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WO 2004/ 077685 PCT/ US2004/ 005241 PILOT SI GNALS FOR
USE I N MULTI - SECTOR CELLS FI ELD OF THE | NVENTION: 5
wab@4prm8ent invention is directed to w rel essPCT/US2004/005241
comuni cations systens and, nore particularly, to
met hods and apparatus for transmtting pilot signals
in a nmulti-sector cell cell with
PILOS, SEGN AMSBQRSEIN MULERSECTOR CHIHES pr esent
invention is directed to wirel ess comruni cati ons
10 particularly to methods and
FIEL@&E%TWL@f orm ng neasurenents of channel
conditions. BACKGROUND OF THE INVENTION: In a

Wi rel ess comuni cati ons system e.g. a cellular
sQ"éltaepmsemtheVQIW@nm-‘eﬁlrmtbllotwmi@sapmma@nns systannseamid, more

sder n i,n the operation._.of the.wreless
partcity, o Rrdde bR s PUGCT M Daul ST eell ., 2
cell withayh@okiBs see@raniBatiess. W th a plurality of wireless
termnals (Ws), e.g., nobile nodes. As a wireless
t er m nal rmves to different | ocations within the base
the w

o Ik Rt i Srion i Fuse R ibdlesd otttk Nirerns apd more

partictia€ly\Wb ﬁ%ﬂﬁ)ﬁS ah@ bppandlis fRYYeEHRMEE medsiemefld ®f ERantidl dbnddions.
| evel s of noise and i nterference. The 20 noi se and

i nterference experienced by the wireless terninal’

BACKG %tﬁ\'?bdi?h‘}fp“ﬁ\}#@ﬁr kground noise, self-noi _se,
ctor

|nter Sé erence. The background noi se
nay be classified as independent fromthe base
station's transm ssion power |evel. However, the
s €1 p Vislese CommunicAtiens. Salet -8 A eeiHlarwREn, fieechannel conditions are

an 1mﬁ@rpa%l@ g&ﬁﬁde@zﬁmﬁhﬁ ttp@tZ(?erastfoﬂtdf AL @u&fe&“ﬁ@?eﬁ%' W‘thﬂpmﬁeless

nsSm ssi on I’n one or
comnmRThtoss. sy%nﬁa@aﬂmdimﬂl @BH lcolahhmldasae dvithoa pMﬂliﬂﬁbEwh’ﬁEss terminals
ni cati on channel . is fo

f th
(WTs, %’g' é%‘a?q 1§%¢6§ ohp mg%S@ IR RVGhIR Giteygnt kqeata?r@ “Within the base
statlort?’ hg@ﬁ‘ltﬁe Lot didnd HARRR E&rﬁ%uﬂl@a@onsémhh(fl ‘tfe[\@é\etn' tHsz% station and

transm ssion resource and are generall
the wimeﬁledsrtemmn@lpnw denee, i nedle to syryigd lsvels aﬁsamsds n:e:ljlneetxfeaence The

| e_const ant . po evel . The wireless termn
noise 4 SRR e i BELEhy U grtlest A p Sped virghi e lide prekeround

noise, 'sBR-roRE MRl infr 36@bBihtdrRtdne STEObAK %LQLGQ‘JOISEQHMQS&aSSlﬁed as
ratio (SNR) or an equi val ent netrlc I'n the case

independentefromitbebisa setibeis ¢rapemission poweelseeld ditwormer, ttheself-noise and

. rans ted si round noise.is
inter-g5 B RaiRRCe A S tertof o SRR SR GG SRSip oz enliyel. e the
transrhiBdi 6 o@%h%ebﬂhﬁ&é glcenge is insignificant, such a

S|ngle scalar metric is sufficient for the BS to

predi ct WO 2004/ 077685 PCT/ US2004/ 005241 -2

One method typically used to evaluate the condition of the communication channel is for
the base station to transmit pilot signals, which are signals typically transmitted on a small
fraction of the transmission resource and are generally comprised of known (pre-determined)
symbols transmitted at a single constant power level. The wireless terminal measures the pilot
signals and reports to the BS in the form of a scalar ratio such as signal-to-noise ratio (SNR) or
an equivalent metric. In the case where noise/interference is not dependent on the transmitted
signal, e.g., background noise is predominant and the contribution from self-noise and inter-

sector interference is insignificant, such a single scalar metric is sufficient for the BS to predict
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how the received SNR, at the wireless termnal, wll
change with signal transmt power. Then, the base
wg@r@uiogrestan determne the mnimum | evel of PCT/US2004/005241

transm ssion power required to achieve an acceptable
received SNR at the wireless terninal, for the
particular error-correcting coding schenme and

how ghsdatearadoyNR sadhe Mowkeseierminal, i change wittesignal tiensmoftglower. Then,
noi interference, i ncl.udes a .5 _.signifi.cant conponent :

the bR on Yol e RBHE Tt P T T o Rty power g o achieve an

acceptbl8 ie@BRHGNR hithe fWiRIRE &@minapToP@s Paftictldr @or-correcting coding
transm ssions in adjacent sectors, the comonly used

scheme anthimgdulagen ugssk Flewengr.an IENRsE wherehe totalgiogpeéhtsrfafence includes a

L f] strength leyel is i fficient. In such a
signifhy cb Bl HRER dber§ieR ot SehdJininGo R aueh t Biigpor
interflefehios foBEHA30 sREVE trah@NiStiondin adficent GOETRNNE ddfiffonly used technique of
technique, is insufficient and inadequate for the BS
Obtalp@gééeﬁf% fremypigntsigngls of wae fisedstipagthdrrelds inshlficint \Win sush a case,

. i . e &l . 1.5 dit i onal
e BB ARl 1 SORE) b2 V5B SRR PO commonty s
techriqid, Bdhedfibynd diel inadeqL&s Sortthe BSnakecuaatel yrbdivedle t&elvd@ SNR at the
base station, so that the base station can solve for.
WT asiefupption fdhe signatitirasait powRe t Additipadl ghamngl deaddy yefarngagen needs to

i . 7 o ‘
T M NG e
stationaamolive &b the wiehas temjnals durlesse rd dthig ©0Eised SNRALIbase station signal

knowi ng the acceptable |evel of received SNR for a 15 o
tfan%%smndi%nwgif Tevh Ay obiaineng fich giurciiopdet § wirelestiermigd s communication

chanfRAHE BhdeQbhiid & ch &R vfllh% 't}Fe' gct:é’q%ﬁﬁ‘g' W21 BF relhiVEd SRR fora
termnal segments in a chaniel w t'h an appropriate
partiqubaseoding vate, ertdrumrizctingeddegandancedpatiadn we@NRuld éffficiently assign a
._wasted transni ssion power, and/or reducing overall = .
wirel i Jepind)sCanenia it & Flufoel vish ABARRAPTG ROV RElYBlothes achicving
accepfiAbi6 SRR, Ahhitingd white® trE®mibdd pdii&! snd/S Bd overall levels of
_ particularly Tn the case of ~nulti-sector rel ess
interfergmpeini cat i ons systems, for new and novel apparatus
and net hods of channel quality neasuring, evaluating
and reporting that will provide the base station with
SUbdse@ LFsH theRbOVIEELRE oA Ot RRAGR that HRrdMs'a61e88 Spal@duldrliBin the case of
received signal SNR as a function of base station
multitseglios iteleeticyomenicationsagsiems. diar navo asdippeal epparpue wedimethods of

ey SRS B e MR oL B 4 BE o v
sufficiér@ MrfbrrbAtRMITIoB RO heREYEESs @ 1ehS redstiiedRighaNSNRCs!al fiAdtfon of base

. the anal ysis of self noise and interference form other
statiog dgapgipidted powen e Ip adgition, de synpap|impraioNendier apradiFerse channel quality

measéxg'%{léﬁg{ %&é pirlru Ostié%r é&g%gsn Ecjécjug}d%egialg%% Rlégtgglil engaggﬁ?sg\/\'{,n}iss%gn power levels

whiclecan facilitatothghantlysis v$ ecldhoieh drfdein@pferchice férn Gthk©dectors of a cell are
. transm ssion power |evels, are described. In various
desirghléy| ement ati ons the transmitted pilot sequences
facilitate determ ning the contribution

SUMMARY OF THE INVENTION:

Improved pilot signal sequences which facilitate multiple channel quality measurements,
e.g., through the use of different signal pilot transmission power levels, are described. In

various implementations the transmitted pilot sequences facilitate determining the contribution
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WO 2004/ 077685 PCT/ US2004/ 005241 -3 of interference
fromother sectors of a cell using the sane tones,

WwW@2@4/077685 a synchroni zed manner, as the sect oPCT/IS2004/005241
whi ch the pilot signal nmeasyurenents are being nade. In
cases where different sectdrs transnmt on a tone at

. the same tinme using approximately 5 the sanme power,
of inigrigraace oppees %ﬁor%@]g% Shsing the sa5es 9ges, SterindrsyAelaonized manner,
as thE St88n \WHEUEe gﬁopﬁ ﬂh@me%&ﬁﬁﬁ@ﬁtsg#e Belg l?i%gg as self
nol se since transm Ssion power a ect & tHe amount of
noi se that will be encountered in a sector. To
measur e noi se, contributions from nei ghboring sectors a
s et GOSNV ‘é}ffea%rzt Sgetgys tragsmif 9n3; PRt ahihe preHBepsiRgrapproximately
7 e . .
the e bp B0 Sebi o ofRer REICRT AR, AR HieirchodioaR I bl s being
similknawihe sarom ay et fongispveince tensmassmaipotveafifects the ag@no6f noise that will
b where the received pilot signal neasurenment is nade.
¢ enpguiigredin 2 §6¢%%hackgr ound noi se measurenents, a cel |
NULL is supported in sone enbodi nents. In the case of
a cell NULL, all sectors of a cell transmt a Null
pi Tomeasme noisoaenttibetions frons aelghtwrimgasctoes dectog NI pilot, e.g., a

. .nojse. Since. no power,.is 15 transmtted in the cell on )
pilot Nl 2850 B0 s bR b Adiesnt Seckonyat is-netiedtime f gHat stenal with a
pre-sélBcteAendeREefobe kidwi, nBHIZBR) Fove? iQimGhittéd 8 th? sector where the

.background noi se which may ‘i ncl ude inter-cel
receiyqs pifot eigaplcacasTrement isonadse Jlpcfaciditatahatkgiaymeinoise measurements, a cell

NUL LIS SURRERT sete B RtTE i PR qr el L Evay sectgpprota cen
transif 4 Nall pllSC 6h ¥ @SneGhanH 8leda0 AtHalir® BackdPolRBIIRC KSince no power is

information fromthe WI, to predict downlink receive
transigpedrin the ¢edl amthe éong duging theoneashrenteat, sing madasuned wigmik on the tone is

T T T e

invention, normally includes at |east two channel
qualit_f/ i ndi cat or val ues per WI, as opposed to a '
si T ralospgaugRges @nd wigapldneaseremsntstal dhe presesh snvieation provide

. A . Cat a N

mct HFL g AL LIPS S LR, By el ciion

feedbacidind@atotion dtone thg SNEY @t paeditLdwsinlaRsedeas SNRif6Sthe WT @k a function
si.gnal neasurenent corresponding to a received gi | ot

of theg%lgwiﬁran%w RGVE INiTRSProReNSHAT tiER sp@denimaitsneicedeackdrom

individﬂ@lF‘WTsﬁoinSa%i?(f}Han@%tkpﬂ‘hethl&% ti&%oﬁﬁﬁﬂﬂﬁ%luﬁgégﬂ 145t two channel quality
I ndi cator val ue generator FURCTIoons has as® ani npu? a

indicgecoigesget 87T ,sis gppbsed e a singlnSNR valne) whgro racNGr the two channel

.anot.her received pil ot si |. havi ng a second known _

qualingiCHbe KlGe i SSRToIGh PRE FSiItHreTaBiOns Lot fee P Ghannel quality

indicAtBOVlud SRBEMh@& bR AUES fir %gﬂ& Phnal as%%ﬁéﬂt%%n%%nding to a
second channel quality indicator” value generator

receiviedrpalol sigsal hakingfa firslykniosvni trapksmissivhgebwenss aoinpuar & second one of the

two cﬁ%&%l &m iq%?;ﬁﬂ%éz%ru%ra%ﬂ%éé% R {Sl’on ta%l laﬁ gt&p%%%%econd pilot signal

measurement corresponding to another received pilot signal having a second known

transmission power which is different from the first known transmission power. Each of the
first and second channel quality indicator value generator functions, which may be implemented
as software modules or as hardware circuits, may also have additional inputs to those just

mentioned.



10

15

20

25

30

WD 2004/ 077685 PCT/ US2004/ 005241 -4 Feedback from
i ndi vidual WI's, including at |east two channel quality

w0 paisoZt68F val ues per W that are generated UBCTIYS2004/005241
di fferent functions, enables the base station (BS) to
transmt to different Wis™at different, e.g.,

m ni mum_ signal powers dependi ng upon the respective
SNF&sdbadkgfiierndiadi gidugl W Ts dipeludingsat lepbigwioathahngd quility indicator values
' s i j.cal | no or fixe ut )

Lt s AT S —_
diffextinf Wesem tdifforentn@y., wafiynmow,sigral pewerdldesending Jﬁ?%ﬁ%l@specﬁve SNRs

the dependence_of total noise as _a function of the
requiredeatithieiecelv g a T he irial possr tBBSMitted by ét BY istypicaly §hown or fixed but
he oFddion - _noi.s&.ccharacteristic |ine'
e o g ALEEEETh 800 W miphe A0SR B St avawr

receivérnthe dopsdande ofitogbnsisais ntieroolhe tdeivel s®ndl pdver can be
[ paranmeter is not enough to characterize

i ngl e scal [
m"de?‘fdﬁ‘/ f Ftﬁaéghti%ner ehstediipgs Bier apise eharacipwsticding! irethistiovention. Since

i ne:t-nits . Lii . tion.transmts .
he ol RAGIAR P oo ) PR %50 L R st
not engngdrio charactbize thisrlami tAtileryt pd plramb@nRadrs rsa;lﬁmaa td @dt&Mbine this line.
strength levels, the noise characteristic line for
the wireless termnal can be determ ned. In general a
f iITHetbakyd ' ol ; ] a. fi Qwer. .
| etttk SgAATLA bl i lorRYEn e
mvengpryriyl transméttisg potsigmaleef differeht stebinpfhaeens, (HSndikOER & €eristic line

for th%I g{irgeﬁegg ?e%naﬁ-ﬁéleé%%%%gh%w gtetggrg} zt1 (f)igsg g}lgtiesri]g%l ésﬁeq(;q(;lgmitted at a first
poweSRNEl BHBREH ABRd: %01n{%d%§@¥&1d$ﬂo@%i 9P lsgc;bt‘fllaﬁ)g%veg %glgﬁ I%lifferent

used in a cell using an omi-anté&nna, t
from thefhstaromier drvel, detearsmittethie abtaie aséandfdatatjoedt. dReaEdEndg®wer level

i.on of .sigpal transmt power in a 20 '
can b2RRP 8T rhue BBV AR IR P vt S sshen Bioest i a cellusing an
omni-asehnt, iizals, arcll 63GM0Y okdclif f erent sectors of a cel |
may use the entire or nearly the entire transm ssion
resource (for exanple, frequency band) to transmt in
e . : Thetgtal power transmtted from,
egg 1%8%%&&@1%{ @%?fggp?sssw)?é 8 fg%qt{o&ﬁgmpalﬁmnsnnt powerin a
sectorthiefl fcelldat elidnimByt. 118 ©8E HRtisddFabetbhizdtiof] {4808 Me MBYRLt sectors of
Since the isolation between the sectors is not
a cell payrise the eatigha reatly shasentire ranymistne reseetco (foreyarbplepfrequency band)
to trarRRIi S 26 &f e her sectors. Furthernore,. :
o ra R R b B S B A el B PR P st pically ixed
or knavdg buif different Wiksanhy receiga tigaall with 87reid PWEr. SMceltRe isolation
b tr@psnit signal power in a fixed proportion across
CtweeTh RIC SPELPISI Aot ReBEElo ignals Hansmeiitod An @ag pestorahay besethemoise
interfeRn8e) to bIHEE sétk@t) Fudiim! Lyom. ot her. -
.( ‘sect 2 to a W ina g \(/)fe%’] ﬁ{sﬁég]lti BF 2 5865 s Constiained to transmmit
identiesth ar searkyridetticelsigifal powea(or dﬁ@ﬁﬁdﬁﬂ’ﬁigﬁ)ﬂqﬁ@eﬂh Setdd proportion
o Qﬁiif This is @ﬁgtjcularly t he case when the .
across; thy AFELent SELOTF) hi SRR Aegiet phirecdorn(ces, tithe BloB) tdantederence from
other 36008 toWWINin QG WnSsekbfdr BIDRL | £ 185808 :
~ sectors are e erir Bk t?%ﬁéﬁﬁ?ﬁg?gﬁgﬁ%é%pmxbmjmmeOrgﬂﬂ
noise. This is particularly the case when the interference from other sectors scales with signal
power which occurs in embodiment where different sectors are constrained to transmit identical
or proportional power on a given degree of freedom, e.g., tones in an OFDM multiple access

system.
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or proportional power on a given degree of freedom

e.g., tones in an OFDM nul tiple access system WO
WQOM4007%3685 PCT/ US2004/ 005241 -5 | n accor danP€r/ub1004/005241

the invention, regular pilats at different

predeterm ned and known strength |levels, are

transmtted fromthe base station to the wrel ess
e’%rﬁc?%{ﬁ%nqed”léfh@ts deteatippaeger Plh%i’p@rﬂi@ﬁf@et pedetemzined and known

stren%tﬁ'lé@elsatareatlg%%lrng%cf ﬁ](%réc e‘éfage rgrtgitl&g % E‘he%reéefsts %‘}nggaés t% Shracterize the

deper(dmtaf o:ti foeadl nbise b BREMOA t}atpolweasf thBQIRaDbY HeBDM hBWT. Different
]gone the 5 sane tine. Different sectors are

sectoyHERDGGHE CHFR B> EQiaed i s Iast srenepileta ed the same tone at the

samettirn?en quﬁaf‘érﬂ @ect&@‘ﬁ?&r of{eivc%lnﬁoflﬁ{ tOth? dped: O p%ecﬂatergléged transmission

transmtted on a tone in éac he sect
powege iaypblfel; thepilot Higreal traadmittieden & toneinfdatls bf $ieGt@brs®pr BLample, on
tro led.to transmt a pil gnal_at_a first power

tone {gJuhe o et SRS e o BBUES o rahsgiiha PiMiseasal & o st poveer level
whlletafnad%ﬁt sREtok ﬁecoﬁf%gﬁecf ﬂo'fFanIﬁnt a@t | dafile (FLOPR! V\@Iot §1§\r/1a at a second

second power |evel on tone 1, e second po
poweplsivelgordiohé ér dnisedand rpDWheleﬁ/elrlﬂng)rdlﬂerent froel the 1igst power level.

According to one enbodi nent of this invention, "cel

null pilots' are used in conjunction wth regul ar

PiARbidihOtcdiRl AP RIh&R of s HEPRNIE %ﬁ Rl fiflar eﬁ?% conjunction

at a W on the power of the signal transmtte
with iggnlappileis to eiprac@size thaddpepddnoe of tata ndivent & WRT o $lm1pcnm of the

e G  BRE 0 55 SGSae es
freedcdﬁ);Wﬁﬁ‘é nohe bf @2 dedto 'of YHel@H t?dﬁsﬁﬁtah?‘%e%epf NbRe n'lleasured on these

i gnal - i ndependent noi se at the WI gul ar [
degre@&ﬁf fagedpmyprpyides &) estimate efsbe Blgesl-l(ldwnégs nofsefat thed¥f) Regular

p1lots\3@13§1§1pf}?]§[bé§)ga?é %r Q) ge?st(lrag 1(ﬁzgsljcl>fpf£%élp m ; S ﬁé%{:ggg/(ggg%ﬁeﬂ

transmﬂt@krmwm}&lb(ﬂdﬁmﬁng ﬂﬁ‘ddﬁ%ﬁedeﬁﬁrﬁﬁn&ﬁfdv@rs ' Nbi@,é fﬂ%ﬁﬁﬂ'@@ on the pilots
provi des an estimte of the total noise, including

thus 1@1@4@|1nt3@§e§|tfgémerfﬁ@pg€@andm0@d@s freedtimaic of thp Ihegal noise, including

[ is directed to the concept of a "sector null
signal, &Y)gﬂéén?a%eésector null pilots can be used in a

sectori zed ceI lular wireless systemto estimte the

noj se at t for exanple, when the W' is at the

b&ﬂﬁg‘?ﬁ&‘ﬁeég theigvenionds §1T%Cﬁ%ﬁ fo{e sRueEHILOfi an gedier walepilath élhe sector
null pﬁ&% ©8% Be 1SdqRQ's géteﬁie@i‘%eﬁﬁla% Gz%letsp%fsr oma} %s‘ﬁ% t%# ﬁgfs% Yt the WT,

does not receive any interference
for CXSIBQIGOWhGISﬁEtWiT inad the bDlllIElaI}CGﬁtWhﬂedtQMﬁndr’tKe BeaulitLisetween the

does not transmt any
sectorg }sgcﬁ)gfcﬁ tthg eB’ﬁ’g at @gtbogpdaéﬁ dg@ﬁ Mt ﬁt;qqg/esa@ytlmprference from the
other RIS Bb&tSr ﬁlﬂgb‘ill(ﬁ lcan Be Howni Fed&iies Whdr@bfe sector in a cell does not
transmit any signal energy and the rest or an adjoining sector transmits regular, e. g., non-zero

pilots.

More generally, other types of sector null pilots can be defined, such as where a subset of
the sectors of a cell transmits no signal on downlink resources and the remaining sectors
transmit regular pilots. Also, more generally, the coordinated scheduling amongst the sectors
can be such that the BS reduces (but does not necessarily eliminate) the transmit power on some

sectors in order to reduce the interference that a WT receives from other sectors. In some cases,
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More generally, other types of sector null pilots can
be defined, such as where a subset of 30 the sectors
w@p00a/0T®B3 transmits no signal on downlink resPCF/USR04/005241
and the remai ning sectors ransmt regular pilots.
Al so, nore generally, the coordi nated scheduling
anongst the sectors can be such that the BS reduces
data 1SS THEed Gt oA Beakad 9ept ercioriigmasesfort wWeich trangnits a pilot signal on the
power on sonme sectors in order to reduce the
interference that a WI receives fromother sectors. In
sone cases mo 2004/ 077685 PCT/ US2004/ 005241 -6 data
%}ran d on a tone in an adjacent sector to a
#1§yth wlamgsﬁ?gl%arastrﬁngtatpﬂ@mgmrorcynnpwenuu pitas types, a WT can
s h
esumW J?o%&‘éz?f%ﬁgé%méﬁﬁép?ﬁ%@?@é*e@ae BR8N st to thar W

undet Yegicue cediiong. HEheriaemitiva nlso@sneerhstineli with ee don@¥EIon of this
d to that WI_ _under vari ous

. . of the signal tran te

inforgidh RPRHE OFRES (L GHerdh SUARIb GG daaseine tiemmwer to be used
L

for trﬁﬁb%uﬁ&%{fﬁ "tl%e? Iéfrefétﬂg V@;]SaE both (?{Hlfll g%ﬁ%g%téﬁ%éa Jelﬂ n\(l\ﬁoﬁrgents Unlike

prior poyhe chmri@iaqluam}d 1nf61mmattomammtl a dingle sdabartviatuediuit irﬁﬂlﬁi&‘s two or more

WIs.i.n bqth o eII se i zed cell, o
valueg it iR 550 BhAef e theest oLl h rearchemier-sefe noisp in additon to
back%raﬁﬁﬁagé_on is not a single scalar value but includes
wo or nore 10 val ues which can be used to reflect the
effect of self noise and/or inter-sector noise in

addi tion t oun I se. iment of the
§ ehertripasnt 3h iReB e Sy RV IMPesi F%ﬂ%@fswg@lgwwtem the
pﬂotstlh@ud@kﬂlcﬁiﬁ syrisdls et &@Qﬂﬂﬁséﬁféﬁ@y&hé bak sBidn toﬁ%ﬁééfhécf @fles (and
t he base station on specified tones (and
SPGC@%%SWI?C& dimepg hiyol fixedras pye ermllfeldmdveo,ranplrth@mﬂbplmmtmem typically tones
r the.null pilots are typically tones that
that age?l\gﬁl gm%‘gmjtwnh zer%u%n%nls HO BPY© I')[/r ansm ssi on power. In
an enbodi nent used in an onnl-dlrectional ant enna
depl oynent, known herein as an "omi cell,"” the W
nea 8y ﬁ@@O@W@HSRRddﬂ ap pEmpidireetiqnehagennatdeployimeot, kdewn herein as an

“omn?%éllf’n@l'ses\gg'r@% g ? rﬁ\%ﬁ O%Qh grot%grf’e’rsawgﬁl‘n#gcg f'lﬂ qowe/mterference

sources;] thiclidimg n@h@th%ﬂ]s&lep@cﬁﬁaﬁrume §a1lbh§trb]1@dn’ﬁ€pél\$éﬂ1]h 4d¥®tion, the WT also
cell null pilot tone(1 . Taki the ratio of the
measyrgs: We ke blﬁan@tth%%}ew I pifat Fﬁorteﬁﬁ)s Taking dhaveatiowf dhesteeived pilot power

end

with e Mgl B on SN L B P g ERSR
noisefiteferehonn THRVIakamemits backstorke BYuhasalted SNR alhiés) 8t sddfe equivalent

of sta%%stlcs 25 I'n the enbodi ment of a sectorized
COHmH@B?%9 Histgst h directional sector antennas, a single

cell is divided into multiple sectors, sonme or all of

whi ch nmay be sharing the same frequency

In the embodiment of a sectorized deployment with directional sector antennas, a single

tone

cell is divided into multiple sectors, some or all of which may be sharing the same frequency
band (degrees of freedom), corresponding to a frequency reuse of 1. In this situation, in addition
to the cell null pilot, the invention describes the use of sector null pilots that are present in a
subset of the sectors but not all sectors, and also gives a pattern for pilot tones such that a null
pilot tone in one sector is time/frequency synchronized with a pilot tone in some or all of the
other sectors. This allows the WT to measure two or more signal-to-noise ratios, which include

interference from different combinations of sectors. On a reverse link, the WT reports a set of
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band (degrees of freedom, corresponding to a
frequency reuse of 1. In this situation, in addition
wo eoottlozzes®l | null pilot, the invention descri bBGT/UN®04/005241
use of sector null pilots that are present in a 30
subset of the sectors but Aot all sectors, and al so
gi ves a pattern for gqisl ot _tones such that a null

