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BACKGROUND OF THE INV oN
This invention relates to spread~spectrunm
5 'EOmmunications, and more particularly to an apparatus. and
method for‘adaptive poﬁe: control of a spread-spectrum
signal in a cellular, personal communications environment.

 DESCRIPTIO RIO '
A spread-spectrum signal typically is generated by
10 modulating an information-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

15 chip-cpde-signal is generated by a chip-ccde where the time

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

bit or data symbol.
. Spread-spectrum modulation provides means for
- communicating in which a spread-spectrum signal occupies a
20 handwidth 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
25 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
30 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
35 uelephone,'as wall as other data applications.
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signal. The |nfornat|oq data signal nay cone froma data device such a§ a

conput Y0 9310808 anal og ‘devi ce whi ch outputs an anal og si grRETANSIZMNNES been
digitized to an i nf or rrat i on- dat a signal-, such as voice or video. The

chi p-code signal is generated by a chip-code where the tine duration,

[err], of each chipis substantlally | espdhan a data. bit or data synbm
Spread spect rum nodul ati on provi des nmeans for communicating in which a

spread- spectrum gi ggflu®ssUsbMudications network using spread-spectrum
' moduiationifor communicating between a base station and a.
multiplicity of users, requires control of the power level
of a particular mobile user station. Within a particular
5 " cell, a mobile station near the base station of the cell may
be required té transmit with a power level less than that
‘when 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 stat;on.

10 . Ina first geographical region, such as an urban
environment, the cellular'architecture 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

15 | 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 noves fron the first.geographxcal regzon to the
second geogxaphxcal reqion must adjust the power lavel of

20 his transmitter, for meeting the requirements 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

25 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

30 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
'35 method which results in meximization of user density within
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i nformati on. The band spread_is acconplished using a chip code which is:
i ndependent of an information-data signal. A synchronized reception with
the chip-code at a receiver is used for déspreadi ng the spread-spectrum
si gnal and subsequent recovery of data from t he spread- spectrum si gnal .
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system f or anpngEpe or an environnent

An object of the lnventlon is to provxde an apparatus

and method which controls the power level of a mobile
5 ' statlon so that the power level received at the base statlon
' of each cell is the same for each mobile station.
Another object of the anentlon is to provide an
apparatus and method for automatlcally and adaptively
_ controllxng the power level of a moblle user in a cellular
10 _.'commun;catlons network.
' ' Another object of the invention is to provide a
‘spread-spectrum apparatus and method which allows operating
.,,:é spread-spectrum transmitter in'different geographic
. regions, wherein each geographic region has a multiplicity
i5 ~ of cells, and cells within a geographic region may have
' different size cells and transmitter power requirements.
_ 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
20 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
25 network using a s;mple circuit.

An additional further object of the invention is a
spread spectrum apparatus and method which controls the
power level of a mobile user even when the mobile user’s
receiver receives interference from a intentional or

30 - unintentional jammer.

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

SUMMARY OF THE INVE

35 According to the present invention, as embodied and
broadly described herein, an apparatus for adaptive~power
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to o Wi one ()%t em shared by mui tipl e users.  Com USRBoRcoe’
applications include, but are not limted to, |ocal area networks for
conput ers and personal conmuni cati ons networks. for tel ephone, as well as
other data applications. [err] - -4~

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 t:ra_nsm_its a first

5 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 includes AGC means, correlator
. means, power means, comparator means, transmitter means, an
i"o ' antenna, _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 decoder means. Thé antenna is coupled to-the
15 transmitter means. The variable-gain means is coupled to
the comparator means and between the transmitter means and
the antemna. '
A received signal is defined here:m to :.nclude the
 first spread-spectrum signal and an interfering signal. The
20 . interfering signal is defined herein to include an noise

| and/or signals which are coexistent in frequency with the

first spread=-spectrum signal.
The deccder means 'de.codes the APC-data signal from the

£irst spread-spectrum signal as a threshold level. For each

25 . received signal, the AGC means generates an AGC-output
signal. The correlator means despreads the AGC-output
signal. The pov}:er means processes the received signal with
the despread AGC~output signal for generating a
racaeived-power level. The comparator means generates a

30 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

3s . for:adjusting a transmitter-power level of the second
'spread-spectrum signal transmitted from the transmitter

neans. .
-_
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A cel | ul ar”comruni cati ons network using spread-spectrum nodul ation for
communi cating between a base_station and a. nultiplicity of users, requires
control of the power level of a particular nobile user station. Wthin a
particular cell, a nobile station near theSsase station of the cell may be
required to transn1t with a power |level |less than that when the nobile
station is near anThbetpregentnin¥engionhalso includes a method for

automatlc-power control of a spread-speotrum transmitter for
a mobile station operat;ng in a cellular-communlcatxons
network us;ng spread-spectrum medulation. A base station
5 transmits a first spread—spectrum signal and an APC-data
signal. The aPC~-data signel typically is a spread-~spectrun
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
10 spread-spectrﬁm.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 s;gnal,
or from a szgnal or channel separate from the first
N ' spread-speotrum signal. The method generates an AGC-output '’
15 ' signal from the received signal, and despreads the AGC-
oﬁtput'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
20 '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

25 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

30 ‘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.

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

heet Has Been Re laced

R



cel | 15‘fﬁ$’§9?% dBiv8 t FRMsurtBIRESnst ant power | Bel at t (PEEF3RLRIER ¢ Fofi3/13

recei v%;:{/?&ugach nmolil e station. In a first gedgraphi capcregsemeosgach as
an urban envifonment, the cellular architecture within the first

geographi cal region may have small cells which are close to each ot her
requiring a | ow power level fromeach nobile user. In a second geographi cal
region, such as a rural environrent, t 6= cel lular architecture within the

regi on nay have large cells which are spread apar equiring a
J 4 FIG.g shows an adaptgveppower gon%foi gecelv%r and

transmztter according to the present inventlon,_
FIG. 3 is a block diagram of an automatic power.control'
circuit with interference rejection; _
s FIG. 4 is a block diagram of an open loop automatic
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

10 o users communicating with spread-spectrum in a cellular
| environmgn;.WLth and without using adaptive power cqntrol;
and o

' 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
.20 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

25 regions, with a multiplicity of cells within a geggraphical
region. The size of the cells in a first geographical
region may differ from the size of the cells in a second
gecgraphical region. In a first geographical region such as
an urban environment, a cellular architecture within the

30 region may have a large number of cells of small area whicn
are close to each octher. In a second geocgraphical region
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

35 may be required to transmit a lower power level than while

in the second geographical region. This requirement might
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fromthe first geographical region to the second geographical region nust
adj ust the power level of his transmtter, for neeting the requirenents of
~a particular geographic region. Qherw se, _LL the nobile user travels from
~a sparsely popul ated region with fewer spread out cells using the

relatively hi Qﬁ_edd VWS & EYSErdhdda *’H-a%g?é)r@ﬁdckﬁo%ﬂ@ (SSIB (Sfom [€hé
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of his

Co _near the base statxon of the cell may be requ;red to.
transmit with a power level less than that vhen the mobile

5 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

10 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
15 o communicating with the base station. If an APC~data signai
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

20  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-

25 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,

30 ' 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 |

35 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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undesirable interferepce within the cell in which he is lpeqaigsz/e9e620r to
adj acwo 934689 Accordingly, there is a need to have a spread-spectrum

apparatus and nethod for automatically controlling a nobile user's
spread-spectrumtransmtter power |evel when operating in a cellular

comuni cations network. [err] A.generalgebject of the invention is an
apparatus and

103. Alternatively,'the'cor:e;atpr means may be reg}ized as
a matéhed filfer éuch as a surface-acqustig-wave device. . Fg B
general, the correlatar means uses or is matched to the chip
éodewofd'of the spread-spectrum sign;l being received. .
5 The detector means may be embodied as envelope detector
104. Other type detectors may be used with the present
invention, such as square law detectors or coherent |
detectors, as is well known in tpe a:t; The decoder_mgans
ﬁay be embodied_as-égcodggjlds. The comparator me?ns may be
10- " embodied as differential amplifier 1¢6F,the transm%tter
| means as transmitter 112 and the first variable gain means
'as.first variablé-géin-deviég-1;1. The.first var;able—gax?
devicé-lll may be a variable-gain amplifier, a variable-gain
attentuator or-any devicé which performs the sa?e functi?n
15 As the first'variablé-gain device 111 and descr;bgd h?reln.
-. 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 hetween the bandpass le?er-
103 and the differential amplifier 106@__Tpe_deco?er-1os %s
20 coupled between the bahdpgss filter log-ag¢_§he dxffereptzal
amplifier 106. The decoder 105 alternatively may be coupled
+o the output of the envelcpe detector 104. The .
vafiable-gain-device 111 is coupled to ;he differential
amplifier 106 and petween the transmitter 112 and antenna.
25 The decoder 105, as jllustratively shown in FIG. 2,
alternatively may be coupled between a second ban?pass
gilter 203 and differential amplifier 106. In this '
particular embodiment, the second bandpass filter 203 1s
coupled to a second product device 201. The second product
30 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 sransmitted over the second spread-spectrum
channel simultaneocusly while the first spread-spectrunm
signal is transmitted over the first spread*spectrum . .
35 channel. The second channel uses a spread-spectrum signa
 with a second chip code, and the second chip-code generator
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cell domain while mnimzing pobile user transmtted power. An object of
the invention is to provide an apparatus

-0
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

5 _ 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

10 measured at the detector. =

The decoder 105 decodes the APC-data signal from the
£irst 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

15 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

20 - 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

25 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.

30 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

35 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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pover | eWd) 934060% cd at the base station of each c i s t heCTAUB92/69963ach
mobi | e station. Another obj ect of the inventionis to provi de an appar at us
and method for automatically and adaptively controlling the power |evel of
a mobile user in a cellular commnicationgjietwork. Another object of the
I nvention is to provide a spread- spectrum apparatus and net hod which all ows

:operat| ng. circuit 61 is connected to the mixer 67, and the output of
| the filter &8 is cqnﬁected :b the power measurement circuit
- 75. 'Add'it_idnally,,. the input to the AGC circuit 61 is
connected to the power measurement circuit 7S.
5 _ A 'z"eceiv.ed'- signal includes a first spread~spectrum
| - signal with power P, and an interfering signal with power P Ry
at the :.npu,t to the circuit of FIG. 3. The interfering
s:.gnal may cone from one Or more nondes:.rable signals,
noise, multipath signals, and any other source wh:.g:h would
10 : . serve as an interfering signal to the first spread~spectrum
' signal. fThe received signal is normalized by the AGC
ci::cuit 6L. .Thus, hy' way _df 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
15 ‘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
. spread-spectrum signal. The despread signal is _fxltered by
-fJ.lter 68, and th:e autput of the fllter: 68 is the normalized
20 power of the £irst spread-spectrum signal plus the
normalized power of the interfering signal divided by the
prpcessinq gain, P;, of the spread-spectrum system. The
power measurement circuit 75 can process the despread-
received signal with the received signal and output the
25 received-power level of the first spread~spectrum signal.
" rThe power level of the interfering sigmal is reduced by the
processing gain, B.. ' )
The power measurement circuit 75 can process the
received signal with the despread, normalized received
30 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
35 signal. The two logarithms are a.dc_ied together te produce

the received-power level.
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a spread-spectrwweransmtter in different geogra%l C regions; -wherein eiéfcjh9

geographic region has a multiplicity of cells, and cells within a
geographi c regi on may have different size cells and transnitter power
requirements. A further object of the |nveniign i's a spread--spectrum
apparatus and nethod which allows a | arge nunber of mobile... users to

interactively operahekle? él%ah'cefeel wéabreaéhﬁomeﬁtﬂewﬁe wbtkeisnthe
er

S|ze cells and transm't omer renent
-circuitry of FIG. qg& shcws 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
5 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 heasured at the input to the receiver of the remote
station, giving an undesirable power level. The undesirable
10 powér level measuredlmay 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
15  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
' oﬁtput'of the AGC amplifier 71 is passed to receiver
20 . 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
25 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
30 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
35 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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of the invention is a spread spectrum apparatus and method which controls
the power |evel of a nobile user even when the nobile user's receiver
receives interference froma intentionaiz2er unintentional jamrer.

The comparison signal generated by comparator 70 is
.converted by control word generator 59 to control
voltage-contrclled attentuator 77. Accord:.ngly, the
voltage~controlled attentuator 77 adjusts the power level

s 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 thereto. Shown in FIG. 5 are power means, comparator
10 ‘means, transmitter means, an antenna, variable-gain means
" and decoder means. The AGC means is shown as an automatic-
gain-control (AGC) amplifier 72, correlator means is shown
as carrelétor’ 74 with filter 76, and power means is shown as
pdwer measurement device 78. The comparator means is shown
.15 as comparator 70, the transmittar means is shown as power
amplifier 58 coupled to the antenna 56. The variable gain
means is embodied as voltage controlled attentuator 77 and
the decoder means is illustrated as demult:.plexer 69. Alsc
illustrated is a control word generator 59 coupled between
20 : ccnparator 70 and voltage centrolled attentuator 77.

The AGC ampl:.f:.er 72 is coupled between the handpass
f:.ltex 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

25 76. The comparator 70 iz 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 58 is coupled to the output of tpe voltage
30 controlled attentuator 77 and the antenna 56.

