
(19) United States 
US 20020O28677A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0028677 A1 
Johnson et al. (43) Pub. Date: Mar. 7, 2002 

(54) WIRELESS COMMUNICATION METHODS (30) Foreign Application Priority Data 
AND SYSTEMS USING MULTIPLE 
ADJACENT SECTORED CELLS Apr. 10, 2001 (US)............................. PCT/US01/11784 

(76) Inventors: Thomas J. Johnson, Bedford, NH 
(US); Christopher M. Moritz, 
Manchester, NH (US); Daniel 
Harrison, Litchfield, NH (US) 

Correspondence Address: 
WOLF GREENFIELD & SACKS, PC 
FEDERAL RESERVE PLAZA 
600 ATLANTIC AVENUE 
BOSTON, MA 02210-2211 (US) 

(21) Appl. No.: 09/852,511 

(22) Filed: May 10, 2001 

Related U.S. Application Data 

(63) Continuation-in-part of application No. 09/546,060, 
filed on Apr. 10, 2000. 

Publication Classification 

(51) Int. Cl." ....................................................... H04Q 7/20 
(52) U.S. Cl. ............................................ 455/446; 455/448 

(57) ABSTRACT 

WireleSS communication methods and Systems using mul 
tiple Sectored cells. In one example, each cell of a cellular 
coverage area is divided into a number of Sectors. A number 
of different half duplex or full duplex channels are used in 
each cell to communicate between a base Station and a 
number of Subscriber stations located in the cell. A number 
of different cell configurations may be derived based on 
different channel Sequences amongst cells using Same chan 
nels, different rotations (azimuth orientations) of the cells 
with respect to one another, and/or different channel types 
used amongst cells. Based on the different cell configura 
tions, a variety of core Sectored cell groupS may be formed 
and implemented in extended formations. 
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WIRELESS COMMUNICATION METHODS AND 
SYSTEMS USING MULTIPLE ADJACENT 

SECTORED CELLS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a continuation-in-part of 
U.S. Ser. No. 09/546,060, entitled “WIRELESS COMMU 
NICATION METHODS AND SYSTEMS USING MUL 
TIPLE SECTORED CELLS,” filed Apr. 10, 2000, and 
hereby incorporated herein by reference. The present appli 
cation also claims the benefit under 35 U.S.C. S119(a) of 
PCT Application No. PCT/US01/11784, filed Apr. 10, 2001, 
and hereby incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to wireless commu 
nications, and more particularly, to wireleSS communication 
methods and Systems using multiple Sectored cells. 

DESCRIPTION OF THE RELATED ART 

0003. The communications industry has long sought 
increased capacity communication Systems to bring robust 
communications to the World's population. Much of today's 
communication traffic is in the form of information carriers 
that are encoded with digital data representing information 
to be transported acroSS a communication link. The infor 
mation transported across the link may include, for example, 
voice or video information, as well as textual or graphical 
information, program code (e.g., executable Software or a 
portion thereof) or raw data for a particular application. 
0004. With the increased use of the Internet and other 
forms of data communication in recent years, there has been 
an exponential increase in Worldwide data traffic. The 
increased demand for data communications has essentially 
outpaced the capacity of existing Systems, creating a need 
for higher capacity communication Systems. The capacity of 
a communication link generally refers to the amount of data 
that can be reliably transported over the link per unit time 
and is typically measured in terms of data bits per Second 
(bps). 
0005 Wireless communication systems are recognized as 
an effective method of interconnecting users. WireleSS com 
munication Systems may be preferable, particularly in geo 
graphic locations Such as congested urban areas, remote 
rural areas, or areas having difficult terrains, where it may be 
challenging and/or cost-prohibitive to deploy wire conduc 
tors or fiber optics. Rather than transporting information on 
carriers over a physically tangible communication link Such 
as a wire conductor or fiber optic cable, wireleSS Systems 
radiate information carriers in open space (i.e., over the air) 
throughout a coverage area. The communication link in 
wireleSS Systems generally may be defined by the Spatial 
profile of the radiated information carriers. 
0006 Generally, the information carriers radiated in 
wireleSS communication Systems have particular carrier fre 
quencies and predetermined bandwidths within a designated 
frequency Spectrum for a given communication link. In 
particular, a given information carrier may represent a single 
channel over which to transport information, or may repre 
Sent or form part of a “channel Set' including Several 
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channels over which to transport information. For example, 
a frequency band (i.e., a portion of the designated frequency 
spectrum) centered around a particular carrier frequency 
may be divided into a number of smaller bandwidth fre 
quency channels to form a channel Set, wherein each channel 
of the Set has a respective information carrier that may carry 
unique information. Such a Scheme commonly is known as 
Frequency Division Multiple Access (FDMA). Alterna 
tively, an information carrier having a particular carrier 
frequency may be divided into a number of time slots, 
wherein each time slot represents a channel that may carry 
unique information. Such a Scheme commonly is known as 
Time Division Multiple Access (TDMA). Yet other 
examples of techniques to partition a frequency band into a 
Set of channels include various coding Schemes to uniquely 
identify channels within a set, such as Code Division Mul 
tiple Access (CDMA) which uses a unique pseudo-noise 
digital code (PN code) to encode and decode each channel 
of a channel Set, and various Orthogonal Frequency Division 
Multiplexing (OFDM) techniques (including VOFDM, 
COFDM, SC-OFDM, etc.). For purposes of the present 
disclosure, the term “channel” refers generally to a uniquely 
identifiable conduit for transporting information on a com 
munication link. 

0007. Historically, wireless communication systems have 
found great applicability for communicating with mobile 
users. Generally, conventional mobile wireleSS communica 
tion Systems are designed by dividing a coverage area into 
a number of cells in a honeycomb-like manner. For purposes 
of illustration, the cells in the coverage area often are 
represented as either essentially circular or hexagonal in 
shape. For purposes of this disclosure, it should be appre 
ciated that one or both of a circular or hexagonal cell shape 
may be used interchangeably in the drawings to represent a 
typical cell in a wireleSS communication System coverage 
aca. 

0008 FIGS. 1A and 1B show two examples of common 
arrangements of cells in a conventional mobile wireleSS 
communication System. Generally, it is assumed that each 
cell in Such an arrangement has essentially a same radius and 
covers an approximately circular area, as shown in FIGS. 
1A and 1B. From FIGS. 1A and 1B, it should be readily 
apparent that each cell in an inner portion of the coverage 
area is Surrounded by 6 other cells. 
0009 For wireless communication systems in general, 
frequency spectrum is a valuable commodity. Typical goals 
of a wireleSS communication System designer include reach 
ing as many users as possible via broadband high capacity 
communication links, and doing So by using as little fre 
quency spectrum as possible. In View of the foregoing, a 
variety of frequency spectrum reuse plans and cell layouts 
have been developed, primarily for use in mobile wireleSS 
communication Systems, to reuse portions of frequency 
Spectrum in a number of cells in a coverage area while 
attempting to minimize interference amongst cells in which 
the same frequency spectrum is used. By dividing a cover 
age area into a number of cells, and reusing portions of 
frequency spectrum in Some of the cells, the information 
carrying capacity of the reused portions of frequency Spec 
trum is essentially multiplied by the number of cells in 
which the portions are used. 
0010 FIGS. 1A and 1B show two common frequency 
Spectrum reuse plans for conventional mobile wireleSS com 
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munication systems. In each of the cells shown in FIGS. 1A 
and 1B, radiation (i.e., representing one or more information 
carriers) is transmitted from approximately the center of the 
cell in an omnidirectional manner throughout the cell. The 
radiation transmitted in each cell is allocated a particular 
frequency band within the allotted frequency spectrum for 
the System. The cells are arranged relative to one another 
Such that neighboring cells do not use the same frequency 
band. 

0.011 FIG. 1A shows a coverage area that employs a 
frequency Spectrum reuse plan using three different fre 
quency bands, A, B, and C. The use of three different 
frequency bands in the cell arrangement of FIG. 1A insures 
that no two adjacent cells use the same frequency band. The 
three different frequency bands each may be reused a 
number of times to build up the honeycomb pattern of the 
coverage area shown in FIG. 1A. It is noteworthy in FIG. 
1A that, starting from a center cell 20 which uses the 
frequency band A, the nearest cells 21-21 which also use 
the frequency band Aare removed from the center cell 20 by 
one “layer of intervening cells that surround the center cell 
2O. 

0012 Another possible frequency spectrum reuse plan 
for the cells of FIG. 1A is to employ different radiation 
polarizations amongst cells using a Same frequency band. 
For example, the A cells may use a first frequency band 
having a first polarization, the B cells may re-use the first 
frequency band with an orthogonal polarization to the first 
polarization, and the C cells may use a Second frequency 
band. Alternatively, cells using a same frequency band may 
use different time slots or channel codes, as discussed above, 
to differentiate the information channels amongst the cells. 
In View of the foregoing, the designations A, B, and C in 
FIG. 1A each may refer to one of three different cell 
“configurations, wherein each cell configuration may be 
uniquely identified from another cell configuration by at 
least one of frequency band, polarization, time slot, or 
channel code, for example. Accordingly, as Seen in FIG. 1A, 
in a coverage area having a honeycomb pattern cell arrange 
ment employing three different cell configurations, a "buffer 
layer” of one cell is insured between two cells having the 
same configuration (e.g., using the same frequency band). 
0013 FIG. 1B shows a similar honeycomb pattern 
arrangement of cells in a coverage area employing Seven 
different cell configurations (e.g., seven different frequency 
bands). In particular, a center cell 22 of FIG. 1B is desig 
nated as having a configuration F, while each of six cells 
Surrounding the center cell 22 have a different configuration, 
namely, A, B, C, D, E, and G. By employing Seven different 
cell configurations in the cell arrangement of FIG. 1B, a 
buffer layer of two intervening cells having different con 
figurations is insured between two cells having the same 
configuration, as illustrated by the cells 24-24 which use 
the same configuration F as the center cell 22. 
0.014. Other proposed solutions for increasing the capac 
ity of wireleSS communication Systems have been directed to 
point-to-multipoint configurations for primarily Stationary 
users in a coverage area. In these configurations, often a 
coverage area is divided up in a pie-like fashion into a 
number of wedge-shaped sectors, as shown in FIG. 1C, 
rather than a honeycomb pattern of cells, as shown in FIGS. 
1A and 1B. Such systems typically employ a sectored 
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antenna System, which permits the reuse of frequency Spec 
trum amongst multiple Sectors within the coverage area. In 
the example of FIG. 1C, adjacent sectors of the coverage 
area use information carriers in different frequency bands 
(e.g., F1-F3 for pair A and F2-F4 for pair B), and alternate 
Sectors use a Same pair of carrier frequencies to provide at 
least one full duplex (i.e., two way) information channel in 
each Sector of the cell. By dividing a coverage area into a 
number of Sectors rather than a number of cells, and reusing 
one or more frequency bands in Some of the Sectors, the 
information carrying capacity of the reused frequency bands 
is essentially multiplied by the number of sectors in which 
the bands are used. 

0015. In sum, frequency spectrum reuse may increase the 
information carrying capacity of a given "slice' of fre 
quency Spectrum in a wireleSS communication System. How 
ever, frequency Spectrum reuse typically requires a Sufficient 
degree of isolation amongst cells of a cellular coverage area 
(as discussed above in connection with FIGS. 1A and 1B), 
or Sectors of a Sectored coverage area (as discussed above in 
connection with FIG. 1C) to insure a level of interference 
that does not preclude a relatively error-free eXchange of 
information. For Sectored coverage areas in particular, 
increased capacity from frequency reuse typically is 
achieved at the expense of increased isolation amongst the 
Sectors, namely, increased capacity and increased isolation 
typically are competing goals. 

SUMMARY OF THE INVENTION 

0016 One embodiment of the invention is directed to a 
wireleSS communication System, comprising at least one first 
Sectored cell having a first plurality of Sectors, wherein the 
at least one first Sectored cell uses a first plurality of channels 
and a first channel Sequence for Successive adjacent Sectors 
proceeding in a clockwise direction around the at least one 
first Sectored cell. The System also comprises at least one 
Second Sectored cell contiguous with the at least one first 
Sectored cell, wherein the at least one Second Sectored cell 
has a Second plurality of Sectors and uses the same first 
plurality of channels. The at least one Second Sectored cell 
uses a Second channel Sequence for Successive adjacent 
Sectors proceeding in a clockwise direction around the at 
least one Second Sectored cell, wherein the Second channel 
Sequence and the first channel Sequence are different. 
0017 Another embodiment of the invention is directed to 
a wireleSS communication System, comprising at least Seven 
mutually adjacent Sectored cells that define at least three 
bore axes. Each bore axis of the at least three bore axes 
passes through a center of each of three cells of the at least 
Seven Sectored cells. The at least Seven mutually adjacent 
Sectored cells include at least one first Sectored cell having 
a first plurality of Sectors, the at least one first Sectored cell 
using a first plurality of channels and a first channel 
Sequence for Successive adjacent Sectors proceeding in a 
clockwise direction around the at least one first Sectored cell, 
and at least one Second Sectored cell adjacent to the at least 
one first Sectored cell, the at least one Second Sectored cell 
having a Second plurality of Sectors and using the same first 
plurality of channels, the at least one Second Sectored cell 
using a Second channel Sequence for Successive adjacent 
Sectors proceeding in a clockwise direction around the at 
least one Second Sectored cell, wherein the Second channel 
Sequence and the first channel Sequence are different. The at 
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least Seven mutually adjacent Sectored cells are arranged 
with respect to each other Such that Sectors of adjacent cells 
of the at least Seven cells that are similarly oriented approxi 
mately along one bore axis of the plurality of bore axes and 
in which radiation is transmitted in essentially a same 
direction approximately along the one bore axis use different 
channels. 

