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[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



2 short duration rather than continuous access to the conmon conmuni cation
channel. Several nultiple-access techniques are known in the art, such as
time division nmultiple- access (TDMA) and a frequency divi g "SEP 2006

mul ti pl e-access (FDMA). Another type of multiple access t?cﬁm gue 1I's a code
division multiple-access (CDMA) spread §pectrum systemthat conforns to the
"TIAEIA 1S 95 Mbile Station-Base Station Conpatibility Standard for

Dual - Mode W de-Band Spread Spectrum Cel lular System "™ hereinafter referred
to as theshdst Boratiéraraiiearctha bentinesusDbicdsBb/fo thectummoe sommudicalidr thiinBelaccess

conmmuni cati on em_is disclosed in U S. Patent . 4,901,307 ntitled
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set of docunents including Document Nos. 3G TS 25.211, 3G TS 25.212, 3G TS
25.213, aftPO4B6& Metims access comeunicapmisysteaay b a wirelesT R wise-nePaiysianl  Layer
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[ 1005] In a t1ple access co nication syste nicati ons between
users ar edata is a system in accordance with the IS-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
communicvation 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



conducted through one or nore base stations. A first user on one subscri ber
station conmmunicates to a second user 0 4 SEP 2006 3 on a second

subscri ber station by transmtting data on a reverse |link tg)z,asga%ggstati on.
The base station receives the data and can route the data to anot her base
station. The data is transmtted on & forward |ink of the same base
station, or the other base station, to the second subscriber station. The
~forward link refers to transm ssion froma base station to a subscri ber
station aod atdeeorice¥Eissbdristetion & @fadsrhitinig! dais Bh 3Sedtsé litModa basedastionber
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whi ch an &4dcereslipestes sqpamte figgueseinel data to a subscriber station (access
termnal, AT). Because the AP is anal ogous to a base station, the
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a spread spectrum conmuni cati on
communication system disclosed in co-pending application serial number 08/963,386,

entited "METHOD AND APPARATUS FOR HIGH RATE PACKET 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



system can be maxim zed if the transm ssion power of each subscriber station
is controlled such that each transmtted signal arrives at a base station
receiver at the same signal |level. However, if a signal trans évteﬁﬂ by a
subscriber station arrives at the base station receiver at 3 gE fevel
that is too low, quality comunicationg cannot be achieved due to
interference fromthe other subscriber stations. On the other hand, if the
subscri ber station transmitted signal is at a power level that is too high
when 0 4 BEPVEDE6 the bass siatioratconmeuriication siitht thisnparttmiemsubsatbeostation Iis t hi s
articul a r t nal acts
e i nt or f S ahaple it hip Mol peltr sfpaPiei B Mtrforcity b e Al BONEic)

adver sel y Thif finfetferenceningy @dvérsely affeethcontrpunicationss with iether w&%qubwsstatldmer efore,

each subsgpibfe $hat sMRMREWBtibP néé%'ﬁ %ﬁﬁrﬁme %ﬁ\hﬂ%@ eg %35! piRbefXpressed

as e.g., a signal-to-noise ratio ows transmt ata recovery.
[ 1008] Coﬁ%é@u@rﬁdgnﬁ"totﬂﬂiﬁetrﬁ%é?ﬂﬁt%@vdﬁif%med(ﬁat%@éﬁv%ﬂbscr| ber station
wi thin the coverage area of a base station is controlled by the base

station t fét =6 S%Eetraﬂé?ﬂk%]@rﬁ ;f;] %P'oYee%cﬁ'&B@ér{bBP‘@HtuoRrwnﬁm?'t al to

nol se rat O station I deal case he total si gnal power
recei ved aeverdge ajae@f th@ﬁi Statipr issepniliadoby the hasaistaiion poweaduce gheesameed fr om

each subsgrhRef restiddd ﬂg éIgJo&vlaPBr' §g| R tBFHSnsE‘r'E’iB:eét tRE bék@ét%ﬁérf% aﬁ‘ic@aI ons

transnitting w thin verageaeao ase station plus the power
recei ved &2s& the tOt?é§'én%|tF&>bMebfﬁqBW§ﬁ13§ theskasestation ismeduah o the rtqlTénaicWé/ﬁhge area

of nei ghbaripgg %ﬁ\eeﬁhaédbga%er stk Huries Byt hostol & dtRpiaisprchannel can

be characterized two separate phenonena: averag | oss and f adi ng.
The f or waf@nsmitirg Wl‘th'ﬁrH“? ﬁ@VW@@ &f therpase stafian plig @%P@“b@rre%“@dl ihe oper at es

on a di ff%é&”@tatf&n@ﬂ:‘r’r%tﬂ:‘écﬁti@@ta‘a ih ¥edovera Pé Rkea Jfrneﬁhb&%g pEdOsSGlibker station
to the base station. However, because the forward |link and reverse |ink

frequencies are within the same gener al freg}uency band, a significant
correl ati 6¥WOSbéhewwath 19%e lav@ﬁa@élopalﬁaﬂnleb%@ gharpgtetizgd by iwe sepprtes. On t he

ot her handyefolihB%ayePaddbath m@gaﬁm@mb m%alm ffrfarn ﬁw@%aé@ét‘éﬁ’érﬂo'thé‘k and

reverse link and varies as a function [1010] I'n an exenplary CDVA
system eé@l?ﬁcélmfs%@tlf’@eppg'?éﬁsl@hae@ff?"ﬁﬁttfﬁ%qufeﬁ@/ H@nhthﬁdggerse link, from the

subscriber station to the base station. However, because the forward link 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



of the forward |link based on the total power at the input to the subscriber
station, The total power is the sumof the power fromall base stations
operating on the sane frequency assignnment as perceived by the subscri ber
station, Fromthe estimate of the average forward |ink path | oss, the
subscri ber station sets the transmt |evel of the reverseﬂllﬁEPSQMBal Thi s
type of an open |l oop control is advantggeous when there is a correlation
between a forward link and a reverse |¥Ynk. 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 O 4 SEP 2006 signal as received at the base station from
this subs¥9nah@s repelyshat sUpase Fatosaisem this sybsasiper statian wmopldeingigaseninpower

causes ad@bvteromt, mcﬂ:;aeéfl@bewsﬁcdt@eabadnmrﬁmﬁtafe‘ﬁéméltagauts“yanalssaﬁﬁné frRauency
assi gnnment . us a ragﬂd respi;)nse 0 he subscriber station transmit power
to the su?ﬁﬂ%% "PHEEN 8 gnment {hps %ﬁ?ﬂ‘é}é@p%ﬂ@‘ thesiBeREiPey sietion Basmit mance.

Ther ef or epovidr tb ShenQ s ahyrot/anbmwa trtétawdmsm@al@tmmv@@yéterﬁtp&fbynmet ribute
to the po ¢ nt.rol mschratnl g Ehe subscri her stat lg L{Ch a power
control nﬁ%ﬁ%ﬂ Ip dppessayo have dagyBagacstatgnsepnifinyially coptripyte o te pPWeTed | oop.
[ 1011] Eacdntrobsectsinihi @frthuvsttﬂsscmbm@tatibheslmhttspdswévebnﬁélaﬁechamsm refies on
comuni cat sur t he rec&}s\éﬁgq signal strength fromthe subscriber

stati on. t?@g%"as P%Be%rf 818 & R-i's conpared to a desired signal

strength level for that particular subscriber station. A power adjustnent
command i BogaNE4dcht easdoxsta&@ﬁ hwigdsghia ahd GubedtiBes @fdtioh Oist e comuaRBtidMer

station on the forward link, Inr onse to the base ation wer

S0 Lt menebdlies BE HE\en dhfat kR T ayBsdriher a0g The rirderBaSEeat ne
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met ho ra resons to a ange in t n S. e nd th
aver age s?’@?‘&rﬁﬂ’é’?"’? @gnt o 988””?\58583’ %t&?sr?% t‘%fﬁséﬁt‘tqe 9 ul ar
system t fibsbritse sitioh boftse farveara dibk. ||nntesp6rtsel ty tmmamnmeea@bstm:ae
station in the e ot.her base

stations C%’E@?‘f/ft e@sgiﬁééﬁ\{%&ncﬁaﬁ? 8 &%cr%asaﬁﬁlv S"[bffﬁbff %ﬁ%’?tnansgﬂtbscrl ber
station i powsr byenpradete@tinethamodrit. Bpthés rméthod, cn@pllassp@tate ahange 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



power adjustnment commands are provided from each base station. The
subscriber station acts upon these nultiple base station power adjust ment
commands to avoid transmt power |evels that may adversely Qlt%r ?

ot her subscriber station comrunications and yet provide suf i ‘civent @éwer to
support conmuni cation fromthe subscrider station to at |east one of the
base stations. This power control nechanismis acconplished by having the
subscri ber station increase its transmt signal level only if every base
station WAPRARNTLIS FOR COMEROLIING TRANSMISSIGNIFOWEBRINM CEIMACELEGLARt S an
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signal |eve n ase s |b W SCri onis in
comuni ca@r&sﬁntrle\cﬁmeems that the power be decreased. A system for base
station and subscriber station power control is disclosed in U S Pat. No.
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data rate during the inhterva en a ra cannot be changed, the
transmtt dep ddtaeatinatea @iaskdata Thatcan dedransiidied withodt aeethsiie undﬁ:e ahrt to
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channel conditions alternativel power require

transni ssidgbar@eohdalata at a rate of dat a. SUMVARY [1014] In one aspect of
the invention, the above-stated needs are addressed by determning at a
source of data a quality netric of a |ink over which data is to be
transmtted and nodifying said quality netric by a quality netric margin.
The maxinum rate of data is then determned in accordance with said

nodi fied quality metric. SUMMARY

[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.