SNque]agfd Y IECY, Whaeheenabios dire BS te mgke ar esjimeaie f these received SNR levels
i ' il ot ne..i ohLeal l of the
ot WANSH AR EALIhE Pl iR s iR RS "Tadla Rses g bieed channel
qualitpvaues tgdaterminentd pewerdbvedat wiMtheh transphitl achieve a desired SNR at the
interference fromdifferent conbi nati ons of sectors.
WT.on a reverse link, the WI reports a set of WD
2004/ 077685 PCT/ US2004/ 005241 -7 SNR-rel at ed
statistics, which enables the BS to nake an estinate
of Int dvesrdanceceitly the iBMRtloryelieless teanll @aked themGicnRAtsdf at least two
t he base station's nsmt power. The BS uses the

differeapsiceiyed prghanals, &ﬁ?iﬂ i Wsre rangreidied gt diffeesnffiré angaccond pre-selected,
i . Cove. :
ot QOB Bkt F 0 BRI, b, SO 212 2088158 pover v
and aWiransinésont peverr kel oftdees altheaigh oee powenlevetcohtasdtionyvare possible
QJfferent ?ceived i1ot signals, whjch were
there eI T PR RY L BB o] RG1o Vg i bbioh gero power level. The value
obtaiRERfrEM rEcds@ng (hRAHstl Bk VIR 5 gRAWE hrdc€%El By 2 Hi§: i ion to produce
_ power levels my be, e.g.,” a fixed hon-zero” power
a first ehpanel qualityandicatos milvsi Bhe prowed meewedd Hgnad entme albtaieadgiiom
ot.her, power. | evel conbi nat.ions ar ossible 10 there .
meaciE heREC B TR B P e BRCe SR Y BE°CBhdipctiogy Bhichs different
from BhZRIsPIURONE, té frollice d BR oM@ EbtnelARadity@dichio? WaiE25HE KR and second

the first received pilot signal 1Ts processed by a
channql gyality infheaternvaluss produsmitted fromdhe wiraleselerminal fotthie base station. In

i ndi u he second .neasured si.gnal value
some ALy YA TR GG TR SRR B0 Efpoaiments ey
are transpiiatd inSsepiraRaB&Ssbddy The SRARMBIqUUBE indRAtor WA nla§ be, e.g., SNR
different . fromthe first function, to produce a
valueg gt Baverclishe Thag dng tisst prbsesendehanaglgualitprinditatos valaerdmay both be
L.ty indicator ues _ar
SNR SR e ol B R kB S VR gng a power v,
Otherstypés aftvaluen mag @i bendsed ae chanrehgyalidy thdida8Sialdek 9thi SNR and
a single nessa?e while in other enbodinents they are
PO“@fVﬂH%éﬁqﬁﬁﬁﬁqﬂ@‘§¥parate messages. The channel quality
i ndi cator values may be, e.g., SNR values or power
val ues. Thus, the first and second channel quality
i ddsat embudimeas tha W'D detbrrhiaes ENBcapdnueRtiveey a Btdr Yd@ndary and
wer val ues, or, one mgy be an SNR val ue and one a
fePOfggb\‘;é rocppn,miomspntiep e the Rase statien.  Hhe Jegatipm infarmatipieisyepaited to the
th SR A N
b L TR A Soh wirol A s Rlomk B 16 30l bR (D Rffpane
qualityindietter vlwesds sdsetinoesasentoas arsepatievressagea H@edver, in some cases, the
1 .bo§gda2§ and _re or%§g¥his | ocation information to the,
ocatin FROURALON S ransRuteGIRe SHNG MeSeRRRS B tVe chapst geadity mdicator

valued.he

Numerous additional features, benefits and embodiments of the methods and apparatus

of the present invention are discussed in the detailed description which follows.
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25 base station. The reported |location information is
normal ly in addition to the two channel quality
W0 paisoZt68F val ues s sonetinmes sent as a separBCEUS2004/005241
nmessage. However, in sone cases, the |ocation
information is transmtted Tn the sane nessage as the
t wo_channel quality indicator values. 30 Numerous
E&E$W Hﬁﬁ BRAWINGSind enbodi nents of the
nmet hods and apparatus of the present invention are
di scussed in the detail ed description which foll ows.
WIFig084l 18 2 ARl RETdibISARO 0P tansn tt&RIndR B RIA @Y explaining
h OF THE DRAWNGS: Figure 1 is a sinplified diagram
© PESEH IR IHORr ansni tter and a recei ver used for
explaining the present invention. 5 Figure 2 shows an
exenplary wireless cellular system Figure 3 shows an
exBEgpiee shioes an eaemplaiswiteleenchdlntar epstérnansm tt ed si gnal
power and is used for explaining the present
invention. 10 Figure 4 shows an exanple of an
exX@BRpled 3hohR 'aﬁ @x4&h %%{e% heibd & de’gélﬁtents&f)f@%nﬁgn{t&f S[L;%aq Bower and is
power vs total noi and 1s used tor explaining
usedﬁ?r@sehtnlmmﬂlemxrfrscmtmﬁugmne 5 shows a graph of power vs
frequency corresponding to an exenplary 15 enbodi nment

BRI

hl

of the invention illustrating data tones, non-zero
PiFi8lireUANBHs af BLarApIBWF hn BkdrRblatydfse ch%fagféhguéshgi sﬂowmg received
gr aph |IIustrat|ng the rel ationshi p between

poweyivs ttd goiseeind inabed foe expleinthgShRpiesait idiengosi gnal
dependent and signal independent noise, and SNRO, a
wireless termnals received SNR including no signal

dangrgsnhonoh f pIWeRSES EortbSidih tc?ch
I ndependent o?ﬁgﬁe 5? nal , a%ergythe S|gﬁ ? depgﬁMI

emboﬁkﬂl% of thegnrration dhtSFr@tl@,g datatonesmonvdeey pllqthenessarghahull pllot tone.
dependent noise is less than the signal. Figure 7
shows exenplary signaling for a three sector OFDM

e rﬁi)g).de Genh goiph tilestratiny eRtreRAoshipBdtivadd SHRMONwHRIeQs terminal
ilot tones, sector null pilot tones, and cel I null

fecel‘ﬁldlsé\ﬂR {nsisling vigna depaidentorad stenal tnldemméemtmwmt anshSNRO, a wireless

tenmﬁ%%fé;cgiygd SN}Rot Slruafng%t n%E ﬁ‘%}%lnﬁ? oks® gcg{oib %zgg vﬁlﬁrcf &8s

indeppident sf the s@oa:lowﬂalrwbe Wgh:lil deb@ldeﬁl\/lﬁﬁid i9BquadGo FeGidiAl, And where the
ree situati ons for an exenplary wreless

t t
signal dsphidea) npiRe B 1o BF iensl.

Figure 7 shows exemplary signaling for a three sector OFDM embodiment of the
invention illustrating non-zero pilot tones, sector null pilot tones, and cell null pilot tones in

accordance with the invention.

Figure 8 illustrates an example of tone hopping of the non-zero pilots, sector null pilot,

and cell null pilots in accordance with the invention.

Figure 9 illustrates three situations for an exemplary wireless terminal in a 3 sector
embodiment used to explain the present invention in regard to the sector boundary information

aspects of the present invention.
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enbodi nent used to explain the present invention in
regard to the sector boundary information aspects of
w0 b@4prm8ent i nvention. WO 2004/ 077685 PCT/US2004/005241
PCT/ US2004/ 005241 -9 Figure 10 illustrates a schene
using 3 sector types, whichare repeated for the cases
ML@E cells involving nore than 3 sectors in
ac 8Pl fidustrates & seheipe asiagt sepipe tipeswhigh grerrepepted for the cases with

i . i [ ISt en
s S 0 TR UL S5

illustrates an exenplary base station inplenented in
Fi gure 13

accordance with the present invention. 10 _

i 171§%%er tlﬁgswsmma}ayy GAPTBRK St oRsy SYPigHIls im&u@meng ¢ present
inverdtidp@ccordance with the present invention. Figure 14

illustrates the steps of transmtting pilot tones in

multiple sectors of a cell in a synchronized nanner

[ .accqrd nce with the present invention. 15 Figures

157g9ei 12 iffustratgs an exemplazy gaSSiSF%Pntl@ﬁ@Waﬂdgmag@réme with the
presefd @REntMnt h pil ot signal transm ssion power

information in accordance with the present invention.

Figure 18 illustrates a chart show ng the transm ssion

of. S l. nten different tones . 20 during a single )

oIS Lovlnites & sremplrogiplstieasiabinlemertad imeccordance with the
preseff in$&onl Nvention. Figure 19 is a flowchart

illustrating the operation of an exenplary wreless

termnal inplenenting the nmethods of the present

[ Lo 25 Figure 20.is a flowhart illustratin

It h@/ég%}%ég llus fﬁltcgfﬂ%aﬁlie}g)p m{l% otdenesiin ﬁlu?tiple sectors of a cell in a

synchrofibaimbined gh idordmed s tef pefigit RIvesEs. | nventi on.
DETAI LED DESCRI PTI ON: 30 The net hods and appar at us of

the present invention are well suited for use in a

w1 ES D1 MR SRELBA%, BHR5MR PhishsstSS S ol plfSY Fenat

-Sector ce

transrRissioP pawyr Sy helivd H& cotdafc@wsh At Srest Invidiish. shown
but it is to be understood that the system may, and

of ten does, include many of such cells 1104. Each cell

1 j i Mo [ lity WO 2004/077685 .

) RSB BFRES 4t g Bt AR R R A g ittrent tones
duringesinglevsynibol egesmigyieapaiodihatcokdandy Stigithd pRRent invention.

illustrates the case

Figure 19 is a flowchart illustrating the operation of an exemplary wireless terminal

implementing the methods of the present invention.

Figure 20 is a flowchart illustrating the operation of an exemplary base station

implementing the methods of the present invention.
DETAILED DESCRIPTION:

The methods and apparatus of the present invention are well suited for use in a wireless
communications system which uses one or more multi-sector cells. Figure 11 illustrates an
exemplary system 1100 with a single cell 1104 shown but it is to be understood that the system

may, and often does, include many of such cells 1104. Each cell 1104 is divided into a plurality
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where each cell 1104 is subdivided into 3 sectors: a
first sector SO 1106, a second sector S1 1108, and a
wao biosgi7mext or S2 1110. Cell 1104 includes a SCPEUS2004/005241

sector boundary 1150, a Sl1/ 52 sector boundary 1152,
and a S2/ SO sector boundar§ 1154. Sector boundaries
are boundarl es 5 where the signals fromnultiple

of N seciers preredn i is aposibivaiimeges é&aéﬁfé,hamhysjm@em 4300 ilbutrates the case

t cult. for a
whr BRI 164 R0l PR gL LBy oo pror s

IIOSSHdmmlrdlsacth?,hll@ dedl ]lloaaﬁ@@tleara$0/$lps@@dr®oﬂh&g 1150, a S1/S2
1104, multiple end nodes Ng

th |
sectogg%unc{ar)(,\i S é’;‘%g 3843&% ﬁngo’ébQWél)y ligde Seator homdaeemadéwpndanes
wher& Wa@@ﬁ&nﬁ@gyﬁ gattd %ﬂuxsa,gas clg élcr%ay( lp&c%fclﬂg?cg at aqmost the

two sectors
same d¢ &b npdagy ibidficulnfos e(rEcEﬂveSQ di6tidgddh, bedwednkiashdidsidifs from the sector

. _end. nades 1116,  EN (X) 1118 are coupled to base
in whighse C"’feﬂf i@ olgipg ggckarsTn theeell 110z mt_nlunlg end nodes (ENs), e.g.,

. t
R e L f?%%%ﬁé%& (23 g B s o) 1102

Cells gtitht ivrsettots 09=2)iaad mare tma S dettoks(NBB3 ke dld®@Bossible. In sector SO

1106, SRRERB phents nodts BRTER & 131 s Be'conlgt arPise Son 1 1102 v

wirel&ks dinko 0117, 1102 MR IE! BSRclot ?Eq 184 %Epelur’laﬁég of end nod?%EN(l )

respectlvely I'n"accordance w ntion
1120 tﬂ%éXﬁtldtZQ@m qaupied: todasmitatonpl 1 K12 Wi giless Hnksmul 21| pl2s,

respef 8. 1aRiEPR 5P 11 QRO B 4PAaR TN R 1F dAS AL 1426 ar

coupled tPbdsebtatish ANE0S vaf witdlkd Qi—h-°k Rieslqt
pIevels bet ween thg Pﬁreessecfors Q1%7qk§§£% géﬁqugﬁmme“Mh

the 1nyﬁg1qnn§}1§|hapq)ﬁat1qrhb1(@ﬁ§anﬁmue pilotesignals FEMNful}iple bb6rer Rwelstto the ENs

1116, 38025, A 126 1Bk A 125 4 Bhers SOSR e ot e g sion of pilo

si gnals toﬁ&h@cﬁhslﬁ&&térﬁuﬁ’fﬁi zﬁfd‘ﬁnﬁﬁlntlé‘\%lsz&t%ér?ﬂh@ el §ETDA ahrc'acc rdance
eceived SNR as a function of base station transmt 8

with tlg? gwgntl%\kmendswés est-ANdn 11102y fewsibptiethformation, e. . channel

quahtg %ﬁ@i{(‘{r 1\21%% t&c I p é gt {1(21} m 1%\%1[11%%1?%%8 gggon Ztlé\? to determine the

erelelsmteemnmdh @tavedENR, asat fhedticdagdasd ﬂ&ti&ﬂrarﬁﬁﬁtémgﬁal power. Base

ﬁ)ﬂ@a gent. nodes, etc., and the internet via ne
statio { {12 1 $4pleq R Ras R oomede1d Vs WWG@@lléﬁllh%tﬁwfr@mork node 1112

S
is coug}éﬁstb dfef igo%tm%g%%es eé) & ﬁq%rmggfdt o8, c?es (?3?6 atéon[, %éAA nodes,
home agérit nibd@;4 etcThad BNSintsiridn ivia mak/d)rk]lﬁl@ﬂ 178y N¥owekWddbiim 2 provides an

e secto 06, 1108, 1110 of the cell 1104 or may
mtcffar‘ﬁﬁx?é‘tsiqcf C‘Sholtlg?é sodbpt ENGeregai st theredisaneompagisate with peer

nodes %‘il%‘ide‘%ﬁe cell\lﬂ(%)r'fhe' Elgg%tﬂ%x]c%lﬂ]'] #@%o%ﬁﬁm tfie %:g};(g{s 1106, 1108,

ber OptIC cab tes an exemnp
1110 dzfatbe cglt htG4door r(la&)nostézaﬂanothep telhesntesgondingecaiotan aseWtdtivn.

30.the. ] e on 1200 is a nore detailed
Netwqrgrljlpg%ynf %%gfmﬁg%?ee&g’ﬁj%ﬂpt!ﬂ@ leshown in the

exenpl ary commruni cati on system 1100 of Figure 11. The

base station 1200 includes sectorized antennas 1203,

1Pgs12 dhptrei@s a0 exaupasydrasd 62omfBRS )terﬁﬁ,Sll’ﬂpﬂérﬁénté(?ﬂPaccordance with
receiv 2 includes a decod

o B HE TP BB RS ofb 5B 1102 o i

the exdm@Bhry communication system 1100 of Figure 11. The base station 1200 includes
sectorized antennas 1203, 1205 coupled to receiver 1202 and transmitter 1204, respectively. The

receiver 1202 includes a decoder 1212 while the transmitter 1204 includes an encoder 1214.
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WD 2004/ 077685 PCT/ US2004/ 005241 -11 Base station

1200 al so includes an I/O interface 1208, a processor,
wWe@2@4/0768%J, 1206 and nmenory 1210. The transn PCEUSDHAOH05241

is used to transmt pilot signals into multiple

sectors in a synchroni zed nmanner via sectorized

transm.t antenna 1205. The receiver 1202, the
Basesiagiqa d2pQ algo mncherles ap A itestase 4 308, mamecessaree.g/, OPU, 1206 and memory

i . 210 I .

1210, ERAGR L2 8Ucd RETBAR ot EAR4RE T SRIBHE sctors i

syncleboeiredtrgntarnia sdcesrtded ngasroia bateandl 105, aEatder 1‘2‘0%, thé Bansmitter
e

interface 1208 cou&l_es t he base station 1200 to t
1204 the #raresson A 304, shol/ Repteraesnbill, arstibis mephary F2A0 axe coRpl® together via

bus 1 . [ informati.on. 1220,
o TR0 iy AR RS B bR, o 0
interfa@ 6208camupkes thechdsasiatist a20Mi0 tA2BRerher @Aas atter nBrwPk nodes.
accordance with the invention. Routines 1218 incl ude
comuni cations routine 1222, a received signa
PrteSich i j i
RSO L0 80 209 PERER L RBBBRS A, R 1215
whicli gBen exechiedéy the prraasset 12(6akitsy therishise afation Y200® operate in
xtraction.nodul e 1262 ich extracts channel qualit
accorFlWEﬁe ggtlbﬁ%e%\fe&ggnf #Bﬁ??eé\g@ﬂ% g@?@egﬁwm@t@_ﬂ’s rqpy?:ine 122%/, a received
ignal BiROEkINFRESAHEEDIC02AH BasP9tibh Ohtd i iV Qdsi
Slgnan%jg ul SeHT%EZ}M for extr actsi ng 1%/1\%_9({)11&%80:1‘%(?%%@% %?%r englﬁ%gélb&pmgnal
procepgipgrroutiBe d 2ekingbulesre skapebqualiheindivsidr ivalueierfractivat module 1262
.4 n.sq enbodi nents.. indicates a W' s position
whicth G B{phaNET Gy tcas iR JronEsecr yed Bgneliemie VT report messages,
and a@aitioh YnfoRgh ol XEratPrH@Sdul€ 1964 fopitrtinBOWE hosidh WBrmation from
_are provide to the transm ssion power cdl cul-ation
receiyedungspages.2 2Be podition mfpmatiah ciolsatme egbotlimagmssyiisdicaes a WT's position

. power al sptransmtted tg.a.W. The_ base
e BOU L AR 5 RIS ob B GBS e SR o poer
valuesiRekdipre viid 25 theardns BRGBnSFowR cROMBT ot AuGiHE ab @ forQdil (fh‘?ctulating

1226, and signaling 20 routines 1228 including a pilo
transigisgiAn POYWEHOF signals tiangmiticd e ATVEE The batstasion controlreutines 1224
: j j 220.incl udes data.1232.. pi . :
e AL LAITRA00 AR ASEP SR P 2Bl O and sinatng

routinee 1 228akludiigan pildt RigpaN@EnkOfiod 24D rakidtissidw SdntFR Youtine.
i nclude data fromthe receiver's decoder 1212, data

to be sent to the transmtter's encoder 1214, results
ofrhk ARl At S| e etc. The pil ot :
o R e RS RO S BiTor Blfing St Piompation 1234,
and wiinefess lemrhinahddt2 3 thfemehtioarie40.nDatan2BR emaylidd@de IR fRAMIe receiver’s
[ nforgéati on defines the different power |evels

| |
decodﬁﬁg%elzmﬂﬁtﬁ ipRe SEH5IG g tagsmiticr & prinder bilds raspltypliistermgdiate
proce%ﬁ{geé'téﬁs,eetg.' Ir]i“ﬁé }l% ho@%ﬂ&%ﬁ@uenﬁé RO An a4 ri]l!lc{lllfl]&etlgﬁ)gwer level

I I'ot "t one op € I n accordance w

informativari2B6and ine sefopmbtidn 1238 T&s patver ketl iffcgmation defines the different
d va prior to transm ssion and

rove e o B B o R 80
o Y Oy 00 L . s
valuesprt o¢t et mmsseddctel oplcalues, miarénghisnhiesied anddrekhotvanedoth the BS
1200 asnlgla\lVlTs l?ne the cell serviced by the BS 1200. Tone info 1238, includes information
defining which tones shall be used as pilot tones of a specific strength level, which tones shall be
sector null tones, and which tones shall be cell null tones, within the pilot tone hopping sequence

for each sector for each terminal ID 1246. Wireless terminal data/information 1240 includes
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sector null tones, and which tones shall be cell null

tones, within the pilot tone hopping sequence for
we@aowoswes or for each termnal I D 1246. W r el eBGT/US2004/005241

term nal data/information %40 i ncl udes WO 2004/ 077685

PCT/ US2004/ 005241 -12 sets“of data information for

each wireless termnal_ operating within the cell, W 1

sets Qhiffafn Bormationforqaghy relpssiermmakppesatingowithinftios cedl, §vT 1 info 1242,
i ' 1244, t.erm,nal | 246, .
W oSt BE e I i o B oS it 0 1246,
sectoa i 1848 tohaniied qoaliy yndicmsort vabresi1R50, ahd 3estor B&ndak2sition info 1252,
D igg%udﬁgiﬁgser data received fromW 1 and user data to
atal g g P%eéda&aae%elﬁ@efromm 1gind e deiacigthertepnamittedAp a peer node
. ; 1 . i . assi.ane cpe .
conrke BRS04 P2 2B A0 R heytason ot
been gprégrictlite WiT' Il 4 speoific pitm pimethoppingas@Rnce, Aduding Farious strength pilot
: a}/arl ous st reﬂgt h pjlot si %&a s_at {)r.edeterm ned -
signaps Jpeedefesmyieh dmasel§ g5)ctpivd Dy daebase station ceespesgivade prph specific
termih® ®PLchygspecific termnal ID 1246. 10 The sector ID
1248 identifies which of the three sectors, SO S 1,
S2, W 1 is operating in. The channel quality

L s L p Rt Rl p—
in. THe&BAAEBqualilAhdichRr Rases ﬁﬁih&ﬁd@”ﬁﬁ?ﬁ%oh%ﬁﬁéa{%ﬁg)ﬁ}r 1 to the

t he .exgect ed received W1 SNR l'evel as a
base Hafien igtchninsh qualiy seriostsensagsis gthall thp beserstatibhemayciierto eblculate the

expeBie e I SRt Ryt iar of S Ak Gyamistien signal power. The

chanr®! §€0Y thdiat@tvagiicdNabGareld@ASEH by WA o ReRBRMents performed by
station, in accordance with the present Inventi o

WT1 ppéheserioys stsengtitipilgt sppnslsttiappmitiekddryrthe base si:2i3, in accordance with the

pesoh LR TPy L P e Bhormation

identiépipg whether W hghieteeted|tBat i0k nbdilaadet®F BHGRIaAN @xperiencing high levels
. information identifyi ? whi ch sector bounddry P/\?I’l 'S

of interfracs g daformatiansidentiyineridiclosecios bobndarnddTbis ldeated/nehr. This

ot BB 0 LA R TR AT R8s e wr
and rdcaived by die B8 Whe cla2in6bl quatityt idicare vAuePDRIVERIhe sector boundary

_ ,gosi tion information 1252 represent channel quality
positipR BiHFRALON {Lof Hprsssht dhaprslapalitwfacdback inéormation fromathiedMT1 to the

base st 1280 Prb AR il | : fcsﬂn_dpo Ly nk
e Channel gq}geﬁ\%\l/e r%h{b%lglﬁ as%mg?%to%% I%%g‘;ngﬁg .e%tween the base
statiolCoRfLamdcWililons routi nes 1222 is used for controlling
the base station 1200 to perform various
conmuni cati ons operations and inplement various
C oMM bRD fouRhed P2OI S usdd | {
_routines 1.1224 used to contr ??%%@%ggﬂéﬂ%t%g{% %%lolegt?ott%perfom
varioysgofprunitdsnoprageons ad implemenneirioosn abminyinicatiens protocols. Base
. signa neratjon and reception, scheduling, and to ,
starior iR R LA B RS0l Berhir sl T 000 preSembasic base sttion
functibfIieN el Ok A€ b AHNIRAFERDLON sehediith®landtd}AbRufht the steps of the
different transm ssion
method of the present invention including generation of pilot signals at different transmission

strength levels, reception and processing and use of wireless terminal reported information. The
signaling routine 1228 controls the transmitter 1204 and the receiver 1204 which generate and
detect signals to and from the wireless terminals, e.g. OFDM signals following data tone

hopping sequences. Pilot signal generation and transmission control routine uses the data/



10

15

20

25

30

30 strength | evels, reception and processing and use
of wreless termnal reported information. The
WG e@aalriesy routi ne 1228 controls the transni ttRCT/LUDA4/005241
and the receiver 1204 mhicﬁ generate and detect
signals to and fromthe wi 1l ess termnals, e.g. OFDM
. .. signals following data tone hopping sequences. Pil ot
inforgy ﬁ%llz%fbﬁlé]ruélﬂgdge aHet happingfequanen ifeA2d4lo gangtdtne specific pilot