0.018. Another embodiment of the invention is directed to 
a wireleSS communication System, comprising at least Seven 
mutually adjacent Sectored cells, including at least one first 
Sectored cell having a first plurality of Sectors, the at least 
one first Sectored cell using a first plurality of channels and 
a first channel Sequence for Successive adjacent Sectors 
proceeding in a clockwise direction around the at least one 
first Sectored cell, and at least one Second Sectored cell 
adjacent to the at least one first Sectored cell, the at least one 
Second Sectored cell having a Second plurality of Sectors and 
using the same first plurality of channels, the at least one 
Second Sectored cell using a Second channel Sequence for 
Successive adjacent Sectors proceeding in a clockwise direc 
tion around the at least one Second Sectored cell, wherein the 
Second channel Sequence and the first channel Sequence are 
different. The at least Seven Sectored cells are arranged using 
at least Seven different cell configurations, at least two 
different cell configurations of the at least seven different 
cell configurations being uniquely identified by at least a 
particular channel Sequence for Successive adjacent Sectors 
proceeding in a clockwise direction around the cell. 
0.019 Another embodiment of the invention is directed to 
a wireleSS communication System, comprising at least three 
mutually adjacent Sectored cells having up to K different cell 
configurations, K being an integer not less than three, each 
cell configuration of the K different cell configurations 
including a Sectored cell having S Sectors, S being an 
integer, each Sectored cell using a same Set of C different 
channels to transport information, C being an integer not 
exceeding S, wherein adjacent Sectors in each cell do not use 
Same channels of the C different channels, at least two 
different cell configurations of the K different cell configu 
rations each being uniquely identified by a particular chan 
nel Sequence for Successive adjacent Sectors proceeding in a 
clockwise direction around a cell. 

0020. Another embodiment of the invention is directed to 
a wireleSS communication method in a wireleSS communi 
cation System comprising at least one first Sectored cell 
having a first plurality of Sectors and at least one Second 
Sectored cell contiguous with the at least one first Sectored 
cell, the at least one Second Sectored cell having a Second 
plurality of Sectors. The wireleSS communication method 
comprises acts of using a first plurality of channels and a first 
channel Sequence for Successive adjacent Sectors proceeding 
in a clockwise direction around the at least one first Sectored 
cell, and using the same first plurality of channels and a 
Second channel Sequence for Successive adjacent Sectors 
proceeding in a clockwise direction around the at least one 
Second Sectored cell, wherein the Second channel Sequence 
and the first channel Sequence are different. 
0021 Another embodiment of the invention is directed to 
a wireleSS communication method in a wireleSS communi 
cation System comprising at least Seven mutually adjacent 
Sectored cells that define at least three bore axes. Each bore 
axis of the at least three bore axes passes through a center of 
each of three cells of the at least Seven Sectored cells. 
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0022. The at least seven mutually adjacent sectored cells 
include at least one first Sectored cell having a first plurality 
of Sectors and at least one Second Sectored cell adjacent to 
the at least one first Sectored cell, the at least one Second 
Sectored cell having a Second plurality of Sectors. The 
wireleSS communication method comprises acts of using a 
first plurality of channels and a first channel Sequence for 
Successive adjacent Sectors proceeding in a clockwise direc 
tion around the at least one first Sectored cell, using the same 
first plurality of channels and a Second channel Sequence for 
Successive adjacent Sectors proceeding in a clockwise direc 
tion around the at least one Second Sectored cell, wherein the 
Second channel Sequence and the first channel Sequence are 
different, and arranging the at least Seven mutually adjacent 
Sectored cells with respect to each other Such that Sectors of 
adjacent cells of the at least Seven cells that are Similarly 
oriented approximately along one bore axis of the plurality 
of bore axes and in which radiation is transmitted in essen 
tially a Same direction approximately along the one bore axis 
use different channels. 

0023. Another embodiment of the invention is directed to 
a wireleSS communication method in a wireleSS communi 
cation System comprising at least Seven mutually adjacent 
Sectored cells including at least one first Sectored cell having 
a first plurality of Sectors and at least one Second Sectored 
cell adjacent to the at least one first Sectored cell, the at least 
one Second Sectored cell having a Second plurality of Sectors. 
The wireleSS communication method comprises acts of 
using a first plurality of channels and a first channel 
Sequence for Successive adjacent Sectors proceeding in a 
clockwise direction around the at least one first Sectored cell, 
using the same first plurality of channels and a Second 
channel Sequence for Successive adjacent Sectors proceeding 
in a clockwise direction around the at least one Second 
Sectored cell, wherein the Second channel Sequence and the 
first channel Sequence are different, and arranging the at 
least Seven Sectored cells using at least Seven different cell 
configurations, at least two different cell configurations of 
the at least Seven different cell configurations being uniquely 
identified by at least a particular channel Sequence for 
Successive adjacent Sectors proceeding in a clockwise direc 
tion around the cell. 

0024. Another embodiment of the invention is directed to 
a wireleSS communication System, comprising at least Seven 
Sectored cells. Each Sectored cell of the at least Seven 
Sectored cells is divided into a plurality of Sectors and is 
assigned a plurality of different channels Such that adjacent 
Sectors in each Sectored cell use different channels. Each 
Sectored cell of the at least Seven Sectored cells has one of 
at least Seven different cell configurations, each different cell 
configuration of the at least Seven different cell configura 
tions being uniquely identified by at least one of a particular 
azimuth orientation of a cell about a center of the cell, a 
particular channel Sequence for Successive adjacent Sectors 
proceeding in a clockwise direction around the cell, and 
particular channel types of the plurality of different channels 
used in the cell. 

0025. Another embodiment of the invention is directed to 
a wireleSS communication method in a wireleSS communi 
cation System comprising at least Seven Sectored cells. Each 
Sectored cell of the at least Seven Sectored cells is divided 
into a plurality of Sectors and is assigned a plurality of 
different channels. Such that adjacent Sectors in each Sectored 
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cell use different channels. The wireleSS communication 
method comprises an act of using a different cell configu 
ration for each Sectored cell of the at least Seven Sectored 
cells, each different cell configuration of the at least Seven 
different cell configurations being uniquely identified by at 
least one of a particular azimuth orientation of a cell about 
a center of the cell, a particular channel Sequence for 
Successive adjacent Sectors proceeding in a clockwise direc 
tion around the cell, and particular channel types of the 
plurality of different channels used in the cell. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026. The accompanying drawings are not intended to be 
drawn to Scale. In the drawings, each identical or nearly 
identical component that is illustrated in various figures is 
represented by a like numeral. For purposes of clarity, not 
every component may be labeled in every drawing. 
0027 FIGS. 1A and 1B are diagrams showing two 
examples of frequency Spectrum reuse in a cellular coverage 
area of a wireleSS communication System; 
0028 FIG. 1C is a diagram showing an example of 
frequency spectrum reuse in a Sectored coverage area of a 
wireleSS communication System; 
0029 FIG. 2 is a diagram highlighting particular geo 
metric characteristics of the cell arrangements illustrated in 
FIGS. 1A and 1B: 
0030 FIG. 3 is a diagram showing a more detailed view 
of a group of cells shown in FIG. 2, illustrating the concept 
of cell bore axes and orientation of Sectors in a cell with 
respect to the bore axes, according to one embodiment of the 
invention; 
0.031 FIG. 4 is a diagram showing a more detailed view 
of two cells shown in FIG. 3; 
0.032 FIG. 5 is a diagram showing a wireless commu 
nication System according to one embodiment of the inven 
tion, based on the two cells shown in FIG. 4; 
0.033 FIG. 5A is a diagram showing a more detailed 
example of one base Station of the wireleSS communication 
system of FIG. 5, according to one embodiment of the 
invention; 
0034 FIG. 5B is a diagram showing another example of 
a lens-based Sectored antenna System of the wireleSS com 
munication system of FIG. 5, according to one embodiment 
of the invention; 
0.035 FIG. 6 is a diagram showing a cell arrangement for 
a coverage area of a wireleSS communication System based 
on three cells, according to one embodiment of the inven 
tion; 
0.036 FIG. 7 is a diagram showing a cell arrangement for 
a coverage area of a wireleSS communication System based 
on Seven cells and three different cell configurations, accord 
ing to one embodiment of the invention; 
0037 FIG. 8 is a diagram showing a cell arrangement for 
a coverage area of a wireleSS communication System based 
on three different cell configurations each using Six Sectors 
per cell, according to one embodiment of the invention; 
0038 FIG. 9 is a diagram showing seven different cell 
configurations for use in various cell arrangements in a 
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coverage area of a wireleSS communication System, accord 
ing to one embodiment of the invention; 
0039 FIG. 10 is a diagram showing an example of one 
arrangement of cells using the Seven different cell configu 
rations of FIG. 9, according to one embodiment of the 
invention; 
0040 FIG. 11 is a diagram showing an example of one 
arrangement of cells for a wireleSS communication System 
that includes the arrangement of FIG. 10, according to one 
embodiment of the invention; 
0041 FIG. 12 is a diagram showing an example of a core 
group of cells of the arrangement of FIG. 11, according to 
one embodiment of the invention; 
0042 FIG. 13 is a diagram showing an arrangement of 
cells for a wireleSS communication System using a number 
of the core groups shown in FIG. 12, according to one 
embodiment of the invention; 
0043 FIG. 14 is a diagram showing results of an inter 
ference Simulation for a wireleSS communication System 
using the cell arrangement of FIG. 11, utilizing terrain, 
foliage, and groundcover data indicative of an urban/Subur 
ban environment; 
0044 FIG. 15 is a diagram similar to FIG. 12, showing 
another example of a core group of cells wherein Some of the 
cells use different channel Sequences, according to another 
embodiment of the invention; 

004.5 FIG. 16 is a diagram similar to FIG. 9, showing 
the Seven different cell configurations used in the core group 
of FIG. 15; and 
0046 FIG. 17 is a diagram showing an arrangement of 
Seven cells using three different cell configurations based on 
different channel Sequences, according to another embodi 
ment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0047 The present invention is directed to wireless com 
munication methods and Systems using multiple Sectored 
cells. One aspect of the invention combines characteristics 
of Sectored coverage areas, Such as the potential for Signifi 
cantly increased capacity from frequency Spectrum reuse, 
with characteristics of particular cell arrangements in cellu 
lar coverage areas that reduce interference between cells. In 
this manner, the invention provides a high capacity Sectored 
multi-cell wireleSS communication System that may be 
deployed over an expansive coverage area without signifi 
cant interference amongst neighboring cells. 

0048. In one embodiment of the invention, each cell of a 
cellular coverage area, similar to those shown in FIGS. 1A 
and 1B, is divided into a number of sectors. A number of 
different channels are used in each cell to communicate 
between a base Station and a number of Subscriber Stations 
located in the cell. The different channels in each cell may 
be half duplex channels (e.g., transmission of information 
from the base Station to one or more Subscriber Stations in 
the cell) or full duplex channels (e.g., two way information 
eXchange between the base Station and one or more Sub 
Scriber stations in the cell). In one aspect of this embodi 
ment, at least Some of the channels are reused in other cells 
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of the coverage area. In yet another aspect, Some channels 
may be reused both amongst Sectors of a given cell and in 
other cells of the coverage area. 
0049. In embodiments of the invention involving channel 
reuse in different cells, wireleSS communication methods 
and Systems of the invention generally are directed to 
implementing particular arrangements of the Sectored cells 
of the coverage area with respect to one another Such that 
interference amongst Similarly oriented Sectors of different 
cells is reduced. 

0050 For example, in one embodiment of the invention, 
each cell of a cellular coverage area is divided into 24 
Sectors. In each cell, eight different full duplex channels are 
each used three times, and the channels are assigned to the 
SectorS Such that no two adjacent Sectors use the same full 
duplex channel. Additionally, each cell of the coverage area 
uses the same eight different full duplex channels. At least 
Seven different cell configurations are realized by rotating 
Seven Such cells by consecutive 15 degree increments about 
their centers. Each of the Seven cell rotations results in a 
unique cell configuration, A-G. A number of Such 24 Sec 
tored cells is arranged in a manner Similar to that shown in 
FIG. 1B, with the designations A-G corresponding to a 
particular cell configuration (i.e., rotation). The cells may be 
deployed in extended formations, and can be extended as far 
as desired. 

0051. In yet another exemplary embodiment of the inven 
tion, each cell of a cellular coverage area is divided into 24 
Sectors. In each cell, eight different full duplex channels are 
each used three times, and the channels are assigned to the 
SectorS Such that no two adjacent Sectors use the same full 
duplex channel. Additionally, each cell of the coverage area 
uses the same eight different full duplex channels. At least 
Seven different cell configurations A-G are realized by 
various rotations of cells about their centers, and/or by 
employing different Sequential orders of the eight different 
channels (e.g., proceeding in a clockwise direction around 
each cell) in at least two cells. A number of Such 24 Sectored 
cells is arranged in a manner Similar to that shown in FIG. 
1B, with the designations A-G corresponding to a particular 
cell configuration (i.e., rotation and/or particular sequence of 
channels for Successive adjacent Sectors in a cell). The cells 
may be deployed in extended formations, and can be 
extended as far as desired. 

0.052 Following below are more detailed descriptions of 
various concepts related to, and embodiments of, wireleSS 
communication methods and Systems according to the 
present invention using multiple Sectored cells. It should be 
appreciated that various aspects of the invention as dis 
cussed above and outlined further below may be imple 
mented in any of numerous ways, as the invention is not 
limited to any particular manner of implementation. 
Examples of Specific implementations are provided for 
illustrative purposes only. 
0.053 FIG. 2 shows an arrangement of cells in a honey 
comb pattern similar to the arrangement shown in FIGS. 1A 
and 1B. Using the center cell 20 as a reference cell, 
Applicants have appreciated that for Such arrangements of 
cells in which each cell has approximately a Same radius, 
certain axes of Symmetry result in the coverage area. In 
particular, by connecting a center point of the center cell 20 
with respective center points of each cell adjacent to the 
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center cell 20, three “bore” axes 26, 26, and 26 are 
identified. If the center cell 20 is actually contiguous with 
each adjacent cell, as shown in FIG. 2, each bore axis also 
passes through respective tangent points between the center 
cell 20 and each adjacent cell. It should be appreciated, 
however, that the representation of cells in FIG. 2 is for 
purposes of illustration only, and that adjacent cells need not 
be physically contiguous with each other for purposes of the 
present invention; namely, adjacent cells merely may be 
proximate to each other without intervening cells. Addition 
ally, it should be readily appreciated from FIG. 2 that a set 
of three bore axes Similar to the bore axes 26, 26, and 26 
may be identified for each cell in the coverage area. 
0054) Applicants have recognized that the concept of 
bore axes in a honeycomb pattern cell arrangement Such as 
shown in FIG. 2 is particularly relevant with respect to 
analyzing potential interference problems amongst cells in 
an arrangement of multiple Sectored cells. In particular, it is 
noteworthy that, as a result of the honeycomb pattern of the 
cell arrangement, each bore axis of a given cell is oriented 
60 degrees with respect to other bore axes of the cell. 
0055 FIG.3 is a diagram similar to FIG.2 showing only 
the seven most central cells illustrated in FIG. 2, including 
the center cell 20. In FIG. 3, two different sectors 28 and 32 
are identified in the center cell 20, and a third sector 30 is 
identified in a cell 40 adjacent to the center cell 20. In FIG. 
3, the sectors 28 and 30 are similarly oriented approximately 
along the bore axis 263, while the sector 32 in the cell 20 is 
not oriented along any particular bore axis 26, 26, or 26. 
For purposes of illustration in FIG. 3, each cell is circum 
Scribed by a hexagon to emphasize the honeycomb pattern 
of the cell arrangement and the 60 degree relationships 
between the bore axes 26, 26, and 26. 
0056. As discussed above in connection with FIGS. 1A 
and 1B, in each cell of FIG. 3 radiation generally is 
transmitted by a base Station, located approximately at a 
center of the cell, outward to one or more users located in the 
cell. For example, radiation transmitted from approximately 
the center of the cell 20 outward in the sector 28 travels in 
a direction approximately along the bore axis 26 to users 
located in the sector 28. As the radiation from the center cell 
20 continues to travel outward from the cell, the radiation 
transmitted in the Sector 28 ultimately may reach users 
located in the sector 30 of the adjacent cell 40. 
0057. In particular, sectors of any two adjacent cells in 
FIG. 3 that are similarly oriented approximately along a 
Same bore axis, and in which radiation is transmitted in 
essentially a Same direction approximately along the same 
bore axis, may be particularly Susceptible to interference 
problems. In contrast, radiation that is transmitted in a Sector 
that is not oriented approximately along a bore axis, as 
shown, for example, by the sector 32 in the center cell 20, 
may be less likely to interfere with radiation transmitted in 
an adjacent cell. Accordingly, Applicants have recognized 
that in arrangements of multiple adjacent Sectored cells, 
those Sectors that are Similarly oriented approximately along 
the bore axes of each cell have particular significance in 
assessing potential interference problems amongst cells in a 
cOVerage area. 

