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 nmethod and
an apparatus for estimating a reverse |ihk maxi numdata rate and for
estimating power required for transm ssion of a data at a rate of data in a
comuni cation system Background [1002] Comrunication systens have been
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efficient transFiRANSMISSIONIOFCDATAIATIA RATEORDATANAI on, or

nmodul ation, of the information signal involves varying a paraneter of a
carrier wave in accordance GQOMMUNICATIONSYSTENpnal in such a way that
the spectrumof the resulting nodulated carrier wave is confined within the
communi cati on channel bandw dth. At the destination station the original
information signal is reconstructed fromthe nodul ated carrier wave received
over the communi cation channel. In general, such a reconstruction is

achi eved by using an inverse of %Wgﬂ@?on process enpl oyed by the
origination station. [1003] Modul acilitates nultiple access,
i.e., simultaneous 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 continuous access to the
common conhi@il cation channel ,

[1001] The present invention relates generally to communication systems, and more
specifically to a method and an apparatus for estiméting 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 physic'ally 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 communicétion 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



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

mul ti pl e-access (CDMA) spread spectrum systemthat conforns to the

"TIA EIA1S-95 Mbile Station-Base Statien Conpati bi I|ty St andard for
Dual - Mode W de-Band Spread Spectrum Cel |l ul ar System " hereinafter referred
to as the 1S-95 standard. The use of CDVMA techniques in a nultiple access
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set of docunents including Docunent Nos TS 25.211, 3G TS 25.212, 3G TS
25.213, and 3G TS 25.214 (the WCDMA standard), or "TR-45.5 Physical Layer
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users are conducted through one or nore base stations. "Afirst user on one

subscri berdaia 43 Pofystesb asRomaNes ity the dS5rriandaed, 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
TRANSMISSlON", assigned to the assignee of the present invention. In accordance with
the 1S-95 standard, the data or voice is partitioned into code channel frames that are 20
milliseconds wide with data rates as high as 14.4 kbps. Additional examples of a
communication systems carrying both voice and data comprise communication systems
conforming to the "3rd Generation Partnership Project’ (3GPP), embodied in a set of
documents including Document Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25.213, and
3G TS 25.214 (the W-CDMA standard), or "TR-45.5 Physical Layer Standard for
cdma2000 Spread Spectrum Systems" (the IS-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



3 on a second subscriber station by transmtting data on a reverse link to a
base station. The base station receives the data and can route the data to
anot her base station. The data is transmtted on a forward |ink of the sane
base station, or the other base station, to the second subscriber station.
The forward link refers to transm ssioR froma base station to a subscri ber
station and the reverse link refers toltransm ssion froma subscriber
station to a base station. Likew se, the communi cati on can be conducted
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whi ch an access rirber sta
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t er m nol og%k\/grég'oc%tﬁggg r tte(?r Qand sectors is the sane as with respect
to voice systens ? P re Sess communi cat i on system maxim zing a

capacity of the communicati on systemin terns of the nunber of sinultaneous
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However, 1§, anGhicish s5ERSabased RYeodhenHing HobRGhios saflidi Hunfef loéRE3aks,t he
entitted "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 -



base station receiver at a power level that is too low, quality

communi cati ons cannot be achieved due to interference fromthe other
subscriber stations. On the other hand, if the subscriber station
transmtted signal is at a power level that is too high when received at the
base station, communication with this garticular subscriber station is
acceptabl e but this high power signal acts as interference to other

subscri ber stations. This interference may adversely affect comruni cations
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of tinme. [1010] In an exenplary CDVA system each subscriber station
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the 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 operatlng on the same
frequency assignment as percelved 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



reverse link signal. This type of an open | oop control is advantageous when
there is a correlation between a forward link and a reverse |ink. Should
the reverse link channel for one subscriber station suddenly inprove
conpared to the forward |ink channel for the sanme subscriber station due to
i ndependent fading of the two channels, the signal as received at the base
station fromthis subscriber station mogld increase in power. This increase
i n power -causes additional interference“to all signals sharing the sane
frequency assignment. Thus a rapid response of the subscriber station
transmt power to the sudden inprovenent in the channel would inprove
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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 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 héving 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 entitied "METHOD AND



acconpl i shed by having the subscriber station increase its transmt signal
l evel only if every base station with which the subscriber stationis in
comuni cation requests an increase in power |evel. The subscriber station
decreases its transmt signal level if any base station with which the
subscri ber station is in conmunicati on wequests that the power be
decreased. A systemfor base station and subscriber station power control is
disclosed in U S. Pat. No. 5,056,109 entitled "METHOD AND APPARATUS FOR
CONTROLLI N&PRRRABYE SEIFONONDRER LING ARBNGM ! SEIANPARVE RDBALED MELFRHONERSYSTEM
i ssued Cct RGP n o] i on.
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nodi fied quality netri ternative power require or transm ssi-on of
a data at atﬁr@iebOfd’Iat%lata |s deternmined in accordance with said nodified
quality netric and a rate of the data. [1015] In another aspect of the
invention, the quality netric is nodified by a pre- determned quality
metric margin. Alternatively, nodifying said quality nmetric by a quality
metric margin is achi eved by declaring an outage event when power required
for Il transm ssion of a second r eSEMMARYsi gnal exceeds power required for
transm ssi on of

[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.
Alternétively, 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.

[10186] 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 ’



the second reference signal determned formpreviously nodified quality
nmetric; detecting occurrence of the outage event during a pre-determ ned
interval; and nodifying said quality netric in accordance with said
detecting. [1016] In another aspect of the invention, the outage is detected
by determining at a source of data a giality metric of a link over which
data is to be-transmtted; nodifying said quality netric by a quality
metric margin; and decl aring an outage event when power required for
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DESCRI PTI ON OF THE DRAW NGS [1017]" FIG 1 .illustrates a conceptual diagram
of an HDR '€BnAdhof dfansmissipst efnflata] atothg) mpfimumorate (of dafa ex<eedn BRERPNar y
forward | iakwapeetashissibABdRdr. FIG 3 illustrates a reverse |link transm ssion
power control; [1020] FIG 4 illustrates a reverse link quality estinmator;

[1021] FIG 5 illustrates a nethod for transmt power |imting; [1022] FIG
6 illustrates a conceptBB‘E%mﬁﬁ@N@FJﬂﬂ%P&%ﬂms of reverse |ink

maxi mum adm ssi ble data rate estimation; [1023] FIG 7 illustrates a

predi ctor, qéiﬁ;ﬁfﬁéi Quﬁgtraﬁﬁ .{aJ é@f%ﬁ%%?dﬁa&a&%%ﬁPiHﬂon?rR&#i@atti:oﬁ%K&éma peak

filter; [ es an exenplary reverse wavef orm
[1026] FIG 10 illustrates arrangenent of another enbodi nent of reverse link
maxi mum a[daidjskiBl 2 ildstrates an exepgilargidrivend; linkmavefa®®7] FIG 11 illustrates an
out age event detector in accordance with one enbodi nent.