N g N A

leveliimfodl 2B834d the peciéic adres selsgied id feceiPé bsticifid e tdRBBbIMACh pilot in
sequences for each sector. The power |evels of the
each sgqleyat sBRGH4C LR g Feardirntgshsk confralied under theidistiamaf the pilot signal
ific t Cej i fic .pilot .
sl SREEUAL S SOERETI AR 1230, TR FNERI0 b bpmson

of pilat neg@rglj salledragidn Eogyt 15017, elmdividied ptdeessitig i@stridiondfe.g., software
5 generatign and transm ssion contro

t he pil ot sigpal _
commagls| IEpOpSHhiE TOrHIer TSNS OF S4eTERSilop Faicy e Individual components ot
dd1ELRETh SRyVR inffprPlel S icApl '
mod AR S5 1nGhPl 8 NS ey ni BpLlAIBLIASY il o b
stationdb trwasait thegitol tme, sequeenperdstritedifand shdven i Bigs.ni % $7.0000rdinating
differen il ot .tones. are individuyal conponents or

f
and/oﬁﬁ&%ﬂhé%m%ﬂg RSN AL yar PR ¥Besd Rilopsignals bﬁ%@ the sectors of a
cell, &I, GhtepRe Bfattrﬁlshﬁél%rp@éqeuteﬁcﬁ R/ BPéyngm tﬁﬁ%ﬁjgsiﬁh @%e}?\phitl@controllin g
ed and shown

transmt the pilot tone sequences descri
transmssEngower,$nables Cowrettisn wrinigl fdeaigy the vaynsHewss af tgnsmitted pilot

onest S8, SR ReoBleRPiPl o eEalor SR o o a5t andcet
pilot {0836 0BGIM B. gf [BAIPARGYom FAsRE] %mwameg,mﬁhaﬁggm indicator
tine while controlling transn ssSion power, ena ed a

valuegil 280. elpsaceendpigealith theanvantign.ihguluamonusll) pilet] tenest sector null pilot
| ot _ tone edet er ni ne

t 1.tt.ed pi e. 0., known
tones; AT b gop it e RESH wBoitior TR 0SB TSl gormaly be
transi@feld. Suhddulipl hduteO1D2S,is i dAOEEMRb] tBnSmissi®R @H&Hdﬁliﬁ% 888/or
nmeasur ed signal values, channel quality indicator 15

commygyGaEen 1589pice (aHogationr dansehodiicn 122 in accerdanon withéheinaention, may
b sof R ool Ph 0085 SRRk e 13 ¥t o

the badatatibo nessrhiftad sighall pbweor Swdh iifdiatibi, alREREd fr88h the channel quality
. .. Schedul ing nodul e 1225 js used to control transm ssion
indicatedinsi 1@30’%@}’ bt used imshadplentoradiopaie ckanae] ssementsrto WTs. This
he [ nvent.i on

o] U8 SERALSTILE2 b A5 AR Rl gL ROAE0h pover
meet mwiceigbé SHR requirsiadritsfor eqattioathr IMR rate, eodingeheB, £{d/@Qnodulation

t&e base statig& transm tted signal power. Such
selectphiqPeRieV S 1© ¥ Tved from the channel quality

i ndi cat or val ues 1250, may be used by the scheduler to

al | ocate channel segnents to WIs. This allows the BS

129gure 63 dlustretms en segnpatyswioeleshtamiiahlsl 308 winplgmented in accordance

it LGSR LSRR S5R, RO {8 TREh LGV S e, 5
a mob\‘?’/%hl%gg VARG sQ erfRHI 11800 R mSR! Reedied rdfeRRtBbAYE HR s 114, 1116,
1118, 1120, 1122, 1124 shown in the exemplary communications system 1100 of Figure 11.
Wireless terminal 1300 includes a receiver 1302, a transmitter 1304, a processor, e.g., CPU,
1306, and memory 1308 coupled together via a bus 1310 over which the elements may
interchange data and information. The wireless terminal 1300 includes receiver and transmitter

antennas 1303, 1305 which are coupled to receiver and transmitter 1302, 1304 respectively. The
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Figure 13 illustrates an exenplary wireless termna
1300 i npl enented in accordance wth the present
WO pwenticeh. The wirel ess term nal 1300 may be PSBUSHS4/605241
wirel ess end node, e.g., ? nobi | e node. Wrel ess
term nal 1300 is a nore dei glled representation of the
114, 1116 1118, 1120, 1122, 1124 shown in the
fecel‘é%{é#éﬂ am%lu@émﬁ%p@eétlﬁé%svhéy &teetnanfm@erdfsomrgum@s 20 eng@@ler 1314,
S er. 1302
Procééé(grﬁfs?’%‘ét 1t111(i3cfe9 %@g& of %99 01l @gé&gﬁﬁne@ 13% (S_:#QEF 1n1r§6tgbrygl[§(98 causes the

erelmsrtmnmnilmmto k;bpérﬁté 1t1 @q&irdit&lbe Wiith tBe hié‘ﬁhoh@ bP t1RMREsehingBntion as
me | ntercha%ge data and i nformati on.

| t
desmr‘%g 1\??}961@ g@eznqqg%ﬁ%mc lugegyroufiney LiPdanddlats/méormation 1322. Routines

5200 g B TR P90 OB B O e e

wireloy® [@004410HT 68 BbroR ¢ sUS26 doldds 3halind fbukiae QBZS?fncﬂtﬁlQ?g a pilot signal

he t tt 130
meashiics HREIedr Brit GHBRCABAY I epbsas SaBBBInEmedHe 1332, a sector

[
bound@g goeltiof dcfifinile AR 1954 bATA i) ShANE hai R Mltransmission
contralcnodwladda3.weta/infoemnataarhif?S indfluddsaispr é&a€ mB34, R\e RifbeRation to be
1320 includes routines.

ot T B S 5D (e

info 1330! URESing® mﬁ‘ﬂngﬁﬁésoﬁéasﬁféldtshz%iﬁl %ﬁgés AR ’7' §1nd1ca‘tor value
term nal control routines Wre eé fermna

inforpafier 6138 erstorimynd3p @0$morh indesnasiog 1aK0 rtgroiaalt e fdrdRBon 1342,

s B BRI o s s
1nclude§31%pp1@g%@@le‘ﬁ&e i UBSALYwEORALI iR ﬁﬁheﬁrﬂi 3hEthi88956 € The measured
1331, and channel quality indicator val ue

signak yaluesinle éii%mcbldm meksurrsichignal 1888 oliteined frofromemsuienents, performed
data 1334 formati on
ender 28 B0 P Bl P, L AR 800} B o
phaseﬂﬁ%r receetl pilis 8ignhl Fthe haadkty iAdcatb { Qte HifeMMIHoN9 338 HcBudes output
. User i nfo 1336 includes neasured signal val ues
from Fh%fCéarI@é qualify andi¢agor wb}e@n@iatmgm@@luleu 1388r e |CbatnntB@1&hty indicator
nf.ormat j.on 134

vloeSEELBRBOLSGNeRASLLLAO L PLTRLIAR S0 B IO R o

determima m]ﬂEeW’l?sa’e@aflf/ed SR raga firtion 3 frandthikied sighﬂrtﬁiw'e'ﬂ [¢ Sb&fnoboundary
i ncl udes hoppi ng sequence info 13 ower | evel

POSIUPWT@O@%WH 1248 inchies ipanatipgddentifpnalaes @reewm_lasstcgmaal isina
sectoth?HuHQa El%#](r) %éfhg GLRSes eri[i%ﬂrcﬁllj gsfeq(lp ﬁ%&?%lgg*) 1I$tﬁre-sector interference

tarn Asur ement
levelscmnt infdrmafiopidentifyshgwaich nﬁ ﬂ&bﬂwm_] Avefiileetods?i8 Ghe BfundaBiregion

e of an anplitude and_ phase of a received
sector, ﬁ%atba%nﬁﬁ%?n Mg éseqté}srs@qt@r hqqad@aﬂ@pmmwo.wwmhamls in

adjaceh® 3& 1l GHAALH e AUh BHssioh FQ\%II 511]1 g%d%#ﬁtl uce inter-sector

i ndi cator val ue generatfng m) anne
interfeyenadei t(f)hanndlrcminfommhum 1344 mbhﬂés the L3, chmﬁnﬁil indicator values

transmtte st at yallowthe base
1338 QBREEH btion e rhme Sl rdenios arivetl ErFandsnay also include
sectorlHRE&Ar9 PoStioh iABEMHhad46] QH@% zgl r?ﬁﬁ"&?ﬁatlkb%ﬁqe "¥ay be
position information 1340 includes | orna
structyrgé mithfipdividuahmessapes for caehguslityenditcatat valse bnwith groups of quality
indicator values included in a single message. The messages may be sent out at periodically at
predetermined times on dedicated channels. The terminal ID information 1342 represents a base
station assigned identification applied to the wireless terminal 1300 while operating within the

cellular coverage area of the base station. The base station ID info 1344 includes information
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sector boundary region, e.g., the wireless termnal is
experiencing high inter-sector interference |evels,
wa@ea4iorfesF mat i on i dentifying which of the two BCj/ES®N1/005241
sectors is the boundary regé sector. The base
station nmay use the sector oundary information to
den§ﬁ1 channel s in_25 adjacent sectors where the
specifif {d15itass HAIh Relr> AsHhonrd ‘@llﬁéntaMEﬂlg(Sﬁﬁume,r@dunay also include
sectoHHeﬁﬁﬁ&%%gﬁforﬁqEﬁ&{f erence. Channel report infornation
I ncl udes t qual ity channel indicator val ues
1338 obtained or portions of the channel quality

igﬂ{?c OL val ues 1338 and may_al so i nclude sector
b d’éa’:% PRI F?ﬂﬁlevﬁlaﬁ%ﬁl‘ahlimenw fehasiven bambatton with
base stafigH ﬂ?fﬂf@@ﬂ@ﬁ&?%m@?ﬁﬁaﬁ %tayﬁﬁg 3 'I’ C g]%\‘i' vi P time, should be

messages for @ quali ty i'ndi cator’
measgred ipsvadhiate pabi ignad0 Thediilatignalyohee SeVbhthPfcbiﬁ%ﬁoh N384 identifies to

si hgl e nessage. The, nes s may be sent out at
the WEleR b GRS, e trans/pistion 16 V' 1o gaals A deaseignedipilot signal tones
1356 @mm%al 8 th !

80815 R TR YT 0 LA R T macn

1354may@ﬂ9@s§entéymataﬂ anti3el mHipilet tmpasr ating within the

cellul ar coverage area of the base station. The base

station ID info 1344 includes information WD

2 A& RorR eI #e2 4994 Q%%%r coﬂ-t?olﬁﬁgﬁiqf\bﬁelg& teBinal 1300 to

base station, e. g., a sl ope value I n
perfogpy méonmmlmgona pperations|and empbmenovancnhe mbnlfrmmlactaltloms protocols.

i nformati on. The pil ot hoppi ng sequence infornmation
1352 identifies for a given base station, with 5 base

Stvairﬂe@ tefhinAf @nidPbutinby B268RGSs It
OFDM S%nb& t m; shoul d be- rreasurﬁelyl\@t%nah{ymﬁthe wireless

termnéa‘} gﬁ%tneaqul[ ncesyijh shesmetirbds ofithepresing imsienfiome Witedass erminal

signalj gl%[lﬂﬁ!f : I%QIS #ggﬁ‘?l écﬁg E]Elsm fuglﬁu(lt)rgygf QFQ}? wae:leéﬁ Sg'{nér}?é pignaling
1nc1ud1ﬁ1§cc&ﬁl$)ll ohed reddialr 130YNANhshRRe $304, 3pfal Rnkriied aha rﬁt,claﬁtlon and
ot tone honl ng sequence 1352. Pilot signal power

Contqu%khéwpmflev rbtheonirelesssarmyina] imperordanen withythe methwds afithe present

e ni catli ons r.out.l nes
invenfi il 06 b b ORST 30 ATYEL SBLHE0R f Al 0580205 s, na
the trqmenrﬁssmmafahamqummmﬂlldaﬁirIVQMEs OPBs pill bt & aﬁﬁféasunn module 1330
ement vari ous conmnuni cati ons protoco S. ?ess

Contfctlg&'mmf‘éﬁuré@ﬁ{ﬂr?ﬁ regedvrd 0§ signals iderificd)by the ba&%stat@n ID info 1344,
hoppihg! %ﬁgﬁé%fot 150! cﬂ%n@f‘ﬁ gs A flglfcﬁtmeg:r}gf rﬂgéisug‘ifslgg%fﬁﬁe J330 measures

acc e nret I esent
at leamnebbamampirtudmaid a phageal a pfotrshgital ESrodeitta GOMuidd sifhe value
I

func nality of the wireless termnal signalin
corresp R oL BT BT eEHECY b Epel EHPIR A gl P generating module
1332 ihdlifes SHAHG! esﬂﬁﬁﬁ&ﬂfﬂo@ﬁleql’?gl L6 & BN on SOML] 552, Channel
t he operation of e Wwreless termnal 1 n accordancé
quahtwqdkpatdnerahetgendgtlmg motele1683 geIteratemqmty fdidans | vallieB gccording to
sur i n | ot theugener ation of

functl(ama}vg'e@ ‘ﬁSﬁH} ',lpe\(;éFgPél Vag d%37 outpuf from the pilot signal measuring

module 1330. Module 1332 includes first and second sets of instructions for implementing first
and second channel quality indicator value functions where the first and second functions are
different. Power estimation module 1361 includes software instructions for controlling the
processor 1306 to estimate the received power included in received pilot signal(s). SNR
estimation module 1362 includes software instructions for controlling the processor 1306 to

estimate the signal to noise ratio of received pilot signal(s). The sector boundary position
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20 the transm ssion of channel quality indicator

val ues. The pilot signal neasuring nodul e 1330
weonwtnTless t he neasurenment of received pil ot siPCEUS2004/005241

identified by the base stahéon IDinfo 1344, hopping

sequence info 1352, and to info 1356. Pilot signa

measuring_ routine 1330 neasures at |east one of an
detergpping mm%l%m L lefsmmines dge Epsp‘lqncﬁf thd wiraless @npmabl 13Q0 m=lative to a
ndi n
s B L PR B PRl R Rl b, TR Pl imcary posicn

detergﬁmleg atddot 133duhey ko d13312gd1ﬂ£\k/hhdﬁ adjacdiR WedtoeSSunRly! tﬁé‘ wireless
nodul ¢ 1361 and . a SNR estinmati on nodul e 1362. Channel

termigaldp coger tRane Athuish adiceat eios isaraupge higher intardaance levels with respect

a
o WERBOES: ALK e X EDERAE RN el Suing mocule 1131
includert jnuhe éercﬁm‘tiohﬁd@y positien griatmaeasen0.NThe bR EquaddPindicator value
Modul e 1332 includes first and second sets of
tfansmhsé{qnt?@mfalr@u?l%er 1333 noatralsthegarsmission efrfhe gualgp¢hannel value
| e
iSRS LRI O3 SRS hanct qusey
1nd10€st vated iremouedon eont®b toutine [188% mchaks w&[eeseig'GSgteﬁét@ﬁbxoﬂﬁdule 1335.
rocessor 1306 to estinmate the

t
s L BB LB S 4 0 1t oo
instruetibs t‘%i%ehélﬁfe‘ RS FRAWLE h3Aurh &éﬂgaﬁn%&f%mg}gﬁ icator values.

instructions for controlling the process
Messagst gamatagion heodsiegIidl5 may gaviesate massagesowith esmgi&e@apnél@ﬁlahty indicator

LT TR A TR R T
generd@&IEMBUARS 355 enafQ¥dot deBBraff mEREgaM &/ﬁfcﬁ‘“}ﬁclﬁ&’é sit®n ihf X hation, e. g.,

relative to a Sector boundary” from I nfornation
sectoy bmmd@l@cpqsmone@f@m@t@brsl %@alrsncomatssud;mmf@mam@anmo a message

whiclf LR endo B ELBUE R Mol ThRaiehraet ebadrad i Thespoee
generhSorCOEEE 1895 %drdﬁ@xhﬁtéd@ﬂﬂd&c&ﬁiroﬁgﬁﬂl@ Eharhef kit 91d6061t0r value

hi gher interference levels with respect 51t0
transnpi§aon ROFoaRodiHe lﬁﬁﬁp Mea‘sagﬂmcgécsmmdmguﬂ @lastym@ osdanilomlues may be

e R PR i Bl bl iad T B oRor vatue

transrifissibh tyntiol ehakaleor338atdnemitk hfb@éh@b§§érﬁﬁh&ﬂ'9t1ﬁ Qbmé @h’l‘bbﬂ‘lﬁlents using

1333 controls the transm ssion of ql ality channel
commppiGaion chamnelkiesmentsidsdisater ¢hcandng @tfmm mhndladgcator values.

[
Moddl@ gﬁffﬁ%% A% {:ﬁnécfo??hans m%mst’ sﬁ)tn tglgenst tg;gs?rrg%) Hﬁ% pl%gs\éec@a dedicated
time slasts kledieaie(ﬂbyrﬁﬁﬂﬁwst@t@cnﬁfoahs@lbw WD N800 83keby HeedVeEfi@B8icr wireless
neration nDduIe 1335 controls the processor 1306

tmmn%ﬁ?ﬁﬁmﬁﬁgﬁﬂh% dedieated Bmesloty nst ruct i ons to generat e

nmessages used to conmmuni cate channel quality indicator

val ues. Message generati on nodul e 1335 may generate

ngagds asitdplified 'dmgfan slitawing b t@ushittey 10 hahCateeeiver 103 which will

¥ﬁgue r, jncLude at st t.Wo channel qual ity

be usqd g ExleipingansiESerion “Srtighioniongebe Mbelig ansmitter 1204 of base
I

statlolgﬁm @{HI}IIS @%Jggfégég? ﬁg%e{rﬁgorﬁlﬁgﬁ%ﬁ&qéeﬁ 6f W%%Egg{ée?xglrnal 1300. Ina

commiypisatiensysygptomi, suchrasiting systeat 1 K00, llliM:f)anenuttardOﬂ pdeahecdsus hake

. information into
choices afboutnfge appropriate nfethod for t(%ansrmttmg data to the receiver 103. The choices may

include the code rate of the error-correcting code, the modulation constellation, and the transmit
power level. In general, in order to make sensible choices, it is desirable for the transmitter 101

to have knowledge about the communication channel from the transmitter 101 to the receiver
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whi ch includes a channel quality indicator value. The
nmessages, generated by nessage generation nodule 1335
w@e@407mesm tt ed under control of the channel PECEUS1094/005241
i ndi cator value transm ssign control nodul e 1333.
Messages correspondi ng to'ﬂ'?st and second val ues may
interleaved, e.g., alternated for transm ssion
103 g‘egtﬁeéééoweﬁaﬁmpla{yaﬂmew 1005 whish ateangeitpg 101 sends data traffic 102
h dyy ts ssa
o S oAk 103, Wt ke LR ROTh b3 RERRART app o he
transpiitzarriOll, the geveivies 1@k ckpoat te fbmatrarhhkisrmaﬂﬂbaa&ﬁhu&u a0d toythe
val ues. Mdul e 1333 may al so control the

e
tfansﬁ%‘%@ﬁlﬁ oI Frapsmiizer 1)) Beh s mp%edpffl@nz@ cadisign information 106
to setd@J}F@h&Ers ﬁbéﬁl@g%é{%sﬂgr e ited by the base station

for use by a y precluding other wreless
termnals fromusing the dedicated time slots. 25

R B e D et TR
1nclu@émhaa' BHsO Skatibie (BS)‘Q‘?)‘TtME{‘antJI{rﬁW ahli 8reder E%ﬁﬁ.lgied in a wireless

g., the transm'tter 1204 of base statio
temumh (MET), 80dievpra m@Bﬂ@T’wymbIal orea fxed tehminab edilvanerhdQR7 dnabling the
s term nal

base Yt A8 o1y Bl lesination &n (R e ane oo PR p the wirless
termiNASMS. tMhe P20 13T tenNPIneSis ?ﬁ%gﬂaﬁh@@p Whgﬂlre{ré‘ﬁg) J%lg/l?&%mitted on a

for transmtting data to the receiver
smallfgagtion A thgdernsission desoneeand faret graeedly @ompoisedat knmg/n (pre—

cceriAR) ol TR0 SONEL b e b By e o
chanrﬁ:h ObrkiSon 213 baedle® tHeabdegvddasilot Bi@nhls 209 MinkltrEorkQfe clhfhnel
have knomﬂedge about the communicati on channel from

conditipes 3 13tedhe BP201 po antuplink ehanaek? \e INaO RO Sitt© Hipa$Bnnel conditions

213 FETESROELEARE A 5 kU P ik P e 20

transrdﬂtl& ;Bllo’ﬂi Q(DQZfré@J%ntly or éveneoRiiN@usA3 thit tRe WOr @8 ehn trt and report
a reverse link 107 fromthe receiver 103 to

Chaﬂﬂ?h@ndﬂt%%% 26 &rey vom, With éimee ddieT 2083an @mimts thendownlink channel
|
e T R P ————

signals @p9r Thel combinatén cfomudid dndrinieffbrno@ivildBe 1lér&l fokub&iquently as
its paranpters groperl y for transnission. Figure 2

MOISCURKTCTHIC eReOBICHPIFS Sk ks Belip griar ats yeshrinon thissioe of
1nforrﬁ‘atf(ﬁ1%‘ A0 dl g Stedi g‘f e df s%#’@&ﬁla? ﬁ'aﬁ%)e 31@h 6B @gng&%-nmse ratio

ant enn 5 and a receiver
(SNRW)Jr m @;usvaldm mntmxal In(tkiﬂ'¢ase 20Bre woige/inteafei@iek |1£nc§teiem:rﬂﬁht on the
erm wi th antenna 207, enabling the 10

d
tfam%rg@ \spaly sl SonEle Bcaéﬂamvw By AIb HebisTeapitsd A fie BS 201 to
predlc,‘iI QWA thE kecERB BRIR #il1 &Qﬁigé QithRfn ﬁﬁlsﬁﬁf% ‘é‘%gﬂ aﬁh aﬁc%%e the BS

he BS 201 often transnits pilot signa
201 czm deteryppineg tieloprieetdmiminungdransmit posenfdr the euling@mdhoddiation it

nsm ssion resoyrce an eral onpri sed of
select‘f(g?aw,p tjé om the s1ngLie receive valrue %en?ortunatéf ,cin TtT}'Pe multi-sector case, noise
resulting from transmltted signals can be a significant signal component making a single scalar

value insufficient for accurate SNR predictions for different transmission power levels.

In many communication situations, especially in cellular wireless systems, such as the
multi-sector system 1100 of the invention, the noise is not independent of the signal transmit

power but depends on it. There is generally a component of noise called ‘self-noise’, which is
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determ ned) synbols transmitted at a constant power.
The WI' 203 neasures the downlink channel condition
wQid4bzwesl on the received pilot signals 209, BemUS2004/005241
reports the channel 15 con gtions 213 to the BS 201 on
an uplink channel 215. Note®that since the channe
conditions 213 often change over tine due to fading
properHansep ppeshly propertional tp thespereesiof sl signdlaFigune3,B8oRO an example

wher BERER AspEfiderkioh Mo Pila i Bs bliBbnst Bhannpapaps rceived

poweﬁ:h)ﬁtmﬂlglfzﬂ) Bﬂinltdr@ém onHsdverscdl ALY N ANY tWhl dbidd Sthe EBﬁszal axis 303.
203 can evaluate the downlink channel <conditions 21

Totalpodserirepresepied by diae w88 Wi iria hesupeaige ﬁgaamlepwenmog@on 309 and a
9 Th
oSN BB T, PPy A0 5LV 208000y, ey
mant mammb fehestlfyioias. Anreimpleioftelf-heiseiche uﬁéqdﬁﬁﬂ&i 4iB®8 energy that
In the prior art technlques this type

inte JFGS VYth‘ Q%Pﬁ%’i"&ﬁ sjgnal, 65%@196 sapepartional fo theesignet strepgtha The

uneq@dlﬁgh %gﬁ&laén@fe%a c{%&%ﬂg%{i?ﬂn%@%n?k Q‘Pa{atnhgl éggfsnziﬁ Vé] af ér?or in the equalizer

Coeffrn:mns&em findre mharyetice reaom;ﬂndﬁ:pﬁmlile mheﬁﬁlnthé helf-nmse is comparable to or
tran tte sych a single scalar netric is

trger (SRR AL s TRt Rt P oo GO BB O AN Ry (which may be

measife8 GnGl piltR)s tnB‘?or{g%F 8le(G ke FHRNYEY hﬁeﬂ%gqg%%é@ é%é&%e received

transm't power. In such a case,

SNR dethe Wi 1800 hea fwictier bf t(hmsxgnaimansnnapts)vdrt power for the
coding and nodulation it selects to transmt fromthe
single received value. Unfortunately, in the

MUtHid imSeRkH pré %e@i%Ss a BRIDAS aﬁ&%ﬂaﬁtﬁ@wﬁfoﬁ Thit2RsH Wﬁoo to predict

nglnal s can a significant signal conponent mna
its doginhigk ecosivgl ¥R ay afunstipm ofitheisignehtrarfsorit pmmmatl&: pi‘sNEnce of signal
or _different t ans

epelBG SRS A0l L S ROE BRIl | L s s

1200 €elrhnidindf tovdiffeleBEW T8 HffPent SMGImah) sRal B dt d§RALR th
system 1100 of the invention, the r%o%’?e L:)‘stllljno SRttty upon the

respegtiigePeiReeaqpied ataseh of @ﬁ AV Ts.r Bresiotal powcmmnsmuttecﬂbpﬁmdss 1200 is
typlcaqgrel{.nfo no&g{ex%d b\?\% %?op%rt\ﬁ]} :% /gg%%g%rent V{}’?S ??Oocr?l!ay ge different

and G Mabic2a 4inf) 524 WT t8ei PéroI30oL | the @@ﬂ)erﬂéndfe%fgbﬂa}’nmse 303 as a function
proportional to the power of the s ure 3,

of thegpegiredssignak mepre? Teabe mpasielsd hysa leg%glﬁdp@m%g,rreﬁgr@dad) as the ‘noise
chara&téﬁ&?tnﬁri @ﬁﬁ’{% ap hQ t@nghg gfn 19 ?0%1 ?%é?ecgwasc eristic line

er es

305 d8é|s7not$n tateadl gj@oh@eglﬁ) thetditgnb Qrsing(Ddﬂ&o&lar @&ta&‘n&é}?rs not&b@éh to
noi.se, . represente line 305 which is the sum of

charagipiigeaihisdgiseiteit %él? SYRADY RN e Ea P80 shyyws] quality indicator values,
are re!ll aired Vg%[‘ae?ﬁm{éoc {5112 3885, 71f74 r?).ﬁ)ﬁ,l xﬁéth&? o?%&&lﬁﬁ}u gh%s ling i 8 isd to identify

Si gna power réaso
the lotasiontdfews elisftmm(pcmﬁs eﬂg] Eiaspll e aﬁxﬁ 3$E,|d°n-1t’l Qi€ ah$ twhistinct points

u]é{éguallzed Si, ff\ 3¥vlthat interferes with the

uniquely defepRinest gt i @éﬁ@%ﬁ@ﬁb@@‘i@@ﬁ Po#ts ¢pa be determined

with asl'lrﬁﬂ@d afRYHdthat Hhe accﬂfh%gléﬁ H % Bih ShPR is %@%ﬁgﬂleﬁ 9%e(i!ter if the
result fromerror 1n chanhel estinmation or erro

pointst dve cleepen farther apart than if the points are closer together.

