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BACKGROUND OF THE INVENTION
‘This invention relates to spread~spectrum

‘communications, and more particularly to an apparatus. and

method for adaptive power control of a spread-spectrum
signal in a cellular, personal communications environment.

-DESCR (¢} ‘

A spread-spectrum signal typically is generated by
rodulating an ;nfqrmatzon-data signal with a chip-code
signal. The information-data signal may come from a data

‘device such as a computer, or an analog device which outputs

an analog signal which has been digitized to an
information-data signal, such as voice or video. The
chip-code signal is generated by a chip-code where the time

duraticn,'Tc, of each chip is substantially less than a data

hit or data symbol.
Spread-spectrum modulation provides means for

communicating in which a spread~spectrum signal occupies a

bandwidth in excess of the minimum bandwidth necessary to
send the same information. The band spfead is accompiished
"1sing a chip code which is independent of an
nformation-data signal. A synchronized reception with the
rhip-code at a receiver is used for despreading the
spread-spectrun signal and subsequent recovery of data from
<the spread-spectrum signal.

Spread-spectrum modulation offers many advantages as a’
communications system for an office or urban environment.
‘These advantages include reducing intentional and
nintentional interference, cbmbating multipath problems,
wnd providing multiple access to a communications system
shared by multiple users. Commercially, these applications
;nélude, but are not limited to, local area networks for
somputers and personal communications networks. for
uelephone,'as wall as other data applications.
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A cellular communications network using spread-spectrum
modulation for communzcatxng between 'a base station and a.
multiplicity of users, requires control of the pover level

of a particular mobile user station. Within a particular
~ cell, a mobile station neaxr the base station of the cell may

be required te transmit with a power level less than that

‘when the mcbile station is near an outer perimeter of the

cell. This is done to ensure a constant-power.leveljat the
base station, received from each mobile statioen.

- In a first geographical region, such as an urban
environment, the cellular archltecture within the first
geographlcal reg;on may ‘have small cells which are close to
each other, requlrlng a low power level from each mobile

-user. In a second geograph;cal region, such as a rural

environment, the.cellular architecture within the regzon may
have large cells which are spread apart, requzrznq a

' relatively high power level from each mobile user. A mobile

user who moves. fron the first.geographxcal regzon to the
secend geogxaphxcal reqion must adjust the power lavel of

his transmitter, for-meeting the regquirements of a

particular geographic region. Otherwise, if the.mohlle user
travels from a spafsely populated region with fewer spread
out cells using the relatively higher power level with his
Spreadrspectrum transmitter, to a densely populated region
with many cells without reducing the power level of his
spread-spectrum transmitter, his spread-spectrum transmitter
may cause undesirable interference within the cell in which
he is located and/or to adjacent cells.

Accordingly, there is a need to have a spread-spectrum
apparatus and method for automatically controlling a mobile
uyser‘’s spread-—-spectrum transmitter power level when
operating in a cellular communications network.

QBJECTS OF THE JINVENTION

. A general object of the invention is an apparatus and

‘methed which results in maximization of user density within
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a cell domain while minimizing mobile user transmitted

- power. .

An object of the lnventlon is to provxde an apparatus
and method which controls the power level of a mobile
statlon so that the power level received at the base statlon

'of each cell is the same for ecach mobile station.

Another object of the 1nveng1on is to provide an
apparafus andjmethod for automatically and adaptively
controlling -the power level of a mobile user in a cellular

‘communications network.

Another object of the invention is to pfovide a -

‘spread-spectrum apparatus and method which allows operating
.~ a spread-spectrum transmitter in different geographic
. regions, wherein each geographic region has a multiplicity

of cells, and cells within a geographic region may have
different size cells and transmitter power requirements.

N A further object of the invention is a spread-spectrum
apparatus'and method which allows a large number of mobile
users to interactively operate in a mobile cellular
environment having different size cells and transmitter

power requirements.
2 still further object of the invention is a

'spféad-spectrum apparatus and method which controls the

power level of a moblle user in a cellular communications

network using a s;mple circuit.
An add1tiona1 further object of the invention is a

spread spectrum apparatus and methed which controls the

power level of a mobile user even when the mobile user’s
receiver receives interference from a intentional or
unintentional jammer.

An additional object of the invention is an apparatus
and method for automatically contrelling a power level of a
mobile user which is easy to implement.

SUMMARY OF THE INVE

According to the present invention, as embodied and
broadly described herein, an apparatus for adaptive~power
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control (APC) of a spread-spectrum transmitter is provided.

