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

ESTI MATI NG PONER REQUI RED FOR TRANSM SSI ON OF DATA AT A RATE OF DATA IN A
COMVUNI CATI ON SYSTEM BACKGROUND Field [1001] The present invention rel ates
generally to comruni cation systens, and nore specifically to a method and
an apparatus for estimating a reverse |ipk maxi numdata rate and for
estimating power required for transnm ssion of a data at a rate of data in a
comuni cation system Background [1002] Commrunication systens have been

devel oped to 1 SSi of ....nfor jon signals froman origination
station to a“@hﬁ"bﬁ Wﬁ: g?’lﬁ%RMﬁgﬁ %&%HMA‘%NG AMAXIMUYM t i ng
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nmodul ati on, of mﬁﬂﬁpﬁgﬁg’gpﬁgmﬁﬁ %?ﬁbﬁeb&ﬁiﬁﬁmt er of a
carrier wave in accordance ¢ i ' éMgnaI in such a way that

t he spectrum of the resul ti%?%ﬂﬂggglgjaﬁgrgw wave is confined within the
conmmuni cati on channel bandw dth. At the destination station the original
information signal is reconstructed fromthe nodul ated carrier wave received
over the conmmuni cation channel. In general, such a reconstruction is

achi eved by using an inverse of the nodul ati on process enpl oyed by the
origination station. [1003] Mdul BAGKGROWND acilitates nultiple access,
i.e., sinmultaneous transm ssion and/or reception, of several signals over a.
common communi cation channel. Miltiple access comunication systens often
include a plurality of renote subscriber units requiring intermttent

service of relatively a short duration rather than conti nuous access to the
conmon configkdi cati on channel .

[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 raté of dataina
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 carriér
wave is confined within the communication channel bandwidth. At the destination station
the original information signal is reconstructed from the modbulated 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



Several nultiple-access techniques are known in the art, such as tine
division nultiple- access (TDVA) and a frequency division nultiple-access
(FDVR). Another type of nultiple access technique is a code division

mul ti pl e-access (CDVA) spread spectrum systemthat confornms to the

"TIA EI A/ | S-95 Mobile Station-Base Stati®n Conpatibility Standard for

Dual - Mode W de-Band Spread Spectrum Cel |l ul ar System " hereinafter referred
to as the 1S-95 standard. The use of CDMA techniques in a nultiple access
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conf or m ngTEIERHTGNE SiYSTERTEIoH aspiynBatd herasibiedbidnepresert HwBRlon. enbodied in a
set of docunents including Docunent Nos. 3G TS 25.211, 3G TS 25.212, 3G TS
25.213, and 3G TS 25.214 (the WCDVA standard), or "TR— 45.5 Physi cal Layer
Standard fidPO4] AREBBIGRCapRSRI NPT RYSEE MAnbe § WirRlesse »sdine FRA 81 d) .
access corﬁamrwv@mblaaa/osuéttaem emﬁﬁwef@a@mmumca@h\wgemmiymg%m voickq@] In a
mul tiple Cé) nduct ed throug e or Flﬂ% ggg st at A first user. on one
subscri berd933 i pgystem in accordance with the | standard, w |ch specmes 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 stahdard. the data or voice is partitioned into code channel frames that are 20
milliseconds wide with data rates as high as 14.4 kbps. Additional examples of a
communication systems carrying both voice and data comprise Communication systems
conforming to the "3rd Generation Partnership Project" (3GPP), embodied in a set of
documents including Document Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25.213, and
3G TS 25.214 (the W-CDMA standard), or "TR-45.5 Physical Layer Standard for
cdma2000 Spread Spectrum Systems" (the 1S-2000 standard).

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

communicates to a second user



communi cates to a second user 1, a on a second subscriber station by
transmtting data on a reverse link to a base station. The base station
recei ves the data and can route the data to another base station. The data
is transmtted on a forward |ink of the sane base station, or the other base
station, to the second subscriber stdﬁion. The forward link refers to
transm ssion froma base station to a subscriber station and the reverse
link refers to transmi ssion froma subscriber station to a base station.
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sectors is the same as with respect to voice systens. [1007] In a wireless
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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 spéctrum 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



base station receiver at the controlled such that each transmtted signal
arrives at a sanme signal |evel. However, if a signal transmitted by a
subscri ber station arrives at the base station receiver at a power |evel
that is too low, quality comunications cannot be achieved due to
interference fromthe other subscriber Llstatl ons. On the other hand, if the
subscri ber station transmtted signal is at a power level that is too high
when received at the base station, conmunication with this particul ar
subscri berregdivad ainthesbasg catipnaspramynicatian Witth this, ppdiRdlar suksesperastationas
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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



total power is the sumof the power fromall base stations operating on the
sane frequency assignnent as perceived by the subscriber station. Fromthe
estimate of the average forward link path |oss, the subscriber station sets
the transmt level of the reverse link signal. This type of an open | oop
control is advantageous when there is a correlation between a forward |ink
and a reverse |ink. Should the reverse |link channel for one subscriber
station suddenly inprove conpared to tlﬁ forward |ink channel for the sane
subscri ber station due to independent fading of the two channels, the signal
as received at the base station fromthis subscriber station would increase
in power. This increase in power causes additional interference to all .
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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 prbvide 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 '



transmt power |levels that nmay adversely interfere with other subscriber
station conmmunications and yet provide sufficient power to support
conmmruni cation fromthe subscriber station to at | east one of the base
stations. This power control nmechanismis acconplished by having the
subscriber station increase its transmy signal level only if every base
station with which the subscriber station is in conmunication requests an
i ncrease in power |evel. The subscriber station decreases its transmt
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5, 056, 109 tddthREntidETHOD AND APPARATUS FOR CONTROLLI NG TRANSM SSI ON PONER
I N A CDVA LLULAR MOBI LE TELEPHONE SYSTEM " issued Oct. 8, 1991, assigned

to the Assignee of the present invention. [1013] There is a relationship
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rate of data. SUMVARY [1014] |n one aspect e I nvention

above- st at EtfNAdl«@aditiens. a'aeiteé@%@ﬁy by estimatepewaiirertirgd for tepEmissionpf adeta a

qual ity mebfrd mateddf gatd | nk over which data is to be transmtted and nodifying
said quality netric by a quality nmetric margin. The maxinum rate of data is
then determ ned in accordance with said nodified quality netric.

