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well known. In chis partICular appllcauon. che ptloc the sudden d~creasc I~ sipaJ power In SlpaJs received
sIgna! is used b~ the Ift()bile UftllS for innial 5ynchronlza- :n lhe moalle unn. The I'Ite of increase of lhe mobile
lion of the mobtle uml rteeiver. The pilot signal is also unit ll'lnsmnrer lransmn power muse ,eneraUy be lim·
used as a phase and freqUfftc:y reference and a time ited 10 the rate of acJosed loop power aQjustmenl com-
reference for demodulalion of the digilal speech signals mud lransmnred from lhe cell-sile. as desc:nbed below.
transmiuedby lhe cell-wte. can reduce the mobile unit transmmer transnut power.

In the present invenllOll. each mobile unit esllm&tes Usin, the cell-sile leneraled power adjustment com-
the palh 1011 insipaJllransmined from the cell-site 10 mands. the mobile unn transmnrer power will be pre-
the mobile unit. In order to make this signal path loss vented from belnl incfUsed to a level siJllific:antfy
estimate. the power level of the ceUoSite transmitted 10 hi,her lhan the level required for communications.
SlpWs. as received II lhe mobile unic. are measured. patUcuJarly when a sudden channel delradation oc:c:urs
The mobile unn thus measures che pilol Silna! power as i·n on'y the oUlbound link pach and not in the inbound
received from 1M cell-sile 10 which- the- mobile unil is link padl.
communicaciq. The mobile Uftil also measures the It should be noted thal it is undesirable to simply UIe
power level· sum of aU cell-sile transmitted sipals as 15 I slow reaponse on the mobile unit transmmer power
received at the mobile unit. The power level sum mea- control in an attempt to separate the fast Rayleilh fad-
suremat as cIesc:r1Md ill f.nher detail later herein. is in, from the slow fadial due to diswlce and terram. A
nec:essary 10 handle c:aIIIII. in which lhe mobile unn slow response in lhe mobile unit transmmer J'Ower
mitht temporarily obtain a better pah to a more distant control is undesirable because lhe possibility of sudckD
cell-site lhan 10 a ftOI'WUIIly prefem:d Closesl cell-sile. 20 improvemenis and fides lhal affect the inbound and

The outbound lilk pam lou _Idlate is fihered usinl outbound channels eq....ly: If the response 10 a sudden
a non.1inear filter. The putpoIe of the non·linearitY in irll1'fOvement w.,. to be sJowed down by I filter, then
the esUmarionp~ is to pmnit a ra1'idfeS1'Ollse to a there would be frequeat occuiODS when the mobile unil
sudden improvement in lhe chan_I while only allow- tflftSlftirter power would be quile~ve and cause
ina , lIluch slower ml'Ol* 10 ,sUdden delfldation in 2' inrerf....e 10 all otber mobile users. Thus che preseal
the channet. The mobile unit in f'IsponIe to a sudden invention lIIII uworimeCODSW&I. no..-linear approach
im~t in lhe challel th. suddenly reduces in esdDwitI. die path lou.
mobile lIIIir II'IIII1Iliner rru.it power. In idditicm co meauria'lht rec:eivtjd sipaJ srrenJlh

Should dte chanDel for·a.e mobile unil suddenly in the IIlObIIe UIIil. it is abo desirable,(Qr ehe proceuar in
improve. dIeD the lipal • rec:1iYed at lhe c:elJ.site from JO the·1IlObiIe unit mkftow rhe cell.....~nerpower
thilllllllliJe ... will .....y .... in power. nus and pia (EJ1Ut). the ctU. O/T (receive
suddIII u.- in PG"fc:-. 8CIdkioDal intedeaence Q divided by. receiver +e level n. die
to all Ii..... sharinl rhe same wide band chalmel. A mobile _ thd.~ofcaUalC:rive
rapid rlI'=- to die imPfO'ed'1eIUwill thus at Ibis cell T1ds~.&IJOWI. mobile unit
,....sr- 3' proceaor ro praperly·COIft1'UIe the ~_,power

A lypicaI.eampJe of _,lOveIIleftt in lhe level for the local power~fiI~ nus cqnpu-
c:haael _11m a .lIlObiIedliit is movinl throulh ration is dOne by capIIdD, thlt cell"" tq tDobile link
an is shadowed by ..... buildin, or Other power bUd_ soIvibl lot tbe path .... nus l*h loa
obImactionlld thin drives out of the shadow. The estiIIl*tt is·then used Ia .the 1IIObIIe. etU.liItk~1IdF
chunel.inlpnNement. &I a result of the vehicle move- 40 equaeion. solVin, for the mobile uait·~tpower
.... c::aIi.taU plllce on the order;'" a (ew lens 0(miDi- requited to produce .~desired sipal ~T1iis'CapldriI-
seeondI. Aldie mobile unit drives out of the shadow. ily Iltows the syReIII to have cell..... wirh dirrerin.
theoucbound link sipaI as NCeI'" by lhe mobile unil EJ1U' '1MIls 10ca~ to the •.0(' rbe c:eU$. For
wdlsuddaly incrale ill 1U'eftph. dUDpI....... 1'Id1aI cell need not trIftIIIlil wirh II

The J1IIIboaDd link padl loa·tICiIIlate .t the mobile 4' hip ~,.,.... level. I larp radiUI ceg. However.
_ is UIed "the IIlObiIe ... to MljusI the mobile writ wa-. the·..... 'uaic is •~ diltlace(rolll a low
trantalitter!poweI'. n .... Ihe _pr the received Ii,· power _ itWCNld fIetive • weaker Ii'" than (rolll
n.... ttM!tawer..mobile aait 177T? milter~·willbe. a hi_ ~wer c:d..1"hI anabiJe unit~ rapond with
Ilecep_ ola .l'OIII1.... rnn .... celkile indicates a hi,-~ power tbID would be ..canry (or
t.. tht..... llllit is e:idwdole 10 the cell..lte or elte 50 rhe shDft.ran.-. .11_ die desirabiIiIy o(havin, each
anll81_IIr·1DOG PMh to the ceIMite exists. Reoeptjon ceUoIiIen.... inlonllllion u to ia dlancreristics (or
of...,...... _ dill a reIaIiveIy smaller mobile powet ccnmoI.
unit uullllitter power level is requiNd in order to pro- Tlilt cd-site tnnIaIiu infonnaeion such II ceUoSite
d_ &;......Inceived power at the cell-site in lraDS- EDlP, OtT ~·n.... of Idive ~. on a ceJJ..ile
millioat by dlelnOiile uait. '5 senqJ dtadaeI. 11le iDObile unit RlCeiYe$ dlis inlonnatiQn

J. __where there is I leIIIpOIVy but yet sudden w... rirllobtliaiD.l~lyncbraN"rionUd cop~-
depadMiaa·ia lhe channel il is desirable that I mach ues 1O'1IIOftitor dai$ c:hI8aeI when idle ror .....for calls
sAoweI' i~ in mobiJe unit t......utter power be on,- wilbia tile public telephone swild1ia. net-
permirted. ". sJow increMe in mobile unit traasmilter work intended (or the mobile unil. ne mobile unit
power is Mind so lito prohibil an unnecessarily rapid 60 an.... t*in is itared Ia a memory in the mobile unil Ie
illCNllt in anobile unitt~ power which inCreases the tUbe the IIlObi1e unit is iDlWled ill ehe vthiele.
the interfllNDCe 10 all ocher mobile units. Thus aeempo. AI aMI!!nioIIId previously, mobile unit lraasmirter
rary dqnQalion in one mobile unit channel will be ~.is·aIIo c:oeuolled by a sip! from lbe CeU"'te.
toJeraled in order to prevent • c:IeIndation of all mobiJe Eacb cell-site l'IICIiYet masures ehe ItrenJlb of'.lbe
uait chuneiL 6' sipacureceivecJ at the ceU..ite. (rom each mobile unil

In tile .. o( • sudden dqradarion in lhe channel. to which the c:elkite is in coaunUllicarionWith. The
the noa-linear fileer prevCfta the mobile lransminer measured sipalltreDph is compared to a desired sipal
power ffOlD Mini mcreued at a bip rale in response 10 strealt!l level for that panicuJar mobile unic. A power
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adjusunent command 15 generated and sent to the mo- Interferenc;e can be compe"'" for b)' a!loWln, the
bile unu In the outbound tillk data. or VOIce channel. netlhbOr cells • unall inc,... lit inbOllnd hnk ~·er.

3ddressed to that mobile unn. In response to the cell·site Such an Increlle Ul inboulla power m netlhbonnl ceUs
power adjustment command. th.· mobile unit increases wouJd be _Uer than thu of ehe mcreue Jiven to &he
or decreases ehe mobile unn trUtsmnter power by a ~ mobile users communicaeinl ia ehe hip IlOIIC enVIron·
predetermined amoune. n<)minally I dB. ment ceJI. It is funher undcnlood that the cell,ule pro-

The J)Ower adjustment COdtmand is transmined by cessor ma)' monnor the averqt bn-error·rate, This daca
lhe cell-site lraftS1ftntef at a relatively high rate. lypl' may be used by eh. system coneroller to conunand ehe
cally on ehe order of aboue one command every milli· cell·ute processor to sec an appropnaee Inbound link
second. The race of transmission of the J)Ower adjust. 10 power level to assure acc:eptable quality communaca.
mene command must be hijheaoUlh to permit Ray. lions.
1eilh fadin, on the inbound link path co be tracked. It is It isaQo~ co provide a _ for COIleroUing
funher desirable. for. the outbo~ link path Rayleigh the rdative power UMd in ach dMa Ii'"uansmined
fadinllmpresSed on the inbound link paeh upal to be by theceUotice inJ1llPOllH co cancrol informarion Inms.
tracked. One command per millisec:ond is adequate to I~ mitled by each mobiJe unit. The priInary reuon for
lrack the fadial processes for vehic:". speeds in the providiq ,..e:h COftQ'OI .. lO..~od.te the fact that
ranle o( 2S-50 nIiJes per hour for 8SO MHz batId mobile in cenaiD Ioc:I.tiont. eM oucbGund chMaei unk from the
communic:ationa. It is important that tbe 1aIency 1ft de· cell·siee co.1M IlIIOIIaiie ... 11II' be uausuaHy diSldvan.
lermininl the power adj,,*lIUIIlt command and the laled. UaJaa.~ powerOeill,UUIIIlmed to &his mo-
transmISSIOn thereof be minimiZed so chat chaanel con· 20 bile is iac"" the quaIi&, _, becomeUllllCCePtable.
dittons will notc~p sipificantly btf'ore tbe mobile An eaut" ofauc:b .looaa-iJa ftOiaI wbae the pa&h
unit receives and responds to the sipal. . loss to one ort~....... celli .1MUly the same

To account fqr the ia~eaceofehe two Rayleilh as the paID 1_~_'*I'"COIIUDIIIIIC wiIDlhe
fadinl paths. the ~Ie ~t.trllllmJtterpower is also mobile uni&. .n··sucA.a Joc:IIioa.,1he i.ten.race
controUed by the po~eradj"'tIMIlt com.mancl from the 2' would be iller..r. by dIne,n-over die iDulrfenace
ceU....te. Eacb cdl-site receiver measures the received seen by lhe ........ II a:paiat reJative" c:IoIe to ill
Slpai screnlJcb (fOIIl. ,"b mobile lUIit. The meuured cen....te. In Iddilia die ""'eaceCOIIUD, fiom tbese
slllll! St~ is .•....- to the. desired sipal neithbOrinl~ wiIl,ncx fade in uniIon witb the

stren.lib for. that.. ..~.. ' '.. •...' and. power. adjustment daired sipaI .....Wllllldbe .... QUe for interference
command· is ne power ~ustmeIlt com· JO cOlllinI r,. die cIIIiNd. eel lire, This litualion may
rnand is t 10 unit i1l the ouu-ad dIIa or rcqairld M 41"t" sipaI power to IdIieve
voice c "~ co.,. mabiIe Uail. This power adequate ..........
adjUlUMftla 1S1Iihni. II~ willa the lDobile unit la ,v. tbe UDit IDlY'" located
one way eii to obelia fiaaI value of the mobile where sewnI IU'OIII multi.,.. aII'i¥&.......

unit trill '.P.O'"".. ...•• ]5 i1l Jar......... ,iIIIIIfeIeDcL Ia aliQlaaion.
The power commend Ii"" is trIIIImiI· i~ 'dledilindlipU..-ave to die

led. in III .,. 1. by overwritinl oae iDl8lf__ In..mII perfoMInce. AI
or more ,.ns. every IIIiIIiMcoad. ne moduli· OIlier titIIlIlI.._ IDlY be·......... tbe
uon syswm~ in C!)MA Sys&ellll is capable of sipako i.II.. al rUio is ....Ilypad. In such •
providinl emn: cijItec:tioft aad comction codinl (or 40 cue. ehe CIIHi"·ClO1IId·a-it tile dIIind usia.
user _ b~.~ overWrite by .tbe power adjUSlmetlt a 1pwa'-. ..,.. rid inter·
com.. is ........... c::......... t;aic error or ensure ad ference10.., beialldlllmitted by SYMem.
corrected ~.the error c;orreeaaa u decoded in the To achieYe lhe ""'.abjIcIiwI. tile Pf1IIen•••
mobile.Wllt",*~.EnQr cqrnctioacodinl on the bodilaeat~lIClutl •• f.·4n-i..rfea.....'.url0lfte
power adj........COtnJDIa4 bits in lIIIIly~may not 45 capIIblili,y ,.,.. ,.... ,.. ....
be deIirIbIe~••oftht ""Itla' iDcrifled Iateacy in s_ '11 '" Ibe ,ower of the
recepaon ....,~ t9 cbjPOW-COBID,ncI It iJaIIo derind'" Ie ~,. power.
enVisioned ""t'"diVilioa muiCipiuial for trIIIIIIIis- Irtlle at . I""" _ prlll'lItWiMd value
sion or thepQMr adj........ cCllamw' bilS may be tNUnabile .....· 10 die ..... rar addi·
used withotJI~tiD&..darac:h....1symbols. ~ tioaaI power .. CIII'" i""fiaM.It'. ratio g.

The ceU....te conuoner or proceaar ca.- be ... co CC!IdI the II••••_illd VII-. die ............ trans-
deeermme the deIirIII:t sipal strealtbo II received al die milia ,..... lor • ,.11 :m.iII~.

cell""te. for, ·.,.....unal by acb mobile unit. The ceq..... rTl,iwa die,..... II ,I nqUIIIS
The desU'ed ,~.... level values are provided to rrom each IIIObiIe and rap aI • .tty power
eactl of the .cell.... receivers. The .desinId sip&! " a11oc:11ed Ie eM _i .....med sil'
scmllb v.h.is lINCl (or COIDparia, with a meuured n.tby ••••' ·011I 1'1Ie Idj_d Illlwouid
si'" slraq"- value ror ,eneratilll the power adjUSl' usually be die __ of 0.5 dB.· .. 12~. The
ment~. rile of c:Mqt,ofpoww.., __ 1Iower dian

A $yItIIft. ~U'OIIer is IIIilized to c:onunud el':P ehac used f'er lid CI'OIII unit to
cell....cep~ .. .to the value of desired siJnl! 60 caU...... .,.,h.lIl..-per rna.. or IlOaIiMIly
slrenl~IO"'" Tbe IIOIIli-.t power level CID be ad· 0_ per U nrillir:lnd& T1Ie dynaIDic.,..... of the
juslmuRor,~toICC~ variations in ehe acljulUDIM.~ 1iIaited104da ...dwallOlDi·
av..., ~cionIof the ceiL For uaaapl... cell·sile nalco abcM 6 dB noaainIL
positiQaed .........Uy noisy locaIion or ,eo....phic: The cenoSite must aIIo consider ehe power detnIIIds
relion miIbc·be. allowed to use a JUaber than normal 65 beiaa IIUICIe Oft it ., ell die.... in dlCiclillt whether
Inbound 'power level. However. sa • hi.. power 10 cornplywtdl die ..- of Illy paniouIIt mobile.
level tor in-e:eU operation will result in hi.. levels of For eUJDtlle,. if the cell.... is 1C*Md. to caw-c:ity. reo
ineerference to immediate neipbors of this cell. This quests for additionaJ power mipt be IfIIIted but only
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by 6'* or less iftSlead of the norma! 12%. In this regIme. and 14 upon paths 1%g and ~. In eacb of mobile unns
a request for a reduction in power would still be granted 16 and II. signals power IS measured in the receiver
3t the normal 12CiC chanle. wbere tbe sisnaJs are wide band si,naJs. Accordin,Jy.