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

35 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
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automatically controlling a power |evel of a nobile user which is easy to

i npl ement. [err] According to the present invention, as enbodi ed and
broadl y descri bed herein, an apparatus forlgdaptive-pomer°[err]

despread using correlator 74 and filter 76. The despread-
Aéc-odtpﬁt 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
5 measurement device 78 may be a AGC-control-voltage level
from the AGC amplifier 72. ) :
'The power measurenent device 78 processes the received
. signal with the despread-AGC-output signal, for generating a
receivéd-power level. As mentioned previously for FIG. 3,
10 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
15 comparing the receiéed-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
: . generator 59 can convert the comparison signal to a digital
20 : 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
25 - 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
30 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
35 spread~spectrum signal using envelope detector 104, and
measures the received power level of the first
spread-spectrum signal.
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-4~ control (APC) of a spread- spIeRgtsrumtrlansmtter s provPﬁEézgz“&@B?urﬁﬂﬁt’}g
of nobi WOB3410609s operate in_a cellul ar-comuni cat {ons net MOTAUS92/09962
spr ead- spect rum nodul at'i on. A base station transmits a first
spread- spectrum signal and an APC-data signal. The APC-data signal nay be
transmtted with or separate fromthe fiifi_spread-spectrun1signal.

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

5 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 altermative, the APC~data signal may be

10 *transmxtted on a different coded channel using ¥ second chip

| codeword. In the latter case, the second spread—spectrum
Signal-haVan 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
is 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

20 - amplifier 106. For example, if there were eight 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 threshold
level is used to adjust and or set the threshold of the

25 differential amplifier 106. Accordingly, the received power
level from envelope detector 104 is compared to the
threshold of the differential amplifier 106.

If the raceived power level is greater than the
threshold level, then the first variable-gain device 111

30 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.

35 ' 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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~conpar at or neans, transn1tten means, an antenna, vari abl e-gai n neans, and
optionally decoder means. The correl ator neans is coupl ed to the AGC neans.
The power neans is coupled to the AGC neans and to the correl ator neans.
The conparator neans is coupled to the poméﬁ means and t he decoder neans.

Coup 6d Lot he P AEYAE ot ATt 1Y S SA 0 oo , SnghER, 219 %@%f;”gﬁi-?”s s
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

5 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

10 . 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
15 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 operating in a cellular-communications

20 ﬁetwark using spread-spectrum modulation. 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

25 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

30 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

35 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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spr eadwyopagidegdn Si gnal (and an, interfering signal £ The i npEfiiso2rapoge gnal

is defined herein to ihclude an noise and/or signals which are coexi stent

in frequency with the first spread-spectrumsignal. The decoder neans
decodes the APC-data signal from the first spread-spectrumsignal as a
threshold |evel. For each recetved sréﬁél, the AGC neans generates an

AGC outputAGc 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~spectrun signal from the transmitter using the

10 comparison signal. :

' It will be’ apparent to those skilled in the art that
'varlous modiflcations can be made - ‘to the method and
apparatus for- adaptxvely 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
equivalents. '

-\“‘\\\\‘““““~\-l
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5|gnal ator neans despreads t he AGC- out puy S|gnal?ﬁi

nmeans prE@égéﬂgkﬁ%e recei ved siignal with the despread AGC-ou Bigﬁﬁﬁﬁﬁzf
generating a, received-power |evel. The conparator af~-~—
conpari son signal by conparing the received-power |evel .to the thresh

| evel . The conparison signal -may be~an anajpg or di g| tm“!e"ug wﬁﬂjum
transmtter neans at the nobile station transmts a s rum
shgnal. The vRrgrade: gai n means uses the conparlson si gnal a basis
| 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
| ' modulation, comprising: |
5 n 'a base station for transmittxng a first-
: spread-spectrum sxgnal,_ |
' a mult;plzclty of said mob;le statzons,-each
mobzle stat;on having e : i L
o . R .an automatlc-gazn-control circuit for ia:
a0 - _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
R . autamatic-ga;n—control circuit for despreadxng the J_
15 “_AGC-output signal; - N S
o o a power-measurement czrcu;t coupled to said:
automat1c~gaxn—ccntrol circuit and to said correlator
and responsive to processing the received szgnal wlth
. the despread AGc~output s;gnal for generatlng a
20 o rec31Ved-pQWer level, _ : :
. ' a ccmparator ccupled to said
power-measurement circuit for generating a comparison
signal by comparing the received-power level to a
"threshold level; | '
25 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
30 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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si gnal- d fromthe transm-tter neans. [errt—

i nvention al so includes a nmet hod fbr automati c- pomer
spread-spectr um transni tter for - _ milim"i“"i{l "ﬂl " III|
_ _ _ - ~-18- . .
2. An apparatus for adaptive-power control of a
spread-spectrum transmitter of a mobile station operating in
a cellular-communications network using spread-spectrum -
. modnlation, wherein a base station transmits a first h
5 : spread-spectrum signal, said mobile station comprLSing-' T
, AGC means responsive to a received signal, wherein
- the. received signal 1nc1udes the first spread-spectrun '
hg'SLgnal and an interfering signal, ‘for generating an
. o AGCroutput signal, '7f - : :
10 : _ : correlator means for despreading the AGC-cutput
" sigmal; ' S _
' ' power means respcnsive to processing the received
. signal with the desprcad AGC-eutput signal for generatiag a
.received-power level
15 ' comparator means fcr generating a comparison
signal by comparing the received-power level to said
threshold level;
- ' ; . transmitter means for transmitting a second
spread-spectrum signal,
20 an antenna; and _
- variable-gain means responsive to said comparison
signal for adjusting a transmitterbpower level of the second
spread~spectrum signal from said transmitter.

3. The apparatus as set forth in claim 2 wherein said
correlator means includes:
a first chip-code generator;
_ ‘a first bandpass filter; and .
5 ' a first product device coupled to said first chip'
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 automatic-gain-ccntrol circuit.
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a Jiobi | e statifon~operating in a cellul ar-communi cati ors—hetwork using
spread-spectrum nodul ation. A base station transmts a first

spr ead- spect rum si gnal- and ‘an APC-data signal. The AP :“H' "ﬂ ’m mu”llL
typically is a. spread-spectrum signal. _Eaal-mobi | e st
steps of acquiring the first . spread- spectrun15|gnal transmtted Trom t'he

base station, and deteGMQngp@atatasvaé petefokthelinotlulim Ri whierein said
spread- spectr S n n [ The
eteps. al 8o, |nggﬁ§8g§ g%## bﬁghﬁ&h g %hg&éblh ghyd 2¢cdRlitor|
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
5 spread-spectrﬁm signal, said method comprising thé‘steps of:
' éengrating,“from_a received signal, wherein the
received signél in;lﬁdes the first spreadfspéctrum signal
and an inteffering sigﬁal,_an AGC-output signal;
o - despreading the AGC-output signal;
10 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
15 | | - adjusting a transmitter-power level of the sacond
| spread-speétrum signal from said transmitter using said

comparison signal.

‘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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assa threshold level, fromthe first spread- spectrum si gna F’ qsrz PyPe16

si gnal o ¢3ra06w separ‘at e fromthe first spread- sﬁectrum pcwmsgym
met hod generates- an AGC- out put signal fromthe recerved signarl, and

despreads the AGC output signal. The despread A
processed with the received signal to generate ar M'Emg}ﬂ eI The
met hod further includes conparing the r 8@8ved- po e*threshold

Loveni ond adiueby19 ol R AP ReckButhiRh 2 286819.2RHEALEOPOC UM
- level of a spread-spectrum signal, when a received signal

includes the spread-spectrum sxgnal and an interfering
: s;gnal, comprising:
s - 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
10 . s;gnal with the despread AGc-output signal for generating a
' received-power level.

12. The appa.ra.tus 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—cutpu'l-: signal for
generating a received-power level.
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to the conpafT’son. Additional objects and advantages of the invention are
set forth in part in the description which follows, and in part are obvious

fromthe description, or may be |earned by practice of tl"ﬂﬂ"ﬂjmuﬂumnge
obj ects and advantages of the invention al-<Ra-my be re d
by neans of the instrunentalities and combi nations particulrly Poifhted out
in the appended cl di4w. Zrragparatus for adaptive~power control of a

spread-spectrum transmltter of a mobile statlon operating in
a cellular-commun;catzons network using spread—spectrum
modulation, wherein a base station transmits a first
5 ' 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
10 _  the received signal includes the first spread-spectrun
signal and an interfering s;gnal, for generating an
AGC-output signal; :
correlator means for despreading the AGC-output
signal; _ ' .
15" ' power means requnsive to processing the received -
' signal with the despread AGC~output signal for generating a
received-power level;
5comparator means for generating a comparison
_ signal by comparing.the received-power level to said
- 20 ~ threshold level; ' '
transmitter means for transmitting a second
sp;ead-spectrum signal;
' an antenna; and
_ variable~gain means responsive to said comparison
25 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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of the tion, illustrate preferred enbodi nénts of 68N,
and tod@&ﬁéfi h the descrlptlon ‘serve to explaln fhe—ﬁ++ggﬁgkgzﬁ§EELh
invention. FIG 1 shows an adaptive power contro CT"TIW and transmtte

according to the present i nvention; [err] 0} AR AR 1

-22-
18. The apparatus as set forth in claim 1.4, 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-powver
level of a spread%pe_ctrum' signal, w;xen a received signal
includes the. spread-~-spectrum signal and an interfering

signal, comprising:
5 AGC means responsive to the rece:.ved signal for

generat:mg an AGC-output signal;
correlator means for despread:.ng the AGC-output

signal; and
: ' power means responsive to processing the received
10 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:'- means includes means for mult:iplying. 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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-6 FI G 2wvshowse-van adaptive power

according to the present invention; FIG 3 is a block diagramof an

bl ock diagran1of an open | oop automatic pawgL control syste
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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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FIrG 5 is a block diagram of an open | oop autonatl power contro sr Rie

W th i peosa060ce rejettion; FIG 6 shows the reldtive eff usbh
multiplicity of users connunlcatlng Wi th spread- spectrun1|n ac
environment with and wi thout using adaptive power contro 7is a
flow chart of the method of the present invention. Referelm !r, (ﬂefmn
detail to the present -24-
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

5 base statiaon as a threshold.

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 by comparlng the

S received-power level to the threshold.



{6-FEB-1996 11:11

FROM

MAGUIRES

PPev32434862

P.g7,16

TO
preferred enbodi nents of the inventionm,s exanplkes of which are illustra ted
in the acconpanying draw ngs, wherein |ike reference numerals indicate |ike

el enents throug
plurality of .aohile st

usi ng spread-Spécy
geq i

geogr aphi caD—

plurality. of

I _the se_ar_ai__xi ews. The prgsant_jnventio s that a
t,OMNS Qpefate in a celfular-fogouni cqti Qns hetwork
nmBaul atigon} The cel | ul af .,,g@ﬂ‘ﬁi':éat I onfs t has a
cal fedtong, with a_mul ti§Ec ty of cell'swifhin a
SS = S '>— SS = &
] | S =
<2 < 2]
= N =
S S oS S
— - =9 =T === =
} f | !
] ! I f
1 2 L = =
| l o I L’//
o {7 |
i . 1 f
I -r v | l < g :
| ] = | L= e |
‘ ‘ { i ‘ ( l
: 1 | _
{ : EE -
| £ s | WSS s | '™
PSR o | RS S | n‘
| oS Y [ | g L
‘ _ - [ | | I
[ - } ! I | I
| { [ I
L - e - L - U ..J
S “ “
N L N LS SN LS
S3[E N
S S S
g = S
} .
= s NS W
= ~ S - S S
N Y S e N SSS
h\i ‘SEI & -2 =& < |EE
N3 LSS XS
[i\ 38 & S
-N ~ ’ T
Y
N~ ~
Ny o
N
- T




16-FER-1996 . 11: 1# FHGU IRES @PEE32434062 P.@8/16
r£gi on. The size the cel In a flrﬁééqgographlcal region nay differ

fromthe size of the cells in a second raphical region. In a first
geographi cal region such as an urban environnment, a cellular architecture
within the region may have a | arge nunber of cells of small area which are
close to each other. In a second geographical region such as a rural
environnment, a cel l ul ar architecture within the region may have cells of

| arger area. A nobile station while in the flrst geographlcal regi on
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near THEC base stiajtlon of the Cce 'TEIS may be. r..eqwrea to transmt Wltah ower

| evel less than that when the nobile station is near an outer peri rreter of
the cell. This is done to ensure a constant power |levgl at the base
station, received frQmeach nobile station. | nE\maent ‘invention, a
base station withing r§art icular cell transmts [ A spread-spectrum

si gnal and optional I§ n APC-data signal. The EJ&& si gnal y be
transmtted as part\@ the first spread-spectr Mynal , on

. \
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a separate spr ead- spectrun1channe| oryg q%a totaIIy separate signal. The
t

APC- dat a si gnal includes |nfornat|on on e threshold | evel each nnblle
station is to use when communicating with the base station. |f an APC- data
signal were not used, then the threshold level may be fixed at a preset

| evel for each nobile station communicating with the base station. The
APC-data signal may be transmtted with or separate fromthe first

spread- spectrum signal. For exanple, a
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spread-spéctrum signal "using a first chup,codemord may be considered a

first spread-spectrumchannel having the first spread-spectrum signal, and
a spread-spectrum si gnal usi ng a second Chlp codeword may be consi dered a

second spread- spectrum channel. The al may be transmitted in
t he sanme spread-spectrum channel, i./= Hﬁg:%;w Cﬁgpread spect rum channel ,
as the first spread-spectrumsignal/ or in second spread- spectrun1channe

mhlch is different fromthe first spread spectrum si gnal .
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§PECTRUM_ COMMUNICATIONS SYSTEM AND MET

BACKGROUND OF THE INVENTION

This inventicn 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.

