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TRANSM SSTON RATE MODI FI CATI ON OF COVMUNI CATI ON CHANNELS  BACKGROUND OF
THE IN_\/El\ﬂg_loq}l/&,i57 Field of the Invention The invention relg@§sihQ3692
comuni cation Systens. Mre particularly, the invention relates to resource
allocation in a multiple access system 10 Il. Description of the Rel ated
Art Figure 1 is an exenplary enbodinent of a terrestrial wreless

comuni cation system 10. Figure 1 shows three renote units 12, 13, and 15
and two base st aEreors Ald. AFPARATEE| FARY TRANAMI SONVRATE| BGSLFCCAMTIONI cat i on
systens nay have many nor e ofeffivenitarise anskmirase stations. In Figure 1, the
renote unit 12 is shown as a nobile tel ephone unit installed 15 in a car.

Figure 1 ammmmmmlmuﬂﬂfl xed | ocation remote unit 15 in a \/\/ﬂmﬂwﬂmmmmm

| oop syste abl e conputer renpte unit 13 in a st ar
system |n the n®* gener aBAEKIGROTND OF AHE ENVENTIONSs nay be smgorrype of
comugpuni cation unit. For exanple, the renote units may be hand-held

per sohal conmmuni cation system (PCS) units, portable data units such as a
personal det, Fiadgf theivent®on fi xed | ocation data units such as 20 neter
readi ng equi pnent. Figure 1 shows a forward |ink signal 18 fromthe base
stations 14 to thee inEenbios relaes t commurgcaiios syserah dMoes pardanlarlys khegnygmsipn 19
fromthe r i . stations 14. In a typical
Wi rel ess cggm%ﬁitééfa}tsé%ﬁelég?sc gorrﬁ%ﬂgucn%ﬁuéllgait’%gstggtf%ﬁuStrat ed in Figure 1, sone
base stations have nmultiple sectors. A nufti-sectored base station
conprises multiple 25 independent transmt and receive antennas as well as

somel? ndepdiaBescritinngd the,BelatedAxt: r v The princi pl es di scussed herein
apply equally tog h . + Ak d :

singl e sector edoﬁlgﬂgpleﬁsggélg k%%@@s%%é%ﬁéﬁ%faﬁ é&ra%ﬁa‘?l%\ eéﬁcggpﬂ’ tm'ﬂ}l (gaapﬁ
descri pti orsysteimelOefloguee 1tshews drgesrethbesmits tidt 13paiid tRandevodsse seiotsd4r dher to
either a sector of. a mufti-sectored base statiqn, a plurality of sectors
associ at ed Ttk SPIEEHEHCTCERHIATGR S5t My ek My Snets OB 48ES d i on.
In a CDVA sy8d @ilionsC WPFRuinl, Hie HS8tedmfaI® thowreQ wanedilelanphing bhit idfalled
communi cation with all base stations In the system Use of a conmon
freqliency baridwrdiiguae d sUsol shewbithe fixedalodatipnopingissunita Hy inad Wareleas) kosak leop he

7Y cquency SRR B parie LaBPaRlpddi o g o ittt Bl Y AR he

conmuni cat iaest gegsRal énfodRenfhe rdnftad uinEmBRBEe aBt §bé 6NcorBuiBdtlonamitt RS M t
a single signal for reception bé nore than one base station. The renpte
uni t di scr iRl therpaoleumits Mgy o6 handsheld parsorad cappyaication syRCIHECPA PNk s

b tati : i i
ase statl %&Ea&ﬁr(ﬁ&g&lﬁsr}ﬁclg%ea %Ersufkﬁ d%asﬁglﬁglgté %flﬁ%‘lédr‘] %@]@M& Keas

properties. ew se, the base“station can separately
recekWe si gnetbsrebdiogrequipinentalFigure dfshowesre faward lirk sigmal 48 iionethe dasesyationm

maxim zing 1t4ht% t g Pe%lcc;té Xni?sf 12t, qg agé{ ?IS %n”& Irenve%sg rllrl:lrﬁ sfgfnalt {befrom the remote units 12,

13 and 15 to the base stations 14.

In a typical wireless communication system, such as that illustrated in Figure 1,
some base stations have multiple sectors. A multi-sectored base station comprises multiple
25 independent transmit and receive antennas as well as some independent processing
circuitry. The principles discussed herein apply equally to each sector of a multi-sectored
base station and to a single sectored independent base station. For the remainder of this
description, therefore, the term "base station" can be assumed to refer to either a sector of a
multi-sectored base station, a plurality of sectors associated with a common base station or

30 a single sectored base station.
In a CDMA system, remote units use a common frequency bandwidth for
communication with all base stations in the system. Use of a common frequency

bandwidth adds flexibility and provides many advantages to the system. For example,



nunber of sinultaneous calls that can be handled is extrenmely inportant.
System capacity in a spread spectrumsystemis increased if the power
recei ved \af ol B§spase station from 10 each rempte unit is epifyspd/iRsh such
that each signal arrives at the base station receiver at the m ni num power
| evel required to obtain a desired signa quality level. If a signal
transmtted by a renote unit arrives at the base station receiver at a

power level that is toa |ow the.signal .quality may fal.l hel ow.an .
Pecept abl 10 corioR dreafitey suiaPioRh At e el i BReliOdrsives o
a pover | ey@hnfulthtib® sigfls Tk mdi® MaMNbEAbAsestMonh a§ el akSrARAd & Windde
renote unit is acceptable, but the high power signal acts as interference
to ot her réigptldoymceptionmhy sask dwagingdasy sterior dhe semely adhvdpganipaies et
comuni cat L. Lt h.of her units. Thus, .in neral .. a renote.unit
| ocat ed negl?lﬂﬁﬁ}gé%lﬁge}esc ?lg?(lﬁ g%g @Sglnosm m&ﬁesv%noruélbﬁt“i: \S/%ﬁ?/nﬁ @Wuﬁ%gtﬁguu %8 b trle whi | e
a regote uq]bfead apaéieinaCDMIe edgoth pildpetiey.er dgkevwikGatter dasINistatiod can
relatively ]arge signal power. 20 In nore advanced systens, in addition to
cont r ol | i ngiscH@inaéswnd gepgaiclntecqime signalp Soppaplugalify pf rApUg YL s on t he

everse 1ink i s oroaraed PRl HUARATES BB K e AR Bullat e |

cover age aneaberaf simadtageous kalldiditaan bahandidd iwbkiedindly imp@anat $Stdnncapaciey to
i ncrease the si %ggl %ual i t)y of . the sign@l as recei yeg at the base §t ation.
By reduci n§ f REFCHA SRECHEMeSYS RIS iNgreasgédotng POMST Eeceryeo 5t Hiet batg jlahign irom

i ncrigased, eédﬂ%moteﬂﬁﬁte@%bﬂ@olkﬁ%u&ﬂﬁ{aﬂé(acﬁ%&%ﬁ&ﬁ%& a6 vl tsi A0 tdf/eap! NY
the perfornmance of the Iink. In addition to |Iink performance, the use of
vari abl e détammimes pewerdesd rguaed de obtabrea dosiredf digrel moalith devs): s the msighal

le, it : t t f data which i i
oroduced Al STREHBY 8 gty ATEn e Bis S ekt anicheriar e bl oo
remote uni fowlBie GHASIEqldity HRY AN heloRe afl ab@pBbledletdl eIf] Ovetie bihdNhidie thaxi num

rate in order to conserve reiote unit power and spectral resources. In
addi ti on s&mOte anitégnahiarrsvensy abpovieatlevdrihatad tae dughdicommuaication [withe thipf