BRIEF OESCIUmON OF THE ORAWINOS this power measurement is l'IIIde prior to correJaUon of
5 the received sipaJs with a pseudoftoise (PN) spectrum

Tb~ features and advantqes of lhe present invention spreadin. sipaJ.
will become more apparent from the detailed descrip- When mobile unit 16 is closer to celloSite U. lhe re-
lion set forth below when tUIm in conjunction with the ceived sisnaJs power will. be dominated by the sipaJ
drawings in which like reference chane:ters correspond travelinl path •• When mobile unit 16 is nearer to
througbout and whtrein: 10 celioSite 1•• the received power will be dOminaaed by

FlO. 1 is. scbemuic: overview of an exemplary ma- lhe sipals trlvetin. on path •• Similarly, when m0-
bile cellular leJephoae system: bile unit 1. is closer 10 cen.... 1.. the received~r

FlOS.1A-.2D iUusnale. in a series of,raphs. mobile will be dominated bylbe sipals on path ~. When
unit received sipaJ Slrenllb and transmil power as a mobile unit 11 is closer to ceUoSile U. the received
function of dislance: I' power will be dominaled by lhe Ii""" travelin, on

FlO. 3 is a block dialmn ofa cell·sile with particular palh Zk
reference to tbe power conlrol features of lhe present Each o( mobile units 16 and l' uses lhe resultanl
invention: _'"FlO' . f ... meuumncal. 10'Aller wilb knowled,e o( lhe cell-site

. • 4 IS a block daqrun 0 the mobile unn W1th transmitter power and tile mobile unit antenna pin 10
paruc~ ref~ce 10 the power control fealures o( the 20 eslimate the palh loss to lhe closesl celioSile. The·••
present In:veallOft:. , ., ,mated palb loss. lo.edlet wilb knowledp o( tbe mobile

FlO. 5 IS a block diagram ilIuslralln~ In (~nher dewl anteal pia and tile '*I"le 011' is used to determine
~~power c:ontroUeatures ofthe mobile unit o( FlO. 4: tbe nonaiaaJ,truasmit,ter~ n=quired I~ obtain lhe

FlO. 45 is a block dialfUll i1Iustratiftl in (unher detail 2' desared c:amer·ta-IIOIM~ m ~be cell-IItt ~Yer.
tbe power control (eatures of the c:eU-site o( FlO. 3. Tbe kDowlldp ~ the 1DObiI~ WhU 0( tile cen-sne pat

rameteI'I ..y be ather fbed m nu=ory or lransmitted
DETAILED DESCJlImON OF THE in c:e1Hice inf'onaaUon broIdcut sip.lls. setup channel.

PREP'I!RRED EMBODIMENTS to iDdiclll.otber thu nominal conditiOns (or a panicu·

An eMlIIIpju;yllrreSCrial cenular mobile telephone 30 tar c:eII.... , ... . .
s)'INID in wilidatbe""" invenlioa is embodied is Ala o(d........1IOQ of the mobile WUI
illllSlnlllll in PIG.... TII,.,.. illlllUlted in FIG. I n~ power. in the~ of Rayleilh
ldiIiuI CDNA 'mod.·.edIIioft ._-~. '. ( I'L'I'''' perfIc:c ........cs. the mobile-...-,... In COIII1!IIUIUCI . . d ...__1•••..:... • ."'_ __"
tioas ....,... tile.,... mobile user aDd the cell«es. WIll IR" 11&....--._ImYe at ......... _.
Cellular Iyaans in Iarp cities may 'have bundreds of 3' site .......y ...... curier-ao-aoi.It.~1'hus
cell-lile savini blllldnds 0( thousands of mo- lhe dIIind~will.be ....... ~tbt~ini·
bUe tel n. qse or eDMA tecJmiques readily m~~~ ......- ~N"I,,! ~. ~
faciliwes iDI:II••• ia user ClII*iIY in systemS o( this ~~ 01_ raobiIe uau .•~...~~
size u COIIlpIftId to eoaveatioaa1 FM modulation cellu. IrnporaM • a COMA ayatelDbtcauM ..allMlbilewul
lar system$. 40 caUIII iawrf-.ce to every cxber ,1IIIQIaiIe uaiI.in. I~e

In FlO. 1. S)'INID COfttrOller and switch 10. typically syst-. I. .~~I tile ,~ unit ~ter
IncJ~appropriate inler(ace and Praceuinl hardware ~.I~~-.ce~1be hekllO a nuaunum.
for providiD, sysqna COftUOI in(onIIaIion 10 lhe cell. thus allowin. addi~mobile usenlO ~hare the (re·
sites. COIIuolier 10 COftuols the routiq 0( telephone quacy ..... Ac:contiIIIlY. ,yuan capacaly and spec·
caUs from.tbe~ switc:bed telephone nerworIr: 4' uaadli.'.."., is_,,_
(PSTN) to the ce1ktte lor cnnsmislioa 10 FIG. V.uau... tile eIfc& ofbol.b Rayleip (adin,
the approp.ilte Cdaaoller 10 also COftuols • af~~ 41 OI! dae·1IfIDIth 0,( the ~.lile
the rounal of calls from the mobi. uaiIs via all_ one 11'__ ....". .. a aaobiJe UIUL The
ceU""IQ die P$TN. CoatroIIer· 10· may diner calls avemp _.iadi.... by carve. is~ined
~ IqObiJe .... via &be IPptOpI'iate ceJl"re sra- 50 priarilyby dillt~ 01 tile dis••ace ~ween
tionl.u.ee·sudJ lilIQbiJe unils do not typic:aJly communi- the cell and the mobile uiI. ..... the sbape of. tbe
eate~r .witb cae ancdser. lerniD AI .-!ICI.n... between
~ 10 lIlY be coupied to Ibe cell-sites by the dM!CIII power~
v~·'" sud&. dedicaIed telephone lines. opOcaJ U r_iwd a& die (or a~ .pOWer
fiber liDks or ~ I1Idio frequ.cy COIII1IIUfticat In " I,.... ne.~ palla~. die
FIO. I, two...,1ary ceJkiles. 12 ud 14, alon. witb SUM forbodt of' aDd typRIIyPbib-
two eaeaapiafy mobile unns 16 and I' which include ita a10 ~ thea~.,Ioas.
ceUuIar telephones are iDUIUaled. Arrows .zo.-2Ob~ In IddiIioaIO·dIlIliowly ~llol"ftOrmala"...e
21.1-.22b respectively dellne lb. possible cOllllllUftication path Ia& lIPid fICIiaI uplnd clown &JOund the
linb between ceD-site 12 and mobile units 16 and II. 60 aYel!lP is by \he -ilteace 0( IftUlQple
SiJaiJarly• .,rows ..,2.ab and arrows .-166 resp:c- path Ii The IipaIa arrive from these
tively define tbe pOSSible communicalion linb between multiple patba in randorD phnae q4,..,utude,~I
cen...,14 ud mobile uniU II and 16. Ccll-sites 11 and in tbec.....iItic ..., fldiq. Curve .u• illus-I. lIOl'IDI11y transmit usin, equal power. l1'INttin PIG. 2A. ,. tile~ in·.... paah

Mobile lIIIit 16 IIItlUUres lhe tota! received power in 65 lou ......01""'" TheRay~f.ndial
sipals ~ned by c:eU"res 11 and 14 upon path is lypic:aUy _ ....II_t for die twO~ 0( the
2o.ad•. SilniJarly, mobile unil II measures the IOta! cell4i1elmobile .._uicaliQD link. i.e. oUlbound
received power in sipala as ll'UWlliUed by cell·sites 11 and Inbound chamleis. For uuaple. what the oUlbound
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clwmet is fadinl. the Inbound chanDei Iinot neccuardy FlO. %0 is a graph iIIustraUnl the cell·ltte received
fadin, .t the wae cime. sl,nal power Sltenllh wich respect to tnftWIUions of

FlO. 18 ilJuscraces ehe mobile unie eraasminer power lhe moDIle unit as If eravels frotnehe c:eU-sue. Curve.-o
adjuRed to COfreSt'QnQ co CM link path S1lnal men,th andlcaces the deIlred averal' ~ed Slpa! power at
ofFlCi.lA. In FlO. 28. curve U represencs the eta.red 5 the cell·sice for a siJftalcransmined from a mobile unit.
3V...... eransmll power corresponQln, to ehe ave,a,e It is desirabJe .hae .he averap received Sl,nal power be
pacn loss of curve JO of FlO. lA. Similarly. curve 36 at a CORSllftt1evel. yet a mtiUmum necessary to usure a
cOl'1'elf)Otlds to the mobile unll transmttter power reo quality communicacion link with· the mobile unit. Cor.
spondin. 10 tRe Jlayfei,b .f-.cia., as represented by recllons are made ae the mObile wue co correct for Ray.
curve .u of FlO. lAo ~ the Jtayletp faded SI,nai. 10 leip fadinl In the cell·site lransauUed sianal.
cl:lrv. ,J2 of FlO. lA.dec:reua in lI,ul sCreft,tb. rapid Th. mobile unit ennsmiued sipa1 .ltperitm:es Ray.
increua in traDllllmefpower ,.,uJt. Theae rapid up' lei.. fadiD. before arrivin, at the ceIl-siI' receiver. The
ward PCUI"SIOIIS oftransmietert'Qwercan resuJl in deie· sip! received al ehe c:ell-sice iSlherefore • lianal of
eerious .ffects in overall syaem perfcmnanc:c. There· conscant av'raae received power level but sun with the
fore. tbe presene iDvenlion envisions the use of a non· 15 RayleiIh factUa,. of Ihe inbound channel impressed
linear tiher co coatrotrapic:l upward eltcunlODS. or iD· thereupon. Curve 42 represebo the R.aylei,h fadinl
creaICL in tl'lfttlniucr power. Funhennore. the present that occ:un on ehe inboundsipal.
Inven&ion also ulilizes closed loop power adjustment Aclditionally. there is the possibility that the mobile
feedbac:k from ebe c:ell-site co adjust mobile unit trans· unie may c~ co me at a ,.... where the outbound
mUler power.. ... 10 link :s not faded but yet tbe inbound link is seveNty

FlO.:zC illll$lQlIS tbe mobile unit transmitter power facie:.: Such a conc:lition would c:lisrupt comm\lfticalions
C;~ft, to no.," wi.hou, takiD, uno c:onsider· unic::;... ad4iex.d JIleChabiIaD is employed to compen·
atioD die ce#J:1i~. cl9scd loop. power adjusunent feed· Site ,or the inbound c:baaaeI JtaytaP fadial- Such a
back. JD,FtO.1C tbF--averate tranltnil power. as mcc:Dulisal is tbec;loseciloop power adjustment com·
r~ ,by cury" 34'•. corresponds to the mobile l' mand pmceu crapJoyed at the celI"'ce (or IdjllSliD, the
unie~~•.It""" 6f curve 30 of FIO. lA. mobile URiI. trullDiuer power. Such a power adjust·
Curve • m...... t1Mtt~ powerurilizinl the ment c:ompInIatII for tht'aayleiJh fadiq on the in·
nOft-Unear·fitI.. in power eonrroJ of the pnsent inven· bound cb...... 1ft FlO. 2Q cane 44 iU_rates the
lion. The rapid upward~nions in transmitter~. mobile uait~ lipal power as received ae the
as incticIled by II ~ liMa of FlO. 2C and cone- 30 e:eiI..... wDla cqpIIp.""'''' f~ .v.... pub loss and
spondlOlbe llIt:1IftiOatincurw.GfFIG.2B. Rayleilb r., on bPth .dllPaboad IDd outbound
areli~yltd•• III nrw .. the upwardelt· cb.,'" AI CIIIl be ... ill flO. m c:III'W 44 follows
c~ .....",,-Iy ncllCed "' ..... Ibe nt. of c:1aIe to C1UW 4IacepI for .... of sewn fadinl
inc:nIM .. lP ".power-io albedYalue. The result- WMn tbe CadiIt& procell ,is mjpjmized by die closed
ill"~ au .n tllW~retMM to tile deIired 3' loop CODU'OI.
tl'llllalic pow.- ill ...... liaIfted in d,...mc raqe and in In PlO. 3 S2 II~ for recelvinl multi·
rate of c:..... 'Ns liadiadaft aUOWI. tbe c:1OIIdioop pie mobiIe_ u. in........ which .. theft pro-
pew-.-Idjll"."~ prQCeII '9 be .... to im· vided to'" recei". SC for~ (requeDcy
plement and to be more irffec:ttve at a m. lower con· downconWniaa and IF proc:euiaa or1M reCeived R.F
tral data rate. Traasmi. power•• indicMed by curve 31. 40 sipal. Th~-.. lipala o.alJ?'lt (rom~,. are
is pet1niUed .0 deciale II a muc:b If'ClUer nte dlUl an provided to a p1uqIityof~modules for. atnc·
incteue. .... . Uoa of UIII' cIire;IId W.... lipats. ......iOn of

As distaac:e inCreaes frOmtbe poincs marked D,-D1. power 1Clj.'1IM!N~, &lid lhQCiulltion of user
rraDllDiner powet.dceraIa yCOl.espoad. .IM iJII~ rot tI1nN"'ieiO". One such
,nl ~ I· ·iudcIen·. iftIproV in die cillancJ. Becween ., lIIOdulc~.ill '*' !Iith • p.nicuIar mo-
thi d• ..-e,~1IIItkId D2-Dttlle c c:IeIndes bile uaia.1IIda ..__..N. is mod"" 51. Thus the
with a cr.ar.W diD, "'1"I in cr-.i power. GUlP. of JIOIiwr 14 II PllPYidId 10 a plunU&y of these
nect.cein~iI_IO""'tlucb thac 1iIOd ..
the ....1iaIIr filter __• nte IUaiu tbe nte of ~ clara ....vet No user
inCrWt ilittialliintrpower. 50 diJiu1 b.II cimIU rec:ti"" power measure·

