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BACKGROUND

| Field

The present invention relates generally to communication, and more specifically

to use of information from multlple sectors for power control in a wireless terminal.

II.  Background

[0002] A wireless multiple-access communication system can simultaneously support
communication for multiple wireless terminals. Each terminal communicates with one
or more sectors via transmissions on the forward and reverse links. The forward link (or
downlink) refers to the communication link from the sectors to the terminals, and the
reverse link (or uplink) refers to the communication link from the terminals to the
sectors.

[0003] Multiple terminals may simultaneously transmit on the reverse link by
multiplexing their transmissions to be orthogonal to one another. The multiplexing
attempts to achieve orthogonality among the multiple reverse link transmissions in time,
frequency, and/or code domain. Complete orthogonality, if achieved, results in the
transmission from each terminal not interfering with the transmissions from other
terminals at a receiving sector. However, complete orthogonality among the

transmissions from different terminals is often not realized due to channel conditions,



recei ver inperfections, and so on, The loss in orthogonality results in
each term nal causing sone anounts of interference to other termnals
comuni cating with the sane sector, Furthernore, the transm ssions from
t er m nal swopwoaews@t i ng with different sectors are typeeakiogs oot

ort hogonal to one another. Thus, each tgrm’ nal may al so cause
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per f or mancereediv&agtperfb@ion,ald doSort h - | fenence. from
all other term nalﬁgy in the systerﬁ (P{kog%%ég‘ﬁg?%x?ﬁs@?ﬁge%%regChaeﬁ’élé’ﬁ] in
the art forCaugagsPHEERoNYSs of titeyirence he oder eonmalsfcomminémafieg eithehs eanichat

i mproved pey, TR Leved. SUMVARY [ 0005] Techni ques, for
control ling e%@%g?%ﬁ?e povfe’?‘ﬁ? %%H%Iﬁ\égé?nas ??%W%lg SROFGHALne thﬁéﬁg?gm
term nal i nseatorseare eypidaly mot ortfeigendded bne'dndthes - TRG! odch téridifdl nefyeieaaadd
"inter- sect i ntfrfer.eage are described herein. The transmt power is

adj usted s Lf@ﬁerr’;eﬁgfe OETARE GHPMYRICRtRE With, Beartsy seciorer Fleer Resosmense of ez nal
My cause t@miinalgethéh AegraditlyQhe AbdfetddSe BRI th ek 8S mSEE %8{68’10 th

interference the termnal may cause to "neighbor” sectors ar

mai nt ai ned MPYHiTherc sscibersfore o raed|is . the Rriefor deohmiqies tpuotitigatr thedeffectsi dfed

bel ow. ) ThegiaaRYM i - pnterference the termnal nmay cause
may be roughley est?dr?{%%elgqtp%seggg%n ?&%'ﬁ%?’e&t%:ﬁglve ‘nterference observed by
each nei ghbor sector, (2) channel gains for the serving and nei ghbor
sectors, (3) the current transmt r level wused by the termnal, and
(4) possibly other paraneters. Eac%mellﬁzay broadcast a report (e.g.,

a val ue) i ngdieat of  t ] rference pbhserved by that sector. The
channel g airtﬁ‘)% rTe}efgnclﬁﬁeg ec? oéromrrrgf)l/m% gt E"‘@é‘ﬁ’.ﬁ nat &d %’ésae §28n KQXSBF?S&U ?’@E’e Aved
from the seiraess terfitinaltin answnter powearign®pothe ing)-beted ibrfdeicofabimhibst i C
manner, a dsgéterr,,mnn}éfstl [ ma%er_ gr SO ot her manner based on conbi ni ng
the int er f erénc e FEEEPES 2F forrdked prsimr traggrait power tsradipsted fyehether asmi t

pover adj usinent of ih2R0&}orlifteHeRAR¢eARhe tekffal Ma ealist tcpﬁ’“é:'eﬁrvigg%egﬁr gl?c{:t(ﬁj“g ased
if high interference is observed by neighbor sectors and’increased if |ow

i nt er f er encd@9UE ghEdsTasefor Tietarpngpdhe termmak may rayseatos teighband] sestbasdarby  a
| ar ger anmoupty f L f termnal .is. | te
closer to a ne?lgl %b%?edgg{ctﬁgrarcggser v!e)réleélls'hi(g%g fegnjggrn% g‘rlcgtqﬁcaée g??ﬁ?%?do%g?wg he
current triasameunsovleimtéreeebr iigerliireiver the Tleeminalansiyi taug®iRdy HBYrobghly
adjusted b Ller, anpunt and/qr |ess frequently if (1) the term nal
i s |ocat ed%éﬁg%% b, 9k (De eitﬂtﬁpgg‘?}f%‘?n_ceé?l?a?r ?deg?)ea%ét%l} MeHELOfr @hsmi t
power | evelchamiel gakgy for THesservitg rdREEhBOr dediodd, f(ﬂrtﬁ(:%lgnenl@ A& gé(yﬁ{r]@vel

termnal is rmi)ntained wi thin an acceptable |eve imtin e received
used by the terminal, and (4) possibly other parameters. Each sector may broadcast a

report (e.g., a value) indicative of the total interference observed by that sector. The
channel gain for each sector may be estimated based on a pilot received from the sector.
The transmit power may be adjusted in a probabilistic manner, a deterministic manner,
or some other manner based on combining the interference reports from a number of
sectors for a single transmit power adjustment.

[0006] In general, the transmit power may be decreased if high interference is observed
by neighbor sectors and increased if low interference is observed. The transmit power
may also be adjusted by a larger amount and/or more frequently if (1) the terminal is
located closer to a neighbor sector observing high interference and/or (2) the current
transmit power level is higher. The transmit power may be adjusted by a smaller
amount and/or less frequently if (1) the terminal is located closer to the serving sector
and/or (2) the current transmit power level is lower. The intra-sector interference
caused by the terminal is maintained within an acceptable level by limiting the received

signal quality (SNR) for the data transmission to be within a range of allowable SNRs.



signal quality (SNR) for the data transm ssion to be within a range of

al l owabl e SNRs. WD 2006/ 099546 PCT/ US2006/ 009549 3 [0007] Various aspects
and enbodi ments of the invention are described in further detail bel ow.
BRI EF DESGH f6dd/69bs46F THE DRAW NGS [ 0008] The features pagugabsiéesof the
present invention will becone nore apparent fromthe detail ed description
set forth bel ow when taken in conjunction with the drawings in which |ike

reference ClgOACy&ichs hdRblsiaby eﬁxg&iiiﬁ%gﬁg AP 19 Ventil %%Qdilfbte&mndfugtggr? Jé’ L

[0009] FIG 1 shows a wireless nu e-access ‘comuni cati on

[0010] FI G bglowhows frequency hopping on a time-frequency plane; [0011]
FIG 3 shows a nethod of adjusting transmt power by conbi ni ng
interference indications fromnultiple sectors; [0012] FIG 4A shows a

process for adjusting trBREFDRESQRIPTION OFIDBRAWEIGS manner; [0013]
usting transmt power in a determnistic

FIG 4B sho rocess for, adj ] powe
manner; [ OWﬁé ﬁ]edceatgreg%\%naé B RAEhE PEseH R venssn anilshacome mord #pparetiannel ;

[ 0015] FI G fr6mStheWstafled QeEeriptioR t P kotESBBY $Hb ket lgown'&}cﬁ lg%ﬂﬁ]etﬁe and
[0016] FIG _7 shows a termnal, a serving sector, and a neil ghbor "sector.

DETAI LED DEBewingy frowhicholily referencgoshdraciexeiviohtifyycoriespondinglyhéraighodtcandean
"serving asy eigg(arrpl e, instance, or illustration"” Any enbodi nent or

desi gn described herein as "exenplary" is not necessarily to be construed
as pref err elf00] F0v hshiegeowuisclasenultiplbatcesiashifedt®n@ysterdesi gns. [ 0018]

FIG 1 sho i.reless | tipl e-access comuni cati gn system 100. System
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[0015] FIG. 6 shows a power control mechanism for a control channel; and

[0016] FIG. 7 shows a terminal, a serving sector, and a neighbor sector.

DETAILED DESCRIPTION

[0017] The word “exemplary” is used herein to mean “serving as an example, instance,
or illustration.” Any embodiment or design described herein as “exemplary” is not
necessarily to be construed as preferred or advantageous over other embodiments or
designs.

[0018] FIG. 1 shows a wireless multiple-access communication system 100. System
100 includes a number of base stations 110 that support communication for a number of
wireless terminals 120. Terminals 120 are typically dispersed throughout the system,
and each terminal may be fixed or mobile. A terminal may also be referred to as a
mobile station, a user equipment (UE), a wireless communication device, or some other
terminology. A base station is a fixed station used for communicating with the
terminals and may also be referred to as an access point, a Node B, or some other
terminology. A system controller 130 couples to base stations 110, provides
coordination and control for these base stations, and further controls the routing of data

for the terminals served by these base stations.



coordi nation and control for these base stations, and further controls the
routing of data for the termnals served by these base stations. WO

2006/ 099546 PCT/ US2006/ 009549 4 [0019] Each base station 110 provides
comuni canioogwysage for a respective geographic areper/t®idosdoase
station and/or its coverage area may be,referred to as a "cell",

dependi ng on the context in which the térm is used. To increase capacity,
the cover 3Dg191m83h Hase AdtoRASR) HAdRNedMUuRERA" blekRBOf:! 4O P! @
(e.g., three) sectors 104. Each’sector Is served by a base transcelver
subsyst em (85PgRphitiaecat Ki2m A daga Hation aywlfprritsfaovernge areBT@lyabedfefﬁrredtte asaver age
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descriptio erm ".base ion" is used gener 'y for both a fixed
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, for different terminals are orthogonalized by transmitting in different time intervals. An

FDMA system uses frequency division multiplexing (FDM), and transmissions for
different terminals are orthogonalized by transmitting in different frequency sub-
carriers. TDMA and FDMA systems may also use code division multiplexing (CDM).
In this case, transmissions for multiple terminals may be orthogonalized using different
orthogonal (e.g., Walsh) codes even though they are sent in the same time interval or
frequency sub-carrier. An OFDMA system utilizes orthogonal frequency division
multiplexing (OFDM), which effectively partitions the overall systemn bandwidth into a
number of (N) orthogonal frequency sub-carriers. These sub-carriers are also referred to
as tones, bins, frequency channels, and so on. Each sub-carrier may be modulated with
data. An OFDMA system may use any combination of time, frequency, and/or code
division multiplexing. For clarity, the power control techniques are described below for
an OFDMA system.

[0021] FIG. 2 illustrates frequency hopping (FH) on a time-frequency plane 200 for an
OFDMA system. With frequency hopping, each traffic channel is associated with a



as tones, bins, frequency channels, and so on. Each sub-carrier may be
nodul ated with data. An OFDVA system nmay use any conbi nation of tine,
frequency, and/or code division rmultiplexing. For clarity, the power
control twomoeapeesisare described bel ow for an OFDVA spst/esoodd@esad] FIG 2
illustrates frequency hopping (FA) on a.tine-frequency plane 200 for an
OFDMA system Wth frequency hoppi ng, %ch traffic channel is associated

with a WO %ﬁ&@ﬁ@%&@uéaﬂ/tﬂal m@@ésoﬁ?%%&wuﬁr I érf‘lb&s)':tU u%@ {hﬁﬁtrgﬁlgt
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use the sane su car in an Ime in Sequ each
sector are mmrpsr@mtne rmﬂdmehmPﬂ{lsdqasmsforteﬁcH $eetoF biesaspussea@srahasmnear by
sectors. Int. rfere %tﬁé\een two traffic cha neI in two sectors _occurs

whenever the etgli’/ﬁ? ST FY Ngady sReiosa fptedEisnce: byteen g traliie same

time inter \baannetdqmwersectbﬂe)cbm SieheVet Hlesé M@frﬁﬁfc%ﬁﬁd§u§eqnggﬂ1@% due
to the pseudo-random nature of the PH sequences used for different
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conserve systemresources, contro anong mul tiple
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The data cha nel s thus have several %/ characteristics that are pertinent
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Second, |nter-§agl nol nt e?féren%lg??al'ge ﬁgrggtrﬁg&le q%e{;:bgul%e ne 8% ﬁ}éqiué ogr;rg use
di fferent Fhﬂ@éh@@dﬁl@gs aﬁmecamunper&rctwmttmthced>ﬂtroil nhanéler ence caused by a
given term el ne t he tra evel used, by that
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sectors. [ QoRé] cdﬁmol t higst diatra-celh iditdrénce POWRY d£0 BHanAt]s BMiR@aechae Bed such
that each termnal is allowed to transm t at a power level that is as
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Wi thin acceplddRiRdIRYAKS nedby Sciirfdbe HiBCALLHHGERMEes! OTh Snount of inter-

cell interference caused by a given terminal is determined by (1) the transmit power
level used by that terminal and (2) the location of the terminal relative to the neighbor
sectors.

[0024] For the data channels, power control may be performed such that each terminal
is allowed to transmit at a power level that is as high as possible while keeping intra-cell
and inter-cell interference to within acceptable levels. A terminal located closer to its
serving sector may be allowed to transmit at a higher power level since this terminal
will likely cause less interference to neighbor sectors. Conversely, a terminal located
farther away from its serving sector and toward a sector edge may be allowed to
transmit at a lower power level since this terminal may cause more interference to
neighbor sectors. Controlling transmit power in this manner can potentially reduce the
total interference observed by each sector while allowing “qualified” terminals to
achieve higher SNRs and thus higher data rates.

