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~~GROUND OF THE INVENTION 

This invention relates to spread-spectrum 
5 communications, and more particularly to ari ~pparatus.and 

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

pESCRIPTION OF THE PRIOR ART· 
. . 

A spread-spectrum siqnal typically is generated ~y 
10 r..odulatinq an information-dat~ siqnal wi.th a chip-code 

signal. The information-data signal may come from a data 

device such as a computer, or an analoq device which outputs 
an anal.oq siqnal which has been digitized to an 
information-data signal, such as voice or video. The 

15 ct!ip-code ·signal is qenerated by a chip-code where the time 
duration, Tc' of each chip is substantially less than a data 
~it or data symbol. 

Spread-spectrum:modulation provides means for 

commu.nicatinq in which a spread-spectrum siqnal occupies a 
20 l>andwidth in excess of the minimum bandwidth necessary to 

~~nd the same information. The band spread is accomplished 
.,.isinq a chip code which is independent of an 
.. nformation-data siqnal. A synchronized reception with the 

t:hip-code at a receiver is used :for despreadinq the 
25 spread-spectrum siqnal and subsequent recovery of data from 

·aie spread-spectrum signal. 
Spread-spectrum ~dulation offers many advantaqes as a· 

<.:ommunications system·far an office or urban environment. 
'L'hese advantaqes inclµde reducing intentional and 

30 ·;i:.nintentional interference, combating multipath problems, 
. ~ad providing multiple access to a communications system 

:Jhared by multiple users. commercially, these applications 

~nclude, but are not limited to, local area networks tor 
:omputers and personal communications networks. for 

35 Ga1ephone, as well as ether ~ata applications. 

·"": 
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A cellular communications network using spread-spectrum 
modulation for coltQllunicatinq between a base station and a. 
multiplicity of ~sers, requires contkol of· the power level 
of a particular mobile ~ser station. Within a particular 

5 cell,· a mobile station near the base station of the cell may 
be required to transmit with a pQwer level less thcl,n that 

·when the mobile sta'Cion is near an outer perimeter of the 
cell. This ts dQne to ~nsure a constant power level at the 
base station, received from eac:h mobile station. 

10 In a: first geographical r~qion, such as an.urban 
environment·, the cellular architecture within the . first 
qeoqraphi~al rec;ion may have small cells which are close· to 
aac:h other, requiring a low power level from each mobile 

· user. In a se_cond qeaql:'.aphical region, such. as a rural 
15 enviramnent,. the.cellular architecture within the rec;ion may 

have larqe c;ells. whieh are spread apart, reqUirinq a 
relat.ivelr hiqh·pow~ level f~~ each. mobile user. A mobile 
user who moves .. from the ·first qeagraphical req.ion·to the 

·~ - . . . - . 
second· qeo.C)raphica~ reqion must adju15!t the power level of 

20 his transmitter, for meetinq the requ.irements. of a 
pcU:ticular qeoqraphic region. Otherwise, if the.mobile U$er .. 
travels from a sparsely populated reg-ion with fewer Spread 
out cells usin~ the relatively hiqher power level with his 
spread-spectrum transmitter, to a. densely popula.ted. region 

25 with many cells without reducinq the power level of his 
spread-spectrum transmitter, his spread-spectrum. transmitter 
may cause und.esira.bl.e interference within the. cel.l in which 

he is l.ocated and/er to adjacent cells. 
Accordinqly, there is a need to have a spread-spectrum 

30 apparacus and method for automatically controll.i.nq a mobile 
user's spread-spectrum transmitter power level. when 
operatinq in a cellular communications ne-ewo~k. 

OBJlc:TS OF THE X?flENTI'.ON 

. A qeneral object af the inven~ion is an apparatus and 

35 method which res1.1lts in maximizati~~ of user density within 

. ,. 
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a cell domain while minimizinq mobile user transmitted 
. power •. 

An object of the invention is to provide an apparatus 
and.method which controls the power level of a mobile 

s station so that the power level received at the base station 
of each cell.is the same for each.mobile station. 

Another object ot the invention is to provide an 
apparatus and method fo.,: automat.ically and adaptively 
controlling·the power level of a mobile user in a cellular 

10 ·communications network. 
Another object o:f·the invention.is to provide a 

spread-s~ec:trum apparatus and method which allows operatin~ 
·a spread-spectrum transmitter in different geoqraphic 
. regions, wherein each (#eoqra.phic reg:ion has a mul tipl.ici ty 

15 or eel.ls, and. .cells within a qeoqraphic reqion may have 
d;fferent si2e cells and transmitter power requirements. 

A further object of the invention is a spread-spectrum 
apparatus and method which allows a larqe number of mobile 
users to interactively operate in a mobile cellular 

20 environment havinq.different size cells and transmitter 
power requirements~ 

A still further ol:dect of the invention is a .. 
spread-spectrum a~paratus and method which controls the 
power level of a.mobile user in a cellular communications 

25 network·usinq a simple 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 ja1111t1.er. 
An additional object of the invention is an apparatus 

and method for automatically controllinq a power level of a 
mobile user which is easy to implement. 