AI ·diItdcI .. 11I01 til rra. the distace poinD meIIt c:irc1Iiaoy • ad 'If II·' mad..... a. Diliw
.mUked DJ-D.. the mucb man np- .cIara rec:ei"." rICtMIcM widebIDct"rtIId.,euum
idly tban die~"fII1tet.U u increase in Ii'" f~~..~.~.mobileUillt
trIIiIaIiner. .pcnNt. DfaIifaI.·dtiI .fIriad. tranIIiUtter N enn......... coa~ bUd__··fot ttIiIIfe,
power.iftC'n...... at.. tile __.. pertDined by the 55 to III~ ••i_,.,.. CQfI.t••nica'db.,'.' ..W1.)b mobile
noa-liaIIIItftker.Durialthe indicated _ N. DiIUl-1'IClIMr M ~dte narrow
by IUtU D.-Os.tbe c · improYiDI- How. baaddi........ I0 ....C1ltiW ~c:in:uiU')' 51.
ever. a tile quality or tile iIiIproYes tJIe ttans- Pi_dIra ftICIiverN~.~ en~ band
rnm.rpower c:onriftues to inc:J'iIIIl • the nwUmum nt. Ii.... to rcpivtlllllliiOwel'.............. t circuitry •.
umil tnDIIIIitret power is SutlifljeftllO meet tJIe desired 60 R.ec:ei\I!8d power III I........ cin:uitty " meuures
lewllUcb. It· tn'Irtc 0,. tbe po-. IdvttI ia cbe ~.lipal ftoIblllObUe unn

Itia "IbN' to elialiDlre die upward excunions ill N. a-ived~ ..~. c:itCuicry • in reo
t er~whicti may... uuecetSI", S)'SICIiI spoase to the 1Ml of power aenentes a
i Should • blUer"" to IIIOtber cell-siee po,.....ldj~tco wd wbic~ isinptll to tnasmit
occnar. wtIiCIl WOUld ....t in '.":111)'" interference 65 moQlIl... O for ue.isIicm to aaoIdle.lIftit N. As
in the· systeILquliry com....... in tbe S)'SlClil p~y 4Qcuued. tJj .... biD Ua the power adjust·
may be maiftcaiMd by limitinl the nte of inc:reae in meat COIII.oct &reused bY mobile unit flt in IdjusciQI
traDllililter power. mobil. unit U'aIIIIIIitter"ower.
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When the recesved power measurement IS grealer 76. Funner deutls on the interacuon of receiver 7%.
than the praet level. provided by a cell·site ptOCeSSOr U·....I powercomrol 76 aDd 10. aDd pfOCalQr are
(nol shown). an appropriale power adjuslmenl com· desen"cUn funberdeW1 wilh re(erenc:e 10FtO. 5.
mud is 'entrlUed. ~ouW lhe received power measure- Receiver. 74 also pro~ dala sucb as di.idzcQ en·
meat be less duan the prael leve!. the power adjusuneJu S coded speech 10 user dipw baseband Ctrcuilry .2 ror
command daIa big are pnemed and indiClle thaI an decodin, an~ inlmac;, wtd, lbe user. Baseband ctr.
increase m mobile wWlransmuter power is necessary. cuury .2 inclll,d" inlerfac:c hardware for couplin, reo
Similarly. if the received measurement is ,reuer lhan ceiver 74 and lransmil modulalor .210 Ihe user handset
lhe preset level. the power adjustment command is (nol shown).
generued sueD lhal the mobile unu traftllllitter power is 10 Data 10 be lransmitted is provided throup baseband
reduced. The power adjuauaeru co..- is utilized 10 circuitry ~ where it ~ encoded and provided to lrans·
mainWn a IlOIniuJ received power IeveJ at lhe cell-site. mit mod.....or M. The data. is spread spectJ'Um Modu·

The sipal OUlput .from diliW data receiver 56 is laled It)'1~IftOd~Qr" ~rdia'IO an Wiped
provided to user dip"" baseband circuitry 51 where il spl'lldin. code. The sphId spectrum IipaJs are QUip,"
is iaterfaced (or couptinJ 10 the inlended recipienl via I' from IruIllIIait mtxiulator" to t1'IJIIIIIit power conttol
lhe system canttoller and swilch. Similarly. baseband circuitry •. The sipaJ powetis adjUtfed in accordance
circuitry 51 receives user information sipaJs inlended with the tnnsmit pot'Ier control command provided by
for mobile unil N aDd provides Uaern 10 lransmil madu· control p~ '71. Thil power adjusted si"'" is
lilor 62. provided from transmit power conttot circuitry. to

Transmil madul.lOr 61 .. sprad spectr'Ulll moctulates 20 lransmit powerconttot circuitry "where the sipal is
the user addressabJc infonnauon si.... (or traalalis- adjusted in ac:con:Iance with the ...... meuuremeDt
sion 10 mobile uait N. TranlllJil mo4u1a1Or 61 aJIo re- control Ii...... Althouah m......fId· Is tWO separate
ceives Ibe power aGjusunent com_ad da&a bitS from unitS Ibr controllin, the t1'III8it power. the power
received power ma$Uremenc circuitry .... The power level ClOUldbe Idjusted by I linlie veriabIe pin ampli-
adJUIlmenl command data bits are ·a1so spread SPli!CtrwD 2' tier Wilh cwo inpar contrOl Ii"" combined befon
modulaled for lra_illion 10~ unit N. Tr....,ml bein.1PPiIIId to the variable pia ...,uner. Howewr in
modulalor 61 provides elle spread spec:uum modulated the iU_rued e....,Jary embodimeJK the IWO control
sipallO SunaDer 6&. where it is combined wirh sprad functions are shown as separate elemenQ.
specmun sipUs from ocher moduJe U'UIIIDit madula- Ia tile operation of die power coattol c:imaitry i....
10rs a.Iso lac:aledlt Ille cel1-sUe. JO trued in PIG. ~ NCIIi~72 the combiaed

1'1Ie i"IfIII""..specuam sipIa are iQpat 10 poww IewI 0111I ..... I'el:eived ".. all cell....
s................~.with.pi1cMsipa1 n- ..... 1e¥eI m.Ma_,.... ate in
PrcMdlll by piIoc siIulplllftlOr .. Tbae COIDbined coaualliq tile 1*"1' ...,.. • - by power
Ii...... IN ...~tQ cin:uiIJy (IIQI shown) for COIItId cnaiIry "- T...... power CGIItI'OI c:ircuicry
f.......-:7 .,•••".... ffOalthe If lrequaICY bQd.1O 3' "iadldeIeire_, in whicll the ....alillCn•• I,...
lhe RP hq, rA:Y'" ad..,ww. The a.F Ii"'" mittlrPG'Nl' illiJnited by. aon"" 81... p,,",-
an thea~ to IDrenaa 52 tor tn........... AI· oualy disc1Dled. The race 0( increase is set to be no
thoup 110I iIllIIUUId~ power C01lU01 citcWuY futer Iba tile ... wIIiaIl t..-iI power c;onP'Ol
rnay be cIiIpoJed .betJieen IUIIIIIICI' " ad anreanl 52. circuitry • elM an die power clown in NIpOIIIe c, a
This c:iIaiuy. under conttol 0( the cell-site processor. 40 series .r dowIIwIrd :_v l' fraIII 1M otU_ and
is responsive to power adjustment command lipals pram.ad '" reaeiver14." PfCI;IIIGf '71.
tranlllllUed by the mobile unit. demadulued u the cell· FlO. 5~ in __deIaildle PGWC' conttol
site ,.ver and provided 10 the ceiI·lite conuoJ pro- of N ctiHlrr ed _ rererac:e 10
ceuor(or couplinllO tbe circ:uitry. FlO Ia flQ~"r R.F....1raIn the .......

In flO. 4, the mobile unit. suc!a • mobile unit N••, an "cMdId 10 "'~l TR ry downcaa".. 90 the
inc1udea an an....... 10 for coUIIoIiAI,ceU site U'IIIfI'UC- reoJMd R.P ...... IN can"'" to ... If frequency.
led ~ radialinl mobile .. paeraced eDMA new """'.01Ii'"IN ooupMd 10 ..... raher
sipals. M N receiwa tM pi1cM IipaL setup 92 w...... oua.,o( '........, COIIIponenu are reo
c _ the mobile IIIlit N addreaed Iipa1s moved·rro. .....
... 10.~ rec:Iiver 72 &lid diIiIII da&a ~ 1'be,rd QlIIpUt fraIII .. ftlter 92 to van·
recfiliver "f. JLec:eiver.12 aaq:mr... _ frequeac:y clown- able pin IF lIIIIptifier M where the sipais an lIIIIpli·
convens ihe received J.F COMA Ii"'" to IF. and tied. 11ae~ ..... are OUII* fi9Jn ampIif_ M
rdten die IP~~The IF sipa1I.,e ~puc to _tal 10 co diIAU (AIQ)..vener(~shown) for
daIa ,..aver 14.101'.w prOQtTJiA, Receiver n aJIo ailitalli ..-m-.i.. o.,..aaas on &be IipaIL The
includes~ ror perforaniaa. an anaIol mosure- " OUC"';o{.,..MiI. coupMId to aUlOIDIciC put
ment oC lhe combined power of the ra:eived ~paIs. coaU'Ol (Age)~ 0iIcUiI ..
This power ....,.....t is used to aenence • feedbackAQC d..-o~.~. " paerateI.....COIlU'C)I
sipal that is pfovided to tnIlIIDit power conttol eir· sipaJ whiU • onpl~·IO." cgntrol inpuI o(ampfi-
cuitry " for controllial tnalaUl power. tier M. This ...~~... is used 10 COIIlrol die
0_ dalareceiYer 74 ii used for despradiaJ and 60 gain o( lbe"~"..IO • to IN.clin • COIIIIIIII
c~&berec:esvea Ii....~ 10 mobile unit av.... power IewI .0UlPUl Croat angWf"ter M 10 the
N. ~ver 14 also sepuua the dilital data Cromthe AID .,... ,
power i4jllltment colllllLllld paerated by che cell lite. A()C dpJclOr~tH alto provides an, OtJtput 10

The power. adjuacmenc command daIa biu are left..r to onein'-OI~..... '.... Tb~other ~pur.Clf co.mpll'.. •
conrrot praceaor 71. Proceaor '7I ......es I tnDI1IIic " lIor" is~wltb .level.•t si" rtom die lila-
powerCOlUl'OI COIIIIDIIId lhat is provided to U'&ftIIIlit bile unit PraceMOf (not ~). This level set lipaJ is
power coauol c:in:uury 10. Proceuor 71 alto provides a indicacive or a desind tnnIIIriner reference power
levei set command co cransmit power control c:ircuiuy level. Th_ input si"" are compared by comparator



5.056.109
15 16

98 with tbe comparison sipal provided to a non·linear sian. TheltF si,_ is then red to the antenna for rran..
fiherClrcuit loe. this compariSon s.ipaJco~ds to mission.
a deViation in the recetved~ lneuUremeftt from a FlO. 6 illustrates in (ui'lher deW) the power conrrot
destted mobile unit tresnrin", 'POwer level. scheme of the cell'" u illusulttcl in FlO. 3. In FtO.

Filrel' 100 may be confipred as a simp_ resistor. , 6 a mobile unit transnmted sipalis receiVed at the
diode-capacitor circuit. For eumple. the Input to the ceJl..ite. 1'be received sipal is proc:essed by the ceJl-site
circuil is a common node shated IWO raiSton. The 311&101 reftlver andcell-she' dilical data receiver cone·
olner end. of each resistor is coupled to a respective spondialto mobile 1IftitN.
diode. The·diodes are rev.,.s ill their connection to In the di,_ data rec:eivet. teeeiVer 56 of FtO. 3. the
the resssron and the Other cmd of each diode coupl«tCi 10 received ....''- is convened from naIoI to dili-
topther". common nade.... ou,putoflhcfilter. A tal .fonn by AID conwner 110. The diliW si", OUt·
caplCitor is coupled~ the diocleCOl1ltnOtl node pu~ (rom AID CO"ftnet' is provided to PMudotandom
and around. The rllter circuit is·~ to limit the nOlle~ corft!lMor .112~ till 1iau:t UIlderJoes a
rate ofpow..- iDcrc:Me to I_thalli dB per niillileCOlld. correWion~ with I PNsa'" providedf~ PN
The rate of power dec:reueis typic:aJ1y set to be about 15 ~tor 114.~ OUtput of PNco~~ 112 IS pro-
ten times faswr tbIA tbe me of power increase. i.e. 10 vided to a faa ~""rd tranttonn dlfitaJ fiber n...
dB per millisecond. The output o( raker 100 is provicied wtaer:e the sipailS filtered. The ~tput offtker 114 '5
as a power level coa.crol sipa1 input 10 the pin cODtrol provided to I user data~ esrcuu 116 wh~h pro-
input of variable pia IF ampiUaer 102. vides user. dara to~ the uter. d!puJ baseband esrcuttry.

AOe detector circuU M. COIDpIRUH' " and rdter 20 Dec:oder.ll' ,.o9idll1~~ transt'onn nlter sym.
100 esWnale receiv~ mobile unit sipal power and tbe ~Is t.o powft lWrIIlt camm III. The power averqer
power coorncnoa nec:aury for che~ unic crans- al'CUll I~I ........ die~ tnlSfona O..tPUIl.~
miller. ThiI coorrectioD is UIecI to IIIIIIUia a desired a Oft~ miltitecond InterVal -, well known dlptai

J-._1· ~..... of ~_.a' .._ techniq....
cransquCler pOwer Ir~ 1ft _IIIODI ......~ Oft I... 25 A Ii incIicIIive 0( each lvenae POwer level is
oUlbouad ca.aei that are COJIUIIQIl to Ibe mbouDd oucpat ftoIIII power 'verapI' Itl to COIIIt*Uor 120.
channeJ. , . . ,Calllpara1Ot' 12811Io receiws • power lev" set sipaJ

T,....lDQdulitor CIn:ua& 14 of FtG ,prov1des • incUCatiW of tile desited· rec:eiftcl power. tfteI. This
low poww•.IF Ir..~y~ SI~ to ~ daind received power lew! islet' by tbe contrOl pro-
Inp. of Yaftlbjepaa If' ....-r ~if"_ 1M II :so cessor (or eM ~".eo....... t20 _pires the
gIlD ....uIIId·by'.~ .".. eoaaoI Slau:t ffOl:'l tWO tapUt ....'"'lH'ow. an.oatpur ... indica-

::;-=~~:-~~-~= =C::I==-~~-==:cn::
lftIIId~ " .' ~by die~- pI'Clc led to power .-dOWd't: ~ l2% 0 ......
by the 4-= • let wida NIereac:e to FIG. 3' 122 IDa ~ eitber •
4. . . power-up Qr a _... NWer «D-

ne po-. t ccwm 1ipaI C01IIIIlI of I mud I2Z prcMdeltbe poWer *110I com-
sequaceof powe ca.mandsdlac mands tcttbecll '1IDOdUfi&al'M'i"'"
are 1CC1IItI ill I'" IIIIit PIG' lilor. The 11IOo sieJa and c:oiuoI ofthti II'IIISIIIbNr Power ofaDciIbIt·uait
bile unit coauoI p.-.or IWllwidi die ,aiD c:onavJ 40 N.
level set to a bOftIinaJ ~.&cb f'OWW1P command If the rec:aMd poMr at _.CtU-siteisbillW than
tnc:rases the v.... 01 .... cormarj Cdnllllld co.... Ihat deIind of11IOI*_ N. tbln • poweNfown com.
spone:uaa to. a ,.....~ 148 increase ill mud is ........... trDsaaRUICi to mobile unit N.
amplifier .....~~ CGII.ue:t cIecra:- ~_ II _ .NCIi~ power NlWIat the cell..... is
the vahaeo(the ,..c:onueI mmawlld, ~tes~_ 45 tOO toW- tbIa.~ ~"'_'ndis .....tId uad
to I renlWIt approIiIiI8Ie I dB d.e: 'III 1ft UIl'Iifter. Ira" ""sat:~.._.u...,...,.•.are'.I 1I
gaiD. The pill caatrOl coa_wad is~ to anaIol a biP rue. .' .. ,' 1.1100 coadae.... secoad in
form by a dititaJ .to .... (D/A) ..aIliYefter (nat tbe"""'".I~. At we bit.1* CD1IIiIIaad.
shown) before applied to ampUfter - • die power tbe owrilgd or the pOwer COIIIIDIIMI is ilJliPific:ut
level contrOl sipal. 50 c:ompend to die bit ..or. hiJb quality di&itaJ voice

ne 1ItObiIe uIit r.1IICI power 1e¥eI.y be stored si".
i~ the IIitiIKIrY of tH~prcc1 1Ir. In the altema-'Tbe power t CCl 'MI~ eotnpen-
nve Ibe adIile _refer."'.fOMt.Ie¥eI..'.·1IIIY be COlI...• .. f'Or e...... •.... •... .. __HI tbk are iade-
tamed within llipal.- to die1110*_. nus lipal peadeftt 0( dIi·~ cf!· •• ·I' neMindepeildent