[1019] FIG. 3 illustrates a reverse link transmission power control;

[1020] FIG. 4 illustrates a reverse link quality estimator;

[1021] FIG. 5 illustrates a method for transmit power limiting;

[1022] FIG. 6 illustrates a conceptual arrangement of an embodiment of reverse link
maximum admissible data rate estimation;

[1023] FIG. 7 illustrates a predictor;
[1024] FIG. 8 illustrates a conceptual operation of a peak filter;
[1025] FIG. 9 illustrates an exemplary reverse link waveform;

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

admissible data rate estimation; and

[1027] FIG. 11 illustrates an outage event detector in accordance with one embodiment.
DETAILED DESCRIPTION

Definitions



DETAI LED DESCRI PTI ON Definitions [1028] The word "exenplary" is used
exclusively herein to nean "serving as an. exanple, instance, or
illustration.” Any enbodi nent described herein as "exenplary" is not
necessarily to be construed as preferred or advantageous over other

enbodi nents. [1029] The term access network is used exclusively herein to
nmean a col |l ection of access points (AP) and one or nore access point
controllers. The access network transpoﬂ@s dat a packets between nmultiple
access ternmnals (AT). The access network may be further connected to
addi ti onal networks outside the access network, such as a corporate
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depending on the context in which the termis used A sector is a partition
of a cel |l .[10B#cCkhesterm meﬂ;soneﬂwam tshasmt exclusivelyshevéinatocraban at dudlettmacdfi ngs

erm subscribes PRTsr a5 AriCond oE 418 et BOSOEGolGs? The HeBassLdion,), P
co_mrum catvmpsryssdatmpacbetasbeuvwnohult;pleeicpeslsdeemmls dATedihetaveedsanatmarke wi t h
whi ch an @8&@;@8 nléctggmg&ﬁ;&ta?ﬁe %Ets@/thé’%ﬁé&@'neﬁvq s%E@héB”afy An

AT may be an conmuni éss channel or
t hrough a mrp@dtecmteﬁmntaor theﬂmrnekanth@ym@nwr&dab@pa@pta ketweencenghiagtessabl es.

An AT may Jeli@p‘gearn REAOMsiBE ndwaHber of  types of devices including but not
limted to cara, conpact as external or internal nodem or wreless

or wireline phone. An AT that is in the process of establishing an active
traffic ch[éﬁMlTheotermdta‘serstaﬁmh refarrgdPto Hesin dstam BB inrthe ozaeelmé(ani KBRset up
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an AP|s ca . In a |c state. [1032]
The term csuimrmec stetions esmmunicate.iGatl referatodtie éa@llwam Ofcd gechwamlchcw\@ramsan a

single 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 cablés. '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.



route over which a signal is transmtted described in terns of nodul ation
characteristics and coding, or a single route within the protocol |ayers of
either the AP or the AT. [1033] The termreverse channel/link is used
exclusively herein to nean a conmuni cahiNgn channel /1'i nk through which the
AT sends signals to the AP. [1034] A fo rd channel/link is used
exclusively herein to nmean a communi cati on channel/link through which an AP
sends signals to an AT. [1035] The term soft hand-off is used exclusively
her ei n t o [M&38) Thec termumecarse oohanneklinkeis aisedberalidiely shexeinomo amdat we or nore

SecLors, OGS RAFDASEh Ok RELTITE! foAr 0K SERAL e e, e context o

| S-95 sta everse I'in ived by both sectors,
and the forward |ink conmunication is sinultaneously carried on the two or
nor e sect dn@34] fAofovaard thamksl/link nis tused cownlusivély dferdihdo | iedibG sdnandtdcalion dat a
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one of theC%aP%gn"ﬁﬁtﬁ%'gé%g ta&@gl?@stswgalgﬁg arr %‘336] The termerasure is used
exclusively herein to nmean failure to recognize a nessage. [1037] The term
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esti mat i ortwaoemoreksasigeandiiheadtdl.e for use in various ot her conmmunications
environnents. Accordingly, any reference to a CDMA communi cations systemis
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appl i cat i anessage.

[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.



1D [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 transnmts data to the
AT 104 over a forward link 106(2), and receives data fromthe AT 104 over a
reverse link 108(2). In accordance with one enbodinent, data transm ssion
on the forward link occurs fromone AP to one AT at or near the maxi num
data rate that can be supported by the fobward |ink and the conmunication
system O her channels of the forward Iink, e.g., control channel, nay be
transmtted fron1nu|tip|e APs to one AT. Reverse link data comuni cation may
occur fromone A ne or nore APs. The AP 100 and the AP 102 are
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predeterm ned period of ti rre, the AT 104 reports this i nformatl on to the AP
100. SubsHG4@nnitiatys sthgeAT f tldmanth eondPofl @i dPrsecd.gt Hbe AP 1100, testatish teo or to

delete fr Ogarﬁrlﬂﬁnication 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 repbrts this information to the AP 100.
Subsequent méssages from the AP 100 direct the AT 104 to add to or to delete from the
AT 104 active set the particular AP.



AT 104 active set the particular AP. [1041] The AT 104 selects a serving AP
fromthe active set based on a set of paraneters. The term serving AP
refers to an AP that a particular AT selected for data comrunication or an
AP that is comrunicating data to the particular AT. The set of paraneters
can conprise present and previous SINR neasurenents, a bit-error-rate
and/or a packet-error-rate, and other paraneters known to one skilled in the
art. In one enbodinent, the serving AP is selected in accordance with the

| argest SINR neasurenent. The AT 104 t hén specifies the selected AP in a
data request nessage (DRC nessage), transmtted on the data request channel
(DRC channel). The DRC nessage can contain the requested data rate or,
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data to the serving data I's stored In a queue at the AP(s). A paging
nmessage is nt%erg'mmw @ﬁe“\-lbﬂo‘hﬁ?rédmé”teotrqrﬁ@'wnﬂﬁh%ﬁ%@ﬁéﬁ%\ﬁ@ aont r ol

channel s. sghdicAP dpthed@Rnsi AlRh RAE, maodﬂauélmeﬁmws&hé SPELifRNEP OfhdTor €

control channels to obtain the pag |n(]q nmessages At each tie-slot,

the AP canPEREHBERSPES ayrke!s P?ﬁéfﬁ%é‘?%’ ?%(Sé‘ﬁeedéf”'tf‘k'ée A"F%U% Walsh qodeelhfed t he
pagi ng mes&EAsS-méNiblieXRIMP{shaNndgedgeestiohas refehediw be YVAISRREVErREI I bignal.

