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METHOD AND APPARATUS FOR BALANCI NG THE FORWARD LI NK HANDOFF BOUNDARY
TO THE REVERSE LI NK HANDOFF BOUNDARY | N A CELLULAR
COVI\/UNI 4s> | EM BACKGROUND COF THE

Fi el gﬂ% nventi on 10 The present inventi ollr.l re a{ égs\ht o]
comrunl cati on systens, particularly to a nmethod and apparatus for
per form ng handoff between two sectors of a commobn base station.
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15 IL. Description of the Related Art

In a code division multiple access (CDMA) cellular telephone system
or personal communications system, 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

20 more than one base station. Signals occupying the common frequency band
are discriminated at the receiving terminal (either within the mobile unit
or base station) through the spread spectrum CDMA waveform properties
based on the use of high speed pseudonoise (PN) codes and orthogonal
Walsh codes. The high speed PN codes and orthogonal Walsh codes are

25 used to modulate signals transmitted from the base stations and the mobile
units. Transmitting terminals (either within a mobile unit or within a base

_ station) using different PN codes or PN codes that are offset in time produce
’ signals that can be separately received at the receiving terminal.
_ In an exemplary CDMA system, each base station transmits a pilot

30 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

35 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.

A method and system for providing communication with the mobile
unit through more than one base station during the handoff process are

40 disclosed in U.S. Patent No. 5,267,261 issued November 30, 1993, entitled
"MOBILE STATION ASSISTED SOFT HANDOFF IN A CDMA CELLULAR
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15 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
20 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
25 unit communicates a message to the first base station identifying the new
base station. A cellular or personal communication system controller
decides whether to establish communication between the new base station
and the mobile unit. Should the cellular or personal communication
system controller decide to do so, the cellular or personal communication
30 system controller sends a message to the new base station with identifying
information about the mobile unit and a command to establish
communications therewith. A message is also transmitted to the mobile
unit through the first base station. The message identifies a new Active Set
that includes the first and the new base stations. The mobile unit searches
35 for the new base station’s transmitted information signal and
communication is established with the new base station without
termination of communication through the first base station. This process
can continue with additional base stations.




Active Set is the set of base stations through which active comunication

is establ i shed. The Nei ghbor Set is a set of base stations surroundi ng
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15 does not contain the base station through which communication is to be
terminated. The base stations through which communication is established
send a message to the mobile unit. The cellular or personal communication
‘system controller also communicates information to the base station to
terminate communications with the mobile unit. The mobile unit
20 communications are thus routed only through base stations identified in
the new Active Set.

Because the mobile unit is communicating with the end user 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

) 25 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.

In a cellular or personal communication telephone system,
maximizing the capacity of the system in terms of the number of

30 simultaneous telephone 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

35 that produces a signal-to-noise ratio that allows acceptable data recovery. If a
signal transmitted by a mobile unit arrives at the base station receiver at a
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.
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the systemin steeglr%:fe pheno%lenang%erage path loss and fading. The forward link, from
the base station to the mobile unit, operates on a different frequency than
the reverse link, from the mobile unit to the base station. However because
the forward link and reverse link frequencies are within the same frequency
20 band, a significant correlation between the average path loss of the two links
exists. On the other hand, fading is an independent phenomenon for the
forward link and reverse link and varies as a function of time. However,
the characteristics of the fading on the channel are the same for both the
forward and reverse link because the frequencies are within the same band.
25 Therefore the average of fading over time of the channel for both links is
typically the same.

In an exemplary CDMA system, each mobile unit estimates the path
loss of the forward link based on the total power at the input to the mobile
unit. The total power is the sum of the power from all base stations

30 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.

Mobile unit transmit power is also controlled by one or more base
stations. Each base station with which the mobile unit is in communication

35 measures the received signal strength from the mobile unit. The measured
signal strength is compared to a desired signal strength level for that
particular mobile unit at that base station. A power adjustment command
is generated by each base station and sent to the mobile unit on the forward
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level. The mobile unit decreases 1ts transnut 51gnal level if any base station
with which the mobile unit is in communication requests that the power be

15 decreased. A system for base station and mobile unit power control is
disclosed in U.,S. Patent No. 5,056,109 entitled “METHOD AND
APPARATUS FOR CONTROLLING TRANSMISSION POWER IN A
CDMA CELLULAR MOBILE TELEPHONE SYSTEM," issued October 8, 1991,
assigned to the assignee of the present invention.

20 Base station diversity at the mobile unit is an important
consideration in the soft handoff process. The power control method
described above operates optimally when the mobile unit communicates
with each base station through which communication is possible. In doing
so, the mobile unit avoids inadvertently interfering with communications

) 25 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.

Each base station coverage area has two handoff boundaries. A
handoff boundary is defined as the physical location between two base

30 stations where the link would perform the same regardless of which of the
base stations the mobile unit was in communication with. Each base station
has a forward link handoff boundary and a reverse link handoff boundary.
The forward link handoff boundary is defined as the location where the
mobile unit’s receiver would perform the same regardless of which base

35 station it was receiving. The reverse link handoff boundary is defined as
the location of the mobile unit where two base station receivers would
perform the same with respect to that mobile unit.
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of a base station to achieve a balanced handoff boundary condition under
varying loading conditions. The balancing of a base station increases and
15 decrease the coverage area of the base station automatically as needed to
match the forward link handoff boundary to the reverse link handoff
boundary. This process is called base station breathing.
It is therefore the object of the present invention to provide method
and apparatus for matching the forward link handoff boundary to the
20 reverse link handoff boundary. '
It is another object of the present invention to provide a method and
apparatus for continuously monitoring and reacting to the reverse link
loading to maximize system capacity.

25 SUMMARY OF THE INVENTION

The present invention defines a method and apparatus for matching
.the forward link handoff boundary to the reverse link handoff boundary.
The method and apparafus is based on measurement the reverse link power

30 level at the base station and adjustment of the forward link power level to
compensate for the reverse link loading.

Each base station in the system is initially calibrated such that the
sum of the unloaded receiver path noise and the desired pilot power is
equal to some constant. The calibration constant is consistent throughout

35 the system of base stations. As the system becomes loaded (i.e. mobile units
begin to communicate with the base stations), a compensation network
maintains the constant relationship between the reverse link power
received at the base station and the pilot power transmitted from the base
station. The loadin: of a base station effectively moves the reverse link
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with each base station through which communication is possible. In doing
so, the mobile unit avoids inadvertently interfering with communications
25 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.

A typical cellular, wireless local loop, or personal communication

system contains some base stations having multiple sectors. A multi-
30 sectored base station comprises multiple independent transmit and receive

antennas as well as independent processing circuitry. The present

invention applies equally to each sector of a sectorized base station and to

single sectored independent base stations. The term base station can be

assumed to refer to either a sector of a base station or a single sectored base
35 station.

Each base station has a physical coverage area in which
communication with the base station is possible. Each base station coverage
area has two handoff boundaries. A handoff boundary is defined as the
physical location between two base stations where the link would perform

40 in the same manner regardless of which of the base station a mobile unit at



35 station it was receiving. T.he reverse |ink handoff boundary is defined

as the location of the nobile unit where two base station receivers
woul d performthe sane with respect to that nobile unit.
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It is anotherstabions! Fir éxenpleciePigurs 10 foriardliik RHrdfoff bBBhARF, 80ds a
function of the power transmitted from base station 10 and from base
station 40 as well as interference from other surrounding base stations (not

15 shown) and other inband sources. Reverse link handoff boundary 50 is a
function of the power level received at base station 10 and base station 40
from a mobile unit at that location and the power level received at base
station 10 and base station 40 from the other mobile units and other inband
sources. Note that the power level received at base station 10 and the power

20 level received at base station 40 are somewhat indepéndent in that if base
station 10 has a large number of mobile units located within its coverage
area and base station 40 has only one mobile unit, the interference for base
station 40 will be much less.

Ideally the forward link handoff boundary and the reverse link

25 handoff boundary are co-located so that the optional system capacity may be
achieved. If they are not co-located then three situations that are
detrimental to capacity can occur. Figure 1A shows the first of these
situations. A soft handoff region is the physical region between two base
stations where a mobile unit located within the region is likely to establish

30 communication with both base stations. In Figure 1A the shaded portion
represents soft handoff region 20.

In mobile unit assisted soft handoff, the handoff region is defined by
the forward link characteristics. For example, in Figure 1A soft handoff
region 20 represents the region where both the signal quality from base

35 station 10 and the signal quality from base station 40 are sufficient to support
communications. When mobile unit 30 enters soft handoff region 20, it
will notify which ever base station it is in communication with that the
second base station is available for communications. The system controller
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Figure IA shows the first situation which is detrimental to system

10 capacity. In Figure 1A forward link handoff boundary 60 and reverse link
handoff boundary 50 are significantly unbalanced (i.e. spaced apart). Mobile

unit 30 is located in a position where communication is established only
with base station 40. In the region where mobile unit 30 is located, the
forward link performance is best with base station 40 but the reverse link

15 performance would be better if mobile unit 30 were communicating with
base station 10. In this situation mobile unit 30 is transmitting more power
than it would be transmitting if it were in communication with base
station 10. The increased transmit power adds unnecessarily to the total
interference in the system thereby adversely effecting capacity. It also

20 increases the overall power consumption of mobile unit 30 thereby
decreasing its battery life. And it endangers the communication link if
mobile unit 30 reaches its maximum transmit power and is unable to

respond to commands for increased power.

