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(57) A method for achieving the soft or softer hand-
off process such that the performance of a system is
improved is based on reducing the power of transmis-
sions from the sector having the weakest signal
strength.

Reverse link demodulation in each sector may con-
tinue with or without the transmission of the forward link.
The operation could be based on the signal strength of
the reverse link signal or the forward link. It is also pos-
sible to combine two or more methods to create a hybrid
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Description

[0001] The present invention relates to communica-
tion systems, particularly to a plurality of methods for
reducing the average transmit power from a sectorized
base station.

II. Description of the Related Art

[0002] In a code division multiple access (CDMA) cel-
lular telephone system, wireless local loop (WLL), sat-
ellite communication system such as GLOBALSTAR
(Trade Mark), or personal communications system
(PCS), a common frequency band is used for commu-
nication with all base stations in a system. The common
frequency band allows, simultaneously, communication
between a mobile unit and more than one base station.
Signals occupying the common frequency band are dis-
criminated at the receiving station through the spread
spectrum CDMA waveform properties based on the use
of a high speed pseudonoise (PN) code. The high speed
PN code is used to modulate signals transmitted from
the base stations and the mobile units. Transmitter sta-
tions using different PN codes or PN codes that are off-
set in time produce signals that can be separately re-
ceived at the receiving station.
[0003] In an exemplary CDMA system, each base sta-
tion transmits a pilot signal having a common PN
spreading code that is offset in code phase from the pilot
signal of other base stations. During system operation,
the mobile unit is provided with a list of code phase off-
sets corresponding to neighboring base stations sur-
rounding the base station through which communication
is established. The mobile unit is equipped with a
searching element that allows the mobile unit to track
the signal strength of the pilot signal from a group of
base stations including the neighboring base stations.
[0004] A method and system for providing communi-
cation with the mobile unit through more than one base
station during the handoff process are disclosed in U.S.
Patent No. 5,267,261, issued November 30, 1993, en-
titled "MOBILE ASSISTED SOFT HANDOFF IN A CD-
MA CELLULAR TELEPHONE SYSTEM," assigned to
the assignee of the present invention. Using this system,
communication between the mobile unit and the end us-
er is uninterrupted by the eventual handoff from an orig-
inal base station to a subsequent base station. This type
of handoff may be considered as a "soft" handoff in that
communication with the subsequent base station is es-
tablished before communication with the original base
station is terminated. When the mobile unit is in com-
munication with two base stations, a single signal for the
end user is created from the signals from each base sta-
tion by a cellular, WLL, GLOBALSTAR (Trade Mark), or
PCS controller.
[0005] Mobile unit assisted soft handoff operates
based on the pilot signal strength of several sets of base
stations as measured by the mobile unit. The Active Set

is the set of base stations through which active commu-
nication is established. The Neighbor Set is a set of base
stations surrounding an active base station, comprising
base stations that have a high probability of having a
pilot signal strength of sufficient level to establish com-
munication. The Candidate Set is a set of base stations
having a pilot signal strength of sufficient level to estab-
lish communication.
[0006] When communications are initially estab-
lished, a mobile unit communicates through a first base
station and the Active Set contains only the first base
station. The mobile unit monitors the pilot signal strength
of the base stations of the Active Set, the Candidate Set,
and the Neighbor Set. When a pilot signal of a base sta-
tion in the Neighbor Set exceeds a predetermined
threshold level, the base station is added to the Candi-
date Set and removed from the Neighbor Set at the mo-
bile unit. The mobile unit communicates a message to
the first base station identifying the new base station. A
system controller decides whether to establish commu-
nication between the new base station and the mobile
unit. Should the system controller decide to do so, the
system controller sends a message to the new base sta-
tion with identifying information about the mobile unit
and a command to establish communications therewith.
A message is also transmitted to the mobile unit through
the first base station. The message identifies a new Ac-
tive Set that includes the first and the new base stations.
The mobile unit searches for the new base station trans-
mitted information signal and communication is estab-
lished with the new base station without termination of
communication through the first base station. This proc-
ess can continue with additional base stations.
[0007] When the mobile unit is communicating
through multiple base stations, it continues to monitor
the signal strength of the base stations of the Active Set,
the Candidate Set, and the Neighbor Set. Should the
signal strength corresponding to a base station of the
Active Set drop below a predetermined threshold for a
predetermined period of time, the mobile unit generates
and transmits a message to report the event. The sys-
tem controller receives this message through at least
one of the base stations with which the mobile unit is
communicating. The controller may decide to terminate
communications through the base station having a weak
pilot signal strength.
[0008] The system controller, upon deciding to termi-
nate communications through a base station, generates
a message identifying a new Active Set of base stations.
The new Active Set does not contain the base station
through which communications are to be terminated.
The base stations through which communication is es-
tablished send the message to the mobile unit. The sys-
tem controller also communicates information to the
base station to terminate communications with the mo-
bile unit. The mobile unit communications are thus rout-
ed only through base stations identified in the new Ac-
tive Set.
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[0009] Because the mobile unit is communication with
the end user through at least one base station at all
times throughout the soft handoff processes, no inter-
ruption in communications occurs between the mobile
unit and the end user. A soft handoff provides significant
benefits in its inherent "make before break" communi-
cation over conventional "break before make" tech-
niques employed in other cellular communication sys-
tems.
[0010] A typical cellular, WLL, GLOBALSTAR, (Trade
Mark) or PCS system contains some base stations hav-
ing multiple sectors. A multi-sectored base station com-
prises multiple independent transmit and receive anten-
nas. The process of simultaneous communication with
two sectors of the same base station is called softer
handoff. The process of soft handoff and the process of
softer handoff are the same from the mobile unit's per-
spective. However the base station operation in softer
handoff is different from soft handoff. When a mobile unit
is communicating with two sectors of the same base sta-
tion, the demodulated data signals of both sectors are
available for combination within the base station before
the signals are passed to the system controller. Because
the two sectors of a common base station share circuitry
and controlling functions, a variety of information is
readily available to sectors of a common base station
that is not available between independent base stations.
Also two sectors of a common base station send the
same power control information to a mobile unit (as dis-
cussed below). In a satellite communication system
such as GLOBALSTAR (Trade Mark), most users will be
in continuous softer handoff.
[0011] In a cellular, WLL, GLOBALSTAR (Trade
Mark), or PCS system, maximizing the capacity of the
system in terms of the number of simultaneous tele-
phone calls that can be handled is extremely important.
System capacity in a spread spectrum system can be
maximized if the transmitter power of each mobile unit
is controlled such that each transmitted signal arrives at
the base station receiver at the same level. In an actual
system, each mobile unit may transmit the minimum sig-
nal level that produces a signal-to-noise ratio that allows
acceptable data recovery. If a signal transmitted by a
mobile unit arrives at the base station receiver at a pow-
er level that is too low, the bit-error-rate -may be too high
to permit high quality communications due to interfer-
ence from the other mobile units. On the other hand, if
the mobile unit transmitted signal is at a power level that
is too high when received at the base station, commu-
nication with this particular mobile unit is acceptable, but
this high power signal acts as interference to other mo-
bile units. This interference may adversely affect com-
munications with other mobile units.
[0012] Path loss in the radio channel is defined as any
degradation or loss suffered by a signal as it travels
over-the-air and can be characterized by two separate
phenomena: average path loss and fading. The forward
link, i.e., the link from the base station to the mobile unit,