ser vice whi ovi.de. Fo X €, referred client.re e unit may
provide daPaieyarepRIetE sedBn Al el ot bl e Gi-pug RIS ot
PCT/ USO0/ | a68Gte enit (Mhs éxevslveligteidérenddihdy diRyrs¢ly affecteothiiumidatiamsw il other

one-ei ghth, one-quarter ar onehal f of the maxi num rati)l.a A renote unit which
transmts HM9te ity n 1Aus.HB LeastRlnafeRatec Halpcatpd A% e Dbase st Fagsgiis 2 | evel
or it may (AR bwod REf fhita O i FRIin&¥adand R R
transmtting at‘mo%e- q%%arlﬁgre%%,_h?ﬂg %étlp?rlun%ur;%tteg rrag}@t ransf?ri t Cd|5_t S S%Hg;nal
?t”one-tquazamn_ anaIilh?Vﬁpﬂ?geM?l%pom| dt be necessary to Eransm_t a t

ul l,,rate signal. ernative ar e _uni ichis tran ] a
one-2g uarter of o &N ?f{}’ﬁ?‘fegtséfs%rﬁ?_l? Pgﬁgﬂ? fo W"%rﬂﬁglg dﬂ‘i E’/O‘XV(}?‘@?(%% which _
appr oxi mat ginyot® BRit YRt the kéveR IR the A raR di WHRLEth Rdrhotéhinft Rrah&afe M t s
at less than the full rate generates less interference and consunes |ess
syst em r es8ueaevarsedinkads pleprperdrolind.t Avempiemnitlogatpdam theiedseci pEOVarpger BeR
freeing sy spurces far U .0t. bt S, Lf e am pigaum
accept abl eﬁ_{saﬁglhd;u?e éh%a_ I .13%% %t v@%cehcl}? ﬁ fngsé?l&alﬁ%tdﬁ%gdr%%%ﬁ%gh %Fllg{l %lequ%@odgrtﬁ@of
si mul t aneosignalge receivMet ab thednscaatonn BY edidng thealaghrate, idsinsdalotedtoeach be
cal é:gl ated at a given level of interference._ This upper boupd is commonly
ref @Pred t BItARAYRR Bereassde thyy, ingisasing, the sngray fevetad tQ saqhsbit angpceeasing ths v s
defined aspéﬂ?&niaﬁfé@f‘?ﬂeﬁﬂk.the system As the 15 nunber of actual users
approaches the pole capacity, |oading approaches unity. A |loading close to
lt;niht y inpli esI ph’:jafﬂiﬁaﬂl Itqligh;j@bribrhlmnf be the uss of)Ivarﬁetbh é?tstrams czlma]falplr@vide

ehavi or ca ad.to raded performance in terns of error rate

- perfor mancatter Gtk pe B, PaF I oDt UL g FEToriR D oot

| oadi ng apRHRACEH ARingproducel M aSdate ratd sighﬁcﬁlﬁweﬁé@@ Ah@Rinfim GhE AeseTRd ation
_shrinks such that users on the outer edge of the coverage area may 20 no

| ong€r be wimhate vt maz ghadetto suahsuit the diatapd waate lawer dhanthe saxiEnyn rae itherdpas e

station at_an acceptable signal qualit ven_ at 10 t.avai I ata
Fare. For {SuBSTERRN Sn? bVl BecialisSHEes o PREOPRER R R Fa( 21
such that beadicperizaafcthdingeiChiedeve] D eeivideeihioR BN pRGRIeOT FohexapgllE a
capacity. One way to limt the |loading of the systemis to deny access to
the syst enPisharedtdlient saapte gnisfmasharoyidst daig Fraasfobup & HBAKIBUBY B M&lgi hed

| evel . For exanple, if the |oading increases above 70% of the




pol e capacity, it is advantageous to deny requests for additional
connection originations and to refrain fromaccepting hand-off of existing
connecti Qpg.g1/kbhsd Systemin which the rempte units are capgfh®&ofhseez
transmtting at multiple data rates, the |oading of the system can al so be
controlled by controlling the data rate ;at which the renote units transmt.
For 30 a given |evel of |oading, by reducing the data rate at which each

renote unit may transmt, the total .nunpher of. renote.units able to access
{he syt enEREBelerHaPBaot TRy 2Tyl (Al Uaryr Sioraie i e e (Bes
system a hLgiHRF eheUhlim@af AR, | £ M&R0E VAl IO GalshRR -5 RSS AR tMé dxiniien BASE
station. The session remains active until power is WO 01/892_ ;7 4

PCT/ US00/ 13892ranemis\aéd lpwonpewsr leshor é may tragymiyanlyla poron eftitetimei For
requests a_di nnectjon. Once.a session has en_establ i she are e
ni't tr anoSt IR dreEblhit P Red S Sieana of BE ST AR WRIRRY ofulf™
connéct s t giganl dt bheti@ter ¥ thepowef HhRESvEQDBE f¢deSarpfodrank@itRdtBhaokignal.
conmputer, he establishes a session when he logs into the network. If the

remot e uni AIGERVEY qeFrEIe Balt HRICE ifHANSTRENE) One-UHEY B IBURIM FEarnt es a
burst of d e N - AR T A& DU St may
contain onglragsrmmwg ap%cig? @é §¥ E%éfp %ﬁﬁ%&o}b%gﬁez&gg%fmcé@ g ‘?{?%l ac% Ogélélgir:rpri se
many wirel edsch iridendits aindsss Ahandibk afull lrite Szedyiates Mess Mntetferehcd gl dafsamealess of
the renote unit is controlled by the base station, before the renote unit
transmts SYBRIPFesayreegdhan airﬁn@én%“ Sangpigtingsaty fffuets thesadieens sysiathe
basest at | efoul¥Plof Bl By othd}Gefibe tRfts.” €quest nmessage specifies the desired
transm ssion data rate.” I n response the base station rmay give perni ssion
for the renote UM mitimubraasptitie signal lqealidy &5 specifiddtaa upperehoundign tievmniber

remote unit . permssion to transmt at a | ower data rate, or,may, de ccess
Lo the sysCERuRRERS sy whisBio cuplinfkdtbel Abh Gilnsn s cedfl i e
the use of 13iveRd6RS Sf MBGHERSce TTERAPBerLIVAY S nENP &IOS dsPolLsPha®. | | Nk
.resources. In addition, the transm ssion of data over the reverse link is

del ayed whilhe ratigeofr asiisi Bsegniot pode dapagiteissiedingdas e doading ef the gestemyr dsehe | n

additi on, e.al gorjthm which st. be.used . t he base st ati r espond
10 e e B A Ol R e Ba IR bnc o BEGRY 1o e RaPleR . A A
conpl i cat edlcadth GORSIHIPESs GBIl uakihile DalsiGtortheOsysteqs OUnG e bafiviopicad hese
reasons, there has heen a long felt need in the industry for a nmethod, and
appar at us 168 e dieeraded peréormaBes B fegmy ORGITES Fite PedIEvace faledhadmiBy pr a
vari abl e dakdpt Aot AR 7 HiBfioR CRAEinS UfFBAheO nitf)Gnd BYLBS Rkcvorf: Pase
station is used to control the reverse P Nk transm ssion rates for réenote
uni ts wi t hiareatofi¢hedmse sistmnshirings oohdha gecraoe the oliter edgsef the advepageraned may s t he

revef,se |ink.loading and dynam cal.ly adjusts the transmssion rate set

poi 110, The "D AGHEERPEbIE o prasanit wifcierlmiverr camamihupath SAH B by AR oL

maxi mum t r agepladRei sphal @lafity2dven at the &l Sal1Me Bilali | i ty. The maxi mum
transm ssion rate defines the maxi mumreverse |link data 30 rate avail able
to the renote ufior ghesTheasonsarisisi artyeniageouetiatin the psagasdd steapnueiorhat he
probabi | it at e uni t .L.ransni te 4 he gi ven. ' ] Ssion
Fate, e it PTG DrbalREBRt T AR bR oM WY AR T

renot e uni leadinkhsf thesBtetn notdenyrayceby RNBEkIstedh oacd tikdoddvess theaystét das

maxi qpum transm ssion rate at any . L
25 reached a predetermined level. " For example, if the loading increases above 70% of the

pole capacity, it is advantageous to deny requests for additional connection originations

and to refrain from accepting hand-off of existing connections. In a system in which the

remote units are capable of transmitting at multiple data rates, the loading of the system

can also be controlled by controlling the data rate at which the remote units transmit. For

30 a given level of loading, by reducing the data rate at which each remote unit may transmit,
the total number of remote units able to access the system may be increased.

