ADAPHT R PR B TRERPEOR "RELSEEAD TRANSM TTERTBACKGROURBFER43962| NOERTREN
Thi,s inﬁention rel ates to spread spectrum communi cations, and nore Wssa2 s
particularly to an apparatus and met hod for adaptive power control of a
spread-spectrumsignal in a cellular, personal comunications environnent.

ADAPTIVE POWER CONTROL FOR A SPREAD SPECTRUM TRANSMITTER

BAC Q (o) )
This invention relates to spread spectrum
ot communications, and more pa:ticularly to an apparatus and
5 method for adaptive power control of a spread-spectrum
signal in a cellular, personal communications environment.

DESCRIPTION OF THE PRIOR ART . :
A spread-spectrum signal typically is generated by
-modulating an information-data signal with a chip-code
10 signal. The information-data signal may come from a data
device such as a computer, or an analog device which outputs
an analeg signal which has been digitized to an information-
data signal, such as voice or video. The chipécbde signal
is generated by a chip-code where the time duration, Tc' of
15 each chip is substantially less than a data bit or data
symbol. '

Spread spectrum provides a means for communicating in
which a spread-spectrum signal occupies a bandwidth in
excess of the minimum bandwidth necessary to send the same

20 information. The band spread is accomplished using a chip
code which is independent of an information~data signal. A
synchronized reception with the chip-code at a receiver is
used for despreading the spread-spectrum signal and
subsequent recovery of data from the spread-spectrum signal.

25 Spread-spectrum modulation offers many advantages as a
communications system for an ogfice or urban environment.

. These advantages include reducing intentional and
unintentional interference, combating multipath problens,
and providing multiple access to a communications system

30 snared by multiple users. Commercially, these applications
include, but are not limited to, local area networks for
computers and persénal conminications networks for
telephone, as well as other data applications.

A cellular communications network using spread spectrum

15 modulation for communicating between a base station and a
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spread- spect pigesstaioANIreceived from each mobile station.

In a first geographical region, such as an urban
environment, the cellular architecture within the first

10 geographical 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
environment, the cellular architecture wzthin the region may
have large celle which are spread apart, requlrinq a

15 relatively high power level from each mobile user. A mobile
user who moves from the first geographical region to the
second geographical region must adjust the powver level of
his transmitter, for meeting the requirements of a
particular geographic region. Otherwise, if the mobile user

20 travels from a sparsely pcpulated region with few and spread
out cells using the relatively higher power level with 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

25 may cause undesirable interference within the cell in which
he is located and/or to adjacent cells. _

Accordingly, there is a need to have a spread spectrum
apparatus and method for automatically controlling a mobile
user’s spread spectrum transmitter'power level when

30 operating in a cellular communications network.

OBJE Qo (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

35 of each cell is the same for each mobile station.
Another object of the invention is to provide an
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- 5 spectrum apparatus and method which will allow operating a
spread spectrum transmitter in different geographic regions,
wherein each geographic region has a multiplicity of celis,
and cells within a geographic region may have different size
cells and transmitter power reguirements.
10 _ A further object of the invention is a spread-spectrum
. apparatus.and method which allows a large number of mobile
users to interactively operate in a mobile cellular
environment having different size cells and transmitter
povwer requirements.
15 A still further object of the invention is a spread-
spectrum apparatus an& methdd which éont:ols a power level
of a mobile user in a cellular communications network using
a simple circuit.
An additional object of the invention is an apparatus
20 and method for automatically controlling a power level of a

mobile user which is easy to implement.

S Y O (o)
According to the present invention, as embodied and

broadly described herein, an apparatus for adaptive-power

25 control (APC) of a spread-spaectrum transmitter is provided.
A plurality of mobile stations operate in a cellular-
communications network using spread-spectrum modulation. A
base station transmits a generic spread-spectrum signal and
an APC-data signal. The APC-data signal may be transmitted

30 with or separate from the generic spread-spectrum gignal.
Each mobile station comprises acquisition means, detector
means, decoder means, difference means, transmitter means,
an antenna, and variable-gain means. The detector means is
coupled to the acquisition mearns. The decoder means is

35 coupled to the acquisition means for decoding the APC-data
signal as a threshold. The difference means is coupled to
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particalar nobile user statjon. Wthin a particular cell, a nobile station
near the base station of the cell" may be dgequired to transmit with a power
| evel | ess than that when the nobile station is near an outer perineter of
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station, rec t e i cal
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first geograrilﬁ cupled &e ke KdEference means and detween|the to each

ot her, requi iipihsini @ Wind QWA theOBheafARaobile user. In a second

geographi cal regi such ,as.a rural enviropnent_ . the cel]Jular architecture

withih the reglon%ﬁ5§ cquzsxtxon means acquires the generic spread-
spectrun signal transmitted from the base station. The
detector wmeans detects a received power level of the generic
spread-spectrum signal. The decoder means decodes the APC-
data signal as a threshold. The difference means generates

10 a comparison signal by comparing the received power level to

. the threshold. The comparison signal may be an analog or
digital data slgnal The transmitter means transmits a
transmitter spread-spectrum signal. The variable-gain means

| qses the comparison signal as a basis for adjusting a

15 transmitter-power level of the transmitter spread-spectrum
signal from the transmltter means.

The present invention also includes a method for
automatxc-power.control of a spread-spectrum transmitter for
a mobile station operating in a cellular-communications

20 - network using spread-spectrum modulation. A base station
transmits a generic spread-spectrum signal and an APC-data
signal. The APC-data signal typically is a spread-spectrum
signal. ' Each mobile base station performs the steps of
acquiring the generic spread-spectrum signal transmitted

25 from the base station, and detecting a received power level
of the generic spread-spectrum signal. The steps also
include decoding the APC-data signal as a threshold, from
the generic spread-spectrum signal, or from a signal or
channel separate from the generic spread-spectrum signal.

30 The method further includes comparing the received power
level to the threshold, and adjusting a transmitter power
level of a transmitter spread-spectrum signal in response to
the comparison.

Additional objects and advantages of the invention are

35 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
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I'evel from each nobile user. ‘A nobile user who noves fromthe flrst
geographi cal region to t he second geogr aphi cal region nmust adjust the power
| evel of his transmtter, for meeting thes+equirenments of ‘a particul ar
geogr aphi ¢ region. Clhermnse If the nobile user travels froma sparsely
popul at ed r egheninventieny akep e de aealdgad and aftaiaede bt masns Hfher
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region with ma y ce S w t-hout uci ng the power [evel of hIS spread
spectrum traf% eHW@“?ﬁ%@% ‘rumtransnitter nay cause undesirable
I nterference mﬁthln the cell .in which he is |ocated and/or to adjacent
cells. AR PR OhiRg . f&qq}f i HeiiNegave a spread spectrum
appar at us and NE T 1T0r autong al 1y ntrol ling a nobile user's spread

spec?run1transn1t?h$ ?ﬁﬁﬁﬂPaQXRﬂQWMﬁﬂvlﬂﬂ@haﬁhﬁ&h Are dacoypgrated in
communi cat i ogid neéM@ELtute a part of the specification, illustrate

preferred embodiments of the invéntion, and together with
the description serve to explazn the principles of the
invention.
10 ) FIG. 1 shows an adaptive power control receiver and

transmitter accordihg to.the present invention;

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

FIG. 3 shows the relative effect of a multiplicity of

15 users communicating with spread epectrum in a cellular
environment with and without using adaptive power control;
and

FIG. 4 is a flow chart of the method of the present
invention.