typically but not necessarily, operates on a different fre-
quency than the reverse link, i.e., the link from the mo-
bile unit to the base station. Nevertheless, because the
forward and reverse link frequencies are within the
same frequency band, a significant correlation exists
between the average path loss of the two links. For ex-
ample, a typically cellular system has one of its forward
link channels centered about 882MHz paired with one
of its reverse link channels centered about 837MHz. On
the other hand, fading is an independent phenomenon
for the forward link and reverse link and varies as a func-
tion of time. The characteristics of fading on the channel
are the same, however, for both the forward and reverse
link because the frequencies are within the same fre-
quency band. Therefore, the average of channel fading
over time for both links is typically the same.
[0013] In an exemplary CDMA system, each mobile
unit estimates the path loss of the forward link based on
the total power at the input to the mobile unit. The total
power is the sum of the power from all base stations
operating on the same frequency assignment as per-
ceived by the mobile unit. From the estimate of the av-
erage forward link path loss, the mobile unit sets the
transmit level of the reverse link signal. Should the re-
verse link channel for one mobile unit suddenly improve
compared to the forward link channel for the same mo-
bile unit due to independent fading of the two channels,
the signal as received at the base station from this mo-
bile unit would increase in power. This increase in power
causes additional interference to all signals sharing the
same frequency assignment. Thus a rapid response of
the mobile unit transmit power to the sudden improve-
ment in the channel would improve system perform-
ance.
[0014] Mobile unit transmit power is also controlled by
one or more base stations. Each base station with which
the mobile unit is in communication measures the re-
ceived signal strength from the mobile unit. The meas-
ured signal strength is compared to a desired signal
strength level for that particular mobile unit. A power ad-
justment command is generated by each base station
and sent to the mobile unit on the forward link. In re-
sponse to the base station power adjustment command,
the mobile unit increases or decreases the mobile unit
transmit power by a predetermined amount. By this
method, a rapid response to a change in the channel is
effected and the average system performance is im-
proved.
[0015] When a mobile unit is in communication with
more than one base station, power adjustment com-
mands are provided from each base station. The mobile
unit acts upon these multiple base station power adjust-
ment commands to avoid transmit power levels that may
adversely interfere with other mobile unit communica-
tions and yet provide sufficient power to support com-
munication from the mobile unit to at least one of the
base stations. This power control mechanism is accom-
plished by having the mobile unit increase its transmit
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signal level only if every base station with which the mo-
bile unit is in communication requests an increase in
power level. The mobile unit decreases its transmit sig-
nal level if any base station with which the mobile unit
is in communication requests that the power be de-
creased. A system for base station and mobile unit pow-
er control is disclosed in U.S. Patent No. 5,056,109 en-
titled "METHOD AND APPARATUS FOR CONTROL-
LING TRANSMISSION POWER IN A CDMA CELLU-
LAR MOBILE TELEPHONE SYSTEM," issued October
8, 1991, assigned to the Assignee of the present inven-
tion.
[0016] Base station diversity at the mobile unit is an
important consideration in the soft handoff process. The
power control method described above operates opti-
mally when the mobile unit communicates with each
base station through which communication is possible,
typically between one to three base stations although a
greater number is possible. In doing so, the mobile unit
avoids inadvertently interfering with communications
through a base station receiving the mobile unit's signal
at an excessive level but unable to communicate a pow-
er adjustment command to the mobile unit because
communication is not established therewith.
[0017] As a mobile unit moves toward the edge of the
base station coverage area, the signal strength of the
forward link signal at the mobile unit falls. Also, as the
mobile unit moves to the edge of the coverage area of
the current base station, the mobile unit generally
moves closer to the base station coverage area of other
base stations. Thus as the mobile unit moves toward the
edge of the base station coverage area, the signal level
from the current base station falls, while interference
from other base stations increases. The falling signal
level also means that the signals are more sensitive to
thermal noise and the noise created by the receiving cir-
cuitry in the mobile unit. This situation may be aggravat-
ed by a mobile unit being located within an area where
two sectors of a common base station overlap.
[0018] In a case where a set of base stations is oper-
ating at near capacity, the mobile unit located at the
edge of the base station coverage area and within the
coverage area of two sectors of the same base station
may experience a drop in signal-to-noise ratio such that
the quality of communications is degraded. The softer
handoff process provides information to the base station
that can be used to improve this situation. The improve-
ment can be created by decreasing the average power
transmitted by each sector of a base station. By de-
creasing the average power transmitted by each sector
of a base station, the interference to all mobile units is
reduced. Thus the interference to the mobile units at the
edge of the coverage area is also reduced, causing an
increase in the average signal-to-noise ratio of mobile
units the edge of the coverage area.
[0019] In a system having soft and softer handoff ca-
pabilities and having neighboring base stations at or
near capacity, a given amount of base station power is

