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BACKGROUND
L Field

[0004] The present invention relates generally to communication, and more specifically
to power control for a wireless communication system.

[0005]

II. Background

[0006] A wireless multiple-access communication system can simultaneously support
communication for multiple wireless terminals. Each terminal commuhicates with one
or more base stations via transmissions on the forward and reverse links. The forward
link (or downlink) refers to the communication link from the base stations to the
terminals, and the reverse link (or uplink) refers to the communication link from the
terminals to the base stations.

[0007] 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



transm ssion fromeach termnal not interfering with the transm ssions from
other termnals at a receiving base station. However, conplete
orthogonality anmong the transm ssions fromdifferent termnals is often not
real i zed dye does/eapnel conditions, receiver inperfectpEnssoesndo®® on. The
|l oss in orthogonality results in each termnal causing sone anounts of
Interference to other termnals communicating with the sane base station.
Furthernore, the transm ssions fromtermnals comunicating with different
base stations are typically not orthogonal to one another. Thus, each

term nal nayammissionaficid ¢ach etefneing N mmr&n‘mgﬁwiﬁll ﬁnectram:uﬂsishmtiﬁ@lvdtmdn near by
base statlons The performance of eacrkterm na n de raded by the

i nt er f er encel*F Py eﬂtla Eﬁcﬁgmgn‘i’aé? $HaeR-s Hopvevre V@Ph% r'g %@
therefore a paRMidsddnt ROnPaifefit t&ﬁﬁﬁﬂ'lg YRén h&t Bhlideaatue té BEarﬁEIf &fﬁaﬁm@é
interference so that inproved perfornmance may be achieved. SUMVARY [ 0009]
Techni ques  f weeikarimpetfedtiogs,tandreoran: ‘Besntoss inoerthpgepality resulis i eashdermindm a

Wi rel ess term t ' rence
and "inter- @grS&g g?élnntéée% egé}ngé %eéstg?h e "ﬂ%r@éél%“ﬁff%ﬁ%w&@m gower is

adj ust ed sucisnsé rmetuohheFuahmmnfe che itiahsmissest Gom ter@irfady emmbmﬂgeWnal may
cause to a "servin base station_ and the apount of |nt

i nterferenc edlflﬁ@nt RstalPns ALy tpigally nploorthegenal i pre %’8&1@ ‘Eﬂtli‘ster&’r’%al bot h
mai nt ai ned w tﬁg hido @&ﬁ@ %é@r&cb%%ﬁmaﬁ%&ﬁnﬁlﬁfc%ét With HOL Gy @a{s@ sHAfSE! iThed

bel ow.) The anbunt of inter-sector interference the ternmnal nmay cause may
be roughly - p@fqrmancedoibawdteunm@ll)s thew degraded ibiit the fivtedirsaco oy ek bty each
nei ghbor bas &1? g%g channel gains for the serving and nei ghbor base
stations, (BGHP]I% &Ih &t r ansmi t power |evel used by the termnal, and
(4) possi bl y[0008leThep isatiRicfirs .a dhinhBS artSfop tdcBiiqigyto MitACHS tefRcts &1FOT t
(e.g., asingle bit) indicative of the total interference observed by that
base statlonlntqf?éenéﬁ%ﬂﬁé‘lm@’éﬁ"ﬁdﬁ’@‘@%&?ﬁ’lﬁ%}é@ achigvebn may be estinated based
on a pilot received fromthe base station. The transmt power may be
adjusted in a probabilistic manner, a determnistic manner, or sone ot her
manner based on these various paramSUMMARY)010] In general, the transnit

power may be ed if high . interference is phserved b bor base
stati ons and[q%ﬁglr—ge‘& 8u?sf fry Iﬁtrﬂ[i’éﬁgf TS PRt og’§ et el uﬁ%"is?oélna 2 power
may al so be {ékMGt @MYl @ 4 afa8fdr (3THILPAte BOH GhtrdBdclor? REMEAdeYand (it t he

termnal is |ocated closer to a_neighbor base station observing high
i nt er f er encesestey] Bierference are described herein. The transmit power is adjusted such that the

amount of intra-sector interference the terminal may cause to a “serving” base station
and the amount of inter-sector interference the terminal may cause to “neighbor” base
stations are both maintained within acceptable levels. (The terms in quote are described
below.) The amount of inter-sector interference the terminal may cause may be foughly
estimated based on (1) the total interference observed by each neighbor base station, (2)
channel gains for the serving and neighbor base stations, (3) the current transmit power
level used by the terminal, and (4) possibly other parameters. Each base station may
broadcast a report (e.g., a single bit) indicative of the total interference observed by that
base station. The channel gain for each base station may be estimated based on a pilot
received from the base station. The transmit power may be adjusted in a probabilistic
manner, a deterministic manner, or some other manner based on these various
parameters.

[0010] In general, the transmit power may be decreased if high interference is observed
by neighbor base stations 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 base station observing high interference and/or
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2 WD 2006/ 007318 PCT/ US2005/020092 (2) the current transmt power level is
hi gher. The transmt power nay be adjusted by a smaller anmpbunt and/or |ess
frequently if (1) the termnal is |ocated closer to the serving base
station andiodoodiedysishe current transmt power |evel isS pEWES2005/026092
Intra-sector interference caused by the terminal is maintained within an
acceptable level by limting the received signal quality (SNR) for the data
transm ssion to be within a range of allowable SNRs. [0011] Various aspects
and enbodi ments of the invention are described in further detail bel ow.
[0012] BRI EF2DESCRIrEHIt@hsmIE pdwier IDRAWNGHSr.| Thd Bjnsitilepoweamayds adjusted by ar e of

the present inyention will becone r pparent .fromthe defailed .
description ¥& lef grpoypt %@%ﬁ%&?ﬂ“@g@%ﬁ (ﬁﬁﬁﬁmm{:{silgﬁt% 5t f?ethemngs in
whi ch |ike rekersefcs a0eF 8) ﬁfescmﬂﬁﬂ&hﬁsmp?&p&smdib Ner. t The ugipstctornd
wherein: [0014] FIG 1 shows a wireless nultiple-access communication

s Iy stem 0 ([) 8 gixs@];tl‘eﬁm capsed byue termingl iy mejnianed wh%appam@cmtatdé levelebyf limaifingncy
ane; elp [ [ng. 11 0O a
D obabi I 1 st e ol SR ByiP (GRS for B QB HEbbGioh' BRI WimBN Bk b2

power in a dsaiosvablerSNRs, ¢ nanner; [0018] FIG 5 shows a power control
mechani sm f or ata channel ; [001 FI 6.shows a power control nmechani sm
for a contro[ooiﬂa us agﬁats[a%g@?o ts%@ﬁgwgméoqgg yeeiped iy e\ll'idf"ltdl(ibase
station, andydgpei ghbor base station. [0021] DETAI LED DESCRI PTI ON [ 0022]
The word "exenplary" is used herein to nmean "serving as an exanple,

i nstance, ol0012] ustration.” Any enbodi ment or design described herein as

"exenplary" is not neces j I rred or advant ageous
over other enbodinents or%%%pgﬁgxm?%@@éﬁgﬁga Wi rel ess

mul ti pl e- acc9$3)CTHE TR And natts tofrthe PfkserB)ifitetion W0 Hebshe tefie appusedder of
base stations 110 that support, communi cation for a nunber of A wireless

ternminal s 128omTibe detpled apserpiien sel, forthy Prlowowhe fakel RHGOBIGRER “ithethey st em

drawings in which like reference characters identify correspondingly throughout and

wherein:
[0014] FIG. 1 shows a wireless multiple-access communication system;
[0015] FIG. 2 illustrates frequency hopping on a time-frequency plane;
[0016] FIG. 3 shows a process for adjusting transmit power in a probabilistic manner;
[0017] FIG. 4 shows a process for adjusting transmit power in a deterministic manner;
[0018] FIG. 5 shows a power control mechanism for a data channel;
[0019] FIG. 6 shows a power control mechanism for a control channel; and
[0020] FIG. 7 shows a terminal, a serving base station, and a neighbor base station.
[0021]

DETAILED DESCRIPTION
[0022] 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.
[0023] 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
3



and each termnal may be fixed or nobile. Atermnal may also be referred to
as a nobile station, a user equipnent (UE), a wireless comuni cation
device, or sonme other term nology. A base station is a fixed station used
for conmmunygasdsngisyd th the 3 WO 2006/ 007318 PCT/ US200Pcaa0a3n2dex m nal s
and may al so be referred to as an access point, a Node B, or sone other
term nol ogy. A systemcontroller 130 couples to base stations 110, provides
coordi nation and control for these base stations, and further controls the
routing of data for the term nals served by these base stations. [0024]
Each base sttamiinals add npy aliodes refemadutoi asadri acvessopuintageNdder Baor eape othiew e

geographic area 102. A ,base station a or its coyerage.are be referred

toas a " cé?rfrf“,mjl%’pe nth AYIEH %%ﬁof@%fn?g‘itco plesuP c st h‘gat_fcé’rsn? }(gaﬁ@glgl_es To

i ncrease capgsidinatiot B con@YEfR dRsebR8 sRtiofaaid Raher ehabisahe FRUNPEF data

partitioned into nmultiple éggm three) sectors 104. Each sector is served
Y E19Fg

by a base t remibe taminalssetys Bpeytatiofie term "sector” can refer to a BTS
and/or its , i t ' | h IS
dsed.  For o 10020 398, B2 aHERTY Bibuilly AR ol T pIRSHERD:

i ncl udes t hezeBgrgpshic ety 18R] A badeastadtionfandlonfts cevdrageFoea mhyk irefetryd ta a5 4 he
follow ng descr)jption, the term"hase. station' is, used generically for both
2 Fixed ot at Folh Sreerdioe cpdbe SOomler I SEFHE (EBISQEE | D A CEEPTLEhe
sector. A "s@tihfOareP85€ch badd sﬁd’ﬁoﬁrmé'yst%rp‘ahtﬂﬂihcé 866 Aiultiple R, tthdehsepfireh a

term nal communi cates. A "nei ghbor" base station or "neighbor" Sector is one

wi th whi ch 104e Bagh aictralis sevesdory & hassdrenensivensubsystene B TS). nphe tefm yisectore
foll ow ng descridt.i e ' 0 ' |t ne
erving basciardp S BIY ARIGR iRk BED iy O BRVER Mt "e

t echni ques deasyd [Fed alvecterized ceDOBS baskhueatipn \i@rthatasell tglicdlgdhelndpgalse BEScr i bed
herein may b ed for _yarious_wreless . c I catLon.systens. Fgr exanpl e,
these t echni BLELSFHRR s%&la_g - 1R SHMRHGRS ingipc FAIoYRRRRSEHRoR, REdeEy )
system a Fregdenisty gén%ﬁeﬂly'\fd} bdtR SR8 GRAS tHaf MRk 2SR t88a BRd YatiBpgonal
frequency division mulTiple access (OFDVA) system and so on. A TDVA system
uses time dithitseons mseatompl AXserying'Tbhge, stagiod or r‘sareing s sactonds oneowithiwhidy @nt
termnals are orthogonalized by. t.r s tting in different tj | nterval s. An
FONA. yst em R RSB, A7 ot BE bhel flioh by Ry s B S o
for differefiick tHerteiméha i9het i@rcoh@gaivation eBortymplicsys tHet fbildwging destiripfien ent

frequency subbands, TDMA and FDVA systens may al so use code_division
mul ti pl exi ngEsgunpggthat eachternynal communicates with one Serving base station, although this is

not a required limitation for the techniques described herein.

[0025] The power control techniques described herein may be used for various wireless
communication systems. For example, these techniques may be used for a Time
Division Multiple Access (TDMA) system, a Frequency Division Multiple Access
(FDMA) system, an orthogonal frequency division multiple access (OFDMA) system,
and so on. A TDMA system uses time division multiplexing (TDM), and transmissions
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 subbands.
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 subband. An OFDMA system utilizes orthogonal frequency division
multiplexing (OFDM), which effectively partitions the overall system bandwidth into a
number of (N) orthogonal frequency subbands. These subbands are also referred to as

tones, sub-carriers, bins, frequency channels, and so on. Each subband is associated
4



case, transmissions for nultiple termnals may be orthogonalized using
different orthogonal (e.g., Walsh) codes even though they are sent in the
same tinme interval or frequency subband. An OFDVA systemutili zes

ort hogonal wioreepaeraay di vi sion rmultiplexing (OFDM, whiedr/eszbesmeooe! y
partitions the overall system bandwidth into a nunber of (N) orthogonal
frequency subbands. These subbands are also referred to as tones,
sub-carriers, bins, frequency channels, and so on. Each subband is
associated 4 WO 2006/007318 PCTIU82005/020092 with a respective
sub-carrier wiat mﬂ)ﬁctm@ subehalrier dlat vihayhbej sodulatad Vaﬂ[)ﬂ.ﬂasfgt DM sysien any

nbi nat f ot d/, | t ng
OO M B BP0 1R ol BAS B A LIS
system [ 002&4ritlyOthe powéidoholtydinkfies arukiéslcnbal beucrvafd‘rlaﬁ 'ORDMARg$temmay be

defi ned V\/nerebi/ (1) each subband i sgadé only one traffic channel in
any gi ven ti R82¢lFaap QFDMA SQ’Et?mela‘B 2ffiq” channslsaay bedeiiped whete zero,

one, or multip} ahannefsnﬂéd I ﬁlg%ehhm chaym%rﬁaaah vﬁﬂga Ity meaktépéh%hs ey

i ncl ude "data" S use send traf ac et ta an "control
channel s usetaffio chamgl wglbhesaﬂgrmdrwmobnﬁ@rmulfMesubbaﬁdsmQablanmllatermy aI so

be referred p channel,, r,ansport chann | s
t er ni nol ogy. T‘Eebs%?‘f %ﬁ@ f STRE¥ fr’(‘:’ﬂ@ﬁ ﬁ‘ﬁ ghanfiels used;fo sen 8F‘fﬁr‘?&§9°1f)egget§fain ed to
be or t hogonatcoh@ol8RBannmeRE&EH skl dveﬂﬁaa&ﬁmbt @ftaleTe/traffic thedhels thal wotbeaf f i C
channel s use the sane subband in y@%l ven tinme interval. This

P

or t hogonal i t §pfeanegiteias physical charnely trang Flane%@ra%%gﬂwmmm@lpgyt ransni ssi ons
sent si mul tagﬂ?ﬂﬁ e QAT Hnbhd Lok 8 bé&to‘f{lﬁ{}n ﬁﬁ%dttlaebesﬁx‘ﬁgogﬁ%%%e Sone

| oss of orthogonality nmay result fromvar ects suc , tor exanple,
inter-carri euno'rdwrmflmeandérequdﬁby Stathilt notwoe trsﬁiwbhhnnelstmeftm smeesupbB0.inThi s

| oss of orthogonal it sults tra- ector rence Thetrafflc
channel s f or ®¥a8H° %é’t’:‘%/o?n er?lr%{y r{ﬂ‘gg?i’é‘ Vnavpigsy m%}-g SB ’gerf

respect to tﬂaltip[@frﬁﬁsﬁné‘sttaﬁ rb@htsmfrﬂrtaﬂée@dlybbn BelebRer Baffid fbhﬁamfeﬁﬂﬂloﬂﬁb &@ﬁwt he
inter-sector or "other-sector" interference caused by traffic channels in

one sector t%ﬁctora%m@l%ﬁamogonahtmww tem ypgousmivets ke, ﬂOh@faalp&,%ct or
| nt erferencem?é?%afdé[r She f@&h@é ¢l Sl CiniRS S@ynﬁ’e‘?fegérk qutgm it

manners. For exa re ue cy’ hoppi ng an provi n?ro-sector
and inter- secmlmgonalmy easshhzs ﬁnmﬂaa&taveilnterﬁ&née effhe mafficdihaeneds foy eagabacs:tr

del eterious path eff 02 FI G, 2 | ustrat s fr enc oppi (FH)
on a ti ma-fr Yxéﬁ‘&i? E?f[éﬁ?é égﬁp?ehﬁo Lo eEpoet i the R ?IUIF éﬁg arﬂ ppi ng,
each traffi csehadNElis faRdARZOCtha it -98ktbor®other-sector” interference caused by traffic

channels in one sector to traffic channels in nearby sectors. Randomized intra-sector

interference and inter-sector interference may be achieved in various manners. For
example, frequency hopping can provide randomized intra-sector and inter-sector
interference as well as frequency diversity against deleterious path effects.