S~Y OF THE INVENTrQN 
35 Accordin9 to the present invention, as embodied and 

broadly described herein, an apparatus for adaptive~power 

lii1il1ili1il1r 
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control (APC) of a spread-spectrum t~ansmitter is provided. 
A pl.urality of mobile stations operate in a 
cellular-communications network usinq spread-spectrum 
modulation. A base station ~ransmits a first 

·S spread-spectrum siqnal and an APC-data siqnal. The APC-data 
signal may ~e ~ansmitted with or separate f~om the first 
spread-spectrum siqnal. 

Each mo~ile station includes AGC means, correlator 
means, power means, comparator·means, transmitter means, an 

10 ant_enna, variable~ain means, and optionally decoder means. 

The correiator means is coupled to the AGC means. The power 
means is coupl.ed to the AGC means and to· the correlator 
means. The compar,ator means is coupled to the power means 
and the decoder mean•. 'Jlie antenna is coupled to. the 

15 transmitter means. The variable-qain means is coupled to 
the comparator means and between the transmit1:er means and 

the an:tenna. 
A. received. siqnal is defined. ~ein to_~;Lude the 

~irst spread-spectrum si911al and an: ini:erfei.-inq siqnal. The 
2·0 interfe:r:inq siqn.a1 is defined herein to inc1Ude an noise 

and/or signals which are coexistent in frequency with the 
first spread-spectrum sic;nal. 

'!'he decoder means decodes the APC-data siqna.1 from. the 
first·spread-spec:trum signal as a threshold leve1. For each 

25 received signal., the AGC means qenerates an AGc·-ou:tput 

signal.. Tlie correlator means despreads the AGC-output 
siCJ%1&1... The power means processes tha received siqna1 with 
t:he desp:cead. AGC-outpu1: siqnal. for 98l'lei:atinq a. 
received-power level. 'the comparator means qenerates a 

30 comparison siqnai tJy co~arinq the received-power J.evel to 
the threshold l.evel.. The comparison signal. may be an ana.log 
or diqi.tal data siqnal.. The transmitter means at the mobile 
station transmits a second spread-spectrum siqnaJ.. The 
variable-qain means uses the comparison siqnal as a basis 

35 for•adjustinq a transmitter-power level. of the second 
.. 

spread-spectrum siqnal transmitted from the transmitter 
means. 
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The present invention also includes a method for 
automatic~power control of a spread-spectrum transmitter for 
a mobile station operatinq in a cellular~co111JDunications 
network using spread-spectrum modulation. A bas~ station 

5 transmits a first ·spread•spectrUll\ signal and an APC-data 

signai. The APC-data siqnal typically is a spread-spectrum 
signal. Each mobile station performs the steps of acquirinq 
the first-spread-spectrum. siqnal transmitted from the base 
station, and detecting a received power level .of the first 

10 spread-spectrum.signal plus any interfering siqnal including 
noise. The steps also-include decoding the A.PC-data siqna1 
as a thresl'lold level, from the first· spread-spectrum siqna1 1 

or from a si9'nal or channel separate from the first 
spread-spectrum siqnal. The method generates an AGC-output· 

is siqnal from the received siqnal, and despreads the AGC­
output siqnal. The despread AGC-output signal is processed 
with the received signal.to qenerate a received-power 1evel • 
. ~he method further inciudes comparinq the received-power 
level to the threshold level, and adjusting a transmitter 

20 power.level of a second spread-spectrum siqnal in response 
to the comparison. 

Addi tiona:l ob-j ects and advantaqes of the invention are · 

set forth in part in the description which follows, and in 
part are obVious from the descripti~n, or may be learned by 

25 practice of the invention. The objects and advantages of 
the invention also may be rea1ized and attained by means of 
the instrumentalities and combinations particu1arly pointed 
out in the appended claims. 

30 

BRip DESCRIWON OF TffE QRAWINGS 

'The accompanyinq drawinqs, 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. 
35 FIG. i shows an adaptive power control receiver and 

transmitter accordinq to the pres~t invention; 
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FIG. 2 shows an adaptive power control receiver and 

transmitter accordinq to the present invention; 

FIG. 3 is a block diaqram of an automatic power central 

circuit with interference rejection; 

s FXG. 4 is a block diagram of an open loop automatic 

power control system; 

. FrG. 5 is a block diagram of an open loop automatic 

power control system with interferei,ce rejection; 

FIG. 6 shows the relative effect Of a multiplicity of 

10 users communicating with spread-spectrum in a cellul.ar 

environmen:t. with and without usinq adaptive ~ower co~trol; 

.and 

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

invention. 

is DETAILEP p1sg.:cn+oN OE m 21grm1D mon:rMIN'l's 
Re:ference is now made .. in detail to the present 

preferred embodiments. of the invention, examples of which 

are illustrated in the accompanyinq drawinqs, wherein.l;ke 

reference numerals indicate like elements throughout the 

20 several views. 
The present invention assumes that a plurality p~ 

mobile stations operate in a celluJ:ar-calll1Qunica1:ions netwark 

usinq spread-spectrum modulation. The cellular 

communications network has a plurality of qeoqraphical 

25 reqions, with a mul.tiplicity of cells· within a qeoqraphical -
reqion. 'rhe size of the cells in a first qeoq:aphical 

reqion may differ t'.ro:m the size of the ce.ll.s in a sec:and 

qeaq.raphical ~eqian. In a first qeoqraphical reqion such as 

an w:ban environment, a cellular architecture within the 

30 reqion may_ have a larqe number o:f cells or smali area which 

are close to each other. In a second qeographical reqion 

such as a rural environment, a ce1lular architecture within 

the reqion may hav~ cells of larqer area. 

