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METHOD AND APPARATUS FOR ESTI MATI NG A MAXI MUM RATE OF DATA AND FOR

ESTI MATI NG PONER REQUI RED FOR TRANSM SSI ON OF DATA AT A RATE OF DATA IN A
COMVUNI CATI ON SYSTEM BACKGROUND Field [1001] The present invention

rel ates generally to comrunication systers and nore specifically to a
met hod and an apparatus for estimating alreverse |ink maxinumdata rate
and for estimating power required for transm ssion of a data at a rate of
data in a comunication system Background [1002] Contmunication systens

have been demEvP@DtAW'RPPAW§F0’R<EST|MM|WG'AfMMIMUMffom an

origination station to a physic stinct destination station

transm tti RATEQOFDATAR AND'FOR ESTIMATPING POWERREQUIREFFOR

comuni cation channel, the information signal is first converted into a

formsuitabl e f TRANSMISSION GFDATA AT ¢y RATEOP DATACINiAN channel .

Conversion, or nodul ation, of the information signal involves varying a
paraneter of a carrier waveaCONBMUINICATONISYSTEM i nformati on signal in
such a way that the spectrumof the resulting nodul ated carrier wave is
confined within the communi cati on channel bandw dth. At the destination
station the original information signal is reconstructed fromthe

nodul ated carrier wave received over the conmunication channel. In
general, such a reconstruction is_achieved by using an inverse of the
nodul ati on process enpl oyed by t hBAGK@RRMNEN station. [1003] Mdul ation
also facilitates multiple access, i.e., simultaneous transm ssion and/or
reception, of several signals over a conmobn comruni cation channel. Miltiple
access conmunication systens often include a plurality of renote
subscriber units requiring intermttent service of relatively short

dur ati on rRlder than continuous access to the common conmuni cati on channel .
Several multiple-access techniques are known in the art, such as tine

di vi si on rmltq_le- ) ) o
[1001] The present invention relates generally to communication systems, and more

specifically to a method and an apparatus for estimating a reverse link maximum data
rate and for estimating power required for transmission of a data at a rate of data in a

communication system.
Background

[1002] Communication systems have been developed to allow transmission of
information signals from an origination station to a physically distinct destination station.
In transmitting information signal from the origination station over a communication
channel, the information signal is first converted into a form suitable for efficient
transmission over the communication channel. Conversion, or modulation, of the
information signal involves varying a parameter of a carrier wave in accordance with the
information signal in such a way that the spectrum of the resulting modulated carrier
wave is confined within the communication channel bandwidth. At the destination station
the original information signal is reconstructed from the modulated carrier wave received
over the communication channel. In general, such a reconstruction is achieved by using

an inverse of the modulation process employed by the origination station.

[1003] Modulation also facilitates multiple access, i.e., simultaneous transmission and/or
reception, of several signals over a common communication channel. Multiple access
communication systems often include a plurality of remote subscriber units requiring

intermittent service of relatively



access (TDVMA) and a frequency division nmultiple-access (FDVA). Another type
of multiple access technique is a code division nultiple-access (CDVR)
spread spectrum systemthat conforns to the "TIAIEIA/ I S-95 Mbile
Station-Base Station Conpatibility Standard for Dual - Mode W de-Band Spread
Spectrum Cel | ul ar System " hereinafter Referred to as the IS-95 standard.
The use of CDMA techniques in a nultiple access comrmunication systemis
disclosed in U S. Patent No. 4,901, 307, entitled "SPREAD SPECTRUM

MULTI PLE- AREAEQEr060MAINECAER Cahlnﬁw\@l]EMcb@sNG tRé\ EBn o Ecorthurli Edtich ThEshridl.
REPEATERS," and U S. Patent No. 5,103,459, entitled "SYSTEM AND METHOD FOR

GENERATI NESVRGERRIE a°kES teﬁkw@ﬂwtwn FrehepricRYEn SeSEAMIsip RultiRlesi gned

to the asstgreeToMA)hgnd Rereqienth \dKidP Muitipld8des ( m;Mtc\I plc\ﬁotasrc%é of
comuni cat i on system may be a wireless or wire-1i ne and carry voice

and/ or daf™! lpﬁ]ag)gamcgn@peas 8 SRR S visin @H‘“B‘?satcé?ﬁsc@rq'\%)n@or%%ﬁ BPeFB®e and

data is aspstshanit sbnfsrRr tdane eTME IR B WShiRSsttigndasd sth dorsnasiifyi es
transmtting voice and data over the comunication channel. A nethod for

transni t t SiRpdagk fri Aualdipde YidmBand Speargs Serctimy Sgllyar; SystemdeBeeinBi&s i n

detail inrdderred RARSHe MNA9s %ta'é@érdﬂrﬁe ugetdffdmm dMﬁEUQP rﬁ%‘%ﬁPﬁé@é&% FOR
THE FORVATTI NG OF DATA FOR TRANSM SSI ON', assigned to_the assi gnee of the

present | RYBMUNGAtion RYsLRE ds d’éﬁﬁ@ée%'@ .St RetentsNo54 §9éﬁ96r@ﬂt'“?¢l READor

voice is @@EtcrrhwqmLﬂbeeg@f@wwmwﬁl@mw Rt TR e @ﬁNemslAFrEEQfmnds
wide with data rates as ps. Additional exanples of

comuni caﬁ%ﬁ58§5§§W%BEPgﬁﬁ§R§ éﬂdvbhscé’aéﬂﬁ‘ﬂ NeaPd 08 4&Pr ?'@té'eéoﬁi‘rﬁ'ﬁﬁ:'\ﬂatl on

systens  aRif ON?IE‘FHQJDt oﬁbﬁe @m@hﬁﬁw WAQEFB@wew hAp thsme@ELL(J@&iE’P
enbodied I n a set of ocurrents i ncl ng Docunent Nos. 3G TS 25. 211, BG TS

25.212, 3GEFSPHONEIRYSTHH." beis apsigped @1the eﬁwewod:ﬁwpr@%%muyﬁenon or "TR 45.5
Physi cal Layer Standard for c¢dma2000 Spread Spectrum Systens" (the |1S-2000

pet weon ULSPPARudl 2ot LGRS AT b 3 A ARG SRR 2L 1

user on on@nsydiecandierdata. An emmpdmmﬁmnuamresatlpo sgste caring Heth Bice and
data is a system in accordance with the 1S-95 standard, which specifies transmitting
voice and data over the communication channel. A method for transmitting data in code
channel frames of fixed size is described in detail in U.S. Patent No. 5,504,773, entitled
"METHOD AND APPARATUS FOR THE FORMATTING OF DATA FOR
TRANSMISSION", assigned to the assignee of the present invention. In accordance with
the 1S-95 standard, the data or voice is partitioned into code channel frames that are 20
milliseconds wide with data rates as high as 14.4 kbps. Additional examples of a
communication systems carrying both voice and data comprise communication systems
conforming to the "3rd Generation Partnership Project” (3GPP), embodied in a set of
documents including Document Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25.213, and
3G TS 25.214 (the W-CDMA standard), or "TR-45.5 Physical Layer Standard for

cdma2000 Spread Spectrum Systems" (the 1S-2000 standard).

[1005] In a multiple access communication system, communications between users are
conducted through one or more base stations. A first user on one subscriber station

communicates to a second user



on a second subscriber station by transmtting data on a reverse link to a
base station. The base station receives the data and can route the data to
anot her base station. The data is transmtted on a forward |ink of the
same base station, or the other base station, to the second subscri ber
station. The forward link refers to trgnsnission froma base station to a
subscri ber station and the reverse link refers to transnission froma
subscri ber station to a base station. Likew se, the comruni cati on can be

conduct edon l@ege\wws@bg‘chbértstatmrbyorfhr@mtnﬁgamtb%n@mérsbblﬂk t& bHakORtaBHE 2
second us%h gn a landline sta ase station receives the data from

t he .user apRHal Ybraceiygs then t"f‘ 8[}@ 8%” foh‘ée thg fete oot Pase sstion 186 t ched

t el ephone da@tlwéﬁﬂsnéd?&’ B atforwiai® liIesraRs sahie basd §taliB)¥r tHeiRaHYaeakia06n,
syst ens, the forward |ink and the reverse

) S-
link are &1 ﬂﬁc%@ﬂ‘%é%ﬁ@%“ﬁ?%Jé‘ﬁcfP'&?rd MfoRigrs AR teaoamimsiOndfom adkass onl y

conmuni cakia@dh I d @Ubsécibar Rtlbn dldatheateselsEORk ref&8THaNirgn i&dors Yoken t hat
conforms to the TIAIEIA1S-856 industry standard, hereinafter referred to

as the | SSEE6rRarasialiandto rhase 1iiony Siketise sthe Loaundiication CRARMFNIUFBA syst em

di scl osedpiiyetRareaididad o Rk ek QbS@beAafBHRR] a Q8LSHHBus2P BN a I%H&Hnb' ed
"METHOD AND APPARATUS FOR H GH RATE PACKET DATA TRANSM SSION, " fil

11/ 3/ 1997 Staliars Ay prse StatianHeceives thadatadion He yseese Atreverse ik, @Rd rOUf?FethPiDR

conmmuni caea@nhr%ugﬁarﬁﬁﬁé sheched tél@ﬁhdhfe M&k (BEB) tol tRE Qb A U2 I8®aahykbps t o
2.4 Mops, at which an access point ( send data to a subscri ber

station (S¥B@YEICatosSYsteRS, € AT)S- 9BeWaQB’z4At 92086, 1hs femmar bl ndttoe eevBiEse

station, fihearknedane Qavrate trBqudneepect to cells and sectors is the sanme as
with respect to voice systems. [1007] In a wireless communication system

maxi m zi ng a capacity of the communication systemin ternms of the nunber
of si mul t &986lusN texp@pifopiea ctatd only remnaunicatioe shistedl ieca inighedata eatel §10R)

| MDOT L ant corfAGNEARACI Heh! (Aot RERBAS PRC LI ARIINNISEA! iffltnPYSL &GN be

maxi m zed | transm ssi on power of subscri ber station s
cont r ol | ebiersinefien referrechdt asr thes 5-Bb@ ctaridgreal This HR ssystena ihdoeestoat Bon

receiver %mﬁnﬁlcat%n?ysféng@ﬁslclog@%ﬂ c%ggﬁgﬁ?s{qe pitchtich §ér%n?1hmrbélaa§/§52§ 5@@ by a

subscri ber station arrives |on recel ver el
that is tedtitledw, MRI&IQR y ANRMAMPRARATOS E@RnotIde RATE F’ACKET DATA

TRANSMISSION," filed 11/3/1997, assigned to the assignee of the present invention.
The HDR communication system defines a set of data rates, ranging from 38.4 kbps to
2.4 Mbps, at which an access point (AP) may send data to a subscriber station (access
terminal, AT). Because the AP is analogous to a base station, the terminology with

respect to cells and sectors is the same as with respect to voice systems.