divided among the forward link signals such that each
additional forward link signal transmitted from a base
station decreases the power of other forward link sig-
nals. In a system operating at capacity, compare a base
station having two sectors in which every mobile unit in
the coverage area of the base station is in softer handoff
mode to a base station having two sectors in which no
mobile unit is in softer handoff mode. In the base station
having every mobile unit in softer handoff, each forward
link signal from each sector is transmitted at one-half of
the power of each forward link signal from the base sta-
tion having no mobile unit in softer handoff. Because, in
the case where every mobile unit is in softer handoff,
the signals from each sector are combined in the mobile
unit, the signal-to-interference ratio after combining is
equal to the no handoff case if and only if each mobile
unit is well served by both sectors. However, in reality
not every mobile unit in softer handoff in a sectorized
base station is well served by each sector.
[0020] The present invention is a technique which
could be used to reduce the number of signal transmit-
ted by a sector. A fewer number of signals to be trans-
mitted from a sector means more power available for
the remaining signals. When the base station transmits
higher power forward link signals, the signal-to-interfer-
ence for mobile units operating at handoff boundaries
or at the edge of the coverage area is improved. Alter-
natively, as the number of signals is reduced, the total
base station transmitter power can decrease which also
results in less interference power in the system. These
techniques can be used to reduce the number of mobile
units in soft and softer handoff.
[0021] It is therefore the object of the present inven-
tion to improve forward link signal-to-interference ratio
by reducing ineffectual forward link transmissions to mo-
bile units in soft or softer handoff, reducing the interfer-
ence power to other mobiles and making more transmit-
ter power available to all useful links to mobile units.
[0022] It is therefore the object of the present inven-
tion to provide a plurality of methods to decrease the
transmission power from a base station.
[0023] It is another object of the present invention to
provide a plurality of methods to provide an enhanced
softer handoff process to improve the forward link per-
formance.

SUMMARY OF THE INVENTION

[0024] The present invention provides a method for
improving the signal-to-interferance ratio in a communi-
cation system as described in claim 1. The soft or softer
handoff process is thus performed such that the per-
formance of a system is improved. A first method is
based on delaying the softer handoff process. When the
mobile unit informs a first sector through which it is com-
municating that a second sector from the same base
station has a signal strength sufficient to support com-
munications, the base station commands the second
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sector to find the mobile unit transmitted signal. The
base station does not command the mobile unit to es-
tablish communication with the second sector until the
reverse link signal received at the second sector ex-
ceeds a predetermined threshold. Delaying the softer
handoff reduces the average number of mobile units in
the soft handoff process and reduces the average total
power transmitted by each sector, thus reducing the to-
tal average interference to mobile units in the system.
[0025] A second method is based on reducing the
power of transmissions from the sector having the weak-
est signal strength. When the mobile unit informs a first
sector through which it is communicating that a second
sector from the same base station has a signal strength
sufficient to support communications, the base station
commands the second sector to establish communica-
tion with the mobile unit. The base station also com-
mands the mobile unit to establish communication with
the second sector. After the mobile unit enters the softer
handoff mode, the base station compares the reverse
link signal strength from each of the sectors. The base
station reduces the forward link transmission power for
that mobile unit from the sector having the weakest re-
verse link signal strength indication. Reducing transmis-
sion power from the weaker sector reduces the average
power transmitted from each sector and therefore re-
duces interference to mobile units in the system.
[0026] A third method is based on eliminating trans-
missions from the sector having the weakest signal
strength. When the mobile unit informs a first sector
through which it is communicating that a second sector
from the same base station has a signal strength suffi-
cient to support communications, the base station com-
mands the second sector to establish communication
with the mobile unit. The base station also commands
the mobile unit to establish communication with the sec-
ond sector. After the mobile unit enters the softer hand-
off mode, the base station monitors the reverse link sig-
nal strength from each of the sectors. If the reverse link
signal strength from one sector falls below a predeter-
mined threshold for more than a predetermined period
of time, the base station discontinues forward link trans-
missions from the sector having the weakest signal
strength indication. Discontinuing transmissions from
the weaker sector reduces the average power transmit-
ted from each sector and therefore reduces interference
to mobile units in the system.
[0027] A fourth method is based on providing the mo-
bile unit with a desired operation aggregate signal
strength. The mobile unit provides to the base station a
signal strength measurement from every base station
that is a member of the Active and Candidates sets. The
base station ranks the power levels in order of descend-
ing magnitude. The power levels are then summed in
order until the desired operation aggregate signal
strength is exceeded. The base station returns an Active
Set message to the mobile unit identifying each base
station corresponding to a signal strength used to reach

the desired operation aggregate signal strength.
[0028] In all four methods above, reverse link demod-
ulation in each sector may continue with or without the
transmission of the forward link, thus this method does
not adversely effect reverse link performance or power
control. In all four methods, the operation could be mod-
ified such that the mobile unit informs the base station
of received power on the forward link. The forward link
power measurements from the mobile unit could be
used as the criteria instead of the reverse link measure-
ments made at the base station. It is also possible to
combine two or more of these methods to create a hy-
brid method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The features, objects, and advantages of the
present invention will become more apparent from the
detailed description set forth below when taken in con-
junction with the drawings in which like reference char-
acters identify correspondingly throughout and
wherein: .