In a typical digital data multiple access System, a remote unit establishes a

communication session with the base station. The session remains active until power is



WO 01/ 89257 5 PCT/US00/ 13692 tine. In this way, the |oading of the system
is controlled in a fast and stable manner which efficiently utilizes

avai | abl e“% resources. Brief Description of the Drawggsysheihd®:
features, 0 (jﬁ;esgggﬂves, and advantages of the invention will becone nore
apparent fromthe detailed description s¢t forth bel ow when taken in
conjunction with the drawings: Figure 1 is an exenplary enbodi nent of a

terrestrial_wrelgess conmunication syste 10 Figqure 2 is a fl.ow ghart

11 st at g BuELER (57 BFG B8 6F BaRh bl Sniocefs & didaiher b GRRE
exenpl ary rsefidrehddbeen @RE@bIAhEQ N reihlitfie_: bh#® WaBsiitd Eulﬁts_beQﬁlﬁ. dF@géx%ﬁipﬂﬂQho ng an
exenpl ary wirel ess systemincorporating use of the invention. 15 Detail ed

Descri pti orfempter Wit PpsFefrnnets ih a8 inteimef pide aawiedsss egpaeasionwinidchis Hsebiopki t e
resour ces, of trolli t.he .revers i nk | gadj .S necessary in
order to averduinarantiii f sselnin g 100 b dpuvatf el il Bt B
uni tssare cmpedlee apt-nidilbmedhde, tHeGedate anAlge@erftbd Bhist of dafa vildhat taisRss the he
reverse |ink | gading mag be controlled by regulating the data rate at which
the renot e GRRY Fesweer Ahe st ofilga BRLFHIIED OPhoRmetesagksts Af dat- chhe prekeiay el
of_ext er nalosad LM col Bl LEhFRAEIA! Iitrddlsldr¥aherot e uni ts to access the
system si nul t aneously at "a given data rate, the sane system may all ow sixty
renote units to laccesent e whycht thendatannatet afnghe usingtei dnited clontrbllddhiesy tlenbdse

units transmits at .onlge-half of. the ivgn da%,ate. If a Eqrtion of the
remote uni tSUOPERREQReL r&FloE?n‘E‘-‘tfféﬁnﬁmgf a H’@t%’l (BFRY FOACESSS FHRCE JEEIF may
accofgrodat goaRBUBRET siiion? S ’f%qﬁwll RGO Ureceds e{eﬁué%?tx}ﬁé‘sg&et delfles Ahd ?%sl&%& :

Under actual operating conditions, the capaci'ty o systemis so
i miting nesansmggsivhaltagach Inenspoeseuthe basehstattoni may dive getrissitne faythe eamoteduces

t he signal Lit ich.each of the ath . tes. Th
capact by i Stogadt atthe GRS Sl e oy BikE B RPlearu AR ER R R BRE S ot her
than renot e leef Sat pitd, ©8 nfYy Feny hd¥BssaAD thd B¥tefO MiHel RE besueh ARlydtbmaAL kavet0 t he

.loading of the system Because it ' 30 is advantageous to avoid a
cat ast r ophidawhacksr Fopgranplemiie vss of an pecesheeqnes dRsepge copBrRestthe PRSIUAUM

capagity, t al. r salimt t I I e 60% and
5558 ¥ he SRRl (SUSLEC IR EBHBAS e By HERLI IR BRTURE0 RS
order to | ideldyed mhileaddirergoterurithend Basersegioh ingfotiate a daperikd. | &g atldivied,, thet i s
necessary to neasure the reverse |ink | oading. Reverse |i Ehk?t | oadi ng of a

g
base st at i Gheqrhmohigh Rust teyhsed; Bin ther DasKeStatEMpice Ta5APRGs 10 ISt 2cePRS BIBFSht i ng
within the - statlon: ' ' h-5eal SO
& Funct i on " T aepEk By o i i M P R B P
base st ati otationgesofirces a si gi ni fi cant source of interference. In addition,
othet,renote units operating.on sane frequ ithin the coverage area of
nearth base. st ati BHRE RO GER B8 Bhen  EARaT ek o bCini T Y SRR s

Pat ent Appldg@&h&u@ %Méﬁﬂ@ﬂin%%édegslm%_ﬁulﬁﬁfei dcbesl sysMad EablofNR 2ARRARA Tl rheR
REVERSE LI NK" OVERLOAD DETECTI ON', filed on Cctober 23, 1998, assigned to

t he assi gndeanpaisgign sa@mgnd i ncorporated in its entirety herein, discloses a

means and met hod of determ ning |oading. A nyriad of nethods of determ ning

| oadi ng may be used in conjunction with the invention. According to the

present invention, a base statiSumutes ofitlhehsentdowlf | oadi ng on the reverse

link.in order to %gntrol, the data rate at which %(FI urali(é%/ of renpte units
In % d

15 t#ansnit. SFoPiation hursef 3P sontzeldls revprseclink transmisNon gles fop femote

routinely ty Qs | T r BAthe FAefsh Sk

i or mat ] on AR AR TR RO AGRE PR s, T S DN R e SRS

channel carloadisg amd dymdngitaltynadjosts erenfrangmésssinerateosee paint.o The uahsmissiph gate

identity of npearby base stations, the availabjlity of certain services and

the i dent | 1§F Bt a9 Sy delinpb soriains of SABLREn sepsrionen G660 ARG Ehe

present 20 grobys®ity ONThel Maftlich it@RsihRsioh Fae! dubclas theonakmans revei@r it uem, the

_base station also transmts a transmi ssion rate set point. The renpte unit
ret rikves (A€ ayeilahleiterthe remote units. The transmission probability is used to control the

probability that a remote unit transmits at the given maximum transmission rate. The
base station may broadcast the transmission rate set point to the remote units. The

remote units may transmit at a rate lower than the maximum transmission rate at any



information fromthe overhead channel and uses it to determ ne the rate at
which it transmts. In one enbodinent, the transm ssion rate set point is
defined i\i)oto?/ﬁﬁ%%()f. a 25 maxi mum transmnission data rate a§Fwst/f)§;92a _
transm ssion probability. The maxi mumtransnmi ssion rate defines the maxi num
reverse link data rate for use by the renote units. The transm ssion
probability is used to control the probability that a renote unit -

transmts gt t iven Xi mum t ransm ssi an rat The frenpt its ma
tranem ¢ afme O i Gl TR | Ret SRR BT chfiesahon ORI il 50
I n order tahichGiffitibaluidel el Anbletysetf reSEE®M resources, it is

advant ageous to allow the systemto operate as close as possible to the
capacity limt in view of the corresponding probability of unstable system
behavi or. According to the igwephion., ihe ]l Ssion rate set point is
slowy increased as |ong as #ngﬁgsaﬁﬁpﬁﬁ)goqﬁ{)%@§% m WD 01/892s7 7