The base station 1200 transmits pilot signals on the downlink. In accordance with the
invention, by transmitting pilot signals of different strength levels, the noise characteristic line

for the wireless terminal can be determined. In general a first pilot signal is transmitted at a first
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coefficients or frommany other reasons. In situations
where the self-noise is conparable to or 10 | arger
w0 ban/ot1ees si gnal - i ndependent noi se, a singl e SPEI/ES2004/005241
downl i nk SNR val ue (which ?ﬁy be neasured on a pilot)
is no | onger adequate for e BS 1200 to accurately
predjct the recel ved SNR at the WI 1300 as a function
POW%#eVF © tyA it Rovalnnd pesgerd pitefi signehgiehsacond pewer leesd, different

o 5005 20 BPRRH S VL6, TR 9] 908 B ceons

pllots ¢ra bei tgumauni ttexleat e dameainge ifidiffdrog tpieses ﬁ&d%r 8ActAlot signal.
dependent noi se 309 and comuni cate this information
to the BS 1200. This enables the BS 1200 to transmt
t OW?th &b f1 thdi '
O EE, A0S S LS AL Sl PN Brocuce e
first plﬁntﬂlé otlgne 3DBedemifging mmmﬁredtpllanpdswértlwbl BY7 tahi€ a BSrdspBfding total

| | fi
B TN A T
‘null @ﬂé’t Hal¥ %ﬁXh@H@vUnﬁﬂkriﬁ adﬁttloﬁl tWor{ ?&? Yl%fs ]I%%%ru 1 ;{]ﬁts are comprised

dependence of total noise as a ncti on
of transm@sme dessug:na[degmme of ﬁ&édoma) anbaee thedzS w)(btyaranﬁts i s@ﬂal power,
ferred. to as the oi se aracteristi

e, trpgie Aplof PN BV InE AL 10RO ks TEA oA A1 ikl derd. e nefl pie signal,
results ﬁh?]t)dﬁﬁt SEl 6BAASE RIS HERiflek 'ﬂﬁll pﬁgg’nﬁ%ﬁvﬂ@m'\&hlgl?ﬁeé'qﬁlvalent to

hrough the origin, a single scalar paraneter
the mgml indepergent noishadAcBesed 28 theviaisd measuBoHn Hith) thapﬂom wad the null

pilonsft SEE SO0 yg vy oot TohS et et AL3 (110t Py et signal powers,

e.g., caﬂmr@nﬂe&damd ilod6wErd 17 Waorh fihéie kB Boinds 301, B@'? %é “Ws’r 1300 can
e location of two distinct points, e.g., points

determiig ttﬁ@tlr@ AOjse chag ﬂﬁ@@t@dweﬁ% Oﬁ iFQUW] 8t ThoWIT 4300 can then also

n str
comnf AL PR L) OF MR cxhBls. NBbERiH Absa®ohy osome other
equlvhlleﬂﬂ steedf AEEHABON) to&ﬁ?e BBaR0o beabtias WaBY 1200 b ¥4E@hint DR received
line is determned is better if the points are chosen

SNR o prgiven tEARait SLgRahPRW en Weengeinamifting ¢o &nedy@rlaoa gdti¢hereported

0 | l. ot nal s
multl}?l% cﬂ%ﬁ&ﬁ@ﬁﬁkf b@hésag%%cr?e drﬂﬂlié?o@sslg% 31g1}]a\} gﬂ elb?{ld %o}ger pilots, on the
other haralh are stialhygtrisidtted agnelasivell 1atict eweﬂ ttheﬁtw ﬁﬂ@ 311, 315
., the noise characteristic line for t

comespaing e awfhia) HEone Bandeioaniet reliEorar yereRayels far apartleading

tted at a first WO
toagg%%%}:l(l)%%g% %E%?%ﬁ%%%&gg; -19 povverI l evel to
obtain a first point, and a second pilot signal at a

con ower_ | evel , dlfferent fromthe first powe
” S{ERR! n T Eiors Fignling Tsbnill BOS e Ghsusise fuggh nGraph 400 of

FlgureT Ji §lofté fe%&v@d‘ﬁ’o@@r‘?ﬂ rﬁda%rﬁl bhR:&RBn iR \%ﬁ? gﬂs%ﬁg V@Eotélrh%lse on the

time if ferent tones are use
honqutzg axis 408, ngne 4 espean 1liwtrﬁﬂ1cguofea1&xehiyﬂﬂr§/ noiE cbm’aabnstlc line 405.

vo o BBl S AP S B RSy RuBLELES B siznl
that ehz®¥ethe W 1300 tAmaRE MESRRRSHNRIoR L1kt two distinct points on the line, e.g.
points 407 and 409, information, characterizing the line 405, obtained from those measurements
is then transmitted to the BS 1200. For example, the BS 1200 can transmit two different si gnal
powers PI and P2 that will be received as powers Y1 and Y2 as shown in Figure 4. The WT
1300 measures the corresponding received signal powers, denoted as Y7 415 and ¥2 419, and the

corresponding total noise, denoted as X1 413 and X2 417, respectively. From X1 413, X2 417,
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noi se level 319. In accordance with an enbodi nent of
the invention, the BS 1200 transmts “null pilot’
wGeegnarssdn the downlink in addition to non-zeP@I/US2004/005241
pilots. The null pilots arg conprised of transm ssion
resources (degrees of freé‘gh) where the BS 1200
transmts no signal power, 10 e.g., transmts a pilot
Y1 4L3, gRAI2 H4%: the slepe andbgentercepeofshe bnel4@Qs tat besirgqudly déteenined. In

. nil.o ' I resul t,s..i oint, 311 on.line_305 )

one il o1 BAOP2ts oG R Tl W et i imet, pEoan be the pilot

poweeporreapaidingtto a pilve sigh@nahile PdeREBESRL fé?ke%@n /a ntﬁ?@igﬁal, which
on the noise measured on both, the piiots and the nu

OCCURIP§ e EHSI§sioNzGeouwseR bitriuith yaso dianfneissint pawes eln general, however, P1

' | ffepent signal powers, .

does S8 AeCB Ry Bive 105 1y blec P Sin B3 Bor i imengais some
positivamumbendrsal®t thand1b, the WI 1300 can 15 determ ne the

entire noise characteristic line 305 of Figure 3. The

W 1300 can then also comunicate the paraneters of

t Ryeeltd : : 1l i nt.er r .

S Sh s B B RAE 4B b3 B BREHTBC it rom received
feedbadlofemmltibn rthe BISel 2BS ciR 6flctilatethé SN diehd Wel fee6i9bNER? for any given
transel iR for a ai%pn traqs 1.t ngnaI power when o
TANSIYSINR POVET g 106 X HRP v 12415 Ve he pepduselof deiemmiping the SNR
corre | it ; . | j ) ero .

oG o S4B eh U ALNER poReF L FHL S 3500 FRKF 1R Thfsponding
receideigralipdwar X 42hafitransmissan mweelabiy tiakaly atgpolaBiEbetween the

..t oints. 311, 315 corresponding to the nul

pomt?:){ﬁokfg?{gléﬂeﬁﬁon-zero pilot in Figure 3 are

relatively far apart leading to a good accuracy in

characterizing the Iine 305. Signal noise and vari ous

Si g§,11i+rﬁ21-é’ég@_\ﬁjbl now be di scussed further. G aph

400 of p@p_kgute &'pl ots received power of a signal

of interest on the vertical axis 401 vs total noise on

the horizontal axis 403. Figure 4 gives an

llustration of an exenplary noise characteristic line.
The cygespondife nlise Ry er GHESPaTTS o GEBmISSIProRavtSF @BV Drfincarly
interpbla€ing; BYOREL G2 pdikte (MBS FL3QR [xAnsA ts signals  that

enable the WIF 1300 to nmake neasurenents of at | east

two distinct points on the line, e.g. points 407 and

409, infgrpmation, characterizing the |ine 405,

ol ai Xed ¥ f@sepireasurenents 30 is then

transm t tR¥-¥d the BS 1200. For exanple, the BS 1200

can transmt two different signal powers Pl and P2

that will be received as powers Yl and Y2 as shown in
Then SVBW)ethé.SNI0es ¥WEn bl IROWTE &S0 ISR Y :

recg%sed si gnal pgaérs, denot%%aggpgﬁ%%% and %%Q%%g?1by

and the corresponding total noise, denoted as X1413

and X2 4%7, r Cl Velph _ 13, X2 417, WO

200R(Q)#685 220 Y1 41S, and Y2 419,

the sl opel and1tAe- PhreldczpX1¥D + BB | i ne 405 can be

uni quely determned. In one enbodi nent, Pl and P2 are

known and fixed. In another enbodi nent, P2 can be the
Point g'zlll‘?ton tROMEIEe cHaPActE R TAL 165 Litbvin 1%: Ihigﬁreslﬂ %Q%ffggislv%lue of X 420

1 can be zero, representing a nu I'gnal,
and y-axis value of ¥ 421 and corresponds to transmission power Q. Note the slope of a line

that connects point A 411 and the origin 422 is SNR(Q), the SNR at the WT receiver 1302 if

transmit power Q is used. Therefore, from the noise characteristic line 405 generated from the
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occupi es sone transm ssion resource but wwth zero
transm ssion power. In general, however, P1 5 does not
woemensmss |y have to be zero. For exanple, Pl PERUS2004/005241
in sone enbodi nents is song positive nunber smaller
than P2. Once the noise chélacteristic Iine 405 has
been determ ned the BS 1200 fromreceived feedback
reporfeck shtisties Hom th%@’%@@@@ ESAZ%pmw does HeteShiRe afor txwemple, what

tmnséé{ss@cp%gégis Hilifed 8maty #&%@g@g@%@ oW T 3!

determ ning the SNR correspondl ng to a given
transm ssi on power %V@Fl rst, the BS 1200 finds the
dFrlg'é@éoﬁli@Wﬁ@ graphc )0 plettise @ﬁwer mﬂErVel?tmlzam@ﬁOl vs frequency on the

at i . .
honz&ét@f\;\égéﬁﬁ ‘ib[ﬂgugg ?’?{Jrr%ngs 2(%1\% 8%{)%?}9 %BB P S this invention, in
whiclythéwivéles¥ tell#ar REwBHk) uses ORhdgdine P‘%Ejhé@@ppﬁ%&gmluﬁa@mn (OFDM).

wer corresponding to_a_transmi ssion power Qis given

In thlEﬁXWﬂé@m‘ﬂ therireqysarudhis dudegmio @hertmgqmtalstopm sughpthat
vans o kg B e, P St nd MG lve, vemin

presetcearfsmiltipatb iedingin ths chanmeh iy mghlgiﬁll)Q 131;1<t2 6‘fxs|1 r?égrg%nnsszlgn isa
Y X X1(P +
Smgl%’%‘ﬁ {o é(‘ éﬁ?l\gﬁ%‘ﬁé Wg} %‘éoﬁfﬁ%ﬂogﬁéﬁ &3 samipinptioneof4gme anblipquency

resoutdds.Fi gure 4 has the x-axis value of X 420 and y-axis
\

value of Y 421 and corresponds to transm ssion power
Q Note the slope of a line that connects point A 411

a th rigi,n 422 is the SNR at_the Wr

" it RS 05 Pt P tonst S P e Qb MirwEhet. i ahis
embolifn®ht {\§10081 5 & LRRWAL C_P%EBOCI"séIﬁ ak h ﬁﬁe(ﬂ;éot E‘@b?gn rt&{@ and the

t he WO 2004/ 077685 PCT/ US2004/ 005241 1 'report
null pilobd Sisiadend wishreriodrandinission powiee BiR:st POO: waes ﬁlﬁjandioﬁﬁl pilot tones

3 R T R o AETSTIER oo vt e
occuplﬁﬁ&& VEE?’ 9ONer &t&itRWpeAody Gittnd Okt ﬂiﬂd?tsfgnﬂﬂtrﬁﬁi’iﬁgsuﬁﬂ a}@ﬁenodlc due

vertical axis 501 vs frequency on the 5 horizontal
to theggpesitign 9t thehpppiagsequances pﬁﬂwpﬂotdomses lémd}mlnamyll pllot tone 513 are

showrg [e}ﬁ@ gi.n%%’] i toﬁ{ o%gté(gn\ée l%eg%%oﬁsag 1 q:?rgfqtﬁg HB@ p}:]f'i%si aF known to
both thoBS! 1200 @and (}G:WM 1300. Twenty-six data tones 511 are also shown in Figure 5 with
corresponding transmission power level 509. Figure 5 illustrates that the pilot tone transmission
power level 515 is significantly higher than the data tone transmission power level 509, allowing
the wireless terminals to easily recognize pilot tones. In general, the data tone transmission
power 509 may not necessarily be the same across all the data tones as shown in Figure 5, but

level 509 may vary from data tone to data tone.

In the situation of a wireless deployment situation deployed with omni-directional
antennas, the embodiment specifies a single null pilot known as the cell null pilot. Suppose that
a pilot tone is transmitted at power P, and a tone carrying data traffic is transmitted at power Q,
as indicated in Figure 5. By looking at the received signal for the pilot, the WT 1300 is able to
measure the SNR, which we refer to as SNR(P). The goal is for the base station 1200 to be able
to obtain an estimate of SNR(Q), which is the SNR as seen by the wireless terminal 1300
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In this exenplary case, the frequency 505 is divided
into 31 orthogonal tones, such that transm ssions on
walpdoermes tones do not interfere with each ot PEr/US1004/005241
the receiver, even in the %resence of multipath
fading in the channel. Thef ni num unit of si gnal
transmssion is a 10 single tone in an OFDM synbol ,
correipPrinE sy the Speritrtions teanswinsionalideis apoweng, hith may be different
fromip €QUENCY resources. Figure 5 shows the power
profile of the tones at a given OFDM synbol. In this
errbodi ment, a pilot 515 is a known synbol sent at a
d pi | (5 power 507 on a tone, and the 15 null
1“531@6 ge of thepvesciypd ANRds smporigns sinse itelstepmines the combination of

513
codm—og\}g;ﬁg a?érlre hﬁ)tdrl%%lgﬁﬁ Eomﬁlaﬁg s fgl% %ag?edgm%{ae@&r a tsBectuﬁeecP Pt block
errormm t(e. g Hthe pmablihqnthalhhb ttaheyissio oflP¥ingRYcodawrd iP¥Rborrect) and for
.ended ds of ti t he pil ot signal
each E04RE Fate ah R EOR RASIRUORI L POESIYIAE At miromupr SNR that the
e RS, SNEDGEE U 0GR T e
than the spedibedstandet tate (qg.| bhdlakSersmdatth $mtﬂ thispdimtof vieh3 it is desirable

ar, 20 bot h the BS and the WL 1300. _
for g8, IR e Bonc bty et SORTQR cwintto pop e agubetransmit pover 0
that Wﬂltﬂﬁodlﬁi@ rah@ﬁ@ﬂﬁt Q&e&&sﬂﬂé mlﬁﬁ'ﬂlﬁﬁ] ISN% ok tﬂee e@ rec?(gc?de rate and

Figure 5 illustrates that the pilot tone transm ssi
modyhsigarconetodtid®d5 i s significantly higher than the data

tone transm ssion power |evel 509, allowing the

wireless termnals to easily recognize pilot tones. In

gemnerralatiohdhep Qﬁ@{v@eﬂ ORR( Q)rﬁﬁm%ngﬁoﬁ%ﬁ Iélpg O[%;Q?Meﬁt%lse For the

necessarily be the sanme across all the d
sake efidogprintionr-ivg apwins; thiithe s125alt®pemd650@olsmys pmpcytt(ﬁmabm the transmit

a.tone Slt atlon of a wreles
powef Bl pbi8: IR GROG gk dgalih S i Biepest ol © Sharacterze
the d@raﬁ@em@asf tkkh@taﬁﬁﬁlﬁ&iasf'&?ﬂﬂlhc@cﬁ?@ﬂ tﬁé RcAed s1dghEdWr] TH& bhciple can
known as the cell null pilot. Suppose that —a pil
similgrhyre ¢xéended i athet Beatienspower P, and a tone carryi ng
data traffic is transmtted at power Q 30 as
indicated in Figure 5. By |looking at the received
silgnal démte thleehmiredbainf StethiwHei08e BS aiilsMith Qt (ﬂﬁﬁ@u rtl?e received
the SNR, which we refer to as SNR(P). The goﬁ)
powes hyewiigless erminabis aRodet dﬁéotameemgltadrlmamdenamolse and yP represent
is the SNR as seen by

the 31gﬁaﬁ-§g€e§§etetmeR§%rf%@s pmgt}@plpgsgf@ctor to the transnult] power P. Then

4 [ to t a

When%gg% %9 /Fr ansnﬁlécglt%ﬁesb@e a gggéjmﬁ TS hﬁb(ﬁ ih nmay

be different fromP. The know edge of the recei ved

SNR i s |nportant since it determ nes the conbination
oﬁglﬁgp it rates and nodul ation constellations that
can supperpéd. For a specified target block error
rate (e. g., the probability that the transm ssion of
a single codeword is incorrect) and for

where P is the constant transmit power of the pilots and N is the signal-independent noise seen
by the WT 1300. We call this “SNRI’ to indicate that it treats the signal-dependent interference

as a single entity.

By using the null pilot, it is possible for the WT 1300 to separately measure the signal-

independent noise N, since there is no power transmitted by the BS 1200 on this null tone. By
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each coding rate and nodul ati on constellation, it is
possible to define a mninmum SNR that the received
WENR4nTE8s exceed in order for the probability PET/US2004/005241
unsuccessful transm ssion 59 be less than the
specified target rate (e.g.”; 1% block error rate).
Fromthis point of view, it is desirable 10 for the BS
compzing thig sieppkindgpendenineise ) withtthevecel vVaNROQEr 2R afitbieBStpilot, it is

ros SR A T A S Qe e LSS 25, i o

rate apd nodul ation_constellation. The relationship
SNRQ@%)@W ; @Nﬂ(f@%‘? Aame SHBY cndisaish thahis congders ndsigmaldependent noise.
noi se. For the 15 sake of description, we assune that
Theri the redatinshipdepeceeINR IB) &l SIRAPPROLVEPHR! to the
transmt power and use the noise characteristic |line
305, 405 as shown in Figures 3 and 4 to characterize
the dependence of the total noise as a function of the

r eced r. The principle can simlarly be
ex @Wﬁgg t SVBOWDr €ituations. 20 Let a denote the
channel gain, so that when the BS transmts at power
P, the received power by wireless termnal is aP. Let
For iteAfltsanpirens i@nalizfipdependent noise, and yP
represent” the signal -dependent noise, where y is the
proportionality factor to the transmt power P. Then
when neasuring the SNR on pilot tones, the WI 1300
mesgRIe< an SNR of 25 SNRI(P) = aP N+ yP ' where Pis
the congtant transmt power of the pilots and Nis the
si gnal -i ndependent noi se seen by the WI 1300. W cal
this "SNRI ' to indicate that it treats the
Compdrig alitihp QB8 Bharabe A&t SiRNEEwn 38 Fiusds"OhRl £ %E‘h tc%a_se%o[hat SNRO(P)
By using the null pilot, it is possible for the
corregipds toghe &paisdintargepirebiba dise.t wislesSRfphis-eqiivdlepetrdbaslope of the line.

' ' ere J4.5,N0 _power. transmtted by the BS
Then )b ncbton B BRRAE)HG sickz By 96/ 077685
PCT/ US2004/ 005241 -23 conparing this
si gnal -i ndependent .noise Nwith the received power aP
Otﬂﬁﬂﬁpﬁ§ pi IYRO(®) is possible to estimte an SNR
t ha S fﬁﬂ@1qﬁv§®@ﬁ4hidependent noi se. Let us
represent this ratio by SNRQ(P) = aP , where the nane
"SNRO indicates that it considers no signal -dependent
n the rel at and

noise. The ' [ tween SNR1(P
In an gﬁhﬁﬁg)en}, &eglinewrwntssblgﬁﬂi gnc? the SRR1 are rep(ort)ed by the WT 1300 to the
BS 1200. From these reports, the BS 1200 can compute SNRI(P).

Graph 600 of Figure 6 illustrates the relationship between SNRI(P) on the vertical axis
601 and SNRO(P) on the horizontal axis 603, where the SNRs are plotted in dB. Three curves
illustrates by lines 605, 607, and 609 representing SRR1=0, SRR1=0.5 and SRRI=1,
respectively. The case of SRRI=0 (line 605) corresponds to the situation where noise is
independent of the signal, so that SNRI(P)=SNRO(P). The case of SRRI=1 (line 609)
corresponds to the case where the signal-dependent noise is equal to the signal so that it is never

possible for SNRI(P) to exceed 0 dB.
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SNRQ( P) SNRQ(P) + a For notational sinplicity, [et
us define 10 SRRI= Y. a Conparing with the noise
W@ hb@natiees i stic |ine shown in Figures 3 and 4, PONESma41005241
see that SNRQ(P) correspoggs to the x-axis intercept
of the line, while SRRl is“€quivalent to the slope of
the line. Then as a function of SNRQ(P) and SRRI, we
c o the énfomaatme@yeckfrsmhx BT 1390Rthe BRRZ)Pyantthn bompute the

o0, SR Tl B0 RAMEDSIL Y LBy B PRy s

the WTe3€0 wipiichsle stglmal &@eﬁa&ﬁ o8, ARIREsehSPRH(P) - 20
Graph 600 of Figure 6 ill ustrates the rel ationshi p

between SNRI (P) on the vertical axis 601 and SNRQ(P)
on the hori gptal axis 603, where the SNRs are plotted
i nSNBL(JVkreéZcurves illustrates by |ines 605, 607,

and 609 re¥rig€enti ng SRR1=0, SRR1=0.5 and SRR1=1,
respectively. The case of SRR1=0 (line 605)
corresponds to the situation where noise is 25

Invertifgl ﬁﬂ&ﬁ@iﬁﬁhu%sdﬂ@ﬁtu%‘oﬁ@ Bives;SO that SNRL(P)=SNRQ(P).
The case of |1 né 609) corresponds to the case

vvhere t he signal -dependent noi se is equal to the

i gnal sidé}lat it is neg possi ble for SNRL(P) to

x 85¢gT/ US2004/ 005241 - 24
Fr SNRY( |¢2IQOrmat SNRO(@):@ ved fromthe W 1300, the BS
1200 cap then pye the received SNR as a function
ofSNh]éQﬁFaﬁsm% for the data traffic. The
recei ved W@p?.gMJF 1300 wi Il include

si gnal - dependent noi seQ and takes the form5 SNR1(Q _
Q YQ Inverting and perform ng substi t utions gives:
SNRL(Q aQ + a SNRO(P) Q +SRRI  SNRL(Q = SNRQ(P)

SHRXELs a fiAioff of¥he values SNRO(P) and SRR reported by the WT 1300, it is
possible to predict the SNR as seen by the WT 1300 for any transmit power Q. These
derivations illustrate that using the null pilot, the WT 1300 can determine and transmit statistics
to the BS 1200 which enable the BS 1200 to predict SNR as a function of transmit power in the

presence of signal-dependent noise that is proportional to the transmit power.

Note that rather than sending SNRO(P) and SRR, there are other equivalent sets of
reports that the WT 1300 can send to the BS 1200, which fall within the scope of the invention.

The methods and apparatus of the present invention are particularly useful in a multi-
sector cell. In wireless cellular systems, base stations 1200 are often deployed in a configuration
where each cell is divided into multiple sectors as shown in Figure 11. For a sectorized
environment, the interference between sectors 1106, 1108, 1110 has a significant impact on the
received SNR. In addition to the signal-independent portion, the total noise also includes signal-
dependent portions, each of which is proportional to the signal power from other sectors of the
same cell 1104. The noise characteristics in this case are more complex than what is shown in
Figure 3, because in this sectorized situation, the total noise includes two or more signal-
dependent components instead of one. However, the total noise can still be characterized by a

straight line, which is now defined in a higher dimensional space. This noise characteristic line
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10 Hence as a function of the values SNRQ(P) and SRR
reported by the Wi 1300, it is possible to predict
w0 b@4/8Nesas seen by the WI 1300 for any transnPCT/ps2aes$/005241

Q These derivations iIqu%rate that using the nul

pilot, the WI 1300 can detérm ne and transm t

statistics to the BS 1200 which enable the BS 1200 to
can b deggribed gigrezample s hynan intsicept and slapesi (Thecmercephistatfendton of the
; : S| - t noise that is . . .
signd BB hoits B0t b SRR R oo 8B honEtodh mepporignity of the signal
depetdeatnsienpontign SNRNecetach FERRulartAETE pey &, Ot her

equi val ent sets of reports that the WI 1300 can send

to the BS 1200, which fall within the scope of the

[ b A . ap atus of the. . .
 praSeruioents 100,08 IRRSARMOARE MG ForrlSiti tine can be
simplfeat. dforeghmple] in ani exelrpésy aetidd dErseayssfivh, wha®ehe each of the sectors
¢ (éhatlons 1200, are often deployed in a configuration
of a cgl dnay usg dp @ire of reaghyfhe @i HapsTRiS$EN piseursece o+ Feguency band, to
trans | ' 1 | Z vi ronment.. .the ,

o DLl POREF ey R 4L RTR gpiCany fixed or
knowsibyh diffecent W Tsp300 mey rdchive ardifferenelitncGRof 1th Sastdi thé @Blation
betwaed he Eignal-iq%%gendeTt orliﬁn, the total noise

AP PR B0t BFRFHL St Hélg%ﬁae 1 BB¢ sack Pecrraehnaise (interference)
to othékdelork.s ' ' fd; -
o o s D PRk, PGkt bP e} 1RE, AELI 10 ST Afled o ranomit
identigplapreppuiongt orgwaily prdpostiaab s geal @ower en & giveh @égtebaif freedom, the
interpat {Is srﬁg)vvn itn tFi qﬁﬁ;el go. because in this sectorized

SRR PTRECPEIAR WbilSE ihe BrYER sedtetol 196: Hifi8e 1110 appears like
signabdegpeadent H6IRE BAQM nGRTPPRNE K the bik%tb%@ﬁsgfhqu@ YO other sectors

the total noise can still be characterized by a
scalesswitl sighel nowes, sovthatdhe neismwrabedristie ding s similagtoewhat is shown in
Figurgiémensi onal space. This noise characteristic |ine WO

04/ 077685 PCT/ US2004/ 005241 -25 can be descri bed,
for exanple, by an intercept and sl opes. The intercept

is a function of the signal-independent noise portion
ahd 2EeREdANee Wipd thoinvertiom the B 1200ctrgnsonis stgnalsauch ys tik “cell null
L ' I noi se .portio ith respect .to a .
pilot télgh‘r:t‘ F?%%?@Fwé’?gﬁgp ch g\sv\aél%a?e ellﬁt%cgp‘i (gl{:it € DS gl?::&eg?nstlc Iie with all of
the sigravendependehendles dhiadtition, &f antdxa@mp, 8 ehandiak ahoakiGhe sectors
line can be sinplified. For exanple, in an exenplary
1106, 0%l 1B mayeist coprainati bt thahBFls 1GHB abtheibonndarind 1 Sedtl6psl 154 of

sector?tio %oPt%lcéi_VérﬁHy H&&f&&ﬁe?@f fée?&v? fedl&& ilgger%g%&gmté{neother sectors. In

ransm ssi on Tesour Ce, requen
accordanag thtthé imvemntidn, dfe B$)¢26keimhsts sidhalstsatiahs ﬂh@\f\%rctor null pilot’ that

' d f h [ ically fi
enablc{(lirlilgﬁ?bg}bg i ?M&g@@g%% rlhaz%; géagéﬁég@liéé( lf%ki:nog(r:_imo account only
the sigl{aﬁeéﬂeﬂﬂerﬁfnois% -frpo?'} ?@@DSEP@E éegt%ks‘?tﬁl %Qco]rg%r{%ggyigﬁtﬂgaxgveention, the WT

sectors is no ect, signal transm
1300 et taporth demigml-iulependennS NRfant elnse HiffdrentGldpes, ce6inelkeguivalent set

. Furt.hernore, if of the sectors 1106, 1108, 1110
of mf(?rgla%B?rg{ﬂF%F%@a ﬁﬁ?fﬂ?)meyers;: Bktical, proportional or
nearly proportional signal power on a given degree of

freedom the
Figure 7 shows in diagram 700 the signaling for an embodiment of the invention in the

case of a sectorized cellular wireless system using Orthogonal Frequency Division Modulation
(OFDM). Consider a BS 1200 with three sectors 701, 703, 705, in which the same carrier
frequency is reused in all sectors 701, 703, 705. The pilot power level corresponding to sectors

