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WO 2004/ 077728 PCT/ US2004/ 005242 PILOT SI GNALS FOR
USE I N MULTI - SECTOR CELLS FI ELD OF THE | NVENTION: 5
wab@4prEsent invention is directed to w rel essPCT/US2004/005242
comuni cations systens and, nore particularly, to
met hods and apparatus for transmtting pilot signals
inamnmlti-sector cell, e.g., a cell wth
PILOQVSMNA@JSZP@RS@SECIN NMUABRSESTOR CEIAGKGROUND OF THE
NVENTION: 10 In a wirel ess communi cations system
e.g. a cellular system the channel conditions are an
FIELD (o THENN CONSI@Nr ati on in the operation of the
wirel ess system Wthin a wireless comunications
system a base station (BS) conmunicates with a
p’I%E Prdsbit iRTenMon 84 8 1dEROWiRALS colihicatiOngsystemmiddemore
nodes. As a wireless term nal noves to different
partichlaclait foonethodls mdrapphr@tqg deetrasmittiagpdat seeads in a myli-sector cell, e.g., a
ndition o e.wrel comuni cat i on channel
cell WB@(%‘&HO’PIH%& A t?flg%nsg%ﬁsand the wirel ess term nal
may change, e.g., due to varying |evels of noise and
interference. The noise and interference experienced
BACKGROIENT) QB TEESINCEMIHAN: s recei ver may i ncl ude
background noise, self-noise, and inter-sector
interference. The background noi se may be classified
agn aiwieeee ResMunia0ibhd figtchnee. atcallilandystent, ltsctiassél@onditions are
power |evel. However, the self-nojse an

an imppitant copEdTRtigHndhe apespion of ke waslesy @ﬁfe%n%fiﬂléﬂ pydrsless
comn%un%altlgﬂs %(sié’n‘? %Sﬂﬂsé §ta@h ﬁ%ﬂ’)@%ﬁﬁﬁ\éﬁé&tesewﬂh a bliality of w1reéess terminals

I'n o nore sectors. One neth
(WTH) yehg. calobile ti&&d m eeWﬁidalelﬂttemﬁlhai moveditd didfererft ledagions within the base
conmmuni cati on channel is for the base st

statiopisgelnihe cpRdigen of GRariElesyAPRAURIGNEH glil?aansla‘%%?%‘i%ﬁyase station and
the WEI%I%QSS%%fjgﬁg cf % ﬁ yﬂ’of\%%hhg Revefs Jf 'ﬂ@lsfa LAN ISR, The

resource an conprised of known
noise(apd entelﬁmenm en@dmencsgi iy dheswirelasmsteininelds rceiaesinayinslude background
const ant vver | evel he wr

|
noise 10 B Feohd SR r HIETEir (e DBORATOVREN 1P FRGOF b fcd o

1ndep9f1dé?1t #oH @k bﬁf’e[ ét&tm%us‘:@alﬁﬁuéi wérQevepi BBweddrl e (sSNRbise and
or an equivalent metric. the case where

inter-s@it@dhienfeente nentependennat thd@p@rm@tmn phanshssiompesertled, e.g. the
back rour%d noi se i s predom nant and the
trans@bsg’toplprS’mnghoqer%ﬁl‘g@ls? “¥Si se and inter 30 sector
interference is insignificant, such a single scalar

metric is sufficient for the BS to predict howthe
r eQus methogKpically ushé taablatsthe cendiinmpt thaicpmmyrigagen channel is for

o s e R RO R B g RSP0 s s

fractibf @¥ tHeethnts&J@iﬂﬁl rBiRirc@ind s gqlealllye onpeiebd eticrioMR @te-tiétermlned)
wireless termnal, for the particular error-correctin

symboGdiramgmiie 0 e AIET CEstapIWS e, b pirsless terminal measureh the pilot

signals and reports to the BS in the form of a scalar ratio such as signal-to-noise ratio (SNR) or
an equivalent metric. In the case where noise/interference is not dependent on the transmitted
signal, e.g., background noise is predominant and the contribution from self-noise and inter-
sector interference is insignificant, such a single scalar metric is sufficient for the BS to predict
how the received SNR, at the wireless terminal, will change with signal transmit power. Then,
the base station can determine the minimum level of transmission power required to achieve an