Figure 1B show an alternative but also detrimental result of an

’ 25 unbalanced handoff condition. In Figure 1B, soft handoff region 70 is
positioned about reverse link handoff boundary 50. This handoff position
could be the result of an alternative handoff scheme where handoff is based

on the reverse link performance instead of the forward link performance.

In one such case, each base station would attempt to measure the power

30 received from each mobile unit. When the measured power level exceeds a
threshold or exceeds the level received at other base stations,
communication with a second base station is established. In Figure 1B,
mobile unit 30 is located in a region where communication is established
only with base station 10. As in Figure 1A in the region where mobile

35 unit 30 is located, the forward link performance is best with base station 40
but the reverse link performance is best with base station 10. Unlike the
reverse link, the forward link does not have a large dynamic range of
transmit power and as mobile unit 30 moves toward base station 40,
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gative etfects become significant. For example, in Figure 1C, both base

station 10 and base station 40 must transmit to mobile unit 30 while mobile

unit 30 is in soft handoff region 80. Thus the total system interference is

20 increased while mobile unit 30 is in soft handoff region 80. In addition,
resources at both base station 10 and base station 40 must be dedicated to the
signal received from mobile unit 30. Therefore increasing the size of the
soft handoff region is not an efficient use of the system capacity and
resources.

25 The solution to these adverse effects is to balance (i.e. physically align)
the reverse link handoff boundary to the forward link handoff boundary or
vice versa. Even if this was done at each base station in a static condition,
the balance would be lost as the system was used. For example, the signal to
interference level of the reverse link signal received at a base station is a

30 function of the number, location, and transmission power level of the
mobile units within its coverage area. As the loading on one base station
increases, interference increases and the reverse link handoff boundary
shrinks toward the base station. The forward link boundary is not effected
in the same manner thus a system that is initially balanced may become

35 unbalanced over time.

To maintain balance, the present invention defines a method
“breathing” the size of the base station coverage area. The breathing
mechanism effectively moves the forward link handoff boundary to the

Q




8 . that location was in comunication with. Each base station has a
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The present invention is described hereinlbased on a system having

sof t handof f sampebodaition. asHheeresersehlink haadoffopoursdaryuaBoth afptiel baumdarbes d
10 handoff opgr abgoﬂgem on the perfolifRAel lof8bIER kS Baslkbarlifly N

bet ween at | east forvva d

li nk handof f breathingodw effective, the re}m@ebﬁk arld@éf e%daxfyrmmefmvardom

base station [k NafdbittRtty must Bé ahitialtydli g’ifedl\/qfﬂet BOUNdirRld @irPRARafl om
Dever so | B Sistthst 2 fe RRtopTagts O dach Bage Reati,isopOiralibd b dehed”
recei ved at bbelewst ati on 10 and base station 40 froma nobile unit at

that | ocation and g ANEEA hkChedGRAANEE cBh RAtrolled Byt Whsh dedfidh Pase

station 40 from the ot sources.

that the powein pa\exemplas (IMA system,seach; baﬁewaaﬁu trasmitem pilot sig\a&
received at bms@ rﬁbBiléOHnﬁQ PerfoiA "RAAASES DAKIE Oe Mhe ipbrbbived PuB@

al
Stati on 4 "o R AURUREA Ol s heSthest ST e B
base st diransmitded frombd¢helbdse station, the forward diwmk |haridoff fluedatyl i nk
handof f boun%wh@mné)hserrﬂﬁfp?ﬁaéehnk

The reverse link performance can also be controlled by the base
station. The noise performance of the base station receiver sets the

15 minimum receive power level which can be detected. The noise
performance of the receiver is typically defined in terms of an overall
system noise figure. By controlling the noise figure of the receiver, such as
by injecting noise or adding attenuation, the reverse link performance, and
hence the reverse link handoff boundary, may be adjusted.

20 To balance the handoff boundaries, the performance of each base
station must be controlled to be the same as the performance of other base
stations in the system. Therefore, we define a system wide performance
constant to be used by each base station in the system. A dynamic constant
that is equal for every base station but allowed to change over time could

) 25 also be defined. In the interest of simplicity of design and implementation,
a fixed constant is preferred in this embodiment.

The constant is defined in terms of the sum of the receiver path noise
in decibels (dB) and the maximum desired pilot signal power in dB as
proven below. The best choice constant takes advantage of the performance

30 available from the system. Therefore to define the constant, Kjevel, the
following equation is used:

MAX '’
Kievel = 511 7 [INRx:i + PMax:i] Eq.1

where:
35 NRgux:i is the receiver path noise of base station 1 in dB;
PMax:i is the maximum desired pilot signal power of base station i in dB; and

X
alli [ ] finds the largest such sum of all base stations in a system.



25 handoff boundary are co-located so that the optional system capacity -

may be achieved. If they are not co-located then three situations that
are detrl nental to capacity can occur. Figure 1A shows the first of
these  WOBHtions. A soft handoff region is the physi ESFUFEY%R bet ween
two base stations where a nobile unit located within the region is
likely to establish 30 comunication with both base stations. In Figure 1A
t he shaded portion represents soft hapdoff region 20. In

nobi | e unit assisted soft handoff, the handoff region is defined by

the f d | f f
r egl Ogr \évgr r eplrkle%s egk?&r ?ﬁéeekbﬂfﬂi)ﬁs%d;gﬁ géﬁ??% eré\egﬂsg naaﬁg lﬂ%ﬁ‘é%éﬁ[ &’Oﬁ i a%e 35
station 10 anpathheoise ¢fidhe ynloaded systeminfsachibase station to mestithe eanstant: o

ngp_o[t commnT?CP%éw&hanﬂ bihe dtitht oBYhenf&ietvePipoRapdaid Heoi on
y | I

whi ch ever _pase st S | muni cat i on WI th
Chat the 5 trapsEiitienipRRsTtPod Kcenlalidtich haAnEStihe: SXIeHe Sevheal
?yst emhcon'; rokdsemll ptions are made. The first assumption is that in ané' base station
not shown) e e) a
station and n%%)&% 'gﬁﬁ)léol@g{m g{g“%sgﬁé \r%ﬂgbg Hrr‘%%[h%%ﬁ'gg{l gﬂ; %ﬁfe’}ﬁas
No. 5, 267, 261havedreempbalancedi to bavesthensamiet phﬁﬁmanc:@etm the sanalyses
station 10 angsdpasd ﬁ{a%tﬂ{érhd‘&tlcﬁpﬁ&mg g&ﬂéfxﬁﬁ'ﬁceci?d”'&{rﬂ!laﬁlbeattéa%ﬂsmée

power 5 {oro mpbi [ e_uni t bil e uni decreases its Lminsmt 0
't ei therld  stgHop- s%ta%swmséh GORHtany Tatie heRYEET foral § ROWERADR; 1
power only n‘pﬂat: asee SAnd lipassusies feol ramtymmamddhﬁklpaﬂedossn
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shows the first si 1%1 Retrimental to system

o fmd the forward link handoff boundary between two arbitrary
base stations, base station A and base station B, start by noting that the
15 forward handoff boundary occurs where the ratio of the pilot signal power
of the two base stations to the total power is equal. Assume that mobile
unit C is located at the boundary, mathematically in units of linear power
~ (such as Watts) :

Pilot Power of A Rx'd at C  Pilot Power of B Rx’'d at C

20 Total Power Received at C = Total Power Received at C Eq.2

Noting that the power received at the mobile unit is equal to the power
transmitted times the path loss, Equation 2 becomes:

25 PllotPowerTx'dﬁ'omAXPa&\lossfromAtoC Pilot Power Tx'd from B X Path loss from Bto C 3
Total Power Received at C Total Power Received at C Eq

Re-arranging Equation 3 and eliminating the common denominator, yields:

Pilot Power Tx’d from A _ Path loss from B to C 4
- Pilot Power Tx'd from B — Path loss from A to C Eq.

Following the same procedure for the reverse link and noting that the
reverse link handoff boundary occurs where each base station perceives the
same signal to interference ratio for that mobile unit:

Power of CRx'd at A __ PowerofC Rx'd at B 5
Total Power Received at A ~ Total Power Received at B Eg.

35

Noting that the power received at the base station is equal to the power
transmitted from the mobile unit times the path loss, Equation 5 becomes:

40

Power Tx’d from C X Path loss from Cto A Power Tx’d from C X Path loss from C to B 6
Total Power Received at A = Total Power Received at B G



10 capacity. In Figure 1A forward |ink handoff boundary 60 and reverse
l'ink handof f boundary 50 are significantly unbal anced (i.e. spaced
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| ocated jn a_regi.on where conmuni cation is established only with base
station 3. Equatoni&)is equixalentitapremysesetvigatheinthat: e 35 unit 30 is
| ocated, the forward |ink performance is best with base station 40 but
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And the forward link handoff boundary and the reverse link handoff
boundary are co-located. _

Three mechanisms are needed to perform the breathing function: a
means of initially setting performance to Kievel, 2 means of monitoring the

25 fluctuations’ in the reverse link, and a means of changing the performance
of the forward link in response to the reverse link fluctuations.