[1007] In a wireless communication system, maximizing a capacity of the
communication system in terms of the number of simultaneous telephone calls that can
be handled is extremely important. The capacity in a spread spectrum communication
system can be maximized if the transmission power of each subscriber station is
controlled such that each transmitted signal arrives at a base station receiver at the
same signal level. However, if a signal transmitted by a subscriber station arrives at the
base station receiver at a power level that is too low, quality communications cannot be
achieved due to interference from the other subscriber stations. On the other hand, if the

subscriber station transmitted signal is at a power level that is too high when
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achi eved due to interference fromthe other subscriber stations. On the
other hand, if the subscriber station transmtted signal is at a power

| evel that is too high when received at the base station, conmmrunication
with this particular subscriber station is acceptable but this high power
signal acts as interference to other suﬂpscri ber stations. This
interference may adversely affect communi cations with other subscri ber
stations. Therefore, each subscriber station needs to transmt the mninmum
signal | evretei\eadpateﬁneeldaseastatmng comanusicgtiad wttlm-thneipfaendumrismbsctrfbat statibroves

transmtte ransm s ower of
each SUbSCI’I%ggBE}eSth |on &nhtphavgp?'hngoaggsv% ﬁeY%ngSQ%fotlherﬁgg]%cng ?tg

controll edl'l'm/mtdnierdmeens;t ativeosely eﬁent@dmmntcbeorsawm omemsnbécnbecﬁamd SI gnal
power or Si ratio at t he, bas tati.on- deal case,
Phe total RSTER st B el el ek batefe i Sl Bt (58 emefiom na
power recsie/gda bigoahte-aocise satlrs that bllaws3taatinitted mutatrepdvesd by t he nunber of
subscri ber stations transmtting within the coverage area of the base

station pl ower e| ved at the base station from subscriber
stations [%njésqgﬁ]goé‘g%eé@é e elansMIsRaTy RBWET Al SBL SUBYALPLstRtion (Wikb fheThe

path | oss dolerbfe afeatéfta SEwlﬁl@ilorCi@rtoH@oIFéB&{F&ﬁé @ésezeténb[y td dE6P teadathe
phenonena: averaé;q%}éath | oss and fadin he forward fromthe base

station t §Ofie!r SIEH PRYELt AT GhSIangh & ariss radiA ak thf P?%er%ﬁfﬂonf reguiely t han

the rever sasé ithk tothlIrsiinal Bewersiebsicéd Bethe Hhdd bt@ﬂoﬁ e édw Rame rivhiidl @Bwer
However , because the forward |ink and reverse reguencies are within

the same JesriYed| fram &gak sEhsBRATStations F‘Q'H'P'I‘e?dc%)hfhec@ﬁrf‘%?ra?f ipscribet RISEANS; he
aver age patafshmsesitti tHeh@vbme larddsr tRX badeSstatidh pIDS tH piiver hedtiliedfaREHeNg 1S

an independent r?henomenon for the forward |link and reverse |ink and varies
as a functi@8hstatien FerRsubseribenitations dhthe cavssres reanhpeighaarombasasiftidSpscri ber

station estinmates the path loss of the forward |link based on the total

power at t[hﬁ)Q; FREL pétﬁ’ lB@se irS YRS GEdiD Ehaftdt dNbe Tdharadt&izRl tE’)p‘th; skfarkfee sum

of the power fromall base stations operating on the sane” frequency
assi gnrrentphago%%"racél/@féae pothtless anddading. dée ferwatd bk, frendhe base dationtathe of t he

average f %ﬁB‘?Jngerl bt@horp%ﬂerét9§ ®n 5 faﬁfe%msr@au&eg tﬁmtth@raev?e%é|.ﬁm€frow gHasmi t
| evel of the reverse |ink signal. This type of an o op control is
advant age$4BSGRRENStalRsY © the b@se statlon However because the orward I|nk and reverse
link frequencies are within the same general frequency band, a significant correlation
between the average path losses of the two links exists. On the other hand, fading is an
independent phenomenon for the forward link and reverse link and varies as a function

of time.

[1010] In an exemplary CDMA system, each subscriber station estimates the path loss
of the forward link based on the total power at the input to the subscriber station. The
total power is the sum of the power from all base stations operating on the same
frequency assignment as perceived by the subscriber station. From the estimate of the
average forward link path loss, the subscriber station sets the transmit level of the
reverse link signal. This type of an open loop control is advantageous when there is a
correlation between a forward link and a reverse link. Should the reverse link channel for
one subscriber station suddenly improve compared to the forward link channel for the

same subscriber station due to independent fading of the two channels, the
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correlation between a forward Iink and a reverse |link. Should the reverse
| ink channel for one subscriber station suddenly inprove conpared to the
forward |ink channel for the sane subscriber station due to independent
fading of the two channels, the 5 signal as received at the base station
fromthis subscriber station would increase in power. This increase in
power causes additional interference tg-all signals sharing the sane
frequency assignnment. Thus a rapid resg%nse of the subscriber station
transmt power to the sudden inprovenent in the channel woul d inprove
system performance. Therefore, it is necessary to have the base station
continually contribute to the power control nmechani smof the subscri ber

station. SGBH 25 poRed @ibe Gﬁsw@ﬁ%ﬁ@m this slsceer siatioBeWeide ncreasegn
referred bowsS THisGhOSSEE nQSHwver [cégée%]aoié%halbﬁ@ﬁer%h@é kP8I wghsqswﬂhmg thae

subscriber station is in conmuni cation mneasures the received signal
strengt h F3BenifERLESYRSeigNBEnt Jhys |adﬁP'dTﬁ§°°rﬁ‘§9§uF'%ﬁ:lSl&S§ﬁ%ﬁr stationdragemiti s

conpar ed bower Haké 68K .g{b%vemerner}gﬁhe chaNsdl woalld |hn>%vep§,rs¥én¢ BeASrmaH&scr i ber
station. A power adjustnment conmand is generated ﬁ each base station and
Y

sent to tABSERIMHLiEi MREPSIALIG Baveothethee PIAtgRCANINUARY COHIIPES 3o HEePaUsTt he

base st at t&HiroPRWBharfdh B iheRbbscrib@EBNMGH, Shl&?a%@é%ér@t%‘f rn%Eﬁér!lé?ﬁ‘ rdliB§ bRases or
decreases_the subscriber station transnmt power by a predeterm ned amount.

By this nBf9f68ackaaeapeiarediqridelosss 180 hange in the channel is effected
and the average system performance is inproved. Note that in a typica

cel | ul ar [%b?‘i]e@écht Besag&icht HithORRicA' fe Qﬁbshﬂ’ﬁér”%ﬁ% |§CI rﬁﬁ'}‘gﬂ'g” each

base station in the syst emi1sS unaware o ower eve
ot her bas®esgsuies tmsrecew@ﬁewr@altsm@ﬂggrmfsgr@rtmwbssmlzﬂrlstmos ‘émagmaasur@dlegrqu V\hen a

subscri beg r&hgr{ 1sOBorh 195' t&%%ﬂeﬁastlé{%d Werﬁ#ﬁ# eac %ht'ﬂgt g?@caﬁsgub'%ﬁ@eiron’

power adj ust ment co nds are provi ase station.
subscr i bestatien. Atpower adjustrnﬂ@bnommee@smsheﬁapﬁdéom;esb basesiation padveant tedheist nent

conmmands g&s@r‘(ﬂ@r@tat&aﬁ%ﬂ%ﬁ@ forR28HK ! IR V& %né&%tth%)ﬁs@gt\é% Bé)s% rH?j'LEH&ﬁe wi th

ot her subscriber station conmmuni cations an rovi 'ent power
t o suppor eorapandiihe atksorberrstation liecreasgb o¢ decbeaseﬂtae sopsctibersgtationdwnsoibe of

the base s§alignSpredBteiniRONEMGRANEY His ABHIAM: RPid Response to a change in the

channel is effected and the average system performance is improved. Note that in a
typical cellular system, the base stations are not intimately connected and each base
station in the system is unaware of the power level at which the other base stations

receive the subscriber station's signal.

[1012] When a subscriber station is in communication with more than one base station,
power adjustment commands are provided from each base station. The subscriber
station acts upon these multiple base station power adjustment commands to avoid
transmit power levels that may adversely interfere with other subscriber station
communications and yet provide sufficient power to support communication from the
subscriber station to at least one of the base stations. This power control mechanism is
accomplished by having the subscriber station increase its transmit signal level only if
every base station with which the subscriber station is in communication requests an
increase in power level. The subscriber station decreases its transmit signal level if any
base station with which the subscriber station is in communication requests that the
power be decreased. A system for base station and subscriber station power control is
disclosed in U.S. Pat. No. 5,056,109 entitled "METHOD AND



acconpl i shed by having the subscriber station increase its transmt signal

l evel only if every base station with which the subscriber stationis in
comuni cation requests an increase in power |evel. The subscriber station
decreases its transmt signal level if any base station with which the
subscri ber station is in conmuni cati on wequests that the power be
decreased. A system for base station and subscriber station power control
is disclosed in U S Pat. No. 5,6056,109 entitled "METHOD AND (p APPARATUS
FOR CONTRARAAKA TUFRANSM SSNORCPONER TRINS MIESIONBOIWE AR AMCBMIEC AIRIERRONE

Cnvent1 on. MOREES ELRRANE SVETER F b Ao b eess S ofia dt SR Bafer and
a rate of pledeat ngedten. transm tted. Conmuni cati on systenms, in general, do

not all ow an instantaneous change of rate of data. If a transm ssion

channel I|nk conditjion change, resulting in a need to change a
transmi ssilbh3hdnere k§rﬂjr%att9&§'?alp (Pgbeeh A ITATEMISRON PewRnaNd awrdla oh daterte kSf dat a

cannot be ehanared, céhmuhicaisiystees, da@@we@yddoﬁotearla@% mé'f’é'ﬁéﬁéd&"s%haﬁdéere i's
aneed in the art to estimate a rate of data that can be transmtted

wi t hout arPf &7ta<dhdatay Aga raasmission sharne! Erin ernditioRschapee. APsingaini & 86sA too

estimate pAuURde karinbmRdiochQowler @R8N 85th BteQurifig B thterddl hdntd @atBfof dataa-
SUMVARY [1014] In one aspect of the invention, the above-stated needs are

addr essed B)Not e dRISA. ﬁ@e Fensmitedidate oy briersad qlhareiete. fhare ia #pechin i nk

over whi chnhélaitao 'e§t|r§19tebé9raté roatagfsl thheshnasidtramehiifiad MG SHHalb tndseari ¢ by
a quality metric marg maxi mum_ rate of data is then determned in

accor danc&h@nish C%%H!twnﬁo%r q"iewt'tﬁlhrq eSiIMaER PAWET require fdiangmisyion phadata
required fpgriteanggpssion of a data at a rate of data is determined in
accordance with said nodified quality netric and a rate of the data. [1015]
I n anot her aspect of the invention, the quality netric is nodified by a
pre- determned quality metric margin. Alternatively, nodifying said
quality nmetric by a quality mnmetric margin is achieved by declaring an

out age event when power required fO§UMMARY

[1014] In one aspect of the invention, the above-stated needs are addressed by
determining at a source of data a quality metric of a link over which data is to be
transmitted and modifying said quality metric by a quality metric margin. The maximum
rate of data is then determined in accordance with said modified quality metric.
Alternatively, power required for transmission of a data at a rate of data is determined in

accordance with said modified quality metric and a rate of the data.

