
-1 - METHOD AND APPARATUS FOR REDUCING INTERFERENCE IN A RADIO
COMMUNICATION LINK OF A CELLULAR COMMUNICATION SYSTEM 5 Field of the
Invention The present invention relates to cellular communcation systems
and, more particularly, to a method and apparatus for reducing interference
in a 10   radio communication link of a cellular communication system.
Background of the Invention Communication systems take many forms. In
general, the purpose 15   of a communication system is to transmit
information-bearing signals from a source, located at one point, to a user
destination, located at another point some distance away. A communication
system generally consists of three basic components: transmitter, channel,
and receiver. The transmitter has the function of processing the message
signal into a form suitable for 20   transmission over the channel. This
processing of the message signal is typically referred to as modulation.
The function of the channel is to provide a physical connection between the
transmitter output and the receiver input. The function of the receiver is
to process the received signal so as to produce an estimate of the original
message signal. This processing of the 25   received signal is referred to
as demodulation and detection.    -2- Two types of two-way communication
channels exist, namely, point- to point channels and point-to-muttipoint
channels. Examples of point-to- point channels include wirelines (e.g.,
local telephone transmission), microwave links, and optical fibers. In
contrast, point-to-multipoint channels 5   provide a capability where many
remote stations may communicate simultaneously with a single central
communication site (e.g. cellular radio telephone communication systems).
These point-to-multipoint systems are 



also termed Multiple Access Systems (MAS). The use of modulation permits
multiplexing, that is, the simultaneous 10   transmission of signals from
several message sources over a common channel. Also, modulation may be used
to convert the message signal into a form less susceptible to noise and
interference. For multiplexed communication systems, the system typically
consists of many remote units (i.e. mobile communication units) which
require 15   active service over a communication channel for a short or
discrete portion of the communication channel resource ratherthan
continuous use of the resources on a communication channel. Therefore,
communication systems have been designed to Incorporate the characteristic
of communicating with many remote units for brief intervals on the same
communication channeL 20   These systems are termed multipl access
communication systems. One type of multiple  access system Is a cellular
radio communication system. Cellular radio communication systems typically
include a number of central communication base sites. Each central
communication site has a service area coverage for servicing mobile
communication units within the 25   service area. The service areas
typically are arranged such that adjacent central communication site
service coverage areas overlap In a manner that provides a substantially
continuous service region. The substantially continuous service region
provides uninterrupted service by handing off mobile communication units
from one central communication site serving a 30   service area to an
adjacent central communication site serving another service area
Communication between the central communication sites and mobile
communication units typically occurs on a pair of communication resources
or channels (i.e., transmit and receive channels) assigned according to a
cellular 35   communication system communication resource reuse plan. To
limit noise in cellular communication systems due to communication between
other mobile communication units in other nearby service areas    



-3- serviced by the central communication sites as well as increase the
capacity of the cellular communication system, reuse of the available, but
limited number of communication resources is done within a service region
of the cellular communication system. In the past, in order to ensure that
the reuse 5   of communication resources does not cause unaooeptable noise
in the communicaion channel, service regions of central communication sites
which have been allocated the same communication resources have been
geographically separated By having sufficient geographic separation, a
particular type of noise (L. channel interference ) in the communication 10
channel Is limited. However, the geographic separation needs to ensure an
adequate signal to noise ratio (negligible noise in the communication
channel) limits the capacity ot the communication system because not all of
the available communication resources may be used in each service area To
enhance the efficiency of communication resource reuse andto 15  improve
capacity of he cellular communication system service areas of central
communication sites can be divided Into sectors wherein within each sector
all or par of the available communication resourcs, (i.e., communication
channels) is allocated  By having the service area divided into sectors,
the required geographic separation may be reduced while 20   maintaining an
adequate signal to noise ratio. For example, U.S. patent number 4,128,740,
assigned to Motorola, Inc. discloses a four cell (service area) - six
sector communication resource reuse pattem. As disclosed, each cell is
divided into six sectors and each sector contains approximately 1/24th of
the available communication resources. For every four cell sites, the 25
communication resource pattern is repeated This communication resource
reuse pattern may be further    reduced to a 1 cell site reuse pattern as
disclosed in pending U.S. patent application 07/459,624 by Comroe et al.
which was filed January 2,1990 and also assigned to Motorola, Inc. It will
be appreciated by those skilled In the art many other reuse patterns exist
for 30   use In cellular communication systems including but not limited to
3, 7, 21, 49, 63, 91 site reuse patterns. In addition, several reuse
patterns have also been used 



