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BACKGROUND OF THE INVENTION

I. Field of the Invention

The present invention is a Continuation-In-Part application of
pending prior application Serial No. 08/144,901 filed on October 28, 1993 of
Klein S. Gilhousen et al. for "METHOD AND APPARATUS FOR
REDUCING THE AVERAGE TRANSMIT POWER OF A SECTORIZED |
BASE STATION" The present invention relates to communication
systems, particularly to a plurality of methods for. reducing. the average
transmit power from a sectorized base station.

II. Description of the Related Art

In a code division multiple access (CDMA) cellular telephone system,.
wireless local loop (WLL), satellite communication system such as
GLOBALSTAR, or personal communications system (PCS), a common
frequency band is used for communication 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 discriminated 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 stations using different PN codes or PN codes that are offset in
time produce signals that can be separately received at the receiving station.

In an exemplary CDMA system, each base station 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 offsets corresponding to
neighboring base stations surrounding 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.
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station. This type of handoff may be considered as a “soft” handoff in that
10 communication with the subsequent base station is established before
communication with the original base station is terminated. When the
mobile unit is in communication with two base stations, a single signal for
the end user is created from the signals from each base station by a cellular,
WLL, GLOBALSTAR, or PCS controller.
15 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 communication 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
20 a pilot signal strength of sufficient level to establish communication. The
Candidate Set is a set of base stations having a pilot signal strength of
sufficient level to establish communication.
When communications are initially established, a mobile unit
communicates through a first base station and the Active Set contains only
25  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 station in the Neighbor Set exceeds a
predetermined threshold level, the base station is added to the Candidate
Set and removed from the Neighbor Set at the mobile unit. The mobile
30  unit communicates a message to the first base station identifying the new
base station. A system controller decides whether to establish
communication 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 station with identifying information about the mobile unit
35 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 Active Set that includes the first and the new base stations.
The mobile unit searches for the new base station transmitted information
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When the moblle unit is communicating through multiple base
5 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 system
10 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.
The system controller upon deciding:to terminate communications
15 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 established send the message to the mobile unit.
The system controller also communicates information to the base station to
20 terminate communications with the mobile unit. The mobile unit
communications are thus routed only through base stations identified in
the new Active Set. o
Because the mobile unit is communicating with the end user though
at least one base station at all times throughout the soft handoff processes,
25 no interruption in communications occurs between the mobile unit and the
end user. A soft handoff provides significant benefits in its inherent "make
before break” communication over conventional "break before make"
techniques employed in other cellular communication systems.
A typical cellular, WLL, GLOBALSTAR, or PCS system contains some
30 Dbase stations having multiple sectors. A multi-sectored base station
comprises multiple independent transmit and receive antennas. 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 perspective. However
35 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
station, the demodulated data signals of both sectors are available for
combination within the base station before the signals are passed to the
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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 signal level that produces a signal-to-noise

15 ratio that allows acceptable data recovery. If a signal transmitted by a mobile

unit arrives at the base station receiver at a power level that is too low, the

bit-error-rate may be too high to permit high quality communications due

to interference 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

20 received at the base station, communication with this particular mobile unit

is acceptable but this high power signal acts as interference to other mobile

units. This interference may adversely affect communications with other
mobile units.

Path loss in the radio channel is defined as any degradation or loss

25  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 frequency than the reverse link, i.e., the

link from the mobile unit to the base station. Nevertheless, because the

30 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 example, 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

35 phenomenon for the forward link and reverse link and varies as a function

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
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operating on the same frequency assignment as perceived by the mobile
unit. From the estimate of the average forward link path loss, the mobile
unit sets the transmit level of the reverse link signal. Should the reverse
link channel for one mobile unit suddenly improve compared to the

10 forward link channel for the same mobile unit due to independent fading of
the two channels, the signal as received at the base station from this mobile
unit would increase in power. This increase in power causes additional
interference to all signals sharing the same frequency assighment. Thus a
rapid response of the mobile unit transmit power to the sudden

15 improvement in the channel would improve system performance.

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 received signal strength from the mobile unit. The measured
signal strength is compared to a desired signal strength level for that

20  particular mobile unit. A power adjustment command is generated by each
base station and sent to the mobile unit on the forward link. In response to
the base station power adjustment command, the mobile unit increases or
decreases the mobile unit transmit power by a predeterminéd amount. By
this method, a rapid response to a change in the channel is effected and the

25 average system performance is improved. _

When a mobile unit is in communication with more than one base
station, power adjustment commands are provided from each base station.
The mobile unit acts upon these multiple base station power adjustment
commands to avoid transmit power levels that may adversely interfere

30 with other mobile unit communications and yet provide sufficient power to
support communication from the mobile unit to at least one of the base
stations. This power control mechanism is accomplished by having the
mobile unit increase its transmit signal level only if every base station with
which the mobile unit is in communication requests an increase in power

35 level. The mobile unit decreases its transmit signal level if any base station
with which the mobile unit is in communication requests that the power be
decreased. A system for base station and mobile unit power control is
disclosed in U.S. Patent No. 5,056,109 entitled “METHOD AND
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doing so, the mobile unit avoids inadvertently interfering with
10 communications through a base station receiving the mobile unit’s signal at
an excessive level but unable to communicate a power adjustment

si gnal and conmuni c I S establ I shed wth the new base station w thout
m

command to the mobile unit because communication is not established
therewith.
As a mobile unit moves toward the edge of the base station coverage
15 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
20 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 drcuitry in
the mobile unit. This situation may be aggravated by a mobile unit located
within an area where two sectors of a common base station overlap.
25 In a case where a set of base stations is operating 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 ratic such that the quality of communications is
deéraded. The softer handoff process provides information to the base
30 station that can be used to improve this situation. The improvement can be
created by decreasing the average power transmitted by each sector of a base
station. By decreasing the average power transmitted by each sector of a base
station, the interference to all mobile units is reduced. Thus the
interfefence to the mobile units at the edge of the coverage area is also
35 reduced causing an increase in the average signal-to-noise ratio of mobile
units a the edge of the coverage area.
In a system having soft and softer handoff capabilities and having
neighboring base stations at or near capacity, a given amount of base station
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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
15  each sector. '

The present invention is a technique which could be used to reduced
the number of signal transmitted by a sector. A fewer number of signals to
be transmitted from a sector means more power available for the remaining
signals. When the base station transmits higher power forward link signals,

20 the signal-to-interference for mobile units operating at-handoff boundaries
or at the edge of the coverage area is improved. Alternatively, 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

25 softer handoff.

It is therefore the object of the present invention to improve forward
link signal-to-interference ratio by reducing ineffectual forward link
transmissions to mobile units in soft or softer handoff, reducing the
interference power to other mobiles and making more transmitter power

30 available to all useful links to mobile units.

It is therefore the object of the present invention to provide a
plurality of methods to decrease the transmission power from a base station.

It is another object of the present invention to provide a plurality of
methods to provide an enhanced softer handoff process to improve the

35 forward link performance.

SUMMARY OF THE INVENTION
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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 find the mobile unit transmitted signal. The base
station does not command the mobile unit to establish communication
with the second sector until the reverse link signal received at the second
sector exceeds 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
total average interference to mobile units in the system.

A second method is based on reducing the power of transmissions
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 sufficient to support
communications, the base station commands the second sector to establish
communication with the mobile unit. The base station also commands 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 reverse link signal strength indication. Reducing
transmission power from the weaker sector reduces the average power
transmitted from each sector and therefore reduces interference to mobile
units in the system.

A third method is based on eliminating transmissions 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 sufficient to support
communications, the base station commands the second sector to establish
communication with the mobile unit. The base station also commands the
mobile unit to establish communication with the second sector. After the
mobile unit enters the softer handoff mode, the base station monitors the
reverse link signal strength from each of the sectors. If the reverse link
signal strength from one sector falls below a predetermined threshold for
more than a predetermined period of time, the base station discontinues
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identifying each base station corresponding to a signal strength used to reach
the desired operation aggregate signal strength.
In all four methods above, reverse link demodulation in each sector
15 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 modified 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
20 as the criteria instead of the reverse link measurements made at the base
station. It is also possible to combine two or more of these methods to create
a hybrid method.

BRIEF DESCRIPTION OF THE DRAWINGS

25
'The features, objects, and advantages of the present invention will

become more apparent from the detailed description set forth below when
taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein: )
30 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 independent demodulation elements; and
Figure 3 is an exemplary representation of the coverage areas of three
35 sectors of a sectorized base station.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

This Sheet Has Been Rep

T

REPLACED




centered about 882MHz paired with one of its reverse |ink channels

cent er edvabegut228837MHz. On the ot her hand, fading is an i ndeOEWE12435
phenonenon for the forward |ink and reverse link and varies as a function
of time. The characteristics of fading on the channel are the sane,
however,
are within the sane frequenc;i band. Therefore, the average of
channel é\é&[ ISLHE for IP t%tg

In an exenpl ary %35/ utrates an exampRry mase SR coverage HgaStructufgsg
of the fOFVVEIhOlsddI'ﬂKnb:&&ﬁCbl@fy btrectuebahexayetial dask Reation toverageereadabue S

unit.

The

for both the forward and reverse |ink because the frequencies

faci ng bot h ks is ically the sane.

oper ati ng oPTha ORI 1 @h%iwsa‘ﬂé‘%‘ﬁceﬁgﬂﬁééﬂf Bkl o £5° fﬁég%ﬁi‘f?l s

unit.

Fro
5

10

20

25

30

35

m tlbeatest witthiie thé dolveragecamgeof oneenfdthiei bisepsitahionss sFort &eampls, | e
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, or personal
communication (PCS) system, a common frequency band is used for
communication with all base stations in a system allowing simultaneously
communication between a mobile 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 relatively 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 interference 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.

The exemplary base station coverage area structure illustrated in
Figure 1 is highly idealized. In the actual cellular, WLL, GLOBALSTAR, or
PCS environment, base station coverage areas may vary in size and in
shape. Base station coverage areas may tend to overlap 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.

Base station 60 of Figure 1 represents an idealized three sectored base
station. Base station 60 has three sectors, each of which covers more
than 120 degrees of the base station coverage area. Sector 50, having a
coverage area indicated by the unbroken lines 55, overlaps the coverage area
of sector 70, having a coverage area indicated by the coarse dashed lines 75.
Sector 50 also overlaps the sector 80, having a coverage area as indicated by
the fine dashed lines 85. For example, location 90 as indicated by the X is
located in both the coverage area of sector 50 and sector 70.
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unit sets the transmtﬂ@m&letmiBéehaemaevierse link signal. Should the reverse

| i nk chann®O #55122%he m) nI y inprove conpared tBCT/SIYIRISI
forward |ink channel J Ie unit due to independent fading of

the two channel s, the Si ecel ved at the base station fromthis

nobi | e unit would increase in power. This increase in power causes
addi ti onal I nt erference to all signal ﬁ sharl ng the sane frequency
assignment. Thus a res nse. of ﬂi Ie unit . tran ower to

the sudden 15 i rrprIBv%ﬁ?Lgﬁ ﬁ’ F%Pe%BW Hp‘?eéd"é dheto ‘F RLeRGE .
Mobi | e uni tE t L powen to peolsite umtalr}eaa}]tedhnwinhh@hetﬁ;omsg@aréwbe tha&ﬁse station
stations. acC tj.on ch t e _u n_conmnuni cati on
neasures the r‘%ﬁ@?vg&r ?ﬂ‘ﬁgl %%r%ﬁﬁﬂ?rf Pgnﬂrr‘#’e‘i H}# Ca%@%%&ﬂ#@&
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to t he basector A0 isnsigpificansly interferad the pemmunicationi of a mobiees
or decr easgst H‘Rxﬁﬁﬁh'? W&htbésé%'i‘%ﬂ epowver by a predeterm ned anount.
By t hi s nmet hod r api respon chan e |ﬁthe channel is_effected
and the 25 averagé{%‘yﬂ’éﬁl rfo %\PE'G at location 9y heatotal

nobi | e uni t lintéi'f@l@ﬁ&hlnhsﬁtdo@ﬂnbhmﬂﬁoﬁbmha&t@ﬁ@ Strend 70 andaifiém. basEer
adj ust WEH&OCO%IildS Garld q\ﬁbde‘iif ftflorgueﬁcgf tﬁ"l%einstterafteIreor{]c'e becomes too large,,
compared to the signal strength of the intended signal, communication
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
15 operating within a system of base stations. '
The base stations 20, 40, 60, 100, and 120 shown in Figure 1 are
controlled by system co_ntroller 130. Although Figure 1 shows only a subset
of the connections between system controller 130 and the base stations, a
connection between every base station and the system controller is implied.
20 System controller 130 provides the control functions for each base station in
the system. Among the control function is the coordination of the
initiation and termination of soft handoff between base stations. When a
mobile unit is in soft handoff between two or more base stations, a signal
from the mobile unit is received at system controller 130 from each base
25 station with which the mobile unit is in communication. System
controller 130 performs the combination 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.
Figure 2 illustrates an exemplary embodiment of a three sectored base
30 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
antennas 222B and 230B, and antennas 222C and 230C correspond to
35 common coverage areas respectfully. Figure 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 antenna is shown for each sector,

REPLACED

-'i‘Hi.‘i SHEET HAS BEEN




The nobile unit acts.uppn jhese ti,pl e base station power adjustnent
commandswiglspgeird t?%hls’%%eethases%enr&ufa“gl s that may adversel ypcnussdess 30

wi th other nobile uni mmlﬂmmw Fs and yet provide sufficient power to
support conmuni cati on e unit to at |east one of the base
stations. This power control nechanismis acconplished by having the

nobile unit increase its transmt signal_level only if every base station
with which the nobile unit is inc lication requests an increase in
power 35 | &YRicallyhBvaodnieanasi %rqjé’é’?@ag‘é\'s lyersifyavéitht the gegeivieesi@nals any

base stati 0Bombined¥dM pﬁe&é‘sgir{gje nobile unit is in communication requests
t hat the power decreased. A systemfor baseg?t ation and nobile unit

be..
power control i 5%18"19 il A RFE Ferlistis representafgn af g coySTagh RF9asqOf
"METHOD ANEhree sectors of a sectorized base station than base station 60 ©f Figure 1.