[0028] 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
specific FH sequence that indicates the particular subband(s) to use for that traffic
channel in each time interval. The FH sequences for different traffic channels in each
sector are orthogonal to one another so that no two traffic channels use the same
subband in any time interval. The FH sequences for each sector are also pseudo-
random with respect to the FH sequences for nearby sectors. Interference between two
traffic channels in two sectors occurs whenever these two traffic channels use the same
subband in the same time interval. However, the inter-sector interference is randomized

due to the pseudo-random nature of the FH sequences used for different sectors.



specific FH sequence that indicates the particular subband(s) to use for
that traffic channel in each tine interval. The FH sequences for different
traffic channels in each sector are orthogonal to one another so that no

two traffiGoGhaRpahe use the sanme subband in any tine pdi@hayilozeedhe FH
sequences for each sector are al so pseudo- randomw th respect to the FH

sequences for nearby sectors. Interference between two traffic channels in
two sectors occurs whenever these two traffic channels use the sane subband
in the sane tine interval. However, the inter-sector interference is

random zed 029t Dath Banasls ueky-Heamsigied nataive taviitalsesukltime sich dashauseisf or
different sectors. 5 WO 2006/ 007318 PCT/ US2Q005/ 020092 [0029] Data (ﬂannel S
may be assi g hYoPnhy one Eermgialh aYsSi¥eh Hmeh O GANSH Ve sysicre H%ﬁ‘?ﬁ’é’?s’lcgntf sed by

only one terEfL %a NYe Gh4RH FIIDB% Jﬂuﬁl@”%ﬁﬁlssﬁhgmJ@S%ﬂéeﬁwsfbﬁ”trO'

channel s may ared anong nu e termnals using, e.g., code division
mul ti pl exi ngmultipldxhg déitle ditmcheahels arcortpgmelp malltinlexed| aolypinekemennyl andi n

frequency an t o] e then r ess ce Lb| | oss
in ort hogonaﬁﬁnf’)fa‘g‘hegf’fiﬁ(’de h%‘ﬁlﬁgﬁ 3 BRdFY %pe% nlg t(rge(%sl; %?’Hﬁ?ﬁ?g e 4 oﬁs t han
the control ehandebaditi¢r2Ga@kectiver ﬁﬂfeﬁe&i&ﬂﬁlﬂﬁh thetchitsollvhmtneever al  key
characteristics that are_ perti nent for power control F| rst, infra-cell

i nt er f er encel@§30k Hes dafp shenmglenbps have Wﬁﬁ]r'r]ﬁ?y ehegaciesisties that are W?Bb&%’al
mul ti pl exi ngg&v?er feh 418 Tk, Ath- 5&11%6&&%5% thk Bh& chaflels ib %ﬁﬁr{a?ﬁ fife dfs

random zed because nearby sectors use different FH sequences. e anount of
inter- cell thatwﬂnbgcmahumlmﬂuswlmfre@egawmd tirge. mSnaindq, mtdsteﬂrlmerfemmtwiS( 1) the
transmt power ‘g{) used thatt terghrﬁ X e(qZ% t he ocatl f the
Lerninal T ol BHQRERE et nsPwtors Re e i odeipagsd LS
channel s, pow&r iné@Rtdnoe cht¥d b giEM foithab Lscdetérﬂmiedetgcu)ttw tfhﬁbﬁht pévieral | oved
to transmt at a power |level that is as high as possible while kéllggl ng

intra-cel |l lovel qsm By thag farmyingl and @) éhsfclecatﬁ@n\mf the grmisalaslative to the peighbor o

t erm nal Iocgéﬁ ﬁ&gser to its serving base station may be allowed to
transmt at a power level since this terminal will |ikely cause |ess
interfer ence[ﬁﬂal]nﬁrrghdadata bbanmelsy mvi'eonsntrdtmwdxesuetfynnal suck that padh tbmdaaled

ol | owed (01 AN sl Epo et Falars BRRal APl Pulirnbe g llll, °°

nore i nterf gienee ckp iMeifabhe o Ramhe SdcgithIe fovelsO N tepinirlal thehte@BpRrtto BT 1 N
this manner can potentially reduce the total interference observed by each

base st ati onssining dagg atigthgiay be allowed to transmit at a higher power level since this
terminal will likely cause less interference to neighbor base stations. Conversely, a

terminal located farther away from its serving base station and toward a sector edge may
be allowed to transmit at a lower power level since this terminal may cause more
interference to neighbor base stations. Controlling transmit power in this manner can
potentially reduce the total interference observed by each base station while allowing
“qualified” terminals to achieve higher SNRs and thus higher data rates.

[0032] 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
described below. For this embodiment, the transmit power for a data channel for a

given terminal may be expressed as:

[0033] Py (1) =P (n) + AP(n) , Eq
M)

[0034] where Poen(m) is the transmit power for the data channel for update interval n;

[0035] Prer (1) is a reference power level for update interval n; and



"qualified" termnals to achi eve higher SNRs and thus higher data rates.

[ 0032] Power control for the data channels may be perforned in various
manners to attain the goals noted above. For clarity, a specific enbodi ment
of power cwoi2edooras descri bed bel ow. For this enbodi mnerttT/uszees/omnsm t
power for a data channel for a given termnal may be expressed as: [0033]
Pdch(n)=Pr(n)+0OP(n) , Eq (1) [0034] where Pdch(n) is the transmt power for
the data channel for update interval n; [0035] Prey (n) is a reference
power |evel for update interval n; and 6 WO 2006/ 007318 PCT/ US2005/ 020092

[ 0036] AP( ”)[OB§6]5‘AP(’"3@§§&E1R§WV‘5‘J éiiglaﬁ of datdifi@hval hnterval n. [0037] The

power | evels (n) an e transmt power delta OP(n) are
given in uni fwdecibel s dB& (n) ®L.(Th L eWe(n)i 5.t he
anount of trgﬁ%ﬁr{h o Ner l%ve deoi1 tog'édzhlfeve%m[ egl?aglg%ﬁsp%g%gg elqual [ tyaFor a

desi gnat ed t girashiumis ofNdecibely-(dBRPN a control channel). Signal quality
(denoted as may be quantifjie a si gnafj t O- n0| se rat.i

SN
si gnal -t o- no["é’ég 1 Theeleranes Ve eEe rl%t oyt PIdEngRIt PPREr Resd E&@n@@leﬁﬁ\ﬂer
llevel and t hg dptgell qad {%Wa R8sigr d%@lqlsgﬁn?e POVE RRLT Hanf®r NGiBhaAM t O

achieve a desited | eve erformance for desi gnated transm Ssion, as
descri bed befunlity Gdtncttdnbasré‘é*ﬂ%)rmmbe mﬁed wlmm-n@lemta@oa ila@l-lt%n‘géﬁt- SNR,

t hen the recel Ve dat a t

SNRd, h(n) =S\ ’% f“%“( Ew’éé‘ 5P 9§ [Tgﬁ% ‘f}g‘lﬁc‘iﬁ%{’ ‘b‘rgﬁve((i%’&g%t% g “{a%ﬁe dat a
channel and hdf‘i&t&ﬂﬁ}t a@bwemajmel ndealvisii 161 dchieve ardbﬁfefdeleeamﬁpaifmme 5. This
is the case, and data channels fromdifferent

exag) I f .the control
sectors may fh§ Fepsmistien, asodeseribed fslowy. eflé then edersptrePov @ VisYel i) be
determined a h?e%%é éagg@t éﬁhomen[tﬂ%l%w%mrfap&%mp ?ﬁ?elf ﬁehé%txﬁilﬁfe@
channel may e set d on’various tactors such as armunt of
I nter-sectorasnterference the termnal nay be causing to other termnals in
nei ghbor sectors, ]gﬁ Jn;l untsﬁj i nfra-sector interference the term nal
may be causi [(193910 (ﬁ)the same sector, (3) the maxEgum power
| evel

@)

[0040] 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.

[0041] 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.

[0042] 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 base station and
sent to the terminal, which may then adjust its transmit power accordingly. This
individualized interference reporting may require extensive overhead signaling. For
simplicity, the amount of inter-sector interference each terminal may cause may be
roughly estimated based on (1) the total interference observed by each neighbor base
station, (2) the channel gains for the serving and neighbor base stations, and (3) the
transmit power level used by the terminal. Quantities (1) and (2) are described below.
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allowed for the termnal, and (4) possibly other factors. Each of these
factors is described below [0042] The anpbunt of inter-sector interference
each term nal nay cause may be determ ned in various nmanners. For exanple,
t he amount wof200¢rdogsigsect or i nterference caused by eachpdeusdossa000ny be
directly estimated by each nei ghbor base station and sent to the term nal,
which may then adjust its transmt power accordingly. This individualized
interference reporting may require extensive overhead signaling. For
simplicity, the ampbunt of inter-sector interference each term nal may cause
may be r ougBDy3)eBdch iake dtakios edn castifhdty thbgothbbalavémge amenenck imérferenced by
each nei ghbor, bas sfation, (2 e chapnel..gai,ns for the seryi and

nei ghbor bas¥sEFg ibéfr{é? @ﬁ?ﬂ“@éﬁ’ ‘t Srﬂ“f‘%lﬁ%ﬁflflg‘ff re%é’?féﬁng S IgFTEoR

term nal . Qusd¥drtdnsach khbthid dnd)coRip@tifle sk b &gt Bedrtténcd pdRer BRRA AA/H4 8

PCT/ US2005/ 020092 [0043] Each base station can estimate the total or

aver age anouinterfence pevecesimates fopdhea individngl swhbandss s dhe waxerags intqfgrencaay be

achi eved by j4n e : h a nput i ng
an aver age iﬁcﬁéérrgg%};eﬁge&bg%nv\%r Bﬁ%égléﬁ@% %‘ﬁ%%?%@?‘%n%‘%ﬂg%mg& g’g%p?réét es for
t he i ndi vi dugithmetideechging Isenerir vgagingl SR dassdaeeragingeandsaynbe obt ai ned

usi ng variou agi, t.echni ques, such as, for exanple, . arithnetic

aver agi ng, g@?B%fﬁqrg“ﬁlg&PaaY%%qﬂ%madagagamw L) H%?gdﬂﬂ'%emﬁsg%(%ﬁﬂ For
arithmetic averaging, the awverage interference power may be expressed as: N
1.,,. (n) = NI Ilngag,,(m);‘[ﬁﬁﬂl,(k,nfq (3) [0046] where 1m (k' n) is the

i nt erference[0pd5ier esti e&1for segctor mon subband k in tine inEerval n;
and [0047] 1-mm(n) is the average interference power for sector min tine
interval n. G 0048] The quantities |I.(k,n) and |I.,.mn) are in linear units
in equation fo?)) but ma]y(k%so be given in decibel (dB). Wth arithnetic

aver agi ng, al00&G Wharge "i it en§ thedpleerengapower ettimaig 08 seaior 18 0B kubhvad Xvar age

i nterference;nonRLval094P] For geometric averaging, the average interference
power may be expressed as: N I/N

[0047] ) is the average interference power for sector m in time interval n.

[0048] The quantities L (k,n) and Lreas,n () are in linear units in equation (3) but may
also be given in decibel (dB). With arithmetic averaging, a few large interference
power estimates can skew the average interference power.

[0049] For geometric averaging, the average interference power may be expressed as:

Imeas,m (n) = (IN-_[ Im (k’ n)J
[0050] k=l . Eq (4)

[0051] Geometric averaging can suppress large interference power estimates for a few
subbands, so that the average interference power is lower than with arithmetic
averaging.

[0052] For SNR-based averaging, the average interference power may be expressed as:

log [l + —P“""‘ ] = -}- i log (1 + ——P“°“‘ ]
[0053] Imeas,m (n) N k=1 Im (k7 n)

[0054] where Prom denotes a nominal received power assumed for each subband.

, Eq (5)

Equation (5) determines the theoretical capacity of each subband based on the nominal
received power, computes the average capacity for all N subbands, and determines an

average interference power that gives the average capacity. SNR-based averaging



1=55,m(n)= 111.(k,n) [0050] k=l Eq (4) [0051] Geonetric averaging can
suppress large interference power estimtes for a few subbands, so that the
average interference power is lower than with arithnetic averaging. [0052]
For SNR- bagethosymragi ng, the average interference powerpdBysies/ 0P essed as:
rr- P~~-m__ | N Pnom[0053] log |+ as,nm(n) N k=1 (1+l.(k,n)) , Eq (5) |

[ 0054] where Pnom denotes a nomi nal received power assuned for each subband.
Equation (5) determ nes the theoretical capacity of each subband based on
the nom nal received power, conputes the average capacity for all N
subbands, an@vhilkdtayralse be aziledaxapacitgbasedtagerhgingnaso pppessses Hage giteréseriche

average capacity. SNR-based averaging 8 W 2006/ 007318 PCTI US2005/ 020092
s eimpaty 10g A (ea wEpay)

(whi ch may $based averagi ng) al so suppresses |arge

i nt er f er ence0os)\IRYgafBdsh BBESh bRdragng RYhS¢tRRanda; calbP 0aR]staRe afagif@Esthef whi ch
averagi ng technique is used, each base station may filter the _interference
power est i neiftesfereney pewerrstingles argkor the ayqragedntcalers o POWFIvehilultinly Bme| ne
interval s to.|j Ik ' re@]

filtering m?leggﬂyégﬁﬁg@g%%hﬁyyaﬁﬁh% Fy?eerf#&rrgé sgair}grg%%{ﬁggig I%ﬂé ﬂaﬂ} gr, an

i nfinite inpachieesd withpdide iphls) resfonse GIR) fitters aninfmith émpilygseespohisef(IR) er
known in the.,art. The term"i n%géf rence" %tﬂlﬁs rgferfto f,jltegled or
unfiltered i e_é’r‘?res_r"@’r‘?dﬁh‘irﬁmeﬁé STMONRi1B et oTHE e oBEY ERERH BALESt ation
may br oadcasfefdr kS filtdtb@bi GIRREA MBASTEHR MR HeYedcPbtitibBerb. termnals in other
sectors. The interference nmeasurenents may be broadcast in various _nmanners.
I n one enbodi0f84tEach hease \statign emish beqafleast i dniseiprency sreasuiemerti feru peed by

i nterference) j: J ' 0 ' | ' re then
sont via a iRyt B EM PholhaHE R R ey Y Bl TS

i nt er f er encemiumekys. 03 ams tembodinigt,aths i avglage aterfértade povekirc@t else finedshexd”t he

nmeasured interference is greater than or . bel.ow a nom nal interference
t hr eshol d. |ﬁte§;§fena gt Fat ock Predigternyingd npmber, phbits, PG e s et a2 &

broadcast ushi3gichiOcHabhel. faghdleh hibBliERhEShe RfcabRaP Wit Perbitictis l17bAI0AR
relative to the nomnal interference threshold. The other bit may be used as
a di stress/ 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 intérference measurements may also be sent in other manners.

[0057] For simplicity, the following description assumes the use of a single other-sector
interference (OSI) bit to provide interference information. Each base station may set its
OSI bit (OSIB) as follows:

", if I, .(m) 21, , and

‘O' > lf Imeas,m(n) < Itarget 4

OSIB(n) = {

[0058] Eq (6)

[0059] where Ve is the nominal interference threshold.

[0060] Alternatively, each base station may obtain a measured interference-over-
thermal (IOT), which is a ratio of the total interference power observed by the base
station to the thermal noise power. The total interference power may be computed as
described above. The thermal noise power may be estimated by turning off the
transmitter and measuring the noise at the receiver. A specific operating point may be

selected for the system and denoted as IOT'”’E“. A higher operating point allows the



panic bit that indicates whether the neasured interference exceeds a high
interference threshold. The interference neasurenents nmay al so be sent in
ot her manners. [0057] For sinplicity, the follow ng description assunes the
use of a swoghes/mther-sector interference (OSI) bit topquoszas20mt erference
i nformation. Each base station nmay set its OSI bit (OSIB) as foll ows:
asIlB(n ~l,, if Inmeas,mn)Zl~, and ) [0058] V, if loeas,mn)<lwse > Eq (6)
[ 0059] where 1 191 is the nomnal interference threshold. [0060]
Alternatively, each base station may obtain a measured interference-over-

t her mal (| OTpymindls thuseshigher &amsmitpowene(on@verhgs) derthe dateshamslswdlovsvereaved by
the base statiqn.to thg ther.ntnl noioe é)oel;a.bléﬂggmgo&lal iptercfer]gancne1 power
may be conpuf™sy MR OPSEEPE RGNt Y MOt TR GOREINRISTSST S8 BEIRET R, Pseme
estimat ed byinterferthodligftéd, Wich ik b SieNbh tviércbysh fieRase ih HGndniie poipdrdeesiot t he
receiver. A specific operating point may be selected for_ the system and
denot ed as |&nslate igr an mereese Herecived SNRngFydherno poEYy figh onsrafiee 290%/ 007318

PCT/ US2005/ 0; sH A j r | teadlONR . e) for
the data cha%%g%?tﬁl—egv\ever, at{s%tg?%lsﬁbg 'oglter ti %E%m ntéﬁé&ﬁg@%%

desi rabl e si O8kbit ésdfoBgws:em can becone interference linmted, which is a
si tuation whereby an incr{e se tran ower does not translate to an

) m
i ncrease in recei égﬂ%{s R. urt1¢139qﬁf®$,e€")539 exe *HTOh operati ng poi nt
i ncreases the lik B6d 0.5. s¥§tu§{n i néégtib;ri ty. In any case, each base
station may pe61]its OSI brt as TorEows: weet7i f | OT111Eq,(7)r(n) ?1 OT et, and
% O8I B(n) _ [0061] '0', if I1OT.,mn) <IOr",gc, , Eq (7) [0062] where |OT"nt

m (") is theyg &8 Y8Rt AP SOGE RloadBdd O BPscofok &1 thtmdVntedlln; nA063]
10T181gel is the desired operating point for the sector. [0064] For both

cases, the i I0T@y .b ed .for power .control. as described below [0065]
Each term ngﬁbggn e?’?i r}%&'glé?ﬂ]éedé’ﬂgﬁ po&gi ?f%%?ec 0|I‘0pagati on path gain) for

each base s0ab4]dorbbehicaleRythe ©SEbit tnas be @y foepdvetkoitfalas Gésstbedbefowam t he
termnal. The channel gain for, each base station may be estimated bI\_l/

processi ng al0fFldtach dergingd gan pebimaienibe phagipel gain (or propagation path gain) for eac

base station that may receive a reverse link transmission from the terminal. The channel
gain for each base station may be estimated by processing a pilot received from the base
station 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 base
stations transmit their pilots at the same power level, then the received pilot strength for

each base station is indicative of the channel gain between that base station and the

terminal. The terminal may form a channel gain ratio vector, G , as follows:

[0066] G=[r(n) r(n) .. n @) , Eq (8)

r(n) =81
[0067] where gu(n) Eq ©9)

[0068] g:(m) is the channel gain between the terminal and the serving base station;
[0069] & () is the channel gain between the terminal and neighbor base station i; and

[0070] i(n) is the channel gain ratio for neighbor base station i.