One method of initially setting the performance to Kjeve] is to set the
, _ maximum desired pilot signal strength taking into account the variations
over temperature and time and adding attenuation in line with the receiver

30 in a no input signal condition until the Kjevel performance is achieved.
Adding attenuation desensitize the receiver and effectively increases the
noise figure thereof. This also requires that each mobile unit transmit
proportionately more power. The added attenuation should be kept to the
minimum dictated by Kievel.

35 Once initial balance is achieved, the power coming into the base
station can be measured to monitor the reverse link performance. Several
methods can be used. Measurement can be done by monitoring an AGC
(automatic gain control) voltage or by directly measuring the incoming
level. This method has the advantage that if an interferer is present (such

40 as an FM signal) this energy will be measured and the handoff boundaries
will be drawn closer to the base station. By drawing the handoff boundary
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a together has some advantages Fu'st the ratio of the pilot signal strength to

the traffic channel signal strength remains fixed. The mobile unit may be
expecting a fixed ratio and may allocate its resources based on the ratio. If

20 the mobile unit were to receive two equally powerful pilot signals each
corresponding to a traffic channel having a different power level, a
suboptimal decision on the allocation of mobile unit resources could result.
Adjusting the total power is also advantageous because it reduces the
interference to other base station coverage areas. If the pilot signal is not

25 strong enough to warrant a handoff in the coverage area of a neighboring
base station, the high powered traffic channel signal adds unusable and
‘unnecessary interference to that area. Of course, in some applications, it
may be advantageous to combine the methods by controlling the power of
the pilot signal in some cases and the total transmit power in other cases. In

30 still another application, it may be advantageous to change the ratio of the
pilot power to the traffic channel power.

In an ideal,configuration, the breathing mechanism would measure
the receive power and change the transmit power proportionately.
However, some systems may not use the proportional method and may

35 instead change the transmit level only a fraction of the perceived changed
in receive power. For example, if a system was designed in which the
estimation of the received power was difficult and inaccurate, the system
designers may wish to decrease the sensitivity to the inaccuracy. A change
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15 enough to allow this process to happen smoothly.

The process of breathing will naturally limit itself to prevent the total
convergence of the coverage area of the base station due to excess users on
the system. The CDMA system has a large and soft limited capacity. The
term soft limited capacity refers to the fact that one more user can always be

20 added but at some number of users each additional user effects the
communication quality of all the other users. At some greater number of
users, each user’s communication quality becomes unusable and the entire
link is lost to every mobile unit. To prevent the loss of the link, each base
station limits the number of mobile units with which it will establish

25 communication. Once that limit has been reached, the system will refuse
attempts to establish additional calls, i.e. new call originations are blocked.
The limit is a design parameter and is typically set at about 75% of
theoretical capacity. This gives some margin to the system and allows the
system to accept an emergency call even while in the limited condition.

30 This limit of the total number of mobile units communicating within the
coverage area of a single base station naturally limits the maximum
received power and therefore limits the breathing process range of
operation.

Figures 2A - 2C illustrate the base station breathing mechanism.. In

35 Figure 2A, base station 100 has circular coverage area 130 in an unloaded
condition. The coverage area of base station 100 has been balanced in an
unloaded condition and the forward and reverse links coverage areas are
aligned with circular coverage area 130. Base station 110 has circular



~ 15 mnimum receive power |evel which can be detected. The noise
performance of the receiver is typically defined in terms of an overall
syst em noi seMO%{#P¥S By controlling the noise figure of the r &&&UP09283,ch

as by injecting noise or adding attenuation, the reverse |link
per f or mance, and hence the reverse link handoff boundary, may be
adj usted. 20 To bal ance the handoff bggndaries, the performnce of

each base - stafjdleliba DRAGC AL Lp%&@h@&gﬁ&éa%@%?eggggeg 9 gRBace

of other base BT ohsim ore
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simplicity of des %ogﬁaatlx%p £ Sfations ave heenalance F‘é

in this enbodi5nerdn unloaded condittom carsd alie i 200 eepresenits ther iecation e Wlllﬁ&h

of  the receiver nabiifhe Swith eddh "S55k OEld 0B S N HLAM SR Aot

pil ot signal power*in oven e to
t akes advant age dvomm@awfor mance 30 available fromt he syst em Ther efore

to define the const antin il 28 ¥se statiohol(PHa8Be Bt IRAViIy KABEA and base

Eq. 1 vvher e: 335*10 @‘54 ]1l "gi\t&, l%@éf eﬂwpnemﬁes arex of the ravgrse,link has
dB; P[ erxg |§hmm tatharlovationi mfedrmlhﬁtcoﬁeagél aaveis whilkage ﬁimfalrd rlmk
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stations in a sys
base station 100 has not effected the coverage area of base station 100 whxch

is still at circular coverage area 130. Note that the reverse link handoff

boundary between base station 100 and base station 110 has moved to
15 line 125 while the forward link handoff boundary remains at line 120. Thus

the undesirable unbalanced handoff boundary condition has been created.

In Figure 2C, base station 110 has implemented the base station
breathing mechanism. The effect has been to move the forward link
handoff boundary to circular coverage area 145. Line 125 now represents

20 both the forward and reverse link handoff boundaries.

In Figures 2B and 2C, the X's represent system users. In particular
user X 150 is located at the handoff boundary in Figure 2B. Due to his
location, user X is in soft handoff between base station 100 and base
station 110. Note that in Figure 2C, user X 150 is now deep into the coverage

25 area of base station 100 and not in the soft handoff region between base
station 100 and base station 110. Therefore, the heavily loaded base
station 110 has effectively transferred some of its load to the lightly load base
station 100.

Figure 3 is a block diagram showing an exemplary base station

30 Dbreathing configuration. Antenna 270 receives signals at base station 300.
The receive signals are then passed to variable attenuator 200 which has
been used to initially set Kjevel Operation. The receive signals are passed to
power detector 210. Power detector 210 generates a level indicating the total
power in the received signal. Low pass filer 220 averages the power

35 indication and slows the breathing response time. Scale and threshold 230
sets the desired ratio and offset of the relation between increases in the
reverse link power and decreases in the forward link power. Scale and
threshold 230 outputs a control signal for variable gain device 240. Variable



Note-that once Klerr] is chosen, artificial neans can be used to increase

t he ReblBeosyse of the unl oaded system of each base st apdfosdsposet the
const ant. To prove that setting the sum of the received power
and the 5 transmtted power to a Klerr] indeed bal ances the system

sever al assunptions are nmade. The first assunption is that in any base
station using nultiple redundant recei M€ and transmit antennas, the
ant ennas hgain desdoe 1240 aacceptst thehtrapsmiesignat apd rprovides: a. gath scontiailed

anal yses ag.ﬁ?q_r& : t 'g,%g\r,' Hi (o] Coed s '
at each base 10 t_atsslfﬁgl 'f&t H%}g rresér;ﬂgﬂig{eggt ra’toggé'bg?v\ge%sq %P@q ?ff%s?\imae?d
link power and transit signal andpassesoifeantenna 360 o1 daapsmissiorpewer the wirelgss
forward |ink paghkl oss and the reverse link path |oss. To
find the forward |i handof.f .boupdary bet.ween. two, arbitrary, base
stations, b&se stat iY@ W%%%P%?E%l%ﬁh%‘,‘r pf EW&tfﬁé’f'haﬁortmuﬁl@
forward handof faritenndsira60oandr270vineaye eabk compriseftwichangennas. siQmabnpessely
of the two base | t t I lenl ile.
anit G i o1 ocardelha 20ihd 290 R b HE salry, filéAna, | FAL Bl Ueliibiohin
(such as Watts)Figure 3 isibaged iscoming' signal power withipdherband ef integest:
ﬁotzo TOE ﬁ' t P?‘r’]"eAs RAs&issed above, _Pﬁgﬁadeté’&\lﬁ{, I cﬁ@fb?' Ud%@daéoligyl-:éh ttﬁe number of
ing tha e power receiyve e | unit is equal  fo.the power,
ranem t 1 od | EOPHRATES which Fave esiaphahed comsmentaBan Yeith iheriasd: stekion.
fromA X Path | Ao lowrpasstfilef 220! mayRsevarlineardfilteroor Boilifiean filtes (shclorsta
to C 0, lved at C = Total Power Received at C
slg e e, FRER)