[1018] In another aspect of the invention, the quality metric is modified by a pre-
determined quality metric margin. Alternatively, modifying said quality metric by a quality
metric margin is achieved by declaring an outage event when power required for
transmission of a second reference signal exceeds power required for transmission of
the second reference signal determined form previously modified quality metric;
detecting occurrence of the outage event during a pre-determined interval, and

modifying said quality metric in accordance with said detecting.

[1016] In another aspect of the invention, the outage is detected by determining at a
source of data a quality metric of a link over which data is to be transmitted; modifying

said quality metric by a quality metric margin; and
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transm ssion of a second reference signal exceeds power required for

transm ssion of the second reference signal determ ned form previously
nodi fied quality metric; detecting occurrence of the outage event during a
pre-determned interval; and nodifying said quality netric in accordance
w th said detecting. [1016] In another:?spect of the invention, the outage
is detected by determning at a source of data a quality metric of a link
over which data is to be transmtted; nodifying said quality netric by a

qual ity neeElbéindTBh Sufige &NENORKIrAPIG rafuikdtiBORarRsio\BES réremRte ERAMI I ed
for transm ssion of a reference signal _exceeds power required for

transni ssi8FPEGF ROWE™ FRIUPE defelransgtienionyel e PiseRnce sienal Aetemvad feButhqual i ty

netric. Alrﬁoejmatqummetmdm@maa Itfe Q@t'{a@é??sediatéb(edjw BEt&IRInMg Rt BukeUr Ce
of data a quality netric of | ink over which data 1s to be transmtted,;

nodi fyi ng °54p%@ 2 guality W”H?et’fr?(‘ﬂ”‘b?vg whish detp igde hectransmifes; mpdifepgisRiing a

mexi num r atgitPfmdad ayi 8 %@ﬁ@%@ﬁn@cmwﬁ méé}rrmmq)@ v abiet ¥r BRErHhc; and
decl aring an outage even ower required tor transm ssion of data at

t he naxi nﬁﬁ?%qr@ed«f'thcﬁatddn@@d&@ewhwtﬁ@mndépplawréowta%wﬁnwh@hpmr
BRI EF DES@%JUP& GN tPandriiEsiBIRAYY e o ]tQéHaxFHu@n r%té lot Wit @&@e%dé RONRERT Ual

di agram of an communi cation system [1 FIG 2 illustrates an
exenpl aryaFQWq}Qéﬁ"iﬂaﬂW'%aW%r m [1019] FI G 3 illustrates a reverse |ink
transm ssion power control; [1020] FIG 4 illustrates a reverse |ink

quality estimtor; [10 illqﬁu&séﬂlbﬂ@ﬁr@g ?FIEaDFB‘arﬁabéor transmt power

limting;, [1022] FIG rates a conceptua ngenent of an

enbodi ment of reverse link maxi mum adni ssible data rate estimtion; [1023]
FIG 7 il [ty ai@s itugbatdiacdontept(id @2glant bGan BDRIdotsiuridatisn ayst@ncept ual
operation of a peak filter; [1025] FIG 9 illustrates an exenplary reverse

i nk vvaveforrri] 1026 FIG 10 illustrates arrangenment of another enbodi ment
of reversé&Q1f E%ﬂi'qﬁyﬁ{esé’(ﬂ‘rﬁ@g‘ﬂ?%foﬂ%ﬁrﬁ"rr“é‘ﬂ’é"eé%*m mat i on; and

[1019] FIG. 3 illustrates a reverse link transmission power control;
[1020] FIG. 4 illustrates a reverse link quality estimator,;
[1021] FIG. 5 illustrates a method for transmit power limiting;

[1022] FIG. 6 illustrates a conceptual arrangement of an embodiment of reverse link

maximum admissible data rate estimation;

[1023] FIG. 7 illustrates a predictor;

[1024] FIG. 8 illustrates a conceptual operation of a peak filter,;
[1025] FIG. 9 illustrates an exemplary reverse link waveform;

[1026] FIG. 10 illustrates arrangement of another embodiment of reverse link maximum

admissible data rate estimation; and
[1027] FIG. 11 illustrates an outage event detector in accordance with one embodiment.

DETAILED DESCRIPTION

Definitions
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[1027] FIG 11 illustrates an outage event detector in accordance with one
enbodi nent. DETAI LED DESCRI PTI ON Definitions [1028] The word "exenpl ary"
is used exclusively herein to nmean "serving as an exanple, instance, or
illustration.”™ Any enbodi nent described herein as "exenplary" is not
necessarily to be construed as preferred or advantageous over ot her

enbodi nents. [1029] The term access network is used exclusively herein to
mean a collection of access points (AP) gand one or nore access point
controllers. The access network transports data packets between nultiple
access termnals (AT). The access network nmay be further connected to
addi tional networks outside the access network, such as a corporate

i ntranet 61028héhe nv@d neaxemalady” nigy Useda BXPeR el deteip de kean beerviegnaea8h

access t %&aﬂna@l .ngﬂaﬂcétaﬁmueusffdndemﬁém&ﬁﬁem[djegéﬁﬂedm?e.ﬁ%g%w pition,

referred to herein as an In the case comuni cation System is
used excl 78t Weﬁs%i'é’rtélbﬁ CPBStﬁ@é@StHﬁ@‘efrﬁ%d @WéntﬁﬂQWSMBtwhe@Wrmm
stations comunicate. Cell refers to the hardware or a geographic coverage

area, dep i t j, N r S A P a
partiti on?ﬂﬁbggggﬁ?%% g%gurg%&%akslg% h%tg@g'tv %1' ng 'ﬁ tg 'ﬁgan oféog&f':tg)h f
t eachi ngs adesssrpdids (AR) @ed nneobr oerd sccasepmﬁa@nltryllefxt Eheledcdss meworkr s

[ 1031] ThershSIcR- SRS BELRSL o30,36h Ol £ELLE L bt en b 198 ABATydokhe case

of an HDR I on sy hergidn to mean
har dwar e waytbenhitiodr ca)nnecaexte:s&idlt@mmdtwmbsmutsideah@accee\a nAqunla;suHeasrabl I e or

stati onar¥, nne?aﬂ; tol?‘?heaﬁ}’erngaér?d rqgwrg%&oﬂa&a commni cat es ea@ﬂ%f'ﬂg%g? optic

Wi rel ess ed cnann or exanpl e using
or coaxi artermatallemsum OATBldaatjﬁt\fvorksher be any of a nunber of types of
devices including but not limted to PC card, conpact flash, external or

i nt | | ' hat
rennal TR e o oL e ] B BRSO o 1
said to beorinmuaicaﬁmmatstermnlssﬁedpexstualvely henein Ad rbdeat tHéalSare@hrabdwtrS haidhan

active tral1‘st!(r:I o gar]}%el C,%”rﬁeCttOEeﬁ“ . a% tHAéPh' cal |l ed éam ]t \(/graA'e[ and
is said t8 %g Pef‘[ &Péff’ 8’1 g{cg refers to ardware or a geographic co g

area, depending on the context in which the term is used. A sector is a partition of a cell.
Because a sector has the attributes of a cell, the teachings described in terms of cells
are readily extended to sectors.

[1031] The term subscriber station, referred to herein as an AT in the case of an HDR
communication system, is used exclusively herein to mean the hardware with which an
access network communicates. An AT may be mobile or stationary. An AT may be any
data device that communicates through a wireless channel or through a wired channel,
for example using fiber optic or coaxial cables. An AT may further be any of a number of
types of devices including but not limited to PC card, compact flash, external or internal
modem, or wireless or wireline phone. An AT that is in the process of establishing an
active traffic channel connection with an AP is said to be in a connection setup state. An
AT that has established an active traffic channel connection with an AP is called an

active AT, and is said to be in a traffic state.

[1032] The term communication channel/link is used exclusively herein to mean a single
route over which a signal is transmitted described in terms of modulation characteristics

and coding, or a single route within the protocol layers of either the AP or the AT.



[ 1032] The term comuni cation channel/link is used exclusively herein to
nmean a single route over which a signal is transmtted described in terns
of nodul ation characteristics and coding, or a single route within the
protocol |ayers of either the AP or the, AT. q [1033] The termreverse
channel /link is used exclusively herein“to nean a conmmuni cation

channel /1ink through which the AT sends signals to the AP. [1034] A forward
channel /link is used exclusively herein to nean a commruni cati on

ch?nnﬁl / Llirrdfegx Wh@ugﬂﬂm\l\fr‘ré@”ﬂsahcrﬂlﬂnélﬂiﬂds_isﬁL&@m exdlosivdly Aﬁere{n1085]ne1hgat erm
soft hand-o IS _use usjve erein to nean a c ication etween a
subscri befOSPicaiPTy n%h"ﬂﬁ%@“@@U%ﬁﬁ&ﬁeaﬁ%?g?ﬂsgg%ﬁgg%ctor bel ongs to
a different cell, In the context of 1S-95 standard, the reverse |ink

comuni cat{o2m Asfonﬁéﬂﬁeéﬁéﬂﬂemi)ﬁk b@”&e@eé&l%ﬁew aHé?Jenta e heamar forhmication
comruni catjon i s sinmultaneously carried on the two or nore sectors'

forward | chRellink thiougl Whicken Adt seda sigrrigtsasflindar d, data transmi ssion on
the forward Iink is non-sinultaneously carried out between one of the two

Or nDre Sefaey ?h@rf%nji 6t /Ngndlo?foéalsegh&cﬁﬁﬁlgzg‘ée@éiratg 3@?ar#%egorﬁ%8r¥|&§i'oﬁe' y

herein to nmean re to recognize a mes ! hetermoutage S
used excl Qgtwﬁény? swesesibar stetioreant wotdrmere Aecters alhefeini aagh wettohbelerigs to a

| i kel'i hoog Oc%% Hﬁﬁg ?ﬁ’téft%@‘ié 95 #ddard SRE! r\é@er?@rl}HkCEodwrﬁurﬁ egdired:

Descripti on | ustrates a conceptua
conmuni cat&cgrvewgtb@th senterbl @ndothe fermafdolinki gom mnigatiamis amltmeoualv&a@@du mat i on

in accord t t I S ects
of the mach e d Br FERP GG, Brflra ks, 17l Etkoh TR 12856 ¥BRLHSABIPEET S
a CDVA cotratgmigsien ongdhes faswvaerid hnspe@pmsmw!tapewslymmhmwidmt\@eﬁrsm efnthén

accor danc c}’\brtrnorrer%%ctloé ShBnsthandard. However, those of ordinary skills in
the art w appreci ate that t he aspects of the maxi mum rate of data

estimation are |likewi se suitable for use in various other conmuni cati ons
envi r onnmeftos6] The demdieragurg isanyed eka@usivetye hereinatcCbianclailura ntocretognire syst em

IS i ntend%%sgéaey to

[1037] The term outage is used exclusively herein to mean a time interval during which

the likelihood that a subscriber station will receive service is reduced.