[0071] Since distance is inversely related to channel gain, the channel gain ratio

8:(n)/ g,(n) may be viewed as a “relative distance” that is indicative of the distance to

a neighbor base station i relative to the distance to the serving base station. In general,
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station via the forward link, estimating the received pilot strength/power,
and filtering pilot strength estimates over tine (e.g., with a filter
having a tine constant of several hundred mlli-seconds) to renove the

ef fect s ofwbasdsiobm@ds ng and so on. If all base stationdmwesersiokoodhei r
pilots at the sane power |evel, then the received pilot strength for each
base station is indicative of the channel gain between that base station and
the terminal. The termnal nmay forma channel gain ratio vector, G, as
follows: [0066] G = [ri(n) r2(n) ... rMn)] Eq (8) r(n)=S,(n) [0067] where

ger(n) Eq (9) [0068] g. (%) 45 _th hanpnel | N rifrex he termnal ;and the
servi ng bas eﬁlgtcg‘?"i“ﬁ’%] :ggm[ I((?Bégtl]f 5-5‘3?@?’ 5 gasg hsttaaq%h’annel’mgegﬁeﬁgﬁfe?svégn%rfm%al

term nal andmoedsgbRad thasetdiedgd &id increadtglas thO GffInalymbVes ¢l6set tethe beringl gai n
rati o for neighbor base station i. [0071] Since distance is inversely

rel ated to chagnrekiosaiThe éﬂﬁﬁnéﬂg%ﬁﬂﬁdtio%btﬂr,rgt,ilﬂay Be ubeldlJor/posed coiitol Y be
viewed as a "relative distance" that is indicative of the distance to a

nei ghbor baséeseikedibglo™. rel ative to the distance to the serving base
station. In r 7 hﬁﬁn gai n
ratio for a ﬁ@?@h oﬂ?'ouﬁgg}éé/\?%tgtg ?%{r??grf,g}%ﬁggé}gg%ggg{é@ggggfﬁ&eclﬂﬁg%m a?e noves
toward t he sethoponaidgeonanahothesr wasckhsam viteogorality mady resule ram dgerrcatriert he

serving base, statio The channel, gain ratjo yector, ., G. ma us for
power cont r ol ren&%ﬂgﬂ’ Hgﬁfsﬂgﬁ’cgﬁte‘?ﬁﬁ‘ﬁ](ﬁﬁ’taﬂ%ﬁ%ﬂn't ﬁ@sdgﬁsé*gﬁg?ﬁ?gﬁé f or
each sector gfuSeshitkraisBét6X @flerfdteite! NRb hifigMte AhRa-stdrh@RRAdncé, Othe NeanaiRt her ,
sone |loss in orthofgonal ity may result frominter-carrier interference

(1C), interBoywdor! eprheferminahaay bg| gontralid seshofhat the emayak offinksa-se¢ional ity

causes intras [ e 1.1 ga - ' ence, the
transmt powze?&% c%a%ﬁ%%r {r%ﬁﬁ%?} Ir]r%g %gstecg)n%@g ?éé’%n?nsazsg ?Lea%&{lfgcg&rrmlgnt of
i nt r a- sect or maintdimdfveithim a:e adchpthble hivsl. tEhinmaabe avhieved fseextampls, bereqtgingi nal s
in the sane gector i i ntai.ned. with.n an acceptahle level. This.my be
achi eved, fo eéﬁ%ﬁﬁ;@?"rﬁbﬁ&iﬂ?i"h@me{]ﬁé °?°3’cf8¥%151 f@ﬁlﬁ Wnta%e%é%mgﬁannel
for each ter gNRahndeOad¥B1I8W4:Ni N a predeterm ned SNR range, as follows:
SNRd(n) e [SNR . 1, SNR [0073] ] Eq (10)

[0073] SNR 4, (n) €[SNR ;,, SNR,,,] , Eq (10)

[0074] where SNRiu §s the minimum received SNR allowable for a data channel; and

SNR 1z is the maximum received SNR allowable for a data channel.

[0075]
[0076] The minimum received SNR ensures that all terminals, especially those located
near the sector edge, can achieve a minimum level of performance. Without such a
constraint, terminals located near the sector edge may be forced to transmit at an
extremely low power level, since they often contribute a significant amount of inter-
sector interference.

[0077) If the received SNRs for the data channels for all terminals are constrained to be

[SNR 105 SNR ] , then the amount of intra-sector interference caused

within the range
by each terminal due to a loss of orthogonality may be assumed to be within the
acceptable level. By limiting the received SNRs to be within this SNR range, there can

(SNR  ~SNR,1;,) dB difference in received power spectral density

still be as much as
between adjacent subbands (assuming that similar amounts of inter-sector interference
are observed on the subbands, which is true, e.g., if the control and data channels hop
randomly so that the control and data channels from different sectors may collide with

one another). A small SNR range improves the robustness of the system in the presence
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[0074] where SNR is the m nimumreceived SNR al |l owabl e for a data channel;
and [0075] SNR-x is the maxi numreceived SNR al |l owabl e for a data channel.
[0076] The m ninmumrecei ved SNR ensures that all termnals, especially those
| ocat ed nwenoiclerssect or edge, can achi eve a m ni num | exaluszbospercdor mance.
Wthout such a constraint, termnals |ocated near the sector edge nay be
forced to transmt at an extrenely |low power |evel, since they often
contribute a significant amount of inter- sector interference. [0677] If the
received SNRs for the data channels for all termnals are constrained to be
within the refiGBajdISR, ASSNRiange el dBhkasdeeufoundfo provide geedt payformacerif er ence
caused by each term nal due ss of orthogonal,ity may be assuned to be
within the ’H%%BB?fatHfgéc?‘b@%f-.b%x‘/‘la?]nhﬁir?‘}%‘?@mﬂﬁéls? BRUdd’ SNRS Lo bo wi thin
this SNR r anee7s|th &leeramsmit polniet orlthe dsta FHGePR deteiBind as showhlift 2quatibn
difference in received power spectral density _between adjacent subbands

(assumi ng t HA) tennthe zaceiype SRstop the; dgtasshannel may beapaintpimed wathin te sangB9Er ved on

t he subbands; i CRndos true, e.g., if the control and ta channel s hop
randomy so Esfl?ﬁ{]m‘“f ﬁ%\fktswr]tbsobomtrdinﬂmfhc dtaasmit Ipower dettadi ‘gl?(g?etvt be aiithor 8 may

collide with one gﬁotarl\ler).\;@lsrrall SNR range i nproves the robustness of the
system in t NTSTRSLERE LMY 25y D06/ 007318 PCT/ US2005/ 020092 of | Cl and | ST.

An SNR range of 180p . baen found to provide good perfornmgnce in nost
operati ng sc'@ﬁ?ﬁ]i os(?lBE hér SI\WTranges may al so be used. [oo%ﬁl&ilf) t he
transmt power for thegata chanpel is determ ned sh in equation (1),
then the reclP§UFhsER T 6P lfﬁ@@mﬁaﬁwtpmdﬂéaﬁiawggéagmc €k he
range of [SN@n n, SNR1118 ] by constraining the transmt power delta,
OP(n), to be within a corresponding range, as follows: AP(n) e [AP,,,,,

A T omabr o § Hoogfic et daRB i HBE St BBy Luch 1S M HPL WE@TEML POV el T2

al | owabl e for a-'data chann S e maxi nrumtransmt

power delta al bl e.for ardatsENHansNR, [ 0082]AR N HSNRI CHSNR, AP, , ~.

=SNRna- SNRf e@@éﬁvlvgrkfnlﬁﬂ,ar:SN% -SNRf e, re, t.nLtI ﬁnganot her enbodi nent: the

transmt power Pdgh(n) nmay be constraineg k@ be within a range that is
e

det er mi ned, #ngtheegabplimenty fac transmit PEVEeCEi Vemayi Reneansisuined tof by within data
channel . Thi g, SR WRmiTRY, B etihfpl, bhll BRI RcEived Sighl WP i HhEaRRET 1S

channel. This embodiment may be used, for example, if interference power is
statistically different among the subbands.

[0083] The transmit power for the data channel for each terminal may then be adjusted
based on the following parameters:

[0084] The OSI bit broadcast by each base station;

[0085] The channel gain ratio vector, G , computed by the terminal,

[0086] The range of received SNRs allowable for the data channels,

[SNR 1, SNRW], or equivalently the range of allowable transmit power deltas,

[APmin’ APmax]; aIld

[0087] The maximum power level, P , allowed for the terminal, which may set by the
system or the power amplifier within the terminal.

[0088] Parameters 1) and 2) relate to the inter-sector interference caused by the
terminal. Parameter 3) relates to the intra-sector interference caused by the terminal.
[0089] In general, a terminal located close to a neighbor sector that reports high
interference may transmit with a lower transmit power delta so that its received SNR is

closer to SNR i Conversely, a terminal located close to its serving base station may
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statistically different anong the subbands. [0083] The transmt power for
the data channel for each termnal nay then be adjusted based on the

foll owi ng paraneters: [0084] The OSI bit broadcast by each base station;

[ 00851 Thewgimoymehbsigai n ratio vector, G, conputed by theruvsooscned; [ 0086]
The range of received SNRs al |l owable for the data channels, [SNR o, SNR ]
or equivalently the range of allowable transmt power deltas, [APOO,
APnnx]. and [0087] The maxi mum power |evel, P-, allowed for the term nal,
which may set by the systemor the power arrpllfler within the termnal.

[ 0088] Par aneamnsmst Withandighpr trehsmit powen Helta sa dhat discreerivech SBRF i elosss toaused
by the terngﬂgew Paranmeter 3) relates to the intra-sector interference
caused by th m magradat{oaOﬁgl]echne@SNRlsahay Be obsenvadafor | the adrmihatd dsthet 0 a

nei ghbor sector t regorts hi h i,nterference transmt wt | ower
transmt pom@fs e “lsﬁ op tefrproxipaty o Bs STRinEsRRe £ ggl{sr d@é&lﬁ?ﬁl ‘S%F?af’hlhg
Conversely, gafic Okl kel EAhIEEL ©F ABE distribuftidn SET McEided TJR S tRbtIBveTBIEh 12 VWO
2006/ 007318 PCT/ US2005/020092" transnmit with a higher transmt power delta
so that its feeshpeovidiernsusing femess fopthegminals. A gradati on of received SNRs
may be obser mty to
thg servi ng t@g%] 1s31§ trgh%mtl 5}%,]158{& &J‘%@%éﬁ@&é’g&jﬁ&g@@ ga%can Pglélle Y
advant age of bdsbé onl tl&tfbmrtpaimneroﬁote@dmw em‘héspﬁsertcmtﬁﬂ Ineelignism goes rohneedghput

whil e ensurlngfalrnessf t he ermn | s. ,09 The_tran r for the
data channel Oonggmfsin éﬂ‘f%é ‘?rnalfl L‘éﬁ% B Sthogrpa ﬁ%gtﬁl’ggl\lﬁe

par amet ers n@@@@ﬂ@@g{ &n, Witee &ﬁﬁﬁms%m&ftelam&m;unsfﬁwﬁﬁsnnp&t hiBREpowd

mai nt ai n equal SNR ‘all terminals, especially inan ort hogonal ~ syst em

| i kﬁ aR O:Dlmelsy\smmw oabsing: mushrprablem to other termnizelhasEorselatityom &mylﬁplr ansmit
F
At rgher_pouBodt 8P st b BRI T SAREOPLEN. GRS e RURAR! S P!

clarity I'ng transmt "power escri bed
bel ow. For tbkich termhiaali fiehitors thaOSI thas rﬁrﬁﬁicasmhyl heiplsbor hﬁs&ﬁauhnst sndoonigdcast

by nei ghbor base stations and_qnl Q o the OSI of. the strongest
nei ghbor basESRTs ity e Qﬁl@h%g@ S¥‘ﬁ Qg@f Laﬁ?rﬁ&’ﬁ%‘?éi WB’;SLr]Pa'? i $rallestt he
vector G If the OSI bit of a base station is set to duetothe

base st ati onckapadEAEtn %H@r"efﬁ‘l‘?é néhihg LSTibik ofra given B‘I‘SelsFﬁ“éF &8 t hen

(due to the base station observing higher than nominal inter-sector 1nterference), then

the transmit powers of terminals having this base station as their strongest neighbor base
station may be adjusted downward. Conversely, if the OSI bit is set to ‘0’, then the
transmit powers of terminals having this base station as their strongest neighbor base
station may be adjusted upward. For other embodiments, each terminal may adjust its
transmit power based on one or multiple OSI bits obtained for one or multiple base
stations (e.g., serving and/or neighbor base stations).

[0091] The OSI bit thus determines the direction in which to adjust the transmit power.
The amount of transmit power adjustment for each terminal may be dependent on (1)
the current transmit power level (or the current transmit power delta) of the terminal and
(2) the channel gain ratio for the strongest neighbor base station. Table 1 lists some
general rules for adjusting the transmit power based on the transmit power delta and the

channel gain ratio for the strongest base station.

13



the transmt powers of termnals having this base station as their strongest
nei ghbor base station may be adjusted downward. Conversely, if the OSI bit
is set to "0', then the transmt powers of term nals having this base
stati on aswOheicr0mis ongest nei ghbor base station may RETAGR2S02@ 2L pwar d.
For ot her enbodi nents, each termnal may adjust its transmt power based on
one or multiple OSI bits obtained for one or nultiple base stations (e.g.,
serving and/ or nei ghbor base stations). [0091] The OSI bit thus determ nes
the direction in which to adjust the transmt power. The anmount of transmt
power adjustnent for each term nal may be dependent on (1) the current
transmt power level (or the curreng Iansmt power delta) of the term nal
and (2) the channel gain ratio for %bhe st rongest nei ghbor base station.
Table 1 |igts sqige 9pner al Trakdneis Pé6wWer Adfistidentng the transmt power baged on
the transmit—power delta and the channel gain ratio for the sty base
station. 13 WD 2006107318 @@H@@i@@éﬁ@?@ﬂ%hmbg@w@fm@@wﬂh ‘Pﬁe’i Power
Adj ust nent |A term nal ks 1 0, s thus
closer to)|l the hase Mt Ion transma{ltl ng %ggisgt’ﬁﬁké&rgl &egﬁrfg%fub degreases
its 1' transmt power ﬁaisnmpweadélarbgala@anmmmﬁmQomnaasorstoratermlmlt&eﬁlm nal

with (high i frtterd ratj.o for. (and is.th farthgr away
from this b@(g%fe ibeap sk eé\?ﬁ rﬁsgamﬁﬁﬂ?or'&ar{dé's PR R VAN %@bafer ansni t
power delta, 1n gener agtauo,-plecr eases its transmt power delta by a | arger
anount in conparison to a termnal with a simlar channel gain ratiaolfor

this base station but|a snlt¢reinal witheargersrnemit gewerdelta, ingendralal with a
| arger channel gain r Q?HQ i ge
station transmtting {%é"?%é‘% lg’ ti%%%éﬁg%%%% eéggn‘é@ft 1{188@%&5@{?@% m t

power delta by a | argpteraimlwith b sindnptanhe @aintratiefor étinbasaktatiéd bwai nt er|- Wit h

a smal ler channel gaip r |o for. (and . s thus closer to) this base
sma er transmit power delta.

A terminal with a larger channel gain ratio for (and is thus farther
away from) the base station transmitting the OSI bit, in general, increases

‘o0 its transmit power delta by a larger amount in comparison to a terminal

(low inter-

with a smaller channel gain ratio for (and is thus closer to) this base
ference level)

station.

A terminal with a smaller transmit power delta, in general,
increases its transmit power delta by a larger amount in comparison to a
terminal with a similar channel gain ratio for this base station but a larger

transmit power delta.

[0097] The transmit power may be adjusted in a deterministic manner, a probabilistic
manner, or some other manner. For deterministic adjustment, the transmit power is
adjusted in a pre-defined manner based on the pertinent parameters. For probabilistic
adjustment, the transmit power has a certain probability of being adjusted, with the
probability being determined by the pertinent parameters. Exemplary deterministic and
probabilistic adjustment schemes are described below.

[0098)] FIG. 3 shows a flow diagram of a process 300 for adjusting transmit powerina
probabilistic manner. Process 300 may be performed by each terminal and for each

time interval in which an OSI bit is transmitted. Initially, the terminal processes the
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ference level) station. Atermnal wth a smaller transmt power delta, in
general, increases its transmt power delta by a |arger anmount in
conparison to a termnal with a simlar channel gain ratio for this base
station but a larger transmt power delta. [0097] The transmt power may be
adj ust ed i Wwoaosl@o®ngl ni stic manner, a probabilistic negRgEs002608e Ot her
manner. For determnistic adjustnent, the transmt power is adjusted in a
pre-defi ned manner based on the pertinent parameters. For probabilistic
adjustnment, the transmt power has a certain probability of being adjusted,
with the probability being determ ned by the pertinent paraneters.