Coaunand.... data. is sepMat8d.•. by tilt. diPtIt.. cIaU rec:eMn'.'. 55 inbound. el tt~.·~~ ..-.red in tbe out·
~ur~:bYt~~~ PlOClItiiiOt in MUiq. the boadd c:............ ... tile path to. esdmaae
level.~ ........~ paoviUd I'rc:tfaa'dte COftuo' ptOCli!s- b.... upoI the~~aa4 tile correspoad-

~~is.::,..,~i::-:~:)convener ~=~;~=~~':e=::
~ o\ltpUl Of'~tifter 104 is~.• III ~nput t~ 60 justIDentCClfl'''''"~. is utId to c:oJIlPIIb'Iate (or

ampJ'~lo;,A.,lifiet 102 as previously menDoDed IS adj .-umr trllllllliner power bIIed on
also. avli'ilible,Pn .If' IlIIPlifter with the pin deter· thein~ c I'~b 10111S·that do DOt niSt in tbe
miJM.d~ to the power level ~~l si. out· inbound e~M"",

t::/:::=':~=f:::,~:;::.,-:a~i 65 ~-c:::a~c:::v:r::: :::a:lt
COfttr9l si,..& (rom filter 100. The amplified out,ut before _CIIdOaS c:bIUIp si~incantJy ..The present
Sipal from amplifier 102 and is (unher amplified and inventiOIl ptOYidIIa Dovel and unique J'OWef control
frequency translated to lhe RF frequency (or traasmis· circuitry al the cell-sile (or minimizing delay and lao
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rcnc)' oj measurement and transmISSion. The power %. The power control sysaem of claim 1 wheretn said
control circuitry at tbe moaale unit. anaJol control and f"" power adjuscmeat mans provided increase In
di,ital command respOnse. proVides a vurly improVed lrallltllillion sapa.J power is at a rue 1111 than laid first
power control process In tbe cell'" mobile telephone power _jusuneru _ provided dKraM in trlftsmas-
system. S sioll Ii..... power,

The preVIous ctescnpta of the preferred embodi· 3. Tbe ,ower conlrol system of claim 1 wherein said
menu are provided 10 enabJe Ifty person skilled in lhe fil"ll power measurement munspower meu&lJ'tINIIIs
an to malte or use the present invention. Various modi. cornspond to a I"" 0{ all contemporallCQusly reeaved
Iications to lhese embodiments will be readily apparent COMA collllllUnicalaonIi"" within a pndetennincd
10 those skilled in tbe an. and the pneric principals 10 freqaency band. _ said rust power meauremet\t
defined hereia may beapptiecJ to other embodiments meua is funaer for ........ aad proYidinl a corre·
without the use of tbe inventive faculty, Thus. the pres. 'P"'"tia, rana ,ower IMUUrernena sipal to said CQrre.

ent invention is nOI intended to be limited to the em. spondiq rtnt power adjuII...er.. mana.
badimeau shown herein. but is to be ICCOrded the wid. 4, The power CODIroI spleln of claim 3 wherein said
est scope CODS1SterU with lhe principals and novel fea. l' first power _.liliiii1 _ compriles:
lUres disclCied herein. ~means for reaeiviq_ rU'Sl power mea·

We claim: ......1 sipalaad a rtnt power level set ......
1. In &I c.Uular mobtle te1epboDe syslem in which said (ana power level .1 lipal correspoadial 10 a

svstem users communicate informacion sipals between dairect mobile te1epboM truunitter pow'r level.
o·ne another via at least one ceU-site usiaI code division 20 for comparial said tina power measuremeat sipal
mwtipJe accas (COMA) Iprad IpIICU'WIl CQIIIIIIunica. with said finl power level sa IipaL &ad for pro-
non sipals. a power conual system for controlling vidiq a correspondiaa comparator Output lipal:

aad
transmiuion sipa1 power for each mobile telephone In vlriable pin am"irIcllion meaas operuively cou.
SlId ceUular mobile telephone system. wherein each " pled to said mobile telephone Irllllllliuer for reo
mobile telephone has 1ft antenna. transmitter and re- ~ e:em.c. said COIJIIlUUOI' OUIpul Iipal and repon.
cliver•.. and IIdI ceU-site has an anI"" al last one livedaenlo for varyin, uansmillioa sipal power
11'1111111iner IDd 1lJeu& one receiver. said pOwer control 01 ... c:orrespoadial mobile lelephone rnasmit.
SysteIII compriIiD.:

&I .... nr. power~I m....~ 30 5. ~,:power.conuol s~of~ 4 funber com.
c::aup6Id to arespecave IIIObile telephone receaver. prililll- __ Slid conaparalor
for.........me "pal power in COMA comaumica· -_... -a.I_ 1o.1a • _..1'8_' f<
. __a. '.-... .... ....... . __".... ~ -. - y_- pea .......a.-aon ...... or

lIOII ..-- n:c-"- "7 - respeclIYe _e ~_~ oucpu& Ii.-.L (or unequally
~1J.~ver; ....._ __10 .... I ..... of~inincrrp• .,~in

at _ OM .....~ -..:---t meaas. - cou· 3' SIid"-""'~Q8&pUl sjpalaa4 (or provide
pled eoI~ve mobiie reJepbone receaver and iDe a·COI""_.I__~QUqNt sipallO
~i.'"aadln. rml. power 1~ said Yariable pia amplificatioa meaL
SIid·fint~-J~t I'llpClllllYe 10 6. All fOr~ IIag'....... lipal
~ I .8 and.~ 1ft flOWer .......,....u of ~ ia .C4IU teI ~UIIic;a&ions
~ carnspandin. first power meaureanent mans 40 with. al lIMe cae __.scalioD «;9de .division
WIth rapect to a. lim pNdttInniaed power level. multi..·_(CJ)~) ,""lWIPcoaanunica•
for ...,.:tlvely I~~ ..~I~ lion"pa1L _ c:eIIuJar lI'lIionebavial an
rrussaon sapal power of said COI'I'eIpoIIdinI mobile anI"" coaqHed 10 a en ; _,a receiver. said
t..... Il'IIIIIIIItter; In a for ·1 U'1 n.ittinl a COMA

at .. onellCGDcl~~....~ m.... each 45 carriIr Ii lit _ func·
couplld 10 a ",,1Ve c:eIl<ae nIOIIYeI'. for mea· tian _ ••'.tad~y iaioaa'aon sig·
sarina"lipal power ia ... COMA c:ommunica· nat. .. rtceiVW ro"..-iviq COMA cprug,...ic'Iion
lion Ii"" dinc1ed to laid I'IIIPIGcive c:eU-lite reo Ii.... ad specuum prcl";.' said~. COMA
.......(~ a~~..~ relepbane c~si",,,,,,co~_""spread.
r_lW • oomaa-M*IOII dwewitb; 50 inc ("'IO.to...".a OUl1*linfor.

al" .. power ad;....... c:ommand paentor __ Ii.... """"1Id (ora ~ sai4c8Uw.rlDObile
........ coupled to • ..,.ave cell_ trans· t.""'" .. c:elHiIe =-nu'-:'liaa power
mitter IIId c:otreIPOIldiallICOIId power masure· conuol COftIIIINIds ia COMA COIIIIDunicatioll sipals
.......... (or ......bIII power adjusunenl ia-.led.lor .................. with said
....... corr.poIiGia, to~ ia power " ~ ,...,... .. CNIlJUl of· '* power conuol
_ ........ ofSlid COIl'elIpODdinl seconci power =-T.Iit.................:
_u_enl tnearIS from a second precletermiDed ~_for. opil'&1ively coupled to said
power level. said rcspecbve ceJl-site tnasanRer flll'm.--.~ Iipal power in con·
trMSmittinl said power adjustment commands: ......,.•••lIy.l'ICIIiwd CDMA COIIIIDlJIIic:ation
.. 60 ....._P~a ............. sipal indica·

al .. one MCOIId power adjustment means. each live 01' sipal~
coupled to a respecliye mobile telepboDe receiver _fa(. 9P1f11iyeiy c:GUIMinllo said
&lid conoespondia, trIIIIIIIilter. said second power ~. rec:Jivina said ............1 lipal.
adj__I ...... respaaliYlto said power adjusI· v.-yia, tnasminer lipal power in opposite carre·
~t·"""'"directed to said respective mobile 65 ........ co~ in ...........1iAal power
telephone receiver. for adjustilll transanission sig· .. &~ power level; ucl
nal.power of said corrapondinl mobile telephone adclitionaladjusunenl means for. operativelY coupled
u,....mitter. to said receiver and tl'UllDiuer. recaviDl said
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power adjustment c:ommudL.and varyl_, trans· proponlOft to Variations m corresponding mobile
IIImer Si", powerIftC~ thenlo. telephone power masuremenu with respect to a

1; 'Tbf .".,.,.wsof claim 6 wbenin slid adjustment fint p......1"lDiMd power level:
means is responsive 10 said measuremem Slpal for. meaurin. silnal power tn each COMA c:ommunica.
lnc:reallft, transmitter SJpaJ power in respoIlIe to de· 5 tioa Sipal received at eacb respective c:elloSite
cl'MillSinmtlUUftG si..... power with respect to said recetver _ transmitted from a corresponding mo-
prtdeterlftined· power level. and cSec::ftaing cransminer bile telephone transmitter in communication there.
St..... power in response to iftCI'eUII in meuuredsilnal with:
power With resJteCl to said ""'Ietmillld power level. ,eDeratin, J'OWer adjustment comlllla$ correspond.

S. The appatal'Ul of clailn" wherein said adjustment 10 inllO deviations in COI'NIpondinl cell-site power
meus ,,",vided increase in .,·...mmerIi'" power is rnasumnems from a secoIId predetermined power
at a rate less thu Slid acljlltllft.. mans provided de· level:
create in tranllftiller sipal power. traaunitlin, uid power adjustment commands alonl

9. The appuatul of claitn 6 whenill said cell·site witb Slid information Ii.... rom acb respective
SlI1iOn melSW'eS .....1 power 0( said cellular mobile 15 c:elloSite toa corresponding mobile~t.lephone in
telephone tl'Ulalilted eDMA comrnunidaUoa signais c:ommunication therewith:
and purates fot· trIIIIIIliIIiof said· power adjusuneDt rec:eiv1n, at eacQ res,ective mobile telephone re-
CO'IIlIn&nds indiCative of one of 1ft inc:raIe and a de· ceiver Slid ,powwr adjustment commands corre-
c:.... in said ceUular mobile celepboaeIi'" power so spoIIdial tllemo: and
uto maintain. predetemnned"ower level for ceU·sire 20 adjustina traaftiIIioa sipaI power of ncb carre-
station received COMA conununication si.-Js from spoaclial mobiIltteJepJloae uaDllDiner in c:arre.
said ceUuJar mobile telephone. spondenoe to said power adjUSllUftt c:oannaracls

10. The IpPWacUS ofclaim 6 wherein said adjustment directed to said .IlS1*ftive mobile telephone re-
melftl com",..: c:liver.

COIftp&ntor means for r."viaI ml.lhIIIIenC sipal 25 13. Tbe ...... ofclaim 12 wherein said.,of vary.
and • first pct'*er lew! _ lilftllJ. IIid lint power
I I '......1 dill ~ cellular inl tn......... sipal~ of eacbconesponding
eve, set 11..-CO~ • to • mobile telephone traasminer in inverse PfOPOn1on to

mobile teJepIJone U'IIIIIDnter power level. for com· '" ~ _.-;._ I ..
....I·SIW .. powet sipal with vanauoas m cor~IIPCl.eaa. teep.oae power
... W ......feftJ _ ud fOrprovidin•• 30~. WIth~ to • ftnt ~tned
COI'itJIlOM,.C8IIIpiInIOr out,utlipll; ~.Ievwi tuftMr~.-~ stet' afi. ,

fIIW ..........__ said ......... outpUt I..... a .... of' mer II' m tr~iIIlGft Signal
......i'mfS••• ,...af.... inwrialiaaainuid power,of acb c:brnspondiq~ celepho~e
~ 1ipaL_ prcwidiaa. ouqNt t!'.~""U-... ofdel II" 1ft~
afa inJ Ii8IiIed CCIIIIfII*I'aIOcmputlil- 35 ~ ot -=II COI...poud.... mobile
naI: ud Ill --....

yariJiMe ptifIcIdoa -. opetaIiwIy cou- . I•. The~~cllilD1I wheaeinuichC"O(~-
pled td· trIIIImitter. for rectiivial ... limited In. tn'r i.....~~"CGf"~UlI
~.0'aqNIIi.. -.I .espuMM thereto ~ r....~__ Ci~" .. ~ r-aporacm 10
rot ~··IIUJ· power of IIid nnsaitter. 40 vanauoas 1ft OOII.,aedi•• __Ie power

1l.Tbe~ ofclaillliO whereiluaid additional mea..,....... widt ,..,.. to a fint """ermined
adjulanear·... compriJlls: power level - .... dle... of:
~""fot. f_viII,said llOwendj.-ent providiq an inct .," in~ Iipalpower ofCO••'."I ......... ·1IIId power adjusaneat ~ COI'~__I~ teI8pItoae ~lt,er

cMillih.Widt.PfldeCeiIltiMd..«MmOllevei ..5 UlI..-...dlJ. b.m.COlI~lmobde
....C; 'lad' pd'OYicIiIt •~•• power ad- ce....... 'powII'--"- wicIl.....-:c to wd
jaM. lliftiPlf;lIId IInr 11I'.11•••1

••• poMI'teveI:_
&ddiIioIuiIiVlrilble -. open- proy II .. 1II••i.ian pow~of

tivefY tie...., to far naivinl ~ -,.. ~ t ~ttter
saidPoMt' ·lItIj...... Ii'" and Jespoelive 50 1n "",_10 m a COftlllPalKlill, mo-
thlrelo for ¥IfYin,.1ipII pOWer 0( said traasmit· bile _ willa respect to
ter. Slid .. ,.....'IIIiItd power le'*.