5 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 antennas 222B and 230B. Coverage area 300C, as represented by the
heaviest line, corresponds to the coverage area of both antennas 222C

10 and 230C. The shape of the three coverage areas is the shape produced by
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 mobile
unit moves into the sector, the signal strength increases. As a mobile unit

15 moves past the edge of the sector, communication through that sector may
degrade. A mobile unit operating in softer handoff mode is likely to be
located in the overlapped region of two coverage areas.

Referring again to Figure 2, antennas 222A, 222B, and 222C supply the
received signal to receive processings 2244, 224B, and 224C respectively.

20  Receive 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 port226.
Interface port 226 may connect any of the three incoming signal paths to any
of the demodulation elements 204A - 204N under the control of

25 controller 200 through interconnection 212.

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 from a single mobile unit from any one of the sectors.

30 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.

35 Notice that symbol combiner 208 can combine signals from just one sector
to produce an output or it can combine symbols from multiple sectors as
selected by the interface port226. Each one of demodulation
elements 204A - 204N measures a signal strength estimation of the signal
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APPARATUS FOR CONTRG 1 NG iRANSNISSICN PONER I N A CDVA CELLULAR MOBI LE

TELEPHONEWEYSTE” | SN plged 1991, assi gned to poeUSesizgsee of
the present invention. se station diversity at the nobile unit
is an inportant 5 ¢

the soft handoff process. The power
control nethod descri bed above operates optinally when the nobile unit
conmuni cat es w th each base station through which conmunication is

possi ble, typjcally bet ween one to three base stations although a
gr eat er nurrbéi‘a‘i i Eoégm@anﬁg and proyides, the iestimation: togantreller200. A

LSV v SAepbecs i el copmi e gt o epEERR gl |
Communi cat e S50RRS itRerkisnt OF thd sector ¥ S ahirgy Rre. signal Jpcreseed.
communi cat i oThis emxh sedteblin thedase statibtn;tfaiuiéé;]m%tgvﬂgreasagti govgfregdﬁitéﬁgbﬁt
g?é;arn\é??eagpﬁ&g?ﬁﬁﬁge%jgﬁéé g&‘?ﬂia@'ﬁg?}al at the m)bigl e unit fai | s.
Al'so as the nobi | #hentsymbelscambirter 208gis esimbining signalg dromea mbﬁﬂhgg\siié
Ctatton covermais MmaiRcity Geihh AGRRA UrBREEhnr ohE Thole il R s
toward the e&glesf handofhse Theatbasa statiomgmayr send: Hhesoytpiit | of edyrhbo
the 20 curregmbineL208 36 ia0deédddrsanidithénitd! £bBURRS WELOBIDHBALSTATE or
st ?t '9"%10  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.
Demodulation elements 204A - 204N also provide several output
control signals to controller 200 through interconnection 212. The
15 information passed to controller 200 includes an estimate of the signal
strength of the signal assigned to a particular demodulator. Typically this
information is not passed to the system.controller. Therefore sectors of a
common base station demodulating signals from-a common mobile unit
are much more intimately related than two base stations sending signals to
20 a common system controller. The intimacy 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 invention.
In many applications, an actual base station also comprises at least
one searcher element. The searcher element is also capable of
25 demodulating a signal and is used to continually scan the time domain in
search of available signals. The searcher element identifies a set of available
signals and passes the information to the controller. The controller may use
the set of available signals to assign or re-assign the demodulation elements
to the most advantageous signals available. The placement of the searcher
30 element is the same as the placement of the demodulating elements in
Figure 2. As such the searcher elements may also be assigned 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.
35 The transmit process shown in Figure 2 receives 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
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I ncreases. The falling signal |evel also neans that the signals are nore

sensi ti vew@ot/smmal noi se and the noise created by the recgiyiylgyGugcui try
N the nobile unit. This situation nay be aggravated by a nobile unit

| ocat ed within an area where two sectors of a commpn base station
overlap. 25 In a case where a set of base stations is operating at
near capacity, the nobile unit | ocated at the edge of the base station

coverage area . and within t he coveragé4ar ea of two sectors of the sane
base s?at i on el8nendserdddfee-a234C  as opef nbyi germtrodlaroi 200.r at Modulatiamat

the guality Qfe@ABIBLALRIC ibdulate HROTAEREre T0E Q1 hEIIADHR' fvifl 95€SS
provides information to g% baae 30 _station tHat can be used to Inprove
this situati APPHRFIRIR SenERfecan Hae modadatadddaga ddepmasmudulagion

aver age poverelemepds2B4ad 134@agh p%%?f@&t@f txﬁggﬁﬁg gf%cresgli izgjgg\e By 232¢C
Station,  Phe ERORTT A dB R anit PRCHEL ARE | 97k GOBVER theessnge to an
i nt er f er ence R freqeenuypiane umm._itametiigneﬁgtBaﬁfaspfﬁ”tﬁplﬁia}f@?@g?é géx,sgg thfo : S0
32§ couced Saphil SRACHa ot Ife G Wl RS SR e
havi ng soft anterfaset pertiZedopérate padependeslpnd thaviregeiving ansigghbfrom G
base stati onpaticAlar &ibifPRAft throdgl! 968 FMRHMAMs 9388 S'ALICOYoes not
10 necessarily mean that the corresponding transmit antenna 230A - 230C is
transmitting a signal to the particular mobile unit. Also note that the power
adjustment commands sent through each antenna is the same, thus sector
diversity in a common base station is not critical for the optimal power
control performance.
15 The handoff process as described in U.S. Patent No. 5,056,109 referred

to above, describes a process that is summarized in the following steps.

Normal operation of softer handoff: _

1: Mobile unit is communicating with base station X through sector alpha

20 antenna meaning base station 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
Neighbor Set. The pilot signal strength from base station X, sector beta

25 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 resources in sector beta.
o>* Sector beta antenna begins to receive a reverse link signal from mobile

30 unit.

6: Sector beta antenna begins to transmit a forward link signal to mobile
unit.

7: Base station X through sector alpha antenna updates the mobile unit
ActiveSet to identify base station X, sector beta.

35 8: Mobile unit establishes communication with base station X, sector beta
antenna. Mobile unit combines the signals from sector alpha antenna and
sector beta antenna. '
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7 power is divided anong the forward |ink signals such that each
addi ti onal woosn22dorward |ink signal transmtted from a baseperaise4i4so
decreases the power of other forward link signals. In a system
operating at capacity, conpare a base station having two sectors in
whi ch every nobile unit in the coverage area 5 of the base station is in
softer handoff node to a base station havi t wo sectors in which no
nmobile unit is _in_softer, hapndoff node, In tie base station having

every nobile uftBAse siation Xisomiines theHignas feom mobilesugitaeceived thrpugh
each sector i ssectotndlphh taperia m&sbéd&b&ahh&rﬁﬁ}'\{t%bf@fkﬁﬁabfﬁprward link
e uni

signal fromthe base station having no nobil I n softer handoff. 10

Because, in the Casﬁ'\%’]"?ﬁﬁten{%‘éﬁéa tB0RIduee 'e;‘t}]ﬁxt%#eef' nogbl' Bﬁem%’e&é@%ﬁa

signal s f.rom eac ector are conbl ne e uni
Si gnal -to-Pnt ém@q{gwcfe 1s basged en selayingothe seftes handoff irocess: HBheprocess
handof f case ijhsértsl adddditionaPstep betwegiDiteps B'ahd 6 ! WeSRILY B4belYstdlo 5.

sectors. Hovvevsetgp 512688 thé Yadforl Fakiction as follows:

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

Step 5.1 delays the onset of softer handoff thus reducing the total

number of forward link transmissions. Even while the forward link
15 transmissions are delayed, the reverse link signal received by sector beta
may be combined with the reverse link signal from sector alpha.

Referring again to Figure 3, suppose a mobile unit follows the path
indicated 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

20 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 signal
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

25 mobile unit moves further into sector 300B, the signal strength from the
mobile 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 updates the mobile unit

30 Active Set to include sector 300B.

Note that this method does not degrade the advantages of softer
handoff and the make-before-break handoff process. In Figure 3, as the
mobile unit continued to travel along the arrow, the mobile unit would be
in a softer handoff state from point 304 until point 306. At point 306,

35 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.
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mobi I e unit in softerhapdotf gld) r@pigeft ori zed base station is well served

by 15 agehsseeyor. resent invention is a demeysyqeasswhi ch
.could be used to reducHHlI lul Hllﬂmﬁrﬂ)er of signal transmitted by a sector.
A fewer nunber of sign t transmtted froma sector neans nore
power available for the renaining signals. Wien the base station
transmts higher power forward link sig s, 20 the signal-to-interference
for nobile units_operatin t hando botihdari es . or at_the edge, of the
coverage area isTg-}?prG%fe .etgpfieF?n‘é]qu &’él ?‘,Odége@h@ achievie sigaflap resilin bys i s
reduced, thpadiagathdatdaptohi e sigudnitréRgtip@fethe Forward HART sigsal Wy ch

also results inless jnterferenc wer i.n.the system These .

t echni ques @fﬁs‘ﬁreeqigte{i‘etWOLgﬁmgt eﬁﬂ%{él’redg?teﬂnii MO & 35 follows: and 25
softer handoff. . It is therefore the object of the present

i nventi ¢h t oo-kimpledeEning e gignal stre P ﬁlaﬁ-ﬁlgoh REEYY cAtethiee mQpileo upit
reduci ng i ngbhesbetal bel dfedinhl Mause the tPrafess /he StebOuMBIDiHeCpTGH dignaln
soft or softer handoff, reducjng the i nterference power to other

nobi | es andsmsﬁge%FQS@r%@?ﬁ?fwf‘eﬂ&m “available to all useful links
to nobile units. It iis therefore the object of the present

i nventi on t dhprteansder af the pilat signal %ﬁﬁgth&%ésa‘-ﬂ!@maéb’sbe ttrRnsmitted
transm gpi OfropQVedle MYl 1RA6QsShatt 8D the notification! &f iaS ndRPlneFy ¢RI @t Of
the present Clarxli\é?gg’geoge%.o Hee’ II(Ij'teob?leplv.Lxltri'ca Iclotlﬁdo’transmit the signal strength
periodically or mobile unit could respond to a request for the signal 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
15 predetermined level. '

No matter which variation of 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 coverage area of a second

20  sector, each mobile unit is subjected to a decrease amount of interference on
the forward link. Notice that this method does not effect soft handoff
(handoff between two independent base stations).

The second method involves reducing the power of the forward link

transmission. The original steps 1 through 9 above would remain the same.
25 Anadditional two steps would be added following step 9 as follows:

10: Determine the reverse link signal strength received through each sector

antenna.