[0025] Power control for the data channels may be performed in various manners to

attain the goals noted above. For clarity, a specific embodiment of power control is



serving sector may be allowed to transmt at a higher power |evel since
this terminal wll likely cause less interference to nei ghbor sectors.
Conversely, a termnal located farther away fromits serving sector and
toward a wechoosedlge nay be allowed to transmt at a powes2pnedsel evel
since this term nal nmay cause nore integrference to neighbor sectors.
Controlling transmt power in this manner can potentially reduce the

total interdesiiRgbeRRE YL hid ¥mBadiheRe i | MWty k. f4 %
termnals to achieve higher SNRs %ﬁg’gaﬁéaeﬁgg*g?@ééa@gmap%%%% %}Oﬂfg Power
control forgividemng redyherrEpesspdyisthe perforned in various manners to

attain the goal s;noted,apqve., For clarity, a specific enbodi ment of power

control is [0@2@8%6?’893%9&@856?/(@2006/ 009549 6 descri b&qg (el ow. For this

enbodi nent, the transfm' power for a data channel for a given term nal
(@

may be expr[682&dvirse G} tHeanhgrhit pewerabe i} dARCAINNEDfot dpdabdiB2Alal wher e
Pdch (n) is the tr&gsn‘it power for the data channel for update interval n;

[0028] Pre,[0628] s\ is eteFeenesoneriecl BYGldalQeHRAR A4l Nterval n; and
[0029] AP(n) is a transmt power delta for update interval n. [0030] The

pover | evel[80BJcM (*hs smnshsPad et Jlelfarter igMatetin@AaMmt power delta AP(n) are
given in units of decibels (CFB). [ 0031] The reference power |evel is the

amount of t[pEBI8 MLk RAWElevBREBRI g ABRI(BY t ' quaGty for a
desi gnat ed [t_msrriggi on (e.g., on%éﬁcontrg?@%hﬁatﬂaﬁgﬁt.p%giggﬁgfa qgual %&Fy
(denot ed a<I'GRRY upisofisiecibelaBX i ed by a signal -to-noise ratio, a

si gnal -t o- gy i.nte .ratio nd.so on. The reference power
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achi eve a dagétrsighal gquality 6dr péesignatedneesdission (e, 6188 icofiadlhatdeBN SRS ON,
as descri be lbt6|(§w' [ f gﬁ% r ef q{eence_ Fg\%er I eviel can achieve the target
SNR, then tHELY (G0 4s SRR oy Reriwaniifted by isignal-tonRgjseyatie s signat-gnoisgs -
[0032] SNRaad-iterfersncoNR A RBEto SPIID refefbnt2 ol QA3R alﬁﬂﬂhéftdrga IR m@y BYES

that the data channel and the control channel have simla interference

statistics.2dpsed bys pover canEol mepharisa iplaghieyef a derired demet of perfimdadeafor

channel s fr oG Haf8r €0k SE/LOT o rfer i.th-.one another. . The

Cef er ence povylersqj% él veel é}n{gy s%fbtn, as dg&%b&f"bglotv. T We' 208 power qevel can
achieve the target SNR, then the received SNR for the data channel may be estimated

as:

SNR 4, (7) =SNR

target

[0032] +AP(n) Eq (2)

[0033] Equation (2) assumes that the data channel and the control channel have similar
interference statistics. This is the case, for example, if the control and data channels
from different sectors may interfere with one another. The reference power level may
be determined as described below.

[0034] The transmit power for the data channel may be set based on various factors
such as (1) the amount of inter-sector interference the terminal may be causing to other
terminals in neighbor sectors, (2) the amount of intra-sector interference the terminal
may be causing to other terminals in the same sector, (3) the maximum power level
allowed for the terminal, and (4) possibly other factors. Each of these factors is
described below.

[0035] The amount of inter-sector interference each terminal may cause may be
determined in various manners. For example, the amount of inter-sector interference
caused by each terminal may be directly estimated by each neighbor sector and sent to
the terminal, which may then adjust its transmit power accordingly based upon the

combination of the inter-sector interference estimates transmitted. This individualized



be determ ned as described below. [0034] The transmt power for the data
channel may be set based on various factors such as (1) the anount of
inter-sector interference the termnal may be causing to other termnals
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arithnmetic averaging of the interference at the sector may be utilized.
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i nterferendeeanee power estithdtésPAr@/dritReaverage interference power over multiple time

intervals to improve the quality of the interference measurement. The filtering may be
achieved with a finite impulse response (FIR) filter, an infinite implilses response (IIR)
filter, or some other types of filter known in the art. The term “interference” may thus
refer to filtered or unfiltered interference in the description herein.

[0039] Each sector may broadcast its interference measurements for use by terminals in
other sectors. The interference measurements may be broadcast in various manners. In
one embodiment, the average interference power (or the “measured” interference) is
quantized to a predetermined number of bits, which are then sent via a broadcast
channel. In another embodiment, the measured interference is broadcast using a single
bit that indicates whether the measured interference is greater than or below a nominal
interference threshold. In yet another embodiment, the measured interference is
broadcast using two bits. One bit indicates the measured interference relative to the
nominal interference threshold. The other bit may be used as a distress/ panic bit that
indicates whether the measured interference exceeds a high interference threshold. The

interference measurements may also be sent in other manners.



intervals to inprove the quality of the interference nmeasurenent. The
filtering may be achieved with a finite inpulse response (FIR) filter, an
infinite inmpul ses response (IIR) filter, or sone other types of filter
known in woeoeesdesssdhe term "interference" may thus reperusmodiobiser ed or
unfiltered interference in the descri pt%on herein. [0039] Each sector may
broadcast its interference nmeasurenents for use by termnals in other
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meas, m target ? meas, m

if 10T,y ,(m) 2I0T,, + N, where 10T s () is the measured IOT for sector m in

meas, m
time interval n and N is some upper bound threshold indicative of excessive
interference.

[0042] For both cases, the OSI value may be used for power control as described below.
It should be noted that the OSI value, may have any desired size and have more, or less,
than three states.

[0043] Each terminal can estimate the channel gain (or propagation path gain) for each
sector that may receive a reverse link transmission from the terminal. The channel gain
for each sector may be estimated by processing a pilot received from the sector via the
forward link, estimating the received pilot strength/power, and filtering pilot strength
estimates over time (e.g., with a filter having a time constant of several hundred milli-
seconds) to remove the effects of fast fading and so on. If all sectors transmit their

pilots at the same power level, then the received pilot strength for each sector is



increase in received SNR Furthernore, a very high operating point

increases the |likelihood of systeminstability. In any case, each sector
may set its OSI value as follows: 0" if IOr~ag n (n) < IOTA gel ; "1 if
| OT e" (~&p2wos/bBFengeC ; and 2 if 107, s ,,, (n) ECWTRN6/0WISH N, where

| OTeas, rn (n) is the neasured 10T for gector min time interval n and N
is sonme upper bound threshold indicative of excessive interference.

[0042] For ipgithiveasane clidifel@in Mawbs MBYseh8r i he r@minQWarhe GeRtiN D ImAS
descri bed below. It should be noted that the OSI val ue, may have any

desired si Zﬁﬁlﬁ@hi@%ﬁgdﬂ@faﬁovedftol},&;sasfoﬂé’wgﬂ three states. [0043] Each
termnal can estinmate the channel gain (or propagation path gain) for each
sector thatjopay Eedél®e 7Ant ever(8d I'ink transni ssion framghe terminal. The
channel gain or each sector may be estimated by processing a pil ot
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g3(n) is the chappeln@kifg pah¥veeRidie termnal and the serving sector;
g,,; (n) is the channel gain between the term nal and nei ghbor sector i;

p, (n) is the(db elative poweeof acfignal, sigypiét, orggigptingiftont the meighboratitog dhdom t he
serving sector and termnating at the termnal; p,; (n) is relative power
of a signal, e.dCMpPpatine at Beigmmaliang from t he nei ghbor sector i and

term nating . [ %@! . : i s:the channel gain ratio for

nei ghbor se@@?)rlgfﬁ.% CP%&%S faﬁlgg& |e§hg£r)£geecﬂogl'i nversely related to channel

gain, the ch el gain ratio g. (n). / gn, (n) may be viewed as a
"rel ative @@M&@e digiance & inygrselyt Teq,aéedgfo tcg"émﬂl ghigndlee channel gain ratio

gs(n)/gnt(n)

may be viewed as a “relative distance” that is indicative of the distance to

a neighbor sector i relative to the distance to the serving sector. In general, the channel

gain ratio for a neighbor sector, R () , decreases as the terminal moves toward the

sector edge and increases as the terminal moves closer to the serving sector. The

channel gain ratio vector, G , may be used for power control as described below.

[0046] Although the data channels for each sector are multiplexed such that they are
orthogonal to one another, some loss in orthogonality may result from inter-carrier
interference (ICI), inter-symbol interference (ISI), and so on. This loss of orthogonality
causes intra-sector interference. To mitigate intra-sector interference, the transmit
power of each terminal may be controlled such that the amount of intra-sector
interference that this terminal may cause to other terminals in the same sector is
maintained within an acceptable level. This may be achieved, for example, by requiring
the received SNR for the data channel for each terminal to be within a predetermined

SNR range, as follows:
[0047] SNRdch (n) € [SNRmm ) SNRmax] , Eq (5)
[0048] where SNR ., is the minimum received SNR allowable for a data channel; and

[0049] SNR is the maximum received SNR allowable for a data channel.



a nei ghbor sector i relative to the distance to the serving sector. In
general, the channel gain ratio for a neighbor sector, r('Z), decreases
as the termnal noves toward the sector edge and increases as the

term nal wovess/baser to the serving sector. The chanpet/u§abdioobabi O
vector, G may be used for power contro] as described bel ow. [0046]
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(1), then the received SNR for the data channel may be maintained within the range of
[SNR ;. SNR

min ?

ma ] by constraining the transmit power delta, 2P(")  to be within a

corresponding range, as follows:

[0053] AP(n)e [AP,;,, AP, ] , Eq (6)

[0054] where APy, is the minimum transmit power delta allowable for a data channel,

and

[0055] AP, is the maximum transmit power delta allowable for a data channel.

AP, =SNR_,, —SNR AP, =SNR__—SNR

[0056] In particular, get - and trget — Tn

another embodiment, the transmit power Poen (7) may be constrained to be within a
range that is detemlined, for example, based on the received signal power for the data
channel. This é}nbodiment may be used, for example, if interference power is
statistically differént among the sub-carriers.

[0057] The transmit power for the data channel for each terminal may then be adjusted

based on the following parameters:



the presence of ICl and ISI. An SNR range of 10 dB has been found to
provi de good performance in nost operating scenarios. Other SNR ranges
may al so be used. [0052] If the transmt power for the data channel is
determ ned as shown in equation (1), then the received SNR for the data
channel & 29¢5/04854Mmt ai ned within the range of [SNR ,, PCT/BNRI6/0085¢9] by
constraining the transmt power delta, {fP(ii), to be within a

correspondi ng range, as follows: [0053] AP(n) e [AP,,,;,,, AP1 ] Eq (6)
[ 0054] wher[@058P,The QST vale bierdeasnbyretzh kécggrsm t power delta all owable for a
data channel, and [0055] APmax is the maxi numtransmt power delta
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[ 0063] | n deirderahice may eamsimawith o dave dracdnis power deltaed ghubits reewed SNRMat
reports high int erence may transmt with a |ower transmt power delta
so that it slosecti "BNR Ceversélys ertertmindbNBrated close @ontgesesehy seddort gy nal

| ocated clqse to its serving sector may trapnsmt wth a _higher transmt
power del t rag%m?ﬁg%h Bt lggli)eéctg‘i“\?@bt BT i‘{eh(a,ls(?sglflt ftg received SNR™is closer to
SNR

mx A gradation of received SNRs may be observed for the terminals in the
system based on their proximity to the serving sectors. A scheduler at each sector can
take advantage of the distribution of received SNRs to achieve high throughput while
ensuring fairness for the terminals.

[0064] The transmit power for the data channel may be adjusted in various manners
based on the four parameters noted above. The power control mechanism does not need
to maintain equal SNR for all terminals, especially in an orthogonal system like an
OFDMA system, where terminals closer to a sector may transmit at higher power levels
without causing much problem to other terminals. For clarity, a specific embodiment
for adjusting transmit power is described below. For this embodiment, each terminal
monitors the OSI values broadcast by neighbor sectors and then combines the OSI
values from multiple neighbor sectors to determine whether to increase, decrease, or
maintain its reverse link transmit power.

[0065] An algorithm which adjusts the terminal transmit power based on OSI values
from M neighbor sectors should be provided such that the OSIB of a neighbor sector
that has a lower channel gain should have more effect on the power adjustment
compared to the OSIB of a neighbor sector which has a higher channel gain. Further, if
there is only one neighbor sector, the algorithm should be equivalent to using only the

OSIB of that sector. Additionally, if there are two neighbor sectors which have



SNR. . A gradation of received SNRs nmay be observed for the termnals in
the system based on their proximty to the serving sectors. A scheduler
at each sector can take advantage of the distribution of received SNRs to
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The transmt power for the data channel,,may be adjusted in various nmanners
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di rection iafailBieCiulieofon R@ hiebe hﬁmﬁblbclp@wr TF TRen @i o tﬁéna;!{‘smt
power adjustment for each terminal nay ependent on (1) thé current

transnit p®RET ddiysipent glgogifun @L%’r‘@ﬂﬁﬂl@?daﬁhs ﬁing effdfleyalute blagk 220f Viatieus,
val tes wersradny AELROTATS Shdkd Bid Bunlpd BtNIEGEAG FREAAME N Goory
FI G 3 showWwevergothehppfoaaliisiasd kaehnitwea msayite yoitivet. by conbi ni ng
interfer en(f(ﬁ)ﬁS] If the number is two or more, a channel gain ratio is determined for each sector
to be utilized for the power adjustment, block 225. These may be for all of the sectors
from which the terminal can receive signals, e.g. pilots, or a subset of these sectors. The

determination may be based upon the following:

RxPowery, TransmitPower,
{1 X i
TransmitPowery, g RxPower,

ChanDiff, = Eq. (7)

[0069] where RxPowergy,ss is the power of pilots received at the terminal for the reverse
link serving sector;

[0070] TransmitPowergyss is the power of pilots transmitted from the reverse link
serving sector, which is a system parameter;

[0071] RxPower; is the power of pilots received at the terminal for the ith sector; and
[0072] TransmitPower; is the power of pilots transmitted from the ith sector; sector,
which is a system parameter. |

[0073] It should be noted that the power of the pilots transmitted, may be provided in a

message header or may be constant throughout the system. For example, if the pilots



indications frommultiple sectors. Initially, a determnation as to a
nunber of sectors for which OSI val ues detected, block 210. If the nunber
is zero, then the maxi num avail able value for AP(n) nay be utilized,

bl ock 215wolZodddesspunber is one, then a power adj ust nertusdogobdshm may be
utilized the single OSI val ue, block 221 Various, exenplary approaches,
are depicted and di scussed with respect™to Figs. 4A and 4B. Hovvever

ot her appr %@Q@@lﬁm F)ﬁ@tb Niney @ife H@Werbﬂj e}%é lpheZ ﬁﬂmn[lﬁxqg)%lvef fall&ba%l@%
two or nore, hanne galn ratio i s termned for ach sector
utilized foﬁect?h@rmenura r@éﬁy@ﬂlpembck 225. These may be for all of the

sectors t glg!] i r
subset of t ﬂhgg?%lﬁlgal tﬁ%ﬁ“d erm nlgﬁ 8¥Cfaﬁ(%ye%nﬁi®e{ H’%u%g‘ﬂvet‘#z’locg

fol | owi ng: 23102 dheihrédbPlivier eack sectord 08D $410¢ g be determinedisafoBoWS; Power ss
RxPowe r Eg. (7) [0069] where RxPowerR4ss is the power of pilots received
at the termnal for,the erse #?I nk_serving sector; [0070J