U. In .c 1ftObiIe· t""'" t)'Item in wJUcb 1S..TbI....01 ·M .,of leD·
system 'coiIiaaUlliclle inlonnuioat IIipaJs between etUinl ,...8djv Dds OOft'..,ODdinltO
one anatJIer via It ...·ClIIit CIII......... code division " deviltiaM in car , cel-sice ,.,.. __ure-
Jmakiphfaccea (COMA) spNad IpIiCbdlnlOJlUllUftica. ments fIGBIallCalld predltet'hIirled power level com·
tiOllli.....'afllldlod for·COJIIIiOUiJIt ua...iIIion siS· priMa tilt of:
nat ~tor t8ch mdbHe IelepboH ib said cellular._ a pD'4M'•., COIIlIMad'in nspoase to a
mobtJe··· _pfJOIfe ~ytI_ whiIIreftl·tICIh mobile tele· d ill • conespondinl cell-site power mea-
phone has III IfttemlLtlUlllllider and receiver. and 60 S~ froIa'Didseconct predeteraliMd power
acta CIlJ_haun lIlt....aclelsc one cnnsmiaer and levll; .-
at ... oaeieCeiver. Slidllledlod COiIlpriliall the steps 1__"IIlPOM__~"CIow'-"'III·coannuclin ,..... to an
0(: i...... c:eaIlIPoalid:iq cell... power mea-

mi..... lipal 'poWer in'CDMA COIftmanication s_tfroauliclllCOJlCl~ powerIi'" rtteived by ach tnpeCtive mobile tele· 65 lewL
phone tec:aWr: I" The --.taf~15 wherein IUdstel' of ad·

vwyinJ lfailllllission siBftll power of each corre- justin. trInIiftisIion sipal power ofncb can.pondinl
sponding mobile telepbone lI'IftIDIitter in inverse mobile telephone transmitter in correspondence to said
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power commands directed to said res"ectlve mobile
lelCJ)hone receIver com"nses Ihe slel'S of:

increasing mobile tele"hone Iransmmer sIgnal in re­
SJ)ORSe 10 each J)Ower-u" command: and

decreastng mobile lele"hone transmuter signal in
resJ)Onse 1(1 each J)Ower·down command.

17. The method of claim U wherein saId ste" of gen­
erating power adjustment commands corresl'Onding to
deVIations In corresJ)Ondlng cell-site power measure·
ments from a second predetermIned power level com- 10
pnses Ihe steps of:

generating a power-up command in resJ)Onse to a
decrease In a corresJ)Ondlng cell-site J)Ower mea­
surement from said second predetermined "ower
level: and 1~

generating a l'Ower-down command in resJ)Onse to an
Increase In a corresJ)Onding cell-site power mea­
surement from said second predetermIned J)Ower
level.

18. The method of claim 17 wherein said step of ad­
Justing transmISSIon slgnalJ)Ower of each corresJ)Onding 20
mobile telephone transmitter In corresJ)Ondence to said
power adjustment commands dIrected to said respec­
live mobile lele"hone receiver comprises the steps of:

increwng mobile telCJ)hone transmm~r signal in re- ~

sJ)Onse to each l'Ower-down command: and .,
decreasJng mobile telephone transmitter signal in

resJ)ORSe to each power-down command.
19. The method of claim 12 wherein in sud step of

measuring signal power in COMA communication si,­
nals received by each resJ)eCtive mobile telephone re- JO
ceiver. measured sipaJ power corresponds to a sum of
all CORtempOrueously received COMA communica­
tion sipajs within a predetermined frequency band~

10. The method of claim 11 funher coml'rising tbe
step of gaunting a fint power meuurement sianaJ 35
corresponding to sud measured sianaJ J)Ower in COMA
communicuion sipaJs received by each respective
mobile telephone receiver.

11. The method of claim 10 wherein sud step of vary­
Ing transmission sipal power of each corresponding <10
mobile telephone transmitter in invene proJ)Onion to
variations In cOrre5J)Onding mobile telephone J)Ower
measurements with respect to a fint predetermtned
power level comprises the steps of:

comparing said lint power meuurement signal with ..5
a lint power level sn sipaJ. said rant power level
set sipal corresponding to a desired mobile tele­
phone transmitter power level;

providing a comparator output sipaJ corresponding
to a difference between said fint power measure­
ment sipaJ and said fint power level set sipaJ; and ~o

varying mobile telephone transmitter gain according
to' said comparator output sipal.

22. A method for controlling transmission sipal
J)Ower in a celJular mobile telephone in communications
with at least one ceU-site station using code division 55
multiple access (COMA) Ipreld spectrum communica­
tion sIgnals. said cellular mobile telephone having an
antenna coupled to a transmitter and a receiver. said
transmlUer for generating and transmitting a COMA
carner signal according to an assigned spreading func- 60
tion modulated by a mobile user Input inform&uon lig­
nal. said receiver for receiving COMA communication
signals and spectrum processing said received COMA
communication sipals according to an assigned spread­
ing function 10 as to recover a mobile user output infor- 65
mation signal intended for a user of said cellular mobile
lelephone. wd cell-site station communicating power
control commands in COMA communication signals

22
Intended for saId cellular mobile tele"hone with saId
receIver processing saId receIved power control com·
mands and prOVIding an out"ut of said power control
commands. saId method com"nslng the steps 0(:

measunng combIned SIgnal J)Ower In contemJ'Orane­
ously receIved COMA communlcanon Signals:

varyIng transmmer SIgnal power 1ft Inverse propor­
lion to vanauons in measured SIgnal power about a
predetermined power level: and

varying transmitter signal power 1ft correspondence
10 received power adjustment commands.

13. The method of claim n wherein said ste,,·of vary­
ing transmmer SIgnal power 1ft invene proportion 10

variations in measured signal power about a predeter­
mined J)Ower level comprises the steps of:

inCreasing transmitter signal power in resJ)Onse to
decreases 1ft measured signall'Ower wnh respect to
said predetermined power level: and

decreasIng transmitter signal power In response to
Iftcre&ses in measured signal power wnh respect to
said predetermined J)Ower level.

24. The method of claim 13 wherein Increases In
transmitter signal power are at a rate less than decreases
in transmitter sIgnal power.

25. The method of claim 22 wherein said cell-site
st&bon measures sianal J)Ower of said cellular mobile
telephone transmitted COMA communication signals
and generates for transmission said power adjustment
commands indicative of one of an increase and a de­
crease in said cellular mobile telephone signal l'Ower so
as to maintain a predetermined J)Ower level for cell-site
station received CDMA communication signals from
said cellular mobile telephone.

16. The method ofclaim 12 wherein said step of mea­
surine combined signal power in contem12OrueousJy
received COMA communication sipaJs funher com­
prises the step of lenenUna a measurement signal indic­
ative of measured signal power. and wherein said step
of varying transmitter sipaJ power in inverse propor­
tion to variatiQDLln. .......s.ipaI power about a
predetermined power level comprises the steps of:

generaung a fint power level set siJ1lal corresl'Ond­
ing to a desired cellular mobile telephone transmit-
ter power level: .

cOlftl'Uing said first power meuurement SIgna.! with
said fint power level set signal:

providing a compantor output signal corresponding
to a difl'erence between said desired cellular mobile
telephone transmitter power level and said mea­
sured sipaJ power;

limitiD, a rate of change in variations in said compar­
ator output sipaJ;

providinaa corresponding limited comparator output
si~and

varyinl sipaJ power of said transmitter tn response
to said limited comparator OUlput sipal.

rr. The method ofclaim 16 wherein said step of vary­
ing tranSmitter signal J)Ower in correspondence to re­
ceived power adjustment commands compnses the
steps of: .

accumuJating said processed power adjustment com­
mands wilh a predetermined gain control level
sntinl:

providing a power adjustment siJ1lal corresJ)Onding
to said accumuJation of said processed power ad­
justment commands with said predetermined gain
control level setting; and

varying signal power of said transmItter in response
10 said power adjustment signal.

• • • • •
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5.099.204 .,-minimize Insenlon loss at specllied levels of tnple tran·
Sit signals.

It is still a funher object of the present Invention 10
provlcie a temperature compensated amphfication cir·

~ CUlt capable of substantlall~' linear gAIn control over a
large ciynamic range over a wicie temperature range.

1

LI~EAR GAlS CO:\"TROL A~PUFlER

BACKGROUND OF THE INVENTIOS

I. Fielci of the
The presenr invention relates to amplifiers. More

panlC:ularly. the present invention relates to a novel and SUMMAR.Y OF THE INVENTION
Improved racilo frequency amplifier circuit which pro- The present invention is a nove) and improved auto.
\lldes linear control of pin. when such pin is measured 10 matic gain control circuit controlled linear amplifier
1ft decibels. over a large gam ranle. capable of IlIl.r operation over a relatively large ranle

II. Description of the Related An of pms. The ImplifJer of the present invention Involves
The use of automatic pin control (AGC) circuits to the UIiIizatiOn of two low-eost amplifiers. typicaJly dual

contra) amplifier pin in communication terminals has pte FEY JlDPlifiers. appropriately mismatched to a
been accomplished by many various ciesians. Typically 15 filter, specifically a SAW bandpass filter as a signal
the range in gain for such amplifiers is somewhat lim- ampliflCltion circuit. The amplifier ofthe presem inven-
ned. and therefore are not directly useful in applications tion funber involves the utilization of a low frequency
where a very lar,e ciynamic ranle of sipaJs are to be am"'ifier. typically an operational amplifier (op-amp).
accommodated. with ciiode feedback to provide linear ,ain control and

In applications where a surface acoustic wave (SAW) 20 temperAlure c~sation for the silnal amplification
filter IS utilized in the receiver for banci tiltena" speCl&l circuit over a .ain operational ranle of over 110 ciB.
care must be taken in choosinl the impedance of the In accordance with the present invention an amplifier
circuit seen bv the SAW tilter. Traditionally the SAW circuit is disclosed which is capable of providing linear
/iller IS matched in impedance with the esternal circuit 'lin control over a high dynamic ran,e. The circuit
by usang SImple senes coupled inductors atth~ input and :! compmes in an elCemplary embodiment a compensation
output of the SAW rIlter. Such Simple Impeciance drcuit. a first amplifier. a filter and a second amplifier.
matchang proVides for a reduction of the well known The compensation circuit receives a linear' control
phenomena of tnple transit interference (refleetions of sianaJ corresponding to a log power measurement of a
the signal of interest within the SAW filter). However. received sipal. The compensation circuit is responsive
such a reduction in tnple transit is at the expense of 30 to the control sllnal for ,eneratinl, a correspondinl
Increased insenion losses. nonlinear control silnal. or compensation sianal. ac·

A typical insenion loss usinaa conventionally config. cordinl to predetermined compensation characteristics.
ureci SAW tiher is approximately 20 dB. The mInimum The fint aaaplUltI' is coupled to the compensation cir.
insenlon loss tbat a simple SAW filter is theoretically cuit for receivinl the compensation sipl and for reo
capable ofproducin, is 6 dB. However. at the minimum 35 ceivinlan input R.F sipal. The fint amplifier amplifies
insenlon loss the triple transit signal is at a level that can the input R.F sipaJ at an input pin level determined by
substantially interfere with a sianaJ of interest. the compensation sianal so as to provide a correspond·

In applications requirinl a Iarae pin control, and in, first amplifter output sipaJ.
which also utilizes SAW filters for band ftltenna, the The filter is coupled to the fintamplifaer so as to
loss of the SAW filter should be minimized if one is to 40 receive the fim amplifier oUlputsi,nal. The .filter reo
mUlmize the effective range of controllable pin. moves uawuted frequency components from the fim

In cenaln applications. such as in COMA cellular amplifier output apal and provides a filtered fint am·
telephone transceivers where transmitter power control pJifier output RF sipal. .
and recClver AGC are essential to system operation. the The secODd amplifier is abo coupled to the COJIIpen-
transmuter and receiver must both operate over a rela· 0&5 sation drcuit for receivinl the compensation lipaland
rively hi,h dynamIC ranle and track each othen pin to the fdter for rea:eivinl the ftJIered ftnt amplale!'
change over me full rIIIle of control. In such an envi· output siaul. The second amplifter amplifies ~he (d.
ronment. the receiver CIJl be required to operate over a tend fimUDp~outpUt Iipal a, aD output pan level
gain rlD,e thatcaa -'lY rach as ~ah as 80 dB. delenniDed br the~~ sipailO as 10. provide

In many systealS. apin such as m CDMA cellular 50 a corrapondm. MCOIId tapIifier outpUt ItF sipaJ.
telephone U'.....~ it is eanbaJ that ill response to The filter has .. iII_ ad outpUl • .,...,.. that is
a receivecllipaJ, tbe AGe loop sbouJd provide a signal mismatcbed by the finl aad IeCOIId uaplifiers to pro-
indicative ollDllollUl'Od sipalltteDP which is linear, in vide a reduction in iaIenioa lola &I • predelenained
terms of outpat iDdicacion as a fUnction of ~B.of input. triple~t level The~~~~.
Conventio-.! AGC drcuits llOnDaI1y eshibit such a " sates for iDIIer8lt device nODIiaearides ID ...... for a
characteristic ewer only a ponton of the full control linear COIlU'01 sipal. of the ftnt Uld second aJII1)Iifien
range. die eonoQliDeariIillI in the pin colUrol function over the Iarp.d~ rup of .0peratioD required.
of the amplifaer. The COIIlpeDI&bOII CUC1I1t aIIo provides for temperature

It is there(ore· an object of Ihe present invention to compensation of the 8m and second amplifaen so as to
provide a lIP\l". and ilDpIOved UDpJiflC&tion drcuit 60 reduce the adverse affects of cbaDaes ia temperature on
which. in response to a pia control sianaJ, is capable of gain. .
subswllIaUy Ii.ear pin control operauon over a rela· BRIEF DESCRlmON OF THE DRAWINGS
tively lu,e ran,e. . .

It is another object of the present invention to pro· . The feat~ objletl, and advantages of the present
Vide an amplifier CIrcuit in which gain in dB ~s con· &5 Invenl10n WlJJ become morea~tf~ the ~ew~ed
rroUed as a linear function of an input control Signal. descnptlon set fonh below when taken In conJuncuon

It is yet another Qbjec:t of the present invention to with the cirawinls ~n whicb like reference characters
provide acuve impedance matching of a SAW fiiter to Identify correspondingly throughout and wherein:
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FIG. 1 IS a blod dia,ram of an exemplary emboeh- phone al such a JarBe operallonal,aan ran,e. compensa-
menl of Ihe hneanzed aUlomallC gaan control amphfier tion musl be provIded. Accurate .81n conlrol is panscu-
0; the presenl Invention: larly critical if pain of pia contrOlled elements are to

FIG. 2 is an exemplary schematical circuit dia,ram of be used. In such an application. pin controlled amplifi-
the Iineanzed automatic pin control amplifier of FIG. ~ en are used in both the receiver and transmnter and
1: must track each other with respect to ,mn vanation or

FIG. 3 is a graph iIIustratin. the inherent 181n charac· adjustment.
temllc of the uncompensated amplifier CIrcuit used in In the exemplary embodiment. a c:ucaded amplifier
the embodiment of FIG. 2: and scheme is used to provide variable pin conuol in am-

FIG.• is a Iraph iIIusuatin. the linearized gasn char- 10 plifk:ation of the teeeived Ii""'. Disposed between the
acteristic of the compensated amplifier Circuit used an cascaded amplifaen is a m.., which removes out of
the embodiment of FIG. 2. band fi'equency COIDp0ae8ts from the RF sipal. The

DETAILED DESCRlmON OF THE dual unpJifien also serve to provide active impedance
nwchinl of the filter. . .