0058 FIG. 4 is a more detailed diagram of a portion of 
FIG. 3, showing the center cell 20 and the adjacent cell 40. 
In FIG. 4, as in FIG. 3, the bore axis 26 passes through 
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approximately the center of each cell 20 and 40, and the 
Sector 28 of cell 20 as well as the sector 30 of cell 40 are 
oriented approximately along the bore axis 26. 

0059. In FIG. 4, a first base station 20A, located approxi 
mately at the center of the cell 20, transmits radiation 28A 
to a plurality of Subscriber Stations, shown for example as 
buildings 28B and 28B located in the sector 28. Similarly, 
a Second base Station 40A, located approximately at the 
center of the cell 40, transmits radiation 30A to a different 
plurality of Subscriber Stations, shown for example as build 
ings 30B and 30B located in the sector 30. FIG. 4 also 
shows two other subscriber stations 34B and 34B in the 
cell 40 which are not located in the sector 30. 

0060 Each of the subscriber stations 28B, 28B, 30B, 
30B, 34B, and 34B shown in FIG. 4 typically includes a 
directional antenna that is oriented essentially in a direction 
toward the base station at the center of the cell. Typically, the 
directional antenna of the Subscriber Stations transmits and 
receives radiation within a relatively narrow azimuth angu 
lar range (e.g., approximately 10-15 degrees). Accordingly, 
it should be readily appreciated from FIG. 4 that the 
radiation 28A transmitted by the base station 20A in the cell 
20 is not likely to pose potential interference problems for 
subscriber stations 34B and 34B in the cell 40, because the 
directional antennas of these Subscriber Stations are not 
oriented to receive radiation traveling in the direction of the 
radiation 28A (i.e., approximately along the bore axis 263). 
0061. However, it should also be appreciated from FIG. 
4 that depending on, for example, the strength of the 
radiation 28A, this radiation possibly may be received by the 
subscriber stations 30B and 30B located in the sector 30 of 
the cell 40. If the radiation 28A is in a frequency band 
similar to that used for the radiation 30A transmitted in the 
sector 30 by the base station 40A, the radiation 28A may 
Serve as a Source of interference in the Sector 30. Accord 
ingly, as discussed above in connection with FIG. 3, FIG. 
4 more clearly demonstrates that in implementing a particu 
lar arrangement of Sectored cells in a wireleSS communica 
tion System using multiple Sectored cells, potential interfer 
ence between Sectors of adjacent cells which are oriented 
approximately along a same bore axis poses a significant 
System design consideration. 

0062). In both FIGS. 3 and 4, the sectors 28 and 30 are 
oriented Such that the bore axis 26 passes through each of 
the sectors 28 and 30. However, it should be appreciated that 
one or more Sectored cells of a cell arrangement may be 
divided and oriented Such that Sector boundaries in a given 
cell may or may not coincide with a bore axis of the cell. For 
example, cells similar to the cells 20 and 40 of FIGS. 3 and 
4 alternatively may be divided and oriented such that one of 
the boundaries of one or both of the sectors 28 and 30 
coincides with the bore axis 26. In this case, any Sectors 
having a "bore axis boundary nonetheless may be consid 
ered to be oriented approximately along the bore axis 
Serving as the boundary, as it is possible that Some radiation 
that is transmitted in the Sector close to the bore axis 
boundary may constitute a Source of interference for a 
Similarly oriented Sector in an adjacent cell. Accordingly, for 
purposes of the present disclosure, the phrase “oriented 
approximately along a bore axis' is used to describe Sectors 
that either have one or more bore axes boundaries, or Sectors 
through which one or more bore axes pass. 
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0063 FIG. 5 is a diagram showing a wireless commu 
nication System using adjacent Sectored cells according to 
one embodiment of the invention. Although FIG. 5 shows 
two cells 20 and 40 having an essentially circular shape and 
being contiguous with one another (i.e., Sharing a point of 
tangency), it should be appreciated that Such a depiction of 
cells in FIG. 5 is for purposes of illustration only. In 
particular, as discussed above in connection with FIG. 2, the 
cells 20 and 40 need not have an exactly circular shape and 
need not be tangential. Rather, it is to be understood that the 
cells 20 and 40 are adjacent and sufficiently near each other 
So as to be immediate neighbors in an arrangement of a 
plurality of such cells, as shown for example in FIG. 3. 
Additionally, for purposes of the present discussion, each 
cell in FIG. 5 is assumed to have approximately the same 
radius and to span a 360 degree azimuth angle around the 
center of the cell. AS discussed above in connection with 
FIG. 4, the two adjacent cells 20 and 40 in FIG. 5 define a 
bore axis 26 that passes through the center of each cell. 

0064. According to one embodiment of the invention, 
each of the sectored cells 20 and 40 shown in FIG. 5 may 
comprise a wireleSS communication “Subsystem' that can 
Serve as a Stand-alone wireleSS communication System, as 
described for example in U.S. application Ser. No. 09/287, 
144, entitled “POINT TO-MULTIPOINT TWO-WAY 
BROADBAND WIRELESS COMMUNICATION SYS 
TEM,” hereby incorporated herein by reference. In particu 
lar, each of the cells shown in FIG. 5 may include a 
respective plurality of Subscriber Stations and at least one 
base station disposed approximately at a center of the cell to 
eXchange information over air with the Subscriber Stations of 
the cell. For example, as shown in FIG. 5, the cell 20 
includes a base station 20A and a plurality of subscriber 
stations 50, while the cell 40 includes a base station 40A and 
a plurality of Subscriber stations 52. 

0065. Although two subscriber stations are shown in each 
cell of FIG. 5, it should be appreciated that any number of 
Subscriber Stations may be dispersed in a variety of manners 
throughout each of the cells 20 and 40. Additionally, it 
should also be appreciated that while FIG. 5 shows Sub 
scriber stations 50 and 52 as buildings having fixed loca 
tions, the invention is not necessarily limited in this respect; 
namely, wireleSS communication Systems according to Vari 
ous embodiments of the invention may be suitable for both 
mobile and/or fixed Subscriber Stations dispersed amongst 
the cells of the coverage area. 

0066. In the wireless communication system shown in 
FIG. 5, each cell is divided into at least three sectors. In 
particular, the cell 20 is divided into a first sector 20, a 
second sector 20, and a third sector 20. Similarly, the cell 
40 is divided into a first sector 40, a second sector 40, and 
a third sector 40. The base stations 20A and 40A in each cell 
eXchange information with the respective plurality of Sub 
scriber stations 50 and 52 using at least three different 
channels, shown as 42, 42, and 42 in cell 20 and 42,425, 
and 42 in cell 40. The channels are assigned amongst the 
Sectors of each cell Such that the base Stations use different 
channels in adjacent Sectors in each cell. 

0067. While FIG. 5 shows the different channels 42, 
42, and 42 as full duplex channels to accommodate two 
way information eXchange between the base Station and one 
or more Subscriber Stations in the cell, alternatively the 
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different channels in each cell may be half duplex channels 
(e.g., transmission of information from the base Station to 
one or more Subscriber Stations in the cell). For purposes of 
consistency in Some of the Subsequent drawings, the differ 
ent channels in each cell are shown as full duplex channels. 
However, it should be appreciated in each of the illustrated 
embodiments discussed below that the different channels 
may include half duplex channels according to other 
embodiments of the invention. 

0068 FIG. 5A is a more detailed diagram showing one 
example of the base station 20A suitable for purposes of the 
present invention. The base station 20A illustrated in FIG. 
5A similarly may be employed as the base station 40A of 
FIG. 5. According to one embodiment of the invention, to 
eXchange unique information in each Sector of a cell in the 
system of FIG. 5, the base stations 20A and 40A each may 
include a lens-based Sectored antenna System. In particular, 
FIG. 5A shows that the base station 20A may include the 
lens-based Sectored antenna System 25 to transmit and 
receive the full duplex channels 42, 42, and 42 (shown 
Symbolically as dashed lines) for exchanging information in 
the sectors 20, 20, and 20, respectively. For ease of 
illustration, the sectors 20, 20, and 20 are shown in FIG. 
5A as covering less than a full 360 degree azimuth angle 
around the base station 20A. However, it should be appre 
ciated that, as shown in FIG. 5, the sectors 20, 20, and 20 
may cover up to a full 360 degree azimuth angle around the 
base Station. 

0069. In embodiments of the present invention that 
include a lens-based Sectored antenna System, Such a lens 
based Sectored antenna System may be implemented in a 
manner similar to those described, for example, in: U.S. Pat. 
No. 6,169,910, entitled "Focussed Narrow Beam Commu 
nication System,” issued Jan. 2, 2001; U.S. Pat. No. 6,046, 
701, entitled “Apparatus for High-Performance Sectored 
Antenna System,” issued Apr. 4, 2000; and U.S. Pat. No. 
6,169,525, entitled “High-Performance Sectored Antenna 
System Using Low Profile Broadband Feed Devices,” issued 
Jan. 2, 2001, each of which patents are hereby incorporated 
herein by reference. It should be appreciated, however, that 
the invention is not limited in this respect, as other types of 
Sectored antenna Systems, including lens-based Sectored 
antenna Systems other than those disclosed in the aforemen 
tioned references, may be employed in various embodiments 
of the invention, as discussed further below in connection 
with FIG. 5B, for example. 
0070 According to one embodiment, as shown in FIG. 
5A, the sectored antenna system 25 includes a lens 124 
having one or more focal points, wherein each focal point 
corresponds to one sector. In FIG. 5A, three focal points 
182,282, and 382 are shown for the lens 124, corresponding 
to sectors 423, 422, and 421, respectively. One example of 
the lens 124 suitable for purposes of the invention includes, 
but is not limited to, a Luneberg-type lens, which may be 
formed by multiple layers of dielectric materials having 
different dielectric constants. Luneberg-type lenses were 
first proposed in the 1940s and are discussed, for example, 
in the textbook “Mathematical Theory of Optics,” R. K. 
Luneberg, University of California Press, Berkeley and Los 
Angeles, 1964, Library of Congress Catalog No. 64-19010, 
pages 187-188, hereby incorporated herein by reference. 
0071 ALuneberg lens generally is in the form of a sphere 
of material having an index of refraction (or dielectric 
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constant) that varies as a function of radius from a center of 
the Sphere to an outer Surface of the Sphere, according to a 
particular mathematical relationship. Luneberg lenses poS 
SeSS a unique focusing property; namely, plane waves of 
radiation incident upon the lens from a distant radiation 
Source are imaged, or focused, at a particular focal point on 
the outer surface of the lens. The focal point to which the 
incident radiation is focused is at an end of a diameter of the 
lens which is parallel to the propagation direction of the 
incoming wave. Conversely, a radiation Source located at a 
focal point on the outer Surface of the lens and emitting 
radiation through the lens ultimately produces a plane wave 
of radiation propagating in the direction parallel to a diam 
eter of the lens that includes the focal point. Accordingly, as 
shown in FIG. 5A, the radiated information carriers for the 
full duplex channels 42, 42, and 42, respectively would 
be focussed to the focal points 382, 282, and 182 by a 
Luneberg-type lens Serving as the lens 124. 

0072 The sectored antenna system 25 of FIG. 5A addi 
tionally includes one or more feed devices, located proxi 
mate to each focal point of the lens 124, to transmit and/or 
receive the information carriers for the full duplex channel 
(or channels) in each sector. For example, in FIG. 5A, feed 
device 180 located at focal point 182 transmits and receives 
the information carriers for the full duplex channel 42 in 
sector 203. Similarly, feed device 280 located at focal point 
282 transmits and receives the information carriers for the 
full duplex channel 42 in sector 202, and feed device 380 
located at focal point 382 transmits and receives the infor 
mation carriers for the full duplex channel 42 in sector 201. 
While FIG. 5A shows only one feed device to both transmit 
and receive information carriers in each Sector, one or more 
feed devices may be dedicated to transmitting information 
carriers in each Sector, while one or more other feed devices 
may be dedicated to receiving information carriers in each 
SectOr. 

0073 FIG. 5A also illustrates that the base station 20A 
may include one or more tunable transceiverS 132 coupled 
between the feed devices of the antenna system 25 and a 
communication link 134. Each transceiver 132 converts 
information carriers received by the antenna System 25, in 
one of the Sectors 20, 20, and 20s, to one or more 
corresponding information carrierS 136 of the communica 
tion link 134. Similarly, each transceiver 132 converts one or 
more information carriers 138 from the communication link 
134 to corresponding information carriers for transmission 
by the antenna system 25 in one of the sectors 20, 20, and 
20. As shown in FIG. 5A, the base station 20A includes one 
transceiver 132 for each Sector, although according to other 
embodiments the base Station may include more than one 
transceiver 132 per Sector. 