Description

[1038] FIG. 1 illustrates a conceptual diagram of a communication system capable of
performing maximum rate of data estimation in accordance with embodiments of the
present invention. Various aspects of the maximum rate of data estimation will be
described in the context of a CDMA communications system, specifically a
communication system in accordance with the I1S-856 standard. However, those of
ordinary skills in the art will appreciate that the aspects of the maximum rate of data
estimation are likewise suitable for use in various other communications environments.
Accordingly, any reference to a CDMA communications system is intended only to
illustrate the inventive aspects of the present invention, with the understanding that such

inventive aspects have a wide range of applications.



illustrate the inventive aspects of the present invention, with the
under st andi ng that such inventive aspects have a w de range of
applications. [1039] In the above-nentioned comuni cati on system an AP 100
transmts data to an AT 104 over a forward link 106(1), and receives data
fromthe AT 104 over a reverse link 108(1). Simlarly, an AP 102 transmts
data to the AT 104 over a forward |ink 106(2), and receives data fromthe
AT 104 over a reverse link 108(2). In accordance with one enbodi nent, data
transmission on the forward |ink occurs ¥ omone AP to one AT at or near
the maxi num data rate that can be supported by the forward |link and the
communi cation system Oher channels of the forward |ink, e.g., control
channel transmtted fromnultiple APs to one AT. Reverse |ink data
communi cai‘ioéﬁ] [feliie FOEVR-MeptiiedoaMiNiqaioR RESteSP. 3bAB RPJranstids Agtatp@nand t he

AP 102 ar arcn raeert@f&nwdamk GO8H T, Ahl Bdcel b0 dtafonPRekied Sovkl 8 (derdNfk 112(2) .

The term backhaul is used to nean a conmmunication |ink between a

cont r ol | er 0% Sinilasly, appPHEOE FRnenits datade he'Ad EMPvehe famarddink 18B@menin FI G
1, one of (QEAbdafaya #hin Ihel ATIR &V 4 RARARI FRS1418L 1A NcBoliandeOhitP@ragogi cal

purposes only, and the communication system can conprise plurality of AT's
and AP s. empedyment. datat fragismyssianten thy famardling esqersdrom Ree AP'tg ong AJ.at afrhe AP

100, estah A a& T
procedure. é?rﬁ{hfhpsagconnreugfﬁtrétg?tgg{e%nLb% @Gp_[pi‘)rt%eﬂfseftr?é %eru,tggj ?@ggﬁ%\a/ethgat a and

control nEYBAYBISAtANGRYSIERE OMerphannaimef the foaward lipk, e g.r eenitel ehanaclamage cont r ol
messages ¥r9nstn|51§ed°‘Por%qgulTa_Q%P%ﬁo% &'prﬁé\}é%él fink &?@E&Mﬁﬁjmcgtron PEPBEAPS that

coul d be added active set he active set conprises a |ist

of the APEOBAEOLRE tBfoneotmmpiecARs ofhenAPH! QOh@dAthelleﬁ 10&#@ ooneertethton® i s
found, t h@ontr%-ll-erl% SRk eYbdLER Azeyahk tﬂz{?zt'lfh'ecter% bé&@laﬁpi's %sé@fd"ﬁ%% Link,

whi ch in one enbodi nent conpri ses a Si interference and-noi se I’atl 0
(SINR) . | Roramenigsiipndinkdatween aecontroller @ad @éé’rPc AéBougbrontit terATAPgnd A AP

det er m negrd hewAlh ﬁIGSHNBwé Bf ﬁeiﬁerycjs@ﬂ%‘?tH@' atrthre@od?flﬂegtthatsthlg Ml)l‘ pedago ical
Si mul t aneously, the AT 104 calculates the forward link quality fretric for

each AP PWPP$RS oA @od;trmo.nv@urg@ttlon pYstemean semaiise Rlyralty gbAT sepd ABtsri ¢ from
a particular AP is above. a predeterm ned add threshold or bel ow a

pr edet erm@gg‘hgﬁgﬁ\/tmgeﬂo &k 06 fne %ﬁe&ﬂgg&‘rﬁ@ gd BRrlaed 186, LLlBisht B AT

104 repo Is 1tnformation to t
communication link using a predetermined access procedure. In this connected state,

the AT 104 is able to receive data and control messages from the AP 100, and is able to
transmit data and control messages to the AP 100. The AT 104 continually searches for
other APs that could be added to the AT 104 active set. The active set comprises a list
of the APs capable of communication with the AT 104. When such an AP is found, the
AT 104 calculates a quality metric of the AP's forward link, which in one embodiment
comprises a signal-to-interference and-noise ratio (SINR). In one embodiment, the AT
104 searches for other APs and determines the AP's SINR in accordance with a pilot
signal. Simultaneously, the AT 104 calculates the forward link quality metric for each AP
in the AT 104 active set. If the forward link quality metric from a particular AP is above a
predetermined add threshold or below a predetermined drop threshold for a
predetermined period of time, the AT 104 reports this information to the AP 100.
Subsequent messages from the AP 100 direct the AT 104 to add to or to delete from the
AT 104 active set the particular AP.



Subsequent nmessages fromthe AP 100 direct the AT 104 to add to or to
delete fromthe AT 104 active set the particular AP. 11 [1041] The AT 104
selects a serving AP fromthe active set based on a set of parameters. The
termserving AP refers to an AP that a particular AT selected for data
conmuni cation or an AP that is comunicating data to the particular AT. The
set of paraneters can conprise present and previous SINR neasurenents, a
bit-error-rate and/or a packet-error-;g&e, and ot her paraneters known to
one skilled in the art. In one enbodi t, the serving AP is selected in
accordance wth the largest SINR neasurenent The AT 104 then specifies

t he sel ect P in a data request nessag (DRC ne e), transmtted on
t he data r[i%h ddhe cﬁBnWé‘I SEIERE 2 PRI )‘\P ﬁ"ﬁ’é‘ IﬁQCaCtWEs?g sedron Gnfei A t he

request ed péaérﬁeté@t hdfermAr@fd Abi réfldio ANAP fﬂlﬁhtcaaédr@dhlé?fAﬁ g@eaé@fdrtdma of the
forward I|ink, cgtlonthe neasured SINR, the bit-error-rate,

-~
packet - er rGFIMUL PhapftP dhabdriicAmmUTicalng data 1p4he RAMtAYIARAT- irh% Set of

transm ssigfarnidtetsh@nRi¥m R SR8 Qnd préRs® EiNR ﬁFéaQMreHéﬁtsU%eblﬂérr&-r%| sh
code, which uniquely identifies the specific AP. The DRC nessage synbol s

are t ensord"/{er @i Rﬂcﬁﬁ"@ﬁﬁéﬁeﬁﬂd AherPar %etﬁﬁl 'ﬁ\&?é/n\ﬁmoﬁﬁ skiflerbin thg@rt. In orie

tensor - muldmldingedt | @ (sBRaAR) TP 9PSI&EPNn §ccroeéa%éew.tﬁ QhéslaV&HSFhSIﬂRve“ ng
of a signal. Since each AP in the active set of is identified

by a uni qd@ea\ﬁHTegf?”&on’@ ABHW th?%%o%éleéé*ﬂ%ae'%@e@\ﬁ?c'ﬁ %S@t?éﬁ%ﬁeéé MERgAIsRC

si gnal wi thRENReSRIGEEGlanYRltel &PER §aR re@&rsf @R4ANEI @'@R@d&mahﬁé%[ﬁ@ prREsage.
[ 1042] The data to be transmtted to the AT 104 arrives at the controller

110. In m?%wqmqmthﬁﬁéqm%?ﬂe of plkerpalivelyodn Beicatiay ofdhrisualie dat a
to all APsfirt Bivak@4nk, acd.i e rﬁ@ésu%éﬁSINtRh%ebﬁﬁgr}ﬂ@MEtelaaZthel BhcRAr Rk ate.

enmbodi ment, the controller 110 first determnes, which AP was sel ected by
the AT 104" 88e €RWodiBlep!, e AP, 104repnt ditest therfernsmission phthe PRC Messagpvp iy AP.

The dat a ispesti®ARGyitRe %sél'é?hl@Né‘l&h b, AR unidhicRARERies TRS Sadfici A0 ten sent
by one or nore APs to the AT 104 on respective control channel's. The AT

104 denodHFdt B€SEass %la@@l&eage tensosmylinliesd (sharsae with theoyniausoyalshicogdrahifel s t o
obt ai Nt heeRRBMIGipMREERYSping) operation is referred to as Walsh covering of a signal.

Since each AP in the active set of the AT 104 is identified by a unique Walsh code, only
the selected AP which correlates the DRC signal with the correct Walsh code can
correctly decode the DRC message.

[1042] The data to be transmitted to the AT 104 arrives at the controller 110. In
accordance with one embodiment, the controller 110 sends the data to all APs in AT 104
active set over the backhaul 112. In another embodiment, the controller 110 first
determines, which AP was selected by the AT 104 as the serving AP, and then sends
the data to the serving AP. The data is stored in a queue at the AP(s). A paging
message is then sent by one or more APs to the AT 104 on respective control channels.
The AT 104 demodulates and decodes the signals on one or more control channels to

obtain the paging messages.

[1043] At each time-slot, the AP can schedule data transmission to any of the ATs that
received the paging message. An exemplary method for scheduling transmission is
described in U.S. Patent No. 6,229,795, entitted "SYSTEM FOR ALLOCATING
RESOURCES IN A COMMUNICATION SYSTEM," assigned to the assignee of the

present
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[1043] At each tinme-slot, the AP can schedul e data transm ssion to any of
the ATs that received the pagi ng nessage. An exenplary nethod for
scheduling transm ssion is described in U S. Patent No. 6,229, 795,
entitled "SYSTEM FOR ALLOCATI NG RESOURCES IN A COVMUNI CATI ON SYSTEM "
assigned to the assignee of the present invention. The AP uses the rate
control information received fromeach ¥ in the DRC nessage to
efficiently transmt forward Iink data at the highest possible rate. In one

enbodi mentnyehfith, ARe dgt g4 tH§$atEfE%nf#@tlﬁfofn?§t|%n @écewydcfrbrﬁ QatH ARSMiHe HRE data

to the AT 104 based on the nost recent val ue of DRC nessage received
fromthe APS$ae to afjdeplyoliangmyit farwardamk dategethe htséﬁ%tlnqSé@learaﬁ& dnessi on

to the ATeHﬂ(%dlménP%é‘fQP %eteﬁﬁfngé‘q{e%té:%@l@ﬁtw &ﬂo'tr% Rt e QtotthéﬁTm@Q' le

station. In the exenplary enbodi nent IS sprealng code Ist
pseudo nobased PRythe gaest repenttvalue @b fhien BRhynessagel Sogled feamaibraAd. 1@41044]

The AT 1Oflxddﬂct|8rﬁall‘9h'trfé1 APhEndaki? iRakiel d?rahﬁ@é\gﬁ% hECET VAR bi&ud ﬂ% -

transm ssion and decodes the data pack one e od| ment, eac
packet i sspr&gdingicadeavhightis L@muederthatfm@blle datiog). Iratr@eemnkafymrménmenm chis

used by thgs é&e&ﬁﬁg k%bef 2&@%@%&% ndiSE c8§]e%|—9éﬂ S Uefind nE\Pﬁ@@:%S

In
such an event ni cat es reverse data cﬁannel
t he sequeﬁ@éd?fdnbers of the m ssing data units. The control | er 110, which
receives the data nessages fromthe AT 104 via the AP com*runi cating with

the AT 104, i fe ; eAP received by
the AT 10@_“%?%&?@% s@ﬁe\gr&'fg thg re é%cq(ﬁ'f 6}% L?E@? 'sUEH 'Vggt tge ﬁ?t
[ 1045] Oné&assanibsiend and debed%rtﬂwerdatmgpacl@slntdmterablodkﬁenialeacmdptal sk etnie or

Tor e SeCt SLoahdl i ARSRIAPLT ©1) ABNE.e LIS SLALAR YER W3R epEIbCa! Y

to all ow cl'ear explanation of as C cofice |cat| on
system Hdelevieejthanaiskd| dredupiicatehdraashissiams. xsectd anheventpltize ridld 1©@dncept s

to an AP LSl : o . ent t of
ector wi PrTpenceas e tarost i et EEhdy e RREER B bers o MRS
St ruct ur ed&b@nit2 ThHd crstnoﬁﬂre‘m Oawheheaapdivsythé detgamdsdagek fravibE TN @DGa For
pedagogi Cﬁﬁle /Klg%gr%ﬂ%mcrapng with the AT 104, then indicates to the AP what data units were

not received by the AT 104. The AP then schedules a retransmission of such data units.