PCT/ §S00/ 13692 masdHemarebebbjactives, s afbmagtd @fiadht enteddigh Ngill bécontee nigé ual

| oadi ng of the system exceeds the maximum al |l owabl e | oadi ng, the

transni ssi 8PPt dogkthe slgtaHed fescHptionesgt futh bejay ghen Bkewin sRIpMNCtigR Withihe as
the | oadi ng.ofi,dhe systemremains the bel ow the maxi mum al | owabl e | oadi ng,
the transm ssioh probability is slowy increased. When 5 the transni ssion
probabi |l ity excFagus anistan, eteheplapxdnhodirhemngnd saiestmiall aligelasaiceminsmicatioeased
to the next higher available level and the transm ssion probability is
reduced. | WVSfaHbs way the transm ssion rate set point slowy increases until
t he jhoadi ng reaﬁ%%?eﬁ*f@aﬂ@%'cﬁ%ﬂlﬁjs{r a%els%ﬂghgﬁeraﬂién;t he avail abl e system
resources are sufficient to support the needs of all the renpte units, the
transmi ssi on r aFiguse3 ipoflow chat sleavsiag exernplaryt lemotdurtit epesatimsamh probability
is equal to 1 apd the, maxi ransm ssion rate is _equal to.the highest
data rate. 1f thSafl éfblag%??}é(t ecsrilgré’%’otf?‘88§‘garaél r%f’l%gﬁéﬁi b St%g ow
each renot gcffokating® sk dP&ihvedtioht S desired rate, as the transmission rate
_set point slowy increases, the |oading eventually exceeds the maxi num

al l owabl e | oadi ng. Once the | oadi ng exceeds the maxi num al | owabl e | oadi ng,
t he ;&transm ssion rate set Nt is 15.redu . ¢l f t.he demand remains
.cons}?ant , the system reachQgétgﬂeésgﬁﬁrfp&oﬂf#ﬁ&ﬁ@‘éenﬁlﬁg transm ssion rate set
poi nt i s approximRheliypledths dysteh®hidh bhsTHAkSickOWed3| £ nichdSiboasblling ikt € set
point. For exanple, if the demand on the systemis high, the maxi num
transmi ssi Biversafisk leadingas segesiasy Bnerdeioraveid ynsiablesystembehaviple Ja8Y8%Mssi on
probabi | it j i e
ovect post B 2 (efe bt Breble Htehinldife BIELCL pRELATRPATRILS, i

t ransm ssi maversaliek égdalg may Helventrolivddty rdatlatingahedamchteattwlacsihe ssnae units

probability equal-to 1. Therefore,. eve nger xi.mum | qadi ng .condi tions,
boOr et BN Tt A mR o o EhE M aEn HEdETeb AT FUTERABRAPY TPRHES o
the | owest aligh it fdincle BhikRBRLekS the Sfstdi isf&ﬂultabébu@l?@% ﬁiv@n BRh R4téithe Sangd em
stability, it may be necessary to deny 25 access to the systemto

addi t i onal syséamd sy AoWssikly remmete] wild ite geasse the dystemesimalaneowsliaifl eaglalof ghe

| 0ading whel SDG.AL BISALSS] OFL £AF S RELARHA R, 3o Bofloh SR e iEge ¢

of operation accordin inventron i's tha € transm Ssi on

control proassstsadt onbéaliagehs pAth datareleatevgkiymemsy at@nmglaen® nbmbénodfy a
single input to the process is _used to, determne the transm ssi,onsrlztit}tle set
s

poi . In 8@@%&%@&?@?@ Bty and Sty s Brder AacBial gpergiing coriiiss thehg of
v two ; .- i i t. DL
only n%&w of ssfslﬂﬁn Moﬁn%g hleahﬁagqgag}&a&ﬂ R whits 1PhARE 18 ke

met hod of IVidually respo to sporadi c access requests nessages from
t he var i ousysteamptdacesntihe sigealodquatiiyng whieh eashoif¢haiother $yatendedess operatesanblm t |
t he operation .(t)f. tape iﬁ*]lventi nis streani.ined. erati on i S, not dependent
" upon capacity is also a function of time m that interference from sources other than remote units
varies over time and may contribute significantly to the loading of the system. Because it
30 is advantageous to avoid a catastrophic failure which may result if the loading exceeds the
maximum capacity, typically system operators limit the loading to between 60% and 75%

of the anticipated capacity limit.



WO 01/892S7 s PCT/ US00/ 13692 i nput concerning such factors as the nunber of
current users or the anticipated usage of the users or the quantity of
renote unjpMbdshin a certain class. In addition, the opempgigosigs not
require large anmounts of data storage to store information concerning
recently granted admi ssions to renote urdts. 5 Figure 2 is a flow chart
illustrating base station operation. Operation begins at start block 30. In
transm si on pr SbaBeT [ yHafelofibg S PAORTER. AEueFlmh Bl &ar B ER, o°
set to thetd aivesie dRtrdvdr@l Bk IdadingeRek€rs® Bhk (dadinle! GENSHAsE Siaflon (sadd? 0aBf a pOi Nt
to its mnimmvalue. In an exenplary system the |owest data rate may be
one- ei ght h fgictipmef tha remetguigits thet araoptspigtwabinthrcayewae pie of thabgsestationd t he
up-rate "dpEg.. aff F%hingqs %[sﬁ%%Hc%ﬂon'o?‘{rgérfer&%e%ﬁéﬁﬁp L&HrdesS Ytk 4Bt LHE
~value of the Swh- Tt ate and e up-rate depend upon e curfrent nmaXl mum
trans$m ssi avise af ¢he bRe saanpkef id 4 signiFieaitessuics offinteiferdaden BBydditeon, other
transmtted at one-eighth of a full rate, one-quarter of a full rate,
one- hal f of€TROtE YRits eDeFating on Fame figayency vathin the cQuerags aia ATPATRY Pasetalions hal f
one- quar t eton R © LighiHaRNsht Sl gboeitifle 118 PPk Aphlicd:ion @ Nukef &
envi ronment,mtngwv:P“AIE{I]E(SIIB%'?E gul'ﬂ??g&;éess tﬁ%ﬁh{{%e valogzg of R%éﬁc ngr exar?pl e,
in this sy9pdRlj3dst edadat i BEETHOR VENDe APPARRTHSY BEROMREYERSEeitINIOf t he
val ue of A C fe | oc 4 det ermines et her | oadin as
exceeded t;{g"é&@m&ﬁm@ﬁe @8‘5&’_{1 10 efgg’oﬁ?g} RSiEREL I 1R geenes hS?eSEk 36
uherse the bhdibhstiied iPRaRkdY ks EQ16BCLORERM M Mol of FdeRittnAL | nues
to block 38 whi det erm nes whet her the transm ssion probability has
exceeded 1loadingt i snyridenf rhesbedss debesmining bailinginoay e wisdbin Iconjynates wigh to 1
in block 3 andeni.ncreased by the value of &TP in block 36, the transm ssion
probabilit HELN % eeded 1 and flow continues in block 40. Bl ock 40
det er mi nes whet hecoldite: Btke Prteltlian&tioi S Bisel Athonl esdWddastie dffleadihgbast
data rate. In this exanple, a 25 maxi numtransm ssion data rate was set to

the | owest theateyersp ligko@iorder tnepntioh dhce flygp datet 3 Vil ianklHialify AL FTBRIE dWitdat a
ratgs s no I i e I 42.
i Book g bk bRl WARGL LS SLAGR, R MR TS Bt O3, 2
rate. For exadpdd chianneh SEhet everhdatihchaone]l chadies irdfomsatioh hehithxik maeeived by
transm ssion _data rate may be set to one-quarter of the full rate. In block
44, the vaMtinp remotenwts o hbgiovethga shappsghraties mierpalipceRcpipng SYSIRIRy
continues GLReblige &lcﬁ%swﬂ@fd%nﬁ@eof%%?%a RYER, MRUSRELITy FcbAiR b HARs Of

t he next cycle. Returning agarn to b ocﬁ 38, It the trangm ssi on

pr obabi | i t yndhgle identitgxafehel eyistam opkxaperc odtdonding telione etmbydiment bb the p@sent

