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MAXI MUM RATE OF DATA AND FOR ESTI MATI NG PONER REQUI RED FOR TRANSM SSI ON OF
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The present invention relates generally to communi cation systens, and nore
specifically to a method and an apparatus for estimating a reverse link
maxi mum data rate and for estinmating power required for transm ssion of a
data at a rate of data in a communication system Background [1002]
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nodul ated carrier is confined within the conmmunication channel bandw dt h.
At the destination station the original information signal is

reconstructed fromthe nodul at e% rrj received over the

comuni cation channel. In gener &%ﬁqwjig@onstruct ion is achieved by
usi ng an inverse of the nodul ati on process enpl oyed by the origination
station. [1003] Modul ation also facilitates nultiple-access, i.e.,

si mul t anefighd t r ansmi ssi on and/or reception, of several signals over a
conmbn communi cati on channel Mul ti pl e-access conmmuni cati on systens often
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reverse link maximum data rate and for estimating power required for
transmission of a data at a rate of data in a communication system.

Background

[1002] Communication systems have been developed to allow
transmission of information signals from an origination station to a physically
distinct destination station. In transmitting information signal from the
origination station over a communication channel, the information signal is first
converted into a form suitable for efficient transmission over the communication
channel. Conversion, or modulation, of the information signal involves varying a
parameter of a carrier wave in accordance with the information signal in such a
way that the spectrum of the resulting modulated carrier is confined within the
communication channel bandwidih. 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. Muitiple-access communication systems often include

a plurality of remote subscriber units requiring intermittent service of relatively



2 short duration rather than continuous access to the common comuni cation
channel . Several nultiple-access techniques are known in the art, such as
time di weiosn7mw tipl e-access (TDMA) and a frequency di viPSITArs03/06954

mul ti pl e-access (FDMA). Another type of a nultiple-access technique is a
code division nmnultiple-access (CDVA) &pread spectrum systemthat conforns
to the "TIAEIAIS-95 Mbile Station-Base Station Conpatibility Standard
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[1004] A multiple-access communication system may be a
wireless or wire-line and may carry voice and/or data. An example of a
communication system carrying both voice and data is a system in accordance
with the 1S-95 standard, which specifies transmitting voice and data over the
communication channel. A method for transmitting data in code channel frames
of fixed size is described in detail in U.S. Patent No. 5,504,773, entitled
“METHOD AND APPARATUS FOR THE FORMATTING OF DATA FOR
TRANSMISSION”, assigned to the assignee of the present invention. In
accordance with the 1S-95 standard, the data or voice is partitioned into code
channel frames that are 20 milliseconds wide with data rates as high as 14.4
Kbps. Additional examples of a communication systems carrying both voice
and data comprise communication systems conforming to the “3rd Generation
Partnership Project” (3GPP), embodied in a set of documents including
Document Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25.213, and 3G TS
25.214 (the W-CDMA standard), or “TR-45.5 Physical Layer Standard for
cdma2000 Spread Spectrum Systems" (the 1S-2000 standard).

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



[1005] ' In a nultiple-access comuni cati on system communi cations between
users are conducted through one or nore base stations. A first user on one
subscri bewogBati4en comruni cates to a second user WO 03/ 07 PE¢AAIS03/06954

PCT/ US03/ 06954 3 on a second subscriber station by transmtting data on a
reverse link to a base station. The ba&se station receives the data and can
route the data to another base station. The data is transmtted on a
forward |omk sHcondesumctbbnsiation dyi transmittiing datacomar revasse likato abaseo t he
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systemin terns of the nunber of simultaneous tel ephone calls that can be

handl ed iiBdesiry standardnperaingfier refrredpaca he KS-856psteadard. This HDR
system is based on a communication system disclosed in co-pending
application serial number 08/963,386, entitled “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



spectrum comuni cati on system can be maximzed if the transm ssion power of
each subscriber station is controlled such that each transmtted signal
arrives awo oaobmse station receiver at the sane signal | evelr/ushbomser, if a
signal transmtted by a subscriber station arrives at the base station
receiver at a power level that is too4ow, quality communications cannot
be achieved due to interference fromthe other subscriber stations. On the
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the base station to the subscriber station, operates on a different frequency than

the reverse Iipk, from the subscriber station to the base station. However,
because the forward link and reverse link frequencies are within the same
general frequency band, a significant correlation between the average path
losses of the two links exists. On the other hand, fading is an independent
phenomenon for the forward link and reverse link and varies as a function of
time.

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

the same subscriber station due to independent fading of the two channels, the



time. [1010] In an exenplary CDVA system each subscriber station

estimates the path | oss of the forward |ink based on the total power at the
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the channel is effected and the average system performance is improved. Note
that in a typical cellular system, the base stations are not intimately connected
and each base station in the system is unaware of the power level at which the
other base stations receive the subscriber station's signal.

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



and each base station in the systemis unaware of the power |evel at which
the other base stations receive the subscriber station's signal. [1012]
When a suWe®BibaM4 station is in conmunication with nore PearusonesIbase
station, power adjustnent comrands are provided fromeach base station.
The subscriber station acts upon these& nultiple base station power

adj ust nent commands to avoid transmt power |evels that nmay adversely
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Ther ef or ef o detneaatiasrade okddta.n the art to estl mate a rate of data that can
be transnmtted wi thout an erasure under all channel conditions, or
alternatively to estimate power required for transmssion of a data at a
rate of data. SUMMARY [1014] In UMY of the invention, the
above- st at ed needs are

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

[1015] In another aspect of the invention, the quality metric is
modified by a pre-determined quality metric margin. Alternatively, modifying
said quality metric by a quality metric margin is achieved by declaring an outage
event when power required for transmission of a second reference signal
exceeds power required for transmission of the second reference signal
determined form previously modified quality metric; detecting occurrence of the
outage event during a pre-determined interval; and modifying said quality metric
in accordance with said detecting.

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



addressed by determning at a source of data a quality netric of a |ink
over which data is to be transmtted and nodi fying said quality netric by
a qual i t ywormride4 margi n. The maxi numrate of data is themCadatses/moned in
accordance wth said nodified quality nmetric. Alternatively, power
required for transmssion of a data af a rate of data is determned in
accordance with said nodified quality netric and a rate of the data [1015]
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required AsM ssi on ef erence exceeds power required for
transm ssirasmibsivh@owefrer ence signal determned formthe nodified quality
metric. Alternatively, the outage is dedected by determ ning at a source
of data a quality netric of a link over which data is to be transmtted;
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decl aring an outage event when power required for transm ssion of data at
the maxi numrate of data_exceeds maxi mum al |l owabl e transm ssion power.
BRI EF DESCRI PTIOANDF THEFIGRAWINGY ata®12] qonceptual | giagramesofa aon ual

di agram Oéorﬂ%uﬁ%@tioﬁ%%m;ca“ on system

[1018] FIG. 2 illustrates an exemplary forward link waveform;

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

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

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

[1022] FIG. 6 illustrates a concepiual arrangement of an

embodiment of reverse link maximum admissible data rate estimation;

[1023] FIG. 7 illustrates a conceptual diagram of 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 illustraies a conceptual 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



[1018] FIG 2 illustrates an exenplary forward |link waveform [1019] FIG
3 illustrates a conceptual arrangenent of reverse link transm ssion power
control; W0O030774FH G 4 illustrates a conceptual diagram offCa/useyvemse | i nk
quality estimator; [1021] FIG 5 illustrates a nethod for transmt power
limting, [1022] FIG 6 illustrates 8 conceptual arrangenent of an

enbodi nent of reverse |ink maxi num adm ssible data rate estimation; [1023]
FIG 7 illust[t028] a coffhepvora “eeaplany’ 6 usepr extilugively hdreip2ig) neiaG. 8

il lustrates a conceptual operation of a peak filter: 1025] FI G
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referred™t0 herein as an AP in the
[1030] The term base station, referred to herein as an AP in the

case of an HDR communication system, is used exclusively herein to mean the
hardware with which subscriber stations communicate. Cell refers to the
hardware or a geographic coverage area, depending on the context in which the -
term is used. A sector is a partition of a cell. Because a sector has the
attributes of a cell, the teachings described in terms of cells are readily
extended to sectors.

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

[1032] The term communication channel/link is used exclusively
herein to mean a single route over which a signal is transmitted described in
terms of modulation characteristics and coding, or a single route within the
protocol layers of either the AP or the AT.
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[ 1035] The t.er oft hand-off is used exclusively herein to nean a

comuni cﬁ'\dotﬁe&f‘meen a subscriber station and two or nore sectors, wherein

each sector bqlgsep to K feher rabureislusedredsivsliphexsinab méarPfailatendar d,
the to recognize a message.
[1037] The term outage is used exclusively herein to mean a time
interval during which the likelihood that a subscriber station will receive service

is reduced.
Description

[1038] FIG.1 illustrates a conceptual diagram of a communication
system capable of performing maximum rate of data estimation in accordance
with embodiments of the present invention. Various aspects of the maximum
rate of data estimation will be described in the context of a CDMA
communications system, specifically a communication system in accordance
with the 1S-856 standard. However, those of ordinary skills in the art will
appreciate that the aspects of the maximum rate of data estimation are likewise
suitable for use in various other communications environments. Accordingly,
any reference to a CDMA communications system is intended only to illustrate
the inventive aspects of the present invention, with the understanding that such
inventive aspects have a wide range of applications.
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system that thIS is for pedagogical purposes only, and the communication system can
comprise plurality of AT’s and AP’s.

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

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

identified by a unique Walsh code, only the selected AP which correlates the

DRC signal with the correct Walsh code can correctly decode the DRC

message.