Re- arrangi ng Equati on hating the conmmon denomi nator, vyields:
Pilot Power Tx'd frokhere paehmasys obvieus Yariations toptherpresenty iyentionods B
= Path | oss froptegehfedCincluding simple ar_cﬁilectﬁ.ra’icthanges.Fqihbcv%@aesi@iﬁﬁon
procedure f t(ye rever.se n%an.c?n reverse

| tJ t hat h K, .
P ool T boutiar OF tie Brefstag, arbadyndiis Roxidedtq Enable any pajeon skilleed jp, the

signal to interdrtrinneakedrousethe [presentbinventiont | The variou®Panedifidatiorsx tal

at A Povier  fifesl e@{b%(iqi?ﬁegﬁs will bd Fedlilf WparSaCR Hithe Fkitled il the'ark M

Received at B
the generic principles defined herein may be applied to other embodiments

without the use of the inventive faculty. Thus, the present invention is not
20 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. '

WE CLAIM:



Noting that the power.recei-ved: éi't'" "t he base station is equal to the power
transmtted fromthe m)blle u §1 the path | oss, Equation 5 becones:
40 PoweWOPE03848 r om CTN mC to A Power Tx'd Pcomses/od2f2at h | oss
fromCto BEq. 6 vver Received at A = Total Power
Received at B 13

Re- arrangi ng Equati on 6 and eI Im natl ng the common nuner at or, vyields:

Total Power Received at A Path loss from @8to A Total Power Recei ved .
at B = Path loss fromCto B (HoAIMS 5 Due to the assuned

reciprocity in the forward and reverse Iink path | oss at any | ocation,
Equations 4 and 7 nmay be conbi ned to yi e Tot al Power Received at A

Pilot Power Tx'd fkom Bn a systgayh aIV(W&ra Rééléﬁh%’d oftbase-statians rapableTaf d

from At dzB bl-ﬁec&nﬂocoMmbaﬁohmlw at ﬁRdeileEGHﬁt m%réhﬁBﬁﬂmATﬂo -
ower to i el ds ec
I[I%ecel ved at %’);:%umcated tquaF%tm%ﬁ% “F ISB’rd Bﬁ(r@%ﬂ’ of Fk?q tStﬁW%"r oma

fromA (d&) feqwadd link arfdinforomation iis cemmmilmtedtm Baﬂ‘rpsl&rai 6Dbh§el n

(08 = K er r |5tafiOh froMElid RAIIC Un of & Felerse g andiFheféinleddiBhte,

fromB (dB) :sthpgn rdefines a forward link coverage area and a reverse hnk coverage
area, a method of controlling said base station coverage areas comprising the

8 stepsof:
measuring a reverse link power level received at a first base station
10  and at a second base station; and {

adjusting a forward link power level at said first base station and at
12 said second base station based on said reverse link power level
measurement at said first and second base stations to preserve a balance of a
14 location of equivalent forward link performance in relation to a location of
equivalent reverse link performance between said first and said second base

16 stations. '

2. A method of Claim 1 wherein the product of said reverse link

2 power level at said first base station and said forward link power level at

said first base station is equal to a constant and the product of said reverse

4 link power level at said second base station and said forward link power
level at said second base station is equal to said constant.

3. A method of Claim 1 wherein the product of said reverse link
2 power level at said first base station and said forward link power level at
said first base station is equal to a constant when said reverse link power
4 level at said first base station is greater than a threshold and the product of
said reverse link power level at said second base station and said forward
6 link power level at said second base station is equal to said constant when
said reverse link power level at said second base station is greater than said

8 threshold.

4. In a system having a plurality of base stations, each of said

2  plurality of base stations having a corresponding forward link coverage area
and a corresponding reverse link coverage area wherein each of said

4 plurality of base stations is capable of commumcatmg to a moblle unit
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20 -then equation 8 will be satisfied. And the forward |ink handoff

boundary“;ip&, I ev eTigsSheat His He qed boundary are cq; .
Three rrechanlotsagrg;5 are n Lmthe br eat hi ng func'([i’iégz'&’ié’g&n nmeans
of initially setting p [err], a neans of nonitoring the 25

I'n

fluctuations in the reverse , and a neans of changing the performance
of the forward link in response to the revggse |ink fluctuations.

One et hod of 144Hibdl Ahithirs $hid RSrre ?ﬂg@{n‘cﬁfdw}ﬁ'a fifk '&%ngj[ %retaoaﬁ&te[aitﬂeof

maxi mum desi red@fn ot _slI g?iﬁéSt rer . n&| nto account e varratrons
over tenpePat SRl RIFalityOf Dage stalicns issapabla PhreceIVINg romyTumieation fomn er
30h' i nda no imgbite &hwmcaféald?ifﬂiﬁrsamﬂcbhefsbén&{hr%r fdvepsy hﬁkr@(}f‘e@? s area, a
achi eved. PN 1 enuat esensiti.ze, the recei ver and effectjvely
i ncr eases §hemé%gdngf %@%ﬂ%&r%%ﬁ&fo&b?& affrst 3‘?%"?"23’6\‘% SQVEIASE dLfanto a
nobi | e unit tdegatiar of a firgtr rverse dinkt edverage arenworrespondingénl afirstrbase on
shoul d bejfep s i dTHEU ectated by Klerr]. 35 Once
initial bé an%gftfbg{ gtgﬂpgl\?lenmgégg%? com ng into the base station
can be neasured toTREARUINE thdevel of dloading C%eﬁ#’é‘r Feyrmse kmkeeoyerage area

?Et thOdSt cap béndizatdve MF%EM lfﬁt&ﬁbncdfrsgi&dfﬁﬂ '&th!Se' ok E@_ﬁéﬂag?%@eé%d _
automatic gain control) vol.t.age or L kec measuy, i e i ncom.n

| evel . This method Chggﬁiq&ﬁﬂ&i@ﬁi‘ﬁg@ ‘%/fhsﬂé ﬁ“gﬁwﬁ%ﬁf’vﬁ?&% %’?@rhagsféuch.
40 as anl#M ongsmad medswredrlevelyofioadidg neasured and the handof f

boundari es will be drawn closer to the base station. By draw ng the

handof f boundary L . . ) 14
closer to the baseSst at 131 methodnof aligningnef; Glaimii whereiny saidmeasured

2 level of loading of said reverse link coverage area comprises energy received
from a set of mobile units located within said first reverse link coverage
4 area.

6. The method of aligning of Claim 5 wherein said level of
2  loading of said reverse link coverage area further comprises energy received
from a non system user and a set of mobile units located within a reverse

4  link coverage area corresponding to a second base station.

7. The method of aligning Claim 4 wherein said step of changing
2 said location of said first forward link coverage area is limited to a
minimum coverage area boundary.

8. The method of aligning Claim 4 wherein said step of
2 ° measuring comprises the step of counting the number of mioible units in
- communication with said first base station.

9. A method for balancing base station boundaries in a system
2 comprising a plurality of base stations, comprising the steps of:

transmitting a forward link signal at a selected power level from a
4 first base station defining a first forward link coverage area;

receiving a reverse link signal at a first power level at said first base
6 station defining a first reverse link coverage area;

transmitting a forward link signal at a selected power level from a
8 second base station defining a second forward link coverage area, wherein

said first forward link coverage area and said second forward link coverage
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coverage area of the base station and its effect minimzed. Measurenment
d be nmade by si npl yTbloﬁmEtrﬂqﬂBQEhEepﬂmﬂaer of users communicatin

oul
through t WO 96438455t at i on the total power ba?éﬂ"‘?ﬁ?sg??ézfact 5
that each nobile unit's i yarrrves at the base station at the

same signal |evel. _ reverse |ink power increases, the
forward |ink power shoul d be decreased Thrs can be easily achreved by
usi ng an exjstin Ci [ cui ;%btra rcuitr

brovidi ng. 10 cofffTtsmest £ dsfing & foraft it dEY. Jocatiphi3f Whith o thobile;
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0 e
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Logether has. SEREra AR aperass ared afd Said ety rrsva’ssaﬁng. GAUTage, a5t
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g
The ratio. 1 B and seld Secord) vl BadllY sBiei 08 S iunliicatRa KR 2 itk

pi | ot signd®s sadnat said repersedipdn equatityologation with thﬁaﬁam pﬁdomgnae leve!
di fferent power |evihergin said wmal ﬁawaqevél af' s Fhevatd ¢ srgihapffm

bi | | d
avant agool bk GEst basestacion and said seluedipauer. J6vel6f el Bowardt Bins on
cover age ar eas sxgn‘al fiom said secorghbase statioh a1é sebdcterh guehn thathsdid forwanhtink {
handof { /i b he GaYEAAREaALA A seld 160 BB Bauatity B8R0 50 R sarhde M O

powered tra frc srgna S ‘unusa unnecessary
interference to that area. O course, in sone applications, it may be

advant ageous to confpne tie MK foP baldiHing Hasa $tdtion RRMNdaRles of c151he9
pr | ot si gna# E‘é’?‘ﬁm cases. ang‘the total transmt power in other cases.
ot

still ﬁbﬁ?Wﬁs% ¢ pep8\Pfhe advant ageous to change the ratro
of the pilot poeeeiving atrsaid fiast base btationl sgidweverse link signal ata second

- 1deal confi a gerfhhr Ie%l @ﬁgﬁ%ﬂ"tﬁkﬂ\ %Efcf‘?i}h§§bonat Qv@??ﬁé@x@e?_‘oat sahﬁeﬁ{?s‘icﬁés\ée

power and c propor
systems may noftation thereby dedining a-secendruna qveys%bnkrm amgfeserlﬁe
transmt |egel fiesd hase sftiﬁ@f& afd d¥firiifg PREwereversedrdk eqdality location; and

transmitting from said first base station said forward link signal at a
8 lower power level defining a second forward link coverage area and a new
forward link equality location such that said new forward link equality

10  location is the same as said new reverse link equality location.

