be executed. In
the present example, the network 200 is a TDMA network that may be compatible

with a variety of standards including, but not limited to, GSM. Accordingly, it 1s
understood that the methods of the present disclosure may be performed in networks

based on different technologies.

The network 600 includes a plurality of cells 202a, 202b (e.g., the cells
202a and 202b of Fig. 2). In the present example, the network 600 is a wireless
network, and may be connected to other wireless and/or wireline networks, such as a

Public Switched Telephone Network (PSTN) 602a and a packet network 602b. Each
cell 202a, 202b in the network 600 includes a base station (BS) 204a, 204b,
respectively, that are coupled to base station controllers (BSC) 604a, 604b,
respectively. A mobile switching center (MSC) 606 may be used to connect the
network 600 with other networks such as the PSTN 602a. Although not shown, the
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base stations 204a and 204b may be coupled to the same BSC, and the BSCs 604a
and 604b may be coupled to separate MSCs. The BSC 604b may be coupled to a
packet-switched node 608 (e.g., a packet data node such as a packet data serving
node (PDSN)) that is coupled to the packet network 602b. It is understood that other
network components, such as a Gateway Mobile Switching Center (GMSC), Home
Location Register (HLR), Visitor Location Register (VLR), Authentication Center
(AuC), Equipment Identity Register (EIR), and/or a Short Message Service Gateway,
are not shown for purposes of clarity but may be included in the network 600. As
such components are well known to those of skill in the art, they are not described in
detail herein.

The network 600 enables a mobile device 610 to communicate with
another device (not shown) via the BS 204a associated with the cell 202a in which
the mobile device is located. Although illustrated in Fig. 6 as a cellular phone, it is
understood that the mobile device 610 may be any portable device capable of
wirelessly participating in a communication session, and such devices may include
personal digital assistants, portable computers, pagers, and/or cellular phones. The
cells 202a, 202b overlap so that the mobile device 610 may travel from one cell to
another (e.g., from the cell 202a to the cell 202b) while maintaining a
communication session. In a handoff region 612 (e.g., the area where the cells 202a,
202b overlap), the mobile device 610 may be serviced by both the BS 604a and the
BS 604b. Frequency selection by the cells 202a and 202b, as well as frequency
selection within the cells (if sectorized), may be accomplished using a method such
as the method 100 of Fig. 1 and/or the method 300 of Fig. 3.

Although only a few exemplary embodiments of this disclosure have
been described in details above, those skilled in the art will readily appreciate that
many modifications are possible in the exemplary embodiments without materially
departing from the novel teachings and advantages of this disclosure. Also, features
1llustrated and discussed above with respect to some embodiments can be combined
with features illustrated and discussed above with respect to other embodiments. For
example, various steps from different flow charts may be combined, performed in an
order different from the order shown, or further separated into additional steps.
Furthermore, steps may be performed by network elements other than those
disclosed. Accordingly, all such modifications are intended to be included within the

scope of this disclosure.
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The embodiments of the invention in which an exclusive property or

privilege is claimed are defined as follows:

1. A method comprising:

1dentifying a plurality of frequencies usable by a central subdivision in a
wireless communication system;

determining whether the plurality of frequencies includes a first
frequency that cannot be used by neighboring subdivisions;

selecting the first frequency for use by the central subdivision if the first
frequency exists;

identifying a second frequency of the plurality of frequencies that is used
by fewer of the neighboring subdivisions than other frequencies of the plurality
of frequencies if the first frequency does not exist; and

selecting the second frequency for use by the central subdivision.

2.  The method of claim 1 further comprising:

determining whether an additional frequency is needed by the central
subdivision;

determining whether the plurality of frequencies includes a third
frequency that cannot be used by the neighboring subdivisions; and

selecting the third frequency for use by the central subdivision if the

third frequency exists.