A plurality of mobile stations operate in a

cellular-communications network using spread-spectrum
modulation. A base station transmits a first
spread—-spectrum signal and an APC-data signal. The APC-data
signal may be transmitted with or separate from the first
spread-spectrum signal.

Each mobile station 1nc1udes AGC means, correlator
means, power means, COmparator means, transmitter means, an
antgnna,_variable¥gain means, and optionally decoder means.
The correlator means is coupled to the AGC means. The power
means is coupled to the AGC means and to the correlator
means. The comparator means is coupled to the power means
and the deceder means. The antenna is coupled to.the
transmitter means. The variable-gain means is coupled to

the comparator means and between thé_transmitter means and

the antemna.
A received s;qnal is defined here;n to anlnde the

~ first spread-spectrum signal and anlznterferinq gignal. The

interfering signal is defined herein to include an noise
and/or signals which are coexistent in frequency with the
first spread=-spectrum signal.

The decoder means'decodes the APC-data signal from the

~ first spread-spectrum signal as a threshold level. For each
. received signal, the AGC means generates an AGC-output

signal. The correlator means despreads the AGC-output
signal. The poﬁer means processes the received signal with
the despread AGC~output signal for generating a
racaeived-power level. The comparator means generates a
comparison signal by comparing the received-power level to
the threshold level. The comparison signal may be an analog
or digital data signal. The transmitter means at the mobile
station transmits a second spread-spectrum signal. The
variable—gain means uses the comparison signal as a basis

. for:adjusting a transmitter-power level of the second
'spread-spectrum signal transmitted from the transmitter

neans. ' .
. -_

- HilifiG




A

10

15

20

25

30

35

fe-FEB-1995 1@:58 FROM MAGUIRES I T0 - PPeR32434862 P.0B/19

55—

The present invention also includes a methed for
automatlc-power control of a spread-speotrum transmitter for
a mobile station operatlng in a cellular-communlcatxons
network us;ng spread-spectrum modulatlon. A base station
transmits a first spread-spectrum signal and an APC-data
signal. The APC-data signal typically is a spread~spectrunm
signal.' Each mobile station performs the steps of acguiring

‘the first spread-spectrum signal transmitted from the base
station, and detecting a received power level of the first

spread-spectrum.signal plus any interfering signal including

noise.  The steps also include decoding the APC-data signal

as a threshold level, from the first spread-spectrum s1gnal,
or from a szgnal or channel separate from the first

' spread-speotrum signal. The method generates an AGC-output'

signal from the received signal, and despreads the AGC-
output signal. The despread AGC-output signal is processed
with the received signal'to generate a received-powef level.

The method further includes comparing the received-power

level to the threshold level, and adjusting a transmitter

'power ‘level of a second spread-spectrum signal in response

to the comparison. ,
Additional objects and advantages of the invention are’

set forth in part in the description which follows, and in
part are obvious from the description, or may be learned by
practice of the invention. The objects and advantages of
the invention also may be realized and attained by means of
the instrumentalities and combinations particularly pointed

out in the appended claims.

D F S

‘The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate
preferred embodiments of the invention, and together with
the description sexrve to explain the principles of the
invention.

FIG. 1 shows an adaptive power control receiver and
transmitter according to the present invention;
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FIG. 2 shows an adaptive power control recelver and

trénsmltter according to the present inventlon,_

FIG. 3 is a block diagram of an automatic powef.dontrol' .
circuit with interference rejection;

FIG. 4 is a block diagram of an open loop autamatic'
power control system; _ '

_FIG. 5 is a block dlagram of an open loop automatlc
power control system with interference rejection;

FIG. 6 shows the relative effect of a multiplicity of

o users communicating with spread-spectrum in a cellular

environmgn;.WLth and without using adaptive power control;

jand

' FIG. 7 is a flow chart of the method of the present

invention.

Reference is now made in detail to the present
preferred embodiments of the invention, examples of which
are illustrated in the accompanying drawings, wherein like

' reference numerals indicate like elements throughout the

several views.
The present inventlon assumes that a plurality of

mobile stations cperate in a cellular-communications network
using spread-spectrum modulation. The cellular
communications network has a plurality of geographical
regions, with a multiplicity of cells within a gecgraphical
region. The size of the cells in a first gecg:apﬁical
region may differ from the size of the cells in a second
geographical region. In a first geographical region such as
an urban environment, a cellular architecture within the
region may have a large number of cells of small area which
are close to each cther. In a second geographical regibn
such as a rural environment, a cellular architecture within
the region may have cells of larger area.