11: Reduce the power of the transmitted forward link signal by a
30 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:
35

10: Detggmine the forward link signal strength received from each sector at

the mobile unit and provide 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
40 forward link signal as measured at the mobile unit.
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met hods to provide an enhanced softer handoff process to inprove the 35
forward | iwio9s42293r nance. SUWARY OF POIRUSHNELSS| ON
The present invention defines a plurality of nmethods for perform ng

the soft or softer handoff process such that the performance of a systemis
I nproved. A first nethod is based on delaying the softer handoff process.
When the nobile unit inforns a first sectoy,through which it is 5

U angth suf T ci onNa S PR ARRHAE BF (DR SeCoaR OBDCLISiF4ch (B8 AYAFAEE
the second segla@kniissibh bwée fromidach wettort isareeiicetle dBgiredatingl e berseard
station does pof COMMRNL;dMCS R et Drifobite GG 304 36k &P %ré'o%g}a{g%narea of
two sectors, each mobile unit in the two sectors is subjected to a decrease
5 amount of interference on the forward link. Again this method does not
effect soft handoff.
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. Therefore
10 the mobile unit is assuming a fixed relationship between the strength of the
pilot signal from a sector and the strength of the information signal
intended specifically for the mobile unit. When the power of the
transmitted information signal is reduced, the combination ratio will be
unbalanced by some amount. The unbalance causes the combination
15 process to operate with non-optimal performance. If the reduction ratio is
small, for instance if the power intended for the mobile unit is reduced 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
20 to this information by appropriately modifying the combiner ratio to reflect
the change.
A third method adds new steps 10 and 11 to the original steps 1
through 9 as follows: ' B

25  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 mobile unit from the weak

30 sector antenna.

12: Return to step 5.

Alternatively the same steps could be executed based on the forward link

35 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.
eet Has Been Replaced
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w th the second sector untltHatngenri,\ga{g $e link signal received at the second
10 sect owossgemds a reshol d. Del ayi ng t he mofrussw/1psfdof f
reduces the average nungm units in the soft handoff process and
reduces the average tot mtted by each sector thus reducing

t he total average mterference to nobile units in the system

A second rret hod i s based on reducing the ppver of transm ssions 15 from
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conmands t he mStmbramnuMmgtlme m&m@tgmlnfmratﬁmm lse¢toe agberoadl
sector. After the nmobil e unit enters the softer handoff node, the base
station conpares Ntematter wiieh variatiok of grathistireedidd fis usedactie @f/eide

For thai mobERESEHRIOR e, rom  SEER: oy FrafiHE iy, Wit BRR It Sl iy
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therefore reduces |
A third Hethind bo;,hba@éqrsm shbjacted |tﬁgatd%msm%smomewfpmqehﬁower on the

forward link. Notice that neither alternative to the third method requires
the weak sector to discontinue demodulating the reverse link 'signal from

the mobile unit. Again this method does not effect soft handoff.
The fourth method can be used in a manner similar to the first three
15 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, 2 mobile unit must receive a
desired operation aggregate signal strength. The desired operation aggregate
signal strength is calculated as the sum the signal strengths of each signal
20 being demodulated by a mobile unit. If more than the minimum aggregate
signal strength is demodulated 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
25 strength above the desired operation aggregate signal strength to each
mobile unit.
The handoff process of the fourth method is summarized in the
following steps.

30  1: Mobile unit is communicating with base station X through sector alpha
antenna meaning base station 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

35 NeighBor 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,
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sector havi ng the weakest _sigpa
- ommuni cating that a sepOTWSS@IZasy
[ H signal strength sufficient to support
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fromthe same base st
conmmuni cati ons, the bas nds the second sector to establish

communi cation with the nobile unit. The base station al so commands t he
nobile unit to establish conmuni cati on w tl119the second sector. After the 35
fter, hand t he hQase station nonitors the

overse 11 nk SPORBIAERRCREIE SR, S5O0 bete Bo Shk other BAse StAAST Witk
si gnal strengwhithdieeamebileatrit i$ & lconumumicatiqri.edet er mi ned threshol d for
o "Forvar bl A BRI DE pike® s FEne! SRR, HiBH 3o f6 e pysegna
controller. The system controller sums the signal strengths together in rank
5 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.
10  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 updates the mobile unit
Active Set to identify base station Y, sector beta. .
8: Mobile unit establishes communication with base station Y, sector beta
15 antenna. Mobile unit combines 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 alpha, base station Y, sector beta, and any other base
station through which communication is established with the mobile unit.

Eﬁr?ng}h. When the nobile unit inforns a
Fn ac

20
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 optimal performance. As with the other methods,
reverse link demodulation in each sector or base station may continue with

25 or without the transmission of the forward link. -
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 different stimulus may
30 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 message, 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
35 power measurement report message. In the preferred embodiment, as the
total aggregate power of the Active Set decreases, the power measurement
report message is sent more often. When the total aggregate power falls
below a threshold, the base station can request a Candidate and Active Set
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strength indication. mhsshuatﬂaﬂapm eplscahsni ssi ons fromthe weaker sector
reduces 953, Hhpge po from each sector andpgmjrsgj,gagp
.reduces in erence to |n the system 5 fourth
method is based on prov Ile unit with a deswed operati on
aggregate signal strength. The rmbl le unit provides to the base
station a signal strength neasurenent frqom every base station that is a
menber of the Active and Candi dates setsonhe base station ranks the

power | evel ssignalosaengti mexsuameny magageute witich taaenobde eritadnéormhen 10
summred | N OrleTbadBiodddBf 48 llgahl QRIABIA OF AR 1AGR SRatird 1R ki ARG dhd S

exceeded.: The base station ret s .an Ive Set rressage to the nobile unit
i dent i fyi ng CaRrdidgie eets apoR %Fﬁf"é@&cﬁ‘a‘ﬁ-&lr@ IReFSASE| hieaPranese ARIUMES Mith o

r F?CP tég@% Qesﬁsaéﬂzd?ﬁﬁ&aﬂwbcbﬁsé@gt%ﬁﬁh?ysﬂ t egitiabt &Ua@i&ﬁ%ﬂe ar%d Active Set I'n
a our methods above, reverse |ink demn | at'i i n, each sec
cont i nuewi t%g%qsl ST e MeAsuEement message g‘mﬁrq/b&’r P sPRIe ?Wﬁ'é‘?us In

this nmethod tﬁ@&ﬁs@@tatﬁﬂvmdehe’ cfeestma}emumae Wtk sgegr4.0r mance or power
control. 1n it YourrBi0fsd ol 3 BB DS obihaNEh AT e
The forward fifshlarpbaesecorss bassrstatiortss emelrhethamnveeagmareamﬂ d thérdibade 20
2fat Pgncrl tegltéﬁl% ggt pogg@%ﬁ E}Dees&ﬁ}{ﬁ%& é'%l'm‘e or, nore of t ese rreaﬁ{w%ap >
create 10 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 communication 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
15  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
message. In actual implementations the new base station's signal strength
would need to exceed the currently active base station's signal strength by
20 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 situation.
There are many variations to the fourth method. The example above
25 was described in terms of sectors 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
sig}ml as perceived by the base stations or it could be based on other factors
30 such as signal to noise ratio, frame erasure rate, and bit error rate. The
fourth method may be elegantly coupled to one of the first three methods.
An analogous method could be used to remove a base station from
the Active Set. Removing a base station from the Active Set as described in
U.S. Pftent No. 5,267,261 is also mobile unit assisted. The mobile unit
35 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 mobile
unit informs the base stations through which it is communicating and at
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a hybrid met hod. This Sheet Has BeBRtEH.@ESCRI PTI ON OF THE DRAW NGS 25
The feat ur %0 %Rt s, f t he present inventi PATMISP4/12459
become nore apparent froa:v[“l E mﬂﬂ‘ m description set forth bel ow when
taken in conjunction wt in which | i ke reference characters

I dentify correspondingly throughout and wherein: Figure 1 is a
diagramillustrating an exenpl ary base st ag{lon covelriage ar ea
structure; amillu [ exe ary
sectorized basgaSt one bF é?g%a%ogq #T%srp%g%(g%% al ?l%p%ﬁé &géﬁﬁéﬁ nB

el enents; and unit which doe4 got eotprisenthe: basp|station epresseonding toothet Wweak
coverage area g{FFI hree 35 sectors of a sectorized base station.
I

DETAI LED DES C]\l C]: THE PREFERRED .
EMBODI MENTS Applying the principles of the fourth method to the process of

5 removing a base station from the Active Set is summarized in the following
steps:

1: Mobile unit is commumcatmg with base statxon X through sector alpha
antenna and base station Y through sector beta antenna meaning base

10  station X, sector alpha and base station Y, sector beta are 1dent1f1ed as
members of the Active Set. "
2: 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.

15 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 operation aggregate signal strength is exceeded.
4: If base station Y, sector beta does not correspond to one of the signal

20  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

25 link signal to mobile unit.

The fourth method as applied to removing a base station can also
work from the same three variety of stimulus as described above for the
process of adding a base station. For example, even if the signal strength

30 received from base station Y, sector beta remains well above the
communications threshold, it may be advantages 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
communication. Any time a list of the signal strengths of the members of

35 the Active Set is sent from the mobile unit to the base station, the removal
process of the fourth method may be executed. In the most efficient
preferred embodiment, the addition and removal process of the fourth
method are combined into one efficient process.
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10. Figure 1 illustrates an exenplary base station coverage area

struct ur g gs/12209 N such an-exenplary structure, hexagonal begassi/glsson
.cover age areas abut one another in a symretrically tiled arrangenent.

Each nmobile unit is | ocated within the coverage area of one of the
base stations. For exanple, 5 nobile unit 10 is |located within the
coverage area of base station 20. In a code division nultiple access
(CDMA) cellular, wireless | ocal |oop (WIEF, . satellite conmmuni_cation
system such as GEagh eftre four mathodsdefined hexnpimmaxtieorrmbied with ene a

common frequsngibrBasdiHeS o dnkods. AISOTHER 67 h?a[hr?"’gbk}ié\ld vRAghofs ¥l ONns

In a systemallow ng sinultaneously 10_ cQq nication, t ween mohi |l e unit
and nore t haheosapodimenty ian.methOdlsl\/Gbi Pe dmiand ot i oledmgdtheersymalese

to base st atﬂeaara%ligeaﬂdnlt hef 6§t|@ 5 {v&ﬁﬁhvefach meéhdd@r 9eTHe 9BBIndlr @fReD@sR
ST TN RN T AT A R )
base statiorby@ther criserdd gachtas $igaal tv aicige ration frdmbasasife rateptindnisit100
and 110. I\/bbeirlrgr Parye.t The ﬁ?e%%ﬁ’se gxa?mffé Al baRYoRRY b U1 pflcrﬁ) gi‘gnal on the
forward link. Signal strength measurements could be the measurement of
signals other than a pilot signal whether or not the system comprises a pilot
10 signal.
The previous description of the preferred embodiments 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 apparent to
those skilled in the art, and the generic principles defined herein may be
15 applied to other embodiments without the use of the inventive faculty.
Thus, the present invention is not intended to be limited to the
embodiments shown herein but is to be accorded the widest scope consistent
with the principles and novel features disclosed herein.

20 WE CLAIM:
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base station 40 and simlarly sized signals frombase stations 100 and 110.
Due to thewee¥Ba8td signal strength and the increased inter PETAISEH1II4ED M
nei ghbori ng base stations, nobile unit 30 r}?s a lower overall signal to

noi se pect to base stati®®n 40 than nobile unit 10 has

W th resi;lﬂmrmm("mltm station 20. The exenpl ary base station
coverage area structeire«illustrated in C Mgure 1 is highly idealized.

In the actual cellular, WL, G.OBALSTAR, IO‘E“ PCS environnent, base
station coverage areas nmay vary in size and in shape. Base station
coverage areas may jend 0,0 % dari

defi ni ng cover age, alr ea s ageé ﬁ éﬁsent o%btﬁﬁﬂlﬁ%ée‘a?ﬂ&ﬁ ﬁg%&?]l Th 9"smﬁlz}pe.
Furt her nor &, Uaekiletunit dﬁgfm ésgé’éh e, syistem jusep viarascleast one
sectors, as i paselstatidiPimal siéﬁo@rﬂase@m:%@édﬁ:@cﬁab assf}%‘félnac%rﬁréﬂéﬁ' &
sectored b se stati ? axbr\é\g/ever base statéons wth a Iea er “Qr greater
number @&dg Qr CHRg SomAuICcagons between said obilgnunpiy wserrand e
1 represents ayalddyaénz@ﬁbagerst@umtmpdl fhe st safatlon Base station 60

pos {1 ee el o o Skl by AT e Yo win B SIAEES hel
i ndi cated by tsaid ﬁnktrb&sersthhon&xa'san entryl ampa ﬁtsehsbuesagbnmbfike umt whérem

h :
3o Sect or 850 4l fhsf TP RUEPALES sThEg o, Gl Biee BRI $AT e BRiVE

35 Sector 50 al'so over havi ng a coverage a
i ndi cated by commumcahon is established;

10 measuring at said mobile unit signal strength transmitted by a second
base station through which active communication is not established;
12 providing by said mobile unit to said system controller a measured

signal strength of said first base station and said measured signal strength of
14  said second base station; and
comparing at said system controller said measured signal strength of
16  said first base station to a desired operating power and sending said mobile
unit a new first list comprising said second base station if said measured
18  signal strength of said first base station is less than said desired operating
power and said mobile unit is not in communication with any other base
20 station.

2. The method of claim 1 wherein each base station -in said
2 system of base stations transmits a pilot signal and wherein said measured
signal strength of said second base station is a measurement of signal

4 strength of said pilot signal transmitted by said second base station.