acceptable received SNR at the wireless terminal, for the particular error-correcting coding
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-2 schene and nodul ati on used. However, in the case
where the total noise/interference includes a
wa@e@niofizeant conponent that is dependent on siPBEEIUS2004/005242

transm ssion power, e.g., inter-sector interference

from base station transmi s&ions in adjacent sectors,

the commonly used technique of obtaining an SNR from
schemPiah@motuifioh us&f. Mowever e thesdase mdete theweh] rioise/interference includes a

insufficient. In such a case, 5 the nformation,

signifiottaompanen teat is SHIRIGANT AN SHEAR (ETSTLLN RASTaS - frofiLsT-seotor

1nterfqr?e%§ff¥qn& ﬁaesr?:ytaﬁ It %Qﬁﬁ%&Xlgﬁfﬁ%dé&C@%b%%ﬁe tﬂ})é cz)(r:rénacr)réll%/ élsed technique of

obtainB{gedi SR tihen pREE yeath cENRe dixet] brengii lexel ia ifiswfipdienn Ila)such a case,
the signal transmt power. Additi onal cha Lb& ﬁ an 1 d

the mﬁom@m@m@bt@lﬁe@»éegjss% it Bémg@rféaﬁlé{nésdlon&ﬂ“feé T8 3 P fgrmonty use

§! r thatdbpsRdit ﬁiel BEbiveIBNR at th

teChmﬁdﬁ s ﬁ%ﬁffgge;ngh (r%tectg%ﬁ%éo fooacor %e%’}gﬁw rel ess a e

WT ad @fdﬂcﬁaﬂl of thfelstgnial tnamsrrﬂi paweng Adgignabehagig quelityagformation needs to
station_signal 10 transm ssion power .level. By ..

v ssted el SUEN S YUAE oY 8 S barign o tha the base

statlorﬁg E&%lt@l@&qgﬁunaﬁ %n&?&ﬁre'f‘ahﬂg @RIV dBNIR b BE station signal

e accepta [evel recerved SNR for a

transnisdibn pU\bvarletz«Jd Bypbtaniag sechr mfuncbmit &ty \wgelmd@rmlahloﬁ communication
nodul ati on used,

ld effi c ent |
s s St oM MBI P R o
part109ﬁ¥"§5cgh§ YR erfold8rr8G oV Gnd ResRRiidhlu8eGRuldl dffitiithgassign a
ransm ssion power, and/or reducing overall
wueldsemhmamfsegtﬁentmm ¢tenmioreth aaamommpqw\@ avsd\tBus achieving

ion, | ear .t hat th £
scoeni3ie SR B yha vedarE R Pl AR el iovels o
mterf&@g&“n' cations systems, for new and novel apparatus
thods of channel qual ity measuring, evaluating
and reporting that will provide the base station with

2%‘6&?4]12}1')0%:. 8é1p<lelvnf écrﬁgﬁt%'%ﬁ? ngkl%legg{hglc e%]{ﬁtg Ia‘gfr?édg T_p‘%‘\Et'ftularly in the case of

multiStab FieletAEsintihiesti @0 Wetems, okl txmd)noveﬂ appmqitpm prid methods of
i nproved and/or nore diverse channel qua

channvguealite measusingnevelytingtang r@}%qmaa@ﬁft \élrlh%mV@é Hhrebrsggtation with
r_pilot si isGhction of b
suff1c&gﬁ (%8135 fjontp 2 F“ﬁ@%ﬁ{&%@?@%ﬁ W%glsisgz\ég%ﬁR b jon of base
statioh Mag&thRfe@podef. O Tiuddition, ts aq:tpmrtsnmfox&dcaﬁ&{or arcge diverse channel quality
d

esirable. 25 SUMVARY OF THE | NVENTI ON:
meassnegwats B DEpcBENAhRRIESTDS. ARqueneesndien P{IPtpﬁlg‘%i % ﬂ’é‘gsmn power levels
t kR b BErmY SfePéectors of a cell are
Whlc%?%%?‘ilﬁ%gy ;;gﬁlgmﬂ oi?s?lf?crng%gr}#@Q on power | evel s, are
desirglgscri bed. I n 30 various inplenentations the
transmtted pil ot sequences facilitate determ ning the
contribution of interference fromother sectors of a

Sm\/@g_%hyuaﬁ GRRETONIES, €.d., in a synchroni zed

ner e sector in which the pilot signal
nmeasurenents are bei ng nade.