. DESCRIPTION OF THE PRIOR ART

A spread-spectrun signal'typically is generated by
modulating an information-data signal with a chip-code
éignal. The information-data signél 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 videc. The
chip-code signal is generated by a chip-code where the time
duration;'Tc, of each chip is substantially less than a data
bit or data symbol. _

Spread-spectrum modulation provides means for
communicating in which a spread-spectrum signal occupies a.

bandwidth 1n excess of the minimum bandwidth necessary. to
send the same information. The band spread is accomplished
using a chip code which is independent of an
information-data signal. A s&nchrcnized reception with the
ship-code at a receiver is used for despreading the
spread-spectrun signal and subsequent recovery of data from
the spread-spectrum signal. -

Spread-spectrun modulation offers many advantages as a
communications system for an office or urban environment.
These advantages include reducing intentional and
vnintentional interference, combating multipath problems,
and providing multiple access to a communications system
shared by multiple users. Commercially, these applications
include, but are not limited to, local area networks for
computers and personal communications networks. for
teélephone, as well as other data appllcatlons.
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103. (Al terhatively, the correlator neans may be realized as a matched
filter such as a surface-acoustic-wave device. |n general, the correlator
means uses or is matched te the chip codeword of the spread-spectrum signa
bei ng received. The detector neans may be enbodi ed as envel ope detector
104. - O her type detectors nay be used with the present

.—2—

A cellular communications network using spread-spectrum
modulation for communicating between a base station énd a.
multiplicity of users, requires contiol of the power level
of a particular mobile user station. Within a particular
cell, a mobile station near the base station of the cell may

' be required to transmit with a power level less than that
when the mobile staticn 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 staticn. '

''In a first geographical region, such as an urban
environment, the cellular architecture within the first
geogréphical region may have small cells which are close to
éach other, requiring a low power level from each mobile
user. In a second geographical region, such as a rural
env1ronment, the .cellular architecture within the region may
have large cells which are spread apart, requxrxng a
relatively high power, level frcn each mobile user. A mobile
user who moves. frcm the first.geograph1c51 regicn to the

' second geographxcal reqzon must adjust the power level of
-hxs transmitter, for'meetzng the requ;rements of a
particular geographic reglon. Otherwise, if the.mobxle user
travels from a sparsely populated region with fewer spread

 cut cells us;ng the relatively higher power level wzth his
spread-spectrum 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 contrelling a mobile
user’s spread-spectrum transmitter power level when
operating in a cellular communications network.

OBJECTS OF THE TIO
A general object of the invention is an apparatus and

method which results in maximization of user density within
—_
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i nvention,’ such as square | aw detectors or coherent detectors, as is wekl
known- in the art. The decoder means may be enbodi ed as decoder 105. The *
conparator neans may be enbodied as differential anplifier 106, the
transmtter nmeans as transmtter 112 and the first variable gain neans as
first variable-gain device |I. The first3-variable-gain device 111 may be a
variabl e-gain anplifier, a variable-gain attentuator or any device which
perforns the el denainwhide H'én#mﬂ-é#-n?alﬁ?%l% e transwigbed and

descri bed heyRidt.
An object of the invention is to provide an apparatus

and method which controls the power level of a mobile
station so that the power level received at the base station
of each cell is the same for each mobile station.

Another object of the anengion is to provide an
apparaéus and method for automatically and adaptively
controllinq the power level of a mobile user in a cellular
communzcatlons network.

~ another object of the invention is to provide a
spread-spectrum apparatus and method which allows operating
a spread-spectrum transmitter in different geographic

. regions, ﬁhefein each geographic region has a multiplicity
of cells, and cells within a geographic region may have
different size cells and transmitter power requirements.

A fﬁrther-object of the invention is a spread-spectrum
apparatus and method which allows a2 large number of mobile
users to interactively operate in a mobile cellular
environment having different size cells and transmitter
power reguirements.

A still further object of the invention is a
spfead-spectrﬁm apparatus and method which controls the
power level of & mobile user Ln a cellular communications
network using a simple circuit. '

aAn additional further object of the invention is a
spread spectrum apparatus and method which controls the
power level of a mobile user even when the mobile user’s
receiver receives interference from a Lntentlonal or
unintentional jammer. .

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

) Y OF THE I0 .
According to the present invention, as embodied and

broadly described herein, an apparatus for adaptive-power
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The first:product device 101 i's coupled to the first chlp code generator:-
102 and to the bandpass filter 103. The envel ope, detector 104 is coupled
betmeen t he bandpass filter 103 and the differential anplifier 106. The
decoder 105 is coupl ed between the bandpass filter 103 and the differenti al
anplifier 106. The decoder 105 alternatively may be coupled to the output
of the envel ope detector 104. The varj,abl e-gain device 111 is coupled to
the differential anplifier 106 and between the transmitter 112 and antenna.

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 mobilé station includes AGC means, correlator
means, power means, comparator means, transmitter means, an
antenna, variable-gain means, end optlonally decoder means.
The correlator means is ceupled 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 decoder means. Thé antenna is coupled to the
transmitter means. The variable-gain means is coupled to
the comparatof means and between the transmitter means and
the antenna.

A received signal is defined.herein to anlude the
first spreadrspectzum signal and an interfering signal. The
interfering signal is defined herein to include an noise -
and/or signals which are ccex;stent in frequency with the
£irst spreade-spectrum signal. S

The deccder means decodes the APC-data signal from the

. first spread-spectrun s;gnal 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 power means processes the received signal with
the despread AGC-output signal for generating a
received-power level. The comparator means generates a
comparison signal by comparing the received-power level to
the threshold level. The coumparison 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
means. - . BN
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The decodér 105, as illustratively shown in FIG 2, alternatively nmay be
coupl ed between a second bandpass filter 203 and differential anplifier
106. In this particul ar erbodi mrent, the second bandpass filter 203 is
coupled to a second product device 201. _dhe second product device 201 is
connected to a second chi p-code generator 202. The enbodi nent of FIG 2

could be used Wigie presE- tvantidiallsos iheaaads 4 eflethiéd £de second

spread- speglumahannel sl ULAGISP 4Y % WhireSal BSeLLidh SRISALSRSC YN
a mobile station operating in a cellular-communications
network using spread-spectrum modulatioﬁ. A base station
transmits a first spread-spectrum signal and an APC-data
signal. The APC-data signal typically is a spreadéspectrum
signal. Each mobile station performs the steps of acquiring
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 signallincluding
noise. The steps also- ihclude decoding the APC-data signal
as a threshold level, from the first spread—-spectrum signal,
or from a. szgnal or channel separate from the first
spread-spectrum 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 receivedépower level.
‘The method further inciudes 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 obviocus 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.

EF _DESCRIPTION OF D NGS

‘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 serve 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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signal is'transmtted over the first spread-spectrum channel. The second™
channel: uses a spread-spectrumsignal with a second chip code, and the -
second chi p-code generator [err]. 202 generates a second chi p-code signal
usi ng the second chi p code. '

- -5

FIG. 2 shows an adaptive power control receiver and
transmitter according to the present invention;
FIG. 3 is a block diagram of an automatlc power control .
circuit with interference rejection;
FIG. 4 is a block diagram of an open loop automatic
power control systenm;
_FIG. 5 is a block dlagram of an open 1oop automatic
power control system with interference rejection; -
FIG. 6 shows the relative effect of a multiplicity of
: users communlcatzng with spread-spectrum in a cellular
environment.WLth and without using adaptive power control;
and - ' | ]
FIG. 7 is a flow chart of the method of the present

invention.

Reference is now made in detail to tha present
preferred embodiments of the invention, examples of which
are illustrated in the accompany;ng drawings, wherein like
referance numerals indicate like elements throughout the
several views.

. The present invention 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 geographical
region. The size of the cells in a first.geog:apﬁical
region may differ from the size of the cells in a second
geographical regicn. In a first geographical region such as
an urban environment, a cellular architecture within the
region may have a iarge number of cells of small area which
are close to each other. In a second geographical region
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 reguired to transmit a lower power level than while

in the second geographical region. This requirement might

e W
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The product device 101, FIGS. 1 or 2, using a first-chip-code signal from:.
the first chip-code geherator 102 acquires the first spread-spectrum signal
transmtted fromthe.base station. 'The first chip-code signal has the sane
chip code as the first spread-spectrumsignal. The envel ope detector 104

detects a received power |evel of the fifsT spread- spectrUm signal. The

recei ved power | evel nmay _be neasyred at the detect decqoder 105
p ﬁ& the mo (fn. e sta ion from the

decodes t he 2@c3Bst §°S'P'gﬁ§Fr‘F?ﬁ th@nge o

base station. Within a particular cell, a nobile station
near the base station of the cell may be required to
transmit with a power level less than that when 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-spectrum signal and
optiénelly an APC-data signal. The APC-data signal may be
trensmitted as part of the first spread—speetrum -gignal, on
a separate spread-spectrum channel, or as a totally separate
signal. The APC-data signal includes :.nformatmn on the

- threshold level each mobile station is to use when
communicating with the base station. If an APC-dat.a signai
were not used, then the threshold level may be fixed at a.
preset level for each mobile station communicating with the
base stat:l.on.

The APC~data signal may be transmitted with or separate
from the first spread—spectrum signal. For example, a
spread-speetrmn s:i,gx_xal using a _f:.rst 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- '
spectrun channel. The APC-data signal may be transmitted in
the same spread-spectrum channel, i.e. the first spread-
spectrumr channel, as the first spread-~spectrum si.gnal, or in
a second spread-spectrum channel which is different fron the
first spread-spectrum signal.

_ In the exemplary arrangenment shown in FIG. 1, an
apparatus for adaptive-power control of a spread-spectrum
transmitter is provided. Each nmobile station comprises
correlator means, detector means, decoder 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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first.spread: spectrumsignal. as a.-threshold | evel. Mre particularly, data:-
whi ch establishes or sets the threshold level for differential anplifier -~
106 is sent -with the 'APC-data signal. The differential anplifier 106
generates a conparison signal by conparing the received power |evel of the
first spread-spectrumsignal to the threshold Ievel. The differential
anplifier 106 may enploy a differentigg_anmplifier or other circuits for
perform ng the conparison

103. Alternatively, the correlator means may be realized as

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 szgnal being received.

The detector means may be embodied as envelope detector
104. Other type detectors may be-used with the present
invention, such as square law detectors or coherent
detectors, as is well known in the art. The decoder means
may be embodied as decoder 105. The conmparator means hay.be
embcdied-es differential amplifier 106, the 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
attenﬁusto:-or any device which performs the.same function
‘as the first variable-gain device 111 and described herein.

. The f£irst product device 101 is coupled to the first
ch;p—cede generator 102 and to the bandpass £ilter 103. The
envelope- detector 104 is couplednhetween the bandpass filter
103 and the differentjal amplifier 106.  The decoder 105 is
coupled between the bandpass filter 103 and the dxfferentzal
amplifier 106. The decader 105 alte:natlvexy-may be coupled.

to the output'of the envelope detector 104. The '
_variable—gain—device 111 is coupled to the differential
amplifier 106 and between the transmitter 112 and antenna.

The decoder 105, as illustratively shown in FIG. 2,
alternatively may be coupled between a second banépass
filter 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 where the APC~-data
signal is transmitted over the second spreadrspectrum
channel simultaneously while the first spread-spectrunm
signal is transmitted over the first spread-spectrum
channel. The second channel uses a spread-spectrum signal
with a2 second chip code, and the second chip-code generator

-
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functiron. The transmtter. 112 transmts a second spread-spectrum signal. -
The vari abl'e-gain device 111 using the conparison signal, ‘adjusts a’
transmtter-power |evel of the second spread-spectrumsignal fromthe
transmtter. The variabl e-gain device 111 may be realized with a

vari abl e-gain anplifier, a variabl e-gai meattentuator, or an equival ent

devi ce which can adjust the power |evel of the second spread- spectrum
si gnal . 202 generates a second chip-code signal using the second

chip code.