Exenpl ary deber Bitnbs ke sﬁ&%estpﬁagl%kluasé iseatiofl] WEJCcRENI2) SClTapBsmang facri bed
bel ow. [0098] FIG 3 shows a flow d i agram of a process 300 for adjusting
transmit po ermmeawhpﬁlcbtzkbﬂslbttn&:lnamﬁe(bloqkﬂdé)ess 300 may be performed by

each termn or ‘, ef (el

transm ttedaﬂopgd]qﬂﬂ I?fﬁabf‘ﬂé eﬁﬁ*cg@rﬁg C%S@aél\éﬁl"" -al%ﬁ}ﬁ%&%d%%e;l 36%%%

PCT/ US2005/ 02009 bit of th s ron est n hbor ., base spat ock
312). The t &FFR |d%t%¥lesoPePfé>Pﬁhlﬁ@s opEdtRRstng: 1 TP ROWeS ’%"W fOG (bl ock
314). [0099] 1f tPPe(n?S bit is "1', indicating a higher than m

i nterference322pvel™ 't gy beromputadrhiasedl ondhe eyrranh Bansguiiastsa Beltd, orand
decreasing the transmt power, Pry (n) (block 322). Pry r{n) may be

conmput ed basthel chamehcgamwanerfbr theastrongest pcxghhordmlset atatidd( nf)b( )arasl desdribed hannel

el ow, The (ENANS 1B DeamIgmBoTle it hevrenePabdh LBk o

(block 324). mﬂaﬂloﬁﬁ!’rt)&%ﬁhdorﬁv'aﬁalﬁe ﬁﬁﬂﬂﬁlw Hl@tﬁbﬁféh%ewyeﬁ@rdﬁdﬂ do st ibut ed
between 0.0 and 1. If the randonly seléected value x is I ess than or equal

to the prob %Jédrﬁl sg)le?(ed ('mle X aialFs[sqﬁagx;Jr I%Ego thg %ré%l an ) tat%edégp%%eﬁ er m nal

decreases its ower p (block

follows: [001 n 001011 h if xis
greater t harfn%?‘lce(%%%’ ﬁ:‘ﬁé %‘)‘ érd%’rﬁ #ﬁ%‘ﬁ‘f lh%OWeﬁélcﬁat E%lﬁsm t IPEREFP del t a
at the curre@ockgy %S(ml@@g, 330). From bl ocks 328 and 330, the process

proceeds to bl ock
[po100] AP(z+1)=AP(n)-AR, Eq (12)

[00101] Otherwise, if x is greater than Pry, () , then the terminal maintains the
transmit power delta at the current level (block 330). From blocks 328 and 330, the
process proceeds to block 342.

10102] If the OSI bit is ‘0’ in block 314, indicating a lower than nominal interference

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

Pr, () , €.g., based on AP(n) and Tos (1) , as also described below (block 332). The

terminal then randomly selects a value x between 0.0 and 1.0 (block 334). If the
Iy ()

randomly selected value x is less than or equal to the probability P , as determined

in block 336, then the terminal increases its transmit power delta by an APy, up step
(block 338), as follows:

AP(n +1) = AP(n) + AP,

[00103] Eq (13)

AP

[00104] The step sizes for AP, and ~ 9 may both be set to the same suitable value

(e.g., 0.25 dB, 0.5 dB, 1.0 dB, and so on). Ifx is greater than Pry (n) in block 336, then
the terminal maintains the transmit power delta at the same level (block 330). From

blocks 330 and 338, the process proceeds to block 342.
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10102] If the OSI bit is 0" in block 314, indicating a | ower than nom nal
interference level, then the termnal determ nes a probability for
increasing the transmt power, Pr. (n) e.g., based on AP(n) and r~atb(n),
as also d [ | ow (bl ock 332). The term nal then,d&ahd | ects a
val ue x bg‘?%g@%&%’?and 1.0 (block 334). If the rando%c; sewggtyog val ue x
is less than or equal to the probability Pr,P (n) , as determned in block
336, then the terminal increases its transmt power delta by an AP, JP up
step (block 338), as follows: [00103] AP(n+1)=AP(n)+AP, P Eq(13) [00104]
The step sizes for A% and APdn may, both be set to the sarrem},;qtpl e val ue
(e.g., 0.25 @B103. singeock 362,¢ks teapimaklymisthe transmitingwgr deltaer tharf »BP PP(n) in
bl ock 336, then the term nal ga’gnt a}ilps]the transmt power delta at the sane
| evel (bl ockwB0)the Blowmablbragks 330 “artt-.33he temangrthere semputesc the deansmwitbl ock
342. 15 WD 20061007318 PCT/ US2005/ 0%%09 1 00105] In block 342, the term nal
limts the tpewsnfot thowekt delet mterAPOT4) nh , based vert Ithen tralenitilpooenldekea, r ange
Ap''x]. The term nal then conputes the transmt_ power for the next tine
interval, P, aPm4Y), Jhasgd rorehbepbwanelt Tdthed) deytife nefie Miervandst he
reference power level, P,~r(n+l), for the next tine interval, as shown in
equat i on (1)shownoiske@utyn (Thébleek Bihal Théderminakithen dimatst tharfamsmitppnesr  Pdch
(n +1) to bervithiﬂ t he maxi num power |evel (block 346), as follows: r P
Pdh(n+1), if t@d"filhtd e witkih the maxitomippwet leyQUHIOE] 348), as folldves wi se . Eq (14)
[00107] The term nal uses t transmt_ power Pdch (n + 1) for the next tine
interval . [00108] e pr.obgofu{ittBs Ffrﬁs;h@ﬁ)“l)a%%wPFP (n) may be a function
of the transmt po v(”d“ T ’PAll(n)’oﬁ il:ehe channel gain ratio for the
strongest nel0§h®dr base stati g’ ro ra(n) . Various functioBg(Hay be used
for Prd- (n) and Pry (n) . Each function maz}) J(‘uavS a different inpact on
vari ous powef0oter)t r The ehaimarises thetiasnis poleradch "1*) tibethe aext\ticgareal.r at e of
the transmt power adjustnent and és) the distribution of transmt power

del tas for tp168" Mrh&lrobaBiltiBe Pey@megmg Prn(?) may be a function of the transmit
power delta, AP(n) , and the channel gain ratio for the strongest neighbor base station,
% (") Various functions may be used for Pra(®) ang Pr, () . 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.

[00109] In an embodiment, the probabilities Pry, (1) and Pr, () are defined as

follows:
po110) P () =me Pras, -Pra I 0-Praa ) ng g (150)

Pr, (n) =max (Prd“’min , Prp(n)-Pr,. (n))

[00111] & , Eq (15b)
min AP Iy @mx - Aﬁm
pr ) - EERP0), APy
[00112] where max min , Eq(15c)
Prgain (n) = min (rosib(n)’ rmax) ~ Vi
[00113] Toax ™ Pinin ) Eq(15d)

[00114] Pry(n) i a probability related to the transmit power level;

[00115] Pryaan (n) is a probability related to the channel gain ratio for the strongest

neighbor base station;
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[00109] In an enbodi nent, the probabilities Prdo(n) and Pr43(n) are defined
as follows: [00110] Pr,,(n)=max(Pr,. , m,, [I-Pr~p (n)][1-Prgeh,(n)]),and Eq
(15a) [00111] Pr,(n)=max(Prd , Prnr(n)'Pr'~m(n)) Eq(15b) _m n(AP(N),

AP. .) - AP. ,WO[Z&})QM% where Pr, (n) 4P. -A Eq(15c) Prg, pcrfiszeiloidosy n) .,
[00113] rmaxr"m, Eq(l5d) [00114] Pr ,(n) is a probability related to the
transmt power |evel; [001151 Prg'"(n) is a probability related to the
channel gain ratio for the strongest neighbor base station; 16 WO

2006/ 007318 PCT/ US2005/ 020092 [00116] Al -, AP'"", r-, and rm - are

normal i zi ng const antyg sel,gct egﬁ:o achi eve the desired power control

char act eri st 00161 [ 001%7] “Prr,, Py, "anfl s™in ang ATMAHZIBE CPBBMS Seleqted to gshiave

adj ust rent of _t.ransm 0 ; .00118] Prdn""" is a mninum probability
for dovvnvvardﬁlggfsgrgaﬁé‘&?‘pc(?}q‘g{;lrcgﬁ%%g{lg&g’omr. [00119] For the enbodi nent shown
by equation set (15p¢ Pra"(n) .and Prv(n) are jojnt probabjlities determ ned
by the transiffl O\Ner"p'Tme%ﬁe"}méFHH‘W"E"S?gﬁ)ﬁ r‘@’é‘%aﬁi ?‘i\‘t‘?t@e?b? anpRt PO gest

nei ghbor basggstation. The m ni mum probabilities Pr,,,,,,, and Prd.,.u.

i nprove steady-state characteristics and pronote sone novenent for points in

or obabi |1 ¢1 cRVHIR L o Sy Bt 60 SR E Rigd e D) st

conformto t dgeneral transmt power adjustnment rules given in Table 1.
The probabilities Prd- (n) and Pr-P (n) may also be derived \é\%igﬂsorre ot her
functions, a i Sgi i thin: C . i N1, §m) 1.ElG 4
shows a rovP glﬁa raqu;#%tfh\énth{pgro gl(?lé%gs%%{)ﬁ%lgﬂggj&%gﬁ %ﬁt ransn‘iaF& power arlgn a

det er m ni st i pinmprobebilitiéy dutaainedy thayrargnitpober leeelfant tkcichayne @ain rhtdr fornal and
for each tinme interval in which an OSlI bit is transmtted. The tPerrri nal

pr ocesses o Qbngddi heibok sc> LsAH° The AhiEHMRP probaBifad dion 4l Bakn 412)
and determ nes Wne% her The CSI bit is "1 or " (block 414). 1f the Csl
bit is '1', iipseve: steadyestatt chiractetigicsriané prarhede some movement for points in the

extremes (e.g., very high or very low channel gain values). The probabilities Pryy ()

and Pr, (7) derived as shown in equation set (15) conform to the general transmit

P, (n) ma

power adjustment rules given in Table 1. The probabilities Pry (1) and y

also be derived with some other functions, and this is within the scope of the invention.

[00120] FIG. 4 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 bit is transmitted. The terminal processes the OSI
bit of the strongest neighbor base station (block 412) and determines whether the OSI
bit is 1’ or ‘0’ (block 414). If the OSI bit is ‘1°, then the terminal determines the

amount of decrease in transmit power, APy (n+1) , for the next time interval (block

422). The variable down step size may be determined based on the current transmit

AP(n)

power delta, , and the channel gain ratio for the strongest base station, Tosis (1) .

The terminal then decreases the transmit power delta by APy (n+1) (block 424).

Otherwise, if the OSI bit is “0°, then the terminal determines the amount of increase in
transmit power, AP, (n+1), for the next time interval, e.g, based on AP () and
Tost () (block 432). The terminal then increases the transmit power delta by

AP, (1 +1) (block 434). After blocks 424 and 434, the terminal limits the transmit
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anount of decrease in transmt power, OPdn(n+l) for the next tine interval
(block 422). The variable down step size nmay be determ ned based on the
current transmt power delta, AP(n), and the channel gain ratio for the

st rongest jon, ro,;b(n) The term nal then degGa%8ss ransmt
power del t”g@@“@’%’}( n+l) (block 424). Oherwise, if tﬁg oSl &'b{{)%m#s "0,
then the termnal determ nes the anmount of increase in transmt power, APP
(n+l) for the next tinme interval, e.g., based on a(n) and ro,ra (n) (block
432). The term nal then increases the transmt power delta by APv(n+l)

(bl ock 434). After bl ocks 424 and 434, ermnal_ Jimtg t transpmit 17
WD 2006/ 0073?8’6}5%?1}&526%?@26‘65’2m%¥@21 1? atf B Within ‘ﬂ%iﬁ%’i{‘lﬁi‘e 1488 &f val |
AP(n+1) to i tm;n]t he al |l owabl e range of [APB. AP. ] (block 442) and
further conmput &% aridr-| (bleck $42)hand; fugherromppishuand Hmits thetransemik paweror the er val
to be wthi ' o . ciﬁ:lﬁ 4 21] The

vari abl e stglﬁ&{s]@?g?{élg%q%ﬁg+ ﬁi tgérﬁhﬂgmn(n +r%%érg§g%séﬁ§23atngrh%&flled based on
a predeterm ungtion, 4P(n)_ angpr n), +$mlar to the function
expr essed bﬂ@&}itimg@i‘ﬁ’ﬁﬁéﬁ(’ ")ﬁ?é var(lﬁi*g?e ?ﬁggi;ze)s %ﬁ/{’%éi%{%w‘ﬁid to be
proportional to OF(n) and inversely rA%g rti opal(n)to r,fb(n). The adjustnent
probabi | i ti ezsethen ¢ predgisrmaingd dpclps @ @ ands 5De > Fel-eFilARE thadustion a

00k Up Labl ot R0 BR3P 1 G sBheRsl 2 L oy 61t ent

show exenpl ary enpbodi nempgx¥ or .adj usting transmt powet) in.. a propabilistic
and a deter rﬁrﬁﬁ)(g{}%%@? n.rr?tePﬁ,)f raélgpé‘lbvte{s I 3}.’01’&%‘!"“%@0 probabi | 7,['1;? i%lusg?@k)di ment
shown in Fl Grokabilities andlyatableatdp sico Bapialsh by de@rmiatEbased ol aheskad @bleohe
paraneters AP(n) and roatb(n) and fixed-size up gg(dhggvmn;(}ngps are used for
transmt po JrbiSAOITRIAS and Qkp LidSy A&k G Hiftbrahd ST @IDQdITRE Shewk, by FI G
4, the adj us%iﬁgérgtﬂ%rprobablgﬁtyégsl fi%(i‘g% at 11.0, and the up and dow?] gt ep

si zes are dedosremtheedhebmssed on the parameters AP(n) and r,b(n). Various

nodi fication e de to these odi ts,. For exanple, variable
p and " down PR . dapT3Bav Bxerplly iparial i SiuiPe S PE afim i rent
As anot her ex3j¥phabilistit X@d- 81 d@erdfinioti ERVEY, SlegREtiveRy, D®or URE Chrbisibilishe
determ ni stic enbodi nent. [00123] The power delta AP(n) for_ the data channel
may be adj ustrerpdiagisghown ithEIG.Gh|the pdjustmget prRbability i¢) dptermingd basefl on hower
delta APO -1) , the mg}qe ofr Etlfd owabl e power

parameters and "os®\"/ and fixed-size up and down steps are used for transmit

power adjustment. For the deterministic embodiment shown in FIG. 4, the adjustment

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

parameters AP(n) and '7"""("). 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.
[00123] The power delta AP(n) for the data channel may be adjusted based on the

OSI bit, the channel gain, the prior power delta AP(n-1) , the range of allowable power

deltas, and the maximum power level for the terminal, as described above. In general,

the power delta AP(n) may be adjusted based on any one or any combination of

; AP(n)

parameters. Other parameters that may be used to adjus include the current

transmit power Poan (1 ), a peak-to-average backoff factor AP"", a “designated” set of
base stations that may potentially observe high interference trom the terminal, and so

on. The peak-to-average backoff factor may be determined by the number of subbands
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deltas, and the maxi mum power |evel for the term nal, as described above. In
general, the power delta AP(n) nmay be adjusted based on any one or any
conbi nati on of paranmeters. OQther paraneters that may be used to adj ust
4P(n) incly@eodshgrsgsirrent transmt power Pach(n), a peaalnisfdedsiosge backof f
factor Apbo, a "designated" set of base stations that may potentially
observe high interference fromthe termnal, and so on. The peak-to-average
backof f factor may be determ ned by the nunber of subbands 18 WO

2006/ 007318 PCT/ US2005/ 020092 wused by the termnal for transm ssion, and a

hi gher val ue be used for APmif nore  subbands are us
transm ssi onusecfgéﬂtertﬁﬂ@ﬁﬂtfobﬁ%ﬂémlﬁﬂ?ﬂ: e highes valyg My b eﬁ’é?‘fg’é OHOYSi ned to

be |ess t hang Bagys ke tiby ?or i BRI "lflfé(ﬁaﬂ mlr‘grg% gdéq% Q:ﬁ'annel AEPbe -

[ 001241 The transmt power he termna Justed based on
OSl bits sent t Bar(v) 9@,2rdRy) nei ghbor
base stations(’)nS e%O%ezeﬁgm%ﬁ%%ﬁmnrﬁﬁ“%E g&o faCt{nhg I n the sane nmanner or

di fferent nuejoer4 f The tragsndeporendor tham&hhﬁapalsabd adjusted bided lon@BIeitst at i on.
The term nal g be Qrthogonal to other termnals communicatin Ig 'thh t he
serving basesegt BY myptipl B@S%ﬁ@%&%ﬁt’ﬂ&q ssEaEng snder neighorhase SRl cde o t hese

ot her term nals t m t
power for the tgll#t mngwg@ﬁ&(gj&)ugt e eénméen?l efl@ %@ag&t%ﬁﬁmﬁ J(;t?e %Jhrgﬁgerw ng
base stati onbass statabn tapd alnelglibhe bmmllattonolener m:rlal' may\vter ordtigonAl te ethedue t o
the OSI bit n11the servahlg statli Oﬁ ma% eterm ned b?sed on
conput er si n‘ﬁ“ﬁ?‘?S OIS éﬁ‘ Sraretse Fiphs ﬁ’aytnc?v% éﬁéalﬁsod

per f or mance. sopi0ihéhferchide té ks Gihkr RAVRELST O cotnpRte GHDBRlity By nétl fBieh&l.

adj ust ed based on ot her araneters, criteria, and information, For exanple,

the term nal Thealyansesgionsr fos theytermmpal msytbs adfugierd doveer bithe OSL hitiferrike sarving e
desi gnat ed S?Jse st-m&f fsSdefMdngt. Tﬁé’@&ﬁ{t?oggg&gsgﬁﬁ]ﬁ Hfﬁlglténﬁﬁg{i\fé f18he ésﬂgl en base

station for transmi power “adj us gain
ot her par anmefremsthe ogertih@tbaia statiat atayobe défesmined rbasedl omeopnpuee sidplatidn, t he
transmt power, by different agnounts nd/or I, N glfferent manner s based on

al | of the i SRRFfLMISHTeEE; 3di5P anstgac ?1"(9398@83 TEEPSh(s) to be considered
for transm t%mm]r afé ﬁ%ﬁﬁﬂbow&ofail%@teﬁhﬁal éa? agwsoeaamrb&%bﬁ%er

mechani sm 500 that may be used to adjust the ransmt power for a term nal
120x i n systparameers, crémﬂ,n@dmicz@mu@brﬁmnxmlesthwmmal meyeqisidgr oy ©SEt at i on

om (al bei 1 Pyt R St TRl EA Rl P bR AIReS o M

consider a given base station for transmit power ad]ustment based on the channel gain

and/or other parameters for that base station. The terminal may also adjust the transmit
power by different amounts and/or in different manners based on all of the information
available for the base station(s) to be considered for transmit power adjustment.