Ret ing t .ock. 40, .i.f the nmaxi 041/.892i 7..9 PCT/.US00/ 1369
trartl oo veRLOE s gt o *w s ceRerd nefbpdiqh, T P iR s
transm ssi eandmite as Ghndd@ikdibdn i ratedketl pSinfBXTHRIRehSteehni@ndirfdvedvtigonrti poas in
bl ock 46. In block 46, the transm ssion probability is set to 1. Flow then
conti nues tHoBpdion fem thetqyeriead charneh apg useoEKtodgterpying Hie Faiadh Wiiohal
exceeded tlﬂﬁnﬁ%ﬁ mum 5 al | owabl e | oadi ng, flow continues in block 50. In

bl ock 50, the transm ssion probability is reduced by (err)TP and fl ow
continues in bl &¢londZ2miBldiaéntS fhed ahwsniibsi@s rav eseh@oint e definednivmidriransita ssi on
rat; is equaly,to the | owest _data rate, |If the maxi rrurrbtt;ygns 1.SSIi on. rate is
equ S to t X HEdangayssion4aga ratq BEl 76 ianEasIHSS 195 ORADIR i Bicemagiznum
transm ssi @andhiRBaRirhdet defings R nlaRirdum Evdrfe ARG FANSE B9 QN rdrRét 1S
not equal to the 10 |owest data rate, flow continues to block 54. Block 54
det er m nes unitist ke trafemissiom probglilityhisprsed tibedrittoy thesprbbatulityrthat aorenere ghitt o
zero. |If sg% tr%% r{ﬁﬁ‘iﬁrmmtransm' stsi gn.rate bas eet to th next rIowe1r aggta
“rate in bl GARSBE e EGR BT EOSIHSSERRE- 581° BN UBE HaY SPHSTHES

whet her t heatdBowdrdhant the AsRiHSh efAnsiaistion 24t at snyaeal to the |owest data
rate. If so, flow continues in block 46 where the transm ssion probability
is s to 1. |fInsrdento fapilitate elfisianh neesofisystemaesousesyil & aslveriageoua #e Ale%i on

probabi i t¥hei §ys§té}ﬁrf%a§>§a'agy aéL 'clAsQ Eg E)ggsliblg at%ethef Lﬂ)\’é{cﬁfp rﬁ&)ﬂuﬁs vfegv %Ifoﬁzlg 48.

corresponding probability of unstable system behavior. According to the invention, the

transmission rate set point is slowly increased as long as the loading of the system



The operation within the renote unit is also sinplified in conparison to
the generation of an access request nessage before each transm ssion.

Accor di ngwb(a @;ﬁ invention, the remote unit chooses a desipgfisht/@fRssM SSi on
rate. A nyria ? criteria and 20 nethods for determ ning the desired data
rate may be used in conjunction with the present invention. For exanple,
the determnation of the desired data rate may take into consideration the
amount of (o) : a t 0 r
o cn can BaaudSAEalhal AN MNGRAE toddife Pl OAITTLE HORBMEC
by the useexceeds theendxemen ﬂromb@aawngsﬁeﬁmﬁhﬁgkm tafe deif point Briebieasddon.

Addi tional information 25 concerning the selection of a desired data rate
may be found i nlkeogembpdigent. sglomhakeie 1oading ehibe shstiarsmaingghgbgogzhe

aori 5 195 ERCMOBRIEIATE DT PGS, et Wi 15

at t|5e des ithiee thakhigsio@ tpeolsdilitg nex cealst indrydlahié meskigain tandeission | da&s ritban t he
maxi mum transm ssion rate received fromthe base station. |f 30 the desired

rate is eqiporeased iy thenesihigheravailable favel andithe aasmissiop Arebabilify is esdpesd. uni t
transmts t he
Lranam soi oh TG TR (RIS Aol 8061 bR R RGP lohdie R he

maxi mum t rmmlsmlaﬂnvwah]tedpadm .t Habhs maﬂsablerss'stemdeaturdzdseameleﬁcieot/\mrsuppom I n

this way, int | cas the ratio of fhe O1/8927 10 .

T/ USoD) 1 RoBeRs it G RTS WL R e SRR L

r at g 0conpag@fsrhi@sibh Brobdpiiey islquilaBal sduhd htxRhurh RRnSARBIOR A8 $s é’tﬁ_t'apfb glesire
to transmt at the naximumtransm ssion rate or higher is equal to the
transmi ssi brghp$toctﬁaa3|rat¢t yIf dhe avaitabipe systam trésosraga e gyssvetﬁncmes@uaﬂew eack used
efficientl d f in soft ha ne or
wor e bace Sentte ol o Yenst pr Bl GEREE 8 s MRt Pistor BE sopoitt o ror

t han one b%ﬁﬁea’ﬁés’s‘tth@lbad'ﬂgeevreﬂfﬂaﬂ? ebBedds MY niakBnidf GalloWaBRt 1otadhﬁg|s Mhcei e rate
set point received fromany one of the base stations with which it is in

sof t handofqadinghexqegdie she raxEnwatalioniahle leaginge theetransaripdien 53t st @OINHY t he
trangm ssi ?éhfgé& errShL dPAhY it RG] futee steﬁt?réat?t{&%&ll H}}bfﬁt WheRsHk Ssi on
-rate or, he maxi rrum)transm ssion ra es are equa e transm SSi on
rate set ptnanﬂmmmm tae deovgmstt s aapproxsmaely mquhiabolthbymammmnnaﬂowxﬂjly, t he

remote unit may. use the highest_rate s i avera
ot herwi se FBH%T\‘I"ﬁEO’? A&CtSkb PPIEN TR seé‘laﬁtl??er éfgh é‘tmi‘ﬁd Rt gﬁé’ﬁ?’ﬁ'ﬁﬂ‘l g’lg}b Het) ow
chart showigiRxaPIRINssIRNREE nid)i e QREH AnkAf & AN PROIAS thd tBh@hissiBh OCk