Al ternatively, power required for transm ssion of a data at a rate of data
is determned in accordance with said nodified quality nmetric and a rate of
the data. [1015] In another aspect nvention, the quality netric is
nodi fied by a pre- QDMRRV

[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 bis 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 deterrhining 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



determ ned quality netric margin. Alternatively, nodifying said quality
metric by a quality netric margin is achieved by declaring an outage event
when power required for transm ssion of a second reference signal exceeds
power required for transm ssion of the second reference signal determ ned
formpreviously nodified quality metricf detecting occurrence of the outage
_event during a pre-determned interval; and nodifying said quality netric
in accordance with said detecting. [1016] In another aspect of the
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t ransm ssi fowabie tlahemigdiod pewdraxi mum rat e of data exceeds maxi num al | owabl e
transm ssi on power. BRI EF DESCRI PTI ON OF THE DRAW NGS [1017] FIG 1
illustrates a conceptual di agr am of an HDR_comuni cati on system [1018]

FIG 2 illustrates an ERRIFT BEPGRIAIPY OF TKERRAWINGS[ 1019] FIG 3

illustrates a reverse |link transm ssion power control; [1020] FIG 4

illust t j i trat
oty g bl iR AR e By ffon bt oL es 2

arrangenment of an enbodi nent of reverse link maxinmum adm ssible data rate
est i mat i on101§) 10Q32 illEst@Gtesran éxenytiarafarward lipk wdveforor;; [ 1024] FIG 8
illustrates a concept ual operation of a peak filter; [1025] FIG 9

i1lustrat Hof ﬁéegrﬁl Al Ned SVSLRE ihk Elénswgs?gnoéor@er 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



[1026] FIG 10 illustrates arrangenent of another enbodi nment of reverse link
maxi mum adm ssible data rate estimation; and [1027] FIG 11 illustrates an
out age event detector in accordance with one enbodi ment. DETAILED
DESCRI PTI ON Definitions [1028] The word "exenplary” is used exclusively
herein to mean "serving as an exanple, instance, or illustration.”™ Any
enbodi nent described herein as "exenplary" is not necessarily to be
construed as preferred or advant ageous o%&r ot her enbodi nents. [1029] The
term access network is used exclusively herein to nmean a collection of
access points (AP) and one or nore access point controllers. The access
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har dvar e of, 3 ORGRI3PM) Cu GOYRI 395,08 RRecIERNCINRIG0 Lhe ontext, Ly whi ch

the termis Use par EFon ecaus€ a sector has
t he attri biransports data qpelcksts thebvees autitiplg scckssdeintirals i(AT)t dhewmcoésscrdtiverk ar e
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herein as an _ e case o communi ca ron
excl usi vel sorpasateiintranet orethe Intéroet andiway dranspant deitd Q$p|<§t$ chh@pmk

comuni Catt‘éﬁmné@n@‘gumutgﬁ?]mohk% or stationary. An AT may be any data

devi ce that conmuni cates through a w rel ess channel or through a wred
channel, for exanple using fiber optic or coaxial cables. An AT may further
be any of [AO0¥)nthertegh basgmiationf refeved és heredl asliangABun thetcabé of eedHPB PC

card, conp m Au?a?lpn SEbR Ml ei«ﬂﬁ Illerel'ﬁnﬂerﬁéarpfhev"l'nélﬁbvsl%swﬂ{ ichel i ne

phone An A n the process o est abl | an active trafrtic
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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 channelllink is used exclusively herein to mean a single
route over which a signal is transmitted described in terms of modulation characteristics

and cod\ing, or a single route within the protocol layers of either the AP or the AT.



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
comuni cation channel/link is used exclusively herein to nmean a single
route over which a signal is transmtted described in terns of nodul ation

- characteristics and coding, or a singlé route within the protocol |ayers of
either the AP or the AT. [1033] The termreverse channel/link is used
exclusively herein to mean a conmmunication channel/link through which the
AT sends dl1¢FEIThet derrhaengrse [ claBwpl/linkf dr wesed ekelusiedly | hetkini 40 umedn a
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nore sectors' forward links. In the context of the | S-856 standard, data
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accordance with the | S-856 standard. However, those of ordinary ski Il1s in
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[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.