A mobile station while in the first geographical region
may be required to transmit a lower power level than while
in the second geographical region. This requirement might

This Sheet Has Been Rep lace
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be due to a decreased range of the mobile station from the

base station. Within a particular ce11, a mobile statzon

-near the base statxon of the cell may be requ;red to.

transmit with a power level less than that vhen the mobile
station is near an outer perimeter of the cell. This is
done to ensure a constant power level at the base station,
received from each mobile station. '

In the present invention, a base station within a
particular cell transmits a first spread-spectrun signal and
optionally an APC-data signal. The APC-data signal may be
transmitted as part of the first spread-spectrum signal, on
a'separate spread4spectrum channel, or.as a totally separafe
signal. The APC-data signal includes information on the

 threshold level each mobile station is to use when
- communicating with the base station. If an APC~data signal

were not used, then the threshold level may be fixed at a
preset level for each mobile station communicating with the

base statlon.

The APC-data signal may be transmitted with or separate
from the first spread-spectrum signal. For example, a
spread—specttum signal using a first chip codeword may be

considered a first spread¥spectrum channel having the first

spread-spectrum signal, and a spread-spectrum signal using a
second chip codeword may be considered a second spread-
spectyum channel. The APC-data signal may be transmitted in
the same spread-spectrum channel, i.e. the first spread-
speétrum channel, as the first spread-~spectrum signal, or in
a second spread-spectrum channel which is different-from the

first spread-spectrum signal,
In the exemplary arrangement shown in FIG. 1, an

' apparatus for adaptive-power control of a spread-spectrum

transmitter is provided. Each mobile station comprises
correlator means, detector means, deccder means, comparator
means, transmitter means, an antenna, and first |
variable—~gain means. The apparatus, by way of example, may
have the correlator means embodied as a first product device
101, a first chip-code generator 102, and a bandpass filter

_
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103. Alternatively, the correlator means may be realized as

1719

a matched filter such as a surface-acoustic-wave device:. In

general, the correlator means uses or is matched to the chip
codeword of the spread-spectrum signal being received. _
_ The detector means may be embddied as envelope detecto:
104. Other type detectors ﬁay be-usgd,with-che present
invention, such as square law detectors or coherent
detactors, as is well known in the art. The decoder means
may be embodied_as'decode:'lds. ZThe'cpmparator means may be

- embodied as differehtial amplifier 106,,thé transmitter

means as transmitter 112 and the first variable gain means

‘as first variable-gain device 111. The first variable-gain

device 111 may be a variable-gain amplifier, a variable-gain
attentuator or any device which performs the same function

as the first'variablé-gain device 111 and described herein.

_The first product device 101 is coupled to the first
chip=-code generator 102 and to the bandpass £ilter 103. The
envelope- detector 104 is coupled between the bandpass filter
103 and the differential amplifier 106. ‘The decoder 105 is
coupled between the bandpass £ilter 103 and the differential
amplifier 106. The decgdér zos-alte:natiéély'may be ccﬁpled
+o the output of the envelope detector 104. The
vafiable-gain-device 111 is coupled to the differential
amplifier 106 and petween the transmitter 112 and antenna.

The decoder 105, as jllustratively shown in FIG. 2,
alternatively may be coupled between a second bandpass
¢£1lter 203 and differential amplifier 106. In this
particular embodiment, the second bandpass filter 203 is
coupled to a second product device 201. The second product
device 201 is connected to a second chip-code generator 202.
The embodiment of FIG. 2 could be used vhere the APC-data |
signal is transmitted over the second spread-spectrum
channel simultaneocusly while the first spread-spectrunm
signal is transmitted over the first spread~spectrum
channel. The second channel uses a spread-spectrum signal

with a second chip code, and the second chip-code generator

This Sheet Has Been Reilaced




A

16-FEB-1956 11:88 FROM MAGUIRES l TO 806032434862 P.12/19

VNS S Awwws

1lo0

15

20

25

30

35

RN

-De

202 generates a second ch1p-code 51gnal using the second

- chip code.