[1042] The data to be transmitted to the AT 104 arrive 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
are 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 conirol channels. The AT 104
demodulates and decodes the signals on one or more conirol channels to
obtain the paging messages.

[1043] At each time 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



measurenents, a bit-error-rate and/or a packet-error-rate, and other
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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 AP comprising any number of sectors. Consequently, the
concept of sector will be used throughout the rest of the document.

Forward Link Structure

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

be continuous or bursty. The forward link 200 is defined in terms of frames. A
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transmission power at the base station with a power control set point. If the
measured reverse link transmission power is below the set point, then an RPC
up command is provided to the subscriber station to increase the reverse link
transmission power. If the measured reverse link transmission power is above
the set point, then an RPC down command is provided to the subscriber station
to decrease the reverse link transmission power. The RPC is assigned to one
of the available MACs with MAC index between 5 and 63. The MAC with MAC
index 4 is used for a reverse activity channel (RA), which performs flow control
on the reverse ftraffic channel. The forward link traffic channel and control
channel payload is sent in the remaining portions 208a of the first half-time-slot
202a and the remaining portions 208b of the second half-time-slot 202b.

Reverse Link Power Control
[1046] Unlike the forward link, whose channels are always

transmitted at full available power, the reverse link comprises channels, whose

transmission is power controlled, to achieve the goal of maximized capacity of
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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) (1)

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
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enbodi nents of. an o estimation pr SS we rt and
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into account environnentally induced phenonena, such as shadow n%h and

ot her -usé&y translating the rIRate to’a power in block 308, and combining the result of the
translation with the TxPilotPwr in a block 310 to yield the total transmit power
(TxTotalPwr). Consequently, the TxTotalPwr can be expressed by an Equation

2:
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.

[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 illusirated 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 TxTotalPwr 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.



interferences, to achieve a desired quality signal quality at the base
station. In one enbodinent, the desired signal quality conprises a

signal -t owpeBseianati o (SNR). The obj ective can be achi evedThisosre@asuri ng
the quality nmetric of a reverse link and reporting results of the

measur enent back to the subscriber WDO183/ 077444 PCT/ US03/ 06954 15 stati on.
I n one enbodi nent, the base station neasures a reference signal
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TxPi |l ot Pwr.” The value of the TxPilotPw is, in general, different fromthe
value of total transmt power required for transm ssion of a desired
reverse link rate of . : TXPi | ot Pwr needs to
be adjusted for the rg‘g&ﬁpygkr%%g!&%wgﬁﬁﬁaéc%%ﬁp ?igr?ed by translating
the rIRate to a power in block 308, and conbining the result of the

translation wth TxPLI| ot ' bl ock 310, t ileld the total .t 1t
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a base station loading. In one embodiment, the TxOpenLoopPwr is estimated

in accordance with FIG. 4. The TxOpenLoopPwr is provided to a block 604,
which may predict the value of TxOpenlLoopPwr at some time in the future. The
output of the predicted 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 filier 702 is a low pass
fiter. In another embodiment, the filter 702 has a transfer function Fy =1;
consequently, the TxOpenLoopPwr is unaffected by the filter 702. The
TxOpenlLoopPwr 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 1o, 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 time t4, 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



accordance with a method illustrated in FIG 5. The nethod starts in step

502 and continues in step 504. In step 504, the TxTotal Pmw is conpared to
the TxMawBwB/07M4fi4t he TxTotal Pwr is | ess or equal to TxMaPPEUSOY/@54ret hod

continues in step 506, where the TxPwLimted is set equal to TxMaxPw ;

ot herwi se, the method continues in step 508, where the TxPwLinmted is set
equal to TxTotal Pwr. The nethod ends in step 510. WO 03/077444
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predi ct the value of TxOp oopPw at me tinme in_the ure . out put
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604|sa I At Fb?% i ffected
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t he TxQo oopPw "is unaffected by the filter 702. The
7, i.e., an optional low pass filter 702 and a (non-optional) peak filter 704. In
accordance with one embodiment, the pre-determined decay rate of the peak
filter 704 is 0.5 dB per a frame of signal. The peak filter is initialized as follows.
One of the ATs and one of the APs establish a communication link using a
predetermined access procedure, as part of which the RPC channel is
established. Assuming that the RPC channel was established at time to
(referring to Fig. 8) the RPC commands are being provided to the block 608,
and consequently to the peak filter 704. The TxClosedLoopPred (the Output
signal of Fig. 8) is then initialized to the value of TxClosedLoopAdj (the Output
signal of Fig. 8) at the time t.
[1056] Referring back to the block 610, the TxPilotPred is provided
to a combiner block 612. Combiner block 612 also accepts a transmission
power margin (TxPwrMargin). In one embodiment, (not shown) the
TxPwrMargin is a constant, with default value of 3 dB. In another embodiment,
the TxPwrMargin is dynamically adjusted by block 614, in accordance with
outage events. The method for dynamically adjusting the TxPwrMargin is
described in detail below. Referring back to the combiner block 612, in one
embodiment, the combiner block 612 is a summer, consequently the output, a



TxOpenLoopPw filtered by a filter 702 is provided to a filter 704. In one
enbodi nent, the filter 704 is a peak filter. The function of the peak
filter iswoagpbained in reference to FIG 8. [1054] ReferPCR@So®odb4 8, at
time to, the Input signal is provided to a peak filter. The value of the
output of the peak filter Qutput signB is initialized to the value of

I nput signal. Fromtinme to to tinme t1, the Qutput signal tracks the [|nput
si gnal . Bbunded trahsmission piteitsignajr(AxPreipesBaunddr given by antkguatidndecay.
The Qut pgé_si gnal stopped to follow the Input signal, and started to decay
by a WO ©3/077444 PCT/ US03/ 06954 17 pre-determned rate. At tine t2, the
| nput signal becane equal to the Qutput signal and continued to rise.
Consequently, the Qutput signal stops decaying, and starts tracking the

| nput  si GreilotUprerBalinddxOpenlnyppPrask TxGlospdk.oopPredid xRywiyargirooppr dd) i s
provided to a conbiner block 610. In one enbodi ment the conbi ner block 610
conprises a sumer sunm ng the TxQpenLoopPred with a prediction of the
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accor dangiveni iRaterie cenbiddratkiohe admnqail@ed&@ Equatien (fBdapatisfied: of t he peak
filter 704 is 0.5 dB per a frame of signal. The peak filter is initialized
as follows. One of the ATs and one of the APs establish a comunication
li nk usi NgPRotUPRIBbARILIBIbIFE ToRRAICIAREAW) & TRMarRWy of whi ch (@he RPC
channel is established. Assum ng that the RPC channel was established at

time to (referring to Fig. 8) the RPC conmands are being provided to the
bl ock 608,

[1057] To optimize a performance of a communication system, it is
desired that the highest data rate (rIRatePredicted), which is admissible
(according to the Equation(4) is determined. Consequently, the

TxTotalPwrUpperBound 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 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 riRatePredicted. One of
ordinary skills 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.



and consequently to the peak filter 704. The TxC osedLoopPred (the Qut put
signal of Fig. 8) is then initialized to the value of TxC osedLoopAdj (the
Qut put swomal7afi4 Fig. 8) at the time to. [1056] Referri n@Chask3/o0654 he

bl ock 610, the TxPilotPred is provided to a conbiner block 612. Conbi ner
bl ock 612 al so accepts a transm ssion19power margin (TxPw Margin). In one
enbodi nent, (not shown) the TxPwMargin is a constant, with default val ue
of 3 dB. In another enbodinent, the TxPwMargin is dynam cally adjusted by
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t he conbi ner block 612, in one enbodinent, the conbiner block 612 is a
sumer , conse&uently the output, a WO 03/077444 PCT/ US03/ 06954 18 bounded
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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.



has 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, forwowhioth44 he Equation (4) is satisfied is outputt@dTAS03/06954

ri RatePredicted. One of ordinary skills in the art understands that the
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processor, a digital signal processor (DSP), an application specific
integrated circuit (ASIC) TxRwiridriglDynamic Adjusinenfat e array (FPGA) or ot her
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will be determined several slots before the start of a frame, in order to arrive at
the rate of data to be transmitted during that frame on the reverse link.
Suppose the value of riRatePredicted is determined at time to, k slots (k > 0)
before the start of a frame 902(m)in accordance with the above-described
embodiment. At the start of the frame 902(m), the AT evaluates the transmit
power requirement for the determined rIRatePredicted in accordance with the
open loop and closed loop power control, and begins transmitiing the data.
During the frame duration, the transmit power is adjusted in accordance with
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 rlRatePredicted at the n" slot is greater
than the power determined for the riRatePredicted at time 1o, i.e., if an Equation

(5) is satisfied:

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



TXPwr Mg Dynam ¢ Adj ustnment [1059] As discussed, the reverse |ink channel
conprises the Physical Layer Channels transmtted fromthe AT to the
access newawsk774H G 9 illustrates an exenplary reverse PCRRUSM¥@50r m 900.
For pedagogi cal reasons, the waveform 900 is nodeled after a reverse |ink
wavef orm of the above- nentioned syst2min accordance to | S-856 standard.
However, one of ordinary skill in the art will understand that the
teaching is applicable to different waveforms. The reverse |ink channel
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frame durz);j on,,. %hﬁ transmt power is adjusted in accordance with update
of the 06 'Slst%'ﬁ 1%%d ¢l osed | oop power control. Consequently, the actual
transmt power may differ fromthe transmt power TxTotal Power Upper Bound,
corresponding to the determ ned rl RatePredicted. To evaluate the
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outage can be utilized. [1061] The nth slot the 902(nth) franme is defined
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at tinme t e €. 4] j.on (5) is satisfied:
Tx@enLoﬁq%'Wﬁ](%@@ggﬁg&%[ 16mtn] +Pi | ot ToTot al Rati o(rl Rat ePredi cted[ 16m
TxPilotPred[16m-+n]+PilotToTotalRatio(rlRatePredicted[16m-k]) <TxMaxPwr (8)