Figure 1 is a diagram illustrating an exemplary base
station coverage area structure;
Figure 2 is a block diagram illustrating an exemplary
sectorized base station comprising multiple inde-
pendent demodulation elements; and
Figure 3 is an exemplary representation of the cov-
erage areas of three sectors of a sectorized base
station.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0030] Figure 1 illustrates an exemplary base station
coverage area structure. In such an exemplary struc-
ture, hexagonal base station coverage areas abut one
another in a symmetrically tiled arrangement. Each mo-
bile unit is located within the coverage area of one of the
base stations. For example, mobile unit 10 is located
within the coverage area of base station 20. In a code
division multiple access (CDMA) cellular, wireless local
loop (WLL), satellite communication system such as
GLOBALSTAR (Trade Mark), or personal communica-
tion (PCS) system, a common frequency band is used
for communication with all base stations in a system al-
lowing simultaneously communication between a mo-
bile unit and more than one base station. Mobile unit 10
is located very close to base station 20 and therefore
receives a large signal from base station 20 and rela-
tively small signals from surrounding base stations.
However, mobile unit 30 is located in the coverage area
of base station 40 but is close to the coverage area of
base stations 100 and 110. Mobile unit 30 receives a
relatively weak signal from base station 40 and similarly
sized signals from base stations 100 and 110. Due to
the decreased signal strength and the increased inter-
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ference from neighboring base stations, mobile unit 30
has a lower overall signal to noise ratio with respect to
base station 40 than mobile unit 10 has with respect to
base station 20.
[0031] The exemplary base station coverage area
structure illustrated in Figure 1 is highly idealized. In the
actual cellular, WLL, GLOBALSTAR, or PCS environ-
ment, base station coverage areas may vary in size and
in shape. Base station coverage areas may tend to over-
lap, with coverage area boundaries defining coverage
area shapes different from the ideal hexagon shape.
Furthermore, base stations may also be sectored such
as into three sectors, as is well known in the art. Base
station 60 is shown as a three sectored base station.
However base stations with a lesser or greater number
of sectors are envisioned.
[0032] Base station 60 of Figure 1 represents an ide-
alized three-sectored base station. Base station 60 has
three sectors, each of which covers more than 120 de-
grees of the base station coverage area. Sector 50, hav-
ing a coverage area indicated by the unbroken lines 55,
overlaps the coverage area of sector 70, having a cov-
erage area indicated by the coarse dashed lines 75.
Sector 50 also overlaps the sector 80, having a cover-
age area as indicated by the fine dashed lines 85. For
example, location 90 as indicated by the X is located in
the coverage area of both sector 50 and sector 70.
[0033] In general, a base station is sectorized to re-
duce the total interference power to mobile units located
within the coverage area of the base station while in-
creasing the number of mobile units that can communi-
cate through the base station. For example, sector 80
would not transmit a signal intended for a mobile unit at
location 90, and thus no mobile unit located in sector 80
is significantly interfered with by the communication of
a mobile unit at location 90 with base station 60.
[0034] However, for a mobile unit positioned at loca-
tion 90, the total interference has contributions from sec-
tors 50 and 70 and from base stations 20 and 120. If the
sum of the interference becomes too large, compared
to the signal strength of the intended signal, communi-
cation between a mobile unit at location 90 and base
station 60 may degrade. The present invention is a
method for reducing the interference in such a case. In
fact,the present invention reduces the interference to all
mobile units operating within a system of base stations.
[0035] The base stations 20, 40, 60, 100, and 120
shown in Figure 1 are controlled by system controller
130. Although Figure 1 shows only a subset of the con-
nections between system controller 130 and the base
stations, a connection between every base station and
the system controller is implied. System controller 130
provides the control functions for each base station in
the system. Among the control function is the coordina-
tion of the iriutiation and termination of soft handoff be-
tween base stations. When a mobile unit is in soft hand-
off between two or more base stations, a signal from the
mobile unit is received at system controller 130 from

each base station with which the mobile unit is in com-
munication. System controller 130 performs the combi-
nation or selection of signals received from multiple
base stations. System controller 130 also provides an
interface to the public switch telephone network (PSTN)
not shown.
[0036] Figure 2 illustrates an exemplary embodiment
of a three sectored base station. In Figure 2, each of
antennas 222A - 222C is the receive antenna for one
sector and each of antennas 230A - 230C is the transmit
antenna for one sector. Antenna 222A and antenna
230A correspond to a common coverage area and can
ideally have the same antenna pattern. Likewise anten-
nas 222B and 230B, and antennas 222C and 230C, cor-
respond to common coverage areas respectively. Fig-
ure 2 represents a typical base station in that antennas
222A - 222C have overlapping coverage areas such that
a single mobile unit signal may be present at more than
one antenna at a time. Although only one receive an-
tenna is shown for each sector, typically two antennas
are used for diversity, with the receive signals combined
for processing.
[0037] Figure 3 is a more realistic representation of
the coverage areas of three sectors of a sectorized base
station than base station 60 of Figure 1. Coverage area
300A, as represented by the finest line, corresponds to
the coverage area of both antennas 222A and 230A.
Coverage area 300B, as represented by the medium
width line, corresponds to the coverage area of both an-
tennas 222B and 230B. Coverage area 300C, as repre-
sented by the heaviest line, corresponds to the cover-
age area of both antennas 222C and 230C. The shape
of the three coverage areas is the shape produced by a
standard directional dipole antenna. The edges of the
coverage areas can be thought of as the location at
which a mobile unit receives the minimum signal level
to support communication through that sector. As a mo-
bile unit moves into the sector, the signal strength in-
creases. As a mobile unit moves past the edge of the
sector, communication through that sector may de-
grade. A mobile unit operating in softer handoff mode is
likely to be located in the overlapped region of two cov-
erage areas.
[0038] Referring again to Figure 2, antennas 222A,
222B, and 222C supply the received signal to receive
processings 224A, 224B, and 224C respectively. Re-
ceive processings 224A, 224B, and 224C process the
RF signal and convert the signal to digital bits. Receive
processings 224A, 224B, and 224C filter the digital bits
and provide the resulting digital bits to interface port
226. Interface port 226 may connect any of the three
incoming signal paths to any of the demodulation ele-
ments 204A - 204N under the control of controller 200
through interconnection 212.
[0039] Demodulation elements 204A - 204N are also
controlled by controller 200 through interconnection
212. Controller 200 assigns demodulation elements
204A - 204N to one of the plurality of information signals
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from a single mobile unit from any one of the sectors.
Demodulation elements 204A - 204N produce data bits
220A - 220N, each representing an estimate of the data
from the single mobile unit. Data bits 220A - 220N are
combined in symbol combiner 208 to produce a single
estimate of the data from the mobile unit. The output of
symbol combiner 208 is aggregate soft decision data
suitable for Viterbi decoding. Notice that symbol com-
biner 208 can combine signals from just one sector to
produce an output or it can combine symbols from mul-
tiple sectors as selected by the interface port 226. Each
one of demodulation elements 204A - 204N measures
a signal strength estimation of the signal that it is de-
modulating and provides the estimation to controller
200. A single power adjustment command is created
from the estimated signal strengths, independent of the
sector through which the signal is received. Thus each
sector in the base station transmits the same power ad-
justment command to a single mobile unit.
[0040] When symbol combiner 208 is combining sig-
nals from a mobile unit that is communicating through
more than one sector, the mobile unit is in softer handoff.
The base station may send the output of symbol com-
biner 208 to a decoder and then to a cellular, WLL, GLO-
BALSTAR (Trade Mark), or PCS system controller. A
system controller may receive decoded symbols from a
common mobile unit from multiple base stations and
produce a single output. This process is referred to as
soft handoff.
[0041] Demodulation elements 204A - 204N also pro-
vide several output control signals to controller 200
through interconnection 212, The information passed to
controller 200 includes an estimate of the signal strength
of the signal assigned to a particular demodulator. Typ-
ically this information is not passed to the system con-
troller. Therefore sectors of a common base station de-
modulating signals from a common mobile unit are
much more intimately related than two base stations
sending signals to a common system controller. The in-
timacy of the relationship of two sectors supporting a
softer handoff mode with a single mobile unit provides
the basis for the first three methods of the present in-
vention.
[0042] In many applications, an actual base station al-
so comprises at least one searcher element. The
searcher element is also capable of demodulating a sig-
nal and is used to continually scan the time domain in
search of available signals. The searcher element iden-
tifies a set of available signals and passes the informa-
tion to the controller. The controller may use the set of
available signals to assign or re-assign the demodula-
tion elements to the most advantageous signals availa-
ble. The placement of the searcher element is the same
as the placement of the demodulating elements in Fig-
ure 2. As such the searcher element may also be as-
signed to a signal from a plurality of sectors of a common
base station. In the most general case, demodulation
elements 204A - 204N can be assumed to comprise