701,703, 705 are indicated by reference numbers 709, 713 and 717, respectively. Data signal
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interference fromother sectors to a W 1300 in a

gi ven sector 1106, 1108, 1110 appears |like signal
waelepend®ss: noi se or self-noise. This is the caB@I/US2004/005241

because the interference frzgm ot her sectors 15 scal es

wi th signal power, so that™“the noise characteristic

line is simlar to what is shown in Figure 3. In
poweg levsispp dndicitechby Feéerenpeapnbses, 7 tlh @183 19 Z00each af e first through third
todd . - ) klot' th nabl e
sty SR TS b B e S50 b, Lo
threeshetomclil®n] Bi08c 111Mnef the biseatdtionf120@Be tdpgesented by S0 701, S1 703, and

i gnal -1 ndependent, noise. In addition, as an éxanple,
827345 e HaduFiswe Zﬂ%ﬁg@ﬂ foqe's gdercllocatigrsior theodywilinkgransmission at a
iverl @FD | S e.houndary
SIve 1150,&@81%%5@? ?g%@%fd ﬁl%saté’%%?l?%d%ﬁﬁ%@a?ée%ée‘?% E%tﬁﬁones’ e.g. exemplary
data fone €28, epileh tome, erg. eromplary piked tred 28naret ll GG @dnds] OB exemplary null

. th sectors. .In accordance with the invention, the
pilot {8038 ATOS S 4SS SF19Fia PHICE o AumeR dhat eagh o5 the géators share the

same Bielg@éncyt ;
R R Do AT {Thed BOth b sl W b li e3P Boch other.
Note grat $hea®sition awil gnder-ofl econksritre staivaefof ilW@i%bs@bnly and may
var ]%gﬁ%gres . Iq'] acctor.dance with the invention, the W
y CRSIPREBGHELOShe si gnal - i ndependent SNR and t hese
di fferent slopes, or sone equival ent set of

information, back to the BS 1200 on a reverse |ink.
Filg@eeordansh ovigh the indiengem the7dovitlivk sigrghaicludgs b ommore cell null

- iment;;of the invention int 30 ¢ of a
pilors FRER A Rine} (P e BE oo atlBescirs 306 Ditodomatin a cell
pilot FI% e iyzekd tthiikagkidbsinerth erth dFERDMorConshater it

1200 with three sectors 701, 703, 705,ori n v’\méglzotghgﬁaddltmn’the
downkinlsigaalrinslades dneey mone sectar nuls 3k 123, 429 wherettior sand@dission power is

: T il level. corresponding to .

reo i Byl B0 XCh BRSNS L8 oo o, i
desirablentodiase Z@fot (6AS oA datd Iohe WIREP @&hinMBSi¥n pBREAis $:x8A3hd YEdwn to the

5&04/ 077685 PCT/ US2004/ 005241 -26 power |evels are
WT 130G incthe othep yeqters e Ferpramplavisester ¥1703 seewr npll 9iloby2% hes

: ' r ' QrS,..respect.l . .The

con o Y B oSGk SPAFFRLYG Ve 77

di scussed below. Let the three sectors 1106, 1108,

1110 of the base station 1200 be represented by SO

767 Oneembefamenirowasn Femie . therswie 4 Rileisglipestor nuflipilet end 1 cell

. 3 o | .
il S AR08 P A BN T Kon oy g 20, 7,
737, can sestamnmilkepiirft 72 heandlone ealt noll pflowz% Therepilotea®.arranged such that

I 8, pil , €.g. I
each Sg%&?)gﬁastat%élngcg%?pi% gﬁ%]%en ﬁﬁzl}r@,s? ; pﬁ&ggi?h @a_ecggof élge@étreY&P qﬁ;rysectors. For
ll dectoP! i - hES with pi
cxamflob b L el 1955281k 11E B GEE) 08 SOBES i i
737 of seetpn 3PS hpitrd 738 hkareoa toms fireqdérey witdngitot 8D weedttor S1 703, In
..sectors will] iLnterfere with each other. Note that the
acdii GRS IeZio" sl PUPHEF OB Selfs PIAREES 47 1ib{gRet Bt the Oner scors. For

examplé,| (IS The &l ¥ 6nPLIPAI6G 01088 Y0 2D 1FBY33L @39 4 ¥arshhitted on the same tone
' different i nFI ement at i ons.
in sectors SO 701 and S1 703, respectively. The locations of the pilot tones, the cell null tones

and the sector null tones are known to both the BS 1200 and the WT 1300.

The pilots change their positions, or ‘hop,” over time for various reasons such as

frequency diversity. Figure 8 gives an example of the tone hopping of the pilots, cell null pilots,
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In accordance with the invention, the downlink signa

i ncl udes one or nore cell null pilots, which are null
wo oved716BRt are shared by each of the sectors FOWPS2008005241
705. In a cell null pilot 729, there is zero

transm ssi on power in each2df the sectors 701, 703,
705. In addition, the 15 downlink signal includes one
and sgetoppyle Pelst GraphB00 of Fizlre §pBs fraBenpie o thehertical ax1s 801 vs time on

worG5E0RAS AR, IR RS BRLAPYD SYRSRLa s, v

smalhidrizoptall @ibdivibioh 807 degéspaRistiotad TFEIYRI Synftiol @net ‘E‘h@h Blloftone 809 is
dat a_t one whose transm SSI on power is fixed and known

repropeiigchigy 2 gpnali by With Yeriécabsltagings diach sectomurl pikeirBill és represented by a
smal P68 lih ﬁ‘oézgn%}i lﬁlg%hgc{l%%u%f }1 %‘ﬁ 1 p%l%t %fg%fe%rﬁa:nted by a small box

correspondi ng sector
with cioss baploddshadingect or S2 705 pi | ot tone 737. 20 In one
enbodi nent shown in Figure 7, there are 4 pilots, 1

sector null pilot and 1 cell null pilot in each

oo 0y LIRS LS Sy 1

pattem IIntacGtﬁdanca iwittothe iive@htion) whd sepidr atill Téiks hdp €610 wink HeSsame modular
arra q such that each sector has two uni que
hne @ as @% AlPHeppingay Ll thg same slopgivalice Merepyer: imeong wmbodiment of

the 1rf%HﬁFn %?ecéeﬂrrﬁﬂ 7[?53% s, %@ﬂp}gﬁ)l}?ﬁﬁéﬁ{g s§8e¥19(gduﬁ]ﬁ'shnear pattern as the

uni qué pilots res a tone

mknh®mqmew@hdmsqunwpﬁvﬂﬂ&7 of sector S2 705; pilot 733
shares a tone frequency with pilot 739 of sector Sl
703. In addition, the sector null pilot for one

S g6 R enfbRUREd i Ofie Whih Rok E%tenﬁeﬁfﬁtcoﬁ fBllBQﬁlg‘;aIZ@uted modular linear

sectors. For exanple, for the nul'l" tone n sect
hoppigg pagen. dn pidther PR i@y of thetingergiont thedelb null ipiosaiwp followmg the

samepp By Mo Frgicrld s Bfctel bt R R rmtogibentqfien @ cell null

ilot A8 cblfidles Reh A'pildtdne ! AMESHRK AN ARVDN P tRilbt tHR iBSach
P 1200 and the \}\)ﬂ' 1300, The pilots change t%el ot tireach of the sectors

is suspenied japd ghe kot tonsgs eff@ﬁﬁle’plytqrmdfQIrth&'tramS@msszeaﬁma pilot tone

Lversi re

contlrﬁféghn % eas} (?Iﬂél SF s %tgrﬁ In%gﬁ/ o(i‘eﬁtrﬁlgl ;B q§ ’1s efé?thﬁm rendered
tmu%mkiots WO 2004/ 077685 PCT/ US2004/ 005241 -27 and

sector null pilots. Graph 800 of Figure 8 plots

frequency on the verti cal axis 801 vs tine on the

hat i ca di;vi sion .

g@bé%?ﬁgést t%g\gl’ ?% hat';%ﬁglkse shhe v&tgh'l seg%l f\fhesbase station 1200,

and tHaothezhatedl g51lnkffb1ﬂ Seite WBA300 rgﬁ@ﬁngnds Sithiafly Fuibse that the

%£$ol tine. Each(ﬁilot tone 809 is represented by a
channghgain fiegyShia WK 340 is gives hydP n@nd E@mrmsr@cwarlwolm given by y.

rese

Final Spf g R AP Fighe B GRFTOeRLATIS bt 1ok §omsSO to WT
1300 {RRII8S %H—ﬁ&s@ﬁla@lsiﬁ?dm&% to %Eﬁn%ﬁ?%ﬁw@@&zﬁﬂ 8%hannel Igfuill of §.

shading. In an enb ment, the pi tones essentli a
hop follow ng a nodul ar |inear hopplng pattern. In

cor danc Wlththean the sector null tones
ngQ%sF r%q,?gnfswée ﬁg&bcf gqta tones on the three sectors is given by Q0,
Ql1, and 02, respectlvely. Then the received SNR for the link from SO to WT 1300 is given by

aQ0
500+ BO1+ 02+ N

SNRs,(00,01,02) =
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10 linear pattern as the pilot hopping with the sane
sl ope val ue. Moreover, in one enbodi nent of the
w0 pooefotiegss, the cell null pilot tones al so hopPCT/US2004/005241
foll owi ng the sanme nodul ar |inear pattern as the
pil ot hopping with the saﬁ@gélope value. In an
enbodi nent, the data tones essentially hop follow ng a

peFpihermyadiaf thip disayssionsit ol be agsupredithatrihe interference due to the
T M
same}BEDLE 020 ttﬁ‘ag Ifnfi‘gs?ﬁ{)f‘éﬂﬁggfnﬂ Qitt B@Bﬁnﬂa@a‘éﬂ:t%%eﬂ{bg%égggpdiscussion.

a cell "null i des wt
ei ther the transm ssion of the pilot tone in each of

the sectors is suspended and the pilot tone is
ef Peee My E30P shoaldepsovige aseieof pregimsiars & ha bese statéonpiol that it has enough

e ] c.anf . at t he. sect.or.s and

nor Q16 GO THE Sl MR S0 Bl S PR Ga 06 s0 10 wr

1300u Atesabledie thabirdpangionhatmaynse We nkB081di&sned. UsiHg a cell null pilot, in
. established with sector SO of the base station 1200,

which the transmissirg 18 19a¢ihed the 8550rs isdinitdOPPEsitAY to BEasure thyi signal-

; i : . in. fr S
indegpan gt SR mnkeing HARRRE A RLcl P e aRDN e Rothury laves he
folloginggiNRy y. 25 Finally for conpl eteness, suppose that

t he signal -dependent noise in the link fromSOto W&

1300 includes self-noise that is proportional to the

transmt pewer with a channel gain of (5. Suppose

t hSVRO(Pd =t+ansmit power for the data tones on the

three sectdfs is given by QO Ql, and @,

respectively. Then the received SNR for the |ink from

SOto W 1300 is given by 30 SNRso (QO Q1, @) = aQ

8 et 3B &MZGE_I\iuM@iR)@ Cohe TAtOBS aftTY 745200 6mB0Giddehts ar@8ised to measure
th S&Eﬁ &Jgee.{e i nder of%Hlls,d égu55|on, It will be )
© SHEST MecP REP™ PRED PRT of e ngigakorigserigty igot sumapitiing. In particular,
for se8®% 50! onsidel thaFlol ohe itiSar BHGE p RIS 0 S sBRDF hﬁl?pfl t&ﬁéﬂlr}ﬁ Then

si gnal - dependerit noi se from tphe same sectof 5 SO
measyrizg the SNRsbaspd iovithiy pilbi is seeon3auvill give tlenvalbed i n t he

subsequent discussion. 5 The WI' 1300 shoul d provide a

set of paraneters to the base station so that it has

enoulgg | nfogpation to predict the received SNR for

t heV. \(\B ?Wa transm ssion fromSOto W 1300. To

obt ai n t hat”'i hf'or mation, it may use the null pil ot

tones. Using a cell null pilot, in which the

transm ssion in each of the sectors is 0, it is
wherepihs $itérferingsenmasus (wiltepath grial 41 n8apieatle By nidke@ng the SNR on the
 Conparing that with the received strength of the pil ot
pilot topg thas® agfiecies nukh éonelin Sl othe dvenferingNRctor is sector S2 (with path gain ¥),

and the resulting SNR is given by

oP
WP+N'

SNR1"(P)=

B y

The slopes of the noise characteristic line in these two cases are &~ and -, respectively.
o o
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SNRO(P) _ ! N Next, the sector null pilot tones can
be, and in various enbodi nents are, used to neasure 15
WO b@48re83 n t he situati on when one of the nei ghtyDUE2904/005241
sectors is not transn1tt|n8 In particular, for
sector SO, consider the pi &t tone that corresponds to
a sector null pilot tone in S2. Then neasuring the
SNIHb)haS ¢k SR tihdiseoplylndasured sising @iloSOnes thiat do net ctolnuespond to sector
null @@)& e I%I:\I gtlhgr $c%qﬁ lﬂppnptg{sﬂiPl\élgIm?%%r?gg%]etﬁl%qggpﬁogatcgé&t the 191terference
from WH&J W9 sE&%rsSNI'_ﬁlé)HwEﬁ?eméﬁt iOdalfed @?\Iﬁ? 8fnck % 1ﬁcl§§éét1ﬁferference
tone In 1, the interfering sector Is sector
from ¢wb sért@at h ga| ny ), andthe resulting SNRis gi ven
by 25 SNRI7 (P) = aP yP + N The sl opes of the noi se
characteristic line in these two cases are 'and Y ,
regﬁﬁé )vel y. gpa a WO 2004/ 077685 PCT/ US2004/ 005241
-2 TE_EE?_ENR is directly measured using pil ot
tones t hat P88 Mok correspond to sector null pilots in
the other sectors, then this SNR neasurenent takes
into account the interference fromthe other two
sectors. This nmeasurement is calle@4SNR2, since it
The slopel Qf deanoisy eharasicaistie ling inyihis Gase YeCTprs. 5 SNR2(P) =
aP flP+yP+N The sl ope of the noisé characteristic
line in this caseis "6 + a 10 By defining the

follow ng SRR as proper slope values of the nois
chay delfng deilplloWing>RR a3 PioRer;daRs Yaluesof theetpo‘i@eec}gmﬁpnstlc lines, it

is poésﬂ)lé to reﬁlte Sﬁ'g I§)r3 %‘A%R%g P)ané gNﬁ’Z\IWth)) %‘NR%%? =1+y a

SRRz =BEY
a
SrR1? =&
04
SrRR1” =L
o

The SRRs themselves can be computed in terms of the SNRs as follows:

SRR2=— 1
SNR2(P) SNRO(P)
1 1
RR1” = -
> SNR1#(P) SNRO(P)
SRRI” = — 1

SNRI” (P)  SNRO(P)
Note that SRR2 can be found as the sum of SRR1? and SRR1”.

Then the SNRs can be written in terms of SNRO(P) and the SRRs:
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SRR16 8 a SRRI" = a 15 The SRRs thensel ves can be
conputed in terns of the SNRs as follows: SRR2 =
WENR2ZPPIESENRO(P) 1 SRR1/3 = SNR16 (P) SNRQ( P)PCT/US2004/005241
SRRF' SNRI r (P) SNRQ(P) te that SRR2 can be found
as the sumof SRR116 and SRR r. 20 Then the SNRs can
be witten in ter of SNRQ(P) and the SRRs: WO
209&@%@6:85 P(SNRO@B)OM 005241 -30- SNR2(P) = SNRQ(P)
1+ BNRRRP) s, 7 (P) = SNRQ(P) 1 + SRR17
SNRQ(P) SNR1 (P) = P) 1 + SRRL SNRQ(P) 5 If the
Wr eportS‘NROéH)‘fi cient set of these statistics
S@PRE‘ R2) to the base
(e’ g, =] 1bt<€5¢é0([§RH 7, SRR2) to
200, Ii%e ase

station 1 tation 1200 can predict the

received SNR b 1300 based on the transmt
po%ﬂkﬂ(wg—)sgﬁlgw—m general, the SNR as seen by
the Wr 1300 Fdikls - § tRQ(It))ransrri ssion with power QO

with interference from sectors Si and S2 with powers
Q and @, is given in ternms of the nmeasurements made
OITf tHREW TR0 irkiiits aQ it et Jf NS FistariPQWRE oP as: SNRso
(O Q, @) = a® ,8QL+W2+N _ SNRQ(P)
SNRO(% SRR1”, SRR1”, SRR2) to the base station 1200, the base station 1200 can predict the

received SNR by the WT 1300 based on the transmit powers Q0, Q1, and Q2. In general, the
SNR as seen by the WT 1300 for a data transmission with power QO0, with interference from

sectors S7 and S2 with powers Q1 and Q2, is given in terms of the measurements made on the

pilot tone with transmit power P as:

0
SNR;, (QO, QLQZ): B0l +0{}/QQ2+N
_ SNRO(P)
(23 SRR1% + QSRRVJ - SNRO(P)+ £
Q0 00 00

In Figure 9, diagram 900 shows three situations for an exemplary WT in sector SO. Cell
901 includes three sectors SO 903, S1 905, and S2 907. Fig 9 shows a WT 909 near the
boundary with sector S1 905, where WT 909 receives significant downlink interference from
sector S1 905. Cell 921 including three sectors SO 923, S1 929, and S2 927 shows a WT 929 in
the center of the sector S0 923, away from the sector boundaries. Cell 941 including three
sectors S0 943, S1 945, and S2 947 shows a WT 949 near the boundary with sector S2 941,

where the WT 949 receives significant downlink interference from sector S2 947,

In an embodiment of the invention, for each of these three situations, the WT sends a
subset of the measured statistics to the BS 1200, in order to reduce the amount of information

conveyed on the reverse link, e.g., the uplink.
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Q@ SRRla + 22 SRRIr SNRQP)+ P QO Q Q In Figure 9,

di agram 900 shows three situations for an exenplary W&
w0 poogetiees SO Cell 15 901 includes three secPOr/BESHBOI/005241
903, Si 905, and S2 907. F'g 9 shows a WI 909 near the

boundary with sector Si 905, where WI 909 receives

significant downlink interference from sector Si 905.
|thesifuating sk Figued Witk respect3ocel2 301, Siup@Re thaq e WT 909 in

toP” 9. | enter of, the, sector SO

sectop 0981 RN stnifbatRickBrontl FrofERoRE sTiogls Ty & cBbraimited

scheduter] 1245 figr thbbes stAiaican surPOffIA8 datditra8¢Biss@As imxecRe §1 905 that
949 near. the boundary with sector S2 941, :

. 1,fshovv.s a}@V\T ! y _
interigys Kl the transmigpons romesesioy 88 W ga e Wan209d dMedniwiiile, the transmission
; i : odi ment of .
in seqtf 7 067 SREGAQM SAHAE 4 Shme by 0 ] Bitsr T pver Q asin
sectol\#0.s@heistha SNRIk=atbyahe WROO®asilbedivehayi stics to the

BS 1200, in order to reduce the anount of information

conveyed on the reverse link, e.g., the uplink. 25 WO

2004/ 077685 PCTAQSZOOM 005241 -31 In the situation

s h8WRs,(@,.0k0 s ith respect to cell 901, suppose

that the WI 908 %#H sector SO 903 receives significant

i nterference fromg\em(pp Si 905. Then a coordi nat ed

schedul er 1225 for the Dasg st ation can turn off the

data transm sSREAS- SVR@@G+6r S 1905 that interfere

with the transnissions frofdsector SO 903 to the Wr

909. Meanwhile, the transmission 5 in sector S2 907 is

coordinated so that it has the sanme or nearly the sane

. i, ' nAhen the SNR seen
n AR AR R R B R 5 S5
SNRQ(P) SRRIT SNRQ(P) + P Q 10 in which case it is

syfficient to report SNRQ(P) and SRR17. Next, for the
= ek A Re sliShtfonisRown GLF@UTE Se P aspdercell §2ban wlgels the WT 920 i

not ndaP a\Wt6bdunga d itt ?%ﬁoslsi%le tB%anE‘rﬁﬁron%g'ﬁ% I(& N s«%)c?cﬂjs1 %{I%Hto ({:Jaiusing too

i s possible t smt on nost or all sectors w
much detederegcd wahe MIE B29. ninsthfsensn sepioge tHeeha¥d st926h schdilbi B225 makes

.casg, suppose the base_.station scheduler 1225 makes 15
the st REanE HRRRD oty DAL E R R 26 SBOHOBR iR Kpgeith the same

SOCTRS ' ' is oi
roveARCIRERLE N S IRV Ao A RN B s veny

fromsector SO 923 is given by

S
BO+1Q+N
SNRO(P)

SRR2-SNRO(P)+ g

SNR;,(Q,0,0) =

In this case, it is sufficient to report SNRO(P) and SRR2.

Next, for the situation shown in Figure 9 with respect to cell 941, the WT 949 is located
near the sector boundary with sector S2 947. Since the WT 949 receives significant interference
from sector S2 947, a coordinated scheduler 1225 for the base station 1200 can turn off the

corresponding data transmissions in sector S2 947. Meanwhile, suppose the transmission for
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SNRso (Q Q Q _ aQ, Q+tyQ+tN SNRQ(P) SRR2 SNRQ P)

+ PQ 20 In this case, it is sufficient to report
WENROPPKsEANd SRR2. Next, for the situation shoReT/US2004/005241

Figure 9 with respect to cg% 941, the WI 949 is

| ocated near the sector indary with sector S2 947,

Since the WI 949 receives significant interference
sectof pg91s é%%caﬁd%gd yifh thexsagesdFaais it pagy os ¢hasdinl seeton 90 943.0Fhen the SNR

5?‘9 can turn off the 25
Seen{)grresponé%lt ng ansm ssions in sector S2 947.
Meanwhi | e, suppose the transm ssion for WO 2004/ 077685

PCT/ US2004/ 005244 -32 sector Si 945 is scheduled with
t h&VBane, @04 5@%%0\/\/& Q as in sector SO 943. Then
the SNR seen e WI 949 will be given by SNRSO (Q
QO =aQ ,6Q:N SNEMENP) SRRIQ SNRQ(P) + P Q 5
in which casg Tt T.s suf rcipnt to report SNRQ(P) and
SRR1Q. Hence, SRthahéNBQE restricts the transmt
powers such that they arezggual to some value Q or
are equal to 0, then in each of the three possible

nfi guratign only a _subset of i nformati on needs
in WHG e {iaRRPDE PO RG AW S8E 1o t he BS 1200, I

particul ar, in one enbodinent, the wirel ess termnal

1300 nmakes a decision as to which of the situations

( elance, ifithe BHH2O0 ieetrié'tsghe &a&nﬂebd)w&@ SuctFihguthey Qre(bqhhl to some

9(21 and Fi g[ure 9 cgell e[ﬁghe W 1300 i.s current
value; ¢ or arpigauality o thizadi Eﬁ? reernosE petcoatisiptionse owr a subset of
1nforr¥a§@c91 hedd t@b@t@aﬁ'sﬁgﬁ)ec?ﬁ% R thdPI30038%hOBS 1BBYN :}{ncular, in one

I ndi cator. The sector boundary indicator indicates

emboahm@lt,eths wiretass feainpd $ 300 makess deofstomasttb ovhictebfthe vieudtions (e.g., as

o S ERURY g RO D2 5P o et AR 50 cumenty

This ﬁiﬁﬁﬁﬁlﬁ@ﬁ ¥art Be trismifed b§ B WTranems feass Ubd eﬁ two—blt Sector
nei ghdlorl ng sector. second bit could

Bounggry dhdiedtor. hEhe segtos éotlmiasy ndicsts imdicaes wireheﬁsetammel position
infornﬁ)gtlon reia%vg tob;!:i tsector boundary. The first bit could indicate whether the WT 1300 is

on a boundary so that it is necessary to turn off the transmission in the neighboring sector. The
second bit could indicate which of the two sectors causes more interference. Possible 2 bit
sector boundary indicators are listed in the first column of Table 1 set forth below. The second
column of Table 1 indicates noise contribution information. The third column lists the control
action to be taken by the BS 1200 in response to receiving the corresponding sector boundary
indicator. The fourth column lists the two channel quality indictor values reported given the

corresponding reported sector boundary indictor listed in the same row.