Improved pilot signal sequences which facilitate multiple channel quality measurements,
e.g., through the use of different signal pilot transmission power levels, are described. In
various implementations the transmitted pilot sequences facilitate determining the contribution
of interference from other sectors of a cell using the same tones, e.g., in a synchronized manner,

as the sector in which the pilot signal measurements are being made.
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WO 2004/ 077728 PCT/ US2004/ 005242 -3 In cases where
different sectors transmt on a tone at the sane tine
wagiong7Aappr oxi mately the same power, signals PCDDS2004/005242
ot her sectors while being interference can be viewed
as being simlar or the sane as self noise since
transm ssi on power affects the anount of noise that
Wik EasePHhERERMELEYT R6toktransERICAOA tond al the KBS tiee wsdigsapproximately
contributions from nei ghboring sectors a sector
the sapaelpmwer,él@als from wittes sechpre pvhile H}gdW@Ffef‘?n%e ‘E%‘h‘?f‘sﬂ?‘t"?ias being
ace [
simils P i B 2 S pSF e hnsiIRiOEREnc ffEct o Wlluct o9Glse that will
been&ﬁlw&&edﬁna{sream,m tted in the sector where the received
pil ot signal nmeasurenent is nmade. To facilitate
background noi se measuremsnts a cell 10 NULL is
op méasﬁ% doise okt F'fgﬂgfr bbﬁn%‘l t&@ﬁ%e&& NUE?;' ﬂllot e.g.,a
Sectors o rans t a Null | ot
pilot émh 08 pobat, ik ganseided i areaijaceat dzatk gt thanama @n@ea pifsit mg@al with a

e e S o AR B0 e
recengﬁﬁqa“:ﬂﬁlc %ﬁneﬁtntu{a ﬁgh@ﬁ! i§ hefden %%@mh&t@back?@ﬁﬁ& h@lldé‘ cheAQtir&@ents, a cell

e I nter-cel interference. 15 The
NULDid Siippsmilﬁn;bﬁs catehdgherisl Inrthaswelﬂierwlsl NIFLE 8l g5e@s%pfta cell

s O LR ey SRR Rt ST povers

ransx%ﬁfg:g if Hf%g:ellf Fﬁg@ﬁ‘ﬁ% duRhE iEBhéRBrebde@Mah f éndidured Bignal on the tone is
recei vé SNR for the as a function

attnbﬁlfablehe neisgreag., backeewind npiseehichmahinchidedetaeeclbmiesfegsenee-
dependent noi se. Feedback from individual WIs, in
accordance with the invention, normally i ncl udes at
| eARlniforee dq‘ﬁ@ﬁ’d%@ &hd %%ﬁhl' rhélasaﬂ:nieﬁtil dfal@preveat Upsnper pIWVlde
as opposed to a single SNR val ue, where each of the
mechhimoms fizah pedble quzaﬂeietsytarmma& Q3. apdia RS thas Tegeiyet shasgel condition

di ff
ek e o BT M s, DB 0 d RSO o

of thd élgﬁatl nrahirﬁitt sweral th@rF@swcer@@ltgnﬂafepmnmmm Feedback from
el ved pi ot si gnal havi a firsg kn

mdwtdruahwssm agpotdansr widls thernyamign, noAmaly B}?gld@ﬁ at lgpstityjg channel quality
1nd10f1t8f,] X{?lp%sﬁge% h’g’g ua%lsc;pthsedncg 'acs?r}gl)é sNR! \%ﬁleg GREHaON of ths fwo channel

I 'nput second pilot signal
qualifERakhRIPALe S8 IsbfEPRA UG atdfferent fuactiore ddievefdhpivo thannel quality

signal having a second known _ transm sSi on power [
indicstr i gt KR g 751 Pklﬁb%ﬁnft e ReR s to o

reCCIV?.ngIJ:Og qvni@r ShrsfRf \7?1’?& erGd %h lid t A second one of the

enerat unc t 1ons, which
two ¢HARh& @ﬁﬁﬁt@dﬂdwﬁoﬁ@ﬂlﬁaﬂ@&mrmduhﬁmns hasa& manpum @cond pilot signal
circuits, may_al so have additi | Dpu t hase
meaguggggent ﬁ@msipgpfggg tagenother received pi ot 31gna av1ng a secon Khown
transmission power which is different from the first known transmission power. Each of the
first and second channel quality indicator value generator functions, which may be implemented
as software modules or as hardware circuits, may also have additional inputs to those just

mentioned.