some elements that are capable of performing the
searching function.
[0043] The transmit process shown in Figure 2 re-
ceives a message for a mobile unit from the end user
through the system controller. The message can be sent
on one or more of antennas 230A - 230C. Interface port
236 connects the message for the mobile unit to one of
more of modulation elements 234A - 234C as set by
controller 200. Modulation elements 234A- 234C mod-
ulate the message for the mobile unit with the appropri-
ate PN code. The modulated data from modulation ele-
ments 234A - 234C is passed to transmit processing
232A - 232C respectively. Transmit processings 232A -
232C convert the message to an RF frequency and
transmit the signal at an appropriate signal level through
antennas 230A - 230C respectively. Notice that inter-
face port 236 and interface port 226 operate independ-
ently, in that receiving a signal from a particular mobile
unit through one of antennas 222A - 222C does not nec-
essarily mean that the corresponding transmit antenna
230A - 230C is transmitting a signal to the particular mo-
bile unit. Also note that the power adjustment com-
mands sent through each antenna are the same, thus
sector diversity in a common base station is not critical
for the optimal power control performance.
[0044] The handoff process as described in U.S. Pat-
ent No. 5,056,109 referred to above, describes a proc-
ess that is summarized in the. following step.
Normal operation of softer handoff:

1: Mobile unit is communicating with base station X
through sector alpha antenna, meaning base sta-
tion X, sector alpha, is identified as a member of the
Active Set.
2: Mobile unit monitors the pilot signal from base
station X, sector beta antenna, and base station X,
sector beta, is identified as a member of the Neigh-
bor Set. The pilot signal strength from base station
X, sector beta antenna, exceeds a predetermined
threshold.
3: Mobile unit identifies base station X, sector beta,
as a member of the Candidate Set and informs base
station X through sector alpha antenna.
4: Base station X establishes the availability of re-
sources in sector beta.
5: Sector beta antenna begins to receive a reverse
link signal from mobile unit.
6: Sector beta antenna begins to transmit a forward
link signal to mobile unit.
7: Base station X through sector alpha antenna up-
dates the mobile unit Active Set to identify base sta-
tion X, sector beta.
8: Mobile unit establishes communication with base
station X, sector beta antenna. Mobile unit com-
bines the signals from sector alpha antenna and
sector beta antenna.
9: Base station X combines the signals from mobile
unit received through sector alpha antenna and
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sector beta antenna (softer handoff).

[0045] The first method to reduce the number of mo-
bile units in the softer handoff mode is based on delaying
the softer handoff process. The process inserts an ad-
ditional step between steps 5 and 6 that we will label
step 5.1.
Step 5.1 adds the additional function as follows:

5.1: Determine the signal strength of the reverse
link signal from the mobile unit. Pause the process
at this step until the reverse link signal strength ex-
ceeds a predetermined threshold.

[0046] Step 5.1 delays the onset of softer handoff,
thus reducing the total number of forward link transmis-
sions. Even while the forward link transmissions are de-
layed, the reverse link signal received by sector beta
may be combined with the reverse link signal from sec-
tor alpha.
[0047] Referring again to Figure 3, suppose a mobile
unit follows the path indicated by the arrow. At point 302,
the mobile unit enters the coverage area of sector 300B
from sector 300A. At this point, sector 300B would be
moved from the Neighbor Set to the Candidate Set. The
mobile unit informs the base station of the new addition
to the Candidate Set. If resources are available in sector
300B, sector 300B begins to receive the reverse link sig-
nal from the mobile unit. Sector 300B does not begin to
transmit a signal and instead monitors the reverse link
signal from the mobile unit. As the mobile unit moves
further into sector 300B, the signal strength from the mo-
bile unit as received by sector 300B increases. Suppose
at point 304, the signal strength of the received signal
exceeds the predetermined threshold of step 5.1. The
process continues and sector 300B begins to transmit
a forward link signal to the mobile unit. Sector 300A up-
dates the mobile unit Active Set to include sector 300B.
[0048] Note that this method does not degrade the ad-
vantages of softer handoff and the make-before-break
handoff process. In Figure 3, as the mobile unit contin-
ued to travel along the arrow, the mobile unit would be
in a softer handoff state from point 304 until point 306.
At point 306, communication with sector 300A can be
terminated because the mobile unit is no longer within
the coverage area of sector 300A. Without the addition
of step 5.1, the mobile unit would be in softer handoff
from point 302 to point 306.
[0049] This first method could be modified to achieve
similar results by basing the delay on the signal strength
of the forward link signal as measured at the mobile unit.
The modified step 5.1 would be as follows:

5.1: Determine the signal strength of the pilot signal
at the mobile unit from sector beta antenna. Pause
the process at this step until the pilot signal strength
exceeds a predetermined threshold.