A mobile station while in the first qeoqraphical reqion 

35 may :be requ.ired to transmit a lower power J.evel than while 

in the second qeoqraphical reqion. This requirement miqht 
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range Of the .mobile station 
a particular cell, a mobile 

. : . 
of the cell may be required 

from the 
station 
to 

transmit with a power level less than that when the mobile 
5 statio·n 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 s.tation within a 
particular cell transmits a first spread~spectrum siqnal and 

10 optionally an APC-data siqnal. The APC-data siqnal may be 
transmitted as part of the first spread-spectrQlll. signal, on 
a separate spread..,;.spectrum. channel, or.as a totally separate 
signal. The APC-data signal includes i~ormation on the 
threshold l.evel each mobil.e station is to use when 

15 communicatinq with the base station. If an APC-data si9nal 
were not used, then the threshold level may be fixed at a 
preset level for each mobile station communicatinq with the 
base station. 

The APC-data siqnal may be transmitted with or sepa~ate 
20 from the first spread-spectrum siqnal. For example, a 

spread-spectrum. signal usinq a first chip codeword may De 
considered a first spread-spectrum channel havinq the first 
spread~spectrum signal, and a spread-spect~ signal using a 
second chip codeword may be considered a second spread-

25 spectrum channel. The APC-data signal •ay 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 
first spread-spectrum siqnal. 

30 :en 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 

JS variable-qain means. The apparatus, by way of example, may 
have the cor~elator means embodied as a first product device 
101, a first chip-code generator 102, and a bandpass fiiter 

This Sheet Has Been Re J • 

. I llMI~ llllll l~l Ill iii . 



-

16-FEB-1996 10:59 

W093/10609 

FROM 

( 

MAGUIRES 

'!"8-

TO 
( 

006032434062 P.11/19 

PCT/US92/09962 

103. Alternatively, the correlator means may be :eal.ized as 

a ~atched filter such as a. surface-acoustic-wave device.; In 

qeneral, the correlator means uses or is matched to the chip 

codeword of the spread-spectrum sigi:i~l beinq received. .. 

5 'rhe detector means may be embodied as envelope det.ector 

104. Other type detectors may l:>e·used with 'Che present 

invention, such ~s square law detectors or coherent 

~et:ectors, as. is well known in the art~ The decoder means 

ma,y be embodied as decodeJ:·l.05. The comparator means may be 

10 embodied as differential amplifier 106 ,_. the transmitter 

means as tran~itter ii.a and the first var.iable qain means 

as first variable-qain device· 111. The first variable-qain 

device 1·11 may be a variable~ain amplifier, a variable-qain 

attentuator or any device which performs ~e same function 

15 . as the first variable-qain device 111 and described herein • 

. :The first product d.e:vice 101 is coupled to the first 

chip-code qenerator 102 and to the bandpass filter 103. 'rhe 

envelope-detector 104 is coupled between tha bandpass filter 
•, 

103 and the differentiai ampli.fier 106 .. _ The decoder 10s is 

20 coupled between the baiidpass filter l.O~_and the differential 
. . . 

amplifier 106. -rile decoder 1.05 altez:nativel.y may be coupl.ed 

to the output· of the envelope detector l.04. The 

variabl.e-qain device l.l.l. is caupled ta the differential 
. . 

amplifier 106 and between the transmitter U2 and antenna. 

25 'l'he decoder 1.05, as illustrativeJ.y shown. in FIG. 2, 

alternatively may be eouplec:l J:setween a second bandpass ,, 

filter 203 and. di:fterential. amplifieJ:' 106. :tn: this 

particul.ar embodiment, t:he second bandpass filter 203 is 

coupled to a second. product device 201. The second product 

30 device 203. is connected.to a second. chip-c::od.e generator 202. 

The embodiment of FIG. 2 could: be used.. where the APC-data 

siqnal is transmitted over the second spread-spectrum 

channel simul.taneously while the first spread-spectrum 

siqnal is transmitted over the first spread ... spectrum 

35 cbannel. The second channel uses a spread-spectrum signal 

with a second chip code~ and the second chip-code qenerator 
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202 generates a second chip-~ode siqnal using the second 
chip code. 