Accordingly, any reference to a CDVMA conmuni cations systemis intended only
to illustrate the inventive aspects of the present invention, with the
under st andi ng that such inventive aspects have a w de range of
applications. [1039] In the above-nentioned comunication system an AP 100
transmts data to an AT 104 over a forward link 106(1), and receives data
fromthe AT 104 over a reverse link 108(1). Simlarly, an AP 102 transmts
data to the AT 104 over a forward |ink 165(2), and receives data fromthe
AT 104 over a reverse link 108(2). In accordance with one enbodi nent, data
transmi ssion on the forward |ink occurs fromone AP to one AT at or near
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calculates the forward link uallty nmetric for each AP _in the AT 104 active
set. |If tH&O4Qhrioiall. theni\ gl and wBe rofcther ffisa afhr the MiFar0BP epigblighode a
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the AT 104 is able to receive data and control messages from the AP 100, and is able to

I n

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. |



predeterm ned period of time, the AT 104 reports this information to the AP
100. Subsequent nessages fromthe AP 100 direct the AT 104 to add to or to
delete fromthe AT 104 active set the particular AP. ti [1041] The AT 104
selects a serving AP fromthe active set based on a set of paranmeters. The .
termserving AP refers to an AP that a particular AT selected for data ‘
conmruni cation or an AP that is comunicating data to the particular AT. The
set of paranmeters can conprise present|land previous SINK neasurenents, a
bit-error-rate and/or a packet-error-rate, and other paraneters known to
one skilled in the art. In one enbodinent, the serving AP is selected in

accor dance i h’h’éhRT|ﬁf49§§IEct§| A\I@enﬁ@aﬁwﬁmnﬁae dciGe Akt Hided 'bﬁnaZe%?Cdffi es the

selected AP in a data request nessag (DRC nmessage), transmtt on the

dat a r equedaeeaisnéhe (%R@W%ﬁ@lr?ferﬂﬁ@n[ﬁ&th%wl%éﬁ selnstasi far ¢aa

request ed @atnduricitién OF aniH i3 byrﬁinmmcatmgl et $AtHOParBuldrneT Ol §dtYor Of the
forward link, e.g., the neasured SINR, the bit-error-rate, or the

packet - er rRATSTPEEE. Can GPBRTISS RIBRAY r?éﬁtp’e‘f'% Wle@aélé[ﬁmﬂﬂtﬁeétb'ttfﬁ@r‘rate

transm ssign/dfa ﬂd&ﬁet@ﬁ@r—@ésa?@lebtﬁ& paranfdlersiknbwn f@oﬁ’é’sﬁlm |H$I$é ait. 18 oWal sh
code, which unj qu XQFI denti fi es the specific AP. The sage sl)‘{nbol S

are t ensorSMRAYTE) (R4 o) viP t FRIRTNRA i %ﬁ‘f@m\ﬂHF% hW‘Hbd%e "‘F’HESt SIN
t ensor - mul meaﬂuremeém orhe( Ahapi n@én qmmat iteNsdiscté AR @dddte réfieVinessagever i ng

of a sign Since each AP i ctive set of 1,104 is i ified by
o o ous ARG, Meftef Jrahs ittt e, dith oS dinel A5G npdien: oo BBRC k1 gral
with the opegsags céfﬁxtcmltammemmtedcuua“ KMEIéWaIt&lﬁmidelytdranEiEﬁioﬁmsﬂﬁg&lalltplo42]
The data tQ be.tra tted, to the AT 4arr vVes controller . 110. In
T or Baac SR Ion A it G e nedtindd SR B ke 18 b e SRR B ES o 1 s
in AT 104 Inankiendosieient\itbe AThtD4bcamkdiceat thﬂa]r:énsmrssmn@iflttmrDEGbnebsage}tq at he

cont ol T erockbo bl ne S8LEF WSS ML SRR SBLARLE heDlock e AT 702 2 e

serving A the da tals stored
in a queuebRE mdseammbolsﬂarpaglsngmumewa@@aneg) whretheslmmuebelalgneocdﬁ There APs

to the AT télefhr%It[pﬁgé?gﬁt(ElYé% rﬁg?nkét%ltloﬁrka Fed: to é@anfgﬁ &%rﬂfgpg"g@{a?s and

decodes the si S on re cont channel s
Since each AP in the active set of the AT 104 is identified by a unlque Walsh code, only

the selected AP which correlates the DRC signal with the correct Walsh code can
correctly decode the DRC message.

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

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

present



obtai n.the pagi ng nmessages. [1043] At each tine-slot, the AP can schedul e
data transm ssion to any of the ATs that received the pagi ng nessage. An
exenpl ary nethod for scheduling transmission is described in U S. Patent

No. 6,229,795, entitled "SYSTEM FOR ALLOCATI NG RESOURCES IN A COVMUNI CATI ON
SYSTEM " assigned to the assignee of th@a present invention. The AP uses the
rate control information received fromeach AT in the DRC - nessage to '
efficiently transmt forward Iink data at the highest possible rate. In one
enbodi nentinvenhien. ARedkR eses the satelventlaltiafomadtien aeceieddiont eathr ATismthe DR@ data to
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comuni catgs\qui the reverse link data channel the sequence nunbers of the
m ssing data units. The controller 110, which receives the data nmessages
fromthe AT 104 via the AP conmunicating with the AT 104, then indicates to
the AP whdfO4atTaeuATt d04efas whish thec detpedadigt tibeinignded 4 recelves APet dria
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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



FIG 2 illustrates an exenplary forward |ink waveform 200. For pedagogi cal
reasons, the waveform 200 is nodeled after a forward |ink waveform of the
above-nenti oned HDR system However, one of ordinary skill in the art wll
understand that the teaching is applicable to different waveforns. Thus,
for exanple, in one enbodinent the vvavef%rm does not need to contain pi | ot
signal bursts, and the pilot signal can be transmtted on a separate
channel , which can be continuous or bursty. The forward |link 200 is defined
in terns fedmd isaavstsuctue fcompeising 16 tiersints @802 esohimessiotR02Beingn2048lobips 202,
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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 portlons 208b of the second haif-

time-siot 202b.