[1015] 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



Alternatively, power required for transm ssion of a data at a rate of data
is determned in accordance with said nodified quality netric and a rate of
the data. [1015] In another aspect of the invention, the qHall rretrl cis
nodified by a pre- determined quality nmetric margin. Alter Sﬁé

nodi fying said quality netric by a qual:{ity metric margin is achi eved by
decl ari ng an outage event when power required for transm ssion of a second
ref erence signal exceeds power required for transm ssion of the second
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Al t er nat i 1asiijed foretransimigpion of deteeat the tpxichetre rate rfndatatexaeetsumesmust data a

quality ”Fﬁcf\nla%leQFangmks'sB'ﬁ Ver Wwhich data is to be transmitted; nodifying
said quality netric g quallty metric margin; determining a maxi numrate

of data in accordance with said nodified quality netric; and declaring an
out age event when poweBRIEEQRESGRIRTION OEFEHE DRAWINGSdat a at the maxi mum
rate of data exceeds maxi num allowabl e transm ssion power. BRI EF

DESCRI PTI HE . W NGS FILG il trat t | di
of an HORODIANEN dARREReR s oasPhid dgas ¢ eR birgi P e S S el ar g
forward |ink waveform [1019] FIG 3 illustrates a reverse |ink transm ssion

power Congmb] Fid i@lR@]ratEé@neﬂerhblblg%mkﬁl&k&vdv@fbﬁﬁse link quality estimator;
[ 1021] FI Sillustrates a nethod for transmt power limting; [1022] FI G

6 illustrates a concePt ual arrangenent of an enbodi nent of reverse link
[1019] FIG. 3 illustrates a reverse ||nk 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



maxi mum adm ssi ble 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 exenplary reverse |ink waveform
[1026] FIG 10 illustrates arrangenent of another enbodi nent of reverse link
maxi rum adm ssible data rate estimation; and [1027] FIG 11 illustrates an

out age event detector in accordance w th one enbodi nent. Iﬁ‘qASEﬁDZUU
DESCRI PTI ON Definitions 9 0 4 SEP 2006 g1028] The word "exenplary ps used
exclusively herein to mean "serving as an exanple, instance, or
illustration,” Any enbodi nent described herein as "exenplary" is not
necessari | e construed as preferred or advantageous qver ot her

enmbodi nent[{ngfﬂ-ﬁﬁz‘%rgTﬁéeT’Blraﬁﬁ a‘gc%%eg R RbelY ﬂ%reﬁ‘s RS UV PShéPein to
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Secess 1 o TREFSST Do FREe Uit as SIS e argepue PLF atRe SEUMABENE ¢ o
addi ti onal networks outside the access network, such as a corporate
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of a cel | .corpdestéintranét o @it terietsaridveapirhspbt et wickeéts Getweentdaeh besshi ngs
descri bed in rtg(franqs ofh C?sliﬁies earrg readily extended to sectors. [1031] The

t er m subsdFTHE 2 YD HSIERLYOEH t o herein as an AT in the case of an HDR
comuni cation system is used exclusively herein to mean the hardware wth
whi ch ag [AT30E The NeimVbake GEHliohNicfaic@dSto KeteifTasTal AFe inehd keseobf ahaHDRNary. An
AT ey be c%%unication system, is used exclusively herein to mean the hardware with which
subscriber stations communicate. Cell refers to the hardware or a geographic coverage
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.



data device that communi cates through a wirel ess channel or through a wred

channel, for exanple using fiber optic or coaxial cables. An AT may further
be any of a nunber of types of devices including but not Qr’r@tﬁi{;
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phone. An AT that is in the process of ‘gstablishing 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
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exclusively herein to nmean a com‘rum cation channel/link through which an AP
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comuni ca
message.

[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 1S-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.



perform ng maxi numrate of data estimation in accordance with enbodi ments of
the present invention. Various aspects of the nmaxi mumrate of data
estimation will be described in the context of a COVA comruni cati ons
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the aspects of the maxinumrate of data estimation are |ikew se suitable
for use in various other comunicati ons nvi ronnments. Accordingly, any
reference to a COVA conmuni cations systemis intended only to illustrate
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[1039] In m@] ﬁb%%bﬂ@élﬁw'eﬁf&féd%mk%ﬁéd SRt e 180 tr%ﬁsrﬂi@)dété ?J‘ﬁﬁ“ ts data
to an AT 104 over a forward link 106(1), and receives data fromt AT 104

over a reddri94 overgforward dink 1061 hind Facpiven dataomtbe A4 avera trvetsetiBk t he AT
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reverse link 1 I n accordance with one enbodi ment, data transm ssion
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transmit t 882%F fennRiimyny| d@tanpater hah gan Lp S‘F&P&?Eﬁgebyl f"ﬁkfcﬁi‘é@"& bk tBRt i on may
occur tf(r]I Q?ﬂnﬁimmcéﬂbrisys’ﬁérﬁCnlﬁer(r)mémeﬂz’&‘th{fr?ﬁualﬁﬂ’Ili?%(g?\nébn'trgﬁclhfg?ézl%ag_ﬁ@ t
connecte 0 a ntrol . er over aul s an e term
backnaul  engated FBTBUNOE ARSierANE AL AT Mk 56t UBROCRbR P8 PHF and. an
AE | IAI t hom%hn o ythtmnéTorSma:redAloﬂerh%DAPame aiaomad AP 152@}re konmyteedofo @1 f" naryOI
SKI in the I‘t eC edagoql C 0oses only, an
She commuipaidro E5eF Babiansedneh fod 1ifal Jrelemt podhad s nrd B 86 £10%0)
Initiall y,comhﬁllméitiio’tﬂmka:l@dve!m% %ﬂntrblrﬁe aAH’daﬁ APe Agihough loalyAfro K005 an&S(ﬂ‘&aMH’ sh a .
conmuni cati o 1 N in a r eterm.n CCessS. proc ure.. In this onnect e
state. tRE PdAFIE HEE ot anayEId s SRonAS 1 IR B RRIB0TP e t e AP
100, and ipsrpabésorily ant tleEencomrhurdedtian aysiero cat cahprisegshagliég of AT's bed AP's100. The
AT 104 continually searches for

[1040] Initially, the AT 104 and one of the AP's, e.g., the AP 100, establish a

communication link using a predetermined access procedure. In this connected state,

the AT 104 is able to receive dafa 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.



ot her APs that could be added to the AT 104 active set. The active set
conprises a list of the APs capable of comrunication with the AT 104. Wen
such an AP is found, the AT 104 calculates a quality netric of the AP's
forward |ink, which in one enbodi nent conprises a signal-to-interference
and-noise ratio (SINR). In one enbodi nent, the AT 104 sear 8HE§ER)QU%{ her
APs and determnes the AP's SINR in accordance with a pilot signal.