3. The method of claim 1 further comprising the steps of;

2 communicating by said mobile unit with a third base station wherein
said third base station has an entry on said first list;
4 providing by said mobile unit to said system controller a measured

signal strength of said third base station wherein said measured signal
6 strength of said third base station is less than said measured signal strength

of said first base station;
8 summing at said base station said measured signal strength of said
first base station and said measured signal strength of said third base station;
10 and’
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| ocat LSERSSEE,Q;;' Liﬂlllﬂﬂllﬂlmwmm "Lector 50 and sector Fomussene

11 n gerer&l & bhses stxation is sectorized to reduce the total

i nterference power to nobile units 24cated within the coverage area of
t he base station whi |l e increasing the nunber of nobile units that can
conmmuni cat e t hrough the base station. Qfgr exanpl e, sec} or £ woul not
transnit a si gnal“OBPRIRGREd srmednBinasererhisignal seengthont gaid fast aQ
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un ti
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4. The method of claim 1 further comprising the steps of:
2 communicating by said mobile unit with a third base station wherein
said third base station has an entry on said first list;
4 providing by said mobile unit to said system controller a

measurement of signal strength of said third base station wherein said
6 measured signal strength of said third base station is less than said
measured signal strength of said first and second base stations; and
8 sending said mobile unit a new first list comprising an entry
corresponding to said second base station if said measured signal strength of
10  said first base station is less than said desired operating power.

5. The method of claim 4 wherein said measured signal strength
2 of said third base station is less than said measured signal strength of said
first and second base stations by a predetermined threshold amount.

6. The method of claim 4 further comprising the steps of:
2 summing at said system controller said measured signal strength of
said first base station and said measured signal strength of said second base
4 station; and
sending said mobile unit a new first list comprising an entry
6 corresponding to said third base station only if said sum of said measured
signal strengths of said first and second base stations is less than said desired
8 operating power.

~
-

7. The method of claim 1 wherein said first base station and said

2 second base stations are two different sectors of a common base station cell
site.

8. The method of claim 1 wherein said first base station is a

’ . . . .
2 multisectored base station and wherein said measured signal strength of
said first base station corresponds to a signal strength from a single sector
4  thereof.
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conpared to the sign I]e I nt ended signal, communi cation

bet ween a wobds/e220mi ﬂ"lm mmwmuaﬂ and base station 60 ey PATAsSBAI€2459 he

present invention is & nethod*or reducing the interference in such a case.
In fact the present invention reduces the i%t erference to all nobile units

15 operating within a system of base stations. The base ' ed
stations 20, 40, 6 10 ure ar.e e
system control | er cbao A a%ﬂﬁ arm QMée’th?dastgﬂb%fePIOVIHm& thr?é
connecti on? baneobide wnitte rsanb systeil eonfrdllensaid heedsased signa gth of said

! gin d.
20 Syst om cortet) a%xe%&gﬁ‘f%b‘? e ReBlel Giet] RN fé'ﬁi'ﬁéé%g i basé
station in4 statior is\performedrbegausecsaidnmeasurednsignah strengtie of saidisesdndn

of the | skttt BftkeliS sl Hea el sighil sthaliiAId: AR YEG b Fation.

stations. Wen mobile unit 1s 1n so
base stations, a si gnal fromthe nobile unit is received at system
control l er 130 frorleachlhemethod oftclaimri whdlleuhsald stbp Gfoprd\amng byisaid n

communi cat pon.m onaﬁt&ﬁ} to sax&@%t&ﬁl *:&itr?)ﬁgll' ase sf{ﬁq'g?, g,ﬁa‘d

sel ection of sj S received
control | er 13(fu'z§F haspratigrsangd, said meagus a%IGnﬁb strengthoof éald/\ﬁttzﬂnd base

tel ephone get weatiort RSpfofibd Peeitiically at a variabld fitee 2 illustrates an
exenpl ary enbodi nent of a thrée sectored base 30 station. In Figure 2,

each of antennas 222A - 222C is the receive antenna for
11. The method of claim 10 wherein said variable rate is a function

2 of a rate at which of frame errors occur.

12.  The method of claim 1 wherein said ‘step of providing by said
2 mobile unit to said system controller said measured signal strength of said
first base station and said measured signal strength of said second base

4 station is performed in response to a request from said system controller.

13.  The method of claim 1 wherein said step of providing by said

2 mobile unit to said system controller said measured signal strength of said

first base station and said measured signal strength of said second base

4 station is performed because said measured signal strength of said second
base station exceeds a predetermined threshold.

14.  The method of claim 1 further comprising the step of receiving
2 and demodulating at said second base station an information signal
transmitted by said mobile unit independent of whether said second base

4 station has an entry on said first list or said new first list.

15. In a spread spectrum communication system in which a

2 mobile unit user communicates with another system user via at least one

base station in a system of base stations as directed by a system controller, a

4 method for directing communications between said mobile unit user and
said system of base stations comprising the steps of:

6 communicating by said mobile unit with a first base station wherein

said first base station has an entry on a first list in said mobile unit wherein

8 said first list comprises an entry for each base station with which active

communication is established;
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one sector and each of antennas 230A - 230C is the transnmt antenna for one

sector. AWd enpasr222A mul’mmuﬁ'mluﬁmmgorrespond t 0 a compoTASYLrAase
area and can ideally nna pattern. Likew se

ant ennas222B and 230B, *and aht ehnas 222C and 230C correspond to 35 common
coverage areas respectfully. Figure 2 represents a typical base

station in that antennas 222A - 222C have overl appi ng coverage areas such

that a single nobile unit signal may be réesent at nore than one antenna at
a tinme. Although only one recejive_antenn&™i s shown for each sector

12 20pi cal | y maRsuring ahsaidamebieanit signal waesetly tanspufted hradsecend
signal s vagatdiash;f or processing. Figure 3 is a nore realistic

representation of the coverage areas,of t hr sect.qrs of sectori zed
base. ot 42 on t harf PRBISE 3016 MR uord SgRALeenth of said second basé station

to a first predetermined level;

14 providing by said mobile unit to said system controller a
measurement of signal strength of said first base station and said second

16 base station if said measured signal strength of the second base station
exceeds said first predetermined level; and

18 comparing at said system controller said measured signal strength of
said first base station to a desired operating power and sending said mobile

20 unit a new first list comprising said second base station if said measured
signal strength of said first base station is less than said desired operating

22 power and said mobile unit is not in communication with any other base
station.

16. In a spread spectrum communication system in which a
2 mobile unit user communicates with another system user via at least one
base station in a system of base stations as directed by a system controller, a
4 method for directing communications between said mobile unit user and
said system of base stations comprising the steps of:
6 communicating by said mobile unit with a first base station wherein
said first base station has an entry on a first list in said mobile unit wherein
8 said first list comprises an entry for each base station with which active
communication is established;
10 measuring at said mobile unit a communication quality index
corresponding to a second base station wherein said second base station does
12 not have an entry on said first list;
providing by said mobile unit to said system controller a measured
14  quality index of said first base station and said measured quality index of
said second base station; and
16 comparing at said system controller said measured quality index of
said first base station to a desired operating index and sending said mobile
18 unit a mew first list comprising said second base station if said measured
signal strength of said first base station does not meet said desired operating
20 index.

This Sheet Has Been Replaced

ARG |

REPLACED




5. Cover age area 30%’ esented by the finest line, corresponds to
t he C OVOINSAR29A! [ﬂf/ﬂ@l/mms 222A and 230A. Cover FrI/w8%aA24360B,

as represent ed by tHe b h Ii&e? corresponds to the coverage
area of bot h ant ennas 222B and *230B. verage area 300C, as represented
by the heavi est |ine, corresponds to the coverage area of both antennas

222C 10 and 230C. ,Jhe ape of 1h hree_coyerage areas is the shape
produced by st &ndar ﬁiq‘%%ﬂi)ﬂgﬁmgﬁew ?&%ﬁrﬁ?.‘ 'ﬂ}%a%ﬂ'ﬁgs‘i‘b?%tﬁ'h@dex
cover age & eacf sad first and sedondybasecstations isca Franaé¢ erasusé radei ch a nobile unit
receives the m ni num signal level to support comunication through that

sector. As a nobil nit VeS, I Nt.o e sector, .the signgl strengt
i ncreases. As a nobtll e Eﬁ? tmitgl%dﬁﬂflgga%ig Wﬁ%’%é@l‘%@??ﬁ‘gggc‘i‘&#w m(:ﬂe_x
comuni cat2i onoft $aid fiybt amd secorat basenstgtions is alsignaii¢o ndisendatioe unit operating

i n softer handoff node is likely to be | ocated in the overl apped
ain to Fi

regi on of two covejgge eas, . eferring_a ure 2,
antennas 222A, 222B; an %ﬂ%fhé’ﬁipﬂf §1a[1%15wﬁe§ega§ﬂ}g@%qs&§§g cﬂ@h’%‘c’éﬁ‘iﬁé
processi n@s 20fsaid fizeifand secotelisasecstations isal it e?for e ei ve processi ngs
224A, 224B, and 224C process the RF signal and convert the signal to
di gital bits. Receive processings 224A, 224B, and 224C filter the

digital bits and pbvi d& meshedsfortimpravingtthe signal-torinterference rptiotir0a6.

I nterface gpor oxﬁ&ﬁﬁ@yﬁw@ggﬁh HAVirg al 8 SFBAR LGRS Wi iw@agpa{nﬁfﬁése

any of tstgtigg rcr:g(rjrlljllar?éeld gf gtﬁtr{;i]et sec%gép\cémgl(')ilslil;{gu&ee;te;s %ﬁcon i
4 establishing communication between a mobile unit and a first sector
of said base station;
6 establishing communication between said mobile unit and a second
sector of said base station;
8 measuring signal strength of a signal from said mobile unit received
through said first sector;
10 measuring signal strength of a signal from said mobile unit received
through said second sector;
12 comparing the signal strength of said signal from said mobile unit

received through said first sector and the signal strength of said signal from
14  said mobile unit received through said second sector to identify the sector
receiving the weakest signal of said signals from said mobile unit received
16 through said first and said second sector; and
reducing signal strength of a signal from said identified sector to said
18 mobile unit.

21. A method for reducing interference in a communication
2 system having a base station comprised of multiple sectors comprising the

steps of:

4 receiving through a first sector antenna of said base station a first
signal from a mobile unit;

6 receiving through a second sector antenna of said base station a
second signal from said mobile unit;

8 transmitting through said first sector antenna a third signal to said
mobile unit;

10 transmitting through said second sector antenna a fourth signal to

said mobile unit;
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25. controller 200 t ction 212. Denodul ati on
el enent swgg§A2297204 [s“' ﬁmﬂnml ed by control | escOshatibasough
ol n

-i nt erconnecti on 212 er s200 assi gns denodul ati on el enents
204A - 204N to one of the plurality of information signals froma
single nmobile unit fromany one of the sectors. 30 Denodul ation el enents
204A - 204N produce data bits 220A - 220p,each representi ng an
estimate_of the data fromthe sin Eﬁl f‘ bits 220A -
220N ar &2 conbi ned$3FUsfigotie LEnB %’ggn%ggo W%Eﬁa’h #$&nalsi ngl e estimate

of the data f [Omnﬁé% theusighal Biferthuf safd seebald sig nalcgm‘iéh%lﬁr ﬂi’é)?hlts
aggrega SO ecl Si ata,Sul ta e | | codl n |Ce a
S o1 o stamal SEisTE of i Reveid siamalis deas fon e Sigmar sHength of 54

produce an ditstpsignal; and can conbi ne synbol s from mul tiple sectors as

200A - 4 LQZSE%‘%%%@%%Q%%5&@%&@@@?#32@5%@ BSigna T

22. A method for reducing interference in a communication
2 system having a base station comprised of multiple sectors comprising the

steps of:
4 receiving through a first sector antenna of said base station a first
signal from a mobile unit;
6 receiving through a second sector antenna of said base station a
second signal from said mobile unit;
8 transmitting through said first sector antenna of said base station a
third signal to said mobile unit;
10 transmitting through said second sector antenna of said base station a
fourth signal to said mobile unit;
12 measuring the signal strength of said third signal at said mobile unit;

measuring the signal strength of said fourth signal at said mobile unit
14 wherein the signal strength of said fourth signal is less than the signal -

strength of said third signal;
16 providing by said mobile unit said signal strength of said third and
fourth signals to said base station; and
18 terminating the transmission of said fourth signal.
-
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13 - that it is denodul ating and provides the estimation to controller
200. A wa 9sit2#7 power adj ustment conmand is created from pORpUSS#I2A ed
si gnal strengt hs i ndependent of the sector through which the signal is
recei ved. Thus each sector in the base station transmts the same
power adjustnment 5 conmand to a single nobile unit. When synbol
conbi ner 208 is conbining signals froma bile unit that is

comuni cating through nore than one sect#® the nobile unit is in

softer handoff. The base station may send the output of synbol

conmbi ner 208 to a decoder and then to a cellular, WL, GOBALSTAR or 10
PCS system controller. A systemcontroller may receive decoded synbol s
froma common nobile unit fromnultiple base stations and produce a

single output. This process is referred to as soft handoff.