Reverse Link PoWer Control

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

achieve the goal of maximized capacity of



activity channel (RA), which perforns flow control on the reverse traffic
channel. The forward link traffic channel and control channel payload is
sent in the remaining portions 208a of the first half-tinme-slot 202a and

t he remai ning portions 208b of the second hal f- tine-slot 202b. Reverse Link
Power Control (1046] Unlike the forward |ink, whose channels are al ways
transmtted at full available power, the reverse |ink conprises channels,
whose transm ssion is power controll ed, lg_ achi eve the goal of maxi m zed
capacity of the communi cation system as pl ai ned above. Consequently,
aspects of the maximum rate of data estimation will be described in the
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TxCpenLoopPwr = F(RxPw) (1) where F is the transfer function of

filter 302POW8H (WG@#BQREP Vb iy accprdanceawidh 9@8" ?C@ﬁsale 9-s2 Ras§ §fatian lrading- ved on a
pil ot chanpedne &MBodithent, illustrated in FIG. 4, block 302 (of FIG. 3) 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 environmentally induced phenomena,
such as shadowing, and other user interferences, to achieve a desired quality signal
quality at the base station. In one embodiment, the desired signal quality comprises a
signal-to-noise ratio (SNR). The objective can be achieved by measuring the quality
metric of a reverse link and reporting results of the measurement back to the subscriber



ordinary skills in the art recogni zes that other enbodi nents of an open | oop
estimation process are well known the art and are equally applicable.

[ 1048] Referring back to FIG 3, the function of the closed loop is to
correct the open |oop estinmate, whi ch does not take into account
environnmental | y i nduced phenonena, QB as shadow ng, and ot her user
interferences, to achieve a desired quaFity signal qual ity at the base
station. In one enbodi nent, the desired signal quality conprises a
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summed in a block 306 to yield TxPilotPw. The value of the TxPilotPw is,
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to yield the total transmt power (TxTotal Pw). Consequent Y,
TxTot al M'S@&W%'SE%Péé@BﬂaW the ’Ej’lﬁafq pipover inThiqel 398N W@H&@Sopm +
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TxTotalPwr = TxOpenLoopPwr + TxClosedLoopAdj + PilotToTotalRatio(rlRate) (2)

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

[1 OSO] 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.



[ 1050] Because a transmtter inplenentation has nmaxi mum al | owabl e power
(TxMaxPwr), the TxTotal P may be optionally limted in block 312. In one
enbodi ment, the transmt power limting is perfornmed 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 vallggwlrs conpared to the TxMaxPw . |f
the TxTotai Pwr is less or equal to TxMax the nethod continues in step
506, where the TxPwLimted is set ual to TxMaxPw; otherw se, the nethod
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enbodi ments bel ow. Maxi mrum Adm ssible Data Rate Estimation [1052] FIG 6
illustrates a conceptual arrangenent of reverse |ink maxi num adm ssible
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 | oss. The esti natM@P“'TW&IHdmblﬁgatmﬁﬁetﬁséﬂﬁbﬂt'@ﬂed into a reqU| red
~transmt power TxOpenLoopPwr in accordance with other factors,
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anot her enfg@ié®ta 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 = TxOpenLoopPwr. 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. A

[1054] Referring to FIG. 8, at time to, the Input signal ié 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,k and started to decay by a ‘ '



the filter 702 has a transfer function F1 =1; consequently, the
TxOpenLoopPwr is wunaffected by the filter 702. The TxOpenLoopPw filtered
by a filter 702 is provided to a filter 704. In one enbodinent, the filter
704 is a peak filter. The function of the peak filter is explained in
reference to FIG B. [1054] Referring tq IG 8, at time to, the Input
signal is provided to a peak filter. The''value of the output of the peak
filter Qutput signal is initialized to the value of Input signal. Fromtine
to to tinpre-tetetrhivedatep Uit tiiegiaathe impaut kignallhecame equalitgtiad Output sigme and, t he
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rate. At tthersputsignehe | nput signal became equal to the Qutput signal and
continued to rise. Consequently, the Qutput signal stops decaying, and

. _ gt h
TxGpenLoopiisah kel by Fi 98 3he HoRelopblies pRFIRATE ot @rbih dbskne *t ne
congi nte_r #16ck 6!160embmﬂjmestagﬂeacmmrbl@nkrﬁﬁong)nmmes ExSpemensywmniag tms]tg a

ictio eld a
B;2d| cti oan%fPeFt’L:bgﬁﬂﬁ%?ﬁg} gp&,%&gg%?%e@ﬁ T@? %@%g&p@ @Ee Loégp?ébéed | oop
adj ust mentto Fiell eswadigtinnPeleidanssitegitot rmawerd(wﬂtptf’mﬂi) dT ey peedictasidtlagsd opgnal s f or
the cl Osea‘élhdsf?l‘?é?\gﬁd’osgb %P%Grs J—;ﬁm% cﬂ)edm'gf] ’i(egggaé:i(eﬁ korsthgnal

conpri ses t conse | Ses a sunmer.
The out putclased {998 togm'ﬁ%ﬁoﬁelﬁrcé@@m dm@t é"slﬁt f%ﬁlb@kcﬁlgr@mqmtsﬁﬁﬁhet%% he open

| oop est i nkfchnbi; a%gu&ﬂ‘ﬁeihe 68&96@89%9&@@919 sgﬂ;n‘faerT’F@ REALQUPRAL] 1S

provided to a bl ock one nbodi ment, the 608 conprises a
filter as SYBS rersesants thersirazieof FQFQEF'QE! toﬁhe PPN loop Astiregied Baramit RAWSpass
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of S|gnal. 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



at time to (referring.to Fig. 8) the RPC conmmands are being provided to the
bl ock 608, and consequently to the peak filter 704. The Txd osedLoopPred
(the Qutput signal of Fig. 8) is then initialized to the val ue of