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

[1042] The data to be transmitted to the AT 104 arrives at the controller 110. In
accordance with one embodiment, the controller 110 sends the dafa 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, entitled "SYSTEM FOR ALLOCATING
RESOURCES IN A COMMUNICATION SYSTEM," assigned to the assignee of the
present |



described in U S. Patent No. 6,229,795, entitled "SYSTEM FOR ALLOCATI NG
RESOQURCES | N A COMMUNI CATI ON SYSTEM " assigned to the assignee of the
present 12 invention. The AP uses the rate control information received
fromeach AT in the DRC nessage to efficiently transmt forward |ink data
at the highest possible rate. In one enbodinent, the AP determ nes the data
rate at which to transmt the data to the AT 104 based on the nost recent
val ue of the DRC nessage received fromthe AT 104. Additionally, the AP
uni quely identifies trangm ssion. tp. the AT 104 by, usin Spreadi.ng code
whi oh'i % ufivgtie: 5% Ae <O R 2t Sl rtoratohEoevat v o ATIREARE ™ hrs
spr eadi ng messagestot dfficiénipdrapsmit forwacd fiek (&) atctbeldighebi pdesibte ckeé.i lnesheby t he
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uni ts wer estangardr ecei ved by the AT 104. The AP then schedul es a

retransm ssion of such data units. [1045] One skilled in the art recognizes

that an AP 0 i sg 0 r.nore sectors, .In .the descriptign ve, the
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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 continuoué or bursty. The forward link 200 is defined in

terms of frames. A



system However, one of ordinary skill in the art will understand that the
teaching is applicable to different waveforns. Thus, for exanple, in one
enbodi nent the waveform does not need to contain pilot signal bursts, and
the pilot signal can be transmtted on a separate channel, which can be
continuous or bursty. The forward link 2Q0 is defined in ternms of franmes. A
c3 franme is a structure conprising 16 tif-slots 202, each tinme-slot 202
bei ng 2048 chips long, corresponding to a 1.66 ns. tine-slot duration, and,
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command is provided to t scriber station to Increase the reverse |ink
t ransni ssi @YepdwEpverser Pewrs GaasluehanneleiREiCads |usad te regidaie sﬂ@ﬁ eavpodkthei s above
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station to decrease the reverse |link transm ssion power. The RPC
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perfornms flow control on the reverse traffjic channel. e
hen 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 haif-

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



forward |link traffic channel and control channel payload is sent in the
remai ni ng portions 208a of the first half-tine-slot 202a and the remaining
portions 208b of the second half- tinme-slot 202b. Reverse Link Power Control
[ 1046] Unlike the forward |ink, whose channels are always transmtted at

full available power, the reverse link conprises channels, whose

transm ssion is power controlled, to achieve the goal of naxinized capacity
of the comuni cation system as explalned‘ bove. Consequently, aspects of the
maxi mum rate of data estimation wll escribed in the context of the
reverse |link. However, as those of ordlnary skills in the art will readily

appreci ate, these a ects are equal | applicable to a forward link in a
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1ink quali ic in block 302. In one enbodinent, the quality netric is
a path loss. The estimated path loss is then translated into a required
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| oop esti Mt LN mbodiment, illustrated in FIG. 4, block 302 (of FIG. 3) comprises a filter 302

filtering a received sighal 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



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
estimate, which does not take into account environnentally induced
phenonmena, such as shadow ng, and other user interferences, to achieve a
desired quality signal quality at the Egse station. In one enbodi nent, the
desired signal quality conprises a si | -to-noise ratio (SNR). The

obj ective can be achi eved by nmeasuring the quality netric of a reverse link
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value of total transmt power required for transm ssion of a desired
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[1050] Bechayss (ExTioradnwiy Eensequeny.dhe X EataIBwr prisbarexdreased &Y RowabRtEONZower

TxTotalPwr = TxOpenLoopPwr + TxClosedLoopAdj + PiIotToTotalRatio(rIRéte) (2)

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

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

method illustrated in FIG 5. The nethod starts in step 502 and conti nues
in step 504. In step 504, the TXTotai Pwr is conpared to the TxMaxPw . |[f
the TxTotai Pwr is less or equal to TxMx , the nethod continues in step

506, where the TxPwLimted is set equal'to TxMaxPwr; ot herw se, the nethod
continues in step 508, where the TxPwLimted is set equal to TxTotai Pwr.
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estimator 1s included In ower con 'l'oop as descri

enbodi ment estiywtess incingsd imine m@rrﬁ@gniml@og@@s}emmed Esﬂwemmbpélm%mmw FIG 6
illustrates a conceptual arrangenent of reverse |ink nmaxi mum adm ssi bl e
rate of data estimation. The open | oop generates an estimte of the reverse
link quality netric in block 602. In one enbodinent, the quality nmetric is
a path loss. The estimated .path loss is then translated into a required
transmt power TxOpenLooMBEximummAdeissiblédateRafetEstimdteen f actors, e. g., a
base station | oading. In one enbodi nent, the TxQoenLooprr is estimated in
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the future. The predlcted 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, TxOpenlLoopPwr 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



filter 704. In one enbodinment, the filter 704 is a peak filter. The function
of the peak filter is explained in reference to FIG 8. [1054] Referring to
FIG 8, at tine to, the Input signal is provided to a peak filter, The

val ue of the output of the peak filter Qutput signal is initialized to the
val ue of I|nput signal. Fromtlrretototlrretl t he Qut put signal tracks
the Input signal. At tine t1, the |Input 1% gnal reached a peak and started
to decay. The Qutput signal stopped to follow the Input signal, and started

to decay bMe&e{érmméﬂ-rétét,@Fﬂiﬁ]@%dtrfeahﬁ_lt s@tnatbéeamte%qubh@ thélmmtpuslsigﬁéxlanaecarre

equal to the Qutput_ signal an nue nsequent | he Qut put
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Ref erring thaddput sighdlG 6, the TxOpenLoopPred is provided to a corrbl ner bl ock
610. In one enbodi nent the conbiner block 610 conprises a summrer summ ng the
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to FIG 7, i tigpal, | filter 702 and a._(non ti.o aI) peak
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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