0074) In FIG.5A, the sectored antenna system 25 may be 
located within close proximity of the transceivers 132 so as 
to minimize any possible signal attenuation. In particular, 
each transceiver 132 may be coupled to one or more 
respective feed devices of the antenna System 25 using a 
low-loss connector. For example, in FIG. 5A the transceiv 
ers 132 are shown connected to feed devices 180, 280, and 
380 using low-loss cables 125, 225 and 325, respectively, 
which may be coaxial cables having a short length. Other 
low-loss methods of connecting the transceivers 132 to the 
antenna System 25, Such as one or more fiber optic cables, 
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may be employed to facilitate a greater Separation between 
the antenna system 25 and transceivers 132. 

0075 Yet another type of lens-based sectored antenna 
System that may be employed in one embodiment of the 
present invention is illustrated in FIG. 5B, and includes one 
or more beam formers 150 and one or more phased arrays 
152 to facilitate transmission and reception of multiple 
information carriers 153 (“multibeams”). A phased array 
generally refers to an arrangement of antenna feed devices 
154 in which each feed device is excited with a particular 
phase of an excitation signal. By controlling the phase of the 
excitation signal for each feed device in the array, the array 
can be designed to generate a radiation beam that is radiated 
at a particular azimuth angle other than Zero degrees (i.e., 
off-normal to the array). In this manner, a radiation beam 
may be Steered in a particular direction, or “Scanned.” 

0.076. In one aspect of the phased array 152 shown in 
FIG. 5B, each feed device 154 may represent a single 
element or an array of elements (i.e., the phased array 152 
may be a one-dimensional array or a two-dimensional 
array). The beam former 150 may be used in combination 
with the phased array 152 to excite the various feed devices 
in a particular manner (e.g., using particular amplitudes and 
phases for each feed device) So as to generate a number of 
radiation beams 153 from the phased array 152, based on a 
number of input signals to the beam former 150 that each 
represents a particular information carrier. The beam former 
150 may be implemented in any one of a number of 
conventional manners, including, but not limited to, a Butler 
matrix, a Blass matrix, or a Rotman-type lens. 

0077. In the exemplary lens-based sectored antenna sys 
tem shown in FIG. 5B, the beamformer 150 is particularly 
illustrated as a Rotman-type lens. As shown in FIG. 5B, the 
Rotman-type lens has a number of input ports 156 and 
output ports 158, and can facilitate the generation of par 
ticular amplitude and phase relationships amongst a number 
of feed device excitation signals 162 at the output ports 158, 
based on input signals 160 at the input ports 156, wherein 
each input signal represents a particular one of the radiation 
beams 153. The radiation propagation mechanism in a 
Rotman-type lens may be understood as Similar to that 
introduced by a reflector on which radiation impinges. For 
example, the input ports 156 of the Rotman-type lens may 
be viewed as analogous to a number of feed devices respec 
tively transmitting radiation that impinges on a reflector 
having a contoured reflective Surface. Similarly, the contour 
of the output ports 158 of the Rotman-type lens may be 
Viewed as analogous to the contoured reflecting Surface of 
the reflector. 

0078. In particular, the Rotman-type lens 150 shown in 
FIG. 5B accepts input signals 160 at the input ports 156 of 
the lens, and for each input Signal provides a number of 
excitation signals 162 at the output ports 158. The excitation 
signals 162 for each input signal 160 are fed to the feed 
devices 154 of the phased array 152, and have specific 
amplitude and phase relationships So as to generate one 
radiation beam of the multiple radiation beams 153 at a 
particular Scan angle. More specifically, upon entering the 
Rotman-type lens, each input Signal travels various path 
lengths through the Rotman-type lens, and the output ports 
158 of the lens “collect the processed signals and provide 
them as excitation signals 162 to the feed devices 154 of the 
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phased array 152. The Rotman-type lens configuration per 
mits this process to take place Simultaneously for a number 
of different input signals, thereby facilitating the Simulta 
neous generation of a number of radiation beams 153 at 
particular respective azimuth (Scan) angles from the phased 
array 152. 
0079 While FIG. 5B schematically illustrates that four 
beams 153 are generated, it should be appreciated that the 
invention is not limited in this respect, as the lens and phased 
array may be implemented to generate any number of 
beams. Additionally, it should be appreciated that according 
to one aspect, a number of lenses and phased arrays may be 
physically arranged relative to one another to provide for a 
number of radiation beams that span up to a full 360 degree 
coverage area around a base Station employing the lenses 
and phased arrayS. 
0080. In the lens-based antenna system shown in FIG. 
5B, it should also be appreciated that (as discussed above in 
connection with FIG. 5A) the lens-based antenna system 
may be associated with one or more tunable transceivers 132 
coupled to the lens to provide the input signals 160 to the 
input ports 156 of the lens for transmission of multiple 
information carriers. The Rotman-type lens based antenna 
System, along with the transceivers, also may receive signals 
that are incident from various SubscriberS deployed in Sec 
tors of the cells. 

0081. With reference again to FIG. 5, the full duplex 
channels 421-42 in the two cells 20 and 40 may be uniquely 
distinguishable by virtue of different carrier frequencies of 
the information carriers for the channels and/or different 
polarizations of the information carriers for the channels. 
Additionally, each full duplex channel 421-42 may repre 
sent a different time slot in a series of TDMA channels, or 
may have a unique code amongst a group of coded channels 
(e.g., a unique PN code amongst a group of CDMA chan 
nels). Moreover, various combinations and permutations of 
the foregoing potentially distinguishing attributes of the full 
duplex channels are possible. Accordingly, for purposes of 
clarity in the discussions below, the different full duplex 
channels are distinguished primarily in terms of different 
carrier frequencies, although as pointed out immediately 
above, the different full duplex channels may be distin 
guished in a number of ways according to various embodi 
ments of the invention. 

0082) Additionally, each full duplex channel 42-42 
shown in FIG. 5 may include a full duplex channel set. For 
example, the full duplex channel 42 may represent a set of 
TDMA channels (i.e., time slots) on a particular carrier 
frequency, or may represent a Set of closely spaced FDMA 
or CDMA (i.e., frequency or coded) channels within a 
particular frequency band, as well as a set of OFDM 
channels using, for example, VOFDM, COFDM, or SC 
OFDM coding/decoding techniques. The channel set 42 
may be distinguished from the channel Set 42, for example, 
by employing different carrier frequencies for TDMA chan 
nel sets or different frequency bands for FDMA, CDMA, or 
OFDM channel sets. Additionally, different full duplex 
channels Sets may be uniquely identified from other full 
duplex channel sets by different polarizations of the infor 
mation carriers for the channel Sets, or by combinations of 
different polarizations and different frequency bands. 
0083. In FIG. 5 and the subsequent drawings, a simpli 
fied notation to indicate the “uniqueness” or type of a given 
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channel (or a given channel Set) is used; namely, a particular 
channel type (i.e., distinguished by frequency, polarization, 
time slot, code, etc.) is indicated with a specific number 
(e.g., an encircled number) in each Sector of each cell. For 
example, in the cell 20 of FIG. 5, the encircled number “1” 
in the Sector 20 indicates a particular channel type for the 
full duplex channel 42. Similarly, the encircled number “2” 
in sector 20 indicates a different channel type for the full 
duplex channel 42, and the encircled number "3" in sector 
20 indicates yet another different channel type for the full 
duplex channel 42. 
0084. In the system of FIG. 5, according to one embodi 
ment of the invention, the same three different channel types 
1, 2, and 3 are used in each of the cells 20 and 40 as one 
example of a possible frequency Spectrum reuse Scheme 
according to the invention. In particular, the full duplex 
channel 42 in sector 40 of cell 40 is also indicated as type 
1, the full duplex channel 42 in sector 40, is also indicated 
as type 2, and the full duplex channel 42s in Sector 40 is also 
indicated as type 3. While the example of FIG. 5 illustrates 
that the same set of three different full duplex channels may 
be used in the adjacent cells 20 and 40, it should be 
appreciated that the invention is not limited in this respect. 
Namely, in the system of FIG. 5, a total of six different full 
duplex channels (i.e., three different full duplex channel 
types in each cell) may be used amongst the two cells. It 
should also be appreciated however, as discussed above, that 
reusing the full duplex channels amongst the different cells 
conserves valuable resources in the wireleSS communication 
System by increasing the utilization of available frequency 
Spectrum. 

0085. In FIG. 5, the two adjacent cells 20 and 40 are 
arranged with respect to each other Such that Sectors of the 
adjacent cells that are Similarly oriented approximately 
along the bore axis 26, and in which radiation is transmitted 
by the base Stations in essentially the same direction 
approximately along the bore axis 26, use different full 
duplex channels. In particular, sector 40, of cell 40 and 
sector 20, of cell 20, both oriented approximately along the 
bore axis 26, use different full duplex channels 42 and 42, 
respectively, as indicated by the encircled number 2 in Sector 
40, and the encircled number 1 in sector 20,. Similarly, the 
sectors 40 of cell 40 and 20 of cell 20, also both oriented 
approximately along the bore axis 26 (but in which radia 
tion is transmitted in a direction opposite to that of Sectors 
20, and 40,) use different full duplex channels 42 and 42, 
respectively, as indicated by the encircled number 1 in Sector 
40 and the encircled number 3 in sector 20. 
0.086. In the wireless communication system shown in 
FIG. 5, it should be appreciated that the boundaries between 
adjacent Sectors in each cell may or may not coincide with 
the bore axis 26, as discussed above in connection with 
FIGS. 3 and 4, and that the particular arrangement shown 
in FIG. 5 is for purposes of illustration only. In general, a 
number of relative arrangements and orientations of the cells 
with respect to one another are Suitable for purposes of the 
invention. However, as discussed further below in connec 
tion with FIG. 8, particular choices of sector boundaries 
with respect to bore axes of the cells facilitate an analysis of 
potential interference problems amongst the cells. 

0087 FIG. 6 is a diagram similar to FIG. 5 showing 
another embodiment of a wireleSS communication System 
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according to the invention. In particular, FIG. 6 shows a 
third cell 60 that is mutually adjacent with the cells 20 and 
40. While not explicitly shown or labeled in FIG. 6, the cell 
60 includes at least one base station and a plurality of 
Subscriber stations, in a manner similar to that of the cells 20 
and 40 as shown in FIG. 5. The three cells 20, 40, and 60 
of FIG. 6 define three bore axes 26, 26, and 26, wherein 
each bore axis passes through the centers of two of the three 
cells. 

0088. Like the system of FIG. 5, each of the cells in FIG. 
6 is divided into three sectors. Each cell uses three different 
channels, as indicated by encircled numbers in each Sector, 
to communicate with the Subscriber Stations in the cell. 
While FIG. 6 shows that the same three different channels 
are reused amongst the three cells, it should be appreciated 
that the invention is not limited in this respect, and that the 
three cells may utilize more than three different channels 
arranged in a variety of manners amongst the cells, as 
discussed above. 

0089. In FIG. 6, the cells 20, 40, and 60 are arranged with 
respect to each other Such that Sectors of adjacent cells that 
are similarly oriented approximately along one bore axis of 
the three bore axes 26, 26, and 26, and in which radiation 
is transmitted in essentially a Same direction approximately 
along the one bore axis, use different channels. Accordingly, 
using the Simplified notation for channel types discussed 
above in connection with FIG. 5, sectors 40 and 20, in 
which radiation is transmitted in essentially a same direction 
approximately along the bore axis 23, use different channel 
types 2 and 1, respectively. Likewise, Sector 40 and Sector 
60, in which radiation is transmitted in essentially the same 
direction approximately along the bore axis 26, use differ 
ent channel types 3 and 1, respectively. Similarly, Sectors 
20, and 40, in which radiation is transmitted in essentially 
the same direction approximately along the bore axis 26, 
use different channel types 3 and 1, respectively. It should be 
readily appreciated from FIG. 6 that a similar analysis may 
be performed on any pair of Sectors in which radiation is 
transmitted in essentially the same direction approximately 
along any of the bore axes 26, 26, and 26. 

0090. In the wireless communication system shown in 
FIG. 6, it is noteworthy that by using at least three different 
channels in each cell, the same three different channels may 
be reused in all other cells of the System by employing a 
pattern of three different cell configurations, wherein each 
cell configuration is uniquely identified by a particular 
azimuth orientation of the cell about the center of the cell. 
In FIG. 6, the cell 20 is labeled as configuration A, the cell 
40 is labeled as configuration B, and the cell 60 is labeled as 
configuration C. AS discussed above, while each cell con 
figuration A, B, and C uses the same Set of different channels 
1, 2, and 3, each of the configurations A, B, and C represents 
a different azimuth orientation of the cells with respect to 
each other. 

0091 For example, in FIG. 6, the configuration B (rep 
resented by the cell 40) is obtained by rotating the configu 
ration C (represented by the cell 60) by 120 degrees in a 
clockwise direction. Similarly, the configuration A (repre 
sented by the cell 20) is obtained by rotating the configu 
ration B (represented by the cell 40) by 120 degrees in a 
clockwise direction, or by rotating the configuration C by 
120 degrees in a counterclockwise direction. In particular, it 
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should be appreciated that the concept behind this manner of 
uniquely configuring cells is that by employing the same N 
different full duplex channels in each cell, at least N different 
azimuth orientations of the cells with respect to one other are 
possible, So as to arrive at N possible different cell configu 
rations (N being an integer). 
0092. It should also be appreciated that while the wireless 
communication system shown in FIG. 6 illustrates different 
cell configurations based on reusing the same Set of different 
channels in each cell and orienting the cells So as to have a 
particular azimuth orientation with respect to one another, 
different cell configurations Similarly may be achieved by 
using different channel types for the channels from cell to 
cell. For example, rather than reusing channel types 1, 2, and 
3 in each of the cells 20, 40, and 60, alternatively channel 
types 1, 2, and 3 can be used in cell 20, different channel 
types 4, 5, and 6 may be used in cell 40, and yet other 
different channel types 7, 8, and 9 may be used in cell 60. 
AS discussed above, each of the different channel types may 
represent a unique carrier frequency, polarization, time slot, 
or channel code, for example, and the different channel types 
may be arranged amongst the three cells in a variety of 
manners. Furthermore, a combination of different channel 
types and different relative azimuth orientations may be used 
amongst the cells 20, 40, and 60 to realize three or more 
different cell configurations. 