simultaneously in celular communication systems. U.& Patent No. 4,144,411
issued to Frenidel on March 13,1979, teaches one such cellular 35   system
In which static reuse of frequencies In a large-cell frquency reuse pattern
and in a miniature-sized overlaid, but same type frequency reuse pattem.
The miniature-sized reuse pattem and the large-cell patterns are    4 both
on seven-cell reuse patterns. This is achieved through yet lower transmit
powers and maintaining the same site spacing to cell radius as the
large-cell. This concept is one method of improving frequency reuse of
traffic channels in a geographic region. The decision to handoff from an
overlaid 5   serving cell to an underlaid cell is based on whether a
subscribers received signal strength (RSS) is greater than a threshold set
for the overlaid cell. If the RSS is equal to or less than the
predetermined threshold, a check is made to see If there is a large-cell
channel available. An enhancement to Frenkiel is discussed in an article
authored by 10 Samuel W. Halpern entitled "Rouse Partitioning in Cellular
Systems", presented at the 33rd IEEE Vehicular Technology Conference on May
25- 27,1983 in Toronto, Ontario, Canada. The Halpern article sets forth a
cellular system having multiple reuse levels (or patterns) within a given
geographical area. A reuse level refers to a particular channel reuse
pattern whether the 15   channel is based on frequency, time slots, codes,
or other suitable divisions. For example, a cluster of cells normally
employing a seven-cell reuse pattern may simultaneously operate on a
three-cell reuse pattem whereby one set of frequencies Is dedicated to the
three-cell reuse pattern while another set of frequencies Is dedicated to
the nine-cell reuse pattern. This 20   division of frequency spectrum into
two groups of mutually exclusive channels is one method of providing
multiple reuse patterns. Consequently, one cell site may operate on both a
nine-cell and a three-cell reuse pattern by using channels from its channel
set which are dedicated to specific cell sites and assigned to the
different reuse patterns. Such smaller reuse 



25   patterns form a noncontiguous overlay of cells having a decreased
radius. It will be appreciated by those skilled in the art that
communication resources or channels may be distinct frequencies (i.e., a
frequency-division multiple access (FDMA) communication system). However,
other types of communication resources or channels exist which may be
assigned according 30   to a communication reuse separation pattern. These
other communication resources include data channels and traffic channels,
which may be time slots within the same frequency such as in a time
division multiple access (TDMA) system, or traffic channels and data
channels in other types of channelized systems such as code division
multiple access (CDMA) systems. 35         One type of communication system
which can be a CDMA system is a spread spectrum system. Three general types
of spread spectrum communication techniques exist, including:    Direct
Sequence The modulation of a carrier by a digital code sequence whose bit
rate is much higher than the Informtmon signal bandwidth. Such systems 5
are referred to as "direct sequence" modulated systems.    -6- Hopping:
Carrier frequency shifting in discrete increments in a pattern dictated by
a code sequence. These systems are called "frequency hoppers." The
transmitter jumps from frequency to frequency within 5         some
predetermined set  the order of frequency usage is determined by a code
sequence. Similarly "time hopping" and "time-frequency hopping" have times
of transmission which are regulated by a code sequence. 10         Chirp 



Pulse -FM or "chirp" modulation in which a carrier is swept over a wide
band during a given pulse intervaL Spread spectrum communication systems
can be implemented as 15   multiple access systems in a number of different
ways. One type of multiple access spread spectrum system is a CDMA system.
CDMA spread spectrum systems may use direct sequence (DS-CDMA) or frequency
hopping (FH-CDMA) spectrum spreading techniques. FH- CDMA systems can
further be divided into slow frequency hopping (SFH- 20   CDMA) and fast
frequency hopping (FFH-CDMA) systems. In SFH- CDMA systems several data
symbols, representing a sequence of data bits which are to be transmitted,
modulate the carrier wave within a single hop. Whereas, in FFH-CDMA systems
the carder wave hops several times per data symbol. 25        In a SFH-CDMA
system, communication between two communication units in a particular
communication channel is accomplished by using a frequency synthesizer to
generate a carrier wave in a particular portion of a predetermined broad
frequency band for a brief period of time. The frequency synthesizer uses
an input spreading code to determine the 30   particular frequency from
within the set of frequencies in the broad frequency band at which to
generate the carrier wave. The spreading code may, for example, be a
pseudo-noise (PN) code or a Walsh code. Spreading codes are input to the
frequency synthesizer by a spreading code generator. The spreading code
generator is periodically ocked or stepped 35   through different
transitions which causes different or shifted spreading codes to be output
to the frequency synthesizer. Therefore, as the spreading code generator is
periodically clocked, then so too is the carrier wave frequency    -7-
hopped or reassigned to different portions of the frequency band. In
addition to hopping, the carrier wave is modulated by data symbols
representing a sequence of data bits which are to be transmitted. A 