[1063] Equations (6) and (8) shows that if the value of
rIRatePredicted determined at time t; 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) that 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,



k] ) >TxMaxPwr (5) WO 03/077444 PCT/US03/06954 21 If the nth slot of the
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TxPowerMarginStep[] is an array of length 16. Note that several elements of
the array TxPowerMarginStep[] can be zeros to allow for the above-mentioned
consideration that few, isolated slot outages in a frame do not 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 -
entered if the determined rIRatePredicted changes from a lower value to a
maximum allowable rate of data value (rlRateMaxAllowable), 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 rlIRateMaxAllowable, 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:



22 dimnished reverse link capacity. Therefore, in another enbodi nent, the
value of TxPwMrgin is dynam cally adjusted in accordance w th changi ng
channel wondioti4ens in order to naintain outage probabilitgratsSoy/mesdesired
val ue. [1065] In one enbodi nent, of dynamically adjusting the TxPw Margin,
an occurrence of an outage is evaluat2d for each slot of the frane
902(m+l). If a slot outage occurs, the TxPwMargin is increnmented by

Pwr Mar gi Mypstrblargiot-h BsmiMaeginDhenSiemve-rebdiwMargidomerent ed by  (9)

Pwr Mar gi nDownSt ep. I n one enbodi nent, the TxPw Margi nUpStep = 0.5 dB, the
TxPwr Mar gi nDownStep = 0. 05 dB. The value of TxPwMargin is further limted
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TxPw MarginM n = dB and TxPwr Mar gi nMax = dB [1066] In anot her
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used for rgin, a special update node - a
ratchet node {1069] ent eriethd Uetdrmided etRatePdeditiBdt aRmgtiscfrech ahhighes from a
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determ ned edcagesfroma ower value to the

r | Rat eMVaoditagenatéurs, amEquatien ()uaeveluateéds power margin  ( TxPwr Mar gi nLow)
Is set equal to the current value of TxPwMargin. If a slot outage occurs,
the TxPw Margin is incremented by Pw Margi nUpStep. If no slot outage

occurs, PN EVrMatgifUpSigh 84 TxPwrMarginUpper (10)

If the Equation (10) is satisfied, the TxPwrMargin is not changed; otherwise the
TxPwrMargin is incremented by PwrMarginUpStep. If a no slot outage occurs
the TxPwrMargin is decremented by PwrMarginDownStep. The ratchet mode is
exited when the determined 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 riIRateMinAllowable, and a slot outage occurs,
TxPwrMargin is not changed 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 & timing signal from block 1106.



WO 03/ 077444 PCT/ US03/ 06954 23 TxPw Margin - Pw Margi nDownSt ep >=
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event detector accordance w odi nent. The transm ssion
power of a signal whose outage is to be determned (TxSignal) is provided

to a blo 102, toget her_w the reference signal (TxRefSignal,). The
bl ock 113@%&8@%%&%'%@%% TxSignal is greater than T&ge)f Si gnal .
In one enbodi nent, the block 1102 conprises a conparator. The out put of

the block 1102 is provided to a block _
[1073] Furthermore, in a specific case, when a path loss changes

slowly the embodiment described in reference to FIG. 6 can be further simplified
as illustrated in FIG. 10, where the function of blocks 1002, 1006, 1008, 1010,
and 1012 is the same as function of blocks 602, 606, 608, 610, and 612. One
of ordinary skills in the art recognizes, that moving the block 1012 to the closed
loop branch did 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, instructipns, commands, information,
signals, bits, symbols, and chips that may be referenced throughout the above
description may be represented by voltages, currents, eleciromagnetic waves,



1104. The block 1104 is further provided with a timng signal from bl ock
1106. WD 03/077444 PCT/ US03/ 06954 24 Bl ock 1104 outputs a signal providing
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[1077] The various illustrative logical blocks, modules, and circuits

bl ocks

described in connection with the embodiments disclosed herein may be
implemented or performed with a general purpose processor, a digital signal
processor (DSP), an application specific integrated circuit (ASIC), a field
programmable gate array (FPGA) or other programmable logic device, discrete
gate or 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 combinaton 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



signals, bits, synbols, and chips that may be referenced throughout the
above description nmay be represented by voltages, currents,

el ect r omreyoaBioc7awaves, WO 03/ 077444 PCT/ US03/ 06954 25 nma@aatiso3/bdosd ds or
particles, optical fields or particles, or any conbination thereof. [1076]

Those of ski Il would further appreci at% that the various illustrative
| ogi cal ?cks nmodul es. uits, and al %OI’I thm st eps described in
connect i o\ APER rtnﬁ 'Wﬁd‘l’q{ﬁﬁ?‘% tgi the pEsesaer éuﬁhrﬂi&e PEOGasSPE B8t ERAChS

el ectroni GrBARANEH SrorRO BN Sfritg ﬁﬂ'ﬁﬁ’p&}% (P"1oC ARB! Qg)tré%]tm% JaeL - lnTﬁgCI early

illustrate this interchangeability o whre an ware varil o
i |1 ustr at alternativepdhenstoragse (me@ummdayebe initegral tte, tmlcbrettmr havighébeen

funct | onaPRagPsser FFRCEnatradh s¥dimmaerasioa i enAeTdep bhadk Slomasne.
particul aredig®!ihcatis? tepRmhafief %b e ﬁe %Eé%roﬁn riﬁeasl‘;’ts agﬂ

system Skilled artisans nma i npl ement t he’ escrl unc ion
varyi ng waedigigrmay cesige asidisarete camponards ira usbutermmdd i npl errent ati on

deci si ons shou t be d,as ausi artur om t{ he scope
of the present tﬁ\@ntlonﬁ%légy? %eVQPfBGSquﬂP g?‘? & '@&Ptsolsocks
nodul es, pravidéd WIdrfablei@ﬁyrpdigﬂnlﬂllré@niﬁﬁﬁé an hﬂ\kbhér 8889Hb r}?’r@&ént

di scl osed her ei n | emented or performed with a general purpose

my
pr ocessor INVENHPR; (Var '%’ﬁdﬁ@‘gﬁc@imt?e@sfbﬁs% Esmodimentsowili ke réashily appairémtc

t t f FPGA th
b 0gr ama g skiilgdh the dit afid the RISHIRTMREIE NGB Bl L B o
har dwar e applmmwbmermbmmnmtﬁbwﬂabubdepamﬁgEfcdmdhéI@mﬂcbrt&d%réfoﬂh@ the
functions. des “beﬁihherﬁﬁ.\e §e\g&neral@p gose %@ocessor may
mi cr opr oc BYEBHO PLRSELY HQY$RION 15, 80piplended tonke "YB'ée(&rW the
convent i 08fIboRIRERESSHowrt ABE] r‘i"b'u?rls tdrb%r&%?&éd)lﬂlnéa(m &8t s%‘bg{al o &tﬂéﬁ}e

processor may al so be inplenented as a conbi nati on o evi ces,
e.g., a cwitbitheprioeiplss andispvel fiebtares discipsed besain, a pI ur aI ity of

e OPT 9oeS SO Prggdi® o At Bf Y GRGRR8ISof this’ St Gotment Sontding >
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:



[ 1078] The steps of a nethod or algorithmdescribed in connection wth the
enbodi nents di scl osed herein may be enbodied directly in hardware, in a
sof t war e wodalog74ekecut ed by a processor, or in a conbi natiPcm/usb3/odes4 t wo. A
software nodul e may reside in RAM nenory, flash nenory, ROM nenory, EPROM
menory, EEPROM nenory, registers, har2¥ di sk, a renovable disk, a CD ROV
or any other form of storage nediumknown in the art. An exenplary WO

03/ 077444 PCT/ US03/ 06954 26 storage nmediumis coupled to the processor
such the processor can read infor&i:w from and wite information to,
the storage nedium In the alternsty ,sthe storage nedi um may be integral
to the processor. The processor and the storage nediumnmay reside in an
ASIC. The ASIC may reside in a user termnal. In the alternative, the
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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.

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

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

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

6 one signal.



1 Anethod for estimating a reverse |ink maxi numdata rate, 2 conprising:
determ ning at a source of data a quality netric of a link over which data
4 is to bwotwanamd tted; nodifying said quality nmetric by @Cguesbs/eepssetric
margin; and 6 determning a maxi numrate of data in accordance with said
nodi fied quality nmetric. 2 The netha@Bas claimed in claim1, further
conprising: 2 processing said quality netric by a predictor. 3 The net hod
as cl ai med i n7cl ai fh2, metededs ckadgnedd pn elaiss il nyheedia safd detarmining@td ¢ by a

di | c filteri .sai.d | i [ l,i i :
The et naaugs ol driven G4AIB! HTSHS O drei vet o hdds T S iRps e 1
metric byg .{Sgg_i ctor conprises: filtering said quality netric by a

[

non-1i near ter. 5 The nmethod as clainmed in claimd4, wherein said
filteti ng sai decelvingat atspuiee of daleyatdeasirone firebreference signaindes:

filtering said quality netric.by a peak f] : Lmed in
claim1, wheré&F f%?'aéc?@ﬂiﬂH?HﬁVn@eHﬁ’ g’ aéédg@%yﬁ%%g\gt;ﬁh@\gy%tc ER%SQ% ‘%ﬁg{rret ric

of a ¢i nlnavirst refdreficélaignal and ehdat lesbosaitst esferenuepsigaals: 4 receiving at a
source of data at |east one signal; and determining said quality netric in

accordance with the received at least 6 one signal. WO 03/077444

PCT/ US03/ 06954, 28 (. .T l:qi M I; : i |

determ ni ng a;é'a 2— seo'ﬁrgtcl{e&{)%gg?@eg lgué | ;1/’ “n@%f%lﬂq%’?d ggﬁrﬁtﬁ‘g@:drt%\hi ch
data 2s seuhe bf dasnhtduedity onstricicfes link oveceihichglaa is tode transmitted a at

| east one first reference signal; and determning said quality metric in
accor danCe@MRMSESt he recei ved at | east

4 receiving at a source of data a feedback signal; and
determining the quality metric in accordance with the received feedback

6 signal.