* The product device 101, FIGS 1 or 2, uszng a flrst
chlp—code s;gnal from the first chip-code generator 102

_ acqulres the first spread-spectrum signal transmitted from

the base station. The first chip-code signal has the same
chip code as the first spread-spectrum signal. The envelope
detector 104 detects a received power level of the first
spread-spectrum signal. The received power level may be
measured at the detector. '

The decoder 105 decodes the APC-data szqnal from the
first spread-spectrum signal as a threshold level. More
particularly, data which establishes or sets the threshold
level for dszerentlal ampl;fler 106 is sent with the
APC-data signal. o '

The differential amplifier 106 generates a comparison
signal by comparing the received-pbwer level of the first

- spread-spectrum signal to the threshold level. The

differential ampllfler 106 may employ a differential
amplifier or other circuits for performing the comparison
function. | . '

The transnltter 112 transmits a secand spread-spectrum
signal. The var;able-gain device 111 using the comparison
signal, adjusts a transm;tter-power level of the second
spread-spectrum signal from the transmitter. The
variable-gain device 111 may be realized with a
variable-~gain amplifier, a variable-gain attentuator, or an
equivalent device which can adjust the power level of the
second spread-spectrum signal.

As illustratively shown in FIG. 3, a hlock diagram of a
power measurement circuit with interference rejection is
shown for use with a mobile station. A correlator is shown
with the mixer 67 coupled between the chip-code generator 75
and filter 68. Additionally, AGC means and power means are
included. The AGC means is embodied as an automatic-gain-
control (AGC) circuit 61, and the power means is embodied as
a power measurement circuit 75. As shown in FIG. 3, the AGC

-_
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circuit 61 is connected to the mixer 67, and the output of
the f£ilter 68 is connected to the péwer measurement circuit

. 75. Additionally, the input to the AGC circuit 61 is

connected to the power measurement circuit 7S.
A received signal includes a first spread~spectrum

:-signa.l with power P, and an interfering signal with power P Ry

at the :.npu,t to the circuit of FIG. 3. The interfering
s:l.gnal may come from one Or more nondes:.rable signals,

noise, multipath signals, and any other source wh:.g:h would

serve as an interfering sigmnal to the first spread~spectrum
signal. The received signal is normalized by the AGC
ci::cuit 61. .Thus, by way of example, the AGC circuit 61 can

have the power output, Pc + PJ. = 1., The normalized received
_ s:.gnal is despread by the correlator, which in this case is
“shown: by way of example the mixer 67, chip-code generator 65
~and filter 68. The chip-code generator 65 generates a chip-
code signal using the same chip-codeword as the first

p:ead-spectrunr s:.gnal. The despread Signal L§ _fxltered by

-fJ.lter 68, and th.e autput of the fllter: 68 is the normalized

power of the £irst spread-spectrum signal plus the

normalized power of the interfering signal divided by the

processing gain, P, of the spread-spectrum system. The
power measurement circuit 75 can process the despread-~
received signal with the r_eceived. signal and output the

received-power level of the first spread-spectrum signal.

The power level of the interfering signal is reduced by the
processing gain, Bg. ' )

The power measurement circuit 75 can process the
received signal with the despread, normalized received
signal by multiplying the two signals together, ar by
logarithmicly processing the received signal with the
despread received signal. In the latter case, the logarithm
is taken of the power aof the received signal, Pc + P., and
the logarithm is taken of the despread, nocrmalized received
signal. The two logarithms are a.dc_ied together te produce

the received-power level.
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A key element for the present invention to work is the

‘circuitry of FIG. 3. FIG. 3 shows a way for determining at

the mobile station the power of the first spread-spectrum

‘signal when it is mixed with noise. If the circuitry of

FIG. 3 were not used, then it is possible that the
interfering signal, which may include noise, multipath

- signals, and other. undesirable signals, may raise the power
- level measured at the input to the receiver of the remote

station, giving an undesirable power level. The undesirable
powér level measured may cause the remote station to

- transmit more power than required, increasing the amount of

power received at the base station 50.

FIG. 4 shows a block diagram of an open loop automatic
power control processing unit, where the comparator receives
the threshold level information provided by the cell. More
particularly, antenna 55 is coupled to an RF filter 57. Aan
intermediate fregquency (IF) down-converter S$9 is coupled
between the RF filter 57 and an AGC.amplifier 71. The

' output of the AGC amplifier 71 is passed to receiver

processing. .
" The AGC amplifier 71 can have its output or a voltage

level used as an AGC-control voltage. A control-voltage
mapping 73 is coupled between the AGC amplifier 71 and a
;omparator 70. The comparator 70 is coupled to the

aemultiplexer 69 and to a control-word generator 59. A

‘voltage-controlled amplifier 77 is coupled to the control-

word generator 59, transmitter and power amplifier S8. The
power amplifier 58 is coupled to an antenna 56.