The product device 101, FIGs·. 1 or 2, usinq a first 
chip-code siqnal from the first chip-code qenerator 102 

5 acquires the first spread-spectrum. stqnal transmitted from 
the base station. The first Chip-code siqnal has the same 
chip code as the.first spread-spec~um signal. The envelope 
detector 104 detects a received power level of the first 
spread-spectrum signal. T~e received power level may be 

10 measured at the detector. 
The decoder 105 decodes the APC-data siqnal from the 

first spread-spectrum si.qnai as a threshold level. More 
particularly, data which.establishes or sets the threshold 
level-for dit'fererttial ·amplifier 106 is sent with the 

15 APC-data siqnal. 
'l'he differential ampli:f ier 106 generates a comparison 

signal by _comparinq the· received power level of the first 
spread-spectrum siqnal to :tb.e threshold level. The 

. . 

differential amplifier 106 may employ a differential 
20 amplifier or other circuits for pertorminq the comparison 

function. 
The transmitter 112 transmits a second spread-spectrum 

siqnal. The variable-qain devic~ 1.11 usinq the comparis.on 
signai, adjusts a transmitter-power level of the second 

25 s~read-spectrum signal from the transmitter. The 
variable-gain device u.1 may be realized with a 
variable-gain amplifier, a variable-qain attentuator, or an 
equivalent device which can adjust the power level of the 
second spread-spectrum sic;nal. 

30 As illustratively shown in FIG. 3, a bloc:k diagram of a 
power meas\lrement 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 ~enerator 75 
and filter 68. Additionally, AGC means and power means are 

35 included. The AGC means is embodied as an automatic-qain­
control (AGC) circuit 61, and the power means is embodied as 
a power measU%"ement circuit 75. As shown in FIG. 3 , the AGC 
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circuit 61 is connected to the mixer 67, and tbe output of 

the ~i-lter 68-- is connected to_ the power measurement circuit 

75. Additionally,. the input ta the AGC cl.rcuit ~l is 

connected to .the power measurement circuit 75. 

A received siqnal includes a first spread-spectrum 

--siqnal with power Pc and an interferinq signal with power PJ 

at the input to the circuit of FIG. 3. Th~ interferinq 
siqna1 may come from one or more nondesirab1e signa1s, 

noise, .multipath signals, and a~y other source whi~ would 

1,0 - serve as an interferinq siqnal to the first spread-spectrum 

si9.11al.. 1'he recei~eci signal is norma.lized by the AGC 

circuit al.. -Thus, by way of example:, the AGC circuit 61 can 

ha~~ the pow~ output, -Pc + PJ • 1.. 'rhe normalized received 

signal is despread by the correlator~ which _in this case is 

is shoWn· by way of example the mixer 67, chip-code qenarator 65 

. ·.and fil.ter 68. 'rhe chip-code qeneratar 65 generates a ch.ip­

c:ade sic;na1usinq the same chip-codewo%'.d as the first 

· spj:ead-spec:trwn: signal.. -rile despread signa.L is. filtered by 
. .. - '!. , .. • • ... "' - • • ... 

filter 6&, and the output of the filter 68 ~ the normalized 

20· p0wer o:f the ~irst spread-spectrum s.i.gnal. p1us the· 

normalized power of the interferinq siqnal divided. oy the 

pr~essinq qain, PG' of the spread-spectrum system. The 

power measurement circuit 75 c:an process the despread­

rac:ei.ved siqnal. with the received siqnal. and output the 

25 recei.ved-power le.vel of the first spread-spectrum signal. 
~e power level. of the interferinCJ signai is reduced by the .. 
processing: qain, PG. 

'?he power measurement circuit 75 can process the 

received signal with the despread, normalized. received 

30 signal. J:)y multiplyinq the two signals together, or by 

loqarithmicl.y ;rocessinq the received siqnal with the 
despread received sic;nal. :tn the latter case, the l.oqaritbm 

is taken o~ the power of the received siqnal, Pc + PJ, and 

the loqarithlll is taken of the despread, normalized received. 

JS signal. ·The two loqari thms are added toqether to produce 

the received-power level. 

-



.. 
16-FEB-1996 11:01 FROM 

WV -;,,;,/ IUUV7 
MAGUIRES TO 006032434062 P.14/19 

-11-

. A key element f cr the present invention to work is the 

circuitry of P';IG• 3. FIG. 3 shows a way for determil'.ling at 
. . ·~ 

the mobile station the power of the first spread-spectrum 

sisna1 when it is mixed with noise. If the circuitry of 
5 FI:G. 3 were no·t used, then it is possible that the . 

interferinq signal, which may include noise, multipath 

.signals, and other. undesirable . sicpials, may raise the power 

level measured at the input to the receiver of the remote 

station, qivinq an undesirable power level. The undesirab1e 

.~o power level measured may cause the remote station to 
transmit more power than required, increasing the amount of 
power received at the base station so. 

FIG. 4 shows a block diaqram of an open loop automatic .. 
power con~ol processing unit, where the comparator receiv~s 

15 the threshold level information provided by the cell. More 

particularly, antenna 55 is coupled to an RF filter 57. An 
intermediate frequency {IF) down-converter 59 is coupled 

between the RF filter 57 and an AGC amplirier 71. The 
output of the AGC amplifier 71 is passed to receiver 

20 processinq. 
The AGC amplifier 71 can have its output or a vo1taqe 

leV'el used as an AGC-control voltaqe. A control-voltaqe . . 

mapping 73 is coupled between the AGC amplifier 71. and a 

~omparator 70. The eomparator 7.o is coupled to the 

25 aemultiplexer 69 and to a control-word cjenerator 59. A 

voltaqe-controlled amplifier 77 i-s coupled to the control­
word generator 59, transmitter and power amplifier ss. The 

power amplifier sa is coupled to an antenna 56. 