[1045] One skilled in the art recognizes that an AP can comprise one or more sectors. In
the description above, the term AP was used generically to allow clear explanation of
basic concepts of the HDR communication system. However, one skilled in the art can
extend the explained concepts to an AP comprising any number of sectors.

Consequently, the concept of sector will be used throughout the rest of the document.

Forward Link Structure

FIG. 2 illustrates an exemplary forward link waveform 200. For pedagogical reasons, the
waveform 200 is modeled after a forward link waveform of the above-mentioned HDR
system. However, one of ordinary skill in the art will understand that the teaching is
applicable to different waveforms. Thus, for example, in one embodiment the waveform
does not need to contain pilot signal bursts, and the pilot signal can be transmitted on a
separate channel, which can be continuous or bursty. The forward link 200 is defined in

terms of frames. A
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waveform 200 is nodel ed after a forward |ink waveform of the
above-nenti oned HDR system However, one of ordinary skill in the art wll
understand that the teaching is applicable to different waveforns. Thus,
for exanple, in one enbodi nent the waveform does not need to contain pilot
signal bursts, and the pilot signal can he transmtted on a separate
channel , mhlch can be continuous or bursfy. The forward link 200 i s defined
in terms of frames. A 13 frame is a structure conprising 16 time-slots

202, eachfhimess %'sﬂbctaﬁé?c&%r%gz%ﬁnéiélo&smi @@91 tn‘ﬁ@fsTcﬁQDQfUéln@ng cBipd. 66 ns.
ti me-slot duration, (}‘?Eﬂ;&o consequently, a . frame duration. Each

ti me- sl ot !9 CoEesgp Ant-B° 1o t'ﬁﬁrs’r'o"tq%ﬂ'oﬁ 8'9% epnsequeptini 2GOP HNS: pi | ot

bursts 204ameZffdtioh BBSHTHIMERGtWODNE rdwﬁ@ahntbétbvfa HalfrmreSé@tE @anzoz%omh In the
exenpl ary enbodi nent, each gl | ot burst 204a, 204b is s long, and is

cent ered &t Ptﬁétsn?%r‘%o%%? pnsnpitied, vahin saeh h@gﬂ'fneﬁ'%@%t &h2dn HB2h. The

pi | ot bUFSkén;a%%mb%‘a(}@ent%ﬁrﬂll%@st%héﬂzmbﬁ’@@@hhlﬁé Giih% arﬁp‘é%éﬁl@réa%ta Wl sh
cover with index 0. A forward di um access control annel 206

forms twotheumidrRoNt @i 't?hasépé'aiefja'?%frﬁ“f%@ﬂt 20Zneleat B8y Pl fayrsds g 6? di ately

after thecphpe BUist c%epglgﬁacéb\@?édf by 'anWanhoéovgp%nth lhﬂ‘ei beAe?éﬂ/UH?Ji ary
enbodi nent, the C is conposed up to 64 code channels, whi are

or t hogonaMefliugbaetess %’9“@4‘3%”99'\/@4% %QﬁjéoémsE)Q(@I'P%%iélewbﬁhrﬁ*i@ltrqn§miﬁ€@nt| fied
by a MACihme@stel Vﬂé‘f&r@ arhasimﬁneuﬁlté'}ea@&tﬂﬁ‘@ﬁﬂbtJeu%'f"if]@ﬂ)f e@ﬂ#jhélfjﬁarﬁé kbt 8. @

uni que 64-ary V\al sh cover. A reverse power control channel (RPC) is used
to regul attethereXema\Rer eBPodiment, theMpGds POAROSSHPh AP 40 F8codachaniigtss Whicher

station. I#eeorﬁl%@ommw%d%ryeam?%%@eo&& ESOHTRGHE EHhnBAS Wediidemes se |ink
transm ssi on power at the base station with a power control set point. If

the measuMéd indoemdich hasia valum SATnesn drangdifend sdeatéflw phaues84-apolVaeh  t hen

an RPC up sRmARNdvdrse Ro@ui @&qrcﬂ Cbhbr"ﬂr%l 3HPErId bely &t AlguRIe ke bopdre@sRet he
reverse link transm ssion I f the neasured reverse |1 nk transm ssion

power is ERY§(RE “t”hé'gn§k§tf°b%?q4i‘t3“b§9f&$r awt'ﬂpémowp@ewdsase peRrate@dYt o t he

subscri beEorﬁbﬁFanﬁeés@ré%eféK/&%é &ink ttrlaﬁsrﬁl@é’@rm@wéﬂ QKhé h38s Blafieh (it ROYRer The
RPC i s assi g{ned to one of the avail wi th MAC I ndex between 5 and

63. The NPENUR 88 NOIRE If thganeasuresl rguerae findy trapsirispiangrower is below the set point,
then an RPC up command is provided to the subscriber station to increase the reverse

link transmission power. If the measured reverse link transmission power is above the
set point, then an RPC down command is provided to the subscriber station to decrease
the reverse link transmission power. The RPC is assigned to one of the available MACs
with MAC index between 5 and 63. The MAC with MAC index 4 is used for a reverse
activity channel (RA), which performs flow control on the reverse traffic channel. The
forward link traffic channel and control channel payload is sent in the remaining portions
208a of the first half-time-slot 202a and the remaining portions 208b of the second half-
time-slot 202b.

Reverse Link Power Control

[1046] Unlike the forward link, whose channels are always transmitted at full available
power, the reverse link comprises channels, whose transmission is power controlled, to

achieve the goal of maximized capacity of



activity channel (RA), which perforns flow control on the reverse traffic
channel. The forward link traffic channel and control channel payload is
sent in the remaining portions 208a of the first half-tinme-slot 202a and
t he remai ning portions 208b of the second half- tine-slot 202b. Reverse
Li nk Power Control [1046] Unlike the forward |Iink, whose channels are
always transmtted at full available power, the reverse link conprises
channel s, whose transm ssion i s power cog rolled, to achieve the goal of
maxi m zed capacity of the communi cation %Sten1as expl ai ned above.
Consequently, aspects of the maxinum rate of data estimation wll be
described in the context of the reverse lin However, as those of

ordi nary <0G FIRAMYRICHQR SYSIEM RS ¢XPIalngRs #RPV%M@MH&Y 33REStS CALFIRREMUPe

equal Iy agpldf aafl &timatien o veashctibéini the Bot@XTHI M RIVERR IBK SHGRverzase
f or war d I|nk is al soﬁ}) \A@r controll ed. g104gﬂThe reverse |ink
tslﬁ il

transm ssittiFepuding Ho At 4t i rerd 3te Hhesd e arqvefralhe

| S- 856 StQ;PSI&faSIeI@ awwarcplmkaﬁla%nﬁm.d@ﬂwgysmmke kAR inkMs B&Pokerop and
a closed Conceptual arrangenent of ‘the open |oop and closed loop is
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one enbodi nent e re signal is a signa on a
channel . @]@n@fembodment lllustrated in FIG. 4, block 302 (of FIG. 3) compnses a fllter 302

filtering a received signal power RxPwr. The filtered RxPwr is provided to block 304
together with a parameter K providing compensation for base station loading and
translation to the TxOpenLoopPwr. In one embodiment, the block 304 combines the

filtered RxPwr and the parameter K in accordance with an Equation (1).
TxOpenlLoopPwr = K - F(RxPwr) )]
where F is the transfer function of the filter 302.

In one embodiment, the received signal is a signal received on a pilot channel. One of
ordinary skills in the art recognizes that other embodiments of an open loop estimation

process are well known the art and are equally applicable.

[1048] Referring back to FIG. 3, the function of the closed loop is to correct the open
loop estimate, which does not take into account environmentally induced phenomena,
such as shadowing, and other user interferences, to achieve a desired quality signal
quality at the base station. In one embodiment, the desired signal quality comprises a
signal-to-noise ratio (SNR). The objective can be achieved by measuring the quality

metric of a reverse link and reporting results of the measurement back to the subscriber



ordinary skills in the art recognizes that other enbodinents of an open

| oop estimation process are well known the art and are equally applicable.
[ 1048] Referring back to FIG 3, the function of the closed loop is to
correct the open I|oop estimate, which does not take into account
environnmental | y i nduced phenonena, such as shadow ng, and ot her user
interferences, to achieve a desired qudbity signal quality at the base
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i npl ement ati on has maxi num al | owabl e power
TxTotalPwr = TxOpenLoopPwr + TxClosedLoopAdj + PilotToTotalRatio(riRate) (2)

where the PilotToTotalRatio is a function describing a translation between the rate of
data of a signal used for determining the TxOpenLoopPwr and the TxClosedLoopAdj
and the riRate.

[1050] Because a transmitter implementation has maximum allowable power
(TxMaxPwr), the TxTotalPwr may be optionally limited in block 312. In one embodiment,
the transmit power limiting is performed in accordance with a method illustrated in FIG.
5. The method starts in step 502 and continues in step 504. In step 504, the TxTotalPwr
is compared to the TxMaxPwr. If the TxTotaiPwr is less or equal to TxMaxPwr, the
method continues in step 506, where the TxPwrLimited is set equal to TxMaxPwr;
otherwise, the method continues in step 508, where the TxPwrLimited is set equal to
TxTotalPwr. The method ends in step 510.
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(TxMawar), t he TxTotal Pw may be optlonally limted in block 312. In one

enbodi nent, the transmt power |limting is perforned in accordance with a
method illustrated in FIG 5. The nethod starts in step 502 and conti nues
in step 504. In step 504, the TxTotal Pwr is conpared to the TxMaxPw . |[f

the TxTotai Pw is less or equal to TxNaﬁEwr the method continues in step
506, where the TxPwLimted is set equal'"to TxMaxPwr; otherw se, the

nmet hod continues in step 508, where the TxPwLimted is set equal to
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rate of data estimation. The open | oop generates an estimte of the reverse

link quality netric in block 602. In one enbodinent, the quality nmetric is
a path loss. The estimated path loss is then translated into a required

transmt power TXQoenLomuinnAdrﬁ%%ﬂﬂéjéﬂfé%é%ﬁEQtn%ﬁ% factors, e, g., a
base station |oading. In one enmbodinent, the TxOpenLoopPw is estimated in

accordance wwth FIG 4. The TxQoenLooprr is provided to a block 604,
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F1 =1, conse uent una ‘ecte ter 702,
The TxOpeptayoigtie abiolct épédvhigh may pteﬂe:t thé()@luesof iﬁx@perd@dpmr at some time in
the future. The predicted output of block 604 is denoted TxOpenLoopPred. In one
embodiment, the block 604 is an identity function; consequently, the TxOpenLoopPwr is
unaffected by the block 604, therefore, TxOpenLoopPred = TxOpenLoopPwr. Another

embodiment of the block 604 is iliustrated in FIG. 7.