In FIG. 4, a received spread—-spectrum signal from
antenna 55 is bandpass filtered by RF filter 57 and
converted to an IF by down-converter 59. The AGC amplifxer
71 normalizes the voltage of the received spread-spgctrum
signal, and also generates an AGC~control voltage. The
control-voltage mapping 73 maps the AGC-control voltage for
comparator 70. The comparator 70 compared the mapped-AGc-'
control voltage to a threshold level, which is provided by
demultiplexer 69.

_\\
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The comparison signal generated by comparator 70 is

.converted by control word generator 59 to control

voltage-contrclled attentuator 77. Accordlngly, the
voltage~controlled attentuator 77 adjusts the power level
from.the transmitter and inputted to power amplifier 58 and
radiated by antenna S56. '

FIG. S illustrates the open loop automat;c power
control circuit of FIG. 4, with the concepts from FIG. 3

.added theretoc. Shown in FIG. 5 are power means, comparator
wmeans, transmitter means, an antenna, variable-gain means

and decoder means. The AGC means is shown as an automatic-
gain—coﬁt:ol (AGC) amplifier 72, correlator means is shown
as correlator 74 with filter 76, and power means is shown as
power measuremant devicp 78. The comparator means is shown
as comparator 70, the transmittaer means is shown as power
amplifier 58 coupled to the antenna 56. The variable gain
means is embodied as voltage cohtrolled attentuator 77 and
the decoder means is illustrated as demult;plexer 69. Alsc
illustrated is a control word generator 59 coupled between
ccnparator 70 and voltage centrolled attentuator 77.

The AGC ampleler 72 is coupled between the handpass
fxlter 60 and the correlator 74. The filter 76 is coupled
to ‘the output of the correlatsr 74. The power measurement
davice 78 is coupled to the AGC amplifier 72 and the filtar
76. The comparator 70 is coupled to the output of the power
measurenment device 78 and to the demultiplexer 6. The

control word generator 59 is coupled between the comparator

70 and the voltage controlled attentuator 77. . The powexr
amplifier S8 is coupled to the output of the voltage
controlled attentuator 77 and the antenna S6.

The demultiplexer 69 deccdes the APC-data signal, which
is received with the first spread-spectrum signal, as a
threshold level. The threshold level is used by the
comparator 70 as a comparison for the received-power level
measured by the power measurement device 78.

For each received signal, the AGC amplifier 72
generates an AGC-output signal. The AGC~output signal is

Thllsllsltiieltlillai i Rﬁlmed
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despread using correlator 74 and filter 76. The despread-
Aéchodtpﬁt signal from the filter '76 is processéd with:the'
received signél from the AGC amplifier 72,'by the power
méasurement device 78. The received signal to the power
measurement device 78 may be a AGC-control-voltage level

from the AGC amplifier 72.
The power measurenment device 78 processes the received

_-signal with the despread-AGC-output signal, for generating a

received-power level. Aas mentioned previously for FIG. 3,
the power measurement device 78 can process the received
signal with the despread-AGC-output signal by multiplying
the two signals together, or by logarithmicly processing the
received signal with the despread-AGC-output signal.

The comparator 70 generates a comparison signal.by
comparing the received-power level generated by the poﬂer
measurement device 78, to the threshold level provided by
the demultiplexer 69. The comparison signal may be an

| analog or digital data signal. Broadly, the control word

genérator 59 can convert the comparison signal to a digital
daté signal for controlling the voltage controlled '
attentuator 77. The voltage controlled attentuator 77 uses
the comparison signal, as processed by the control word
geﬁerator 59, as a basis for adjusting a transmitter-power
level of a second spread-spectrum signal transmitted by the
power amplifier 58, and radiated by the antenna 56.