Feedback from individual WTs, including at least two channel quality indicator values
per WT that are generated using different functions, enables the base station (BS) to transmit to

different WTs at different, e.g., minimum, signal powers depending upon the respective SNRs



10

15

20

25

30

Feedback from i ndividual Ws, including at [east two
channel quality indicator values per W that are
w@eoenzt7esl using di fferent functions, enabl es PEEURHSE005242

station (BS) to transnmit to different WIs at
different, e.g., mninum -4i gnal powers dependi ng upon
the r espect ive SNRs WD 2004/ 077728 PCT/ US2004/ 005242

required at tRE WckR-rsatThhstar @cﬁ&r\tfathrmtEBhe)ytthﬁ BB iptperally known or fixed but
transmtted by the BS is typically kngmn or fixed.

the prowmﬂpm alpavateiddp deffarens Y €8 may i HRPRIMNIWEY YRRy OB tihé!' Aca WT
re:cew{:};1 éh = g}ﬁ%eﬁ d 8f%¥al ¥18{S¥ af ﬁ gllﬁgctélbggf gé%rﬁ%é\}gaosﬁ ﬁrgd@ ﬁb%@f can be
modeFe@%?'aVsﬁﬁlﬁlt BRa kefpmrodto sahe h&)lsemhdﬂllcedsﬂng/hnc dn ﬂas gmentmn Since

line, referred to as the af @etgcterjstlc e1 ¢
the noise cthhtagterlﬁ%hmq s 19} Hogengr € AHEY f 8ihels SCalar parameter is

not enguglg E‘e%tze s 4GOS AR eagtocwbgfa%&%?erﬁ he Rfhigdto dtermine this line.

A paranmeter 1s enough to characterize
this I|ne At Ieast two paraneters are reqwred to
determine this |ine. Theallt;gse statl ansmtseo tﬂhe
siTgadnse sHionrEngmiiAPilolciends Atbs SRR Jry e atod Wi

1nven§ %nt aﬁlgl?%t@%gf éﬂ@ﬂ?@ais df‘l@ff&%ﬁ&ttreﬁgtﬁ%’«}e% &e Hidd @apRteristic line

noi se characteristic line 10 for
for thé kxerems eneasl torbd dedrngaed. e gdatrel afirsepilotisigngbisdraasmijted at a first
first pilot

powet leyeltoPbiage B painispe e BOTRbtgnd L8 sbiaRc goRgf vel, differen

from fﬁeq{@tj poer ‘T’ev%f" ?@@&sﬁﬁﬁf@d tol B¥£h a séiohti@aePointf Mhestdvdd power level
power | ével is transnmtted to obtain a second

can béla¢ra ipedme emlfmhmetso erlepbm pilaswignal scheme eary g Bsadrn a cell using an
some enbodi nments. above |Iot signal schene can be

omnig@isgng. {hat 1 @(cp l)‘élf %ﬂne?ﬁ% tantenna, that is, a cell
with only one sector 15 The invention further
determ nes SNR as a function of signal transmt power
i e inemtivo firthed detetmines PNBsia fgperamof sgnabiensiit PRYer in 2

sectogéqqs & tj?u.{' Iﬁégltr({nﬁgeh qu}lgor%? & ofj%ec{ ?%Etmn §§cﬁ’1t SiRe & ffe?ent sectors of

a celltrﬁ%n?rié‘ (RS ERte 0P 5OMTCRe Ehafe tﬁa)ﬁ@ﬂitﬂsﬁm réfoﬁmﬂae(lfmwxlampw, frequency band)
transmt in each of the sectors. The t ot al

to transnm smeached ttfersgntp@ac’)}heg:@@{ g@werstrqn?}aqltgeg FQm £7 ctogé)s té{plcally fixed

t t
or knayvpv\gq,t élﬁf?erﬁm {Ie T @y recelye. sgg?/a% gﬁ%ﬁlfgﬁregﬂ e{?ﬂ@ée nﬁ‘ﬂn&@the isolation

betwSth® & tdr8 i1k p@@écft Sfifnalsirgnalised cﬁrﬁmﬁmtﬂoe dlagl’oeocbree noise
sector may become noise (i nterfer nce) to oth dtot ‘
(interfrenas) &0 ot seh@FwdrEth eﬂﬂm@a’é g of tt e5& §bsrc§)n§t§a1ne to transmi