The product device 101, FIGS. 1 or 2, i:sing a first
chip-code signal from the first chip-éode generator 102
acquires 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-spectrunm signal. The received power level ‘may be

~ measured at the detector. '

The decoder 105 decodes the APC~data signal from the
first spread-spectrum signal as a threshold level. More
particularly, data which establishes or sets the threshold
level for differential amplifier 106 is sent with the
APC-data signal. '

The differential amplifier 106 generates a comparison
signal by comparing the received pover level of the first
spread—épectrum signal to the threshold level. The
differential amplifier 106 may employ a differential
amplifier or other ci,réuits for perférming the comparison
function. ' | '

The transmitter 112 transmits a2 second spread-spectrum
sigi'qal. The var:.ahle-gain device 111 using the comparison
signal, adjusts a transmitter-power level of the second
spread-spectrum signal from the transmitter. The
vé_riable-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 block 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 7S. As shown in FIG. 3, the AGC

R
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As |IIustrat|ver sh0wn I n FI G 3 a bl ock di agram of a power rreasurerren’t
circuit with interference rejection is shown for use with a nobile station..
A correlator is shown with the m xer 67 coupl ed between the chip-code '
generator 75 and filter 68. Additionally, AGC neans and power neans are
i ncluded. The AGC neans is enbodied as an autonatic-gain- control (AGC)
circuit 61, and the power means-is enb0dP8d as a power neasurenent circuit

5. As Shom@r'c&:.'tzzl (631 35.5 connAG%eLi to] the mixer 67, and the output of
the filter 68 is connected to the power 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 ,
signal with power P, and an interfering si'gn_a.]_. with power P,
at the input to the circuit of FIG. 3. The interfering
signal may come from one or more nondesiréb_l_e signals,
noise, multipath signals, and any other source which would
serve as an interfering signal to the first s_p:ead'-'spectru:n
signal. The received signal is normalized by the AGC
circuit 61. Thus, by way of example, the AGC circ_:uit 61 can
have the power output, Pc + PJ. = 1. The nofmal:.zed received
signal 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 generutes' a chip-
code s:.gnal using the same chip-codeword as the first
sp:ea.d.-spectrun s:l.gna.l. The despread s:.gnal is f:.ltered by
filter 68, and the output of the f:.lter 68 is the normalized
power of the first spread-spectrum signa.l plus the
normalized power of the interfering signal divided by the
prucessing gain, PG’ of the spread-spectrum system. The '
power measurement circuit 75 can process the despread—
received signal with the received 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, PG

The power measurement c:.rcu:.t 75 can pracess the
received signal with the despread, normalized received
signal by multiplying the two signals together, or by
logarithmicly processing the received signal with the
despread received signal. In the latter case, the logarithm
is taken of the power cf the received signal, Pc + Py, and
the logarithm is taken of the despread, normalized received
signal. The two logarithms are added together tec produce
the received-power level. '
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- 10- CIFCUIt 61 |s connected to thHe mixer 67, and the output of the filter-
68 is connected to the power measurement circuit 75. Additionally, the
input to the AGC cireuit 6I is connected to the power neasurenent circuit
75. A received signal includes a first SP{Egd-spectrum

A key element for the present invention to work is the
circuitry of FIG. 3. FIG. 3 shows a way for determining at
the ﬁobile station the power of the first épread-Spectrum
signal when it is mixXed 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 powexr level. The undesirable
power level measured may cause the remote station to
transm;t 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 frequency (IF) down-converter S9 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 ampllfier 71 can have its output or a voltage -
level used as an AGC-contrel voltage. A controlevoltage
maﬁping 73 is coupled between the AGC amplifier 7}_@nd-a
comparator 70. The comparator 70 is coupled to the
demultiplexer 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 $8. 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 amplifier
71 normalizes the voltage of the received spread-spectrum
signal, and alsc generates an’ AGC-control voltage. The
control-voltage mapping 73 maps the AGC-control voltage for
2 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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si gnal with power PC. and an |nterfer|ng si gnal wrth power [err] .at- the _
input to the circuit of FIG 3. The |r1terfer|ng signal may cone from one -or
mor e nondesi-rabl e signals, moise,. nultipath signals, and any ot her-source
whi ch woul d serve as an i nterferi ng signal to the fi rst spread-spectrum
signal. The received signal is normalized by the AGC circuit 61. Thus, by

way of exanple, the AGC circuitf 61 cajzhave-the power output, [err] The
normal i zed received signal is despread by the correlator, which in this
case 1s The comparison signal generated by comparator 70 is

converted by control word generator 59 to control
voltage~controlled attentuator 77. Accordingly, the
voltage-controlled attentuator 77 adjusts the power level
from.the transmitter and inputted to power amplifier S8 and
radiated by antenna 5&.

FIG. S illustrates the cpen loop automatic power
control circuit of FIG. 4, with the concepts from FIG. 3
added thereto. Shown in FIG. 5 are power means, comparator
means, transmitter means, an antenna, variable-gain means
and decoder means. The AGC means is shown as an automatic-
gain—conti_:ol (AGC) amplifiei.- 72, correlator means is shown
as correlator 74 with filter 76, and power meéans is shown as
power measurement device 78. The compa:."atar. means is ehewn.
as comparator 70, the transmitter means is shown as power
amplifier 58 coupled to the antenna 56. The variable gain
neans is emhod.i.ed as voltage controlled attentuator 77 and
the decoder means is J.J.J.ustrated as demultiplexer €9. Also
illustrated is a control. word generator 59 coupled between
conparatcr 70 and voltage controlled a:l:tentuater 77. _

The AGC ampl:.fier 72 is coupled between the handpass
'filter 60 and the correlator 74. The filter 76 is coupled
o -th.e cutput of the -corx:ela.te'r 74. The power measurement
device 78 is coupled ta the AGC enplifier 72 and the filter
76. The comparator 70 is coepled to the output of the power

_ measurement device 78 and to the demultiplexer 65. The
control word generator 59 is coupled between the comparator
70 and the voltage controlled attentuator 77. . The power '
amplifier 58 is coupled to the ou{:put 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 2 comparison. for the received-power level
measured by the power measurement device 78.

Far each received signal, the AGC amplifier 72
generates an AGC-output signal. The AGC-output signal is
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shown by méy of exanple the nixer 67, chip-code generator 65 and filter 68.
The chi p-code generator 65 .generates a chip- .code signal using the same”
chi p-codeword as the first spread-spectrum signal. The despread si gnal
filtered by filter 68, and the output of the filter 68 Ls the nornalized
power of the first spread-spectrum signait3pl us the normalized power of the

interfering signal divided by the processing gain, [err] of the
spr ead- spectdaspraast &8 intheqrnadataraddr anénEliteruv6.- 75Thandgspreed—t he

despread- AGC-output signal from the_f;lter 76 is processed with the
received Signél from the AGC amplifigr 72,'by the power
néasurement device 78. The received signal to the power
measurement device 78 may be a AGC-cont:ol—vbltage level
from the AGC amplifier 72. )

The power measurement device 78 processes the received
signal with the despread-AGc-output 51gna1, for generating a
recelved-power_level, As mentioned prev;ously for FIG. 3,

" the pover measurement device 78 can process the received
signal with the despread-asc-output_siénal by multiplying
the two signals together, or by logarithmicly processing the
received signal with the despréad-Aéc-output signal.

The comparator 70 generates a comparison signal by
comparing the :ééeiéed-pgwer—level_generated by the power
measurement deviceITS, to the threshold level provided by
the demultiplexer 69. The comparison signal may be an
analog or digital data signal. Broadly, the control word
generater 59 can convert the comparisdn:éignal to a digital
data 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 S6.

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;Spectxum signal is acquired and despread with
the first chip—code-signa; from first chip~code generator
102 and first product device 10l1. The despread first
spread-spectrum signal is filtered through bandpass filter
103. The mobile station detects the despread first
spread-spectrum signal using énvelope detector 104, and
measures the received powerllevei of the first

spread-spectrum signal. dﬂ///ffﬂﬂfﬁ,,,ﬂﬂfff
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recei ved sfgnal with the Teceived signal and output the received- pover. | S

| evel of the first spread-spectrum signal. The power |evel of the
interfering signal is reduced by the processing gain, [err] The power
measurenent circuit 75 can process the received signal with the despread,
normal i zed received signal by nmultiplying the two signals together, or by
| ogarithm cly processing the received‘§ﬁghal with the despread received

signal. In the latter case, the logari
g The APC~data signal Qna e transmz.tted on the same

channel as the first spread-spectrum signal using the same
chip codeword as the first spread-spectrum signal. 1In this
caée, the APchata signal is transmitted at a different time
interval from when the first spread-spectrum signal is "

" 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
trahsm;tted on a different coded channel using = second chip
codeword. In the latter case, the second spread-spectrun
signal ‘-having the APC-data signal would be acquired by the
second dhip—code genérato: 202 and second product device
201. In either case, the APC-data signal is decoded using
decoder 105. Further, the APC-data signal may be time
division multiplexed or frequency division multiplexed with
the £irst spreadrspectrum signal.

. The decoder 105 decodes from the APc-data szgnal the
value of the threshold level for use hy dszerentlal
amplif;er 106. For example, if there were e;ght 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 threshold level to the mobile station. The threshold
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
thréshcld level, then the first 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-spectrun pover. .

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 of the bandpass filter 103
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i s taken-of the power of thé;fegeived si gnal , [érr] and the Iogér[thh1ﬂsf“
taken of the despread, nornalized received signal. The two |ogarithns are’

added together to produce the received-power level. [err] A key el enment
for the present invention to work is the
' =15~

would convert the received signal to a‘'data signal. The
enveloPe detector 104, decoder 105 and dlfferentxal
amplifier 106 may be implemented as part of digital signal
processing functions on the DSP chip. The analog to digital
converters may be included on the DSP chip.

FIG. 7 shows the advantage of using an adaptive power-
control apparatus with a mobile station in a personal
communications network. The number of adaptive power
contral mobile stations, N(APC), versus the number of mobile
stations which can be used in a similar region, N, is
plotted with respect to an inner radiqs, R;, and an outer
radius, R . When the inner radius goes to zero, using
spread-spectrum as code division mnltzplex, the number of
users with adaptive power control who can operate within a
cell, is approximately ten times the number of users without
adaptive power control who can operate within the cell.

The present invention also includes a method for
automaticépower control of a spread-spectrum transmitter for
a mobile station operating in a cellular-communicatlons
network using spread-spectrum modulat;on. Referring to FIG.
8, a base station transmits 701 a first spread—spectrum
signal and optlonally an APC informatzon-data signal. FEach
mobile base station performs the steps of acquiring 702 the
first spread-spectrum signal transmitted from the base
station, and detecting 703 a received éawer level of the
first spread-spectrum signal. The steps also include
decoding'704 thae APC-data signal as a threshold level, from
the first spread-spectrum signal, or from a separate 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 includes 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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citcuitry 'of FIG 3. FIG 3 shows a way for deterimning at the nobile
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, nmultipath signals, and

ot her. undesirable signals, may raise the power |evel neasured at the input
to the receiver of the renote.statiei16=gi ving an undesirabl e power |evel.

The undesirabl e power |evel neasured may cause the_renote station to
AGC~output signal. The received signal includes the first

spread-spectrum 91gnal and an interfering signal. The
rece;ved 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 B
raceived~-power level to the threshold level. While
transmitting a second spread-spectrum signal, the method
adjusts a transmitter-power level of the second
spread—spectrum signal from the transmitter using the
ccmparzson signal.

It will be apparent to those skilled in the art that.
various modifications can be made to the method and
apparatus for adaptively controlling a power level of a
spread-spectrum sighal in a cellular environment of the
instant invention'without departing fronm the scope or épi:it
of the invention, and it is intended that the present
invention cover modifications and variations of the method
and apparatus for adapt;vely controlling a power level of a
spread-spectrum signal in a cellular'enVLronment provided
they come in the scope of the appended claims and their

eguivalents.
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transmt foie power than reqUI red “increasing the armunt of power recei- ved
at the base station 50. FIG 4 shows a bl'ock diagram of an

aut omati ¢ power control -processi ng unit, where the conparator receiv s t he

t hreshol'd | evel information provided by the cell “‘\“ L T

antenna 55 is coupledto an RE_filter 757 Anlnterrreu | F)

down-converter 59 is coupled bet weerd t'he RF filter 57*antl an AGC arrpl i fier

71. The output of the AGC anplifier 71 is passed to receiver
I CLAlM: adaptive-power control of 2

1. An apeere f:ier oz a mohile stat:.on operating in

sp::ead—spe<=*="‘-‘“m transm'

on compr:.smg. o .
moduiect ; pbase station for. transmz.ttlng a fir

- s:_g'nal: |
spread specﬁtxplxcmty of said mob:.le stations, ?acn
a :

mOblle Statl'on hav:::omat:.c-gain-control c:.rcu;t for -

' . t a:.n AGc-output signal, from a received f;rst_ |
genera g in the. received signal includes the first

S Whert-.:e:-mn s:.gna.l and an i.m:erferinq signal;.
'spread.spe: correlator coupled to said L
'automatic-gam—ccntrol ci.rcuit for despread:.ng

| AGC"'°‘“'-P“"' sx'gmu''-measuremen‘c circu;.t coupled to sa.id. o

c a?.:‘:;ntrol circui.t and to said correlatot:

autamatlo::z:.ve to process:.ng the rece:.vad signal Wi
3::: :.:zzread AGC-output signal for generating- a-

1; .
e:wed-power ].eve ; | '
= a compara.tor coupled to sa:.d

thr avel; ' |
esh°1d . trax'zsmrtter for transmitting a second
a

spread.specam:xt:ft:a::upled to said transmitter; anc?.d
anf:.rst variable-gain device coupled :o sal
tor and hetween said rransmitter and sai
i sponsive to said comparison signal
e ing 1:1 increase O decrease for adjusting im
lndl::tizgeripower jevel of the second spread—spee:
tran

signal from sa:.d eransmitter.
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proce55|ng The AGC anpllfler 71 can have its output or 1. e‘féVET o
uséd as an AGC-control voltage. A Qontrol vol t age na 73 IS coup
between the AGC anplifier 71 and a—conparator 70. Th Wﬂﬂ ﬂlﬁ ’f

at or

coupled to the denmultiplexer 69 and to a control -word
vol tage-control led anplifier 77.is couphge to the control- wor'd dene

59, transmtter and power anplifier 58. The power anplifier 58 is coupled
to an antenna 5&. Aan apparatus for adaptive-power control of a

spread-spectrunm transmltter of a mobile station operatlng in
a cellular-commnnxcatlons network using spread‘spectrum
modulation, wherein a base station transmits a first
spread-spectrum signal, said mobile station comprising:
AGC means respansive to a received signal, wherein
. the recelved sxgnal ;ncludes the first spread—spectrum '
__sxgnal and an 1nterfer1nq signal, for generatlnq an
AGc-oucput signal, - o _
oorrelator means for despreadinq the AGC—output o
siQnal: '
- - power means responsive to processing the received
_ siqna]. with the despread mc—output signal for qene:ating a
.received-power level, '
: comparator means for generatxng a comparison
szgnal by comparlnq the received-power level to said
threshold level,
' transm;tter means for transm;tt;ng a second
spread-sPectrum sxgnal, -
an antenna; and _
variable-gazn means responsxve o saxd comparzson
signal for adjustlng a transmxtterbpower level of the seoond
spread-spectrum signal from said transmitter.