[00126] FIG. 5 shows a power control mechanism 500 that may be used to adjust the
transmit power for a terminal 120x in system 100. Terminal 120x communicates with a
serving base station 110x and may cause interference to neighbor base stations 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 base station 110x. Second loop 520 operates between
terminal 120x and neighbor base stations 110a through 110m and possibly serving base
station 110x. For simplicity, FIG. 5 shows only the portion of loops 510 and 520
residing at terminal 120x.

[00127] 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 base station 110x, as close as possible to a target SNR.
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reference | oop 510 and a second | oop 520. Reference | oop 510 operates
between term nal 120x and serving base station 110x. Second | oop 520
operates between term nal 120x and nei ghbor base stations 110a through 110m

and possi | base station 11 Ox. For sinplici tyyr lhéasomedhows only
t he porti(t:)\!P\/Mc% {Okc()'}c‘;’g)% 510 and 520 residing at termnal 120x. [00127]

Ref erence | oop 510 adjusts the transmt power for a control channel (or sone
other traffic channel) and attenpts to maintain the received SNR for this
control channel, as neasured at serving base station 11 Ox, as close as

possi bl e 1o @y trafahte RIYB 5101 %erVib); 2OQHAIAI18x BEIhMSPHRTLQIRATNR F8 the

reference | oop 510, serving base station 110x estimates the received SNR for

the cont r ol conhvelneteinnelc compares thehrscaieasdeSNBagaiust thyatarest SNFe andrgspera®MR,  and
generates transpit power ol (TP S 0 e C [hkson
results, as t&%é%”rq}pﬁggr “BE’P?)W c‘éggﬁgnfﬁ@%%%gg%%%g%&ﬁ%%& a(sl &gﬁe{lP
((:o;nmnd t o did@et Ié,ﬁdh TI(Fj(Cb@ﬁﬁﬁnd ghaybé aittef(1) apdiecorfudbnd imaiifeerrﬁrrinbremajgnel or
2) a DOMN command to direct a decrease _in__t smt power. Seyving.base
station 1 IMmM@W{EOTMﬁ@MM@sbPQ‘@n@WO dfrpgiie eq%%ansm)_to
termnal 12 sxbﬁ%%%@ﬂ. Se&tifll Bae il 1 [RGBV s BRAPY QnERARR oh MR hAVaMEr d |1 nk

transm ssion from serving base station 11 Ox and provides "received" TPC
comands t o lakTFiGud 6%teo termprabt2xsor 542. Each recei ved TPC command is a

noi sy versio a JPC.c nd_transmtted by serving. e stati 11 Ox.
brooussor - 5aI {8 o PemiB TP derebish Mdetoctin oSV ik el oh o

deci si on", : WGl baRY¥ sk€of 1]08mdyifodas ‘séceivel’t TPO&omhemes el TRC Comarm@nd i s
deened to be an UP command or (2) a DOWN decision if  the received TPC

command is dEeeEHT3d2hEagh rexoied cddimegiamand sghaeisy verignnd|a TRG saawand (TX)
ower adj ust MILE] | 4+ h r ] pﬂ?e elal ]y

(F:)hannel ,J le> t?%%lt%gls dgégﬁng?géﬁ%%lcglegogi ?\%E%s%%m P%t%:cgsrmqr%ﬁgep( ocga?s%r 542,

gor_ exanpl gqontljmﬂrﬂ :ﬁlﬂ4ol1>|:')taigr1$1 iant’PlE(ésleciﬁclﬁ’ﬁ v(l}'lc)hdh;ayab?pl)mm Up ddcasponf drtheach UP
eci sion an ecr e P--h(n oh. own step.fo DO .

oct i on. A Psetted TPC ot B serbiaf b BB FobiRutl el § RARR BT or ¢ ne

control chanmglkeceRed TPCRMinddd)is deel toibBAnTIORIN Bymmhd. Addntrdidhannel

transm ssion on the control channel is sent to serving base station 11 Ox.
[00129] Due tasnspit(@X)poaver fagiwstimngnt uwit Shd ladiupatthe dpnsaait power fordhe eardiobe | i nk
(cl oud
channel, Peen(m) , based on the TPC decisions from TPC command processor 542, For

example, unit 544 may increase P () by a APoctip up step for each UP decision and
decrease Pon (1) by a APesin down step for each DOWN decision. A TX data

processor/modulator 560 sets the transmit power for the contvol channel to the Pen(7)
level indicated by unit 544. The transmission on the control channel is sent to serving
base station 110x.

[00129] Due to path loss, fading, and multipath effects on the reverse link (cloud
540), which typically vary over time and especially for a mobile terminal, the received
SNR for the control channel continually fluctuates. Reference loop 510 attempts to
maintain the received SNR at or near the target SNR in the presence of changes in the
reverse link channel condition.

[00130] 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 bit processor 552 receives and
processes the OSI bits broadcast by neighbor base stations 110a through 110m and
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540), which typically vary over tine and especially for a nobile termnal,
the received SNR for the control channel continually fluctuates. Reference
| oop 510 attenpts to nmintain the received SNR at or near the target SNR in
t he pr eser\ggzg{;m ghges in the reverse |ink channel cqeayishean20060130]
Second | oop 5 3 adjusts the transmt power for a data channel (or sone

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 |evels. For second | oop 520, an OSI bit
processor 55;?os£isrg%m’§g Bd¥d stafibR €65 €0ST bRt pedtkssbt 552 brovadds @sfectod OSEibghbor
base stations 110a through 110m and , 20 2006/.007318 PCT/ US20051020092
possi bl y serfieomdghedese statiensole a trapgmit payern delta, pyjpgment unit 558, odi d@andet ect ed
OSl bits frgy . .' : j Lo ; | uni t
556. A chan n%mnta{égts ?ﬁg@gﬁgﬁéﬁ&%ﬁgﬁ‘,@g&%, %@sﬁ?%ﬁﬂ) %%%%‘?3%%@%%@% ghbor
base st at i onchaned ighinebesach bese stdimnnaid pyasiide the estenatbd blzenselsgaitsifomgll basel
provi de the estimated el i,jns f.or all base .statipns to.ynit. 556. Unit
556 det er mi nAPR{L E‘H&%Pﬂﬁléisg&l%f%%esf chapnel pajn g Bsrpoﬁilée el%&waéﬁs and

i dentifies tfgicht bANAREfIGhE HasHged A8RhBdr HabedflatiddNi Unib 566 fudthth@fusadheist s t he
transmt power delta AP(n) for the data channel based on the detected OSI
bit and the ygaRaniRwepatin ABMOLE Bl dafihadr-PBAIES bn iRl @h&BEd OSBbiflaacHE bed
above. Unit 556 may inplenment process 300 or 400 and nmay adjust OP(n) in a
pr obabi | i st i ¢haneel igsirerationfostthe streagasiepcighbor.gam dessribed) gbevessE B3 028 YISt t he
transmt power delta AP(n) based on det_ectmnf)sl bits and/or other .
pertinent i ninleraant process308y 400 arsbmayedivshse “st it ¢ probabilistie e idetepyiniste| ude

t he serving and/or nei ghbor base stations, [00131] A data nel transmt
power conput Bmesh JRigeneslg uplSovieay adiest b frpramit pawemeslta r ahsnbasedheder

P_h(n), which.,i Eﬁg@? - I bk .

transmt pom%técge&uﬁgfb@?%#&. &ﬁgﬁﬁ{ gt @%&?‘gerg%?h%yﬁ ans]FnD{ b%g%tearrnt]%dch (n)
for the datahichamyéhclibiesbaseovingBinl/or)nemhbor base) statiddei t 560 sets the transmt
power for th ta channel to the Pk~h(n) level indigcated.b nit 558. The
transmi ssi onﬁ'gﬁgﬁheAd%t% CEWSﬁH@?SW%p% tJOEDBu?'QP‘%i“H’d Sggsrgce’é‘f%ttﬁ%ﬁoﬁ x. The
transm ssions on the data andpcgitrol channel s rratyg&cause interfprepce to
nei ghbor basehasndtiiapsiait POWEL t i ougWhichgsusqdors1the Feicienee PAKE l8teht 1™On "110

receives transm ssions fromter&g}gls on the reverse I|ink, espipmates the
i nt er f er enc eamithetramsthitpowen deltap s tUnit T8, conpnisa thedrankwit pewetured -~ for

the data channel based on Ter™ and AP(7) | Upit 560 sets the transmit power for the

data channel to the Poen(n) level indicated by unit 558. The transmission on the data
channel is sent to serving base station 110x. The transmissions on the data and control
channels may cause interference to neighbor base stations 110a through 110m.

[00132] Each base station 1ld receives transmissions from terminals on the reverse
link, estimates the interference observed by that base station, compares the measured
interference against the nominal interference threshold, sets the OSI bit accordingly
based on the comparison result, and broadcasts the OSI bit on the forward link.

[00133] Reference loop 510 and second loop 520 may operate concurrently but may
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 transmissions sent on
the control channel and the data channel, respectively. The control and data channels

may be assigned different subbands in each hop period, as shown in FIG. 2. In this
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i nterference against the nomnal interference threshold, sets the OSI bit
accordingly based on the conparison result, and broadcasts the OGSl bit on
the forward Iink. [00133] Reference | oop 510 and second | oop 520 nay operate
concurrent wo tudoorsy be updated at different rates, w pdr/usnps/d@is2bei ng a
faster |l oop than | oop 520. The wupdate rates for the two | oops may be

sel ected to achieve the desired power control performance. As an exanpl e,
reference | oop 510 may be updated at a rate of, e.g., 150 tinmes per second,
and second | oop may be updated at a rate of, e.g., 10 to 20 times per
second. Refe¢meceftrene wbp AIG andcemednd degp 3520 WY @peitatstmeltinbsBISBhSSi ons
sent on the control channe|_and trﬁgﬁiata chafgqrie , respecgi vely. .The control
and dat a chal#ispdssions yenben dueresh sepbands; ghhe spnteqhishapebmey aisg bp HpleRefi od, as
shown in FI : | et i Wg&@ﬁﬁ{@g Dﬁjg% 0 ,
reference Iggbﬁglfoﬂgn%@géﬁgd’l o00p 520 arrgééopera?gégi%{utﬁtgg%g%%ugﬁéﬂgn

transm ssi onf00334]t THG.d6 fshewe atposigb samtchd . mechanigro rfi00athatcmay rbel usadiyforatheo be

|tiplexed with the data ch | (e.q.,.using, TDM.and/ t
The same subtiialchatfeo Paflp MRt medinti: st uliin FbhEt el R bmERsBo « nat
may be used $17 i FR5. 5jGRdlids saliandabop BroYen cu@Rtibe) 6P Cidn tikdGe6 63hi ch may

be used for reference loop 510.in FIG 5) includes an inner |oop 610, an
outer |oop 62oerlgpp|6t) atiempts to srAintaindhe receirrd SNR By theiepniel dapned ag ¢Joseed nt ai n

t he received M r r : R 35 : t ar get
SNR. For inner %e‘;tg %%%?geggﬂgﬂ%oég]%(ﬁ r@lg’él%{ glf%ﬁs%%‘?ﬁg bagd eg%ntsnt?%%%gn 110k
esti mat es t hetatiec ¢10zxe dstinddResf the redwvedoBINR ofor dhea nomtol aohanml cmi dereviddsethe
received SNR ta a, JPC co d generator, 644, ner at or 644 conpares the
recei ved SNEeesiyet %@ﬁt‘?ﬁ HagE a@@%’ﬁtﬂr é‘b‘lne&ej‘te °f1€%é°881mﬁﬂ§ff%vg on the
conpari son SRRUdamst ﬁertmgagsmse@dsgeaérh@m@@%nﬁﬁ@% Mhded dnie EORp&@EHENdS ON
the forward |ink cloud 570) to termnal 120x. Term nal 120x receives and

processes t heesqisC Savingdbastsstetiarn] K tyanagith theelRG gemmands| ompjheaigevadjlioht s t he
transmt po 0 h L1 ol ha . 18$5Mescri b r o Fl 5.

[ 00135] Dat \2&?%{91 Eéd)sgjng&%\ﬂagllgg S ?ra\&%lﬁael Zzon ?%Pi‘}gfﬁ%ﬁgeﬁé&asn% glgcﬁp%ata

bl ock may beommaeld fivint fereingbazelstationl &1 0xand hdjakstis the teapsmi ppeadionthecomtendor d (or
coded data bl ock).. n error det i on code may not be used for the control
channel . In nglcﬁs@?c@ﬁ%ab@éﬁﬂ’fﬁé' gase station may perform erasure _
detection fofpo@sh TREEHYFEE SREEVRSEksA thd@hntbIiHgndNeidNGaEn 8RS bedaMprd is

erased or non-erased. An ‘erased codeword may be
be coded with a block code to obtain a corresponding codeword (or coded data block).

An error detection code may not be used for the control channel. In this case, the
serving base station may perform erasure detection for each received codeword to
determine whether the codeword is erased or non-erased. An erased codeword may be
deemed to be unreliable and processed accordingly (e.g., discarded). The erasure
detection may be performed by computing a metric for each received codeword,
comparing the computed metric against an erasure threshold, and declaring the received
codeword to be erased or non-erased based on the comparison result.