0093. From the foregoing, it should be appreciated that a 
rich variety of possibilities according to the present inven 
tion exists for deriving three different Sectored cell configu 
rations by dividing each cell into at least three Sectors and by 
employing at least three different half or full duplex channels 
in each cell. Additionally, as discussed above, it should be 
appreciated that each channel may include a half or full 
duplex channel Set that is uniquely identified, for example, 
by one or both of frequency band and polarization. 

0094 FIG. 7 is a diagram similar to that of FIG. 3 
showing Seven cells, including the center cell 20 and the 
cells 40 and 60 of FIG. 6. FIG. 7 shows the bore axes 26, 
26, and 26 which each pass through the center cell 20, as 
well as the bore axis 26 which, as shown in FIG. 6, passes 
through the centers of the cells 40 and 60. Using the three 
different cell configurations A, B, and C shown in FIG. 6, 
the seven cells of FIG. 7 are arranged in a manner similar 
to that shown in FIG. 2; namely, the center cell 20 uses cell 
configuration A, while each of the Six other cells Surround 
ing the center cell 20 use configurations B and C in an 
alternating manner. As a result, the Seven cells are arranged 
with respect to one another Such that Sectors of adjacent cells 
that are Similarly oriented approximately along one of the 
bore axes in each cell, and in which radiation is transmitted 
in the Sectors in essentially a Same direction approximately 
along the one of the bore axes, use different channels. 

0.095 While the wireless communication system of FIG. 
7 uses three different cell configurations A, B, and C derived 
from different azimuth orientations of the cells with respect 
to one another, it should be appreciated that the Seven cells 
of FIG.7 may employ three different cell configurations that 
are derived using one or both of different azimuth orienta 
tions of the cell and different channel types for the at least 
three different channels used in each cell, as discussed above 
in connection with FIG. 6. Additionally, it should be appre 
ciated from FIG. 2 that the pattern of cells illustrated in 
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FIG. 7 using three different cell configurations A, B, and C 
may be repeated a number of times in a coverage area to 
create an expansive honeycomb pattern cell arrangement of 
a number of Sectored cells. 

0096] At this point, it is convenient to introduce addi 
tional notation for describing a particular “cell layout' of a 
coverage area, including variables to indicate a number of 
different cell configurations used in the coverage area, a 
number of Sectors used in each cell, and a number of 
different channels used in each cell. Accordingly, the nota 
tion 

KXSXC 

O097 
0.098 K designates the number of different cell 
configurations used in a coverage area; 

is defined, where: 

0099 S designates the number of sectors in each 
cell; and 

0100 C designates the number of different channels 
used in each cell. 

0101. Using the above notation, the wireless communi 
cation system shown in FIG.7 may be described as employ 
ing a 3x3x3 cell layout. 
0102 FIG. 8 is a diagram showing another cell layout 
using three different cell configurations in a wireleSS com 
munication System according to one embodiment of the 
invention. Using the notation described above, the cell 
layout of FIG. 8 is a 3x6x3 cell layout; namely, each cell is 
divided into six sectors, and three different full duplex 
channels are each used twice in each cell. The layout of FIG. 
8 demonstrates that, according to one embodiment of the 
invention, the number of sectors S into which each cell may 
be divided is equal to any multiple of three, namely 3N, 
where N is an integer, Since a minimum of three different 
channels need to be employed in each cell to derive three 
different cell configurations based on relative azimuth ori 
entations of the cells with respect to one another. 
0.103 FIG. 8 shows that, in general, by dividing each cell 
into a greater number of SectorS S, and using the same 
number of different channels C in each cell, a greater degree 
of channel reuse is achieved, thereby conserving the valu 
able resource of frequency spectrum. FIG. 8 also shows that 
the number of SectorS S used in each cell in turn determines 
a minimum cell rotation (i.e., 360/S) that is required to 
obtain three distinct azimuth orientations for the cells. For 
example, in FIG. 8, the cell configuration B is derived from 
the cell configuration A by rotating cell configuration Aby 
60 degrees clockwise (360 degrees/6 sectors). Similarly, the 
cell configuration C is derived from the cell configuration B 
by rotating the cell configuration B 60 degrees clockwise. 
Alternatively, the cell configuration C may be derived from 
the cell configuration A by rotating the cell configuration A 
60 degrees counterclockwise. 
0104. An interesting consequence of dividing each cell 
into six sectors, as shown in FIG. 8, is that the sectors in 
each cell are oriented approximately along the bore axes of 
each cell. For example, as shown in FIG. 8, each sector of 
the center cell 20 is oriented approximately along one of the 
bore axes 26, 26, and 26. Such an orientation of Sectors 
facilitates an analysis of potential interference in adjacent 
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cells along each of the bore axes in each cell. Since the bore 
axes of each cell are oriented 60 degrees with respect to one 
another, it follows that dividing cells into multiples of six 
SectorS allows arrangements of cell configurations having 
azimuth orientations with respect to one another that facili 
tate an analysis of potential interference with adjacent cells 
along each of the bore axes of a given cell. 
0105. In view of the foregoing, yet another embodiment 
of the invention is directed to a wireleSS communication 
system having a cell layout of 3x6.Nx(at least 3), wherein N 
is an integer. Stated differently, in this embodiment, each cell 
may be divided into multiples of Six Sectors, three or more 
different channels may be used in each cell, and all cells may 
use the same three or more different channels to derive three 
different cell configurations based on different azimuth 
orientations of the cells with respect to each other. 
0106 With reference again to FIGS. 1A and 1B, the 
unique geometry of honeycomb-like arrangements of cells 
in a coverage area lends itself particularly to arrangements 
of either three different cell configurations, as shown in FIG. 
1A, or seven different cell configurations, as shown in FIG. 
1B. As discussed above in connection with FIG. 1B, using 
Seven different cell configurations in the arrangement of 
cells provides two “buffer layers of cells between cells 
using a same configuration (e.g., from the center cell 22 of 
FIG. 1B shown using configuration F to cells 24-24 which 
also use configuration F). 
0107 Accordingly, while FIGS. 7 and 8 illustrate 
examples of wireless communication systems of the present 
invention using three different cell configurations to reduce 
potential interference problems between adjacent cells, in a 
Similar manner Seven different cell configurations of Sec 
tored cells may be utilized to create an expansive arrange 
ment of cells similar to that shown in FIG. 1B, with even 
greater immunity from potential interference between adja 
cent cells. In view of the foregoing, it should be appreciated 
that the variable K in the cell layout notation adopted above 
typically has values of either 3 or 7. 
0108. In a wireless communication system using multiple 
Sectored cells according to one embodiment of the inven 
tion, Seven different cell configurations may be realized by 
dividing each cell into at least Seven Sectors, employing at 
least Seven different channels in each cell, using the same Set 
of at least Seven different channels in all of the cells, and 
arranging the cells using Seven different azimuth orienta 
tions of the cells with respect to one another. Using the cell 
layout notation adopted above, the cell layout in this 
embodiment of the invention may be described as a 7x(at 
least 7)x(at least 7) cell layout. One issue that arises with 
respect to dividing cells into seven Sectors (or multiples 
thereof) is that it is difficult to orient Sectors approximately 
along the bore axes of each cell in a predictable and 
repeatable manner. This situation may lead to Some difficulty 
in analyzing potential interference problems amongst the 
cells. 

0109. In view of the foregoing, yet another embodiment 
of the invention is directed to a wireleSS communication 
system using a cell layout of 7x6Nx(at least 7), wherein N 
is an integer greater than or equal to 2. In this manner, at 
least Seven different cell configurations may be realized 
using the Same Set of at least Seven different channels in each 
cell, and rotating the cells accordingly to derive Seven 
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different azimuth orientations of the cells with respect to one 
another. By dividing the cells into multiples of Six Sectors, 
the cells may be oriented in the various configurations Such 
that Some Sectors in each cell are predictably and repeatedly 
oriented approximately along the bore axes of each cell, So 
as to facilitate an analysis of potential interference between 
adjacent cells. 

0110. Using the model above, yet another embodiment of 
the invention is directed to a wireleSS communication System 
using a cell layout of 7x24x8. In this embodiment, eight 
different channels are each used three times in each cell. 
Since more than Seven different channels are used in each 
cell, at least Seven (i.e., and in fact eight) different cell 
configurations based on Seven of eight different possible 
relative azimuth orientations of the cells with respect to one 
another are realized. The relative orientations of the cells 
may be arranged Such that at least Some Sectors of each cell 
are oriented approximately along each of the bore axes in 
each cell So as to facilitate an analysis of potential interfer 
ence amongst adjacent cells. 
0111 FIG. 9 is a diagram showing a particular example 
70 of seven different cell configurations based on different 
azimuth orientations of the cells in the embodiment 
described immediately above (i.e., a 7x24x8 cell layout). It 
should be appreciated that this embodiment of the invention 
is not limited to the Specific cell configurations shown in 
FIG. 9, and that other cell configurations are possible 
according to other embodiments. In FIG. 9, each of the 24 
Sectors of the cell labeled as configuration A is identified 
with a particular channel type from 1-8. The Sequence of 
channel types 1-8 is repeated three times in each cell. To 
derive the other cell configurations B-G, the cell configu 
ration A is rotated by 15 degrees consecutively six times. In 
each of the configurations B-G shown in FIG. 9, those 
Sectors using the channel type 1 are identified So as to clarify 
the consecutive rotations of the cell configuration A. 
0112 FIG. 10 is a diagram showing an arrangement of 
cells using the seven different cell configurations of FIG. 9, 
according to one embodiment of the invention. In the 
arrangement of FIG. 10, the first row 72 is assembled by 
using the first three alternate configurations of the Seven 
different cell configurations 70 of FIG. 9 (i.e., A, C, E, and 
G) and then adding the alternate skipped letters to the end of 
the row (i.e., B, D, and F). The second row 74 of the 
arrangement of cells shown in FIG. 10 repeats the cell 
configuration order of the first row 72 (i.e., A, C, E, G, B, D, 
and F) and is shifted by 2% positions (i.e., cells) to the right 
of the first row 72. 

0113 FIG. 11 is a diagram showing an arrangement of 
cells that includes the arrangement of FIG. 10, according to 
one embodiment of the invention. In particular, FIG. 11 
shows the first row 72 of FIG. 10 embedded within three 
other rows 75, 76, and 77 that each uses the cell configu 
ration order A, C, E, G, B, D, and F in a “wrap around' type 
fashion, in which each of the rows 75, 76, and 77 begins on 
the left with a cell configuration different than configuration 
A. The cell arrangement shown in FIG. 11 alternatively may 
be viewed as a portion of a larger cell arrangement in which 
the cell arrangement shown in FIG. 10 is repeated a number 
of times above and below the rows 72 and 74. For example, 
starting with the arrangement of cells shown in FIG. 10, 
another row may be added below the row 74 by repeating the 
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cell configuration order A, C, E, G, B, D, and F and 
offsetting the row 2% positions (i.e., cells) to the right. 
Similarly, a row may be added above the row 72 in FIG. 10 
by repeating the cell configuration order of row 72 and 
offsetting the added row 2% positions (i.e., cells) to the left. 
Additionally, an identical Sequence of cells having the 
configuration order of the row 72 may be added to the end 
of the row 72 shown in FIG. 10 and to the beginning of the 
row 74 shown in FIG. 10. It should be readily appreciated 
from a comparison of FIGS. 10 and 11 that FIG. 11 
represents a portion of the cell arrangement that results from 
the foregoing procedure. 
0114 FIG. 12 is a diagram showing an example of a core 
group of cells of the cell arrangement shown in FIG. 11, 
according to one embodiment of the invention. In particular, 
the core group 80 shown in FIG. 12 is derived from the cell 
78 using the configuration A and the Six cells adjacent to the 
cell 78, as shown in FIG. 11. The seven cell core group in 
FIG. 12 is illustrated in a manner similar to that of the group 
of cells shown in FIG. 3, in which the cell 78 of FIG. 12 is 
represented by the center cell 20 of FIG.3. As in FIG.3, the 
three bore axes 26, 26, and 26 are indicated in FIG. 12, 
each passing through the cell 78 having the configuration A. 
From FIG. 12, it may be appreciated that the seven cells of 
the core group 80 are arranged with respect to each other 
Such that Sectors of the cells that are similarly oriented along 
each of the bore axes 26, 26, and 26, and in which 
radiation is transmitted in essentially a Same direction 
approximately along each of the bore axes, use different 
channels. 

0115 FIG. 13 is a diagram showing an arrangement of 
cells for a wireleSS communication System using a number 
of the core groups 80 shown in FIG. 12 to build up a larger 
arrangement of cells, according to one embodiment of the 
invention. The procedure outlined in FIG. 13 for building up 
an arrangement of cells using a core group provides an 
alternative view to understanding the arrangement of cells 
shown in FIG. 11. Essentially, by using either the “row 
shifting procedure discussed above in connection with 
FIGS. 10 and 11, or by using a number of the core groups 
80 of FIG. 12 to build up a cell arrangement as shown in 
FIG. 13, similar arrangements of cells for a wireless com 
munication System may be implemented. In particular, FIG. 
13 shows three core groups 80, 80, and 80, wherein the 
cell 78 in core group 80 is equivalent to the cell 78 indicated 
in FIG. 11. From the cell 78 in either of FIG. 11 or 13, it 
should be appreciated that the relative position of the 
different cell configurations with respect to the cell 78 is 
identical in both FIGS. 11 and 13. 

0116 FIG. 14 is a diagram of an “interference map” 
showing results of an interference Simulation for a wireleSS 
communication System using the cell arrangement shown in 
FIG. 11. The interference simulation producing the results 
of FIG. 14 models various environmental conditions that the 
wireless communication system of FIG. 11 likely would 
encounter in a typical Subscriber market. For example, in the 
simulation, the cell arrangement of FIG. 11 was modeled in 
a test area containing various terrain, foliage, and ground 
cover conditions indicative of an urban/Suburban environ 
ment. The cell arrangement of FIG. 11 was modeled such 
that the groundcover, foliage, and terrain conditions in the 
area would impact the coverage and interference potential of 
the wireleSS communication System. 
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0117 The interference map of FIG. 14 represents an 
exemplary city-Scape located in the mid-Atlantic region of 
the United States, with a dense urban center, a cluster of 
Suburbs, and a leSS dense forest and plains Setting on the 
fringes of the map. Using particular terrain, foliage, and 
groundcover data, the interference Simulation adds various 
attenuation values to the radiation transmitted in the Sectors 
of each cell based on the area of the city-Scape through 
which the radiation travels. The interference simulation sets 
a 25 decibel (dB) information carrier-to-interference ratio 
(signal-to-noise) requirement in each Sector. 