In FIG. 4, a received spread-spectrum siqnal from 

30 antenna 55 is bandpass .filtered by RF filter 57 and 
converted to an IF ):)y down-converter 59. The AGC amplifier 

71 normalizes the voltaqe of the received spread-spectrum 

signal, and also generates an AGC-control voltage. The 
control-voltaqe mappinq 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 

demu1tiplexer 69. 
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~he COlllparison si~nal generated by comparator 70 is 

converted by control word genera~or S9 to control 

voltaqe-controlled attentuator 77. Accordinqly, the 

voltaqe-controlled attentuator 77 adjusts the power level 

s from.the transmitter and inpueted to power amplifier 58 and 

~ad.iated l:>y antenna 56. 

FXG. S illustrates the open loop automatic power 

controi circuit of FIG. 4, with the concepts from FI.G. 3 

.added there.to. Shown in FIG. 5 are power means, comparator 

1.0 means, transmitter ~ans, an antenna, variable-qain means 

and decoder means. The AGC means is shown as an autom.atic­

gain-controi (AGC) amplifier 72, correlator means is shown 

as correlator 74 with filter 76, and power means is shown .as 

power measurement device 78. 1'h• comparator means is shown 

15 as comparator 70, the transmitter means is shown as power 

amplifier ss_coupled to the ant~nna 56. The variable qain 

lle&n;S is embodied. as vo~tat;e controlled at:tentuator 77 and 

the decoder means i.s illustrated ·as demul.~pl.exer 69.. Also . . . 
ill.ustl:at,ed. is a control word qenerator 59 coupled between 

20 cQ11Parator 70 and voltaqe controlled attentua~or 77. 

The AGC ampl.if ier 72. is coupled between the bandpass 

f'i1ter 60 and the correl.ator 74. 'rb.e filter 76 is coupl.ed 

ea the output of the correl.ato·r 7 4. The power measurement 

device 78. is c:oupl.ed.. to_ the AGC amplifier 12 and the filter 

25 76. 'rhe comparator 70 is coupled to the output: cf the power 

measurement device 78 and to the demultiplexer 69. The 
"' 

control. word qenera.tor 59 is coupled bet:ween the campa~ator 

70 and the voltaqe controlled attentuator 77 ... The power 

amplifier 58 is coupled to the output of the voltaqe 

30 control.led attentuator 77 and the antenna 56. 

The demultiplexer 69 decodes the APC-data siqnal, which 

is received with the first spread-spectrum sicplal, as a 

threshold leve.l. The threshold. level is used l:>y the 

cam.parator· 70 as a comparison for the received-power level 

35 me&Sured. l:>y the power :measurement device 78. 

For each received signal, the AGC amplifier 72 

qenerates an AGC-output signal. The AGC-output sic;nal is 
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despread usinq correlate~ 74 and. filter 76. The de~p:r:ead­

AGC•output signal froa the filter'76 is processed with the 

received signal tram the AGC amplifier 7i, by the power 
measurement device 78a The received siqnal to the pow~r 

5 measurement device 78 may be a AGC-control-voltaqe level 
from the AGC amplifier 72. 

·The pqwer measurement device 78 processes the received 

signal with the despread-AGC-o~tput signal, for qene~atinq a 

received-power level. As mentioned previously for FIG. 3, 
10 tbe power measurement device 78 can process the received 

signal with the despread-AGC-output siqnal by multiplyinq 

the two siqnals together, ·or by loqa.rithmicly processing th• 

received signal with the despre.ad-AGC-output siqnal. 
The comparator 70 generates a comparison signal by 

1.5 comparing ~e received-power level <;Jenerated by the power 
measurement device 78, to the threshold level provided by 

the de~ul"t;iplexer 69. 'l'he comparison signal may be an 
analoq or diqital data siqnal. Broadly, the control word 

generator 59 can convert the comparison signal to a digital 

20 data siqnal for controllinq the voltage contro1led 

attent~ator 77. The voltage controlled attentuator 77 uses 

the comparison signal, as processed by the control word 
qenerator 59, as a basis for adjusting a transmitter-power 

.level. of a s.econd 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 siqnal 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 siqnal from first chip-code generator 

102 and first product device 101. The despread first 

spread-spectrum siqnal is filtered throuqh bandpass filter 
103. The mobile station detects the despread first 

35 spread-spectrum siqnal using envelope detector 104, and 
measures the received power level of the first 

spread-spectrum siqnal. 
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The UC-data ~iqnal :may be transmitted on the same 

channel as the first spread-spectrum signal usinq the s~me 

chip codeword as the first spread-spectrum.siqnal. In tjlis 

case, the APC-data signal is transmitted at a different time 

5 interval from when the first spread-spectrum.signal is 

transmi1:.ted. This format allows the mobile station to 

acquire synchronization with tbe ~irst chip-code, 11Sin9 the 

first spr.ead-spectrum. signal. 
AS a.n alternative, theAPC-data.siqna.l may be 

I.O ·transmitted on a different coded channel. ~inq a- second chip 

codeword. I:n the latter· case, the second Sp1:ea~-spectrum 

si~a.l·havinq the APC-data siqnal would.be·ac:quired.by·the 
. . 