common type of carrier wave modulation used In SFH-CDMA systems is 5 M-ary
phase shift keying (MPSK), where k = [err] data symbols are used to
determined which one of the M phases  is to be transmitted. In a SFH-CDMA
system, the communication resource reuse separation pattern can be reduced
to a single cell service area such that each cell is operating In the same
frequency bandwidth. In adition, each cell can 10   be further divided Into
sectors.  Similarly, the communiction resource reuse separation pattern can
further be reduod to a single sector of each cell such to each sector of
each cell Is operating in the san frequency bandwidth. Such proximity of
the reuse of frequencies in the communication resource reuse separation
pattern is possible because the Indvidual channels are 15   separated by
codes and not necessarily by frequencies.   The Individual codes are also
reused acording to the communication  source reuse separation pattern.
However, in a SFH-DMA system all of the codes which form a minimally
correlated  set of orthogonal code may be reused In all of the sectors of
each cell 20         Using all of the codes In the same  frequency band in
each sector of each coil Increases the overall level of noise due to
cochannel interference (i.e., number of simultaneous communicions In the am
frequency and code division) of the CDMA communication system. The signal
quality and thus the effect of the level of noise may be measured by the
quality of 25   recovery of the  transmitted information signal from the
communication channeL In dgital communication of analog signals (eg.. voice
signals), signal quality is determined by the bit error rate (BER) of the
channel (i.e., the number of errors in the recovery of the ransmitted
signal bits over a particular time span). As the bit error rate increases
the qualty of the signal received 30   by the receiving communication unit
decreases As a result, communication systems typically are designed to
limit the BER to an upper bound or maximum so that the degradation in the
quality of the received signal is limited. Thus, since the noise Is largely
related to the number of users using the same communication channel, the
maximum BER Is limited by limiting 35   the number of simultaneous code
divided users In the communication channel 



BER is related to the carrier to interference (C/I) power ratio. If the C/I
power ratio increases, then the BER decreases and the signal quality
improves. If the C/I power ratio decreases, then the BER increases and the
signal quality deteriorates. The goal of reducing interference in the 5
communication link may be achieved by improving the C/I power ratio. Code
division of multiple communication channels in the same frequency bandwidth
may be done by the assignment or allocation of portions of the broad
frequency bandwidth to each particular channel. A plurality of spreading
codes are used to assign portions of the frequency 10   band to different
channels during the same time period. As a result. transmitted signals are
in the same broad frequency band of the communication resource, but within
unique portions of the broad frequency band assigned by the unique
spreading codes. These unique spreading codes preferably are orthogonal to
one another such that the cross- 15   correlation between the spreacing
codes is zero. Particular transmitted signals can be retrieved from the
communication channel by despreading a signal representative of the sum of
signals in the communication channel with a spreading code related to the
particular transmitted signal which is to be retrieved from the
communication channel. Further, when the spreading 20   codes are
orthogonal to one another, the received signal can be correlated with a
particular spreading code such that only the desired signal related to the
particular spreading code is enhanced while the other signals are not
enhanced. After allocating a code divided communication resource according
to 25   the communication resource reuse separation pattern for use by the
mobile communication unit, the local central communication she typically
allocates a transceiver typically located at the local central
communication site to service any subsequent communication with the mobile
communication unit on the assigned communication channel resource. The
transceiver is typically 30   coupled to an antenna which serves the
particular geographic region in which 



the mobile communication unit is boated. The transceiver of the central
communication site will subsequently route the communications of the mobile
communication unit to a target communication unit. The target communication
unit may be either another mobile communication unit within the same
service 35   area, a mobile communication unit in another service area, or
a subscriber on the pubic switched telephone network (PSTN).    -9- There
exists a need for reduction of co-channel interference in the communication
links between the central communication site and mobile 5  communication
unit when the mobile communication unit is located within a region served
by more than one antenna operating in the same communication channel band.
Summary of the Invention 10 In accordance with a first aspect of the
present invention there is provided a cellular communication system,
comprising: (a) means for determining a measure of interference in a first
radio communication channel, the first radio communication channel being
provided through a radio communication link which 15  communicates a signal
between a first sector antenna of a cell and a mobile communication unit,
the first sector antenna serving a geographic region of the cell having a
particular overlapped service region with a second sector antenna serving
an adjacent geographic region of the cell, where the mobile communication
unit is located within the particular overlapped service region; and 20
(b) means for switching the radio communication link, in response to the
measure of interference being above a predetermined threshold, from the
first radio communication channel to a second radio communication channel
in which the    _ signal Is communicated between a third antenna of the
cell and the mobile communication unit, the third antenna serving a
geographic region which overlays 25  the particular overlapped service
region and has overlapped service regions which are non-overlapping with
the particular overlapped service region. 