11. The method for balancing base station boundaries of Claim 9

2 wherein each of said plurality base stations in said system transmits a pilot

* signal and wherein said forward link signal from said first base station is
4 said pilot signal corresponding to said first base station.

12.  The method for balancing base station boundaries of Claim 9

2  wherein each of said plurality ofbase stations in said system transmits a pilot

signal and message signals and wherein said forward link signal from said

4 first base station is said pilot signal and ‘said message signals corresponding
to said first base station.

13. The method for balancing base station boundaries of Claim 9
2 wherein the product of said selected power level of saxd forward hnk sxgnal
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I n‘receive power. For ﬁ |f a system was designed in which the

esti mat |wr,9@/fo3§4§e recei agdfficult and i naccummsgs/mlﬁyst em
designers nmay wish to d ,l nsitivity to the inaccuracy. A change
15 in transmt Iev Iyafractlon of the change in receive
power achi eves the desensitization while preventing gross unbal ance of
t he handof f boundari es. Akt her al ternative changes the

transmit | evefroomisgidiiizst bage statioscendesaiddizst powerlevel qfr saidtreverseelink
threshol d.4 Th%ﬁnﬁ?frﬂﬂf’sﬁﬁ@u@t Bﬁﬁe stat10§ﬁ§%qh91 2] ié gﬁ%étjaﬁt deal with

interferers course this net ined with a system whi ch
changes the transmt level only a fraction of the perceived change in

recei ve power. 14.  The Thethodeforhbalgnoing basesstativatbdimvdariescef Claim 13

handof fs. 2ro Wheldin S@05RAlr of 18id sﬁ?ﬁ%@‘nﬂ%@ﬁé W B SR G, BRR sl ge
in power and from sa@&eaondslwgestahomhendasmdspmndevélhef said eeverset link!| er
must make g Wgﬁﬁh?hﬁgﬂ%?&q%b@étmxs%l 1) 1d'°td}§ ge nust be sent

back to the hi's process rre an he br eat hi ng
process should be slow 15 enough to allow this process to happen snoothly.

The process of bregs.hi NFhaishéthod f&ﬁt&lﬁnuﬂgibadetétahbntvblﬁ{dﬁtﬁ%tof CaibhPt sl
convergencmja of ,t he cov rage ar!eagof thg e station.due to excess users on

the systerfi THOCEEHSAY P Ve OYeIHMSy capacity. The

termsoft limted capacity refers to the fact that one nore user can al ways

be 20 added but ajgsorm W@ﬁo@&?ﬁﬁs&cﬁ?@ Bagé' Sl Bouitaghies decetait b

communi catl on ual A
users, each uW gmc Rower ipveliafysaid gewerse link &m@alaafdsmdeﬁaﬁtbasg

station comprises an amount of artificial power such that the product of said
4 selected power level of said forward link signal from said first base station

and said power level of said reverse link signal from said first base station is
6 equal to a constant.

17. The method for balancing base station boundaries of Claim 16
2  further wherein said power of said reverse link signal at said second base
station comprises an amount of artificial power to such that the product of
4 said power level of said forward link signal from said second base station
and said power level of said reverse link signal from said second base

6 station is equal fo said constant.

18. An apparatus for controlling a location of a forward link
2 coverage area and a reverse link coverage area of a base station in a system
- of base stations capable of bi-directional communication with a set of mobile
4 units comprising:
an antenna system for receiving an incoming signal at a receive
6 power level and for providing a transmit signal at a transmit power level;
a power detector having an input coupled to said antenna system and
8 having an output for providing a power level output indication
proportional to said receive power level; and
10 a variable attenuator coupled said output of said power detector for
receiving a power control signal and receiving an information signal and
12 providing a power controlled information signal wherein the output of said
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link is lost to every mobile unit. To prevent the loss of the |ink, each

base Sv8bk/asRal | M tsrh'ish;ﬁeennﬁmeénmﬁladmbl le units wth whi p&-mjsg%gzi
establish 25 conmuni catl imt has been reached, the system
will refuse attenpts mﬂgnmm%ddl tional calls, i.e. new call
originations are bl ocked. I is a design paraneter and is
typically set at about 75% of t heoretic#2 capacity. This gives sone
margin to the SW&&QEI@%@M&M@ i$ ledupled t6 said antenrer spgtent therebyosutting csid

even while i limted condition. 30 This limt of the total nurrber of

nobi | e uni tsﬂ}c ﬂ?@éﬁ?ﬂ‘j’eﬁﬁ?ﬁlh t he coverage area of a single base
station natural |y |imviereinetheproduct of said xeceive power lewel wfesadd dingoming

limts the bjgat %}Eﬂglb&&?%ﬁﬁistfa gtf)wer levéi’%?rsﬁfd &'&nsxmt signal is a Ebﬂézl-kﬁéd 46

- 2Cillustrate ase station |ng mec Ism gure
base station 100maiatain balange ’%é@@rlﬂ?@ tigneof ngb?‘i’rrW%Fﬁi GQHSEFge area and said

condition. Hg c%@mr@ﬁeﬁ g, stati on 100 has been bal anced in an
unl oaded condition and the formard and reverse |inks coverage areas are

aligned with circular coverage area 130. Base station 110 has circul ar
16 coverage areal940 Theaappatatasidorcoontrolling theecaveragagarear of afbase

base stajio S

the forward E: &a égr%\?glra?g ﬁ?@coveﬁ%ﬁ$%§%¢@%ﬁg% @It“lém rc[ﬁja
coverage area 14UECEIV9 artterna sy sich Rﬁw%éiﬁt%f&ﬁfﬂissqt@m&ﬁél prodagt to a
been Dbal ancechtoc&{éiéﬁﬂ wtﬂn%alagpdwéxomﬂos@am incomiagkithakisl#iniRBmesent s

the | ocation at which operdtion with each base statron is sane and
hence bot h handof f boundari es. In Figure 2B, base station
110 has be come heavi 2§. Ioﬁﬁedappﬂalhasefor contsoﬂmg)rtheomva'agegatdayofomdmse

The coverage Areg.phnt B CIGNR" £F fhtthér W@inprising means of scaling and gating said
power level output indication disposed between said power detector and
4 said variable attenuator.
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10 shrunk %@) t he Iocatlon of circular coverage area 145 while the formard
l'ink @ Sarea remains at circular coverage area 14 &g

| oadi ng of base station 100 has not effected the coverag base
station 100 which is still at circular coverage area 130. Note that
the reverse |ink handoff boundary between base station 100 and base
station 110 has noved to 15 |ine 125 whilg/4he forward |ink handoff
boundary renmains at |ine 120. Thus t he undesirabl e unbal anced handof f
boundary condition has been created. In Figure 2C, base station
110 has inplenented the base station breat hi ng mechani sm The effect
has been to nove the forward |inkgg handof f baundary to circul ar

coverage area 145. Ling 125 mm&dfx)esents 20 bot™t he for@@ L and reverse
| i nk handof f boundam_eg. ALY Figures 2B apd 2C—t r epr esent
systemusers. In par t Xt {X 150 is | ocads
boundary in Figure & | ocat i on,.-=SE
bet ween base statio Beil

not in the soft hanu-_w :
station 110. Therefore, the heavity

effectively transfe
station 100. ﬁfizioéEQSre 3 is a block diagram show ng an exenpl ary
base station 30 breathing configuration. Antenna 270 receives signals at

base station 300. The receive signals are then passed to variable
attenuat or 200 whi ch has been used to-initially set K err] operation.
The receive signals are passed to power detector 210. Power detector

er in the received
indi cati on ang sloms t he

signal. Low pass filer q the power
br eat hi ng responseﬂl' threshol d

210 generates a | evel ﬂndicatingG&Se t ot al éﬂp

out puts a control s'

FIG. 1C



17 gai n device 240 accepts the transmt signal and provides a gain

cont r ol | & 96/03845ut put signal to high power anplifier (HPAPCHss562A2250
anplifies the transit signal and passes to antenna 260 for transm ssion
over the wrel ess link. 5 Many variations to the configuration
of Figure 3 exist. For exanple, antennas 260 and 270 may each conprise
two antennas. O conversely antenngg3z 260 and 270 may be the sane
antenna. The power detection in Flgure 3 is based on all incomng
signal power within the band of interest. As di scussed above, power
detection can be based solely on the nunber of 10 nobile units which have
est abl i shed communi cation with the base gtation. Al'so | ow pass filer
220 may be a linear filter or nonlinear flil20er (such as a slewrate
limting filter). There are ngry obvious variations to the
present invention as presented incl yding sinple architectural changes.