The transfer of the pilot signal strength could automati-
cally be transmitted from the mobile unit as part of the
notification of a new entry in the Candidate Set. The mo-
bile unit could transmit the signal strength periodically,
or the mobile unit could respond to a request for the sig-
nal strength from the base station. The mobile unit could
be aware of the threshold and notify the base station
when the pilot signal strength exceeds the predeter-
mined level.
[0050] No matter which variation of the first method is
used, the average transmission power from each sector
is reduced. By delaying the forward link transmissions
to the set of mobile units that are in the coverage area
of a first sector and have not deeply penetrated the cov-
erage area of a second sector, each mobile unit is sub-
jected to a decreased amount of interference on the for-
ward link. Notice that this method does not effect soft
handoff (handoff between two independent base sta-
tions).
[0051] The second method involves reducing the
power of the forward link transmission. The original
steps 1 through 9 above would remain the same. An ad-
ditional two steps would be added following step 9 as
follows:

10: Determine the reverse link signal strength re-
ceived through each sector antenna.
11: Reduce the power of the transmitted forward link
signal by a predetermined amount from the sector
antenna having the weakest reverse link signal.

Alternatively the same steps could be executed based
on the forward link transmission power as follows:

10: Determine the forward link signal strength re-
ceived from each sector at the mobile unit and pro-
vide this information to the base station.
11: Reduce the power of the transmitted forward link
signal by a predetermined amount from the sector
antenna having the weakest forward link signal as
measured at the mobile unit.

[0052] No matter which variation of the second meth-
od is used, the average transmission power from each
sector is reduced. By reducing the forward link transmis-
sions to a set of mobile units that are in the coverage
area of two sectors, each mobile unit in the two sectors
is subjected to a decreased amount of interference on
the forward link. Again this method does not effect soft
handoff.
[0053] A potential unfavorable consequence to this
method exists. The mobile unit may combine signals
from two sectors based on the pilot signal strength from
each of the sectors as received at the mobile unit. There-
fore the mobile unit is assuming a fixed relationship be-
tween the strength of the pilot signal from a sector and
the strength of the information signal intended specifi-
cally for the mobile unit. When the power of the trans-
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mitted information signal is reduced, the combination ra-
tio will be unbalanced by some amount. The unbalance
causes the combination process to operate with non-
optimal performance. If the reduction ratio is small, for
instance if the power intended for the mobile unit is re-
duced by about 3dB, this effect may be negligible. This
problem could be fixed by having the base station inform
the mobile unit of the relation between pilot signal
strength and information signal strength. The mobile
could respond to this information by appropriately mod-
ifying the combiner ratio to reflect the change.
[0054] A third method adds new steps 10 and 11 to
the original steps 1 through 9 as follows:

10: Monitor the received reverse link signal at each
sector antenna. When the reverse link signal falls
below a threshold for a predetermined period of
time at a sector antenna, inform the mobile unit to
stop demodulating the forward link signal from the
weak sector antenna.
11: Stop sending the forward link signal to the mo-
bile unit from the weak sector antenna.
12: Return to step 5.

Alternatively the same steps could be executed based
on the forward link transmission power as follows:

10: Determine the forward link signal strength level
received from each sector antenna at the mobile
unit and provide this information to the base station.
11: When the forward link signal from a sector an-
tenna falls below a threshold for a predetermined
period of time, inform the mobile unit to stop demod-
ulating the forward link signal from the weak sector
antenna.
12: Stop transmitting the forward link signal from the
weak sector antenna.

[0055] No matter which variation of the third method
is used, the average transmission power'from a sector
is reduced. By terminating the forward link transmis-
sions to the set of mobile units in the coverage area of
two sectors before signal strength would mandate ter-
mination, each mobile unit in both sectors is subjected
to a decrease in interference power on the forward link.
Notice that neither alternative to the third method re-
quires the weak sector to discontinue demodulating the
reverse link signal from the mobile unit. Again this meth-
od does not effect soft handoff.
[0056] The fourth method can be used in a manner
similar to the first three methods to reduce the average
transmission power from a base station. The advantage
of the fourth method is that it is equally applicable to soft
and softer handoff. In order to function optimally, a mo-
bile unit must receive a desired operation aggregate sig-
nal strength. The desired operation aggregate signal
strength is calculated as the sum the signal strengths of
each signal being demodulated by a mobile unit. If more

than the minimum aggregate signal strength is demod-
ulated by a mobile unit, the additional power does not
improve the link significantly. The additional power
above the aggregate signal strength does however
cause interference to other mobile units. The fourth
method is based on eliminating the additional signal
strength above the desired operation aggregate signal
strength to each mobile unit.
[0057] The handoff process of the fourth method is
summarized in the following steps.