second chip-code qenerator ~02 and second product device 

201. In either-case, the APC-data siqnal is decoded usinq 

is decoder 1.05. Further, the APC-data. signal may be time 
division multiplexed ar frequency division multiplexed with 
the first spread-spectrum signa1 • 

. The decoder ios: decodes from. .. the APC-data signal. the 
•• o o .... I ' • 

value of the threShold. level for us.e by <lifferential. . . . 
20 ampl.ifier 1.06. For example,. if there wer:e eiqht l.eve1s for 

which. to set the threshold level, then· at minimum, a. three 

bit ... word may be used with the APC-data siqnal to transmit 

the- threshold level to the- mobile station. The thresh.Old 

level is- used to adjust and or set the threshold o~ the 

25 differential amplifier io6. Accorclinqly, the received. power 

l.eve.l from envelope detec~r l.04 is coinpared to the 

threshold of the differential amplifier 1.;06. 

Xf the received. power level is greater than the 

threshold .level, then the tirst variable-qain device i11 

30 wauJ.d decrement or decrease the second spr-.<1-spactrum power 
level. I::f tbe received power .level is less than the 

threshold at differential amp1ifier 106, then the first 

varial>le-qain device 111 increases the second 

spread-spectruJD power~ 
35 The APC circuit 110 of F%GS. 1 and 2 may be buil.t on a 

diqital siqnal processor (DSP) chip. An analoq to digital 

converter located at the output of the bandpass filter 103 
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would convert the received siqnal to a·data siqnal. The 

envelope detector 104, decoder 105 and differential 

amplifier 106 may be implement;.ed as part of digital: siqnal 
processinq functions on the OSP ch~p. The analog to digital 

5 converters may be included on the DSP chip. 

FIG. 7 shows the advantaqe of usinq an adaptive pow•r 
control apparatus with a mobil~ station in a personal 
communications network. The number of adaptive power 
control mobile stations, N(APC), versus the number of mobile 

10 stations which can be used in a similar reqion, N, is 
plotted with respect to an inner radius, R1 , and an outer 

radius, R
0

• When the inner radius ~oes to.zero, usinq 
spread-spectrum as code division multiplex, the number of 

users with adaptive power control who can operate within a 
15 cell, is approximately ten times the number· of users without 

adaptive power control who can operata within the .cell. 
The present invention also includes a method ~or 

automatic-power contro_l of a spread-spectrum transmitter for 
a mobile station operatinq in a eellular~communications 

20 ~etwork usinq spread-spectrum modulation. Referrinq to FIG. 

8 1 a base station transmits 701 a first spread-spe.ctrum 

siqnal and optionally an APC information-data siqnal. Each 
mobile base station performs the steps of acquirinq 702 the 

first spread-spectrum siqnal transmitted from the base 

25 station, and detectinq 703 a received power level of the 

first spread-spectrum signal. The ~teps also incl.ude 
decodinq 704 the APC~data siqnal as a threshold 1evel, from 

the first spread-spectrum si9nal, or from a separate signal 
from the first spread-spectrum siqnal. A threshold level is 

30 set 705 from the APC~data siqnal. A preset threshold level 
may be emplcyed if the APC-data signal is net used. The 
method further includes comparinq 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 qeneratinq from a 

received signal an AGC-output siqnal, and despreadinq.the 
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AGC-output signal. The ~aceived signal includes the first 
spread-spectrum siqnal and an interferinq signal. ~he 

received si9na.l is processed· with the despread AGC-output 
signal to ~enerate a received-P.o~er level. The method 1:hen 

s 9enerates a comparison siqnal hy comparinq the 

received-power level to the.· t:h.reshold level.. While 

.transmittinq a second·spread-spectrum siqnal, the method 
. adjusts a trans:in:itte~:..power leve.l of the second 
spread-spec:t.rum siqnal from the transmitter usinq the 

10 .comparison siqnal •. 

It will be· apparent to.those skil~ed in the art that 
' ' 

various .modifications can be made'to the method. cmd 
apparatus for.adap~ively controlling a power level. of a 
spread-spectrum siqnai in a celiular environment 0£ the 

l.S instant invention without departing from the scope or spi:i:;"it 
of the invention, and .it is intended that the present 

invention cover modifications and variations of the method 
and.apparatus for a.da.ptiveiy control.linq a power level cf a. 
. . . . . . .. ... 
spread."."spectrum ·signal in a celiular environment provided 

20 tbay come in the scope of the appended claims and their 

equivalents .. 