The previous description 15 P tre—pur ef 6 deafodi nent is provided to
enabl e any person skilled in the€ » Y8 use the present
invention. The various nodifigati t hese eégbodi ments will be
readily apparent to those skifll q t he generic
principles defined herein may b % ) otﬁ'elr Genbpdi ment s Wi t hout
the use of the inventive facylty. Thus > ifnvention is not 20

accorded the w dest scope cons
di scl osed herein. VE CLAI M

FIG. 2A

FIG. 2B

FiG. 2C 125




CLAI VB 1. In a system having a plurality of base stations for
2 bi-di memvé/gseed comuni cation with a nobile unit wherei nPCTUsSSBEIZON | S
comuni cated to said nobile unit fromsaid plurality of base stations on a
4 forward link and information is communicated to said plurality of base
stations fromsaid nobile unit on a reverse Iink and wherein each base 6
station defines a forward |Iink coverageyarea and a reverse |link coverage
area, a nethod of controlling said base station coverage areas conprising
the 8 steps of: measuring a reverse |ink power |evel received
at a first base station 10 and at a second base station; and

adjusting a forward |ink power level at said first base station and at 12
sai d second base st ajgpon based on said reverse |ink power -1leve

measur enent at said fi“x\&and second base stations to preserve a bal ance of
a 14 location of equival&nf forward |inkA260f ormance in Qvation to a

| ocati on of equi val ent reverse |ink \pgrf rsaid first and
sai d second base 16 stations. \l, A nethod‘ Caim1l
wherein the product of sa@d& everse link ¥ power |evel aid first base

station and said forwaf TR at sai di-frrSt—tape station
is equal to a constant P4 QA $¢ai d reverse P | evel
at said secondl 'jﬂ 1-.Slajeh arexnadd | i nk powef 25 | ey&00at said
second base SIGNAbn 1 5| e§H d—tor "3, LA nethod
of Claim1 wherein thelLg juct] of'sald reverse link 2lpoler.leVel at said
first base station and Samifégdmfd l'i nk r level at ) said first
base station is equaf—+ —destant wh = v ppvl) 4 | eve

at said first base s ter tﬂngpAsgr
sai d reverse |ink poyerHRESHORD sﬁ?‘d"‘sefvﬁE
|on

6 link power |evel at_said second base i ald |
when said reverse |link power |evel at sald second base station is

greater than said
FIG. 3

D



8 t Rreskol d. 4. In a syst ' lity
st atii ons, each of said 2 plurality of b;mﬂgyﬂgn’ﬂﬂﬂlggmng a
forward |ink coverage area and a co se |i
area wherein each of said 4 plurality of base stations is f
comuni cating to a nobile unit | ocated within sai
corresponding forward |ink coverage area andef‘sa_?_h of 6 sai d
base stations is for receiving comunicat] [ om a nobi f.e.-unAi-t——""""

| ocated within said correspondi ng reverse CLAIMS er age area, a 8 met hod

of aligning a |location of a first forward Iink coverage area to a

| ocation of a first reverse |ink coverage area, corresponding to a first

base 10 station conprlisi ndnt acsystespshaying a plurality of bage statians efer  of

| oadi ng of sapd rb‘?ycﬁEéﬁid:Lﬂ ke FTRMRIMERIGH SRith2a mBBilE alnitowRbreiRl RIS RRATSPs
of said first reverse ILnk covera

e area; an ] .chapgi ng sai d
| ocation of sai dCOMEBUNGAteR tQ SPM% @@H&e%ﬁﬁﬁ%é“ﬂaﬁbﬂahw opgﬂs%gat,agons on a

measured | evely offol@Wasd Nenk and informatioh is comifufiiab@d! t6f saidli Pliralityobf base
Claim4 wherein said negsured,

a vel qforltoadi n 8f1é{§€i d Wrrse I |&< base
coverage area corfR{QRS Eomm, $A1d, BMOGTSYNIt ON 3 FEYFISE MR ANGYRETELY SR
| ocated withig satstibn définesvefoeward Hirdocevemngedareacand.a reverse link coverage
ard revarse || it RRSREToRBIES SR UG cBrerate ant i piMPrifthg the
a non system 8serstepgiofa set of nobile units located within a reverse
measuring a reverse link power level received at a first base station
10  and at a second base station; and
adjusting a forward link power level at said first base station and at
12 said second base station based on said reverse link power level
measurement at said first and second base stations to preserve a balance of a
14 location of equivalent forward link performance in relation to a location of
equivalent reverse link performance between said first and said second base
16 stations.

f phRgE L w: £l
org-espondi Tig
ik F:O\(e;_r age ..

2. A method of Claim 1 wherein the product of said reverse link

2 power level at said first base station and said forward link power level at

said first base station is equal to a constant and the product of said reverse

4 link power level at said second base station and said forward link power
level at said second base station is equal to said constant.

3. A method of Claim 1 wherein the product of said reverse link
2 power level at said first base station and said forward link power level at
said first base station is equal to a constant when said reverse link power
4 level at said first base station is greater than a threshold and the product of
said reverse link power level at said second base station and said forward
6 link power level at said second base station is equal to said constant when
said reverse link power level at said second base station is greater than said

8 threshold. |

4, In a system having a plurality of base stations, each of said

2  plurality of base stations having a corresponding forward link coverage area
and a corresponding reverse link coverage area wherein each of said

4 plurality of base stations is for communicating to a mobile unit




Location of said first forward |ink cover&ge-arasSis*limted to
m ni mum cover age area boundary. 8. The met hod of |[a

i gni ng
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Claim4 wherein said step of 2 measuring conprises the step ¢f counting
the nunber of nobile units in communipption with said first.base

located within s 'd@éﬁ}_@ﬂp&@ing OW'T&%‘@%S"%% iﬂ?ﬁﬁﬁ"lq]g%éiggpisn

station.
a system 2
of : 6

ase stations, ri

comprising a plurality q ns g
Say Rhm‘é‘?%hg!' ok 5’359 statigasds | if9E_si gneaceisting communizatioovicoml zvel

froma 4  finmobidesmiblihtewitih @hm_c@n&%éﬁd@glrfggége;{iﬂg OUUERYzL §2

recei ving g
station defi

NG of AlighidE . I55eriae ob o

0
@tem?mg link coverage area to a

transmtting dotatiowiof d fiest siverwl link vesd@Lhpdh BoMBEpORYIRg {d Qrﬁxﬁfl%ase

second basg S ' fining,a second forward |ink coverage~area, erern
said fi rstﬁﬁf oﬁs\?\iiat;cg{]fz‘gﬁw{?mép?géeﬁs?g and said second forward |ink coverage
20 10 area interseneasurinipfd devel Oploadihg ioﬂksaiduaé‘}et;yeIlmlatd'@@rg#e'%g&h a
mobi | e U iy i . | | .t sane performance Tevel
with said?2 %?lrcga?l v é)\stfgglsch | oﬁﬁ fggé&%aﬁ#ts%xgﬁg 1’6@‘5%‘”&’3&? 8ffa: ap

recei ving a rever séhangingssajddocatiom of saist firstvforward dinkl coveragd dres daded
station defi nigadsAdSReiFed Q¥ lscﬁ_lééd‘ilﬁ coverage area, wherein said first

reverse |link coverage area and sai

second reverse |link coverage area

5. The method of aligning of Claim 4 wherein said measured
level of loading of said reverse link coverage area comprises energy received
from a set of mobile units located within said first reverse link coverage
area. )

6. The method of aligning of Claim 5 wherein said level of
loading of said reverse link coverage area further comprises energy received
from a non system user and a set of mobile units located within a reverse
link coverage area corresponding to a second base station. |

7. The method of aligning Claim 4 wherein said step of changing
said location of said first forward link coverage area is limited to a
minimum coverage area boundary.

8. - The method of aligning Claim 4 wherein said step of
measuring comprises the step of counting the number of mobile units in
communication with said first base station.