Sector Boundary | SNR Other sectors WT reports

Indicator

00 SNR,(Q,0,Q) | Transmit on all sectors | SNRO(P), SRR2

10 SNRs,(0,0,0) | Turn off sector S2 SNRO(P), SRR

11 SNRy, (0,0,0) Turn off sector S1 SNRO(P), SRR1”
TABLE 1
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sector boundary indicators are listed in the first
colum of Table 1 set forth below. The second colum
w@booTamiees 1 i ndi cat es noi se contribution i nforPEL/U82004/005241
The third colum lists the_,gontrol 20 action to be
taken by the BS 1200 in reégonse to receiving the
correspondi ng sector boundary indicator. The fourth
colum lists the two channel quality indictor val ues
t Lihed.sect o
I e P 7 11306 o SRR RARE LS L R GH6 Sl Piguration it prefess,
the VBB UBORngedSMNRoY hepors ENRAMES aMd ofi€piht $hred BRRgat or 00
SNRso (Q Q 0 Transrrit on all sectors SNRQ(P), SRR2
10 SNRso (Q O Turn of f sector S2 SNRQ(P), SRR17

A8 b A T e s 8 1 e

embmgnﬁntsaf nide itveetiWil, f&30O sitakeiohiWheesther drban bﬂﬁ@argtrﬁiﬂlféﬂ of sectors,
onfiguration it prefers,  the W

the S‘F‘Fi%fa gretch lgﬁﬁ? §to UHET sectaiyRes) whish Venuilldpbel o, Bhiea@S2. This
classi¥dB§on ﬁtdﬁsegwrtt*pe% ?§3(9{e 1‘5 Shdh YMyhf t}f)a'? t\% Q%]Eie% Xec@&g%ﬁ not have the

of sectors wl now be di scussed.
sameémm dit iseassunadd thhf for tww anm-adyacerﬁt sarctdn’su ahes effectof ditedbrend is
her,e _are an,ar er of se tors, the sectors

cons1g?rgd Smait ag%ughrﬁsgo lnﬁ s1§1é1 CY Wb@tst € PRILFRusR ofinfgrference is from
ad3acb1@tb:@l:to§@f dififeremcty Sk, I—Té?ic§ it 1§Fé’s§ﬁﬂé foct?éa't Bis sifaRioR BF hP 5na10gous

types is done in"such a way that two adjacent sector
fashiqy 10 theease ph the I-brstorsghesinggghe primaissomssunfantetfamencd oy each sector
nt sectors, the effect of interference
Comeg%fg?%tgvnosﬁe th é)ﬁmgrsrﬁcftf)r%nough as to not be
significant, so that the main cause of interference is
from adjacent sectors of different types. Hence it is
pddgyp 18 incdudes agtiagramsl 080 thra shays the semompd:sdgo azeemplary cells 1001,
f [ e 0
to21; FNAT i 3 ASnE xRl FEPestBT KRB et By hbeor 5o ype
sect01f 1003, b tisst koSl GHL SEdtHTL 0DE CzirmraSﬁrsils%cEirmrt?pel&ctor 1007. Cell 1021
i ncl udes a diagram 1000 that shows the sector types
includes @ fERISREORP( tyRs) seaton HOR83, a firgzectonhitypesectar 102532 fidst sector S2

type s?%r P05LGhE 5§e§8§1?55)9ec%é ye%to‘f 10 Ogeﬂ‘ 284?11 ﬁldgse%f 5%? sgetqr SO type

rst séctor SEec
sectot Y048, s ficst thdl{HlStypamtt@ 1046 54 figsesdctdr S32yhey RRFEAOUPSa second SO
1007, 1021 .includes a first sector SOt

type sggiof 694(86612%3 secopd Sdityretector 185h Tahle2 seidesh bmfgwsglvas an example of
a plari fof AiffePGE 'hQﬁlbé% of Eéégﬁ S\?@% ”cheﬁ%ﬁgr dpfqﬂgh 0%% ngld é’? s cogrgsponds to

type sector es a

the ortlgmro@Bdmede.gr, c]kﬁlt@;seéaarfoun&these@tbﬂr S1 type sect or
1045, a first sector S2 type sector 1047, a second SO
type sector 1049, and a second Si type sector 1051.
Table 2 set forth bel ow gives an exanpl e of
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a plan for different nunbers of sectors, where the

order of the list of sector types corresponds to the
woreaen7psdceedi ng (e.g., clockw se) around thePGEUSIN4/005241

WD 2004/ 077685 PCT/ US2004/ 005241 -34 Nunber of

sectors Sector types 1 S 42 SO S1 3SO S1, S2 4

SO, S1, S2, S1 5SSO S1, S2, SO S 16 SO Si, S2,

SO, Si, S2 7 SO S1, S2, SO S1, S2, S1 8 SO, S1, S2,

SO S1,52 75651 9-Sp—S51; —S52—S6—S1—S2—S0—St
32 TAE,I_I\EHEbeéo@?‘ﬁ@rStha%‘%@@%%ctor type schene, tHe
schene [ijnvolving celT hgpl piTofs and sector nufl

pilots [for the case.of [three sectors can be used for
an arbi|tZary nunber of|8§8c8lrs. Wil e described in tlhe
cont ext—pof—an—OFBM-system-the rethods—and apparaty

of the 3plr esent invent SQ’%]P§Ta'ppI icable to a w de
range qfy conmuni catt onsggySL ?QBSI nctuding many 10
non- OFDM__In addition,|sone features are applicable
non- cel|laul ar systens. | 80)\3lr,iSAUSO,81bodi nent s nodes

descr| ted herel n—are | Lenent ed st na one or nore

~—+

o

modul es & o performthe SQE%GS@?QE?Q@@%. ng to one or
nmor e fods—of t1e PrEg§ETR] SBVERd P8, dPT  exanpte;

signal |processing, nessage denerdtionand/ or
transm|ssi on steps. Thuso, $1)S2os® SISSedmdiiment s
vari ous present _invention are
i npl engt ed usi ng modu| 8&.S1582hS0,18ddS2.e%), $dyShe
i npl enenmted—UusTg sof twar e, hardwareor—a conbtnati+on
of software and hardware. Many of the above descri bed
nmet hods or net hodrABEBS can be i npl enent ed usi ng
machi ne executabl e i nstructions, such as software,
i ncluded in a machi ne readabl e nedi um such as a
Lce f I: . cqnt r ol
o Db HE Zb EFscofbr By e, thRBUt) 571y Bk et b PO 84 sector man
pilotswiot thewhseasfthick aeabrsivan damse] fot an k2 yraninbat of LEtors.
portions of the above described nethods, e.g., in one
or nore nodes. Accordingly, anong other things, the
erﬁﬁ@HescﬁPé’ i tth@@oﬂtﬁxtq}f aft @E@Mtsgft@mfnﬁl%I?h&ﬁ(?cfseﬁﬂaagbgratus of the
medi um | ncl udi ng machi ne executabl e fnstructions
present invention are applicable to a wide range of communications systems including many

non-OFDM. In addition, some features are applicable to non-cellular systems.

In various embodiments nodes described herein are implemented using one or more
modules to perform the steps corresponding to one or more methods of the present invention, for
example, signal processing, message generation and/or transmission steps. Thus, in some
embodiments various features of the present invention are implemented using modules. Such
modules may be implemented using software, hardware or a combination of software and
hardware. Many of the above described methods or method steps can be implemented using
machine executable instructions, such as software, included in a machine readable medium such
as a memory device, e.g., RAM, floppy disk, etc. to control a machine, e.g., general purpose
computer with or without additional hardware, to implement all or portions of the above
described methods, e.g., in one or more nodes. Accordingly, among other things, the present

invention is directed to a machine-readable medium including machine executable instructions
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WD 2004/ 077685 PCT/ US2004/ 005241 -35 for causing a
machi ne, e.g., processor and associ ated hardware, to
w@esoorissdne or nore of the steps of the PCT/US2004/005241
above-descri bed nethod(s). ﬁunerous addi ti ona
vari ations on the nethods 3 d apparatus of the present
i nvention 5 described above will be apparent to those
for cauging  aggaghing, K- direcessprand wssoriafdschasdyvare, tdgediormpone or ofore of the
iations are to be considered
Hqﬁ&??ﬁ#%%% gb§%38§ oplﬁﬁg i nvention. The nethods and
apparat us of the present invention may be, and in
rious en%}o nts are, used wth CDVA orthogonal
ierqes addiienal ¥ariaHens iop |ﬂ&<mﬁ@10@mj\@ppamwafrthwmesmsnvenuon
e
’ S“S’;?E%?%eyﬁ?%‘ﬁ’%v@ A R I LEUES, o kg VB etFiption of

the inyentivee rSueh ves stions destodrectonmideded withdie the stOpeSETTBe invention. The
access, nodes are inplenented as base

nmm_$b glnents tE
QA GRE 3RS Oh Ted ST} SRR b enefs varigw emodiments are, used
with GDRIA eorﬂﬁ%@ﬁal‘f?éqﬂ&cyqzﬁg‘fo nekie le%enenvaéé/gg%nous other types of

enbodi ment’s t he nmobi’l e no es a
comniipi eabionk teclem gpest wrish magibs esed todabd vida ssictdsa 6éBmuRPAGdns links

v L A B s g odes e

implehitdd8 Hased Qiudrfmkﬁéf%bftdlﬂ‘lgh E&%Iﬂﬁ'ﬁfcﬁﬁ% lﬂﬂqst\ﬂ gbll nodes using
present invention. Fig. 14 lustrates t of "%

OFDM)@@@&I QQMMtIno@nqum@nbﬁdlmmnﬁm mbbitegnaaiek ate 1hqﬂ\ﬁﬁent6d as notebook

ctors of a s nlzed manner in
compfis, b A Sohs T8k ot PiSeRiTio Sovides nabedhoe
receivel/Btlignitt8r GitcRlits an@TbEicl4HioraBekin: ke ﬁﬁ]?lehﬁnﬁﬁge@le]rﬂé%ﬁods of the
wherein a current synbol tinme 20 coun IS

preseRtdpygniippzed, e.g., to 1. Synmbols are transnitted in
the exenpl ary system on a per synbol basis with a
synbol time being the tinme used to transmt one synbo

achga g4 vilidhrages eyeCdiépss of Rhekbnphy £Rihod 1200 @irﬁﬂsnﬁttﬁ%@ﬁlot tones in
portion of the transmtted synbol that Is ad

mUItlHl?) FeCt‘Pfé gfingelhinya %B@Cbﬁoﬁt@éﬁnwaﬁ ingecordindepritththe present invention.

r r ns n timn
e SRR TS OB S5 A By g e
countér4§)ﬁumﬂmeél ang.1 toel . 1S yanisols hﬂe&fanlslﬁltﬁé@ﬁﬁ K@) dxeehplRy system on a per
pi | symbols to betransmttedlnt%
symbal MIﬁLa/w&ol timeeeing thamedised iy transmit onsysyaiobaloagwith a cyclic
preﬁx%ﬁél?fs %t &epd}ﬁd"f‘%e%(;rﬁgﬁ Sf tnd tl%ﬁglﬁltt%g% &f)o gtolrs %Eicggi for

to a pre-sel’ect transm ssion s
redungsincpto poteet hgrimit nglhsmhj aneferent®iangd nEher @@ilﬂi tr@flsmission timing
transm ssion power 30 |levels in each sector of the
CITOIScel|. While pilots are transnitted in each sector of a
cell in parallel, the power level transmtted on a
tone may be sonme pre-selected level or zero in the
c@peratién progedds from step 1404 to step 1406 wherein the transmitter is controlled to

transmit pilot symbols to be transmitted in the current symbol time in each sector in a
synchronized manner using the same tones in each sector according to a pre-selected pilot
transmission sequence, e.g., pilot tone hopping sequence, using pre-selected transmission power
levels in each sector of the cell. While pilots are transmitted in each sector of a cell in parallel,
the power level transmitted on a tone may be some pre-selected level or zero in the case of a null
tone. While the transmission times of pilot signals in each sector are generally synchronized,

slight timing offsets between sectors may occur. Thus, each sector may actually use a different
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tone. Wiile the transm ssion tines of pilot signals in
each sector are generally synchronized, slight timng
wo@bdigermshet ween sectors may occur. Thus, eachPGEHUSING/005241
may actually use a different WD 2004/ 077685
PCT/ US2004/ 005241 -36 synmd®l transmi ssion time
peri od. However, the synbol tines in each sector are
symbsUfrinsmiiesidr fme pgriadr Hanw thhaymbolgimes in eaci sdcmrtairakufflclently

ri in the Sy nbol ed t ransm t. synbo
synelffized gt Qe s s RTHPIA o e BEDIh e Disids FAPITE symbols in
each S8¢6d}. NRhallPeneSsBhahtidl ro@&%lﬁ i8 §h<9f‘th§tt tﬁéts gﬁ%nsﬁ‘ﬁs%lon start times
synchroni zed to be within at |east a pe lod of tine
are synshromszedridba gvithin ateast a periebeldime comespending o thedime used to transmit

the c Rl it Pl ERe Sop i e nhie e iSpaaply substantia
overlh]ﬂmt the s?ﬂlﬁ@locim&é dREe Bfffetdhe sabidrk VAN tIfE Aot p@ff&rﬂ olvérlap in symbol
ere i's not perfect overlap in synbol tinmes. Wic
timest ones are used for pilot tones during a particul ar
synbol tinme is determined from 10 the tone
i nformati on 1238 i ncluded pil ot hoppi ng sequence tone

I nivalchBbhdhrd dsed fohpil@ tériee dufBYR baitiRulde sysBsl thfe R determined from
given tone in each sector of the cell is determ ne

the topge mfpmw }23gancludest plothopring saayencedpaeintorangsiond234 while the
povel PP AVSHL LR Sc AN GHE LA UMl o bRy eve

inforatied 123 Syrrbol time count is increnented by 1. Then
in step 1410 a check is made to see if the current h
synbol ti rre has reached a maxi num synbol tine. If the
C t iS.: 0 i pum t. .
e the Bk hos o ok i ool ST Wi i 1406 operation
proceBaPI step WWManammMWMtlmmﬁt is incséragntddiBp 1. Then in step
periaqdic ansm SI on of pil t Qnes contl nues to
1410@@{3%%‘%15%36%%? {h qumeEns t@ﬁr@meéas pFaceed @ BrEIpEp sYRpO! time. If
the cﬁ‘f‘éﬁ%@y’}ﬁ ol4thd Is RBRGo 4% Iﬁéaﬂhiuﬂ{‘ e CARSHY Fd b8 E PPreREt to 1 so that the
Some ot her event causes the p| st gnal transm ssion
pilot bmmnm&qhmde&:an ibagiarto mpeeatdn stapfléﬂﬁj Afe peniodio trengsission of pilot
- vari ous exenpl a i | ot to ransm ssi.ons are
q&gt8¥h

tones é:ﬂB’WHJeS 49 EFRGALACEPF %{perft? cﬁ;ltg%q RapDiRSeAuence until base
statioh MaRSHRELR @top@ sbitie 3REL BN ERu {H2 t}ﬁl'&?s@ﬁaﬁstﬁaﬂhﬁmswn rocess to be

i nvention, pilot tones are transm using t
interripiads  in nultiple sectors of a cell at the sanme or

substantially the sane tine. In various enbodi nents

of the present invention the synbol transm ssion tines

ArRRf&YiRg Moo Fesk. il B-17RArYE] &:RUH1 A9 %ﬁl@f @netranérﬁﬁmsﬁé Are shown
Assum ng perfect synchroni zation, there woul

alongowidhy pides signal smnission pererdnfobsetieren t he pi | ot tones
transmtted in the various sectors of a cell at any
gi ven tine.
In accordance with the present invention, pilot tones are transmitted using the same tones

in multiple sectors of a cell at the same or substantially the same time. In various embodiments
of the present invention the symbol transmission times are synchronized in the various sectors of
the cell. Assuming perfect synchronization, there would be full overlap in terms of time
between the pilot tones transmitted in the various sectors of a cell at any given time.
Unfortunately, as noted above, precise synchronization may not be possible for a variety of
reasons related to the complexity of synchronizing transmissions between different amplifiers

and antennas operating at high frequencies. However, in synchronized sector implementations a
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Unfortunately, as noted above, precise synchronization
may not be possible for a variety of reasons rel ated
wao eoottlozze8dNpl exi ty of synchroni zi ng transm ssi PCEUS2004/005241
" between different anplifiers and antennas operating
at high frequencies. Howeveéf, in synchroni zed sector
i mpl erentati ons a WO 2004/ 077685 PCT/ US2004/ 005241
substaidial smbsttarftovatlapobymbodfimey exilsiaﬂvetweesylummctdrﬁ nEkus pilot

exi sts between t ectors. .Thu ilat tr nsmssnon :
s EAN OBRCHIE P PRt SDeR O STV BR e Bl T S aphan Which
assurﬁ@ﬁﬂ;ﬂ{fv%ﬂﬁﬁ H&iﬂ‘g‘éﬂgast ﬁ%%ﬂf& dréhdn &Mt%’r'sl @ﬁhﬁﬂ kdaB@nAbion time possible.
east a portion of each sectors synbol” transm ssion
As mentmameg @bgveb irethe s},xgchmnmcbtrmlabcbmjgn/t@f tlnmlmvhmon the difference between

synchroni ze nbodi nent _aof the in
symbg) kG et (ot pev sl VebPun SFaE PER ot Bouelly js s than the
duratRBLIMRERIC B Y WHh $€6drRTaly fcl@ledetith tsialittyd §yinbRsS

than the duratlon of the cyclic prefix which i's

normal Iy included with transm tted synbols. For

p oses of scussion hat . t her

" FRGR PGt tb TSR Dt bisas Sl RRIEE Gl Sy ploffleon wie
s1gna¥?;eb B9 s{iBOS it £ Hamimittb®atIBOBantd tife ia SyreYirGhfednth#e@r in each

manner in each 10 sector of a nulti-sector cell.

sectorpivemelti-sackrs caBovevet thesibere disressionmakies drclean shat suchtprecise
synclﬁg@%tio%u R Jort %ﬁ{/ gg%)sflg)ét 'togéherrﬁgﬁ EE%% %eecﬁl?r%a td 8£|aﬁ88 fﬂ% 1%%tibr?. Thus, the

transinis3708 Th 8&dhasdclion ceRespos@ab ardiffatntesy ol simeovticld nfafyereenghtly offset
synbol tinme which may be slightly offset fromthe

from Mmbol firs obfthe abiacsns seetont Iisacepisiance Vith degprasené i vntion. while
(o) t
po 5, BEGRBHMME TP S B QBB B68s jy gyetronied
mann@f, theop@seriof tiee Sijorcbres in diftrechd serpmnnef a célherepowneollaf totgeemit
pilot tones in different sectors of ];Fcel I

re . _
differgBi 8] A HTemBRIs PYNCh [ iFaSs. oh b PATRISHLEY Sshiets i ERfaiing the noise
I nin
consfRSR AL 855 e LR AN Sl BmudEtSLe i
sector(s) as well as background noise. To facili tate

nudﬁééll LLRhe g Iﬁgltgélg ggffe%!g%nal %g%ﬂgq%n%lnste%‘gl}ﬁﬂs |p118t tongs may be used
dunn% a%ﬂ?;.ﬁ@ SHhi tfah&ﬁlssf% §i8de) Q&l‘te‘ﬁ%t%sl}p Bﬁe ?ﬂét‘%ﬁgrﬁl 81§ he W8 per

per nbol tinme wth the pil si gnal bei ng

symbak ging wath e pﬂetr sgral pcmg rasshgwdldsffdamtl pogved ildvieksr daming different, e.g.,
succegéi?%isyg]l%aﬁ X es?ﬁ%ﬁ}f?é thﬁgﬁgt 8 %1?2{1] HZ@%%JS:F%S&% Jrdde (ﬁ%ng different
symb%l/ﬁf%@i rrad 'EE%S&P% ﬂ?@dﬁé‘é%’e %) diff&‘éﬁﬁ&lahﬁﬁ duaBtyth ifc8ioe Rilues which

channel quality indicator values which are returned
are reffernedhee tha besesstattangn areprdance mithrtbeinvention he i nventi on.

25 Fig. 15 is a chart 1500 show ng a two-sector pilot

tone transm ssi on sequence inplenented in one

eX@pPl ik ¥ &B@Q@O@R{Hmﬁ atNE-sEitGSHIY: tdrRMEMERionA8qitdnkt

be di scussed bel ow, e se%uence shown in Fig % can
1mplmne1@dlemete@er991@rsembw1mnnw dlecpresent inpgaiien. I\M wilhhe discussed

below, the sequence shown in Fig. 15 can be extend to systems with N sectors, where N is an

arbitrary number greater than 1. The sequence shown in Fig. 15 is implemented for a cell which
includes two sectors, sector A and sector B. The symbol times in each sector may be slightly
offset but substantially overlap and therefore will be described as the same symbol time
although actually being two slightly different symbol times in many cases. The first column

1502 titled time refers to the symbol time in which a tone is transmitted assuming perfect
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arbitrary nunber greater than 1. The sequence shown in
Fig. 15 is inplenmented for a cell which 30 includes
WO M4088Dr s, sector A and sector B. The synmboPCT/USm84/005241
" in each sector may be slightly offset but
substantially overlap and Bferefore will be described
as the sane synbol tinme although actually being two
synclsbnighti dnybedw Edreseeturs. skindmelentbiodesert nwinae yhecaagesond Bsaised in each
first colum 1502 titled ti refers to the synbol )
symbo} HeifF B! chenal RERESePcach SYRPRLiiReil featah hgopesrapgds to a different
:%ggg, Q77 \S20041 S92k i Zgti
curreﬁ\gt vveeﬁlug1 éé:?[glr% 5 E%Hrﬁl one eérbodi mn¥?ﬁ%§¥%ﬁtg Eég{éég'%é fitkuency, on
which @reepilos sigaald arentraanhiteds yirdsh row icoredpondypiol ae tengynRifferent rows may

rposes, each nbol ti 1 through 4, corresponds to
correfpite ecitine i GRE: QYUIGPORRESh P aEit g TR TRRAATon. For
exampRD ‘ﬂnhédsEi @Hjcrlg%ﬁfst ghrSudnBuit® Qﬁnbﬁ:tﬂnesdafré UG ourr8ht symbol time,

which the pilot signals are transmtted. Each row
then thefirgishiongls fawthonaest listesl inpofuner &304 widhiss diffpreBit since each pilot signal

.correspond.to the sane or different tones d ndi ng o
requifQlnE H AT AR RE B e Rou g A rpyrBo0l s g g bmn 1502
corre¥ptid@o UifeeréitchtreAthiyaib@ntifes! ithd ton¥dRRed fnl dHBSMANS04 By be the same

_sanme current synbol time, then the first through
or differentt h tones listed in colum 1504 will be different

since each pilot signal requires one tone. However,

in cases where the first through 4th synbol tines in

C OA aBcukBéEPabov @ EA@SIRANTS 1201 Sli4f fi 8TEMd LUBI@REsFAPQ the transmission
tinmes, the tones listed in colum 1504 may be the sane

of a tone igreagh pf Gesalls seRiPraNsnddd &  abiove vesddn tiepsmitzplot signal. The
: . r
s RSAP 08 11500, GO BB A8 ey IBTHALN o c, e
pilot @nkanasiied at anyt paEnsiaitimeisptanshit@t gl a prebelected transmission power.
transm ssi.on power |evels in each of the sectors ma

Thusyibe fapsraistipk PeYex # akren Whichadrilot sigael is faasmitted Wilipe known to
both Ih%fb%sé §aibM iob%ﬂd%&&re%% @ ifls 13botdifl thid iﬁ%ﬂﬂﬁ@rt}fs &ftbred in both

W t a pre-sel ected transm ssi on power . us, e
devices ambboth sevitesdowsr thardrrtmrsgmbnl tidae Clonatimiidgoinf@hgiah avalable in the

it ill b t both the base stati .
cell. ilr?%?gs gﬁ&hgﬂpg (‘é)%lgm]? égaé?o ﬁns;tp @%ﬂ@gslgPﬂé§n§1§J§§1o§’l p%wle? Il’level for the pilot
signab&&%&rﬁﬁ&iﬂirbebt%ﬁ%&ﬁr?gjthb BorkeQb mqi&g}aﬁg%ﬁicam r®PEBrresponds. Similarly

evi ces know the curtent synbo romtimng
the faunthaohmbn d508alvsts thalpilet $ipndl hansmissibn pbweHegel fabthetpllet signal
third colu 1506 lists the pilot . signal transm ssio
transiyigin SERVE B PORE LHRORF Fot ik 18 BB A Sorepadhcpm Each column
150 GREhAR" 500 KshAdadder ?Qﬂ)%sés(bf‘éﬁblﬁﬁliﬁéw 3 R&dthd EHbRTimEMYater but is not
corresponds. Simlarly the fourth colum 1508 |ists
used {rhtbe b stctaiigmpddmantativartiesty descrgwden régavdto Figr 13.he
pilot signal transmtted in sector B using the tone
to which the particular row corresponds. Each col um

156hchRédtamplelinlddlinsn 1504 Meeth0BeéprBienROsasp of trasRlifinBiaNdlot signal

a 3 sector enbodinment later but is not wused in the
in the ipdicgled seator atthecganarad syrobolisnsigdigetedrin belymnnl Y08gwing thetone
indice'f_tiecgin go%ﬁm% ?504. In practice, the tones are transmitted at slightly different symbol
times in each of sectors A and B, e.g., first and second symbol times which correspond
substantially to the symbol time listed in column 1502. A 1 is used to indicate a non-zero pilot

having a first pre-selected transmission power while a zero is used to indicate transmission of a

null tone, e.g., a pilot signal with transmitted with zero power.
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Each rectangle in colum 1506 and 1508 represents a
step of transmtting a pilot signal in the indicated
wWGeewtor7683 t he general synbol tinme indicated | PICUS20031005241
- I502 using the tone indicated in colum 1504. In
practice, the tones are trafsnitted at slightly
different synbol tines in each of sectors A and B,
e.Row 1512 stiovantlats s pmblolstimb d) usirigese Wi € bilooyiges pomshsmitted in
S e I P RN TR T R T -
the céht;ibﬁtf'cgy R ifited: @éc?&ﬁﬁ@rftefe%@@[ﬂ SBPB &%@JW&& Airkfssion on the
is used to 1 ndicate transm ssion of I tone,
samegomg. , It alspiallows sacgrrafk tanngke aqcarmnmawdemmhoﬁme @ttpowdon in sector A
VD 2004/ 0776 5 / US2004/ 005241 -39 Row % ows
withqug the presea CHRICE ug, {9 tho{r %nt anfnn%(c,mf Pt Si‘P %qsponds to
smeo?tlfrfeWﬁ@r&tnecgné Dis 18E tPfrarRmidd NETA. b bn Rlctpia §1'1c9£‘ @lpllot signal in
is transmtted in sector B. This nakes it possib
sectonBasIlIJmealchsesecmnti\rnobl@telrmmedhe pmpent-of signol mtanfeecmce Idsﬁ masector B

oS B0 b1 gk By v s
to traﬂﬁﬁﬁ WINROENH3l00ighd1€n Bbth@Bstaksi Qbnd B rﬁﬁéﬁ%)gerférzﬂ batkdietid noise

the presence of 'interference due to sector B
measpreaIests poskible. onnge 35 Mwa%IB@@g@msm t9 sysshebéimet4 yhein tone 4 is

used Vg\'lgl‘g?tﬁ Fec},g\orgRSzj aréd fi%%l r?llgﬁ:ldnlg ? é)Hg 31gn S. S]%l CsP((k)f?L & ggs%.rhe%lch sector can measure
the effibdt QMHaHBE h@IgnAl frahsHEf T With thel AAMeaiTBLRE0 PowEi 18V lin each of sectors A
interference due to sector B transm ssion on the sane

and B grthe smoatins1 Sogmetle sieirmdgnalsors yransnitied irpacgoydaaeemith both the first
and s%&?rﬁi r%ws 3512 e1%14 to? F%r 15 %Hzl St l‘rélag\lghé‘ PP{) l\x%t 1 5% b %ﬂgll sh §‘ in order to

sectors ackgroun

provid® a R BSess TRt g (P anke bdlfﬁcﬂﬁt §1 Qlﬁ& n&asﬁeﬂ\ieﬂ.tﬁ Yéhich requned as input to
corresponds to synbol time 4 wherejn tone 4 is
the tyodiftsrent fenctignsuskd4n gensrits the s and seqong ¢hapngl; qglﬁhwsmdwator values

that aflﬁg fe%ﬁﬁz;}:ka[o ‘ﬁ?es@qsg @t%ﬁor? ¢54Ph Cfl%%&tcl%%s\%ﬂ?onet ﬁgtu?é I)Iet‘% 11Went10n

aving a signal transmtte he sanme non-zero
povver | evel in each of sectors A and B at the sane
tinme. Normally pil ot S|gnals are transmtted i

a8y HrBETHPY Hl BSEIPLeTN PLIP| (08F ransisueR we?f&rfér 3 #frge sector
syster As %fthg F% i%épr o@leatthe Ifﬁﬁ%{)l 1602 doft %ﬁpﬁk@%éﬁ) %ﬁ%& 2hfsmission