0118. In the map of FIG. 14, the darkest pixels in the map 
(not including the center points of each cell) indicate those 
areas that do not meet the criterion of a 25 dB carrier-to 
interference ratio as a result of the Simulation with the 
terrain, foliage, and groundcover data (i.e., those areas in 
which interference posed a potential problem). AS can be 
seen from the map of FIG. 14, less than approximately 10% 
of the area covered by the cell arrangement Suffers from 
potential interference problems. Accordingly, the results of 
the interference simulation as reflected in the map of FIG. 
14 demonstrate that a wireleSS communication System 
according to one embodiment of the present invention may 
be deployed over an expansive coverage area without Sig 
nificant interference amongst neighboring cells. 

0119 FIG. 15 is a diagram similar to FIG. 12, showing 
another example of a core group of cells 94 wherein Some 
of the cells use different channel Sequences, according to 
another embodiment of the invention. In FIG. 15, two 
encircled groups of neighboring Sectors in adjacent cells are 
indicated; namely, a first group 90 of neighboring Sectors in 
the cells having the configurations A and F, and a Second 
group 92 of neighboring Sectors in the cells having the 
configurations A and D. As shown in FIG. 15, two sectors 
of the cell configuration Ain the first group 90 have switched 
channel Sequences, i.e., going clockwise around the cell 
having the configuration A, in the vicinity of the first group 
90, the channel sequence is “1, 3, 2, 4” rather than “1, 2, 3, 
4,” as in the core group 80 shown in FIG. 12. Likewise, in 
FIG. 15, two sectors of the cell configuration D in the 
Second group 92 have Switched channel Sequences, i.e., 
going clockwise around the cell having the configuration D, 
in the vicinity of the Second group 92, the channel Sequence 
is “2, 4, 3, 5” rather than “2, 3, 4, 5,” as in the core group 
80 shown in FIG. 12. 

0120 FIG. 16 is a diagram similar to FIG. 9, showing 
another example 96 of the seven different cell configurations 
A-G used in the core group 94 of FIG. 15, with the cell 
configurations using the Switched channel Sequences dis 
cussed above particularly noted. For example, in FIG. 16, as 
in FIG. 9, the cell configurations B, C, E, F, and G employ 
a channel Sequence "1, 2, 3, 4, 5, 6, 7, 8 going clockwise 
around the cell, and repeat this Sequence three times using 
twenty four Sectors. However, as discussed above, in the cell 
configuration Ashown in FIG. 16, the channel Sequence has 
been altered (e.g., Switched) for the two sectors indicated 
with the reference character 100 (i.e., two of the sectors in 
the first group 90 of FIG. 15); likewise, in the cell configu 
ration D shown in FIG. 16, the channel sequence has been 
altered (e.g., Switched) for the two sectors indicated with the 
reference character 98 (i.e., two of the sectors in the second 
group 92). 
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0121 With reference again to FIG. 15, it should be 
appreciated that in the first group 90 of neighboring Sectors, 
if the channel Sequence of the cell configuration A had not 
been altered as shown, a Sector of the cell configuration A 
using the channel type “2 and a Sector of the cell configu 
ration F also using the channel type “2” would have been 
facing each other along the bore axis 26. Similarly, in the 
second group 92 of neighboring sectors shown in FIG. 15, 
if the channel Sequence of the cell configuration D had not 
been altered as shown, a Sector of the cell configuration D 
using the channel type “3' and a Sector of the cell configu 
ration A also using the channel type “3” would have been 
facing each other along the bore axis 26. This situation in 
fact arises amongst the cell configurations A, D, and F in the 
core group 80 shown in FIG. 12 (using the cell configura 
tions of FIG. 9). For purposes of the present discussion, the 
term “facing Sectors' is used to describe Sectors of adjacent 
cells that are proximate to each other and to a shared bore 
axis, and in which radiation is transmitted respectively in 
different or opposite directions (e.g., as in the first group of 
sectors 90 and the second group of sectors 92 illustrated in 
FIG. 15). 
0122). As discussed above in connection with FIG. 4, it 
may be recalled that Subscriber Stations deployed in various 
Sectors of wireleSS communication Systems according to the 
present invention typically employ directional antennas that 
are oriented essentially in a direction toward a base Station 
at approximately the center of each cell. Generally, the 
directionality of Subscriber antennas permits transmission 
and reception of radiation primarily within a relatively 
narrow azimuth angular range or “beamwidth” (e.g., 
approximately 10-15 degrees). Accordingly, it may be 
appreciated that due to the directionality of Subscriber 
antennas, radiation transmitted in “facing Sectors using 
Same channel types generally is not likely to pose potential 
interference problems in the facing Sectors. AS mentioned 
above, this is in fact the case in the core group 80 shown in 
FIG. 12; i.e., notwithstanding the existence of facing Sectors 
using same channel types in this arrangement, the interfer 
ence map of FIG. 14 (based on an arrangement of cells using 
the core group 80 of FIG. 12) illustrates that any nominal 
interference that may result from facing Sectors using same 
channel types generally is acceptable. 
0123. However, in some applications, it may be desirable 
nonetheless to reduce or preclude the possibility of facing 
Sectors using Same channel types in a multiple Sectored cell 
implementation. Accordingly, the embodiment of the 
present invention illustrated in FIGS. 15 and 16 provides 
one example of a Solution for a multiple Sectored cell 
implementation that avoids this situation by altering the 
channel Sequence in at least Some of the cell configurations, 
and using a combination of different channel Sequences and 
different cell rotations to realize the seven different cell 
configurations used in the multiple cell implementation. It 
should be appreciated that, according to other embodiments, 
different cell configurations also may be realized using a 
combination of different channel Sequences, different cell 
rotations, and different channel types amongst the cells (i.e., 
not all cells need use the same channel types). 
0.124 More generally, it should be appreciated that 
according to one embodiment of the invention, different cell 
configurations based primarily on different channel 
Sequences may be realized to facilitate a variety of multiple 
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Sectored cell implementations. For example, with reference 
for the moment to only the cells having the configuration A 
and F in FIG. 15, a wireless communication system accord 
ing to one embodiment of the invention comprises at least 
two Sectored cells using Same channels and having different 
channel Sequences. 
0.125. In particular, a wireless communication system 
according to one embodiment of the invention comprises a 
first Sectored cell having a plurality of Sectors and using a 
plurality of channels and a first channel Sequence for Suc 
cessive adjacent Sectors proceeding in a clockwise direction 
around the first cell. The system of this embodiment also 
comprises one or more Second Sectored cells having a 
plurality of Sectors and using the same plurality of channels 
but a different channel Sequence for Successive adjacent 
Sectors proceeding in a clockwise direction around the 
Second cell. According to one aspect of this embodiment, as 
discussed above in connection with other embodiments, 
adjacent Sectors in each cell do not use Same channels. 
0.126 FIG. 17 is a diagram showing another arrangement 
of Seven cells using three different cell configurations A, B, 
and C based on different channel Sequences, according to 
one embodiment of the invention. In the arrangement of 
cells shown in FIG. 17, each cell is divided into six sectors 
and uses the same four channel types 1, 2, 3, and 4. In FIG. 
17, the center cell is indicated as having a cell configuration 
A, and the Six cells Surrounding the center cell alternately 
are indicated as having cell configurations B and C. Pro 
ceeding clockwise around each cell and Starting with the 
channel “1”, the cell configuration A uses the channel 
Sequence "1, 2, 3, 4, 2, 3, the cell configuration Buses the 
channel Sequence “1, 4, 2, 3, 1,4', and the cell configuration 
C uses the channel Sequence “1, 3, 4, 2, 3, 4.” AS can be seen 
from FIG. 17, by employing different cell configurations 
based on different channel Sequences, the cells may be 
arranged with respect to each other Such that Sectors of the 
cells that are similarly oriented approximately along a bore 
axis, and in which radiation is transmitted in essentially a 
Same direction approximately along the bore axis, use dif 
ferent channels. 

0127. Applicants have derived a general formula that 
may be employed to determine the number of possible 
unique cell configurations resulting from different channel 
Sequences as a function of the number of different channels 
available for use and the number of Sectors used in each cell 
of a multiple Sectored cell implementation. The formula 
assumes that: 1) each cell uses the same number of Sectors 
and the same set of different channels; 2) each cell uses each 
channel of the set of channels at least once; and 3) each cell 
does not use same channels in adjacent Sectors within the 
cell. Based on the foregoing criteria, the number of possible 
different cell configurations is given by: 

K = C (C-1 (S-C (1) 
C 

0128 where K is the number of different cell configura 
tions based on different Sequences of C channels in S 
SectOrS. 

0129. The above formula in Eq. (1) may be derived as 
follows. Consider that in comparing different channel 
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Sequences amongst different cells, Sequences should be 
compared by Starting in respective Sectors of the cells that 
use a same channel, and then preceding in a Same direction 
in each cell (e.g., clockwise). Which particular channel a 
Sequence begins with is of no consequence, as a unique 
Sequence of C channels in S Sectors can be reproduced 
regardless of which channel is used to Start the Sequence; the 
Sequence always "wraps around” on itself. Accordingly, an 
analysis of the total number of different channel Sequences 
from a given set of C channels in S Sectors should begin by 
Starting each Sequence with the Same channel. 

0130 Based on the foregoing, consider the case of using 
three different channels amongst four Sectors in a cell, i.e., 
C=3 and S=4. Each Sector S-S may be represented as one 
multiplier in a Series of multipliers whose product represents 
the total number of possible different channel Sequences, for 
example: 

X X X 

(S1) (S2) (S3) (S4) 

0131 wherein each multiplier signifies the number of 
channel possibilities for a given Sector. 

0132) For the sector S, there is only one possibility for 
a channel, Since for comparative purposes each different 
Sequence Starts with the same channel. Accordingly, the 
multiplier corresponding to the sector S is equal to “1”. 

0.133 For the sector S, the only constraint is that the 
channel used in the sector S be different from the channel 
used in the adjacent Sector S. Accordingly, Since in the 
current example two of three available channels remain for 
possible use in the Sector S, the multiplier corresponding to 
this sector is equal to “2”. 

0134 Similarly, for the sector S, the only constraint is 
that the channel used in the sector S be different from the 
channel used in the adjacent Sector S. Accordingly, Since 
two of the three available channels remain for possible use 
in the Sector S, the multiplier corresponding to this Sector 
is equal to “2”. 

0135 For the sector S, only one channel choice remains, 
as it is possible that only two of the three available channels 
have been used thus far, and it must be insured that each of 
the available three channels is used at least once in a cell. 
Accordingly, the multiplier corresponding to the Sector S. in 
the current example is equal to “1”. 

0.136 From the foregoing, the blanks representing the 
multipliers in the product given above may be filled in as 
follows: 

1 2 2 1 

(S1) (S2) (S3) (S4) 

0.137 yielding a total of up to four possible different 
Sequences using 3 channels in 4 Sectors. By Substituting C=3 
and S=4 into Eq. (1) given above, it may be verified that 
indeed K=4. 
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0.138. The foregoing approach may be used to analyze the 
number of possible different Sequences using greater num 
bers of channels amongst greater numbers of SectorS So as to 
derive the generalized formula given above. It should be 
appreciated that using greater numbers of channels amongst 
greater numbers of Sectors dramatically increases the num 
ber of possible different cell configurations K based on 
different channel Sequences. 

0.139 For example, applying the formula given above in 
Eq. (1) using parameters from the exemplary arrangement of 
cells shown in FIG. 17 (i.e., C=4 and S=6), a total of K=54 
different cell configurations based on different channel 
Sequences are possible. Of course, it should be appreciated 
that only three of the 54 different cell configurations need to 
be utilized to implement an arrangement of Sectored cells 
similar to that shown in FIG. 17 (e.g., using the configu 
rations A, B, and C), based on the principle of using 
repeating groups of different cell configurations in a hon 
eycomb-like manner. Additionally, according to one aspect 
of the embodiment of FIG. 17, it should be appreciated that 
any three of the 54 different cell configurations may be 
chosen, and that this Selection may be arbitrary or deter 
mined empirically based on a particular multiple Sectored 
cell application. Furthermore, as discussed above, different 
orientations of the cells having different channel Sequences 
also may be used to reduce the potential for interference 
along one or more bore axes. 

0140. According to other embodiments, greater numbers 
of different cell configurations based on different channel 
Sequences may be used to implement an extended honey 
comb-like formation of Sectored cells. For example, as 
discussed above in connection with different cell rotations 
(as illustrated in FIGS. 9-13), seven different cell configu 
rations A-G based on different channel Sequences similarly 
may be used to implement an extended honeycomb-like 
formation of Sectored cells. More specifically, to obtain at 
least Seven different cell configurations based on different 
channel Sequences using the generalized formula given in 
Eq. (1) above, at least three different channels (i.e., C=3) 
may be used in at least five Sectors (i.e., S=5) in each cell, 
giving a total of K=8 different cell configurations. For Some 
applications, the choice of using three different channels 
amongst five Sectors of a cell may not provide the most 
appropriate or practical implementation Solution; for 
example, as discussed above, in Some applications it may be 
desirable to have cells divided into multiples of six (i.e., 6.N) 
Sectors to facilitate an interference analysis. Accordingly, it 
should be appreciated that the foregoing example merely 
provides an illustration of one possible design Solution using 
a minimal number of channels and Sectors to achieve at least 
Seven different cell configurations based on different channel 
Sequences, and that Several other Solutions are possible 
according to other embodiments of the invention. 

0.141. In sum, a number of different embodiments of 
wireleSS communication methods and Systems using mul 
tiple Sectored cells have been disclosed herein. In Such 
methods and Systems, a number of different cell configura 
tions may be derived based on different channel Sequences 
amongst cells using same channels, different rotations (azi 
muth orientations) of the cells with respect to one another, 
and/or different channel types used amongst cells. Based on 
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the different cell configurations, a variety of core Sectored 
cell groups may be formed and implemented in extended 
formations. 

What is claimed is: 
1. A wireleSS communication System, comprising: 
at least one first Sectored cell having a first plurality of 

Sectors, the at least one first Sectored cell using a first 
plurality of channels and a first channel Sequence for 
Successive adjacent Sectors proceeding in a clockwise 
direction around the at least one first Sectored cell; and 

at least one Second Sectored cell contiguous with the at 
least one first Sectored cell, the at least one Second 
Sectored cell having a Second plurality of Sectors and 
using the Same first plurality of channels, the at least 
one Second Sectored cell using a Second channel 
Sequence for Successive adjacent Sectors proceeding in 
a clockwise direction around the at least one Second 
Sectored cell, wherein the Second channel Sequence and 
the first channel Sequence are different. 

