WD 2004/ 077685 PCT/ US2004/ 005241 PI LOT SI GNALS FOR USE I N MULTI - SECTOR
CELLS FIELD OF THE INVENTION: 5 The present invention is directed to

wirel ess communi cations systems and, nore particularly, to nethods and
appar at us for WHAHYTBY i ng pil ot si gnal s in a nulti-sectRT/EWMslg. , a
cell wth synchronized sector transm ssions. The present invention is
directed to wireless comuni cations systens and nore 10 particularly to
met hods and I mmﬁﬂmfm of channel conditions.
BACKGROUND COF ﬂp"i'aESqFNI\%I%I\SFFﬁOE%S na wreless COI’H@E%TSC&'[I ons system e.g. a
cellular system the channel conditions are 15 an inportant consideration
in the oper AHIGhOBTHHRNWENEOYss system Wthin a wirel ess communications
system a base station (BS) comrunicates with a plurality of wireless
termnals (Ws), e.g., nobile nodes. As a wireless term nal noves to
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The 20 noi seelhwnhsynt:l&orhwdsnaermﬂmlsmmced by the wireless termnal’

recei ver may include background noise, self-noise, and inter-sector
interference. The background noise may be classified as independent from
the base stati onTig frésamdnieatir0n dip@vno iviasieds cotiavmvaions §yiRns ehd meei se and
inter- s tor i.n fere c are de&ﬁ{dent on. the base st?tlon S transm ssion

power parge ar[’ftﬂéne ?T‘éir‘ﬁ’g‘g OhRsHPming mGpruTeRients 9 ehagpel cofddionss one

nmet hod typ| cal |y used to evaluate the condition of the comrunication channel
is for the b s({) tion.to transmt _pilot signals, which are signals

typically tvﬂﬁﬁiﬁeﬁq @Hbdﬂ: Q%@WNT@%W on of the transm ssion resource and
are general ly conprised of known (pre-determ ned) synbols transmitted at a

singl e constant power |level. The wireless term nal nmeasures the pilot 30
signal's and repofPtasviredese FRENIPEIGAHORSH SIS O & Fellilas systean, theghngelsigaditions are
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station’s cell, the condition of the wireless communication channel between the base station and

the wireless terminal may change, e.g., due to varying levels of noise and interference. The

20  noise and interference experienced by the wireless terminal’s receiver may include background
noise, self-noise, and inter-sector interference. The background noise may be classified as
independent from the base station’s transmission power level. However, the self-noise and
inter-sector interference are dependent on the base station’s transmission power level, e.g. the
transmission power in one or more sectors.

25

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

30  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



how the received SNR, at the wireless termnal, wll change with signal
transmt power. Then, the base station can determ ne the m ninum |l evel of
transm ssion power required to achieve an acceptable received SNR at the
wireless termnal, for the particular error-correcting coding schenme and
nodul ati on us®W20pNiser, in the case where the total notE&wwerstar ence
includes a 5 significant conponent that.,is dependent on signal transm ssion
power, e.g., inter-sector interference“frombase station transnissions in

i1 ot ot gnal kbite sats AL int i3 TR, 1L SRR el i e Wepase,

t he i nf or mat ihe hasebtatined deterngne thSMRiAtm deval o ghesntissRMPEISSieQiire @R hickeMe! , by
this commnl%/ u%ﬁ‘l tecﬁg' ue,, i s insuf f.iagifengl and i nadequate for the BS to
accurately pfEHLCFHES k2 SHFTERR IehgRarticlay eprgieqriegtingsedipge si gnal
transmt powehemd@diniddolafibn GBANHENevEH & thé Yast Wheadt IR tbtAMoRSAHS Tk dhce BBludes a
generated, cqll ected bé thgl w rel ess termnal, and relayed to the base
station, So UpEcapiiempausst thayis depspdeptan siggpl anSTyisSIONROWE, - daEr- e8P nal s'
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interference. 20 Based upon The above di scussion, i's clear that there is

a need, par t poasnrtes; coliecied by ehegvaredssss tepminal and exdavied tashe base sitierp pmibalitesdiabons
systems, for oW and A% ahe AR MrtithaR H5 i ¥
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suf fici ent i wfneiission prver tevelb thyi abtairieg suihy efusgion fearawireddss teopisilNsagmaiugicationSNR
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si gnal paft epanticulas eglirgyrete serandéroacting ¢odt, asd godilation apsitedd dficipolyessignev el s
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measur enent S; tafe' 9:o t hrough the use of different signal pilot transm ssion
pover | evel s'""Hf&™ escribed. In various inplenentations the transmtted

pi |l ot sequences facilitate determ ning the contribution

20 Based upon the above discussion, it is clear that there is a need, particularly in the case of
multi-sector wireless communications systems, for new and novel apparatus and methods of
channel quality measuring, evaluating and reporting that will provide the base station with
sufficient information to obtain the wireless terminal received signal SNR as a function of base
station transmitted power. In addition, to support improved and/or more diverse channel quality

25 measurements, new pilot signal patterns, sequences and/or pilot signal transmission power levels
which can facilitate the analysis of self noise and interference form other sectors of a cell are

desirable.

SUMMARY OF THE INVENTION:
30
Improved pilot signal sequences which facilitate multiple channe] 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



WO 2004/ 077685 PCT/ US2004/ 005241 -3 of interference fromother sectors of a
cell using the sane tones, e.g., in a synchronized manner, as the sector in
which the pilot signal nmeasurenents are being nade. In cases where different
sectors transmid2oomrass one at the sane time using approx@aratsedyoossit he sanme
power, signals fromother sectors while,being interference can be viewed as
being sinilar or the sane as self noi sé since transmi ssion povver af fects
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contri butions sectors

pilot with z@rthnqwnemWhushtherlalmmlgmale:dammmmm@ljbamgmadeect or at the sane tine
a pilot signal with a pre-selected, and therefore known, non-zero power is
transmitted in the sector where the received pilot signal nmeasurenent is
made. To facil it dheaskaekge diffadninedtse nmaﬁwhamrctastheamﬁehxheu déhd dpphosingddgppor t ed
in sonme e c NUL L sec ors of cel
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Since no powvnilirsr e shih@mssif hbieclsindd tiaheni Sfinlpower difdéts tHegholhtdf BEisd H& will
measur enment rreasured signal on the tone is attributable to noise,
e.g., backgrlﬁﬁﬁﬁ%‘) L IR nay i ncl ude inter-cell interference. The pil ot
sequences and S|gnal nmeasurenents of the present i nvention provide

mechani snms that enable a wirel ess termnal (W), and a BS that receives
channel condi ti onf© BRISYRRYYFAORIPRES Faminsighbargasectnss avector NUaLaulob e-8dawnl i nk

recei ve §NR fiRk with @erd\bowsr, B8 trhrbRikddan arPddidchR ssck@bthe b \ahd apm%ﬁm Wnkhe
presence of signal dependent noi se. Feedback from i ndividual

accor dance WPPRElEds plRFrEloBAMORBMeRZFT) PPYE|iLgusmited frhe sectopyhemk éh‘l‘fn e I

quality i ndﬂe%&e@pﬂﬁ@h%ﬂﬁﬁm&@ﬁre%t iA8adR P PO 8L fitdiOb Rk SbiHAl BisoNRasiRinites, IRRT €
each of the two chann ual |t¥ ndi cator values 1s generated using a

different f uNELLe)w‘medefsomé jmena nif die cgaetjaesll nall setorsrof e atllie
gener at or f%&ma%hq,ao@oﬁuoﬁ& thlae i 9§cd§d H0Rhce hfdHdie. Cs‘ﬂ{céﬁég&l?léi“lé‘g to a

received pilot signal "having a first known transm ssion power aS an Input. A
second oh® offansiited Mbe ehlenried toep duiring (heimraiuzement; alv/)anncﬂeugémendtootheftmcm ons
has as an i ngihds Pk 01 5h i ahiss RRGS AP IEALe (R LAS MR, L0 anot her
received pilot signa aV| econ known ransm ssi on power which is
different fromthe first knovvn transrri ssion power. Each of the 30 first and
second channel qual.i pGtion h may be

i npl enented as slT;lll {t}\%{trs%&ggggwﬂ%s %\r}\s/:o&gﬁe@#cﬁl ent%on rov1§ so have

addi ti onal | mpbssthothtivogide § wistless mmminab(l"?éfb, and a BS that recewcs channel condition

20  feedback information from the WT, to predict downlink receive SNR for the WT as a function
of the signal transmit power in the presence of signal dependent noise. Feedback from
individual WTs, in accordance with the invention, normally includes at least two channel quality
indicator values per WT, as opposed to a single SNR value, where each of the two channel
quality indicator values is generated using a different function. One of the two channel quality

25  indicator value generator functions has a first pilot signal measurement corresponding to a
received pilot signal having a first known transmission power as an input. A second one of the
two channel quality indicator value generator functions has as an input a second 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

30 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.



WO 2004/ 077685 PCT/ US2004/ 005241 -4 Feedback from i ndi vidual W's, including
at least two channel quality indicator values per W that are generated
using different functions, enables the base station (BS) to transmt to

di fferent Wswatodifkgrent, e.g., mninmum signal powerecuepmmiimngl upon the
respective SNRs required at the receivgegrs. The total power transmtted by
the BSis typically known or fixed but "5 the proportion allocated to

different WI's nma |ffer may vary over tine. At a W receiver,
t he dependence o% “%E?c Ifmﬁb‘f‘ dﬁ% “FlP?‘li]é'%/ii“SﬁtIB?StEWh%@bﬂ%HI%@WIV%Wer can

be nodel ed poyWa thdtfafei @hﬁratbd eng difgdredt Redté, eAsblbdt8e bR kEGorCBBS AGLBEHiSlI C
line'" 1n thi mv&% 9 nce the noise characteristic |ine does not in
general go t Sie Igf’{eﬁ Fr 8- BuTdmpgy sienalpowsrs dspengding ugen the resprstives$hiRsgh t o

characteri Zeequhbcﬁiaﬂthdlecelv‘&s T3 Stal BRerRARMIBEEEShABS isf t? b&fy@(ﬂo%@o%@%ﬁ? ne
thIS|In3 0 The baestatllggtransmtsglllot si g s on the downlink. In
e

accor dan & poRaRien alincatad:te ditferegt Wil max e ¢ifferspt %Fl Fl’@b’ vaiy el tineo fAtGWT er ent

strengt h | evelefver, iR@lepAtisRe 64 BfabkdiRlak §fdn§udn' diehe rg&fveg Eﬁ?ﬂﬂ‘ﬁf}\?&%ﬁﬁb& erm nal
can be determined, In general a first pilot sig i smtted at a first

pover | evel myekhpyp PF%E*‘F fipe feferesdse as ‘thé?‘)’ﬁe @@E?émis% lmét inghiginaentian. Hncsecond
power | evel iheidid@h8RterikBe fifeQiBed AR i dehéihl g@%ﬁghlt gin, a%bngfe%gﬁépptafaﬁlgte} 2

obtain a second data point. The second power eve can zero'in sone
enbodi ment s .nofReughyg ¢hargsitqrige thi linga At lath Svrepacametdsearg sesirgchtoaletemhine Bissiling. an
omi -antgnna, that is, a cell with only one sector. The invention further
determ nes SNR as functl on of signal transmt power in a 20 sectorized
cel lul ar envi ronﬁh‘h‘?ase stationriansmitstpilot signals eu the dowaliriko An acsardhancefwithtilee di f f er ent

sectors of qm%ﬁ'ﬂuln, @ﬁtn‘éﬁ}ﬁlo?ﬁérl)afs%é ?fffewﬁ?{tée}f%ﬂ ﬂ:@izlg Hhd ﬁo?se cﬁ%?c%{%sﬁé 3

resource (for exarrp e sectors.
The total pdowghe wireless tirmingticah be Aeteraiteds Evgeoera asfusmﬂm:adgdayls fiiancedttedont a Kirsown,

but di ffer G@B{;«Méve obEaﬁP?{lﬁéF%o%t%ala sé%ﬁtp?lﬁ)lt %1&1%1 &L se? \a%oweﬁe\% t f%er%l}l one

i sol ation etween the sec not transm
sector néy Umootrefirbpeer Bf@el(lsmmwdeno@)mtaeeaondleatam ahe secEm:l’;idmr eele, if

each of the LS. 1.S e ran |dent|c I or
i dentical si gﬁg é%ro W Somfglﬂé%dng%npsaﬁsh i otv gna1gn%5€/\l§?ne ?8831(51& cﬁﬁ&%% # on
across the dmftﬁ-emtmthﬂ@st,alcspwntnoxﬂygne\secnordegr ee of freedom(e.qg., tine
slot), the interference from other sectors to a WI in a given sector has
the characteristics of signal-dependent noise or self- noise. This is

parti cuI arly t heTmeemblem&elctemes‘mmﬁdmﬂbm@ﬁr r@Reit@beesaal es with
si gnal power h. occurs in enbodi pent where diff roera} £§ct ors are

const r al ad s?%or{zp ﬁ lH}af eNVIRpEnL.4n one me od of sectorization, eac rent sectors of
a cell may use the entire or nearly the entire transmission resource (for example, frequency band)

to transmit in each of the sectors. The total power transmitted from each sector is typically fixed
or known, but different WTs may receive signal with different power. Since the isolation
between the sectors is not perfect, signals transmitted on one sector may become noise

25 (interference) to other sectors. Furthermore, if each of the sectors is constrained to transmit
identical or nearly identical signal power (or to transmit signal power in a fixed proportion
across the different sectors) on a given degree of freedom (e.g., time slot), the interference from
other sectors to a WT in a given sector has the characteristics of signal-dependent noise or self-
noise. This is particularly the case when the interference from other sectors scales with signal

30  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.



or proportional power on a given degree of freedom e.g., tones in an OFDM
mul tiple access system WD 2004/077685 PCTI US20041005241 -5 I n accordance
with the invention, regular pilots at different predeterm ned and known
strength | eveleom@nesssr ansmitted fromthe base station POTAURWO4AIFHE] eSS
termnals to characterize the dependence of total noise at a WI on the
power of the signal by the BS to the . Different sectors may be, and

Che's same &1 me. rrragnrhElE Rkt e RS e i s AL R Pk o
pr tedet erm netﬂertgﬂ?aﬁl]n smm:tmg;mmmrm ihegfcsmﬁmtotﬁeanpdlds@tengitnglta?ﬂ chhfa&(ﬁﬁﬂ;ﬂt?ell sgt on
Sector my. BEPBOET O PRIEYS & § RISt B e Seugh B o pienlE. BBkt evel

whil e an ad Jsmmmagsae;taﬁu ofted a0 Béntoliddad trh@ndit 28 Rastisdbmapildiden Hasmnetiom®t the, a

pilot signal at_a second ower | evel t he second power | evel

i vy i Bl ot e JRrRG se B ek Fonr@le 1 Me i e e L I BISHER ment
of this lnvgﬁﬁmqauels‘fslethbEwlsﬂgnﬂltﬂamhﬁnedamt@t&eﬁleacn of DB jsébidas. | R exatid) of €Ul ar
pilots to characterize the dependence of total noi Sﬁ?}at a WIr_on the power of

the signal e HMe ddof Bt 6 W@&O’E‘:FPAIF {RaErangsgit p pikof|sianyiaf st paver &B%I i nk
resources ( G@ge afadjfknt sbét@asl@dhroldiad Banteinet Bk siteri STt AIpfloOdigrah® aG&lohd

transmt any power. Noi se neasured on these 15 degrees of freedom provi des
an esti mat ePBT"Bftlﬁ‘@l o Rl -thgend pausrlevsbedng %ﬁferﬁrrffg he ReshpAvEE levek | ot s (or
sinmply pigl ots) are resources (degrees of freedom V\/nere each sector of the
cell transmts known synbols using fixed or predeterm ned powers. Noise

measured on the PFfosdiag torome smborinend akthis ivepticne celbpul] pitoss f“ér“éfﬁ’déc%wcbﬁ"bw des

an esti mat e @, bdhifarbAbidto dﬁﬁfa@t@mzc'ﬂ'ihcdeﬂgidﬁgze oBiofiN BbisdiR BW@Mbe Bk S th%0 One
feature of the invention is directed he conce o sector nul
<§¥9®i~l ey

pi | ot'. The sigaalitespsmiied by e Bﬁﬁ%thetdﬁ’rbgelh@ébpﬂow age Qgces @egwpsmf
Wi rel ess Sy%feﬁ%@tﬁ)%}ﬁ?etdoﬂ@l%ﬁhé &%tom;fﬁgca& trsdaﬁm o&éar Bngg@msamdmﬁﬁsé he W

is at the bou two sectors a the sc edu tween the sectors is
coor di nat%ed dsgtt?@sr‘étfre@d@al @vidas ap lpeintsén m mssgndbééepmentr@@e ial/tge Bty Raguler f er ence

fromthe 25 bRt sififid Bow) FRGERcBH abelts opﬁeegﬁlﬂ%gﬁerggmlséc@& of BEQUS ces where

one sector i‘n a ce transm t - an y sighal energy and the rest or an
adj oi ni ng serhgnitstknaws eDlsusipgfiaed orgragetermmosl posiers. Noisk otegsured on the pilots

thus includes inter-sector interference and provides an estimate of the total noise, including

signal-dependent noise.
20
One feature of the invention is directed to the concept of a *sector null pilot’. The sector
null pilots can be used in a sectorized cellular wireless system to estimate the noise at the WT,
for example, when the WT is at the boundary of two sectors and the scheduling between the
sectors is coordinated so that the WT at the boundary does not receive any interference from the
25  other sector. Sector null pilot can be downlink resources where one 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
30  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,