20 ' DETAILED ON OF REFE MEN
Reference will now be made in detail to the present
preferred embodiments of the inéenticpc examples of which
are illustrated in the accompanying drawings, wherein like
raference numerals indicate like elements throughout the
25 several views. .
The present invention assumes that a plurality of
- mobile stations opérate in a cellular-communications network
using spread-spectrum modulation. The cellular
communications network has a plurality of geographical
30 regions, with a multiplicity of cells within a geographical
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 geographical region such as
an urban environment, a cellular architecture within the
35 region may have small cells which are close to each other.
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apparatus and method which controls the power |evel of a nobile station so
that the power |evel Teceived at the base station of each cell is t he sane
for each nobile station. Anot. her objéct of the invention is to provide

gn In a second geographical regléﬁ such as a rural environment,
a cellular architecture within the region may have large
cells which are spread apart. - |
A mobile station while in the first geographical region
5 may be required to transmit a lower power level than while
in the second geographical region. This requirement might
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 required to
10 - transmit with a power level less than that when the mobile
- station is near an outer perimeter of the cell. This is
done to énsure a constant power level at the base station,
received from each mobile station.
In the present invention, a base station within a
15 particular cell transmits a generic spread-spectrum signal
and an APC-data signal. The APC-data signal may be
transmitted with or separate from the generic spread-
spectrum signal. For example, a spread-spectrum signal
using a first chip codeword may be considered a first
20 channael having the generic spread-spectrum signal, and a
spread-spectrum signal using a second chip codeword may be
considered a second channel. The APC-data signal may be
transmitted in the same channel, i.e., the first channel, as
_ the generic spread-spectrum signal, or in a second channel
25 which is different from the generid spread-spectrum signal.
In the exXemplary arrangement shown in FIG. 1, an
apparatus for adaptive-power control of a spread-spectrum
transmitter is provided. Each mobile station comprises
achisition means, detector means, decoder means, difference
30 means, transmitter means, an antenna, and variable~gain
means. The apparatus, by way of example, may have the
acquisition means embodied as a first product device 101, a
first chip-code generator 102, and a bandpass filter 103.
The detector means may be embodied as envelope detector 104.
35 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
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level of a nobile user in a cellular communications network. Anot her
obj ect of the invention is to provide a spread- spectrum apparatus and

met hod which will allow operating a spreat~spectrumtransmitter in

di fferent geographic regions, wherein each geographic regign has a
nultlpI|C|tydﬁ¢°€€FI%Osandr%ﬁﬂ4%;QGQQHQE B gmaghPe eapodieda@shave
different si as:fseféﬁtﬁaﬂ ARPIEFids exroqqom tegushiteerSmeans ad further
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cel lul ar envaemqenuhawmmarmldm-g@medmpg aaa m&nm @t eﬁamkdre
requigr ement Sgain a:mﬁl%f iek féJr&xﬁamfa-aatm%&aauh%%n&%dys deviig£ad-
spectrun1app ratus and method which controls a power | evel

which performs the same function as e variable-gain device

111 and described herein.

The first product device 101 is coupled to the first

chip~code generator 102 and to the bandpass filter 103. The

10 envelope detector 104 is coupled between the bandpass filter

© 103 and the differential amplifier 106. The decoder 105 is
coupled between the bandpass filter 103 and the differential
amplifier 106. The decoder 105 alternatively may be coupled
to the output of the envelope detector 104.. The variable-

15 . gain device 111 is coupled to the differential amplifier 106
and between the transmitter 112 and antenna.

‘The decoder 105, as illustratively shown imn FIG. 2,
alternatiﬁely may'be coupled between a second bandpass -
" filter 203 and differential amplifier 106. In this

20 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 channel simultaneously

25 while the generic spread-spectrum signal is transmitted over
the first channel. The second channel uses a spread—-
spectrum signal with a second chip codeword, and the second
chip-code generatbr 202 generates a second chip-code signal
using the second chip codeword.

30 The product device 101, FIGS. 1 or 2, using a first
chip-code signal from the first chip-code generator 102
acqguires the generic spread—-spectrum signal transmitted from
the base station. The first chip-code signal has the sane
chip codeword as the generic spread-spectrum signal. The

35 envelope detector 104 detects a received power level of the
generic spread-spectrum signal. The received power level

may ke measured at the detector.
[ —
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of a'nobile user in a cellular comunications network using a sinple
circuit. An addi tional object of the invention is an apparatus and
met hod for automatically controll'ing a pewer |evel of a nobile user which
is easy to inplenent. SUMMARY OF THE | NVENTI ON According to the
present inventi onThasdesbdarelioandecrdes | helchRCtdakh eimial, fxom e at us
for adaptivegpupicCeprbah-CABCkroh 81GRALE: SPOOIMRIIANS HdleP' 1S
provi ded. A pIura I t nobl tations erate 1n
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transmts a qifiterenktpatadmphifienniosgané sewk anitiPEldantapcraata . Thé

APC-gata sig y be transmtted with or separate fromthe generic
spread-spectrum signal . Each nobile station conprises acquisition neans,
det ect or The differential amplifier 106 generates a comparison

signal by comparing the received power level of the generic
spread~spectrum signal to the threshold. The differential
amplifier 106 may employ a differential amplifier or other

10 circuits for performing the-compafison function.

The transmitter 112 transmits a transmittér spread-
spectrum signal. The variablé—gain.device 111, using the
comparxison signal, adjusts a transmittér-power level of the

. transpitter spread~spectrum signal from the transmitter.

15 The variable-gain device 111 may be realized with a
variable-gaih'amplifier, a variable-gain attenuator, or an
equivalent device which can adjust the power level of the
transmxtter spread-spectrum signal.

In operation, a base station in a cell may transmit:

20 the generic spread-spectrum signal on a continuous basis or
on a repetitive peribdic basis. Mobile stations within the
cell receive the generic spread-spectrum signal. The’
received generic spread-spectrum signal is acquired and
despread with the first chip-code signal from first chlp-

25 code generator 102 and first product device 101. The
despread generic spread-spectrum signal is filtered through
bandpass filter 103. The mobile station detects the
despread generic spread-spectrum signal uéing envelope
detector 104, and measures the received power level of the

30 generic spread-spectrum signal.

The APC-data signal may be transmitted on the same
channel as the generic Spread-spectrum signal using the same
chip codeword as the generic spread-spectrum signal. 1In
this case, the APC-data signal is transmitted at a different

3s tine interval from when the generic spread—-spectrum signal
is transmitted. This format allows the mobile station to

\\
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varia fe-galn means. The detector neans is coupled to the acquisition

means. The decoder means is coupled to the acquisition neans for decoding
t'he APC-data signal as a threshold. The did<f erence nmeans i's coupled to
-4- the detector nmeans and the decoder nmeans. The antenna is coupled to
the transm t tarquiscen syrkhronizatiion wiath thenfirst chip-code, using the

- generic spreadéspectrum signal.
| As an altérnative, the APC-data signal may be
. ‘transmitted on a different coded channel using a second chip
5 codeword. 1In the latter case, the second spread-spectrum
Siénal 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
decoder 105. FPurther, the APC-data signal may be time
10 "division multiplexed or frequency division multiplexed with
the generic spread-spectrum signal. |
. The decoder 105 decodes from the APC-data signal the
' value of the threshold for use by differential amplifier
106. For example, if there wére eight levels for which to
15 set the threshold level, then at minimum, a three bit word
may be used with the APC-data signal to transmit the
. threshold to the mobile station. The threshold is used to
adjust and or set the threshold of the differential
_ amplifier 106. Accordingly, the received power level from
20 envelope detector 104 is compared to the threshold of the
differential amplifier 106.

If the received power level is greater than the
threshold, then the variable-gain device 111 would decrement
or decrease the transmitter spread-spectrum power level. If

25 the received power level is less than the threshold at
differential amplifier 106, then the variable-gain device
11y inéreases the transmitter spread-spectrum power.

The APC circuit 110 of FIGS. 1 and 2 may be built on a
digital signal processor chip. An analog to digital

30 converter located at the output of the bandpass filter 103
would convert the received signal to a data signal. The
envelope detector 104, decoder 105 and differential
amplifier 106 may be implemented as part of digital signal
processing functions on the digital signal processor (DSP)

35 chip. The analog to digital converters may be included on
the DSP chip.

\
This Sheet Has Been R

I



i s caéyFEReigse t15e3di fRRBMencEAGWERESs and lbet ween fBe tr ansABEEIRA34A68NS PatiR 20
the ant*enna. The acqui gition means acquires the generic spread-
spectrum signal transmtted fron1the bagéﬂﬂeﬂlon The detector nmeans

detects a receive g ower J evel .of t enerlc read ectr naI The
decoder neans dec ﬁgs 3 Ehows the, ‘9 55'8 ®Tence

means gener atentrol oapparatus switinla bgomzstatd.dmelrr chletsdmaawer | evel

S gnal . The SPERAITTErONE SR, Dithe Tianls 3F AMCRLA Jltr 7,
si gnal . The sentxdl anepd ke nstationss N (APQonyerisusn thieymambesr ©LHasbd Yeor

adj ugting a émfahétﬁumve&nlw%é& i:h% IiMIAR Rig i, eRd- geectrum
signal fromt enti,on al sg incl udes

tr t
a nethod forP %YB?T%W‘E &%ﬁp%%ﬁttf‘%larbf”ﬁ’?p rg(;?é_en ?:zf:u\i ARE SR A8 E for a
mobi | e st at ivadibpe; Rjng Whem the | inner aadins mtelsorlrs zero, using

spread spectrum as code division multiplex, the number of
_ users with adaptive power control who can operate within a

10 cell, is approximately ten times the number of users without
adaptive power control who can operate within the cell.