I'n order t de a wire esster
time,ghd fdcond néluminglo@# corespondnertose whiletolnmgs il 6@ 1688 amp U610 indicate

th diff f
o LRSI L ELETC LU 00 yoed 4 8 BETPIGLE 15, o o
the Fid185 eﬁﬁrﬁglfee@ﬂﬁfi‘@&faﬂg@e sh&1has ¢66d, QBOQ Bnd 264b Which corres%)onds to one of

accordance with one feature of the invention. Fig
the firdt thretghafiik rews, d2éPpleddy1qiiol b1 d62) tepresents gwi step of transmitting a

plo SEFEH e bl P B BT Bl S S et B it row e
the s&MERPach kaRSThSSisOiksed ATRe, Wi EE 0NtheGPMBBNtiFhEdorresponds to the
corresponds to tone while ‘col uims 1606, ~ 1608 and 1618

samej ongienatymbop kimst theiegendf the Simgs throwglofigh tones a6 befdifférerte However,

whern e@cﬁ {)ﬁﬁ'] é r&t%handgg étglpﬁyglb%g,é@ﬁs %‘%i Ct I tvtﬁe 1rsé glProH%h fifth tones may
be thd 688e ol@ORreand 1610 which corr esponds t o one of

Note that in the Fig. 16 implementation, at least one pilot signal is transmitted for each

sector with a null pilot being transmitted on the same tone in an adjoining sector. Also note the
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the first through fifth rows, 1612, 1614, 1616, 1618,
1620 represents the step of transmtting a 25 pil ot
wGe@nalr7eeh t he i ndi cated tone in the indi cat edPGEHUSIING/005241
" Wiile the tones used in each row are the sane in each
sector, as di scussed above#0-when each of the synbol
times corresponds to the sanme current synbol tine,
use it toev B620hofofhdt hes béenstesdrivedugbelf ndlt whichrfesilivitds babkground noise
different. However, when each of the first through
Ina“@@??ﬁ“synbol times are different the first through
fifth tones may be the sane or different. 30 Note
that in the Fig. 16 inplenentation, at |east one pil ot
s iEjgl al7 s @ chea 1§00 shievdng e threasdetorsmplamentition stmilad tb Fig. 16 with the
transmtted on, tae sanme tone in an

pllotsataﬁné{nhtltngmseég{ sgetor pelng despribed i, a e Sepery 1oqmsr in terms of power
levelf i MBZRAM QA4 p1l'ofsq3 Pﬁ@odg‘ﬂ F18Wrd Sy iPin B 8lg. H83mbodiment with

been described as cell null which facilitates
each pidatging tnahsmatitesieat arrm‘é@antesrymbpttlmléug thelcas¢ whereclaglt tow corresponds

0 8 g S TR OB ek Ih e BEiR P kOB La AL ar o be

transiafieddn 4RSGhlSthoNtife 'MfR dEAehBdyniBYN Afles aft dhetABwah the
power |evels. The transm ssion of 15 pilots P1

transmmmughm@aﬂaah eeomdwmg shighte diffegent bnt eortrsgomding tonjubhtantially the
W’E fl | ot bei n]g %Esmtted at a different synbol
Same sy ?ﬁ%u%gé A SELOR row corresponds to a
di fferent transm ssion synbol period. In the case
where each of the listed signals are to

t réasnigrthe Feed 15 and he examples aipdlptstaf pach romy b’Zle L7 ¥bridhé, 1718, 1720
are trgl%/s'ﬁgﬁe 1t131 ngﬁleasr %’Sﬁ%bem@ gﬁ r%ht rg\?@ gn(%ly ?rn%)rgtnﬁ% aﬁfetrénwones While

beingCRo AP OBigNGnt@ittd s 5 alﬁferaitlsynﬂabptlmsm@emefdrmhe fisth®lumn 1702,
as used in the other sectors. As.in the Fig. 15 an

whengiag PRSI SBEOTANSHESsHM HHRHS takgn inte gonsideration el 1ectan1g?e listed on
the h%aﬁgr%er enc%(%na c?uatil 3 rpto'ilﬁ‘{io g‘ﬁ ff@g&t??m%@f@n% Nifh tla(l-:”symbol times of

correspon erent tones.
each M k&stahﬁalﬂ)ﬁb@la@bﬁ‘gﬁ&ndﬁeﬁg |1d1@1t1t£1aﬂ shnd ctatse df pdeciSe synchromzatlon
different synbol tjines as |Ls in the fist colu

The ppwop levaheheaghf i BHLboNEa 45T Blflotts Pl iliivgs P17 afe Tegisspnged in

Ne Cc t
prrAT KU R 0 S5SNI S e AR s 1
examplertbml different pavdr lé\lmds BY Bdl;qjortfed masltipie krremnl‘pdvmwlevels may be

suppide 196 i 6oy 4XEGHaRY bhiEperuR e HAmamBOiRBIOlI2d Y Lgtlot signal
using&8ds e&cﬂ%f Gedi&t A alab aéc%tr(ﬁlng 'tﬂeoﬁo%vég 16\{6'[‘ 6PYHEEE RiR signals is 0 in

are represented 1 n 20 parent hesl's, ‘e.g.,

each tasansm ssi on power for Pl is pl. While in sonme cases
such as in the Fig. 16 exanple two different power
| evel s are supported, nultiple known power |evels may

bepig SEIPASHERES a JE i?@@%hé@iﬂglﬁ@@a&ﬂm&& oflsf gdaBP6:E $& Bffferent tones

the transm ssion of a NULL pilot signal
during a single symbol transmission time period. In the Fig. 18 implementation the O is used to
represent a NULL pilot signal, while a 1 is used to represent a pilot at a single known non-zero
transmission power level which is normally higher than the power level at which data is
transmitted. D is used in the chart 1750 to illustrate the transmission of data in one of the
sectors A, B and C. The data signal D is usually transmitted on the tone at a power level lower
than the pilot signal level 1 and therefore may not cause significant interference with the pilot in

the neighboring sector. Data is normally transmitted in each of the sectors on additional tones
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using tone 5 in each of sectors A, B and C according
the power |level of these pilot signals is O in each
w@ame/077885 Fig. 18 illustrates a chart 1750 shorETgS10b4005241
transm ssion of signals on 10 different tones during
a single synbol transm ssi-éh tine period. In the Fig.
18 inplenentation the 0 is used to represent a NULL
not sipwoin Biggrtduringthe gltrited Symbeldithe Iethe EFDN anlm'dlirﬁént of the
at. a single known non-zero traHsn1ss on power

eve
Preseghinyentios. ot BPT §oATGHER addidenal ARk ot domey g}telé@re mhcthe pilot
tones%ﬁcg S‘Elk a}Q O#EWa%stﬁlg goSnI@sé {rlls?eg;fé Iﬂ1t iangtn ééglgapzl:.t %ﬁ@ ifi®trates a
methe® Q) of o@erﬁn@mdwﬁ?eles‘ﬁhemdaﬁlao @ra};nal pllbts ﬂgmﬂyﬁdcbiwed from a base
tran§n1tted on the tonpe at a.£omer | evel | ower | 3@ ‘
e received

station @0 Which geghipnsmatiest injacgrdanaserith tedragyt Antion,

pilot §1§Hzﬂh%‘l ?, YalpiloP ki ﬁil? fHap %re"i’f&n@mﬁt&% \E’itlll Rhowf dlfféi‘&lt transmission power
g sec or. Datais normally transmtted in

leveleabiwiog thehecsemgcdlemcom ikl varowa signehmsaswen2aestAiZcosgmtations

/ US2004/ 005241 -41 not shown i 18 durin he
useful [Gr S FRLRE SHIBIOTE feNAPHERRee S BUTRETRUH M Asorel] fidnter-sector
lnmﬂg&ﬁagnt i nvention, in a given sector such additiona

data tones do not interfere with the pilot tones
since they are orthogonal to the tones used to

TroB b s Rt oot S AR 3 e B R

begmﬁidg‘?&ﬁh StepNBER JRICBOY SL@sicc@elR PAS BvSpiicadsintpatZOday be
which were transmtted in accordance wWith the present

implgnppngast ingparalleh . g do éha/eage wpﬁnegnulgpmlo;f, sigagls rdthpdifferent transmission
powef !e%nla S e {rar?strm&'g(ﬁ Suﬁng'aygirqélg gﬁ%})x\f tsljﬂe K}??I\{mergelsfé gr f'he case where

SSion power he Tece

pilotst@¥ tragshitte B RIcH Bl youssn ¢Sth e Bathe tmawf @ifRfdérs pawer levels during different
computations useful for determ ning various noise
symbebnspBso@@es.e. g. , background noi se as wel | as
inter-sector interference. 10 The nethod 1800 starts
in start node 1802 and proceeds al ong two processing

pahReep 13eg) the iv&ﬁ@lewis tdimsdad ﬂ)fSOOlﬁ@&u&mdat ]&@Bone of an amplitude and a
respectively. The two processing paths

phasg ¢f5t féqs,gpﬂlcg@gnﬁl %1&? WY tEansmgtted with ﬁa@%sggg @ows,lél?]eto produce a first
meas{ﬂéhts%gﬂ%evelilé OfhSti PR Ssufdd g?%ﬁﬁ (hI8E &thed hé’éa]%H‘s&?nlgﬁ? In step 1806,

S are transmtted during a sin
a first cmiﬁnelmyuahuy isdicatesyalee . genémtetl Heone dedirshmeasuidl gglabyalue according

re transmtted se u ntially usi e.s t one hut

toa fléi‘?tfffl’é‘ii’é’ﬁt f]p 8‘()%&1 ‘Ilség aflsagy éarliiﬁés fi‘ag‘érreg ﬁ{gngﬂe ‘1‘5 an tnput. The first

hanel & Hzﬂﬁ?es bt rub&h 18y B, 6] ESfple, an SNR val
chan 9 a'flﬂ}é?r?dl@% meas ernes atlﬁ,qgast one %}i an anpl Ip % éim vaueora
si gnahpmiver Vabieasme:s@omdlﬁg testaidpiitsbteceiivgeailott dngtal wHenction f1 may use other

. #ransnitted ransm ssi on gomer & P g % %
signat meagurements an or ot er information as ihputs in a d1t10n o the first measured signal
value when generating the first channel quality indicator value. Operation proceeds from step

1806 to step 1812.

In step 1808, which may be performed in parallel with step 1804 in some embodiments,
the wireless terminal 1300 measures at least one of an amplitude and a phase of a second pilot
signal which was transmitted with transmission power P2, where P2 is different from P1. The
measurement produces a second measured signal value which is then used in step 1810. In step

1810 a second channel quality indicator value is generated from the second measured signal
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20 neasured signal value. The first nmeasured signa
value is then used in step 1806. In step 1806, a first
W@Mﬁmm@i}ual ity indicator value is generated PCDIS10046005241

first neasured signal value according to a first
function, f1, which uses at#?1 east said first nmeasured
si gnal vaI ue as an input. The first channel quality

valuel d2dbr@isb awatairl fyecesmaty aviish dses d‘tel s@uorfdlmﬁmarebieslgrfad) walue as an
exanpl e, an SNR val ue or a pawer val ue

inpuic e seqopAdirrgionds dikfegenf fom Sa.ligﬁr @E’&“B]il PRt ussrs ghlgest the second
mess RS TP 18 060 8 L0k RASHERTRL e s s s vel
In sofnk leftbotiidasity, et secgmnbthanue lquelitphedicgeneslat gﬂg:ratbdebﬁ the$bcond

channel qual ity indi cator val ue. erati roce
Foncting s SRR VaORPHIODSIGRE et SCDRd Bl NS0 sk Sivengsybodiments it

K H] l den th d

o B R A gD g o e son
pilot sifgnle &Xteraiva prbceads Broml stapulfd Odmeten 18hadse of a second

pilot signal which was transmtted with transm ssion -

power P2, where P2 is different fromPl. The

ne@ss%elrgqgt thB RRFMIGS Ferfi 54 ¢ S0 dTBAT HECHe $ANBA oF BleUfireless terminal

which”i's then used in step 1810. In step 1810 a
relatige oot o maem eéctauizduintgrigsiiting ateasurech bignali valuge pad/ar edier boundary

cen e G e SRt e R BB E gy tocaton
and/d‘rlé)&s?efr ¥Brmdtn gabbGiedus 8&pliBe2 Secepd s aslkRees tefhdihal 1300
value as an input. The second function is different

genefatasrm boandarf |1¢ogtlon umait@waaml 844.ex8.ahavieg s valupsogewending to one of

the V%ﬁﬁse rogvgldﬁ Igﬁﬁ }S/ gﬁé a?s %glgh {I‘lﬁ g}df?t 2 Q@ﬁld]aéhﬁl%ielf ﬁﬁal%n\é values from

steps€'¥06 dhd B and fR toREHY 162860 ﬁidl(ﬂlttﬁwame ﬁcﬁﬂls@tl@m operation
val ue generat ed by the second 5 function is an

procepds iperasmiiesiirohliongharenithressértinfrmstion F%ﬁﬁ%mu\}l‘ﬁq Rack to the base
smno'li%bher enbodi ments it is a signal power val ue,

3 an indicator of received signal power,

correspondl ng to the second pilot signal. Operation

proceeds fromstep 1810 to step 1812. In step

812, . .
t hatel B4 J@ygl%mtwaﬁm@m of &eefrrﬁﬁ Pdseend qh&e%ftjliqaﬁlﬂéffmdwator
Valuets Ilﬁ%i € @uﬁa%gtlgéarﬁ'oﬁ "ﬁlldwszr \yaﬁleaé ' VedS h af 811&51‘ HBfe essages Two
sector boundarires from rreasured Sig ues an
alteri@tive prodessiviapaghs dre sladwiowith mdinghd pnocmingq)alt}nbmngml;adan any particular

di scussed_above. Using t relative b undar ocC
implgpaEiono e TP HBFeREE Bﬁttﬂ}@ﬁ@%’tge‘?ﬂ@ PostER 1%%5@5‘ qriging with 1826

repre%%rﬁﬁ%é%&sde Whe %ﬁ&isqgﬁ)rﬁﬁt'iéﬂ féfhllcl&&an ags?ﬂg@é ﬁfe?s%gé‘ The second

ary location indicator value 1814, e.g., having a
procasallng pathdregampndith gtep d 8dhandéndinghwith atepd §46 homesponds to the case

eSSl g le B2y AR ANS LS A, cesond bennel, o

contd3PHRAGHY irs ?été(@ﬂro'a@lqr' A iRNudedi gl WRigh eberykBd farticular values to

operation roceeds to transmt step 1816 wherein the
be cagemeniedted] | nfornmation is transnmtted back to the base
station 1200.

In step 1820, the first channel quality indicator value is incorporated into a first message.
Then, in step 1822 the second channel quality indicator value is incorporated into the first
message. Next, in step 1824 the boundary location indicator value is incorporated into the first
message. The first message is then communicated to the base station 1200 in step 1816, e.g., by

transmitting the first message over a wireless communication link. This is done in various
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Step 1816 involves the transm ssion of the first and
second channel quality indicator 20 values and the
whowagzneys | ocation indicator value, e.g., as pBCT/UBSI004/005241
" one or nore nessages. Two alternative processing
paths are shown with a S|n63e processi ng path being
used in any particular inplenmentation. The first
embdqati@Es sking opabhmbeagdddivatg! tivhe slosulf-asbapollddtne ﬁuded to report channel
ending with 1 represents the case where vari

qualifmgdateathes ies Zqﬁrﬂ@mra@aop Hom YiTRiGhelorRalde theﬁr?ée Station 1200 As a
[
resulgﬁf;ﬁiﬁ ge%&{tﬁ)‘flgjt??éﬁé‘%é@ gfolg gft?lg g%%@rl]%g te%ﬂéﬁﬁ ﬁEﬁg étét%%@p(%ﬂ&annel quality
and afhdrfigfoematione sﬂmg ws;remlssatenm&mlstar deviaesim the eautdr woill idt@se the time slot.
s. valu s in this .context are to be

Thus, et 616 0 oA e S SIS FHmISY Gmar T i Ao CRfoFurthermore,

glveﬂ @ﬁt e rCBé.Iﬁl'éi ﬁrdeﬁﬁhﬂéﬁ% E&nmﬁﬁm%@%ﬁﬁh%nt&ﬁrﬁ&%&uon the values
0, first channel quality indicator value Is

may bcn gmemicchar&ﬁtrammttai ifhiths imeskgagghout3@vinigén seridrheatlep or other

intorb el e LRSI bGP ABE ! HEhS e ase satin
1200188¢s ke vReENEIM it QLR the Btilidi SAkOI chiBhd @rd & have a certain pre-
incorporated into the first nessage. The first

selectrdsforga and retmmnt; erzmfnbiadsacand chheneh gudlity tedicajor yades followed by

fi
o w1 PO R el Bt TER M oph] B e e B er
overhedll | 288 (IR 0K mgkagegﬂd@m&ds QRap B4 hinmfided. With the

enbodi nents using one or nmore dedicated time slots of
transgnissiom efghe gqma vai@@dlamgrb@p@ gempletedrin stepd@afi appration returns to

stepsﬁgﬁﬁ%ﬁ%?@? h?r %dsbéjse g Fiu%&g%ta g%dnﬁc%ggn\’%er\x?é?&ss%gna s with the

feedBabR ptREiscahiiMing fo tepeattovertimbot to the wirel ess
termnal using It to report channel quality and other

information, other wireless termnals or devices in
i | : )
| R5EHED. Y Bk 6 AR ke SaBSon N n s

1816athe fasahaiar] qirality hﬁl‘imra/aluegs ireorfoeted iea cfllnsammbag'ese g., a signal,
dedi cated t.o comuni cating particul ar control

which iy Gemiransptted todhg hpsgestationdy stse 1§éne Bt dn siRp 1834 the second channel
quahh’ g&morr Rfﬁge is{}g&%ofa#émnﬁ)l aosteéoﬂﬂ %E%g ?,%ggf,vﬁ%%atl,%lzﬁﬁ]% transmitted

ers or ot ormation In
in stepel@3bnThebotrtuary loaatsom intliedtoy ahlue & iac@porbleltinistp 1868 into a third

base station 1200 knows that val transy tted
messgigf 4 lﬁﬁ@at@&wad e B salten 5 s ol i s case of the
combiledB ds%ﬁ%eet‘flax{s {5 o ﬂé} 4198 e %v1d§algness§ge"s %ﬂanﬁﬁfﬂte& in steps 1832,

secon anne I'ndi cator val ues fol | owed
1836tand 1846 ntagba cﬂranymjttad asingrledicated atgmemsabiueconﬁmm shamlh]ededlcated to

amount of overhead, e.g., header . overhe
the oo BiFefon e resluct iy Butine oPPVAIUEE RS Bl P PSRt steps 1804
and l\ébg Ryit@e Pfdc@é%ﬁ{g eﬁ&aﬁﬁ%m%%hgﬁfb@ f@:ﬁﬁ&%k‘&ﬁfd#ﬁl%ﬂ&@&ﬁd“ﬂ:portmg the
been conpfeted Im step 18 operation returns

1nfor31aag$t011$@ba$m¢htm8080%mﬁlmg gveghiztle. measur enent s ar e
made on new pilot signals with the 15 feedback process
continuing to repeat over tine.

Figure 20 shows a flowchart 1900 illustrating a method of operating base station (BS)
1200 in accordance with the present invention, e.g., to transmit pilot tones and to receive and
process feedback information to determine the power level at which to transmit data signals.
The method starts with step 1902 where the base station 1200 is powered on and operational. In

step 1904, base station’s transmitter 1204, coupled to a multi-sector antenna 1205, is transmits
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In step 1830, which corresponds to the alternate val ue
transm ssion path shown in step 1816, the first
web@nngiesfiual i ty i ndi cator val ue i s incorporatBCI/US1004/605241
" first nessage, e.g., a signal, which is then
transmtted to the base stéfion in step 1832. Then, in
step 1834 the second channel 20 quality indicator
pilot yighale i1it6 ehdhCsRE(RO et SO 11060S Bl BIS; Snd 118 S8 ageltiSedor cell, e.g., 1104 at
ignal, which is transmtted |n step _ 1836. The
the smh@a iy 2 SYRCREQTBFEdi TAMIER EYHPE Dredgisrmined peweblsivale @nd tones such that
| $1dgh
the i ERect i B e pBofeh i il oo OF e fi06 ENUETYIDBf thggell 1104 use
the same §dnef waseamf art lmansmmﬁasﬂlanﬁﬂ)smaasla;gﬁhetsma simetihedch of the sectors
step 8126, the indivi messages transmtted in

110651 K085 15 )3 5The tpapsiission OLI‘@Alet foRgs Beten k94t peEesi Yager the direction
of théj@%t%%tnﬁld SESIBALRA Bhn Gﬂtf(oq 28 fh@llﬁé qblﬁgtpﬁgt fo3e power level

E
nlcatlon o) ?eedbac or nat
info Q3éraatl itare 1pfc012-&8d©pénannm ptoepeds84d @tepd9@6 szrhSre]BS)AIZO(hmdewes

180 vvi t t he SI n t he channel
messAgES dioAL R P4 SR ine WLy TAR tohfhatntoe G ades gfehegnel quality
1nd105tBFvQ§§see %t 34 d LR ABRER hﬁ‘eﬁn?‘i’rﬁﬁcaftdr%lueg' egiﬂrs%ct%P boundary

shows a flowchart 1900 illustrating a nethod
pos1tmpenbtmatg)rb dbe rsestgesarg B§ivedonde2 0@ direction of th@rr@@wed signal

th th t t it pilot.
proceh 55 M5 el B e 0200, o R Bt Qg uncer e
directiéh @‘ﬁ&ﬁﬁﬂ@l@ﬁaﬁ@qnm{@f va18Y ttraRtioNidablet 1260 AR bt M dwo

signal s hod starts with step 1902 where the
dlffeﬂ@aS@lagndtqu@htym@OatpsVfﬁtmeﬂé@ 8., fmth ypglamespage, orjfrpm multiple

messGERTE A UEPD it ehiar a7 e bR g eieh SR quaicy
indic#@P4410d KGR % sEabate/SddOeORbAAdr embblliAEd 9 nustirde ahsnneNglity

each sector, e.g. SO 1106, Si 1108, S2 1110 of a
indicatgf valuw@@ inclugisiin a singlp messagaifrgm a WiHel 300raNaxNtri sfop 1910, the base
statio ylg%p gont ?)ﬂgésn&](f’rh@ﬂ{r&raﬁg& E}?&é@ﬂgg g}&@ﬁf 254?%§¥a%ts location

ones suc ransm SSi on

inforin@f@s froftrec@eaihmedsagdice §6 bbﬁl{c&r}lﬂ&bﬁuonhhﬂﬁatol 130 eghdicheng the
cell 1104 use the sane set of tones and are

positioni griviralesy terminal HS0A Frlathvety abqundaain @ mylisertetre- dihis location
1
e 8o AL bt fandiy 400 9% S SRR ly b ben
mcludéd i@ct messagoihclidimgpihbotel gugitglindienearalies Tk tbcation information may
ransm ssi on conér ol routine 1230 usn(g% p| | ot

ldentgmoéxetheév@lwﬂwp is19egs 2 4RCO% RATEdRGYs R iSigI ydﬂaﬁ%&%o@ﬁctor boundary,
e.g., g@&@@%ﬂé@&eﬁ{ SR 1ok o WhEHS, ﬂﬁgh ngfa ?5\%:& Egsionowafendent

m" at ast one wreless te
1nterﬁerﬁnlcej d;l b&mg ecgved. Sestet bafndahainfrematjomextracted finaln aedetved messages is
first adseco uality
storei ieciy SpURsFy Restion, ermpign 1355 hed 35%8 posi ti on
i nformati on. The nmessages are received under the
direction of the received signal processing routine
1 2B0céeduigd etpi 191 Babe baeatdtion 1200,0indenths depcti@0E, trankmission power

ase stati t.he ir ion.of channel . quality..
caleuf i su G 1/2p Ghicuieles J5F ahief it 64 SeeoSd Rbvit §uy inbicator values
1250'aﬁ§1§¥ou§1¥‘6’f trdhishol RIRPowel @é?ﬁlﬁled e adhidve al RGIr&éREiBhal 6 hURE ratio at said
froma singl e nessage or fromnultiple
w1reless termmal 1300 from which said first and second channel quality indicator values 1250
were received. In step 1914, the base station scheduler module 1225 operates to make
scheduling decisions for the wireless terminals 1300. In sub-step 1916, the base station

scheduler 1225 makes decisions for the WT 1300 based on determined SNR, e.g., BS 1200
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nmessages received froma wireless termnal 1300. In
sone enbodi nents each channel quality 15 indicator
W 2004077685 i N a separate nmessage. | n other enboRPCTESL084/005241
mul ti ple channel quality indicator values are include
in a single nessage from a* 1300. Next, in step
1910, the base station 1200, under control of
schedydesi segmnnts d teridiili G0 @Xltqhamteﬂ&)withudnldmiséiaﬁ powextenas thmt will result

ocat romrecei.ved nessa ., €..0.
i oL S AP R b G5 eSS0l e e o and
codnfgos%h&ﬂq@ Qscl 18 sib- Et%b q9%3 ltRE B'Srl@bo %@r%ufe?llﬁ‘% Hl%késode%mons for the WT
boundary in a nulti-sector cell. This |ocation
1300jbasesk eresecion bﬁmdamap@sltb@eqummgmltzﬁ%@ Dyford WB (1000 ideatified as
arat ded in a

. h b |
being HEGE A G PRI Wy ARHEN LU RIS FRTRELEmep Gdhe WT 1300, with
coneérﬁurﬁldgthm& Regdrhé¢ (Fthi Qfjab@iy sedtm&iﬁgnd/\@ﬁ{sﬂﬂsﬂ oWk

00 i's near a sector boundar and i ntify which the
PrOC@émgdp Stﬁf@dﬁ@&r&s 12@0 gansmla@rn]t %metasigadewhlcmma}amclude e.g.

user é% 2%2((}{] a}srl])te ?rgcr gﬁiéy Of th’gll 5 4l Sr@grgct?cgle%ése)gnahng routine 1228

at a sbiRsdtAItimd 1 PITTWT DJOOQ)%hfg&@fIr@ﬂnsfsfdhrﬁdv@@ QbiaHindB $RRYESd at least two
IS 25 stored in_sector boundary position information

channe} gpality] iglicatonlugslged et Mgre weeivedy 1912, the base
station 1200, under the direction of transm ssion
power cal culation routine 1226 cal cul ates from at
| e@pdratidn moceudsl frvacaesl 1 920aueR to sl D04 andlhe @@dtB6d is repeated. Base
val ues 1250 an anount of transm ssjon power required
stationg 286 il e repegidng thedragsgHeng pibotfeanals in arsyechapniged maguer into each

sectoiNbf t%% gﬁﬁﬁ% ts@cft &:‘fﬂl 1an?€?)01 9f0ﬁ O(SH X"%Hg? ?gdés é%é%er, (ﬁvzigfrereent wireless

secon anne qual i I'ndic
termingle BO®& dnayl send h&psagﬁimchidh% eastcimhatliqualiscdheéidaoehalues 1250 and
dul e 1225 opeyates t nake schedul i ng decj sions for )
seotof heUTHARGISRIOT EORTARPS L08 differont v aaior gifécrentrates depending on

factog%ﬁeh 8¢ @b oﬁﬁgﬁﬂféltﬁﬁe \;vﬁgfésﬂ%{‘rﬁﬁ’lapﬁ Gh %sg?g%g.a%gfa@p.