More general ly, other types of sector null pilots can be defined, such as
where a subset of 30 the sectors of a cell transmts no signal on downli nk
resources and the renmaining sectors transmt regular pilots. Al so, nore
general |y, thavacworadresat ed schedul i ng anongst the sect orecT/icsas4mde28uch t hat
the BS reduces (but does not necessarily elimnate) the transmt power on
sonme sectors in order to reduce the interference that a W receives from
ot her sector - - . 04/.077685 PCT/ US2004/ 00524 -6 data is
transnitted (?ﬁa’rtlﬁ1 lgﬁ?%%%dcr?ﬂziﬁg%dj}{g%%aﬁ Ce%téﬁctz ?0?8“5” ?BF?&“WFS@W%P?%*HW%@ a
pilot signaltoexna the tone. Wth the help of various regular strength pilots
and/or various null pilot types, a W can 5 estinate the noise at the
receiver as a function of the power of the signal transmtted to that W&
under various corwlith ihehelp offgiohsvegulirsenge] ERtsCAMETRDud Aul8lifot tYhbdsha tWNan

comuni cation_.of this. information fromt W to the BS in order to enable
the BS tog de?sgplﬁr‘ciqu TPKE ab%?/\ﬁ’f:mi’% aﬁ%hﬂ%@& O?ﬁiﬁrpo?’?réﬁé*}ﬁ signpfEpnepitteche thpt W Rr ent
W's in both e vatiehd coadiforse Thovéidn 616d tondhyd 10 KR ks coldMunkeStionr ki grt,

i ncl udes

t he channel guality .infor ion is. not a single scalar val ue but

two or nore %{%&@mﬁrg‘_ﬁft@d&%%{nﬁ@atqeaawwf:é"&to fiptermine the Povist toshel wsechoi se
and/ or i nt er fos Bals@IttiROo IR differad ity i8Both @mnPadlkeaA @ééﬂﬁizéu)deﬁ%mﬂoﬁlnéﬁ'cs??m@ ment
of the invention for an OFDM based cellular wireless systemthe pilots

i ncl ude knowPE gt hapnshgualipyantormgionisnobysipgle salar yaluebus ingtudesriwe or mpeci f i ed
tones (amgl Iml&p@saich Eﬁﬁbeﬁ%éﬁj@mﬂe‘:méﬂe@@o@eﬁ hoi&dn@or ﬂfeﬁg&i(ﬁ‘rngiis@ﬁdid{ﬁﬂg\?{o’ and
, W

the null pilots are typically tones that are left enpty, I1.e. Zero
transni ssi onP35kRRRId 1p}e.an enmbodi nent used in an omni-directional antenna
depl oynment, known herein as an "ommi cell,” the WI neasures the SNR on the

pi l ot tones, which includes all noise/interference 20 sources, including
noi se that is depefrertodiient ofdhginyentionfor pr@ERM basesheeHulan wirdetelsyisteorthe t he WI
al so rreasur_e@lo'gshﬁ‘d IAGwH SIS afe GlahsnBdd byRhd e ét%%ﬁ)?n)s el vdds LRE ratio
of the received pilot power wth this noi S8 heasur emen %l ves an t hat
is limtdd twedficgrrambpliessbatddined onpoddeiernhintdepofver, emdthe ndlhpildfiare typiesihy thsesback
to the BS't t val Lval ent conbi nati on of
statistics. htgé%fe&%ﬁ@gﬁﬁéd‘l}f%:zﬁlioq%@%&goé@tgg’%zed depl oynment with directional
sector antennas, a single <cell is divided into nultiple sectors, sonme or

allof which r@y pr% e%ﬂb%ﬁf:ﬁ’]e%t ﬁs@g insa%%%ng-ﬁi?e%Hgn%Xntenna deployment, known herein as an
“omni cell,” the WT measures the SNR on the pilot tones, which includes all noise/interference
20  sources, including noise that is dependent on the pilot’s transmit power. In addition, the WT also
measures the noise using the cell null pilot tone(s). Taking the ratio of the recetved pilot power
with this noise measurement gives an SNR that is limited to signal-independent
noisefinterference. The WT transmits back to the BS these two SNR values, or some equivalent
combination of statistics.
25
In the embodiment of a sectorized deployment with directional sector antennas, a single
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
30  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



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 30 subset of the sectors but
not all sectows,2o@ndisgd SO gi ves a pattern for pilot ton@STaisda4/elst a nul
pilot tone in one sector is tlne/frequegcy synchroni zed with a pilot tone in
sonme or all of the other sectors This allows the WI' to neasure two or nore

| -t diffe
conbr nat | onc o <Lt Bttt bG8 st a8 b B cton B BV vl
2004/ 077685 @@Wﬂ&@@ddt@@bﬁmebaseztamummedwm &hé BS uess thankported eimaddies t he

BS to nmake a t f theerec unction
of the base |olrrllggsstg fetemng e powe cveﬁaﬂgélggmu%aélgm{% s a"ﬁ“@iﬁ%%‘/%;@ dcﬂg[% Aldhe

quality val u‘é’ﬂ" to determ ne the povver | evel at which to transmt to achieve
a desired.SNR at the W. 5 In accordance with the invention, a wireless
term nal ?rakes measurenents of at least two different recei ved pi | ot

Si gnalhs \Ithl ch Wi gechrdams mlmhttleadn@etnudl ﬁfvﬁehmteﬂm}ﬁﬂ mmdnﬁaﬁaﬂdmtﬂf@t ls%ﬁ_k@ﬁij ed,
and t hus knowy, power els ma a fixe
non-zero po erF‘@\?‘&iewc‘gﬂ tﬁlg'f‘a}lsaﬁ" Jet atl éf&é‘fmgf“ ?‘&‘r%cog‘fitpf?oﬁﬁlﬁﬁte%t her
pover |evel ganmisRaéwpowale&eROTHE mOepos’b@r Ibhﬁirﬁaﬁﬁﬂ, ag., DExaBvEabRMwer level
requi renent that one power |evel be a zero power | evel . The val ue _qbt ai ned

from neasur i #{ atRBSTRiFSAPOVELIEYS) BEFEHR ‘Tl@t’“g?l ofieRPOves leyplrombingions grepopsible ¢

functionggo ﬂﬂé@@biﬁ%no Rardafosy reglﬁlf’eﬁ{éﬁd th&téaé pdwer ieRélive alzero peAkUBvel. THR vaggond
nmeasur ed signal, ue obtained from nmneasuring the second received pil ot

signal is proterddenypeaudnechnistgiricd silt Siﬂi?léWfP%esifljﬁ’V @iy funcigngaproducef j r st
function, to,pRLOGREGRI c?aaﬁ@ciﬁtﬁéin&l%ﬁlﬂé‘e’fhe%h'@nﬂEa)éas‘uqu'sfgﬁﬁlgwﬁlu!%iaﬂdi%ed filg first and
second 15 channel quality indicator values are transmtted fromthe wrel ess
term nal to Wersungdhe sseqdirengived pilot SigRR isgnerserpdreng secondfagctiop avhichip differened i n

a single WESﬁ&Halemétlfﬁchah &f 26duce TOREId BRI duaRy mcﬁéa%'ortvma@smetf{r&qna cond
separate nessages. The channel quality i1ndicator values nay be, SNR

g.
val ues o#5 povb@nnemau@sndlqmg'alu@mc frinseitted framdlaa-winelese kaming thoL%ﬁaFﬂt%ﬂUPndIncat or
val ues may bofi HfoqimbiRs, iy rathe@ﬁhaQnQE: RAVEE whd H&ther Oib s‘ﬂ?‘ﬁ e)Pe an

SNR val ue and one a power value. 20 O ypes ~of va{ﬁues my a used
as the channst trapsmiitiedyn sepatite ancovagesallhechaniel huagiyRndipator yalngemay bd, ags SHRBi ng
exenpl ary I to a
sect or boundgah%g an%) WQ&qﬁe@E%%hﬁ‘E %fsg%;lgg :é%ﬁﬁ Pﬂa@ﬁé’] h%‘?%nﬁi%gtbt ﬂ%\mé?g g{)%tt{ g% i on.
The | ocati onS]Nlevdndfsamapbbth Be pasypovilesd, drong ey be an SNR value and one a power value.

20  Other types of values may also be used as the channel quality indicator values with SNR and

power values being exemplary.

In some embodiments the WT determines its location relative to a sector boundary and
reports this location information to the base station. The location information is reported to the
25  base station. The reported location information is normally in addition to the two channel
quality indicator values is sometimes sent as a separate message. However, in some cases, the
location information is transmitted in the same message as the two channel quality indicator

values,

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

of the present invention are discussed in the detailed description which follows.



25 base station. The reported |location information is nornmally in addition
to the two channel quality indicator values is sonetines sent as a separate
nmessage. However, in sonme cases, the location information is transmtted in
t he sane nesswgeoms7%ese two channel quality indicator parwemo4@4Numer ous
addi tional features, benefits and enbodi ments of the nethods and apparatus
of the present invention are discussed in the detailed description which

fol |l ows. V\O]ﬁa%.l ﬁ,?&gﬁ %JJG - 8- BRI EF DESCRI PTI ON OF THE

DRAW NGS: FigureZQEgéﬁiiﬂﬁigﬁﬁ$ ie ggag am'showing a transmtter and a

recei ver used for explaining the present invention. 5 Figure 2 shows an
exenpl ary wrel ess cel.l ul.ar.. .em FEiqure 3 shows an exanpl e ere noise is
dependent on t raﬁ%gﬁfeﬁtl%aﬂﬁpaﬁ%q%%% Phog'r%g 3 héansrﬂ]étﬁ‘bﬂ“g(?rr“@?’g? %ﬁ?‘}qﬁxﬁﬂ%‘“g

present i nveld prewent id@nfidrgur e 4 shows an exanpl e of an exenpl ary noi se
characterdstic line, show ng received power vs total noise, and is used for
expl aining the present invention. Figure 5 shows a graph of power vs

frequency corr espipofiyowDantdxemplerypvitdess dBuarBe@dinent of the invention
illustrating data tones, non-zero pilot tones, and a null pilot tone.
Figure 6 is a graph illustrating the relationship between SNR1, a wreless

termnal recei veguSNRhbweinstingle WhgRabisels e et oRhshseii@aalgnipdeBendant
noi se, and S%ﬁ} a wreless termnals received SNR including no signal

dependent ndFEEor GplapingfapResehiaY Ui se is 20 i ndependent of the signal
where thg signal dependent noise is equal to the signal, and where the

si gnal dependent noise is |less than the signal. Figure 7 shows exenplary
signaling for a FiPeé sbaws BrexanpiRrbidampaNInoe chagpsteristin g shewingreagyed at i ng

non-zero pi | @lel ARG noRBGhts it for Biplatind RO GRsenfiRfknfiG).! Null pilot tones in
25 accordance with the invention. Figure 8 illustrates an exanple of tone

hoppi ng of the non-zero pilots, sector null pilot, and cell null pilots in

accordance with gRgreisyeRnt | 8fbh &%O&L@g rﬁ%g&nw d3loRlifiS 1 dilekEmpibdyuat i ons for
an exenplary wirel'ess termhpal i a 3 secCtor
15 embodiment of the invention illustrating data tones, non-zero pilot tones, and a null pilot tone.

Figure 6 is a graph illustrating the relationship between SNR1, a wireless terminal
received SNR including signal dependent and signal independent noise, and SNRO, a wireless
terminals received SNR including no signal dependent noise for 3 cases: where noise is

20  independent of the signal, where the signal dependent noise is equal to the signal, and where the
signal dependent noise is less than the signal.

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

25  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.

30 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.



enbodi ment used to explain the present invention in regard to the sector
boundary information aspects of the present invention. W 2004/ 077685

PCT/ US2004/ 005241 -9 Figure 10 illustrates a scheme using 3 sector types,
whi ch are repeat®gof/ess the cases with cells invol ving ROT/ES2MAN5231 sect or s
in accordance with the present inventigp. Figure 11 illustrates an exenplary
communi cations systens inplenenting the present 5 invention. Figure 12
illustrates an epennlat i i .I,n _accor. ce wth the
present inventi gﬁ%@(}alﬁl}%@%ﬁl@ﬁﬁ% l%[s}lﬁr?’a %@mﬁﬁg’gﬂ‘é@pﬂrﬁfcﬁw\}ﬁ%ﬁg{ %‘% gasf’se"?”}[ﬂ nal

i npl ement ed c¢lk innodingimeons dhapidtshetorh én acpordanenwith he@risemdinvedtiogur e 14 il | ustrates
the steps of transmtting pilot tones in nultiple sectors of a cell in a
synchroni zed manner in accordance with the present invention. 15 Figures

15- 17 i || ustr at eFigwerplilhsyates dnekempag comansndtioss systsmainyplgmatiting theipteaént Si gnal
transm s§i on, ROWEr information in accordance with the present invention.
Figure 1 i TGSt rates a chart show ng the transm ssion of signals on ten
different tones 20 during a single synbol transm ssion period in accordance

with the present.inveption. Fiqure 19 is a.flowhart illustrating the
operation of an lglﬁ'érﬁ‘g?éguﬁgﬁsra@%é%plf%P?‘ﬁcﬁ%m“' Ssmer i #goemee ¥ePRsds of the
present i nverstminvefonFi gure 20 is a flowhart illustrating the operation of

an exenpl ary base station inplenenting the nmethods of the present

i nvention. DETAILED DESCRI PTI ON: 30 The net hods and apparatus of the present
inventi ao are weFigus B ilagrfies andg@npliry aviteiessab@ssal fslefRnlddia héconfn@ystame whi ch
uses one or nore . nmulti-sector cells. Figure 11 illustrates an exenplary
syst em 1100 PEEFH™ MOyl e cel | 1104 shown but it is to be understood that
the system may, and often does, include nmany of such cells 1104. Each cell
1104 is divided jnto g | ur al | tg/ WD_ 2004/ 077685 PCT/ US2004/ 005241 -10 of N
sectors wherein N&pgl ﬂﬁ’ag‘?tffﬁ tb% SRS 5 GRIHTRERIS} topgidp mpltipls septarhof 4 erdl in a

i1 'ustrat es sydeBroaR&®manner in accordance with the present invention.
15
Figures 15-17 illustrate exemplary pilot tone transmissions along with pilot signal

transmission power information in accordance with the present invention.

Figure 18 illustrates a chart showing the transmission of signals on ten different tones

20  during a single symbol transmission period in accordance with the present invention.

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

implementing the methods of the present invention.

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

implementing the methods of the present invention.

DETAILED DESCRIPTION:

30 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



where each cell 1104 is subdivided into 3 sectors: a first sector SO 1106, a
second sector S1 1108, and a third sector 521110. Cell 1104 includes a
SO' SI sector boundary 1150, a S1/S2 sector boundary 1152, and a S2/ SO
sect or boundawy 20bd6#sssSect or boundari es are boundari es Bcwhsoenirer si gnal s
frommultiple sectors, e.g., adjoining,sectors, may be received at al nost
the sanme level making it difficult forla receiver to disti ngui sh bet ween
transm ssi o%ﬁNfsr?rp t Ee sel\?tor n .\/\%i chit is Lo at ed_ and the adjoi ning
sector. In Che SE&F VEHER Nindfimepify e mieps erralietban bndystemel 190 illustrptesdhe cage

term nal s (Whsk cachiteh 1864 isellidvédeddles secopsatins: Stcd S 106, A sdafEsestoAti on ( BS)
1102. Cell jth t sect N= d re an 3 sectors (N>3) are also
possi ble. | Higeﬁlfdoart %5”%&361,(0‘ g%i@?é‘?‘ﬁ)ﬂ? %#J)\%h%PCWBB‘é@dEN@%O:Eﬁ/@? EN (X)
1118 a{_e Cﬁuaic?doﬁrﬂm?aiszé?h?&ggﬂo %&?Bodﬁ}iaty 1%415 @e&gﬁbdug@.-}iﬁslz aerilaZund&ﬁgb N
respectively. sect or .08, a plurality of end nodes | ' :
(X)) 1123 ar“@eli‘?gllf‘pf’l'%‘alstf@%‘&%P@P%‘i‘gﬁ-giHB‘?%&S%WWJI@IY(%@SGCFWPA@ tithe 1123,

respect i vel Wamd 18ved 6fakigp it D2FiddidRr a Recitheriddiktinguio bedREbnRGES: s EN6 Eodn thd @for EN
(X") 1126 are ,coupled to base station 11102 via wireless |inks 1125, 1127,

respect i vel ! Wi & isdpratedned thejadieming seqier Indlessilild0f, mulfiplandaodss 4ENSre-2.102

transmits piilesstbiidlS(VAL's) BLH AsRhabilp ROMRE, chigi@hiSatd Rith BBadsNBrion. @556 1105118,
1120, 1122, 1124, 1126, and there is synchronization of the transm ssion of

pilot si gn&iels With (Marseeias (Sraded Bom thasd sasers Kot Aspaiossitlet lnserion$fe t hr ee
sect or s.1ql nIMQEHM%femh&egBﬁ(ﬂ)ﬁYﬁvﬁN@)11t1'9%:e%9p19@ @se sBtign 1 1FON ) 1116

report feedback information, e.g., channe qual ity i ndicator values to the
base st at i orvirlegsdinkg 1 11gwi HY, resnsctivalie Integior $hl 080pplumlief erdwodes ENE )20

wirel ess tenmyaNgxn8s ¥edo t@ﬁas@stfaﬁﬂgalcltei&@ﬁ’vﬂfwﬁ?e%ﬁi %&ﬁlo'l‘lifr ansmi tted

si gnal power. Base station 1102 is cou to a network node 1112 via
net wor k | i nkespectizely. Tinsedien SRl IR0, madiwality afend nedes EH1 ' Od 1246 EdY (%81 1ht asor kK nodes,

e.g., inter i it I . at i, o, 5 ent.. nodes,
cte.] and tne g pgNEen PLARNARRsEhAG 10 1 O SRR PSR Wi o an
interface oulue_slil@eti@eﬂic;amtiosblwmsﬁmﬁmpgn?lf htrltgtgtiblb_tll_ﬁwergd;\wglsmthbMy .
conmmuni cat e e Si the c . : e W thi.n ce
1704 ey ool t; E0R R8RS, 3 Spel R oniagoisr e GensR o By

nove to anotsiesds afelatioseredespnined g khovelhoddieiwdea de tikatacors. In Mebiatde | i nks
1114 and 1129

maybe, e.d., . fiber opti ﬁ}f)les Fi,g., 12 illustrates an
exenpl ary basd ﬂg‘t%‘felng?fl’ P%ﬁ‘df E’I,e'gr’%‘{(@nlé ¥ B80T f%egbgﬁlbw Yony P-E ChaBRel ¢ g
i nventi on. Basiey stiaitoovalib? Gthé sasasiamnd 10k hidwisglthe & emand HI0R andadrmhasie:
station J102.s ov\t/n i.n. the g@i\]ﬁ)l arcf%/ ﬁo ni cation system 1100 of i%ure 11.
The base’st G FTHFS 5T {F: BENEIPL Y PUHERR 4&0s SIEPSE8VEL dto
recei ver 12Q&u&nmioR isaspied foernetdPidnode @ 12064 hetedrk link WEL4. rTBe @étwerk nbd®P112
i ncl udes a decocieé 1%]12 whi | e hhe transmtter 1204 incl udes IQR encoder 1214.
is coupled to other network nodes, e.g., intermediate nodes, other base station, A nodes,
home agent nodes, etc., and the internet via network link 1129. Network node 1112 provides an
interface outside cell 1104, so that ENs operating within the cell may communicate with peer
25  nodes outside the cell 1104. The ENs within cell 1104 may move within the sectors 1106, 1108,
1110 of the cell 1104 or may move to another cell corresponding to another base station.

Network links 1114 and 1129, maybe, e.g., fiber optic cables.

Fig. 12 illustrates an exemplary base station (BS) 1200, implemented in accordance with

30 theinvention. Base station 1200 is a more detailed representation of base station 1102 shown in
the exemplary 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.