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

one signal and the received feedback signal.

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

the received reference signal, and the received feedback signal.

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



6 one first reference signal and the at |l est one first reference signal. 8.
The nmethod as clainmed in claim1l, wherein said determning at a 2 source
of data awqQualoitays metric of a link over which data is to IPeTtUSanedyss t ed
conprises: 4 receiving at a source of data a feedback signal; and
determining the quality netric in accd8@dance with the received feedback 6
signal. 9. The nethod as clained in claim1, wherein said determning at a
2 source of ddt2a a Theahetihodets clainéd an Idlaikn dy avhexkinc haidamadifgng caic
transpmitted .. conﬁrises: 4 ece'{yi ng at a source of data at | east one

si gnaP:  QUality MEly By a guality e ft‘}rmgéﬂ'ﬂca”fpéﬁﬁﬁack signal ; and 6 deternining
said quality faégietrmg Hn36@aHE Vet Wikdh fdveraeeured b ttfrflissiomefsa gnal
and the received feédback signal. 10. The nmethod as clainmed in claiml,
wher edn secdnddeierence signat exceetlsqmwargegfiirgd fer tangmission efdbeiseconda | i nk

hohd ; : _ D b f
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signal, the received reference signal, and the received feedback signal.
11. The ritenel; @rdclained in claim1, wherein said nodifying the 2 quality

netrig by a q ly: i . | : A uality netric
by a §r e- det eﬁ%‘? “%é{di %J@éﬁe?%&ﬁ‘a%éoﬁsénﬁgb5@}’4%{9%@3,9%303, 06954 29
12. The method as clained in claim1l, wherein said nodifying said 2
quality netric by a_ quality netrigc rgipn.copprises:. declari an qut age
event when pover re-a’gfi F@ihg%@stqlawﬁpgfmo{gﬂﬁﬂr%éé npg?\%ﬂ@rﬁ?éélsi gnal
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et or B nolly MEHE itbcbpar AN S aR! ilpPing SompRs:
increasing a current quality metric margin by a first amount when a pre-
4  determined number of the outage events occurred during the pre-determined
interval; and

6 modifying said quality metric by said increased quality metric margin.

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

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

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

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

modifying said quality metric in accordance with said detecting.

16. The method as claimed in claim 15, wherein said modifying said

2 quality metric in accordance with said detecting comprises:



6 detecting occurrence of the outage event during a pre-determ ned
interval; and 8 nodifying said quality netric in accordance with said

det ect i ngwo13/077ile nmet hod as claimed in claim12, wherei nPsaiusosredss yi ng
said 2 quality metric in accordance with said detecting conprises:
increasing a current quality netric nB0gin by a first anmount when a pre- 4
det erm ned nunber of the outage events occurred during the pre-determ ned
i nterval ; and iscreasingya ogrreat qualipimetyic meargine bigya Hest @nmoewntaskaiaquret ity

3 decteadyined Apmber of o FpsicbraEfiporing p1h Seddmibea WSheR R, the®
pre- det er m neGnSYifARY s&t duinoehieh e ¥aidtifcidaded Qualiyanetrdinargnt he pre- 4

determ ned interval;” and nodifying said quality netric by said decreased
quality nmetric margin. 15. The method as clained in claiml, wherein said

nodi fyi ng sai 2 | i LG, i i i N conprises:

decl aring an g‘t?tagm%p]%%%(:%gﬁégﬂ?g%ﬁbﬂgf@é’rt@g@%i on of data 4
at thg esti matq@rdaify afcuiting qeukgadsirizanargimbgld ssedridcamoaniswhesitien pover ;
detecting occurrence of the outage event duri n? a pre-determined, 6

i nt er val ;praréeteminedimankern of quidges, difhinot OGeHT LWy v £revdetergned

det echi nQnte?\%l' ;’A’be met hod as clainmed in claim115, wherein said nodifying
said "2 quality nmetric in accordance with said detecting conprises: WO
03/ 077444 PCT/rs@iBAib8aid quiztity metriaby sgidadenneasad qualdy metricetargm. mar gi n by
a first amount when a pre- 4 determ ned nunmber of outages occurred during
the pre-determned interval; and nodifying said quality netric by said

| ncreased qualigy M hotA8d e clalied TRCoIER el Wefeirhisale! itdtesting a 16.
further conprising: 2 decreasing a current quality nmetric margin by a
secong aroouirent woelitytrhetricomargiotler aifireicamauiewhen aaptexgewmirced% gumbet ur

during t Q)(? d?théagjeclsecgc%rther&ecguring the pre-determined interval comprises:

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

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

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

number of outages occurred during the pre-determined interval.

19. The method as claimed in claim 18, further comprising:
2 decreasing the power margin by a second value if said resulting
decreased power margin is greater that the lower limit of the power margin; and
4 setiing the power margin equal to the lower limit of the power margin

otherwise.

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

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

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

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

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

metric; and



4 interval; and nodifying said quality netric by said decreased quality
metric margin. 18. The nethod as clainmed in claim16, wherein said

i ncreasi Myoa3/n2Z4eurrent quality metric margin by a first acoorso3/odeen a
pre-determ ned nunber of outages occurred during the pre-determ ned

i nterval conprises: 4 determ ning whe8her the estinmated rate of data has
changed to a nmaxinum allowable rate of data; 6 setting a quality netric

| ower8limit taecheasing tengualiy wmeeinic ha speahdtyalueathenca pserdeterminedasi ng
the quality nmetric by a first, yal ue,when re-determ ned nunber of

out ages &%“Lpﬁréﬁ %’Eﬁg‘?ﬁg‘)?%fe&r -fm@ﬁrﬁrﬁ'efﬁetgﬁ?'é'ﬁaéﬁ%”fé. The method as
claimed in claim 18, further conprising: 2 decreasing the power margin by a
second value if said resulting decreased power margin is greater that the
lower linit of2ithe Thevmethnit as olaimed in alagat20, fythareopyisingar gi n equal to

the lgwer lim,t of the power margin ,oth ] 0,.. ai med
in claim16, WPEPRISLRPAURT BIAYPY a grrsﬁy%ﬁ@n{% s&i?%@ﬁ@?&r%ﬁ%&# gin by
a second R Hhafiie1s 1658 tiftehs RivsrTinfieer theusdvesr mhrgiitarges did not occur
during the pre-détermned interval; conprises: 4 determ ning whether the

esti it ed rat setingthex pewer dnaigiie @ousl 30 the dewamliany e\ eoWer enalditiat a; 6

setting }Iﬂé’%%y metric upper limt to the current value of the quality
metric; rTi 3/ 077444 PCT/ US03/ 06954 31 8 decreasing the quality nmetric

by a second val ue when a pre-determ ned nunber of outages occurred during
the pre-determ ned_interval. 21. The nethod as clained in, claim.20, further

conpri sing: 23%cr el methad %ﬁ)ﬁ@imﬁﬁriﬁi apy o.fy %ﬁe'qlé%l‘ﬁqeéﬂpg a
e " SRR, R o of S5 Whhii i Borhyid pofep poe
power nargfiontages occurred during the pre-determined interval comprises:
4 determining whether the estimated rate of data is equal to a maximum
allowable rate of data; and
6 increasing the quality metric by a first value when a pre-determined

number of outages occurred during the pre—détermined interval.

23. The method as claimed in claim 22, further comprising:
2 unchanging the power margin when a pre-determined number of outages

did not occur during the pre-determined interval.

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

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



otherwi se. 22. The nethod as clainmed in claim 16, wherein said increasing a
2 current quality nmetric margin by a first anmount when a pre-determ ned
nunber oWOmanzyes occurred during the pre-detern ned i nt@CTaiSOyeiypti ses: 4
determ ning whether the estimted rate of data is equal to a maxi num

all owabl e rate of data; and 6 increasBfig the quality netric by a first

val ue when a pre-determ ned nunber of outages occurred during the

pr e- det er m ned®6. nt erheamethad amhelaimetda claint|lai wiaereim seichidetezminingra her

oot hoge. e TR ik b ReftEN oo Rl P M oy B O BOREE ot oo
as clained in q&hénihiey a MAAERigSiGRPEWEERN RRDrdEhce with the Fridificdl@idliy netric

margi n by a second anount when the pre-determ ned nunber of outages did
not odcurmeilici agdt he pre-deternined interval; conprises: 4 deternining

whet her the estinmmted r I S ‘ 1.0 ; rate of
data: and 6 aeeRabEny B Fie Wb, Si etrhied SRSy BN doSs

pr e- det errt @Reed Hidxehuat alwae sradbmissidn powsr. during the pre-deterni ned
interval. 25. The nethod as clainmed in claim?20, further conprising: 2

| eavi ng the power margi n unchanged when a pre-determ ned nunber of outages

occurred duri th r ¥d j ) 77444 PCT/ US03/ 06954
32 26. The nethod Z)éﬂgﬁqgg&niﬁ cfgr’%g@ﬂ‘gﬂiﬁm\é%%é?gﬁﬁ)ﬂg@gd determning a 2

maxi m2m r at e aetel@tiningnatae sourbenafedata tehqadlity muetii€ ioéd lnkabverywiel data
conpri ses: 8e§erm’ ning a transm ssion power in accordance with the
modi fi ed 'HIRPPERANSINRYr  ¢; and selecting a data rate whose said deterni ned

transgi ssi on pRYGTyigySaid (g.lé] & a'ﬂ%?éﬂif%‘e@rﬁdﬁn h€afhd ansmi ssi on powver .
27. A nmethod for _e’?g;cti n a@; out agg’s,GI conpri si ng: g?éd]et ermning at a source
of data a qualdeclaring ancowthiga é¢vemt viheir paiesreqairad for transmission of a

6 reference signal exceeds power required for transmission of the reference

signal determined form the modified quality metric.