The preseﬁt invention also includes a method for
automatic-power control of a spread-spectrum transmitter for
" a mobile station operating in a cellular-communications

15 network using spread-spectrum modulation. Referring to FIG.
‘4, a base statioh transmits 701 a generic:spread-spectrﬁm
signal and_an APC information-data signal. Eadh mobile base
station performs the steps of acquiring 702 the generic
spread-spectrum signal transmitted from the base stétion,

20 and detecting 703 a received power level of the generic
spread-spectrum signal. The steps also include decoding 704
the APCQdata signal as a threshold, from the generic spread-
‘spectrum signal, or from a separate signal from the generic .

' spreade-spectrum signal.' A threshold is set 705 from the

25 APC-data signal. The method further includes comparing 706
the received power level to the threshold, and adjusting 707
a transmitter power level of a transmitter spread-spectrum
signal in response to the comparison.

It will be apparent to those skilled in the art that

30 various modifications can be made to the methoed 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 spirit
of the invention, and it is intended that the present

35 invention cover modifications and variations of the method
and apparatus for adaptively controlling a power level of a
spread spectrum signal in a cellular environment provided

_—
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net wor kK usi ng spread-spectrum nodul ati on. A base station transmts a

generic spread-spectrum signal and an APC-data signal. The APC-data signal
typically is a spread- spectrun15|gnal EAdT nDbiIe base station perforns
the steps of acquiring,th eneric s ad- spect.r i | _tr .tted from
the base statieh, cone H%t'été i TR e%fe@ Shded & I 3?R%f aﬁ‘ﬁ‘?%?& ric

spr ead- spectéQﬁieagents.The steps al so include decodi ng the APC-data signal
as a threshold, fromthe generic spread-spectrumsignal, or froma signa
or channel separate fromthe generic spread-spectrumsignal. The nethod
further includes conparing the received power level to the threshold, and
adjusting a transmtter power level of a transmtter spread-spectrum signa
in response to the conparison. Addi ti onal objects and advant ages 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
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practice of the invention. The objects and advant ages of t-he
inventiton al so may be realized and attained by means of th

e e e R e

1. An apparatus for adaptive-power control of a
spread-spectrum transmitter of a mobile station operating in
a cellular-communications network using spread-spectrum
modulation, comprising: '

S | a base station for transmitting a generic spread-

spectrum signal and an APC information-data signal;

a multzpliclty of said moblle stations, each mobile
station having

an acquisition circuit for acquiring and decoding

10 the generic spread?spectrum signal; '

a detector coupled to said acquisition circuit for
detecting'a receive: power level of the generic spread-
spectrum signal; |

a decoder coupled to said acquzs;t;on circuit for

15 ~ decoding the APC-data signal as a threshold;.

a differential amplifier coupled to said detector
and said decoder for generating a comparison signal by
comparing the received power level to said threshold;

a transmitter for transmitting a transmitter

20 spread-spectrum signal;

an antenna coupled to said transmitter; and

a variable-gain device coupled to said
differential amplifier and between said transmitter and
said antenna, responsive to said comparison signal

25 indicating an increase or decrease for adjusting a
transmitter-power level of the transmitter spread-
spectrum signal from said transmitter.

_—
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of- the specification, illustrate preferred enbodi mrents of the invention,
and together with the-description serve teigxplain the principles of t he
I nvention. FIG 1 shows an adaptive power control receiver and

transnmitter accordirg t ant appaxratust fonvadapbive~pover|@ntrasho® an
adaptive pOWe%p&%ﬁ%?e&%ﬁhveiaﬁgﬂziﬁafsafté %hﬁzfﬁ%ﬂﬁ Bite Pr esent

i nvention shows .the . rel ative effect |C|ty of users
comuni cat i ngSkatHons: operating: im pncal %%1¢¥W§9mmﬂﬂ4¢ﬁﬁﬁﬁﬂﬁ RetvweRkd
wi t hout u5|ngusdﬂgtspEeaﬂwepeeunhmohodﬁDdtLon, whéreih i badd weHtpon Of

the ”%thOd OftEQSs%r%§enth%£% 'gpread—spectrum sxgnal and an APC
information-data signal, each mobile station comprising:
acquisition means for acquiring and decodlng the
generic spread-spectrum signal;
detector means for detecting a received power
10 level of the generic spread-spectrum signal;
) ~ decoder means for decoding the APC-data signal as
a threshold; . |
~differential means for generating a comparison
signal by comparing the received power level to said
15 - threshold;
transmitter means for transmitting a transmitter
spread-spectrum signal;
an antenna; and .
variable-gain means responsive to said comparison
20 signal for adjusting a transmitter-power level of the
- ' transmitter spread-spectrum signal from said transmitter.

3. The apparatus as set forth in claim 2 wherein said
acquisition means includes: - |
a first chip-code generator;
a first bandpass filter; and
5 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
differential means includes:
a differential amplifier.

5. The apparatus as set forth in claim 2 wherein said
decoder means includes:
' a data demodulator.

-
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DETAl & g I5SERY :HgON gRbm THEWBRIEEERRED EVBODI MENTS Rebed32As40621 | P. HoRB
be, nmade in detail to the present preferred enbodiments of the invention,

exanples of which are illustrated in the-ggconpanying draw ngs, wherein
| i ke reference nunerals indicate |i ke el ements throughout the several
Vi ews. The pmasenumﬁnw@@hkanussasnaettﬂetth phucakiihy20thepbiihesaid

stations oper, qy d§¥H %kghscgﬁggﬂhggtlons networ k usi ng spread-spectrum
he ce

nodul ati on. conmmuni cations network has a plurality of
geogr aphi cal regions, w.wnraakgprgpnncatyecuaﬁerLs Wi t hi n a geogr aphi ca
region. The size of the cells |n a first geographical region may differ
fromthe size of the cells in ﬁecond Hﬁcal r Lon a first
geogr aphi cal regi dnt su ehgpgﬁrg aﬁngﬁg %ﬂg 13 E Fﬂlﬁr"ﬁ?ﬁﬁﬁpeﬁﬁﬁﬁe
wi thin the r agirdablergaine neank! inellidesbki ch are close to each other.

a variable-gain amplifier.

8. A method for adaptive-power control of a spread-
spectrum transmitter of a plurality of mobile stations’
operating in a cellular~communications network using spread-

. spectrum modulatlon, wherein a base station transmxts a
S generic spread-spectrum signal and an APC lnformatlon-data
sxgnal each mobile station comprising the steps of:
acquxring and decoding the generic spread-spectrum
- signal; -
detecting a received power level of the generic
10 spread-spectrum signal;
decoding the APC-data signal as a threshold;
generating a comparison signal by comparing the
raceived power level to said threshold;
transmitting a transmitter spread-spectrum signal;
15 and
' adjdsting a transmitter-power level of the
transmitter spread-spectrum signal from said transmitter
using said comparison signal.

R
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16-FEB-1996 15:39 FROM  MAGUIRES l 10 @g6@32434862  P.17/22
In a second geographical region such as.a rural environment, a cellular
a;chltectureéasi#%##he regi on may have large cells which are spread apart.
A nobile stafton

e in the flrs eogr aphi cal region na¥ be required to
transnit a |ower PBwWAPRARAKuS faF AFABSIVE-PRECECORETRLoBF afhPRERARE I on.
Thi s requi r erspdctah ttddnshittex a:ﬂnlec mokide stagionl ocpleatibhygl ¢nsaati on

fromthe bas %e%ﬁiﬂﬁnicomﬂi%i%{é incé%'i'kc %E'ingasBBQLhﬁsﬁéé{:LBﬁ
modulation. A base station transmits a generic spread-

S spectrum'signal'and an APC'info;mationedata siqnai._ A
mobile station has an acquisition circuit for acquiring and
_decoding the generic spread-spectrum signal, a detector for
detectlng a received power level of the generic spread-
spectrum signal, a decoder for decodlng the APC-data signal

10 as a threshold, a differential amplifier for generating a
comparison signal by comparing the received power level to
" the threshold a transmitter for transmitting a transmitter
spread-spectrum s;gnal, an antenna, and a variable-gain |
device responsive to the comparison signal indicating an
i5 increase or decrease for adjusting a transmitter-power level
of the transmitter spread-spectrum signal.