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

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

bl ock 612, in one enbodinment, the conbiner block 612 is a sunmer,

consequent n pilot si , _
(TxPi |l ot Up%%rnggﬁﬁw%oq @@E&@Mi&@&@%ﬁ ron ’h@)'s: &w”n By a g&lﬂt'on 3):
TxPi | ot Upper Bound=TxOpenLoopPr ed+TxCi osedLoop Pred+TxPw Margin (3) The val ue

of the TxPMiRibRippdrEcsind+TxOpenkesopPredHTkElesetioopPredr TPavrMalgire of (It al
transmt power required for transm ssion of a desired reverse link rate of
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1057] To R e.a performanc [of0) i.cation IS sired
that 1 he. RRYhEuPE ypdSlo i e RePloduir SRS AR B30 K be ppindes
(accordi ngtotabtrtahsmnEqmm!rl Argived)riRate istehsidened éal be @dmissiplecifith Equativn (4) is
TxTot ai Pwrééqg G[FBound is conpared with the maxi nrum power avail able for
transm ssmn‘f xMaxPwr) in block 620. Thus, the block 620 evaluates the
Equation (4). The result of the conparison is provided to a block 622. If

t he Equat i DaPilpd)ppeBosiad i HilbFdTotblRatibriRate) 6 T2MagPwct s rRat e hi gher than the
rlRate that has just been tested, provides the selected rlIRate to the bl ock

O 20 MG S« ASPERRSh B ouf RSt i e SBSR L fRLS T

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

collectively as a processing block.



under stands that the bl ocks 618-622 can be inplenented or perfornmed with a
general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field progranmmabl e gate array (FPGA)
or other programmable |ogic device, discrete gate or transistor |ogic,

di screte hardware conmponents, or any conbination thereof designed to
performthe functions described herein. For the purposes of this docunent
any of the above-enunerated options is refﬁﬁred to collectively as a
processing block. I'l~ L [9 Estimtion of wer Required for Transm ssion of
Data at a Rate of Data [1058] Alternatively, the apparatus as illustrated
in FIG 6 may be utilized for estimating power required for transm ssion of
data at a preEdtimation oédowet Requifedioe Transmissibn df Dati at 4 Rate of Batiet er m ned
rlRate yields a val ue of TxTot al Power Upper Bound as described above. The

TxTot al Pwr r Bound can be then outputted (not shown). Alternatively, the
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al | avai | attius, theRaT eta|PvabifdperBburesib abaipared aithxifdvoné or yrecthieshaid indtiovknt
[1059] As oS GHISHs blolf 626'EhREeb hL EGDARA LY. SHIPELSES: hlSoblpRlil Laver
provided to a block 622. The block 620 provides an indication whether the Equation (4)
is satisfied to block 622, which provides an appropriate 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.



transmtted fromthe' AT to the acces’s network. FI G 9'iIIustrates an

exenplary reverse |ink waveform 900. For pedagogi cal reasons, the waveform
900 is nodel ed after a reverse |ink waveform of the above- nentioned system
in accordance to |1 S-856 standard. However, one of ordinary skill in the art

wi |l understand that the teaching is applicable to different waveforns. The
reverse link channel 900 is defined in terns of franmes 902. A franme 902 is
a structure conprising 16 tine-slots 903(), each tinme-slot 904(n) being
2048 chips long, corresponding to a 1.66 ns. time-slot duration, and,
consequently, a 26.66 ns. frame duration. [1060] In accordance with the

| S-856 standard, the rate of chan at a frame boundary. In
general , the value of rlRat e%%gﬂnﬁw R%é' g‘%%/'grm ned several slots
before the start of a frane, in order to arrive at the rate of data to be

transmtt e[dosb]rAsﬂ@stsB@d thé asRrsaNink b ahay Q:bﬁlﬁnéésrlhe P@Vﬁ@é)i%gér?@hé’rﬁta!ﬁe OI t
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cl osed | 0dfV{S Vers Meptioner; systety i necgutagee If‘fjrlgrﬁ?t he
frame dursthndand. Hdwever, &Inémftord)mrskill&’m&dj mmdund@rmrr(ilaﬂféetewﬁﬁg @n update

of the open l.o angd cl osed oop ower con t he gctual

Ot anomi ¢ ARl Ao PRt W yeteiTiet TBS Farenink Saest TP o Aaiisehib e Bound,

corres pondﬁalgest @02, efratnd eommedtrudstlhrlaaroaﬁﬁadg aseaighe-diots @@a(nl)laéaehttlhﬁe-slot

per f or manc f. t he i mum adni ssi bl e rat estl matl t.he concept of
out age can’B& s g@%lé %Fl%g(ﬂg TRESHPH ﬁ'”§| 82 t B2 Fﬂ éﬂ‘@ i 8%ef i ned
to be in oednagmpeafly, ByABB6ANS.ffranfeedypativer required for the rI Rat ePr edi ct ed at
the nth slot is greater than the power determned for the rlRatePredicted

o o gk Sniee e g lashis et oS g o it cam chang oy at
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frame is nOtforer%he0 gt%ﬁ%?a?rfamgpneoréer ‘ctoha(:'Frrllvef aqt%% rEa(iIéJaF d:ﬂg ?o (ne }ransmlgeo( §3n f,ol I ows:
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 riRatePredicted in accordance with the open loop
and closed loop power control, and begins transmitting the data. During the frame
duration, the transmit power is adjusted in accordance with an update of the open loop
and closed loop power control. Consequently, the actual transmit power may differ from
the transmit power TxTotalPowerUpperBound, corresponding to the determined
riRatePredicted. To evaluate the performance of the maximum admissible data rate
estimation, the concept of outage can be utilized.

[1061] The n" slot the 902(m™) frame is defined to be in outage of Type A if the power
required for the riRatePredicted at the n™ slot is greater than the power determined for
the riRatePredicted at time to, i.e., if Equation (5) is satisfied:

TxOpenLoop[16m+n]+TxClosedLoop[16m+n]+PilotToTotalRatio(rRatePredicted[ 16m-
K])>TxMaxPwr 5)



TxPi | ot Pr ed'[ 16mtn] + Pilot ToTotal Ratio(rl RatePredicted[16mk]) <_ xPw Margin
(6) it [1062] Then" slot of the 902(nth) frame is defined to be in outage
of Type Bif the power required for the rlRatePredicted at the nth slot is

greater than the power determned for the rlRatePredicted at time to, i.e.,
if Equation (7) is satisfied: TxPilotUpperBound[16m +
n] >TxPi | ot Upper Bound[ 16m - k], n =10, 1, ..., 15 (7) If the nth slot of the