28. 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 at the maximum rate of data exceeds maximum allowable transmission power.

29. A method for estimating power required for transmission of a data,
2 comprising:

determining at a source of data a quality metric of a link over which data
4 is to be transmitted;

modifying said quality metric by a quality metric margin; and
6 determining power required for transmission of a data in accordance with

said modified quality metric and a rate of the data.

30. The method as claimed in claim 29, further comprising:



is to be transmtted; 4 nodifying said quality netric by a quality netric
mar gi n; and decl ari ng an out age event when power required for transm ssion
of a 6 rwDesenaets si gnal exceeds power required for trans®CTaiSonos4t he
reference signal determined formthe nodified quality nmetric. 28. A nethod
for detecting an outage, conprising: 33determning at a source of data a
quality netric of a link over which data is to be transmtted; 4 nodifying
sai d Bual ity rmrocéssing saidqualityt meinia by a predigian; determining a maxi numrate
of data in accordance with said nodified 6 quality netric. declaring an
out age event when power required for transm ssion of data 8 at the maxi num

rate of data exMqceedgdmetBHRg!AMRE!IA JaiANS0] WhERN @aweproceaﬁn Asdieet hod
for estimating power required for transm ssion of a data, 2 corrpr|5| ng:

det er 8 niquglitt metricdoy 8 predicipacamprigeal ity metric of a link over which data
4 is to be transmitted ng, sai y y nmetric by a quality netric
mar gi n; and 6%@8{'8%%%@33@%@%‘”88 Iﬂ@%’ ?h?}transm' ssion of a data in

accordance with said nodified quality nmetric and a rate of the data. 30.
The method as clainmed in claim?29, further conprising: WO 03/077444
PCT/ US03/ 0695482.33 Tznepm&lmﬁlﬁglayme@l iguRkaim $0nwherain sichpgacegsipgdiaid 31. The

nmet hog a@”?"ﬁ}r@% %&%Q’COME?{SFFn sai d processing said 2 quality

metriC€ b onprlses ering said quality nmetric by a linear

filter. 32. THiteringsaill quality aetec by a wdralinedTiltenher ei n sai d processing said
2 quality nmetric by a predictor conprises: filtering said quality nmetric by
a non-linear filter. 33. The nethod as clainmed in claim 32, wherein said

filtering sai®g  The method as claimed in claim 32, wherein said filtering said
2 quality metric by a non-linear filter comprises:
filtering said quality metric by a peak filter.

34.The method as claimed in claim 29, wherein said determining at a
2 source of data a quality metric of a link over which data is to be transmitted
comprises:
4 receiving at a source of data at least one signal; and
determining said quality metric in accordance with the received at least

6 one signal.

35. The method as claimed in claim 29, 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 first reference signal; and
determining said quality metric in accordance with the received at least

6 one first reference signal and the at lest one first reference signal.

36. The method as claimed in claim 29, 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 feedback signal; and



2 quality nmetric by a non-linear filter conprises: filtering said quality
metric by a peak filter. 34. The nethod as clained in claim?29, wherein

sai d det ewpiopiong4eat a 2 source of data a quality netric eCTashs/mespver
which data is to be transmtted conprises: 4 receiving at a source of data
at | east one signal; and determning 3id quality netric in accordance with
the received at least 6 one signal. 35. The nethod as clained in claim?29,
wherei n sai d detemihingribeajuadity etriniincacedrddaca vathoihel iecgivedtieedbatk a | i nk
over which data is to be transmtted conprises: 4 receiving at a source of
data @t B - one first reference signal; and determning said quality
metric in accordance with the received at |least 6 one first reference
signal and the at |est one first reference signal. 36. The nethod as

clai med in cl &m 2T hewmethuichas giaimed ire claimi 28) wherain said sigteraniingritan a

i ' f Li nk whi ch ' ' ' . 4
ecer &1 ngoutosso€uabra Sl Fholicid anilodole? ghfleR et AP o) GnafriiBH ' oo
PCT/ USO3/c8ffrfbes34 determining the quality metric in accordance with the

received feedback 6 signal. 37. The nethod as clainmed in claim?29, wherein
sai d det er mi nireeeivingat pseuoe obdatr aldeastonpusiongy netric of a Iink over

whi ch data isgégﬂgﬁgt&%g%@;r%ﬁgd%faoméo%%%kSg}%r{ag;;%;d/i ng at a source of data

at | east one a source a a feedback signal; and
6 detgrm ni ng degerthiaingl sdis qualityi meidt ircaocotennee witththehmoebeel aklbast | east
one signal and the received feedback si gr?al. 38. The nethod as clainmed in
cl ai m 29 ongredgralanging raeeivedfegahacksignalo source of data a quality netric

of a link over which data is to be transmtted

38. The method as claimed in claim 29, 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.

39. The method as claimed in claim 29, wherein said modifying the
2  quality metric by a quality metric margin comprises:
modifying the quality metric by a pre-determined quality metric margin.

40. The method as claimed in claim 29, wherein said modifying said
2  quality metric by a quality metric margin comprises:
declaring an outage event when power required for transmission of a
4  second reference signal exceeds power required for transmission of the second
reference signal determined form previously modified quality metric;
6 detecting occurrence of the outage event during a pre-determined
interval; and
8 modifying said quality metric in accordance with said detecting.



conprises: 4 receiving at a source of data a first reference signal;
receiving at a source of data a feedback signal; and 6 determ ning the

qual ity rwOrBo7i4mt accordance with the first reference si @goalusoymess ecei ved
first reference signal, and the received feedback signal. 39. The nethod as
claimed in claim?29, wherein said nodBfying the 2 quality netric by a
quality netric margin conprises: nodifying the quality nmetric by a

pr e- det er mi nediqualTheymettiod as raigied. in daim A0e wherbindsaid mbdifyied said cl ai m
29, wherein said modifying said, 2 .quality metric by a quality netric
mar gi % cS4plitydeetricda@c Qqc%@cgmlgw@afeé%%g ‘Wf%‘?\”?ﬁi\{\er required for

transm ssi on ; f i ingggg 2PNV hIpd- for
transm ssi on ﬁcrﬁ%ﬂgé{%ﬁr@gﬂ@%{t}g%rlg gn Itn ggeitc:\a:ﬁ%%ned fgrwnﬁ?g\_/l:?gusl y

nmodi f4 ed deteringd member; ofstheedetagengvards nccered ddringhéhe prergetesoninad duri ng
a pre-determned  interval; and 8 nodifying said quality netric in

accor dand¥elyaiandy g det ect i ng. WO 03/077444 PCT/ US03/ 06954 35 41. The

methog as cl aingdlivir s4iaiqliah) mefiRy ) SBaididhcteBBOd Gyinly rAeird margiual i ty
metric in accordance wth sai'd detecting conprises: increasing a current
quality netric margin by a first anount when a pre- 4 determ ned nunber of

t he outage events ' - gat ' | akerval ; and 6

nodi fyi ng sai ?équalc]i%‘t:e%%ﬁ}%rf%g %@ﬂg%ﬁ'ﬁ\ &%@?g’aﬁlsg}d{ﬁ(}é&%%m%ﬂgn@rl c margin. 42.
The nethod as debpdasity atuelent qudlity rhetrichearghobpra sécupid £mdact when tige a
current quality netric margin by a second anoynt when t

Y g hg .grz-det erm ned
nunber ofPrewietermingd nurabers ofithe itage erdR: it NAthecqr cdunng;dhe ffned
i nteryal ; ?Qﬂf Efyl jd quality netric by said decreased quality
met ri% rréjregl n_ﬂg@r{t%ﬂmﬁ Lod as claimed in claim?29, wherein said
nodi fyi ng sai dnodifyingsaityquatity metrin/bysajdaldcrgasest qualitymejrio meugior i ses:

43. The method as claimed in claim 29, 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 interval; and

modifying said quality metric in accordance with said detecting.

44. The method as claimed in claim 43, 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 quality metric by said increased quality metric margin.

45. The method as claimed in claim 44, further comprising:

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

modifying said quality metric by said decreased quality metric margin.



decl aring an outage event when power required for transm ssion of data 4
at the estimated rate of data exceeds nmaxi nrum al | owabl e transm ssi on power;
det ect i ngwomsirnence of the outage event during a pre-det @CEUSE06964
interval; and nodifying said quality netric in accordance with said
detecting. 44. The nethod as clainmed B& claim43, wherein said nodifying
said 2 quality metric in accordance with said detecting conprises:

i ncreasi @§. a dur rappargtusl ifoy esttmaiingraagirevdrge alink r s@ximoomtdataenaie, pre- 4
determ ned nunber of outages occurred during the pre-determ ned interval,;
and diCPIMEAi d qual ity netric by said increased quality metric margin.