PREFERRED EMBODIMENTS "As illUIIJ'lIted in FIG. l. amplifier circuits U ud I.
Referring to the draWings. FIG. I illustrates in block both receive. at a respective pin coatrol iIlput. the

diapam form aD eumplary, anbodimerll of the linear co...,.nH'ion IipaJ from COIIIpeautiaa circuit 10. Am-
amplification c1rc:uit of the presern invention. The typ- pJifter circuit 12 receives the RF sipaI at ID input and
cal environment In which the circuit of FIG. I is imple- amplifies the .pa1 at a ... level • detenaiaed by the
mented is in aD au&Omatic pin contrOl (AGCl circuit. 20 cc.lperuation sipaI. The amplified si"", is OUIpUI

The use of AGe circwts are well kDown in the com- from aD output ofamplirler circuit U sipaI as a input to
municatlons an for r_ven or transc:eiven operating railer 14-
in Ihe Rf' frequency bIDet AGC circwts are t)'Picall)' rllter 14 is typic:aIly a budpaa ral..,. a1thoulh ocher
used for. based Ilpon the suen,1h of the reeeaved silnal. raIler types may be used depeDdiq on the frequency
conuollinl Ibe power of a received signal for laler 2~ plaa. ID the mobile telephone applicatioa. raJ. 14 may
processing of the $A.nal and. also for conuollin. trans- be iIIIplemented • a SAW railer. ralter 14 rllDOYes
miner power. In the AGC circuit. a measurement of unwanted frequency components from the ~ sipaI.
si,nal strength. or power. of Ibe received silnal is per- . Filler 14 provides !be tUt.-ilipai at aD outpUt thereof
fOnDed at some other point where an AGC signal is to aD iaput of ampJifter cfrcuit 16. Amplif"aer c:ircuia 16
.enerated. The AOC signal is Iypically provided as a 30 receivel the filtered RF si"", atID iDputud amplifies
pin conuol si"", 10 a variable pin. amplifier. The Ibe lipal at a pm level • cletermined by the compen-
ampJiraer in response to the ~GC siaul adjusls the SIIioD sipal.
amounl of pin applied to the received silnaJ. The am- Filter 14 impl..."'.aSAW rll,.r hasan inberent
plifier pinmly be neptive or positive dependinl upon inpu& aad output iInped.,ee~tmusa be properly mil-
system parameten and signallueftph. 35 IDItCbed to provide a 1IIiaiaI..- iDIInion 1011 at a Jeyel

The amplification circuit o( FIG. I is compriMd of 0( toIIrable triple UUlli1. TypP11ySAW msen employ
compensation c1rc:uit to. variable.pin ampliraer c1rc:wt a pMlive~...... u ilIduccor. at the iDput
12. ratter I. aDd variable pin amplirser circ1Iit 16. In aDd outpUt to provide the proper impedlDCe matdliDl
FIO. I. a pin control sipal is provided 10 compensa- to U'aIIIIate die filter impedlnce to a value appropriate
lion circWl 10. In an AGe application.. such a CODtrol 40 for cogp1ia. to 500 circuit ""u. However. IUCh
sipal is 'enerlted by a sipal streqth measurement impedaace IllllebiD. teobniques .. result in iaseition
circuit (not shown) in linear correspondence \Vilh the 10IIII1DUCh If'IIer tbaD the~ lIIiDiIIIum 6 dB.
101 o( the measured silftal strenlth of the received RF IIId typically on the order oC 20-25 de to avoid prob-
signal. or correspondin. IF. sipal if frequency down- 1_ caUMd by the triple U'IIIIit effect. ID Ulilal a cas-
convened before meauremerlt. 45 caded JIIlPUfler arnqeaIIIU.~ cireQits U aad

The control sipal is provided as an input to compen- I'provide ..lIf:ti~" impedlace lDI.cJriaI whida .....
sallon circuit 10 where the coDtrol sipalis modiraed '"I'." tlductiaa of i.-nion lOll to a level which
accordiftl to predetetMifted compensation cbaracteris- hili a toIenb1e trip1e U'UIit effect. l...aoa can
tics. Compen.-tion circlit to~ COIIpeDSI'iota in thai be radily adlieYed iD the more optiIIuaD or
the control sipal (or inhereDt aoalinearilies ill the am- SO 14-15 dB.
pliflcatioD circllitry... toamplity tbe·iDput ItP sipaI. FlO_ 2 m-n_ ia fIInber deIIi1 aD ezcaapIary em-
correspoDdia, to the received RFsipai. CompeasaIioD bod"t of the ....iik:ation c:in:ai& of FIG. L Com-
circuit 10 th....... a oampea.... coauol sipaI ............ c:in:ait 100 ,..".. aDAQC Iipa1 uti ia
which is outpattMrcffom •• aonIfIaar CODtrOI sipal fIIPGIIlIe tbenfo ...... tbt appropriaIe a._M-
or COllI............. It IbouId be uadentood that Ihe ss tioa. 11ae NIU1dq COIIIpltIlIllioa Iipal is otatpat from
compensation IipaI is typic:aUy linear wIdl respect to ea_I••sian circuit 100 to both amplifier cin:aiu 120
the controilip&l. except ror tbote poniou o( the laiD IIId ••
curve for the amplifter circaits where nOf1liDearities AJDpIifIer circuit ua NCIives ud .,.. u iDput
occur in res... to a IiHIIr comrol sipal. IF IipaI at a pia leVel cIetermiIIed by the COIIIipeDU-

In a CDMA mobile telephone. the IIDpIific:alion cir- 60 tica sipal. The ampIifted IF sipII is thea outpUt to
cwtry is required to operate over a hilh d)1WDic raDge. fUter •• where it is .......,.. ftItertd uti outpat to
such • in exceu of 10 dB. The amplification circuitry aaaplifier circuit I•. AmpiifIer c:ircait ltD receives the
employed in this applicalioR must be low in cost for aaaptified ud mtend IF sipal where uapIified at a
maximum commercial aploitation. Such a low cost pin level determined by the compeD.tioD sipal. 11ae
desip employs amplifier components which can expe- 6' amplified IF sipal is then outpUt from ampliraer circuit
rience nonliftearities in lain when convenlional tech- I. for (unher procesaiDl.
niques are used in pin control over a large operational Compensation circuit 100 is comprised of an opera-
gain range. Sor proper operalion of the mobile teJe- tional amplifier. op amp 102. which has an inverUng
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\Vhere~~· :'
Ga is rbe real part of the aCOU5UC admntance: and
Cis IS lhe real parr or" the sou:;c and load admittances.

Also. it ma)' be shown that ':le mple rransn response
(TTR) of Ihe compiere filter IS defined by:

(21

6S
InpUI coupled ro recei\'e the ACiC silnal through Input
resIStor UN. The invenin. input is also coupled ro rhe
outpur of 01' amp 102 lhro. a nonlinear feedback
Clrcwr comprised of series coupled rCSlSlor 106 and
diode 108 which are coupled in parallel wirh vanable S
rCUllor 110. The nonmverun.inpur of 01' amp 102 is
pro\'ldedwith a reference or bias volt..e across diode
112 that IS provided tbtouab resiSlOr 114 from rhe sup­
1'1)' voltale- vee. aesilton 104. 106 aDd 114 are typI­
cally of the sameresistanee. c.,.• 10 Kn value. while 10
vanlble retitlor 110 is capable or Providinl a much Using the relationships scr. fonb by equalions (1) and
larpr resistance value. e.g. SO Kn. (2). one can co_ute tbal for a t".ple transit response of

In Ibe opcracicm of c:onqJeIIlaUOn c:iI'c1D&" 100. when 30 dB. relalive to the main sipal. an insenion loss of 12
rhe AGC voJtaae is above the bias voltap appearing at dB CUI be eeJUeved.
the noainvenDal inp1n of01' uap 102. ·the pua1le1 resis· I' AlIlplifier cil'Cllit Ito is constl'UCUld in a manner simi·
LanCe cOIDbiaMioa of raiaor 106 and va'" resislor Iar to that Of..plifter circuit 120. Amplifier circuil 160
no. .... with iaput raiIIor ... (1.1861' RIIOIRI04) is is camp..... Of dual gate PET amplifier 162. prefen.
seta fim llope pia curve for operation of op amp 101. bly the same a PET 121. whleh Ila Ofte pl' (Ci,)
When tbe AGe voltate il below the Was Yolta.e~ the, coupled thtoup resillor I" 10 tbeo~tpUt of 01' amp
value of variable resislor 110 alonl wirb input reustor ~O 102 and tbro.,h capacilor 1$5 10 aroUnG. TbJ olber
104 (RIIOIRIM) set a second. and difJ'ercnl. gain curve .ace (01) of P'!T 162 is c.led to the' ou.tl'ut or SAW
for operatIOn ofop amp 102. Funhenftore diodes 108 filter 118 for receiving the ft1c.rtd daM1'lirted IF
and 114 arepNfera'blY of the same type such thar sipal the output therefrom. ,and is coupled to ,round
chanlll In tUlperahlrc affectinl diode I•. and Ibus the " tbroulh the panne.eom_ti~of resistQr 170. vari·
feedbacK. 311niJarly affect diod. u.. and lhe biu voir·· able capacitor 112 and iftchlCtOf 174. TbJ $puree (S) of
.,e. In Ihe-alternative. diode 114 may be replaced by a ~T 161 is also coupled to.~~ IttfQ"ih tbe parallel
rem~lu~ sensitive element such as a tbemlstor. It combination of resistor 116 and,-plCitor 171. The
sbould be understOOd thai the bias voltaIC appanng at drain (D) of PET 162 is coupJedtpt~lupply volta••
the nomnvenift, inpbt of op amp 182 may be estab- '0 .;.vec throu.hthe parallel eomljriaitiolJ of resistor 110
lished at manY d,iff'crent. lev~ls and by many different - and inductor 112 while also ,beta•. coupled to .round
wayttbat.,. weUkilownin the an. throu.b vitiable capacitor 1.... nae outS'ulofFET 162

The~nstpat itfIerated by compensation is provided thl'ou.h variabl. capacitor 1" also coupled
cirewt leo is~ ttOftaCIP amp 182 to both of amph. ro the drain (D) of FET 10.
rter ~12D'dd'_' AIft1'Iifier~t 128 is tYPI- 3' The vol...t alSat. (0,), Udetemsined by ~he output
Cilly compritedot dual pte FEY amplifier 122 whIch of op amp ,02. ... controls Ih. lev~ of au of fET
bas one .... (0" Coupled throuah resiStor 124 to the 162. 'nae. IF sPl.outpln from SAW:ki ISO is anapJi·
outpUt of CIP '~ 102 and throuah capacitor 126 to tied at the ..~.pin level by., 162 with the
JI'OUDCI. ~. other pte (Oz) of PET 122.receives the output Yol~ ...-rin. al tbe OJlt\P~tofvariable ca·
input IF siJnal fhro..... variable capacitor I~. and is 40 pacitor IN.~ paraliel ~bi~lIO,! of resiStor I~
coupled 10~ tbtQuah the parallel combination of and induClOr 112 are of~ selecteeS such that, In
resistor 130. ",..Ie capacitor 132 and inductor 134. combinl.tioo with the ilJPU,t .iJDpeduce of PET 162
The ~ret(SrOfPET .122 is also coupled to ground appear1n.at the .ille (Ciz)••,UApedanee of this circuit
throuP I~ .....1combination. of resistor 136 and provides lbe proper lGaC1 for. the outpUt impedance of
ca.,...:itor ,-TIle drainJD) or PET 121 is coupled to 4S SAW faltu 110.
th. supply ,,01. +vee tbroqh tbe parallel combi- . In sbo~ be'~ that". ouqMlt impedanc:e of a
~ of .....r 1410 and inductor 142 while also being PET is tYPictJl¥, pter tW the input ilDpedaac:e. In
coupled 10 pOund tbrou.h variable capacitor 144. The amplifier c;ircuit.~ ...... I. is UMd to set the out-
dram tP) ofFET 121 is coupled to lb. input of SAW put impeduceot-. =-.·19...cbeiQput ofSAW
"ltu I. $0 (Slter 151.In~..circ1Iil'.""'110 is UIIId tone vol..... at pte (Ol~a~ by the outpul set the iDput~ of cirqiI to m&c:h lbe
of op aIIIP .102 coauoil the level of piD of FET 122. output ilDPld" 0($.0\W·tUw 1)0 value ofrail·
TheiDputlf':,..u ......Iifted at ,the detetmined .ain lor 1'70is'"iD.~._~ I tM iIlpUI
I.vel by ,.,. •..~ willi the out", voI,,-.e appearing ~a""of. FIT is , ilDpe·
aetoII the iDpat tfllllduc:er (not shown) of SAW fiher " daac:e. T'JaiJ••'SCb ia &IIIfUfta"'~I:f val·
lSO.ne.".ueaco,t*Uoaofraistor 1"" and indue- uesproYidllew- tioDfQr .. cU'eNDca ill FET
tor Ita ...of~__eel IilCh that. in combinauon input an4.._ CIt r.,. impedl" _&cilia. to
WIth lheOUIIUt.~ofFET Wappeal'in.at tbe any circuiC..... 111 1M.._mal Ibown herein.
dniDJDlt dIe.~.ace .of this circuit supplies the the rCliltotl larpIy III die ....__ with variations
sourc:c~.... by SAW filter ISO. 60 in FET iaIped arellOl criticaL It is further CIlY1·

It ... .be shown by lllial simple. tuned matching sioned thai pia couI4 be realized UIiaI UUIS·
netWOrb..&hc tocaJ insertion loss ilL) of the comptete former m.lCbia. *6Wqucs.
SAW falter is approaimately: FICi, 3 UJIlIUI. jp .......... fOl'1D the pia charac·

teristics 0( the aaplifter. cin:uit wilhau& CCNDpen..tion
( I' 6' of tbe AGe aipal. Th. solid line aDd lbe daabId liDe

respectively represent thelClual pia characteristic
curve and the desired gain cbaneteriltic curve. The
circuit hu straight line control of gain in dB for gun
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values from about -40 dB to about 20 dB. The uncom· said filter matls has a predetermIned Input and out·
pensated .:npJifier CIrcuit thus provides an operational put impedance:
rel10n of60 dB. where pin in dB is I linear function of said input amplification matls IS funher for provld.
the input vollate Ipplied to the pin control input of the ill' I selected output impedance so IS to match saId
amplirten. In the rqion belo\\' -40 dB. the actual gain 5 filter means input impedance: and
deplns quite radically from the desired straight line said output amplification means is funher for provld·
desired gain curve. It is this region below -40 dB in, a selected input impedance so IS to match said
which the present invention predominantly seelts 10 filter means output impedance.
provide an ifn1n'oved correlation to the desired gain 3. The amplific::ation circuit of claim 1 wherein said
characteristic curve. 10 filter means compnses a surface acoustic wave (SAW)