902(mh) franme is not in outage of Type B, (l}t{] from Equations (4) and (7)
foll ows: TxPilotPred[16mn] +Pi | ot ToTot al Rat i | Rat ePr edi ct ed[ 16m k] )
sTxMaxPw (8) [1063] Equations (6) and (8) show that if the val ue of

r | Rat ePr edjs gt £ ‘ e r Atran mt ing. the data
over the next ﬁg@{&rtg%? SE(T?{) f'Iah‘gﬁs h{e)'nrozj\t/aé% oq Tfyﬁ%[é ttgen oY ﬂB&EP ?‘})m ted
during theantt®) Bllews:of the frame 902(m+l). [1064] It has been discovered,
that due to various nethods for mtigating changing channel condi ti ons
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in packet decoding errors, however too nany sI ot outages in one frame
result in [paezqeth cabationthe gaztrdt)sf.ram isleefingd tgbéln cftage sTa)peIBiiftAaé pewersyst em

istolim t e il id ee m ni npl performance
degr adat i ortr? Q f? t ﬁ%@? &gl Etgﬁsa?pn i éb‘h‘ﬁﬁrﬁq‘%rﬁh@n r}eeweéé’n%r'ﬁﬁ‘eﬁ f oughput
under all ﬂahalﬁatePremmeﬂ atitionest,, i ler, dfrBdogtiat (7pissatisdied: (4), (6) and (8),

i ncreasi ng TxPwr Mar gi n may reduce outage probability, while reducing

2 ar g0 valloRPhER IR s b et Biltd i Blo b tect it e @B the

predicted reverse I|nk data rate, resulting in |ower user throughput and

possi bly, Rthe i mmfsh@do;v(ﬁv'gerramehs Rt if ARGEtY Tydder efedfm Eguaﬂi&ﬁé har
enbodi nent rﬁj[g(l?ﬁf ﬁal ue of TxPwMargin is-dynamcally adjusted in accordance

with chang“il 8l conditions in order to maintain out age probability at
t he desired value. [1065] In one enbodi ment, dynamically adjusting the

TxPwr Mar gi TxPilotPréd[ v8es+rgMvRilotiaiTot¥Ratio(IRatePredicted[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
TxPwrMargin provides a conservative estimate of the predicted reverse link data rate,
resulting in lower user throughput and possibly,



an occurrence of an outage for each slot of the frame 902(m+l). If a slot
out age occurs, the TxPwMargin is increnmented by Pw Margi nUpSt ep;

ot herwi se, the TxPw Margin is decrenented by Pw Margi nDownStep. In one
enbodi nent, the Pw Margi nUpStep = 0. 5 dB, the Pw Margi nUpStep = 0.05 dB.
The val ue of TxPw Margin is further ni ed between TxPw Margi nM n and
TxPwr Mar gi nMax. | n one enbodi nent, the Pw MarginMn = 0 dB and

TxPwr Margi nMax = 6 dB [ 1066] | n another enbodinent, if a frame has | slot
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above- ment oraeetd ntiitaih detaat ipfobabiitat trevdesiredVaaieed sl ot outages in a frame do
not result in packet decodi ng errors. The value of TxPwMargin is further

limted between i nM n and TxPw Mar gi nMax. Ratchet Mde [1067]
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chan froma | ower val ue
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(rIRateMn I ned Predlc cha es from
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Irr:catr gi nI (TXIEémvwf gﬂ'ﬂE@W)arglﬁM&et an@quladD\MrMal’ghWIa&Ur nrentonua:jetgbomimamPvm%r gi n.

a sl ot ur s | ncrenent e y Pwr Mar gi nUpSt ep.
If no sl otﬂg{y’fr 'Eurosdé ajd Eﬁd’éﬁ%ﬂ% B eval uated: 23 TxPwr Margin -
Pwr Mar gi nDownSt ep >= TxPwrMar gi nLow (9) If the Equation (9) is satisfied,

t he TxPwr Maogs]nniadothecsmpadivhedt, By frahe idarjGioh Doehss, @p<— p&&m Wle’WrMél’gm
TxPw Margin.is se

/1 Rt epr o dbEeEnaR oL XPPBE M aER ate S SShl Rraeray of

length 16. Note that several elements of the array TxPowerMarginStep [] can be zeros to
allow for the above-mentioned consideration that few, isolated slot outages in a frame do
not 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
(rRateMaxAllowable), or if the determined riRatePredicted changes from a higher value
to a minimum rate of data (rIRateMinAllowable).

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

evaluated:



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 froma
hi gher value to the rl RateM nAllowable, upper bound of the power nargin
(TxPw Margi nUpper) is set equal tot current value of TxPwMargin. 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 NaRtyirMargin nBwrMgigingednStep herfxPweMarpioLowxPwr Margin i s i k®rement ed by
Pwr Mar gi nUpStep. If a no slot outage occurs the TxPwMargin is decrenented

by Pwr Mar gin The, r at.chet. sode ,j L en. t d rm ned
rl Rat ePr edlycgg%nﬁggﬁeo&s ﬁ‘}ea]rrsl R"gat 'SWAI"%E(S)V\/%F\@'&%T%MF I H&é%@%rﬁ%(ﬁ" frebl)fbodi ment
of the ratkudMarginideynStep;r biRatvése, dbié dixBdrMargial ' sat| dRkabke MaXAPWl@mbhiqw.and a
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Pwr Mar gi nDifv#ishexdllopadigl] FIG 11 illustrates an outage event detector 1100,
in accordance with one enbodinment. The transm ssion power of a signal whose

outage is ey 1yl ( j ) i i to 0 1102, toget her
with the rlgﬁee%ig%gg&s?%@ﬁqfdrx@é%%ﬁg{ef %h%%Xbﬁgrgkalf@\%r\ga@edég tJlr(:f out put
when TxSi grifadteMmAbovesiias uppérarouns R fhei ppmer margin newridatgodippentis settreguéll ock

1102 conprj.s t or : t I 1102~ 5. prowi ded to a
oi ook 11047 e pRRERALE T TN s Bbt BlRop, Rt B e BuoR (80 BT

bl ock 1106evaBlatask 1104 outputs a signal providing information of .the nunber
of occurrences of TxSignal being greater than TxRefSignal. [1072] Those of

ordi nary SNFl\AllerIianh]i b%mgrgYMddStép%@%vﬁﬁaFMpp%"t hough the vari ?Hﬁ

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 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.



enbodi nents were described in terns of power control being perforned by both
an open loop and a closed | 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_lLoop, or only a closed |oop, the
enbodi nents woul d be equally applicable. us, referring to FIG 6, if only
an open | oop were inplenented, (i.e., blocks 606 and 608 were del eted) form

FIG 6, theioewiodi mafpuss ar@gﬁémp'r(ﬂndlrﬁg?#*férﬁ‘iaﬂ@ bhate hubanbossiwencesTPi | ot Pwr