WO 20041077685 PCTI US20041005241 -11- Base station 1200 also includes an I/O
interface 1208, a processor, e.g., CPU, 1206 and nenory 1210. The
transmitter 1204 is used to transmt pilot signals into nultiple sectors in
a synchroni zeo @anrmess vi a sectorized transmt ant enna PROBS200h@swecei ver
1202, the transmitter 1204, the proceggor 1206, the I/O interface 1208, and
the nmenory 1210 are couple together via 5 bus 1209 over which the vari ous

coupl 65t he RCREld1aN0 AR fa B POIBIIR B pfiSes’ S CPUT ORI B
The menory 11210 Thedtangeiser1@04 isnesd tﬂ:mmodﬁgmls intofomltipdé dedtarsi®20. Rout i nes

1218, whic processor cause the base station
1200 to ope:.kgweﬂ?%%%qg]%ag gglra gécrté:nez " TR ﬁ&te‘i"‘r?\llléﬁf B regebist r?r{) sthe Bansmitice | yde
cormmuni cat i o84, rtlmproqassoﬂm thel/Odnteiface 42085 irginkd m@ﬁ@@ﬂsm 48 chupii thitenel 480, and

base statd o nes, 1224. The rec pr.ocessing routine
1950 | nei s iR e PRy renbikan MU o P CHfe BB T O 26

whi ch ext r adhsrfeh d208sdoupledthe bise stAGHICIZ00 fo thdintegfet iddadbikeERitV¥&d nddegnal s, e. g.,
WI report nessages, and a position information extraction nodule 1264 for
extracting WI position information from 15 recei ved nessages. The position

information, in S‘Eeﬂiﬁexﬁdi’ﬂ?(ldl(}’rﬁﬂh&es rbdnﬁemu@&daaawlnﬁorﬁaﬁéﬂmo RAuBh&liryg to a
sector bound r‘}i’a‘?’ Ext ractggyf hannel I ity indicator values, e.g., SNR or

power val ué hen Sxegute PFQGESSPR H@r?ii‘ié% thshassstagpn 20040 Pparat®™ rout i ne

1226 f oriqusectondamed wied @t inventioh! Rﬂﬁ’tiﬂe§ﬂl@%cﬂﬂ%&m&@ﬁwaﬁb%bt@neﬁ@@@%.%Jc{'\@&i to a
WI. The base statl on control routines 1224 include a schedul er nodul e 1225,

a transmi ssiSHERAFRMESINEIPHIGF 4260 And Rssh staten el rogtines 4 2% Ahe megeivedsignslit i nes
1228 i ncl udigi@edinRirbine $260NA¢udkS A8KAhdI Bl dtzaamam R outine.
The data/i nfﬁg(?:rra?ilgcr)n 1%20 |ncllludes datg 11?‘&%1 ) | ot ° op%:ﬁﬁﬁﬂlggﬁqlggzn%e

i nf or mat i on Migepxtrackyrhaigiel @abiydndieatorvalaes fepa @cqudﬁf@phqmz -OWT XeppQ meBrages, 1232
may include gag aoﬁﬁogmfbmueﬁemawn MRodufS2OARE extaditng WRLRsilioh G oty ¢ Ne
transmtter's encoder 1214, results of internediate 25 processing steps,
etc. Thel%i ITereivedppisprss s Ben rosisien inforaetien; insaAme kodiments, aulscapmwém posiion

i nformation 0 ve

defines the é\%ﬁ@e@g%{;mg@&g% E\%mieﬁ'&h&ﬁé%uﬁ[?@yg&ég ah!lc éaﬂ% ?%‘Jrgg}ﬁ t ones
in order to ghespgpeovikitoths tafismisstidngower oslculemrgltrh@t;nevlmmfonusehmcqjccdlfcbm,gt one
hoppi ng seq I it D ipve S es are
cor e g, - prodfisld AREAABAR dbibd AL Sl DR RER Km0
bot h t he BS iBQudt2Bcheduier idale 1225 kaeraumxiksi@mownwltuhyom tetif2Sl 226,00 sigoaliag i nf 0
1238, 1 g UdESL LA IR0 o 5L AL RS AOGSSARLL BE-ESS a5 PI I Of

tones of a SpECI IC Str ones S

The data/information 1220 includes data 1232, pilot hopping sequence information 1234,
and wireless terminal data / information 1240, Data 1232 may include data from the recejver’s
decoder 1212, data to be sent to the transmitter’s encoder 1214, results of intermediate

25  processing steps, etc. The pilot hopping sequence information 1234 includes power level
information 1236 and tone information 1238. The power level information defines the different
power levels that will be applied to different tones in order to generate pilots of various
strengths, within the pilot tone hopping sequence in accordance with the invention. These pilot
values are set e.g., preselected fixed values, prior to transmission and are known to both the BS

30 1200 and WTs in 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 shail 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



sector null tones, and which tones shall be cell null tones, within the
pil ot tone hoppi ng sequence for each sector for each termnal 1D 1246.
Wreless termnal data/information 1240 i ncludes WO 2004/ 077685

PCT/ US2004/ 00W@4doao77ds5 sets of data information for eachcCwiusmbews2st er mi nal
operating within the cell, WI 1 info 1%2 W N info 1254. Each set of
info, e.g., W1 info 1242 includes data 1244, term naI I D 1246, sector ID

1248, chann tor 0, and s r ition
info 1252. %&? 5&132132? 1—Ilh‘llr}lc g eegmu‘\s@érlesaae{%mgle@g‘ia%w ﬁ1 \R?‘?Mﬁd*yfaﬁé 2, data to
be transmi tt\ﬁ’dl\tiofoalzﬁeeﬁachmt@f ﬁlftmclngfrlaaim g2 iM:Fubes\Mta]mM edrifinaaiD 12261246 i's

a base stati entlfl onth been ass nedt

specific pi Iso{gorq%ﬁlggﬂ%gamgélualg& ehcgé’r valges, {leé)lh gt sg4ps tinyadacy H&Pﬁ“fﬁvg%

signal s afj mmiwémmrl]ﬂexhsendmmdwdgeméiﬁ}lgdcigsﬁ%dd&citglb_?ﬁanﬁmﬂéd t@lalpE)er f%ng
corresponding to each s ter e or

i denti fi g “ﬁr‘i"é’gﬁﬁf @Bf‘%ﬁfgqﬂgﬁ a ke staiion aggfenediT @E Heatign thaihas i n.

The channel bquedsslg[)edltmmafa@pecmlpﬂestoﬂe'&ﬁ@pmglquu@ﬂc |1ﬂfllﬂﬁﬁga’$dn@ﬁb &@ﬁ%\f'l? yes by WI
1 to the base station in channel %ﬁ%@fﬁ% report nessag t hat the base

station may SEEES ptPredsierpined wogsyis ge ’éFt?aé“c%*?t\Pé&C‘WPO@‘ﬂ tp &b spegificy
function of thasel B gdson transm ssion signal power. The channel quality

i ndi cator values 1250 are derived by WII from nmeasurenents perfornmed by 15
W1 on the various strength pilot signals transmtted by the base station,

in accorgance Wi frke debier P18 Sdbhrifidd Witdhi of the thBEseSBIL ST, s@%ﬂ?@\ﬁr YISQ)Eélaﬁﬂgo
information 1252 includes: .information_identifying whet her W1 et ect ed

that it is neaFheghamelqnalitydicaior yalugs,dash ipelndg 1ﬂ@ﬂﬁi‘t@ﬁ cpespaedsby W litpghsr f er ence
and infor rmtﬂa@rkta'ngﬂ?ltdhfu)ﬁbﬂﬁla}m'rEﬂ&rt%%éa@és ROURIREY st Wbh tha JsORAhRMHaRGR - Thi's

information is obtained or derived fromposition feedback 1 nformation
transnitted eBected eecyired WOl SRR leved ay afapctioy of brse %IOH'HQ@SI@WHMGr tThe

i ndi cator v 252

r epr esent c%gﬁﬁéell qqi(%l gg “?%tﬁg“’% ggﬁ%ggi@{r%?%}rwngﬁ ‘?)Vgl ?I% %lrrllg1 %a}%&e{#tt% base
st at i on 200V Thewoiht darings streheth paet smalabrwnnttyd@ydw baserstatigoin Iﬂ¢mtdaud¢amﬁnehes

bet ween the i f?ﬁmm 1222 is
used for r?p "i"?i’ligtﬁ’%’hg %Bé{egpts) at | g\ﬁ&ﬁ%g 0 per %?ﬁr#cq'\g/hg?'i“gg%ﬁ&%

conmuni cat i odmtlfypgrvel'tCtmnWTthds detgsted thanit isvaari agesordonmdany, esperiersnghigt loetl s.
Base stati Q i 1200 to
per f orm basi (ii:l : ?egfs%aensét antdﬁ)ﬁg% %%d%&tﬁ%ﬁ*l? %ﬂl ch 966&’?9&{“%3%1 Bgicgltrcg%?% n?ﬂ
reception, <dufhedhtibh rsgpbtammﬂ ot dmwemﬂrmpmnm Iﬁ@dbetcle mfomfatmmEansnmteb (0] thafWT.h e

F ; S?\grr:]t S)é)nve né Ireger}vé tl'iledl%§ gl“k%e Iﬂae{n%lt du%f'ty dlcp ator v uessllggt? an% tﬁet scgtlol.t ]E‘O%{l ary

position information 1252 represent channel quality feedback information from the WTT1 to the
base station 1200, providing information about one or more downlink channels between the base
station 1200 and WT1I.

25 Communications routines 1222 is used for controlling the base station 1200 to perform
various communications operations and implement various communications protocols. Base
station control routines 1224 used to control the base station 1200 to perform basic base station
functionality, e.g., signal generation and reception, scheduling, and to implement the steps of the
method of the present invention including generation of pilot signals at different transmission

30 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/
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indicator values 1250, may be used by the scheduler to allocate channel segments to WTs, This
allows the BS 1200 to allocate segments on channels having sufficient transmission power to
meet received SNR requirements for a particular data rate, coding scheme, and/or modulation
sclected to be provide to a WT.

25

Figure 13 illustrates an exemplary wireless terminal 1300 implemented in accordance

with the present invention. The wireless terminal 1300 may be used as a wireless end node, e.g.,
amobile node. Wireless terminal 1300 is a more detailed representation of the ENs 1114, 1116,
1118, 1120, 1122, 1124 shown in the exemplary communications system 1100 of Figure 11.

30 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



Figure 13 illustrates an exenplary wireless termnal 1300 inplenmented in
accordance wth the present invention. The wireless termnal 1300 nay be
used as a wireless end node, e.g., a nobile node. Wreless termnal 1300 is
a nore detai |l sb veqrresent ati on of the ENs 1114, 1116, 1#ch@ys:00dRB2411122,
1124 shown in the exenplary communi catipgns system 1100 of Figure 11. 30
Wreless termnal 1300 includes a receiver 1302, a transnmitter 1304, a

processor, 06, 308 cou | ed together via a bus 1310
over which t]ﬁgewe %ﬁ?%l ‘?ﬁiﬂ de‘foﬁ relgiﬁ%e ngnéméﬁ‘f 1104riRetyrst AuehcodeR &34 r el ess
t er m nal 130&0cqas:nlr U3l undec esnyrol of anelort mare BntindsaB820 Afee MNAEmk3 808 chid@dmuhi ch

are coupl ed t eiv tr ansmtte 130 1304 respectively. The WO
2004/ 077685 L7 %"?6‘6‘3 b@@gﬁ‘ipmi%“ a?"& fer e htapmetnpgs of theproserd tispian 21312

whil e the trduaibed hmmlmcjrywmo@mmemm@dm ahS ddta/infEHRESSERL. R3RRes Under
contr ol o% opﬁ«a o re routines 1320 d.in rrerer 1308 causes the
wirel ess Réﬂ SO TING3 NS rating, 1 é’B Higrless tepmingl eonrolmepings 4326 Thie

present i nvewiéles t@r&ma%iiﬁ*ﬁllrbﬁﬂlc@mﬂhﬂﬁludéﬁﬁ@lﬁl‘{ng]{%%el 1864 }ﬁéﬁ&nggﬂﬁa@ £Ra1320
and data/information d#? ? %tl nes 5 1320 1 ncludes communi cati Ons routi ne

1324 and wi r'BfEYEERE? g ualify fndicator yalyeseenqmigng mpduly 1833 arseeteri nal
control rout bdﬂﬁ@:ﬂ-ﬁ%ﬁldﬂ@@ﬂeﬁﬂﬁﬁg %loﬁﬁl@-h!ﬂl?aﬂdqléhbﬁ@l cﬂﬁﬁ@ 11'1cﬂ&.1ltdil‘il'hlﬁgtr§nsﬂ.'isglgﬁ

signal neasuring npdul e 1330, a channe uality Indicator value generating
nodul e 1332, Cogtraldpqdyie 13%%@%9/#@”0%%9&#38%11’6@@1@%&%@913%@@ wformation tahel a

channel  goial irdn¥mir@@ SR wi@bdd RrbluANSID &5 Bk ncd0
Data/i nfornmati on 1322 |nc\lvudes usélr dat a %3 e %{&I:Ifﬁ orn%ﬁ%%gté%nagng

transmtted FROFSEhEseRie | Bfsnghedepmeansired Sgmpl vejues np;feé&'had@lty indisator valug 1336
and pilot sigpahhda 13381fs£btélr?b59nda}ﬁ%£méﬂhfbnﬁ ;‘mm: 'téfﬂﬁl g&%ﬁ% nSagal

val ues info 1337, quality indicator value ormation , Ssector bBoundary
position i nf Rasereiation AD ifaimatiow,and hsnnel DPPWH@CF%MIDR%SHQM sighaling info 43500on | D

el udes hopa nes ORRIELqsERAls 1335 FRB NI 1Re, 10k 44 909, (B0 lllider 25
1356. Thés rreml‘@@GIQO%Q%QPIW@M@@SW@B@MEW shtdinmidommmeassurcednts, pgriadmed al ues
I T e
recei ved pi Ipitasesifgm@bfved' pi@tqigadh The quality cralicator vabqurmﬁtmnrﬁﬁﬁs mnlud@3B8tpuncl udes
output {1 o EhANIEk R Skb e IR ARk AR SRS RN M R S iR, T
base st at i onvalmyinfatrhatian ﬂmﬁ hvae:ﬂ:ramsmﬂttedm atbasezﬂmdﬁtrmy allovethe base ¥hsor©cei ved SNR
as a fungtion, of. LrLans, tted r C dar Siti

i nf or mat ?6 FEAE g ?%%ecmﬁ %%?sagﬁ We&‘é?ﬁ W’ﬁt&d % §0? ? bgggiartyerm nal

isin a position information 1340 includes information identifying that the Wirclcss terminal isin a

sector boundary region, e.g., the wireless terminal is experiencing high inter-sector interference
levels, and information identifying which of the two adjacent sectors is the boundary region
sector. The base station may use the sector boundary information to identify channels in

25  adjacent sectors where the transmission power should be turned off to reduce inter-sector
interference. Channel report information 1346 includes the quality channel indicator values
1338 obtained or portions of the channel quality indicator values 1338 and may also include
sector boundary position information 1340. The channel report information 1346 may be
structured with individual messages for each quality indicator value or with groups of quality

30 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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20  the transmission of channel quality indicator values. The pilot signal measuring module 1330

controls the measurement of received pilot signals, identified by the base station ID info 1344,
hopping sequence info 1352, and tone info 1356. Pilot signal measuring routine 1330 measures
at least one of an amplitude and a phase of a pilot signal to produce a measured signal value
corresponding to each pilot signal measured. Channel quality indicator value generating module
25 1332 includes a power estimation module 1361 and a SNR estimation module 1362. Channel
quality indicator value generating module 1332 generates quality indicator values according to
functions, which use the measured signal values 1337 output from the pilot signal measuring
module 1330. Module 1332 includes first and second sets of instructions for implementing first
and second channe] quality indicator value functions whetre the first and second functions are
30 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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Module 1333 may also control the transmission times to correspond to pre-selected dedicated
time slots dedicated by the base station for use by a WT 1300 thereby precluding other wireless
terminals from using the dedicated time slots.

25

Figure 1 is a simplified diagram showing a transmitter 101 and a receiver 103 which will

be used for explaining the invention. Transmitter 101 may be, ¢.g., the transmitter 1204 of base
station 1200, while receiver 103 may be, e.g., the receiver 1302 of wireless terminal 1300, In a
communications system, such as the system 1100, the transmitter 101 often needs to make

30  choices about the appropriate method for transmitting 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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20  signals 209. The combination of noise and interference will be referred to subsequently as
‘noisefinterference’ or sometimes just ‘noise’. In the prior art techniques, this type of
information is normally reported in the form of a single 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, such a single scalar metric is usually all that is required at the BS 201 to
25  predict how the received SNR will change with signal transmit power. In such a case, the BS
201 can determine the correct (minimum) transmit power for the coding and modulation it
selects to transmit from the single received value. Unfortunately, in the multi-sector case, noise
resulting from transmitted signals can be a significant signal component making a single scalar
value insufficient for accurate SNR predictions for different transmission power levels.
30
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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of the received signal power 317 can be modeled by a straight line 305, referred to as the ‘noise
characteristic line’ in this application, as shown in Figure 3. Since the noise characteristic line
305 does not in general go through the origin, a single scalar parameter is not enough to
characterize this line 305. At least two parameters, €.g., two channel quality indicator values,
25  are required to determine this line 305. A simple method of determining this line is to identify
the location of two distinct points, e.g., points 311 and 315, on it, since any two distinct points
uniquely determine a straight line. Note that as a practical matter, the points can be determined
with a limited accuracy, so that the accuracy with which the line is determined is better if the
points are chosen farther apart than if the points are closer together.
30
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



coefficients or frommany other reasons. In situations where the self-noise
is conparable to or 10 |l arger than the signal-i ndependent noise, a single
scal ar downlink SNR val ue (which may be neasured on a pilot) is no |onger
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pi | ot si gnal sNPfofhlsiver B8RAETsigh@ folv@thien Frandohifink td &ié W 1300 whidiRgdortk neasur ed
and processed to produce the first point 315 on | ine 305 identifying
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20  other hand, are usually transmitted at a relatively large power, the two points 311, 315
corresponding to the null pilot and the non-zero pilot in Figure 3 are relatively far apart leading

to a good accuracy in characterizing the line 305.