Tr ansnnt Power RZ, ss - | sPEHEPREGS O Biresholadfia. (T @i t #edOPkGR t he rever se

link ser vTh?gsiﬁmi;t aMPlo@hDession By eshol/pal aXBL &Y ; zf[OOM] Refoygr1 is the
power of pilots rec |ved at the termnal for the |fh éﬁf ; and [0072]
fromt

Transnzi t Powerz is power pilots transnmitted: ith sector;
sector, wHP¢IRlivdege s}&llqﬂsmﬁhmhcédl\ﬁr{ 067d] DowsBenitionBeesholddfint hat t he

Prg\;/\e[)eoiotngﬁant Il_Ig%ﬁoug%out %eqerss%s%crlﬁb‘%&gﬁg\g ﬁg’%ﬂaya‘f 1?1‘%%9 header o

2006/ 09954 8oPCIn{ISH 6D /s € 612 STe: vahablas £ aiClf] ayibeideRriine@ kS follofen t he power
may be the nmaximum power allowable at the sector for some nunber of

ool v 00 LA AT BB 5,5 el L et

ey be deternined as foRPEWSainMast RBOFSagiMinnT eshol dM ﬁ]ﬁfg a)b,} if o8l1
0 Threshol d; = max{DownDeci si onViresholdMn, (a)(1-b,) if OSI, =1 Eq. (8)

1 if Osl, = 2 [0075] HHN@W@"WWBDWMeWhDWIma

DownDeci si onThr estiol dM n ARmDEPRSE BRI Y ST em’g:él g%t ers which may be

fixed or myyoRe MRk BELING AWe maximum gain, RDCHGainMin is the minimum

gain, ChanDiffMax is the maximum channel gain, and ChanDiffMin is the minimum

channel gain. These are pfedetermined system parameters which may be fixed or may
be updated during any communication session.

[0077] The terminal may then determine whether each threshold indicates that the
power should be increase, decreased, or maintained for that OSI value, block 235. This
determination may be made as follows:

UpDecisionValue  if x, < DecisionThreshold, and  OSI, =0
Decision; =4~ DownDecisionValue if x, < DecisionThreshold, and OSI; =1lor2
0 otherwise

Eq. (11)

[0078] where 0 < x, <1, UpDecisionValue, and DownDecisionValue are predetermined
system parameters which may be fixed or may be updated during any communication
session.

[0079] The terminal then combines the channel gains and indications of power
adjustments, based upon some weighting, to generate a weighted decision, block 240.

The weighted decision may be determined as shown below:



communi cati on session. The variables a and b; may be determ ned as

fol lows: a m n{RDCHGai n, RDCHGai nMax} - RDCHGai nM n and Eq = (4)

RDCHGai nMax - RDCHGai nM n mi n{ChanDf ff" ChanDi ffMax} - ChanDiffMn
ChanDi f f Mo 20060esabi f f M n [ 0076] where RDCHGai nMax is pheusmd o gain,
RDCHGai nMan is the m ni mum gain, Chan[} ffMax i s the maxi num channel gain,
and ChanDiffMn is the m ni num channel gal n. These are predeterm ned
system paraneters whi ch may bewdds¥ad or; may be updated during any

comuni cati on session. [0077] TEe t er-ri-nal- Daysighen det ermi ne whet her each
t hreshol d i ndi cat es thatljhe pEner Bl be |4r % decreased, or

mai ntai ned for that OSl val ue, Bi"G& e’“ZSS lThI s e rm nati on may be nade

as follows: UpDecisionValue if x, resEoI d, and OSI1 =0 . &
Deci si on, DeC| | on es. or

ot herwi se E@ (ilgbajfgg’g@ﬂﬁﬁg the é‘b%mﬁ’z‘ g2 é @oﬂ‘wﬁ O%ﬁtjsme the
DownDeci si anmajen of saceorpfeedatiietr oiSh eaiuesstya% (bﬁérp@)’cém’&i F :arew!suucgﬂutﬂ%d bgdf | xed

or may be updated. d i y CO ni cation sessjon. [0079] The term nal
t hen >c/on’ol ﬁ@:sc 19975t H‘Hgﬁateaé’PWEf e fgesoREmBel power  adj ustment s,

b d i 0.
based upon 19055 el AN o4 nBRNSH LS Rl gRled st i DLRCKa20C,
PCT/ USZ00GIW&@XCQmﬂmPMh%omsébﬁctzé ambdisgisea, witlDwsleatolWid, 4A dng. I( 12)
- 08l Monf w,ges &ﬁev%r oﬂer%ﬁﬁ@%{and[t%%go ¢ Zlgaifﬁeeg]hzrég ff; is the channe

gain for each term ral
[0082] In certain other aspects, additional functions may be utilized to determine the

power adjustment. For example, a terminal may find the sector with the highest channel
gain and determine to the OSI value to utilize based upon whether strongest pilot
transmissions and OSI value were received from that sector. For example, a terminal

may make this determination as follows:

(OSI2SequenceNum +1, if PilotPNCurrent = PilotPNStrongest and
OSI2SequenceNum < OSI2SequenceNumMax —1 and
OSIStrongest =2

OSI2SequenceMax , if PilotPNCurrent = PilotPNStrongest and
OSI2SequenceNum = OSI 2SequencNumMax —1 and
OSIStrongest =2

2 » if PilotPNCurrent # PilotPNStrongest and
OS812SequenceNum = OSI2SequencNumMax —1 and
OSIStrongest =2

11 , otherwise
Eq. (13)

OSI2SequenceNum =4

PilotPNCurrent, if OSIStrongest =2

-1 , otherwise
[0083] where OSI2SequenceNumMax is a predetermined value, PilotPNCurrent is the

PilotPNStrongest = { Eq. (14)

current sector with the current largest channel gain, PilotPNStrongest is the prior sector
with the largest channel gain, and OSI2SequenceNum is the number of consecutive

times the current sector has sent the largest OSI value for the terminal.
[0084] The access terminal may then increase its 2P(2) by a predetermined gain value

if Dy, is greater than or equal to a threshold, decrease its AP(n) by a predetermined

gain, which may be the same or different than the gain used for increasing, or decrease



nunber of sectors for which OSI val ues have been received, or are being
utilized, and Decisions is the indicated power adjustment for each
termnal. [0081] This conbined determ nation nay then be used to adj ust

t he power wodoaszde9260, Vari ous, exenpl ary approaches, pepushn/®baed and

di scussed with respect to Figs. 4A and . 4B. However, other approaches and
techni ques nay be utilized. [0082] In Jertain ot herdaspects, agdl tional I
functions tilized to determne the power adjustnent. For exanple,
a termnal nﬁ%@?ﬁ)#& %ﬂﬁ@agfea%muiup@ﬁd bréhenjugbes ef %Iﬁaﬁwdhépurf@’éﬁwtﬁdms the o
det ermi ne ! Rrgolienilel wahie 13,015 Wt biah &r B8 0 HRABNUAGEIRTL FURRAGSS! ol | ©
transm ssi onsgeand OSeI gva ue \A/gre rgz-flcg)lrv@%a ??omtﬁat sector. For eexarrp! e, a
termnal  mafihy ciidbilfy HGHE BT3RS o bl an BTG AR SHEH dre | 1
Pil ot PNCurrent = Pil ot PNStrongest "and OSI 2SequenceNum < _

0S| 2SequencRRfifiavENned pagyeteres| St rongest = 2 OSI 2SequenceMax , i f

' = Pi | .29equenceNum,= OBl .2SequencNumivax
"1 and 05 DL an LA Rh MYt RGBS RN S i r
Pi | ot PNSt r on gedabidisitc n@‘ir;h@S_Gml&nléebihmlglaﬁpdr%g@gr&ﬂe&si;ﬂgﬂ;?ﬂbﬁdjlﬂ&rﬁé%{ﬂ} glr?gest _
= A . . I 1 . -
2 oo marponatc s 0GRS gttt ook smen amaniic
S| 2Sequen crINTdBabilsic adpisaaGi ehei (RRGSmM Apdher H%Ilh | L&Y EE‘?%’%"B@ of *E@inés i

current sector with the current |argest channel gain, trongést is
the prior sS#ste with the nrakabiliy eisg detprarinesl byt pertinent manuBﬁﬂmpl‘lhrm i st
t he nunber 0or ' : r J sent the |arges
OSl val ue fdgﬁenﬁﬂﬁi?%?ﬁ;pﬁcgﬂa@‘hFﬁ%@iﬁshﬁwgb%lgﬁg%%é?g%c%%ﬁgﬁé%y then increase
its AP(n) HQ036]3HEedéh shorvnedogalisgramlbofie prackss300ifser gijesingrahdiain ﬁ@weﬁﬁual to
a threshol de. redet ain, which may be the

28 ' 1 hed ..
same or di fTar e%gl?sﬁﬁg?]é@ﬁﬁa%?%?s gé%gnagdore Reﬁg%én‘éfggha?cgot?”ﬁé@r”éﬁg@ each

time interval in which an OSI value is transmitted from at least one neighbor sector.

Initially, the terminal determines the combined OSI value o (block 312). The terminal
then determines whether the OSI value is ‘1’ or ‘0’, or a ‘2’, (block 314). In the case
where it is 2°, the power would be decreased according to a maximum value.

[0087] If the OSI value is ‘1°, indicating a higher than nominal interference level, then
the terminal determines a probability for decreasing the transmit power, Pry, () (block
322). Pry, () may be computed based on the current transmit power delta, 2F0%) ang

the channel gain ratio for the strongest neighbor sector, Tosis (1) , Or a combined channel
gain value as described below. The terminal then randomly selects a value x between
0.0 and 1.0 (block 324). In particular, x is a random variable uniformly distributed
between 0.0 and 1.0. If the randomly selected value x is less than or equal to the

Pr,, (n)

probability » as determined in block 326, then the terminal decreases its transmit

power delta by a APy, down step (block 328), as follows:

[00gg] AP(1+1) = AP(n) - AP,, Eq (15)

P1y, () , then the terminal maintains the transmit

[0089] Otherwise, if x is greater than
power delta at the current level (block 330). From blocks 328 and 330, the process
proceeds to block 342.

[0090] If the OSI value is ‘0’ in block 314, indicating a lower than nominal interference

level, then the terminal determines a probability for increasing the transmit power,



WD 20061099546 PCT/ US2006/ 009549 15 its AP(n) by decrease gain multiplied
by the nunmber of tines the current sector has the |argest channel gain,
if DWis less than or equal to a second threshold. Furthernore, the AP(n)
i s gener aMoyeoddared t o bei ng between a m ni num and nerETUSBOgAIOPE49 Whi Ch
are predeterm ned paraneters. [0085] Il% certain aspects, the transmt
power may be adjusted in a determ nisti'’C manner, a probabilistic manner,
or some othgf @mnner. For d&s@zm nirst(igjﬁ adjustnent, the transmt power is
adj usted in & pre&ebisgé@nnanerinpased”’ ons tlbe dgseribéchsiow fbloain®832r <The For

probabi | i sti.c :ad nsmt . power h Cehrtal abi ity of
being adj uﬂse?%lgg %&% Eﬁ{aﬁgﬂ%?%‘g%ﬁ ?Z[f']il/e 6&6%668e@§ra%dn§g (%’&f ﬁé%ge% Ment

par amet ers. enpl ar determ nistic and probabilisti @ragjust nent schemes
are descri Hé@%ﬂp(ﬁf‘}{%ﬁ%ﬁ X 5 lgss tﬁ% L15gHA 1 thensobaliliy r d’Fangﬂgf agdeigraineds 300
for adjusting transmt power in a probabilistic manner. Proggess 300 may
be perforne‘ﬂgtﬁ‘gﬁkée?’éhtheérthq Feaminghthctegses disdhansmitmewendeltasby ann- Whioptean OS|
value is tr htd\e .at | east one neighbor sector. Initially, the
term nal de@febr%%?%é’s t fel&ggdrrbi ned OSI value o (block 312). The terninal

t hen deter ﬁgﬁ%@ At(etipe APYGE) O val ue is 1" or 0", or.a 2', (block
314). Int se where it is 2', the power would be E9d¢Pleased accor di ng
to a maxi mumval ue. [0087] |fapthe Ogh value is "1', indicating a higher

t han nom ndP09%{Tde rstepesiecs Tpevel®, achen™ mipge betbrhe sealto dhet smei switgbla value
probability for decreasing the transmt power, Prdo évg% (block 322). Prdn
(n) may be (egrPbeB, bas] ld}dB,hedsmon)eﬂ]txisr@dswrithaan ) geblbek 33y, and
t he channeltheggei n.r tiotf.or th[e strong,est nei g{gbor sect or, ro.rz(%), or a
conbi ned cHARNEIIAG TS fhe oSl POVET defta a8, 5ame & vek flogkat 309 h &fom
random y selleks 33(anded38ethy phrbwarecee@ 9 bR 3320 (bl ock 324). In
particular, x is a randomvariable uniformy distributed between 0.0 and

1.0. If t hd0093hdoiblocksRi2e aliee cbrvblall @imits i the @SSk gﬁﬁreprdel@ﬂu‘él) (o)t e pe
probability Prdo (n), as determ ned in block 326, then the term nal

decr eases ivigid HRNAHv [t APyl a - 0 . as
fol | ows: [0088] AP(mL T APd" qu('lg)ﬁe ?%nggg%@q%ét%@ées,ﬁlgf&ﬁﬁ%%

greater thagyer 45 () nextttfiﬁ«?biftéaﬁlaf,ef’m(maﬂ),”ﬁ’ﬁls%{l CTEM Q%S%ﬁrﬁé%t gl gwer

delta at the current |eve ock '330). From bl oCks 3
process praiR(eeds |0 Q0901 I B thel) value is "0' in block
314, indicating & %@V\@I@ I%Eeg%n%n(f’ﬁ%[wﬁg?e‘%eht er f er endgt the next time interval, as
shown in equation (1) (block 344). The terminal then limits the transmit power
P (1) to be within the maximum power level (block 346), as follows:

Py (n+1), if P,(n+1)<P_

Pdch(n+1)={P . 7
o 3 otherwise . Eq (17)

[0094]
0095] Th. i i Poen(n+1) ime i

[ 1 The terminal uses the transmit power for the next time interval.
[0096] The probabilities Pry, () and Pr,, (n) may be a function of the transmit power

delta, AP(n) , and the channel gain ratio for the strongest neighbor sector, Touis (1) ,ora

combined channel gain value. Various functions may be used for Pr,, (n) and Pr,, (n).
Each function may have a different impact on various power control characteristics such
as (1) the convergence rate of the transmit power adjustment and (2) the distribution of

transmit power deltas for the terminals in the system.