3. The method of claim 1 or 2 further comprising identitfying a fourth
frequency of the plurality of frequencies that can be used by an identical

number of the neighboring subdivisions as the second frequency, wherein the

second frequency is selected randomly from the second and fourth frequencies.
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4, The method of any one of claims 1 to 3 further comprising, if the
plurality of frequencies usable by the central subdivision are all in use by the
neighboring subdivisions, requesting that a neighboring subdivision release at

least one of the plurality of frequencies for use by the central subdivision.

3. The method of any one claims 1 to 4 further comprising marking the

selected first or second frequency to indicate that the selected first or second

frequency is in use by the central subdivision.

6. A method comprising:
identifying a first set of frequency channels representing frequency
channels usable by a central subdivision in a wireless communication system;
1dentifying a second set of frequency channels representing frequency

channels from the first set that are not in use by neighbor subdivisions in the

wireless communication system;
identifying a third set of frequency channels representing frequency
channels from the second set that cannot be used by the neighbor subdivisions;
selecting a first frequency channel from the third set for use by the
central subdivision if the third set includes at least one frequency channel; and
selecting a second frequency channel from the second set for use by the

central subdivision if the third set does not contain at least one frequency

channel.

7. The method of claim 6 further comprising selecting additional channels
from the third set for use by the central subdivision until a number of channels

needed by the central subdivision is met.

8.  The method of claim 6 or 7 further comprising selecting the second

channel] from the second set for use by the central subdivision after the first
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channel is selected if the third set contains only the first channel and the central

subdivision requires additional channels.

9. The method of claim 6 or 7 further comprising selecting the second
channel from a plurality of frequency channels in the second set, wherein the
second channel 1s selected because use of the second channel by the central
subdivision has less impact on neighbor subdivisions than use of another of the

plurality of frequency channels from the second set by the central subdivision.

10. The method of claim 9 wherein the second channel is selected from the
plurality of frequency channels in the second set because the second channel is
usable by fewer neighbor subdivisions that any other of the plurality of

frequency channels in the second set.

11. The method of claim 9 wherein the second channel and a third channel
are usable by fewer neighbor subdivisions that any other of the plurality of
frequency channels in the second set, and wherein the second channel is

selected randomly from a subset of the second and third channels.

12.  The method of claim 9 wherein the second channel and a third channel
are usable by tewer neighbor subdivisions that any other of the plurality of
frequency channels in the second set, and wherein the second channel is
selected from a subset of the second and third channels based on a traffic

pattern.

13. The method of claim 6 further comprising updating a fourth set with the
selected first or second channel, wherein the fourth set represents frequency

channels in use by the central subdivision.
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14. The method of claim 6 further comprising requesting by the central

subdivision that a neighbor subdivision release a frequency channel if the first

and second sets are empty.

15. The method of claim 6 further comprising reserving the selected first or

second channel for future use by the central subdivision.

16. A wireless communication system comprising:

a central subdivision;

a central base station providing wireless coverage for the central
subdivision, wherein the central base station is coupled to a processor
configured to execute instructions stored on a memory, and wherein the

instructions include instructions for:
identifying a first set of frequencies usable by the central
subdivision;
1dentifying a second set of frequencies containing frequencies

from the first set that are not in use by neighbor subdivisions of the

central subdivision;

determining whether the second set includes a first frequency that

cannot be used by the neighbor subdivisions; and

selecting the first frequency for use by the central subdivision if

the first frequency exists.

17. The wireless communication system of claim 16 further comprising

instructions for:

determining whether the second set includes a second frequency that is

used by fewer of the neighboring subdivisions than other frequencies of the

second set if the first frequency does not exist; and

selecting the second frequency for use by the central subdivision.



CA 02627961 2011-12-15

-19 -

18.  The wireless communication system of claim 16 or 17 wherein the

central subdivision forms part of a wireless regional access network (WRAN).

19.  The wireless communication system of claim 16 or 17 wherein the

central subdivision is a cell.

20.  The wireless communication system of claim 16 or 17 wherein the

central subdivision is a sector.
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