Denodul ati on el enents 204A - 204N al so provi de several out put control
signals to controller 200 through interconnection 212. The 15 information
passed to contro lQcl udes an estimate g : ~strength

of the signa
information is

SYSTEM
CONTROLLER

FIG. 1 This Sheet Has Been Replaced
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connects the nessage for the nobile unit to one of nore of nodul ation

14 el HEIWB2PAA - 234C as set by controller 200. REHUBMYI24%9

el ements 234A - 234C nodul ate the nmessage for the nobile unit with the
appropriate PN code. The nodul ated data from nodul ation el enent s
234A - 234C is passed to transmt processing 232A - 232C 5 respectively.
Transmts processings 232A - 232C convert the nessage to an RF
frequency and transmit the signal at an appropriate signal |evel through
antennas 230A - 230C respectively. Notigmg that interface port 236 and
interface port 226 operate independently in that receiving a signal froma
particular nobile unit through one of antennas 222A - 222C does not

300A

300C

FIG. 3
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10 necessarily nean that the corresponding transmt ant ¢ERLABBMENT2SHEET ¢

transmtting a signal to the particular nobile unit. Al sq fote that the
power adj ust rent commands sent through each antennali g t1h§ ﬁaﬁqﬁg-;hus
sect or diversity in a comon base station is not crijtifcal for the

opti mal power control performances 15- - The h3gndef—proecess—a

-4

described in U S. Patent No. 5,056, 109 referred to 4dbove, describes a

-~

process that is sunmarized in the foll ow ng steps. W@Wﬂ
of softer hanMeftiad and Apparatoisi fer Betuciing thaphvenass: Powp APk HrBR¥L 2Ea 98" x

t hrough sect ofrar Baae Ztationeduningedofthfanda’d station X, sector alphais

identified as a nenber of the Active Set. 2: Mobile unit nonitors
the pilot signal frombase station X, sector beta antenna and base
station X, sgector beta is identified as a nmenber of the Nei ghbor Set.
The pilot signal strength BACKGROUNDQOKTHEINVENEON antenna
exceeds a predeterm ned threshol d. 3: Mobile unit identifies base
station X, sectonr.hbeat of the Candi date Set and inforns
base station tht ﬁ#@?ﬁ‘@ﬁ"cﬁ’a};ﬁﬁp a ant enna. 4. Base station X

cstabl | sheggt e Avolhab s b BARHRCTR, 4 TCORPYRRNE By ar pPlic o
pending prior application Serial No. 08/144,901 filed on October 28, 1993 of
Klein S. Gilhousen et al. for "METHOD AND APPARATUS FOR.
REDUCING THE AVERAGE TRANSMIT POWER OF A SECTORIZED
BASE STATION" The present invention relates to communication
15 systems, particularly to a plurality of methods for reducing the average
transmit power from a sectorized base station.

II. Description of the Related Art

20 In a code division multiple access (CDMA) cellular telephone system,
wireless local loop (WLL), satellite communication system such as
GLOBALSTAR, or personal communications system (PCS), a common
frequency band is used for communication with all base stations in a system.
The common frequency band allows simultaneously communication

25 between a mobile unit and more than one base station. Signals occupying
the common frequency band are discriminated 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.

30 Transmitter stations using different PN codes or PN codes that are offset in
time produce signals that can be separately received at the receiving station.

In an exemplary CDMA system, each base station 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

35 mobile unit is provided with a list of code phase offsets corresponding to
neighboring base stations surrounding 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

40 stations.



30 unit. 6: Sector beta antenna begins to transm tRE GEMEN SH ET
signal” to nobile unit. 7: Base station X thrjough sect ha
ant enna updates the nobile unit Active Set to ide tlfy1 BaMA 5195? I @n
X, Sector beta. 35 8: Mbbile unit establishes communi datfion with base
station X, sector beta antenna. Mobil esunit conbl nes the Si gnal s from

sector al pha ant enna aigdhod am%gggtg g?tgr

REPLACEMENT SHEET n&gz CO | nes the signgls from
mobi | e unit r&eet deepughy sepe than °§€c afe slation dwring ihe Jrogess,are

ant enna (sof t er4; 3G {n U.S. Patent No. 57287,261) Sésutl Nusventbére80/CE993) @rititideer
of mobile units\iSpilE KESRTED SOFT HANDOFF IN A CDMA CELLULAR
5 TELEPHONE SYSTEM,” assigned to the assignee of the present invention
which is incorporated herein by this reference. Using this system,
communication between the mobile unit and the end user is uninterrupted
by the eventual handoff from an original base station to a subsequent base
station. This type of handoff may be considered as a “soft” handoff in that

10 communication with the subsequent base station is established before
communication with the original base station is terminated. When the
mobile unit is in communication with two base stations, a single signal for
the end user is created from the signals from each base station by a cellular,
WLL, GLOBALSTAR, or PCS controller.

15 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 communication 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

20 a pilot signal strength of sufficient level to establish communication. The

- Candidate Set is a set of base stations having a pilot signal strength of
sufficient level to establish communication.

When communications are initially established, a mobile unit

communicates through a first base station and the Active Set contains only

25 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 station in the Neighbor Set exceeds a
predetermined threshold level, the base station is added to the Candidate
Set and removed from the Neighbor Set at the mobile unit. The mobile

30 unit communicates a message to the first base station identifying the new
base station. A system controller decides whether to establish
communication 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 station with identifying information about the mobile unit

35 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 Active Set that includes the first and the new base stations.
The mobile unit searches for the new base station transmitted information
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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.

The system controller upon deciding to terminate 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 established send the message to the mobile unit.
The system controller also communicates information to the base station to
terminate communications with the mobile unit. The mobile unit
communications are thus routed only through base stations identified in
the new Active Set.

Because the mobile unit is communicating with the end use'r though
at least one base station at all times throughout the soft handoff processes,
no interruption in communications occurs between the mobile unit and the
end user. A soft handoff provides significant benefits in its inherent "make
before break” communication over conventional "break before make"
techniques employed in other cellular communication systems.

A typical cellular, WLL, GLOBALSTAR, or PCS system contains some
base stations having multiple sectors. A multi-sectored base station
comprises multiple independent transmit and receive antennas. 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 perspective. 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
station, the demodulated data signals of both sectors are available for
combination within the base station before the signals are passed to the
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of step 5.1, thg sReilite dothinwiedtionsystens slichrashGLOBALSTAR pmiost uses will
poi nt 306. be in continuous softer handoff.

In a cellular, WLL, GLOBALSTAR, or PCS system, maximizing the

capacity of the system in terms of the number of simultaneous telephone

10 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 signal level that produces a signal-to-noise

15 ratio that allows acceptable data recovery. If a signal transmitted by a mobile

" unit arrives at the base station receiver at a power level that is too low, the

bit-error-rate may be too high to permit high quality communications due

to interference 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

. 20 received at the base station, communication with this particular mobile unit

is acceptable but this high power signal acts as interference to other mobile

units. This interference may adversely affect communications with other

mobile units.

Path loss in the radio channel is defined as any degradation or loss

25 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 frequency than the reverse link, i.e., the

link from the mobile unit to the base station. Nevertheless, because the

30 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 example, 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

35 phenomenon for the forward link and reverse link and varies as a function

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
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bover var 01 GF e il 65 pi51ig? 19RASP Nk pai1as] Ay Hhobile
transm ssi ons tunit fsetss the dfansotit IleVan@ﬁ the IﬁﬁYeféﬁémkl signalc o9heuld the severse
link channel for one mobile unit suddenly improve compared to the
10 forward link channel for the same mobile unit due to independent fading of
the two channels, the signal as received at the base station from this mobile
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
15 improvement in the channel would improve system performance.

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 received signal strength from the mobile unit. The measured
signal strength is compared to a desired signal strength level for that

20 particular mobile unit. A power adjustment command is generated by each
base station and sent to the mobile unit on the forward link. In response 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

25 average system performance is improved.

When a mobile unit is in communication with more than one base
station, power adjustment commands are provided from each base station.
The mobile unit acts upon these multiple base station power adjustment
commands to avoid transmit power levels that may adversely interfere

30 with other mobile unit communications and yet provide sufficient power to
support communication from the mobile unit to at least one of the base
stations. This power control mechanism is accomplished by having the
mobile unit increase its transmit signal level only if every base station with
which the mobile unit is in communication requests an increase in power

35 level. The mobile unit decreases its transmit signal level if any base station
with which the mobile unit is in communication requests that the power be
decreased. A system for base station and mobile unit power control is
disclosed in U.S. Patent No. 5,056,109 entitled “METHOD AND

01'4



| REFLAGVEIVICNGT oMEL T |

a first sector and have not deeply penetrated the coveragp prea of a second
20 sector, each nobile unit is subjected to a decrease apophin{ HMAR 1997
i nterference on the forward Iink. Notice that this npthod does not
ef fect soft handoff (handof f between two i ndependent] base stations).
The second met hod invol ves redu0| ng the powgr of the forward link

25 An addi U 01&’?8%92\9%' ?9“ ﬂ%“’?im ANSRESSIONTEDWER A

10: Determi ne %gﬁ}%d @ﬁ%@@k Mslgggor

ant enna. ads %ﬁ?@&'g&%wﬁ‘ss oPﬁméEfésEﬁ?‘&WérIﬁdi‘d forward link signal
by a 30 predeter anpunt mthe ect ant a hayj the weake§
reverse li nk sBgsal station dAVF%ﬁ‘Fﬁét ?F/eai‘/e L} Y| yngporiant

%ecg)tetegr lrjna% gd tcﬁfésfﬁ'&?aﬁ?!g\/\ﬁ (r?hbl 5&; lllan?bffamm@ssl dl’h gmaweascdmtbb\metmﬂ
the nobile uni éeambﬁVEIMHs PReISH, %Sﬁs’fﬁ%ﬁ%gwgsﬁe I @831:3883&%&%
Reduce the povsvitiofeath dase station tthrough weinith| coﬂanaugc@omys eposslble, typically
"between one to three base stations although a greater number is possible. In
doing so, the mobile unit avoids inadvertently interfering with
10 communications through a base station receiving the mobile unit’s signal at
an excessive level but unable to communicate a power adjustment
command to the mobile unit because communication is not established
therewith.
As a mobile unit moves toward the edge of the base station coverage
15 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
20 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 circuitry in
the mobile unit. This situation may be aggravated by a mobile unit located
within an area where two sectors of a common base station overlap.
25 In a case where a set of base stations is operating 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
30 station that can be used to improve this situation. The improvement can be
created by decreasing the average power transmitted by each sector of a base
station. By decreasing 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
35 reduced causing an increase in the average signal-to-noise ratio of mobile
units a the edge of the coverage area. :
In a system having soft and softer handoff capabilities and having
neighboring base stations at or near capacity, a given amount of base station
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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 station having no mobile unit in softer handoff.
10  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
15 each sector.

The present invention is a technique which could be used to reduced
the number of signal transmitted by a sector. A fewer number of signals to
be transmitted from a sector means more power available for the remaining
signals. When the base station transmits higher power forward link signals,

20 the signal-to-interference for mobile units operating at handoff boundaries
or at the edge of the coverage area is improved. Alternatively, 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

25 softer handoff.

It is therefore the object of the present invention to improve forward
link signal-to-interference ratio by reducing ineffectual forward link
transmissions to mobile units in soft or softer handoff, reducing the
interference power to other mobiles and making more transmitter power

30 available to all useful links to mobile units.

It is therefore the object of the present invention to provide a
plurality of methods to decrease the transmission power from a base station.

It is another object of the present invention to provide a plurality of
methods to provide an enhanced softer handoff process to improve the

35 forward link performance.

SUMMARY OF THE INVENTION
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sector exceeds 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
total average interference to mobile units in the system.

A second method is based on reducing the power of transmissions
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 sufficient to support
communications, the base station commands the second sector to establish
communication with the mobile unit. The base station also commands 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 reverse link signal strength indication. Reducing
transmission power from the weaker sector. reduces the average power
transmitted from each sector and therefore reduces interference to mobile
units in the system.

A third method is based on eliminating transmissions 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 sufficient to support
communications, the base station commands the second sector to establish
communication with the mobile unit. The base station also commands the
mobile unit to establish communication with the second sector. After the
mobile unit enters the softer handoff mode, the base station monitors the
reverse link signal strength from each of the sectors. If the reverse link
signal strength from one sector falls below a predetermined threshold for
more than a predetermined period of time, the base station discontinues
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reduces interference to mobile units in the system.