In a second aspect of the present invention there Is provided a cellular
communication system, comprising: (a) means for determining a measure of
interference in a first radio communication channel, the first radio
communication 30  channel being provided through a radio communication link
which communicates a signal between a first sector antenna of a cell and a
mobile communication unit, the first sector antenna serving a geographic
region of the cell having a particular overlapped service region with a
second sector antenna serving an adjacent geographic region of the cell
where the mobile communication unit is located 35  within the particular
overlapped service region; and (b) means for switching the radio
communication link, in response to the measure of interference being above
a predetermined threshold, from the first radio communication channel to a
second radio communication channel in which the signal is communicated 5
between a further antenna of the cell and the mobile communication unit,
the further antenna serving a further geographic region which overlays at
least a portion of the particular overlapped service region, wherein the
further antenna has overlapping service regions which are non-overlapping
with the particular overlapped service region. 10       In a third aspect
of the invention there is provided a cellular communication system having
at least one cell, comprising: (a) a particular set of sector antennae each
having a geographic service region including a particular overlapping
service region, each particular overlapping service region overlapping
another particular overlapping service region of a sector antenna of the
particular set 15  serving an adjacent geographic service region, the
geographic service regions of the particular set together defining a
combined service region; and (b) a further antenna having a further
geographic service region which overlays at least a portion of the
particular overlapping service region, wherein the further geographic
service region causes substantially no co-channel interference with 20  the
particular overlapping service region. In yet another aspect of the
invention there is provided a method for reducing interference in a radio
communication link, of a cellular communication 



system, from a central communication site to a mobile communication unit,
the method comprising the steps of: (a) determining a measure of
interference in a first 25  radio communication channel, the first radio
communication channel being provided through a radio communication link
which communicates a signal between a first sector antenna of a cell and a
mobile communication unit, the first sector antenna serving a geographic
region of the cell having a particular overlapped service region with a
second sector antenna serving an adjacent 30  geographic region of the cell
where the mobile communication unit is located within the particular
overlapped service region; and (b) switching the radio communication link,
in response to the measure of interference being above a predetermined
threshold, from the first radio communication channel to a second radio
communication channel in which the signal is communicated between a 35
third antenna of the cell and the mobile communication unit, the third
antenna serving a geographic region which overlays the particular
overlapped service    region and has overlapped service regions which are
non-overlapping with the particular overlapped service region. 5        In
an alternative methodology, the step of switching may take the form of (b)
switching the radio communication link, in response to the measure of
interference being above a predetermined threshold, from the first radio
communication channel to a second radio communication channel in which the
signal is communicated between a further antenna of the cell and the mobile
10  communication unit, the further antenna serving a further geographic
region which overlays at least a portion of the particular overlapped
service region, wherein the further antenna has overlapping service regions
which are non-overlapping with the particular overlapped service region.
The further or third antenna may be from the group consisting of a sector
15  antenna and an omni-directional antenna. In the preferred aspects, the
first and the second radio communication channels may comprise channels
selected from the group containing code division channels, time division
channels and frequency division channels. 



The present invention advantageously provides an improved cellular 20
communication system and methodology therefor that mitigates the problems
associated with co-channel interference caused by. the overlap of
geographic service regions. An exemplary embodiment of the present
invention will now be described with reference to the accompanying
drawings. 25 Brief Description of the Drawings FIG. 1A and FIG. 1B are
block diagrams showing a prior art central communication site antenna
pattern. 30        FIG. 2A and FIG. 2B are block diagrams showing a
preferred embodiment central communication site antenna pattern. FIG. 3A
and FIG. 3B are block diagrams showing an alternative preferred embodiment
central communication site antenna pattern.    Detailed Description 5
Referring now to FIG. 1A and FIG. 1 B, a cell 100 geographic service
coverage area scheme of a prior art cellular communication system is shown.
Cell 100 is sectorized into three geographic service regions which are each
served by a central communication site 130 having a single antenna 102,
104 and 106, respectively. Each antenna 102, 104, and 106 has a
corresponding radiation pattern 108, 110, and 112. respectively, which
generally covers only one geographic sector or service region of the cell
100. However, sectorized antennae radiation patterns are not typically 5
shaped exactly Ike a sector of cell, rather antennae radiation patterns
typically have a curved shape which can be manipulated to closely follow
the rigid shape of a sector. Due to these curved shapes and a communication
system  constaint to provide all regions of a cell with service 