[00136] Outer loop 620 adjusts the target SNR such that a target erasure rate, Pr,

is achieved for the control 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:
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deened to be unreliable and processed accordingly (e.g., discarded). The
erasure detection nmay be perforned by conputing a netric for each received
codeword, conparing the conputed netric against an erasure threshold, and
decl ari ng woooemessed codeword to be erased or non-erpspusioes@obon t he
conparison result. [00136] Quter |oop 620 adjusts the target SNR such that a
target erasure rate, Pr.. is achieved for the control channel. The target
erasure rate indicates a desired probability (e.g., 10 %9 of declaring a
recei ved codeword as erased. A netric conputation unit 652 conputes the
metric for each recei ved code ma).gemsaw;p{re fofhesédebddwnid per f orms erasure
detection for each SBIRE | le-dl)e dewoPd based on its conputed netric and the
erasure thr Eﬂ,’i and prOV| deq SN, (Ent ABNRyf , tfhen nopcesispdepdew fl% (erased
or non-eras a target SNR adjustnent unit 656. Unit 656 t heh Zldj usts
the target SNR for the contgn® nnel as follows: 22 WO 2006/ 007318

PCT/ US2005100003} wherR |, |, | ,“(gk?éAsmt%rgetf%fpé PHisElo0n 4BIRR Mt 2 ~a
(k+1) _ [00137] SN (k) - ASNRda, fora non- erasedcodeword, Eq (16)

[ 00138] wher[80E9R\W is an upfseeptszedert thStdpet SNRoatder | oop updat e interval

k; [00139] ASNR P IA% an up step size for the target SNR;, and [ 00140] ASNRda

is a down stpi4v]ze dtibehd@f;g@gp s‘ﬂ&@ort[h@&ﬂ:gelsNRThe ASNRaP and ASNRda step
sizes may be set based on the follow ng: ASNR'P=ASNRa, Cl-Prang | e 5

[00142] Ea (fhian [ OB 8P T Lgh B8YBLOZ(, s bl oo SBELASHRE ARNAERAC! such

that a target conditional error rate, Pra I's achi control
channel . The target conditi onal H L@k ra e indicates a desired probability
of a received codevv@lSMh@F d%“l“—sn“rl rror when deenmed to be non-erased.
A smal |l Pra"[0o142¢.9., 1 % corre e t0. hi gh confidence i nEq({¥¢ decodi ng

results for non-era ode Term nal 110x_.and/or ot her termi.nals
communi cat i OWSW:’E h E‘F‘@/E‘H’Q ﬁfgh‘?fsatf‘? Gresyredhre Wﬁ?ﬁn@ﬂtt% %E%F(S\féﬁn‘g%%‘@\l]/\mds on
the control channep, periodically or when triggered. Units 652 and 654
per f or m er asUras ratget &,iieAChieed &rche eeniwl ghaangln Vhe tagaesandiiionsl erios T e

manner as f OhdRateE gedegif’é?l probability of a received codeword being decoded in error when

1 Porer (e.g., 1 %) corresponds to high confidence in

deemed to be non-erased. A smal
the decoding results for non-erased codewords. Terminal 110x and/or other terminals in
communication with serving base station 110x may transmit known codewords on the
control channel periodically or when triggered. Units 652 and 654 perform erasure
detection for each received known codeword in the same manner as for a received
codeword. For each received known codeword deemed to be non-erased, a decoder 662
decodes the received known codeword and determines whether the decoded data block
is correct or in error. Decoder 662 provides the status of each received known
codeword, which may be erased, “good”, or “bad”. A good codeword is a received
known codeword deemed to be non-erased and decoded correctly. A bad codeword is a
received known codeword deemed to be non-erased but deccded in error. An erasure
threshold adjustment unit 664 adjusts the erasure threshold based on the status of each

received known codeword, as follows:
TH, o {£)+ATH,,, foragoodcodeword,
TH, ud£+1) =4 TH, .. {0 —ATH, , forabadcodewordand

TH el 6) » foranerasedcodeword

[00144] Eq (18)
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codeword. For each received known codeword deened to be non-erased, a
decoder 662 decodes the received known codeword and det erm nes whet her the
decoded data block is correct or in error. Decoder 662 provides the status
of each reweivemotsi®wn codeword, which may be erased, Pogstiosooned bad". A
good codeword is a received known codeword deened to be non-erased and
decoded correctly. A bad codeword is a received known codeword deened to be
non- erased but decoded in error. An erasure threshold adjustnment unit 664
adj usts the erasure threshold based on the status of each received known

codeword, as ows: TFle THE)IAY:, .foragoodcadeword.. . Tl asaalCrl) =
TFl a, a(. 1- A‘I'ﬁghg%g]f oWQErgdcodeV\o)rmzl(a%—ad the 57 f?%%%@?&5§3¥9ep3%3@g%1&%¥% Eq
(18) 23 WD 2006/ 007318 PCT/ US2005/ 020092 [00145] where THeasuaO is the
erasure threshold for third | oop update interval [00146] ATHUP is an up
step size fo e e threshold; d [00147 JTHID is a down step size
for the eras(?Pie‘P(ﬁhreshJ & 2 eréaﬁatﬁff%ﬁmfi}g}mg@sﬁ#% that a | ower
erasure threshold i ases the likeljhgod of a received codeword being
decl ared er a@@&.”l[o%% 1%@%?‘9%‘%#&&?%‘“&@ Sb@fdzes may be set based on
the fol |l ow ng T - R =L ; : ner

| oop 610, ou?’g}‘mlﬁ\og'ga%%lgﬁ -ﬂz}r?c?s %u%%}gg% %!%Fé é%r(%gugtr; (tahr ?ﬁg}dgg%%?sei%gg? é%jhog?

di fferent r atfestecdivadamodéway béibg decdaretherasedst est | oop of the three | oops, and
the transmt power foggﬁPe control channel nmay be updated at a particul ar
rate (e.g., [0049]i MEEe PET w SaLOTn sigukioss hodR $2PaskEok e felexwting:ast est | oop,
and the target SNR nay be updated whenever a codeword is received on the
control channel. Thi rg | oopn. 630 li-2rfpe sl owest | oop, and the erasure
threshold may be up “Wheneyerpa known codeword is received on the
control chanl¥@1301The update rates 8r/the three | oops may beEgél®Bcted to
achieve the hre fardamn f . d . rol for
the control AESHler TuREleBoT A Bon EXRIHA iREhEF KO A DR P R Bastile 1) |
comonl y assdifferdt tdtss. IRadrdasdp 6 Kpjslthe fdstestnlobe of dhe thee 1pdiist andthy tinakiet No.
040404 U], entit] ed "Rob sﬁ_}ﬁ_’i]lzl}rgsurglra Eﬁtq&tion and Erasure- Rat e- Based

d osed Loop PVEMLoHscpairol: cb ipay peyppeafed o particular rate (e.g., times per

second). Outer loop 620 is the next fastest loop, and the target SNR may be updated

whenever a codeword is received on the control channel. Third loop 630 is the slowest
loop, and the erasure threshold may be updated whenever a known codeword is received
on the control channel. The update rates for the three loops may be selected to achieve
the desired performance for erasure detection and power control for the control channel.
Power control mechanism 600 is further described in commonly assigned U.S. Patent
Application Serial No. [Attorney Docket No. 040404 Ul], entitled “Robust Erasure
Detection and Erasure-Rate-Based Closed Loop Power Control,” filed July 13, 2004.

[00152] For clarity, specific embodiments have been described above for various
aspects of power control. Numerous other embodiments may also be derived based on

the description provided herein. Some examples are given below.

[00153] The same range of allowable transmit power deltas, (AP, AP, m*], may be

used for all terminals in the system. Different ranges of (AP, 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 base stations may use a

smaller range of transmit power deltas (e.g., the same APuiy but a smaller APmﬂx) than

terminals located closer to the serving base stations.
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[ 00152] For clarity, specific enbodi nents have been described above for
various aspects of power control. Numerous other enbodi nents nay al so be
derived based on the description provided herein. Some exanples are given
bel ow. [ 00%&3Joocldvesigane range of all owable transmt poweet/dslobaooop AP mi AP
], may be wused for all termnals in the system D fferent ranges of [AP., -,
APnx] may al so be wused for different termnals, e.g., depending on their

| ocations. For exanple, termnals wth smaller channel gain ratio for the
strongest nei ghbor base stations may use a snaller range of transmt power

deltas (e.g. S Pwd"  but S ay AP- han . termnal s | ocated
closer 1o ¢ hiooLeh, ;T stieden e Bl 1 b Sl B0 ¢ R BR58eREB 05

[ 00154] The referpnqﬁ) power |evel, PRr _(n(%, ¥sed o derive t dat a channel
transmit pof®Yeh PECh @Y, Pogy ke Farsmipavee 1o RLKT POBTHORT? ACher
power - cont r old &’é@!cr?&aréﬂﬁ\l'e. TIRSrefifsict bheel 18RPYRAY aldDbe dblAiANA StRPHRANdgVel May

al so be obtained In other manners, "e.g., estimated based on the channel
gai n for theegeestinmpgedizased en theichannelTgain fathe sehangedase stafiomsFhe dgswehapnglay al so

be adjusted direct| in d, of ..vi.a, the tr ' el ta, =T erving
base stati ong?‘f‘%ﬂ}mp?&c()mr&%a%% %i%dg%%‘il?u t%d 1%1 efcg&’n%% Et Egeﬁ {)%{rgrgnvt\ﬁéfrgn et ner ¢ 1éédat a
channel tranghé ervifyiseistatioh inhdypravid@fdedbiab keinf@nghe t¢riiddd Sihethet e dutaal may

only respond to the OSI bit of the strontgest nei ghbor base station, as
descri bed abeRaanel Arapgnitpewer inwithin agllowslietangs.s transnit power based on OS|

bits of nultj neixgh Pas: ﬁ%,alreg to ERTOEAIBE Bie stroh SkiMdI@bofBYseler f Or m
process 300[@?%001%?099%%“%89 st lﬁg;&g%glgr %ase stgti.gngs%’s oﬁ%l Basesestation
at a tinme, wketien, & descrihedBheve: A tmmminalyabynalsaadjust fits tramsmihpovedr dadsd on i3 e
station may taken jnto.,accpunt i.n Lt her the adjustnent obabilities
(For or ocess ot mgpplestpr B slibas, i etmpiicy RBl HBY oeflbit BRtrtss) A
single OSlI bBbo sE4006r §sL6hdett rieiithbbitase tthtors/rRas¢ hiich Abste/ AtheR)S Bach
base station, as described above. Miultiple bits may al so_be_used to report

i nterferencel- Thachansslgain rasip foneachaeighbar basq gatinsr @ay;be &key i agcpnt in
effectively %%e?stﬁ%%ﬁj;ﬁ%&ne}x{ gfb‘%g?i;ig?sg@%\ﬁgr%ci%tﬁoﬁé SN ézgriéﬂi'é %eg's‘i’%ﬁ Qyor

overall systemsta y an xarrp? eac ase station
may report i pfooessdf@on on "how far"” the neasured interference is fromthe

i nal int t.h l.d. As I h b tati
o7 ondeast an URERI | GntE o] (3 BACS BRLA ARt phieirondpsgueChiag "

when base station, as described above. Multiple bits may also be used to report interference.

This may allow the terminals to more quickly and/or effectively adjust their transmit
powers. This may, in turn, improve overall system stability and performance. For
example, each base station may report information on “how far” the measured
interference is from the nominal interference threshold. As another example, each base
station may broadcast an additional bit (a distress/panic bit) that may be set to ‘1’ when
the interference level exceeds a high interference threshold. This high threshold may be
significantly higher (e.g., 2 to 3 standard deviations higher) than the nominal threshold.
A rapidly rising or an unusually high interference level is often a sign of the system
becoming unstable. Upon observing the panic bit set, each terminal may simply set its

transmit power delta to the minimum value, AR, min . and may remain at this transmit

power level until the panic bit is reset to ‘0’. In conjunction with the power control for
the control channel, this mechanism may be effective in ensuring system stability.

[00157] Each base station may broadcast its interference information to all terminals,
if the interference observed by the base station is randomized, e.g., with frequency
hopping. If the base stations have more specific interference information, then the
transmit powers of the terminals may be adjusted in a manner to take advantage of this
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the interference | evel exceeds a high interference threshold. This high
threshold may be significantly higher (e.g., 2 to 3 standard devi ati ons

hi gher) than the nom nal threshold. A rapidly rising or an unusually high
interferengghR¥elzid S often a sign of the system becomdiguginsiosdebe. Upon
observing the panic bit set, each termnal may sinply set its transmt
power delta to the minimumvalue, Al-in, and nay remain at this transmt
power level until the panic bit is reset to V. In conjunction with the power
control for the control channel, this nechanism may be effective in

ensuri ng sysihfinstiabi [Hot yexampR) Bach tdmmgial hasebs tasdigioed omey ob rmérd capsdific t S
interference ipformatjon to al| termnals, if the in}xﬁrference ob&%ved by
the base st aiPbands forrdatpfEpspasiond without freqpency bgpRIAR), A RaRfHHHEPD ey base
stations Navsgme &ifRaR! didunls b CRIGIRAES oh PMER!du8Bends NCRerhlifls dudfigm |
powers of the termnals nmay be adjusted in a manner to take advantage of
this 25 WO Roeen@ons1d nEretssed oBydrogeaificillyf dentifiddobrsed-on theinapigaed each

term nal may ssigned one. or nore.speci f.i subbands for dat

L r ansmssi orEB IRt EaaEH ey e so g, S gl B BRSsd Sl observe
di fferent anmorssy ofhé siippoitey @Rt lich i@mant issie&bmﬁﬂab%zﬂeerﬁew@dﬁﬂlmsi ng
| arge anmobunts of interference nay be specifically identitied based on their

assi gned sufshdrddata gshanneh e Thisareesived for the epivadignents, desprafied %AV ES r educed
di ngly. f ' '
accoraingly depgrgcgljtt?g% gjrﬂﬁe ﬁg%g@f\]?(gﬂs & Wik the r@feré?ﬁ@? lﬁ_ol_ﬁ&r E{félaa!ndlg

D) th
determ ned byt I'ved r the data channe 'S recel e)d eSNR, for

the embodi meplsmilancrt hash, RGP, b by YRPR fiant i thabbmitfovlcR GBIE m

associ ated w t e reference power Yevel transmt power delta,
a(n), used bauterioeously ailjusted by itk temzinalwithopbavyringld|fiom theysetying tast satompus| y

adjusted by the termpal w,thout any in rom.t he serwvi base I on,
25 tesor | bucPBarEed PR, dph ety sdhtihe SRR Boh i SRR o
recei ved SNReor ftRe dafacclfighel, ERABRPorted lMataSHRP @it 8d @Al Rhidiet $rOEquivientlal a
channel, or equivalent information to the serving base station. The

term nal naynEBatiaivgthe FervaRg basgnstationnbBie srmipalmay fdso 3688 the magimum ¢ hat
the term nal can support at then?urrent transmt power delta, the desired
qual ity of smnnbiecef 6b3Nds, t%% QJ f that theZeymised dbas cupport Ache edimene trahdiwit anount

of signaling, th er.m nal .send AP n -~ (n) .every, few update
“nter val s, | Wb Al CRerERE Srrete (aabh e BiRE Rz dhd SEEho o ek 50 A
schedul er at/for the serving base station nmpy yse afl of,ythe information
reported by thhempentf gighaling, tie|tgarnad mag sendr SEW) tagd hBmF of rAverfewmdate

schedul e the . wa1s via in-band signaling on the data channel, and so on.

[00159] A scheduler at/for the serving base station may use all of the information
reported by the terminal to allocate resources to the terminal and to schedule the

terminal for data transmission on the reverse link. The scheduler may allocate
Nt man () subbands, less than Nt mx (1) subbands, or more than Nt max (7) subbands

to the terminal. If the scheduler allocates more than Nt e (1) subbands, then the

terminal can scale down the transmit power delta accordingly. For example, if

2N g (1) subbands are allocated, then AP(n)

may be scaled down by a factor of two.
[00160] The power control may be performed by each terminal based on various
pieces of information the terminal obtains from its serving base station and neighbor
base stations, as described above. The power control may also be performed by each
base station for all terminals in communication with the base station. For example, each
base station may obtain an interference report (e.g., the OSI bit) for each neighbor base

station, e.g., via signaling between the base stations or transmissions from the terminals.
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termnal for data transm ssion on the reverse link. The schedul er may

allocate Nsb,,,,ax(n) subbands, |ess than Nsb, |Ix(n) subbands, or nore than
N, b, "' ax(n) subbands to the termnal. If the schedul er allocates nore than
N, . (n) eedbedesist hen the term nal can scal e down twertgasaas2 ponwer

delta accordingly. For exanple, if 2N ,- (n) subbands are allocated, then

1P(n) may be scaled down by a factor of two. [00160] The power control may
be perforned by each term nal based on various pieces of information the
term nal obtains fromits serving base station and nei ghbor base stations,

as descri bedEB®vs statiog nm\wo obeiid thelchafiy] gislettemived be easittehyinsidohthe base
station for all termnals in communication with the base station. For

exanpl e, eactrViRmawd Beightiop Raseeations: aFAchabrse glakon B ik coauiNg thedragsmit e Og|
bit) for ea | | base
stations orcéb“fabggrghﬁ%groeﬁ?%%&raﬁ éesg(?g?ﬁnh% tqsrﬁalC&%Oﬁg(%g%%SlB gt‘ﬂﬁ

PCT/ US2005/ Ogpliedle Badiat teasimalkindtmayrsenteiiie trhsonitgmtveerr deltdhte thhtermishl. Fechs
determned b h ter L for .the . serving and nei r b stations.
e baoe st drmmas iy e ush A5 stanstnin SSTPLAGHE T SELERBhre 2ofia Pl

term nal basgenaR steﬂalg hds€ slafi6:@ N AfteFrRfIRLY, Seadti Bask Q&tl@ﬁ&tﬁﬁjﬁéonqmm&d fAP! i cabl e
for that termnal and may sent the transmt power delta to the termnal.

Each ter ni nip tigpsmit pewerey each terminal, Ahe availapibifieef the tragsmif Bowsrdelias for power
delta receiv y | F t e 1 V. se
stat; on may. oieEiPaiih SopaREXAR DR Sual Bkt Mol b4 ShaRa B Yondie RELS

avai | abi | i t ythefermhelst ransm t power deltas for all termnals in

comuni cati o ch base st can ex e the scheduling for the
Corminal o CBOYE] FRS PaB e foioh ti-DRiaBET A Roe L FER PRS0 HEY JPRVIFEYS be used
for various tyfnéép@fswﬂéleéé" doBInffFoafiOSIARinEAt TIRNRe $36BAIGHES: arafre@&elause@bmdqfées are
especially suited for systens with small intra-sector interference, e.g.