45. The net ho‘i’nééné?’fé}id&é’rrﬂ\iﬁirr]f@'bﬁi shHiircd 8F AR a GRERYI HERIE ol HhRAVERY a

current quality nmetric narg y a second anount whén the pre-determ ned

nunbed ofwhich dgtssisdbderisanssitted; duri ng the pre-determined interval; and

nodi fying said qualjt tic by saikd decr QYA gin. WO
03/ 077444 PCT t?éé‘%‘gﬁ‘tyg@ %&%@dﬁﬁ&e@ig%ﬁ”@sﬁﬁﬁ%@'@ erse |ink
maxi ngm dat a fadsns fot CEMhinfiga masaim frate detigmnnnctdradnce withrsesd of data
a quality netric of a link over 4 which data is to be transmtted; neans

for nodi Modified qualiyuaeiicy metric by a quality netric margin; and 6 neans
for determning a maximumrate of data in accordance with said nodified
quality netric. 47. The apparatus as clainmed in claim46, further

conprisi ag. Aheeapparhtus a9 cleaipssd iroclam d6gfuathier comprising:by a predictor. 48.
The apparatus as cI?i med in, cl ai_g1 47. wherein said . neans for 2 processing
said Qual ity WReRN%Ig5Precessing $aigaualiymplIhY AwsediCiofy filtering said
quality netric by a linear filter. 49. The apparatus as clainmed in claim
47, wherein said neans for 2 processing said quality netric by a predictor
conpri sest8. The apparatus as claimed in claim 47, wherein said means for

2  processing said quality metric by a predictor comprises:
means for filtering said quality metric by a linear filter.

49. The apparatus as claimed in claim 47, wherein said means for
2 processing said quality metric by a predictor comprises:
means for filtering said quality metric by a non-linear filter.

50. The apparatus as claimed in claim 49, 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.

51. The apparatus as claimed in claim 46, wherein said means for
2 determining at a source of data a quality metric of a link over which data is to be
transmitted comprises:
4 means for receiving at a source of data at least one signal; and
means for determining said quality metric in accordance with the

6 received at least one signal.

52. The apparatus as claimed in claim 46, 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:



means for filtering said quality netric by a non-linear filter. 50. The
apparatus as clained in claim49, wherein said neans for filtering 2 said
qual ity rwOorBo713y4 a non-1linear filter conprises: neans foPCTiUSIRIRY sai d
quality nmetric by a peak filter. 51. The apparatus as clained in claim 46,
wherein said neans for 2 determning3&t a source of data a quality netric
of a link over which data is to be transmtted conprises: 4 neans for
recei vi ng at ameans far reCeivirigpatoa sbe@stofalada si tpaat pnadidstrrefenendensignal;
determ ni ngdsaid quality nmetric in accordance with the 6 received at | east
one signd®¥ 52 The apparatus as claimed in claim46, wherein said rreans

for @ determrﬂba saforadéfamﬁrﬁngf s&iat qualiguadthiy MRlddcbradincd MithK tRY
which data is e transmtte nprises: WO 03/ 077444 PCT/ US03/ 06954 37

4 means frecewedeawieagt aneaﬂrsbr.efeterm:e @lgnal and ltea st lesicone figst nefgrenedce
signal; and 6 means for determning said quality metric in accordance with
t he ﬁeceﬁm at least one first reference signal and the at |est one first
reference 8 signal. 53. The apparatus as clained in claim46, wherein said
2 means for determning at a source of data a quality netric of a link over
which ddi& is to be trandhet appRradifpEss slaimednish@iaim 6, cwberdimeaid a

et 11 € 1 aang 1 ARl B8 Rured OF GBREHo el R B 2 PR JeF buen '

appar at usdeta is t@ba®@nsmittddcomplisesher el n said neans for 2 determ ning at
a source of data a quality netric of a_link over whi ch ata Is to be

transfitted cd'ﬁﬁ?ﬂ%&r regewgmtngaurpg&;,d@;q]a fgedhacksignal 8id data at | east
one signal  NRABRS G d&BRRINTAG heAqudity AELAE iPholittiande WiidRaGkesivggal : and

6 ' feedback signal.

54, The apparatus as claimed in claim 46, 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.

55. The apparatus as claimed in claim 46, wherein said means for
2 determining at a source of data a quality metric of a link over which data is to be
transmitted comprises:
4 means for receiving at a source of data a first reference signal,
means for receiving at a source of data a feedback signal; and
6 means for determining the quality metric in accordance with the first
reference signal, the received first reference signal, and the received feedback

8 signal.

56. The apparatus as claimed in claim 46, wherein said means for modifying

2 the quality metric by a quality metric margin comprises:



6 means for determning said quality nmetric in accordance with the
received at | east one signal and the received feedback signal. 55. The
appar at uswasprai4red i n claim46, wherein said neans for PETASOIF0GYSNI ng at
a source of data a quality nmetric of a link over which data is to be
transmtted conprises: 4 means for re88i ving at a source of data a first
reference signal; nmeans for receiving at a source of data a feedback
signal ; and 6 nmemvssfof onodifyirg thenduadity et by iat grendetemoined quadity aeivie wi t h
the first reference signal, the received first reference signal, and the
recei ¥ed M@9Hback 8 signal. 56. The apparatus as clainmed in claim 46,
wherein said neans for nodifying 2 the quality netric by a quality netric
mar gi n conprises: WO 03/ 077444 PCT/ US03/ 06954 38 neans for nodifying the
quality matric by dher epparéusraseclaifued in Elaigx ABc whergiar said. means fae

apparatus_as.clainmed in claimd46, wherein gh% f .2 nmodi fying said
qual i fy ﬁ%‘?‘%fy(':n%%' R, W*%‘N ﬁcguﬁﬁ{yd}ﬂ'ﬁt@ @Egg&pﬁ@%ﬁs for declaring an
out age event WhedhsPoe! deedrhge@nt %utaﬁetéG@@ﬂﬁ\ﬁﬁémnﬁOWe& Fepuived rfef er ence
signal exceeds power required for transm ssion of the second reference

si gnaft ddtansmission f of ng peesenslisieferepcep BIoNRL EXFeLOBt POET T TRgUikashafer f or

detectin .eNc t a t (Y - t ;

"ot or val HARRAGENCBr dhe SeeRifl PATeRAER. o) Me@riiea, Tofif I
sai d 610 raedified goglity ¥Betrithe apparatus as clainmed in claim57, wherein said
means for nodifying, 2 said quality netric in accordanc i sai d

. Wi t h
det ecting conpPéanss forgatecting ocrurencs f the RUiagR RN 2Y N3 iRChar gi n

by a gir té’lWHHQ{J 'ntér\)é(ﬂea{hé)a pre-determ ned nunber of the outage events
occurred during I!1e pré- determned interval; and _
means for modifying said quality metric in accordance with said

10  detecting.

58. The apparatus as claimed in claim 57, 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.

59. The apparatus as claimed in claim 58, further comprising:
2 means for decreasing a current quality metric margin by a second
amount when the pre-determined number of the outage events did not occur
4  during the pre-determined interval; and
means for modifying said quality metric by said decreased quality metric

6 margin.

60. The apparatus as claimed in claim 46, wherein said means for

2  modifying said quality metric by a quality metric margin comprises:



6 means for nodifying said quality nmetric by said increased quality netric
margin. 59. The apparatus as clained in claimb58, further conprising: 2
means forwoasnersi ng a current quality metric margi n by aPs€gamsnsiocsssrount
when the pre-determ ned nunber of the outage events did not occur 4 during
the pre-deternmined interval; and nmearR for nodifying said quality netric by
sai d decreased quality netric 6 margin. 60. The apparatus as clainmed in

cl ai m 46, whenmmanssdod declating oan utagk feverd sdian cpewer yrequiredc foy a
quality petric margjn co i ses. WO,03/ 077444 PCT/ US03/ 06954 ans for
decl inHaQﬁmb?ﬁ%& a%t@rﬁ‘%ﬁeeﬁ‘%%@g r?@qﬁfi g q)g;ﬁegg e '@S@ﬁ f data
at the eﬁ’bhgﬁﬁé%?oﬁ pbReRf data exceeds maxi mum allowable transm ssion
power; 6 neans for detecting occurrence of the outage event during a pre-
det erBri ned i nmwansl foradetegtinganecureznago @f f fiengutaged eyent idufinge@r iPkei n

accor dange with%{iaitd |det§cti ng. 61. The apparatus as clainmed in claim60,
wher ei n S&igimMiRed,igryal; a9 ifying 2 said quality nmetric in accordance with

sai d glet ect i nméé?ﬁprfbﬁaﬁbdizgﬂegsﬁiqr duaqgearﬁétn'@ an caecsraaneriaithy sefef ri ¢
margin by a first anount en a pre-determ ned nunber of outages
occur r eddetecting. t he pre-determined interval; and 6 neans for nodifying
said quality netric by said increased quality netric margin. 62. The
apparatus as clainmed in claim6l, further conprising: 2 neans for

decreasi Bg. a Therapparatuglastolaiesd incclaim GOn winerein sado mbansnfon modillyig t he
pre-determ ned nunber of outages djd not occur duri ngethe 4 pre-determ ned

i nt er®al salgualbe MetiGIN 3rserdaNGRyWER SAIAARIPFYNG ARTPIBeSy sai d decr eased

qual ity metrigueans 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.