coverage from at leat one  antenna, the radiation patterns of the
sectorized 10 antennae will have overlapping regions In which two or more
sectorized antennae provide service. For example, overapping service region
114 may exist between antenna radiation ptterns (i.e., antenna service
regions) 108 and 112. Within this overlapping service region 114 a mobile
communication unit 128 may receive two different signals in a single 15
communication channel torn the central communication unit 130 as
transmitted from antenna 102 and 106, respectively. Also, a mobile
communication unit 128 within this overlapping service  region may transmit
a signal In a communication channel which Is received by both antennas 102
and 106 of central communication unit 130. It wll be appreciated by those
skilled in the 20   art that a mobile   communication  unit 128 may be a
radio communication unit which is capable of moving around to various
service regions or is fixed to a particular location within a particular
service regin. In an SFH-CDMA cellularommunication system, each of antenna
service regions 108 and 112 may be assigned according to a 25
communication channel reuse plan to operate within the same frequency band.
Also, each antenna service region 108 and 112 may be assigned according to
the communication channel reuse plan to use the same codes to separate
communication channels within the frequency band. These codes assign
distinct portions of the frequency band to diferent channels at different
30   instances of time. Consequently, regardss of whether or not the two
antenna service regions 108 and 112 channel assignments (alo asignment of
frequency band portions) are  sychronized,    a mobile communication unit
128 within overapping service region 114 may receive a signal from the
central communication site 130 In a particular frequency band assigned for
35   use by a communication channel operating in antenna service region 108
as well as another communication channel operaing In antenna service region
112. However, the mobile communication unit 128 having a radio
communication ink with the central communication site 130 would only be 



expecting a signal in the particular portion of the frequency band which is
providing a communication channel from only one of the two antennae 102 and
106 (e.g., antenna 102) serving, respectively, antenna service regions 5
108 and 112. Therefore, the other signal transmitted by the other antenna
(e.g., antenna 106) in the particular portion of the frequency band
providing the communication channel would interfere with the radio
communication link's expected signal. Such interference is known as
co-channel interference. Similarly, a mobile communication unit 128 having
a radio 1 0   communication Ink with central communication site 130 in the
overlapping service region 114 may transmit a signal in a particular
portion of the frequency band assigned for use by a communication channel
operating in antenna service region 108 to antenna 102. However, antenna
106 would also receive the mobile communication unit's 128 transmitted
signal. But. 15   antenna 106 may be providing a radio communication link
between the central communication site 130 and another mobile communication
unit located in service region 112 through another communication channel
which is assigned the same particular portion of the frequency band. As a
result the signal transmitted by the mobile communication unit 128 in the
20 communication channel would interfere with the radio communication link
between the other mobile communication unit and antenna 106. Such
interference is also known as co-channel interference. A preferred
embodiment of the present Invention as shown In FIG. 2A and FIG. 2B reduces
the impact that these overlapping service regions 25   have on radio
communication inks between the central communication site 230 and a mobile
communication unit 228. A preferred embodiment cell 200 geographic service
coverage area scheme of a cellular communication system is shown. Cell 200
is sectorized into three geographic service regions which are each served
by a central communication site 230 having a 30   single antenna 202, 204
and 206, respectively. It will be appreciated by those skilled in the art
that the cell may be sectorized Into more or less sectors without departing
from the scope and spirit of the present invention. Each antenna 202, 204,
and 206 has a corresponding radiation pattern 208, 210, and 212,
respectively, which generally covers only one geographic 



35   sector or service region of the cell 200. However, as previously
mentioned sectorized antennae radiation patterns are not typically shaped
exactly Ike a sector of cell, rather antennae radiation pattems typically
have a curved    15 shape which can be manipulated to closely follow the
rigid sh   of a sector. Due to these curved shapes and a communication
system constaint to provide all regions of a cell with service coverage
from at least one antenna, the radiation patterns of the sectorized
antennae will have overlapping 5   regions in which two or more sectorized
antennae provide service (e.g., overlapping service region 214). In the
preferred embodiment SFH-CDMA cellular communication system, each of
antenna service regions 208 and 212 preferably may be assigned according to
a communication channel ruse plan to operate within 10  the same frequency
band. Also, each antenna service region 208 and 212 preferably may be
assigned according to the communication channel reuse plan to use the same
codes to separate the communication channels within the frequency band.
These codes assign distinct portions of the frequency band to different
channels at different instances of time. Consequently, a 15   mobile
communication unit 228 within overlapping service region 214 may receive a
signal from the central communication site 230 In a particular frequency
band assigned for use by a communication channel operating in antenna
service region 208 as well as another  communication channel operating In
antenna service region 112. However, the mobile 20         communication
unit 228 having a radio communication link with the central communication
site 230 would only be expecting  a signal in the particular portion of the
frequency band which Is providing a communication channel from only one of
the two antennae 202 and 206 (eg., antenna 202) serving, respectively,
antenna service regions 208 and 212. Therefore, the other 25   signal
by the other antenna (eg., antenna 206) In the particular portion of the
frequency band providing the communication channel would 