OFDVA, TDVA sysigms Dk smpdltiutrassectof giarézgneires.+ QEPMIAG TEM A ané FDMEY SYR®S. n MRy
be used for ﬁY‘Ezﬁef Eé E%mgﬁes"ﬁ rf%%& hefePigy }u&éd%? fs Su?c[hgx‘éi ?g?&&%ybdata

and control gues are also we ri
automatic rettypmaﬁma‘fﬁc @hannkls ARQ), dataMxﬂa:onwndhaiﬂaeNRQTlmm:techmqwhschr@alshet i's

e L R P S

recei ved viacdig JaEN&' B€ Arhf%edtii‘ﬁ) %ﬁxﬂ BINDRS Subbi i, 0 Bnd Ldn RibBI0LE decode

1
and recover the ‘packet IL))ased on al %bl ocKs recei ved thus far for the
packet. The tansmitted abatmedorthé coded packet As each subblock for a given coded packet is

received via the reverse link, the serving base station attempts to decode and recover the

packet based on all subblocks received thus far for the packet. The serving base station
is able to recover the packet based on a partial transmission because the subblocks
contain redundant information that is useful for decoding when the received SNR is low
but may not be needed when the received SNR is high. The serving base station
transmits an acknowledgment (ACK) if the packet is decoded correctly, and the
terminal may terminate the transmission of the packet early upon receiving the ACK.
[00163] With H-ARQ), each coded packet may be transmitted in a variable 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 1is 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.

[00164] FIG. 7 shows a block diagram of an embodiment of terminal 120x, serving

base station 110x, and neighbor base station 110a. On the reverse link, at terminal
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Is able to recover the packet based on a partial transm ssion because the
subbl ocks contain redundant information that is useful for decodi ng when
the received SNRis |low but may not be needed when the received SNR is

hi gh. The @erxdbeng7digse station transmts an acknow edgreEmis208@sdoor f t he
packet is decoded correctly, and the termnal may term nate the

transm ssion of the packet early upon receiving the ACK. [00163] Wth

H ARQ each coded packet may be transnmitted in a variable anount of tine
until decoded correctly. A conventional power control mnmechani smthat adjusts
the receivelR0SNR TXrddth@ratassar Ghépralessongegd., endgsaditedeases, andrabdulftexR)

woul d reduce the _transmt wer for the d . channe o.a.l ev such
that a targ&vgﬁ%@mﬁggﬁta% progides I?QB‘?“H%IPBWB@RE f%‘r%‘ﬁéﬁ??ﬁlgt‘&@ﬁaﬁ% each
coded packet ga] Bx‘oé?sg@xyﬂ%eaz_&rﬁﬁb%sie@ donl damqé.g.lr,rh tchiirﬁletgdg@gtey indfd8tof)EEdHhques

described herein allow a high transmt power [eve used even with

vari abl e duresnirolert T2dhend provisies supdplotier dyrpholiorte dooalsddta. FIAGmotulaipsws a
bl ock di ' . ' , ' J 110x,
ond et gnoor (BADL L7 BREGHLHRn el Briiits AF % 10 M BT aa BASHAST, 11

2006/ 007318 $§3mbolsSid Prda2ed%k2queh2dut, complek-whied chipac dhe procéskihgihyCrie dstes

(e.g., codes, inter]eaves, and ul at es reverse |i ) traffic data
and provi desprﬁﬁ?fﬁﬂraﬁls&ﬁgwﬁa@t%%rs fenenderigy eswgﬁna.%ﬁﬁﬁaﬁﬁa?r&@ésor 710
al so processgspiPMdanlatiddlif t‘r(eesaygtem gtk TOEDMAVAl brhdentiféh & ?ll‘MTi{? oty i

controller 720 and provides nodul ati on synbols for the control data.

nmodul at or  (¢dDditiony fe.p; corvsge 4o ahalogypaplidies, ditesyy rabd | freqhiencytupeonvertb)f the and
control data_and pilot, . s ols and _provid a.seguence .of conpl ex-val ued
chi s The prabeickiqfoti” 15 Guteny s HeBhE I MBS MG if ZpfR Prstias B
dependent ondipes AR and/adisndttal vid iRamembgngs OFDM nodul ation if the
systemutilizes OFDM A transmtter unit (TMIR).. 714 caqonditions

converts to KR g, Abmpving bese station bl0x, theraverseelikeriagpl @%W&ﬁ%&é’
o #H3 e . . b el .
sequence of ghips ﬁp%ﬂl%@% XA réRYE IE6u '9!ﬂuﬁtegélabm%&g,{&éﬁde%dg%btlgﬂ A

through a dupl exer 6 and transmtt via an antenna
servi ng baserestingriumit (ROYR) 15he. Recaiveg anit i766x singitiins {¢.gnfitters,rmpdifies, 208t | s

recei ved by an antenna 752x out ed t hrough upl.exer 754x,..and, proyi ded to
L Fecel ver TRMERraRIRFoRas) heeEived g e Bub g e oy g Bl L or's.
anplifies, apbbtdif QGHENE B ARVBERINET A Lembi\Batbe@HMOD) F58 Bloceseh the'dither
digitizes the conditioned signal to obtain a streamof data sanples. A

denodul at or $aDEED) oFBENSYRbetesimates.t AdeqgitedRX) data processor 760x then processes
(e.g., deinterleaves and decodes) the symbol estimates to obtain decoded data for

terminal 120x. RX data processor 760x also performs erasure detection and provides to
a controller 770x the status of each received codeword used for power control. The
processing by demodulator 758x and RX data processor 760x is complementary to the
processing performed by modulator 712 and TX data processor 710, respectively.
[00166] The processing for a forward link transmission may be performed similarly
to that described above for the reverse link. The processing for the transmissions on the
forward and reverse links is typically specified by the system.

[00167] For reverse link power conirol, at serving base station 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 base station 110a, an interference estimator 774a

estimates the interference observed by the base station and provides the measured
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sanples to obtain synbol estimates. A receive (RX) data processor 760x then
processes (e.g., deinterleaves and decodes) the synbol estimates to obtain
decoded data for termnal 120x. RX data processor 760x al so perforns
erasure detysidogoo7add provides to a controller 770x thecsi@iddsombozeach
recei ved codeword used for power control. The processing by denodul at or
758x and RX data processor 760x is conplenentary to the processing
performed by nodul ator 712 and TX data processor 710, respectively. [00166]
The processing for a forward link transm ssion may be perfornmed simlarly

to that deSCﬁﬂt&%ﬂe@EQU%nf(DSI Bib GerleBM & FBa.l iGHﬁeraﬂaﬂGWBdi Qe Sede@s fily ndrhigal
transm ssions on the faqorward and reverse links is typically speC|f|ed by

the system [ierissence thyeshold; andsgeneratgs thes (et bit 6o hage ¢ sta en $Hay i Ty @akWt it at i on
110x, an SNR cﬁ%sé&'%d%rozd?:ﬁ% t%ﬁanhﬂ%fs%?a%% Q?stéxﬁcg'eﬂéﬁo%afﬁa{ N&S FhBate o1 20X

and prOV|des t recel ved conman cnd gene ator” //6x.
Cener at or 77 @aniabs or scenedtherdypdaf intenfefenice r@R. and gener at es TPC conmands f or

term nal 120 e TP can re r sed TX data pr ) 782x
and a modul aﬁ%ql-g%m{b‘tq I] ibg%e b@‘}’"’g ‘?ﬁlf’gr‘f’égf?ia tfé?mt]%(‘? er’f’§§><'m8 Uﬁ"gﬁr

t hrough dupl gxgr stitﬁﬁlx,ar@m@beweart@rmﬁt&m 782 TRt eBddived Sslgnal i ré@édvitiiahghl 20X.

At nei ghbor base station 110a, an interference estimator 774a estinmates the

i nterference d@ﬁ@@Fv@é penditinned sud digitiged hy &ﬁ@PeﬁﬁebWHe@'Ot ped progessekly 28 WO
20061007318 WQP’?JZO%Q%%{X 'thtangréc% ‘an@?tl t{o f&akivhd %‘P@% Efnﬂ?% :é\m7d76a

Cener at or recelves the nom na rence t resh
gener at es t heeoéﬁbd KISt biter Abeimendteeihmamr Mt]uﬁ)aiem‘ﬁﬂuia@ferb iestimates the obamsled and

broadcast to ter Y. m Cen or 7//6a m ner.a

b it o S GenBre BBt oA T Bhr R s Sresb e Tedrsd AT CART Rihal
120x, the fopardTPCNeckicBawhich @éMmbdietoSeddtethe aRklsIAR | BNRPfor BRSPnEbRAL i ONS
are recei ved by antenna 718. The received si gnal is routed through dupI exer

716, condi t i sh@aclandPCprgcessoretPdnsozadiusisdhe eansmif Rowen for thgdatp lerapelhage

denodul at or | mmnds
and recei vegﬁ@%‘%@aﬁb@%gﬁnﬁ g% ggrtsul%% gtﬁﬁ]is tt?%amngél afggﬁogtt%eregﬁggcae@?l mat es
t he channel ngighborfiase etatidnsh asd thettednsmin .poﬁefEFiﬁ‘r freodat:s amd cofitedl dednmelsSast he
recei ved TPC co s to btain T eci si gns ich are used to date the
transmt powdfsef! rrgacp% @ecgﬁ rpé?ces%ﬁg%% Fconﬁpg}e 2(93,“8?@’6?11’ n%m’rg%esaaﬁ’{ﬁ@ts t he
transmt powanG arof PRcEat 406 hamme! sbaged Fﬁ@es’s&e 728 GR6VES %sxﬁ?ﬂ bewéior

nei ghbor base stations, the channel gains for the serving and
adjustment controls for the control and data channels. Processor 710 and/or modulator

712 receive the controls from TPC processor 724 and adjust the transmit powers for
control and data channels.

[00169] Controllers 720, 770x, and 770a direct the operations of various processing
units within terminal 120x and base station 110x and 110a, respectively. These
controllers may also perform various functions for power control for the reverse link.
For example, controllers 720 and 770x may implement the processing units shown in
FIGS. 5 and 6 for terminal 120x and base station 110x, respectively. Memory units
722, 772x, and 772a store data and program codes for controllers 720, 770x, and 770a,
respectively. A scheduler 780x schedules terminals for data transmission to/from
serving base station 110x.

[00170] The power control techniques described herein may be implemented by
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 conirol 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
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nei ghbor base stations, and the transmt powers for the data and control
channel s, as described above. TPC processor 724 (or controller 720) may

i npl enent process 300 in FIG 3 or process 400 in FIG 4. TPC processor 724
provi des twawegdoragwer adj ustnent controls for the coptrosoesndodat a
channel s. Processor 710 and/or nodul ator 712 receive the controls from TPC
processor 724 and adjust the transmt powers for control and data channel s.
[ 00169] Controllers 720, 770x, and 770a direct the operations of various
processing units within termnal 120x and base station Il ox and 110a,
respecti vel yprogtagsgable Ogdte Obdrgyss (FRGAs) Spropasérey montrollas]s rhisroedontralers,or

power control .for the rev]glrsq- li nk. 'F\(/)\#P exanmpl e, controllers 750 rﬂ%na 770x
may i npl emenfqrARIOE IS seheroeleritonle wis desighed e @erforn thyy fnctions deseiiedal  120x
and base stahéeR dr d GmbidfioRekdoge! y. Menory units 722, 772x, and 772a
store data and program codes for controllers 720, 770x, and 770a,

respect i vel y[00A7Hc h&dulaesoffgar sarempmtasion;t drenpeowiers confrol digehkniqueansey $si on
to/from seryi base stati 11 Ox, 0 p I hpi_ques
descri bed he%‘mell)q%neréﬁ/f‘lﬁvé i ?@%ﬁet%dprgée%%ér%%g@o%ﬁbg%ﬂggo égi]h{eagg(rer%%& ﬂ'tehese
techni ques mAychénsi depdribe® heth. | Thesufithary edes Sy bedtoged Bra Me@orurAleiggn
t hereof. For a hardware i rrgl enentation, the processing units used to
per f or m powePEWRt 8 7#hiR BIC- Apandrfgaeesd B & Broceshe (of- Aellenplli cliei on
speci fi ¢ 1 nt gfheehiCinaf b ifpliehiet hinfl @k bteSb0RAaBhAGS RABckienR)
digital signal processing devices (DSPDs), programuable |ogi'c devices
(PLDs), fi el which@asait 00087 GOMBUEcHTTINSIGIE! 0ADO dDCcegsonYR AATIGS REaga Bvisar r ay's
(FPGAS) , pro&fsso.rilg controllers, mcro-controllers, mcroprocessors, other
el ectroni c uffte g ‘?ad'ﬁed to performthe functions described herein, or a
conbi nati on {dea7Hof ThE @Yok dERkiptobelithe\diEctosed R bEifieatsii® Providee tdeable
control techniques nmay_ be i gﬁl enented with nodul es (e.qg., procedures,
functions, afey Persem)skilieds ithdhe Grtmtq Heakes o a8 Jhe RIESSRY IBCHUGL oV AIOUPhe
sof tware codgsafRYHA 5 HREE Emblimetie Wi Ye Haliy & f 511 i in
FIG 7) and g%ecut é(gl by a pr océhs@gr e. g?@co%t@o n(’taro {;ﬂ%%).léﬁj#e tthrﬁz:%ry uni t
may be i npl gaamhﬁlecgelweiritct}irmcmm dpi_inﬂdeh;mm may beapmireddd other cmboqdmaﬂgwithout. in
whi ch case | b At eee HITUBLCA NSl ¥r BOURLSDA! CridloeR RESRSRTentbf i R OUS
intended to be limited to the embodiments shown herein but is to be accorded the widest

scope consistent with the principles and novel features disclosed herein.

WHAT IS CLAIMED IS:
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[00172] The previous description of the disclosed enbodinents is provided to
enable any person skilled in the art to nake or use the present invention.
Various nodifications to these enbodinents will be readily apparent to
those skilled in the art, and the generic principles defined herein may be
applied to other enbodi nents without departing fromthe spirit or scope of
the invention. Thus, the present invention is not intended to be limted to
t he enmbodi nents shown herein but is to be accorded the wi dest scope
consistent with the principles and mwMS eat ures di scl osed herein. WHAT IS
CLAIMED I S: 30 CLAIMS 1. A nethod of perform ng power control for a
wreless terminal in a wreless communi cation system conprising: obtaining
(314; 414), for each of at |east one base station, an indication of
interference observed by the base station, each of the at | east one base

station be1 Ng A MAeHbaoo6f lb%ﬂ@nﬁtngt lp@WeﬂC&onﬂ@B ifgnat edrelass esraingl @ dat a
transm ssion sent by the wireless termnal or a serving base station

desi gnat euW"‘?SS$EQ‘EF\Pé"anB"(§¥§t§"i [CORPESEG on sent by the wirel ess terninal;
characterised by estimating a channel gain for the serving base station; and
for each nei ghbor base station to be considered in ad,@a usting the transmt

power, esti mat iobpiaingHanfed14alor ¢anh ofrat laastpneobasms@tionaan dndicatien

adj usting h r n

i ndi cati onéo ééfegée@% Bb&%og& ngép {m%ggsggg%otgt %tg ?glnogrzfrrl‘ ﬁfeé%ggtoﬁe ?ékcf channel
gai ns for staiomdieiyihaa resightsar basg $tatien snatt designated Wheregeivkod datacl ai m 1,
further rising: limtin 342, 344  346; 442 444 A446) the transmt
power for tﬁ)ﬂfr@ﬁ?'gﬂ SFPQ%’P&#‘H%E’f’SWS?éerHEh%?rIﬁﬁ '?;{'qgatﬁi)sed atgfg% rqleﬁ'@(ﬁ'a ed on a
measur enento re@éiv@thteghth transhfissien senttatpBivERaYs. tedminghe nmet hod of clai m.1,
further conprising: estimating a received signal quality SNR for the data
transm ssion at the serving base station; and

characterised by

estimating a channel gain for the serving base station; and
for each neighbor base station to be considered in adjusting the transmit
power,
estimating a channel gain for the neighbor base station, and
adjusting the transmit power for the data transmission based on an
indication obtained for the neighbor base station and the estimated
channel gains for the neighbor and serving base stations.

2. The method of claim 1, further comprising:
limiting (342, 344, 346; 442, 444, 446) the transmit power for the data
transmission to be within a range determined based on a measurement

obtained for the data transmission.
3. The method of claim 1, further comprising:

estimating a received signal quality SNR for the data transmission at the
serving base station; and
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31 limting the transmt power for the data transm ssion based on the
estimated received SNR for the data transm ssion. 4. The nethod of claiml1,
wherein the indication for each of the at |east one base station conprises
a first bit that indicates whether the interference observed by the base
station is above or below a first interference threshold. 5. The nethod of
claim4, wherein the indication for each of the at |east one base station.
further conprises a second bit that indicate whether the interference
observed by t hdimiting the dransmib pavearsfor thecdata itransmissiemdm@sedhpasthel d t hat

I s higher %%?ﬂ%g%@ﬁffeh{eﬁf%ﬂﬁtf&r{h%rﬂg?fah%ﬁgml-d' 6. The nethod of claimi1l,

wherein a I'cations are obtainéd for a plurality of neighbor
base stations, and wherein the transmt power for the data transmission is

o S ooy 8B AR e MR e hoh e ol IRERE <L
Dase St ali Ghow Lhn Conreat path Lboa 0ol e wi Lar boa term Al anong. the
plurality seR@dfmpibe Q?§§est%tfogl iﬁ&b@)/e@.rh?w @rﬁﬁﬁ@me&re@%iﬂhﬁeﬁﬁo%er eign only
i ndications of interference for base stations in a designated set of base

stations are considered for adjustment of the transmt power for the data
transm ssi®n. FheTnhethediafsipimr4,ovherainithe ipdieation foneachiplithe aldeastameni t power

for the d t MeS S lses f ; | nsi der ed
I n adj ust iaél%et ﬁéﬁ{&iaéé%%ﬁﬁgw {sga%j t?g% ?’ﬁﬁcﬁhgﬁ ? fdﬁé%EtQng\b\gtp QF o&'%t he data
t ransm ssiinterferericecobbersed by thecbasesrstatidnr arseeds posecondielerfecendehe dat a

transm ssion, .a range . of allowgbl ransm t ower deltas, a maxi num
transnit pov °Potsa%ﬁé"9w&€‘mwﬁ‘,e @rst)'@gq{fetrﬁﬂcﬁ/tﬁﬁg%gﬁj'backoff factor, or a
conbi nation thereof. 32 10. The nethod of claim 11, wherein the adjusting
transmt power ansm ssi on conprises for eac b,asgfstation to

or the data t _
be consi de?-ed i{ﬁedafhhggicﬁdz?ql%‘i,tw erein @ pﬂj.ga}gy,of indications are obtained for

a plurality of neighbor base stations, and wherein the transmit poWer for the
data transmission is adjusted based on an indication obtained for a single
neighbor base station that is selected from among the plurality of neighbor base

stations.