3. The apparatus as set forth in claLm 2 wherein said

correlator means includes:
a first chip-code generatof;
a first bandpass filter; and
_a first product device coupled to said first chip

cude generator and said bandpass filter.

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

5. The apparatus as set forth in claim 2 wherein said
AGC means includes an automatic-gain-control circuit.

This is the replacement sheet
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In FIG 4; a received spread-spedtrUn1signaI.froﬁranfenna 55 |S‘bandpass_a7
filtered by RF filter 57 and converted to an | F by The
AGC anplifier 71 normaliZzes the voltage of the rece @m l'l .Hiﬂﬂl)“& rum

si gnal ,

and al so generates an AGC-controhguol t age.

e control -wol trage

mappi ng 73 maps the AGC-control voltage for conparator 70. The conpar at or
70 conpared the sappedeAGppacagusohsvebtagerth intdlaihop dwherelin whigh is

provi ded byvgg”gL&' '%é%rmégns includes a variable~gain attenuator.

~ 7. The apparatus as set forth 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-communications network using spread-spectrum
modulation, wherein a base station transmits a first
spread—spectrum signal, said method comprising the’ steps of:

generating, from a received szgnal wherein the

- recelved slgnal includes the first spread—spectrum signal
~and an lnterferzng sxgnal, an AGC~output signal;-

despreading the AGc-output signal; :

processing the raceived 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 threshoid;

transmitting a second spread-spectrum signal, and

adjusting a transmitter-power level of the second
spread-speetfum_signal from said transmitter using said
comparison signal.

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—ocutput signal for
generating a received-power level,

. . Thls Sheet Has Been Replaced
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[err].™

cont r ol

The conparisoh”signal.géﬂerated by connératdr 70 is conVErted by
word generator 59 to control voltage-controlled attentuatori

Acco_rdi ngly, the voltage-controlled attentuator 7ﬂmm5ml1ml""m |ﬁm\e I eveI
fromthe transmtter and inputted to power anplif

-2 0=~

11. An apparatus for deternining a received-power
level of a spread—spectrum signal, when a received signal
“includes the spread-spectrum signal and an interfering

signal, comprlszng.
AGC means responsive to the received signal for

generating an AGC-output signal;
-correlator means, including a differential
amplifier, for despreading the AGC-output signal; and
‘power means responsive to processing the received
signai with the despreadeGcécutpgt siQnal for generating a
received~power level. -

12. The apparatus as set fortn in claim 11, wherein
sazd power means anludes means for multiplying the received
s;gnal with the despread AGc-output signal for generating a
recelved-powez level.

13. The apparatus as set forth in ¢laim 11, wherein
said power means anludes loqarithn;c.means for adding the
received signal with the despread AGc-output signal for
‘generating a received-power level.
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r adi at-ed- by antenna 56 FIG. 5 |Ilustrates t he open Ioop autonatlc pomer
control circuit of FIG 4, vmth the concepts fromFI G

Shown in FIG 5 are power neans, -conparator means trangmgm“m EMH"I
antenna, variabl e-gain neans-and-decoder-mgans means Its shown as

an automatic- gain-control (AGC) anplifier 72, correlator means is shown as
correl ator 74 MAth4f|IAnraﬁﬁargmmbFﬁnmwad&guﬁweépawﬁwmcantﬁomebfnaasurenent

device 78.  IBE.CONDALAL hn "BANNsh L SAOE a mobile station operating in
a cellular-communications network using spread-spectrum '
modulation, wherein a base station transmits a first
spread-spectrum signal and an APC~data signal, said mobile
station comprising:

decoder means for decoding the APc-data s;gnal 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 generatlng an
AGC-output signal; T

correlator means for despreading the AGC~output
signal; o _ _

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 sazd
P threshold level;
transmitter means for transmitting a second
spread-spectrum signal; '
an antenna; and )
variable-~gain means responsive to said édﬁparisdn
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.

17. The apparatus as set forth in claim 14, wherein
said power means includes means for multipiying the received
signal with the despread”AGc-output signal for generating a
received-pover level.
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as cqnmparator 70, thé transmitter neans is shown as power anplifier 58
coupled to the antenna 56. The vari abl e gai n neans |§—EEBEHT§H“§§“VUrrage
controlled attentuator 77-and the decoder neans is il

demul ti pl exer 69. Also illustrated is a control word g mﬂmﬁw_ﬂl’ed
between conparator 70 and voltage controlled attentuatot 7.

anplifier 72 is coupled between the bagplpass filter 60 and the correl at or

74. The filter 76 is coupled to the output of the correlator 74. The power
neasurenent 18. The apparatus as set forth in claim 14, wherein

said power means includes logar;thmic means for adding the
received signal with the despread AGC-output s;gnal for
generating a received-power level.

19. An apparatus for detérmininq a received-power
level of a spreadéspectrum signal, when a received signal
indludeé the spread-spectrum signal and an interfering

s.:.gnal, comprising: _
- AGC means respcnszve to the rece;ved signal for

generating an aGC-output signal;
correlator means for despread;ng the. AGC~cutput

signal; and
power means responsive to processing the received
sxgnal with the despread AGC-output signal for generatlnq a,

:ecelvedppower level.

' 20. . The apparatus as set forth in claim 19, wherein
said power means 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-output signal for
generating a received-power level. - .
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device 78.7 i's coupled to the AGC anpllfler 72 and t he f|lter 76 The .
conparator 70 is coupled to the output of the power e 78
and to the demul tipl-exer 69. The control word generalmmﬁmmmuﬂmm
between the conparator 70 and the voltagg, controlled attentuators /7
power anplifier 58 |s coupled to the odg%ﬂt of the voltage controlled

Z;E?ggtjgt glr gzgl ag ﬁ ﬁg&?ég:lfégdagiﬁﬂ%% r st spr eadqgf;:)(e)ég?fuﬁnhgl gnal ,
as a spread-spectrum transmitter of a mobile station operating in
a cellular-communzcatlons network using spread-spectrum
modulation, wherein a base station transmits a first
spreadfspectrﬁm signal and an APC-data signal, said method
comprising the steps of:
acqﬁiring.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-spectrun signal
and an interfering signal, an AGc-output signal,
despreading the AGC-output s;gnal,
| - processing the received signal with the despread
AGC-output signal to generate a received-~-power level;
| 'generating a comparisen signal by comparing the
received-power level to said threshold;
transmitting a second spread-spectrum signal; and
adjusting a transmitter-power level of the second spread~
spectrum signal from said transgitter 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 ferth 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.

o i




t__'hrés_hol d I evel .  The threshold level is used b'y:"t'he co
conpari son for the received-power |evel neasured by the pomerw“ Fﬁﬁenen

device 78. For each received signal, the AGC anplif “m‘\m‘
AGC- out put signal. The AGC-output signal is [err] \\“\‘
- -24-
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 station as a thresheld.

27. The meth;d'as_ set forth in claim 26, further
comprising, after the step of processing the received

s:.g'nal, the step of:
generating a comparison signal by comparing the

received-power level to the threshold.

__-,_-_’—————-——‘—‘—_’/
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-13- despread u5|ng correlator 74 and fllter 76. The despread AGC—output
signal fromthe filter 76 is processed with the received signal fromthe
AGC anplifier 72, by the power measurenent device 78. The received signal
to the power neasurenent device 78 nmay be a AGC-control -voltage | evel from
the AGC anplifier 72. The power neasurenent device 78 processes the
received signal with the despread- AGC-output signal, for generating a

ADAPTIVE POWER CONTROL FOR A SPREAD SPECTRUM
COMMUNICATIONS SYSTEM AND METHOD

An apparatus and method for adaptive-power control
of a spread-spectrum transmitter of a wmobile ,statlon
operating in a cellular-communications network using
spread-spectrum modulation. A base station transmits
a first spread-spectrum signal. A wmobile station
has an automatic-gain control circuit (72) for
generating an AGC-output signal, from a received signal.
The received signal includes the first spread-spectrum
signal and an interfering signal. The mobile station also
has a correlator (74) for despreading the AGC-output
signal, a power-measurement circuit responsive to processing

- the received signal with the despread AGC-output signal
for generating a received-power 1level, a comparator. (70)
coupled to the power-measurement circuit for generating a
comparison signal by comparing the received-power level
to a threshold, a transmitter (58) for transmitting
second spread-spectrum signal, an antenna (56), and a
variable-gain device (77) responsive to the comparison signal
for adjusting a transmitter-power 1level of the second
spread-spectrum signal.

FIGURE 5
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despread-A(i}ou{buf s{gnai

| ogarithm cly processing the received signal

signal . The conparator 70 generates a conparison signa
generated by the power

recei ved- power
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anal gg or* digital data signal. Broadly, - the control word generator-59 can®
convert the conparison signal to a digital data signal for controlling the.
voltage controlled attentdGator 77. The voltage controlled attentuator 77

uses the conparison signal, as processed by the control word generator 59,
as a basis for adjusting a transmtter-power |evel of a second '
spread-spectrumsignal transmtted by the power anplifier 58, and radiated
by the antenna 56. In operation, a base station in'a cell may transmt the
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spread- spectrun15|gnal The received first spread- spectrun15|gnal S
acquired and despread with the first chip-code signal fromfirst chip-code
generator 102 and first product device 101. The despread first
spread-spectrumsignal is filtered through b@ngpass filter 103. The nobile

station detects the despread first spread sbg m si gnal using envel ope
det ect or 104 and - % , _
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_chlp codamord as t he flrsf spread spectrumsignal. In fhis casé,'the

APC-data signal is transmitted at a different time interval from when the
first spread-spectrumsignal is transmtted. This format allows the nobile
station to acquire synchronization with the first chip-code, using the

first spread-spectrumsignal. As an alternative, the APC-data signal may be-

transnmtted on a different coded channel

using a second chip codeword. In

the latter case, the second spread-spectrum

PCN HOBILE

&/ %o

1+ PCH USERS
C-HICRICELL

L
o
e
-

0
/4

This is the replacement sheat

-This Sheet Has Been Re

- fill




si-gnal - “hraving the APC-data-signal woul d be acquired by the second’ i
chi p-code generator 202 and second product device 201. |In either case, the
APC-dat a signal is decoded using decoder 105. Further, the APC-data signal

may be tinme division nultiplexed or, ision multiplexed wth the
first spread-spectrumsignal. The _?éﬁ;y;B é?%odes fromthe APC-data.
signal the value of the threshold4eve o usé by differential anpllfler

106. For exanple, if there were eight levels for
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SPECT: COMMUNTICATIONS SYSTEM METH

BACKGROUND OF THE INVENTION

This invention relates to spread~spectrun
communications, and more particularly to an apparatus and
method for adaptive power control of a spread-spectrum
signal in a cellular, personal communications environment.

DESCRIPTION O RIOR

A spread-spectrum signal typically is generated by
modulating an inforhation—datg signal with a chip-code
signal. The information-data signal may come from a data
device sucn 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 Qenerated by a chip-code where the time

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

bit or data symbol.

Spread-spectrum modulation provides means for
communicating in which a spread-spectrum sighal occupies a
bandwidth 1n excess of the minimum bandwidth necessary to
send the same information. The band spread is accompllshed
using a chip code which is Lndependent of an
information-data signal. A synchronized reception with the
thip~code at a receiver is used for despreading the
spread-spectrum signal and subsequent recovery of data from
the spread-spectrum signal.

Spread~spectrun podulation offers many advantages as a
communications system for an office or urban environment.
These advantages include reducing intentional and
unintentional  interference, combating multipath problems,
and providing multiple access to a communications system’
shared by multiple users. Commercially, these applications
include, but are not limited to, local area networks for
computers and personal communications networks. for

. telephone, as well as other data applications. ‘
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woul d <decr enent or decrease the second spread- spectrum power level. Lf the
recei ved power |level is less than the threshold at differential anplifier
‘106, then the first variable-gain devi.ce 111 increases the second
spread- spectrum power. The APC circuit 110 of FIGS. 1 and 2 nay be built on
a digital signal processor (DSP) chip. An analog to digital converter
| ocated at the output of the bandpass f2-ter 103 [err]
A cellular communications network using spread-spectrum
modulation for communicating between a base station and a.
maltiplicity of users, requires cont}ol'of'the power level
of a particular mobile user station. Within a particular
cell, a mobile station near the base station of the cell may
be required to 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 level at the
base station, received from each mobile station.
' In a first geographical region, such as an urban
environment, the cellular architecture within the first
: geogréphiéal region may have small cells which are close to
each other, requiring a low power level from each mobile
user. In a second geographical region, such as a rural
enﬁirqnment, the .cellular architecture within the region may
have large cells which are spread apart, requiring a
relatively high power; ievel from each mobile user. A mobile
user who moves, from the first geographical region to the o
second geograph;cal regzcu must adjust the power level of
h;s transmitter, for meeting the requ;rements of a
particular geographic region. Otherwise, if the.mcblle user
travels from a sparsely populated region with fewer spread
out cells using the relatively higher power level with his
spréadrspectrum transmitter, to a densely populated region
with many cells without reducing the powexr 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
apparatﬁs and method for automatically contrclling a mobile
user‘’s spread-spectrum transmitter power level when
operating in a cellular communications network.