TOTAL P.19 
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i~ An apparatus for adaptive-power control of a 
spread-spectrum transmitter of a mobile station aperatinq in .- -

.. a cellular-communications network usinq spread.-spectrwu 
modulation, co•prisinq: .- -

s a base station for transmitting a first~ 

15 

20 

30 

-spread-spectrum_siqnal; 
a multiplicity-of said mobile stc;ltions,· each . . . ·. . . .. ·. . . 

mobil.• 'station b,avinq : . -
-an automatic•qain-control cir~it -for -, _ , 

qenerating an ~Ge-output_ siqna.l. ,_from-- a ,received 
siqna.1,- ~herein-the_receiv•d siqiial includes the first . ..· . . . . . . ,· 

spread•sp~ctrum siqnal and· an interferinq siqnal;' - -
__ · - , a corr•la1:or _ coupled to said 

automatic~qain-ccntrol-91rcuit for despreac:iinq the 
-_ Aac-output siqnal; --- , - - -

a power-mea~ur~ent circuit coupled to said 
~utomatic-qain-ccni;rc_l c~uit and to said correlator 
and_ responsive to processinq the rece~ved siqnal -•ith 
the despre~d AGC~output signal for qeneratinq a 
received-power ievel.; 

a comparator coupled to said 
power-measurement circuit for qeneratinq a comparison 
signal by comparinq the received-power level to a 

·threshold level; 
a transmitter-far transmitting a second 

spread-spectrum signal.r-
an antenna coupled-to said transmitter; and 

'Ii -

a first variable-qain device coupied to· said 
comparator and between said transmitter and said 
antenna, responsive to said comparison signa1 
indicating an increase or decrease far adjusting a 
transmitter-power level of the second spread-spectrum 
siqnal from said t:ransmitter. 



;:;· 

~0-FEB-1996 10:30 

W093/10609 

FROM 

( 

-is.- 111111111111111111111111111111 · 
* C L M S * 

2. An apparatus for adaptive-power control _of a 
spread-spectru.m transmitter of a mobile station operating in 
a cellular-commmii"c~tions network !-lsin9 ~read-spectrum 
:Zodulation, wherein.a base-station transmits a first 

~- . . . . . 

5 spread-spectrum "·siqnal,. said mobile station c:Omprisinq: 

10 

AGC means responsive to a received s~gnai, wherein 
. the received signal inc~~des ~e ~irst spread-spectrum 
sig~l and an interferinq signal., ·for qeneratinq an 
AGC~out:Put sign.al; 

correiator means for despreadinq the.A.Ge-output 
signal; 

power means re~ponsi ve , to processinq · the received ·. 
siejnal with th•_ despr•ad AGC•output si;nal for·qeneratinq a 
-recei~ed-power level; 

15 .. comparator means ·.for .g:enera.tinq a comparison 
signal by comparinq the received-:powerlevel to said 
threshold level; 

transmitter means for _transmittinq a. second 
spread-spectrUm siqnal; 

. 20 an antenna; _and 

5 

variab.le-qain ·means x;-esponsive . to said. c::omparison 
signal for adjusting-· a 't:ranslllitter-power level.· of the second 
spread-spectrum signal from.said transmitter .. 

. 3 • The apparatus_ as_. s~t forth in cl.aim 2 wherein said 
correlator mean~ includes: 

a first Chip-code qenera.tor; 
a. first bandpass .rilter; and 

.,, . 

a first product device coupled to said first c:hip 
c~de ~enerator and. said bandpass filter • .. 

4. irhe apparatus as sat forth in claia 2 wherein said 
correlator means includes a differential amplifier. 

s. The apparatus as set forth in cl~m 2 wherein said 
AGC means includes an automatic-qain~control circuit. 

.... 
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6. The a~paratus as set forth in claim 2 wherein said 
variable-gain means includes a variable-qa~n attenuator. 

7. The app~ratus as set forth in claim 2 wherein said 
variable-gain means includes a variable-qain amplifier. 

. . . 

s. A method f~r adaptive-power control of a 
spread-spectrum transmitter of a mobile station operating in 
a cellular-communications network usinq spread-spectrum 
modulation,·wherein a base station transmits a first 

5 spread-spectrum sic;nal, said method comprisinq the"steps of: 
generating, · ·from a received signal, wherein the 

received siqnal includes the first spread-spectrum siqnal 
and an interfer~nq siqnal, an AGC-output siqnal; 

. :de$prea(1inq the AGC-output siqnal; 
10 processing the received sic;nal with the despread 

15 

AGC-output siqnal to qenerate a received-power level; 
·qeneratinq a comparison siqnal by comparinq the 

received-power level to a threshold;. 
transmittin; a second spread-spectrum signal; and 
adjustinq a transmitter-power level of the second 

spread-spectrum signal from said transmitter usinq said 
comparison siqnal. 

9. The apparatU:s as set forth in claim 2, wnerein 
said power means includes means for multiplyinq 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 loqarithmic means tor addinq the 
received si911al with the despread AGC-output siqnal for 
9eneratinq a received-power level. 