70. In block 72, the renpte unit determnes its desired data rate. Once the
15 desi redpdmaalhrtjama}ﬂbs lepe thanringigd, flow continues in block 74. Block 74

detegrymnes if the deS| ed .dat,a rat ) r the

Feceled maxi mullf HEPrFES Rt ROV ne B SSol R B Seltn
may nonit oﬁeﬁxﬁbdmserlheﬂﬁm@haﬁmhssﬁ@f ra‘té’@;u@ytrortﬁél lowkt @a edte bhi@a taANAREIGST ON
rate set point. |f the desired data rate is lower than the nmaxinum
transm ssi BFPbRBIEY eand toedpt dhergfare.nfyens wpder Haaximm tpading wondifians, fegh t o
the 20 desidifiste dith diliPdPoddbiBh@l&brdectdnls BhAA Blrarshif SXRL RNMSER: i
just-determned transm ssion rat a new value 1's determned. If th
desi red datprotabditgrferitls Irordar teopnmjxtamcsysthm sepilityuinnayaresmicssayrtordehe,,

fl ow_continues from bl ock 74 ta bl ock 76. . the renote unit
Londsoont! RS e Sisten 10 Ardifipe TRtk il U e diend cxatedt FIEBerI MR ver
t akes on aaﬂ@sbétﬁe Rﬁaﬁﬂ%&ﬂh& tﬁQtﬁﬁbﬁ'm@s@x?rat@éé?fa&n?& e&'%trﬁih[fhﬁtﬁs whet her 25 the
random nunber is |less than the nost recently received transm ssion
probability. |f One bengfit er@@mhogsacgcprdn@tte fresegleinvertianhis th@tﬂhcrtmnsnusswn
transm ssi on tg(ﬂte in set .t

h h
ey St odels B BE $alstandn Ry Gst G MRTRREHS OB sk de St "

bl ock 84. i @béRels 1688 € déth@Nn€ et trad@SssioR rbde@@kpcﬁﬁt mmreﬁ;m@nt@ttthe
invention, the transm ssion of data fromthe renpte unit occurs 30 at the

t radni ssi GANTRISHOR date] §¢t PO keapeisting of rongyl twp rumphess jaghe palyepwpul i Ak
capacity i r f e ges.
i addi {1 o PR PRARAT e BHbF ah ekl M TnRARLY (- REAAED (GERAThe JESRRD
access requembstp h@sepss from the various remote units each time the remote unit has data to

transmit, the operation of the invention is streamlined. Operation is not dependent upon



WD 01/892s7 11 PCT/US00/ 13692 One advantage of the present invention is
that it lends flexibility to the systemadmnistrator to control the
oper ati onyef oilddgs;system For exanple, as the |oading of thgBiyshasihS

i ncreased, t%e probability of unstable system behavior also increases.
Thus, the probability of unstable systen§behavior is dependent upon the
val ue of the 5 maxi mum al |l owabl e | oadi ng. A system operator control the
probabi | ity atastr i e t age t e of.

Capaci ty, | ROGERRRI0N B R RR o Hrl B PR e BRERERS 1 e
maxi num al |thyagdreod taduagity af tégnotd tinidddithin ArtertsinQidsd. Theddstys, € dpeedtidbor
wish to allow certain renote units to be high priority users which are
pernitted t99f paiveapire bugspmauns of faa sloragerisire infpppdica qepcarpingecently

transm ssi Cgf}arfté‘&gdxﬁﬁgioﬂé)flo%mo &gy do so without making any changes to the
access conttol process. I'n such a case, the transm ssion rate set point of

the systemis | diigired Bya filoe chait ilastrating badel saticaf ofelionr COpsatidnObapdigpgtnsat e

for these userg gor exanpl e, the pr,eferreg_users_na access the system at
ei ther ful IStthPIockB0qInctHeckyd the wrigbizisired dn dhe PEACESS/HTE Helior giRd rpkues.
probabi 11 t yripfirahsAissfnl prbbdBattey it 856 1Y%l M6d ARG 1AG rhfafagh e {95} REHED
system The I nvention cporrpensgt es for that conéLl tion %y owering the
transm ssi dowesttdeta et inpwierttoaét thhérahommssioprate settpoiniridtis rmmindoesliwo In

i t hout know ed ft hi gh iorit ' inth t
'’ adai t o SREPEL Ry Il SRy et e s GARIL: (orr) TP and
&TP i order to phpaaess i dRaLatd &, Oind the upR&EAS], 0 areddet 118 nMd2 Tvel ! gur e

4 is a block diagram showi ng an exerrgl ary wirel ess system 20 incorporating
use of the InrAreenciphary Byeleny sheevaliig o thepdowsthte and theavp-rase alepend upon dwd a
renmote unit .. The base station 114 nmay_be. | ocat N clo. oximty to
[ te cor 1 osstantRE Sl 2nShRbiet gt del MpmBir B8 S ek AR PRl Y e

station 114rdmgnitRa 4t @aPelihyh bOS fllEfhte, Die-qbase HFtaafullqbie]dde-haref ¥ @4l wird,el ess
link signals over an antenna 116. A receiver 118 is used to convert the

wirel ess |iaM &ifghapter theavalpgyiof Ar Blay b pacrhall ppexgpagigs; encopighth ndr ertsi ver
118 ovid : ar,| . ] i S . | i S
usedTt o der by e Ll o ERH ARG B8 AR R R B e 2
det er m nat ion Porexempleyit thisl}BtensjuptadesatibetipthavahecdE s, manbde ohe-greemthofuni t-
122 whi ch péovi des mag%tt of the core functions of the invention. For

exanpl e, t H2C ¥lEe ek AwdOfGa6h dfRs/ESs unit 122 may conprise a plurality of

processes whi ch gxgevheddiignirdCRReRE B4R his' 8&ebdbdHiHUnExidunT REoREEIBUL  Of
t he access process unit 122 is the transm'ssion rate set point which is

passed to doabing.r dfiret, f06. cattisuentn béicke36 MBrendhe dransmission msolpbildy ais
oper4y 1 on CiIlCI'%:%%d %g%ﬁ, H& 'cgﬁlinule?to%g W&H{cﬁ%@{mﬁnﬁ‘?“&@ﬁ%}é 81' lt!%'hsrill%?lon
i ncof por at €5 tHe tFafsm SSIoN Tat & Ser- pornt into an overhead ressage and

passes it tpobabiiis i tfsecdetl. Thhlis caW¥DbBdSO 2R frahemBREibh WYoKbill 3P %ids set to
transmtter 124 creates . a wireless |jnk signal and &%sses iit.to the antenna

116 for tran$rhled Bhansdierrepsrd by thevalue of iopidn blpck 36 thedlranspission PEARAPEIN; ¢ s
i ncl udi ng the LEnLE U Qﬁq doQPcorﬁg{&@{S?A lbYocll%ttﬂf ga%aé g9 %&&gﬂ&?n@hé}%@ ey

be coupled to any type of termn whi ch produces digit mat 1 on.
For exanpl enaximenr eandmission trattO3 equl be the highesbdataorapd. ednt thisaexangional

not epook conputer, a puynter, test equipnent, a server, a.d ermpnal or a
var i%oy of fﬁ%@ﬁm_eﬁ%n%wn dofh g5ip B oEt {inihe lpwestiratedy r%‘?‘iks%gﬁ#' _ﬂaefe%re’
control I er {10 4heh MRKNAYESS a8l AR RPFSEAEqUADN P khd RRNEATRIS rMPidnd 106w I N

t he enbodi nent shown in Figure 4, the controller 102 Teceives digital data

from a sepapatiedey ihdlekddZinin bloTkel2 the maximum transmission rate is set to the next

higher data rate. For example, in a system with four data rates, the maximum

transmission data rate may be set to one-quarter of the full rate. In block 44, the value

30 of the transmission probability is reduced by 1. Flow continues to block 48 where the
process may be paused in anticipation of the next cycle.