(11) [107 her nor eci fic case, when path |oss changes sl owy
t he enbodi gnalbgg%pfea %F&‘@Wie to FIG 6 can be further sinplified

as illustrated in FIG 10, vvhere the function of blocks 1002, 1006, 1008,

1010, and 018 THosk her 8@%@%kﬂlulﬁcfrie08rt%lll bR e, HBBugP @ Qfbusand 612.
One of ordi narqyraskl [l in the art wl recoegnl ze, that ITDVI ngD t he bl ock 1012

to the cl o¥BRRIMEHS BYesn dRsHbed 'ﬂd?r”@hgn%” &PBYol bRiRg BRrfesmed by both an

Tﬁ P: : ot Pr ?ﬁﬂ@ﬂ@f{;ﬁ@w‘éﬂclbﬁdﬂt)@@ sE@htJﬁaéE @él}egfﬁl)pdmﬁb cal plipbdds Wgeagﬁl a?fyfll nary
SKI in e ar W cogni ze al a (0] arl ous enpodl nents were
descri bed mﬁcqa@%thé 'ﬁ‘l"‘@v\%hé?t% esipethé g’ m%"ﬂ‘&l‘ﬁy\?\‘dgvﬂ%mﬁ‘ gyer "‘ﬁ"é’aagogl cal

ptrjﬂr) pgses omlew trasmmetdaed s sitidne mréf@énﬁguWarﬁnTm%nWaﬁopwlo@b érn  one
enbodi nent npri s roces nt er f.ace th a tr mtier an

recei ver of™ 8?(‘?@?C’e§BBrtE§FF’§?@ {? Jatie vy %P%H%H'%aﬂ‘b{& re{eir@ﬂgfgﬁose of
skill in té&ef ey amp@dlmpd@r@tm@héméﬂ (. f Blocrataoeranaredssiare akktatipjore
represent eFII u 'tﬁ? any .0 gvarllety g h]ger ent technol ogi es and techni ques.
For exanple, “d &M |ﬂ'§}ern AT YA TRUARRKEL . i nf or mat i on, signals, bits,
synbol s, and chips that nay be referenced throughout the above descri pti on
may be repressnleshrw = BEHilb@ges, currents, el ectromagnetic wavegif)magnetic

fields or particles, optical fields or particles, or any conbination
thereof. [1076] Those of skill would further appreciate that the various

illustrati U87$]g@4r@§rm%pole@SPGC%aaeegvhee.pﬁ@dpﬁsschaaa%r» slPylythe ampedimpRt
descri bed uéscﬁsgmﬁ%fe@acéwd G Beaf BBaGHHER @ﬁﬁauﬂéb éspm@ﬁ@(bdhﬁm MoT@elee

| mpl ement et(f!lea}unc%gr? Cotf rb?ocks 1082 d%G 106:80np% and 1 2 IS tﬁe same as functlon 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,



conmbi nations of both. To clearly illustrate this interchangeability of
hardware and software, various illustrative conponents, blocks, nodul es,
circuits, and steps have been described above generally in terns of their
functionality. Wether such functionality is inplenmented as hardware or

sof tware depends upon the particular g@glication and design constraints

i nposed on the overall system Skilled artisans may inplenent the described
functionality in varying ways for each particular application, but such

i npl enment amegretid §elds poprsticiésy apticahfirldde partices poreng doabinatiersthagof. depart ur e
fromthe scope of the present invention. [1077] The various illustrative
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convent i oneascyivasicanyergeneratly iroterres of thegrfonaintality. |\Whether swhdurctionalibhisne. A

processor | il t i i : {: i,;ces,
C o a coherfrid B eRRETSR SRR BeRols 0fh B8 AluGRITHROR.H Sh
m cr opr ocedesignscongtiaints dnpesadeomiher visrallcaysteor. Skillad @gisaos otay dmpleimeht theDSP
core, or wcanfi gk 1.08. ] Qf t or
al gorithm eg@é@ﬁiﬁﬁ?ﬁ%}ggnﬁgc\{awﬁaw@ﬁ ftohjeé%zgng%ﬂ@%?@ﬁg?@ocrfoﬁdglﬁgrei n may
be enbodi elnpiEmestation degisioas dhauld, nat freainieiretedras cawsingl @ derartiie &@mbtpea

processor,s&FebﬂhgppéggptiiH@niﬁg,@ of the two. A software nodule may reside in
RAM nmenory, flash nenory, ROM nenory, EPROM nenory, EEPROM nenory,

registers, hard disk, a renovable disk, a CD-ROM or any other form of
storage nBaT{UniHengaiirusn illubieativet logical Glocksp| mpguleg, aandt eiicitfe desctibadh ins

coupl ed t O dREHRH ARHSHE entdtMndrit bistiBE&PRAER Y b€ FplbRBfted 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



information from and wite information to, the storage nedium In the
alternative, the storage nediummay be integral to the processor. The
processor and the storage nediummy reside in an ASIC. The ASIC nmay reside
in a user termnal. In the alternative, the processor and the storage

medi um may reside as discrete conponent %i n a user termnal. [1079] The
previ ous description of the disclosed e dinments is provided to enable any
person skilled in the art to make or use the present invention. Various

nmodi f i cat i $orage onedioss eodpdell nerths protdssbre sngadhdty theppeacessor taant Feede

ski 11 ed | MinfoRfiafin! rorfthd [ftedRBFHdtEn tg,rfh@%té?klgé Bl G 1R RdRatVRY 1S
applied to other enbodi ments w thout departin rom ‘the spirit of scope of
t he i nventstoiage Thegiumtmay peeistegtal itpvtbeitorenessas. nbe progesaetednd thebetorddeni ted to
t he enbodi her.ei (BTN nﬁ’éérc d: t i . SCP
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portion ofaltemative $oe segeesonBnd Hiesstprage medittie MA¥ eside As disarstareerepangnts whi ch
i's subjecy atLBeP{éWiﬁ%ilght protection. The copyright owner has no objection to
the facsimle reproduction by anyone of the patent docunent or the patent
di sclosure, as it appears in the Patent and Trademark O fice patent file or
records, bid07%tTherpiedeusrdaseriptiop ohthe disclpsgd Emhodimegtstis praided tresrable gny081]
WHAT 1S G r§\41:1Dsinll§8 if the %P&l MBké oM BLDRE dJrQéen RVERG! Qgri&}%v\ﬁiidiﬁc%ﬂwsr fd for
transm ssion of a data, conprising: determning at a source of data a
qual i ty nethesecembodimentakvilbbe readily @hparantdo tiosesskilled ke ther arh amdtthe denerisdi f yi ng
sai d quali rd uali i ek [y, ok wer
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further COfRiddSioNhe embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.