TxC osedLoopAdj (the Qutput signal of Fig. 8 at the tinme to. [1056]
Referring back to the block 610, the TxPilotPred is provided to a conbiner
bl ock 612. Conbi ner bl ock 612 al so accepts a transm ssion power margin
(TxPw Margin). In one enbodi nent, (not[%rs]hown) the TxPw Margin is a
constant, with default value of 3 dB anot her enbodi ment, the

TxPw Margin is dynam cally adjusted by block 614, in accor dance W t h out age
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i's desi redsa?ig‘%td: the highest data rate (rl RatePredicted), which is

adm ssi bl e (according to the Equation (4) is determ ned. Consequently, the
TxTot ai Pwr Upper Bound is conpared with the maxi num power available for

t ransmi ssi odviletOppersewnd + iPiothp betkIReRaRatens TxMax W ock (420 eval uates the
Equation (4). The result of the conparison is provided to a block 622. I|f
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ri Rat e th
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 perfokrmed 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.



just been tested, provides the selected rlRate 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 ri RatePredicted.
One of ordinary skill in the art understands that the bl ocks 618-622 can be
i npl enented or perfornmed with a general purpose processor, a digital signal
processor (DSP), an application specific integrated circuit (ASIC), a field
programuabl e gate array (FPGA) or other pr[&grammbl e logic device, discrete
gate or transistor logic, discrete hardware conponents, or any conbi nation
t hereof designed to performthe functions described herei n. For the
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is satisfied to block 622, which provides an appropnate output, e.g., the value of the pre—
determined riRate, the corresponding threshold and-indication whether the Equation (4)

is satisfied or not. If desired, the process is repeated for all available riRates, and

thresholds.



[ 1059] As discussed, the reverse |ink channel conprises the Physical Layer
Channels transmtted fromthe AT to the access network. FIG 9 illustrates
an exenplary reverse |ink waveform 900. For pedagogi cal reasons, the

wavef orm 900 i s nodel ed after a reverse |ink waveform of the above-

menti oned systemin accordance to | S-856 standard. However, one of ordinary
skill in the art will understand that the teaching is applicable to

di fferent waveforms. The reverse |ink cBéhnel 900 is defined in ternms of
frames 902. A frane 902 is a structure conprising 16 tinme-slots 904(n), each
time-slot 904(n) being 2048 chips long, corresponding to a 1.66 ns,

time-slot duration, and, ¢ . . frame duration. [1060] |
In accordance with the |IS- 85@ s?angtgry\é?mif%éarug?nég%f data can change only at

a frame boundary. In general, the value of rlRatePredicted wll be
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eval uate t mance X MIm 2dim ss e data rate estinmdtion,
t he conceptongedusotihge26cimpdrame duratied. [ 1061] The nth slot the 902(mi h)
frame is defined to be in outage of Type Aif the power required for the
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frame is not in outag A from Equat | ons 3
that frame on the reverse Imk 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 riRatePredicted in accordance with the open loop
and closed loop power control, and begins transmitting the data. During the frame
duration, the transmit power is adjusted in accordance with an update of the open loop
and closed loop power control. Consequently, the actual transmit power may differ from
the transmit power TxTotalPowerUpperBound, corresponding - to the determined
rIRatePredicted. To evaluate the performance of the maximum admissible data rate

estimation, the concept of outage can be utilized.

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

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

TxOpenLoop[16m+n]+TxClosed Loop[16m+n]+PilotToTotaI Ratio(rlRatePredicted[1Grh-
K])>TxMaxPwr ’ )



and (5) follows: TxPilotPred[ 16mtn] + : _

Pil ot ToTotal Rati o(rl RatePredi cted[ 16mk]) < xPwMrgin (6) [1062] Then th
slot of the 902(nth) frame is defined to be in outage of Type B if the power
required for the rl RatePredicted at the nt" slot is greater than the power
determned for the rlRatePredicted at tine to, i.e., if Equation (7) is
satisfied: TxPil ot UpperBound[ 16m + n] >TxPi | ot Upper Bound[ 16m - k], n = 0, 1,
.., 15 (7) If the n' slot of the 902(nth) friqre is not in outage of Type B,
then from Equations (4) and (7) foll ows:

TxPi | ot Pred[ 16mtn] +Pi | ot ToTot al Rati o(r| Rat ePredicted][ 16m k]) STxMaxPw (8)
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902(m+1), EPE(P) {Hewseverse link is not power-limited during the n"' slot of
the frame 902(mtl). [1064] It has been discovered, that due to various
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conditions. From Equations (3), (4), (6) and (8), increasing TxPw Margin

may r educe-,-mltog_gg)eﬁo%ﬁ@@&lﬂi 4 M>TW0#L{‘?pgﬁ$§ﬁ&[\j§mD&f‘N§’ﬁﬁgi nyginer ?gfses t he

predi cted reve ata rate. rds ar ge val ue

TxPwr Margi n provi des a conservative estimate of the predicted reverse link
dat a rat e, If theesublpi ofthée 902(VR framedis nbhincautayeudf Type By tresi fodny EqListiod? (4)

di m ni shed%ﬁﬁ;@g\ﬂls.l i nk capacity. Therefore, in another enbodi nent, the
val ue of X rgin is dynamcally adjusted in accordance w th changing
channel conditions in order to nmaintain outage probability at the desired
val ue. TxPilotPred[16m+n]+PilotToTotalRatio(riRatePredicted[16m-k]) sTxMaxPwr (8)