1dent1$c,agst 1 %%g\i%eglhgal {@glsﬁgr\;ler (bfjﬁ)rﬂ'dngﬂt s% a‘gﬁfréﬂ{n 'aQ%Wp%ﬂortlon

ansmt sig in a fixed

acroR HQP@ffeicaNsecfRs)amsa giken degrée‘:‘ofeﬁndzedeen(mgr Syma)ﬁo@ e ingerference from
degree of freedom (e.g i nte

£
otherfseetiorstg agWVidn ag@cqr@pgto; gasathgn\;-hqﬁﬁcqg)ls&ic mgt&a&t%pgl?r.]c%gg noise or self-
noise hf}gs R%ﬁ?cﬂfarfgstfl S%e?kteﬁ't?@yﬁilterﬁ?&%e QL%EH ofhet &@tcﬁ?ﬁ scaBdsfwith signal

articu t he case when the
powdrRitaEH edcancia ehfo@ﬁirmﬂn svhesedifforest sctirparewonsirainagifg|transmit identical

power whi ch occurs in enb nt where diff
or prepRrtigRal PRIVET @b 8VeR IRE§e ng?? g PSR %ﬁ%‘M multiple access

system.

Tn accordance with the invention, regular pilots at different predetermined and known
strength levels, are transmitted from the base station to the wireless terminals to characterize the

dependence of total noise at a WT on the power of the signal by the BS to the WT. Different
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or proportional power on a given degree of freedom
e.g., tones in an OFDM nul ti pl e access system 30 In
waewendaese with the invention, regul ar pil ot SPEL/US2004/005242
different predeterm ned and known strength |evels,
are transmtted fromthe b&se station to the wirel ess
termnals to characterize the dependence of total
sectorE‘ ﬁia%‘%ea&n@of% 28, doheolavetradfmitheleabigoale filts drethBSarme tone at the
WE. Different WD 2004/ 077728 th[SUSZOOM 00524§
same wct &ﬁemyseb@rs an @ften canirelled to gemliisTane aredgier s FﬁaPsmlssm
st,, sol t a
powerleyelf R e G sfnalihsRindd G SRR ih ORR, & cp Wfiorg i enarmple, on
tone 1ddtft1fng "BNta fsegeio muytedohtralisihtiossinemit agmloe slghd\ae Ia§1r$tq10wer level
t he pllot signal transmtted on a tone i g_ q d
while sn @tlpeent spespr s eaniplied tg frangipih at the seme fie Fly a pylo ? pigugl at a secon
cLor | br e
powerEfo R OF 1,dfe PR BuMEReld i f‘f%%gﬁf{&?é@% [t JORkr Ricl.
controlled to transmt at the sanme tine Ti, a pilot
signal at a second povv? | evel . on tﬂne 1,

pdvsprding,©ong @pﬁ)@d@pqn[t this invenginn, (rellmall pilofs’ \%e useg in conjunction
with Ijegl}(l% p1}]out€FoC<91r | PGizE heOipeRIERLE bf R4 nbfse bbh W1 BY ﬂ{Hchibr of the

ots’ are used in conjunction with
signal tegshttedby me sas m tbmavac {Cetlind pilots ate QQdemi{:@S@wrC@&ﬁdﬁgreeS of
noi se at a wer .of the 10 s

frecdqRLHaErRE D eCREBT 1 (oG RO NSCI |t FISeRgg gn tese
degre?ﬁm&e@lén{ @QMEQ ﬁxges@ﬁ%é 8€He Sfenal magstamnt Moge &t &QT‘WTD fRegular

e sector transmt any power. Noi

pilotsneasittipyipidots } dre ssasouldeegedeg@e@@f ﬁm@@dﬁ mh@rfb@qca égctahof the cell
transr%ét@igln(g\;r? S)&fﬂ?cg{] §s1§% 4 ?Fbﬁlgrggfgr%‘rgﬁg pa cgg' eNBlse S‘Ibe%smd on the pilots

resource

thus ﬂlglﬁgéselﬁﬁ:r @éct&r BeIRMANYALd Srovaleh ab eéﬁrﬁﬁte of tHeh@taDﬁdnlse including
transmts known synbols using fixed or predeterm ned

signapdeyendentMoisse neasured on the pilots 15 thus includes
inter-sector interference and provides an estinmate of
the total noise, including signal-dependent noise.