TCN: APPLICTN\PCNA102.AP-EDR-BEP11/14
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16-FEB-1996 15:33 FROM  MAGUIRES ol ~TO @UEE32434862  P.18/20
near the base station of the cell nmay be required to transmt with a power
l.evel less than that when the nobile station is near an outer perinmeter of

the cell. This_js_dgne to ' a .constant Jouer _eveINat e
station, regeiyed frgnEach yobjle stati&h. | I p the=pr{ ijnvent on,
a base stati b w,j&ﬂ a“pjr ticuljar cel | Irarsm’.,@ L generry sgpe -sgﬁntrum
si gnal and an AP@%aﬂa signd&s. The APC-gat a |si r@l may be { te i th

or separ atl>-f-r—0n&"#'e Al
spr ead- spect rup & usj ngga flirst chip cqd d

first channel aﬁ@_the geri ¢ spread- spedt rumssf{gnal , a
spr-ead- spectrufn si gngl usf{ng a

“decond chip dodewor ¢ may be|consi dere g
second channel . PC-data srgnal nmay be trangmtted in the same channel,
i.e., the first clfannel, as the generic spread-§pectrumsignal, or i

second chann‘al 6 ~di +f er eAt—f rom t hg=genefi c~spr ead=specTr amT3i gn
' i

Fi Ssplead- sp mBiJnr*+—For

o
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| n t HeFERETPP ad§: 3B r SRG8nentPIRERN i n MG 1, af® appar at 8554262 P.19/20
adapt i we-power control of a_ spread- spectrumtransmtter is provided. Each
nobi | e station conpri-ses acquisition neans, detector neans, decoder neans,
di fference nmeans, transmtter neans, an antenna and vari abl e- gai n means.
The appar at us, by way of exanple, may have the acquisition means enbodi ed
ds a first product device 101, a first chip-code generator 102, and a
bandpass filter 103. The detector neans may be enbodied as envel ope
detector 104. Other type detectors nmay be used with the present invention,
such as 'square | aw detectfors or conherent detectors, as is I'1} known in the
art. The decoder neans -ngy be enbodi ed as ds

%\
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I
erence means may

be E%bodied as

BRER32434062
I fferenti al

P.2os28

anplifiker 106, the transmtter neans as transmtter 112 and the variable

be a variable- gain anplifier,

a

whi ch perforns the sane functiogn a

descri bed herein.

gain means as vari able-gain device 11 vari aljl e-gai n device 111 may
val,j | tt gnua or any device
srgé /t ;ﬁ:-gal n ice 111 and
The first p tédatéé 101

chi p-code generator 102 and to
detector 104 is coupl ed between the bandgass filter 103 and the

I's coupled to the first
103. The envel ope

differential anplifier 106. The decoder $105 is coupl ed between the
bandpass filter 103 and the differential
ACOUIRE _
GENERIC SPREAD  +—T02
SPECTRUM .S'/M_Al
' JECODE : HEASURE
104 — APC INFORNATION RECEIVED 103
: OATA SI6HAL PONER (EVEL
O T4
s THRESHOLD
108
COMPARE RECEIVED
i FOWER LEVEL 70 .
THRESHOLD
AONIST
TRANSHITTER POWER L —T07
LEVEL '
f~Ir. -
H TOTAL P.28

"
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o : 1:_ PL ~u ;3 SEE LTS ' L wempage | BRI §
aﬁpllfl kr‘vn decoder ipg Lpg[1at|vely nmay beﬂtouple owhhe bumpuhtﬁli
of_the vel.o efe%tdﬁ;i i ,ya.lable- gai n_de¥l cedtl i spopupkeg baped ..
the dififer eh{‘ 3 et Ué between the transfritter.di2:and Bntepnad ¥,
The decédef“iégé)a§’$ﬁlu5tP AV Ty”§1omn inFIG 2, ﬁélternatlvelyamqubep\n._
coupl ed BetiiEan a ‘P8BS bURASESs i | t el=203 and differenti al anmplifier
- 106. In ihlSZparFrddFEr -embodi-neft -1 1hessecond bandpass fllter .203. uﬁvf

coupl ed t oARABEINEJPOWER  EONFROL CEOR MIPTER  oph g

connected to a second chi p-code generator 202. The enbodlnent of FIG 2
could be used where the APC-data signal is transmtted over the second
channel S|EéE§§BQH§BLQEwE§§;-¥ﬁEH%%§¥r|c spread-spectrumsignal is
transmitted overhiike ihiveatiohapakatedheo sqmesull Gpavteumises a Spread-
spectrun13|gnal with.a secong Chl% cod mor {}(ﬁthe second, chip

na

gonerator SoBMYBiERLigns,©ad fiard pIrEigy % ﬁgpeﬁstgscsw?ch. )

codewor d. method for adaptive power control of a spread-spectrum

signal in a cellular, personal communications environment.

DESCRIPTION OF [E_PRIOR AR
A spread-spectrum signal typlcally is generated by

-modulatlng an information-data 51gnal with a chlp-code
signal. The lnformatlon—data signal may come from a data
device such as a computer, or an analog dev1ce which outputs
an analog signal which has been digitized to an information-
data signal, such as voice or video. The chip-code signal
is generated by a chip-code where the time duration, T,, of
each chip is substantlally less than a data bit or data
symbol. _ '

Spread spectrum provides a means for communicating in
which a spread-spectrum signal occupies a bandwidth in
excess of the minimum bandwidth necessary to send the same
information. The band spread is accomplished using a chip
code which is independent of an information-data signal. A
synchronized reception with the chip-code at a receiver is
used for despreading the spread-spectrum 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
unintentional interference, combating multipath problems,
and providing mﬁltiple 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.

A cellular communications network using spread spectrum

modulation for communicating between a base station and a
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The product device 101, FIGS. -1 or 2, using a first chip-code signal from
the first chip-code generator 102 acquires the generic spread-spectrum
signal transmitted fromthe base station. The first chip-code signal has
the sane chip codeword as the generic spread-spectrumsignal. The envel ope
detector 104 detects a received power F8vel of the generic spread-spectrum

signal. The recejvye ower | evel m e neasured at the detector.
g : mult%pl¥cgt of users, re uf}es control 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 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

~enviromment, the cellular architecture within the first
géographical 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

" environment, the cellular architecture within the region may
have large cells which are spread apart, requiring a .
relatively high power level from each mobile user. A mobile
user who moves from the first geeraphical region to the
second geographical region must adjust the power level of
his transmitter, for meeting the requirements of a
particular geographic region. Otherwise, if the mobile user
travels from a spérsely-populated region with few and spread
out cells using. the relatively higher power level with his
spread spectrum transmitter, to a densely populated region
with many cells without reduéing the power level of his
spread spectrum transmitter, his spread spectrum transmitter
may cause undesirable interference within the cell in which
he is located and/or to adjacent cells..

| Accordingly, there is a need to have a spread spectrum

apparatus and method for automatically controlling a mobile
user’s spread spectrum'transmitter power level when
operating in a cellular communications network.

OBJECTS OF THE INVENTION

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

REPLACEMENT SHEET
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The decoder 105 decodes the APC-data signal fromthe generic _
spread-spectrumsignal as a threshold. Mre particularly, data which
establish or set the threshold for differential anmplifier 106 are sent with
t he APC-data signal. - The differential anplifier 106 generates a
conpari son signal by conparing the recei~ded power |evel of the generic
spread-spectrum-s to the threshold. The differential anplifier 106 may

nal
enpl oy a dl??g?gﬂ#gﬁlaﬁﬂpﬂ?F?%$ BPT Apkomaticat iy ang asdaptdvelyg t he
conpari son éuntrommlng the Thewér abeviel tef d IobibNuBdS ih bl @BINulther

spread- spe abl e-gai n device 111, using the conparison
ngnaI, adjgé@H gggéﬂ?t? %@g&e | evel of the transmtter

spr ead- spect rum Anghhermb]m@heoif relms ninventicthelis aro gucsridai a dpyrieag-111
may be real spedeiihhappdPht ! @ MLt i w L Y1 AR SpdRhRigbt gnuator
or an 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 1nteract1ve1y'operate in a mobile cellular
environment having different size cells and transmitter
power requirements.
| A still further object of the invention is a spread-
spectrum apparatus and method which controls a power level
of a mobile user in a cellular communlcatlons network using
a simple circuit. -
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.