Signal noise and various signaling issues will now be discussed further. Graph 400 of

25  Figure 4 plots received power of a signal of interest on the vertical axis 401 vs total noise on the
horizontal axis 403. Figure 4 gives an illustration of an exemplary noise characteristic line 405.
To characterize the line 405, in accordance with the invention, the BS 1200 transmits signals
that enable the WT 1300 to make measurements of at least two distinct points on the line, e.g.
points 407 and 409, information, characterizing the line 405, obtained from those measurements

30 s then transmitted to the BS 1200. For example, the BS 1200 can transmit two different signal
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 ¥ 415 and Y2 419, and the
corresponding total noise, denoted as X1 413 and X2 417, respectively. From X7 413, X2 417,



noi se |l evel 319. In accordance with an enbodi nent of the invention, the BS
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i nformation, character|2|n the Iine 405, obtained fromthose neasurenents
30 is then transqll%f dYeo X Wi£3§g1200 For exanple, the BS 1200 can transmt
two different signa POWE S nd P2 that will be received as powers Y1l
and Y2 as shown in Figure 4. The WI 1300 neasures the correspondi ng

recei ved signal powers, denoted as Y1415 and Y2 419, and the corresponding
total noise, T}Q%Bﬂés? nbiké pSweaRBresgortiing to b GaREEdsion pbiver Fris@eXbd hidearlil2 417,
WD 2004/ 077685 PCT. 04/005241 .ﬁ 4 %15 and Y2 419, the sl ope and t he
i ntercept of MEHe aF‘P%l'éﬂt‘ﬁ‘fS‘Bﬂ't?dWm&rXaﬂ? @4 X/geter i ned. In  one enbodi ment, P1
and P2 are known and fixed. In another enbodi nent, P2 can be the pil ot

power, corresponding to_a pllot signal, while P1 can be zero, representing a

null sigaal, which_ x4+ {o-P1)

P2-P1
Then SNR(Q), the SNR as seen by the WT 1300 for a BS transmit power @, is given by:

Y1(P2 - P1)+(¥2-Y1)(Q - PI)
x1(P2-P1)+ (X2~ X1§0 - P1)

Y
SNR(Q) = <=

25
Point A 411 on the noise characteristic line 405 shown in Figure 4 has the x-axis value of X 420

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



occupi es sone transm ssion resource but wth zero transm ssion power. In
general, however, Pl 5 does not necessarily have to be zero. For exanple, PI
can and in sonme enbodiments is some positive nunber smaller than P2. Once
t he noi se chawacb@anvsss c | i ne 405 has been detern ned bycrhs:B88032300 from
received feedback information, the BS,1200 can cal culate the SNR at the WI
recei ver 1302 for any given 10 transni’Ssion power Q For exanple, Figure 4
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receiver 1302 if transmt power is used. Therefore, fromthe noise

char act eri stPreseRce bmaltigath &dgean the changeh The migbnon oLt o IERELMETISEIZPBGY/ 005241
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determ ne, for exanple, what transm ssion power IS required to neet a given
SNR r equi r efes®tcfr t he WI 1300. Figure 5 shows a graph 500 plotting power
on the vertical axis 501 vs frequency on the 5 horizontal axis 503. Figure
5 corresponds to one exenplary enbodi nent of this invention, in which the
wirel ess cel | ul aFiguestiebeis ths eewaprHidyefited tom@qaj@rﬁ@wlﬂvlwsymbﬂ Jhial ati on

(OFDM . I'n L hginRHe Hﬁﬂl& gi’s £233%owh {ntol &G VX PAR: bowel st GEiohd el

or t hogonal tones slic
15 null p1lot 513 is a tone with zero transmission power. These pilot tones 515 and null pilot tones

513 may hop over time, meaning that from one OFDM symbol to the next, the position that they
gccupy may vary. Over extended periods of time, the pilot signal transmissions are periodic due
to the repetition of the hopping sequences. Four pilot tones 515 and one null pilot tone 513 are
shown in Figure 5. The tone locations of the pilots 515 and the null pilots 513 are known to

20  both the BS 1200 and the WT 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

25 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,
30 asindicated 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



transm ssions on different tones do not interfere with each other at the
receiver, even in the presence of nmultipath fading in the channel. The

m nimum unit of signal transmssion is a 10 single tone in an OFDM synbol ,
whi ch corr espavai=odiar@as conbi nation of tinme and frequencyPCHeROMINERH. Fi gure
5 shows the power profile of the tones a4 a given OFDM synbol. In this
enbodi nent, a pil ot 515 is a known symbdol sent at a fixed pilot power 507 on
a tone, and t t513|sato h zero transm,ssi.on power.
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that from on&oBFDM synbol to the next, the position that they occupy may
vary. Over extended periods of tine, the pil ot signal transm ssions are
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antennas, the enbpodi pent specifies a single null pilot known as the cel

nul | pilot. HSappdseoduradn SER Biat Bceadythe mimmpraddior the desited peslgatte pud and a t one
carrying dat gotisiaddnicbndidalisgnsm tted at power Q 30 as indicated in Figure
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since it determnes the conbinatio ing r &nd- modulati on
constel | ati otte depeatlencani thetosali ppier 4 edunchar ofdhesipepivefl sigual pawere (Thi powrdple eanr or

rate (e. g. ’sguhlﬁrlfﬁcc’&% dt%étheps%mgo ¢ transm ssion of a single codeword is

incorrect) an rate and nodul ation constellation, it is
possi ble to define a m ni num SNR that the

20 Let & denote the channel gain, so that when the BS transmits at power P, the received
power by wireless terminal is &P . Let N denote the signal-independent noise, and 3P represent
the signal-dependent noise, where y is the proportionality factor to the transmit power P. Then

when measuring the SNR on pilot tones, the WT 1300 measures an SNR of

aP
N+’

25 SNRI(P) =

where P is the constant transmit power of the pilots and & 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.
30
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



recei ved SNR nust exceed in order for the probability of unsuccessful

transm ssion to be less than the specified target rate (e.g., 1% bl ock
error rate). Fromthis point of view, it is desirable 10 for the BS 1200 be
abl e to accur stosdogaioesss mate SNR(Q in order to sol ve forpdriesasenssimi t power
Q that wll produce an SNR that exceeds, the m nimum SNR for the desired
code rate and nodul ation constellation.” The rel ationship between SNR(Q and
Q depends on_the..s] - dependent. noi se...For the 15 sake _qf description, we
mssune that iR SRERERh R B G el oaier O ot PR ah i

power and uspostible towsiimete ah ANRha s fedeiof siphahderdident ¥, B uS Rprdert hifiagoibes 3
and 4 to characteriz t he dependence of the total noise as a function of

the recei ved sERGPR: —pQuire tHd vanpr sMRY’ Mdicaathat is bdhsidark hY siaBalaxbennsdedoit ot her
situations. 20 Let &denote the channel gain, so that whén the BS transnits

at_power P 1 daeshotRfly bBONES st helsARae) BiehBl: 1S aP. Let N denote the
si gnal -i ndependent noi se, and yP represent h(§ si gnhal - dependent noi se,
where y i% the proportionality factor to the transnit power P. Then when
measuring the SNR OE pi | ot 1toneii the WI' 1300 neasures an SNR of 25 SNR1(P)
= aP NtyP  wher i {—he—eg-n .ant transmt power of the pilots and Nis
the signal-i ndepe‘?‘i\ggm) nW@%P eén by the WI 1300. W call this "SNRI ' to
indicate that it treats the signal -dependent interference as a single
entity. 30 By using the null pilot, it is possible for the WI 1300 to

separ at el y nEasataeonehsmplicityalet usidaiegpendent noi se N, since there is no power
transmtted by the BS 1200 on this null tone. By WO 2004/ 077685

PCT/ US2004/ 005241 -23 conparing this signal -i ndependent noise Nwth the
recei vedn?ower al?s _thhe BS pilot, it is possible to estimte an SNR t hat
is free 0O

si gnal*-depgpdent noise. Let us represent this ratio by SNRQ(P) =
~ , where the nane "SNRO indicates that it considers no signal -dependent
noi se. Then the relationship between SNRI(P) and SNRQ(P) is given by: 511

y SNRQ(P) mﬁhg #ith the noise characteristic line shown in Figures 3 and 4, one can see that SNRO(P)
corresponds to the x-axis intercept of the line, while SRR is equivalent to the slope of the line.
Then as a function of SNRO(P)} and SRR, we can write:

15
SNR1(P)= SNRO(P) :
SRR1-SNRO(P)+1
In an embodiment, the measurements SNRO(P) and the SRRI are reported by the WT 1300 to the
BS 1200. From these reports, the BS 1200 can compute SNRI(P).
20

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 SRRI1=0, SRRI=0.5 and SRRI=1,
respectively. The case of SRRI=0 (line 605) corresponds to the situation where noise is
25  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.



For notati onal
noi se characteristic line shown in Figures 3 and 4,

corresponds
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601 and SNRGeESivedISNRha alfmfdtmmatttaé trasmst peﬁagﬂuaereelaﬁarmaffﬁme&rceivmmsﬁ I
dB. Three curv es b Iin S 605, 60 ng 609 representing

SRR =0, SRRl tng g‘ﬁ%légha’lu@ d“*?ﬂg“ay deat psey %F% %‘ﬁﬁge of SRR =O (line 605)

to the situation where n0|se is 25 independent of the signal,

corresponds

that SNRI (P)=SNRQ(P). The case of SRRI =1 (line 609) corresponds to the

case wherg the sigymlo nt noise is equal to the signal so that it

never possi

PCT/ US2004/ 005241 -24 Fromthe information received fromthe WIr 1300, the

BS 1200 can
power Q for

si gnal - dependent noi se, and takes the form5 SNR1(Q = aQ N+yQ Inverting

and perform

SNRI(Q = SNRO(P) SNRA(P)SRRIFQ 1 p

10

15

20

25

ible for SNRINHP#2 to exceed 0 dB. WD 2004/ 077685

then conpute the received SNR as a function of the transmt

n

is

SO

betistdnd peiferidingsubsti@ionegieésyed SNR by the WI 1300 wil | incl ude

ng substitutions gives: + + SNRL(Q aQ a SNRQ(P) Q SRR

SNR1(Q) ™ 20 @ SNRO(P )§+SRR1

SNRO(P)
SNRO(P)- SRR1 +-g

SNRI(Q)=

Hence as a function of the 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 aiso 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



10 Hence as a function of the values SNRQ(P) and SRRl reported by the WI
1300, it is possible to predict the SNR as seen by the WI 1300 for any
transmt power Q These derivations illustrate that using the null pilot,
the WI 1300 ceo2d@toetssd ne and transmit statistics to tHRETRS2002@8240hi ch
enable the BS 1200 to predict SNR as a_function of transmt power in the 15
presence of signal-dependent noise that is proportional to the transmt

pover. Note t rat than ndl n and._ SR t her re her
equi val ent @ gc% brlﬁ’p%lf xsa‘mp yffnhlgt %p%%@cc& %éfcf’%“? ﬁﬁ" %§mf’%ﬁ whi ch
fall within sugmel-md@pmiemfnmda@ortmnem eadIIslopeZ:BlrE'slpendmd the gopantidnalippaeithd signaDf t he

present inve n.are particularl usef in.a.multi sector cell. In
wirel ess cel eﬁ? %?ntélﬁls?g ?n%lglygs% P\ ﬁlﬁc"ﬂ?@@nﬁlr P88t t en depl oyed in a
configuration where each ceII |s d|V|ded into nultlple sectors as shown in

Figure 1 For a.sectorized t he.interference between sectors
1106, 1108, 1110Thedtam S%"r“dﬂ?sf DA f]’gﬁ%&?‘f‘l’t&?ﬁ of Hh noise. GHEFAEEES SRS SRbSaddli 1 1 on
to the si gnaimplfidepBacRirhplpan b eRmplahemétBdddf sevidriarich), GBerk el cdlOSt ti5d gitak 25
dependent por.ti each of which i roportlonal to the sjgnal %ower from

S,
ot her sector¥? S%PP’ﬁ%“Seé%ﬁ@“Eceqr peafly "ﬁ*ﬁéraﬁﬁ’illéséor’c‘ﬁﬁ’ﬂl’ﬁ;@tee&i%ﬂuﬁ@y b s case

are nore congnfic insach Y sebtSrss el Powdr itr@hbirticdl frda€edh S tdr s thpitAlyFRes & | zed
situation, the t tal _noise includes two or nore signal - dependent conponents

i nst ead of dFEWR Wé@"é?mw3p%fn&¥“i‘i?} "s%d‘f:faﬁmsffﬁcm’nﬁét chngedrerianistivad by a

strai ght1d i NRtwesh tieRedis RO siefeb8Ehal Randmitied BEbntesBNSLARS noﬁe@'ﬁ@rferme§
noi se characteristic |line 004/ 077685 PCT/ US2004/ 005241 -25- can

descri bed, ftgothss ¥SeFu]Ek§PH&Wel ifpash ebihe sesiosr 06 J4E3, 1TH€SP%S§PJ@%@ tﬁaasnat

function of 1H$1ﬁca15;% odm%ﬁWSBOﬂfUﬁhl%fgnQ olwePsh @En"cﬁgﬁée of RRAH RS €sponds
to the proportionality of the signal - dependent noise portion W th respect

to a parti cun@ffergmcgrf@m Phsrspctorsto nWE dp@in g gven preidr $ 106, hHke VELO appdges like

descri ption eﬂaeﬁt%lse Bi%ﬁ%ﬁé ik § vl A& HeBRsPfe intdrflRInLE 6 thl%ctors
exanple, in an ex sectorization, where the each of

sectors 1of Saale-‘?ewth mgal W@Ttshéhaéﬂilpll‘lﬂléﬂ @naranfe@aﬂwm@ iseingihir torwhat fsshei § 1315| on
resource, e.fqekrequency band, to transmt in each of the sectors. The
total power tFansmtted from each sector is typically fixed or known but
different WIs 1300 nmay receive a different fractlon of it. Since the

| solation 10 bet yegn, At er&ﬂ?uﬁvén?oﬁ‘%ﬂéﬁ}ﬁ&&&ns gﬁil%&c{?‘%&stﬂé LbgfuPn One

sect or becones noi Se er ence sec ernore, 1 f each
of the sect opilet’ IHaIﬂSQabIblﬁhBWT]lBQ@tq eyalogn gk irereaptioft the mqlarcbmad;tensnd dind¢ witlahl] of

]P; 228{);: . thhe mgn dleﬁlenﬁ)crn?%)lge:[. ilg Q&Jitio%i, ang lcszr?le\c’E Ehe%&e%ul%{gva%]ongs? %{e%gctc?r];
1106, 1108, 1110 may be coordinated so that WTs 1300 at the boundary 1150, 1152, 1154 of
sectors do not receive any interference (or receive reduced interference) from other sectors. In
accordance with the invention, the BS 1200 transmits signals such as the ‘sector null pilot’ that
enable the WT 1300 to evaluate the slope of the noise characteristic line taking into account only

25  the signal-dependent noise from a subset of sectors. In accordance with the invention, the WT
1300 then reports the signal-independent SNR and these different slopes, or some equivalent set

of informaticn, back to the BS 1200 on a reverse link,

Figure 7 shows in diagram 700 the signaling for an embodiment of the invention in the
30  case of a seciorized 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



interference fromother sectors to a WI 1300 in a given sector 1106, 1108,
1110 appears like signal dependent noise or self-noise. This is the case
because the interference fromother sectors 15 scales with signal power, so
that the noise characteristic lineis simlar to what is shown in Figure 3.
| n accor dance w bw/a7r85 i nvention, the BS 1200 transmits RGTERANGOEAN as t he
“cell null pilot" that enable the WI 1300 to evaluate the intercept of the
noi se characteristic line with all of 20 the signal-independent noise. In

addi tion, 8 1110
naylbg coord?ﬁgﬁgﬁaggkt l&ﬂﬁ 29&%%@%5@3?%9?ngﬁhggﬁmi%gé8fqﬁé%Qﬁﬁ%éﬁ

sectors do n@tﬁtorse@@evfeveébnifm situaticneaf ethe@lmprspéweiomewlebdmse@se&hem éetem:e)
from other sgal QL | 1hs, ﬁ%@%ﬂﬁepﬁe Bhsk Ra i bEUERb e 055, K30B5 Ly gnsm LS

signals such as the "settor ena 7 8Val uat e
the sl ope ofS2H¥ asslae ip hegueect. é‘rgumﬂi show§ miene alocatipnifortthe mﬂiuhtrartsnhs,noﬂat 4 he

| -d
S1anal - dopendeal QRS Ehan Y 3Ath RhaAESL Rl fucck oSSR 0L MRS
di f ferent sl dgtetsne BB, plhm;mes;] a:gvabmpharywpt tom‘7ﬁ8n¢nmnﬁp11mmonemacg< etempldnemlS
1200 on a reyes 3. bl KooK AUn . L RROWR 01l ABRAM 0% LG, Sifpakiag,f or an

enbodi nent of e i nv on1n case of a sect
Wi r el ess systaamftegueangy Ganti hbe coraekpordieg waexchetvidiew kestonrwilli ahdtfert: mdth eac(hGﬂBM

Consi der a ectors 701, .703 n_whi ch

carrier frsg t&ﬁ“@gthcgosl‘té%sa@g Tdﬁ e tgléeéf‘ffrsgo%?rﬁg%auve/woﬁ bf“fd?ff‘aypomer

| evel cone esponitdifferén implememationd01, 703, 705 are indicated by reference
nunbers 709, 713 and 717, respectively. Data signal WO 2004/ 077685

PCT/ US2004/ 005241 -26 power |levels are indicated by reference nunbers 711,
715, 719 fo][ eaﬁ ln @cfcofda@cef\i’iﬂl?:he hhérﬂug%etcﬂwhgnk %@ﬁliﬂﬁl&dsgbﬁé&&ﬁ&rﬁ\tﬂl Ml The
situation of othe s of sectQrs w I scussed_bhel ow._ Let the

three sect or &l Ois'l(;’)’%lﬁ (5‘&‘}[ 1 topgs fatspe %ﬁ@dEA&E@hQF%F%Wﬁ%ON%TQ%/&Pé§“é1h¥”éld by SO
701, S 1703, pigfadao, ﬁ%reméera&arssh@émmpaw&hﬂwc@oﬁme L%c@wm?m 08 InPadliifios, the
aIIocatlon for the downlink transm ssion at_a iven DNIs nbol 707,

i ncl udi ndd andevink pignah fnclides goe QEBAEEAECS MU T2, Pén?%s wherethe g%@FP&S@WOWﬂa% a

tone 728, pilHs oﬁl?ﬂﬁassub&tgfth@é%@ﬁﬁ'?@[,y?@"ﬂo@t I tRO8mE 2éhe a8 0 sBUbd nuBliphi6t ittsones,
e.g. exenplary nu | ot tone 721, across the three sectors. Since it is

assuned t hat deshe T@fhaYﬂn%P@é@P@) pisa defclpRe WiEe ISTHSSIPR BRI AcXel ARfknopdo the
cor r espondi ngit 248 $n ﬁ@&ﬂ%&%@a@@cmre%mmé lsediddise r7b§§ﬁ%to%ﬁ1hp1ﬁﬁ-f7@3 gther. Note

that the position and order he tones are shown | Tustrative purposes
only and mayCorGspeadipg pagtay SO ﬂ%lr E‘H’Lt tonerhd leand ROERSPAES sector $2.705 pilot tone 737.
20

In one embodiment shown in Figure 7, there are 4 pilots, 1 sector null pilot and 1 cell
null pilot in each sector 701, 703, 705, For example, sector SO 701 has four pilots 731, 733, 735,
737, one sector null pilot 721, and one cell null pilot 729. These pilots are arranged such that
each sector has two unique pilots, and then shares a pilot with each of the two other sectors. For
25  example, sector SO 701 has unique pilots 735, 727; pilot 731 shares a tone frequency with pilot
737 of sector $2 705; pilot 733 shares a tone frequency with pilot 739 of sector S1 703. In
addition, the sector null pilot for one sector coincides with pilot tones in the other sectors. For
example, for the null tone 725 in sector 52 708, a pilot 733, 739 is transmitted on the same tone
in sectors S0 701 and S1 703, respectively. The locations of the pilot tones, the cell null tones
30 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. Figute 8 gives an example of the tone hopping of the pilots, cell null pilots,



In accordance with the invention, the downlink signal includes one or nore
cell null pilots, which are null tones that are shared by each of the
sectors 701, 703, 705. In a cell null ©pilot 729, there is zero transni ssion
power i n eachwofoddherssect ors 701, 703, 705. In addition, ROTAS1IB4ehswHm| i nk

si gnal includes one or nmore sector nullg 721, 723, 725 where the
transm ssi on power zero only in a SUbset of the sectors 701, 703, 705.