300 based det erm ned SNR
2004/077685 PCT/ US2004/ 005241 -45 schedules segnent s
t artehiavaifioh 300irevtecCloamnengother thirgs ansdhiksicadabilometium such a
levels that will result 1n a received SNR of the WI
memqryperTapack digkh ¢ MCIHAIRg maskine exssutablednstaiplipng, ¢rg. tg9Etware modules

or co Lﬂ.ﬁ{a@ggfg %uhngﬁleges?@fz}g%ﬁhﬁ@g% el Ionssggls&sgﬁg%wcordance

with &B06r IhGISeIﬂ tlonvasioas arethoolstgba rof tlmasi/etntmn Viatiotugrieatudes of the methods
1252, e.qg., for. a WI, 130Q .identified as 5 bejng near a
and apparaiys Oﬁgﬁﬁa\éﬁwon 3% BC B3C4(] 3111421085 85 FRRIUBIS RS systemns
inclu&i‘ﬁg NRAhSt Eé?n% 118t 1ol %%M‘"CﬂMA%&H bERP %ﬁ)@é Bﬁc&ﬁﬂlﬂﬂﬁhtlons systems.
segnents 1 n the adjacent Sector having transm ssi
power. Proceeding to step 1920, BS 1200 transmtter
1205 transmts signal, which may include, e.g., user
data 1244 that has been encoded by encoder 1214, under
direction of signaling routine 1228 at a schedul ed
time to said WI 1300 using transm ssi on power
determined fromsaid at | east two 10 channel quality
i ndi cator values 1250 that were received.
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Operation proceeds fromstep 1920 back to step 1904
and the nethod is repeated. Base station 1200 will be
WO epeatiosy the transmtting pilot signals in aPCT/US2004/005241
" synchroni zed manner into each sector of the
mul ti-sector cell in step'ﬁ@04, on a regul ar basis.
However, different wireless 15 termnals 1300, may
Whatsenkhimedsages i ncl udi ng set of channel quality
i ndi cator val ues 1250 and sector boundary position
information 1252 at different tinmes and/or different
1. rag %ﬁalﬂl%pﬁﬁ}ﬂli'tﬁﬁbp@ﬂingfrﬁ&h% forIME By aSyitdMs $r@ifal Ofhe metho
operation'the wreléss termnal is in, e.g., on, hold,
compgisimgp. The invention is directed to, anong other

t hi ngs,. machi ne readabl e. medi um such 0 nor, .

c oz dge Suf S Her ey hhaben o e fot Agbp ghal cortesponding to
a first PiSdtidie toPRSduct adirst HOfshasBnaDeHh&gs or commands, for

controlling a processor or other device to perform

prasoeratingg lirst chewnst daalie indiator vohe foom seiddirsfmedsared signal value

arious. net hod st of e invention. Vari.ou ) )
accorﬁlélgtta Iaé”grstotfuné]tho‘én w@?ﬁ 8%% att Eer%t sglp pfnélisgltnagsugfd § %%ﬁ value as an input;
| NYRRIAAg GRIYiREcHASR qublit ivdieRor wgs of _
conmmuni cati ons systens including, but not being
| iTa¢asedng &t leotpng oCEMBlHEdo ek Phapp € a g¢cond pilot signal

I R R —

signaChanneh diffsatittibank@i3sioh ipoeniih egld ff@st pildesipyala W r el ess
termnal, the method, 2 conprising; 3 measuring at i
| eg88erang agecond chapiel dvalidy Hulicatorpialedrosm sgdppeand measpeed signal
Valuesdcggtaingctg AR b &bt \91&10& .u?esfal't [esagﬁ s?dd é%goﬁcpﬂlgagu?ed signal value as an
produce a first neasured signal val ue; generating~a
inputf &tdst channel quality indicator value fromsaid first
nmeasured signal value 6 according tq a first function
whresmfbiag thersepengsghanngl quakity dpdigiacyaled si gnal val ue
as an input; 7 transmtting the first channel quality
i ndi cator value; 8 neasuring at |east one of an
2. arfile mettied afhdaan phabecimfona of dedindt pid setorsd i lsighals is a NULL
, gorresp%gdhgg to a second pilot tone to produce a
signag LY URR WA G 28t R Aal val ue, the second pilot 10
signal having a different transm ssion power than said
first pilot signal; 11 generating a second channe
3. quBid mgthpbadf clatrod, whéreim genomtisgi dirgebanmet] qediy iraticator value from

.. Signal /12 value according.to a second.functi.on which
said G508 E0q) Head Brten T AoR AT A RS B AR Te a5 an
13stipRthg tRNSwES idd@RaM hi 68 ohd6f $18 ¢ %na RadMA8 received pilot
qual ity Tndi'cator value. 1 2. The nethod of claim1,

signalgher ei n one of the first and second pilot signals is a
NULL 2 signal transmtted with zero power.

4. The method of claim 3, wherein generating a second channel quality indicator value from
said second signal measurement value according to a second function includes:

estimating the received power included in at least the second received pilot signal.

5. The method of claim 3, wherein generating a second channel quality indicator value from
said second measured signal value according to a second function further includes:

estimating the signal to noise ratio of the second received pilot signal.
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1 3. The nethod of claim1, wherein generating a first
channel quality indicator value from 2 said first
wGa@narieseasur ement val ue according to a firstPE¢TOS1000005241
i ncludes: 3 estimating the power included in at |east
one of the first and secord’t ecei ved pilot 4 signals.
1 4. The nethod of claim 3, wherein generating a
6. setonohethoddelaimuavhesgin gatieratingra firat abendel oualit® isdicator value from

FOCBRLaRL PR TEEB ST SRR ARG ooco

| nehingheidlg it @kndl eRsdisd o D8 ettt REAVMPHiIRsi k. Si gnal .
1 5. The nethod of claim 3, wherein generating a
second channel quality indicator value from 2 said

S nd sured signal . val ue_.accor di to second..
7§ b TRl e & REFsineemesly fskenidhpatnd adiiiadipagor value from
said S#RbBEmeadred 8bndlMalus Q6dink €6 & sdRAd Pin®lonShdi@s: WO
2004/ 077685 PCT/ US2004/ 005241 -47 1 6. The net hod of
c| estimating fireyi giah toyegies 4tip 0§ the seeqnskreedivgthpilot gigakl.t y
i ndi cator value from 2 said first neasured signa
val ue according to a first function includes: 3
8. esThembihog of bRirfi1gWatretnsaltbfieandddcondpilbthendsiaiSteceived during
.. received pilot signal. 1 7. The nethod of claim®6,
mﬂhﬁﬁ%ﬁ@?ﬁvﬁgﬁémﬁﬁﬂﬂﬁp%ﬂ§écond channel quality indicator
value from 2 said second neasured signal val ue
according to a second function includes: 3 estimating
9. t HEhesingthall of olafini8s wherain saidfirst el seecmpil stecis\cettefpionto the same
signal. 1 8. The nethod of claim1, wherein said first
frequgpcl-second pil ot tones are received during 2
di fferent non-overlapping tinme periods. 1 9. The
met hod of claim8, wherein said first and second pil ot
10. t dRtessmethod ef plaim 1t wherhim ssabhfierst hd seeopepidot torkes hée re¢éieed during the

method. of claim 1, wherein said first and second_ pilot,
seney R Betiile et A PCRI gt {0 Commesimasing nTferam feayamicics.

first and second pilot tones corresponding to

different frequencies. 1 11. The nethod of claiml1, 2

11. whHBresingthbd ahslaimtli ng the first channel quality
i ndi cat or val ue incl udes: i ncor.porating said first
crspen fraatidife [t aimd abRETiBERY FShcleet age:
and 4 {EapeAtihk sNE fRdicHare] §halif BRAGErOMBLe iBtoM fiRl BR8sage; and
conmuni cations Tink. 1 12. Th 2

said

e nethod of claim 11,
wher ei riransamtging seid digstirhrssagecuyaria etighase bommanications link.
i ndi cator val ue includes: 3 incorporating said second
channel quality indicator value into said first

12. NEBE&A8Ethod of claim 11,
wherein transmitting the second channel quality indicator value includes:
incorporating said second channel quality indicator value into said first message;
and
transmitting said second channel quality indicator value with said first value in

said first message over the wireless communications link.

13.  The method of claim 11, further comprising:
repeatedly performing said steps of:
measuring a first pilot signal to produce a first measured signal value;

generating a first channel quality indicator value;
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4 and 5 transmitting said second channel quality

indicator value with said first value in 6 said first
woremgagwsdver the wi rel ess conmuni cati ons | i nkPCTWUIBN4/005241

The method of claim 11, further conprising: 2

repeatedly perform ng sai a4 teps of: 3 neasuring a

first pilot signal to produce a first neasured signal

val ue; in¢oxperesingtsaiddirst dhiansal qualityiedicajomyalve/intana ficw tmssage;

val ue; WO 2004/ 07.76f85 PCT/ US2004/ 005241 -48.5 . link:

i ncor pol EIHGINEAAE P ResSARRARE R VGIRAFS Commimiatiogs ks

val ue i fHefsuinklalstéondBiRRGignal; 6 transmtting said first

message over a wrel ess comunications |ink; 7

measur i genesatiog@caebnsi dhennd iqgaldly indicajenealyg;i ng a second

channel . qual ity indicator val ye: i.ncorporating said
second %)%qt%élﬁ% iSFffoni o a@%#gyal\?/tgllﬁég%tﬁli"? e@g)c%%g ond message
mewERUEs ditRroMd ol dasd Hist hekit; didom said first
message; and 11 transmtting said second nessage over _
sai d wi renrsayHingsmdsac@rlnessaza eyek said winedess Tamnpmaidatgns link.
of claim13, further conprising: 2 periodically
repeating said steps of transmitting the first channel
14. quathd inythotd &f eRiraN 3 vakther chbnapitbiigie second channel
qual ity indicator value to transmt the correspondin

v abHsicad aenspidne wyd stepy iyemsmlips fs st %aﬁgelwg@aaty indicator value
and tHE §eidhd %H%&gﬁ%%gﬁﬁgﬁléa{b? VE{UQ 5 trFltlg?I%t En%.rb%ﬁ%%p%qxd{rf |$|r \tﬁazueea generated by

and secon qual 1ty values being trans
repedtedlppeifoingng esid @skasmiyeindpeacratingretepd, thidbgendimeditishad! second
of. claim 14, wherein said interl eaved nmanner incl udes
chanpgliqualityrapes PRIBE transipified An as fnigrlesved Byapneriovet gy
second nessages. 1 16. The nmethod of claim 13, wherein
said first and second nessages are transm tted using
15. 2 Tlemmthod af clais 1 haherein saehineniegvadadamet adlitdes alternating the
carryi channel %ualit i ndi cator val ues, said 3
transptssidfa Sadd st 4nges ?Rilde‘}?ésﬁ%‘?st nmessage types to
i ndi cate said nessages are to report channel 4 quality
values. 1 17. The nethod of claim 16, wherein said
16. netbagethodoé claimans mvherein sdugt finmtjarst secora] messegesire transmitted using

dedi cated, ti s| ot di cated far use by said. .. .
compiiHaus Cpubi semen feGaEas ot She hodl o ibiindicptsy values, said

Rodsl AR ﬁ'Jngose [i6i€ hidSiaBe tyeB &Y intidak! ARBmEREFEsNA fo 18pbgh 1
messsgo\isd d(}e,di caté(glti nme s ot}‘sae 1 1{18. aThe nmet ho%lesof cl alﬁm anne
qualify valhesr ein said wireless terminal is located in a

first sector of a

17.  The method of claim 16, wherein said messages are transmitted during pre-selected
dedicated time slots dedicated for use by said wireless terminal, said dedication of said dedicated

time slots precluding other wireless terminals using said dedicated time slots.

18. The method of claim 1, wherein said wireless terminal is located in a first sector of a
sectorized cell in which each sector uses the same set of tones, the step of measuring at least one
of an amplitude and a phase of a first pilot signal to produce a first measured signal value
including:

performing said first pilot signal measurement during a time period during which a sector

located adjacent said first sector transmits another pilot signal on the same tone as the first pilot
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2 sectorized cell in which each sector uses the sane
set of tones, the step of neasuring at |east one 3 of
w@pooaipiess ude and a phase of a first pilot sigPel/Usmo4/005241
produce a first neasured signal value 4 including: 5
performng said first piloﬂ signal neasurenent during
a time period during which a sector 6 |ocated
but usidp ackff¢restgire-sélectsd trapmbission pawsmirers thspekselectid| toinsmission power
signal .on the same tgone as the first pilot WD
used Eb%ﬁﬂs@% Sélffr‘:*@%f’tﬁé,%@gm 005241 -49 7 but using a
different pre-selected transm ssion power fromthe
pre-sel ected transm ssion power 8 used to transmt
19. t HEhef methbd pf L&twheirginahid ahother pildiesigmet s@dNGLLISlot signal and wherein
: rein sal not her pil ot si | .is a NULL pil ot. : .
seic QiEfeR} Dot SahrE T ss o2 g0y of PEEp st St apBippflot signal during
said i@ PEFdBRIzLFH pover used to transmit said another pilot
sighal during 3 said tinme periodis zero. 1 20. The
met hod of cla|n119 wherei n said second step of

i d
or 15 BB B grB 10 sl e Bl & HERune alsBTRRGof e
amplﬁhcﬂd"ffﬁd A€ of a SecbR@ bﬂ&%gnaﬂtcp@bﬂwem RPoriBindashesPdignal value,

pil ot signal nmeasurenent during a tinme period during
includgsi ch a 5 sector |ocated adjacent said first sector

AR A B Rl IR B DB R i o

sectof [z diagfiten spidviaEt sastot renspiis- fhedddiiond] pilcdBipMhSGI OB sarfe tone as
power used to transmt the second pilot signal. 1 21.

the seppad pHetHENZthe sirae RieoBleciddFaasmissioa foves as BgPreselesigd transmission

ponh o EM IS 2 e o e s

conprising: 2 neasurlng at said sane tine, the power
received on_a third tone on_which no S|%nals are 3

21. ¢ (Hissmethedat GIGF’F ﬁ% whereindbgfrst pamsecend pileigighat mgasurements are
cperiod used to transmt one 4 synbol. 1

perfog@w%wtge?rée%?%oéj of claim 18, further conprising: 2

determining relative position of the wireless terni nal

to_at a WO nt sectors to 3 the sector in

22. val%ﬁfn?tﬁ‘@é 1@1‘%2? fﬁgﬁ?ﬁ GPRIPIISEE gcat ed based on sai d
f 'rﬁé&suﬁﬁ? 28 858948 t1ﬁféa{he‘bo%§‘§éééi%€§ Bh S:thidbne on which no signals are
transmtting position information indicating a

transméttealt durim g saisli saine intep said seme timedwinmgiasymtad pariod uralde transmit one
ation.

symbo E

23.  The method of claim 18, further comprising:

determining relative position of the wireless terminal to at least two adjacent sectors to
the sector in which the wireless terminal is located based on said first and second signal
measurements; and

transmitting position information indicating a relative position to a sector boundary to a

base station.

24.  The method of claim 23, further comprising:
selecting channel information from to be transmitted to said base station as a function of

the determined relative position to a sector boundary.
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1 24. The nethod of claim 23, further conprising: 2
sel ecting channel information fromto be transmtted
wao eogar@shase station as a function of 3 the PCT/US2004/005241
determined relative position to a sector boundary. WO
2004/ 077685 PCT/ US2004/ 005241 -50 1 25. The nethod of
claim?24, wherein different channel condition
25. i nTigy mBthb@Bf tiirh RaNwhérbinalifferdnidhanne dofdivion ghfésSation is transmitted
terminal is near a first sector boundary than when it
when spidhwipless wERBALIS S8t DTSt oy bRBRIAFY th@nzfélennh@ Teat feggond sector
bounﬁgr claim 18, wherein the first channel quality
éfl cator value is a function of 2 a ratio of channel
galn of an interfering sector and the sector in which
t he mﬁreles§ctern1na is 3 located.. 1 27.. The net hod

26. of Thq methed of clae i Wherpie the Hesh ghannghapalippindifatareatuejiga function of
. _' r
asaifREERAEL Pon B b FBrt B L OCaRE SeRBG0 ligh I PEALR Grminal i
locatsdii d second channel quality indicator value is a
measurenent of the noise on 4 said second tone during
the transm ssion of said NULL by each of the sectors
27. OfTﬁJ‘ﬁeﬂH%H lof BRI 38 dwhéeﬁﬁﬁé’%oﬁ@ B@nallméBurehdsit {E%glﬁddunng atime
of clalim 18, whereln sald nmethod 1's further directed
periotiovhesé eaghof ahrmbtoqaﬂaanstryts aNUbEonrsaid aanoltd)tooc),rﬁnldol

tr sm SsSi ect r of cell, the
G sesbuliarabd @G5t hu gt wlhSh arhedsuteafin O fheguoise on
said tfe'c61§& toRBduS RS HRdrmERANERN AYAHINULL BYicaaf O th¥ 3EMES of tlfe cell on said
5 operating the base station to calculate fromthe
SeCOIfdhost and second channel quality indicator 6 val ues,
an amount of transm ssion power required to achieve a
desired signal to noise ratio at 7 said wirel ess
28. t erid Mdihod $RtMirk 3B Chth@binngid BeHbd isirthér difR&dd th\Weing channel quality
di fferent channel qual ity indicator 8 values to
inforphatien ¢ ¢rntig! SansanisneupeWHin @ﬁa%@wfsascr%lnth@dmthod gomptising:

The tho

0 e?Hes ng aaﬂfaﬁe std pgagg ngenszea yaa&? st aﬁ&) cggcz Faég’me?ql%f:hl Ly gldlcator values;
and Station to calcul ate said am)unt of 3 transm ssi on

power using a different set of first and second

c hereriingdbabasetatingite saleratg drome hefirplandisperndishapnal guglity indicator
e I ) t
Value\éﬁe%noilrggérﬁ é)ﬁ %ﬂ%ﬁ%’l&s&{?? ??/\Q%\ql é%?{dgtp gﬁﬁg{éﬁ 9 [iesflfeﬁ% gn%f]g) noise ratio at
said witlesseanidhl)gaitl ealruldtih esqairingsat dxel twd dfﬁedmt th@gnehguality indicator
said first and second_ 6 pilot signal neasurenents
valuggde detgraging) saghamounf;of HPRIRseR BYWE | said wirel ess

term nal incl uding:

29.  The method of claim 28, further comprising:

periodically repeating said step of operating the base station to calculate said amount of
transmission power using a different set of first and second channel quality indicator values
received from said wireless terminal, each different set of first and second channel quality
indicator values corresponding to a different symbol time during which said first and second

pilot signal measurements were made.

30. A wireless terminal, said wireless terminal including:

a receiver for receiving pilot signals;
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2 a receiver for receiving pilot signals; WO
2004/ 077685 PCT/ US2004/ 005241 -51 3 neasuring neans
wo e0o4008m8ur i ng at | east one of an anplitude anPCHUSiva$@5241

of a first pilot 4 signal to produce a first measured

signal val ue and at | east ke of an anplitude and a

phase of a 5 second pilot signal to produce a second

measasusdg siegmsafor vadasie]ngtat dévanorel ofgnaimptlijudenadideapiose of a first pilot
. al ue .generati on neans for. generating a first ghanne
signa) fubioEfle S EeEo S g3l SR P RO ALY onf P et peniiiadnd a phase of a
secortd MR lsional t8@rafilel adbethdiReAudelisidnaf ¥igd;i On whi ch uses

at” 8 least 'said first nmeasured signal value as an

i nghannel ualifyiedieates valus gusradios agane for@eatiatipg @ first channel quality
... indicator val fromsaid second neasured signal val ue
indicgof yithe figm it At et SR RAC Ko )0 adird Hpcyabagich uses at
least Sa@H Qirﬁ@ﬁéh@ﬁ‘reﬂ@%%ﬂf@@uéas%ahpm&hd%eﬂ&aﬁﬁ als@ddAl;chamtél &dality
o .atransmtter for transmtting the first and second” .
indicgloa et figundaid secondimeasuged signal @glue agcgdingtae segangl fasgfion which

rm nal, of claim30,. i n._sai. hannel quality

uses %tﬁl 15 3%1% rs ec\?gﬁ lﬁ%eaﬁurﬁgﬁl r af\{agune aﬁggﬁsplﬁh%l}_dqudes sof t ware

| N transediit@Tor frOisn et fitsh endsdRbAC Bismin B ABYY Bdichr values.

estimate the received power included in at | east one

of the first and second received pilot 4 signals. 1

32 T , . . £ el ai o :
st 27T SR SOIhR] Bl e S RS v
genefatibih Aeand cluddesofertat insauations dbit suatellingsd rocdssmasleliee to:

controlling the processing. .3 device to; 4 estimte i )

t HstipBicdng &gelysdepwenierlided in # least prmefithe fiest gad sprgnd received pilot
ﬂgmﬂfceived pilot signal. 1 33. The wireless term nal of

cl'aim 31, wherein said channel quality indicator value

2 generation neans further includes additional

software instructions for controlling the processing
32. 3 Heveeetsgerminalqfichme b Rerginy sl chanplulity Ricgtagpaluc

fafl6n SRRV EMHECHENRLs Mdi@dnaP sGRMre irstrdfriont bt i
genet errrIn%%a? o{ﬁl gf alm 381, \}\ﬁsenraelk n safj1 meanosrl orré!B 1%'11?n°g5thc PrOCESSING
devicertansmi tting includes: 2 a nessage generation nodul e

CrSHRER g risief pyNER e BRE b GdBoe feosgd eireves Bt iggal

termnal of claim 34, wherein said nessage generation

modul e includes 2 said second channel quality
33. i nbhecwirdessvatnuigali of ciaind If, whsteimesd algpmneMyaPiQOundTams 85lue
generlzggrll %Se%r(l)so f4u/rt(1219r5 12nf:"l:llldes_ aSC?ditional software instructions for controlling the processing
device to:

estimate the signal to noise ratio of the second received pilot signal.

34.  The wireless terminal of claim 31, wherein said means for transmitting includes:
a message generation module for generating a first message including said first channel

quality indicator value.

35.  The wireless terminal of claim 34, wherein said message generation module includes

said second channel quality indicator value in said first message.
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1 36. The wireless termnal of claim 34, wherein said
nmessage generation nodul es includes 2 nachine
wezx@snrmBs e i nstructions for controlling a nmachCTES1004/005241
generate a second nessage 3 _including said second
channel quality indicator V&l ue. 1 37. The wirel ess
termnal of claim 34, further conprising: 2 neans for
36. detler wirdlessgetnmaalpgsildimad#, ethetdie said nekegs gbreratiorainodules includes
relative to sect o bou 3 fromreceived
maching,pgputable ingiruchons BN a piteias Torereras frseppnd message
mclum?@rs@ﬂdrbe@@}iddchmaqgmgmﬁea%ﬂ Piudrodul e includes 2
position informati'on in said first nmessage. 1 39. A
base station, conprising: 2 a receiver for receiving
| east. two chan ndi cat.or val ues froma
37. V\/ITléq aglessge %P%l#ﬁhalgﬁdf%%}%gﬂ@m%% ‘det ermini ng from
at mbARATEr detinfhihk BEHYsittdedTIRe witdRld tteﬁninﬁﬁfe‘k@fv@ to a sector boundary
values a 5 transm ssion power required to achieve a
fromgessiveddigialgnal to noise ratio at said wreless
termnal. 1 40. The base station of claim39, wherein
said at |least two different channel quality indicator
38. 2 TR WisleGabm@sRITE1dif 3, Whereainaid 8168dags ictihtion module includes
measur enent s nmade by said wireless termnal at the 3
positipariaformaton iggsaid first @esspged transmi ssi on power being a
function of said at |least two channel 4 quality
i ndi cator values. 1 41. The base station of claim 40,
39, qunﬁﬁgm@ﬂﬂpemﬁp@@ngZ means for transmtting a signa
to said wireless termnal using a transm ssion power
3 fﬁ@@@weﬁ faetpceiviig a4 dgagt o ¢hanrel quakity drdisgiar values frem a wireless
tmmnb ?ﬁ or values. 1 42. The base station of claim 41,
er conprising: 2 nmeans for extracting said at
| edsdns tforodetkirfrfiging fitont Arlame tw o didferdny chaingbgudlitpmdicator values a
single 3 nessage received fromsaid wreless
transpES PR et EQEd nechiris depiatd BERALfO B FAU AL s3ig Wifpgss terminal.
conprising: 2 neans for extracting said at |east two
different channel quality values fromtwo separate 3
40. neEHsdges stheaeoivddind 39 mwisadia Sailﬂraeleesistwbeﬁﬁﬁmaﬂ chaﬂﬁl quality indicator
2004/ 077685 PCT/ US2004/, OO 241 -53 1 The ei
valuegcarpspane fo irterant ppWer %%1% g}ea%ﬁ‘BPlﬂ% ¢ by ﬁ‘éé’i‘f%e ps5 terminal at the
sameltBRE sYii B teFARRA @ﬂan%ﬁ&'oh%o\v@ﬁlbéiﬁ% Q Yuﬂcﬂf)f? b &diél @Nleast two channel
indi'cating the position of w rel ess term nal
qualityelhdicatoe valoesa second boundary included in a
mul ti-sector cell

41.  The base station of claim 40, further comprising:
means for transmitting a signal to said wireless terminal using a transmission power

determined from said at least two channel quality indicator values.

42.  The base station of claim 41, further comprising:
means for extracting said at least two different channel quality values from a single

message received from said wireless terminal.

43.  The base station of claim 41, further comprising:
means for extracting said at least two different channel quality values from two separate

messages received from said wireless terminal.
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1 45. The base station of claim40, further
conprising: 2 a nulti-sector transmt antenna for
W e@asmiess i ng pil ot signals into a plurality oPCHES1004/605241

of 3 acell at the sane tige; and 4 a transmitter
coupled to said nulti-secfég?antenna for transmtting
pilot signals into each 5 sector in a synchronized

44. nahbrebase gietion hbelaim 4Asivither aompfsinghe pil ot tones into

set..of. t gnes

all sectors .of t{] g cell .use th . s
e TR0 S ina a5 i viraF i RHRes Bufiiog S Topivon of the
wirele&CBrifihal ieRitive @& b0oid bs@idAryMntRIdes f 4 Bl -B&toRI1INg
| ocated in one of said multiple sectors.
45. The base station of claim 40, further comprising:
a multi-sector transmit antenna for transmitting pilot signals into a plurality of sectors of
a cell at the same time; and
a transmitter coupled to said multi-sector antenna for transmitting pilot signals into each
sector in a synchronized manner such that transmission of the pilot tones into all sectors of the

cell use the same set of tones and are transmitted at substantially the same time in each of the

sectors, said wireless terminal being located in one of said multiple sectors.