A fourth method is based on providing the mobile 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 descending 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.

In all four methods above, reverse link demodulation 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 modified 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 measurements made at the base
station. It is also possible to combine two or more of these methods to create
a hybrid method.

BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when
taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein: .

Figure 1 is a diagram illustrating an exemplary base station coverage
area structure;

Figure 2 is a block d1agram illustrating an exemplary sectorized base
station comprising multiple independent demodulation elements; and

* Figure 3 is an exemplary representation of the coverage areas of three
sectors of a sectorized base station.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS
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operation aggr
a large sxgnal from base station 20 and relatively 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

15 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 interference 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

.20  base station 20.

The exemplary base station coverage area structure illustrated in
Figure 1 is highly idealized. In the actual cellular, WLL, GLOBALSTAR, or
PCS environment, base station coverage areas may vary in size and in
shape. Base station coverage areas may tend to overlap with coverage area

25 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.

30 Base station 60 of Figure 1 represents an idealized three sectored base
station. Base station 60 has three sectors, each of which covers more
than 120 degrees of the base station coverage area. Sector 50, having a
coverage area indicated by the unbroken lines 55, overlaps the coverage area
of sector 70, having a coverage area indicated by the coarse dashed lines 75.

35 Sector 50 also overlaps the sector 80, having a coverage area as indicated by
the fine dashed lines 85. For example, location 90 as indicated by the X is
located in both the coverage area of sector 50 and sector 70.
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sector 80 is significantly interfered with by the communication of a mobile
unit at location 90 with base station 60.
However for a mobile unit positioned at location 90, the total
interference has contributions from sectors 50 and 70 and from base
10 stations 20 and 120. If the sum of the interference becomes too large,
compared to the signal strength of the intended signal, communication
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
15 operating within a system of base stations.
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 connections between system controller 130 and the base stations, a
connection between every base station and the system controller is implied.
20 System controller 130 provides the control functions for each base station in
the system. Among the control function is the coordination of the
initiation and termination of soft handoff between base stations. When a
mobile unit is in soft handoff between two or more base stations, a signal
from the mobile unit is received at system controller 130 from each base
25 station with which the mobile unit is in communication. System
controller 130 performs the combination 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.
Figure 2 illustrates an exemplary embodiment of a three sectored base
30 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
antennas 222B and 230B, and artennas 222C and 230C correspond to
35 common coverage areas respectfully. Figure 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 antenna is shown for each sector,
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base 10 and 230C. The shape of the three coverage areas is the shape produced by
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 mobile
unit moves into the sector, the signal strength increases. As a mobile unit
15 moves past the edge of the sector, communication through that sector may
degrade. A mobile unit operating in softer handoff mode is likely to be
located in the overlapped region of two coverage areas.

Referring again to Figure 2, antennas 222A, 222B, and 222C supply the

. received signal to receive processings 224A, 224B, and 224C respectively.

20 Receive 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 elements 204A - 204N under the control of
25 - controller 200 through interconnection 212.

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 from a single mobile unit from any one of the sectors.

30 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.

35 Notice that symbol combiner 208 can combine signals from just one sector
to produce an output or it can combine symbols from multiple sectors as
selected by the interface port226. Each one of demodulation
elements 204A - 204N measures a signal strength estimation of the signal
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from a common mobile unit from multiple base stations and produce a
single output. This process is referred to as soft handoff.
Demodulation elements 204A - 204N also provide several output
control signals to controller 200 through interconnection 212. The
15 information passed to controller 200 includes an estimate of the signal
strength of the signal assigned to a particular demodulator. Typically this
information is not passed to the system controller. Therefore sectors of a
common base station demodulating signals from a common mobile unit
are much more intimately related than two base stations sending signals to
20 a common system controller. The intimacy 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 invention.
In many applications, an actual base station also compnses at least
one searcher element. The searcher element is also capable of
25 demodulating a signal and is used to continually scan the time domain in
search of available signals. The searcher element identifies a set of available
signals and passes the information to the controller. The controller may use
the set of available signals to assign or re-assign the demodulation elements
to the most advantageous signals available. The placement of the searcher
30 element is the same as the placement of the demodulating elements in
Figure 2. As such the searcher elements may also be assigned 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.
35 The transmit process shown in Figure 2 receives 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
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through twosb Ayéspectively. Transmits 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 interface port236 and
interface port 226 operate independently in that receiving a signal from a
particular mobile unit through one of antennas 222A - 222C does not
10 necessarily mean that the corresponding transmit antenna 230A - 230C is
transmitting a signal to the particular mobile unit. Also note that the power
adjustment commands sent through each antenna is the same, thus sector
diversity in a common base station is not critical for the optimal power
control performance.
15 The handoff process as described in U.S. Patent No. 5,056,109 referred
to above, describes a process that is summarized in the following steps.

Normal operation of softer handoff:
1: Mobile unit is communicating with base station X through sector alpha
20 antenna meaning base station 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
Neighbor Set. The pilot signal strength from base station X, sector beta

25 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 resources in sector beta.

5: Sector beta antenna begins to receive a reverse link signal from mobile

30 unit.

6: Sector beta antenna begins to transmit a forward link signal to mobile
unit. .

7: Base station X through sector.alpha antenna updates the mobile unit
Active Set to identify base station X, sector beta.

35  8: Mobile unit establishes communication with base station X, sector beta
antenna. Mobile unit combines the signals from sector alpha antenna and
sector beta antenna.
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remove a base stati gfpd 5AMdelays the onset of softer handoff thus reducing the total
number of forward link transmissions. Even while the forward link
15 transmissions are delayed, the reverse link signal received by sector beta

may be combined with the reverse link signal from sector alpha.

Referring again to Figure 3, suppose a mobile unit follows the path
indicated 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

20 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 signal
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

25 mobile unit moves further into sector 300B, the signal strength from the
mobile 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 updates the mobile unit

30 Active Set to include sector 300B.

Note that this method does not degrade the advantages of softer
handoff and the make-before-break handoff process. In Figure 3, as the
mobile unit continued to travel along the arrow, the mobile unit would be
in a softer handoff state from point 304 until point 306. At point 306,

35 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. '
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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 automatically be transmitted
from the mobile unit as part of the notification of a new entry in the
Candidate Set. The mobile unit could transmit the signal strength
periodically or mobile unit could respond to a request for the signal 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

predetermined level.
No matter which variation of 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 coverage area of a second
sector, each mobile unit is subjected to a decrease amount of interference on
the forward link. Notice that this method does not effect soft handoff
(handoff between two independent base stations).

The second method involves reducing the power of the forward link
transmission. The original steps 1 through 9 above would remain the same.
An additional two steps would be added following step 9 as follows:

10: Determine the reverse link signal strength received 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 received from each sector at
the mobile unit and provide 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.

-




S .renpving a base station fromthe Active Set is summarized|if MAR 1997
fol | owi ng st eps: 1. Mobile unit is comunicating gs
station X through sector al pha antenna and base station|Y ”"cug”’
sector beta antenna meaning base 10 statidd X, sector al phaland base
station Y, sector HNbamatter wdinhivariationsof the seqoridemethod tisal

2. Mobile unit S ei '
X Sect orToBBSIGE pbWer M GRCLasH &0 Bs rhaflSdd” BiF Fedhdifly g Hothakon
Stations with link tragsminsions toohset-obmebile urtscByahATE dat the covesage argg of
| east base st Q'Qe%iﬁPé‘séd%h hiybiR @A inStHeCRIb rbebfﬁr@ﬁ%'f’édbj’étté& tole decrease

.system contr ol stem contrq| | r su e power J.evel s.together in
rank order %egamﬁung@m#r@r@npar%&e éﬂq‘engﬁmnm‘? Iﬁ?ﬂmégaogﬁrﬂﬂ;d
t oget ger or urgﬁécttsbgmﬁdfpd operation aggr egate signal strength is
exceeded. base sta n ector beta dge ot S t ne
of the signal 20 sérBﬂ tlg.g.gwq{h?fg CRFRAYSRICe ?&s‘&hﬁ %&p&fe&s@ he
desi gna})es a rmwbﬂetuniem‘qt combing kighatiofromm dwocsecporssbasedsen the pilot signal
sector beta. t.Qreaal pn
the nobile unlstt“frféh é%m %%%& ggt | vg@%‘é’ & récexggﬁgﬁ thid @%Bﬂanrﬁ@ ec% Qﬂﬁe
beta anterifa tihennobilesunit i assumingna dixed relatienship between the strength

pilot signal from a sector and the strength of the information 51gna1

intended specifically for the mobile unit. When the power of the
transmitted information signal is reduced, the combination ratio will be
unbalanced by some amount. The unbalance causes the combination
15 process to operate with non-optimal performance. If the reduction ratio is
- small, for instance if the power intended for the mobile unit is reduced 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
20 to this information by appropriately modifying the combiner ratio to reflect
the change.

A third method adds new steps 10 and 11 to the original steps 1

through 9 as follows:

25  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 mobile unit from the weak

30 sector antenna.

12: Return to step 5.

Altemaﬁvely the same steps could be executed based on the forward link

35 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.
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'nto one efficLeRlmlsfGe Yower from a sector is reduced. By terminating the forward
link transmissions to the set of mobile units in the coverage area of two
‘sectors before signal strength would mandate termination, each mobile unit

10 in both sectors is subjected to a decrease in interference power on the
forward link. Notice that neither alternative to the third method requires
the weak sector to discontinue demodulating the reverse link signal from
the mobile unit. Again this method does not effect soft handoff.

The fourth method can be used in a manner similar to the first three

15 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 mobile unit must receive a
desired operation aggregate signal strength. The desired operation aggregate
signal strength is calculated as the sum the signal strengths of each signal

20 being demodulated by a mobile unit. If more than the minimum aggregate
signal strength 'is demodulated 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

25 strength above the desired operation aggregate signal strength to each
mobile unit.

The handoff process of the fourth method is summarized in the
following steps. |

"'F"“
7))
@D
O

30 1: Mobile unit is communicating with base station X through sector alpha
antenna meaning base station 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

35 Neighbor 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,
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comprising base station Y, sector beta.
10  6: Base station Y, sector beta antenna begms to transmit a forward link
signal to mobile unit.
7: Base station X through sector alpha antenna updates the mobile unit
Active Set to identify base station Y, sector beta.
8: Mobile unit establishes communication with base station Y, sector beta
15 antenna. Mobile unit combines 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 alpha, base station Y, sector beta, and any other base

20 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 optimal performance. As with the other methods,

reverse link demodulation in each sector or base station may continue with
25 or without the transmission of the forward link.

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 different stimulus may

30 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 message, 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

35 power measurement report message. In the preferred embodiment, as the
total aggregate power of the Active Set decreases, the power measurement
report message is sent more often. When the total aggregate power falls
below a threshold, the base station can request a Candidate and Active Set
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of base stati| ith
signal strength measurement message in which the mo%t informs
the base station of the signal strength of each base station in the Active and
Candidate Sets. Upon receiving such a message, the process resumes with
step 4. Additionally the base station may request a Candidate and Active Set
5 signal strength measurement message at any time due to some stimulus in
the base station and the process may resume with step 4.

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 provides the signal strength received from each of the three base

10 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 communication 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

15 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
message. In actual implementations the new base station’s signal strength
would need to exceed the currently active base station's signal strength by

20 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 situation.

There are many variations to the fourth method. The example above

25 was described in terms of sectors 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

30 such as signal to noise ratio, frame erasure rate, and bit error rate. The
fourth method may be elegantly coupled to one of the first three methods.

An analogous method could be used to remove 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 alsoc mobile unit assisted. The mobile unit

35 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 mobile
unit informs the base stations through which it is communicating and at
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1: Mobile unit is communicating with base station X through sector alpha

antenna and base station Y through sector beta antenna meaning base

10 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 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.

15  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 operation aggregate signal strength is exceeded.
4: If base station Y, sector beta does not correspond to one of the signal

20 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

25 link signal to mobile unit.

The fourth method as applied to removing a base station can also
work from the same three variety of stimulus as described above for the
process of adding a base station. For example, even if the signal strength

30 received from base station Y, sector beta remains well above the
communications threshold, it may be advantages 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
communication. Any time a list of the signal strengths of the members of

35 the Active Set is sent from the mobile unit to the base station, the removal
process of the fourth method may be executed. In the most efficient
preferred embodiment, the addition and removal process of the fourth
method are combined into one efficient process.
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20

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 measurements could be the measurement of
signals other than a pilot signal whether or not the system comprises a pilot
signal.