62. The apparatus as claimed in claim 61, 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 said quality metric by said decreased quality metric

6 margin.

63. The apparatus as claimed in claim 61, wherein said means for increasing

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

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

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

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



6 margin. 63. The apparatus as clainmed in claim®6l, wherein said neans for
increasing 2 a current quality nmetric margin by a first anmount when a

pr e- det erwDnad7mawrber of out ages occurred during the prePdEtusosaIsd

i nterval conprises: 4 nmeans for determ ning whether the estimated rate of
data has changed to a maxinum allowadde rate of data; 6 means for setting
a quality nmetric lower limt to the current value of the quality netric;
and 8 negas f dheiappeeaisisreg daimeglial claim 681 furtbebgomprisingt val ue when a pre-

det er pi ned nunber of out . d during. th - d ' ' B
VO 01 077444 PISANSatsY] Seatroingo ths 1owe Bptirhitls Sageterel v SPUf T s
further pégumdigs h@efea%eggﬁcmeﬁ RlargiRCEegrehttd thae theVererivni of this Fowsrcond

val ue if sal resul ti decreased power nargin is greater that the | ower
| i m t4 of merginpawdr 4 nmargin; and neans for setting the power margin equal

cl ai mod i ol SRS g ediauetREh sl B W Pt iyt BPURPRGNEH 07

netrig Mgy Shepwiggcond amount when the pre- determned number of outages
did not occlr during the pre-determined interval; 4 conprises: means for
determ ni ng whether the estimted rate of data has changed 6 to a m ninmum

al | owabl §ﬁr at j-lh?e agyﬁ%f%tlejgeggscal%gaem | 0gid 852l WhreiPtS4id s Iipm t to

the current v gual'itTy netrirc, and neans for decreasing the

qual i2y aetfdasitly axsesnriiaiy metridhamrginpbea sébohet @mounewhanrtberpref
out ages occurred during t eFe{)re-ng termned, interval. (?% The a par tus as
cl ai med Optermined sambeyof REEEGSSHIF NGt FGCURAYRNG, e pe- EF’B'Q?P‘HB ' power
margipn b st value if said resulting increased power margin is |ess
t hat Jtilhez('f)@\k;erfrsg?i mt of the power margin; and

means for determining whether the estimated rate of data has changed

6 to a minimum allowable rate of data;

means for setting a quality metric upper limit to the current value of the
8 quality metric; and

means for decreasing the quality metric by a second value when a pre-

10  determined number of outages occurred during the pre-determined interval.

66. The apparatus as claimed in claim 65, further comprising:

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

4 means for seiting the power margin equal to the lower limit of the power

margin otherwise.

67. The apparatus as claimed in claim 61, wherein said means for increasing

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

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

6 means for increasing the quality metric by a first value when a pre-

determined number of outages occurred during the pre-determined interval.

68. The apparatus as claimed in claim 67, further comprising:



4 nmeans for setting the power margin equal to the lower Iimt of the power
margin otherwi se. 67. The apparatus as clainmed in claim®6l, wherein said
means forwDrgiersing 2 a current quality netric margi n bpca/tfSos/etsanount
when a pre-determ ned nunber of outages occurred during the pre-determ ned
interval conprises: 4 neans for deterdiini ng whether the estinmated rate of
data is equal to a nmaxinmumallowable rate of data; and 6 neans for

i ncreasi ng t hemaras ifdy lea®ing thebyowel magginviahaingbeniser beprecsterminegd
nunber of outages occurred during the pre-determned interval. 68. The

appar at ushumsber af eriages did aeteeEHr du(ing Hee PrApiarsingfl injgvel/ 077444

PCT/ US03/ 06954 41 2 neans for |eaving the power margi n unchanged when a
pre-determ ned nunber of outages did not occur during the pre-determ ned
interval .6®9. The appaatdisisasisclaingedreid ichaitl &1 Gherainersaich veads nfans f or

2 decreasing a current quality netric margin by a second anount when the
pre- det HOATARIING AHEUIEBE %@'ﬂ’féd@%tﬂei'ﬂa‘?%@ %b!c% gece i%'?@o%ﬂié"’q??rfbﬂ‘tf‘eptﬁ'm ned

i nterval ; rd : ; ]l _ i .rate of
data i o SletBrRRRAERor SFARAOLPLICRMRSCE UGS PRS- dehiniicd LR

decr edlsi ngprhpdsegial ity nmetric by a second val ue when a pre- 8 detern ned

b f out di_d j th - det ' i, nt . 70.
e Spoer ot ve edaf 45 ARlr AN HHbEP i BB iliste B D bl o
| eavi iy tlAMiRAWEEICRASIE Tate\6hdataeanghen a pre-determ ned nunber of outages

occurred during the pre-determned interval. 71. The apparatus as cl ai ned
in claim46, vwnerssiosdecreasingstheoquality oatde fyra sgcandwrlueuwheataepts dat a

ot or 1 i e Piett il B0 ies SiehorobonERHES Wi FREHEE o TRl 1 ¢y
metric; and 6 neans for selecting a data rate whose said determ ned

transm ssi on i ) ) .
70. The apparatus as claimed in claim 69, further comprising:

2 means for leaving the power margin unchanged when a pre-determined

number of outages occurred during the pre-determined interval.

71. The apparatus as claimed in claim 46, wherein said means for

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

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

6 means for selecting a data rate whose said determined transmission

power does not exceed maximum allowable transmission power.

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

73.  An apparatus for detecting an outage, comprising:



power does not exceed maxi mum al | owabl e transm ssion power. 72. An
apparatus for detecting an outage, conprising: 2 neans for determning at a
sour ce ofwoasa7a4qual ity netric of a |link over which dat ®Crasnaodoss
transmtted; 4 neans for nodifying said quality netric by a quality netric
margi n; and neans for declaring an odRage event when power required for 6

transm ssion of a reference. si gnal exceed wer reguired fpor transm ssion
of thé& refererlf828% aqj&@g{‘@'mqﬁgﬁ SOLYGR Pﬁgg%oai%aﬁﬂ’ mﬁmqp afpKQver 73
An appar %@Shf&qa eloasd trafsiteRpt age, conprising: WO 03/ 077444

/0

PCT/ US03 o4 42 2 neans for determning at a source of data a quality
metri & of a | imeaos&or metifdng daidqualdity mebic by arudlityt e@iricimaegins f or

nodi fying said quality netric by a gualit I in. -

et er i ning- o MERRIR PapEning Betiubabicieh taf T Redian M1 .

qual i gy rabgified fismefic. decl ari ng an outage event when power required for
8 transm ssion of data at the maxinumrate of data exceeds maxi num

al | onabl e tradneanssfan deslaing 7an ouwiegppAventiswhen dawarateagrasbvier

requi red L aANSM SSi i SiLng. i ni ng
o SourcalsgySERRB Rl B fbs TR rte T tRin 0Ea HRINLA JAFIAT 115,
t ransm t tieghsniesiod gowertrodi fyi ng said quality netric by a quality netric

mar,gi n; and 6 nmeans for determ ning power required for transm ssion of a
data in accordance with said nodified quality netric and a rate of the

data. 75.44The ] i i f : Ji S Ria. 2
nmeans for74piroc'§€gcﬁ{ RS‘@E‘F?%%W@H%V%@@“ zégrfégit%?%hlgggw #h%e g&’)ar at us
as cl @ nmezbmprisihgi m 75, wherein said neans for 2 processing said quality

metric by a prediclor SO Ses at TIRed 8F ohid bty Rtk P2 oVt i ¢ by
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.

75. The apparatus as claimed in claim 74, further comprising:
2 means for processing said quality metric by a predictor.

76. The apparatus as claimed in claim 75, wherein said means for
2 processing said quality metric by a predictor comprises:
means for filtering said quality metric by a linear filter.

77. The apparatus as claimed in claim 75, wherein said means for
2 processing said quality metric by a predictor comprises:
means for filtering said quality metric by a non-linear filter.

78. The apparatus as claimed in claim 77, 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.



77. The apparatus as clained in claim?75, wherein said neans for 2
processing said quality nmetric by a predictor conprises: neans for

filteringwoaBa7yuwal ity netric by a non-linear filter.

claimed in claim77, wherein said neans for filtering 2 said quality
metric by a non-linear filter conprisd8: neans for filtering said quality

nmetric by a peak filter.
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received at |east on
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neans gf orredgi/e6 Ht e ohdisigial ity netric in accordance with the received
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signal. 81. The apparatus as clainmed in claim74, wherein said neans for

det er m ni
is to be
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82. The apparatus as

ce of

cl ai med itrRNaMItad 2RMRKSESei n sai d neans for 2 determining at a sour
ggﬁrgr ?lsggal |t YmBBAS §6r rREeRird &a S¥Gce Whidela aficast 8né Firdtaefdrerds SighhRd
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.
81. The apparaius as claimed in claim 74, 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.
82. The apparatus as claimed in claim 74, 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.