SUMMARY OF THE INVENTION

According to the present invention, as embodied and
broadly described herein, an apparatus for adaptive-power
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 generic spread-spectrum signal and
an APC-data signal. The APC-data signal may be transmitted
with or separate from the generic spread-spectrum signal.
Each mobile station comprises acquisition means, detector
ﬁeans, decoder means, difference means, transmitter means,
an antenna, and variable-gain means. The detector means is -
coupled to the acquisition means. The decoder means is
coupled to the acquisition means for decoding the ApPc-data
signai as a threshold. The difference means is coupled to
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equi val-ent devi ce which can adjust the power |evel of the §ransnitter

spread-spectrum signal . . In operation, a base station|in O 2MAY B
transmt the generic spread-spectrumsignal on a continuou asis or on a
repetitive periodic basi.s. Mbile stations within the cel
generic spread-spectrum signal. The recet4dred generic spread:
i's acquired and despread with thé first chip-code signal fromfirst chip-
code gener atthie fgrestern meanspapdutheqjderederoneanse (B rankenpmets c

Spread-sgectddaplagrt@l the ftghhefued;ébrﬁaah(sjbanﬂﬁaseafﬁsfé—l&é)ﬁ; Jé‘&némFi l'e

station detects t: espr eneric_spread-spectrum si gnal” using envel ope

detector 10483 &?&%&s&%egﬁﬁhglfngEFV‘ég peaR? ?’é‘%e?e Weeh e RRneri ¢

spr ead- specttnanswmigitelr. means ahd ARE- datanmsagnal may be transmitted on the

sanme channel as A egd: spe ' Lnd. the same chip

codeword as the 32%%%?@5§6§§§§553§%§$u%%éﬁg%é#99$% &Eﬁé¥&é spééﬁ?
spectrum signal transmitted from the base station. The
detector means detects a received power level of the generic
spread-spectrum signal. The decoder means decodes” the APC-

data signal as a threshold. The difference means generates

a comparison signal by comparing the received power level to’
the threshold. The comparison signal may be anranalog or
digital data signal. The transmitter means transmits a
transmitter spread~spectrum signal. The variable-gain means
uses the comparison signal as a basis for adjusting a
transmitter-power level of the transmitter spread-spectrum
signal from the transmitter means.

The present invention also includes a method for
automatic-power control of a spread=spectrum transmitter for
a mobile station operating in a cgllular-communicaﬁions
network usihg spread-spectrum modulation. - A base station
transmits-a-generic'spread—spéctrum signal and an APC-data
signal. The APC-data signal typically is a spread-spectrum
signal. Each mobile base station performs the steps of
acquiring the.generic spread-spectrum signal transmitted
from the base station, and detecting a received power level
of the generic spread-spectrum signal. The steps also
include decoding the APC-data signal as a threshold, from

. the generic spread-spectrum signal, or from a signal or
channel separate from the generic spread-spectrum signal.
The method further includes comparing the received power
level to the threshold, and adjusting a transmitter power
level of a transmitter spread-spectrum signal in response to
the comparison. _

Additional objects and advantages of the invention are
set forth in part in the description which follows, and in
part are obvious from the description, or may be learned by
practice of the invention. The objects and advantages of

NG i iiioae PR
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.thié case, the APC-data signal is transmitted at a different time interva
from when the generic spread-spectrumsi-gnal is transmtted. This format

allows the nobile station to - - -9-
acqui re synchroni zation.with the first chip-code, using the generic
spread- spectrum si gnal . As an altqgﬂgtive, t he APC-data signal may be

transmtted on a different coded channel” using a second chip
the invention also may be realized and attained by means of
the instrumentalities and combinations particularly pointed
out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

FIG. 3 shows the relative effect of a multiplicity of
users communicating with spread spectrum in'a cellular
environment with and without using adaptive power control;
and o

FIG. 4 is a flow chart of the method of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Reference will now be made in detail to the present
preferred embodiments of the invention, examples of which
are illustrated in the accompanying dfawings, 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 géographical
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 geographical region such as
an urban environment, a cellular architecture within the

- region may have small cells which are close to each other.
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codeword. In the latter case, 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,.
usi ng decoder 105. Furt-her, the APC-data signal may be time division

imul ti pl exed or frequency leISIOﬂ mul t ~fexed with the generic
spread-spectrum si gnal . The decoder 105 decodes fromthe APC-data
signal t he:':l}ai’ouﬁe'iﬁ’r’“f1 HeeTF RMHFAL AT iRt SFhyias: & SMERA eRYTONmant,06.

For exanpl &, celltuber cair€littecite |wMaiin fulle Weigdleon! mayehatee laligeshol d

S gnal to PPARERPELERCAE R, SRRERY 82T obi | o station. The threshold s
used to adj ust Antdobileestatuaon hwteske | ih dfhet fd mditf Geographlicadpiregiem 106.
Coonsen, Koy B8 FSSELIRS £ Sradiey J SRGNMRARE (SR i

' in the ‘'second geographical region. This requirement might
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 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 generic sp:ead-spectrum signal
and an APC~data signal. The APC-data signal may be
transmitted with or separate from the generic spread-
spectrum signal. For example, a spread-spectrum signal
using a first chip codeword may be considered a first
channel having the generic spread-spectrum signal, and a
- spread-spectrum signal using a second chip codeword may be
considered a second channel. The APC-data signal may be
'transhitted'in the same channel, i.e., the first channel, as
the generic spread-spectrum signal, or in a second channel

- which is different from the generic 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
acquisition means, detector means, decoder means, difference
means, transmitter means, an antenna, and varlable—galn
means. The apparatus, by way of example, may have the
acquisition means embodied as a first product device 101, a
first chip-code generator 102, and a bandpass filter 105.

' 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

REPLACEMENT SHEET!
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|f the received power [ evel is.greater than the threshold, then the
-vari abl e-gain device 111 woul d decrenent or decrease the transmtter

spread- spectrum power level. If the received power level is less than the
threshold at differential anplifier 106, then. the variabl e-gain device 111
I ncreases the transmtter spread-spectrﬂh1pomer The APC circuit 110

of FIGS. 1 and 2 may be built on a digital signal processor chip. An anal og
to digital de6RGer: &05-oc Theg dif feKencs: Baans i mah P AMhodkied @s er 103 woul d

convert thQ:LE(f@Q'be%(iaSJ aﬂ@llﬂer@ dog ﬁhanai-ans'ﬁh@wedéa@% @ej ector 104,
decoder - and differ I al Ienented part of
i gi tal si ERARSRISEEEsing PIACERSNTaBhaPIS TN CHRar e At B rbop)
chi p. The dexlicg tlaldi githel vaumabﬂ.éegalnaqe‘bece ricl udey doe taheraESIal:dh-p
galn amplifier, a variable-gain attenuator or any device
which performs the same function as the varlable-galn device
111 and described herein. '

The first product device 101 is coupled to the first .
chip-code generator 102 and to the bandpass filter 103. The
envelope detector 104 is coupled between the bandpass filter

- 103 and the differential amplifier 106. The decoder 105 is
coupled between the bandpass filter 103 and the differential
amplifier 106. The decoder 105 alternatively may be coupled
to the output of the envelope detector 104. The variable-
gain device 111 is coupled to the differential ampllfler 106
and between the transmitter 112 and antenna.

The decoder 105, as illustratively shown in FIG. 2,
alternati#ely may be éoﬁpled between a second bandpass
filter 203 and differential amplifier 106. 1In this
particular embodimént,.the second bandpass filter 203 is
coupled to a second product device 201. The second product
device 201 is connected to a second chipécode generator 202.
The e _piment of FIG. 2 could be used where the APC-data
.signazg§s transmitted over the second channel simultaneocusly
while the generic spread-spectrum signal is transmitted over
the first channel. The second channel uses a spread-
spéctrﬁm signal with a second chip codeword, and the second
chip-code generator 202 generates a second chlp—code signal
using the second chip codeword.

The product device 101, FIGS. 1 or 2, using a first
chip~-code signal from the first chip-code generator 102
acquires the generic spread-spectrum signal transmitted from
the base station. The first chip-code signal has the same
chip codeword as fhe-generic spread-spectrum signal. The
envelope detector 104 detects a received power level of the
generic spread-spectrum signal. The received power level

may be measured at the detector. REPLACEME[EITSHEET
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- 10- " FIG 3 shows the advantage of using an adaptive power control
apparatus with a nobile station in a personal communications network. The
nunber of adaptive power control nobile stations, N(APC), versus the nunber
of nobile stations which can be used in a simlar region, N, is plotted

Wi th respect to an inner radius, R errlkg-and an outer radius, Rerr]. Wen
the inner radius goes to zero, Gsing spread spectrum as code division

mul tiplex, the phebdécederisErs dedddeasialid \APQAstia Cijfnadl fwldm ¢ae operate

within a Cgelexlxér}.g S&Péé’ -i-srrz.?etceil.ym}t eginj}rlarrlesast hde trh%rét)s rol?if. Udare Wi t hout
particularly, data which establish or set the threshold for
differential amplifier 106 are sent with the APC-data
signal.

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

The transmitter 112 transmits a transmitteér spread-
spectrum signal. The variable-gain device 111, using the
comparison signal, adjusts a transmitter-power level of the
transmitter spread-spectrum signal from the transmitter.
The variable-gain device 111 may be realized with a
variable~gain amplifier, a variable—gain-attenuator, or an
equivalent device which can adjust the power level of the
transmitter spread¥Spectrum signal.