FIG. 4 illustrates in IPPhicai form the pin charlc. filter.
tenstics of the amplifier circuil with compensation of 4. The amplification circuit of claim 3 wherein said
Ihe AGC sipal. 11Ie solid line aDd the dashed line again input and output amplification means each comprises a
respectively represent tbe actual pin c:baractenstic FET amplifier.
curve and tbe desired linear pin cbatacteristic curve. 15 5. The amplification circuit of claim 4 wbereiD:
The circuit has Itrailhl line control of pin in dB for Mid rtJter bas a predetemlined input and OUtput impe·
gain values from about - 75 dB 10 aboUI 10 dB. The daace:
compensated amplifier circuil Ibus provides an opera. said input ampJif'lCation means FET amplifier has a
donal region o(operatioa of about .5 dB. where pin in predetermined output Impedance matcbed to said
dB is a linear function ohlle input voltaae applied to the 20 rtller input impedance: and
pin control inPUI of the amplifiers. III the relion below said output amplifICation means FEr amplifier has a
_ 75 dB. the actual pin is markedly closer to the de. predetennined input impedance matched 10 said

fI fiI_ output impedance.
sired scraipt line pin curve than or the UIICOmpen' 6. A.. aaqmfler circuit. for use with aD automatic gain
sated circuit. It is therefore radily be seen that by pro· " control (AGC) c:ilcuit which ,aerates an AGC si......
"'iding a compensated AGe sipal in the amplifier clr·· (or in response to said AGC sipal proV1din"ain con-
CUlt o( the p~t in~tion. that .an exteaded range of lrol of an input sipal over a hilh d)'IIIJIlic ran,to said
iam control ,m dB~ whic~ IS a Iiaear fWICuon of the aain control bein.alinearfunetion ofsaid AGC CODtrol
Input AGC ~paI. J$ ~Ie. . sipal comprisin,:

The. prevt~us dacripuon of the pre(~rred.embodl' 30 a compeDS&tion circuit havin. an input aDd III output.
menlSlS provided to~ any~uill~ In the an said cOttqlellSltioa circuit capable of receiving said
to make or uset.~ ..~a. The v~us modi· AGC sipal at said compensation circuit input and
flCaUOll$ to.theM,embodilllCfttl will be readily apparent modifyina said AGC sipal acaonIiD, to predeter.
to those IkiUed .. tbe an. ad the ,enenc pnncaples mined pin c:oaapensation cbaActeristics so u to
defi_ hereia may be applied to other embodiments 35 provide • IDOdif"IId AGe sipal at said compensa.
wit~t t~~ oft~ inwatiy. facul~y..Thus. the pres· tiota circuit 0IltpUI;
ent .lIIvenuoa IS not ...~ to be limited to the ~. a first amplif"ser bavin, a pair or iDpuu and aD output,
bodiIIIenlS shown herein bullS to be accorded Ihe Wid· one of Mid lint amplifier inputs coupled to said
est sco~ collliltent with the priaciples aDd novel fea· compensation circuit output ..... aaother one of
tures d~sclosed hemn. 40 said ftnt amplifier inputs capable or reeeivin, said

I claim: . . ,. ... input signal. said fint amplifterhavinl panions ora
1. An amplification CUCUlt for ampiifyrn, an Input pin rup in decibels (dB) whiCh are piecewise

sipal whereIi~ pin in deci~ (dB) il a linear func· linear with respect to said AGC si..... and said
lion of a control SI'.... COlDpnsIII.: lint amplifier pin ran,e linear with respect to said

compensation means for receiving a control lignal ., modified AGe sip:
and generating a corresponding compensation Ilg· a filter havin, an input and an output. said filter input
nal accordin. to predetermined gl1n compensation coupled to said fant amplifier output: and
characteristics: a second ampJitier havin, • pair of inputl and aD

input amplification mans for. receiving an input output. ODe ofSlid secoad amplifier inputs coupled
signal and said compensation lipal. amplifyin. SO to said compensation circuit output and another
said input signal at an input pin level determined one of said second amplifier inputl coupled to said
by said compensation sip and providinl a carre- (dter OUlput. said second amplifier havin, portions
spondin, input amplifICation meus output sipal. or a pin rup in dB which are piecewise liDcar
said input amplifICation means pin in dB being I with respect to said AGC sip. aDd said second
linear function of Slid control signal over a precie· " amplifier pia range linear witb respect to said
termined pin ru.e; modified AGe signal.

filter meaDI for receivin. and fallering said input am· 7. The circuit ofclaim' wherein said filter comprises
plification means output sipa1; aDd a surface acoustic wave (SAW) baDdpass filter.

output amplification means for. receivin, said rdtered •. The circuit ofclaim , wherein Slid fant and second
input amplification meaDS output sipal and said 60 amplusers each comprise a dual gate FEr amplifier.
compensation sipal. amplifyinl said filtered input t. The circuit ofclaim 7 wherein said fant and second
ampliflCalion means output sipal at an output ,ain ampliflef1 each comprise a dual gate FET amplifier.
level determtned by said compensation sipal and 10. The circuit of claim 9 wherein:
providinl a corresponding output amplifICation said fine amplirter funher comprises a firse impedance
means outpue signal. said output amplification 6' matebia, circuil coupled to said first amplireer
matls gain in dB being a linear function of saad output for matehin. an input impedance of said
control si.nal over said predetennined gain range. filter for a predetermined level of triple transit

2. The ImpJification circuit of claim 1 wherein: response of said mtet: and
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saId second amplifier further compnses a second amph!)in,an l!lPut sipalat an Input ptn level deter·
Im~ance matchinl circwt coupled to said firsl maned by* COlDpeIIIaUOII sapal and provIding a
amplifier other mput (or nwclUnl an· output impe· corrapondin, first ampbfaed u,nal. _ first am·
dance of wd filter (or saic:i predetermined level of plirted,sipaJ betn, o( a pill in dB which is a linear
triple transit response o( said filler: and S function of said canuel SIpal;

wherein saId tiller has an i~Jon lOss corresponding fillerin. said first amplified sipal: and
10 impedance levels established by said lirst amph· ampli()inasaic:i mitred first amplified sipal at an
tier in combination wltb said first impedance output pin level determined by sail;! COrnpeQSltlon
matching circuit and said second amplifier in com. SI,nal and providina a CorrespoDdinI sec:ond am·
binanon with said secolld impedance matching 10 plified si"",. sUd MCOad amplified sip being of
circuit. a pin in dB whicb is a liDar function of said con·

n. The circuit of claim 6 wherein said compensation trol sipaI.
circuit comprises: 1'. The~ QfcJaim II. wherein said input sianal

an opentional amplir.... haYia, a noninvenmg input is amplifiedb)' a tint ampIirc. said rU'$t aaapIiI"aed lianal
capable o( receiving a reference voltale. an inven. l' is filtered by a ftlter havina. a predecermiDld input and

output impeduc:e. lAd said m..ftnI UlPIified lipal
ina Uaput ~ble of receivinl an AGe sianal and is amplififd by • Il!COftd amplifier. Mid _bod funher
an o,utPUl: aDd , comprtsinl the step of providinl ialpedqce lUte:hing

a nonltn~r feedbac~ network coupled ~~een saId of said ftnt and second ampUllers to said rllter (or a
~lOnal amplifier output and wd Invenlng 20 predetermined level o( ftller triple U'IIIIit response.
mput.", , . 17. The method of claim 15 wherein uid step of ,en·

ll. The CirCUli of claim 11 funher compnslng there enting said~ sipaI compmes the stepS of:
mal compnsahO~ means coupled to said nanlnvenlng modifyinl said control sianaJ accordinl to a first lain
Input for controlling the level of saut reference voltage compensation curve when said control sianal is
as applied to wd noni~vertinlinput. . .:5 below a lim predecermirled level: and

, 13., The CU'CUit of claim 9 wl'lemn wd compensation modifyinl said control sipal accordill' to a second
Circuit compnses: . ,.. ialn compensation clltYe when saidc:ontrol signal

an operational amp havlnl a nonlnventng Input capa· is above said lim predetermined level.
~le of rec:eivin. a refer,ence voltale. ~n invening II. The amplification circuit of claim 1 wherein said
Input capable of receJYlnl an AGe siinal and an 30 input and OVIpUf ampIiftcation means each provide sig·
OUtput: and nalgaln itt dB u a first liaear function or said control

I IIOIIliuar feedback network coupled between saId siJnll over a portion of IIid predetermined pin range
op ....., oatput and said inveninl input. and as a IICond linear ractioa or said control sianal

14. The circuit of claim 13 funher comprising com· over .ains eaoeedi.. said predetemrinect lain range
pensation means coupled to said noniftveninl input for 3S portion. said~ means modifyin, said con·
c:ontrolliq the level ofsaid reference volta,e as appiled troJ signal con..... to input and outfJ8l·lftI1'lifica·
to said nGlriftverring input. tion means piM uceedinl said predetermined gain

15. An nlettiod for UIIplifyin, over a biah dynamIC range.
ranle an input sipel where sianal pin in decibels (dB) 19. The circuit of claim 6 wherein said 8nt and sec·
is I linear fwte:tion of a control sipl. said. mc.th.ad...a. ODd amplifien are m,onsive to said modified AGC
comprisina the steps of: signal for providiftl. tipal pin In dB ewer said gain

generaml. in response to a linear control signal. a range which is in linear corresponclence \\11th said AGC
corresponding compensation sllnal accordang 10 signal.
predetermined pm compensation characterIstics;
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[57] ABSTRACI'

In a cellular telephone system a system for directinl
communications between a mobile user and cell-sites u
a mobile user chan..cell-site service areas. The mobile
user includes &D apperahll for. while in commUDication
with another lysteID user via one cell-site. cletenDiDiDl
• trIIIIition of the mobile user from the cell-site service
area to the service area of &Dother cell-site. The system
iDcJudes circuitry reaponsive to the indication for cou­
p1iq c:oaunumcuions between the mobile user and the
other system user via the new cell-site while the mobile
user also remains ia c:oaununicalion with the system
user via the tint cell-site. lbe system funber includes
apparatus responsive to the coupliDl of the communica­
tions between the mobile user and the other system user
via the new cell-site for terminatinl the c:oaununica­
tions between the mobile user and another system user
via cell-site with communications continuiftl between
the mobile user and the system user via the new cell­
site.
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border. When the signal level falls below the predeter.
mined threshold value. the cell-site asks system control­
ler to determine whether a neighboring cell-site re­
ceives the mobile telephone sianaJ with better sianaJ

, strength than the current cell-site.
BACKGROUND OF THE INVENTION The system controller in response to the current cell-

I. Field of the Invention site inquiry sends messages to the neighboring cell-sites
The present invention relates to celluJar telephone with a handofT request. The cell-site neighboring the

systems. More specifically, the present invention relates current cell-site employs special scannina receivers
to a novel and improved system for controlling handofT 10 which look for the signal from the mobile unit on the
in communications of cell-site stations with a mobile s~ified channel. Should one of the neilhboring cell-
unit in a code division multiple access (COMA) cellular Sites repon an adequate signal level to the system con-
telephone system. troller. then a handofT will be attempted.

II. Description of the Related Art Haadofl'it then initiated when an idle channel from
The use of c9de division muJtiple IC:CeIS (COMA) " the cbanael .t used in the new cell-site is selected. A

modulation teehniques is but one of several techniques control message is sent to the mobile telephone com-
for facilitating communications in which a lar.e number manding it to switch from the current chaDnel to the
of system ,users ~~ ,present. ~lthough other techniques new channel. At the same time, the system controller
sucb as tame dIVISIon muJuple access (TDMA), fre-. switches the call from the (lISt cell-site to the second
quency division muJtiple IC:CeIS (FDMA) and AM mod- 20 cell-site.
ulation schemes such as amplitude companded single In the conventional system a call will be discontinued
sideband (ACSSB) are known, COMA has significant iftbe han401f to the new ceNosite is unsuccessful. There
advantaaes over tbese other modulation techniques. are many reuoas that a failure.in handofT may occur.
The use of COMA techniques in a multiple access com- HandofT can fail if there is no idle channel "vailable in
munication system is disclosed in U.S. patent applica- 2' the neighborin. cell for communi.catina tile WI. Hand­
tion Ser. No. 06/921.261. filed Oct. 17. 1986, entitled
"SPREAD SPECTRUM MULTIPLE ACCESS ofT can also fail if another c.ll-site repons hearing the
COMMUNICATION SYSTEM USING SATEL- mobile telephone i~ question. ",,:hen ~ f~ this cell-site
LITE OR TERRESTRIAL REPEATERS", now actually ~ean a different ~Ie UDlt~ the same
U.S. Pat. No. 4.901.307 assigned to the Assignee of the 30 channel, In a co~pletely d~t cell. This reponmg
present invention the disclosure thereof incorporated error WIll result In the call beiDa IWIlChed 10 a wrong
by reference. • cell. typi~ly one in ~tue:h signal strenlth is insufficient

In the just mentioned patent, a multiple access tech- to ~wn commu~cauons.Furthermore should, the
nique is disclosed where a large number of mobile tele- mobile telephone fad t~ h~ the command to SWItch
phone sYltem users. each having a transceiver, commu. 3' chann~ls.,the huldofT will fail. ~etual operaung expen-
nlcate throulbsatellite repeaters or terrestrial base sta- enc,e indlClt~ that ~~ failures occur frequently
tiont (also known as cell-site stations, or for shon, ceJl- which questlons the reliability of the system.
sites) using code division multiple access (COMA) Another common problem in the conveotional tele·
spread spectrum communication sipall. In using phone system ocean when the mobile telephone is near
COMA communications, the frequency spectrum can 40 the border between two celli. In this situation the signal
be reused muJtiple times thus permittiftl an increase in level tends to fluctuate at botb cell-sites. This signal
system user capacity. The use of COMA techniques lev~l nuctuation results in a ping-ponling situation in
results in a much higher spectral efficiency than can be which reputed requests are made to hand the call back
achieved using other multiple access techniques. and fonh between the two cell-sites. SUch additional

In the conventional cellular telephone systems the 4' unnecessary handofT requests increase the possibility of
available frequency band is divided into channels typi- the mobile unit incorrectly hearinl tbe channel switch
cally 30 KHz in bandw1dlh while analog FM modula- command or fail in bearing the command at all. Fur-
lion techniques are used. The Iystem service area is thermore. the pin,-pcmgiD. ~tUItion...... dle possibil-
divided geographically into cells of varying size. The ity that the call will be discbatinueci if it is.WIIlecessarily
available frequency channels are divided intO sets with 50 transferred to a cell in which all chdnels are currently
each set usually containing III equal Dumber of chan- in use and thus uuvailable for accepting the IwtdofT.
nels. The frequency sets are assigned to cells in such a It is therefore III object of tbe present invention to
way as to minimize the possibility of co-cbaDnel inter- provide in a cellular telephone Iystem improvements in
ference. For example, consider a system in which there call handofT between cell-sites and tbus provide greater
are seven frequency sets and tbe cells are equal size 55 service reliability.
heDloDS. A frequency set used in one cell will not be SUMMARY OF THE INVENTION
used in the six nearest or lurroUlldUtg neilhbors of that
cel]' Funhermore. the frequency set in one cell will not In a COMA cellular telephone system, tbe same fre-
be used in tbe twelve next nearest neighbors of that cell. queacy band il used (or all cells. The COMA waveform