1: Mobile unit is communicating with base station X
through sector alpha antenna, meaning base sta-
tion X, sector alpha, is identified as a member of the
Active Set.
2: Mobile unit monitors the pilot signal from base
station Y, sector beta antenna, and base station Y,
sector beta, is identified as a member of the Neigh-
bor Set. The pilot signal strength from base station
Y, sector beta antenna, exceeds a predetermined
threshold.
3: Mobile unit identifies base station Y, sector beta,
as a member of the Candidate Set and informs base
station X through sector alpha antenna. Mobile unit
transmits the signal strength it perceives from base
station X, sector alpha, base station Y, sector beta,
and any other base stations with which the mobile
unit is in communication.
4: Base station X passes the signal strength infor-
mation to the system controller. The system control-
ler sums the signal strengths together in rank order
beginning with the largest signal strength until all
are summed together or until the desired operation
aggregate signal strength is exceeded.
5: If base station Y, sector beta, corresponds to one
of the signal strengths used in the sum, the system
controller designates a new Active Set comprising
base station Y, sector beta.
6: Base station Y, sector beta antenna, begins to
transmit a forward link signal to mobile unit.
7: Base station X, through sector alpha antenna, up-
dates the mobile unit Active Set to identify base sta-
tion Y, sector beta.
8: Mobile unit establishes communication with base
station Y, sector beta antenna. Mobile unit com-
bines the signals from base station X, sector alpha
antenna, and base station Y, sector beta antenna.
9: System controller combines or selects between
the signal received from base station X, sector al-
pha, base station Y, sector beta, and any other base
station through which communication is established
with the mobile unit.

In this manner, a new base station is only added to the
Active Set if it is needed to provide the mobile unit with
the desired operation aggregate signal strength for op-
timal performance. As with the other methods, reverse
link demodulation in each sector or base station may
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continue with or without the transmission of the forward
link.
[0058] When the fourth method as enumerated above
does not add base station Y, sector beta, in step 5, an
alternative stimulus in addition to that listed in step 2 is
needed to provide the stimulus to initiate the process at
step 3. In the preferred embodiment, at least three dif-
ferent stimuli may exist. First, the mobile unit informs the
base station whenever the signal strength of a member
of the Candidate Set exceeds the signal strength of any
member of the Active Set. Upon receiving such a mes-
sage, the process resumes with step 3. Also, the mobile
unit may repeatedly send the base station a list of the
signal strengths of the members of the Active Set as a
power measurement report message. In the preferred
embodiment, as the total aggregate power of the Active
Set decreases, the power measurement report mes-
sage is sent more often. When the total aggregate pow-
er falls below a threshold, the base station can request
a Candidate and Active Set signal strength measure-
ment message in which the mobile unit informs the base
station of the signal strength of each base station in the
Active and Candidate Sets. Upon receiving such a mes-
sage, the process resumes with step 4. Additionally the
base station may request a Candidate and Active Set
signal strength measurement message at any time due
to some stimulus in the base station, and the process
may resume with step 4.
[0059] Using the fourth method, if a mobile unit in
communication with a first and a second base stations
enters the coverage area of a third base station, it pro-
vides the signal strength received from each of the three
base stations to the system controller. If the signal
strength of the new base station exceeds the signal
strength of one of the two base stations with which com-
munication is established and communication through
two base stations is required to provide the mobile unit
with the desired operation aggregate signal strength,
the next Active Set message from the system controller
designates the largest of the two previously active base
stations and the new base station, thus indicating that
communication be terminated through a base station
and established with another, with the use of one mes-
sage. In actual implementations, the new base station's
signal strength would need to exceed the currently ac-
tive base station's signal strength by some reasonable
gating amount. The system operates most effectively
when the system is not 'ping-ponging' communications
between two base stations The reasonable gating
amount acts as hysteresis to prevent the ping-pong sit-
uation.
[0060] There are many variations to the fourth meth-
od. The example above was described in terms of sec-
tors of different base stations. The same method applies
to sectors of a common base station and to unsectorized
base stations. The functionality of the base station and
system controller could be divided in many ways. An
analogous method may be based on reverse link signal

as perceived by the base stations, or it could be based
on other factors such as signal to noise ratio, frame eras-
ure rate, and bit error rate. The fourth method may be
elegantly coupled to one of the first three methods.
[0061] An analogous method could be used to re-
move a base station from the Active Set. Removing a
base station from the Active Set as described in U.S.
Patent No. 5,267,261 is also mobile unit assisted. The
mobile unit monitors the signal strength of each base
station through which communication is established. If
the signal strength from a base station in the Active Set
falls below a threshold for some period of time, the mo-
bile unit informs the base stations through which it is
communicating, and at least one base station responds
by sending a new Active Set to the mobile unit, which
set does not comprise the base station corresponding
to the weak signal.
[0062] Applying the principles of the fourth method to
the process of removing a base station from the Active
Set is summarized in the following steps:

1: Mobile unit is communicating with base station X
through sector alpha antenna and base station Y
through sector beta antenna, meaning base station
X, sector alpha, and base station Y, sector beta, are
identified as members of the Active Set.
2: Mobile unit transmits the signal strength it per-
ceives from base station X, sector alpha, base sta-
tion Y, sector beta, and any other base stations with
which the mobile unit is in communication.
3: At least base station X passes the signal strength
information to the system controller. The system
controller sums the power levels together in rank
order beginning with the largest signal strength until
all are summed together or until the desired opera-
tion aggregate signal strength is exceeded.
4: If base station Y, sector beta, does not corre-
spond to one of the signal strengths used in the
sum, the system controller designates a new Active
Set that does not comprise base station Y, sector
beta.
5: At least base station X, sector alpha antenna,
sends the mobile unit the new Active Set.
6: Base station Y, sector beta antenna, terminates
transmission of a forward link signal to mobile unit.

[0063] The fourth method as applied to removing a
base station can also work from the same three varieties
of stimulus as described above for the process of adding
a base station. For example, even if the signal strength
received from base station Y, sector beta, remains well
above the communications threshold, it may be advan-
tages to terminate communication through base station
Y, sector beta, if the mobile unit receives sufficient power
from the other base stations with which it is in commu-
nication. Any time a list of the signal strengths of the
members of the Active Set is sent from the mobile unit
to the base the removal process of the fourth method
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may be executed. In the most efficient preferred embod-
iment, the addition and removal processes of the fourth
method are combined into one efficient process.
[0064] Each of the four methods defined herein may
be combined with one or more of the other methods.
Also, there are many obvious variations of the embodi-
ments of methods 1, 2, 3, and 4, including the simple
rearrangement of steps within each method. The signal
strength measurements made by the mobile units and
base stations could be replaced by other criteria such
as signal to noise ratio, frame erasure rate, and bit error
rate. The previous example is based on the use of a pilot
signal on the forward link. Signal strength measure-
ments could be the measurement of signals other than
a pilot signal, whether or not the system comprises a
pilot signal.
[0065] The previous description of the preferred em-
bodiments is provided to enable any person skilled in
the art to make or use the present invention. The various
modifications to these embodiments will be readily ap-
parent to those skilled in the art, and the generic princi-
ples defined herein may be applied to other embodi-
ments without the use of the inventive faculty.