In th t ble t I t
tone of SZ”Sa%n%%aoﬁéulmE‘fots ek kel stk R B ettt P Senel v
1300 i n the th¢heizogtelaxisrd3. Eah sethngtien] subdivisiom 885 cat:8pa@es toor tomey whicpiedont 723,
708 pi ot ¢ o B RREL Bl By B Bbons o bu OFEAR Bi? vk e SR HGRE b E 4
pro lots, 1 senepresem&dlbjr asmhlglgxagndx xﬁartdlﬁlf shadiif) | Haclpsek®t nilhpika gl is e@te@énte;dby,a 703,
705. For Xa or, 701 S r 737, one
sect or %‘@’P orizogtabine s 8%‘1%?8 rﬁcﬂ)‘al‘ %“P@Pﬁeffggl&m@?@mﬁgp%f sall hox

arranged suchmihaﬁhmﬂ&ﬁhh&mg;or has two unique pilots, and then shares a
pilot with each of the two other sectors. For 25 exanple, sector SO 701 has
uni que pilots 735, 727, pilot 731 shares a tone frequency with pilot 737 of

sector S2 705; pim &t en?rs’oauﬁéﬁa rigSpilet o ssbhtRUYBHCH61Y B a RAJaGlar e 8r l%plﬁ?Ct or
703. In addition, the sector nul | gllot for one sector coincides wiih pllot

tones in thePadFRen AEEFICE Witk e inyepionyihe secas pulf paes iop foliagipg tho samemadular o S

705, a pid Otliné@DattekR s 8 plisrHOsThE mdm@anienﬁ)pe 34MBe. L MIBRoverIn S/CEMoRinR@ 01 and
S 1703, respectively. The locations of the pilot tones, the cell null tones

30 and the sfée%rnnﬁarthe ¢ nel Pé?téoq@ﬁéwmpéolwlw the,gamsanadidng lingeg patise apgher 300.

The pilots chRRRp geh&tmgﬁhk@gg§vmﬁy “hop," over tine for various reasons
such as frequency iversity. Figure 8 gives an exanple of the tone hopping

of the pilots, cell null pilots, WO 2004/077685 PCT/US2004/005241 -27 and
sector null pilofg$ay é;mrahn&Q%eqﬁtaﬁb&yaseeﬁag)BmpSforﬁdvngye ulB nfollaMBeld Ccal

axis 801 vs time on the horizontal axis ) smal | vertical
subdi vi sildn 1g0Bing pitieas g aershar gmbodivens of Gip ingyentisache cellmallipilpte peploHewing the

subdi vi si on ggz PO ATRY ﬁ?nﬂéa% ﬁmeaxtqﬂegglﬁrg rﬂ%mﬁﬂﬁﬂzdﬂﬁéﬂ%&fgalﬁﬁﬁ '8 "

represent ed ox wth' verti cal ctor

is represent ghbt toye epllixes mith |2 potdong; ¢ithettbe irmmsabn bf thepiddt satierrgeacEalcthe tﬂeﬂots nul |
pilot 813 is; { f it g. In an
enbodi nent , t ﬁe%ﬁ?f%d%e }56t g)él g g%%ﬂ%t?% ¢ a%gg ’ {’}otﬁr %Eﬁgggﬁ ?r@g ﬁlhﬁ HIE near

hoppi ng pat tomtimues inret kos codanithe sectots andiéhe cellmithilottong s effedtictiprendered t ones
hop follgwjngmgmg sanme nodul ar

Suppose that the WT 1300 has a link established with sector SO of the base station 1200,
and that the channel gain from SO to WT 1300 is given by & . Similarly, suppose that the
channel gain from S1 to WT 1300 is given by £, and from S2 to WT 1300 is given by y.

25  Finally for completeness, suppose that the signal-dependent noise in the link from S0 to WT

1300 includes self-noise that is proportional to the transmit power with a channel gain of & .

Suppose that the transmit power for the data tones on the three sectors is given by Q0,
Q1, and 02, respectively. Then the received SNR for the link from S0 to WT 1300 is given by
30
aQ0 .
o000+ oL+ Y02+ N

SNR,,(00,01,02)=



10 linear pattern as the pilot hopping with the same sl ope val ue. Mreover,
in one enbodi nent of the invention, the cell null pilot tones al so hop

foll owi ng the same nodul ar linear pattern as the pilot hopping with the
sanme sl ope vaiwmoeondlomeas enbodi ment, the data tones essermUTAISROP4/PHSHT ol | owi ng
a pernuted nodul ar linear 15 hopping ttern. In another enbodi nent of the
i nvention, the cell null pilots hop folTow ng the sane pernuted nDduIar

| i near pattern a dat n th emhodi
pil ot tone colli 3‘8&%‘ ﬁg‘fqg‘éﬁﬁon &% &gea‘"‘[s'ﬁ%eﬁé erﬁnmggpr(? L’n‘g pi | ot
tone i n eachothdr seduas 8@t ﬁxrdssz)SS sucpeod egnificialt thwethpisigadl- depeﬁﬂentam@ef frenthevel y
erased, or the transm ssion of the P ilot tone continues in at |east sonme of
the sectors g seqir & po that for Hmpbieityithin erm &ilbe ompifted,id) the subsrgagns discugsion.
unusabl e. Suppose that the WI 1300 has a link established with sector SO of
t he base station 1200, and that the channel gain fromSO to W 1300 is
given by &. Si m I'lémeW],“ 13¥0phode prokidt 2 td of pacinzeteneto thpdiase ftatimsSthat ibhasEndiBH0 i s
gi ven by 8, 0 b Y
conpl et eness, suppoém) gl[%ﬁl fth%cé%g)sﬂlffogeh\ég%@n dﬁtgluégsqﬁw?% %hg(g{? Wom SOto
W 1300 i nclifdleTo skthih-theo inrdemtahiad, 1tmmypsﬂh@mﬂ] mioatontso Ushg ataehnglhpitot,gower wit h
a channel gaj ose he data tones on
the three se‘(’:v['llo]?gle "G Vgor% eac&ﬁ?{h %5 S p(r)sesg’ge Bamﬁ/ﬁle TREH t he
r ece| ved SNRinfigienddhendisen Eoﬁmpmingmtm% rdc308d steengh v the pilot fatn SNERse 110, QL,

= a &@& g%N§2+N WD 2004/ 077685 PCT/ US2004/ 005241 -28 For the
renalnde ng cussion, it will be assuned that the interference due
to the other sectors ()6Q and W2) is nuch nore significant than the
si gnal - dependent noise frgmthe same sector SQO, so that for sinplicity
this termwl| bqwﬂﬂﬁppgﬁfin t he subsequent discussion. 5 The WI 1300 shoul d
provi de a set. of paranetéfs to the base station so that it has enough
information to predict the received SNR for the downlink data transm ssion
fromSOto WI' 1300. To obtain that information, it may use the null pilot
tones. Using a cé¥dxt,thelskectpn dudtpjlof tanes wim hr}hanﬁﬁnevauioamnbaslshm arqy uessldt medsutehe

g e
Compar 1 ndt nitp SRR CBRBTEA B e PUREebieBes |08 F phteFREIE T MOIRR o 1

fol | owi ng SNRr sector SO, consider the pilot tone that corresponds to a sector null pilot tone in S2. Then

measuring the SNR based on this pilot in sector SO will give the value

aP

SNR1?(P)= N

20
where the interfering sector is S1 (with path gain #). Similarly, by measuring the SNR on the

pilot tone that is a sector null tone in S1, the interfering sector is sector S2 (with path gain 7),

and the resulting SNR is given by

aP

4 = .
25 SNR1? {P) g

The slopes of the noise characteristic line in these two cases are g and —g , Tespectively.



SNRO(P) _ aP Next, the sector null pilot tones can be, and in various

enbodi nents are, used to neasure 15 the SNR in the situation when one of

t he nei ghboring sectors is not transmtting. In particular, for sector SO
consi der the piO20w/AgsRe that corresponds to a sector nulHCTHisbww/oaspme in S2.
Then nmeasuring the SNR based on this % lot in sector SOw |l give the val ue
SNR1' (P) = aP f3P+N 20 where the |nt8rfer|ng sector is S 1 (with path

gain Q). Simla . [ t he R on_ the ilot tone that is a
sector null toneﬂ‘%t’ 'é%,ﬁﬁﬁ%%rfﬁ{&gﬁeéﬁf s@éé’ll‘btrm‘?eé ﬁ"é"b@‘t'&ﬁ“@?s?%dtt‘i’lseﬁté’f h gain
y), and thewlesstk id thgothbiRedtsrs ghanehis SNRAReaSiNRent (aEés—mt@BccoﬁHﬁthb infdferefi¢copes of
the noise c racterlstlc line_i.n these two cases are respectively.
a a WO 2004/iFPry @8 sthertyosecsesd 4F o mespyremsi is galicd SNR?, Stf’t‘iélfgi*@ﬂ%l%mma@“fﬁ‘l y
measur ed USifRgh fWd @étodsones that do not correspond to sector null pilots in
the other_sectors, then this SNR neasurenent takes into account the
interference fromthe other two sectors. This nmeasurenent is called SNR2,

since it includes in@rfere@ce fromtwo sectors. 5 SNRO(P): aP , 8P+yP+N
The sl ope of the SA&2 istic lineinthis case is 'a+Y 10 By

defining the foll ow ng s proper slope values of the noise
characteristic |lines, is possible to rel ate SNRI' (P), SNRLY (P), and
SNR2(P) to SNRO(P): SRRZ: , 1Y a SRRL,6 =8 SRRr=
The slope of the noise charactcristic line in this case is £y .
(o4
10 By defining the following SRR as proper slope values of the noise characteristic lines, it

is possible to relate SNR1?(P), SNR1? (P), and SNR2(P) to SNRO(P):

SRR2 = By
a
srrt? =L
24
SRRI” =¥
(41

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

1 1
SRR2= SNR2(P) SNRO{P)
SRRIP = ——
SNR1”(P) SNRO(P)
SRRLY = —— L

SNR17(P) SNRO(P)

Note that SRR2 can be found as the sum of SRR1? and SRR1".

20
Then the SNRs can be written in terms of SNRO(P) and the SRRs:



a 15 The SRRs thensel ves can be conputed in ternms of the SNRs as foll ows:
SRR2 = SNR2(P) SNRQ(P) SRR1! =1 - 1 SNR1'(P) SNROP) SRR' =1 - 1

SNR1r (P) SNRQ(P) Note that SRR2 can be found as the sumof SRR116 and
SRR1Y. 20 Thewotdoeo73dRs can be witten in terns of SNROPE/USNB/PNE SRRs: WO
2004/ 077685 PCT/ US2004/ 005241 -30- SNRZ(P) = SNROQP) 1 + SRR2 SNRQ(P)
SNRI'"(P)= SNRQ(P) 1+SRRI SNRQ(P) SNRi;6 (P) = SNROP 1+SRR SNRQ(P) 5 If
the WI 1300 reports a suffigj | )set of these statistics (e.g., SNRQ(P),
SRRV, SRRI'Y, SRRQ&MEQPDhe—b&%gléagﬁgon 1200, the base station 1200 can
predict the received SNRS§RZn&RAIP)1300 based on the transnit powers QO

QL, and . In general, the Sﬁ s seen by the W 1300 for a data

transm ssi on mthSmﬁb?)ga—wm?—gference from sectors SI and S2 with
powers QL and @, is gived 5kl ¥RODE the neasurenents nmade on the 10
pilot tone with transmt po P as: SNRso(Q0, QL, Q@)= a0 ) 6QL+y(QR+N
SNRQ(P) 1Q SRR SNMM%@ In Figure 9, diagram 900 shows three

situations for an exenpl arySRER i Yor SO Cell 15 901 includes three
sectors SO 903, Si 905, and S2 907. Fig 9 shows a WI 909 near the

5 If the WT 1300 reports a sufficient set of these statistics (e.g.,
SNRO(P), 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, QI, and Q2. In general, the
SNR as seen by the WT 1300 for a data transmission with power Q0, with interference from

sectors S and 82 with powers Q7 and (2, is given in terms of the measurements made on the

10  pilot tone with transmit power P as:

R, (00,01,02)= =200
_ SNRO(P)
(Q SRR1# +93x5'1a1e1?’]-,r'>'1rw=eo(}>)+-}i
Qo0 00 Q0

In Figure 9, diagram 900 shows three situations for an exemplary WT in sector S0. Cell
15 901 includes three sectors S0 903, 51 905, and 82 907. 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 S0 923, S1 929, and S2 927 shows a WT 929 in
the center of the sector SO 923, away from the sector boundaries. Cell 941 including three
sectors SO 943, S1 945, and S2 947 shows a WT 949 near the boundary with sector S2 941,

20 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.

25



boundary with sector Si 905, where WI 909 receives significant downlink
interference from sector Si 905. Cell 921 including three sectors SO 923,
Si 929, and S2 927 shows a WI 929 in the center of the sector SO 923, away
fromthe sectap2maundss i es. Cell 941 including three secTasSIN@@BL3, Si
945, and S2 947 shows a WI' 949 near th_g boundary with sector S2 941, 20
where the WI 949 receives significant downlink interference from sector S2

947. In an enbodinent. of the | Ve nt i t hese atlons
the WI sends a hﬂ%&@ ua ?"sthﬁ‘gn%Peé%‘ﬁ?gamhfes?mg%c@g% S’t‘??@“é%‘n e der
to reduce t hectarBOO0B rakives s gmifivant inwrferaen fremedctons 1t 408, mm&erdmarﬂd e.g., the

upl i nk. 25 PCTI US2004/ 00 41 31 In the situati shown in
Figure 9 wi :Aﬁ‘ ﬁg‘ @% ¥‘E g‘?ct@ﬁ Stgl’:?&f:afb‘&’b‘p"g € {3 Franspussiggs @G?Ft‘?rﬁtl B tebr SO 903
r e(r:] eij vles Si gmﬂfefreemh thel’tibaﬁm‘nﬁditﬁﬁmmfséﬂﬁﬂ mewmﬂw@ﬁt@ é\]&hﬂﬁh@e (e Arafinil sk @d
schedul er_ 1225 fo as n.turn o ata transm ssions in
Sector §%1o0nscings2 O Tis Gorangedia R ivias bf St subiiGe fom eewet B SB 903 { 0

t he WI 9009. SB&@m@hmhenthtalsﬂRtsea{@m@WrI@OQ@ﬂlBegie&t@r S2 907 is coordinated so
that it has the sane or nearly the sane transmt power Qas in sector SO
Then the SNR seen by the WI 909 wll be given by SNRs, (QO Q= W N
SNRQ(P) SRR17 SNRO( Hp in which case it is suffici ent to report
SNRQ( P) and SRleNRNéQtO;Q}?) situation shown in Figure 9 with respect to
cell 921, in which the W 9% i's of{ near a sector boundary, it is possible
to transmt on nost or all_ sect&V%O?ﬁ)thout causing to much interference to
the WI 929. In this case, sgﬁgﬁsgggﬂg Hse station schedul er 1225 makes 15
the sinplifying assunption )) the three sectors should transmt
data with the sane power Q Then the SNR seen by the WI 929 for a

transm ssi on fromsector SO 923 is given by SNRso(Q Q QaQ flQ+tyQ+N

gmg Eg };lond 1gﬁ§§th% 1t)13 suftxo‘cwnt to rrépo h.g‘f?RO?ﬁ) and .SJRtRl’J s sufficient to report

Next, for the situation shown in Figure 9 with respect to cell 921, in which the WT 929 is
not near a sector boundary, it is possible to transmit on most or all sectors without causing too
much interference to the WT 929. In this case, suppose the base station scheduler 1225 makes

15  the simplifying assumption that each of the three sectors should transmit data with the same

power Q. Then the SNR seen by the WT 929 for a transmission from sector S0 923 is given by

aQ
BO+1Q+N
SNRO(P)

SRR2- SNRO(P)+ =

SNR,(0.0.0)=

20 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 $2 947, a coordinated scheduler 1225 for the base station 1200 can turn off the

25  corresponding data transmissions in sector S2 947. Meanwhile, suppose the transmission for



Next, for the situation shown in Figure 9 with respect to cell 941, the W
949 is | ocated near the sector boundary with sector S2 947. Since the W
949 receives significant interference fromsector S2 947, a coordi nated
schedul er 1225yfemsthgssbase station 1200 can turn of f thecPGsnewwaspondi ng
data transm ssions in sector S2 947. Meanwhile, suppose the transm ssion for

WO 2004/ 077685 PCT/ US2004/ 005241 -32- se&Ctor Si 945 is scheduled wth the

sanme transmt_powyer as | e r SO 943.. Then the SNR y the WI 949
Wt be g verehs “ERAStsRcules S B sty et PARRG pyn ssur SOGRRAP e BN 5 1 1
whi ch case i kedndy SefWT c4ewill tegiveappgrt SNRO(P) and SRR1 . Hence, if the BS
1200 restricts the transmt powers such that they are equal to sone value Q
or are equal to 0, then in eacE of the three possible configurations, only a
subset of 10 i nf gRRI®,2N0) 0 be transmtted fromthe WI 1300 to the BS
1200. In particular, i n one Zabddi ment, the wireless termnal 1300 nakes a
decision as to which of the Sitl.@m()()}lﬂ)s (e.g., as shown in Figure 9 cell

901, Figure 9 cell 921 and=Fgure 9 cett3941) the WI 1300 is currently in.
This information can be tranﬁtﬁlftw(l{;&)ﬂie WF 1300 to the BS 1200 as a
two-bit Sector Boundary Indicator. The Qect or boundary i ndi cator indicates
wireless germnal position 15 information relative to a sector boundary. The

first bit coul d.i.ndi cate et her t 300,454 Oon a boundary so that it is
necessary to'ﬂ}g?‘%}p%ﬁﬁisﬁgﬁﬁegﬁtgrﬁpsog?g)r?&i arfcﬁ‘gkl?llefghbori ng sector. The
second bit could indicate which of the two sectors causes nore interference.