[1053] As illustrated in FIG. 7, TxOpenLoopPwr is provided to a linear, time-invariant
filter 7102. In one embodiment, the filter 702 is a low pass filter. In another embodiment,
the filter 702 has a transfer function F1 =1; consequently, the TxOpenlLoopPwr is
unaffected by the filter 702. The TxOpenLoopPwr filtered by a filter 702 is provided to a
filter 704. In one embodiment, the filter 704 is a peak filter. The function of the peak filter

is explained in reference to FIG. 8.

[1054] Referring to FIG. 8, at time to, the Input signal is provided to a peak filter. The
value of the output of the peak filter Output signal is initialized to the value of Input
signal. From time to t, time t;, the Output signal tracks the Input signal. At time t,, the
Input signal reached a peak and started to decay. The Output signal stopped to follow
the Input signal, and started to decay by a



filter 704. In one enbodinment, the filter 704 is a peak filter. The
function of the peak filter is explained in reference to FIG 8. [1054]
Referring to FIG 8, at tinme to, the Input signal is provided to a peak
filter. The value of the output of the peak filter Qutput signal is
initialized to the value of |nput 5|gna} Fromtine to to tine tl, the

Qut put signal tracks the Input signal A:}tlne tl, the Input signa

reached a peak and started to decay. The Qutput signal stopped to follow
tr21e I Rpu} pga- gétadmm@c{wchtet/artmtztmedmmwghyl dh}acbmergqeadettaé Oufed sfg&él@ndﬁt time
t2, the In na cane e to the t sjgnal an ntinued to
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t he | nput tisd igpatlsignell055] Referring back to FIG 6, the TxOpenLoopPred is
provided to a conbiner block 610 I n one enbodi nent the conbi ner bl ock 610
conprises a sunmer summ ng ggenLoo pPred with a prediction of the
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sumer. The out put of sumer represents t the estimate of correction to
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TxQ osedL gppéflioop %o BbRIEK 806, hnd eh%b%eiﬁqe@]@ﬁihe fdRdPAK s@@e&haﬁs@wé hﬁcbl ock

608 conprises a filter as described in reference to
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filter 704 is er_a frane pea l'ter 1s initialized
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channel is established. Assum ng that the RPC channel was establi shed at
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pof signal. The peak filter is initialized as follows. One of the ATs and one of the APs

establish a communication link using a predetermined access procedure, as part of
which the RPC channel is established. Assuming that the RPC channel was established
at time to (referring to Fig. 8) the RPC commands are being provided to the block 608,
and consequently to the peak filter 704. The TxClosedlLoopPred (the Output signal of
Fig. 8) is then initialized to the value of TxClosedLoopAd] (the Output signal of Fig. 8) at
the time t,.

[1056] Referring back to the block 610, the TxPilotPred is provided to a combiner block
612. Combiner block 612 also accepts a transmission power margin (TxPwrMargin). In
one embodiment, (not shown) the TxPwrMargin is a constant, with default value of 3 dB.
In another embodiment, the TxPwrMargin is dynamically adjusted by block 614, in
accordance with outage events. The method for dynamically adjusting the TxPwrMargin
is described in detail below. Referring back to the combiner block 612, in one

embodiment, the combiner block 612 is a summer, consequently the output, a



Fig. 8 is then initialized to the value of TxC osedLoopAdj (the Qutput
signal of Fig. 8 at the tinme to. [1056] Referring back to the bl ock 610,
the TxPilotPred is provided to a conbiner block 612. Conbi ner bl ock 612

al so accepts a transm ssion power margin (TxPwMargin). In one enbodi nent,
(not shown) the TxPwMargin is a constant, with default value of 3 dB. In
anot her enbodi nent, the TxPw Margin is dynam cally adjusted by bl ock 614,
in accordance with outage events. The thod for dynam cally adjusting the
TxPw Margin is described in detail belléw. Referring back to the conbiner

bl ock 612, in one enbodinent, the conbiner block 612 is a sunmer,
consequently t he outg a 1@6bounded transm ssion pil ot S|9nal
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TxTot ai PwrUpper I's c npar
t ransm ssaaisfigdxMaxPwr) in bl ock 620. Thus, the bl ock 620 eval uates the
Equation (4). The result of the conparison is provided to a block 622. If

1 Rate e Sl B fee R SN RE el aciBa 11 Rat e to the

bl ock 616, and the process is repeated until the Equation (4) does not
hol d. The[1osghes optiRize, a heFortingd df REcdeiiakit&dn system, it is desired that the

highest data rate (rlRatePredicted), which is admissible (according to the Equation (4) is
determined. Consequently, the TxTotaiPwrUpperBound is compared with the maximum
power available for transmission (TxMaxPwr) in block 620. Thus, the block 620
evaluates the Equation (4). The result of the comparison is provided to a block 622. If
the Equation (4) is satisfied, the block 622 selects rIRate higher than the riRate that has
just been tested, provides the selected rIRate to the block 616, and the process is
repeated until the Equation (4) does not hold. The highest rate, for which the Equation
(4) is satisfied is outputted as rlRatePredicted. One of ordinary skill in the art
understands that the blocks 618-622 can be implemented or performed with a general
purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions described herein. For the
purposes of this document any of the above-enumerated options is referred to

collectively as a processing block.



(4) is satisfied is outputted as rl RatePredicted. One of ordinary skill in
the art understands that the bl ocks 618-622 can be inplenented or
performed with a general purpose processor, a digital signal processor
(DSP), an application specific integrated circuit (ASIC), a field
programuabl e gate array (FPGA) or other programmable |ogic device,

di screte gate or transistor |ogic, discrete hardware conponents, or any
conbi nati on thereof designed to performthé functions described herein. For
the purposes of this docunent any of the above-enunerated options is
referred to collectively as a processing block. Estimation of Power
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is satisfied or not. If desired, the process is repeated for all available riRates, and

thresholds.



reverse |link waveform of the above- nentioned systemin accordance to

| S-856 standard. However, one of ordinary skill in the art will understand
that the teaching is applicable to different wavefornms. The reverse |ink
channel 900 is defined in ternms of franmes 902. A frane 902 is a structure
conprising 16 tinme-slots 904(n), each time-slot 904(n) being 2048 chi ps

| ong, corresponding to a 1.66 ns. tine-slot duration, and, consequently, a
26.66 nms. frame duration. [1060] In accgfdance with the |S-856 standard,
the rate of data can change only at a franme boundary. In general, the
value of rl RatePredicted will be determ ned several slots before the start
of a frame, in order to arrive at the rate of data to be transmtted during
that frame on the reverse |iTFRWrMngpysamicRdiyaimantof r| RatePredicted is
determned at time to, k slots (k > 0) before the start of a frane 902(m
in accord kLt VEes ori I : t he
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at tinme t [ [ i I.S.satisfied:
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Ratio(rl RatePredi cted[ 16m Kk])>TxMaxPw (5) If the n'h slot of the 902(m h)
frame is [@B0] m ectoz@ceiwithythe |A\856 Baandandp thebateadl dats cad )chaagedorflp at ol | ows:
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of Type Bbefore the stotvefra frame, in order to arrive at the rate of data to be transmitted during
that frame on the reverse link. Suppose the value of rlRatePredicted is determined at
time to, k slots (k > 0) before the start of a frame 902(m) in accordance with the above-
described embodiment. At the start of the frame 902(m), the AT evaluates the transmit
power requirement for the determined rIRatePredicted in accordance with the open loop
and closed loop power control, and begins transmitting the data. During the frame
duration, the transmit power is adjusted in accordance with an update of the open loop
and closed loop power control. Consequently, the actual transmit power may differ from
the transmit power TxTotalPowerUpperBound, corresponding to the determined
rIRatePredicted. To evaluate the performance of the maximum admissible data rate

estimation, the concept of outage can be utilized.

[1061] The n” slot the 902(m™) frame is defined to be in outage of Type A if the power
required for the riRatePredicted at the n” slot is greater than the power determined for

the rIRatePredicted at time to, i.e., if Equation (5) is satisfied:

TxOpenLoop[16m+n]+TxClosedLoop[16m+n]+PilotToTotalRatio(rIRatePredicted[16m-
k])>TxMaxPwr 5)



required for the rl RatePredicted at the nth slot is greater than the power
determ ned for the rlRatePredicted at tine to, i.e., if Equation (7) is
satisfied: TxPil ot UpperBound[ 16m + n] >TxPi | ot Upper Bound[ 16m - k], n = 0, 1,
., 15 (7) If the nth slot of the 902(nilh) frame is not in outage of Type
B, then from Equations (4) and (7) follows:
TxPi | ot Pred[ 16m+n] +Pi | ot ToTot al Rati o(r| Rat ePredi cted[ 16m k]) _TxMaxPwr (8)
[ 1063] Equations (6) and (8) show that if the value of rl RatePredicted
determined at time to is used for transmttihg the data over the next
frame 902(mtl), then the reverse link is not power-limted during the nth
sl ot of thf frqq; 992(n$%%.mL10641 It has been_di scovered, that due to
various metHBds Yo g PYART hgamRdngetig outagsa mh dyPe onthani s Eauatipns (B r or
correcti orndiptieiioweavi ng and ot her nethods known to one of ordinary skills
in the art, isolated slot outages in a frane do not result in packet
decodi ng errors, however too nany slot outages in one frame result in
packet dedafilatgredEiepums+ F’AOG@E@tgﬁia@@@RatﬂPr Itefthemikdat xRy Mayan ef®)i s t o

limt the slot outage probability, to guarantee m nimal performance
d dat i th i i i zi |.d hput
under ol | (OGRS Ehe B0 ALY raEln SyRREIST e Tine B Y ghitr o 9TP
i ncr easi ngequd\anbthgirIRaMEdi@d@u_eétFGut‘ aglet ipgodatdi than $he pdwer sleteadined My
TxPwr Mar giyfl, e REBRAREY &h@gmg’grﬁtgﬁﬁaﬁo‘%"ﬁ igéa!iéﬁ%: data rate. |n other

words, a large value of provi des a conservative estimte of
the predicted reverse link data rate, resulting in |ower user throughput
and possi OiRilot2@perBourdiieah e o] TePdotsepérBolindf tgrack] w = OTher.efibre, T anot her
enbodi ment, the value of TxPwMargin is dynam cally adjusted in accordance
wi th chang hannel conditions in order to_paintain outage probahility
at the de ithd‘g\F t@g_the[g%rg%‘) rame N SHiage of Ty%hameeé{% qeRtiess K”Bg t he
TxPwr Mar giaAd (7)AyRlwees eval uating an occurrence of an outage for each sl ot
of the frame 902(mtl). If a slot outage occurs, the TxPwMargin is

i ncrement ed Mar gi nUpst ep; ot herw se, the TxPMﬁNh&gin is decrenented

by Pwr . . the
by Pwr Mar gxRISsTredtIER NI iIBt & Telathate (Rt redicte e e gi TiMssPwp = )5
[1063] Equations (6) and (8) show that if the value of rIRatePredicted determined at time

ty is used for transmitting the data over the next frame 902(m+1), then the reverse link is

not power-limited during the n'" slot of the frame 902(m+1).