The previous description of the preferred embodiments 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 apparent to
those skilled in the art, and the generic principles defined herein may be
applied to other embodiments without the use of the inventive faculty.
Thus, the present invention is not intended to be limited to the
embodiments shown herein but is to be accorded the widest scope consistent
with the principles and novel features disclosed herein.
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comuni cati ng between said base stati ongﬁnx ﬁ/féd
t hrough said first and second sector ant I nas: neasuring the

signal strength of said first signal; measuring the si
sald second sl gnall. and In a spread spectrum communication system in which a
2  mobile unit user communicates with another system user via at least one
base station in a system of base stations as directed by a system controller, a
4 method for directing communications between said mobile unit user and
said system of base stations comprising the steps of:
6 communicating by said mobile unit with a first base station wherein
said first base station has an entry on a first list in said mobile unit wherein
8 said first list comprises an entry for each base station with which active

communication is established;

10 measuring at said mobile unit signal strength transmitted by a second
base station through which active communication is not established;
12 providing by said mobile unit to said system controller a measured

signal strength of said first base station and said measured signal strength of
14 said second base station; and
comparing at said system controller said measured signal strength of
16 said first base station to a desired operating power and sending said mobile
unit a new first list comprising said second base station if said measured
18 signal strength of said first base station is less than said desired operating
power and said mobile unit is not in communication with any other base
20 station. '

2. The method of claim 1 wherein each base station in said
2 system of base stations transmits a pilot signal and wherein said measured
signal strength of said second base station is a measurement of signal

4 strength of said pilot signal transmitted by said second base station.

3. The method of claim 1 further comprising the steps of:

2 communicating by said mobile unit with a third base station wherein
said third base station has an entry on said first list;
4 providing by said mobile unit to said system controller a measured

signal strength of said third base station wherein said measured signal
6 strength of said third base station is less than said measured signal strength
of said first base station;
8 summing at said base station sa1d measured signal strength of said
first base station and said measured signal strength of said third base station;

10 - and’
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first signal and said second signal; transmitting signal energy
through said first4sect @he method of claim 1 further comprising the steps of:
2 communicating by said mobile unit with a third base station wherein
said third base station has an entry on said first list;
4 providing by said mobile unit to said system controller a

measurement of signal strength of said third base station wherein said
6 measured signal strength of said third base station is less than said
measured signal strength of said first and second base stations; and
8 sending said mobile unit a new first list comprising an entry
corresponding to said second base station if said measured signal strength of
10 said first base station is less than said desired operating power.

5. The method of claim 4 wherein said measured signal strength
2 of said third base station is less than said measured signal strength of said
first and second base stations by a predetermined threshold amount.

6. The method of claim 4 further comprising the steps of:
2 summing at said system controller said measured signal strength of
said first base station and said measured signal strength of said second base
4 station; and
sending said mobile unit a new first list comprising an entry
6 corresponding to said third base station only if said sum of said measured
signal strengths of said first and second base stations is less than said desired
8 operating power.

7. The method of claim 1 wherein said first base station and said
2 second base stations are two different sectors of a common base station cell
site.

8. The method of claim 1 wherein said first base station is a
2 multisectored base station and wherein-said measured signal strength of
said first base station corresponds to a signal strength from a single sector
4 thereof. ... . .. . .. ___
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mobile unit to said system controller said measured signal strength of said
first base station and said measured signal strength of said second base
station is performed because said measured signal strength of said second -
base station exceeds said measured signal strength of said first base station.

10. The method of claim 1 wherein said step of providing by said
mobile unit to said system controller said measured signal strength of said
first base station and said measured signal strength of said second base
station is performed periodically at a variable rate.

11. The method of claim 10 wherein said variable rate is a function
of a rate at which of frame errors occur.

12.  The method of claim 1 wherein said step of providing by said
mobile unit to said system controller said measured signal strength of said
first base station and said measured signal strength of said second base
station is performed in response to a request from said system controller.

13. The method of claim 1 wherein said step of providing by said
mobile unit to said system controller said measured signal strength of said
first base station and said measured signal strength of said second base
station is performed because said measured signal strength of said second
base station exceeds a predetermined threshold.

14. The method of claim 1 further comprising the step of receiving
and demodulating at said second base station an information signal
transmitted by said mobile unit independent of whether said second base
station has an entry on said first list or said new first list.

15. In a spread spectrum communication system in which a
mobile unit user communicates with another system user via at least one
base station in a system of base stations as directed by a system controller, a
method for directing communications between said mobile unit user and
said system of base stations comprising the steps of:

communicating by said mobile unit with a first base station wherein
said first base station has an entry on a first list in said mobile unit wherein
said first list comprises an entry for each base station with which active

communication is established; -~ = - - ——
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measurement of signal strength of said first base statxon and said second

16 base station if said measured signal strength of the second base station
exceeds said first predetermined level; and

18 comparing at said system controller said measured signal strength of
said first base station to a desired operating power and sending said mobile

20 unit a new first list comprising said second base station if said measured
signal strength of said first base station is less than said desired operating

22 power and said mobile unit is not in communication with any other base

station.

16. In a spread spectrum communication system in which a
2 mobile unit user communicates with another system user via at least one
base station in a system of base stations as directed by a system controller, a
4 method for directing communications between said mobile unit user and
said system of base stations comprising the steps of:
6 communicating by said mobile unit with a first base station wherein
said first base station has an entry on a first list in said mobile unit wherein
8 said first list comprises an entry for each base station with which active
communication is established; :
10 measuring at said mobile unit a communication quality index
corresponding to a second base station wherein said second base station does
12 not have an entry on said first list; _
providing by said mobile unit to said system controller a measured
14  quality index of said first base station and said measured quality index of
said second base station; and
16 comparing at said system controller said measured quality index of
said first base station to a desired operating index and sending said mobile
18 unit a new first list comprising said second base station if said measured
signal strength of said first base station does not meet said desired operating
20 index.
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: 2  of said first and second base stations is a bit error rate.

20. A method for improving the signal-to-interference ratio in a
2 communication system having a set of base stations with at least one base
station comprised of multiple sectors comprising the steps of:

4 establishing communication between a mobile unit and a first sector
of said base station;
6 establishing communication between said mobile unit and a second
- sector of said base station;
8 measuring signal strength of a signal from said mobile unit received
through said first sector;
10 measuring signal strength of a signal from said mobile unit received
through said second sector;
12 comparing the signal strength of said 51gnal from said mobile unit

received through said first sector and the signal strength of said signal from
14 said mobile unit received through said second sector to identify the sector
receiving the weakest signal of said signals from said mobile unit received
16 through said first and said second sector; and
reducing signal strength of a signal from said identified sector to said
18 mobile unit.

21. A method for reducing interference in a communication
2 system having a base station comprised of multiple sectors comprising the

steps of:

4 ? receiving through a first sector antenna of said base station a first
signal from a mobile unit;

6 ~ receiving through a second sector antenna of said base station a
second signal from said mobile unit;

8 transmitting through said first sector antenna a third signal to said
mobile unit;

10 transmitting through said second sector antenna a fourth signal to

said mobile unit;
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forward 1ink signal has b
12 J meaggrmg he signal strength of said first signal;

measuring the signal strength of said second signal wherein the
14 signal strength of said second signal is less than the signal strength of said

first signal; and
16 terminating the transmission of said fourth signal.

22. A method for reducing interference in a communication
2 system having a base station comprised of multiple sectors comprising the

steps of:
4 receiving through a first sector antenna of said base station a first
signal from a mobile unit;
6 receiving through a second sector antenna of said base station a
second signal from said mobile unit;
8 transmitting through said first sector antenna of said base station a
third signal to said mobile unit;
10 - transmitting through said second sector antenna of said base station a
fourth signal to said mobile unit;
12 measuring the signal strength of said third signal at said mobile unit;

: measuring the signal strength of said fourth signal at said mobile unit
14 wherein the signal strength of said fourth sxgnal is less than the signal -

strength of said third signal;

16 providing by said mobile unit said signal strength of said third and
fourth signals to said base station; and

18 terminating the transmission of said fourth signal.
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A plurality of methods for achieving the soft or
softer handoff process such that the performance of a
system is improved. A first method is based on
delaying the softer handoff process. A second method
is based on reducing the power of transmissions from
the sector having the wegkest gignal strength. A
third method is based on eliminating transmissions
from the sector having the weakest signal strength.
A fourth method adds a new base station or sector only
when the mobile unit is in need of additional power to
operate properly. In all four methods, reverse link
demodulation in each sector may continue with or
without the transmission of ﬁhe forward link. In all
four methods the operation could be based on the
signal strength of the reverse link signal or the
forward link. It is also possiﬁle to combine two or

more of these methods to create a hybrid method.
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antenna of said second sector exceeds said predefined " rece

NG orEeT

sai d "ant enna of said second sector of - said base station a

signal fromsaid nobile unit and conbi ning said reverse | si gha

wi th signal energy received fromsaid nobile unit throughl s ipgfmq 1997
sector, and delaying transm ssion of ala forward |ink signal] ffrom sali
second sector of said base station to said nobile unit urt i T—sTynral -
energy of said reverse link signal received at said basg_station

t hrough sai d second sector exceeds a second predefined threshold.
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set of base stations with at |east one base station conprisec

f oultiple

sectors conprising the steps of. recei ving through a first -
anténna of said base station a first spread spectrum sign G‘EMENT HEET
nobi | e receiving through a second sector antenna of said RQage,

station a second spread spectrum signal from said mobi 1 ¢ ¢nik3 MAR 1997
conbining said first and second spread spectrum signals itn.order to
simul t aneously establish communication bet ween sai d bage station and

said nobile unit through said first

measuring the signal strength

of said first spread spectrum

the signal strength of said second spread spectrum signal

conparing the signal strength of

t he signal strength of said first spread spectrum signal

a power |level of a transm ssion from said base

unit through said second sector

- HFIG. 3

gnd second sector am-erkRasr-

measuri ng
and

sai d second spread spectrum signal to.
and reducing

station to said nobile



ant enna based on the si gnal strength of said second sp

signal and the signal strength of said first spread s B
and continuing to conbine . said first and second spreadjspectrum:

si gnal s.
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I mproving the signal-to-interference rado in a spread specf{rdgm
comuni cation systemof claim1l wherein in said step of ré¢ducing, sard
transm ssion power is reduced to zero andopsaid first and gecond spread

spect rum
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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 embodiments 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 measurements could be the measurement of
signals other than a pilot signal whether or not the system comprises a pilot
signal.

The previous description of the preferred embodiments 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 apparent to
those skilled in the art, and the generic principles defined herein may be
applied to other embodiments without the use of the inventive faculty.
Thus, the present invention is not intended to be limited to the
embodiments shown herein but is to be accorded the widest scope consistent
with the principles and novel features disclosed herein.
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si gnal , transm

Tior g ERsT 53

t ennas;
station a
ai d base

station a si gnalmawmmmmaat@mnmmumu gnal from
said first & least oge base station comprised of multipie sectors

compeising the steps of:
comxpunicating between a mobile unit and a first sector of

said basc station and simmitancously commumicating
betwesen said mobile unit and a second sector of said
basc station. and combining a signal from said mobile
amitreceived through said first sector with a sigpal from
said mobile unit received tirough said second sector:

measuring signal streagth of said signal from. said mobile

umit received through said first sectar:

measuring signal strength of said signal from said mobile

unit received through said second sector;

 comparing the signal swengrh of said signal from said

mobile vnit received through said fixst sector and the
signal strength of said sigpal from said mobile it
received throngh said second sector in order to identify
the sector receiving the weakest signal of said sigpals
from said mobile unit received throggh said first and
said second sector; and

redncing signal strength of a signal from said ideatified

sector to said mobile mnit while continming to combine
sighal cacrgy from said mobile unit recsived through
said frst sector with signal encrgy from said mobile
umk received through said second sector.

2. The method of claim 1 wherein said stcp of camma-
Ricating between said mobile unit and said first seczor of said
base station includes the step of establishing bi-dircctional
-commugication by both transmitting and receiving signal
cnergy. and whezcin the step of commmicating between said
mobile unit and said second sector of said base station
indudes the step of establishing bidirectiogal conrmunica-
don by both transmitting and receiving signal encrgy.