Si mul t aneously, the AT 104 cal cul ates tlﬂe forward link quality netric for
each AP in the AT 104 active set. If the forward link quality metric froma
particular AP is above a predeterm ned add threshold or bel ow a

predeterm op reshold for a p et erm ne er] d%L tine, the AT 104
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enbodi nmen . I 41 t fre .t t etoa
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t he uni qu oYy i(ohd | I hon i's
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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



correctly decode the DRC nessage. [1042] The data to be transmitted to the
AT 104 arrives at the controller 110. In accordance with one enbodi nent,
the controller 110 sends the data to all APs in AT 104 acﬁwnggez ver the
backhaul 112. In another enbodi nent, the controller 110 fi m nes,
whi ch AP was sel ected by the AT 104 as the serving AP, and then sends the
data to the serving AP. The data is stot®d in a gueue at the AP(s). A paging
nessage is then sent by one or nore APs to the AT 104 on respective control
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Addi ti onaﬁ?/n Ahe AP uni quely identifies a transm ssion to the AT 104 by
using a spreading code which is unique to that nobile station In the
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comuni cat @snrviricatdtevia eveereverseei link datd chanhelithe beduece agmesseof nbgrbgsingof t he
mssing data units. The controller 110, which receives the data messages from the AT 104 via
the AP communicating 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



data units. The controller 110, which receives the data nessages fromthe AT
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cover ed byobtfel aelypditl i thecrodesiredb@oérse tinletrarsarissidn power delvdiow |tredsdbyo0|at
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



MAC i ndex, which has a value between 1 and 64, and identifies a unique
64-ary Wal sh cover. A reverse power control channel (RPC) is used to

regul ate the power of the reverse link signals for each subscriber station,
The RPC conmands are generated by conparing neasured rever? 'pk 0
transm ssion power at the base station with a power contr F %Hﬁt | f
the nmeasured reverse link transm ssion power is below the set point, then
an RPC up conmand is provided to the subggriber station to increase the
reverse |ink transm ssion power. |If the asured reverse link transm ssion
power is above the set point, then an RPC down command is provi ded to the
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208b of thgsgegnd half- time-slot 202b. Reverse Link Power Control [1046]
Unli ke the forward | i nk, whose channels are always transmtted at full

avai l able power, the reverse link conprises channels, whose transm ssion is
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i's an opefp l;AQRnRBINRMY, - illuEREtcBRR FIE 02PHIBSN SRR F18N3) comprises a filter 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):
TxOpenLoopPwr = 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 environmentaily 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



estimate of the reverse link quality netric in block 302. In one enbodi nent,
the quality netric is a path loss. The estinmated path loss is then
translated into a required transmt power (TxQpenLoopPw) {n ?Erp)zp ce
with other factors, e.g., a base station loading. In one enbodi ne
illustrated in FIG 4, bl ock 302 (of FIgG 3) conprises a filter 302
filtering a received S|gnal power The filtered RxPw is provided to
bl ock 304 together with a paraneter K provi di ng conpensation for base
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power (TxTotalPwr). Consequently, the TxTotalPwr can be expressed by an Equation 2:
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 TxClosedLoopAd;]
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.



equal |y applicable, as recognized by one of ordinary skill in the art.

[ 1049] The TxOpenLoopPw and the TxC osedLoopAd] are sumed in a bl ock 306
to yield TxPilotPw. The value of the TxPilotPw is, in general, different
fromthe value of total transmt power required for trqhéngﬁ qm&of a
desired reverse link rate of data (r|rj§a Consequent |y, i | ot Pwr
needs to be adjusted for the required rl This 1is acconplished by
translating the rlRate to a power in block 308, and conbining the result of
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(TxMaxPwr), the TxTotal Pmr nay be optionally limted in block 312. In one

enbodi ment, the transmt power limting is performed 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 Pmr is conpared to the TxMaxPwr. |f

the TxTotai Pwr is |ess Qfa8mddi Ag,g,sgwgbgmatg@tm{gggohod continues in step
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provided to a block 604, which may predict the value of TxOpenLoopPwr 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 = TxOpenlLoopPwr. Another
embodiment of the block 604 is illustrated 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 TxOpenLoopPwr 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



rate of data estimation. The open | oop generates an estimte of the reverse
link quality netric in block 602. In one enbodinent, the quality netric is
a path loss. The estimated path loss is then translated into a required
transmt power TxOpenLoopPwr in accordance with other fm a
base station | oading. In one enbodi rent, the TxOpenLoop w@ 2845 mat ed in
accordance with FIG 4. The TxOpenLoop is provided to a block 604, which
may predict the val ue of TxCpenLoopPw sonme time in the future. The
predi cted output of block 604 is denot ed TxOpenLoopPred. I n one enbodi nent,
t he bl ock PEodeterningd iatke Mt itig . (AR tNPohsiora heeioe a3} to theeOatrapgnabepbwr i s

unaf f ect edomhubd® hé@%r@@ Hj eh8icuisut sioh&P
Anot her e(r)rbogl ment of theéubenogk 604 I|§hs ﬁﬁl ug?éé;?g(géylﬁg E?%éfa;tsq%algS ] As

i Il ustrat & NAUtSianal 7, TxOpenLoopPwr is provided to a linear, tine-invariant
filter 7102. In one enbodinent, the filter 702 is a |low pass filter. In

anot her emqpdj ﬁ%fgmng bR t$ 'F'Iéeé tﬁ@%x@ﬁ&L@oﬁﬁr@@%Sfov{?H@% 'a%nﬁneri)bock

consequent% QpenLoopPw’ unaf f ect ed e filter 702. The
TxOpenLoof§ lnfwetenb@fi"ﬂs?ntathﬁuqomner@@cksmﬁr@mnﬂ@eseostuinm¢r| $Ltr@1mngdhe I n one

enmbodi ”e”thOerﬂ_oBbﬂ’rte@rWI%Oé‘Ffe'ihcﬁorP'éﬁfﬁefdldsE§roo Té&siﬁ&?ﬁ(‘ﬂ?@loé’éd&@;ﬂ’r@@)ak filter
is explained in reference ef €rring at’ time to,

t he | nput &yigkap Aredigionfdeansmg raIObeawerf GHXIDMPrevheThevaned@tqslf cleses lgoR put of

the peak faujut;@ﬁenmwse&o@ﬁa}edle édfiriatedl by @fbviding Bered@batr s@énahsnwtthe si gnal .
Fromtine to to tinme t1 ut signal tracks the |nput S|gna At tine

t1, the [cioged '°§P§9]a|blq<:&§eﬁéa oaeﬁmd'm?at dhesfepdrpck Signakeamprisae fut si gnal

st opped t @ofnfaheyy cariéeqdémylt th%' glaal ,eoar%nﬁareééeds&mw@ecm Ryitpat Gf 4nsSEP 2006
.19- pre-determ ned rate. t he | nput signal becane equal to the

Qutput si @H@f“eéfﬁﬂ”eﬁ?aﬁth‘?lﬁ%tﬂnqt% °F ?%ect'%tﬁé%amlpw e?ﬁ‘@?ﬁﬁﬂlﬂ“‘b‘?%l st ops

decayi ng, (slostdbdpad)! ame ﬂ&CldsB&_doBRu’f |§|F96\ﬂdjed [td O&ShioHefavsr i IAg oh@ck to
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optional low pass filter 702 and a (non-optional) peak filter 704. In accordance with one
embodiment, the pre-determined decay rate of the peak filter 704 is 0.5 dB per a frame
of 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 TxClosedLoopPred (the Output signal of
Fig. 8) is then initialized to the value of TxClosedLoopAdj (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



TxOpenLoopPred with a prediction of the closed | oop adjustnent

(TxC osedLoopPred), to yield a prediction of transmt pilot power
(TxPilotPred). The predicted closed | oop adjustnment TxC osedLoopPred is
estimated by providing a feedback signals for the closed loop to a bIock
606. I n one enbodi nent, the feedback signal conprises the RPe §§pn2@€
consequently, the bl ock 606 conprises a sumer. The out put of

represents the estimate of correction to the open | oop estinated transmt
power (Txd osedLoopAdj). The Txd osedLfppAdj is provided to a block 608. In
one enbodi nent, the block 608 conprises a filter as described in reference
to FIG 7, i.e., an optional low pass filter 702 and a (non-optional) peak
filter 704pountedtamntissiarepilot §iina) (ExPilotuppeiBaRnd).is fiben By &n Bgtiationi(®ed decay
rate of the peak filter 704 is 0.5 dB per a frame of signal. The peak
filter is iLnitialize ol l ows._ One t he ATs and one of the APs
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part of which the RPC channel is established. Assum ng that the RPC channel
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provided to the block 608, and consequentl to the peak filter
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by an Equation (3):

TxPi | ot Upgﬁb@ﬂ“ﬂ%ffﬂ%ﬁ?@@'H—B&ﬂ?ﬁq%ﬁé‘eﬁsph%ﬁ#ﬁ&%?é@@sfs?éﬁv\'ft'\@fo%%o( fhat thTahe val ue

of the TxPilotPred is, in general, different fromthe val ue of total
transnit highest data rate (rIRatePredicted), 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 rIRatePredicted. 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.



power required for transm ssion of a desired reverse link rate of data
(rlRate). Consequently, the TxPil ot Upper Bound needs to be adjusted for the
required rl Rate. This is acconplished by translating the rlRate to a povver
in block 616, and is conbining the result of the translat{dn Sfp hodghe