In operation, a base station in a cell may transmit
the generic spread-spectrum signal on a continuous basis or
on a repetitive periodic basis. Mobile stations within the
cell receive the generic spread-spectrum signal. The
received generic 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 generic spread-spectrum signal is filtered through
bandpass filter 103. The mobile station detects the
despread generic spread~spectrum signal using envélope
detector 104, and measures the received power level of the
generic spread-spectrum signal. '

The APC-data signal may be transmitted on the same
channel as the generic spread-spectrum signal using the same
chip codeword as the generic spread-spectrum signal. 1In
this case, the APC-data signal is transmitted at a different
time interval from when the generic spread-spectrum signal
is transmitted. This format allows the mobile station to
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adaptive power control who can operate within the cell. The present

i nvention also includes. a nethod for automatic-power control of a
spread-spectrumtransmtter for a nobile station operating in a

cel | ul ar-comuni cati ons..networ k usi ng spread-spectrum nodul ati on. Referring
to FIG 4, a base station transmts 70%9a generic spread-spectrum si gnal
and an APC i nformati on-data sigrial. Each nobile base station perforns the
steps of aeggliregsydghrhaigatdencwith cthie shixcst (ehivpede t rusiog tithed from

the base s L 0 cei ved power |evel of the generic
spread- spe?%%E%?glgﬁgega ﬁghbﬂguﬁ 5 ggé?nclude decodlng 704 t he APC-dat a

signal as a thré@héﬂdalFF§ﬁﬁFhHegeﬁh$l%P%Iﬁ%%ﬁ signak may HYnal, or froma

separate srtﬁraabmfin:%ut ba aeasrreréﬁeeaéhé@e@ﬁémym aAééH&iﬁlQhﬁ }s set
705 fromthe at a &

al e nethod further cl udes, co rin 06 the
el ved pavdevEda I8 ERE LATESR TS arithi (e FERA A, SHERIHR | or
power Ievebighaa hawinrgi ther ABgr-datia spbgnalirwould be_acqulred by the

second chip-code generator 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 generlc spread-spectrum signal.

The decoder 105 decodes from the APC-data 51gna1 the
value of the threshold for use by differential ampllfler
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 to the mobile station. The threshold is used to
adjust and or set the threshold of the differential
amplifier 106. Accordingly, the received power level from:
envelope detector 104 is compared to the threshold of the
differential amplifier 106. '

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

The APC circuit 110 of FIGS. 1 and 2 may be built on a
digital signal processor chip. An analog to digital
converter located at the output of the bandpass filter 103
would convert the received signal to a data signal. The
envelope detector 104, decoder 105 and differential
amplifier 106 may be implemented as part of digital signal

'processing functions on the digital signal processor (DSP)
chip. The analog to digital converters may be included on

the DSP chip. REPLACEMENT SHEET|
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signal in response to the conparison. It wll be apparent to those
skilled in the art that .various nodifications can be nade to the nethod and
apparatus for adaptively controlling a power |evel of a spread spectrum
signal in a cellular environnment of thgglnstant invention w thout departing
fromthe scope or spirit of the invention, and it is intended that the
present invent igNe.CcQadhowdlithec advangagadofausahgoan adapbevaepbedrand

PR LR RO TIER o PRp BBkl BoBiRag SPectrum
communications network. .The number of adaptive power
control.mobile stations, ﬁ(APC), versus the'numbe: of mobile
stations which can be used in a similar region, N, is
plotted with respect to an inner radius, Ry, and an outer
radius, R,- When the inner radius goes to zero, using
spread spectrum as code division multiplex, 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
automatic-power control of a Spread-speétrum transmitter for
a mobile station operéting in a cellular-communications ’
network using spread-spectrum modulation. Refefring to FIG.
4, a base station transmits 701 a generic spread-spectrum'
signal and an APC information-data signal. Each mobile base
station performs the steps of acquiring 702 the generic
spread-spectrdm signal transmitted from thé base station,
and detecting 703 a received power level of the generic
spread-spectrum signal. The stepé also include decoding 704
the APC-data signal as a threshold, from the generic spread-
spectrum signal, or from a separate signal from the generic
spread-spectrum signal. A threshold is set 705 from the
APC-data signal. The method further includes comparing 706
the received power level to the threshold, and adjusting 707
a_transmitter povwer level of a tfanémitter spread~-spectrum
signal in response to the comparison.

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 spirit
of the invention, and it is intended that the present
invention cover modifications and variations of the method
and apparatus for adaptively controlling a power level of a
spread -spectrum signal in a cellular environment provided
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‘they cone in the scope of the appended clains and their equival ents.
12 . : :
..11-

they come in the scope of the appended claims and their
equivalents.
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CLAI VB 1. A cormuni cation station for use ina————"
cel l ul ar-communi cati ons. network using spread- spectrun1nnd e|n a
second station transmts spread-spectrum signals *ﬁ“ y the

conmuni cation station and the conmuni cation statlon | gansmtter
and an associ ated antenna for transmtttAg spread- spectrun15|gnals to the
second station, the communication station characterized by:

at | east oReSEAIMEit for acquiring and decodi ng spread-spectrumsignals to
receive a speciiic spheagpapacusUfosi gaapt 886-95owde contindla ofmiague code

froma Secondeaalgﬁécgfum transmitter of a mobile station operating in
a cellular-communications network using spread-spectrum
modulation, comprising:
a base station for transmitting a generic spreéd—.
spectrum signal and an APC information-data signal;
a multiplicity of said mobile stations, each mobile
station having

an acquisition circuit for acquiring and decoding
the generic spread-spectrum signal; :

" a detector coupled to said acquisition c1rcu1t for
detecting a receiver power level of the generic spread-
spectrum signal;

a decoder coupled to said acquisition circuit for
decoding the APC-data signal as a-threshold;

a differential amplifier coupled to said detector
and said decoder for generating a comparison signal by
comparing the received power level to said threshold;

. a transmitter for transmltting a transmitter
spread-spectrum. signal;

an antenna coupled to said transmitter; and

a variable-gain device coupled to said
differential amplifier and between said transmitter and
said antenna, responsive to said comparison signal
indicating ah increase or decrease for adjusting a
transmitter-pdwer'level of the transmitter spread-
spectrum signal from said transmitter.

{REPLACEMENT SHEET -
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.a- detector coupled to one of said acquisition circuits for
recei ved power level of a specific spread-spectrum s‘m \“‘\egiﬁm‘[rmm by
t he second station; a decoder coupled to

acquisition circuits for decoding a thre ihold val ue of the ¢ specific

spread- spectrum signal encoded within at pr ead- spectrun15|gnal transn1tted

by the second Siatloﬂgen%?afatus foraa&QE@Tgééégwé%’ # g i det ect or

and sai d decoder for ower - adj u ﬁ;conparlng t he
recei ved pdpreadespectoun- t:m@%m)menaq’%ea RHarality ° mobl vari abl e-gain

devi ce couptgdi bRsSapEraiRG’ £ 04 ééﬁl&ﬁhfﬁﬁéﬁﬁhﬁhédEHEHEtﬁéﬂWork
using spread-spectrum modulation, wherein a base station
transmits a generic spread-spectrum signal and an APC
information-data signal, each mobile station comprising:
acquisition means for acquiring and decoding the
generic spread-spectrum signal;
detector means for detecting a received power
level of the deneric spread-spectrum signal; .
) decoder means for decoding the APC-data signal as
a threshold; _
differential means for generating a comparison
signal by comparing the received power level to said
threshold; , S '
transmitter means for transmitting a transmitter
spread-spectrum signal; o
‘an antenna; and
variable-gain means responsive to said comparison
signal for adjusting a transmitter-power level of the
transmitter spread-spectrum signal from said transmitter.

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

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

5. The apparatus as set forth in claim 2 wherein said
decoder means includes:

a data demodulator.
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power | evel respon5|ve to said conparlson si gnal .

13 - 2. The comruni cation station according
conmuni cation station is a nobile station and the seH ”m"elmﬁ’m" I’i base
station. . . _14_

6. The apparatus as set forth in claim 2 whereln said
varlable-galn 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 control of a spread-
spectrum transmitter of a plurality of mobile stations
operating in a cellular-communications network using spread-

' spectrum modulation, wherein a base station transmits a
generic spread-spectrum signal and an APC information-data
signal, each mobile station comprising the steps of:

o .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 a comparison signal by comparlng the
received power level to said threshold;
' - transmitting a transmitter spread-spectrum signal;
and ' ' '
adjusting a transmitter-power level of the
transmitter spread-spectrum signal from said transmitter
using said comparison signal.
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' conparator conprises a d|fferent|al anpllfler coupled to said detector and
sai d decoder for generating the pomeF gadj ustnent 'signal by conparing the
recei ved power |evel to-said threshold value and the variabl e-gain devi ce
Is coupled to said dlfferentlal anpllfler for controlllng t he
transn1tter-pomer | eve

ADAPTIVE POWER CONTROL FOR A SPREAD SPECTRUM TRANSMITTER

ABSTRACT .