interfere with the radio communication link's expected signal. Such
Interference is known as co-channel Interference. Similarly, a mobile
communication unit 228 having a radio 30   communication Ink with central
communication site 230 In the overlapping service region 214 may transmit a
signal in a particular portion of the frequency band assigned for use by a
communication channel operating in antenna service region 208 to antenna
202. However, antenna 206 would also receive the mobile communication
unit's 228 transmitted signal. But 35   antenna 206 may be providing a
radio communicaton link between the central communication site 230 and
anoter mobile communication unit located In service region 212 through
anoter communication channel which is    16 assigned the same particular
portion of the frequency band. As a result the signal transmitted by the
mobile communication unit 228 in the communication channel would interfere
with the radio communication link between the other mobile communication
unit and antenna 206. Such 5   interference is also known as co-channel
interference. This co-channel interference can be reduced by further having
cell 200 include a second set of geographic service coverage regions or
sectorized regions which are also each served by the central communication
site 230 with a single antenna 216, 218 and 220, respectively. Each antenna
216r 10   218, and 220 has a corresponding radiation pattern 222,224, and
226, respectively, which generally covers only one geographic sector or
service region of the cell 200. This second set of geographic service
regions (i.e., radiation patterns 222, 224 and 226) is preferably offset
from the the first set of geographic service regions (i.e., radiation
patterns 208, 210 and 212) 15   such that the overlapping radiation
patterns between the first set of antenna 202, 204, and 206 do not
geographically overlap with the overlapping radiation patterns between the
second set of antenna 216,218, and 220. In the preferred embodiment this Is
accomplished by having the first and 



second set of antenna radiation patterns configured such that they have a
20   sixty degrees [err] rotational displacement from one another. It will
be appreciated by those skilled In the art that the first and second set of
antenna radiation or service regions may be configured with other
rotational degrees of displacement so long as the overlapping service
regions of the the first and second set of antenna patterns do not directly
overlap one another. 25         The antenna service region 222 preferably
Is assigned according to the communication channel reuse plan to operate
communication channels within a frequency band other than that which was
assigned to antenna service regions 208 and 212. Also, antenna service
region 222 preferably is assigned according to the communication channel
reuse plan to use 30   different codes to separate the communication
channels within the assigned frequency band than those assigned to the
service regions 208 and 212. It will be appreciated by those skilled in the
art that it is only necessary for the service region 222 communication
channel assignments to differ from the communication channel assignments
services regions 208 and 212. 35   Therefore, an alternative communication
channel assignments may include operating service region 222 in the same
frequency band, but using a different set of codes than service regions 208
and 212 such that the    particular portions of the frequency band assigned
to service regions 208 and 212 are not assigned to service region 222 at
the same time. Also, anoer altemave communication channel assignment may
include operating service region 222 with the same set of codes, but in a
different frequency 5   band than service regions 208 and 212. Similarly,
the other service regions of the second set of service regions (i.e.,
service regions 224 and 226) are preferably assigned to operate
communication channels in a frequency band and with set ot codes which do
not correspond to the frequency band and set of codes which are used by the
fit set of service regions 208, 210, and 10   212. In order to reduce the p
ty of cochannel Interference in a 



communication Ink between one of first set of central communication site
antennae 202, 204 and 206 and a mobile communication unit 228, a m ure of
of the interference in the radio communication channel poviding 15   such a
radio communication link is obtained. The measure of interference in the
communicaton channel providing the communication link may be obtained from
several sources. For example, power  on levels of the antennae 202 and 206
In conjuction with an estimate of the mobile communication unit's 228
geographic pitin can be used to orm an 20   estimate of the interference
In the  communication  channel carrying the signal transmitted and received
by the mobile communication unit 228. Alternatively, an estimate of the
carrier to interference power ratio of the signal received in the
communication channel by eithr of the antenna 202, antenna 206, or mobile
communication unit 228 can be used to form an 25   estimate  ofthe
interference in the communication channel carrying the transmitted signal
Alternatively the reosived bit error rate othe signal which was received In
the communication channel by either of the antenna 202, antenna 206, or
mobile communication unit 228 can be used to form an estimate of the
interference in the communication     channel   carrying the 30
transmitted signal. Depending upon the intence measurement technique used,
such measurement of the interference In the communication channel providing
the     communication link may be determined by either the central
communication site 230 orthe mobile communication unit 228. It will be
appreciated by those skilled in the art that the source of the interference
in 35   te communication channel may be something oer than cochannel
interference. Further, this preferred embodiment interference reduction
technique may be extended for use in response to those  other sources of
18 interference without departing from the scope and spirit of the present
invention. After determining a measure of the interference is above a 