[0097] In an embodiment, the probabilities Pry, () and Pr“P (n) may be defined as

follows:



| evel, then the term nal determnes a probability for increasing the
transmt power, WO 2006/ 099546 PCTI US2006/ 009549 16 Pr,' (n), e.g., based
on AP(n) and r,,,,(it), as also described below (block 332). The term nal
t hen randwd poembaet s a val ue x between 0.0 and 1.0 (bpOEKsBGHd9s4bf t he
random y selected value x is less than £ equal to the probability PrP (n)
, as determined in block 336, then the'termnal increases its transmt

power delta b P up(mst ep (P, 0¢k, 338 ol lows: [0091] AP(n + 1)
= AP(n) + Aﬁﬂgﬁlggr”?l%)mﬁogg?r”ﬁ%e%{?gé]i?z%%‘““?@g . 40P ad12Hd- may both be
set to the sanme frUi %f_bl exﬁ{;ﬂ ue 1(9(9 0.25 dB, 0.5 dB, 1.0 dB, and so
on). 1f xi s00999at e A HEAY Brgmicnh s {1 el 336, then thw @gwni nal

mai ntains the transmt power delta at the _sane | evel (block 330). From

bl ocks 330 and 338, the prlggc%?)s min@Péds APg, bt OBk, 342. [0093] In bl ock

342, the t ipal limts th& transm tAppo delta, OP(n+l) to be wthin
the all omﬁpgi({binggh‘frﬁP. ., AP., 1. The \é\?ngmﬁal t hen conput E8UBRE transmit
power for the next _tine iﬁ{i@(,v,g(in,), Pdy¢n+1) based on the transmt power
delta, AP(n+l) an8fke T & §omwer™t evel , P_f(n+1l) for the next tinme
interval, d801hown in equati om=(Ths (bl ock 344). The termi nahaghen limts
the transmt power_ Pdch (n +1) to be within the maxi nrum power | evel
(bl ock 346)[90HE]fonAb is & pRbabitity)relaiefl té>the fansmiit ower levelPdch(n+1) j |
[0094] P.. , ot herw)ifs?n).[ Eq (17) [0095] The term nal uses the transmt

20 |

power Pdch [0en08] 1) hea PRhbility R4t ©F 48 'channE:P%%ﬁ]raﬁTd‘f‘or RAL Qg@:g{e% ties

Pry, (n) and Pr"P (n) nmay be a function of the trahsmt power

OoP(n), and TEIRBDRUTEFIABI gain ratio for the strongest nei ghbor sector, ro,ty
(n) , or a conbin chagnel gain value. Various functions may be used for
Pre- (11) d4P@L0s} P Tro, Bxeh Panetd O meyndrmatiziag dohdtane siledtePRCichNe

vari ous po rol characteristics such as (1) the convergence rate of
t he transm%g%egfv%\g&rp%v%ﬁrﬁglftﬁgﬁﬁargﬁfpsflﬁﬁ’ the distribution of transmt power

deltas for é@%ﬁi ermpnql S in the system QOQ? In an enbodi nent, the
probabi | i tiL do (1) ‘ARdmisHpup frgbahilily Fs upepidnadivsimentfaf|tanwsit power;
and

Pr

[00106] dmin s a minimum probability for downward adjustment of transmit

power.

[00107]  For the embodiment shown by equation set (18), Pry, () and Pry (n) are
joint probabilities determined by the transmit power level and the channel gain ratio.

Pr,

. . IR - .
The minimum probabilities ~ = and ~ "= jmprove steady-state characteristics and

promote some movement for points in the extremes (e.g., very high or very low channel

gain values). The probabilities Pr, (n) and Pry () derived as shown in equation set

(15) conform to the general transmit power adjustment rules discussed above, e.g.

paragraph [0070]. The probabilities L% (®) and P 1av also be derived with
some other functions, and this is within the scope of the invention.

[00108]  FIG. 4B shows a flow diagram of a process 400 for adjusting transmit power
in a deterministic manner. Process 400 may also be performed by each terminal and for
each time interval in which an OSI value is transmitted. The terminal processes the
combined OSI value (block 412) and determines whether the OSI value is ‘1° or ‘0’, or

‘2’, (block 414). If the OSI value is ‘1’, then the terminal determines the amount of

decrease in transmit power, APy, (n+1) , for the next time interval (block 422). The



WO 2006/ 099546 PCT/ US2006/ 009549 17 [0098] Pr"P(zz)=max(Prp,
[2-Pr,,,(n)][2-Prg,,,(n)]) and Eq (18a) [0099] Prau (n) = max (Prdo,.~,,,
Pry (zz) Prg,,,. (n)) Eq(18b) Pr~(n) = nm (AP(n), AP..) - Ami n [00100]
where APmax Eq(18c) Pr,,,(n)=mn (ranmb(n), rmax) - r [00101] rmax -r'"u
Eq(18d) PORGEIR6Y (n) is a probability related to tPEI/US20E109349 power

| evel ; [00103] Prg,,,(n) is a probabilijgy related to the channel gain
ratio for the strongest neighbor sector; [00104] ' rnx , A%,, r..., and

r, mare nornmbblzidogncepstiznhsy betiaeindted basag bh @ecurtcheraesiit el QuRS,
control characteristics; [00105] Pr~'P" is a m ninmumprobability for

upvar d adj USE#nandhetohanmirigiinpanr s "ENATIORAAEk! MeAlResRel hedrdHsicmum
probability for downward adj ustnent of transmt power. [00107] For the

enbodi ment shepaeley bedtfaton) sebok 182), Biherwibdie SRS Hid ) 03 fen 11 !

probabiliti'es determ ned by the transmt power e channel’ gain
ratio. The_ m.ni it Pr.p f.. and .Prdn, MABR_ (nptoye

st eady- st at(:ac %l%éﬁ%ﬁg%nggﬁ?c%ﬂo%ﬁ& IBFS%SE%H%SHEP%%WEMP f or ’E‘Eﬁ He 8¢%tn t he
extrenes (e.d....very high or vemypd,pw chanpggl = gain_values). The

pr obabi | i tﬁ@ge lg;}t?rveln)e.%ﬂgasigpqu (n)( lﬁé’l‘]ﬁvé:ﬁo?s @H%M?’?)h ddgaiersinaks then (15)
conformto the general transmt powerAPaq;'zﬁ ment rul es di scussed above,
e.g. par adh@paicy teosmitiovisr delibby i t Pes Pr éblogn¥34andAfar Yogks)42hemdal so
be derived with sonme other functions, and this is within tgﬁs%q?e of the
i nventi on, 4860MeSrmmatlimis therrrgmia ppwereln Sejrthemast timepnteries 460 1f do

adjusting transmt power in a dS[tA?rm hbstic manner. Process 400 may al so
be perf or mdg Wthie thehallosahierratgeaafd T ot e‘aéf(b?coichﬂ%hareirﬁuaheﬂafbnmmas andan OSI
value is tn } . i.nal processes.th conbjned OSI val ue

(bl ock 412)11%2%?‘%%‘?%?“%1 Sub ol lonend WRRCRRRGL 1 o iwégl*’hlhec}?a’“’é‘“?l RRWEr: o'
(bl ock 414)evel fpladked4@eind/adole is |', then the term nal determ nes the
anount of decrease in transmt power, APB (zz + 1) , for the next tine

interval (iphoaob] 4280 va®le step sizes AP (+1) ona AR, (n+1) may be determined
based on a predetermined function of AP() ang e () , €.g., similar to the function
expressed by equation set (15). The variable step sizes may be defined to be

AP(n)

proportional to and inversely proportional to Tosw (n)~ The adjustment

probabilities and variable step sizes may also be determined based on a look-up table of

different probabilities and step size values for different AP(m) ang Toso () values, or by
some other means.

[00110] FIGS. 4A and 4B show exemplary embodiments for adjusting transmit
power in a probabilistic and a deterministic manner, respectively. For the probabilistic

embodiment shown in FIG. 4A, the adjustment probability is determined based on the

parameters AP() and (M) | and fixed-size up and down steps are used for transmit
power adjustment. For the deterministic embodiment shown in FIG. 4B, the adjustment

probability is fixed at 1.0, and the up and down step sizes are determined based on the

parameters AP(n) and Tos () . Various modifications may also be made to these
embodiments. For example, variable up and down step sizes may also be used for the
probabilistic embodiment. As another example, fixed-size up and down steps may be

used for the deterministic embodiment.
[00111] The power delta AP0 for the data channel may be adjusted based on the

OSI value, the channel gain, the prior power delta AP(n—l), the range of allowable
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determ ned based on the current transmt power delta, AP(n), and the
channel gain ratio, r-ib (n) . The term nal then decreases the transmt
power del wa Jdogs/088546n+1) (bl ock 424). Otherwi se, if thep€BUsedosessbs ' 0",
then the termnal determnes the armun_l? of increase in transmt power,
QPUP(n+1) for the next tinme interval , based on AP(t1l) and r~sib(tt)

(bl ock 432)powbidekl BhdifHe hideMum A y
AP, (n+1) (blo(;vck 2345 Af teer o] gcklﬁs&ﬁegzég%&hﬁ%? thg]a{tsedr%?n&ﬁ’%?qﬁwr%t@ t he

transmt pogwaeratjehd @W@rdenhépﬁ@(ma§r bERdfubie8 byRl. onﬁﬁi@/rbné ot dmy ESmbiR&iof thin
the al |l owabl e range of [ AP Ap ~X (bl ock 442) an furt%’n conput es

and |i i t softpfaeanteterns Gktier parsietebthat Rgy BEused!th MRjusNEBIV ahclhge {?1% W n the
maxi mrum power | evel (bl ocks 444 and 446). [00109] The variable step sizes

APdn(n+1) awshsAe JowRr 1 Ben Ry a%aﬁﬁiﬂe%g@%ck&ﬁ%%ro‘ﬁpba PrGAGIGE 08 %r

function of AP( n%‘ and rorrbéx % simlar to the Tuncti®on expressed
by equat i orfc&ets thatgyay ppfgatip plasbrve ighdpterferenes firemy threterheiniln et sooonblhe

t
B st et Doak S Sk RT3 b AR RN e W 8 byl B e
diff bi | d I
For di 11 er A alspRieE s upis®om e et Valfe gy be Sl Bt el insae o 00110

FI GS. 4A angmith steowe®XeMphiiisseb oThd TRt ssnif pdwe%%fl%e' da Eﬁéﬂél%% pRower
in a probabilistic and a determ nistic manner, respectively. For ¥

pr obabi | i Stdofistra@iFReSIbaTRES theRPWAX bffndsiGs b ot 5@0@ B@Kmmﬁﬂ@@ lity is

determ ned based on the paranmeters APOQt 5| b and fixed-si'ze up
and down st 8?)@ hr elhpswensmil pewesrifonihe tepmwrma:vdjalsetm:eadmstdéobasemen other

det er m ni sty,Gnk SE t h probabiljty is
fixed at 1pF0 a%pftjdhe bagﬁgx\%nh&mgt Sghm félénagﬂlé dgLWi‘ %Eﬁ %5#?@8 S t he
par anet ers pAW@nby dififgrant pinOwts aivdlon inulfferadiniinnadsibassl orpall o the idermmags t o

t hese t Faor e | e u and down step sizes may al so
be used fo%%ﬂgg%?%lﬁﬁ%‘it?’f@% t %‘Wﬁ‘g tt’faml t&ﬂ\’;‘ff"l‘?@ﬂ“@?@ﬁ’pl e, fixed-size
up and dowf0esaps HI@/S@BOW:U&?@'W&%nﬁrdSI%&ﬁErﬁEtH‘S'O ok fa rRad B Rk; st[t99111]

The power delta AP(n) for the data channel be adj Usted baseé1

oSl val ue, TPRENERAWNHLPT §tgrminat hOx p Fwenpé%r’l‘mnaélm eprIynicdies Wlﬁnge of

al | owabl e serving sector 110x and may cause interference to neighbor sectors 110a through 110m
(albeit by different amounts). Power control mechanism 500 includes a reference loop
510 and a second loop 520. Reference loop 510 operates between terminal 120x and
serving sector 110x. Second loop 520 operates between terminal 120x and neighbor
sectors 110a through 110m and possibly serving sector 110x. For simplicity, FIG. 5
shows only the portion of loops 510 and 520 residing at terminal 120x.
[00114] Reference loop 510 adjusts the transmit power for a control channel (or some
other traffic channel) and attempts to maintain the received SNR for this control
channel, as measured at serving sector 110x, as close as possible to a target SNR. For
reference loop 510, serving sector 110x estimates the received SNR for the control
channel, compares the received SNR against the target SNR, and generates transmit
power control (TPC) commands based on the comparison results, as described below.
Each TPC command may be either (1) an UP command to direct an increase in transmit
power for the control channel or (2) a DOWN command to direct a decrease in transmit
power. Serving sector 110x transmits the TPC commands on the forward link (cloud
570) to terminal 120x.