In operation, a base station in a cell may transmit the
first spread-spectrum signal on a continuous basis or on a
repetitive periodic basis. Mobile stations within the cell
receive the first spread-spectrum signal. The received
first spread-spectrum signal is acquired and despread with
the first chip~code signal from first chip-code generator
102 and first product device 101. The despread first
spread-~spectrum signal is filtered through bandpass filter
103. The mobile station detects the despread first
spread~spectrum signal using envelope detector 104, and
measures the received power level of the first
spread-spectrum signal.
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The APC-data signal may be transmitted on the same
channel as the first spread-spectrum signal using the éame
chip codeword as the first spread-spectrun signal. In this
case, the APC-data signal is transmitted at a different time
interval from when the first spread-spectrum signal is h
transmitted. This format allows the mobile station to
acquire synchronization with the first chip-code;, using the
first spread-spectrum signal. ' :

As an alternative, the APC~data signal may be

“transmitted on a different coded channel using & second chip

codeword. In the latter éase, the second spread—spectrum
signal havznq the APC~data signal would be acquired by the
second chip-code generator 202 and second product device
201. In either case, the APC-data signal is decoded using
decoder 10S. Further, the APC-data sigmal may be time
division multiplexed or frequency division multiplexed with
the first spread-spectrum signal. |

. The decoder 105 decodes from the APChdata signal the
value of the threshold level for-use by dszerentzal
anplifier 106. For example, if there wvere e;gnt levels for
which to set the threshold level, then at minimum, a three
bit word may be used with the APC-data signal to transmit.

'the{thrgshold level to the mobile station. The thresheld

level is used to adjust and or set the threshold of the
differential amplifier 106. Accordingly, the received power
level from envelope detector 104 is compared to the
threshold of the differential amplifier 106.

~ If the received power level is greater than the
threshold level, then the f£irst variable-gain device 111
would decrement or decrease the second spread-spectrum power
level. If the received power level is less than the
threshold at differential amplifier 106, then the first
variable-gain device 111 increases the second

spread-spectrum power.

The APC circuit 110 of FIGS. 1 and 2 may be built on a
digital signal processor (DSP) chip. An analog to digital
converter located at the output ¢f the bandpass filter 103

-
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would convert the received signal to a’'data signal. The .
envelope detector 104, decoder 105 and dlfferentlal
amplifier 106 may be implemented as part of digital szgnal
processing functions on the DSP chip. The analog to digltal
converters may be included on the DSP chip.

FIG. 7 shows the advantage of using an adapt;ve power.
control apparatus with a mobile station in a personal
communications network. The number of adaptive power
control mobile stations, N(APC), versus the nunber of nobile
stations which can be3used in a similar region, N, is
plotted with respect to an inner radius, Rl, and an outer
radlus, R . When the inner radius goes to zero, using
spread-spectrum as code divxs;on multzplex, the number of
users with adaptive pcwer control who can_gperate within a
cell, is'approximately ten times :he_nuﬁber'of users without
adaptive power control who can operate within the cell.

The present invention also includes a method for
automatic-power control of a spread-spectrum transmitter for.
a mobile station operatlng in a cellular-communicatxons
netwark using spread-spectrum modulat;on. Referring to FIG.
8, a base station transmits 701 a first spread—spectrum
signal and optlonally an APC Lnformatlon-data signal. Each
mobile base station performs the steps of acquiring 702 the
first spread-spectrum signal transmitted from the base
station, and detecting 703 a received éower level of the
first spread-spectrum signal. The steps alsc include
decoding 704 the APC-data signal as a threshold level, from
the first spread-spectrum signal, or from a separata signal
from the first spreadespectrum signal. A threshold level is
set 705 from the APC-~data signal. A preset threshold level
may be employed if the APC-data signal is not used. The
method further inciudes comparing 706 the received power
level to the threshold level, and adjusting 707 a
transmitter power level of a second spread-spectrum signal
in response to the comparison. :

The method may additionally include generating from a
received signal an AGC-output signal, and despreading. the

—
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AGC-output signal. The received signal includes the first
spread-spectrum signal and an interfering signal. The
received signal is processed with the despread AGC-output
signal to generate a received-power level. The method then

) generates a comparison signal by comparing the

' rece;ved~power level to the threshold level. While
.transmittlng a second’ spread-spectrum signal, the. method
. adjusts a transmitter-power level of the second
spread~spectrum signal from the transamitter using the

10 ccmparlson signal. : ;

' It will be’ apparent to those skilled in the art that
'varlous modiflcations can be made - ‘to the method and
apparatus for- adaptively contrcll;ng a power level of a
spread-spectrum sxgnal ‘in a cellular environment of the

15 instant invention w;thouz departing from the scope or splrlt
of the invention, and it is intended that the present
invention cover modifications and variations of the method
and apparatus for adaptlvely controlllng a power level of a

: spread-spectrum signal in a cellular'envzronment provided

20 they come in the scope of thae appended claims and their

eguivalents.
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I CLAIM:

1. 'An apparatus for adapt;ve-power control of a
~ spread-spectrum transmitter of a mobile station operatlng in
-a cellular-ccmmunicatxons network using spread-spectrum
' mcdulatlon, comprising: '
'a base station for transmittxng a first-
spread-spectrum sxgnal,_ .
a mult;plzclty of said mob;le statzons,-each

R mobzle ‘station having

_ o .an automatlc-gazn-control circuit for ia:
_generatlng an AGC-output signal, from a recelved . .
 signal, wherein the received signal includes the fzrst
‘spread-spectrum szgnal and-an interferzng s;gnal,='
, a correlator coupled to said o
. autamatic-ga;n—control circuit for despreadxng the J_
“_AGC-output signal; _ o o
a power-measurement czrcu;t coupled to said:
automat1c~gaxn—ccntrol circuit and to said correlator
and responsive to processing the recexved szgnal wlth
the despread AGc~output s;gnal for generatlng a
rec31Ved-pQWer level, _ : o
a ccmparator ccupled to said
power-measurement circuit for generating a comparison
signal by comparing the received-power level to a
"threshold level; | '
a transmitter for transmitting a second
spread-spectrum signal;. |
an antenna coupled to said transmztter, and
a first variable~gain device coupled to said
comparator and between said transmitter and said
antenna, responsive to said comparison signal
indicating an increase or decrease for adjusting a
| transmitter-power level of the second spread-spectrunm
signal from said transmitter.

\._
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S 2. An apparatus for adapt;ve-power control of a
spread-spectrum transmztter of a moblle station operatlng 1n
a cellular-communlcatlons network using spread-spectrum -

~18-

hmodnlatxon, wherein a base station transmlts a first
- spread-spectrum signal, said mobile station comprising:

AGC means responslve to a received signal, wherein

- the. rece;ved signal 1nc1udes the flrst spread-spectrun
-js;gnal and an 1nterfer1ng signal, ‘for generating an

AGCroutput sxgnal, S

_ correlator means for despreading the AGC-cutput
signal; S
' ' power means respcnsive to processing the received

. signal with the desprcad AGC-eutput signal for generatiag a
.recexved-power level

comparator means for generatxng a compar;son
signal by comparing the received-power level to said -
threshold level;

transm;tter means for transm;tt;ng a second
spread-spectrum s;gnal,

an antenna; and _

var;able—gazn means responsxve to said compartson
signal for adjusting a transmxtterbpower level of the second
spread~spectrum signal from said transmitter.

3. The apparatus as set forth in clalm 2 wherein saxd
correlator means includes: '
' a first chip-code generator;
‘a first bandpass filter; and .
a first product devzce coupled to said first cth'

cude generator and said bandpass filter.

4. The apparatus as set fgrth in clain 2 wherein said
correlator means includes a differential amplifier.

5. The apparatus as set forth in claim 2 wherein said
AGC nmeans includes an automatzc-galn-ccntrol circuit.
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6. The'apbaratus'as set forth in claim 2 wherein said
variable-gain means includes a variable-gain attenuator.

7. The appgratus3as'set fb:th in claim 2 wherein said
variable-gain means includes a variable-gain amplifier.

8. A method for adaptive-power control of a
spread-spectrum transmitter of a mobile station operating in
a cellular—commnnicat;cns network using Spreadospectrum
modulation, - where;n a base station transmzts a first
spread-spectrﬁm signal, said method comprising thé‘steps of:

' §enerating, ‘from a received s;gnal, wherein the
received szgnal includes the first spread-spectrum slgnal
and an interfer;ng sxgnal,_an AGC-output signal;

. ‘despreading the AGC-output signal;
processing the received signal with the despread
AGC-output signal to generate a received-power level;
"generating a comparison signal by comparing the
received-power level to a threshold; '
transmitting a second spread-spectrum signal; and
- adjusting a transmitter-power level of the sacond
spread-speétrum signal from said transmitter using said
compariscnfsighalf '

‘9. The apparatus as set forth in claim 2, wherein
said power means includes means for multiplying the received
signal with the despread AGC-output signal for generating a
received-power level.

10. The apparatus as set forth in claim 2, wherein
said power means includes logarithmic means for adding the
received signal with the despread AGC-output signal for

generating a received-power level.
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/11. An apparatus for determining a received-power
level of a spread-spectrum signal, when a received signal
includes the spread-spectrum signal and an interfering

s;gnal, comprising:
AGC means responsive to the received signal for

generat;ng an AGC-output signal;
correlator means, including a differential

amplifier, for despreading the AGC-output signal; and
power means responsxve to processing the received

'szgnal with the despread AGc-output signal for generating a
. received-power level.