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

copyright rights whatsoever.

[1081] WHAT IS CLAIMED IS:



2 processing said quality nmetric by a predictor. 3_ The nethod as clained in
claim2,wherein said processing said 2 quality netric by a predictor
conprises: filtering said quality nmetric by a linear filter. Li.. The nethod
as clainmed in claim2, wherein said processing said 2 quality netric by a
predi ctor conprises: fllterlng said quality netric by a non-linear filter.

5, The method as clained in claim4, sperein said filtering said 2 quality
metric by a non-linear filter conprises: filtering said quality netric by a
peak filter. The method as clained in claim1, wherein said determning at a
2 source of data a quality nmetric of | i nk over which data is to be
transmtted conprises: 4 receivi n 'aﬁ"ﬂ%ource of data at | east one signal;
and determning said quality metric in accordance with the received at | east
6 one signal. The nethod as clained in claimwherein said determ ning-at a

Cransmitted conpr Saarethdd B ebfiha PouoLigftEh s eGisy bEaiishc (1, <1

referenge sompasingand determining said quality netric in accordance W th
t he received at | east ref erence signal and the st one
first referencedPHRRINg @a?ﬂ‘ércﬁ'é’?ﬁiﬁt? 3 guality; C.%aglngu%er %Pn sai d
det erm Qi ng pthedrandnfiiéd.ce of data a quality netric of a link over which
data is to be transnmitted conprises: 4 receiving at a source of data a

f eedback si gnal modmn@éa@rquahtwmetrh@ymamymmqmargnm atetor dance with the
recei ved feedbagkerfinfd¥her required for transmission of a data in accordance with

said modified quality metric and a rate of the data.

2. The method as claimed in claim |, 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:
filtering said quality metric by a linear filter.

L. 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.

¢.The method as claimed in vclaim l, wherein said détermining 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.



g- The method as clained in claim),wherein said determning at a 2 source
of data a quality netric of a link over which data is to be transmtted
conprises: 4 receiving at a source of data at |east one signal; receiving
at a source of data a feedback signal; and 6 determning said quality netric .
in accordance with the received at |ea one signal and the received

f eedback signal. 10. The nethod as claifd in claiml|l , wherein said
determining at a 2 source of data a quality netric of a link over which
data is to be transmtted conprises: 4 receiving at a source of data a

first reference gi.gnfhe metlRsEhy clRimad ifclami’ ¢ ewRérelipbaidaldigatRiaglatal gnal ;
and 6 determning the quality netric in accordance with the first reference

q LYy ITE! . : / t
si gnal , 2t h&éouwseephveaiara ayality apetrisfea dnk exer which dafa isdeds, Hansmiliedack
signal . | 1, 'ﬁgg .nmethod as clainmed in claiml , wherein said nodifying the
2 quality rrempl C %y a quality netric margin conprises: nodifying the quality
metric By a prerateivingraredoursealof tatanattleast onafiggtmefepencelsigidicantbt hod as

claimed in clai wher ei n. .sai difying said ity netri a quality
nmetric margin c?ﬁ%{mw@ S%gcﬁﬁ‘é?ﬁl'rygg'egw @y%éc&éaé\?én‘@mv\my e Id ét_elgé?tr,ed for
transni gsi @nedirstaefeferietsigihl adtiane aERsBoE st RXerends sighakr required for
transm ssion of the second reference signal determ ned form previously

nodi fied quality metric; 6 detecting occurrence of the outage event during a
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conprises: comprises:

4 receiving at a source of data a feedback signal; and

determining the quality metric in accordance with the received feedback
6 signal.

Q. The method as claimed in claim . |, 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.

(0. 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 first reference signal;
receiving at a source of data a feedback signal; and
6 determining the quality metric in accordance with the first reference
signal, the received first reference signal, and the received feedback signal.

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



increasing.a current quality nmetric margin by a first anount When a pre—%
det erm ned nunber of the outage events occurred during the pre-determ ned
interval; and 6 nodifying said quality netric by said increased quality
metric margin. The nmethod as clainmed in claim 13, further conprising: 2
decreasing a current quality nmetric margin by,.a second anmount when the
pre-determ ned nunber of the outage events d not occur during the pre- 4
determ ned interval; and nodifying said quality netric by said decreased
quality netric margin. 1, 67. The nethod as clained in ¢laim| wherein said
nodi fyi ng said 2 qual |4y Thetmdtodtag ciainresiniclajm ngtwhecsimsdiQmodifyPgpaids es:

declaring an out aggai@Mf&tic WEquaRPWeic FaRH doRfhrider transnission of data 4 at
i mum al | owabl e transm ssi on power;

the estinmated rate of (Sga‘ta exceeds meiél u ] | S
detecting occurrence SFORHE BUPURHE XFUAYNeRROMRGeqUipAdoHisnsmMissiaR 9T 26
interval ; and rbdiségand geferaiice siguallekdepdsvel eqlireddaraansheistd ottheltesontid
detecting. | 6 . ThgehEt ggendp | e in said nodi fying
said 2 quality metriec isﬁlb?glcdg%rr@g%ée Wf%%bu%&?f‘g@&éf%ugﬁ@ﬁ%ﬁgbnp” ses;
i ncreasi ng a crent §G&FINGy0oGeRTINCR OfelPeyioytagy eyeRt puing adouetetemingda pre- 4
det erm ned nunber imdrvaruinages occurred during the pre-determ ned interval;
and nodifyinggsaid g e s tric by.said increased. lity nmetric margin.
1}. The met hod 8:15 cl a%@'#@l%’%@ rﬁ%méﬁ@??oﬁg ééc‘ﬁ'ﬁbsrald;q‘éﬁﬁﬁngdecreasi ng a
current quality nmetri i t . Rre-determ ned
number of outages di d&gﬁhgc"geﬁ%d%r%ﬁé%]ﬂgﬁgﬁgﬂ%_ e?%sgr'lé;gm'ﬁwgér@al , and
modi fyi ng sai & quapli yetrieinercordepcasinpaideleieetnosameyisasi ty metric margin. 30
1$ An apparatus for agddasRb artdrré Wedlity ekl madinfra fritahihsierd pd- a data,

4  determined number of the outage events occurred during the pre-determined

interval; and
6 modifying said quality metric by sald increased quality metric margin.