WO 2006/ 099546 PCT/ US2006/ 009549 19 power deltas, and the maxi num power
| evel for the termnal, as described above. In general, the power delta
M (n) may be adjusted based on any one or any conbi nation of paraneters.
O her parwosbev®oushat may be used to adjust AP(n) i nclepdeuédies@yssy ent
transmt power Pdch(1li), a peak-to-avergge backoff factor APB, a

"desi gnated" set of sectors that may entially observe high

interfer enclgoifs?m T&%ﬁﬁﬁrlrfomlaaei@a%gggngéf%ssel% PR itk ﬁ!ﬁsﬁﬂ%}?{or{’ﬁg}ﬁo“ f

factor may be determned by the nu sub-carriers use
termnal f ofertiRg Rt iors §1Qn andy ppvidesi Geasived | TRE wayrsedused TBE dRbnandf nor e

sub- carri ed:.f.pr i $sion. The transmt p or the data
channel maslg rg%%oggﬁgt ?%cﬁégéeﬁx%ﬁzf;ﬂf é%nsm’faﬂ%hs PHERY MRS ﬁl\?eip Eja‘%?%?qmd
factor, or tRashitiedpyserving sector ORXO Procefdd0 342 Hetddicedch aste Vel TRPOV®mMhLKd t he
termnal may .al.so be.adjiusted based on qt her araneters, criteria, and
i nf or mat i on%dﬁli’gmqsegf nfﬁgld%mnf’u‘ylpﬂbfna&%eﬁ} a E%) sﬁ}%’?ﬁg]rﬁftthe prasiged hHC
di fferent asaiing iaasémséd il Tgr &ﬂﬁmwnéle(fzz 186 9aN QBcigbh fiP{hetrQ&ived.

o}

information_available for the sect o&é\}s) e considered for transmt
power adj ustifefmmpgshis dgpmed g besmsPGWEN aopmard. 4 santrdichapehtaisstit @X) t hat
may be used to adjust the transmt power for a term nal 120x |pwz stem
100. Ter mi riwived 2djustmentemi 54t ahusid thh tansmsie pewergfos thetontrdlldunmnd sy’ cause

interferen i sectors a through 110 (al beit di ff erent
armount s) . g’%\?\éed(rjongt ger}\tq? glo N Sh%éﬁ’i%#%@ﬁ%ﬂ%?‘ﬁﬁfé’g%éﬁé‘fze?@ﬁ&éﬁ@@%&mt and a
second | oop 520. Refpergnce Ig«pghu510 oper at es_bet ween term nal P12(% and
serving secPHrngrese  “Secold® | oop” HP6teB pereacebPsesisier and deassasal “120%yand
nei ghbor segpors 110a through 110m and possi bly serving sector 110x. For
sinmplicity,2 FIG" dwstiembor oadhyDOMN gevisiorom 8K datopscsi@/moth] BaB60asts di ng
at termnal 120x. [00114] Reference | oop 510 a)gjﬁusts the transmt power
for a cont rthe tradseninpdwdrdior genmntrol ttanndl tafife Eadhnnel IndedackdaByt @Ips4.t o
mai ntai n ttﬁlgrecei.ved SN r th'hs control channel, as measured at
C

f
serving sectSrraqpsionan 68§%tr‘§§ POes 5t 1 $eryng sechE ISR For  reference

| oop 510, eOMi6NY BeL iddpath 165, QﬂﬂéU%ﬁ@?ﬂtﬂﬂiﬁtH 88y 86 tRINRVERE 1{?&1%1%9@ rol
channel , cog&ares t he recei ved SNR agai nst the target SNR, and gener ates

transmit whichypigtlly vasppverdime Asespecidlly fon atmedile denprndlsibp received t s, as
descri bed Balow: thER6RJRSamEMBRSh it h n UR. conmand to
direct an inqre;ise in tra(%;samt1 po&eq?ytt]%?m?tlﬁ;é ggﬁ%%%lqu a%@lamgm&ff? a
DOAN commamapintaindhe wetived SN & as @cdrrthd rapges SNR inptbsvereserde iof chahgsemts 110x
transmts Ghg: R SRR hafda! N forward link (cloud

[00117]  Second loop 520 adjusts the transmit power for a data channel (or some
other traffic channel) such that a power level that is as high as possible is used for the
data channel while keeping inter-sector and intra-sector interference to within
acceptable levels. For second loop 520, an OSI value processor 552 receives and
‘processes the OSI values broadcast by neighbor sectors 110a through 110m and
possibly serving sector 110x. OSI value processor 552 provides detected OSI values
from the sectors to a transmit power delta adjustment unit 556. A channel estimator 554
receives pilots from the serving and neighbor sectors, estimates the channel gain for
each sector, and provide the estimated channel gains for all sectors to unit 556. Unit

556 determines the channel gain ratios for the neighbor sectors and identifies the

strongest neighbor sector. Unit 556 further adjusts the transmit power delta AP(n) for
the data channel based on either a combined OSI value, or a combined OSI value and

the channel gain ratio for the strongest neighbor or a combined channel gain ratio, as

described above. Unit 556 may implement process 300 or 400 and may adjust AP(n) in
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Term nal 120x receives and processes the forward |ink transm ssion from
serving sector 110x and provides "received" TPC commands to a TPC comand
pr ocessor Wo4Roe/@giab recei ved TPC conmand is a noi sy Vepsr/oseoadoosssd PC
command transmtted by serving sector | Ox. Processor 542 detects each
recei ved TPC conmand and obtains a "TPC decision", which may be (1) an UP
deci si on i fa pfoBaBiBaRI otaibieHRGistRONRRRA drSs SARIPLe URRRANitRaGR or (2)
a DOMWN deciston if the received TPC command is deened to be "an v
command, A 4Qntf gnefaniteI56tnianaiist tHe kbhsmB QBREr @ SR GR asdandrd acpdba

adj usts the é{gasn‘it power for the control channel, Pcch (7z) , ased on
the TPC decPs} ¥ruess andiar poer Psriingnidinfmetion fyr agy nunbgy of reaigrs.ewhighinays44
may | ncr easiﬁclﬁd@th@@érvﬁé aﬁd/@Pﬁ’é?%hﬂgrk&to?&ep for each UP decision and
decrease P=ch (n) b APcch, dn down step for each DOMN decision. A TX
dat a procedd8t18ipdal datvch@eel watsmit pdvecrtqoapsniion moiteT5Sf wreitdsethe aphitall
channel to the Puh(n) I|evel Ijn icated by unit 544. The transm ssion on

i
the cont r ol chetyzehm@hsmis peeert, 02 e whichg's st g the réfencd 06336k vauExt® pat h
| oss, fading, and nultipath effects on the reverse link (cloud 540),

whi ch typi calltye vanmitpeser dilae B . asmesssalompufed thear o pBwhe Fisi (hhky, t he
received SNR for the control channel continually fluctuates. Reference

| oop 510 athe@ash shdmel BRBIGRF@ (they, g d061N edSNR) aks @b qmmg&ge}f%f &Ft SR
e |

in the presence of changes in the reverse |ink chann con ron. 100117]

Second | oopy agk; Phdn) ' r a dat.a channel (or sone
ot her traff iac C aanng?;ﬂ%s uch t Eegltglsg?d%givg\g\twmggvtgsgt ha% tirasnsglésswpﬁ tﬁ% dﬁtassi bl e
is used forcheirel igiatnd tolservived sackvirl Ok eePhengansntigsions ast te @l ahdcb@rgect or

interferenc o.Wmthin acceptable |levels. For second | oop 520, an OSI
val ue pr Océzglg%r}els%:?/ (f'ag%eelp%ﬁ%gﬁ%!‘) l’p‘??gg‘\é%%sff‘étgrspll]rga &‘I’u&d%lllt%’s br oadcast by
nei ghbor sq00X19% 1EAQ4 debopUNrebdNe BatmiRRMS ity (@il e BRCEMscLADX. OSI
val ue processor 552 praovides detected OSI values fromthe sectors to a

transmt pdiERagsiednigHpgateniervad oy thas gector, eorapaies the sndastred nigeatence
. o . . - t
recei ves pide@h the AfhindEInREkMnbY ‘hhg&ﬂol'a?ée%tlﬂg bsY gzg%ﬂgrnag or%%%f];{rg%ge%fong@?ns f or

channel gain for each sector, provi t he e anne
al | sect or sompaggoptressBoandbmpadcassblbe OST ealne oethetfbrevacdininel gain ratios for

L o ST S e
be updated at different rates, with loop 510 being a faster loop than loop 520. The
update rates for the two loops may be selected to achieve the desired power control
performance. As an example, reference loop 510 may be updated at a rate of, e.g., 150
times per second, and second loop may be updated at a rate of, e.g., 10 to 20 times per
second. Reference loop 510 and second loop 520 may operate on fransmissions sent on
the control channel and the data channel, respectively. The control and data channels
may be assigned different sub-carriers in each hop period, as shown in FIG. 2. In this
case, reference loop 510 and second loop 520 may operate simultaneously on
transmissions sent on different sub-carriers. The control channel may also be
multiplexed with the data channel (e.g., using TDM and/or CDM) and sent on the same
sub-carriers.

[00121] FIG. 6 shows a power control mechanism 600 that may be used for the
control channel. Power control mechanism 600 (which may be used for reference loop
510 in FIG. 5) includes an inner loop 610, an outer loop 620, and a third loop 630.
Inner loop 610 attempts to maintain the received SNR for the control channel as close as

possible to the target SNR. For inner loop 610, an SNR estimator 642 at serving sector



t he data channel based on either a conbined OSI value, or a conbined OSI
val ue and the channel gain ratio for the strongest nei ghbor or a conbi ned
channel gain ratio, as described above. Unit 556 may i npl enment process

300 or 40Woameb/vmsie adj ust AP(n) in WO 2006/ 099546 PCT/ hErRPYaiAe8R49 21 a
probabilistic or determnistic manner, Qr as otherw se di scussed with
respect to Fig. 4A. In general, unit 6 may adjust the transmt power

del ta AP(n); lléi‘%?cﬂné%& t‘ﬂ@ teehed SN@%& tha lcgr\?cﬁol %ﬁzg‘{nglr anﬂtd?ﬁld%etﬁ% he@glgr tgc} Wﬁ

information for any nunber of sectors
and/ or nei qnl?dFPCée@nmﬁEd g?r@mlqn}'f]MA (ﬁla]bmtarrfanmempbneaﬁmetelw\&DQRca@minut ation

unit 558 r anne ransm t power, .Pcch whjch is
used as t h§ﬁ${ea¥%e? gfﬁ@e érg'{eser\l;g{} Coﬁmanéwasegmt@ﬁ8mpf’%§?§‘ﬁf’§(“?%0§Ef|"m§eI ta,
(c)P("). Umed:toﬁSB)xC@aimﬂﬁteshd TeC tcomRSRil o heeforvde link M 1oh@570Y e fdha

channel bas and AP(n Unit 560 sets the transmt power for

the data ﬁn eﬂfl’@al( @Xﬁ&?ﬁw% %FiepmeSﬁeﬁ thecBRe gomnangs fromsgrving éeCtOf
transm ssi onoRand Kguddin traﬁsﬁ'ﬁf‘ﬁ&ller'f% tﬁ@@t}] ntfoPc %ﬁé’l‘ A3 &H R ab {) Ot?)
0 er erence to

transm ssions on the data and contr anne S nmhy cause in
nei ghbor secxtors 110a through | 10m [00119] Each sector 110 receives

transm SSI o r reyerse, | est.i

interfer en %iepj!\#ég n%gyyr‘%ﬁg’ilt 1@32:({3:%? on Yher’rﬁﬁ?‘@}s [ﬁf“ilpe?l r?é‘8§a %ﬁ? h{(})&]f & ence

agai nst théaewodedﬂwith |ar1ﬂcmkfc©dem:datmhrae@h@bpﬂmdﬁgtchémdQ@rlcddadi dga 3y di ngl'y
rison result broadcasts the OSI. val ue on the

based on thg
forward |i A IF n?%?ﬁuoﬁecfog? él??é'enqtg’& vuseqd don g costphehanaelp Bothisesse.ober at e
concur r ent Isyrvigt sebm@y ma?%tf@ﬂ@%ﬁﬁhr@fdefébﬁcfn%ﬁBéchrréée?\%d d@HE\D?JdOcBFaeéﬂrﬁmge' ng a

faster | oop than | oo update rates for the two [ oops nmay
sel ect ed t ovhedhsr Wecoflﬁ‘éordé%ﬁrﬂ%fé o pReeraserht A erasgsbeddewamimey bideemedenanpl e,

;:I:grngncgn Qggrcegn@ p)%es'ﬁ&igfctc&% d‘%ﬁy % gaq}lsecar%f (El) elglg ehg%lgeodet% oy B‘Iag g ti mes

per secon@erfﬁaiedrba'ruomplunmg)a Blbmwfndea&hcenedreli@@cum&@ daipafpehetcémpPited
transm ssi ons . sent

t he n ch d t he data channel
respect i veIDK}e ngm ?IS?ur%ﬁ“Ge hgﬁa ‘E‘h‘% eﬁwwﬁé cqdeyy o5 &RiDeFTRTed OB nt
sub-carri emsmﬁ%&ﬁlﬁ‘d%&@@th@%bﬂnﬁﬂ-isoﬁ%esﬁﬁOWn in FIG 2. In this case,
reference | oop 510 and second | oop 520 nmay operate sinultaneously on

e il 1 pl ook wi T ne i A L ENE! s e B PP e oo T
sent on t hés gelevedsfay- thergontpls channel. The target erasure rate indicates a desired
probability (e.g., 10 %) of declaring a received codeword as erased. A metric
computation unit 652 computes the metric for each received codeword. An erasure
detector 654 performs erasure detection for each received codeword based on its
computed metric and the erasure threshold and provides the status of the received
codeword (erased or non-erased) to a target SNR adjustment unit 656. Unit 656 then

adjusts the target SNR for the control channel as follows:
SNR (k) +ASNR,,  foranerasedcodeword,

SNR,;(k) —ASNR;,, foranon-erasedcodeword,

SNR, . (k +1) ={
Eq (19)

[00124]

[00125] where S Rurga (k)

[00126] ASNR“P is an up step size for the target SNR; and

is the target SNR for outer loop update interval k;

[00127] ASNR,, is a down step size for the target SNR.