[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
TwarMargin' provides a conservative estimate of the predicted reverse link data rate,
resulting in lower user throughput and possibly,



[ 1065] In one enbodi nent, dynam cally adjusting the TxPw Margin, involves
evaluating an occurrence of an outage for each slot of the frame 902(mtl).
If a slot. outage occurs, the TxPwMargin is increnmented by

Pwr Mar gi nUpSt ep; ot herw se, the TxPwMargin is decrenented by

Pwr Mar gi nDownSt ep. I n one enbodi nent, t Pw Mar gi nUpStep = 0.5 dB, the
Pwr Mar gi nUpSt ep 0.05 dB. The val ue of Tx Margin is further limted

bet ween TxPw Margi nM n and TxPw Margi nMax. | n one enbodi nent, the

TxPwr Mar gi diminished Oredisa ok Toapacityar Tiendfbre, in GandiBef led@didinment atret halue of

enbodi menty j is

i ncr enent ecf( %M%QEL rayl\ﬂﬁléa”ﬁ/@ éﬁﬁd]qf’ta@gﬂiearnégiﬁﬁo%mﬁ%g. ngtée%grn {)rgg gn array
of |engt FPFS!@TON@!@alﬂhaﬁa%év@ﬁbﬂlt}'@tM%lsectﬁall{ehe array TxPower MarginStep []
can be zeros to allow for the above-nenti oned considerati on that few,

i sol at ed ' . . _
The val ue oot berngrsPAmRot ey, ARsyRgRE pebAVBRR, BiolEs RGO
TxPwr Mar gi anveceurregecti@n ontsde forieef slondithe fremel 902(mvh) elfi atshod omyape ogcupsit age i s
used for : Cih mde- a
rat chet rrg g%ggw%ﬁ%%mﬁge%gygy@%M% ot nﬁ :éc{t ng)%ﬁg% roma

| ower val udectementesaly B\mmaglnammteprlatoae@mb@dmnuamejewrmargmypammo@ Powabl e),
or if the get@rmifed; lﬁ?ét@;? r-e‘ﬂ)'c%t 86, Shanare & gmvﬁfMytr%h% er%éf'qlmntTeG a

mninumrate of data Rat eM nAi | owabl e) . [Vb e determ ned
r| Rat ePr echedvead chanydlargip¥in aandudrPyefiaiginiigxe htn  pnRatesnedimerbualbee, t he

| ower  boungkrfrvbRfnNIRWEY dETBRET fPvrTPaRiRE OB laBow) is set  equal to the
current value of "'TxPw Margin. If a slot outage occurs, the TxPwMrgin is

i ncrenent ed Margi nUpStep. If no slot outage occurs, an Equation (9) is
eval uat ed: [W&%’\Mﬁ rRetheTembali e i A BB RS §lobeutasgand M igiTn S WPeMarging he

Equation (
Pur M g ndg\)/i\%déffgéﬂéd 8] mflowd R NSk Y ildhe TRPORGIAFRASEH [P an array of

inis set equa
ot Nt 01 AISH1C Nt 12k e lammanéacel e R OUEEN SaInSrAR e 1 25HR e
maxi mum al iewaby the BBSR-RENtBAER consideration that few, isolated slot outages in a frame do

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 adjustmeht 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
(rRateMaxAllowable), 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:



value to a | ower value, the TxPw Margi nLow is set to TxPw Margi nM n. The
ratchet node is exited when the determ ned rl RatePredi cted drops bel ow t he
rl Rat eMaxAl | owabl e. [1069] If the determ ned rl RatePredicted changes from a
hi gher value to the rl RateM nAllowable, upper bound of the power nargin
(TxPwr Margi nUpper) is set equal to the current value of TxPwMrgin. If a
sl ot outage occurs, an Equation (10) i eval uated: TxPwr Margin +

Pwr Mar gi nUpSt ep >= TxPwr Mar gi nUpper (10) |If the Equation (10) is satisfied,

t he TxPwr riaigin rfovrMaigingewnStep he MuPwdlargisLowxPwr Margi n is i fArenent ed by
Pwr Mar gi nUpSt ep. If a no slot outage occurs the TxPw Margl n is decremented

by Pwr Ma Th d d
r?/RatePrre I ct ed e gée’tggs reai%f:% hil%%wa ﬁ'%% éno%rﬁ eﬁbodi ment
of the ratRwdargildewnStep;r othemisey; dog JxBar\eayaial is Sa’thwalem%ﬁﬂ’wmhleow and a

st ot _out a0fngeRR difmMiEa WkatdkEdod ENAYBL Ebm#mﬁguﬂmse rhleQFLke

current val ue t outa occurs, Inis Increnmented by

Pwr Mar gi nUgsteels. a lower| \Ritee the wewe\&ar@lqh@m ds petRat WWfMammel dhe gatghet si ot

outage OoGRYES, isl X BYMBr Ghéh | $hdOliefehAmnedd rfﬁatpéﬁré&]aeeurareﬁé ¥abhe thf a sl ot
out age does_not occur, the TxPw Margin Is decrenented

Pwr Mar gi nD&v#eefloyael] FIG 11 illustrates - an out age event det ect or
1100, in accordance with one enbodinent. The transm ssi on power of a signal

whose out 3@@%&3 ﬁ%ttﬁeb%tgﬁrﬁuﬁéomrﬂ%‘ielbré %él:lg ;rd%o‘é' %@le a"r’ueb' Cihel102,

toget her wit e reference signal TxRe The 110 provi des
an out put WrRieMmAkswabig, UPeerdcroeatieftherp&wermR@rst gﬁwrMangmLtmer) iepGablatent , the

bl ock 1102tocmenfurr%ﬁtsvau@%mwr%rgﬂ he 208bPYltagé &Bﬁfsblaﬁ%u]a%@@ (16 isProvi ded
to a block 1104. The block 1104 is further provided with a tim ng signal

from bl ocRaletss: Bl ock 1104 out puts a signal providing information of the
nunmber of occurrences of TxSignal being greater than TxRef Signal. [1072]