2. The system of claim 1, wherein the first plurality of 
channels includes at least two channels having at least one 
of different carrier frequencies, different polarizations, dif 
ferent time slots, and different codes. 

3. The system of claim 1, wherein: 
the at least one Second Sectored cell includes at least two 

Second Sectored cells that are each contiguous with the 
at least one first Sectored cell Such that the at least one 
first Sectored cell and the at least two Second Sectored 
cells form a group of at least three Sectored cells that 
are mutually adjacent and define at least three bore 
axes, each bore axis of the at least three bore axes 
passing through a center of each of two cells of the at 
least three Sectored cells, and 

the at least three Sectored cells are arranged with respect 
to each other Such that Sectors of the at least three 
Sectored cells that are Similarly oriented approximately 
along one bore axis of the at least three bore axes and 
in which radiation is transmitted in essentially a same 
direction approximately along the one bore axis use 
different channels. 

4. The system of claim 3, wherein the at least three 
Sectored cells are arranged using at least three different cell 
configurations, at least two cell configurations of the at least 
three different cell configurations each being uniquely iden 
tified by at least a particular channel Sequence for Successive 
adjacent Sectors proceeding in a clockwise direction around 
the cell. 

5. The System of claim 4, wherein each cell configuration 
of the at least three different cell configurations is uniquely 
identified by at least one of a particular azimuth orientation 
of a cell about the center of the cell and a particular channel 
Sequence for Successive adjacent Sectors proceeding in a 
clockwise direction around the cell. 

6. The System of claim 4, wherein each cell configuration 
of the at least three different cell configurations is uniquely 
identified by at least one of a particular azimuth orientation 
of a cell about the center of the cell, a particular channel 
Sequence for Successive adjacent Sectors proceeding in a 
clockwise direction around the cell, and particular channel 
types used in the cell. 
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7. The system of claim 3, wherein: 
the at least three Sectored cells include at least Seven 

Sectored cells, a first cell of the at least Seven Sectored 
cells being adjacent with each of six other cells of the 
at least Seven Sectored cells Such that the Six other cells 
Surround the first cell; and 

the at least Seven cells are arranged with respect to each 
other Such that Sectors of adjacent cells of the at least 
Seven cells that are Similarly oriented approximately 
along one bore axis of the plurality of bore axes and in 
which radiation is transmitted in essentially a same 
direction approximately along the one bore axis use 
different channels. 

8. The system of claim 7, wherein: 
each cell of the at least Seven Sectored cells has S Sectors, 
each cell of the at least Seven Sectored cells uses the same 

plurality of C different channels, wherein Cs S; 
adjacent Sectors in each cell do not use Same channels of 

the C different channels; 
the at least Seven Sectored cells are arranged using up to 
K different cell configurations, each different cell con 
figuration using all of the C different channels, at least 
two different cell configurations of the K different cell 
configurations each being uniquely identified by a 
particular channel Sequence for Successive adjacent 
Sectors proceeding in a clockwise direction around a 
cell. 

9. The system of claim 8, wherein each cell configuration 
of the K different cell configurations is uniquely identified 
by a particular channel Sequence for Successive adjacent 
Sectors proceeding in a clockwise direction around the cell. 

10. The system of claim 9, wherein K is given by the 
formula K=(C/C)(C-1)*S). 

11. The system of claim 10, wherein S and C are chosen 
Such that K is equal to at least Seven. 

12. The system of claim 10, wherein: 
S is equal to at least five; and 
C is equal to at least three. 
13. The system of claim 7, wherein the at least seven 

Sectored cells are arranged using at least Seven different cell 
configurations, at least two cell configurations of the at least 
Seven different cell configurations each being uniquely iden 
tified by at least a particular channel Sequence for Successive 
adjacent Sectors proceeding in a clockwise direction around 
the cell. 

14. The system of claim 13, wherein the at least seven 
Sectored cells are arranged using at least Seven different cell 
configurations, each cell configuration of the at least Seven 
different cell configurations being uniquely identified by at 
least one of a particular azimuth orientation of a cell about 
the center of the cell and a particular channel Sequence for 
Successive adjacent Sectors proceeding in a clockwise direc 
tion around the cell. 

15. The system of claim 13, wherein the at least seven 
Sectored cells are arranged using at least Seven different cell 
configurations, each cell configuration of the at least Seven 
different cell configurations being uniquely identified by at 
least one of a particular azimuth orientation of a cell about 
the center of the cell, a particular channel Sequence for 
Successive adjacent Sectors proceeding in a clockwise direc 
tion around the cell, and particular channel types used in the 
cell. 
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16. The system of claim 13, wherein: 
each cell of the at least Seven Sectored cells is divided into 

at least Seven Sectors, and 
the first plurality of channels used in each cell includes at 

least Seven different channels. 
17. The system of claim 16, wherein: 
the at least Seven different channels include at least Seven 

different channel Sets, each channel of the at least Seven 
different channels including a respective channel Set, 
and 

each respective channel Set includes at least one of a 
plurality of frequency channels, a plurality of time slot 
channels, and a plurality of coded channels. 

18. The system of claim 17, wherein each respective 
channel Set is uniquely identified from other channel Sets of 
the at least Seven different channel Sets as having at least one 
of a different frequency band and a different polarization 
than the other channel Sets. 

19. The system of claim 16, wherein each cell is divided 
into 6N Sectors, N being an integer. 

20. The system of claim 19, wherein the at least seven 
different channels include eight different channels. 

21. The system of claim 20, wherein each cell is divided 
into 24 Sectors. 

22. The system of claim 21, wherein the eight different 
channels are each reused three times in each cell. 

23. A wireleSS communication System, comprising: 
at least seven mutually adjacent Sectored cells that define 

at least three bore axes, each bore axis of the at least 
three bore axes passing through a center of each of 
three cells of the at least Seven Sectored cells, the at 
least Seven mutually adjacent Sectored cells including: 
at least one first Sectored cell having a first plurality of 

Sectors, the at least one first Sectored cell using a first 
plurality of channels and a first channel Sequence for 
Successive adjacent Sectors proceeding in a clock 
wise direction around the at least one first Sectored 
cell; and 

at least one Second Sectored cell adjacent to the at least 
one first Sectored cell, the at least one Second Sec 
tored cell having a Second plurality of Sectors and 
using the same first plurality of channels, the at least 
one Second Sectored cell using a Second channel 
Sequence for Successive adjacent Sectors proceeding 
in a clockwise direction around the at least one 
Second Sectored cell, wherein the Second channel 
Sequence and the first channel Sequence are different, 

wherein the at least Seven mutually adjacent Sectored cells 
are arranged with respect to each other Such that Sectors 
of adjacent cells of the at least Seven cells that are 
Similarly oriented approximately along one bore axis of 
the plurality of bore axes and in which radiation is 
transmitted in essentially a same direction approxi 
mately along the one bore axis use different channels. 

24. A wireleSS communication System, comprising: 
at least Seven mutually adjacent Sectored cells including: 

at least one first Sectored cell having a first plurality of 
Sectors, the at least one first Sectored cell using a first 
plurality of channels and a first channel Sequence for 
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Successive adjacent Sectors proceeding in a clock 
wise direction around the at least one first Sectored 
cell; and 

at least one Second Sectored cell adjacent to the at least 
one first Sectored cell, the at least one Second Sec 
tored cell having a Second plurality of Sectors and 
using the same first plurality of channels, the at least 
one Second Sectored cell using a Second channel 
Sequence for Successive adjacent Sectors proceeding 
in a clockwise direction around the at least one 
Second Sectored cell, wherein the Second channel 
Sequence and the first channel Sequence are different, 

wherein the at least Seven Sectored cells are arranged 
using at least Seven different cell configurations, at least 
two different cell configurations of the at least Seven 
different cell configurations being uniquely identified 
by at least a particular channel Sequence for Successive 
adjacent Sectors proceeding in a clockwise direction 
around the cell. 

25. The system of claim 24, wherein each cell configu 
ration of the at least Seven different cell configurations is 
uniquely identified by at least one of a particular azimuth 
orientation of a cell about the center of the cell and a 
particular channel Sequence for Successive adjacent Sectors 
proceeding in a clockwise direction around the cell. 

26. The System of claim 24, wherein each cell configu 
ration of the at least Seven different cell configurations is 
uniquely identified by at least one of a particular azimuth 
orientation of a cell about the center of the cell, a particular 
channel sequence for Successive adjacent Sectors proceeding 
in a clockwise direction around the cell, and particular 
channel types used in the cell. 

27. The system of claim 25, wherein: 
each cell of the at least Seven mutually adjacent Sectored 

cells is divided into at least Seven Sectors, and 
the first plurality of channels used in each cell includes at 

least Seven different channels. 
28. The system of claim 27, wherein: 
the at least Seven different channels include at least Seven 

different channel Sets, each channel of the at least Seven 
different channels including a respective channel Set, 
and 

each respective channel Set includes at least one of a 
plurality of frequency channels, a plurality of time slot 
channels, and a plurality of coded channels. 

29. The system of claim 28, wherein each respective 
channel Set is uniquely identified from other channel Sets of 
the at least Seven different channel Sets as having at least one 
of a different frequency band and a different polarization 
than the other channel Sets. 

30. The system of claim 27, wherein each cell is divided 
into 6N Sectors, N being an integer. 

31. The system of claim 30, wherein the at least seven 
different channels include eight different channels. 

32. The system of claim 31, wherein each cell is divided 
into 24 Sectors. 

33. The system of claim 32, wherein the eight different 
channels are each reused three times in each cell. 

34. A wireleSS communication System, comprising: 
at least three mutually adjacent Sectored cells having up to 
K different cell configurations, K being an integer not 
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less than three, each cell configuration of the K differ 
ent cell configurations including a Sectored cell having 
S Sectors, S being an integer, each Sectored cell using 
a Same Set of C different channels to transport infor 
mation, C being an integer not exceeding S, wherein 
adjacent Sectors in each cell do not use same channels 
of the C different channels, at least two different cell 
configurations of the K different cell configurations 
each being uniquely identified by a particular channel 
Sequence for Successive adjacent Sectors proceeding in 
a clockwise direction around a cell. 

35. The system of claim 34, wherein each cell configu 
ration of the K different cell configurations is uniquely 
identified by a particular channel Sequence for Successive 
adjacent Sectors proceeding in a clockwise direction around 
a cell. 

36. The system of claim 35, wherein K is given by the 
formula K=(C/C)(C-1)). 

37. The system of claim 36, wherein S and C are chosen 
Such that K is equal to at least Seven. 

38. The system of claim 36, wherein: 

S is equal to at least five; and 

C is equal to at least three. 
39. The system of claim 34, wherein S=6N, N being an 

integer. 
40. In a wireleSS communication System comprising at 

least one first Sectored cell having a first plurality of Sectors 
and at least one Second Sectored cell contiguous with the at 
least one first Sectored cell, the at least one Second Sectored 
cell having a Second plurality of Sectors, a wireleSS com 
munication method, comprising acts of: 

using a first plurality of channels and a first channel 
Sequence for Successive adjacent Sectors proceeding in 
a clockwise direction around the at least one first 
Sectored cell; and 

using the same first plurality of channels and a Second 
channel Sequence for Successive adjacent Sectors pro 
ceeding in a clockwise direction around the at least one 
Second Sectored cell, wherein the Second channel 
Sequence and the first channel Sequence are different. 

41. The method of claim 40, wherein the first plurality of 
channels includes at least two channels having at least one 
of different carrier frequencies, different polarizations, dif 
ferent time slots, and different codes. 

42. The method of claim 40, wherein: 
the at least one Second Sectored cell includes at least two 

Second Sectored cells that are each contiguous with the 
at least one first Sectored cell Such that the at least one 
first Sectored cell and the at least two Second Sectored 
cells form a group of at least three Sectored cells that 
are mutually adjacent and define at least three bore 
axes, each bore axis of the at least three bore axes 
passing through a center of each of two cells of the at 
least three Sectored cells, and 

the method further comprises an act of: 

arranging the at least three Sectored cells with respect to 
each other Such that Sectors of the at least three Sectored 
cells that are similarly oriented approximately along 
one bore axis of the at least three bore axes and in 

17 
Mar. 7, 2002 

which radiation is transmitted in essentially a same 
direction approximately along the one bore axis use 
different channels. 

43. The method of claim 42, wherein the act of arranging 
includes an act of arranging the at least three Sectored cells 
using at least three different cell configurations, at least two 
cell configurations of the at least three different cell con 
figurations each being uniquely identified by at least a 
particular channel Sequence for Successive adjacent Sectors 
proceeding in a clockwise direction around the cell. 

44. The method of claim 43, wherein the act of arranging 
includes an act of arranging the at least three Sectored cells 
using at least three different cell configurations, each cell 
configuration of the at least three different cell configura 
tions being uniquely identified by at least one of a particular 
azimuth orientation of a cell about the center of the cell and 
a particular channel Sequence for Successive adjacent Sectors 
proceeding in a clockwise direction around the cell. 

45. The method of claim 42, wherein: 
the at least three Sectored cells include at least Seven 

Sectored cells, a first cell of the at least Seven Sectored 
cells being adjacent with each of six other cells of the 
at least Seven Sectored cells Such that the Six other cells 
Surround the first cell; and 

the act of arranging comprises an act of: 
arranging the at least Seven cells with respect to each other 

Such that Sectors of adjacent cells of the at least Seven 
cells that are similarly oriented approximately along 
one bore axis of the plurality of bore axes and in which 
radiation is transmitted in essentially a Same direction 
approximately along the one bore axis use different 
channels. 

46. The method of claim 45, wherein: 
each cell of the at least Seven Sectored cells has S Sectors, 
each cell of the at least Seven Sectored cells uses the same 

plurality of C different channels, wherein Cs S; 
adjacent Sectors in each cell do not use Same channels of 

the C different channels; and 

the act of arranging includes an act of: 
arranging the at least Seven Sectored cells using up to K 

different cell configurations, each different cell con 
figuration using all of the C different channels and at 
least two different cell configurations of the K different 
cell configurations each being uniquely identified by a 
particular channel Sequence for Successive adjacent 
Sectors proceeding in a clockwise direction around the 
cell. 