I4. The method as claimed in claim |3, further comprising:
2 decreasing a current quality metric margih 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.

i5. The method as claimed in claim |, 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-determined

6 Iinterval; and
modifying said quality metric in accordance with said detecting.

. The method as claimed in claim |5, 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 outages occurred during the pre-determined interval; and

modifying said quélity metric by said increased quality metric margin.

|3. The method as claimed in claim & further comprising:
decreasing a current quality metric margin by a second amount when the
pre—détermined number of outages did not occur during the pre-determined

interval; and .
modifying said quality metric by said decreased quality metric margin.



2 conprising: neans for determning at a source of data a quality metric of
alink over 4 which data is to be transmtted; neans for nodifying said
quality netric by a quality nmetric margin; and 6 neans for determ ni ng power
required for transm ssion of a data in accordance with said nodified
quality netric and a rate of the data. 19 The apparatus as clainmed in claim
1%, further conprising: 2 nmeans for processing said quality netric by a
predictor. 2.0. The apparatus as claimegpin claim1Q wherein said neans for
2 processing said quality nmetric by a.predictor conprises: neans for
filtering said quality nmetric by a linear filter. 21. The apparatus as
clainmed in claimlqg, wherein said neans for 2 processing said quality
nmetric by a predictor conprises: neans for filtering said quality netric by
a non-linear filter. 22. The apparatus as clainmed in claim21, wherein said
means for filtering 2 said quality nmetric by a non-linear filter conprises:
means for filtering said quality netric by a peak filter. 3i 23, The
apparatus as clainmed in claim|$, wherein said neans for 2 determning at a
source of data a quality nmetric of a link over which data is to be
transmtted conprises: 4 neans for receiving at a source of data at |east
one signal; and means for deternining said quality nmetric in accordance wth
the 6 received at |east one signal. 2'}. The apparatus as clainmed in claim
| $, wherein said neans for 2 determining at a source of data a quality
metric of a link over which data is to be transmtted conprises: 4 neans

for receiving ataR -pRHFics fr iRl ot irelifed forfrafthitsiBRR b2
2 comprising:
means for determining at a source of data a quality metric of a link over
4  which data is to be transmitted;
means for modifying said quality metric by a quality metric margin; and
6 means for determining power required for transmission of a data in
accordance with said modified quality metric and a rate of the data.

\9. The apparatus as claimed in claim (8, further comprising:
2 means for processing said quality metric by a predictor.

20. The apparatus as claimed in claim {Qv wherein said means for
2 processing said quality metric by a predictor comprises:
means for filtering said quality metric by a linear filter.

21. The apparatus as claimed in claim |9, wherein said means for
2 processing said quality metric by a predictor comprises:
means for filtering said quality metric by a non-linear filter.

22 . The apparatus as claimed in claim 2|, 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.



and 6 neans for determning said quality netric in accordance with the
received at | east one first reference signal and the at |est one first
reference 8 signal. 25- The apparatus as clained in claimlgo 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 data a feedback signal; and neard for determining the quality
metric in accordance with the received 6 feedback signal. 2(. The apparatus
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clainmed in claim19, wherein Said neans 2 determn ng at a source of
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transmitted comprises:
4 means for receiving at a source of data at least one first reference signal;
and
6 means for determining said quality metric in accordance with the
received at least one first reference signal and the at lest one first reference

8 signal.

25. The apparatus as claimed in claim 18, 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 feedback signal; and
means for determining the quality metric in accordance with the received
6 feedback signal.

2(,. The apparatus as claimed in claim 124, 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.



means for. nodifying the quality nmetric by a pre-determ ned quality netric 4
margin. 9-9. The apparatus as clainmed in claim18, wherein said neans for
nodi fying 2 said quality netric by a quality netric margin conprises: means
for declaring an outage event when power required for 4 transm ssion of a
second reference signal exceeds power required for transm ssion of the
second reference signal determ ned forn1p@§¥iously 6 nodified quality
metric; means for detecting occurrence of e outage event during a pre- 8
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with said eteﬁc}:@t'tn conprises: neans for increasing a current quality nmetric
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decreased qual jty netric 6 margin. 32 _ The apparatus as clained in claim
f$, whelfei '%,'d means for nodifying 2 said quality netric by a quality
metric margin conprises:

2%. The apparatus as claimed in claim 1§, wherein said means for modifying
2 the quality metric by a quality metric margin comprises:
means for modifying the quality metric by a pre-determined quality metric
4  margin.

29. The apparatus as claimed in claim 18, wherein said means for modifying
2 said quality metric by a quality metric margin comprises:
means for declaring an outage event when power required for
4 transmission of a second reference signal exceeds power required for
transmission of the second reference signal determined form previously
6 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.

0. The apparatus as claimed in claim 29, 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.

3\. The apparatus as claimed in claim 30, further comprising:
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means for- declaring an outage event when power required for 4 transm ssion
of data at the estimated rate of data exceeds maxi num al | owabl e

transm ssion power; 6 nmeans for detecting occurrence of the outage event
during a pre- determined interval; and 8 means for nodifying said quality
metric in accordance with said det ecting. 33, The apparatus as clainmed in
claim 32, wherein said neans for nodifying 3@ said quality metric in
accordance with said detecti ng conprises: nmeans for increasing a current

quality 2retric rmegns fbly decfdasiig ameumént quatymatrier mailglhebm aegbcbrgber of
out ages occurred duri nﬁ; the pre-determ interval; and means for

modi f yi ng sﬁmﬂuﬁ‘u‘ﬂh?@)} erbredetarpingd B”mE@'r BB%OH@SP@‘SP%QH got @gaUsi n. 34- .

The appaf at g ﬁ%ﬂ%ﬁérhfhéd RAtdRa3and Ur ther conprising: 2 neans for
decreasing a cdrre qual It%/ metric nargin by a second anount when t he

pre-det erni ned rnears fasfmedi saldlqulahth@ucLhy shid dagrepked qualily enetdcer ni ned
i nterval, E‘ggﬂﬁans for nodifying 'said quality netric by said decreased
qualltyq‘ret 6 margin. j

22. The apparatus as claimed in claim (§, wherein said means for modifying
2 said quality metric by a quality metric margin comprises:
means for declaring an outage event when power required for
4 transmission of data at the estimated rate of data exceeds maximum allowable
transmission power; ‘

6 means for detecting occurrence of the outage event during a pre-
determined interval; and

8 means for modifying said quality metric in accordance with said
detecting.

3% The apparatus as claimed in claim 32,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 outages occurred during the pre-determined
interval; and
6 means for modifying said quality metric by said increased quality metric
margin.

3l} . The apparatus as claimed in claim 33, further comprising:
2 means for decreasing a current quality metric margin by a second
amount when the pre-determined number of outages did not occur during the
4  pre-determined interval; and
means for modifying Usaid quality metric by said decreased quality metric

6 margin.