TxPi | ot Upper Bound in a block 618 to yield the bounded total transmt power.
A given rlRate is considered to be adm ssible if an Equation (4) is
satisfied: TxPil ot UpperBound + Pil ot ToTot a!OBatl o(rl Rate) < TxMaxPwr (4)
[1057] To optim ze a performance of a communication system it is desired
that the highest data rate (rlRatePredicted), which is adm ssible
(according to the Equation (4) is determ ned. Consequentl t he
TxTot ai Pwr Upp&SEBIaNGniof Powep Beauired tor TransmissiemahPatbaic Rﬁéﬁfl% e for
transm ssion (TxMaxPw) in block 620. Thus, the bl ock 620 eval uates the
Equation ( 1T t I | f
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is satisfied or not. If desired, the process is repeated for all available riRates, and
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enbodi nment, the pre-determined rlRate yields a val ue of

TxTot al Power Upper Bound as descri bed above. The TxTot al Pwr Upper Bound can be
then outputted (not shown). Alternatively, the TxTotal Pw Upper Bound may be
conpared with one or nore thresholds, and the result may be used, for
exanple, to control the state of the power anplifier, to ﬂﬂpéﬁf@Zﬂm& ener gy
efficiency of the transmtter (communication device). Thus, the

TxTot al Pwr Upper Bound i s conpared with tf® one or nore threshol ds in bl ock
620. Thus, the block 620 eval uates the Equation (4). The result of the
conparison is provided to a block 622. The bl ock 620 provides an indication
whet her the Equation (4) 1is_satisfied to block 622, which provides an
appropriate output, e.g., tH@PMHWU%DUPaWHéAﬁﬂéﬂnﬂEternlned rl Rate, the
correspondi ng threshold and indication whether the Equation (4) is

satisfied [@059]‘@(5 dlécfusgéﬁ 'tﬁ@%verQQmchﬂQm cbrﬁglr sneQE%ﬁé %&l@é’l 18dr @NaEHnEIQb le
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an exenplary reverse |ink waveform 900. For pedagogi cal reasons,
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frames 90Z%ranfesigo2mR e 9@2@asgﬁmarerc@m@ﬁﬁwhémn@-é&stgb&@) Séaeﬁ%n%%tn) each
time-slot 904(n) be%£02048 chi ps | on corresponding to a

time-slot WaMLRHNY, 2 hlp%we&eaﬁ%noygma tog 6. flmaﬁi@tdiyf%tpnoﬁnd[loem

| n accor dajpesediehtly, b6 66 Fanidunsiahd, the rate of data can change only at
a franme boundary. In general, the value of rlRatePredicted wll be

determ ned several slots before the start of a frane, in order to arrive at

the rate df Q@ét"&aﬁ‘épr%w?r%ﬁ‘sﬂ?ﬁt'?@é%ﬁﬂﬁdﬁ@ theneate pf data cgn ohRede eve@sa | i nk.
Suppose t hpmeabdifdary. Il JBAERPHRMN S rirtdtot @EBY MRthbeAdetermined several slots

before the start of a frame, in order to arrive at the rate of data to be transmitted during
that frame on the reverse link. Suppose the value of riRatePredicted 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 riIRatePredicted 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.

[1081] 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 riIRatePredicted at time to, i.e., if Equation (5) is satisfied:

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



time to, k slots (k > 0) before the start of a frane 902(m in accordance
with the above- described enbodi nent, At the start of the frame 902(m, the
AT eval uates the transmt power requirenment for the determ ned

rl RatePredicted in accordance with the open loop and cl os@d |SEFP 2D r
control, and begins transmitting the data. During the frame duration, the
transmt power is adjusted in accordance with an update of the open | oop
and cl osed | oop power control. Consequently, the actual transmt power nay
differ from the transnmit power TxTotal Power Upper Bound, corresponding to the
determned rlRatePredicted. To evaluate the performance of the maxi num
adm ssi bl e.dat g, rat e ., est] ion, the concept of outage can be utilized.
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i f the powend (5) fotjows:ed for the rl RatePredicted at the nth slot is greater
than the power determned for the rlRatePredicted at tine to, i.e., if
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in outage @k riRuRPr&idtéd tPPOIRY, if ERAHOT Gflislsatisrice | RatePredi cted at the
nth slot is greater than the power determined for the rl RatePredicted at
time to, i.e., if Equation (7)_is satisfied: TxPil otUpperBound[16m +

n] >TxPi | ot Ufpetpparreundiem +al>TxPiletUpperBound[16m 1 K], 07 0,1 ..t HE nt h (Bl ot of the
902(m h) franme is not in outage of Type B, then from Equations (4) and (7)
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rl Rat ePr ed?d (éuloﬂ@v%rm ned at time to is used for transmitting the data
over the next frame 902(mtl), then the reverse link is not power-limted

during ther st @leint Biforf STAFRAVARSPredicted[ 16m-k)) <TxMaxPwr (&)

[1063] Equations (6) and (8) show that if the value of rIRatePredicted determined at time
to 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,



[ 1064] It has been discovered, that due to various nethods for mtigating
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TxPwr Mar gi ﬁ)ﬁﬂﬂ\emr%@@ J&Eig %}n"wﬁ%wﬁg‘ Iv%é’%dB [ 1066] In anot her

enbodi ment, if a frame has j slot outages, <= | <= 16, TxPwMargin is
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not result 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 (rlRateMinAllowable).

[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:



TxPwr Margi nM n and TxPw Mar gi nMax. Ratchet Mde [1067] Additionally, when
the Type A outage is used for dynam c adjustnent of the TxPwMargin, a
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evaluated:

TxPwrMargin + PwrMarginUpStep >= TxPwrMarginUpper (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 riIRatePredicted exceeds the rIRateMinAllowable.

[1070] In another embodiment of the ratchet mode, if riIRatePredicted 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 rIRatePredicted equals rlRateMinAllowable, 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.



TxPwr Margin is decrenented by Pw Margi nDownSt ep. The ratchet node is exited
when the determ ned rl RatePredicted exceeds the rl RateM nAl | owabl e. [1070]
I n anot her enbodi nent of the ratchet node, if rl RatePredicted equals
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the AT trafémi& @W@d‘@e@ﬁﬁﬁ\@“@rf?a"ZTméﬁ\%fore shoul d an AT use only an
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appl i cabl egxgpéﬁoobgﬁﬁe kﬁg)g;\g FIG 6, if only an open |oop vver@j) he

i npl enment e and 608 were deleted) form FIG
enbodi ments are valid, realizing that:
[1073] Furthermore, in a specific case, when path loss changes slowly the embodiment

described in reference to FIG. 6 can be further simplified as illustrated in FIG. 10, 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,



TxOpenLoopPw = TxPilotPw (11) [1073] Furthernore, in a specific case,
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| nposed On10%ngﬁc\e/ e\ga%lolus SI Ssttr% ve ?oglca ao&st In?c%ﬁ?esnag/nd rTBcults Qesctriggd in
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 ftransistor 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



described functionality in varying ways for each particular application, but
such inplenentation decisions should not be interpreted as causing a
departure fromthe scope of the present invention. [1077] The vari ous
illustrative |ogical blocks, nodules, and circuits descri@qd Ep nnecti on
wi th the enbodi nents dlsclosed hereln may be i npl enented § % d wth
a general purpose processor, a digital gitgnal processor (DSP), an
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[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.

[1081] WHAT IS CLAIMED IS:



[ 1079] The previous description of the disclosed enbodiments is provided to
enable any person skilled in the art to nake or use the present invention.
Various nodifications to these enbodinents will be readily apparent to

t hose skill @@ dsfwishe art, and the generic principles defi ne@lqhggei@ggay be
applied to other enbodi rrents wi t hout departing from the spirit ) pe of

the invention, Thus, the present invenjyon is not intended to be Ilimted to
the embodi ments shown herein but is to be accorded the wi dest 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 protecti onCLAMMSopyri ght owner has no obj ectl onto
the facsimle reproduction by anyone of the patent docunent or the patent
disclosure, as it appears in the Patent and Trademark Office patent file or

records, but otRherw ge{dsed i r r t K@%ﬁ r 1081]
WHAT | S CLAI I\/EDHI S: 6\0"%3/ 07\74!9124@1%&“@%@2%8%%6 AR A? 10%{§et ébd for

esti mat ng compeigidgse | i nk maxi num data rate, 2 conprising: determining at a

transm tted: . modeEnnid alg Shhter A patatifhett s 0K dar i ifern. ana 6
det er m @i ngs o bedtamsmittedi e of data in accordance with said nodified quality

metric. 2 The net hod, as dlncalm further conprising: 2
processi ng sai d"!ﬂ?gymgfaféﬂ‘ﬂﬁﬁym?"é? %BF%‘MF"G"@ MREQIReeMdd as claimed in

claim2g wherei Be@?‘mmuﬁgi %Cﬁr'éﬁinﬁlﬂnsrﬁtéjof datdUifl adcbrdetice ﬁltﬁkaﬁi RicRitiedit OF

conprises: filtering sald quality netric by a linear filter.
quality metric.

2 The method as claimed in claim 1, further comprising:
2 processing said quality metric by a predictor.

3 The method as claimed in claim 2, wherein said processing said
2 quality metric by a predictor comprises:
filttering said quality metric by a linear filter.