Those of ofgpRENISKPWMARIAUNSIE 3= MAWrMERfASpere t hat al t hough({dye various

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

[1070] In another embodiment of the ratchet mode, if riRatePredicted 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 riRateMinAllowable, and a slot outage
occurs, TxPwrMargin is not changed from the current value. If a slot outage does not

occur, the TxPwrMargin is decremented by a PwrMarginDownStep.

[1071] FIG. 11 illustrates an outage event detector 1100, in accordance with one
embodiment. The transmission power of a signal whose outage is to be determined
(TxSigneI) 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.



enbodi nents were described in terns of power control being perfornmed by both
an open loop and a cl osed | oop, such was done for pedagogi cal purposes
only. Clearly, any mechanismthat allows an AT to estimate a quality netric
of a reverse |link over which the AT transmts data is sufficient.

Therefore, should an AT use only an open kﬁﬁop, or only a closed | oop, the
enbodi nents woul d be equally applicable. referring to FIG 6, if only
an open | oop were inplenented, (i.e., blocks 606 and 608 were deleted) form
FIG 6, theloentioed wetputs arsignadlpravidinge afermiatign bhtie ninbigeol oapfences of

TxPi | ot Pwr; in a specific case, when path |oss
changes sl oﬁ@f?atﬁéﬂf@ﬁ%kt@f? h!tﬁhg%;@irl ‘bed in reference to FIG 6 can be
further sinplified as illustrated in FIG 10, where the function of bl ocks
1002, 1006{,10712]0&osé0c1f09rdmad/ BRIl 2ini thet b \mmrrewg:'snzfeuthatialthomjh the eakas602, 606,
608, 610, ap rec t hat

movi gt hetlpaiens 15rE gefiiel B Aal oper shBind st perdrRd Hessh oh

det er m nat open lodp anfbePelbsedRoel sperewdodore: foemaiagegidad patposes ¢ri). GlEdrlglsany[ 1074]

Those of op diuaich BI bloulsild 1% (8'eLuilla AEGASRLAE of 13b,dLd BV LiRnvar | OUS

enbodi nents were des S suc was done
for pedagmg|ﬂatramlpmlsmWIentrhl'é\emmodmuman B& yserdntyr aredpéyyloap, or

appar at ”S’oﬁ’t@bgtasédqloowtﬁe 8:‘?4*88&”71 Mo%%‘%écgﬁﬁya%epﬂ% & Thos trje{%hrg{g‘k\@%ﬁ? W th a

transmtter a receiver er appro oCks and/ or AP.
[1075] Tho&éf @ty akiopen ionptMeee amnlewue@l (Lenddocks 08 and2308i were detetedpferand

signal s rra,yIGbg thé%mbﬁélﬁ'{éh%daré@%la?ré%ﬁé’l %fhafi variety of different technol ogies
s’ a, In

and techni que exanp tructions, commands, infornmation,
signals, bits, synbols, and chips that may be ref erenced throughout the
above. descTXQneinbwr-‘rFaw =‘o'@(F’tilei]B’tNesent ed by voltages, currents, el éthromagnetic
waves, |,i magnetic fields or particles, optical fields or particles, or any

ol At O oH 1% F b drd 0f FspbAS Bl whih bhintOl dhoh Hed iy B GRAhG D3t the
vari ous |I 1'6¢ : es, CII‘ 1TS, “and algorrthm st eps
descri bed desculaﬁdnemfe@ncwtq G ﬁ@aehbdmtweammhf ed 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,



di scl osed herein may be inplenmented as el ectronic hardware, conputer
software, or conbinations of both. To clearly illustrate this

i nterchangeability of hardware and software, various illustrative
conponents, bl ocks, nodules, circuits, and steps have been described above
generally in ternms of their functional4gy. \Wiether such functionality is

i npl emented as hardware or software depends upon the particular application
and design constraints inposed on the overall system Skilled artisans may
i npl ement agnetigelds prraitiqlesn epticahEalds: §f prRiciearafiany combisatiasrthergeh parti cul ar
application, but such inplementation decisions should not be interpreted as

causing a [qgfbﬁr'lth'd&@of fl@%&lﬂ? f%r‘Fr\%PEEprQ&a%nﬁ tﬁﬁ§§ s! |lm§ﬁ'Qﬁ\}eq ical 13%@ The

various ill rative | ogica circuit scr ed in
connect i orMogules, tcﬁ@llférrﬁlafﬂlalﬂ@ﬁith@ dlepe Idéiclélbe%@‘r é@ﬂneﬁw\ with |thq)e@hed1meet50r

per formed qiydsBq %ege@r'i“?ﬁa%' bé’%ﬂ@rﬁ@nt@& %E‘é mcaha%ﬂé % ?r%lﬂ&aéofﬂfa &rsor