OBJECTS OF THE T .
A general object of the invention is an apparatus and

method which results in maximization of user density within
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-15- youl &= convert the received signal to a data signal. The envel ope .
detector. 104, decoder |6 and differential anplifier 106 may be inplenmented
as part of digital signal processing functions on the DSP chip. The anal og

to digital converters may be included on the DSP chip.
_3_

a cell domain while minimizing mobile user transmitted

power. ’ o

An object of the invention is to provide an apparatus
and method which controls the power level of a mobile
station so that the power level received at the base station
of each cell is the same for each mobile station.

Another object of the invention is to provide an
apparatus and method for automatically and adaptively
controlling the power level of a mobile user in'a cellular
communications network.

Another object of the invention is to provide 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.

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 transmittexr
power requirements.

A still further object of the invention is a
spfead-spectrum apparatus and method which controls the
power level of a mobile user in a cellular communications
network using a simple circuit. ' |

An additional further object of the invention is a
spread spectrum apparatus and nethod which controls the
power level of a mobile user even when the mobile user’s
receiver receives interference from a intenticnal or
unintentional jammer. '

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

S Y OF THE INVENTIO

According to the present invention, as embodied and
broadly described herein, an apparatus for adaptive-power .

This is the replacement shaet

pate: 2 1 MAR 1831

b -



| G 7 igshows, the advantage of using an adaptive power control apparatus
ith a nobile station in a personal comruni cati ons network. The nunber of
daptive power control nobile stations, N(APC), versus the nunber of nobile
stations which can be used in a simlar region, N, is plotted with respect
to an inner radius, [err], and an outer radius, [err]. \Wen the inner
radi us goes to zero, using spread-spectrumas code division multiplex, the
nunber .of users with adaptive power contdel who can operate within a
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 frbm the first
spread—-spectrum signal. '

Each mobile station J.ncludes AGC means, correlator
means, power means, comparator ‘means, transmitter means, an
antenna, variable-gain means, and opt:.onally 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 decoder means. Thé antenna is coupled to the
transmitter means. The variable-gain means is coupled to
the comparator means and between the transmitt:er means and
the antenna.

A received siqna.l is defincd h.erein tc J.nclude the
first spread—spectrun signal and an. interfering signal. 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 deccder 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 power means processes the received signal with
the despread AGC-output signal for generating a
received-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
si:read—spectrum 'signal transmitted from the transmitter

means. |
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cell,4is approximately ten tinmes the nunber of users without adéptive'pomer

control -who can operate within.the cell. The present invention also
. |ncIUQ¢s a method for automatic-power control of a spread-spectrum
transmitter.for a nobile station operating in a cellular-comrunications

net wor k usi ng spread-spectrum nodul ation. Referring to FIG 8, a base
station transm t&‘h@#&éér{étnﬁﬂnﬁ@ﬁﬂi@brH%ﬁ&&é@'a&ﬁ&m|ﬂ5k3| ly an APC

ool g Tt il ipower dontral 5e°3°Sp2bdh! SPebbHiR tFanai EEP 8L
2 mobile station operating in a cellular-commnnlcatlons
network using spread-spectrum modulation. A& base station
transmits a first spread-spectrum signal and an APC-data
signal. The aPC-data signal typically is a. spread-~spectrum
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 ihclude decoding the APC-data signal
as a threshold level, from the first spread-spectrum slgnal,
or from a szgnal or channel separate from the first
spread-spectrum 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 inciuvdes comparing the received-powér
level to the threshold level, and adjusting a transmitter
power level of a second spfead—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

ocut in the appended claims.

DES PTION OF WINGS
‘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 serve 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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first.spread-spectrumsignal transnmitted fromthe base station, and
detecting 703 a received power |evel of the first spread-spectrum signal
The steps al so include decoding 704 the APC-data signal as a threshold

| evel’, fromthe first spread-spectrumsignal, or froma separate signa
fromthe first spread-spectrumsignal. A threshold level is set 705 from
the. APC-data signal. A preset thresholgd evel may be enployed if the
APC-data signal is not used. The nmethod further includes conparing 706 the
recei ved powergre, 2 shows an adaptive power control receiver and

trénsmitter according to the present invention;

FIG. 3 is a block diagram of an automatic power control
circuit with interference rejection;

FIG. 4 is a block diagram of an open loop automatic
power control systenm;

_FIG. 5 is a block diagrém of an open 1odp automatic
power control system with interference rejection; -

FIG. 6 shows the relative effect of a multipiicity of
users communicating with spread-spectrum in a cellular
environment with and without using adaptive power control;
and ' '

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

invention.

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 invention assumes that a plurality of
mobile stations operate 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 geggraphical
region. The size of the cells in a first geographical
region may differ from the size of the cells in a second
geographical region. In a first gecgraphical 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 other. In a second geographical region
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 is the replacement sheet

-_. : ‘ Date: 27MAR )



| evel, to the threshold level, and adjusting 707 a transmtter power |evel
of , a second spread-spectrumsignal in response to the conparison. The
nethod may additionally include generating froma recelved signal an
A(I}output signal, and despreading the [err]
T~
be due to a decreased range of the mobile station from the
base station. Within a particular cell, a mobile station
near the base station of the cell may be réquired to
transmit with a power level less than that when 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-spectrum signal and
opt;onally an APC-data signal. The APC~data signal may be
transmitted as part of the first spread-spectrum signal, on
a separate spread-spectrum channel, or as a totally separate
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 commun;cat;ng with the
base statlon.

The APC-data signal may be transmitted with or separate
from the first spread-spectrum signal. For example, a
spread-spectrum 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-
spectrum channel. The APC-data signal may be transmitted in
the same spread-spectrum channel, i.e. the first spread-
spectrum channel, as the first spread~spectrum signal, or in
a second spread-spectrum channel which is different from the
flrst 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, decoder 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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- 16- A@I}output signal. The received signal includes the first
| spread- spectrum signal and an interfering signal. The received signal is
;processed with the despread AGC-out put signal to generate a received-power

| evel .- The method then generates a conparison signal by conparing the
recei ved-power level to the threshold level. Wile transmtting a second
spread-spectrum signal, the nethod adjusts a transmtter-power |evel of the

second -8~
103. Alternmatively, the correlator means may be realized as
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-spectrunm szgnal being received.

The detector means may be embodied as envelope detector
104. -Other type detectors nay be-used with the present
invention, such as sguare law detectors or coherent
detectors, as is well known in the art. The decoder means
may be embodied as decoder 105. The comparator means may be
embodied as differential amplifier 106, the 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 variable-gain device 111 and described herein.

. The f£irst product devxce 101 is coupled to the first
chip-code generator 102 and to the bandpass £ilter 103. The
envelope- detector 104 is caupled, between the bandpass filter
103 and the differential amplifier 106. The decoder 105 is
coupled between the bandpass filter 103 and the differentzal
amplifier 106. The decoder 108 alternat;vely'may be ccupled
to the output of the envelope detector 104. The
variable-gain'device 111 is coupled to the differential
amplifier 106 and between the transmitter 112 and antenna.

-The decoder 105, as illustratively shown in FIG. 2,
alternatively may be coupled between a second bandpass
filter 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 where the APC-data
signal is transmitted over the second spread-spectrum
channel simultaneously while the first spread-spectrum
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
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spread-spectrumsignal fromthe transmtter using the conparlson signal. It
‘will ‘be apparent to those skilled in the art that various nodifications can
be made to the nethod and apparatus for adaptively controlling a power

| evel of a spread-spectrumsignal- in a cellular environment of the instant

i nvention wthout departing fromthe scope or spirit of the invention, and

it is intended that the present inventi©onh cover nodifications and

variations (gztggheraéks a second chip-code signal using the second
chip code.

The product device 101, FIGS. 1 or 2, hsing a first
chip~-code signal from the first chip-code generator 102
acquires 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 signél. 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 signal from the
first spread-spectrum signal as a threshold level. More
particularly, data which establishes or sets the threshold
level for differential ampl;fler 106 is sent with the
APC~data signal.

The differential amplifier 106 generates a comparison
signal by comparing the received power level of the first
spread-épectrum signal to the threshold level. The '
differential amplifier 106 may employ a differential
amplifier or other circuits for performing the comparison
function. ) '

The transmitter 112 transmits a second spread-spectrun
sighal. The variableégain device 111 using the comparison
sigﬁai, adjusts a transmitter-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 block 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 7S. Aas shown in FIG. 3, the AGC

ne repiace™ ment Nt
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and apparatus for adaptively controlling a power |evel of a spread-spectrum
signal i:n a cellular environnent provided they cone in the scope of the
appended clains and their equivalents. [err] 7

-10~

circuit 61 is connected to the mixer 67, and the ocutput of
the filter 68 is connected to the power measurement circuit
75. Additionally, the input to the AGC circuit 61 is
connected to the power measurement circuit 75.

A received signal includes a first spread~spectrum
signal with power P. and an interfering signal with power P;
at the input to the circuit of FIG. 3. The interfering
signal may come from cone or more nondesirable signals,
noise, multipath signals, and any other source which would
serve as an interfering signal to the first spread~spectrum
signal. The received signal is normalized by the AGC
circuit 61. Thus, by way of example, the AGC circuit 61 can
have the pawer output, P, + P; = 1. The normalized received
signal is despread by the correlator, which in this case is
shown by way of example the mixer 67, chip~code generator 65

.and f£ilter 68. The chip-code generator 65 generates a chip-
code signal using the same chip-codeword as the first
spread-spectrum signal. The despread Signal is filtered by
filter 68, and the output of the filter 68 is the normalized
power of the first spread-spectrum signal plus the
normalized power of the interfering signal divided by the
prpcessing gain, PG' of the spread-spectrum system. _The'
power measurement circuit 75 can process the despread-~
received signal with the received signal and output the
received-power level of the first spread-spectrum signal.
The power level of the interféring signal is reduced by the
processing gain, P.. 7

The power measurement circuit 75 can process the
received signal with the despread, normalized received
signal by multiplying the two signals together, or by
logarithmicly processing the veceived signal with the
despread received signal. In the latter case, the logarithm
is taken of the power of the received signal, Po + Pg, and
the logarithm is taken of the despread, normalized received
signal. The two logarithms are ad§ed together to produce

the received-power level.
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CLAIMS © - . - -An. apparatus for adaptie-power control of a.

spread-spectrumtransmtter of a nobile station operatihg in a

cel lul ar-comuni cations network using spread-spectrum nodul ati on

conprising: a base station for transmtting a first spread-spectrum signal

anmultiplicity of said nobile stations, ~8&ch nobile station having an
enerating an AGC:out put signal, froma:

automatic-gain-control c¢ircuit for - n

recei ved signar,AwﬁéyeFﬁeFﬁQtr§8€iVgﬁ BY§SPRFneNYERELPRe ?ngFg.ls the

spr ead- specéinoustgpabfaFdcan3i.nt BIeL i Bgshowgsas, way for determining at
the mobile station the power of the first épread-spectrum
signal when it is mixed with noise. 1If 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 undesirahle
power 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, whefé the comparator receives
the threshold level information provided by the cell. More
particularly, antenna 55 is coupled to an RF filter §7. an
intermediate frequency (IF) down-converter 59 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 controle-voltage
maéping 73 is coupled between the AGC amplifier 71 and'a
comparator 70. The comparator 70 is coupled to the
demultiplexer 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 58. 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 amplifier
71 normalizes the voltage of the received spread-spectrum
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

denmultiplexer 69.
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!
a correl ator coupled to said automatic- gain-control circuit for despreading

the A(x}output signal; a power-neasurenent circuit coupled to said
automati c-gain-contol circuit and to said correlator for generating a
recei ved- power | evel by nultiplying the received signal with the despread
AGC- out put signal; a conparatorcoupl edto sai dpower -nmeasurenent circuit for
generating a conparison signal by conparing the received-power |level to a
threshold level; a transmtter for transn2+4ting a second spread-spectrum

signal; an ant enna coupled to said transmtter, and
The comparison signal generated by comparator 70 is

converted by control word generator 59 to control
voltage~controlled attentuator 77. Accordingly, the
voltage-controlled attentuator 77 adjusts the power level
from.the transmitter and inputted to power amplifier 58 and
radiated by antenna Sé.

FIG. S illustrates the open locop automatic power
control circuit of FIG. 4, with the concepts from FIG. 3
added thereto. Shown in FIG. 5 are power means, comparator
means, transmitter means, an antenna, variable-gain means
and decoder means. The AGC means is shown as an automatic-
gain—cont#oi (AGC) amplifier 72, correlator means is shown
‘as correlator 74 with filter 76, and power means is shown as
power measurement device 78. .The comparétcr means is shown
as comparator 70, the transmitter means is shown as power
amplifier 58 coupled to the antenna 56. The variable gain
means is embodied as voltage controlled attentuater 77 and
the decoder means is Lllustrated as demultiplexer 69. Also
illustrated i= a control word generator 59 ccupled between
comparator 70 and voltage controlled attentuator 77.