9. A method for balancing base station boundaries in a system
comprising a plurality of base stations, comprising the steps of:

transmitting a forward link signal at a selected power level from a
first base station defining a first forward link coverage area;

receiving a reverse link signal at a first power level at said first base
station defining a first reverse link coverage area;

transmitting a forward link signal at a selected power level from a
second base station defining a second forward link coverage area, wherein
said first forward link coverage area and said second forward link coverage



16 intersect to define a reverse i on V\/nerelrn‘sald fLrst.
base station and said second bag mH Icl ” ﬂa L communi cjati on froma
mobi l e 18 unit at said reverse link ®qufalitty®| otation wth tﬁe §ame... vy j

performance | evel; wherein said sel ected power Ievell of sai d
forward link signal from20 said fi rst base station and said selected

power |evel of said forward |ink fromsai d second-base-statj.on

are sel ecfed éeésg]n&{ra&gggdageﬁaéwf&méeakxfzﬁq&qu?' lokitioR 3 WRRhA Igldl

reverse I|nk equ 'on are
for bal anci ngubds@cgw&su communidatiorswigth theysame perfoomanee levelpmith 1sgid he

steps of 112 firstb eilra%ﬁ'éﬂ §hlatseﬁ@ﬁfbﬁééﬁt%u5ﬂs§ gtation said reverse |ink

S|gnal at a secon ower [evel er than sal first power |evel
received at said fracstwbasaereverseshrd% pigmal id & pEWRST leveh@téagbémdsbase er

reverse |ligk aaﬁ@haaeﬁﬁr aOEec?&ldi reﬁeisbrﬁhkbééﬁerﬁgétéx‘éﬂ iR | 'saic{'gn?: new
tion tr,a smttln from sal I rst

reverse link equalit

base station ¥X5¢ dh&ar‘&"ﬂ?ﬁ@ ﬁ%aﬁndatsaég sé?cPBﬁeFe‘fﬁﬁ%rh VOVEERSe ey a

Isecotnd fOIWL dxttbtsakt e@\d@fa@ed ?&@ears%nﬁnhk t?' lociﬁbwaﬁﬁeireltxﬁ lsamltfﬁ*tsth bése
ocation suc said_new fo e | oC i S e

as sai d new r%@gpgea’ﬁ ﬁﬂlia?ﬁ.ﬂq%a?%ﬁgﬂo& cdive Yommuni % TR r%?h@

for bal ant nguhitsat saichireverse dinklequality dbczmm with the samiecperformande levebai d
lurality of base n n 0 and

\a,herei n }s/ai d fo_rvvar ?%'%'kéqsl?gsa tgdg% sal éé‘??lréfg%aseomf@[ﬂbk Shgxﬁélggripa

pi I ot sigfhl eaidr Bessdpasengtationsand spid selested pawier devel of said forward 1lgnk

The net hod fogxghal friom @MJ nat@éée%a&@m@@rséﬁwaf sudtP Bt Raid forwdiar
each of s ural ity of ations |Esa| systemtran mits a pi

si gnal antf meSdRfEY<PEatien agagﬁ EPVATSe uAlirlgcation: agq &om sai d
4 first base station is said pilot signal and said message signals
COTresPond 19 1 12,5 Tb8 ahbla KRR Bape aration bouscais of (e 9
product of2 safurthed earhprisingve $tepelofof said forward |ink signal
receiving at said first base station said reverse link signal at a second
4 power level higher than said first power level received at said first base
station thereby defining a second smaller reverse link coverage area of said
6 first base station and defining a new reverse link equality location; and
transmitting from said first base station said forward link signal at a
8 lower power level defining a second forward link coverage area and a new
forward link equality location such that said new forward link equality
10 location is the same as said new reverse link equality location.

11.- The method for balancing base station boundaries of Claim 9
2 wherein each of said plurality i base stations in said system transmits
a pilot signal and wherein said forward link signal from said first base

4 station is said pilot signal corresponding to said first base station.

12 The method for balancing base station boundaries of Claim 9

2 wherein each of said plurality of bese stations in said system transmits a pilot

signal and message signals and wherein said forward link signal from said

4 first base station is said pilot signal and said message signals corresponding
to said first base station.

13. The method for balancing base station boundaries of Claim 9
2 wherein the product of said selected power level of said forward link signal
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21 fromsaid first base station and said flrst ﬁower l e eF"o

reverse link 4 signal fromsaid fi “M‘M‘ is equal o a constant.
:14. The nethod for bal anci ng base aﬂ‘\ﬁ \“ﬂ s of O aifn 133200 w95
wherein the product of said sel ectedpower | e¥Vel® of said fo ward |ink
si gnal from said second base station and said power |evel “of TsEd

reverse link 4 signal fromsaid second ba statlon IS equal to. said

const ant . t hod_f,or e,s n boundar.i es
of Ol afm 13 2frofh it RstPEe ST eng a&@ffifﬁ? o 3 2 ik feyerig
16. The nét hacgnﬁbfrohabadcﬁmgbbsesaaﬂbatxsequb)btmaiaonstanbf Caim9 2 wherein
said first power |evel of said reverse link signal at said first base
station conprises an anmount of artificial power such that the product of
said 4 select ed pdmer The ahethiods fordbdlenciagdbdsenstation riduridacies i Claimr 3

firet baset o Ao @Zﬁmﬁ%ﬂé?%‘s&%??@w R BF said ord/ o Tind HRRRES ¢

for bal anci ng M%esasdeaem teasedstation and gaid pawep h‘-Yer ohesaidvneverse link d

power | evel ofighal fronf S Rebhd bask Sttioreis etlaflto saidS@fdfghebase stati on
conprises an ar%@nt()h? artssfec#c#al power toesiﬁch t at the product of said
power |evel of said forward |ink si gnal from sai d second base station

and said power |evgh, of Tﬁélxﬁeﬂﬁ)defﬁebélhﬁkmﬁ basedstation 'sutirfdRirfbs SECOREmMP s ©
station is equ%%to sai,d co

t f
control | in am ﬁﬁ‘}d&mﬁ&?"%%mamlﬁl?nﬁi V%%Pgﬁreémeggpg;\g ;Sre\%rse

| i nk coverage area of a base station in a system _
16. The method for balancing base station boundaries of Claim 9
2  wherein said first power level of said reverse link signal at said first base
station comprises an amount of artificial power such that the product of said
4 selected power level of said forward link signal from said first base station
and said power level of said reverse link signal from said first base station is
6 equal to a constant.

17. The method for balancing base station boundaries of Claim 16
2 further wherein said power level of said reverse link signal at said

second base station comprises an amount of artificial power to such
4 that the product of said power level of said forward link signal from

said second base station and said power level of said reverse 1link
6 signal from said second base station is equal to said constant.

18 An apparatus for controlling a location of a forward link
-2 coverage area and a reverse link coverage area of a base station in a system
of base stations for ~  bi-directional communication with a set of mobile
4 units comprising:
an antenna system for receiving an incoming signal at a receive
6 power level and for providing a transmit signal at a transmit power level;
a power detector having an input coupled to said antenna system and
8 having an output for providing a power level output indication
proportional to said receive power level; and
10 a variable attenuator coupled said output of said power detector for |
receiving a power control signal and receiving an information signal and
12 providing a power controlled information signal wherein the output of said



" of base stations for bidirectional communication with a

base REPLALDBDN D S0k

set of nobile
uhits conpri si ng: an anl1 ﬂ'mlmf mml m“lr ecei vl np angi.ncomadg
"-signal at a receive 6 power |evel w g atrangmt signal at

transmt power |evel; a gowér Het'ect®or *havi ng an-rnput—couple€d
to said antenna system and 8 having an output for providing a power. Ieve,L
out put indication proportn onal to sgid receive power Tevel; and 10

Cevaiving a SBUP R MTaHSL i an%*?ﬁsmﬁéﬁ%#?&?@{ HRRER Hitihdisaicha 12

provi di ng4a pramsmit powes|level;i nf or mati on signal wherein the out put of said

22 vari able QRBHAIAL drdduRy skl reeivd BOWRRByEY 8F SH1d RESRINg

setting said 14 tr
sai d recébve smmbandém tr@nsg'e\t powies devel P said agsmnit sigaabt;u dcwtmléed to

pover |evel @haifigdid balfeThisafd mhdnSof S F6 Rl ArROLAR coveragl™ rga ah@ dagy ance

in said | gcation oi ald forward link coverage area and sard reverse
link covéPag&evared’ coverage aréai g The apparatus for controlling the
coverage area of a base station of Claim 18 further conprising an

attenuat or di spos be en S {ng recei éenna and said
detector for sett g s APBA s fpr,co "°ﬁ ﬁtc?/magga?r&apgaé basge|
of sai FII i Ecowstatg)rsoiﬁédun 18 rfuntl'tmf roomprising an atterd@ator d?s&dpb&tateea Sabd
t
conpr i si ng Ak eraaaa in%lgﬁm?s%% BrheSeting sBld" Pyt 0%

i ndi catio dmmshaetjﬂimmm pewver Meéro dai mmmgjﬂgnal is minimum.