4 The method as claimed in claim 2, wherein said processing said
2 quality metric by a predictor comprises:
filtering said quality metric by a non-linear filter.

5 The method as claimed in claim 4, wherein said filtering said
2  quality metric by a non-linear filter comprises:
filtering said quality metric by a peak filter.

6 The method as claimed in claim 1, wherein said determining at a
2 source of data a quality metric of a link over which data is to be transmitted
comprises:
4 receiving at a source of data at least one signal; and
determining said quality metric in accordance with the received at least

6 one signal.



4 The nethod as clainmed in claim?2, wherein said processing said 2 quality
nmetric by a predictor conprises: filtering said quality netric by a
non-linear filter. 5 The nmethod as clainmed in claim4, wherein said
filtering said 2 quality metric by a non-linear filter congrj : @Itering
sai d qual i WP %%81"M4 by a peak filter. 6 The nethod as clained i ¢ Pelibm 1,
wherein said determining at a 2 source of data a quality netric of a link
over which data is to be transmtted 2Q:orrprises: 4 receiving at a source of

data at | east gne signal ;. and determ.ni sai ual it tri,c i n accordance
with the receiYed ahq? %IPO&BS&%WF%QE%V%V@@%W'M%c_g?QfmSEPg?@% 28 7
The mepho@o@fceCofdamth qnamy%éwié,ofWﬁme'oneﬁWhﬂ:hd&étarimtglﬁwtrahsmmea source of

data a quality netric of a link over which data is to be transmtted
conpri ses COMPIIERRi vi ng at a source of data at |east one first reference

signal , and d Heogg) 1 i y LG .M ih the received
at | eagt 6 ongé(%idﬁgé%§§%%ggH%éag%é?éggtr?hb?iﬁ%?%@: esetdsq%*ﬁ%’ 4}1 st reference
signal . 8. Thedewtrmimihgsaidl quatidmetriccinaacroldancbenith thes seodivaelt &trleasti ng at a

2 sourge of data uali.ty netric of a link oyer which data is to be
transnPt t &4€ lgﬁ,{ﬁ%{%@g:sg{}/@l 8pditls atlegtone @8{,59!%’98?9 8903 a f eedback signal;
and determning the quality nmetric in accordance with the received feedback

6 signal. 9. The nethod as clained in claiml1l, wherein said determning at a
2 source of daBa a HrametRodras claimed im claimkl, ovhareinhsaich dgiaraniniag @b abe

transnptt gfyrce of data a quality metric of a link over which data is to be transmitted
comprises:
4 receiving at a source of data a feedback signal; and
determining the quality metric in accordance with the received feedback
6 signal.

9. The method as claimed in claim 1, wherein said determining at a
2 source of data a quality metric of a link over which data is to be transmitted
comprises:
4 receiving at a source of data at least one signal;
receiving at a source of data a feedback signal; and
6 determining said quality metric in accordance with the received at least
one signal and the received feedback signal.

10. The method as claimed in claim 1, wherein said determining at a
2 source of data a quality metric of a link over which data is to be transmitted
comprises:
4 receiving at a source of data a reference signal;
receiving at a source of data a feedback signal; and
6 determining the quality metric in accordance with the reference signal,
the received reference signal, and the received feedback signal.

11. The method as claimed in claim 1, wherein said modifying the
2  quality metric by a quality metric margin comprises:
modifying the quality metric by a pre-determined quality metric margin.



conprises: 4 receiving at a source of data at |east one signal; receiving
at a source of data a feedback signal; and 6 determ ning said quality netric
in accordance with the received at |east one signal and the(]rle(%ﬂ/qggg

f eedback Sivggﬁi/mﬂzg' The method as clainmed in claim11, wherein said

determ ning at a source of data a quality netric of a |link over which
data is to be transmtted conprises: %grecei ving at a source of data a
reference signal; receiving at a source of data a feedback signal; and 6

determ ni ng t heqgual 4 HGd Bafts i af : Lgnal , the
received refer eplg'e S‘?‘E%éﬁ&héﬁ?ét ﬁg r eccrarlpgl% f&%’%ﬁ%‘@n@@% §l‘?‘ﬁe met hod
as cl ai Bed qualityInzeétric by avdualiti metrizi mangidcdmprisest he 2 quality netric by a
quality netric r.gi.n_conpr. ses: di.fvi ng the quali netric.b

pr e- det er ni ned a%‘élaf"?g/ %HBP?QG@'PE‘P wh Q&@ow&'f@d %t@gpg}pﬁﬂ‘ﬁogg 12. The
net hod as gkabitEfbféren6é sighal exodees poles PédLirdadbf sthRemsaiofl of thalséddnidy metric

by a quality nmetric margin conprises: declaring an outage event when power
required féeferangasignal dgiermines form peavinusly wodified culalitygnalicexceeds power

required for tr 1SS e f C i (s tagd form
previ ougl y nodi ??%gl@%a [ tug'ferr}é?r?ics:?ﬁéé é %ézt%glpo@gﬁirg?e%ﬁgéggéﬁ?@gégut age
event duri imjeevahapddet ermined interval; and 8 nodifying said quality netric

s o wBLanSe Ryl LePhSE) el el DR R SRR 1L 7 12
detecting conprises:
13. The method as claimed in claim 12, wherein said modifying said
2 quality metric in accordance with said detecting comprises:
increasing a current quality metric margin by a first amount when a pre-
4 determined number of the outage events occurred during the pre-determined
interval; and
6 modifying said quality metric by said increased quality metric margin.

14, The method as claimed in claim 13, further comprising:
2 decreasing a current quality metric margin by a second amount when the
pre-determined number of the outage events did not occur during the pre-
4 determined interval; and |
modifying said quality metric by said decreased quality metric margin.

15. The method as claimed in claim 1, wherein said modifying said
2 quality metric by a quality metric margin comprises:

declaring an outage event when power required for transmission of data
4 at the estimated rate of data exceeds maximum allowable transmission power;

detecting occurrence of the outage event during a pre-détermined
6 interval; and

modifying said quality metric in accordance with said detecting.

16. The method as claimed in claim 15, wherein said modifying said
2  quality metric in accordance with said detecting comprises:



increasing a current quality netric margin by a first anount when a pre- 4
det erm ned nunber of the outage events occurred during the pre-determ ned
interval; and 6 nmodifying said quality netric by said increasfd} gp iﬂ]?ﬁ
metric margyfosnrhfss The nMethod as clained in claim13, further conprisi’ng: 2
decreasing a current quality metric margin by a second anount when the
pre-determ ned nunber of the outage evgmts did not occur during the pre- 4
determ ned interval; and nodifying said quality nmetric by said decreased
quality netric jR¥édsihg & DurERe qUEI HbtAS nﬁr@hrﬂiﬂa HirstdrAbuRt Whet g ppa-n sai d
nodi fying said 2 quality netric by a quali metric nmargin conprises:

decl ari fig &leteyminggenunlenof giaggssasurred guring ther pre-datamingd intewabandat a 4 at

the estimated r . ~[{’r@;<' 1 SSEON power ;
detecting occur ?io?&f@hg%%[cﬁ%@%@fg%@e en@@gﬁ%s%wgﬂgﬁgf-@gﬂ@mﬁr? erg 6
interval; and nodifying said quality netric in accordance with said
detecting. 16. e thod as claioed in claim.15 wherein said nodifying
said 2 quali ty]l-zet ;Tﬁl,e mt%%%ﬁfﬁm%dm?Iﬂ'"’été?éugg?recamm&'%npri ses: 0 4 SEP
2006 WD 03/ 077446redSingia \Guirfa iqEllith rietfic aiirgiiUY 4 ¥cdRf AmbunBiigerithey a first
amount when a pre- 4 determ ned nunber of outages occurred during the

pr e- det er miRiegetaininegdanumyae ofutagas, gics BPldoeriH| dunngrite inke-HgtesMingdi ncr eased
qual i ty4m§tiﬁli§ﬁl pearngi n. 17. The nmethod as clained in claim 16, further

conpri si ng: gécr easing a current quality netric margin by a second anount
when the pre- detcelifying sdichquedidy metricoby sajé slecliedsead fiuality metrdc mangint he
pre-determned 4 interval; and

18. The method as claimed in claim 16, wherein said increasing a
2 current quality metric margin by a first amount when a pre-determined number
of outages occurred during the pre-determined interval comprises:

4 determining whether the estimated rate of data has changed to a
maximum allowable rate of data; |

6 setting a quality metric lower limit to the current value of the quality
metric; and

8 increasing the quality metric by a first value when a pre-determined

number of outages occurred during the pre-determined interval.