The AGC amplifier 72 is coupled between the bandpass
fxlter 60 and the correlator 74. The filter 76 is coupled
to the output of the correlator 74. The power measurement
davice 78 is coupled to the AGC amplifier 72 and the filter
76. The comparator 70 is coupled to the output of the power
_ measurement device 78 and to the demultiplexer 6S. The

contrel word generator 59 is coupled between the eemparator
70 and the voltage controlled attentuator 77. . The power '
amplifier 58 is coupled to the ocutput of the voltage
controlled attentuator 77 and the antenna 56.

The demultiplexer 69 decodes 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.

Far each received signal, the AGC amplifier 72
generates an AGC-ocutput siénal. The AGC~output signal is
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a first variable-gain device coupled to said conparator and between said
transmtter and said antenna, responsive to said conparison signal
i ndicating an increase or This is the replacenment sheet Date: 1 9 JUL 1999

[err] 18
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despread using correlator 74 and filter 76. The despread-
AGC-output szgnal from the filter 76 is processed with the
received signal 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 measurement device 78 processes the received
signal with the despread-AGC-output signal, for generating a
received-power_lével, as mentiohed previously for FIG. 3,
the power measurement device 78 can process the received
signallwith 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 :éoeiéed-poﬁer-level generated by the power
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
generator 59 can convert the comparison signal to a dzgltal
data signal for controlling the voltage controlled
attentuator 77. The voltage controlled attentuator 77 uses
the comparison signal, as processed by the contrel word
geoerator 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 signa; 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-spectrun sighal.
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.decrease for adjusting a transmtter-power |evel of the second
spread-spectrum signal fromsaid transnitter. 2.  An apparatus for
adaptive-power control of a spread-spectrum transmtter of a nobile
station operating in a cellul ar-conmunicati ons network using
spread-spectrum nodul ati on, wherein a base station transmts a first
spread-spectrum signal, said nobile stegiéylconprising AGC neans responsive
to a received signal, wherein the received signal includes the first

spread- spect r Umq{ Pl p@Dsh 8l L14e4T Gldy bes 1edARsmiteedIBACLRL | Sgm@n ACC
out put Slggighnel as the first spread-spectrum signal using the same
chip codeword as the first spread-spectrum signal. 1In this
case, the APC-data signal is transmitted at a different tinme
interval from when the first spread-spectrum signal is
. transmitted. This format allows the mobile station to
acquire synchronization with the first chip-code, using the
first spread-spectrﬁm signal. ' _

AS an altermative, 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 -having 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
deccder 105. Further, the APC-data signmal may be time
division multiplexed or frequency division multiplexed with
the first spread-spectrum signal. _

_The decoder 105 decodes from the ARC-data signal the
value of the threshold level for use by differential
amplifier 106. For example, if there were eight 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 threshold level to the mobile station. The threshold
level is used to adjust and or set the threshold of the
differential amplifier 106. Accordingly, the received power
level from envelope detectdr 104 is compared to the
threshold of the differential amplifier 106.

- If the received power level is greater than the
threshold level, then the first variable-gain device 111
would decrement or decrease the second spread-spectrum power
level. If the recesived 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 116 of FIGS. 1 and 2 may be built on a
digital signal processor (DSP) chip. An analog to digital
converter located at the output of the bandpass filter 103
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correlator means for despreadi ng the AGC-output signal; power neans for
gener ating recei ved- power. l'evel by multiplying the recelved signal with the
despread AGC-out put signal; conparator nmeans for generating a conparison

si gnal by conparing the recei ved- power |level to said threshold |evel
transmtter neans for transmttng a secong spread- spectrum signal ; an
antenna; and vari abl e-gai n neans responsi ¥ to said conpari son S|gnal for

adj usting a LELARSTLLLELTROMRL beUBival (igneroand WikAdigRaqummil onal

fromsaid trans

envelope detector 104, decoder 105 and dlfferentlal
amplifier 106 may be implemented as part of digital signal
processing functions on the DSP chip. The analog to digital
converters may be included on the DSP chip.

FIG. 7 shows the advantage of using an adaptive power
control apparatus with a mobile station in a personal
communications network. The number of adaptive power
control mobile stations, N(APC), versus the number of mobile
stations which can be used in a similar region, N, is
plotted with respect to an inner radius, R;, and an outer
radius, R,- When the inner radius goes to zero, using
spread~spectrum as code division multiplex, the number of
usefs.with adaptive power cgnﬁrol who can operate within a
cell, is approximately ten times the number 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 spread4é§ectrum transmitter for
a mobile station operating in a cellularbcommunlcations
network using spread-spectrum modulaticn. Referring to FIG.
8, a base station transmits 701 a first spread-spectrum
signal and coptiocnally an APC information-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 also include .
decoding 704 the APC-data signal as a threshold level, from
the first spread-spectrum signal, or from a separate signal
from the first spread-spectrum 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 includes 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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ThIS is the replacenent sheet Date:
apparatus as set forth in claim2 wherein said correl-aor

first chip generator; a first bandpass filter and

-16~
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 génerate a received-power level. The method then

geherates a comparison signal by comparing the
reéceived-power level to the threshold level. While
transmitting a second spread-spectrum signal, the method
adjusts a transmitter-power level of the second
spread-spectrum signal from the transmitter using the
comparison signal.

It will be apparent to those skilled in the art that.
various modifications can be made to the method and
apparatus for-adaptively controlling a power level of a’
spread-spectrum signal in a cellular environment of the

instant invention without departing from the scope or spitit

of the invention, and it is intended that the present
invention cover medifications and variations of the method
and apparatus for adapt;vely controlllng a power level of a
spread-spectrum signal in a cellular'enVLronment provided
they come in the scope of tha appended clazms and their

equivalents.
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first product device coupled to said-first chip code generator and said
bandpass. filter. 4. The apparatus as set forth in claim2 wherein said
corel ator neans includes a differential anplifier. 5. The apparatus as

“set*forth in claim2 wherein said AGC neans i ncl udes an
1] IHHMIIMHI 7

aut omati c-gai n-control circuit 6. The apparatus as ﬂmﬂ
E l'eLgarn sre xans

~ wherein said variabl e-gai n ‘neans i ncl udes a varlable
The apparatus as set forth |n claim2 whgrei n said vard a
i ncl udes

I _CLAIM: .
1. An apparatus for adaptive-power control of a

spread-spectrum transmitter of a mobile station operating in
~a cellular—communications networX using spread-spectrum
modulation, comprLSLng' _

a base station for transmitting a first
spread~spectrum signal;

a multiplic1ty of said mobile stations, each
mcbile staticn having . '

_ an automatic-gain-control circuit fcr .
generating an AGC-output signal, from a received _
signal, wherein the. received sxgnal includes the first
spread-spectrum s1gnal and an interfering signal;

_ a correlatcr coupled to said
autcmatic-gainecontrcl circuit for despreading the ..
AGc-cutput signal; . .

a power-measurement circuit coupled to said
automatic-gain-control circuit and to said correlator
and responsive to prccessing the received signal with
the despread AGC-output signal for generating a
received~power level; B

a ccmparatcr 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 transmitter; 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-spectrum
signal from said transmitter.
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a varigble gaintanplifier 8. A method for adaptive-power control of a

spread-spectumtransnmitter of a nobile station operating iTma————
Cepracenent-sheet Darer 16 3oL t006 - terrt I
% SR S

2. An apparatus for adaptive-power control of a
spread-spectrum transmitter of a mobile station operating in
a cellularecommnnicétions network using géread-spectrum
modulation, wherein a base station transmits a first
spread-spectrum signal, said mobile station comprising:

AGC means 'responsive to a received signal, wherein
the received signal includes the first spread-spectrum
signal and an interfering sigmal, for Q'enerat.mg an
AGc—output: s:.gnal, '

_ correlator means for despreading the AGC-output
signal; '
' ' power means responsive to processing- the received

_ siqnal with the despread AGC-output signal for gencrating a
rece:.ved-power level'

' comparator means for genera’c:.ng a comparison
slgnal by comparing the rece:.ved—pcwer level to said
thresholgi level;

. transmitter means for tra.nsnu.ttmg a secaond
spread-spectrum signal; '

an antenna; and

variable-gain means responsive .to said compafison
signal for adjusting a transmitter-power level of the second'

spread-~spectrum s:.g'nal Erom said transmitter.

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

-

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

5. The apparatus as set forth in claim 2 wherein said
AGC means includes an automatic-gain-control circuit.
This Sheet Has B
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20 nDduIatlon wherein a base station trqgansnitter afirst spread-spectrum
S|gnal sai d nethod conprising the steps of: generatlni from a received

signal, wherein the received signal includes the fi rill lmﬂﬂﬁmnﬁ[ump

signal and an interfering signal, an AGC-ouput sign
dé%pread

AGC- out put signal ; rruI tiplying the recei vé@si gnal with fhe
| evel ener a

AGC- out put  si gnal t d-
Compar i Son <1 gnal by AT THE AR GToa Fhonh BIBEa § Ahereih said

variable—gain means includes a variable-~gain attenuator.

7. The apparatus as set forth in claim 2 wherein said
variable-gain means includes a variable-gain amplifier.

8. A method for adaptive—power contrel of a
spread-spectrum transmitter of a mobile station operating in
a cellular-communications network using spread-spectrum
modulation, wherein a base station transmits a first
Sbread—spectrum signal, said method comprising the steps of:

generating, from a received signal, wherein the .
received s-igné.l includes the first spread-spectrum signal
and an intetfering 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 comparison signal hy comparing the
received-power level to a threshold;

-transmitting a second spread-spectrum signal; and

adjusting a transmitter-power level of the second
spread-spectrum signal from said transmitter using said
comparison signal.

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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“threshold; transmtting a second spread-spectrun si | ; and adjusting a
transmtter-power |evel of the second spread-spectugfgrﬁﬁa+\iigyné;ﬂiin
transnitter using said conparison signal. 9. The,af S as S
in-claim2, wherein said power neans includes neans é%ﬂ% t he

received signal with the despread AGC- out put si gnal fbr !/ﬂf

recei ved- power | evel. 10. M apparat usp@s set forth in clal re|n

sai d power neans includes logarithmic neans for |logarithmically adding the
recei ved si gnalimi t [arn lepplesstesdExCdeternining a received-power

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 received signal for
generating an AGC-output signal;

correlator means, including a differential
amplifier, for despreading the AGC-output signal; and

power means responsive to processing the received
signal with the despread AGC-output szgnal for generatzng a

received-power level.

12. The apparatus as set farth in claim 11, wherein
said power means includes means for multiplying the received
sxgnal with the despread.AGc-output signal for generating a
rece;vedrpower level. :

13. The apparatus as set forth in claim 11, vherein
said power means ;ncludes loqarzthnxc.means for adding the
received signal with the despread AGc—output signal for
generatiﬁg a received-power level.
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out put,,.signal for generating a received-power |evel. [UIIJ 21- AR

An

apparatus for determ ning a received-power |evel of a s
signal when a received signal includes the spread-spe I l ""I

interfering signal, conprising: 21~

14. An apparatus for adaptive~power control of a
spread-spectrunm transmitter of a mobile statlon operatlng in
a cellular-communications network using spread-spectrum
modulatlon, wherein a base station transmits a first
spread-spectrum 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-spectrun
signal and an interfering signal, for generating an
AGC-cutput signal; '

correlator means for despreading the AGC~output
signal; '

power means responsive to processing the received °
signal with the despread AGC-output szgnal for generating a
recezved-power level;

comparator means for generating a comparison
signal by comparing. the recalved-power level to sald

threshold level;
transmitter means for transmitting a second

spread-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.

17. 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 generating a
received-power level.
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AGC neans responsive to the received signal for generating an AGC- out put

signal; correlator neans, including a differential . for
despreadlng t he AGC- output signal; and power neans responsive to

protessi ng the received signal with the despread AGC— Mﬂm
| evel . 12. The apparatu [’ l,,clalm

generating a received- power
11, wherein said power neans includes ne gs for nultlplylnthhé récefved

éiénal wi th the despreadAGC-out put signalF“for generating a received-power
Ieyel. 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 determining a received-power
level of a spread-spectrum signal, when a received signal
anludes the spread-spectrunm szgnal and an interfering

smgnal, comprising: .
AGC means responsive to the recelved stgnal fcr

generating an AGC-output signal;
correlator means for despreadlng the. AGc-output

signal; and
power means responsive to processing the received _

signal with the despread AGC-cutput signal for generating a
re;eivedspower level.

| 20. . The apparatus as set forth in claim 19, wherein
said power means xncludes means for'multiplylng the received
sxgnal with the despread AGC-output signal for generating a

- received-power level.