[00128] The ASTR ASNR

" and dn step sizes may be set based on the following:



[00121] FIG 6 shows a power control mechanism 600 that may be used for
the control channel, Power control nmechanism 600 (which may be used for
reference loop 510 in FIG 5) includes an inner |oop 610, an outer | oop
620, and wotzhéaodod4eop 630. I nner |loop 610 attenpts topamisHO@ doLsne
received SNR for the control channel a? close as possible to the target
SNR. For inner |loop 610, an SNR estinma Br 642 at serving sector WO

2006/ 099546 PCT/ US2006/ 009549 %*ié Ox estimates the received SNR for the
control channel andSNRvaidsmdp% xved SNR to a TPC command gener at or
644. Gener$@@r29j544 conpares the\r &&gi.ved SNR against the tﬁagﬁ}) SNR and
gener ates TPC commands based on the conparison results, SerVPng’ sector
110x t r ansi9@1301 helhiCoop ot redissrthe emsdrorivastdld sudh thel o tetgd Hhditional
termnal 120x. Term nal 120x receives and processes the TPC conmmands from
servi ng seetror ratd 10% andachitjved fas thdeortrohtisihél. PENsELrgbOsondRNEI0H o Qhte
channel , as_descri hed gbove. for FIG 5. [00122] Data may be sent in

bl ocks on tHE“AEnt Bﬁlregrﬂﬂlﬁé’?]}tyé’ﬁd‘ Eei¥edueqdswer E?&n&ﬁ?w%@ g sge8 WheR h a

bl ock code to obtain a correspondi pg codeword (or coded data bl ock). An

error det eélF‘?IB‘?ﬂ gt Apwnalsedr (rg-t h®) cerespendsciraighesonfidencein s
case, the upede¢bdifly REGEOor Hﬁi/—eﬁ?erdfcgﬁéu/cﬁﬁésggrﬁirgﬁ i %%rfoﬂlrer ?e%afsgﬁ: ek\éed

0
codeword to deternine whether the codeword i's erased or non-erase
erased codé&éwwmynivatjorbeithl eerming seaor HOX umaystansihit énownl cpdevoedssedthacanrotli ngl y

(e.g., dis . r re.detecti.on b erformed b onputing a
metric for %g%‘gﬁldé%‘@g%% Ogoglg%l?‘%ﬁere oﬁ’&ﬁ% ar“ﬁe“g p@cfrasH%‘t‘feit‘?? 19Yai nst
an er asur e férfenetsieotided latosvreeleaoddrig theheme aeahamed feodevavsl ddehsrderrased or

non- erased based .on fhe conparison result. [00123] Quter |oop 620 adjusts
the target “SUREHH %’PP&Y“ coqedPbticcgied 40 e nogegasedra desoder §62 despdasvtbel f or

the contr okeceiVad RBSwn dORwWoRd ST deRErRPits Syie@eL ke rhgi:&ﬁ:g%ﬁtaaoégﬁsiis 8%ect gr
ed codewor . A

probability (e.g., 10 % of declaring a receiv as erase

metric coMptiait Dsaodenp62 pryidesihsgtatis of hashirederied khown eadetward odiicherday

codewor d. u »detechor , 6 for erasure detection for each

recei ved cé%g%%g (goge’d&t%%%lt'sA ggécrlrg(gc{egv r&r;rslétai'rle%el‘éer@qoﬁlé’ Saaerigeemedshol d

and provi desbd tue-chsatl usd décotibcdrectty, vRGad coldewrl © a(eleamddn6fn BeEwaFASed)

to a target SN@@ | ust ment Li%‘xipt 656, .Unit 656 then justs the target SNR
f

ad
for the cofssms purerasedchug degoded ENRITGNRAD GraspR ) thig pdjustment unit

foraner asedepaudeE the erasure threshold based on the status of each received known codeword,

as follows:
TH, 0 +ATH,,, foragoodcodeword,
TH, o ({+1) =4 TH,  (H)~ATH, , forabadcodewordand

T ?), f
[00131] H,,..0) oranerasedcodeword Bq (21)
[00132] where TH e (4) is the erasure threshold for third loop update interval
¢
ATH,, . .
[00133] P is an up step size for the erasure threshold; and

[00134] ATH,, is a down step size for the erasure threshold.
[00135] Equation (21) assumes that a lower erasure threshold increases the likelihood

of a received codeword being declared erased.

[00136] The ATH,, and ATH,, step sizes may be set based on the following:

ATH,, = ATH,, [%-Pr—“—)
T

error

[00137] Eq (22)



el(k+1) = [00124] SNR urgel (k)-ASNI I de, fora non- erasedcodeword, F 9(19)

[ 00125] where SNRWsel (k) is the target SNR for outer | oop update interval
k; [00126] ASNRUP is an up step size for the target SNR; and [00127]
ASNR' N | sW8 20@im9aé ep size for the target SNR [ 00128]rdines20&NeYyz9 and
ASNRd, step sizes may be set based on tzge foll ow ng: WO 2006/ 099546

PCT/ US2006/ 009549 23 ASNR' P = ASNRdn” Pre.sm| [00129] Pre,a". Eq
(20) [001300138hi ridnéraepp 636) @cerq&pssédﬁgn@ﬁﬁﬁ%@p ts@m ﬁl%h?hi@al%“géha{elaaz{t a

t ar get cond ional error rate Pr , 1's achieved e Co
channel . forept gates- c Hsr {9pr2i0 is thefastesitleop Pﬁﬂledbﬁédowsdé@l the dransmit

probabi [ it Bbo‘%r for rtﬁ'@@dn\ﬁ%‘ij cﬁaﬁﬂ@l‘"ﬁ’iﬁg b2 %k&%scfjﬁ Ea?rgcdlg} d1§{ % grfv%ﬁ)r}gg%ﬁfggﬁcéo

be non-erased. A snal espon
in the decewndy Oe@uilcm@ §20ris tivnnet r— loopi,eamdrtﬂstarg@rsﬁmmaylbel updataand/ or

other term n i cat.i tor 1l may transmt
known codev\’{)}lr%%%e}ac?%e oéohst%efwe c%v\%ﬁg if’%‘a(?g?lcglﬁ? Igep %Reﬁ t%/er Floyet ed.
Units 652 aoup, aiivkheerfbat thredhaklingy B@&;ﬁlﬁfeﬂ%enéx@f aﬁﬁ&hn EQROMER BV
codeword in the sane nanner_as for a received codeword. For each received

known codeWBrRf waErbehanpel, dhs gpdate méwdor the daedlneps BB bdselodied to dvhicve

recei ved k@% &pﬁé{\ghq ck is
correct or i nSigr ror. Dglgdgggféé%%é%é?%\%ges weltsctggt ﬂ?ﬁﬁgggﬂ ?%%13?1ved
known codeRewer cartiot mepkanisnp 60@ isButticr deyodetd, in @onﬁfamw assixngd QOS.cagkewor d i s

a received j n ed and decoded _correctly.
A bad codemg)?g%gﬁgﬁ%\égégvggggﬁg% %’6@8%@8 {5 fepoh 8w ErasiEd but
decoded i nRfatepBHsedQﬂbsedhsmpBow&rrC&mtrol’d adj ust rrent un|t 664 adj usts the
erasure thr&ﬁgﬂ d as .on th status of each received known codeword, as
fol | ows: Tl[ T :YT Spegl Fagu LSRR S, beelﬂqu(alb@é(a@qrgs for various

Tl 3e, , , . (~hspddikidn O\fvél’f éﬂﬂﬁgpoﬁﬁfﬁgﬂoﬂﬁaﬁeﬂm

foranerasedcpggem?d Eq (21) [00132] where THe en-r[%gla{(a%b e de \éedebragesducrme

t hreshol d #hsrdesamiptign pewypled hersine Somesromples @e g Go1eRw. ATHdP is an up step

size for the erasure threshold; and AP A
[00140] The same range of allowable transmit power deltas, [APrn > AP, ]

, may be

used for_all terminals in the system. Different ranges of [APy,» APy ] may also be

used for different terminals, e.g., depending on their locations. For example, terminals

with smaller channel gain ratio for the strongest neighbor sectors may use a smaller

range of transmit power deltas (e.g., the same APuin but a smaller APmﬂ") than terminals

located closer to the serving sectors.
[00141] The reference power level, Pur G l), used to derive the data channel transmit

power, Pien () » may be set to the transmit power for another power-controlled channel,
as described above. The reference power level may also be obtained in other manners,
e.g., estimated based on the channel gain for the serving sector. The data channel
transmit power may also be adjusted directly, instead of via the transmit power delta.
The serving sector may provide feedback to inform the terminal whether the data
channel transmit power is within an allowable range.

[00142] Each sector may broadcast its interference information to all terminals, if the
interference observed by the sector is randomized, e.g., with frequency hopping. If the
sectors have more specific interference information, then the transmit powers of the
terminals may be adjusted in a manner to take advantage of this information. For

example, each terminal may be assigned one or more specific sub-carriers for data



[00134] ATHdn is a down step size for the erasure threshold. [00135]
Equation (21) assunes that a | ower erasure threshold increases the

| i kel i hood of a received codeword being declared erased. [00136] The
ATHUP and ATHdn step sizes may be set based on the follow ng: ATHdn =ATH
[ 00137] \WPr2806/08964¢ 22) WO 2006/ 099546 PC1/ 11 S2006/ 0095/ UNFOFUS8] | nner
| oop 610, outer l[oop 620, and third | ogp 630 are typically updated at
different rates. Inner loop 610 is the fastest |oop of the three | oops,
and the tr drgsmissiopdwithottofrequieacy dippiak). C hanseedor Mayy hbenupdairad dateréht

particul ar r . second Qut er Ioop 620 i s the next
f ast est Ioggl%hgtﬁg’%lﬂﬁ%ﬁ%rg?c&e({n %ﬁ%eﬁh %‘%‘H“n ERYstRgrlange ampnisof i s

recei ved onnttHi@rea@nhiybe ghaifiaglly 1d11|i‘tlffe@ HaQAOB0ir laSsigR8 sib-ewdists alf@p. and
the er asure t hreshol d pay be updated whenever a known cod evvorc? I'sS received

on the contfeBFmig RAYTE Pt th???ée@ﬁaﬁﬁ gay he éﬂﬁuﬁf@racﬁfﬁémtgh’r ee | oops may be
sel ected t o@@B] evVee shﬁﬁorfi@%fa{aerﬁte@&r aQE eteﬁ%?&kgtlﬂee}ﬁfegﬁdw nd

power control for the control anne omer con
further deder thpetitd ch%mmhm’ﬁhly ramvegrﬁm UfoB. thPatnbodimeAfs pddseréticl b o8 i aI No.

10/ 890, 717, I st ure. nd Erasure- Rate-Based
C osed Loop()ieﬁ’z'@l é&t %gl rglq& et[gggﬁﬁocﬁ ﬁhﬂﬁetrﬁéreélﬁ%l??‘?’?rcle@'}b"ﬁ%@eth%s have
been descr WR(7)0 ects .of contr ol unmer ous ot her
embodi nent gﬁﬁ%??g%% ({?%’derl véélﬁetgla%egl ng?%qu‘mg@PFﬂtlpSWebflg {4 eY Pher ei n.
Sone exanp Iamsnemwsgl adjustie by he {eﬂﬁﬁxﬁpi’wtﬂ'dﬁﬁ aﬁﬁﬂﬁpdt FRAE IR sclih OB as
transmt pqgwer. Itas lg% ﬂgf used for all térmnals in
the system" P‘? ghove. Theghui ab??ﬁﬁﬂ]etF?ﬁWJéI%We‘b‘édtau@ééecﬁb’Pd&NRffer ent
term nal s, tie.dta chdeRENEE BEppoRed Hﬁh Eaté ﬁﬁ%e‘ RRSchahRdl, afent fnfdiHaR
w th smal I er channel gain ratio for the strongest nei or sect ors may use
a small er Ortéﬁé"é'wé*g S?Q‘%Fnﬁhettefﬁﬁvﬁﬂnad@ﬂwaanféeglaXImlllm ngaver o¥Rn-caroiets, a
smal l er OP % dgn termnals |located closer to the serving sectors.

e

[00141] The* ghatehp eweinal ennesluppd?nﬁt thegurienedastidgovwer delid) ghd@dsgec hannel
Pdch( ansmt_ power for another

transmt r set to the tr

power - cont faﬁ)\ﬁ‘}égf CRARREIS: ¢ nﬁé"ﬁ@?@ﬂ%@@ sgb)gvéfo r‘Fﬂ'é:ertE? amewt of pignaing evel
may al so be obtai ned in ot (n Manngrs, (p)e. g., esti mated based on the
channel gafl§ ¥EnglHBa%gndi ng X candor e ekt feyhapease intervals, via in-band

signaling on the data channel, and so on.
[00144] A scheduler at/for the serving sector may use all of the information reported

by the terminal to allocate resources to the telfrninél and to schedule the terminal for data

transmission on the reverse link. The scheduler may allocate N e (1) sub-carriers,

sb max ( ) sb,max (7’1)

sub-carriers, or more than sub-carriers to the terminal. If

N sb,max (’ 7’)

less than

the scheduler allocates more than sub-carriers, then the terminal can scale

down the transmit power delta accordingly. For example, if 2N g (1) sub-carriers are

allocated, then AF(%)

may be scaled down by a factor of two.

[00145] The power control may be performed by each terminal based on various
pieces of information the terminal obtains from its serving sector and neighbor sectors,
as described above. The power control may also be performed by each sector for all
terminals in communication with the sector. For example, each sector may obtain an
interference report (e.g., the OSI value) for each neighbor sector, e. g., via signaling
between the sectors or transmissions from the terminals. Each sector may also obtain
the channel gains determined by each terminal for the serving and neighbor sectors.