(DSP), an application pecific inte rat circult
pr ogr anmmakfoEbipatianss of aﬁptf( FRGRjeady iBysiate ”tﬁ deferchargnadilityogi (E‘aff@@if%é‘nddl screte

gate or tryvhed Qérlduggﬂu‘ét’ratﬂb%Bhﬁbr%n@'b@w %odﬁ@m@ﬁlfg 2nd Sfep&tAveaRRRI nat i on
t hereof designed to performthe functions descri herein. A general

pur pose prissedegrahens gseerainincieps ot ki JF“Ct‘B’Eﬂ“tM rYV'EGP’i@era?l{CBrfm'PWty iBhe

processor ipplentiAtednis %W@ﬂéldﬂ%hwﬁfeoﬁétﬁe‘h% up@ﬁrthégdénﬁfular Nipplicdaentanal | er, or
state machipe. A rocessor % al so as a conbi nation of

conput i ng %@PC@ES aiRfs dmposed ierPé(Ffatgr?YBtP aHigass Fﬂabfr"BB'FB‘@B% 6r, a
plurality dza‘scrrne@r mm%ﬁ@orrs ,vaq/mg WRWys NfBF &xabh Cpmmeapmrcstudnn @NgUEACt i On

with a DSP ¢ r_any. ot he canf i tio 107 The steps of a
et hod or EVPBBNIAIAR GBUERID oM b R ABETOH R HHRED L ABRRT AR APS BPacl osed
herei n rraystﬁeerrtbedieeéntdm\reaﬂédy in hardware, in a software nodul e executed
by a processor, in a conbination of the two. A software nodul e may

renory, ne[aRA%erﬁ@ Wiy ARt ol HBPE. dnetlies, o8 1RpR Besipebtfer for m

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

configuration.

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

medium known in the art. An exemplary



storage nediumis coupled to the processor such that the processor can read
information from and wite information to, the storage nmedium In the
alternative, the storage nmediummay be integral to the processor. The
processor and the storage nediummay reside in an ASIC. The ASIC may reside
in a user terminal. In the alternative, éhe processor and the storage

medi um may reside as discrete corrponentsg in a user termnal. [1079] The
previ ous description of the disclosed enbodinments is provided to enabl e any
per son ski btoedgei medibm & tcoupedretk ether prosessbhesuph ebainthe prasessancanvagadous

nmodi ficati S d hgse
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consi st ent akg@reative Hbee proqeesqsland the storagednediwatmayaeside a8 disserte ﬁ@m@@rﬁentS[ 1080] A
portion of nthgefictmlngsure of this patent document contains material, which
is subject to copyright protection. The copyright owner has no obj ectl on to
the facsimle reproduction by anyone of the patent docunent or the patent
di scl osur e[104¢] The prpyeus descriptionin tieadizsainsed eohbvdimpateds kragider deepriieany fil e or

records, b I 081]
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quality metric mar gi declaring an outage event when power qylred f or
transm ssi B¢ ritpr SGOFP%PEW@HBV@"%'P@n USeﬁ@e@a%e%m\@m%ﬁmqtéaeMﬂd to

transm ssi pRitedf td bR ERLBAIRRAR sKoweNAtreReb& B 10ehle faRESRIEDN ehdmRfiddst @dogrual ity

metric.
consistent with the principles and novel features disclosed herein. -

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

copyright rights whatsoever.

[1081] WHAT IS CLAIMED IS:



- A nethod for detecting an outage, conprising: -2 deternining at a source ‘of
data a quality netric of a link over which data 'is to be transmtted; 4
“nodi fying said quality netric by a quality nmetric margin, deternining a
~maximumrate of datad in accordance with said nodified 6 quality netric.
“decl ari ng an out age event when power required for transm ssion of data 8 at
the maxi mimrate of data exceeds maxi mum al | ®&¥abl e transn ssi on power. )
apparatus for detecting an outage, conprising: An n neans for determ ning at
a source of data a quality netric of a link over 2 which data is to be .
transmtted; 4 means for nodifying said quadliAgM®etric by a quality netric
margi n; and neans for declaring an outage ‘event when power required for 6
- transm ssiron of a reference signal exceeds power required for transm ssion
~of ".the reference signal d(sterm' ned formthe nodified quality metric. tl .
An apparatus for detecting' anAoletafHor deiatingianoHigee, SORREIRG: for det ermi ni ng at
a source of data. aual it yetemiiningatef soarck iohdatenw quality wititrizhof e diklaoveswiiich daga
transmtted; 4 nmeans fQp o dPdishMcpy said quality metric by a quality nmetric
margin; neans for determning a maxi mumrate of data in accordance with
said 6 nodified quality MOAVNG saideinlly mefric kyaquality mgtria matslls afe event when
power required for 8 traasdarmgisanoutige b wiibn (pbRernf@liaY Tor! trinSmisdiondst
exceeds maxi mum al lé) V\@Qérgncet Jl,c?ng?‘ g;(c%gésogovpewl\g&uired for transmission of the reference

signal determined form the modified quality metric.

<. - A method for detecting an outage, comprising:

2 determining at a source of data a quality metric of a link over which data
is to be transmitted;
4 modifying said quality metric by a quality metric margin;

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

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

3. An apparatus for detecting an outage, comprising:
2 meahs for determining at a source of data a quality metric of a link over
~ which data is to be transmitied; '
4 means for modifying said quality metric by a quality metric margin; and
means for declaring an outage event when power required for
| 6 transmission of a reference signal exceeds power required for transmission of
the reference signal determined form the modified quality metric.

.  An apparatus for detecting an outage, comprising:

2 ~ means for déféfhinirig at a source of data a dualit'y metric of a link over
which data is to be transmitted; , 5
4 means for modifying said quality metric by a quality meric margin;

“means for determining a maximum rate of data in accordance with said
6 modified quality metric. '

means for declaring an outage event' when power required for
8 transmission of data at the maximum rate of data exceeds maximum allowable

transmission power.