1111i1i1i111nr 
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l.l.. An·appi;lratus for determining a received-p~wer 
level of a sptead-spectrum signal, when a received siqnal 

includes the spread-spectrum siqnal and an interf erinq 

signa.1, comprisinq: 
5 AGC means responsive to the received siqnal for 

qeneratinq an AGC•output signal; 
correlator means, includinq a differential 

amplifier, for despreadinq the AGC•output siqnal; and 
power means ~esponsive to processinq the received 

l.O signal with the despread AGC~output siqnal tor generatinq a 

received-power level. 

12. The- apparatus as se1: forth in claim l.1, wherein 

said power means includes means for multiplyinq the. received. 

signal with the ciespread AGC•output siqnal for qenerating a 
received-power level. 

l.3 .. The.apparatus as set forth in claim l..l., wherein 
. . . 

sai~ pow~means includes loqarith:mic means for addin~ the 

received siqna1 w~th the despread AGC-output siqnai ~or 
qene:a.tinq a received-power level. 
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14. An apparatus for adaptive-power control of a 
spr.ead-spectrum transmitter of a .mobile st~tion operatinq in 
a cellular-communications network usinq spread-spectrum 
modulation, wherein a base station transmits a first 

S spread-spectrum signal and an APC-data signal, said mobile 
· station comprising: 

decoder means for decodin9 the APC-data si9n~1 as 
a threshold level; 

AGCmeans responsive to a received siqnal,. wherein 
10 the received siqnal includes the first spread-spectrum 

signal and an interfering signal·, for qeneratinq an 
AGC-output sic;nal; 

correlator ~eans for despreadinq the AGC-output 
siqnal; 

15 · power means responsive to processinq the received 
signal with the despread AGC-output signal for qeneratinq a 
received-power level; 

·comparator mean• for qeneratinq a comparison 
si9Jlal by comparinq.the received-power level to said 

20 threshold level; 
transmitter means for .transmittinq a second 

sp~ead-spectrum siqnal; 
an antenna; and 
variable-qain means responsive_ to said comparison 

25 siqnal for adjustinq a transmitter-power level of the second 
spread-spectrum siqnal from said transmitter. 

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

16. The apparatus as set forth in claim 14, wherein 
said AGC means includes an automatic-sain-contro1 circuit. 

17. The apparatus as set forth in claim 14, wherein 
said power means includes me~s for multiplying the received 
signal with the despread AGC-output siqnal for generatin~ a 
received-power level. 
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l.8. The apparatus as set for1:h in claim 14, wherein 

said_ ;power means includes -loqar·itmUic mean~ for adding- the 

received siqnal with the despread AGC-output siqnal for 

qeneratinq a received-power level. 

19. An apparatus for determininq a received-powe.r 

leve1 of a spread-spectrum· siqnal, when a received siqnal 

includes the spread-spectrum siqnal and an interferinq 

signal, comprisinq: 

5 AGC means responsive to the received siqnal for 

qeneratinq an AGC-output signal; 

correlator means for despreadinq the AGC-output 

siqnal.; and 
power means responsive ~o proc•ssinq the received 

10 siqnal with the despread AGC-output siqnal for qeneratinq a 

received-power level. 

ao .. t.rhe apparatus as set forth in claim 19, wherein 

said.power means inclUdes means for·multiplyinq. the received 

si9J1al with the despread AGC-output siqnai tor qeneratinq a 

received~pawer level. 

21. 'l'he apparatus as set forth in claim 19, wherein 

said power means includes loqaritllmia means for acidinq the 

received. siqnal with the despread AGC-output signal for 

qeneratinq a received-power level. 
~· 
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22. A method for adaptive-power control of a 
spread~spectrum transmitter of a mobile station operatinq in 
a cellular-communications network usinq spread~spectr\Jm 
modulation, wherein a base station transmits a first 

5 spread-spectrum siqnal and an APC-data siqnal, said method 
comprisinq the steps of: 

acquirinq and decodinq the qeneric spread~spectrum 
signal; 

· detecting a received power level .of the qene~ic 
10 spread-spectrum signal; 

15 

decodin; the APC-data sic;nal as a tbreshold·; 
qeneratinq, from a received siqnal, wherein the 

received signal includes the first spread-spectrum siqnal 
and an interferinq siqnal, an AGC-output signal; 

despreading the AGC-output signal; 
processing.the received siqnal with the despread 

AGC-output signal to qenerate a received-power leve.l; 
generating a comparison signal by compa.rinq the 

received-power level to said threshold; 
20 transmittinq a second spread-spectrum siqnalr and. 

25 

adjusting a transmitter-power level of the second spread­
spectrwn siqnal from said transmitter usinq said comparison 
siqnal. 

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-qain-control circuit. 

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

30 siqnal, the step of: 
aetec~ing a received power level of the generic 

spread-spectrum siqnal. 
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26. The method as set .. forth in claiia 25, further 

c::omprisinq '· before the step of ge~erat.inc; . an AGC•output 
signal, the step·· of: 

decodinc; an APC-data signal transmitted from the 
S base station as a threshold. 

2 7.. The method as set fo.rth in claim 2 6 ,. further 
comprisinq, after the step of pz;"ocessinqthe received 
signal, the step of: 

qeneratinq a comp.arisen s~c;;rnal by comparinq the 
5 received-power l.evei·to the tnreshold. 