Onsnd Ratut 6F BE ilVafti b4 eietea td thedbonespt effa tsactoh eull pllot The sector
concept of a "sector null pilot'. The sector nu

null ppiototas heanedin asstrizad selBaTHETIos Y Hem] to CsHmgHE Fféq %@%‘3 at the WT,

system,to
for e)@i%qi% n\&/ﬁ%Wfﬁ a?\xhen) uﬂﬁ%ﬁ/%ﬁ %%g%kﬁ%fg%d g%%tcf\}\cgfuélgg bgtrvséeen the
sectofid cb&ﬁlrﬁlﬁéﬂl%lihatmﬂe et wekaboliRlaseddes net feseive anylintaterence from the

so that the WI' at the boundary does qg receive, an 1
otherisnetor.{ Syciarllipiioh i JTHEK TwBESS WIS SCRGF 1 1qibgoes not

transwit&y%&%%%eg@ka ROMsE Slsanv‘élﬁ&‘ﬁmgbgcé?ﬁ&%mtsr}eéul&e'e lg., non-zero

any Si gha y and the rest or

pilot&n adj oining sector transnits regular, e.g., non-zero
pilots. 25

More generally, other types of sector null pilots can be defined, such as where a subset of
the sectors of a cell transmits no signal on downlink resources and the remaining sectors
transmit regular pilots. Also, more generally, the coordinated scheduling amongst the sectors
can be such that the BS reduces (but does not necessarily eliminate) the transmit power on some
sectors in order to reduce the interference that a WT receives from other sectors. In some cases,
data is transmitted on a tone in an adjacent sector to a sector which transmits a pilot signal on the

tone.
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More generally, other types of sector null pilots can
be defined, such as where a subset of the sectors of
w@2@elot772¢ ansnmits no signal on downlink resourPE€BUS204/005242

the remaining sectors transmt regular pilots. Also,
more generally, the coordirated schedul i ng anongst the
sectors can be such that the BS reduces (but does not
NQGaSHahEINofSatiBhd bk thagth St/ o ioud fuls pnet t$fes, a WT can
sectors I n order to reduce the interference that

esumat@&e.nms af therreenivasias gdencsion of fhe ROSYRE Of Higesignal apspifted to that WT

ran smtt d_on

under g@%?%rcom 10RS1 Tg%tg&&?ndnnal o%gér"ﬁg ?tgélf %ﬁﬁtt?{]c&ﬂmﬁmcatl%)f this

inforn?@BAARAT IRBVRGHHERS %bﬂ@ﬁﬁ)‘b&able@héﬂgs ho diterrhiek mheJ[Bower to be used
various regul ar strengt ilots and/or variou
for trapsmmmg tobe different Wanin @ﬁ? prrai-ecH prd %t%eéﬁelf %Vlronments Unlike
prior ¢ St cRpp g fyS REk-Gflor s LR sAGEud’ v B08kes fo or more
valued WHieRthi®Be atelqo cemeethrstictsaflstlfwiotsh ahdVer overmsenior adisem addition to
of this information fromthe W to the BS in order to
backgeqyagingisehe BS to deternine the power to be used 5 for
transmtting to the different Wis in both omi-cell
and sectorized cell environnents. Unlike prior art,
t earc Brabodineguiat the ynvienfiar foatin @FDM tastd eellslangiireless aysiem the
val ue but includes two or

pilots gredererJgopar gyaeols that ae ]tré%stmlg?c?gg FITG %? §t\é{]%1h8l? BI?GCHDC% tones (and
specfie@t %/Bl'bg)gﬁfenn@()% Ql fﬁ&d'o? AddicthRRd heweR aakK @i i ﬁ@ typlcally tones

i ment o the invention for an DM based
that adbft ehpty, Wer, elithsre yratsenssidrepovitl ot s i ncl ude known
synbol s that are transmtted by the base station on
specified tones (and specified synbol tines) at a
Fxede %Bo@i‘ir?e‘n?ﬁ%ﬁqh Ak @nfﬂilﬂﬁ‘éetlo%ﬁﬁaﬂt&ﬁlarﬂébloyﬁiehplkﬁo@ﬁ @erein as an
typically tones that are left enpty, i. th zerog
“omnt eell5tie S¥Taneaunse the SR lon tlmqplmmwsn@hmh tmél@deps rallalﬁlse/mterference