21l. The apparatus as set forth in claim 19, wherein
said power means includes logarithmic means for adding the
received szgnal with the despread AGC-output signal for
generating a recezved-power level.
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13. The apparatus as set forth in claim 11, wherein §ETd“pﬁMﬁ+—ﬂEans____

i ncludes logarithm c nmeans for logarithmcally adding t i.ved signal
vvith t he despread AGC- output signal for generating a r@@@ ""I’m/el
14 An appnartus for adaptive-power control of a sprea
transmtter of a nobile station operating23m a cellular-connunlcatlons

network using spread spect éﬂgé(¥6g adaptlve~power control of a
spread-spectrum transmitter of a mobile station operating in
a cellular-communications network using spread-spectrum |
modulation, wherein a base station transmits a first
spread-spectrum signal and an APC-déta signal, said method
comprising the steps of:
acqulrlng and deceding 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 comparison signal by comparing the
received-power level to said threshold;
transmitting a second spread-spectrum signal; and
adjusting a transmitter-power level of the second spread-
spectrum signal from said transmitter using said comparisen

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-contrel 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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22 .nmodlul ati on, wherein a base station transmit a first spread- spectrum
S|gnal and an APC-data decodEr neans for decoding tTE;7¢%§TFT?FSTgﬁa¥—a
threshol d | evel ; AGC neans responsive to a received s

received signal includes the first spread-spectrum: u’m&m’m”@ﬂ I"Le
interfering signal, for generating an AGC- output signal;ccarra ans

for despreadi ng the AGC output signal; -Bquer means for multiplying the
received signal with despread A(I}output signal to generate a

recei ved- pover |&yel the method as set forth in claim 25, further
comprising, before the step of generating an AGC-output
s;gnal the step of: .
decoding an APC-data SLgnal transmztted from the

base station as a thresheld.

27. The method as set forth in claim 26, further
.- comprising, after the step of procassing the received
‘signal, the step of:
generating a cowparison signal by comparing the
;eceived—power level to the threshold. |

This is the replacement shoet
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conparator neans for generating a conparison signal by conparing the
recei ved-power |evel to said threshold |evel; - transmtter neans for
tansm ting a second spread-spectrum signal; an antenna; and vari abl e-gain
nmeans -responsi ve to said conparison signal for adjusting a
transmtter-power |evel of the second spread-spectrumsignal fromsaid
transmtter. 15. The apparatus as set forth in claim14, wherein said
correlator nmeans includes a differential anmplifier. [err]

-25-

ABSTRACT

ADAPTIVE POWER CONTROL FOR A SPREAD SPECTRUM
COMMUNICATIONS SYSTEM AND METHOD

An apparatus and method for adaptive-power = control

of a spread-spectrum transmitter of a mobile station
operating in a cellular-communications network using
spread-spectrum modulation. A base station transmits

a first spread-spectrum signal. A mobile station

has an automatic-gain control circuit (72) for :
generating an AGC-output signal, from a received signal.
The received signal includes the first spread-spectrum
signal and an interfering signal. The mobile station also
has a correlator (74) for despreading the AGC-output
signal, a power-measurement circuit responsive to processing
- the received signal with the despread AGC-output signal
for generating a received-power level, a comparator (70)
coupled to the power-measurement circuit for generating a
comparison signal by comparing the received-power level
to a threshold, a transmitter (58) - for transmitting
second spread-spectrum signal, an antenna (56), and a
variable-gain device (77) responsive to the comparison signal
for adjusting a transmitter-power 1level of the second
spread-spectrum signal.

FIGURE 5
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| ogari,t hmi ¢ means for logarithmically adding the received signal with the
despread AGC- output signal for generating a received-power level. 19. An
apparatus. for determ ng a recei ved-power |evel of a spread-spectrum signal
wheh a received signal includes the spread-spectrum signal and an
interfering signal, -AGC neas responsive to the received signal for
generating an AGC-output signal; correlator neans for despreading the
AGC-out put signal; and powerneans for ppgl tiplying the received signal with
t he despread AGC-output signal to generate a received-power |evel.
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wherein said power.
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out pyt signal for generating a received-power level. 22. A nethod for
adapti ve-power control of a spread-spectrum transmtter of a nobile
station operating in a cellular-conmunications network using

spread- spect rum nodul ati on, wherein abase station transnits a first
spread-spectrum signal and an APC dat a,giggnal , said method conprising the
steps of: acquiring and decodi ng the generic spread-spectrum signal;
detecting a received power |evel of the generic spread-spectrum signal
decodi ng the APC-data signal ~as a threshold; generating, froma received
signal, wherein the recgjved signal includes thgsHHrsg
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spread-spectrumsignal and an interfering signal, an AGC output signal;
+~despreadi ng the AGC-output signal; nutiplying the received signal with the
despread AGC-output signal to generate a received-power |evel; [err]
‘- generating -a conparison signal by conparing the received-power |evel to
sai d :
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threghol d; and transmitting a second spread-spectrumsignal; and adjusting
a transmtter-power |evel of the second spread-spectrum signal fromsaid
transmtter using said conparison signal. 23. The apparatus as set forth
in claim21l, wherein said AGC neans includes an automati c-gai n-control
circuit 24. The apparatus as set fortE L.n claim19, wherein said AGC neans
i ncl udes an aut omatic-gain-control cir dbt 25. The method as set forth in
claim8, further conpri-sing, before the step of
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gemerati ng an AGC- out put
-of "the generic spread-spectrum signalL 26.

| evel
cl ai m 25,
si gnal ,

' t he st decodl ng an APC—data si gnal
stat_lon as a threshol d. 17

detecting a recei ved“ﬁ‘é’mr

signal, the step of:

before the.step of generating an AGC-out put

~ The nethod as set forth in

fther conpr|5|ng,
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I. - Anapparatns for adapuve-powcr control of & spread- ~Spectrum, transmitter of
a mobile station, opgratmg in 2 cellular-commmications netwaork. using spread-spectrum -

modulation, comprising;
a base station. for transnnttmg a first spread-spectrum signal;
- a puultiplicity of said miobile stations, each mobile station having

an automatic-gain-contro] circuitfor generating an AGC-output signal

froma rccgived signal, wherein the received signa_l inchudes the first spfead—spectrum signal

and an interfering signal;
-2 -comrelator coupled to said automatic-gain-control circxﬁt fof
despreading the AGC-output signal;
A
a powcr—measurement circuit coupled to said automatw -gain-control
t

circuit and to said correlator for generating a rcccxved—power Ievel by multiplying the
received signal with the despread AGC-output signal; |

a compamtor coupled to said power-measurement circuit for generann g
a comparisan SIgnaI by comparing the recelved-powcr Ievel toa threshold level;

a u'ansmtter for transmitting a second spread-spectrum signal;

an antenna coupled to said transmitter; and

a first va.nable—oam device couplcd to said comparator and between said

transmxtter and smd antenna, reslaonsxve to said companson sigrial md1canng an increase or
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26 27. The nethod as set forth in, claim 26, further conprising, after

the step of processing the received signal, the%t—epmf*’je‘ﬁé?étl ng a

conpari son signal by conparlng the recei ved- power hr eshol d.
forr | T

18 '
decrease for adjusting 2 transmitter-power level of the second spread-spectrum signal from. -

said transmitter.

2. Anapparatus for adapﬁve—powercontrol ofz sprcad—specmmu:ansmttcrof
2 mobile station operanng in a cellular-commmumications network using spread—spccmnn
' modulation, wherein a base station transmits a first spread-spectrum signal, said mobile
station comprising:
AGC means responsive o a received signal, wherein the received signal
| includes the first spread-spectrum signal and an interfering signal, for generating an AGC-
output signal;
| correlator means for despreading the AGC-output éignal;
powermeans for generating a received-power level by nmiltiplying the received
.ﬂgmﬂwdbih:&spmadﬁ&ﬁlou@mtﬁgmﬂ-
comparator means for gencmnng a comparison sxgnal by comparing the
received-power Icvcl to said threshold leveI
transmitter means for transmitting a second spread-spectrum signal;
an antenna; and |
variable-gain mans. responsive w-_said 'comparison signal for adjusting a

i:a_ﬂsnﬁucf-power level of the second spread-spectrum signal from said transmitter.
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3. The apparass as set forth iu clafn 2 whersiz said comelator means ncludes:
_ afirstchip-code gcncramr
& fisst bandpass filter; and
aﬁrséprodxmcteviéeeoupledmsaidﬁ'rstchipcodegenmtor and said

bandpass filter.

4. The apparatus as set forth in claim 2 wherein said correlator means includes a

differential amplifier.

S.  The apparatus as set forth in claim 2 wherein said AGC means includes an

automatic-gain-control circuit.

6. The apparatus as set forth in claim 2 wherein said variaBlc—gajnmeans includes

a variable-gain attemmator.

7. Theapparatus as setforth in claim 2 wherein said variable-gain means includes

a variable-gain amplifier.

§. A method for adaptive-power control of a spread-spectrum transmitter of a

mobile station operating in a cellular-communications netwark using spread-spectum
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mod&Iation, whcx:cfﬁ abase station transmits & first spread-spectrum signal, said method
 comprising the steps aF: -
| g_amﬁng,f:omamcdéegsignar, wherein the received signal inclndes the first
* spreat-spectrum signal and an intecfering signal, an AGC-output signal;

desp:eading the AGC-output signal; |

muiltiplying the received signal with the despread AGC-output signal to
generate a; received-power level;

generating a comparison signal by comparing the reccived-power level to a
threshold; ©

transmitting a second spread-spectrum signal; and

adjusting a transmitter-power level of the second spread-spectrum signal from

 said transmitter using said comparison signal,

9. Thcépparanzs as setforth 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 logarithmically adding the received signal with the despread AGC-

output signal for generating a received-power level.

This is the replacement sheg

~Date: £ 9 JUL 1999



LT

Il An agparattié for determining a received-power level of z spread-spectrum
signal, wher  received signal inelndes the spread-spectrum: signal and an fnterfering signal,
comprising? |
, | AGC means responsive to the received signal for generating an AGC-output
| mgnal, , . : -

correlator means, mcludmg a differential amplifier, for desPreadiﬁg the AGC- “
output signal; and |
éo%& means responsive to processing the received signal Mﬂl 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 signal with the despread AGC-output signal for generating

a received-power level.

13.  The apparatus as set forth in claim 11, wherein said power means includes
logarithmic means for logarithmically adding the received signal with the despread AGC-

output signal for generating a received-power level.

14  An apparatus for adaptive-power control of 2 spread-spectrum transmitter of
a mobile station operating in a cellular-commumications network using spread-spectrum
This is the repiacement shoet
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modulation, wherein a base statfon trausmits at‘nstspr&d-spectrmsxgnal andan APC-datz

o Slgnaf.smdmobﬂests:uoncompnmg'

dccodcr: means for decoding the A.PC-d’ata s:guaI asa thr&hoIcE level;
AGC.mcans responsive to a-recewed signal, wherein the received signal
" includes the first spread-spectrurm sigoal and an interfering signat, for generating ar AGEC-
.output signal; |

correlator means for despreading the AGC-output signal;

powermeans for multiplying theréceived’sigﬁal with ihe despread AGC-output’
signal to generate a recewcd—powcr level; |

compamtor means for generating a comparison szcrnal by comparing the
received-power level to said thrwhold. level'.

transrmttm' means for ansmitting a second spread-spectrum signal;

an anterma., and

variable-gain means responsive to said comparison signal for adjusting &

transmitter-power level of the second spread-spectrum signal from said transmirter.

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

a differential amplifier.
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'16. The appararus as set forth in claim I4,jvhe:cx’n sazo‘.AGC means includes an .

IT.  ‘The apparatus as set forth in claim 14, wherein said power means includes
:bcansformﬂtiplyingtbérccéivedsignalw:’rmthédespreadAGC—outputsi@aIfor genéraﬁng

a received-power level.

18. The apparatus as set forth in claim 14, wherein said power means includes

logarithmic means for logarithmically adding the received signal with the despread AGC-

output signal for generating a received-power level.

I3.  An apparatus f;)r deterrhining a received-power level of a spread-spectrum
| signal, when a received _sighal includes the spread-spectrum signal and an interfering signal,
comprising: | | |

AGC means responsive to ﬁm received sigual_ for generating an AGC-output
signal; |

;:o:reIaJJpr means for despreading the AGC-output signal; and

power means for multiplying the received signal with the despread AGC-output

signal to generate a received-power level.
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20.  The appavatuis as set forth in claim 19, wherein said power means includes.
mmsfozmﬂnglymgthcrecmvedmgnﬂmththedespmdAGcou@umgnaIfor gencratmg'

a mcmved—pcwer Tevel,

21.  The apparatus as set forth in claim 19, wherein said power means includes
Jogarithmic means for logarithmically adding the received signal with the despread AGC-

output signal for generating a received-power level.

- 22.© A method for adaptive-power control of 2 spread—spectmm fransmitter of
mobile station Operatmg in a cellular-commmnications network using spread—spectrum
modulation, wherein a base station transmits a first spread-spcctrum signal and an APC-data
signal, said method comprising the steps of:

acquiring anci 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, fromareceived s1gna1, wherein the received signalincludes the first
spread—s;_:ect:mn signal aﬁd an mxe::fe:mg signal, an AGC-output signal; |

despreadmg the AGC-output signal;

mﬂuplymo the received signal with the despread AGC-output sigpal to

generate a, recezved—power Ievel;

 This is the rep\abemem -sheet

pate: KQJULWEW



| l!llllj RO

| gene:atinga ¢comparison signal by comparing the recéived-power level to said

thresholds and ” | o
| ) transmitting 2 second spread-spectrum signal; and adjusting a trausmitter-power
level of the seccnd spread—spect;‘m'signal from said transmitter using said comparison

gl

23, The apparatus as set forth in claim 11, wherein said AGC meaus 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.

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 station as a threshold.
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. ; comprisiae. after the step of
7. ‘Thc method as set forth in claim 26, furthef comprising, after tep of
27. _ x

26 I

processing the received signal, the step of: | o

| ) . ‘ arison signal by comparing the received-power level to the
generating 2 comp

threshold.
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