In the conventlonal cellular telephone system. tbe 60 propenies that provide processina pia are also used to
handofT scheme implemented is intended to allow a call discriminate between sipals that occupy the same fre-
to continue when a mobile telephone crosses the bound- quency band. A mobile telephone or unit thus need not
ary between two cells. The IwtdofT from one ceJl to switch frequencies when bandofT of the call is made
another is initiated when the cell-site receiver handling from one cell-site to another. Furthermore. the proba-
the call notices that the received signal strength from 6' bility that the call will be discontinued if the haDdofT
the mobile telephone falls below a predetermined command is received in error is substantially reduced.
threshold value. A low signal strength indication im- In a COMA cellular telephone system. each cell-site
plies that the mobile telephone must be near the cell has a plurality of modulatoredemodulator umts or
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srread spec.rum modems. .£ac:h modem consis.s of a priate setup channel of thaI cell·sile. The setUp channel
c1lgawspread spectrum U'UImi. modutor... least one is transmitted by the cell·si.e usia, one of a plurality of
diJiw spread spectnllll data receiver aod a searcher different predetermiJled spread spectrum codes. In an
receiver. £ac:h modem al the ccll-site is assiped to a exemplary embodiment of lhe present invenuon.
mobile unit IS needed to facilitate communications with ~ twenty-one different codes are used. However. it
the usianed mobile unit. Therefore in many instances should be understood thaI more or less codes could be
manylDOdemsare availabJe for use while other ones used in the setup channel .. determined by sYSlem pa.
may be active in commllnicatill' with respective mobile rameterS. 11Ie mobile unit then bqins a search tbroup
uniu. III the presenl illvlDlioa • handoff scheme is em- all of the ditrerentcodes used in the~ channel.
ployed for a COMA c:eUuiar telcpJacme system in whicb 10 WheIltbe mobile unit identifies the appropriate setup
a new c:eU-site modem is UIipecIto a mobile unit while code for lhal cetJ.site, system iftformation is received
the old c:ell-site continues to service the call. WbeD tbe and processed. The IDObile unit funher monitors lhe
mobile wt is located iD the U'aDlition rqion between setup· chanDel foi' control m_,es. One sucb control
the two ceU-si... dae call can be lwitebed back aDd mesa,e would indicale a call· is waitin, for transftr to
forth between ceII-siteI IS Iipa1 streqlb dicwes. Since I ~ this mobile Wt.
tbe mobile wtis always commUDicatinl tbrou.h at The mobile unit COIRiDues to SCaD the received pilo.
leu. one ceII..ne. DO disrupliq effec:u 10 the mobile carrier Iipal code at the code offsets correspondill.1O
unit or in service will occur. nei,bboria. ceU-site traDlmined pilot sipals. This

When mobile URi. communications are rumly estab- scaDIIID, is doll. in order to determine if the pilot sipal
lished with the new cell...... e.l. the mobile unit is well 20 emanalin. from DeiIbborinI ceUs is becotDiD. slrOft.er
Within the new cell. the old ceQ-si.. discoatinues servic- than the pilot sipal rlrSt determined to be stronaest. If.
inl lhe call. The just delcribed haDdoff techniques can while in tbis call iDactive mode. a nei.hbor cell·site
be considered as a "10ft" handotT in commuaications pilot sipal becomes ltronJer than that of the initial
between cell·sites with the mobile uni•• The soft budoff cell-site transmilted pilot Iipal. the mobile unit will
is in essence a make-before.break switehill. function. In 2' acquire the s.ron.er pilot sipal and corresponding
contrast, conventional c:ellular telephone systems can setup clwmel of the new ceI1osite.
be considered u providin.a break·before-make switch· When a call is initiated. a pseudonoise (PN) code
ing function. add,. is determined for use durin. tbecourse of this

In a COMA cellular telephone system of the present call. The code address may be either '-peel by the
invention. a soft haadotT techaique is implemented 30 cell-site or be detennined by preamn.emenl baled
which also permiu the IDobilc unit to miliate a bandatT. upon .be identity of the lIIClbile uniL AAer a call is initio
The mobile unit is also permitted to determine the best ated the mobile unit coolillues 10 leaD the lriIot sipal
new cell-si.e 10 which coauauaications are to be trans· traDllllitted by ceU-sites located ill DeiJhborift. cells.
(erred to frOID aD old cellosite. AlthouJh it is preferred Pilot sipaI SCUUIiD. contiaues in order 10 detenDiae if
that Ihe mobile unit iailiate the bandotT request and 3~ one of the -1hboriD. cell.... trallllDinedpiJot lipals
detemaine the new cell...... handotT process decisions becomes sU'ODpl' tban the pilotlipal traalmined by
may be IUde IS in the conventional cellular telephone the cell-site the mobile uni. is in COIIlIDunication wi.h.
system. As dilcUlllid previously with respect to convene Whell the pilot sipaI traIIIIDined by a ceQ-site located
tional _yscems, the cell-sile determines when a handotT in a neiPboria. cellbecoIIIes IU'OIlpr thaD the pilot
may be appropriate and. via the systeID controller. reo 40 signal tJ'Ullmiued by • ceII-sile in the curreat ceQ. it is
Guest neilhborinl cells to aearch for the mobile unit an indication 10 the mobile unit that a new cell hIS been
sifnal. The cell-site reeeivini the SIrOqest si.nal as entered and that • haDdoff shouJd be iIlniated. In reo
determined by the system controller then accepu the sponse to this·piIol Iipal IU'eIlIth deteftBination. the
bandoff. mobile unitlenentel and traDllllitsa control ......e to

In the COMA cellular telephone system. each cell· 4~ the cell·site presently servicin. the call. This control
site transmits. "pilot carrier" lipal. This pilot signal is lIlClIUIe. iadicative dIat • new cell-sile tnnIIDitted pilot
used by the mobile units to obtain iDitiaJ system syn· sipal is now IUaIIICf thaD the current celkite traftS.
chronization IDd to provide robUlt tilDe. frequency and lnined pilot sipal. is provided 10 the system controller.
phase trackinl of tbe cell-lite traIII1Ditced si.nals. The CODU'Ol~ funher c:MbIin' iDfonDatioll il:hm-

Each ceD·lite also U'IDIDts ......up.. channel com· 50 tif)'ina the new eeu.... 1DCI PN code. The control ...
prised of spread spectrum moduiatedinlOftlWion. such saae u relayed to the system con.rolled. iIlterpretlid
as cell-site ideatirlClllioD, s)'ltetll tiaaiD•• lDObiJe paJing that a baadoft' in IIIOINIe unit COIIIIDWaicatio to tbe
in1'o......tioD and variouI other coauolsipa1s. The pilot i_tifted new ClIIHi1e is to bqiD.
sipaitraDllDitced by acb ceII-site is of the same spread- The systeal coauoUer DOW bqiDI the hIadofI' pro-
in. code bu. with a diff code .phaIe atTset. Phue " ceu. It IbouId be UDdentood dIat dUliD. -..off the
otTset alloWi the pilot Ii to be disliquished from PN code addna 0( the panicuIar IDObiIe unit wltich is
one IDiOtber reaukiq ia distinpaiIiuDeD.between cell- to under',o the 1wIdoft' procell Deed not CIwI... The
sites ffOlD which they oria1Mte. Use of the same pilot S)'SCCJD coatroJIer bqiDs the haDdoffby ..... irJ the
sipaJ code allows the mobile unit to find system timiDl usipmea. or • modem located in the DeW'OIII-tifoe to
syncbroai&atioll by a .... MUCh tbrou.b all pilot 60 lhe call. This modem is liveD thePN ....... --=-Ied
sipal code phases. The stronlest pilot signal. as deter· with the c:aII in commUDications betweea the 1DObiIe
mined by • correlation process for each code phase. is unit aod the current ceQ-site modem The newceU-si••
readily identifiable~ The ldefttified pilol sipal corre- modem _peel to service the c:aU searcItes far IDCI
spondJ to the pilot Iipal trUIIDJiued by the nearest finds the mobile unit traDI1Dined sipaI. TJIe ceII-site
cell-sile. 6' modem also beIifts traDIlIIittin. an ou.bound sipaJ 10

Upoa acqllisitioa of the stronlest pilot signal. i.e. the mobile unit. The mobile uni. searches for this OUI-
initialsynchrollization of the mobile unit with the stron· bound sipal in accordance with the sipal and setup
gcst pilot signal. the mobile unit searches for tbe appro- channel information provided by the new cell-si.e.
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When the DeW ceJ1~te~ traasmitled sipaJ is unit .paI and selec:ts the lilft" with the best quality
acquired. the ~.""'tc'~over to liIteaiDl to indiclcioa.lt ...... be U8detslOOcI that it is possible to
this sipal. The -'tile. .. .... tI1UII&ftju a coDlfOI tnIIImit tbe lDIdecoded or even the undeftlOduJated
messqe indic.tUta that ~QIf • complete. The con- sipaIs to tJaeI'"COIItroIlet in order to allow. bet-
trol mcuap is provided by cit~eror bods of the old and 5 tel' diversity COIDbinin, process to be utilized.
new cell-site madems tQ the .SYS&eID ~roUer. Ia reo The haadoff process in tbe celt dtverIity mode is
sponse to this c:cmtrOi Ill.... the ')'IIem controller iDitiated as preYioudy cIiIcuued. The mobile unit deter·
switches the call over to tIM: aew celkite modem alone IIIiDes that a _JIIboriq ceJkRe tnnsmitted Ii..... is of
while discoqtilauiq, the ·~cluwp the old cell«e a lipallU'ellltb pIal·enoopto allow pod quality
modem. The old celkite'" tbeft _ten a pool of 10 cIemoduialioa oItbe Ii.... The inObUe unit·trlllllDlU a
icUe mode_available for.,.,........t. controlmw•• to tbe CIfteIIt celkite illdicatinl the

As an addmoa., impro~t. the haadotT process idemity of this new e:eu... aIId a request for the cell
can iDtrodw:e a SOGODd~ of'operatioL TbiI second diYenity mode. The celkite then nllays the celtosite
mode is refeJnd to ... as. ceU-sile diversity ideDtity ad·,.... to the system COIItroiltr.
mode. The subject matter on the cell..ite diversity 15 The .,.... aIIICl'OIler responds by COI'UaeC'tinI the
mode is £unber dilc:loIed .. 01Pt.ndiq U.S. patent ap- caD to a IIlOCIea in &be new cell.... The lY'tem con·
plie:ation aatided "DIVD$ITV RECEIVER IN A troUer then 1*forias divenity c:oabilUnl of the lianals
CDMA CELLULAR TELEPHONE SYSTEM". Ser. received by the two cell.... while the tllObile unit
No. 07/"32.552. filed Nov. 7, 19.9, lty the inventon plriOl'lllS cliWlllily coaatIiaiII, or die Ii..... received
hereof and _peel to the AlIi.... of the present in- 20 from &be two ceI1-stleL The cell diversity mode COIttin-
vention. ...astoq • alpals receiYed f'ftIIII both een.......of

In the cell-lice diversity mode the call is allowed to a lewlluftIcienI to permit IOOd quality deIDocIulalion.
linger in the in-between .... II delcribed above with The mobile unit COIIIiDueI fO·1eIJ'CIt for liptals trus-
reference to the call beIn, processed by two cell-sites. miRed from other eel..... II. third celt-sile tI'aIlIIDit-
In the eumpJary CIIlbodilDCDt deseribed herein with 15 ted IipaJ '*'II."stroIlaer thaD one of the oriliaal two
reference to the mobile teJepbone of the present inven- cell-site lipall. the control _p is theft tranItrIitted
tion•• total of three demodulator procellOn or receiv- by the mobile _ via at Ieut one current cell-site to the
en are utilized. One of tIM: receivers is used for the system controller. The control maule iadic:ates the
SQMinl functioD. While tile two other reeeiven are ideality of thiI ClIU-lite ... a request for bMcIofI'. The
used u a twQ cbuIIel diversitY receiver. Durin& opera- 30 sys&eIII e:aaualer thea ctitcoInin.. the call beial com-
lion in a siaaJeoeU. the........ receiver attempts to mUllicated via die ....usa OIII-site .pa1 of the three
find the cell-siJe .......iaed Iipal cnveUina upon muJ- while providiII, the cd ..... the two stroll,est
lipJe pathuo &hI1IIObUe.uit. These muJtipath sipals ceU-sites.Sbaaldtbe IDDbtIeUllitl be equipped with
are t"...y.CUMd lty rdecIionI of die sipals from additioDal reaeiven. IUdI • tau. receivers, a triple
terrain. hyjIdilap .... otbIr sipals obItruc:lions. When 35 cellosite divenity __ may be implemented.
two or IDOnI suc:b f'lftec:tieuare found. tile two receiv- The celkiCe diWnicy IDOde is teriDinaled whea the
en are ....... ao· the two uraqat peths. The scan- mobile unil that GIlly one cell.... is provid.
Dia, receivercoaUaues tocvaluate the multiple paths to inl adequate for quality ddIoduIatioa; The !DO-
keep the two receivers lyacbraaiItd with IipaIs on the bile unit thlD a COIdl'OI -.. iacIIcItiW of the
two Slronlest paths u patbcaaditioas chanp. 40 cell-site to ill ....nica_ upon ttrIIIinaIion

In the. "'..siJe diversity mode. the strolliest two of the ceU-site cIiYenicy 1Dode. The celkite cHwnity
paths fromuch ceU-site is detenDined by the search mode may also be WIIIinated by the.,._ ClDIdrOlhltir
receiver. Tbe two nlCCivers are _peel to demodulate the sys&elll were to becoIDe CMn'Ioeded ... ID iDIufti·
the sipab DIS the stroll'" two pedis of'the four paths cient number of modems available to supponall aIObiIe
available from the on.... ceQ·Iite and from the new 45 unit requests for d of operation. The ceU-site
cellosite. The .. c:tealodulation proceu _ informa- diversity made • d is ilDpltmenled "Y.cIeciIiOn
tioa from both of thaereceivers in • diversity combin- beinllDlde .. tile IIIOIIile ail to opente in the ceU-site
in. operatioft. The resulI of this clivenity combining diversity made. However. it should be UIlderaood tllat
operalioa isapady iIDproYed resiIIIDcle to deleterious the cell-lite diwnity 1DOde cu be implemented with
fadia, that may occur ill tile .u1ti-pathl cellular tele- 50 the dec:isioM lar .apentica .. dais IDode bei8, IDIde at
phone~t. the IYSlelll 0DIdft»IIr.

AJthouP....Itypes ofdivenity combiDing tech- The pc.-._ '1'_ prowidela......tiII iIDprove-
niques arelulown in die an. tile r--t iDvearion uses _lover ,...at. ClIIDIar _phaae .,... with reo
divet'lily cwalIiDiD, CO lilllificaady advuce the quality spect to ........ IIMdoft: Tbe ·,tt Wore-bniak
IIId reliMitityaf ClOIUI·.....1ioDs in a mobile cellular 55 ....otT_h '. otthe..-iIlYllltioll isa lipifi-
telepboRe .y.... In the ,.....c inveat:ion a rorm of cant improv._ in oveNII .,.... reliIbiIity with
m.Jim.' nIio. COIII_", is utiliad. The lipal-Io-noise lower servioe ....... T1Ile iIIIpillDlDlIdoD or. celt-
mio iI.dttlIraIinC for both ........ CClIDbiaed with site diversity..providIIfatther ialPfO\I....over
thocoatribeIctDDI from the two padII wei,hled accord- CClIIIventiollal 0IIluIar UlIepaIclae syIleIDS byprovidin,
inlly; ~.is·COhereDt....piJoIlipaJ demodu- 60 additiouilysteID retilbility ... quality in CC8BlUJlica·
lalion allow. the pbue of' each pub to be determined. lioas.

In the pub ·frOm the lDObile UDit to &be two ceU-sites,
path diva'lily NcePCioD is also obu.iaed by having both
cell..... cMmod*te the lIObiIe Ullit trIDIIDitted sig- The featuns ad adwa....or tlle,....t iIlvetion
naI.. Botb.ceIkites forward their demodulated cIatl 65 will become more apparent from the detailed 4eIcrip-
sipals to the 1ys&elD CODUOIler aton, wilh an indication tion set forth below wllea taken in conjutaCtiDlS with the
of sipM qulRy for each cell-lite receiver. The system drawings in which like reference characterS correspond
conuoller then combines the two versions of the mobile throughoul and wherein:
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