20. The apparatus for controlling the coverage area of a base
2 station of Claim 18 further comprising means of scaling and gating said
power level output indication disposed between said power detector and

4 said variable attenuator.
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4 said variabl e attenuator. u "u“ “Ml“"[ I L # e ST
. 23 21. In a system heu“ lJ I of babej stati ons . g

-capabl e of 2 bi di recti onal communi cat® o witt h*a holi | e uni ereim’” \ \
information is comruni cated to said nobile unit from sai | ur.ali-ty-—ef—— |
base stations on a 4 forward Iink and information is communpicated to }
said plurality of base stati ons,f_%},lm said nobile unit on'a—reverse ™"

i nk and wher ei h b '
i nk an erelpgach basg a Gystedt AbvHg Q%!&Sﬁ?aoﬁgéy@éétiohgg?{#&\ﬁfé 696

area and a reverse link coverage are ge contr said
base % at bbﬁlrésvenalg@om@&su%m |‘§itgg a; pobiles it gvhergin information is

measur i ngc&n&ﬁuﬁfe‘a@ed itolsald Weobile valit FRARI ¥:ad ?‘urﬁhfy' o hab@ S tfdrit bﬁna 10

d f d .l ink | d fjrst
Sati dn oiRErgh . andeifor@abpg. 1| BAUeIoR o At PG Bf bea o

first basstasionsi front osaid mobilesaniteoa hatevetse dinla dmi athereiwf esdhlibagé ent

rover o | FRBORCBIER TG ok cofpfec Srehiarftl A TRk GHR #oecona

base st at aanethod of controlling 2aid base statibm coverage efeas|cormpzisinghtheesteps he
forward | j,pk power 2 | evel is adjusted at said first base station such
that the product of said reverse link power |evel at said first base
station and safmeasyring @ reversepbinkr ppwes| leyel receivedat # ifirst basesstations i on
remaijgs egHal to a constant. 23. The nethod of claim 21

| evel 1 ecel vedaRustiieSaRetH Bakcpower level REmId gt base siation based &1
12 said reverse link power level measurement at said first base station to
preserve a balance of a location of equivalent forward link performance in
14  relation to a location of equivalent reverse link performance between said
first base station and a second base station. -

-22. The method of claim 21 wherein the forward link power
2 level is adjusted at said first base station such that the product of said reverse
link power level at said first base station and said forward link power level at

4  said first base station remains equal to a constant. -

- 23. The method of claim 21 further including the steps of:
2 measuring a reverse link power level received at said second base
station; and
4 adjusting a forward link power level at said second base station based

on said reverse link power level measurement at said second base station
6 such that the product of said reverse link power level at said second base

station and said forward link power level at said second base station remains
8 equal to a constant. --

- 24. In a system having a plurality of base stations, each of said
2 plurality of base stations having a corresponding forward link coverage area
and a corresponding reverse link coverage area wherein each of said plurality
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4 adjusting a forward |ink pox*/ﬂ!llg#“uuﬂ 'Ltm!m secon ase statlon 1\
based on said reverse |link power t at sgid seécond. Pase
- station 6 such that the product of said reverse link power| llevel at said \

second base station and said for d link power |evel at| sard~s&cond i
base station remains 8 equal to a € ant. -- ‘

In a sqst ejﬁ'dmdlsﬂagmmspisttraplablelobtomﬁ&n&hﬁh fs a aobile afnis dbchted within
plurality of,base staft.

rea | sk CaRBuoRlng kg iR R %8%3&5 SichoaF el Bl LEL %o,

sai d pbur dase stations is cdpablef obazeeiving | communicatiehl drarh @aommabilecatnitg t o

a nobile | r over age
aron ana addred FRRLES Hid Yorespondtity terRiskCRRR AN MRS R |, phidhofi”6d

recei vBng aligning adacatmn of aofirst forward nkn¢average arescta adoedtion of sufirst
correspon

| ocat | gn 0 99:5@2#2{ §§Vé mgég?%ééﬁggg/er ag tgrd;g}%??égé’%gactgml on ?? ﬁhﬁgltﬁe
reverk StPSver age area corresponding to a first base station conprising

the 10 st eps &fan g, at Sald ﬁrstcﬁh%ﬂgstiﬁbn Allevel @k éfﬁfﬁﬁalbmaueg abdRiated
| evel }igf artjfi @gﬁ oadi n ssoci at ed sai reverse |ink

cover hge W tehevers Fener@seéaﬁﬂ te ?fmgf alg mof said fftsh £eY¥&R98r age

area; and lirk coverage ared}airgl ng a level of transmt power fromsaid first

base ation ba e_i.n el artfca n
order 1. o' cSyhaing MR SoBfniG PG B el B8 brltdionciledd
link coverupmn ahenge-in said level of arﬁﬁcml loaduTglennetdmdta)fcoatesgnndglgiy

clai m g4 VRS aﬁoh&yfeéau?fﬁrstzfomﬁarra'ﬁﬂl&cé@w}erﬁgagfég _of said reverse |ink

coverage area I's changed in response t sured | evel of |oading,
sai d neasured | evel of |oading being determ ned
- 25. The method of aligning of claim 24 wherein said level of

2  artificial loading of said reverse link coverage area is changed in response to a
measured level of loading, said measured level of loading being determined

4 from energy received at said first base station from a set of mobile units
located within said first reverse link coverage area. --

I
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-~ 26. - The method of aligning of claim 25 wherein said
2 measured level of loading is further determined on the basis of energy
received from a non system user and a set of mobile units located within a

4  reverse link coverage area corresponding to a second base station. -

- 27. In a system including a plurality of base stations, 2 method

2 for defining a coverage boundary associated with a first base station
comprising the steps of:

4 transmitting a forward link signal at a selected power level from a first

base station, said selected power level defining a first forward link coverage

6 area and being chosen such that said first forward link coverage area intersects

a second forward link coverage area of a second base station and thereby

8 defines a forward link equality location at which a mobile unit receives
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4 fromenergy received at said fi rﬂmmm‘l mﬁ mﬁmrom as =t l of rmbl I e
~units | ocated within said firs verage a TE SUn W

-- 26. The method of aligning of“claiM 25 Wherein sai dl 2

measured | evel of loading is further determ ned on the basis ¢f EAeTgy
rece| ved froma non systemuser and a_%8t of nobile units |located within a

4T ever esmhiuricaeivar weh f&ﬁ%@aﬁ@rpélqﬁﬂﬁldhﬁe} léelawsgeond hatasé shatth
.- ncluding a plurality of base stations, a netho
f or éQfl n?ﬁ’ési%c%%gpg&s SRRy associated with a first base station

conpri si ng t heredetyingoi revekse lmk sighdlaatsaifirst powerf levedrat daidiirst bagd at a

" evel Zor PR 55K Rett ROV AR Pl sorresnondBiE OF fulf veidnd Bk GBSy

such t hat areai whiich sntérsectarajséaonkl meeseagmlalceaerageeamcbﬁ a secondabasa:ond

dof | ncs ; PRI Aol Meflee I RREANARI By I8CRN ok JFRERYsaid it o

25 basenstationt aod saxdhsecne®hm ptatiosy receivel gomimuhidation dfréir ¢ base

statijgn 1&ob1ﬁ“&1ﬁ%ﬂh%ﬁﬁf§3ﬁx §1§P§ﬁ1§héé’ wirel said selected IVielE] el e S€

link sig first v Irst base 1 station, id
first povngr OSE5Y P‘é&b\gﬁ%ﬁ sajdif tef‘&al‘ff eqvaliyelocatipn and paidereverse or ea

whi ch § ntHﬁB%@lﬁﬁ i@ym ARVideSamd.NK coverage area of a second base 14
station and thereby defines a reverse link equality location at which said

froma 16 mobiPe unit WRETEHOCAHEAND S DRIRLCHBPERING LSt O cd
pover 2 evel bermwm af sHidl Iferst bhszseuan@nCEaxahﬁvesse duﬂ@lsi/@fa@ dtidke®sdpl i ty
ocation sg%& HeGel en f\gre thin saxdnérs%qu‘lvleg >ievglc %teéque& & sax% L base
4  station, thereby defining a second smaller reverse link coverage area of said
first base station and defining a new reverse link equality location; and
6 transmitting from said first base station said forward link signal at a
lower power level defining a second forward link coverage area and a new
8 forward link equality location such that said new forward link equality
location is the same as said new reverse link equality location.--

- 29. The method of claim 27 wherein each of said plurality base
2  stations in said system transmits a pilot signal, said forward link signal from
said first base station consisting of said pilot signal corresponding to said first

4 base station. --

- 30. The method of claim 27 wherein each of said plurality of
2  Dbase stations in said system transmits a pilot signal and message signals, said
forward link signal from said first base station consisting of said pilot signal

4 and said message signals corresponding to said first base station. -

- 31. The method of claim 27 wherein the product of said
2 selected power level of said forward link signal from said first base station and
said first power level of said reverse link signal from said first base station is

4  equal to a constant. --
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The nethod of claim 27 wherein the product of said 2 sel ect ed power
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26 base statlons capable of bi-directional communication with a set of mobile
4 units comprising:
a receiver unit for receiving an incoming signal at a receive power
6 level and for generating a power level output indication proportional to said
receive power level;
8 a transmitter for transmitting a power controlled information signal at
 a transmit power level, said transmit power level being adjusted so that the
10  product of said receive power level of said incoming signal and said transmit

power level of said transmit signal is controlled in a predefined manner. --

- 35. The apparatus of claim 34 further including means for
2  setting said product to a constant when said power level of said incoming
signal is minimum. --
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(54) Title: METHOD AND APPARATUS FOR BALANCING THE FORWARD LINK HANDOFF BOUNDARY TO THE REVERSE
LINK HANDOFF BOUNDARY IN A CELLULAR COMMUNICATION SYSTEM

(57) Abstract

A method and apparatus for matching the location of the forward link handoff boundary to
the reverse link handoff boundary. A system constant is chosen which defines the product of the
received power and the transmitted pilot power at every base station. The reverse link power level
is measured at the base station and the forward link power level is compensated for the reverse
link loading to maintain the constant product. Thereby the forward link handoff boundary to the
) reverse link handoff boundary are aligned to the same location.