An apparatus for adaptive-power control 6f a spread-
spectrum transmitter of a mobile station operating in a
cellular-communications network using spread-spectrum
modulation. A base station transmits é‘geheric spread-~
séectrum signal and an APC information-data signal. A
mobile station has an acquisition circuit for acquiring and
decoding the generic spread-spectrum signal, a detector for
detecting a received power level of the generic spread-
spectrum signal, a decoder for decodlng the APC-data signal
‘as a threshold, a differential ampllfler for generatlng a
comparison signal by comparing the received power level to
the threshold, a transmitter for transmitting a transmitter
spread-spectrum signal, an antenna, and a variable-gain
device responsive to the comparison signal indicating an
increase or decrease for adjusting a transmitter-power level
of the transmitter spread-spectrum signal. '
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circuit includes, a chiip code generator,
device coupled to said chip
5. The nobile station according to claim3, wherein a first acquisition

circuit is coupled to said detector
circuit is coupled to said decoder.

a ‘bandpass filter,
code generator and sai d bandpass filter.

and a product

and a second different acquisition
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14 6. The nobile station according to claim 3,wherein said
detector and said decoder are coupled to the sanme acquisition circuit.

7. The nobile station according to claim3, wherein said decoder includes
a data denodul ator. = '
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devi ce’ includes. a“vari.abl e-gain .attenuator.

9. The nobi | e

station according to claim3, wherein said variable-gain device  includes a- - -

vari abl e-gain anplifier.-

of a spread-spectrumtransmtter operating

" 10. A systenfo

r adaptive power control

in a cellular-communications

net wor k using spread-spectrum nodul atigyg, the system conprising at |east a

first communi cation station f

or _recelvina.snread-
—G =Ry B

spectrum si gnal s

- TRANSHIT
GENERIC SPREAD 101
SPECTRIN SIGHAL
ACOVIRE
GENERIC SPREAD | —109
SPECTRUN SIGHAL
N DECOOF HEASUR
04— APC IWFORKATION oo dr 703
A SIGML PORER LEVEL '
e | SET
105~ THRESHOLO
106
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transmtted fr
station an Ei@u !w ﬁj;
and an ass e

comuni cat i on st ation incl udes

OITTTUI’]I cation station;
nication station each havi ng a transmtter

Aesn=) 1wos

said first comunication

system characterized in that said first
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A communication station for use in a cellular-communications network using

spread-spectrum modulation wherein a second station transmits spread-spectrum signals
which are received by the communication station and the communication station includes a
transmitter and an associated antenna for transmitting spread-spectrum signals to the second

station, the communication station characterized by :

at least one circuit for acquiring and decoding spread-spectrum signals to receive a

specific spread-spectrum signal associated with a unique code from a second station;

a detector coupled to one of said acquisition circuits for detecting a received power
level of a specific spread-spectrum signal transmitted by the second station; and

a comparator coupled to said detector for generating a power adjustment signal by
comparing the received power level to a threshold value for controlling a variable-gain device

for adjusting a transmitter-power level.

2.

station is a mobile station which includes said variable-gain. device for adjusting the |

The communication station according to claim 1 wherein the communication

transmitter-power level of the mobile station transmitter and the second station is a base

station.
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receivea specific spread-spectrum signal associated with a unique code
transmitted fromsaid second station; a detector coupled to
sai d ‘acquisition circuit for detecting a recei ved power level of a-
specific spread-spectrumsignal transmtted by said second station;

a decoder coupled to one of said acquijgition circ \\ﬂumﬂm M

t hreshold value of the specific spread-spectrum gl“tm hin a
spread-spectrumsignal transnitted by the second staftioh; a
conpar at or coupled to said detector and said decoder for generating a power

3.  The communication station according to claim 2, further characterized by:

a decoder coupled to one of said acquisition circuits for decoding a threshold value of
an APC-data signal encoded within a spread-spectrum signal transmitted by the base station,
the APC-data signal independent of any signals received by the base station; and

wherein said comparator comprises a differential amplifier coupled to a detector and
said decoder for generating the power adjustment signal by comparirig the received power
level to said threshold value and the variable-gain device is'c;,oupled to said differential
amplifier for controlling a transmitter-power level.

4, The communication station according to claim 3, wherein each acquisition
circuit includes, a chip code generator, a bandpass filter, and a product device coupled to said

chip code generator and said bandpass filter.

5. The communication station according to claim 3, wherein a first acquisition’

circuit is coupled to said detector, ar_ld'a second different é.c_:quisition circuit is coupled to said
decoder.

6. The communication station according to claim 3, wherein said detector and
said decoder are coupled to the same acquisition circuit.
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adj ust ment signal by conparing the received power level to a threshol d
val ue; and a vari abl e-gain device coupled to said conparator

for adjusting a transmtter- power |evel. _ W
according to claim 10, wherein said first comuni ca}ﬂ@n statio

nobil e station and said second station-I4s a base st m , ' ’ "
The system according to claim1l, further character ¢ oyl |l " ty of
nobile stations comunicating with said base station.

7. The communication station according to claim 3, wherein said decoder

includes a data demodulator.

8. The communication station according to claim 3, wherein said variable-gain

device includes a variable-gain attenuator.

9. The communication station according to claim 3, wherein said variable-gain
device includes a variable-gain amplifier.

10. A system for adaptive power control of a spread-spectruh transmitter
operating in a cellular-communications network using spread-spectrum modulation, the
system comprising at least a first communication station for receiving spread-spectrum:
signals transmitted from a second communication station; said first communication station
and said second comniunication each having a transmitter and an associated antenna; the
system characterized in that said first communication station includes:

at least one circuit for acquiring and decoding spread-spectrum signals to receive a
specific spread-spectrum signal associated with a unique code transmitted from said second

station;

a detector coupled to said acquisition circuit for detecting a received power level of a
specific spread-spectrum signal transmitted by said second station; and

a comparator coupled to said detector for generating a power adjustment signal by
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16 : 13. " The systemaccording to claim 11, the nobile station further
characterized by: an APC-data si.gnal bei ng encoded within the

spread-spectrumsignal transmtted by the base station, the APC-d
si gnal i ndependent of any signals received by th ion; and

L

comparing the received power level to a threshold value for controlling a variable-gain device-

for adjusting a transmitter-power level.

11.  The system according to claim 10, wherein said first communication station is
a mobile station which includes said variable gain device for adjusting the transmitter-power

" level of the mobile station transmitter and said second station is a base station.

12.  The system according to -claim 11, further characterized by a plurality of
mobile stations communicating with said base station.

13.  The system according to claim 11, the mobile station further characterized by :

a decoder coupled to one of said acquisition circuits for decoding a threshold value of
an APC-data signal encoded within a spread-spectrum signal transmitted by the base station,
the APC-data signal independent of any signals received by the base station; and

wherein said comparator comprises a differential amplifier coupled to a detector and
said decoder for generatihg the power adjustment signal by comparing the received power
level to said threshold value and the variaﬁle—gain device is coupled to said differential
amplifier and between the mobile station’s transmitter and antenna.
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Wwherein-said conparator conprises a differential anplifier coupled to said
det ector and sai d decoder for generating the power adjustnent signal by
conparing the received power |level to said threshold value and the

vari abl e-gain device is coupled to said differential—amptifier and between
the nobile station's transmtter and agtenna. e system

according to claim 13, wherein each acquisitio Anu“ﬂ‘“! “!Mi
chi p-code generator, a bandpass filter, and a a ooupl ed to
sai d chip-code generator and said bandpass filter."

14.  The system according to claim 13, wherein each acquisition circuit includes a
chip-code generator, a bandpass filter, and a product device coupled to said chip-code

generator and said bandpass filter.

15.  The system according to claim 13, wherein a first acquisition circuit is coupled

to said detector, and a second different acquisition circuit is coupled to said detector.

16.  The system according to claim 13, wherein said detector and said decoder are
coupled to the same acquisition circuit.

17.  The system according to claim 13, wherein said decoder includes a data

demodulator.