Returning again to block 38, if the transmission probability has not exceeded 1,

flow continues directly to block 48. Returning to block 40, if the maximum



10 controller also receives data froma receiver 104 created froma
wireless |ink signal received over an antenna 110. The controller |02
extracts @ngn;ﬁgﬁqsm ssion rate set point fromthe data regRitvgiofisem t he
receiver 104 arid passes it to a rate determ nation process unit 106. The
rate determ nation process unit 146 dete?m nes the current transm ssion
rate. For exanple, the rate determ nation process unit 106 nay have a
series of Is t [ J ' . The
curt ont t r ASg SRR A Beckdy B U e ehcsk Bk BT B QR eSS dine T,
data over tibat aniarimeum 16vel and Aewhaaansdsahibdsrk14s}. Infblavk dadihefiraabhikioat e
enbodi nents consistent with the present invention will be readily

di scer ni bl PTPRRbPHE istet [ baFlow thewcoptinuesigrbleskdthl e, referring again to

Figure 2, inst e%t@?gix%ﬁ?&%iﬁngg%ci’c 84 0fp Hhe lé!agl'rh% %%l%:étégeéﬁgsﬁ%%hﬂ&n

probability in blo transm ssion e set to O or

"~ sone $nul | atlowable.loddike fiosecontina¢sda dladk ddniookr®, tie trdnenisaloneprobabilite

transm ssiagn probability in block 60, the transm ssion_probabili may be

t
set to 1 orlS&edsed by Ampng flophceniiaues: Hiplogk sKowRlogh dedeterpunes: wbﬁﬁiﬂn@rﬂuded
four differgnt . t or f dajrar.a - | d be
used consi sﬁ%ﬁﬁqi}% %a%ﬂ-hgﬁgnﬁﬁ\%ﬁsﬁiegﬁél Eﬂ ttﬁ%\ﬁéﬁg#ﬂgﬁée%%ﬁ p%fi '81% h%?lenﬁ%i{has
referred tarxisgissionh r2e islatyzal sy dtedowesttdaen rd, flovpt@sinaeeindbloec db wheppthecabl e
to a nunber of variable rate syste i ncludi ng voi ce systeps. In the
exenpl ary SHAISRHSHORPTIHERHY A0tV 1_-?&_&%9&@&1 Frapsoyissiqprah i r&wﬂ%ﬁéﬁ the
depenslent up@Bst figa P! TR (HARRIE ST ARCK M4 BiBctCH-RARALL PRt gy ey
be fixed throughout operation or they nay be dependent upon sone ot her
vari abl e. 3tnginiskionghohabditpfis tehethow or hgwd tc herondf sé,ehel magimhumitenesyissiont he

system the tr.ansni §sion rate set poi b omruni cat ed .t r e
Thton & GBS s derenh s SR raB o Plag i a4 iR n blogy sty FGk T 13
PCT/ USO0/ 1339&etdrhifinds/vosiharSthé aiix el aRinkhlsyiof fatd AkLisQRuAN® 188 1dwasath@t y of
forms. In the exanpl e above, the transm ssion probability reflects the
probabi | i t yatehdf sq, Hlow egnsinsesini tlodk dnhwhere she transyeissien Prababilibais Al tosh. ol

rate,s Al t er,patd . t 1 Ssi ity .d r

oy obkb 11 £y REHA e 1800 SR OLARA i YRR STacERba bl I o

t he maxi nureithescaserifkst asntinatseto bleckot8der to i npose the restriction of the
transm ssion praobability, the exanpl e above used random nunber  generati on.

A nyriad of ot hekhewneratignowahinnthe| isigle Wail dt dlsecsiwphlisredn FRYPAEODsEdthen
order to i : I et L i odi i t her
Crser 1o AR B SRSLELS A MRBLrYEOd PR SboRLESi @ e

char act er i stvansion, Theraeste nii ebomsedba desired transmisgod eate. o Asimgeind df criteaihland 0

respgets only. as Lllustrative and.nqt restrictiye and.the scope of. . .the

| nverll i on TRt fos dsfemiing;he Ao dars, gats g BE SRS JF FOAREEHE Yithatheny
the foregoipigedemetitivhl Far efirhple e 8@eriRhiEdh GOHE d¥difedi datd g MBRARKBEntand
range of equival ency of the clainms are to be enbraced within their scope.
15 What i s SOnsifieradon she ampymtoal g2 greyrdTiousposmisgoy the agpilatNe trnsMisfeRhod
of control ljng.ascess  t IS, e ste . iV a
oading. | ndioar PAREREp S PARURL L AR B o, IE BN lce Bt RRRY 080,
bound; 4 i nseas thrgleaeclt sfangercydsatidtad withehe pandthissismd Additicagliinfbrenationess
to Sigd systemif said loading indication is less than an allowable limt;
and ® decr €R8FHBing dheyseleciivaniasiested data raermaynpsfoynd 18 gogpendingilhy. Patent

| ndi cati on nz%@li%tﬁﬁlt NuhBA" 0339634 | BNRRLE METHOD?. ANDE APPARATESs GhoR™ 1

further co sing the step of broadcasting said 2 transmssion rate set
poi nt over REVERSEHINK DA RATEB SCHEDUWRINGY fiddd Bipal & 199h esspmeds@i the

transm ssion.rate se int 2 ¢ ri ses a naxi transm ssion rate.and a
%I?CBE"Q{?P%i 'f@e remote ul%t 'ansnn?s at the esprlejcqn data rate so Iong as tﬁe Eiesneg

transmi ssi ¢fi%
data rate is less than the maximum transmission rate received from the base station. If

30 the desired rate is equal to or exceeds the maximum transmission rate, the remote unit
transmits at the maximum transmission rate with a probability equal to the transmission
probability. If the remote unit does not transmit at the maximum transmission rate, it

transmits instead at the next lower rate. In this way, in the general case, the ratio of the



4. The method of Claim3 wherein said step of increasing said transn ssion
2 rate set point conprises the step of increasing said transm ssion
probabi | iy Aygess-f i rst amount and wherein said step of decg@agidgdseai d
transm ssion rate set point conprises 4 the step of decreasing said
transm ssion probability by a second anoént. 5. The nethod of Claim4
wherein said first amount is smaller than said 2 second anount. 6. The

Cai o mei b PEAC G Finpg of YeSha Bt RERR TR st AT Gt o

of i ncr easiofgemaiedinitk @0 § shficilasd WiaELd&at 1§ @biimie afMbe ns&SmbmarmbksRin
increasing said maximumtransm ssion rate if said transm ssion probability
exceeds uni'fif.or highgn iogqusd s thedramsmissimoproBgubityaon g¥rsageet obisor aycisastamg
wher ei n saidsten afg?sgg%ft?cqéltf}gaﬁ%ﬁjl @ranfsrri ssion 2 rate set point _

. conprises the step o ecreasi’ng said maxi numtransm ssion rate if said
transir ssi on pr dbabéhoteyunitdt Issdichad-afevith ode oAniveé basd stftions,demsy fdtedve

systemutilizing multi Pl e data_rates conprising 2 the steps of: determ ning
a desired trEHSHISORE RONh{em Modhay prp base siafient Tharemete #Y masIsn

rate to saifl 485dst GndrhiddSara8 SQNpdlAt fégéi%c? filoln ﬁlgs'f glag 65 eChhsk g'{aﬁohss withSS
than a maximnumtransm ssion rate; and 6 setting sald current data

t ransm ssi ovhickaitas inosofichatdofix e howesa reerses poont nragthe detdrimimediryobibiihg the

equal to a tt rfsamsrri ssri on gr ababi | Hfﬁ?lf:‘ s%q desired transm ssjon rat e,f8
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equal to the maximum transmission rate, flow continues from block 74 to block 76. In

block 76, the remote unit generates a random number. In the preferred embodiment, the

random number takes on a value between 0.00 and 0.99. Block 78 determines whether

25 the random number is less than the most recently received transmission probability. If

so, the transmission rate is set to the maximum transmission rate in block 80. If not, the

transmission rate is set to the next lower transmission rate down from the maximum
transmission rate in block 84. In either case, flow continues to block 86.