19. The method as claimed in claim 18, further comprising:

2 decreasing the power margin by a second value if said resulting
decreased power margin is greater that the lower fimit of the power margin; and

4 setting the power margin equal to the lower limit of the powé‘r:‘rfnargin
otherwise.

20. The method as claimed in claim 16, wherein said decreasing a

2 current quality metric margin by a second amount when the pre-determined

number of outages did not occur during the pre-determined interval; comprises:

4 determining whether the estimated rate of data has changed to a
minimum allowable rate of data,

6 setting a quality metric upper limit to the current value of the quality

metric; and



nodi fying said quality metric by said decreased quality nmetric margin. 18.
The nmethod as clainmed in claim16, wherein said increasing a 2 current
quality netric margin by a first anount when a pre-deternined h @Eﬁbqgg@f

out ages occWior@drdys i ng the pre-determned interval conprises: 4 deternning
whet her the estimated rate of data has changed to a maxi num allowable rate
of data; 6 setting a quality netric loggr limt to the current value of the
quality metric; and 8 increasing the quality nmetric by a first value when a

pre-det & m ned degrsaeingotheqylaligoneficaty b dcoid valieWiserPh Sréfefdriner )

interval. 19. The nethod as clained in claim18, further conprising:

decr easi ng TUHRDSS RfQHtages AcRUIKgd ﬁu@&m@reﬂe@mme@ﬁmﬂ@‘esul ting decreased
power margin is greater that the lower limt of the power margin; and 4
setting the power in equal to the lower Iimt of the power margin
otherwi se. 20. B®ile nﬂ'?\adﬂethedaBa:laimddiimcIaIrmEG;mﬁhenmnptiising;ai d decreasing a

2 currept quali eco en pr e- det erm ned
nurber o out agd BRI doe BodaF mitef 57 S, P et el Faroared”

conpri ses: p@mmﬁrmmsn@s\fthattthenowmnﬁsmtﬁatp@werataegmf af@ta has changed to a
m ni rrumallowable rate of data; 6 setting a quality nmetric upper limt to
the curflent val §&tHO ThecPRI Meygin oual o t%QPV@VA'@EPfﬂ@ﬁ)@OwﬂDWQW7444 31
8 decreasi nghéfisggual ity netric by a second val ue when a pre-determ ned
nunber of outages occurred during the pre-determned interval. 21. The
method as clained in claim?20, further conprising:

22. The method as claimed in claim 16, wherein said increasing a
2 . current quality metric margin by a first amount when a pre-determined number
- of outages occurred during the pre-determined interval comprises:
4 determining whether the estimated rate of data is equal to a maximum
allowable rate of data; and
6 increasing the quality metric by a first value when a pre-determined
number of outages occurred during the pre-determined interval.

23. The method as claimed in claim 22, further comprising:
2 unchanging the power margin when a pre-determined number of outages
did not occur during the pre-determined interval.

24. The method as claimed in claim 16, wherein said decreasing a
2 current quality metric margin by a second amouni when the pre-determined
number of outages did not occur during the pre-determined intervél; comprises:
4 determining whether the estimated rate of data is equal to a minimum
allowable rate of data; and ‘
6 decreasing the quality metric by a second value when a pre-determined
number of outages did not occur during the pre-determined interval.

25. The method as claimed in claim 20, further comprising:
2 leaving the power margin unchanged when a pre-determined number of
outages occurred during the pre-determined interval.



2 increasing the power margin by a first value if said resulting increased
power margin is less that the lower Iimt of the power nargin; and 4 setting
the power nmargin equal to the lower limt of the power margp @Ph(zﬁ%d

22. The met{odhsR$ugd @i med in claim16, wherein said increas Wb urrent
quality nmetric margin by a first anount when a pre-determ ned nunber

out ages occurred during the pre-deterngaed interval conprises: 4 det erm ni ng
whet her the estimated rate of data is equal to a maxi mum allowable rate of

data; and 6 incrgasi Mhyet ARtibtRhs tfaifel inColdivh 8, fwietdinVadid etifiiniAg
pre-determ ned nunber of outages occurred during the pre-determ ned

Phterval?  omaximy rale b Gaiadn @CRPRIEACE With e Mosifie mlwénetfeﬁsmpgﬁﬁa 2
h th t did not
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16, wherdi nmshicglancr easi ng a 2 current quallty metric margin by a second
anount when the%e det er e( ‘@gnber ut aﬁq td| d not occur aurl ng the
pre-determ ned i B 03343% %FS RAETRSION RRVRISPPPRt ed rate
of datags mle&beéwrr@xﬁhlﬁmlﬁﬂﬁwwle'tféf@h'hééldrap@w@lf data; and 6 decreasing the
quality metric by a second value when a pre-determ ned nunber of outages
did not occur during the pre-determned interval. 25. The nmethod as cl ai ned
in claim20, further conprising: 2 |leaving the power nargi n unchanged when a

pre-determ ned nunber of outages occurred during the pre-determ ned
interval. 0 4 WD 03/077444 SEP 2006 - - " 2




26. The nethod as clained in claim1, wherein said determining a 2 maxi num
rate of data in accordance with the nodified quality netric conprises:
determ ning a transm ssion power in accordance with the nodi ferﬁql %gﬁl it 4
metric; andygflsRSidyd a data rate whose said determi ned transnvssi B&&er
does 6 not exceec? maxi mum al | owabl e transm ssion power. 0 4 SEP 2096 WD
03/ 077444 33 27. An apparatus for estirming a reverse |ink nmaxi num data
rate, 2 conprising: means for determning at a source of data a quality

metric of adq.nknpvaspardniehieh ddfinatihg hO réforss ?Wﬁ\éﬂﬁiunﬁmgé% r&le,
nodi fying said quality netric by a quality nmetric nmargin; an means for
det er ni A nCUNPHBIIGIUM rate of data in accordance with said nodified quality

means for procedtuny oG ol Rk peudte oyt hitio EPETRLEE.

as cl ai Med whick ldatanis28 bevitamsmiititedsai d neans for 2 processing said quality

netric by a predictor, co i.ses: . nea for. filteri sai,d quality metric by
a linear filter Mesppm lgpg@lggc?lggﬁycqngfrm@guelﬂgmﬁt@g @%rg&ﬁe?‘{q n said
means f@ 2 profe&T 1o deldrfhifingld inaxifin irGtebof datRie abesi a6 Withi seff: Means
for filtering said quality netric by a non-linear filter. 3t, The apparatus
as cl ai ned MAdified axaty metier ei n said neans for filtering 2 said quality
metric by a non-linear filter conprises: nmeans for filtering said quality
nmetric by a peak filter. Bp-. The apparatus as clained- in claim27, wherein
sai d nmeans ). The apparatus as claimed in claim 23, further comprising:

2 means for processing said quality metric by a predictor.

24. The apparatus as claimed in claim 2§, wherein said means for
2 processing said quality metric by a predictor comprises:
means for filtering said quality metric by a linear filter.

30. The apparatus as claimed in claim 28, wherein said means for
2 processing said quality metric by a predictor comprises:
means for filtering said quality metric by a non-linear filter.

3(. The apparatus as claimed in claim 30, wherein said means for filtering
2 said quality metric by a non-linear filter comprises: -
means for filtering said quality metric by a peak filter.

33 . The apparatus as claimed in claim 2%, wherein said means for
2 determining at a source of data a quality metric of a link over which data is to be
transmitted comprises:
4 means for receiving at a source of data at least one signal; and
means for determining said quality metric in accordance with the
6 received at least one signal.

33. The apparatus as claimed in claim 2% wherein said means for
2 determining at a source of data a quality metric of a link over which data is to be
transmitted comprises:



2 determining at a source of data a quality netric of a |link over which data
isto be transmtted conprises: 4 neans for receiving at a source of data
at | east one signal; and neans for determning said quality tric in
accordance with the 6 received at |east one signal. 33. Thenzp{)aﬁﬁ’t J80%s
claimed i n WOas/Mm44@' }, wherein said neans for 2 determning at a source of
data a quality netric of a link over which data is to be transmtted
conprises: 0 4 SEP 2006 WD 03/077444 43Heans for receiving at a source of
data at |east one first reference signal; and 6 neans for determ ning said
qual i ty 4retric imeansder Rashdng\at & sewee of datei aldepsionedistiretaiends signaly ef er ence
signal ~and 4 at lest one first reference 8 signal. The apparatus as
claimed in claim1l1, wherein said 2 neans for determning at a source of
data a dual ity meeansc fof detérmikingvsaidwhuality metriz iirs dczobdariceandthi theed
conprises: 4 neans,for t' eceﬁrv%n‘{gf at a sourlce of data € fe?_anc signal; and
means for JdECRVES @t ieRstiphe st refgrance S1gngl Ang g, A IRsEoNe st IRIrPRCE: ved 6
f eedbaclg si |. 35. The apparatus as clained in claim2 , wherein said
means for 2 determning at a source of data a quality netric of a link over
which data is to be transmtted conprises: 4 neans for receiving at a

source of daja at |east ongpsi ' n Lecghyi n I of data
a feedback §| gnal ; and 6 ngg%sgpgérmyg{%rgma%{rﬁ%d s"zi cgé'mja‘??’?@h%gﬁﬂégwn
accor darice meats fanaleterairing edl acsourem st dataea gualitpimetrid of adinkemer whith eedback

si gnal .

data is to be transmitted comprises:
4 means for receiving at a source of data a feedback signal; and
means for determining the quality metric in accordance with the received
6 ' feedback signal.