Tabi e 1 set fort FABSrAuRe P eleufi: RSP b errairahy bl Hoeoe.
contri buti onvalné gomat iequal tolenet iti dach sfahd e bossible dohifguidhs, @hly3Quinetdton to be
ORI it R NE e T AN T
i ndi ctor val emBodi@n/theairgst eiminaPl 300 @fak@ 2RREMLNE: tb HBVhloe the SRGEOHs (BQURAAr Y
Ir gglo(r:t gr : :—13%186;03’{‘91:5? F}ggg 950%%0{,%\{\&um8965e 1 51 Er%uFri]guarg XCCSHNQBH)chQ %\rFT ?360%28 gusrreHy in.
This information can be transmitted by the WT 1300 to the BS 1200 as a two-bit Sector
Boundary Indicator. The sector boundary indicator indicates wireless terminal position
15 information relative to a sector 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
20  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,0,0) | Transmit on all sectors | SNRO(P), SRR2
10 SNR.,(0,0,0) | Turn off sector 82 SNRO(P), SRRL"
11 SNR,,(0,0,0) Turn off sector S1 SNRO(P), SRR1”

25 TABLE 1



00 SNRSo (Q Q Q Transmt on all sectors SNRQ(P), SRR2 10 SNRSo (Q O Q
Turn of f sector S2 SNRQ(P), SRRLY 11 SNRSo (Q QO0) Turn off sector S 1
SNRQ(P), SRR1' 25 TABLE I WD 2004/077685 PCT/US2004/005241 -33 In this
way, since thwoWl4a3e& i dentifies to the base station 1Z0D/USHDENS241
configuration it prefers, the W 1300_3P_eeds to only report SNRQ(P) and one
of the three SRRs. 5 A nulti-sector cell with an arbitrary nunber of sectors
wi Il now be discussed. In another enbodinment of this invention, for the
situation where there are an arbitrary nunber of sectors, the sectors are
di vi ded i nt dnthis eay, siecstthe WIy1388 jdenfilics to the base kthtidngll280 wBIoh cSifigaratioB prefes, s
classificati,Qng S r i ne,in ch,a that two adj acent
sectors wil Itg?l?)‘dtfﬁg(\)/rel g %1@ On{s}é-ggoﬁ%l@eo?ﬂlafld%cOz&eﬂlﬁrg%gg%%t for two

non- adj acent sectors, the effect of interference is 10 considered snall
enough as_to not ,be significant, so.that the _main cause of .interference is
from adjacent s@b’f“blﬁ?gcé?r C&ﬁ W%P"é ltr[a?’prglﬁberl%ﬁ%céorf Wﬁfj%“ la)es(gfcﬂfsgé‘tﬁ PR

t hi s situat i éibotimeaibf #SInOGBI0R, fof tAS Siuationt wheteltRere &g @n aibittdemantee ot sottog el |,

since the primary source of interference jn each tar.. comes. fromits two
el anbor no beRrEe i B iR Btk S M RER DosSE: Thiows ¢ ne
sector typescldssificative il @tipr BPdslis do@Grlsuch 1 G2yl thavtwd adfddeht sctols vwaill nét laRelthe
sectors, res ective#y. Cell, 1001 inc&fg%es a first sgfctor. SO type sector
1003, a fir B@e-oft 1segsumed thal for o noprrgEacent srgtozs, fhe elipct OLfElereer 18y ne sect or
1007. Cetd I1R3dderddnalal@fsugh af folndt besGiifvant 0 that IR B tke HQRdferanck is'fidm sect or
S| type sector 1025, a first sector S2 ty[%? sector. 1027, and a_second S2
type sector 2RoYL seeiry of fferent ey diracet isippisibledia b thisesiuationin op aaalogepy 1043,

a first sect@nichito thiRBe SEHE OLsedBiAR]l, sthck it HHmMEBGL@E: SnkdBBn@ TR sckRF 7, @
second SO type sector 1049, and a second S 1 type sector 1051. Table 2 set

forth bel ow mpeSom s byenaishboRAg sego®i an for different nunbers of sectors,
where the order of the list of sector types corresponds to the order
proceeding (e.g., clockw se) around the sector. WO 2004/ 077685

PCT/ US208%/ 00524 Figure3d§ ingldse ¢ digeragcl PR ihat shps the sactpp bipes for exomplangeslis K01,

1021, and 1041 with 3, 4 and 5 sectors, respectively. Cell 1001 includes 2 first sector SO type
sector 1003, a first sector S1 type sector 1005, and a first sector S2 type sector 1007. Cell 1021
includes a first sector SO type sector 1023, a first sector S1 type sector 1025, a first sector S2
type sector 1027, and a second S2 type sector 1029. Cell 1041 includes a first sector S0 type

20  sector 1043, a first sector S1 type sector 1045, a first sector S2 type sector 1047, a second SO
type sector 1049, and a second S1 type sector 1051. Table 2 set forth below gives an example of
a plan for different numbers of sectors, where the order of the list of sector types cotresponds to

the order proceeding (e.g., clockwise) around the sector.



3 SO Si, S2 4SO S1, S2, S1 5 50,51,52,50,51 6 SO S1, S2, SO S1, S2 7
SO, s1, 82,80, 81,82, 8 SO, Si, S2, SO, Si, 52, SO, Si 9 SO S1, 52, SO 9S1,
S2, SO Sl1, S2 TABLE 2 5 Using the above sector type schene, the schene

i nvol vi ng cel | woubds/opisssot s and sector null pilots for threrassesoti hree
sectors can be used for an arbitrary nugher of sectors. Wile described in

t he context of an OFDM system the nmethods and apparatus of the present
invention are applicable to a wide range of communi cations systens including
many 10 non-OFDM 1In addition, sone features are applicable to non-cellular
systens. In various erri}@)ﬂlbeﬁﬁftssctdjt@des%daﬁ@ﬁésbed herein are inprjenented using
one or nore nmodul es tio-performthe steps—-corresponding to ane jor nore

nmet hods of the present I rS0 exanpl e, signal processilng, nessage

i nvention, far
generation and/or trarjgm sSTon stepygo/§PS, N Some IS empodimgnts various
features of the present_invention arle I npl enent ed usi ng nodul ed. Such

modul es may be i npl engit ed usi ng sof tSﬂ)aWeSZhar dwar e or a conbl nati on of
software and har dwar & Nany of —tte 8300§FS bg:l_ulueru met-hods—or—inet hod st eps
can be inplenented usilng _nmachi ne_execut dbl’e i nstructions, such as software,
i ncluded in a nmachi ne |Seadabl e nedi urﬁOSSlhISZ 30sSh rrermry device,| e.g., RAM
floppy disk, etc. to ntrot—a—rrachtmn rat—purpoese—20 conput er
with or w thout additilonal hardware, ﬁ%ﬁsé)n’g;lt‘g all or portigns of the
above described nethaods, e.g., In orm S)I spmsesnadest. Accordingly, anong

ot her things, the presept—invention4s—dgrected to amachine-rdeadabl e

medi um i ncl udi ng nmachijife execut abl e |Slr95‘§1r §3t§ ﬁ% S‘3‘@025@)4/ 077685
PCT/ US2004/ 005241 - 35-¢f or causi ng 3§ Juashisngso, 81,82, SOEPESSSOr and associ at ed
hardware, to performone or nore of the st eps aof the above-dedcri bed

met hod(s). Nunerous additional variations on the nethods and apparatus of
the present invention 5 descripggimbove will be apparent to those skilled
inthe art in view of the above description of the invention. Such
variations are to be considered within the scope of the invention. The

5 Using the above sector type scheme, the scheme involving cell null pilots and sector null

pilots for the case of three sectors can be used for an arbitrary number of sectors.

While described in the context of an OFDM system, the methods and apparatus of the
present invention are applicable to a wide range of communications systems including many

10  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

15  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

20  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



met hods and apparatus of the present invention may be, and in various

enbodi nents are, used wth CDVA, orthogonal frequency division multiplexing
(OFDM), and/or various other types of comunications techni ques which may
be used to prex Wevameeel ess communi cations |inks 10 bet weavusameessiinodes and
nobi | e nodes. In sonme enbodi nents the agcess nodes are inplenented as base
stations which establish comuni catl ons [inks with nobile nodes using OFDM

and/ or .enbodi nmen nodes are inpl enmented as

not ebook corrl#)%fLl éelgéé oot Pfa&ets%{”-‘ég §s§qcbaﬁetd§1mid¢y%50 PegPr%g;ﬁ’é?r%?fé’Eﬂ e

devi ces i nclsteps pthe atwveideseribddrmasnisndisht er circuits and | ogi ¢ and/ or routines,

for inplenenting the nethods of the 15 present invention. Fig. 14

illustrates the steps of an exenplary nethod 1400 of transmtting pil ot

tones in rrul ti pNemeeos addiionhl varistRink oh (he e CAhE QppazReh d}%{bﬁ]ﬁéseﬁtﬂn@ﬁ&&{ dance
n

o oot 4 b BB B hERapp Rl Bl o pion
initiali zed , thé€ingentioh.OSukh vy oM fe MR chiisklRfediviitheithé fob 'St tRXBIGMSH YTIRY St em on
a per syrrbolwg)adgls W th a nbol tinme bei n}g the tine used to transmt one
synbol al ond”#? and appppfus o %? DETeRUARFRHAN TaY bro AR Verious embydimenta ats gised on of
the transni twiedCMA 6fthdgbiad freGueadidtBdsib@mulipRAMR AWISM), bAd/BF RtiB6d otﬁéﬂ@;&p@s%f

mul tipath interference and mnor symbol transm ssjion timng errors.
Oper ati on priS@ERGEatiqng tpeaRigyss I’h’@hn"tabj be piep toprowdsariseless sommanieations Hnkst er i s

control | gd tiRiwebh Ated¥inbdddiah@obHAEsS 18 rRnibb@&RRMts eGlcdsnddBEarE Ur r ent
synmbol time in each sector in a synchronized manner using the sanme tones in

each sector BEEBLHPHY e watispewhieh essablieh qommmnications ks widi mebilseqdesnisiog e. g.
pi | ot tone NOEMIRAYSLENHACEn vsi-fdugl BB Rl BERBHIHL AN gui,lhe%ién{ee%ﬁotéb%olk evel s

in each sector of the cell. (B ots are transmtte n each sector of a
cel | in par gomgpers, Hefﬁén?ié‘ﬁtélassllsé‘@tél P Agnerpther pertable davicesrecleding be sone

pre-sel ect edfeécﬁkéﬁimfaﬁmze@s&uwaﬁah@%l&mr%uﬁesnf& m 1&9&% Wil ﬁ1 P@S‘f the
transm ssion tines of | ot si gnals 1n each sect r are enera

synchr onl&ewreserﬁllm‘igmom m ng offsets between sectors may occur. Thus, each
sector may actually use a different WO 2004/ 077685 PCT/ US2004/ 005241 - 36

synbol transm ssion time period. However, the synbol times in each sector

are sufficient! yFigshidlnstotes thedtephoft antehemplary snethol 4 40ndfitmhsiaittiap phgt tomes trhe

A0, eS80k TR YRR D RBEL DL LB .
The method starts in start node 1402 and proceeds to step 1404 wherein a current symbol time
20 counter is initialized, e.g., to 1. Symbols are transmitted in the exemplary system on a per
symbol basis with a symbol time being the time used to transmit one symbol along with a cyclic
prefix which is normally a copy of a portion of the transmitted symbol that is added for
redundancy to protect against multipath interference and minor symbol transmission timing
EITorS,
25
Operation proceeds 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
30 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 nuli
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



are synchronized to be within at |least a period of tine corresponding to the
time used to transmt 5 the cyclic prefix sonetines called the cyclic prefix
duration. Thus, there is normally substantial overlap in the synbol tines
of the differemo2®ectreass even if there is not perfect ovectagomosynbol
times. Which tones are used for pilot tgnes during a particular synbol tine
is determned from 10 the tone information 1238 incl uded pil ot hopping
sequence tone information 1234 while the ower to be used on a _given tone
in each sect WanX TgRIsEiap fime Pering: diHerRs: e gmbﬁb%?s Ip é‘%FéISBCt‘i’fr?f“osruﬁ‘gi‘q“&h 1236.

Once the pil gfnchiromes tBitehed ﬁ@@iﬁahﬁzﬂdvérﬁﬁ ixf thesyedbol @1ds 1BYdH WandohiMBmibBls 3t €P
1406 operatlon 15 proceeds to step 1408 wherein a current synbol tinme count

i s i ncrement & asFior. Noppallyithe %‘P%ﬁmall%’i pds gl gt the syeheb tringmissien siart tipes

current synbgfe sydcmnﬂa@tormﬁmt @ea&a@bﬁwﬂf%mg}msbbrmg th the tinfusEdHo"t@Rmit
synbol tlrre i S ual to the maxinmumthe current synbol tinme is reset to 1 so

that the 3Ipi Fb@ncy Pl gometinessaleddbs cyplicgrefin Girgtiope Zhus; thewtepprmalhesubstingial
periodi ¢ tragaias il iBsyAboPlitn& of teiiRert QR WESirtiRked 1§ A6 erBG 69k f] ﬂgsf#&%olt he
i mpl emented pil ot tone hoppi ng sequence until base 20 station tr ssion
stop or sonet®ther event causes the pilot signal transm ssion process to be
interrupted. Referring nowto Figs. 15-17 various exenplary pilot tone
transm ssions are shown along with pilot signal transni ssion power

i nformation. 25 |Whighéwesiarnaeedipniilot thees gudnganarticilaesynibohtimpis|determiperfsonar e

transm tt,gd 't(ghg nﬁ] a%m258qﬂc§§ded 'pﬂotrlm% ﬁgtgeﬁ%eﬁ%%)% 1ﬁfo%a nclgki whlile ﬁl@e Same

or substantia Iy the sane time. In'various e I ment's e present

i nventi on t heowsyhdls useqd emgmvsrsﬁomnteaqlnessctmt@wﬂéhrdownmedfrom powes leeet | ous
sectors of grg&mg§+dlz3gssum ng perfect synchronization, there would be full
overlap in terns of tinme 30 between the pilot tones transnitted in the
various sectors of a cell at any given time. Unfortunately, as noted above,

preci se synchronizatiol II%P%P&%CKP RSP h%cﬁx%nt%{nyb%i gty s?{p 1406 §5:3 %‘%Iér ent

related to the co l%It‘a’em PORT ZIng Lransm s ons berween
anplifierls @rmdeedmtoesmpago&)whﬂamamgnm sylml:ghtnflﬂf eques gicesnenteld b VeTheniin step

synchroni zed ct nentations a WO 2 04/ 77685 PCT/ US2004/.,005241_ . - 37
subst anti al é%@ ec&f ng\?ertloseel P’ecu T’yn}l nes. a)?lr%af@dbaé'f‘%%ﬁnf;%b ggg’?o{fs

Thus pilot thcaosenit Synitohdme gs?quﬂ t@thh maxiamiomnhd dunsusgindeittingd is fegetnd fpo thakhag
signal neasut ’?ot Q}t)psmg sclquence can begin to repeat in step 1406. The periodic transmission of pilot
tones continues to repeat according to the implemented pilot tone hopping sequence until base
20  station transmission stop ot some other event causes the pilot signal transmission process to be

interrupted.

Referring now to Figs, 15-17 various exemplary pilot tone transmissions are shown
along with pilot signal transmission power information.
25
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
30  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



assune full overlap during at |east a portion of each sectors synbol

transm ssion tinme possible. As nentioned above, in the synchronized

enbodi ment of the invention the difference between 5 synbol transm ssion
start tines beYQre#07wese various sectors of a cell usuall ycireszh@meszéhan t he
duration of the cyclic prefix which is _plorrrally included with transmtted
synbol s. For purposes of discussion, if°will be assumed that there is full
synchroni zat j with sjanal . Q.. nbol s, being transmtted at the same
time in a sysﬁ%ﬂ%‘ﬁ{ %O&nkg??ﬁg?dpiaﬁS%ﬁ%ﬁ%iﬁwéﬁﬂfﬁ%%eée%ﬁ Thus@detor cel | .
However, t hetrabmisgiontican bssshixvedmitiesubitintal ®ailag hadingdigial PMERGIeERnts which
synchroni zati on nﬁhmal Hg does zqot occur gn i S not reclgaiélred_to_pract_i ce the
i nventi on. THtERe i gveriap diing at lgay a popion gteach seciopsyrbpl erappisten {ae possiblEs er ent
S)é_rrbol time mmeﬂniloﬂﬁyabbec,g{ﬂhe E&dc@(roﬁfzécﬁ@ibodiﬁfeﬁk@ftﬂéﬁn@)ﬂﬂ&@ﬂhe Hj\?ﬁ&fi&f bcﬁvﬂ;:én

adj acent gector. In accordance with the present invention, while pilot
tones ar et r YT0R! FaRgpission %ﬁﬁﬂmgs\ggt“f"bq‘e“g‘?"%‘%‘éfsqc"%"ftarfél@ﬁ}?gy§é?3581raﬂif@nes ina
synchr oni zeddutfiof@nhe Eyclic PesfiR Qvidh i®horinkiey ipélh@H WiR@sshitediiiRlsent sectors of
a cell are controlled to permt different signal neasurerients which
facilitate, in a particular sector, determ ning the noise contribution from
other, e.g., adj aepiperdi@iscokions Walde adembAGKAnQY RN BroniTRich ! i tate
mul tiple different signal neasurements, nultiple pilot tones may be used 20
during a si nimelssgroymbelsdiciis teasrgticd 3t the sampg Yap inaa syDergnizegmesnpgriimeacki gnal
may be U$@d Rk of SR sedidr/¥BIL IS evhr) he RbdvE WisSlsBBRA na & i \GeaR fil ﬁeﬁﬁm@lgé ferent
power |evels during different, e.g., successive, synbol tinmes. Tn such a
case, the pihathrenigHen normalydesspefitoscuraertis aetrequgediiofiastienthe inygntivol Thusntbs may
be used to p | i L 2 ich
are ot ur et Te thg Bead!Sedh fopRhishle (RN BN (ol VAN EEL B Y BReT
15 is a charfom $50ysba timeg! thetadiocenbssetor Ippdcotdanasrvdgthtthepresentigvantios edilence

i npl enented |. . i i i . will be
i Scussed bEPARE SRR HEADECLIFR, i oh U BEERCR DL Lol 0
with N séZt omsnnenthepewst df shegilot tandsiin differgnisentdye pf e atearontrbided td periiite sequence
shown in Figy IS, . .cel. L.ch. 30 ingludes t sectors,
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of fset but sedosibativni fednh gthevegl abacantdedtdré) &fvorllems hadkigrdoed descr i bed as t he sane
synbol time although actually being two slightly different synbol tines in
many cases. The first colum 1502 titled tinme refers to the synbol tine in
whi ch a tone is tlodmditate trmttiphsdiffarngigpd meemtendfts 20 014ip1B H716{8bnes may be used

PCT/ USZOQ& / Ogu?l%g% sin ;_glg’ gymbol transmission time. Altemnatively, one pilot signal may be used per

symbol time with the pilot signal being assigned different power levels during different, e.g.,
successive, symbol times. In such a case, the pilot signal measurements made during different
symbol times may be used to produce the two different channel quality indicator values which
are returned to the base station in accordance with the invention.
25
Fig. 15 is a chart 1500 showing a two-sector pilot tone transmission sequence
implemented in one exemplary embodiment of the present invention. As will be 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
30  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 symbeol 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



synchroni zati on between sectors. In one enbodi nent, where the sane tone is
used in each synbol tinme for pilot signal purposes, each synbol tine 1
through 4, corresponds to a different current synmbol tinme. The second

col um 1504 t WO BH4W@BNE | i sts the tone, e.g., frequency, rpomuszedaioshiit he pil ot
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pilot 20 signal transmtted in sector A using the tone to vvhich t he

particular row coly@3pQnAToyelh W/iﬁZfltSIi'f IEMHS ﬂigsot the s ﬁ-{u%sual
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the fourth column 1508 lists the pilot signal transmission power level for the pilot signal
transmitted in sector B using the tone to which the particular row corresponds. Each column
150 Column 1510 is included for purposes of explaining a 3 sector embodiment later but is not
used in the two sector implementation being described in regard to Fig. 15.
25
Each rectangle in column 1506 and 1508 represents a step of transmitting a pilot signal
in the indicated sector at the general symbol time indicated in column 1502 using the tone
indicated in column 1504, 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
30  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.