47. The method of claim 46, wherein K is given by the 
formula 

48. The method of claim 47, further comprising an act of 
choosing S and C Such that K is equal to at least Seven. 

49. The method of claim 47, wherein: 

S is equal to at least five; and 
C is equal to at least three. 
50. The method of claim 45, wherein the act of arranging 

includes an act of arranging the at least Seven Sectored cells 
using at least Seven different cell configurations, at least two 
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cell configurations of the at least Seven different cell con 
figurations each being uniquely identified by at least a 
particular channel Sequence for Successive adjacent Sectors 
proceeding in a clockwise direction around the cell. 

51. The method of claim 50, wherein the act of arranging 
includes an act of arranging the at least Seven Sectored cells 
using at least Seven different cell configurations, each cell 
configuration of the at least Seven different cell configura 
tions each being uniquely identified by at least one of a 
particular azimuth orientation of a cell about the center of 
the cell and a particular channel Sequence for Successive 
adjacent Sectors proceeding in a clockwise direction around 
the cell. 

52. The method of claim 50, wherein: 
each cell of the at least Seven Sectored cells is divided into 

at least Seven Sectors, and 

the first plurality of channels used in each cell includes at 
least Seven different channels. 

53. The method of claim 52, wherein: 
the at least Seven different channels include at least Seven 

different channel Sets, each channel of the at least Seven 
different channels including a respective channel Set, 
and 

each respective channel Set includes at least one of a 
plurality of frequency channels, a plurality of time slot 
channels, and a plurality of coded channels. 

54. The method of claim 53, wherein each respective 
channel set is uniquely identified from other channel sets of 
the at least Seven different channel Sets as having at least one 
of a different frequency band and a different polarization 
than the other channel Sets. 

55. The method of claim 52, wherein each cell is divided 
into 6N Sectors, N being an integer. 

56. The method of claim 55, wherein the at least seven 
different channels include eight different channels. 

57. The method of claim 56, wherein each cell is divided 
into 24 Sectors. 

58. The method of claim 57, wherein the eight different 
channels are each reused three times in each cell. 

59. In a wireleSS communication System comprising at 
least Seven mutually adjacent Sectored cells that define at 
least three bore axes, each bore axis of the at least three bore 
axes passing through a center of each of three cells of the at 
least Seven Sectored cells, the at least Seven mutually adja 
cent Sectored cells including at least one first Sectored cell 
having a first plurality of Sectors and at least one Second 
Sectored cell adjacent to the at least one first Sectored cell, 
the at least one Second Sectored cell having a Second 
plurality of Sectors, a wireleSS communication method com 
prising acts of: 

using a first plurality of channels and a first channel 
Sequence for Successive adjacent Sectors proceeding in 
a clockwise direction around the at least one first 
Sectored cell; 

using the same first plurality of channels and a Second 
channel Sequence for Successive adjacent Sectors pro 
ceeding in a clockwise direction around the at least one 
Second Sectored cell, wherein the Second channel 
Sequence and the first channel Sequence are different; 
and 
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arranging the at least Seven mutually adjacent Sectored 
cells with respect to each other Such that Sectors of 
adjacent cells of the at least Seven cells that are simi 
larly oriented approximately along one bore axis of the 
plurality of bore axes and in which radiation is trans 
mitted in essentially a same direction approximately 
along the one bore axis use different channels. 

60. In a wireleSS communication System comprising at 
least Seven mutually adjacent Sectored cells including at 
least one first Sectored cell having a first plurality of Sectors 
and at least one Second Sectored cell adjacent to the at least 
one first Sectored cell, the at least one Second Sectored cell 
having a Second plurality of Sectors, a wireleSS communi 
cation method comprising acts of 

using a first plurality of channels and a first channel 
Sequence for Successive adjacent Sectors proceeding in 
a clockwise direction around the at least one first 
Sectored cell; 

using the same first plurality of channels and a Second 
channel Sequence for Successive adjacent Sectors pro 
ceeding in a clockwise direction around the at least one 
Second Sectored cell, wherein the Second channel 
Sequence and the first channel Sequence are different; 
and 

arranging the at least Seven Sectored cells using at least 
Seven different cell configurations, at least two different 
cell configurations of the at least Seven different cell 
configurations being uniquely identified by at least a 
particular channel Sequence for Successive adjacent 
Sectors proceeding in a clockwise direction around the 
cell. 

61. The method of claim 60, wherein each cell configu 
ration of the at least Seven different cell configurations is 
uniquely identified by at least one of a particular azimuth 
orientation of a cell about the center of the cell and a 
particular channel Sequence for Successive adjacent Sectors 
proceeding in a clockwise direction around the cell. 

62. The method of claim 61, wherein: 
each cell of the at least Seven mutually adjacent Sectored 

cells is divided into at least Seven Sectors, and 
the first plurality of channels used in each cell includes at 

least Seven different channels. 
63. The method of claim 62, wherein: 
the at least Seven different channels include at least Seven 

different channel Sets, each channel of the at least Seven 
different channels including a respective channel Set, 
and 

each respective channel Set includes at least one of a 
plurality of frequency channels, a plurality of time slot 
channels, and a plurality of coded channels. 

64. The method of claim 63, wherein each respective 
channel Set is uniquely identified from other channel Sets of 
the at least Seven different channel Sets as having at least one 
of a different frequency band and a different polarization 
than the other channel Sets. 

65. The method of claim 62, wherein each cell is divided 
into 6N Sectors, N being an integer. 

66. The method of claim 65, wherein the at least seven 
different channels include eight different channels. 

67. The method of claim 66, wherein each cell is divided 
into 24 Sectors. 
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68. The method of claim 67, wherein the eight different 
channels are each reused three times in each cell. 

69. A wireleSS communication System, comprising: 

at least Seven Sectored cells, each Sectored cell of the at 
least Seven Sectored cells being divided into a plurality 
of Sectors and being assigned a plurality of different 
channels. Such that adjacent Sectors in each Sectored cell 
use different channels, each Sectored cell of the at least 
Seven Sectored cells having one of at least Seven 
different cell configurations, each different cell con 
figuration of the at least Seven different cell configu 
rations being uniquely identified by at least one of a 
particular azimuth orientation of a cell about a center of 
the cell, a particular channel Sequence for Successive 
adjacent Sectors proceeding in a clockwise direction 
around the cell, and particular channel types of the 
plurality of different channels used in the cell. 

70. The system of claim 69, wherein at least two different 
cell configurations of the at least Seven different cell con 
figurations each is uniquely identified by at least the par 
ticular azimuth orientation of the cell about the center of the 
cell. 

71. The system of claim 70, wherein the at least seven 
Sectored cells include a first cell adjacent with each of Six 
other cells of the at least Seven Sectored cells Such that the 
six other cells Surround the first cell, the first cell and the six 
other cells each using a different cell configuration of the at 
least Seven different cell configurations to form a core 
Sectored cell group. 

72. The system of claim 71, wherein the at least seven 
Sectored cells include a plurality of Sectored cells arranged 
as an extended formation of a plurality of core Sectored cell 
groupS. 

73. The system of claim 69, wherein at least two different 
cell configurations of the at least Seven different cell con 
figurations each is uniquely identified by at least the par 
ticular channel Sequence for Successive adjacent Sectors 
proceeding in a clockwise direction around the cell. 

74. The system of claim 73, wherein the at least seven 
Sectored cells include a first cell adjacent with each of Six 
other cells of the at least Seven Sectored cells Such that the 
six other cells Surround the first cell, the first cell and the six 
other cells each using a different cell configuration of the at 
least Seven different cell configurations to form a core 
Sectored cell group. 

75. The system of claim 74, wherein the at least seven 
Sectored cells include a plurality of Sectored cells arranged 
as an extended formation of a plurality of core Sectored cell 
groupS. 

76. The system of claim 69, wherein at least two different 
cell configurations of the at least Seven different cell con 
figurations each is uniquely identified by at least the par 
ticular channel types of the plurality of different channels 
used in the cell. 

77. The system of claim 76, wherein the at least seven 
Sectored cells include a first cell adjacent with each of Six 
other cells of the at least Seven Sectored cells Such that the 
six other cells Surround the first cell, the first cell and the six 
other cells each using a different cell configuration of the at 
least Seven different cell configurations to form a core 
Sectored cell group. 
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78. The system of claim 77, wherein the at least seven 
Sectored cells include a plurality of Sectored cells arranged 
as an extended formation of a plurality of core Sectored cell 
groupS. 

79. The system of claim 69, wherein: 
the at least Seven Sectored cells include a first cell adjacent 

with each of six other cells of the at least seven sectored 
cells Such that the six other cells Surround the first cell; 

the at least Seven Sectored cells define a plurality of bore 
axes, each bore axis of the plurality of bore axes 
passing through a center of each of two cells of the at 
least Seven Sectored cells, and 

the at least Seven Sectored cells are arranged with respect 
to each other Such that Sectors of adjacent cells of the 
at least Seven Sectored cells that are similarly oriented 
approximately along one bore axis of the plurality of 
bore axes and in which radiation is transmitted in 
essentially a Same direction approximately along the 
one bore axis use different channels. 

80. The system of claim 69, wherein each sectored cell of 
the at least Seven Sectored cells comprises: 

at least one base Station disposed approximately at a 
center of the Sectored cell to exchange information over 
air with a respective plurality of Subscriber Stations 
disposed within the Sectored cell, wherein each Sec 
tored cell has approximately a Same radius and spans 
up to a 360 degree azimuth angle around the at least one 
base Station. 

81. The system of claim 80, wherein the at least one base 
Station includes a lens-based Sectored antenna System. 

82. The system of claim 81, wherein the lens-based 
Sectored antenna System includes a Luneberg-type lens. 

83. The system of claim 81, wherein the lens-based 
Sectored antenna System includes a Rotman-type lens. 

84. In a wireleSS communication System comprising at 
least Seven Sectored cells, each Sectored cell of the at least 
Seven Sectored cells being divided into a plurality of Sectors 
and being assigned a plurality of different channels. Such that 
adjacent Sectors in each Sectored cell use different channels, 
a wireleSS communication method comprising an act of: 

using a different cell configuration for each Sectored cell 
of the at least Seven Sectored cells, each different cell 
configuration of the at least Seven different cell con 
figurations being uniquely identified by at least one of 
a particular azimuth orientation of a cell about a center 
of the cell, a particular channel Sequence for Successive 
adjacent Sectors proceeding in a clockwise direction 
around the cell, and particular channel types of the 
plurality of different channels used in the cell. 

85. The method of claim 84, wherein the act of using a 
different cell configuration for each Sectored cell of the at 
least Seven Sectored cells includes an act of using at least two 
different cell configurations of the at least seven different 
cell configurations that are uniquely identified by at least the 
particular azimuth orientation of the cell about the center of 
the cell. 

86. The method of claim 85, further comprising an act of 
forming at least one core Sectored cell group using the at 
least Seven Sectored cells, the core Sectored cell group 
including a first cell adjacent with each of six other cells of 
the at least Seven Sectored cells Such that the Six other cells 
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Surround the first cell, the first cell and the six other cells 
each using a different cell configuration of the at least Seven 
different cell configurations. 

87. The method of claim 86, wherein the at least one core 
Sectored cell group includes a plurality of core Sectored cell 
groups, and wherein the method further comprises an act of 
arranging the plurality of core Sectored cell groups as an 
extended formation. 

88. The method of claim 84, wherein the act of using a 
different cell configuration for each Sectored cell of the at 
least Seven Sectored cells includes an act of using at least two 
different cell configurations of the at least seven different 
cell configurations that are uniquely identified by at least the 
particular channel Sequence for Successive adjacent Sectors 
proceeding in a clockwise direction around the cell. 

89. The method of claim 88, further comprising an act of 
forming at least one core Sectored cell group using the at 
least Seven Sectored cells, the core Sectored cell group 
including a first cell adjacent with each of six other cells of 
the at least Seven Sectored cells Such that the Six other cells 
Surround the first cell, the first cell and the six other cells 
each using a different cell configuration of the at least Seven 
different cell configurations. 

90. The method of claim 89, wherein the at least one core 
Sectored cell group includes a plurality of core Sectored cell 
groups, and wherein the method further comprises an act of 
arranging the plurality of core Sectored cell groups as an 
extended formation. 

91. The method of claim 84, wherein the act of using a 
different cell configuration for each Sectored cell of the at 
least Seven Sectored cells includes an act of using at least two 
different cell configurations of the at least seven different 
cell configurations that are uniquely identified by at least the 
particular channel types of the plurality of different channels 
used in the cell. 

92. The method of claim 91, further comprising an act of 
forming at least one core Sectored cell group using the at 
least Seven Sectored cells, the core Sectored cell group 
including a first cell adjacent with each of six other cells of 
the at least Seven Sectored cells Such that the Six other cells 
Surround the first cell, the first cell and the six other cells 
each using a different cell configuration of the at least Seven 
different cell configurations. 
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93. The method of claim 92, wherein the at least one core 
Sectored cell group includes a plurality of core Sectored cell 
groups, and wherein the method further comprises an act of 
arranging the plurality of core Sectored cell groups as an 
extended formation. 

94. The method of claim 84, further comprising acts of: 

forming at least one core Sectored cell group using the at 
least Seven Sectored cells, the core Sectored cell group 
including a first cell adjacent with each of Six other 
cells of the at least Seven Sectored cells Such that the Six 
other cells Surround the first cell, wherein the at least 
Seven Sectored cells define a plurality of bore axes, each 
bore axis of the plurality of bore axes passing through 
a center of each of two cells of the at least Seven cells, 
and 

arranging the at least Seven Sectored cells with respect to 
each other Such that Sectors of adjacent cells of the at 
least Seven cells that are similarly oriented approxi 
mately along one bore axis of the plurality of bore axes 
and in which radiation is transmitted in essentially a 
Same direction approximately along the one bore axis 
use different channels. 

95. The method of claim 84, wherein each sectored cell of 
the at least Seven Sectored cells comprises: 

at least one base Station disposed approximately at a 
center of the Sectored cell to exchange information over 
air with a respective plurality of Subscriber Stations 
disposed within the Sectored cell, wherein each cell has 
approximately a Same radius and Spans up to a 360 
degree azimuth angle around the at least one base 
Station. 

96. The method of claim 95, wherein the at least one base 
Station includes a lens-based Sectored antenna System. 

97. The method of claim 96, wherein the lens-based 
Sectored antenna System includes a Luneberg-type lens. 

98. The method of claim 96, wherein the lens-based 
Sectored antenna System includes a Rotman-type lens. 