predetermined threshold, central communication site 230 preferably switches
5   the radio communication Ink from the channel and antenna (e.g. antenna
202) providing the radio communication Ink to another antenna in the second
set of antenna (e.g. antenna 216) which provides another communication
channel forthe radio communication link. As a result, the co-channel
interference is reduced in the radio communication Ink between the central
communication 10   site 230 and the mobile communication unit 230 which is
in overlapping service region 214. It will be appreciated by those skilled
in the art that narrow beam antenna may be used in place of the second set
of antenna 216, 218 and 220 to provide the second set of service regions.
These narrow beam 1 5   antennae would not provide continuous service
coverage over the entire cell 200. However, the communication link could be
transferred to this second set of service regions while the mobile
communication units are located in the overlapping service regions of the
first set of antennae 202, 204, and 206. Thus, the co-channel interference
would be reduced the communication ink. 20         Another alternative
preferred embodiment is shown in FIG. 3A and FIG. 3B. In this alternative
embodiment, the second set of antenna and corresponding service regions
include a single omni-directional antenna 232 and omni-directional service
region 234. The omni-directional service region operates substantially like
the second set of service regions 222, 224, and 25   226 and has the same
channel assignment constraints. It will also be appreciated bythose skilled
inthe artthat co-channel interference is a more significant problem in a
communication link between central communication site 230 and mobile
communication unit 228 when the mobile communication unit 228 is
geographically proximate the serving 30   antenna (e.g. antenna 202). This
is due in part to the use of transmit power control. Therefore, an
alternate preferred embodiment may include providing the second set of
antenna and corresponding service regions such that the second set of
service regions only cover a portion of cell 200 of the geographic area
which is proximate the central communication site serving 35   antennae.
Although the invention has been described and illustrated with a 



certain degree of particularity, it is understood that the present
disclosure of    embodiments has been made by way of example only and that
numerous changes In the arrangement and combination of parts as well as
steps may be resorted to by those skilled in the art without departing from
the spirit and scope of the invention as claimed. For example, the
antennas, antenna 5   patterns, and communication channel assignments
portions of the preferred embodiment communicaton system as described were
directed to a SFH- CDMA spread spectrum communication system. However, as
will be understood by those skilled In the art, the antennas, antenna
patterns, and communication channel assignments deescribed and claimed
herein can also 10   be adapted for use In other types of transmission
systems Ike those based on FFH-CDMA, DS-CDMA, TDMA and FDMA.    20 Claims 5
1.   A cellular communication system, comprising: (a)  means for
determining a measure of interference in a first radio communication
channel, the first radio communication channel being provided through a
radio communication link which communicates a signal between a first sector
antenna of a cell and a mobile communication unit, the first sector antenna
10  serving a geographic region of the cell having a particular overlapped
service region with a second sector antenna serving an adjacent geographic
region of the cell, where the mobile communication unit is located within
the particular overlapped service region; and (b)  means for switching the
radio communication link, in response to the 15  measure of interference
being above a predetermined threshold, from the first radio communication
channel to a second radio communication channel in which the signal is
communicated between a third antenna of the cell and the mobile 



communication unit, the third antenna serving a geographic region which
overlays the particular overlapped service region and has overlapped
service regions 20  which are non-overlapping with the particular
overlapped service region. 2.   The communication system of claim 1,
wherein the interference comprises at least one signal in the first radio
communication channel transmitted from a source located within the
geographic region served by the first sector antenna of 25  the cell, the
source being selected from the group consisting essentially of a fourth
antenna of the cell and another mobile communication unit. 3.   The
communication system of claim 1 or 2, wherein the means for determining the
measure of interference utilizes a measure selected from the 30  group
consisting essentially -of power transmission levels of the first and
second antenna in conjunction with an estimate of the geographic location
of the mobile communication unit, an estimate of the carrier to
interference power ratio of the received signal in the first communication
channel, and received bit error rate of the signal in the first
communication channel.    4.   The communication system of claim 1, 2 or 3,
wherein the first and the second radio communication channels comprise
channels selected from the 5  group consisting essentially of code division
channels, time division channels and frequency division channels. 5.   The
cellular communication system of any preceding claim, wherein the third
antenna is from the group consisting of a sector antenna and an 10
omni-directional antenna. 6.   A cellular communication system, comprising:
(a)  means for determining a measure of interference in a first radio
communication channel, the first radio communication channel being provided
15  through a radio communication link which communicates a signal between
a first sector antenna of a cell and a mobile communication unit, the first
sector antenna serving a geographic region of the cell having a particular
overlapped service region with a second sector antenna serving an adjacent
geographic region of the cell where the mobile communication unit is
located within the particular 