Claims

1. A method for reducing interference in a communi-
cation system having a base station (20, 40,
60,100,110,120) comprised of multiple sectors (50,
70, 80), comprising:

communicating bi-directionally between a mo-
bile unit (10,30) and a first sector (50) of the
base station (20, 40, 60, 100, 110, 120);
receiving through a second sector (70) of the
base station (20, 40, 60, 100, 110, 120) a re-
verse link signal from the mobile unit (10,30);
measuring signal strength of at least one signal
communicated between the mobile unit (10, 30)
and the base station (20, 40, 60,100,110,120) ;
comparing said signal strength to a predefined
threshold; and
delaying transmission of a forward link signal
through the second sector (70) to the mobile
unit (10,30) until the signal strength exceeds
the predefined threshold.

2. The method of Claim 1, wherein said at least one
signal communicated between the mobile unit (10,
30) and the base station (20, 40, 60, 100, 110, 120)
is a reverse link signal.

3. The method of Claim 1 or Claim 2, further compris-
ing:

combining the reverse link signal received
through the second sector (70) with a reverse

link signal received through the first sector (50)
to produce an aggregate signal, independent of
whether or not the transmission of the forward
link signal through the second sector (70) has
begun.

4. The method of Claim 3 further comprising:

determining a power control command in ac-
cordance with the aggregate signal; and
transmitting the power control command to the
mobile unit (10, 30).

5. The method of Claim 3, further comprising:

determining a power control command in ac-
cordance with the aggregate signal;
and transmitting the power control command to
the mobile unit (10, 30) on the forward link sig-
nal through the first sector (50) when the trans-
mission of the forward link signal through the
second sector (70) is delayed.

6. A method according to Claim 1, wherein:

a pilot signal is transmitted through an antenna
(230B) of a second sector (70) of said base sta-
tion (20, 40, 60, 100, 110, 120); signal strength
of said pilot signal from said antenna (230B) of
said second sector (70) of said base station (20,
40, 60, 100, 110, 120) is measured at said mo-
bile unit (10, 30);
said signal strength is compared to said prede-
fined threshold;
said base station (20, 40, 60, 100, 110, 120) is
notified by said mobile unit (10, 30) through
said first sector (50) when said signal strength
of said pilot signal from said antenna (230B) of
said second sector (70) exceeds said prede-
fined threshold;
said reverse link signal from said mobile unit
(10, 30) received through said antenna (222B)
of said second sector (70) of said base station
(20, 40, 60, 100, 110, 120) is combined with sig-
nal energy received from said mobile unit (10,
30) through said first sector (50); and
said transmission of said forward link signal
from said second sector (70) of said base sta-
tion (20, 40, 60, 100, 110, 120) to said mobile
unit (10, 30) is delayed until signal energy of
said pilot signal received at said mobile unit (10,
30) through said second sector (70) exceeds a
second predefined threshold.

7. A method according to Claim 6, comprising the step
of combining at said base station (20, 40,
60,100,110,120) said reverse link signal from said
mobile unit (10, 30) received through said second
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sector (70) of said base station (20, 40, 60, 100,
110, 120) with a reverse link signal received through
said first sector (50) from said mobile unit (10, 30)
to produce an aggregate signal independent of
whether said step of transmitting said forward link
signal has begun.

8. A method according to Claim 7, further comprising
the steps of:

creating a power control command for said mo-
bile unit (10, 30) based on an energy level of
said aggregate signal; and
transmitting said power control command to
said mobile unit (10, 30) from said antenna
(230A) of said first sector (50) of said base sta-
tion (20, 40, 60, 100, 110, 120).

9. A method according to Claim 1, wherein;

a pilot signal is transmitted through an antenna
(230B) of a second sector (70) of said base sta-
tion (20, 40, 60, 100, 110, 120);
signal strength of said pilot signal from said an-
tenna (230B) of said second sector (70) of said
base station (20, 40, 60, 100, 110, 120) is
measured at said mobile unit (10, 30) and said
signal strength is compared to said predefined
threshold;
said base station (20, 40, 60, 100, 110, 120) is
notified through said first sector (50) when said
signal strength of said pilot signal from said an-
tenna (230B) of said second sector (70) ex-
ceeds said predefined threshold;
a reverse link signal with signal energy received
from said mobile unit (10, 30) through said first
sector (50) is received through said antenna
(222B) of said second sector (70) of said base
station (20, 40, 60, 100, 110, 120); and
said transmission of said forward link signal
from said second sector (70) of said base sta-
tion (20, 40, 60, 100, 110, 120) to said mobile
unit (10, 30) is delayed until signal energy of
said reverse link signal received at said base
station (20, 40, 60, 100, 110,120) through said
second sector (70) exceeds a second prede-
fined threshold.

10. The method according to Claim 9, further compris-
ing the step of combining at said base station (20,
40, 60, 100, 110, 120) said reverse link signal from
said mobile unit (10, 30) received through said sec-
ond sector (70) of said base station (20, 40, 60, 100,
110,120) with a reverse link signal received through
said first sector (50) from said mobile unit (10, 30)
to produce an aggregate signal independent of
whether said step of transmitting said forward link
signal has begun.

11. A method according to Claim 10, further comprising
the steps of:

creating a power control command for said mo-
bile unit (10, 30) based on an energy level of
said aggregate signal;
and transmitting said power control command
to said mobile unit (10, 30) from said antenna
(230A) of said first sector (50) of said base sta-
tion (20, 40, 60, 100, 110, 120).
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