35. The apparatus as claimed in claim 2%, wherein said means for
2 determining at a source of data a quality metric of a link over which data is to be
transmitted comprises:
4 means for receiving at a source of data at least one signal;
means for receiving at a source of data a feedback signal; and
6 means for determining said quality metric in accordance with the
received at least one signal and the received feedback signal.

2%,. The apparatus as claimed in claim 2%, wherein said means for
2 determining at a source of data a quality metric of a link over which data is to be
transmitted comprises:
4 means for receiving at a source of data a first reference signal;
means for receiving at a source of data a feedback signal; and
6 means for determining the quality metric in accordance with the first
reference signal, the received first reference signal, and the received feedback

8 signal.

3%. The apparatus as claimed in claim Q?, wherein said means for modifying
2  the quality metric by a quality metric margin comprises:



X. The apparatus as clainmed in claimaT, wherein said neans for 2

determ ning at a source of data a quality netric of a link over which data
is to be transmtted conprises: 4 nmeans for receiving at a soupce ﬁg a a
first reference signal; means for receiving at a source of dat l‘a

signal; andV #dmd4for deternmining the quality netric in accordance with
the first reference signal, the receiv first reference signal, and the
recei ved feedback 8 signal. 3 7. The ag aratus as clained in claim94,
wherein said neans for nmodi fy 2 the quality nmetric by a quality netric
mar gi n conpri sesheansy OSEldefU@@t QGUGWGV&HQ@V@HDYG%%@"'H% QH’BNVF\‘}Q"H@J t he
qual ity gret gig gq"l:py a pre-determned quality netric 4 margin. 3g, The
apparatus as clainmed in claima9-, wherein said neans for 2 nodifying said
quality netric by a quality ITE'[I‘IC margi n conprises: neans for declaring an

t t. wh d_for. 4t i f. d ref
olonal exceds pover [TeqBPraiahBos Yampd i R, 33, WPefin el FRRe Pl rce
signal det emmﬁﬁgé@drnf l@\memlbya@um,dmbtr&dnarga’qc@Mpﬂ@églc means for
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detecting occurrence t he outage event during pre- 8 determ ned
interval ; and ngBfRNS der nﬁﬂ?‘ﬂ?ﬂglga'%apﬂtaﬂﬂalei"?@t Mﬂﬁn cPoweTa degwitrshJdar wi t h

sai d 104 de&g@mlggon?)gf c%?.earréﬁe\a&ces gjnﬁl Bitebls C h@&v&} 3\‘Eﬁu JS pn said
means for noditylng sai quallty metriC 1n accordahce with sald detecting
conpri ses: Wansmission dhdheasecanda refgrennet sigmnal i dgtermained c farer girevitysha fir st
amunt g modified quality metric;
means for detecting occurrence of the outage event during a pre-
8 determined interval; and
means for modifying said quality metric in accordance with said

10  detecting.

39. The apparatus as claimed in claim 3§, wherein said means for modifying
2 said quality metric in accordance with said detecting comprises:
means for increasing a current quality metric margin by a first amount
4  when a pre-determined number of the outage events occurred during the pre-
determined interval; and
6 means for modifying said quality metric by said increased quality metric
margin.

lo. The apparatus as claimed in claim 39, further comprising:
2 means for decreasing a ‘current quality metric margin by a second
amount when the pre-determined number of the outage events did not occur
4  during the pre-determined interval; and
| means for modifying said quality metric by said decreased quality metric
6 margin. '

I, The apparatus as claimed in claim 23, wherein said means for
2 modifying said quality metric by a quality metric margin comprises:



4 when a pre-determ ned nunber of the outage events occurred during the pre-
determ ned interval; and 6 neans for nodifying said quality netric

increased quality netric

by said

margin. 1-(c). The apparatus as cl afine§fpn 2pigai m

39, further corTPrisi ng: 2 means for decreasing a current quality netric

mar gi n by a&dé

844 ampunt when the pre-deternined number of the ou

events did not occur 4 during the pre- gﬁ)ern‘i ned interval; and nea

nodi fying said quality netric by said d
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42 . The apparatus as claimed in claim |, wherein said means for modifying

said quality metric in accordance with said detecting comprises:

means for increasing a current quality metric margin by a first amount
when a pre-determined number of outages occurred during the pre-determined
interval; and

means for modifying said quality metric by said increased quality metric
margin.

43, The apparatus as claimed in claim %2, further comprising:

means for decreasing a current quality metric margin by a second
amount when the pre-determined number of outages did not occur during the
pre-determined interval; and

means for modifying said quality metric by said decreased quality metric
margin.

Ly . The apparatus as claimed in claim 42 wherein said means for increasing
a current quality metric margin by a first amount when a pre-determined number
of outages occurred during the pre-determined interval comprises:

means for determining whether the estimated rate of data has changed
to a maximum allowable rate of data;

means for setting a quality metric lower limit to the current value of the
guality metric; and

means for increasing the quality metric by a first value when a pre-
determined number of outages occurred during the pre-determined interval.



y3, The apparatus as clainmed in claim42, further conprising: 2 neans for
decreasing a current quality netric margin by a second anount when the
pre-determ ned nunmber of outages did not occur during the 4 preﬂdptgg m%d
interval; a mzﬂ§4for nodi fying said quality netric by said decreased
quality netric margi n. The apparatus as clained in claim42, wherein said
means for increasing 2 a current qualitytmetric margin by a first anpunt
when a pre-determ ned nunber of outages occurred during the pre-determ ned

interval colBri gBs apharfodds bREmEE rEsIam YRSy hEL Ag.estimated rate of
dat a has changed tgﬁa maxi mum al | owabl eqﬁgte of&ﬁ];'t':tnﬁar| means for setting a

qual ity2metric Igens farsecreasingdhe powen maiginebyfa tsesonduealie yif saicri c: and

8 nmeans for,kLnOe i L g5 et i 1 n e-

det or i ned s 83ERAhA DR bR Gefianint, e Bhrek Bl of REPFWELY Lot . o
4 SEP 2@06 maiGin)an@77444 31- 45 The apparatus as clainmed in claim?*, further
conprising: 2 neans for dﬁ.cr asiﬁr)}a t he é)ower Igarﬂiq bg a secqond value if
said resulti ng MRANSJL SRHIRG G PaleLMargia eguakiodhie lewer lmit o POWeMi t of
the powgr mma &th8iwigéld means for setting the power nmargin equal to the

lower Iimt of the power 6 margin otherwi se. % The apparatus as clainmed in
claim43, wherein said neans for 2 decreasing a current quality netric

T gt O3 SRR AR B, ahe 247 GBS male?de ¢ o
2 decreasing a current quality metric margin by a second amount when the pre-
determined number of outages did not occur during the pre-determined interval;
4 comprises:
means for determining whether the estimated rate of data has changed
6 toa minimum allowable rate of data;
means for setting a quality metric upper limit to the current value of the
8 quality metric; and
means for decreasing the quality metric by a second value when a pre-
10  determined number of outages occurred during the pre-determined interval.

43. The apparatus as claimed in claim 46, further comprising:

2 means for increasing the power margin by a first value if said resulting
increased power margin is less that the lower limit of the power margin; and

4 means for setting the power margin equal to the lower limit of the power
margin otherwise.

44%. The apparatus as claimed in claim 42, wherein said means for increasing

2 a current quality metric margin by a first amount when a pre-determined number
of outages occurred during the pre-determined interval comprises:

4 means for determining whether the estimated rate of data is equal to a
maximum allowable rate of data; and

6 means for increasing the quality metric by a first value when a pre-
determined number of outages occurred during the pre-determined interval.