[1064] It has been discovered, that due to various methods for mitigating changing
channel conditions, e.g., error correction, interleaving and other methods known to one
of ordinary skills in the art, isolated slot outages in a frame do not result in packet
decoding errors, however too many slot outages in one frame result in packet decoding
errors. A design goal of a communication system is to limit the slot outage probability, to
guarantee minimal performance degradation due to packet errors, while maximizing
reverse link throughput under all channel conditions. From Equations (3), (4), (6) and (8),
increasing TxPwrMargin may reduce outage probability, while reducing TxPwrMargin
increases the predicted reverse link data rate. In other words, a large value of
TxPwrMargin provides a conservative estimate of the predicted reverse link data rate,

resulting in lower user throughput and possibly,



dB, the Pw Margi nUpStep = 0.05 dB. The value of TxPwMargin is further
limted between TxPw Margi nM n and TxPwr Margi nMax. |In one enbodi nent, the
TxPw MarginMn = 0 dB and TxPw Margi nMax = 6 dB [ 1066] | n anot her
enbodinent, if a frane has j slot outages, 0 <= <= 16, TxPwMargin is

i ncrenented by TxPower MarginStep [j], }Jgre TxPower MarginStep O is an array
of length 16. Note that several elene of the array TxPower Margi nStep []
can be zeros to allow for the above-nenti oned consideration that few,

i sol ated %|n%lsﬂé5 ‘?‘&f‘e?sé M {hadE Ahe é?@rre n‘? binet %n%‘{dmtd?ﬁé)@b grrors.

The val ue of Margin is Further |mted et wee Margln n and
TxPwr Mar ngHMWaFRatl%ﬂmaan JLeEA]in Adwirddnea alith ghangiedichanaelgonditipnsint age i s

used for gd({@m ﬁaﬁ@n#éﬁgﬁﬁroﬁgblﬁ ggt the 4BYF , a special update node-a

ratchet no IS entere term ne 1 Rat ePr edi ct ed changes from a
| oner value to a maxi num al | owabl e rate of data val ue
(rl Rat eNﬁi&WGEbW&M&a@mbmﬂimbrﬁt tiirentedlig radjustith thieRaPevedin; ired!veb angjeatinhr om a

hi gh I N If th
Ceoner, ek Beeloe T PP ol PPl RSB A P UL Blrak AR, 17 e
r 1 Rat eMax &id oxtiriViargin hBamIcmNmnté:cbhm&\mrf/Iartghmeﬁmpelothmmge nth(eTBcPwrM’bJrgm isLow) is

t f T Pwrl\/a :
the Thur BT e P Mard o i e Aot E PO ek i€ PR o bR T Bge
occurs, adBEdtmathMar(g@)Up&ep ervaIOGad&dThé&alu@xM%mrMargm nmmglm@dv\nSt ep
>= TxPwr L t uat i .' tjsfied, t i i
decrgmnygﬁgﬁgnomw gﬁﬁ ;H—gﬁ‘ﬁrﬁ%ﬁ?'b ,a)%'?h ST?%\A’I\%’?’ F@” glegu:als
t o TxPwr MExBWrilaginMin/AherniBt dnel Td@MeMaigthw# ReBePr edi ct ed changes fromthe

maxi mum al | owabl e rate of data value to a |ower vaI ue the Twar Mar gi nLow

is set to inMn. .The r het npde i s exi term ned
rl Rat ePr e&ﬁ% embedimahd a&?’ﬁﬁt‘“@ﬁ/h?‘% PHARESH < J<" TRB iR argin

is mcremented by TxPowerMarginStep [j], where TxPowerMarngtep [] is an array of
length 16. Note that several elements of the array TxPowerMarginStep [] can be zeros to
allow for the above-mentioned consideration that few, isolated slot outages in a frame do
not resuit in packet decoding errors. The value of TxPwrMargin is further limited between

TxPwrMarginMin and TxPwrMarginMax.

Ratchet Mode

[1067] Additionally, when the Type A outage is used for dynamic adjustment of the
TxPwrMargin, a special update mode-a ratchet mode-is entered if the determined
rIRatePredicted changes from a lower value to a maximum allowable rate of data value
(rIRateMaxAllowable), or if the determined riRatePredicted changes from a higher value

to a minimum rate of data (riRateMinAllowable).

[1068] If the determined riRatePredicted changes from a lower value to the
rIRateMaxAllowable, the lower bound of the power margin (TxPwrMarginLow) is set
equal to the current value of TxPwrMargin. If a slot outage occurs, the TxPwrMargin is
incremented by PwrMarginUpStep. If no slot outage occurs, an Equation (9) is

evaluated:
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[1069] If the determ ned rl RatePredicted changes froma higher value to the
rl Rat eM nAl | owabl e, upper bound of the power margin (TxPw Margi nUpper) is
set equal to the current value of TxPwMargin. If a slot outage occurs, an
Equation (10) is evaluated: TxPw Margin + Pw Margi nUpStep >=

TxPw Mar gi nUpper (10) If the Equation_(,10) is satisfied, the TxPwMrgin is
not changed; otherwi se the TxPw I\/arg'lr;nals i ncrenmented by Pwr Margi nUpSt ep.
If a no slot outage occurs the TxPwMargin is decrenented by

Pwr Mar gi nDen@iarpin - PreMeaatirdhminStepde= TsPwkargoLovnen the det er mi (®Bd

rl Rat ePredi cted exceeds the rl RateM nAl |l owabl e. [1070] In another

enbodi nent, of the ratchet node, tePre ed equal

rl Ratelvaxkl | B&ab %u,a?%d g ) sl'%t SB{ﬁfﬁa ﬁ't?esrrﬁsj‘f’%&?d@[]r 'St %‘ﬁ@mﬂxﬁ%%l nis
$otpWr K/Qangamérrgmmwﬂetspurdtrwms&atmeTermr@h a$ géuteala t;@cmw\ﬁrmdé@moma |
X rg I ncrenme Pwr Var t e rl Rat ePredi ¢cted equal s
r| Rat eM an]e(')]a}é P%temé{ﬂ%‘} i’%tﬁggled&ﬁdaﬁ@”g%t{g(ﬂ’??e r%?WWa?”@Wﬁb'Féatﬁ d@Banged
frog] the oalue g@tg oakti@alubf tha ’Etmvrm@mgﬂflggﬁa tE?téPm?glﬁkyr?Mlhhﬂch x&handvhr gi n
is decrenented by a i nDown illustrates an outage
event det 8tH6r 'il(ﬁi"tgg{w I\\@'@g‘or H”&ncgeﬁf”?'%‘ldong'a bR RE ntdoPRyeP gP‘é(nstﬁ?sm on
power of aRstegaahllodREe outage is to be determned (TxSignal) is provided

to a block 1102, together with the reference signal (TxRefSignal), The

bl ock 1102 prow des an out put when TxSignal is greater than TxRefSignal. In
one enbolioREht, thehéietﬂrratf@d11'82te&’6€r¢mt¢c§e®aag%rfwma@ohlgheme/aks@t ptthef t he

bl ock 11021Rbt%m|rmnamalqsduﬁdér Bomoomhelé&ﬂ gBt?nb(LFQﬁ%rl\ﬂéreﬂU'pﬁers iérééﬂ%aua?row ded

with a timng signal from block 110 1104 out puts as

provi di ngtq feoFrrRNt off'usr ot AxPwiasein. Hfao%@u@trt@gﬁzégcw aw@ugh%n |'ﬁg
greater thaqatedef Signal. [1072] Those of ordinary skill in the art wll
recogni ze that although the various enbodi nents were described in terns of
power control being performed by both an open |oop and a cl osed | oop, such
was done fxrwipkadgigadivoiargnypees=dnPyrMaielpps, any (10)

If the Equation (10) is satisfied, the TxPwrMargin is not changed; otherwise the
TxPwrMargin is incremented by PwrMarginUpStep. If a no slot outage occurs the
TxPwrMargin is decremented by PwrMarginDownStep. The ratchet mode is exited when

the determined rIRatePredicted exceeds the rIRateMinAllowable.

[1070] In another embodiment of the ratchet mode, if rlRatePredicted equals
rIRateMaxAllowable, and a slot outage does not occur, then TxPwrMargin is not
changed from the current value. If a slot outage occurs, the TxPwrMargin is incremented
by a PwrMarginUpStep. If rlRatePredicted equals rIRateMinAllowable, and a slot outage
occurs, TxPwrMargin is not changed from the current value. If a slot outage does not

occur, the TxPwrMargin is decremented by a PwrMarginDownStep.

[1071] FIG. 11 illustrates an outage event detector 1100, in accordance with one
embodiment. The transmission power of a signal whose outage is to be determined
(TxSignal) is provided to a block 1102, together with the reference signal (TxRefSignal).
The block 1102 provides an output when TxSignal is greater than TxRefSignal. In one
embodiment, the block 1102 comprises a comparator. The output of the block 1102 is
provided to a block 1104. The block 1104 is further provided with a timing signal from
block 1106.



mechanismthat allows an AT to estinmate a quality netric of a reverse |ink
over which the AT transmts data is sufficient. Therefore, should an AT
use only an open loop, or only a closed Ioop, t he enbodi nents woul d be
equal |y applicable. Thus, referring to FIG 6, if only an open | oop were
i npl emented, (i.e., blocks 606 and 608 e deleted) form FIG 6, the
enbodi nents are valid, realizing that: %benLoopPMﬁ TxPi | ot Pwr (11)
[1073] Furthernore, in a specific case, when path | oss changes slowy the

enbodi menBlockesiOni Resuts i Eigh&r §aeiging Onfolrkatiod SfathebRurhbErt dTescciremiesfdfed as
illustrat n Fl the function of blocks 1002, 1006, 1008,

d.i
1010, andEF Xe)gnal; b§'”9r9é83§%fﬁ€a’h§xﬁi?fﬁt9{‘ﬁ'on of blocks 602, 606, 608,610, and