WO 2004/ 077655 PCT/ US2004/ 005241 -39 Row 1512 shows that at synbol tine 1,
using tone 1, a 1 pilot signal is transmtted in sector A while a NULL
pilot signal is transmtted in sector B. This makes it possible to neasure
the contri but ivwd2w#077¢8er - sector interference in sector Bcrasmedodzyr sector A
transmi ssion on the sanme tone. It also_allows sector Ato nake accurate
measur enents of the attenuati on in sectof” A 5 without the presence of
interference due to sector nsm ssi on. Row 1514 corresponds to synbol

tra
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a cell, resp%%ctsie% SI'% lanﬁg%sgfﬁgm%ﬁé@ﬁtﬁ%gpofgOfelg?grrsrg?le‘ﬁ,saen(eéalg#sr ec cgh | e of
col um 1866, pibehis aamklcﬁs&&.ﬁmmﬁ itcinalecnifiespiipis] haswemeens whitlln&:qﬁnr&dgls utphrtough
fifth rows, 1612 14, .1 1618, 1620 repre of ..tran mttlng
2 25 i Lov sPEtEp bRt whd Lkep g e PR RET BRI AP LB GRS he
tones used i thaeae Feetiiok arthe bdsh etaismrte0d in secedansewitiosne fémurdbﬁﬁhelﬁﬁ'adloﬁbove,
when each of the synbol tinmes corresponds to the same current synbol tine,
the each of the first through fifth tones will be different. However, when
each of the firstr mrﬁqmg;traﬁ‘e&irtéxemmm@ﬂot tofeRtanhigsioh fety@dnedfor b kiged seétst  t hr ough

fiftht ongs rsr% em. bﬁ?s 1&1hhe ﬁg mg exampqc theeﬁrrst column(fGOZ corresponds to symbol transmission

time, the second column 1604 corresponds to tone while columns 1606, 1608 and 1610 indicate
pilot signal transmissions in each of three sectors A, B and C of a cell, respectively. Thus, as in
the Fig. 15 example, each rectangle of coluﬁn 1606, 1608 and 1610 which corresponds to one of
the first through fifth rows, 1612, 1614, 1616, 1618, 1620 represents the step of transmitting a
25  pilot signal on the indicated tone in the indicated sector. While the tones used in each row are
the same in each sector, as discussed above, when each of the symbol times corresponds to the
same current symbol time, the each of the first through fifth tones will be different. However,
when each of the first through fifth symbol times are different the first through fifth tones may
be the same or different.
30
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



Note that in the Fig. 16 inplenentation, at |east one pilot signal is
transmtted for each sector with a null pilot being transmtted on the sane
tone in an adjoining sector. Also note the WD 2004/ 077685 PCTI US2004/ 005241
-40 use in rowwoeARoTksWhat has been described as cell nwcmstvsds24
facilitates background noise rreasurerrenés. Fig. 17 is a chart 1700 show ng
a three sector inplenentation simlar 4 Fig. 16 with the 5 pilots
transmitted in each sector being described in _a nore general manner in terns
of power | eV 18 rowLR20iqf sihatpag biep desgribeqsss grl) mllwhpgh fﬁ%ﬁ@@ghamm@isshom in
the Fig. 17 eirheeinmnt with each pilot being transmtted at a different
synbol tinme in the case where each row corresponds to a different
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synchr oni zat sare symbbldimpoasessed ie Vel othef seemsh of the first through 15 h pilots
P1 through P15 are represented in 20 parenthesis, e.g., the transm ssion
power for Pl is pl. Wile in sone cases such as in the Fig. 16 exanple two
di fferent power |&yielts EgedSsuppdetaegles thelptiot bieakinmmwnl 1100514, I§V&11318yay20be
supported. The last. row 1720 of Fig. represents the transm ssion of. a
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The power level of each of the first through 15" pilots P1 through P15 are represented in
20 parenthesis, e.g., the transmission powet for P1 is pl. While in some cases such as in the Fig. 16
example two different power levels are supported, muitiple known power levels may be
supported. The last row 1720 of Fig. 17 represents the transmission of a NULL pilot signal
using tone 5 in each of sectors A, B and C according the power level of these pilot signals is 0 in
each case.
25
Fig. 18 illustrates a chart 1750 showing the transmission of signals on 10 different tones
during a single symbol transmission time period. In the Fig. 18 implementation the 0 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
30 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



30 transmtted. Dis used in the chart 1750 to illustrate the transm ssion
of data in one of the sectors AL B and C. The data signal Dis usually
transmtted on the tone at a power |level |ower than the pilot signal |evel
1 and theref oM 1084/07%8§ cause significant interference weamuszingogdiot in

t he nei ghboring sector. Data is nornmally transmtted in each of the sectors
on additional tones WD 2004/ 077685 PCT 82004/ 005241 -41 not shown in Fig.
18 durlngthelllustrateds odi nent of the
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respectively e two processing paths may be inplenented in parall

e.g., in theinggewnighere nultiple pilot signals with different transm ssmn
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e.g., inthe case where 15 pilots are transmtted sequentially using the
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20 measured signal value, The first measured signal value is then used in step 1806. In step 1806,

a first channel quality indicator value is generated from the first measured signal value according
to a first function, f1, which uses at least said first measured signal value as an input. The first
channel quality indicator value generated by function f1 may be, for example, an SNR value or a
signal power value, corresponding to said first received pilot signal. Function f1 may use other
25  signal measurements and/or other information as inputs in addition to 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,
30  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 2 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



1806 to step 1812. In step 1808, which may be perfornmed in parallel wth
step 1804 in sone enbodinents, 30 the wreless termnal 1300 neasures at

| east one of an anplitude and a phase of a second pilot signal which was
transmtted w WB20ATSEH ssi on power P2, where P2 is diffecewsodsomPl. The
measur ement produces a second nmeasured signal value which is then used in
step 1810. In step 1810 a second channét quality indicator value is
generated fromthe second neasured signal WO 2004/ 077685 PCT/ US2004/ 005241
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messages are usedsep18163neiet the dahsnifsion b the fitst entssedidkd ¢hamnelMusiagg@aton t hi s

20  values and the boundary location indicator value, e.g., as part of one or more messages. Two

alternative processing paths are shown with a single processing path being used in any particular
implementation. The first processing path beginning with sub-step 1820 and ending with 1826
represents the case where various information is included in a single message. The second
processing path beginning with step 1830 and ending with step 1840 corresponds to the case

25  where different messages are used to transmit each of the various values. Messages in this
context are to be interpreted broadly and include signals which convey the particular values to

be communicated.

In step 1820, the first channel quality indicator value is incorporated into a first message.
30  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



context are to be interpreted broadly and include signals which convey the
particul ar values to be comunicated. In step 1820, the first channel
quality indicator value is incorporated into a first nmessage. 30 Then, in
step 1822 the second channel quality indicator value is incorporated into
the first nmedSAYRIONEBRt, in step 1824 the boundary | ocarcouszndboat or val ue
is incorporated into the first nessage, K The first nmessage is then

comuni cated to the base station 1200 |?Pstep 1816, e.g., by transmtting
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in step 1836. The boundary location indicator value is incorporated in step 1838 into a third

message, which is then transmitted to the base station 1200 in step 1840. As in the case of the
combined message transmitted in step 8126, the individual messages transmitted in steps 1832,
1836 and 1840 may be transmitted using dedicated segments of a control channel dedicated to
25  the communication of feedback information. Operation proceeds from step 1840 to steps 1804
and 1808 with the processing of generating the channel feedback information and reporting the

information to the base station 1200 repeating over time.

Figure 20 shows a flowchart 1900 illustrating a method of operating base station (BS)
30 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



1836 and 1840 may be transmtted using dedi cated segnents of a control
channel dedicated to 25 the comruni cati on of feedback information. Qperation
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included in a message including channel quality indicator values. This location information may
identify whether the WT 1300 is near a sector boundary, and identify which the sector boundary,
e.g., identify the adjacent sector from which a higher level of transmission power dependent
interference is being received. Sector boundary information extracted from received messages is

25  stored in sector boundary position information 1252 in BS 1200,

Proceeding to step 1912, the base station 1200, under the direction of transmission power
calculation routine 1226 calculates from at least first and second channel quality indicator values
1250 an amount of transmission power required to achieve a desired signal to noise ratio at said
30  wireless terminal 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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or commands, for controlling a processor or other device to perform processing in accordance

with one or more of the various method steps of the invention. Various features of the methods

and apparatus of the invention can be used in a wide range of communications systems

including, but not being limited to, OFDM, CDMA and other types of communications systems.



20 nenory, conpact disks, etc. including machi ne executabl e instructions,
e.g., software nodules or conmands, for controlling a processor or other
device to perform processing in accordance wth one or nore of the various
met hod steps of the invention. Various4bpeatures of the nethods and
apparatus of the invention can be used in a w de range of conmuni cations
systens i n®HA Kb, LAMED®S: being [imted to, OFDM CDMA and ot her types of
comuni cations systens. -46- WHAT IS CLAIMED I'S: 1. A channel quality
reporting nmethod for use by a wireless termnal, the nethod conprising:
measuri ng at. | easthaand qodlitarepanipk infetidd famnde By phaskessaérnéndlj the mefhbd ot  si gnal
correspondingﬂ%{ﬁiél a first pilot tone to produce a first neasured signal

val ue; genef" €a first channel quality indicator value fromsaid first

measured si gnal nvabutthg aBREQ0HE Bantathphitide bSd a PHARCH Of-stPilof Heis$ ESiredponiMa
said first nmeasured signal value as an input; transmtting the first

channel qua? ﬁltsypil%mnegmpdvalalf@ﬁt MragsHtvigTgl WU east one of an anplitude and
a phase of a Se?ﬁ@atﬂ'lglaoﬁrst%hgﬂﬁll quaBiB b ESRANI1R FrohPsaf HEGRAOE,RY Llﬁﬁeﬂ&ﬂﬂ@ to

produce a second neasured signal val'ue, the second pilot signall having a
di fferent t¥aprdimgdss Hrst Poeran winehussaptdedsi saisk firgli messured sjeedl valyesseandoputyg a

second channel q#ﬁ&£%M§HH9§%¢&ﬁET¥g%“ﬁ%%gﬁﬂbé@ﬁg'Second measured signa

val ue according to a se€con unc uses at | east said second

measur ed si gnal mabwegasicast on¢ ofntampdinde bndanginkd ¢fi angedndeilsesignatl channel
quality indicator value. 2. T met hod, of claim1l erein one of the .first
and sevond JTRUEngBILT secfid neRORE o rdiae Sephltofel SeRr DA b staiEiot 5
The met hod @fnathaing aldiffedesyt@insn GEREp@idr (@n saill ik bil@kgasme! qual ity indicator
value from said first sigqﬁl neasureneqf val ue according to a first
function i ncl udeSneraiitg aeranaghente! gritkrndicaier yakug om said seeppd megpredyienehe

first and seg@ndcs8@giyLsciid Mhctioh vl Bes 4 leasdtREid RBRIAO theurdel s?nm‘ valueW g ei n
generating a second channel quality indicator value from said second signa

nmeasur enent Pl 48 according to a second function includes: estimating the

recei ved power Q%ﬁ§§ﬂ§%thp“g$mjﬁﬁﬁ%lgﬁguggﬁgﬂ ‘Jﬁgeived pilot signal. 5. The

! afue, ) . .
nmet hod of claim el n generatin second channel quality indicator
val ue from

2. The method of claim 1, wherein one of the first and second pilot signals is a NULL

signal transmitted with zero power.

3. The method of claim 1, wherein generating a first channel quality indicator value from
said first signal measurement value according to a first function includes:
estimating the power included in at least one of the first and second received pilot

signals.

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.



sai d second neasured signal value according to a second function further
includes: estimating the signal to noise ratio of the second received pil ot
signal. -47- 6. The method of claim1l, wherein generating a first channel
quality indicator value from said first neasured signal value according to
a first function includes: estinating'ﬂﬁe signal to noise ratio of the first
received pilot signal. 7. The nmethod of claim6, wherein generating a second
channel qudlity Theaiethat of claigl Lievberegngenerating slisorhanteb awlibeddisptghedlueiine
accor di ng. @i a%RANd YOG LA JOGHIS: ARPAWRN iAGudle o gnal to noise
ratio of the second recelfved pilot signal. 8. The nmethod of claim1, wherein
said first and ssisutidg ficlsiznaktomeise witie of e &irsv edeided pilngsigatilf f er ent

non-overl apping tinme periods. 9. The nethod of claim8, wherein said first
and second pil ot tones correspond to the sane frequency. 10. The met hod of
claim1, wierei Theaicthofl bf dbimad) dvhstngrdenpiitgd set@nlehamicbquadtyendiedorduateiignt he
sane tinme period, the first and second pilot tagnes. corresponding to

i ferent RREGUREMBEreg s enaf B RENG I AR ToR QEBRRT r anri ¢ ¢1 ng t he
first channel qualnidtiyig tHRdighaktohol@taue of Me kétdRbiccdinRIiPOSiadal.Ng sai d first
channel quality indicator value into a first nessage; and transmtting said
first nmessage over a wireless communications link. 12. The nethod of claim
11, wherei rg transfidethoRor &1k BSGHRASh GRAMSEINd JatBhd biYot kMl SRIQEVERHihg

i ncludes: incorporating said second channel quality indicator value’into
said first diderergen-ovehaping dme@ptiedsng sai d second channel quality indicator
value with said first value in said first nmessage over the wirel ess

comuni cations link. 13. The nmethod of claim 11, further conprising:

repeat edl y Per f dheinathod af daigt &pehersiin sairefirstianid nggoad pilat sanepdregspaidgmthie same
produce a nirst neasured signal value; generating a first channel quality

i ndi cat or vgwﬂngincorporating said first channel quality indicator value
into a first message; -48-

10. The method of claim 1, wherein said first and second pilot tones are received during the

same time period, the first and second pilot tones corresponding to different frequencies.

11.  The method of claim I,
wherein transmitting the first channel quality indicator value includes:
incorporating said first channel quality indicator value into a first message; and

transmitting said first message over a wireless communications link.

12. The method 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 channe! quality indicator value;

incorporating said first channel quality indicator value into a first message;



transmtting said first nessage over a wreless conmunications |ink;
measuring a second pilot signal; generating a second channel quality

i ndi cator val ue; incorporating said second channel quality indicator value
into a second nessage which is different fromsaid first nessage; and
transmtting said second nessage over S& d wirel ess comuni cations |ink.

14. The nmethod of claim 13, further conprising: periodically repeating said
steps of transmitti ngatshetthysad ﬂcslnmlamge ayaad wirylessrdingaiatiodllie, and t he
second channel quali ty i ndi cat or , V. to transmt the correspondi ng val ues
generated by repeat SG73/TBRPPEPRT B §'§P‘H neasuring and generating steps, the
generated first and geweiidg a@&wndnelianquahalttymmhwesahb@i ng transmtted in an

i nterl eaved manner over tine. (Z Eod of claim 14, wherein said
interl eaved manner i HEPRGEENGHY ?‘eﬁ%'fdl cr'i‘@m{e gualipy indicgiproeiusiintap seepd mepsegt  and
second nessages.whldh 15Z[Hﬁrdﬁefr&ﬁd,algfﬁrglr@gﬁg@.%nd wherein said first and second
nmessages are transmitted using comunications channel segments dedicated to
carrying channel quaFrP'isy“‘i“ﬁlFf’ﬂ‘ét‘%?nci/‘aﬁﬁ% overfal wirpkess aefamunieatiops hek. no
explicit message types to indicate said nessages are to report channel
quality values. 17. The nethod of claim 16, wherein said nessages are
transmtted14dur|Tﬂign}§ﬂ@d$>ébléméﬁfurd@dcm§dlgt| me slots dedicated for use by

d wirel f
orecl ud ng- ot her i oy xR LR b ity ARF AR S MBS s e

met hod of cindithm stcorrd/mbmrmbmtmhuydndmatcslvems td tearnsmnalie doﬁre&p@ﬁcahgdalhd% gandrateSby
sector of a %g Frfé ) each,sector, uses Hz_ sag&a set. of
tones, the rSPeé‘ge (S F%‘émﬁ?suf'%@ esAgatingssicps; heganeialsddirst Atd secihse of a
first pil otchah@nglalityovafied Heia@transhiitieiltin Bl RSHeAdd Hadi@lovalme 1 ncl udi ng:
performng said first pilot signal measurenent during a tine period during
which a sector |located adjacent said first sector transmts another pil ot

signal on tpe Same ol ofSlain 4, fwhe&tn Aid iRferled¥dd mileP theidéd dIRRERY the

pre-sel ected transm ssion power fromthe pre-selected transm ssion power
used to tramsanissiomel saidfyst ao sesondmgssages. - 49- 19. The method of 18, wherein
said another pilot signal is a NULL pilot signal and wherein said different
pre-sel ected transnm ssion power used to transmt said another pilot signal
during 16.  The method of claim 13, wherein said first and second messages are transmitted using

communications channel segments dedicated to carrying channel quality indicator values, said
messages carrying no explicit message types to indicate said messages are to report channel

quality values.

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 Jocated 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 peried during which a sector
located adjacent said first sector transmits another pilot signal on the same tone as the first pilot
but using a different pre-selected transmission power from the pre-selected transmission power

used to transmit the first pilot signal.



said time period is zero. 20. The nethod of claim 19, wherein said second
step of neasuring at |east one of an anplitude and a phase of a second
pilot signal to produce a second neasured signal value, includes:

perform ng said second pilot signal ned%urenent during a tinme period during
which a sector |ocated adjacent said first sector transmts an additional

pi | ot si gnal9. on Thheecthadef 1 §reéesn saidt&nomec;ﬁnﬂsigﬁdlma NELD @ilbtsegnabaid wherein
pre-sel ect ed nsni ss as the pre-selected transn ssion ower used
ot ranem copAgET phasRIe B gy on PP L B O T ORI« b
first and sapamt Rrib@is #fgnal neasurenments are perforned at the same tine.
22. The nmethod of claim2l, further conprising: nmeasuring, at said sane
time, the power received on a third tone on which no signals are

transmi ttedodur TR nmaiod &am% 19, meremam K@ step FBMBRALARE & IS¥TRRIrREr i od used
to transmt one symbol. 23. The method of claim 18, further conprising:

det er mi ni ngamditusieianda pleast of H¥eceid nileksigial ol Readiice @ pagprdimeasyred signalagluet wo

adj acent sqﬁgg(? to the sector in which the wireless termnal is |ocated
based on salol Irst and second signal neasurenents; and transmitting
position infor rraotlfmniixg\sﬂctmdmdgailat sigiaambwserepmaﬁ (tuiriognattimea)eéectdluhlgb‘mmincaary to

a base stati.0 rther ri n el ecting
channel in fsg?tﬁlg_]f)f%%d q;deacent sald Eg& tsecéor{?rrarl]nstn;[ln}s crim adc‘il%l onatl.| ot 51 S togt%fl'leos%me%ne as

function ofthe ﬁdnmdiatoenmgwhd sdned ;atﬂse/lecmnsantsmmmom poweraeﬂie(pre {eduoted &aysmidbon The
net hod of claim?2 di fferent channel condition information is

_ ﬂ eret Q P _
transm t t ecdPONFRBIFI ANFSRILRY SEPGPUPHIISNl i s near a first sector boundary

than when it is near a second sector boundary. -50- 26. The nethod of claim
18, wherein the first channel quality indicator value is a function of a
ratio of chdnnelThgmethodmof glaim 29, sthewin the fisbandgecond @ilptiisnabrsBrremsniiAicch t he
wirel ess tefdAald di the sh€@fd- 27. The nethod of claim 18, wherein the
second signal neasurenent 1s nade during a tine

22.  The method of claim 21, further comprising:
measuring, at said same time, the power received on a third tone on which no signals are
transmitted during said same time, said same time being a symbol period used to transmit one

symbol.

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.