8

2



4 means for receiving at a source of data at |east one signal; neans for
receiving at a source of data a feedback signal; and 6 neans for

determ niwg os@ard4qual ity netric in accordance with the r@ceivseslo@ss | east
one signal and the received feedback signal. W 03/077444 PCT/ US03/ 06954
44 83. The apparatus as clained in cld4dm 74, wherein said neans for 2
determning at_a source of data.a quality.nmetric pf a |ink over i ch data
is to be8 rahg"ﬁ tqwrﬁt&ﬁpﬁiss&'m@%né%nglérﬁrgﬁec\@ﬁgf% 3810, ANTLObtf dat a
a first ro%ftéﬁfﬁﬁi?@ ai'dage@&rbe B alcRialifyaRgind Gith Mk BvEaOWhRA defta i@

f eedback signal; “and 6 means for determning the quality netric in

accor dandensittitbed bemipirises: reference signal, the received first reference
signal, and the recgived .feedhack 8 signal. .84%. The a ratus as cl ai ned
Tn ol & m 74, JPRAE I ISFRMRGAE SRR 4TS e GRENE, et ric by a
quality metri Qn@&ﬁ@fd?_ré@lﬂhg%ﬁsasdma@af fata ARsEdbacRGidrivg; vl ity nmetric by
a pre-determned quality nefric 4 margin. 85. The apparatus as clainmed in
cl ai mB74, wheme¢ans 0 determiningr thepgualily myetriz iniageqaanceywitbtthecfitsy a

pover 1 eauieretpd Bofel (B TREPER RN G s M i ockilAfReBKERK 10"

power gr egidrisdd for transm ssion of the second reference signal determ ned
formpreviously 6 nodified quality metric; means for detecting occurrence
of the outage event during a pre- 8 determ ned interval; and neans for

di fi \ : L ) \ : ‘ e 86.
The apparitus 1B apeELiFas bikBa T ERRE I SAtnodts RTAENIIS g
sai d gualthé yualitymetricrbyaa qaalitymetrisindrgiacoimpases:t i ng conpri ses: neans for

'nereasing a %‘éér?sn}orcmgclli*ytl% EWet alljaclityrmrlr{eq}icr:] bl))/ya Srg-aétsetrm?nr{eocfj (%ality metric

4  margin.

85. The apparatus as claimed in claim 74, 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.

86. The apparatus as claimed in claim 85, 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.

87. The apparatus as claimed in claim 86, further comprising:



4 when a pre-determ ned nunber of the outage events occurred during the
pre- determined interval; and 6 neans for nodifying said quality netric by
said i ncrewesgd’gual ity netric margin. 87. The apparatus 2€TAlSay/o®e4 i n
claim 86, further conprising: WO 03/077444 PCT/ US03/ 06954 45 2 means for
decreasing a current quality nmetric ndbgin by a second anount when the
pre-determ ned nunber of the outage events did not occur 4 during the

pr e- det er mi nedneams rfonl decasalsing aa scufreent ngdility | mgtricaimargiral byt a second by
sai d decrease al i metric 6 rgin. 83, The apparatus.as clainmed in
clai m 74,3%%'%@5} e@éf‘% %ﬁﬁe%ﬁnem%r@ﬁ@ QHF%QDGEG&??‘FP'%Oﬁi%C%‘& a
qual i 1y rmﬁrnggh??r@d@tméaﬁﬂéwaw for declaring an outage event when
power requlr r 4 transm ssion of data at the estinated rate of data
exceeds maxi mmeans wabbdifying sadhiealitymeisady, sad desneagast qurlite metrig
occur%ence of the outage event during a pre- determned interval; and 8
nmeans formﬂ@éﬂ'fyi ng said quality nmetric in accordance with said detecting.
89. The apparatus as clained in claim88, wherein said nmeans for nodifying

2 said quality netric in accordance with said detecting conprises: means
for incre¥si ngihe apparaids aaglaimgdiaciain fhrwherey saidimeans ferduadifyiadwhen a

ot er gl S oty Htoy, # HhaRF Inelfe thargih CoMhpiteecat e Ly sal d 1§ mer eased
quality netriqneams ofor. deelarifige sppautaes event! wherd power! agouiR@l four t her
cecond . drRSAISSIABPIIRa B 10l EBLTAHSTL PP A GHORRAS TRl BISNERNELr
during thgynsmission 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.

89. The apparatus as claimed in claim 88, 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.

90. The apparatus as claimed in claim 89, 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 said quality metric by said decreased quality metric

6 margin.

91. An apparatus for estimating a reverse link maximum data rate,

2 comprising:



4 pre-determned interval; and neans for nodifying said quality netric by
sai d decreased quality netric 6 margin. 91. An apparatus for estimating a
reverse |wplodpexisrum data rate, 2 conprising: WO 03/ 07742¢TRS03/WS888/ 06954
46 an estimator configured to determ ne at a source of data a quality
metric 4 of a link over which data is4d0 be transmitted; a conbiner

comuni catively coupled to said estipmator configured.to, 6 nodif he
qual ity et caB el st i€ UelEie SER SN Bt tBia f gUBygeld
communy cabf ¥ §hX oGeLWhRH dtasdtdibé wahkAftegonfigured 8 to determne a
maxi mumrate of data in accordance with the nodified quality netric. 92.

The appar at us asc@nhinesdcammeinigatively, coiledi 1o saidd estimatern eeniiguigdiides 2 a

predictor, 93 T J i i i. , Wherein said predictor
conpri esmogl‘?fxtrll:?ﬁg%ﬁ?ﬁfn?ﬁ@ﬁay@g%%iﬁ%&bﬁp%{gﬂgrge@zc| aimed in claim92,
wherein said psefbedsying BloekicdBsmuBicative cbupledrtofdadid ebmbiier cbhfiga@eiar at us
as clainmed in claim94, wherein said non-linear filter 2 conprises a peak
filter8 oB delgsmifsarmeyinyy @iqjok«taia in acapidance wite the inadified swalifyat or
conpri Sesme%ri@n open | oop estimator. 97. The apparatus as clainmed in claim
91, wherein sdid estimator conprises 2 a closed |oop estimator. 98. The
apparatus as clained in claim9l, wherein said estimtor conprises: 2 an
open | oop_estipator; a close . est| or; and 4

| oo t .a cqnbi ner .
communi caPPvel he SpPRERIUE RSSHRINYHENCIRLR 1e¥‘fh%‘ﬂo?a'§ﬁ§t'@at‘?f§@r‘i“mbﬁ?ﬁ
esti meg or g predictor.

93. The apparatus as claimed in claim 92, wherein said predictor comprises

2 alinear filter.

94. The apparatus as claimed in claim 92, wherein said predictor comprises

2 anon-linear filter.

95. The apparatus as claimed in claim 94, wherein said non-linear filter

2 comprises a peak filter.

96. The apparatus as claimed in claim 91, wherein said estimator comprises

2 an open loop estimator.

97. The apparatus as claimed in claim 91, wherein said estimator comprises

2 aclosed loop estimator.

98. The apparatus as claimed in claim 91, wherein said estimator comprises:
2 an open loop estimator;
a closed loop estimator; and
4 a combiner communicatively coupled to said open loop estimator and a
open loop estimator.

99. The apparatus as claimed in claim 91, further comprising an outage
2  event detector communicatively coupled to said combiner.



99. The apparatus as clained in claim91, further conprising an outage 2
event detector communicatively coupled to said conbiner. WO 03/077444

PCT/ US03/W69347744¥ 100. A apparatus for estinmating power PEFUSOEIEOr
transm ssion of a data, 2 conprising: an estimtor configured to determ ne
at a source of data a quality netric 47 of a |link over which data is to be
transmtted; a conbiner conmunicatively coupled to said estimator
configured to 6 nodify the quality netric by a quality netric margin; and

' bl,ock icativel |l ed t id,conbi. fi d 8
Fo ot or i & pBuaPPA Rl RuceiEiie, haR: SPol el Tof aERENISS o e Rt wi tn
said owdiémedsiaal ity nmetric and a rate of the data. 101. The apparatus as
inphsig

claimed in claim100, wherein said estimator 2 conprises a predictor. 102.
The apparatus @88 estigiaieceniigiired ie determinecabarsosucel opdlata aqualiyongtricses 2

a linear fjlt.er. . Lclained in claim 101, wherein said
pr edi c{iorBt:%ﬁ‘}ﬁ%%ég‘%h?ﬁg&%%ﬁgﬁﬁégrfansﬁ]lnfe . 104. The apparatus as clai ned
in claim103, whesmbihesadsmmRnidatinglRr couplé@rto daroeBlimats: BoiRilfed itot er .
105. The apparatus as clained in claim2100, wherein said estimator 2

conpr i%es M@ty e auality restrichyt »pualitgenetiig snargppiesdus as clainmed in claim
100, wh i i } I I . 7. Th
appar atus as of SroseiiFbfck conifREaREY BoGbR] saff Eofipine RoBiueddl.. "o

open |&opteedeiemaing powér AR UIredsids traGSMissia 668dhta4B acéoriamcossith saidp

estimat or é’no%ﬂ‘%d quality metric and a rate of the data.

101. The apparatus as claimed in claim 100, wherein said estimator
2 comprises a predictor.

102. The apparatus as claimed in claim 101, wherein said predictor comprises
2 alinear filter.

103. The apparatus as claimed in claim 101, wherein said predictor comprises
2 anon-linear filter.

104. The apparatus as claimed in claim 103, wherein said non-linear filter
2 comprises a peak filter.

105. The apparatus as claimed in claim 100, wherein said estimator
2 comprises an open loop estimator.

106. The apparatus as claimed in claim 100, wherein said estimator

2 comprises a closed loop estimator.

107. The apparatus as claimed in claim 100, wherein said estimator
2 comprises:
an open loop estimator;



a conbi ner communicatively coupled to said open |loop estimator and a 6
open |l oop estimator. 108. The apparatus as clained in claim100, further
conpri si yoan/oouage 2 event detector comruni catively corplrasoyaessai d
conbi ner. 18

4 a closed loop estimator; and
a combiner communicatively coupled to said open loop estimator and a
6 open loop estimator.

108. The apparatus as claimed in claim 100, further comprising an outage
2 event detector communicatively coupled to said combiner.