12. The apparatus as set forth in claim 11, wherein
said power means includes means for multiplying the received
s;gnal with the despread AGC~cutput signal for generating a

. received~power level.

| 13. The apparatus as set forth in claim 11, wherein
'said power means includes logarithmic means for adding the
. received signal with the despread AGé—cutpué signal for
 §enerating a received-power level.
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14. An apparatus for adaptive~power control of a
spread-spectrum :ransmltter of a mobile stgtlon operating in
a cellularécommunications network using spread-spectrum
modulation, wherein a base station transmits a first
spread-épectrum signal and an APC-data signal, said mobile

"station comprising:

decoder means for decoding the APC-data signal as

a threshold level; .
| AGC means responsive to a received signal, wherein
the received signal includes the first spread-spectrum
signal and an interfering s;gnal, for generating an
AGC-output signal; :

correlator means for despreading the AGC-output
signal; _ ' .
' power means responsive to processing the received °
signal with the despread AGC~output signal for generating a

received-power level;
‘comparator means for generating a comparison

signal by comparing.the received-power level to said

threshold level;
transmitter means for transmitting a second
sp;ead-spectrum signal;
' an antenna; and
variable~gain means responsive to said comparison
signal for adjusting a transmitter-power level of the second

. spread-spectrum signal from said transmitter.

15. The apparatus as set forth in claim 14, wherein
said correlator means includes a differential amplifier.

- 16. The apparatus as set forth in claim 14, wherein
said AGC means includes an automatic-gain~-control circuit.

i17. The apparatus as set forth in claim 14, wherein
said power means includes means for multiplying the received
signal with the despread AGC-output signal for generat;ng a
received~-power level.
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18. The apparatus as set forth in claim 14, wherein
said power means includes logarithmic means for adding the

‘received signal with the despread AGC-output signal for

generating a received-power level.

19. An apparatus for detérmining.a received-pover
level of a spread-spectrum signal, when a received signal
includes the spread-spectrum signal and an interfering

signal, comprising:
AGC means responsive to the recelved signal for

generatxng an AGC-output signal;
correlator means for despreadzng the AGC-output

siqnal, and
' power means responsive to processing the received

signal with the despread AGC-output signal for generating a
received-power level. :

' 20. . The apparatus as set forth in claim 19, wherein

| said[powe:7means includes means for multiplying the received
'signal with the despread AGC-output signal for generating a

received—-power level.

21. The apparatus as set forth in claim 19, wherein
said power means includes logarithmic means for adding the
received signal with the despread AGC-cutput signal for
generating a received-power level. - .
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22. A method for adaptive-power control of a _
spread-spectrum transnitter of a mobile station operating in
a cellular-communications network using'spread—spéct:ﬁm '
modulation, wherein a base station transmits a first
spread-spectrum signal and an APC-data signal, said method

comprising the steps of:

acquiring and decoding the generic spread-spectrum
signal; . ' '
| - detecting a received power level of the generic
spread-spectrum signal; ' '
decoding the APC-data signal as a threshold;
generating, from a received signal, wherein the
received signal includes the first spread-spectrum signal
and an interfering signal, an AGC-output signal; '
despreading the AGC-output signal;
processing the received signal with the despread

- AGC-output signal to generate a received-power level;

'generating a compariscn signal by comparing the
received-power level to said threshold; .

transmitting a second spread-spectrum signél; and
adjusting a transmitter-power level of the second spread-

spectrum signal from said transmitter using said comparison

signal.

23. The apparatus as set forth in claim 11, wherein
said AGC means includes an automatic-gain-control circuit.

24. The apparatus as set forth in claim 19, wherein
said AGC means includes an automatic-gain~control circuit.

25. The method as set forth in claim 8, further
comprising, before the step of generating an AGC-output

signal, the step of:
detecting a received power level of the generic

spread—-spectrum signal.
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26. The method as set forth in claim 25, further
comprising, before the step of'generating;an AGC=output

signal, the step of:
decoding an APC-data signal transmitted from the

base statiaon as a threshold.

- -24-

27. The method as set faorth in claim 26, further
comprising, after the step of precesszng the received

szgnal the step of:
generating a comnarlscn signal hy comparlng the

received-power level to the threshold.