4q. The apparatus as claimed in claim 48, further comprising:



means for determ ning whether the estimated rate of data has changed 6 to a
m ni mum al | owabl e rate of data; neans for setting a quality netric upper
limt to the current value of the 8 quality netric; and nearl}ts)skﬁr

decr easi ng {feRsfvaki ty metric by a second val ue when a pre- t 2006 ned
nunber of outages occurred during the pre-determned interval. 43. The
apparatus as clained in claim46, furt he&?d conprising: 2 neans for increasing
the power margin by a first value if said resulting increased power nargin

is less phat t hemleQM@'fmJ lbﬁinthﬁe bBﬁePﬁ\W@anﬂbﬁge@%eﬁ %E?é’@eife% negt ting

t he power margin equal | ower ower rgin ot erw se.
48. The appaﬂmbastfa@t%g%ﬁ ﬂlqumcewr@lumngzhe med@fennmddnheeahs for increasing
2 a current quality netric margin by a first anmount when a pre-determ ned
nunber of outages occurred during the pre-determned interval conprises: 4

means for deE@r nTine ngpperatuseast lckaimed | imatcteim> al’rl‘, wherkih asaid mwak for a
maxi mnum

wabl e rate of .dat 6 nmea for incyeasin uality
e 2! LsEiBnsing & G Pomt ey, Mattic mAtim BH SeRATELamGH ety 4 By r e
during the gaRrfRes Hiinsst deuPeK | did h&t oé@ﬁ?dﬁﬁ@% gﬁa aéteﬁhnﬁémﬁ%#val claim
48, further conprising: 0 4 2006 WO 03/ 07 $ 2 neans for |eaving

t he powe# ne@@pPHsamichanged when a pre-determned nunber of outages did not
o ULt g, L nemBkfs 45 Gdiriihd AhghiPine QimdRE ARPB BhUTs | B ERC, LT

claim4-2, wherein sa reasmg a curren qua netric

mar gi n b§ ammnﬂaﬂnvmbw rateaf datepapde- det erm ned nunmber of outages did not
d th d i nt

occur during the mBans for or éc%gs?ng I’chne Strjéll‘?y metnc %y rer'tpsecond value when a pre-

8 determined number of outages did not occur during the pre-determined interval.

51. The apparatus as claimed in claim 50, further comprising:
2 means for leaving the power margin unchanged when a pre-determined
number of outages occurred during the pre-determined interval.

52 . The apparatus as claimed in claim 2%, wherein said means for

2 determining a maximum rate of data in accordance with the modified quality
metric comprises:

4 means for determining a transmission power in accordance with the
modified quality metric; and ‘

6 means for selecting a data rate whose said determined transmission
power does not exceed maximum allowabie transmission power.

53, An apparatus for estimating a reverse link maximum data rate,

comprising:



means for determ ning whether the estimated rate of data is equal to a 6

m ni mum al | owabl e rate of data; and neans for decreasing t%e uality netric
by a second val ue when a pre- 8 determ ned nunber of outag s‘i%ﬁf’ 2688 occur
during the pre-determned interval. 5-1. The apparatus as clained in claim
50, further conprising: 2 nmeans for |eaving the power margin unchanged when
a pre-determ ned nunber of outages occudfled duri ng the pre-determ ned
interval. 5a The apparatus as clainmed in claim?2}, wherein said neans for 2

deternining a nedd) REHMAIRY EoRfowad 30 ARtemiG:alfe@irar Oh datea sality ineRfrigual i ty
metric CO”pbféﬁ?ﬁé%\ib&l’@ﬁﬂ?déﬁris%%rtﬁhﬁhg@d? transni ssi on power in accordance

with the nodi y metric; an neans for selecting a data rate
whose sai d det eraricogtbineraneminigicativelyooruplatbds said astiowder nafigured 40 | owabl e

transm ssio . for..estinmatli a reverse |ink maxi num
data rate, ﬁ@gﬁ%\,\ﬁeﬁﬁw @gﬂ'@&%éﬁyﬁeﬂé{ﬁa@?&&gonfi gured to determ ne at
a source of dat aa prapessing blookidommunitatively cdupteeto sdid ebnibirier corfigurede
transm tted; a conpiner comunicatively coupled to said estimator configured
to nodify IhdelgRINe:3 maXmuE @ie of dald in goersdance with dha:megitedyapalikessi ng
bl ock comupicgdti vely coupled to said conbiner configured to deternmine a
maxi mumrate of data in accordance with the nodified quality netric. 54 -
The apparatus as clained in claimb53, wherein said estimtor conprises 2 a

pr edi ct or . 56y The, ARRALELNS. Aafthdl Pl 55! ihéeR salteifefbrtthfbrRbg i Ct or

conpri ses
2 apredictor.

b5 _The apparatus as claimed in claim 54, wherein said predictor comprises
2 alinear filter.

5¢. The apparatus as claimed in claim 5, wherein said predictdr comprises
2 anon-linear filter.

51. The apparatus as claimed in claim 5{,, wherein said non-linear filter
2 comprises a peak filter.

58. The apparatus as claimed in claim 53, wherein said estimator comprises
2 anopen loop estimator.

59. The apparatus as claimed in claim 53, wherein said estimatpr comprises
2 aclosed loop estimator.

6o. The apparatus as claimed in claim 53, wherein said estimator comprises:
2 an open loop estimator;
a closed loop estimator; and
4 a combiner communicatively coupled to said open loop estimator and a

open loop estimator.

¢\. The apparatus as claimed in claim 53, further comprising an outage

2 event detector communicatively coupled to said combiner.



56. The apparatus as clainmed in claimb54, wherein said predictor conprises
2 anon-linear filter. 5 - The apparatus as clainmed in claim56, wherein
said non-linear filter 2 conprises a peak filter. St The adeféEﬁ%Z&ﬁ
clainmed in claim53, wherein said estimtor conprises 2 an open |oop
estimtor. WOOMRWIharatus as clained in claimb53, wherein said estinator
conprises 2 a closed |oop estimator. 60, The apparatus as clained in claim
53, wherein said estimtor conprises: dran open | oop estimator; a closed

| oop estimator; and 4 a conbi ner conmuni catively coupled to said open | oop
estimator and a open |loop estimator. (01 - The apparatus as clained in

clai m 53, furiZheA apparatusi foy estinaiinggeowe? regeined dert rahsmissiommoina cita,vel y
coupled t,0 said conbiner. 0 4 SEP 2006 WD 03/077444 40 62. A apparatus for
estimati ig FOMSINSquired for transmission of a data, 2 conprising: an

estimtor confi guhee%tmtdmﬁmgum Bldelerie G€a @buftr! &F dhtdwdidliy Wekic ¢ 4 of
a link over which data is to transmtted; a conbiner conmuni'catively

coupl ed tho shidinkovenwhich dadmis tgdedsmnsaittes);nodi fy the quality metric by a

quality netric rgini: ?ﬁ%& C i i . led to

sai d conbi ner cg%f g%rﬂpgg%@%rgﬁ@g er %%8%%%? ?éeigﬂlgértg@ét?}cl)féoﬁl nggn'@si on of

a data i 6 aduadifyahe quality metec Oy anquilityi reetriquedrginy amdt ri c and a rate of the

data. 63. The apparalus d8nSbRbomuntatvdly Tolpidd to soidambinsfeahrigied ™ Of
8 to determine power required for transmission of a data in accordance with said

modified quality metric and a rate of the data.

63. The apparatus as claimed in claim §2°, wherein said estimator
2 comprises a predictor.

6l . The apparatus as claimed in claim 63 ,wherein said predictor comprises
- 2 alinear filter.

(5. The apparatus as claimed in claim £3 ; wherein said predictor comprises
2 anon-linear filter.

G6. The apparatus as claimed in claim 65, wherein said non-linear filter
2 comprises a peak filter.

(+- The apparatus as claimed in claim (2, wherein said estimator
2 comprises an open loop estimator.

.68 The apparatus as claimed in claim 62, wherein said estimator -
2 comprises a closed loop estimator.

éq_ The apparaius as claimed in claim 62 / wherein. said estimator
2 comprises:
an open loop estimator;



2 conprises a predictor. 64. The apparatus as clainmed in claim®63, wherein
said predictor conprises 2 a linear filter. 65 , The apparatus as cl ai ned
in claim63 , wherein said predictor conprises 2 a non-Iineq}qfﬁgpeﬂm 66.
The apparatgs as claimed in claim®65, wherein said non-linear fi r §
conprises'g ﬂ@gw*ﬁilter. 6 T . The apparatus as clained in claim®62, wherein
said estimator 2 conprises an open |oop-festi mator. 6$_ The apparatus as
claimed in claim621, wherein said estimator 2 conprises a closed |oop
estimatpr. 69 THgo3ePRoplestiniorchad m™ed in claim 62, wherein said estimator

2 conprises: an open |oop estimator; O 4 SEP 2006 WO 03/077444 4-1 4 a

cl osed | oop esta pambiner gamnaunieativelyeeoupladhionsaid apesl lgop estimatpriandsai d open

| oop esti open | oop estimator. +0- The apparatus as clainmed in
clain12%,n§%§iﬁgp%%@#8?¥3ing an outage 2 event detector comrunicatively
coupl ed to said conbi ner.

F0. The apparatus as claimed in claim (2 ; further comprising an outage
2 event detector communicatively coupled to said combiner.