According to the invention, the transmission of data from the remote unit occurs

30 at the transmission rate set in block 80, 82 or 84. In this way, reverse link capacity is

not consumed with the transmission of access request messages. In addition the

transmission of reverse link data is not delayed by the access request process.
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Figure 4 is a block diagram showing an exemplary wireless system

20 incorporating use of the invention. The system is comprised of a base station 114 and a
remote unit 100. The base station 114 may be located in close proximity to its
corresponding coverage area or some of the components within the base station 114 may
be remotely located. The base station 114 receives wireless link signals over an antenna
116. A receiver 118 is used to convert the wireless link signal to a digital bit stream. In

25 addition, the receiver 118 provides an output to a load determination process unit 120
which is used to determine a current loading of the system. The output of the load
determination process unit 120 is passed to an access control process unit 122 which
provides many of the core functions of the invention. For example, the access control
process unit 122 may comprise a plurality of processes which execute the steps

30 exemplified in Figure 2. The output of the access process unit 122 is the transmission rate
set point which is passed to a controller 126. The controller 126 may oversee the general
operation of the base station. In one embodiment, the controller 126 incorporates the

transmission rate set point into an overhead message and passes it to transmitter 124. The
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included four different data rates. A greater or fewer number of data rates could be used

consistently with the invention. Although the description herein has referred to digital

25 data systems, the principles are directly applicable to a number of variable rate systems
including voice systems. |

In the exemplary embodiment shown above, the values of Arp and O are

dependent upon the maximum transmission rate. In other embodiments they may be

fixed throughout operation or they may be dependent upon some other variable.

30 Although use of the overhead channel lends efficiency to the system, the transmission

rate set point may be communicated to a remote unit on a dedicated channel consistent

with the invention.
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within their scope.

15 What is claiied is:



,10% u& ()- +10% u& ()-S)!10% u& ()-'!10% u& ()- <Y===D>>>dEXY:

10! 91 10% u& ()-7!10% u& () - L6F94.0% u& () - 4mL0% u& ()-Y3' 10% u& ()-11!10% u&
() - >@ARBGIRHY " ??bC 10! | 10%@k () - " s10%E () - SLO%E () - Yok 5600 U
10-u 10-u,;110% u& () - ?@/@a@ BBaBbC 10! 394.0%@& ()-! 109%@& ()-! Y(109%& () -
1109%@& ()- Y(10%@& ()- @ 10%@& () - BDdDz &) GGIEbC

10! 3. YOHL0U@ ()-' ! 109%@& () -, &YYL0%@ ()-! 109%@& () - &394.0%@& ()-! 10%@& () - GGH
gHHI r 1 dEbC 10! 7! 10%@&' () - L6YOLOU@E' () CRAINSEE () - 3! 10%@& () - |

| 1109%@& () -/ &L0%@& ()-rl1!J3"J#I$J0J2IAIbC

10! F's10%¢& ()- 9, s10%& ()-10%¢& ()- 10@ 10@ 10@ ;

1 109%@& ()- 9! 10%@& () - AJsKK' M MNBQJELC 10! 9494.0%¢& ()-t! 10%& () -

0A0%E& ()-t! 10%& ()-$10%& ()-! 10%& () - 30000KPPQIELC

10!' 1 10%& () -, 3% 0%iielhodf'cd¥BI&n g hecess to a system comprising the steps of:

#10%& () -s! 10%& ()-! 10%¢& (_)-_QSRSSZTTTTTdE:P/ 10b 10D, : 81 10%& () -

910% &’ %) - 8109h &eceyinprigadugandicatignsieflooing A Gurrentsystap RSAEP I TVETRIBOUX Y7/

10! 10%.L& ﬁ)é Ib'oéﬁg@" ()-t!109%@& ()-3"s10%@& ()-9s10%@& ()- 10%@& ()- 10bU
VE VW XYYaB7FPL 018495 004es: () -1 10%@&’ ()- 3 0% ()-t! 10%E& ()-! (10%& ()-
109%@8 4) - YZUZZ[MrsaaiEg a th@tsiidon@iite St (@REPHBH@R IR ARMMERo GhidihySENu@R. () -
s! 10%@& () - 10%@&. () -\] KAAAT E/ 10@ .

s! 10%@& () SYA1 Pﬂl%g@qwgaﬂmbw&%tlﬂdlofy@' ()-F. 0% ()-

o %)gv(g;) i(\F( ?L ot}gé@%%%%éﬁggﬂ%%é %a?t&q %e)t point if said loading indication is greater

than said allowable limit.

2. The method of Claim 1 further comprising the step of broadcasting said

3%}

transmission rate set point over an overhead channel.

3. The method of Claim 1 wherein said transmission rate set point

2 comprises a maximum transmission rate and a transmission probability.

4. The method of Claim 3 wherein said step of increasing said transmission
2 rate set point comprises the step of increasing said transmission probability by a first
amount and wherein said step of decreasing said transmission rate set point comprises

4  the step of decreasing said transmission probability by a second amount.

5. The method of Claim 4 wherein said first amount is smaller than said

2 second amount.

6. The method of Claim 4 wherein said first and second amount is

2 dependent upon said maximum transmission rate.

7. The method of Claim 4 wherein said step of increasing said transmission
2 rate set point comprises the step of increasing said maximum transmission rate if said

transmission probability exceeds unity.
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determining a desired transmission data rate;
4 setting a current data transmission rate to said desired transmission data rate if
said desired rate is less than a maximum transmission rate; and
6 setting said current data transmission rate to said maximum transmission rate
with a probability equal to a transmission probability if said desired transmission rate

8  exceeds or is equal to said maximum transmission rate.

10. The method of Claim 9 wherein said maximum transmission rate and

o

said transmission probability are received over a broadcast channel.

11.  The method of Claim 9 further comprising the step of setting said current

[3e

data transmission rate to a data rate less than said maximum transmission date rate with
a probability equal to one minus said transmission probability if said desired

4 transmission rate exceeds or is equal to said maximum transmission rate.

12. The method of claim 9 further comprising the steps of:
2 receiving a first transmission rate set point comprising said maximum
transimission rate and said transmission probability from a first base station through
4 which communication is established;
receiving a second transmission rate set point from a second base station through
6  which communication is established; and
using said first transmission rate set point to determine said current data
8  transmission rate if said first transmission rate set point is lower than said second

transmission rate set point.

13. A multiple access communication system comprising:
2 a base station which uses an indication of system loading to determine a

transmission probability and a maximum transmission rate for said system and
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3"10% & () -! 93" 10% 0 pfadkss Hitrol apparatus comprising:
2 areceiver adapted to receive signals from a plurality of users capable of transmitting
data at more than one rate;
4  aload determination unit coupled to said receiver and producing an indication of system
loading; and
6  an access control process receiving said indication of system loading and producing a

transmission rate set point for transmission to said plurality of users.

15.  The access control apparatus of Claim 14 wherein said access control
2 process comprises a process which generates said transmission rate set point by

determining a maximum transmission rate and a transmission probability.

16.  The access control apparatus of Claim 15 wherein said access control
2 process comprises a process which increases said transmission probability if said
loading is below an allowable level and increases said maximum transmission rate to a

4 next higher transmission rate if said transmission probability exceeds unity.

17.  The access conirol apparatus of Claim 15 wherein said access control
2 process comprises a process which decreases said transmission probability if said
loading exceeds an allowable level and decreases said maximum transmission rate to a

4 next lower rate if said transmission probability falls below zero.

18. A multiple access communication system comprising:
2 a receiver adapted to receive a maximum transmission rate and a transmission
probability produced by a base unit;
4 a process for determining a desired transmission data rate;
a process for setting a current data transmission rate equal to said desired

6 transmission data rate if said desired rate is less than a maximum transmission rate;
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