20  overlapped service region; and (b)  means for switching the radio
communication link, in response to the measure of interference being above
a predetermined threshold, from the first radio communication channel to a
second radio communication channel in which the signal is communicated
between a further antenna of the cell and the mobile 25  communication
unit, the further antenna serving a further geographic region which
overlays at least a portion of the particular overlapped service region,
wherein the further antenna has overlapping service regions which are
non-overlapping with the particular overlapped service region. 30  7.   The
communication system of claim 6, wherein the means for determining the
measure of interference utilizes a measure selected from the group
consisting essentially of power transmission levels of the sector and the
further antenna in conjunction with an estimate of the geographic location
of the mobile communication unit, an estimate of the carrier to
Interference power ratio of the 35  received signal in the first
communication channel, and received bit error rate of the signal in the
first communication channel.    8.   A cellular communication system having
at least one cell, comprising: (a)  a particular set of sector antennae
each having a geographic service 5  region including a particular
overlapping service region, each particular overlapping service region
overlapping another particular overlapping service region of a sector
antenna of the particular set serving an adjacent geographic service
region, the geographic service regions of the particular set together
defining a combined service region; and 10        (b)  a further antenna
having a further geographic service region which overlays at least a
portion of the particular overlapping service region, wherein the further
geographic service region causes substantially no co-channel interference
with the particular overlapping service region. 15  9.   The cellular
communication system of claim 8, wherein the further geographic service
regions overlays an area proximate to the further antenna and not
substantially all of the particular overlapping service region. 



10.  The cellular communication system of any of claims 6 to 9, wherein the
20  further antenna is from the group consisting of a sector antenna and an
omni-directional antenna. 11.  The cellular communication system of any one
of claims claim 6 to 9, wherein the further antenna is a narrow beam
antenna.    23 12.  A method for reducing Interference in a radio
communication link, of a cellular communication system, from a central
communication site to a mobile 5  communication unit, the method comprising
the steps of: (a)  determining a measure of interference in a first radio
communication channel, the first radio communication channel being provided
through a radio communication link which communicates a signal between a
first sector antenna of a cell and a mobile communication unit, the first
sector antenna serving a 10  geographic region of the cell having a
particular overlapped service region with a second sector antenna serving
an adjacent geographic region of the cell where the mobile communication
unit is located within the particular overlapped service region; and (b)
switching the radio communication link, in response to the measure 15  of
interference being above a predetermined threshold, from the first radio
communication channel to a second radio communication channel in which the
signal is communicated between a third antenna of the cell and the mobile
communication unit, the third antenna serving a geographic region which
overlays the particular overlapped service region and has overlapped
service regions 20  which are non-overlapping with the particular
overlapped service region. 13.  The method of claim 12, wherein the
interference comprises at least one signal in the first radio communication
channel transmitted from a source located within the geographic region
served by the first sector antenna of the cell, the 25  source being
selected from the group consisting essentially of a fourth antenna of the
cell and another mobile communication unit. 14.  The method of claim 11 or
12, wherein the third antenna is from the group 



consisting of a sector antenna and an omni-directional antenna.    15.  The
method of claim 12, 13 or 14, wherein the step of determining the measure
of interference utilizes a measure selected from the group consisting 5
essentially of power transmission levels of the first and second antenna in
conjunction with an estimate of the geographic location of the mobile
communication unit, an estimate of the carrier to interference power ratio
of the received signal in the first communication channel, and received bit
error rate of the signal in the first communication channel. 10 16.  The
method of any one of claims 12 to 15, wherein the first and the second
radio communication channels comprise channels selected from the group
consisting essentially of code division channels, time division channels
and frequency division channels. 15 17.  A method for reducing interference
in a radio communication link, of a cellular communication system, from a
central communication site to a mobile communication unit, comprising the
steps of: (a)  determining a measure of interference in a first radio
communication 20  channel, the first radio communication channel being
provided through a radio communication link which communicates a signal
between a sector antenna of a cell and a mobile communication unit, the
first sector antenna serving a geographic region of the cell having a
particular overlapped service region with a second sector antenna serving
an adjacent geographic region of the cell where 25  the mobile
communication unit is located within the particular overlapped service
region; and (b)  switching the radio communication link, in response to the
measure of interference being above a predetermined threshold, from the
first radio communication channel to a second radio communication channel
in which the 30  signal is communicated between a further antenna of the
cell and the mobile communication unit, the further antenna serving a
further geographic region which 



overlays at least a portion of the particular overlapped service region,
wherein the further antenna has overlapping service regions which are
non-overlapping with the particular overlapped service region.    26 18.
The method of claim 17, wherein the step of determining the measure of
interference utilizes a measure selected from the group consisting
essentially of 5  power transmission levels of the sector and the further
antenna in conjunction with an estimate of the geographic location of the
mobile communication unit, an estimate of the carrier to interference power
ratio of the received signal in the first communication channel, and
received bit error rate of the signal in the first communication channel.
10 19.  The method of claim 17 or 18, wherein the further antenna is from
the group consisting of a sector antenna and an omni-directional antenna.
20.  A cellular communication system substantially as hereinbefore
described 15  with reference to FIGs. 2A, 2B, 3A and 3B of the accompanying
drawings. 21.  A method for reducing interference in a radio communication
link substantially as hereinbefore described with reference to FIGs. 2A,
2B, 3A and 3B of the accompanying drawings.    