3. A method for reducing interference in a commumicaion
symhamgabasesuuoncompmcdofmnmpl:m
comprising the steps of:

receiving through a2 first sector anfenna of said base

station a first signal from a mobile unit;
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sdi d nobil e

:Si gna second sector at said nobile unit;

Si gna“lg“ m’m" “I‘”H“ld signal fromsaid first sector t
aimd s1 gral from said second sector; and

power | evel of a transm ssion fromsaid base station to

unit through said second sector ant enna based on the si
of said signal from sai d second sector-gnd-the signal s
si gnal fromsaid first sectors and conti nui ng to conbi ne said

first and second spreg\dcg 'ﬂ@é\é&nd sectbé - ajmmwf&ggl npr ovi ng
t he signal -to- |nterfere w Sﬁﬁ ‘ﬁ‘? |§ﬁyon system
of claim13 wherein in Salg.ste r e ra SSl 0 ower is
reduced to zero. :oim;o ”&'ﬁ S“‘El%ps‘ P
transmitting signal cacrgy through said first sector

agfeana o said mobde unit and smnltaneously ranss

m:mngngnalenergymroughmdsemndseaor

anfenna to said mobile unit, thereby simbitancousty

commanicaring berween said base station apd sad

mobile unit throagh said first and second sector anten-

. nas;
Imeasiming the siggal swreagth of said first signal;
measuring he signal sgeagth of said second signal and
comparing the signal streagth of said second signal to
thes.gnalsn'cngthofsudﬁrstsxgnal and

terminaring forward link information tansmission from
said base station to said mobile unit through said
second sector antenna by ceasing transimission of said
the signal strength of said sécond sigpal is less han the
signal strength of said fixst signal, said base sation
sobsegueatly coatinipg to cambine signal energy
reczived from sxid mobile anit through said first and
second secior antennas-

4. A mecthod for reducing interferencs in 3 commuaicadon.
systcm having a base station comprised of multiple sectors
comprising the steps of:

recsiving through a first sector astcnna of said base

station 2 first sigpal from a mobile amt:

recaiving through a second sector antenna of said base
- station g second signal from said mobile unir and

combining said first signal and said second signal;
mansmiting signal encrgy through said fixst sector

. autenna to said mobile uait and simnltameocusly trans-

mitting sigral cpagy through said seccond sector
antenna 1o said mobilc umis;

measoring the signal strength of said signal epergy

xeoeived fram said first sector anteuns. ar said mobie
naie;
mslm.ngmesigna.lmngthdf.saidsigmlenctg
received from said second sector antenna at said mobile
unit and comparing the signal strength of said signal

'cncgymvedﬁomsadﬁmmdsadsmdm

antennas; and

nal  strengthn
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"reteiVing t hr ough a first sector antenna.of sdid base -
stat lon a first spread spectrum signal fromsaid nobile L?gt SEg 1999
receiving through a second sector ant e_ngg of said base stlatq
second spread spectrum signal from sai nobile unit; c
first and second spread spectrum signals in order to 9gimnultaneously
establish sperad spectrum comuni cati on between sai d base—statrion
and said terminating forward link information Tansmission from

said base statica w said mobilc ugit through said
second sector antenna by ceasing tansmission of said
signal energy therethrough when the signal strength of
said signal energy received from said second secor
anrenna is less than the signal stxength of said signal
¢nergy recetved from said Srst sector antenna, said base
siation continuing o cambine signal energy recsived
from said mobie unit through said ficst and second
secor anteanas subsequent o said ceasing of wansmis-
sion of said sigpal energy through said second sector
anrenna,

S. Amethod forreducing ipterfersnce in 2 commnmication
syst=m having a base station comprised of multiple sectors
comprising the steps of:

communicating bi-ditecionally between a mobile unir

~ and a first sector of said base station;

ransmitting through an antenna of a second sector of said

base station a pilot signal;
measuring, at said mobile wait, signal streagth of said
pilot signal from said antegna of said secopd sectar of
said basc station and comparing szid signal sreagrh to
a predefined threshold;

notffying by said mohile unit said base station through
sa:dﬁxszseamwhcusaxd.agnalsu'cngdxofsadpdot :
signal from said antenna of said scoond secor cxceeds
sad predefined tixeshold: g

Tecaving through said amtenna of said second sector of
said basc station a reverse link signal from said mobile
umudcomhmngsmdmhnksxgnalmthngml
cu:rgyreeezvedfmmsa.:dmbﬂemzthronghsadﬁs:
sector; and

delaying transmission of 3 forward link signal from said

second. secror of said base station 1o said mobile unit
nntl signal energy of said pilot signal received at szid
mobilc onir through said second sector exceeds a
sccond predefined threshald.



nobile unit through said first and second sector

ant en- measREPIACBMENT SHEET

si gnal —strength—of—satd-first spread spectrum measuring the_signal

S ;,ﬁ!‘fﬂﬂll B TP s eBoma spr eaa™™ " " Spect ru

streng ht ¢ 6f &aid¥l first spread spectrumsigal in order|to |dent|f

the sector recei ving the weakes _ e of said
spread spectrum signals; and reducing signal st
spectrum si gnal fromsaid identified sector
continuing to conbine said first and second spread

o gnal | BEPRACENENT SHEET]

first andjs¢c@@ SEP 1999
rength o he spread
to said jnobile unrt amn
spectrum._signals.

16. A nethod for Inﬁ:OVIng the signal -to-interference ration in a
e

&er radusing 1

comuni cati on syst

W fhcmmigirst one base

station conpri sedcaiomusystqnect etdioy § forther sompriding sthe pstep fof
comuni cating bet yomibifingoky sadd basé sidncsad Paverss Hnl siPhal from

said mobile unit received through said second sector of said
base station with a reverse lipk signal received through said
first sectar from said mobile tnit % produce au aggrega
sq;udzndependcntofudnﬂhsrsaulsnz>of!nuunnnnqgsnd
forward Link sigpal has:begun -

7- The method for reducing’ interference in 2 communi-
cation system of claim 6 further comprising the steps of:

creating a power contral command for said mobile unit

based on aa energy level of said aggregate signal: and

Tansmmting said power contol command to said mohile

upif from said antenna of said first sector of said base
station.

8. A method far reducing interference in a comemnication
system having 3 base station comprised of wnltiple sectors
cnm;msmgthesxepsuf-

commumeating bi-dirsctionally between a mobile unit

and a first sectar of said base starion:
Gansmiming through an anteana of a second sector of said
base station 2 pilot signal;

measuring, at said mobile umic, signal strength of said
pilot signal from said antennz of said second sector of
_5aid base station and comparing said signal sxength to
a2 predefined threshold; '
actifying said base station through szid first sector when
said sigpal strength of said pilot sigpal from said
antenna of said second sector exceeds said prodefined
threshold;

receiving through said anteana of said second sector of
said base station a reverse link signal from said mobile
unit and combining said reverse link signal with signal
cnrgy received fromn said mobile unit through said first
sector; and

delaying tragsmission of a a forward link signal from said

sccond sector of said base station W said mobile unit
unrl signal energy of said reverse Kok signal received
at said base station through said second sector exceeds
a secopd predefined threshold
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nobile unit received through said seco d sector
measuring singal strenght of a forward link signal from dai &1 3 SES 1999
sector received at said nobile unit; neaBlrdng signal strgngth of a

e

from sai d second sector received at |said nobile

9. Tac method for reducing interfereace in a2 commnai-
cation system of claim 8 firther comprising the step of
combining at said base station said reverse link sigpal from
szid mobile amf received through said second sectar of said
base statton with a reverse link signal received through szid
ﬁ:s:sm&cmsa:dmohlclmno;mdnccanaggrega:c
signal indcpeadent of whether said step of wansmnining said
forward link signal has begua.

190. The method for reducing interference in 2 communi-
cation of clam 9 further compxising the steps of:

creating 3 power coatrol commmand far said mobile unir

based on an energy level of said aggregate signal; and

Tansmifting sad power confrol command to said mobile
unit from said antenna of said fivst sector of said base
station.

11. A method for improving the signal-to-interference

Tatio in a spread spectume commnnication system having a

- set of base statiops with at least one base station comprised

of mulitiple sectors comprising the seps oft -
Teceiving trough a first sector aptenna of said base
station a first spread spechrum signal from said mobile
Tcceiving through a second sector anfenpa -of said base
sunonasccondsptadspecuumsxgm!&omsmd
mobile unit:

~t_‘:cmlnm.::gsmdﬁrstandsaoondsprea:!spectmms‘gnals
in ogder to simultancously establish commumication

berween said base station and said mobile unit tirough
said first and second sector agtcnpas:

m:asunngmes.gzalsu'engﬂzofsudﬁrstspradspemm
signal;

measuring the signal swength of said secoud spe=ad
spectrum sigral and compariag the signal strength -of
-said secopd spread spectrum signal to. the signal
strength of said first spread spectrum - sigpal; and

redocng a power level of 2 wansmission from said base
station to said mobile unit through said second sectar
antenpza based on the signal strength of said second
spread specttum signal and the signal sxeagth of said
first spread spectrum sigpal and continuing to combine
said first and secopd spread spectrum sigpals.
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whi l e continuing to conbine si gnal energy from said nobi I @ ggs 1
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unit received through said second sector

12. The method for improving the signal-to-interfercace
ratio in 3 spread spectrum commmnnicagon syswem of claim
11 wherein in said sep of reducing. said ransmission power
is reduced to zero and said first and second spread specom
signals are continued o be combined

13. A method far improving the signal-to-inkerference
Iatio ig a spread spectrum commanicstion system. baving-a
set of basc stations with at least ope base station comprised
of muitiple sectars comprising the steps of:

receiving through a first sector antenna of said base

statioa 2 first spread spectram signal from said mobile
unit;

receiving Umough 2 second sector anfenna of said base

statiocn 2 sccond spread spectrom signal from said
mobie unit;

combiming said first and sccond spread spectram sigpals

in order o simoltaneously establish communnication
between said base station and said mobile unit tarough
said fixst and sccond sector aptennas;

trapszming from said first scctor anfeana of said base

station a signal;

trapsmitting from said second sector antenna of said base
station a siggnal;

measuring the signal strength of said signal from said fiest
sector at said mobile unir:

measuring the signal strength of said signal from said
second sector at said mobile unit;

comparing the signal streagth of said signal from said first
sector to the signal stweagrh of said signal from said
- second sector; and

reducing 2 power level of a trrosmission from said base
station o said mobile unit throagh said sccond sector
antenna based on the signal streagth of said signal from
saidseeondsccturandthesignalsﬁ:tnglhofsaid signal
from said first sectors and comtinaing to combine said
first and sccond spread spectnnm signals.

14 The method for improving the signal-to-interference
rano in a spread specthrum communication system of claim
13 wherein in said step of reducing. said transmission power
is redaced to zero.
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1S. A method for improving the signal:-to-intexference
ratio in a spread spectrm comruunication system having a
set of base stafions with at least ome basc station comprised
of multiple sectors comprising the steps of:

receiving thxough a first sector antemma of said base

station a first spread specoum signal from said mobile
unit;

receiving through a second sactor anteana of said basc

stagion a second spread specoum signal from said
mobile unir; '
combining said first and second spread specomm signals
in ogder to simultancously establish spread spectrum
communication berween said basé ‘station and said
mobilc unit thirough said first and second sector anten-
_ [ass

measuring the signal strength of said first spread specum

- signal; '

measwing the signal strepgth of said second spread

spectrum signal;

comparing the sigpal strength of said sccond spread

specaumm. signal to the signal stengih of said first
spread spectrum signal in order w0 idenfify the sector
recciving the weakest ope of said first and second
spread spectrom signals; and

reducing signal strength of the spread spectrum signal

Gom said identified sectar 1o said mobile unit and
cogtinuing o combine said first and second speead
specorum signals.
16. A method for improving the signal-to-interfereace
rafio in a communication system having a set of base stations
wiﬂ!a:lcastouebasesrationoompdsedofmulﬁpksectms
comprising the steps of: .
communicating between 2 mobile unit and a first sector of
said base suation and simultapcously communicating
berwecn said mobide anif and a second sector of said
ba.f\csm.ﬁon.andoumbiningasigml&qnsaidmobﬂe
unit zeceived throagh said first sector with a signal from
szidmobﬂeunitreedvedthtm@saidswondsecm

mafudngsignﬂsn'cngm&afwadﬁnksignzlﬁcm
sald first sectar received at said mobile unir-

mcasunng sigpal srength of a forward link signal fram
said second sectar received at said mobile wnit:
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comparing the signal srength of the signal from sxid
: fixst
‘m:andthcsgnalsnugmofmesigmﬁ@sﬁd
scoond sector in order 10 idents -2
the weal O identify the sector providing
reducing signal saeagth of a signal -

sgaabsadmbﬂeuni:whﬂcmmgmm
signal epergy from said mobile unit received through

unit received throagh said second sectoL.
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METHOD AND APPARATUS FOR REDUCING THE AVERAGE DOWNLINK
TRANSMITTED POWER FROM BASE STATIONS DURING SOFT
EANDOFPF

ABSTRACT

A plurality of methods for achieving the soft or
softer handoff process such that the performance of a
system is improved. A first method is based on
delaying the softer handoff process. A second ﬁethod
is based on reducing the power of transmissions from
the sector having the wegkest fignal strength. a
third method is based on eliminating transmissions
from the sector having the weakest signal strength.
A fourth method adds a new base station or sector only
when the mobile unit is in need of additional power to
operate properly. In all four methods, reverse link
demodulation in each sector may continue with or
without the transmission of the forward link. In.all
four methods the operatiqp. could be based on the
signal strength of the reverse link signal or the
forward link. It is also possiﬂle to combine two or

more 6f these methods to create a hybrid method.

FIGURE 1