7. The method of claim 6, wherein the single neighbor base station is a
neighbor base station with a smallest path loss to the wireless terminal among
the plurality of neighbor base stations.

8.  The method of claim 1, wherein only indications of interference for base
stations in a designated set of base stations are considered for adjustment of

the transmit power for the data transmission.

9. The method of claim 1, wherein the adjusting transmit power for the data
transmission comprises

for each base station to be considered in adjusting the transmit power,
adjusting the transmit power for the data transmission further based on a current
transmit power level for the data transmission, a range of allowable transmit
power deltas, a maximum transmit power for the terminal, a peak-to-average

backoff factor, or a combination thereof.
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decreasing the transmt power if the interference observed by the base
station is above a first interference threshold, and increasing the transmtt
power if the interference observed by the base station is below the first
interference threshold. 11. The nmethod of claim 10, wherein the adjusting
transmt power for the data transm ssion further conprises for each base
station to be considered in adjusting the transmt power, setting the
transmt power to a predetermined | ow power level if the interference
observed by0.t h@Heanethwidadficaim $, wheretn thesadjastithg trarisenif powecorithe dateol d t hat
I's higher than the first interference threshold. 12. The nethod of claim1,
wher ei n t HEANSAYBHEN CQTPHEY o1 t he nei ghbor and serving base stations are

estimat ed basedoOsadh bateSstatisiioV6él consldereian agjuahhgthe rassrfig poiweg base
stations, respectively. 13. The nethod of claim11, further conprising: for

each nei ghbor base Sefeasing: Hegeanssit pawped the injefference phsered: A ¢
pover , det er i ni Ng_ Bags QRABhI4 bliodes fASiBHEARC!SSAIRSERY_Pover Upvard or

downward based on the channel gains_ the neighbor an servi ng base
stations, and adj usinonggsimg the fnapsmit powerif the interéerence obsarvedi By then based

on the indication i f. i i and the
probability determ ﬁg%gls&?ﬂmgBﬁ@%ﬁb&?b&ﬂﬁ@é&ﬁ%@ltﬁheasth?gf The net hod of
claim 13, wherein the probability is determ ned further based on a current
| evel of the transm r for the data . transm.ssion. 33 15. The nethod of
claim 13, Wherél m@“f‘f\éﬁgﬁ'm b(gm\)éfpefeé" g @gi"ghng r*'%{"sm'ﬁ?g}ﬁ@é}?reﬂket ep and
i N accor dad#t# trahbmidsivh /ifthef 8ompfsdy obability. 16. The method of claim1,
further conprising: for each nel ghbor base station to be considered in

adj usting the {oragh basedakon tojee epnsidered inadiusing thetrarsmit BPWEE.i ng t he
transmt power basede@Rg!th8 transmit power to a predetermined low power level if
the interference observed by the base station is above a second
interference threshold that is higher than the first interference

threshold.

12. The method of claim 1, wherein the channel gains for the neighbor and
serving base stations are estimated based on pilots received from the neighbor
and serving base stations, respectively.

13.  The method of claim 1, further comprising:
for each neighbor base station to be considered in adjusting the transmit

power, '
determining a probability for adjusting the transmit power upward
or downward based on the channel gains for the neighbor and
serving base stations, and
adjusting the transmit power for the data transmission based on
the indication obtained for the neighbor base station and the
probability determined for the neighbor base station.

14.  The method of claim 13, wherein the probability is determined further
based on a current level of the transmit power for the data transmission.
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esti mated channel gains for the neighbor and serving base stations, and
adjusting the transmt power for the data transm ssion based on the

i ndi cati on obtained for the nei ghbor base station and the step size

determ ned for the neighbor base station, 17. The nethod of claim 16,
wherein the step size is determned further based on a current |evel of the
transmt power for the data transm ssion. 18. The nethod of claim 3, wherein
the transmt power for the data transmission is deternmned by a reference

ol i o alf norel beRl sl "Lz, PRl BdaSTIChBrsh % sl n B e o
| east one fhedsizi step@nd ik Accdrdanse wWithdhe tdetdrmiredrobibilityner conpri si ng:

adjusting the reference power |evel such that a received SNR for a second
transm ssion sent by the wireless termnal to the serving base station is

mai nt ai nedig@t  FheahePodINRBlaimn fudlissralompridthg: ecei ved SNR for the data

transm ssion is estimated based on the target. SNR for the second |

transm ssion. feroeacheeigbbordepsss statien ta be considewdnintadiustingathe ttangfilyi ssi on
is for anﬁ‘;éol channel sent by the terminal to the serving base station.
21. The t oé’ of claim3, wherein the transmt power for the data

transmi ssi on i sletarmiiniod & stap sizatfor ladjustivgithe drapsimit ppwehdaded ont thensni ssi on

i i t hi ' . I ssion. 22.
The met hod rararngiine BERefEf wEioiar el babe SRR SIE L0 T Dover
for the data t@djustingsthentramsrhié pdwerr fopethevdata tnaxsmissiopobesed emetheal | owabl e
for th .1 el termnal . 23. Th thod, of clajml, wherein th bt ai ni
e ot Cafbi bR os 5 oo ebs tln el st 6 Pl “one
base st at ifgrthantbighorddisestatiom, t he  transmt power for the data transm ssion

are perforned by the wireless termnal. 24. The nethod of claim1l, wherein
the obtaining the at |east one indication of interference observed by the

al ) cast one bave MdB kind he, Wohahi g 405 sizé S0 EmARETukRgr  Ne data

transm ssion are or med by serving base station. 25. The nethod of
cl ai m 24, based@inra cweentilevel o theotiensmit pewer fon the dataiiransmigsion.

18. The method of claim 3, wherein the transmit power for the data
transmission is determined by a reference power level and a transmit power
delta, and wherein the transmit power delta is adjusted based on the at least
one indication obtained for the at least one base station.

19. The method of claim 18, further comprising:

adjusting the reference power level such thét a received SNR for a
second transmission sent by the wireless terminal to the serving base station is
maintained at a target SNR, and wherein the received SNR for the data
transmission is estimated based on the target SNR for the second transmission.

20. The method of claim 19, wherein the second transmission is for a control
channel sent by the terminal to the serving base station.

21. The method of claim 3, wherein the transmit power for the data
transmission is limited such that the received SNR for the data transmission is
within a range of received SNRs allowable for the data transmission.

22. The method of claim 3, further comprising:
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via signaling exchanged anong the at | east one base station. 26. The nethod
of claim1, wherein the data transm ssion is sent using hybrid automatic
retransm ssion (HARQ that allows for early termnation of a transm ssion
of a packet decoded correctly by a base station designated to receive the
data transm ssion. 27. The nethod of claim11, wherein the wreless

communi cation systemis an orthogonal frequency division nultiple access
(OFDMVA) system 28. The method of claim1l, wherein the wireless

comuni cati on SyA%iRGhS tnsitBovdrvios itike dMd fradnfiséieRas dd 3B belowsaem  29.
The nethod of claim1, wherein the wirel ess communication systemis a

Frequency Mmaximyumponerievsl allowakledor thenwrelesssteaninaBo. The met hod of claim 1,
further conprising: ascertaining interference observed by a first base
station not designated to receive a data transmi ssion sent by a wrel ess
term nal t@3a sEne/methdchot clagmat, ivhereidhedjbtainingghe raineastionsoindication t he

Stati on: apumTHeNaCpled S5 bt Tees TR ST And g BRplethGnd 0o

mai ntai n  trahsmit poeec fordbe data tréivesmissiantaraperfossedby Hie wirelesstemmigalbase
station below a predetermned level. 31. The nethod of claim 30, wherein
the interference observed by the first base station is ascertained based on

a measurenpst rERS hetS@Nbf Blairhhe Whdréin thBastRaifing!the bt Iéaft Wretintlicatiyel of the
transmt power used for the data transm ssion, an estinmated distance to the

first baseokinigrespnce,pbeervedibyiheialeastpaedsse ationraad the I@Gb—‘s@f‘géh%i m 30,
sher el 0 Nfahlh ffer 9P 46 WARATfarRAHElr BF WBRomEd byl HRSENA Base oM | Ses

estimating a recelved signal qualit or 't ata’transm ssion at the
servi ng bastatiem.ation, and limting the transmt power for the data
transm ssion such that the received SNR for the data transm ssion is within
a range of received SNRs

25. The method of claim 24, wherein the at least one indication are obtained

via signaling exchanged among the at least one base station.

26. The method of claim 1, wherein the data transmission is sent using
hybrid automatic retransmission (H-ARQ) that allows for early termination of a
transmission of a packet decoded correctly by a base station designated to
receive the data transmission.

27. The method of claim 1, wherein the wireless communication system is an
orthogonal frequency division multiple access (OFDMA) system.

28. The method of claim 1, wherein the wireless communication system is a
Time Division Multiple Access (TDMA) system.

29. The method of claim 1, wherein the wireless communication system is a
Frequency Division Multiple Access (FDMA) system.

30. The method of claim 1, further comprising:

ascertaining interference observed by a first base station not designated
to receive a data transmission sent by a wireless terminal to a serving base
station; '
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all owabl e for the data transm ssion. 33. The nethod of claim 30, wherein the
first base station is a base station wth a strongest received signal at
the wireless term nal anong at | east one base station received by the

wirel ess termnal and not designated to receive the data transm ssion. 34.
The nethod of claim1, further conprising: obtaining, at a base station, a
transmt power |evel supported by a wreless termnal for a data

transm ssion to the base station, wherein the transmt power level is

det er mi ned baseslj@ftingRitdnshft pRWePNG et dith eraRSAissPs Dased bl grch of
said at | east one nei ghbor base station not designated to receive the data
t ransni ssi ipterfeserceselanved by thenlirshpags staiomaand nal for a data transnission

based on the tl@?ﬂ@?“éflh%pg%‘ﬁ%ﬁite‘b@we?uFH}O'EE@%QM .irgﬁsr‘ﬁisrsf‘drﬁsté hidiftahipl - 36

35. The net hod urther conprising: adjusting a reference power
| evel for intesferemes due to dheridata trapsmigsian et the senvingt baseyatatioghealowya SNR f or
a second t 1 Ssi nt fromthe wireless termnal to the base station,
and V\hereié'%tra%{egn'?@f@ﬁa power level is determned further based on the
ref erence power |evel. 36. The nmethod of claim 34, further conprising:

obt ai ni ng, ,at the base statjon, ‘partjcyl ar nunber of subbands s orted
by the wi [ 'es.sﬂeemﬁ?wogf:’aﬂ"ﬂe’s(ﬁr‘@ﬁﬁﬂ OM’%“\FQ ?b?ﬁﬂie é{rtz'ﬁnﬁjrgﬂe
wirel ess pbaydbialibniis asebRaiHbE bdsed dha maksurehfdtt Fepsrt dent byt therfisgsed on
the particular nunber of subbands squorted at the trans ower | evel.

¢ m t
37. An appB@sR (atigfer abrurrert jevel ot thewlBNEBHt PeYer gised \pF éﬁ@sg_afaer mi nal
Doyl ! Chr&ISSBH Hh Elilalec didldBe ROMRI St BiSe SRADS, 605 RFhald (11 OX

120x), for | east one base station, an indication of interference
observed btherepd. base station, each of the at |east one base station being a
nei ghbor base station not designated to receive a data transm ssion sent by
the wireless termnal or a serving base station designated to receive the

dat a transd2.ssiThe sethodogf clain B0; athesainttae dimiting thehtransmié mpiosved fog/ theonpri si ng

data transmission comprises

estimating a received signal quality SNR for the data transmission at the
serving base station, and | '

limiting the transmit power for the data transmission such that the
received SNR for the data transmission is within a range of received SNRs
allowable for the data transmission.

33.  The method of claim 30, wherein the first base station is a base station
with a strongest received signal at the wireless terminal among at least one
base station received by the wireless terminal and not designated to receive the
data transmission.

34. The method of claim 1, further comprising:

obtaining, at a base station, a transmit power level supported by a
wireless terminal for a data transmission to the base station, wherein the
transmit power level is determined based on said indication of interference
observed by each of said at least one neighbor base station not designated to
receive the data trarismission; and

scheduling the wireless terminal for a data transmission based on the

transmit power level supported by the wireless terminal.
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means for estimating a channel gain for the serving base station; and for
each nei ghbor base station to be considered in adjusting the transmt

power, neans for estimating a channel gain for the neighbor base station,
and neans for adjusting the transmt power for the data transm ssion based
on an indication obtained for the neighbor base station and the estinmated
channel gains for the nei ghbor and serving base stations. 38. The apparatus
of claim37, further conprising: 37 neans for estinmating a received signal
gquality SNR for the data transm ssion at a serving base station designated
to receive the data transm ssion; and means for linmting the transmt power

for the d t cansm Sssi the estjmated received SNR for the data
transmi ssﬁﬁi é% @' &B&Pb%'f%“ ‘F“Qﬁrépm%'?'"%erel n for each base station
to be consider %ajuslnﬁgaﬁré:éfelnae ﬁdoeertléaélsrm theP@iteless tBEninB RS Bthiewwwer for

the data transm ssion is Rguste further based on a current | evel of the

transmt pawet sighal GHalith SNRy fopRaseeond Hﬁ@?ﬁ‘tssmﬁntdﬁpﬁhéhe AVired8ESum
transm tRefihal @'thk bask Yldhaland whdteitht SraRYRIGaRY i dbRffled OF @
conbi nati on thereo pparatus of clarm fur er conprising: nmeans
for obtai rfuriberbasedramthe rpfwmce power lewglported by a wireless terminal for a
data transm ssion to a base station, wherein the transmt power |level is
determ ned based on said indication of interference observed by each of

said at |e#st The methgdlfcldiradd, surtiereompoisingesi gnated to receive the data
transm ssi on; mean scheduling the wireless  te for the data
transni ssi on ngaé'a'ng ttthﬁ b@fsﬁny Q" 8 c'“'llaé\ﬂé‘im%?kﬂfﬁg’gﬁ %ﬁ/ rel ess
term nal . tlthe itelasp drmiingl axftheltaaﬁanﬁﬁﬁo\fvuf idvel, srwherdinghe W@Wssf or

adj usting a reference power |evel for e wreless termnal to ach| eve a

target si-gaEMNGLIS] ﬁqhydshﬂ beFh%tdé?cgﬁﬂlsmﬁsﬁ'ﬁgrfPétE?bHa%%P"ftP%rﬁa!"l"r"é’ anyi rel ess
term nal  tRMHE PaEBbaIR diportel bt WEHrShémit PSwkF RRVEN t pover level is

37.  An apparatus operable to perform power control for a wireless terminal in
a wireless communication system, comprising:

means for obtaining (110x, 120x), for each of at least one base station,
an indication of interference observed by the base station, each of the at least
one base station being a neighbor base station not designated to receive a data
transmission sent by the wireless terminal or a serving base station designated
to receive the data transmission sent by the wireless terminal;

characterised by comprising

means for estimating a channel gain for the serving base station; and

for each neighbor base station to be considered in adjusting the transmit
‘power,
means for estimating a channel gain for the neighbor base station,
and : '

means for adjusting the transmit power for the data transmission
based on an indication obtained for the neighbor base station and the
estimated channel gains for the neighbor and serving base stations.

38. The apparatus of claim 37, further comprising:
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determ ned further based on the reference power |evel. 38

means for estimating a received sighal quality SNR for the data
transmission at a serving base station designated to receive the data
transmission; and

means for limiting the transmit power for the data transmission based on
the estimated received SNR for the data transmission.

39. The apparatus of claim 37, wherein for each base station to be considered
in adjusting the transmit power, the transmit power for the data transmission is
adjusted further based on a current level of the transmit power, a range of
allowable transmit power deltas, a maximum transmit power for the terminal, a

peak-to-average backoff factor, or a combination thereof.

40. The apparatus of claim 37 further comprising:

means for obtaining a transmit power level supported by a wireless
terminal for a data transmission to a base station, wherein the transmit power
level is determined based on said indication of interference observed by each of
said at least one neighbor base station not designated to receive the data
transmission; and . |

means for scheduling the wireless terminal for the data transmission
based on the transmit power level supported by the wireless terminal.

41.  The apparatus of claim 40, further comprising:

means for adjusting a reference power level for the wireless terminal to
achieve a target signal quality SNR for a second transmission sent from the
wireless terminal to the base station, and wherein thé transmit power level is
determined further based on the reference power level.
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