612. One of ordinary skill in the art will recognize, that noving the

bl ock 1012079] trR&seC bPRdInar9OfkilP iR éi’P‘%\fm 'PéBolgﬁE@”tQSt dRA&T _PW pRt Lsbusf
TxPi | ot Pr edUpper Bound because Equati on hose of ordinary

skill in EREoHmMENts w¢rer<éf%,S@ngﬁdz@ teras 0é|ppwgugwttqh@emarw gne iy dwiiheht s wer e
descri bedopdh (b6p BRd chlogle@}% %oﬂ@?&%@ﬁago@ 5@%@/ ER%rly, any

pedagogi cal &Jr poses onl ?he met hods can erfor an appar at us,
which in M&A deAt mﬂﬂws ébrf’ﬂ’r fosestimateyp @@é‘ﬁtmetﬁlm@feﬁ feveess WktqvehWthh

transmtt t r expl apd/ or
AP. | 1075]@{ Tﬁgggﬁ%rﬁ?&&ét?% SWCI ﬁG’( Eﬁére%pé) S%UIHg%rAéfgﬁg%ﬁly% 66n]_%or mat i on and

signal s n@fjly B@'osneéms@ﬁte@mboawemjs wayid @19 egugliyrapeliopblst Thig, refeeing to FIG.
technol ogges oﬁwgnto%@h%dwﬁére .#%qeﬁﬁé@ ,bld%ﬁ‘é 806 bﬂébby%waaeteepmnds

i nf ormation, ‘chips that nmay be referenced
t hr oughouF'G- Kethetssitodiresrts ar@matm fﬁﬂglm@éhﬁtepr esented by voltages, currents,
el ectromagneti c waves, 25 nagnetic fields or particles, opti cal fields or

particl esTx@?] ’?BX rg\gfm&m&)&m thereof. [1076] Those of ski |1 9 further
a

appreci ate Re various 111ustrative | ogi cal bl ocks, m)dul s
circuits, and algorithm steps described in connection with the embodi ment s
di scl osed[1l®éB]eanhmyorteenri arppemifierdaeé), mmnqdmtosgnhmgearsd:my the epabgalinent

sof t war e, atio V\g% Ic}’ clearl il

inter chana%safﬁp?f %{er}?gg% Gb%aﬁ e fu her smpln’gd as IIHJs{rated in IT-'IF('Bl %0 where
the function of blocks 1002, 1006, 1008, 1010, and 1012 is the same as function of
blocks 602,606, 608,610, and 612. One of ordinary skill in the art will recognize, that
moving the block 1012 to the closed loop branch does not change determination of

TxPilotPredUpperBound because Equation (3) holds.

[1074] Those of ordinary skill in the art will recognize that although the various
embodiments were described in terms of flowcharts and methods, such was done for
pedagogical purposes only. The methods can be performed by an apparatus, which in
one embodiment comprises a processor interfaced with a transmitter and a receiver or

other appropriate blocks at the AT and/or AP.

[1075) Those of skill in the art would understand that information and signals may be
represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by

voltages, currents, electromagnetic waves,
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software, various illustrative conmponents, blocks, nodules, circuits, and
steps have been described above generally in terns of their functionality.
Whet her such functionality is inplenmented as hardware or software depends
upon the particular application and design constraints inposed on the
overall system Skilled artisans may i4wl enment the described functionality
in varying ways for each particular aﬁ%fication, but such inplenentation
deci sions should not be interpreted as causing a departure fromthe scope
of the prexgnetidfrelasmriperiiclef 1@l fiehis ov paitides, drlehyisémbibhatee thegbtal bl ocks,
nmodul es, and circuits described in connection with the enbodi nents

di scl osed in ma i nted or rformed. with a general purpose
processor ,[m;%ﬁ:]ﬁ?s[ea f %ﬁdﬁéﬂ %%g%?c'ft%%t ?h%YPrEQHﬁI"f“é'é%f\’gﬁog'g%glﬂcﬁ C

i nt egr at edqlddhrl’eg,ud::itcugso,@d_r@) alggr_itﬁrhadt@bsoaé@ﬁséamb&@ng_aﬁcm @itr:i &e érlﬁBg;%eme ot her
programmahl e | ogjc device, discrete gate or transistor |ogic, discrete

har dwar e @8’9’5?9%?\"?5‘, may eb&n';'?‘p t‘f“ﬂhg? (???Cfrﬂ’éli; é‘@FfV@é@i Hﬂ?roscg@"taf%r% t he
functi ons cotepinstidpedof Bethei o cldage NRlshteP thiP AREcPARREBIEYT oNMdrdd@rat and

m cr opr ocesf? the alternative, the processor

or, but i, , ] be any
Convent | oRaTWAsE RERLHIlUSEEHE PETRAN sy Plarksc BRETIER I AIFU S0 AN FigPBh YRS ne. A
processor dadyibéd aBoRegerEpal§TRNE@T fSthair aERorEatyl OWheBer GRER WindAendli§VisCes,
e.g., a conbination o a DSP and_a mcroErocessor, a El urallt(yﬁ_of
mi cr opr oc KRGPENeR A "YPWAK: r sPEYYBr HPEEdoMROT ihe ARTtEHEE iapRISRlP™ 289 psp
core, Or agadg®thifstraBtesinpoeediohané avéram sydtd 7 8kildhertistrepmapimpiemehtad or
al gorithm described in connection wiwth the enbodi nents disclosed herein

may be enBBF B dHPRCPRIY iR KRlYiAGarRYS ifYf SacbiRafiicier FRRIGPIONeRETER by a

pr ocessor imgémératiorC OEBNidRL Ul hott e irtdpretd §8Tchuaing 4 rRrd@y¥m thesi de in
RAM nmenor menory, EPROM nenory, EEP menory,

g, flgsh rrermr?/, ROM

regi st er s SCWE4 i RRSELNVEMAPabl e di sk, a CD-ROM or any other form of

storage nediumknown in the art. An exenplary 04 storage nediumis

coupl ed t poreTIE QGEASSOTilEHE N h@gﬂcatl NGodksOGRSRMASs, CaHu 'chadts LBSPbaR LR ON

from and wite information to, the storage medium In the alternative, the
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing devices,
e.g., a combination of a DSP and a microprocessor, a plurality of microprocessors, one
or more microprocessors in conjunction with a DSP core, or any other such

configuration.

[1078] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, -in a software
module executed by a processor, or in a combination of the two. A software module may
reside in RAM memory, flash memory, ROM memory, EPROM memory, EEPROM
memory, registers, hard disk, a removable disk, a CD-ROM, or any other form of storage

medium known in the art. An exemplary



storage nedium may be integral to the processor. The processor and the
storage nediummay reside in an ASIC. The ASIC may reside in a user
terminal. In the alternative, the processor and the storage nedi um may
reside as discrete conponents in a user termnal. [1079] The previous
description of the disclosed enbodi ments is provided to enable any person
skilled in the art to nake or use the pﬂésent i nvention. Various

nodi fications to these enbodinents will be readily apparent to those
skill ed i ntdrhge addiurdng ESRIGLREIthE prBEdsasi BLES AT t@eﬁr&eéﬁrncémyeéae
applied to other enbodi nents w thout departing from the spirit or scope of
t he i nventfifgimationfrom. and wite Jefatmatied dat thestqrader Brediunt: dR dier) atteynatve. theni t ed
to the enbogdhdeMediuphovdy beriflehrald the pteBSradROTASEsEheamd des lstopsdape

consistent with the principles_and novel features disclosed herein.” [1080]
A porti on BIUHENH KIS 8nohSithi epaBnmasowsidenin @ ditehiterainakt By hel |
which is aREBbAE tHOproePsbl 8Rd th(érQBr%?é InRRium’ ey G85YE b8 RlscRM 85mPEHRN0
objection to the facsimle reproduction by anyone of the patent docunent
or the patedtsefite®liR@ure, as it appears in the Patent and Trademark Office
patent file or records, but otherw se reserves all copyright rights

what soever, 2 T R A R AR T < -

ot eot 1 ng L ShIE Bisious deserihion of e discigbed mblefinphi 1 pvEA TP ony

qual i ty nwersioo skiflechinl thelarbipemakehbicbsedthe predest tngetsiont Vameusi modticatidnariodi f yi ng

sai d qual i i - | I LN clarj age
event \Ahergﬁéégv%\ﬁgord g%%?{sr ggﬂé%téatd?f%%%ré@itgﬁﬁ(%? ’Eg,né@an g%e%@ndggqg?gﬁa#kexceeds
power requwringple$ defitedarseingsapbe appliekdeo rofies reprhodimentgwathoud elepamtingi&dmf or m

t he nodifi sal i (Ao t f WaloR rising:
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dat a limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.

[1080] A portion of the disclosure of this patent document contains material, which is
subject to copyright protection. The copyright owner has no objection to the facsimile
reproduction by anyone of the patent document or the patent disclosure, as it appears in
the Patent and Trademark Office patent file or records, but otherwise reserves all

copyright rights whatsoever.



Is to be transmtted; 4 nodifying said quality netric by a quality netric
margin; determning a maxinumrate of data in accordance with said nodified
6 quality nmetric. declaring an outage event when power required for

transm ssion of data 8 at the maximnumrate of data exceeds maxi num

al l owabl e transm ssion power. An apparatus for detecting an outage,
conprising: 2 neans for determ ning at A source of data a quality netric of
a link over which data is to be transmtted; 4 neans for nodifying said
quality nmetric by a quality netric margin; and neans for declaring an

out age event when power required for ClAMSnsm ssion of a reference signal
exceeds power required for transm ssion of the reference signal determ:ned
formthe nodified quality netric. L An apparatus for detecting an outage,
conprising: 2 neans for deternminjing at a source of data a quality metric of
a link over which dat aAi'EEﬂPCHTEféjIeP&E‘H§HP't’tF%ed,°°“2’lprﬁ’€9:ns for nodifying said
qual ity netric by adeeralinirigyatresborce ofndatagd dquality medriesf & Gk clet iich dbtang a nmaxi num
rate of data in-SqucgeqFaqug%gd.with said 6 nodified quality netric. nmeans for
.decl aring an out age event - when power required for 8 transm ssion of data
at the maxi mdm r at emedifyingsaid axaliaorsiakya avality @ptriomalsineand r ansmi ssi on power .

declaring an outage event when power required for transmission of a
6 reference signal exceeds power required for transmission of the reference
signal determined form the modified quality metric.

2 - A method for detecting an outage, comprising:
2 determining at a source of data a quality metric of a link over which data
is to be transmitted;

4 modifying said quality metric by a gquality metric margin;

determining a maximum rate of data in accordance with said modified
6 quality metric.

declaring an outage event when power required for transmission of data
8 atthe maximum rate of data exceeds maximum allowable transmission power.

2. An apparatus for detecting an outage, comprising:
2 means for determining at a source of data a quality metric of a link over
which data is to be transmitted,;
4 means for modifying said quality metric by a quality metric margin; and
means for declaring an outage event when power required for
6 transmission of a reference signal exceeds power required for transmission of
the reference signal determined form the modified quality metric.
b-.  An apparatus for detecting an outage, comprising:
2 means for deteffnining at a source of data a duality metric of a fink over
which data is to be transmitted,
4 means for modifying said quality metric by a quality metric margin;
means for determining a maximum rate of data in accordance with said
6 modified quality metric.
means for declaring an outage event when power required for
8 transmission of data at the maximum rate of data exceeds maximum allowable

transmission power.