18.  The system according to claim 13, wherein said variable-gain device includes a
variable-gain attenuator.

19.  The system according to claim 13, wherein said variable-gain device includes a
variable-gain amplifier. |
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15., The nobile station according to claim13, wherein a first acquisition
cirtcuit-is coupled to said detector, and a second different acquisition

circuit is coupled to said detector. 16. The nobile station
according to claim 13, wherein said detector and-said _decoder are coupl ed
to the sanme acquisition circuit. -17-

* [ L M $ *

20, A method for adaptive-power control for use in a cellular-communications
network using spread-spectrum modulation wherein a second communication station
transmits spread-spectrum signals which are received by a first communication station, said
method characterized by the steps of :

acquiring and decoding said spread-spéctrum signals to receive a specific spread
spectrum signal associated with a unique code from the second station;

detecting a received power level of a specific spread-spectrum signal transmitted by
the second station;

generating a power adjustment signal by comparing the received power level to a
threshold value; and

adjusting a transmitter power level with said power adjustment signal.

21. A method for adaptive power control according to claim 20 wherein the first
communication station is a mobile station having a transmitter and the second station is a base
station and wherein said transmitter-power level adjusting is performed with respect to said
mobile station transmitter.

22. A method for adaptive power control according to claim 21 further comprising
decoding a threshold value of an APC-data signal encoded within a spread-spectrum signal
transmitted by the base station. '
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17. The nobile station accordl ng to claim13, \/\herel n sai d decoder b
‘i'ncl udes a data denodul ator.” - : 18. The_nobile stati on- accordl ng -~
to claim13, wherein said variabl e-gain devicej i naqu_d,eéﬁai?—‘ )
att enuat or . he nobile station dctos

wherein said vari abl e-\ial n device i

P L .

CLAIMS

1. A communicatidn station for use in a cellular-communications network using
spread-spectrum modlﬂ#ﬁon wherein a second station transmits spread-spectrum signals
which are received by the commmnication station and the communication station inciudes a
transmitter and an associated antenna for transmitting Sprc&d—SprM'Sién.ﬂs to the second
station, the comupmunication station charactcriz_ed by: | | -

at least one circuit for acquiring and decoding spread-spectrum sigunals to
receive a speﬁc spread-spectrum sigﬁal associated with a unique code from a second
station; |

a detector coupled to one of said acquisition circuits for detecting a received
power level of a specific spread-spectrum signal transmitted by the second station;

a decoder co;plcd to one of said acquisition circuits for decoding a threshold
value of the specific spread-spectrum signal encoded within a spread-spectrum signal
transmitted by the second station; |

a comparator coupled to said detcctor.and said decoder for generaﬁng a power
adjustment signal by comparing the received power level to a thrcshdld value; and

a variable-gain device coupled to said comparator for adjusting a transmitter-

power-level responsive to said comparison signal.
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_includes a vari abl e-gain anpl i fier. A nethod for

adapti ve-power control for use in a ceIIuIar-co rk using
spr ead- spect rum nodul ati on wherein a second comu e!“g“lml““unrmm
transmts spread-spectrum signals which are receiv

-communi cation station, said nethod aracterized by the steps of:

acquiring and decoding said spread-spectrumsignals to receive a specific

spread-spectrum si gnal assocjated with a ue GO rom
station; 2. gThe commumcatr.on station accor&ng dfw &g%oﬁﬁﬁmuon B

station is a mobile statxon and the second station is & base station.

3. | The r.nobilc. station according to claim 2; further cha:act_e;ized. by:
an APC-data signal being encoded within the specific épread—spectruin signal
transmitted by the base statidn, the APC-data signal independent of any signals received by
the base station; and |
wherein said comparator comprises a differential amplifier coupled to said
detector and said decoder fo; generating the power adjﬁsiment signal by comparing the
received power level to said threshold value and the va.rigblc-gain device is coupled to said

differential amplifier for controlling the transmitter-power level.

4. The mobile station according to claim 3, wherein each acquisition circuit
includés, a chip code generator, a bandpass ﬁltei', and a product device coupled to said chip

code generator and said bandpass filter.

5. The mobile station according to claim 3, wherein a first acquisition circuitis

coupled to said detector, and a second different acquisition circuit is coupled to said decoder.
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detecting a received pomer:ievel of a specifig spr

ead—spetﬁwm—skgnal—
transnitted by the second station; -~ d vaI ue
of the specific spread-spectrum si gnhal encoded w t h ﬂﬂlﬁmllﬁ“ﬁmﬂﬂm
signal transmtted by the second station;
18 : generat i ng a power adH:lst ment si gnal by corrparl ng the

‘recei ved power | evel
6.  Themobile station according to claim 3, wherein said detector and said decoder

are coupled to the same acquisition circuit.

7. The mobile station according to claim, 3, wherein said decoder inclﬁdcs adata -

demodulator,

8. The mobile station according to claim 3, Wherein said variable-gain device

includes a variable-gain attenuator.

9. - The mobile station according to claim 3, wherein said variable-gain device

includes a variable-gain amplifier.

10. A systemforadaptive power control of a spread-spectrum transmitter operating
in a cellular-communications network usin'g spread-spectrum modulation, the system
comprising at least a first communication station for receiving spread-speétrum signals
transmitted from a second mmﬁMmﬁon station; said first communication station and said
second communication station each having a transmitter and an associated antenna; ﬁ’m

system characterized in that said first communication station includes:
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to said. t hreshol d' val ue; and ' adj ust |_ng—a—{+—&ﬁsm—t‘t—err‘ri—wer

‘l'evel with said power adjustnent signal.
adaptive power control according to claim 20 vvherel\mu ﬁ“ﬂi‘ﬂ “!
conmuni cation station is a nobile station having a he

second station is a base station and \Ju,herel n said transmtter-power | evel

adJ usting is perforned with respect to said nobile station transmtter.
) at Icast one circuit for acquiring and decoding spread-spectrum signals to |

receive a specific §prcad—spcctrumsxgnal associated with a unique code transmitted from said
second station;

o a detector E.oupled to said acquisition circuit for detecting a received power
level of a specific spread-spectrum signal transmitted by said second station;

a decoder coupled to lc»nel of said valﬂsiﬁén circuits for decoding a threshold
value of the speciﬁc spread-spectrum signal encoded within a sprcad;spectrllm signal
transmitted by the second station; |

a.comparator coupled to said detector and said decoder for generating a power
adjustment signal by comparing the received power level to a threshold value; and

a variable-gain device couplé& to said comparator for adjusting a transmitter-

power level.

11.  The system according to claim 10, wherein said first communication station is

a mobile station and said second station is a base station.

12.  Thesystemaccording toclaim 11, further characterized by a plurality of mobile

stations communicating with said base station.
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13. The system according to claim }1, the mobile staﬁox'i firther characterized by:

- an _APC-data signal being encoded within the spread—specm signal
transmmitted by the base station, the APC-datz signal independent of any signals received by
the base station; and |

* wherein said comparator comprises a differential amplifier coupled to
said detector and said decoder for generating the power adjustment signal-by ‘comparing the
receivgd power level fo said threshold value and the va:iaSIe‘gain device is coupled to said

differential amplifier and between the mobilé station’s transmitter and antenna.

14.  The system according to claim 13, wherein each acquisition circuit includes
a chip-code géucrator, a bandpass filter, and a product device coupled to said chip-code

generator and said bandpass filter.

15.  The mobile station according to claim 13, wherein a first acquisition circuit is

coupled to said detector, and a second different acquisition circuit is coupled to said detector.

16. The mobile station according to claim 13, whercin said detector and said

decoder are coupled to the same acquisition circuit.
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17.  Themobilé stationaccarding to claim 13, whereis said decoder includes adata

demodulator.

18. The mobile station according to claim 13, wherein said variable-gain device

includes a variable-gain attenuator.

19.  The mobile station according to claim 13, wherein said variable-gain device

includes a variable-gain amplifier.

20. A method for ada;pﬁvg-power contro] for-use in a cellular-communications
network using spréad—s‘pectrum modulatibn wherein a second communicaticn station
transmits spread-spectrum signals whiéh arereceived by a first communication station, said
method characterized by the steps of:

acquiring and decoding said spread-spectrum signals to receive a specific
spregd-spectmm signal assodated with a unique code from thc second station;

detecting a received power ievel of a spgcific spread-spectrum signal
transmitted by the second station; |

decodinga threshold value of the specific spread-specu'ﬁm signal encoded with

a spread—spectrum signal transmitted by the scéond station;
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generating a power adjustment signal by comparing the received power level

18

to said threshold value;. and

adjusting a transmitter power level with said power adjustment signal.

21. A method for adaptive power control according to claim 20 wherein the first
commumication statjon is a mobile station having a transmitter and the second station is a
base station and wherein said transmitter-power level adjusting is performed with respect to

said mobile station transmitter.

22.  Amethod for adaptive power control according to claim 21 wherein an APC-
data signal is encoded within the specific spread-speémnn signal transmitted by the base

station.
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