Each sector may then compute the transmit power delta for each terminal based on the



transmt power may al so be adjusted directly, instead of via the transmt
power delta. The serving sector may provide feedback to informthe

term nal whether the data channel transmt power is within an all owabl e
range. [ 00048)6/052@6 sector may broadcast its interfererceUS2dcanngadi on to
all termnals, if the interference obsgrved by the sector is random zed,
e.g., with frequency hopping. If the sectors have nore specific

i nterfer enciteifefeptdRpbrnand the Bhankig) gairﬁ,fh‘{aﬁhéabmﬂﬁt &imixﬁﬁand BhyiaRlR MY
be adjusted in a mann r to take advantag of this information.” For

exanpl e, edERSREDOMERACIRLY thisteqaitaly féagh deingl may thensgsbiest it dranwmit peweri er s
for data V\le?r%oﬁé QRadk ;P Gt H&@%ﬁggg A5 1tg§elrvfn %@o?s'ﬂ&n(a\f\fv%lgf) ge%ch

frequency hopping). A sector en observe di fferent ~anoun
i nt er f er encectonmay cowpetnEné einddhe tramnst pober fiomeatls termirsd. nGhd a\ragebialjm;fnt s of

f fied b d h d
cubs carr i er2 RIREABNEE MRy o fERelT, soliStelie AL “nd Sesreauced

accor di ngl yexpgdit tidjchddeing Uppihe tegdindt a rate for each termnal is
det erm neﬂd%}%g iECEI ved SN for the data channel. This recei ved SNR,
for the e nt Sheyiechyiguss glespihod hesein may be werchior dRWer Fonted of ardeits SNR

associ ated ty‘pés "bfttfh?ﬁé ehRheIvGE gP‘a‘é.\ﬁranhec\éﬁ rol%?ﬁnﬂ&g) t’ﬂf‘ese Eﬁf ﬁ'gigﬁ@s ar® %Yé@r

delta, OP(n used the termnal. The transmt 'powe
aut onormus | Wellbsited fOé@ htfpn@ PgometiactransnviisicadEE-ARQY schepm Wﬁbmme s&ahw ng

Zgﬂ gr t he receﬁ)\%%l%%gﬁépa?t\gfmegﬂgtod “%@ﬁa‘%@y Sa?ﬂd téﬂg’f)%{?“gzﬁﬁ’i? lcgr’éte for

t he data chansmitted a‘r a gqoiforaheedded phaeiedd qaoh sibdldcR€osesivinedee phdket is The

term nal dthegalrlemnurrber of sub-carriers, NI" "" (n) ,
that the té%{cr%wﬁg Vl% LY ES6 Mk afhe, J5aving, sociart atiempiss e fecoduand d@%’% the he

desired quatliet pasfi cﬁleﬂwmwc@ﬁ)cewémaublﬁrf RF 1R ﬁa%ketanﬂhégérﬂgg secbor'i gduce
t he amount of S|gnallng, the term nal may send ‘AP(n) and (rn every

f ew updat e 2P¥tiersrare the pagkethaprden 2 BArg# dransrgisgion bmuwhaswmmbqntamd SO
on. [00144}..fna&d qgfghﬁ%lo%t %Btols dsB81 § rc%é!: $OC a‘? hdTReiVSs ggllﬂ 1(§qf Wtbrlll

i nformation report e termna e resourc
term nal amepyt mtémhwddﬂdeWhmtlmecmvaSNR) fis ti@ha THer @ndng SEit@NtraBmithen

reverse |i sch al l.oca sub-carriers, |ess
than Nb, "’ g ﬁ‘? 524%?@ ngHeorPa?#Sf ﬁ%ﬂﬁ‘e‘fk%ff%ctﬁ) 30d) the  feteiasly May s t o
the term naérmniaf[e the h@nﬁﬁh@&ﬂéﬁhe ﬁdckél“e@ﬂ? §pdﬂ%@eﬁuﬁ% theMOxmax(31)

sub-carri er&uﬂ%fen the term nal can sca down the transnmit power delta

accor di ngl Y WHABT-8RQ, pachngeded packefjmayifis- teasmitted impeyariable amount of

time until decoded correctly. A conventional power control mechanism that adjusts the
received SNR for the data channel based on packet error rate (PER) would reduce the
transmit power for the data channel to a low level such that a target PER is achieved
with all Nbl subblocks transmitted for each coded packet. This may severely reduce
system throughput. The techniques described herein allow a high transmit power level
to be used even with variable duration transmission supported by H-ARQ.

[00148] FIG. 7 shows a block diagram of an embodiment of terminal 120x, serving
sector 110x, and neighbor sector 110a. On the reverse link, at terminal 120x, a TX data
processor 710 processes (e.g., codes, interleaves, and modulates) reverse link (RL)
traffic data and provides modulation symbols for the traffic data. TX data processor
710 also processes control data (e.g., a channel quality indicator) from a controller 720
and provides modulation symbols for the control data. A modulator (MOD) 712
processes the modulation symbols for the traffic and control data and pilot symbols and
provides a sequence of complex-valued chips. The processing by TX data processor

710 and modulator 712 is dependent on the system. Modulator 712 performs OFDM



al l ocated, then AP(n) may be scal ed down by a factor of two. [00145] The
power control may be perfornmed by each term nal based on various pieces
of information the term nal obtains fromits serving sector and nei ghbor
sectors, wa0wdsewé bed above. The power control may alsor/bomao$sas mred by
each sector for all termnals in comupication with the sector. For
exanpl e, each sector may obtain an interference report (e.g., the CSI

val ue) for mediatiiiglikosyseec titlizes OFDM. VA Fagimina) ind (ka\m@m cBltIlﬁnérﬁCt ors
or transm ssions fromthe term nals. Each sector nay al so obtain

channel gai Big-FOPYH 1A SRalRg. ABplities.dliliarn and fsAuanss UDEONVERY th‘h dequenaghdsor

sectors. EARgR m{rﬁ each
term nal based %ﬁﬁeﬁéera{év%ﬁfgg%& 995 @%&Fﬁ@%%‘%@%@&gﬁﬁwﬁg %ag:b 1gnce
reports andngdi@nghittndela agantesnaplsl i cabl e for that terminal and may sent
the trans we ato.th er h te naI hen adj ust
its trans rtthbl‘@ie At usglivilngg £ %céor F]aotﬁsﬁggt r?)Vc?WEr Isfgé1 \'}gﬂ%?aﬁ olVrt i
serving seoré@ﬁved%st ahrmenvielmxeﬁmlfed SEAIZAr 2 W eﬁ&nwtxe aﬁ&qnéﬁaai te

transmt power for ﬁé ermnal. The availability of the transmt power
del tas for 'SFHYer BRHRGVR) i70% oResiNer BBt 780K Wnﬁﬁloé&é%g s Blieraramepiies,axpedi t e

the schedulfidferc§dolRBorvefisy tH@f'eéelvécp %n%@ hnd'RGnL.AH @ﬂ%&%ﬁ? ccgl%ﬁﬁoghé) ggnaq o e' :

may be used for power control varl types o0 I C channe
data and cdpopigin %ﬁmne@fsdata Slalreé@ tAe détmodplaer GXEMAD3 G58xvpiocesses ﬂhedatﬁor a

hybri d aut each coded
pgc klet i g %g@ feg }%ﬁ%ﬁéﬁ‘@i@% ‘é Rﬁ% Vf%g%gg’ftﬁgﬁ?ess%ﬁg%gﬁ]éensmﬁ‘iﬂsﬁék i's
transmittedegt dairiérfervdsonnd ldecddefd etﬂile p@ﬁaﬂi»@l estASat@A € oblahblieied Fatadrggi Ven

coded packet_1is ceiyed via the r verse | ink, the serving sector
attenpts tgrajé%%&é&éﬁ%& BRFEgesIR O g’b%‘k%ftlf"é% EErsyR dglertign Yl nsevidesrtecei ved

thus far farconttellgtariortthe Hats RN ESIOEd @6de'w%rd ﬂ@defo} ?o{vglcxg&ﬁlrolt g packet
based on a partial transm ssion because the subblocks contain Tre Uhdant

i nf or mat i oRTAREANG By deyeedulateiof>Sy ad R datatreacesshe 76(cisicomgleBNRars o thev but
may not be jpeed ¢ h Th ervin ect or
transnits an a?%n%af)ﬂg J@&%@%&fﬁll&ﬁ@ﬁg@%@% Sresd d1 c@&%&g?@?’r ectly, and
t he term ndP0154Y Tl‘erpromsmg fdren forward ink siansmisioh RerytRciefonB@l LivhileRPn
recei ving é‘pﬁ‘ﬁﬁg‘( ée%a?% With HA ch coded packet nmay be
transnmitte SR ABPY rdindevesie I © BHCPys! Sb%dfaé%mﬁ%@@ﬂ qp, the
convent i ong&rwaaived reaRéd1alks ﬁ@ﬁﬁ@ﬂlﬁﬁb&ﬂ@d bPdbYpdismt he received SNR for
the data c?&qgf based on et error rat'e (PER) woul d reduce the
1 For reverse nk power control, at serving sector 110x, an SNR estimator
774x estimates the received SNR for terminal 120x and provides the received SNR to a
TPC command (cmd) generator 776x. Generator 776x also receives the target SNR and
generates TPC commands for terminal 120x. The TPC commands are processed by a
TX data processor 782x and a modulator 784x, conditioned by a transmitter unit 786x,
routed through duplexer 754x, and transmitted via antenna 752x to terminal 120x. At
neighbor sector 110a, an interference estimator 774a estimates the interference observed
by the sector and provides the measured interference to an OSI value generator 776a.
Generator 776a also receives the nominal interference threshold and generates the OSI
value for sector 110a. The OSI value is processed and broadcast to terminals in the
system. Generator 776a may also generate a panic bit or some other type of interference
report.
[00152] At terminal 120x, the forward link signals from the serving and neighbor
sectors are received by antenna 718. The received signal is routed through duplexer

716, conditioned and digitized by a receiver unit 740, and processed by a demodulator

742 and an RX data processor 744 to obtain received TPC commands and received OSI



transmt power for the data channel to a |low | evel such that a target PER
is achieved wth all Nbl subblocks transmtted for each coded packet.
This may severely reduce systemthroughput. The techni ques descri bed
herei n al WOR0@/B9dh transmt power |evel to be used erR@mUSasHOa? i abl e
duration transm ssion supported by HARQ [00148] FIG 7 shows a bl ock

di agram of an enbodi nent of term nal 120x, serving sector 110x, and

nei ghbor S?%m 14 @aannEh etthmtd)xew&hlﬁﬁiérﬂd&tﬂ,ato?W@%’sﬁinﬁ@ls tﬂezgli‘ainn? Qé)l% it a
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frequenc Gopve tsS) recei ved nd further digitizes t
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( DEMOD) 7581xaym1$mq&;31$)ﬁﬁ vihiGusdahdionS RTPbREr doRtrObAIHR r&WERRAINKe $ht A

recei ve (RX) %550 rocessor 760x then processes (e.g., dei nterl eavés and
decodes) tﬁ@nt%‘ﬁ 2%@1(’1 T8 daayt isnpiseef Fhedwedsasing yaitsoshopm in FEGHi had 4 20x.

RX data prggassahal 198X afd §é3to?qr16)9 &Pec@i‘b@@lﬁ gfrgccets%?use 9?&) Wi ]\é%e%g?sctt °

controller 770x the status eac ecel ve
control . Tﬁ@Fngr%éésa;ﬂrﬂ@ Bylemteryouhits a:zz;ﬂmsaxd aTzh SOfe dataand pAGESE OFded 60X i S

o ovessor TREh e T TR0 R4 Pl St R g P st meet | i

t ransnmi ssi mmr@mbﬁw/fmﬂlsatvmﬂgls@abyucko that described above for the

reverse |i T&U ;H1e rocessing for the transm ssions on the
15 e power control techniques described herein may be implemented by

a

various means. For example, these techniques may be implemented in hardware,
software, or a combination thereof. For a hardware implementation, the processing
units used to perform power control may be implemented within one or more
application specific integrated circuits (ASICs), digital signal processors (DSPs), digital
signal processing devices (DSPDs), programmable logic devices (PLDs), field
programmable gate arrays (FPGAs), processors, controllers, micro-controllers,
microprocessors, other electronic units designed to perform the functions described
herein, or a combination thereof.

[00155] For a software implementation, the power control techniques may be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes may be stored in a memory unit (e.g.,
memory unit 722 in FIG. 7) and executed by a processor (e.g., controller 720), The
memory unit may be implemented within the processor or external to the processor, in
which case it can be communicatively coupled to the processor via various means as is

known in the art.



forward and reverse links is typically specified by the system [00151]
For reverse |ink power control, at serving sector 110x, an SNR esti mator
774x estinmates the received SNR for term nal 120x and provides the

recei ved 8bRodsmoss46 TPC command (cnd) generator 776X. Gangesab@oodsddéx al so
receives the target SNR and generates  JPC commands for term nal 120x. The
TPC commands are processed by a TX dat: processor 782x and a nodul at or

784x, condifpp d e predibad &3k At t: ' upl exer
754x, and t[PaIr?g?ri tteFSila anten[;ng)hfggle dg%:?o?é%?nm%g#ﬁl%g%gﬁr%ﬂ%% eg’ﬁﬁ%r
sector 11 @AY eersamnskilledrisnte adtionmmbe oF7dse dst ipnsents intvieetidmt eViroence

observed -he . rovi des..t.he sured jnterfer e to an OSl
val ue gene%?%fr}&?%sg&%%g%g} a.dglxr{é U gaﬁ’e%?é’?\%{s%t tﬁgserﬁg(ﬁ{éﬁdp the art,

i nt er f er encad i gabnd primiplegdafimed hesinthey K hppliv@kdiethéosmisRiaheits kBsit The
0S| val ue I‘/f? §[.oc ssed and. br oadca%t to termnals [n the system