25.  The method of claim 24, wherein different channel condition information is transmitted

when said wireless terminal is near a first sector boundary than when it is near a second sector

boundary.



peri od where each of the sectors transmts a NULL on said second tone; and
wherein said second channel quality indicator value is a neasurenent of the
noi se on said second tone during the transm ssion of said NULL by each of
the sectors of the cell on said secondl-tone. 28. The nethod of claim 18,
wherein said nethod is further directed to using channel quality
information to control transm ssion power in a sector of a cell, the nmethod
conpri si nNg:,. Op i se St at | ceive said. first and second
channel qua6i ty%lﬁ'?l1 F@‘gfj gt;a%a luszgv;%llegﬁ @%{eﬁgﬁe&ua\l AT 8i"nf’t6°n of

cal cul at e farratin ¢fivharinel gtin affvoh istedferivg sedtemrume ltheguietbt inywhichdhe aireless taddinkd &, an
anount of tra %n‘i ssion power required to achieve a desired signal to noise
ratio at sajld wreless terninal, said calculati ng requiring at |least two

di fferent channel quality indicator values to determ ning said anount of
transm ssi qn power. 29. e nethod of claim 28, further conprising: .

peri odi cal 14/ re\;:lilg‘%d“ief?ﬁ@fj ngqelmh’c&aH%EJ‘F'"dB%?e&?‘}drfgg“PH@e%&r§@e§tt'&P‘P%d‘t”@géé‘m?ul ate
sai d amountpeAbd whérd BRRIoP HeQBotHI WBAsnBIaNeUIAL GH {aiPlcBitd t8RL af first and second
channel quality indicator values received fromsaid wreless term nal, each

different set otheicispidsgerndebamal erbitiiedicapiapive 2 mengiveaewrof theingiss on
corr espondig ind il ahih St 13HiRlon'd B RULLNG M SHineQLfld drifd AR 3 CONd

pil ot signal nmeasurenents were nm A wreéeless termnal said wreless
term nal i rsetanditovg: a receiver for receiving pilot signals; neasuring neans
for neasuring at | east one of an anplitude and a phase of a first pilot
signal to produce a first neasured signal value and at | east one of an
anpl i tude @3d aThbasthodbf dains S eherepi saidtmesha@riaturther direodd eeusthghamiztiquatasur ed
si gnal val ue; channelmiﬂugl i t%‘. i ndi catar val ue 8er}er ati on neans .for

A £3e8

gener at i ng 'AOFTFON 1@ frangirsiop powernp st ot § il themehRdeamprising's ¢ measur ed

si gnal val ue acepérainyt tade Aatidnlts fectiveISdid Bt Mdiseddnd SRAnAlquald indiQRS valset d
first neasured signal value as an input and generates a second channel
quality i fdfcat or value from said second neasured si gnal value according to

a second functi @PedHgGRe bdde &ticH tocFiRPhte HRMANS tﬁﬁgé}?l TEAAhEeR]udnGindidtde as

an input; and a transmtter for transmtting tf irst and second channel
qual i ty i ndiabigs,@n apgknies transgrissiontpewal reayired $o ackiove adesinod sighal itam@®, ratithair ei n

sai d chan neslaid%?ellésg }érrjnfﬁgi A4 Qchu\fzﬁfng?equiring at least two different channel quality indicator

values to determining said amount of transmission power.

26.  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;

measuring means for measuring at least one of an amplitude and a phase of a first pilot
signal to produce a first measured signa! value and at least one of an amplitude and a phase of a
second pilot signal to produce a second measured signal value;

channel quality indicator value generation means for generating a first channel quality

indicator value from said first measured signal value according to a first function which uses at



generation neans includes software instructions for controlling a processing
device to: estimate the received power included in at |east one of the first
and second received pilot signals. 32. The wireless term nal of claim 31,
wherein said channel quality indicator value generation neans further

i ncl udes additional software instructions for controlling the processing
device to: estimate the received power=included in at |east the second
received pilot signal. 33. The wireless termnal of claim3l, wherein said
channel qualeast §aid gtﬂ waasgicdyighgeralugemar inpytend pergratesfaseednd chimell quaiits

additional SefluRuel fiH e Lot lre6 804 Shibl NGo1AE BLIESTRAGiGEVLGE O
estimate the signal to noise ratio of "t He second receryad pi ot signal. 34.
The wi r el esyses ddeastrald sofondInzsiasne@isignahenles as ag aipdt; andainsmi tt er i ncl udes: a

¢ w0 er includes: a
it channel - aoaprRoe fol-pBRRgiR i Salel g TREGR0G BF el i m

34, wherein said nessage generation nodul e i ncludes said second channel
qual ity indjcat val ue in sai ir ssage, .36. The wirel ess term nal of
Ol %a. "o ot The SahelSsdetuls” gt Sh TR nLATam G Tee AT e

execut abl e gensfafistCineB cludes SMlaredhdtiudgord fmehkirdlﬁndgt Ppd€RGhali& i@ tgecond
nmessage including said second channel quality indicator value. 37. The

wirel ess tern n&PtiBgte Bieaeqeived poverringheied dntaptang g1 the dipst apsbsgrendfregeived pilot

det er m ni ngsitAR. position of the wireless termnal relative to a sector
boundary fromreceived signals. 38. The wreless termnal of claim37,
wherei n said nessage generation nodul e i ncludes position information in
said first Ss : i i ng; receiver for receiving
at least t V\{’)E?C hgﬁggnr%%asaﬁ{ﬁ@ﬁ?ﬁgfa%?g;%h\?%ﬁ)ﬁl]%g %?%%ﬁi 31%\}\'/|Eyr13&18astgr Vaﬁueer m nal ; and
means for dgnetemmerys further atlulleadditiorad sdivadrenentctiotafnaintrollia itHeyprocasgtingat or
val ues a t%gpsgission power required to achieve a desired signal to noise
ratio at sald Wi Feless terminal. 40. The base station of claim39, wherein
said at |east twstiité fterreRived pandiahclgiealin dtY¥eabithd &b received pilot signal.

33.  The wireless terminal of claim 31, wherein said channel quality indicator value
generation means further includes additional 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 transmitter 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.
36.  The wireless terminal of claim 34, wherein said message generation module includes
machine executable instructions for controlling a machine to generate a second message

including said second channe! quality indicator value.

37.  The wireless terminal of claim 34, further comprising:



val ues correspond to different power signal neasurenents made by said
wWreless termnal at the sane tine, said determ ned transm ssion power
being a function of said at |east two channel quality indicator values. 41.
The base station of claim40, further conprising: neans for transmtting a
signal to said wireless term nal using5& transm ssion power determ ned from
said at |east two channel quality indicator values. 42. The base station of
claim 41, furthefeassdbpddtanitng e postidnT texbifast tongingPrictitiad tol 286 br BodRdary

di fferent channel, %ual [ EFy values froma single nessage received fromsaid

wi rel ess t eFM WEFYCLE"Phe base station of claim4l, further conprising:
nmeans for extracting said at |least two different channel quality values from
two separate nessages received fromsaid wireless termnal. 44. The base
station of 38 ai Ahawirelesstemunal ebepim & ngereinsaidingstnge gacaatiop mpdelsanaiudes qual ity
i ndi cat or i3fiabREd:RAbIHisgidlFAthebddge POSi tion of the wireless term nal
relative to a second boundary included in a nmulti-sector cell. -53- 45. The
base station of claim40, further conprising: a nmulti-sector transmt

ant enna forsgt ransmd Liag, @dnllﬁﬁing! gnals into a plurality of sectors of a
cell at the same tine; ah transmtter coupled to said nulti-sector

ant enna for tr anaseweivei fogrepéiliog aslegph by schamied q@dighindissot wilues from asyindéss oni zed

manner such_that transm ssion of the pilot tones into all sectors of the
rminal; and

cell use tﬁ% sane set of tones and are transmtted at substantially the sane

tinme in each of niehes fosétdérmiting Gan dt ast ededifferesrdihm| quadityngditacatat@ds hn one of

said nultiple sectors. aratus, conprjsing: a processor for use in a
WD{ p

46. . ap :
wirel ess t dPATRETON RYYEY re;ﬁl%@g@saﬁ leYeqhesigissigpat tg noisgatio 3t Ridyireless &Rl of an
anplitude and a phase of a first pilot signal corresponding to a first
pilot tone to produce a first nmeasured signal value; generate a first
channel qual® t y Thebase statien oflaie 30 whareinsad af least twaeiHereet¢hanyiebgvalitynindicpasor
according t i ted i LA fik i gnal
Vol e g A S bonl R R e e ek SRS ¥y Rl Vi s RATHAIBERE, §
i ndi cat or \saingéime, said determined transmission power being a function of said at least two channel

quality indicator values.

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.

44,  The base station of claim 40, further comprising:
means for receiving channel quality indicator information indicating the position of the

wireless terminal relative to a second boundary included in a multi-sector cell.



measure at | east one of an anplitude and a phase of a second pil ot signal
corresponding to a second pilot tone to produce a second neasured signal

val ue, the second pilot signal having a different transm ssion power than
said first pilot signal; generate a seédnd channel quality indicator value
fromsaid second neasured signal value according to a second function which
uses at | eatt sdhdbssestrtidn nh&aimr@dfurthér@nmlpmmg ue as an input; and control

the transm SSIOI’] of th sgcon han ual i ty.indicato | ue.
conput er readablé rﬁéﬁec r@‘%‘&lﬁ %E&Wﬁﬁ‘ém@%é’élﬁtt%ag “i“ﬁé‘tp?‘ﬁ@tw BE%CC‘P@rOf

control | i ng cedl anihe ednesimé;andi naI to i npl enent a channel quality reporting
nmet hod, the net h(%d CQ rs asyring at |east one of an anplitude and a

phase of a firsf "BMY: ‘ioﬁﬁl&‘?toc“ﬁ Il iseriergteprp for fransmitting pibat sigaileinteeash oduce

a first neastbed aSh@hednizéaagierg@dhahalilainigsidn Jree }ﬁi&ﬁi&ﬂ@é mﬁlﬁﬂlslaétyrs bpglk cat or
val ue from s[au d first neasured signal value according to a tirst function

whi ch uses %t YA fameepotitpnes @n%agam%nﬁ%i a4 prebistayidgl iy sheasamgriimerip gach of the
transmtti rmctaﬂaesafd witdless RaRNE| bé?h’gf%bétéﬁ ih BAU &f%@ mM%lH?ec Jreasuring at | east

one of an anplitude and a phase a second ot S|gna corresponding to a
second pilot tone to produce a second neasured signal val ue, the second

pilot signgl hayl t transm ssion power than said first pilot
si gnal ; -521% ge%‘\é‘rag??r%agg&{ econd channel quality indicator value from said

second neasured si gnaproveslsmre“oacsemdwngeﬁsoermirﬁeegimﬂ;rdcment do(ﬁﬂgmﬂi oh uses at

| east said second neasured s eas ap in ansmtting the
second channel quality |nr8?a(§'éfg8ﬁe?7% a"&%‘ppt){d Ol' HftﬁgPt%%iaE

Wi rel ess t ebfrespahdingiolalftsipglot toﬁeﬁ)qu(ycﬁlbe mﬂﬁﬂ&eeisefedrs%ﬁﬂlv\élueg pilot signals;
nmeasuring means for neasuring at |east one of an anplitude and a phase of a

first pilot signal to pr&8teE afirsticpanelquality indicaqr yalue frpmy said fapdneasuredbast
one of an afghl \tallﬁ%céiﬁd#nﬁtopchﬁ@ﬁfuﬁétloﬂ wh‘-fc‘ﬁqg&%t RhabtQhid FrMftha @ PEROUGR R

second neasured signal val ue; channel quality indicator value generation
means for g@n@$ﬁt|ng a flrst channel quality indicator value fromsaid

first neasured signal firdt éﬁr llggmt)f?oﬁthg 'f'Fs%haBHQﬁgélem\My pvé’lﬁes at

| east said first neasure sl gna ue as an I n ’second
channel quality indi catoncagakatlefst om dandmbmdﬂdidnﬂﬂmwcﬁ'd ssaogdailot\seglnmle

according tc%rr@!sp%%ﬁ%"% s'écocfl% pﬂgt t\(l)vrr:]e t% produce a second measured signal value, the second pilot
signal having a different transmission power than said first pilot signal;
generate a second channel quality indicator value from said second
measured signal value according to a second function which uses at least said second measured
signal value as an input; and

control the transmission of the second channel quality indicator value.

47. A computer readable medium embodying machine executable instructions for controlling
a wireless terminal to implement a channel quality reporting method, the method comprising:
measuring at least one of an amplitude and a phase of a first pilot signal corresponding to
a first pilot tone to produce a first measured signal value;
generating a first channel quality indicator value from said first measured signal value
according to a first function which uses at least said first measured signal value as an input;
transmitting the first channel quality indicator value;
measuring at least one of an amplitude and a phase of a second pilot signal
corresponding to a second pilot tone to produce a second measured signal value, the second pilot

signal having a different transmission power than said first pilot signal;



uses at | east said second neasured signal value as an input; and transmtter
nmeans for transmtting the first and second channel quality indicator
values. 49. The wireless termnal of claima48, wherein said channel quality
i ndi cator value generation neans includes software instructions for

control ling processing nmeans to: estind#t-e the received power included in at
| east one of the first and second received pilot signals. 50. The wireless
term nal of cl agened@ing whemoed chapad] dudhpimdehtoguald frym isdid s@dhdmensaledQignal
generation ns. further includes addjtional software instruyctions for

dontr ol 11 ng R acsrdit O3iseitt ptchE PEh i Mlepl Rid ¥ nriind v Rl e
in at | eastinfpunendecond received pilot signal. 51. The wireless term nal of
claim49, wherein said channel, guality indicator value generation nmeans
further incIudegmgﬂﬂv?ggﬁéﬁ”@ﬂf@“ﬁﬂé”%ﬁ%PFW@FF6ﬂ§°for control l'ing the
processing neans to: estimate the signal to noise ratio of the second
received pilot signal. 52, The wireless termnal of claim49, wherein said
transmit t e®neafsVirsles tiawinal sabwirgless saming} ingladidg:at i ng a first nessage
including said fdobistr OADRR e ditye difidiscat or value. 53. A wireless
termnal, said wireless termnal including: a receiver for receiving pilot
signals; a pi| omesjugnamepsdeimeasyringcd ifagt ohepf ancamplitidegndie phasaisf a finsepilst  an
anpl i tude fi : DI i | ..t duce. a, fi ur ed
aianal vl GEaaPARSE o B fectbichighl Bl Bl Raot e BLAMER R ahd T B REF P
si gnal to proddedotaigaeldopcbdneasserad séagured sigrall vedye;a channel quality

i ndi cat or val ue generating nodul e for nerat i a first channel quality

i ndi cator val uec%“B%]qélﬁli'tHg}di“iagotr V%‘ﬂ%@?ﬂe% O%F’ﬁﬂ’é{%‘%\ﬁgl’ﬁ@t‘ %Ftcﬁhﬁ%fe{ cﬂq)""ﬁtyfi rst
function whhdithterS@bie filom daRifirbt idakgted sipill vaRasdbrdthgSd @ gs funalistewifsh @ses itnput

and generates a,  second ch%mnel c‘ual ity indjcator value fromsaid second
measur ed si'gAthRIARReasred signal yaltpaspndprub AR geasrates o recid eennglgualityt | east

sai d secondndiBASUARE fidhHART se¥odld hfeadeddigalPiite ac88tding td & #0810 fuh&lon fWdich
transmtting the first and second channel quality indicator values. 54.

base stati o¥¢s & bagspidisergnd megsaredeignploalis as ot inpwle@idvi ng at | east two channel
qual ity indicat gb,\ahdteeahd ﬁmrgnsmiﬁiﬁé 8% Sirst bid LA éhalﬂ{}gquality indicator values.

49,  The wireless terminal of claim 48, wherein said channel quality indicator value
generation means includes software instructions for controlling processing means to:
estimate the received power included in at least one of the first and second received pilot

signals.

50.  The wireless terminal of claim 49, wherein said channel quality indicator value
generation means further includes additional software instructions for controlling the processing
means to:

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

51,  The wireless terminal of claim 49, wherein said channel quality indicator value
generation means further includes additional software instructions for controlling the processing
means to:

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

52.  The wireless terminal of claim 49, wherein said transmitter means includes:



nmeans for determining fromat |east two different channel quality indicator
values a transm ssion power required to achieve a desired signal to noise
ratio at said wireless termnal. 55. The base station of claimb54, wherein
said at |least two different channel quality indicator values correspond to
di fferent power signal neasurenments nede by said wireless termnal at the
sane tinme, said determ ned transm ssion power being a function of said at

| east two chann@kans Gitadendratingndireahabagy alctifitng sbid. firskRRardaSiaklyahdi@for@hluel ai m
55, further conprising: neans for transmtting a signal to said wireless
termnal using a transm ssion power determned fromsaid at |east two

channel qua.i t yAiwicsadeahiniiabai®®irelos terbitl ho®@ingt ati on of clai m 55, further
conprising: neans for receiving channel quality indicator information
i ndi cating the HEEFHSTIRN egeivingblohsightlss terninal relative to a second

boundary i ncl udggdt BigRal Ttlaburing Sdddfe fGShéasuring®it 1ead ond. Qleanbagﬁ)?t@g%d- QQ)&QJ _Claim

55, further conprising:. nmulti-sector transmt antenna ne r transmtting
pi | ot si gnaf afitshpitot sigpal e prioflecg adirst myasurest signgf vaduerad jat lgast pheofsammplifude; and

ransm ¢ equ pans: SUALEG b6 SALAITUAL: SRELA mAIS Bkd.gnna eans for

transmttin ot signal's into e sector 1n a syn€hroni Zed manner such
t hat transm ssi ochaofiel ghditpindatot erlesgenenating mbdulstoc porestiog a fire cleahdl quaay t he

t of ¢ t itted bst anti al | ot [
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mul tipl e sdaitehid first nasubedrigrl edlind ds@n inpdoadigesdrites a fcoRicdamel qfatity recei vi ng
at | east two,.channel ualjtg indicator.values froma wrel ess ,tergi al ; and

a transm sS19FAOp KR fremspidsgrond mepyird;sigdaligrue Jetosding 19 angeqnd diction MBKE t wo

different yshanpek sfiddcbidmeRheg aloRd viiak e iApftf AQSM Ssi on power required to
achieve a desired signal to noise ratio at said wrel ess term nal
a transmitter for transmitting the first and second channel quality indicator values.

54. A base station, comprising:

receiver means for receiving at least two channel quality indicator values from a wireless
terminal; and

means for determining from at least two different channel quality indicator values a

transmission power required to achieve a desired signal to noise ratio at said wireless terminal.

55. The base station of claim 54, wherein said at least two different channel quality indicator
values correspond to different power signal measurements made by said wireiess terminal at the
same time, said determined transmission power being a function of said at least two channel

quality indicator values.

56.  The base station of claim 55, 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.

57.  The base station of claim 55, further comprising:
means for receiving channel quality indicator information indicating the position of the

wireless terminal relative to a second boundary included in a multi-sector cell.
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58.  The base station of claim 55, further comprising:

multi-sector transmit antenna means for transmitting pilot signals into a plurality of
sectors of a cell at the same time; and

transmitter means coupled to said multi-sector transmit antenna means 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.

59. A base station, comprising:

a receiver for receiving at least two channel quality indicator values from a wireless
terminal; and

a transmission power calculation routine for determining from at least two different
channel quality indicator values a transmission power required to achieve a desired signal to

noise ratio at said wireless terminal.