Gener at or 7B Pa{fOR) 196 SBLHOF §599° oF Hheninkentiop. Jrhug,dhe PEssdAntepiien & not

i nt er f er enGgiendsdRObS HmitO@EDBRE eMbodiBibAts Biwnlitdein b t§ 88 Webflieh 'tﬂékwigésg nal s
fromthe serving and nei ghbor sectors are received by antenna 718. The
recei ved siSgeRgIconsistens yitithe prigniplps ahdplossddeaturey disclosaddietdimned and digiti zed
by a receiver unit 740, and processed by a denodul ator 742 and an RX data
processor 744 to obtain received TPC commands and received GSI WO
20061099540VHATY ISCDAGMEIDEO 28 val ues. A channel estinmator within
denodul ator 742 estimates the channel gain for each sector. A TPC
processor 724 detects the received TPC commands to obtain TPC deci sions,
whi ch are used to update the transmt power for the control channel. TPC
processor 724 also adjusts the transmt power for the data channel based
on the received OSI values for neighbor sectors, the channel gains for
the serving and nei ghbor sectors, and the transmt powers for the data
and control channels, as described above. TPC processor 724 (or
controller 720) may inplenent process 300 in FIG 4A or process 400 in
FIG 4B. TPC processor 724 provides transmt power adjustnment controls for
the control and data channels. Processor 710 and/or nodul ator 712 receive
the controls from TPC processor 724 and adjust the transmt powers for
control and data channels. [00153] Controllers 720, 770x, and 770a direct
the operations of various processing units within termnal 120x and
sector 1l Ox and 110a, respectively. These controllers nmay also perform
various functions for power control for the reverse |ink. For exanple,




controllers 720 and 770x may i nplenent the processing units shown in FIGS
5 and 6 for termnal 120x and sector 110x, respectively and the processes
described with respect to Figs. 3, 4A and 4B. Menory units 722, 772x, and
772a store data and program codes. for controllers 720, 770x, and 770a,
respectively. A scheduler 780x schedules termnals for data transm ssion
to/fromserving sector 110x. [00154] TBbe power control techniques

descri bed herein may be inplenmented by various neans. For exanple, these
techni ques may be inplenented in hardware, software, or a conbination

t hereof. For a hardware inpl emrent atChAIMS$e processing units used to
perform power control nmay be inplenented within one or nore application
specific integrated circuits (ASICs), digital signal processors (DSPs),
digital signa pro ' i Le .logic devices
(PLDs), fi el dal‘pr oglg E%{aé?ﬂﬁ’éggﬁ‘%@ﬁi% é‘gﬁf’@?@&é&é@% %?“ggﬁs%&%@?’yca&? Vi 1 ers,

m cr o- cordertol,lcemprisingi cr opr ocessors, other electronic units designed to
performthe functions_.described herein, or a canbination thereof. [00155]
For a softwar %t%}“@ng%taiﬁ?aéﬁwot W@toﬁ%\ﬂéﬁn(gw ?“Et FisNFuRRserYay by dhe

i mpl enentRetopichth @%'b@ﬁ)g(aeneg%hbop'é&%%f BSighatédGh r@dNve Ala FInAMsidat
performthe functions described herein. The software codes may be stored
in a menoeyt b the( wirgless tervimal yoruai servipg seetoF|desigmitedrid exeivettbe daya a

pr Oc.essortra(ngm%sibngaﬂtbg%é \g[relzgs%ﬂ irTeh‘e menory unit nmay be. i mpl errenf[ ed
wi thin the processor or externa 10" he processor, in which case it can

be communi cat icoaibinicegrhadditationhd ipkaeRE&ORcHV@l Kahi theISt RRANK0AScthS, Known
in the art. V[)$006L099546 PCT/ US2006/ 009549 29 [00156] The previ ous
descri pti YHIOR PRengicano seBPEs G ilREnis thay ipdisqteyehethst dhabnisrfersnge per son
skilled i : ' iqn, Various

nodi fi cat(%bgéhrg&'lt%r%ﬁggé&g%%%irer?g%tglg;wv%e??{lgéﬁ?{aegg%gé}g%lga?ngnt to those
skilled in thadmsting tramunit ipewgerier the ¢ata mehphissod dhscdedpdretiei conftayedoe

appl i ed H&ﬁgagpg enbodi ments without departing fromthe spirit or scope
of the inVeRti%h. Thus, the present invention is not intended to be
limted to the enbodi nents shown herein but is to be accorded the w dest

scope consistent with the principles and novel features disclosed herein.
WHAT 1S CLAI M2D | sThgmethod of claim 1, wherein the indication further comprises a second

bit that indicate whether the interference observed by the sector exceeds a second

interference threshold that is higher than the first interference threshold.

3. The method of claim 1, wherein combining comprises weighting each
indication.
4, The method of claim 3, wherein weighting comprises weighting based

upon a channel gain relationship for each sector with respect to a serving sector.

5. The method of claim 4, wherein the serving sector comprise a reverse link

serving sector.

6. The method of claim 4, further comprising determining a threshold value
for each indication and wherein weighting comprises weighting each threshold value

according to the channel gain relationship.



CLAIMS 1. A nethod of perform ng power control for a wireless term nal by
a serving sector, conprising: Qotaining, for at |east two sectors, an

i ndi cation of interference observed by the sector, each sector being a
nei ghbor sector not designated to receive a data transm ssion sent by the
wireless termnal or a serving sector designated to receive the data
transm ssion sent by the wireless terninal; conbining each indication of
interference received fromthe at |east two sectors, wherein the

i ndi cation conprises a first bit that indicates whether the interference
observed by tHe sedthemdtigdafmiamot, Wietamelanhelrgainsifoi ercheif erca 1¢dsr @whol d;

and adj usti.n smt. power for the d rans Ssian sed upon the
conbi ned Secm%lan %P%ﬁeswmg SeHRE %teﬁgaatgfk%spg i Pflot s\/\ﬂ‘?&?%‘?‘ﬁg‘t)!’?eth? AeRtat i on
further aesppctiveds a second bit that indicate whether the interference

observed by the sector exceeds a second interference threshold that is
hi gher than the first interference threshold. 3. The method of claiml,

wherein conbi i ng %Q%étﬁo%ﬁof“&bl%H @Her@%cz?'igusltlﬂg E]gea%%}%prutpg%weghcgﬁgﬁ%ggfd ggr n

claim 3. wherein weighti nprises wei

relati 0nSikijUptlrﬁg)base(hcrhthseomtbmewmdﬁcaltleﬁ pac4 plobatdliger vi ng sector. 5. The

nmet hod of claim4, wherein the serving sector conprise a reverse |link
serving sector. 6. The nethod of claim4, further conprising deternining a

threshol d val ye faqne gRefbdidrdiSats), Qﬂﬂép%rﬂé}%ﬁﬁ%&gﬁfgﬁ % H@:gorgls)aﬁm{t&?

wei ghting each threshol d value according to
rel at i onghiugtingd the 7Aranyimg HQthdmahﬂmeldenwmﬂebamd cihathaethapatingaihor each

of the a ct he serving sectors are estimted based on
pilots rgcgﬁgégp%ronl iQBe %% E;rﬁg@bectlvely 8. The nethod of claim 4,

wherein adjusting the transnlt power conprises adjusting based on the
conbi ned i ndication and ﬁéprobablllt 9. The nethod of claim@8, further
conpri si ng det@rm hhhgnathed pt slsamid |W1§ﬁr¢lérthe adphabilitngs tdhermmachsfmtherpomer

upward o, dewiwait-Rased oPihe LRGP B&D&l foP@t Qata transmission.

I1. The method of claim 9, wherein the transmit power is adjusted in a fixed-

size step and in accordance with the determined probability.

12. The method of claim 4, further comprising determining a step size for
adjusting the transmit power based on the estimated channel gain relationships and

wherein adjusting comprises adjusting based on the combined indications and the step

size.

13, The method of claim 12, wherein the step size is determined further based

on a current level of the transmit power for the data transmission.

4. An apparatus operable to perform power control for a wireless terminal,
comprising:

a processor configured to obtain, for at least two sectors, an indication of
interference observed by the sector, wherein the indication comprises a first bit that
indicates whether the interference observed by the sector is above or below a first

interference threshold, each sector being a neighbor sector not designated to receive a



rel ati onships for each of the at least two sector. 10. The nmethod of claim
9, wherein the probability is determ ned further based on a current |evel
of the transmt power for the data transm ssion. 11. The nethod of claim
9, wherein the transmt power is adjusted in a fixed- size step and in
accordance with the determ ned probabibity. 12. The nethod of claim 4,
further conprising determning a step size for adjusting the transmt
power based on the estimted channel gain relationships and wherein

adj ust i ngdatomprsissnagjiuby itegyiddssderatindl e acerinnedtor rIdsigadtéDRSreadick t he
step sizg. 13. The.nmethod of claim 12, wherein the step size is
det er mi nedl® ARPHFEFMSSIOB AN tecyirelestenual angk to pust Aainansmit pRVREO or t he
data trangf &8istissioktbasé upeP 853 gCReh ahdi&tibR oqqlfnfe%féhgé)%é'v&? Rlpe! for
a wreless termnal, conprising: a processor configured to obtaln, for at
| east twohealdeast svo satorndndati on of interference observed by the sector
wherein the i q%&g%gog qqg@&hzes a first bit that indicates whether the
interference ohserved H%e & %%WBVwﬁg‘above or below a first

interference threshold, each sector being a nei ghbor sector not designated
to receive a 32 data transm ssion sent by the wireless termnal or a
servi ng sect orlodesilyfapearatus ¢fedam ¢4, whereimathg indigatéon Suthen cemptisebya t he

Wi rel ess 147 : ' : ' f.or ta transm ssion
Pased apos o, i REAL bRt B el tRRAUbaDRLRY ederal Bl ey PR T he ot
| east twonigdeteoresthreamuld shamisrogher daupheeiiswintehfetchee prabelgsor. 15. The
apparatus of claim 14, wherein the indication further conprises a second
bit that indicate whether the interference observed by the sector exceeds
a second i ntagfer gpegphdsies bSiy LF St .
interference,threshold??16. Qﬁggg%%g?gﬁﬁgh%?B?FS%E?%E%HEl%%%?ﬁﬂﬁ%?e

pr ocessorbyivcighiingiegelr iadicatdorconbi ne by wei ghting each indication. 17. The
apparatus of claim 16, wherein the processor is configured to wei ght

based upon a channel gain relationship for each sector with respect to a
serving sector?. 18Thybgpagpachilvisn 08, WhedimtHe provdiesrak ok fBir&PloWaghtSect or

conprise a reverse |ink serving sector.
based upon a channel gain relationship for each sector with respect to a serving sector.

18. The apparatus of claim 17, wherein the serving sector comprise a reverse

link serving sector.

19. The apparatus of claim 17, wherein the processor is configured to
determine a threshold value for each indication and weight each threshold value

according to the channel gain relationship.

20. The apparatus of claim 17, wherein the processor is configured to adjust

the transmit power based on the combined indication and a probability.

21, The apparatus of claim 20, wherein the processor is configured to
determine the probability, for adjusting the transmit power upward or downward, based

on the channel gain relationships for each of the at least two sector.



19. The apparatus of claim 17, wherein the processor is configured to
determ ne a threshold value for each indication and wei ght each threshol d
val ue according to the channel gain rel ationship. 20. The apparatus of
claim17, wherein the processor is configured to adjust the transmt
power based on the conbined indicationsand a probability. 21. The
apparatus of claim 20, wherein the processor is configured to determ ne
the probability, for adjusting the transmt power upward or downward,
based on the Xhanngle gaiatatli£lo@t dISAS R pSvHein Qﬁ&%r@ées&d?eisakodf?g%%d tywo
sector. 243% 22. The apparatus of claim 21, wherein the processor is

conf i gur et BingetIs mip i@ ility daprdopmpi qurtent lsueleef ba teansmitronter Ifo e data t he
transmt power.far the data transmssion. 23. The apparatus of claim 21,
wherein the processor is configured to adjust the transmt power in a
fixed-size step and in accordance with the determ ned probability. 24.

The apparatus of claim?21, wherein the processor is configured to.
determne a stzgp si@é ARRY S Ogﬂfaﬂfgtﬂba@érﬁmoﬁl?etpﬁ@eé@ﬁﬁ P@H?@f?éit@éﬂj%hs and

the step tfé &@smidfwel ea ARRALIA 4Sp Ad iflatdoMAte WRISELINR LIRS dg{rglfa%ﬁﬁ ris
d Tdvel o

configured to determne the step size based on a current the
transmt power for the data transm ssion. 26. An apparatus operable to
a Wreless co ni cation

per f or m power ~gont gl r W reless,termnal .in

syst em corrpriz(sj'i ng:ﬁﬁega{%%m?%sr O(f)bctl%]inn?if WhETSn :ﬁle IPLORERSAr i SuigBed | toan

i ndi cat i afteohinentsaspfsifcaind o adjhs ©asdbnlle ddnhiSRGhIEatioMI BREHHR stdp&ijendi cation
conprises a first bit that indicates whether the interference observed by

the sector is above or below a first interference threshold, each sector

bei ng a nei ghber s 0. desi gpat celV ata transm §sjon sent
by the wirel 22‘5 tg?‘%n' {P&Q&Eurs gfssc%?@i %&gi gglg{egjr % eg)ir(%r?gaioédlst%o 1§8r§ﬁv t he
dat a trarfstermiiedhe seapt sizdpatedeoniar@inests levelr of tal fram¥@aNok@r feaRbidaiang each
i ndi cati on of. i.nterference received fromthe at least two sectors; and
means for ‘2d]'i¥t ¥ 'ng transmit power for the data transmission based upon
the conbined indications. 27. The apparatus of claim26, wherein the

i ndi cation further conprises a
An apparatus operable to perform power control for a wireless terminal in

a wireless communication system, comprising:

means for obtaining, for at least two sectors, an indication of interference
observed by the sector, wherein the indication comprises a first bit that indicates whether
the interference observed by the sector is above or below a first interference threshold,
each sector being a neighbor sector not designated to receive a data transmission sent by
the wireless terminal or a serving sector designated to receive the data transmission sent

by the wireless terminal;

means for combining each indication of interference received from the at least

two sectors; and

means for adjusting transmit power for the data transmission based upon the

combined indications.

27.  The apparatus of claim 26, wherein the indication further comprises a
second bit that indicate whether the interference observed by the sector exceeds a second

interference threshold that is higher than the first interference threshold.



second bit that indicate whether the interference observed by the sector
exceeds a second interference threshold that is higher than the first
interference threshold. 34 28. The apparatus of claim 26, wherein the
means for conbining conprises neans for weighting each indication. 29.
The apparatus of claim 28, wherein thg,means for weighting conprises

means for wei ghting based upon a channel gain relationship for each sector
wWith respect to a serving sector. 30. The apparatus of claim?29, further
conpri ses nearss. f orrideppaiihRi dTlAm 1d)naRhoh the/mbal HPtomBmhd AhsREi on and
wherein the neans for weighting conprises neans for weighting each

t hr eshol dM¢ der weissigicagh diceien.channel gain rel ati onship. 31. The
apparatus of claim?29, further conprising nmeans for estinmating channel

gai ns based on pilots received. 32. The apparatus of claim 29, wherein the
means for adj Wi nglhehepptmansdfi dlaimpd8yerherainphé seansTRANSeifoingacinsistng
based on the conbi.ned indication and a proefa,bi lity. 33. The apparatus of
cl ai m 29, NS Y WeighiineRasrd Updsy @ ahfnpeligaiyrefatansivip Hsereh protesrwithorepRect es
means forydeteiddtidg a step size for adjusting the transmt power based
on the estimated channel gain rel ationships and adjusting based on the
conbined indications and the step size.

30.  The apparatus of claim 29, further comprises means for determining a
threshold value for each indication and wherein the means for weighting comprises

means for weighting each threshold value according to the channel gain relationship.

31.  The apparatus of claim 29, further comprising means for estimating

channel gains based on pilots received.

32, The apparatus of claim 29, wherein the means for adjusting the transmit

power comprises means for adjusting based on the combined indication and a probability.

33. The apparatus of claim 29, wherein the means for adjusting the transmit
power comprises means for determining a step size for adjusting the transmit power
based on the estimated channel gain relationships and adjusting based on the combined

indications and the step size.