sl g S P 2B SR B BUEP o SR DR RG he WT o
measﬁr@@ﬁé'no%'lﬁﬁlg' theta10Rq) illdt tRI(H e MaRin@therAH0&E theSIeremZﬁSpﬂot power
Including noise that is degendent on the pilot's

with ﬂhrsarmm rhegsowerent givenariSNRohat is Henitgyf taisigal-indepsnded  he

noise %tfe & eﬁ?Se tnﬁrg %ZF t%a?r{;lgat g)a?ko{%l tlﬁ% Vb\gtrtﬁ&%(t?h Slﬁ@gﬁlﬁ%s tgg Some equivalent
combBASH bES@ARlticdl ves an SNR that is linmted to

si gnal -i ndependent 20 noi se/interference. The W&
transmts back to the BS these two SNR val ues, or sone

UI val eﬂ? di @Fn ) Saesgggoggecp pgéﬁén? Wlﬁ%rew%ﬂeg Sector antennas a single

e Srised I'rectional
cell 1§@i‘?¥d€ﬂ IR IRNARR se@oS| Siheor albd)ﬂ whnsh chayibdeharing the same frequency

multiple sectors, sonme or all of which e
band (drgresanE TP dayal REoS2IRHRALS § HEGHBEL GRS P Lo oy Suatioh, in addition
to thescfei LP&@ ﬂ)gltﬂg 1ntv§1ar??rf ASROHRRAGHe §RETRe@br dull pilbtd tHa% are present in a

subset of the sectors but not all sectors, and also gives a pattern for pilot tones such that a null

pilot tone in one sector is time/frequency synchronized with a pilot tone in some or all of the
other sectors. This allows the WT to measure two or more signal-to-noise ratios, which include
interference from different combinations of sectors. On a reverse link, the WT reports a set of
SNR-related statistics, which enables the BS to make an estimate of these received SNR levels

at a WT as a function of the base station’s transmit power. The BS uses the reported channel
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to the cell null pilot, the invention describes the
use of sector null pilots that are present in a
wGainger77ed t he sectors but not all sectors, anPCHUSI®04/005242

gives a pattern for pilot tones such that a nul

pilot tone in one sector % tinme/frequency :

synchroni zed with a pilot tone in sonme or all of the
qualitP W HREs @afct@fine thBipdwat leouimt tihechWb tiansmitas uctdetamdasired SNR at the

nore signal -to-noise ratios, which include 30
WT. interference fromdifferent conbinations of sectors.

On a reverse link, the WI reports a set of

SNR-rel ated statistics, which enables the BS to make

am e&bidmtewath théasenti@s aiwimiesShRmlie) elakes micasmraferds ofat least two

function of the base station's transm.t power. The
Gifferepsgecet 19 opBETEE ‘EHEMNET: TBSDRA PRyt LSt dnd second pre-selected,

b Q ek ' | 208t | 18- ower level
e e S O G
and a SHRmMiksibh owiilevélrof aera thangteothet powdrdevichvembinetionseare possible

W rel ess term nal makes neasurenents.of at |east

t
there beige i @p@ARLORLIGHFERS: HONE PR £VCH AP QBPReE level: The value
irfek | it thd b 1664 e 5864861 by a first function to prod

o RRTEL it PRl ekl by o fs gt o procuc
a firstudiagiiel fealitly sndieatobeslue . The, seeorfd measuredrsignat valpe wetained from

| evel and _a transnj ssion.power |evel of ro.alth (T
meastesthe BRAOBA SFESVET RUShERRLGY Bivcessr Eopp siopf Uiy Wich I different
from el 16 FORCHBRAN HAbBaYcd a?@ébﬁ@%ﬂheltc%’@ﬁt_yqﬁ@icﬁit@i/\@ﬂué.eTﬂé fil® and second

a zero power level. The value obtained fromneasuring
chanttehqudlity stdicagareialued aps trastsmfiegfaomitke Wirelesstseaingl toghe base station. In

first f ti t 10 first I Bty
e PR Y BB £ 8 a Bl SRRy Blbbimens vy
are trARLAHQER EhRTle HBRISHE Mhe LRANSEGRNE hataior edlups hay be, e.g., SNR
signal 1s processed by a second function, which is
valueglof pewanialuekr Fhus, ke fiist and seaerd ¢hanneliqyaliiygagdicaton values may both be

second channgel qual i i ndi val bt
SNR yalugh, Elay&?ghﬁ%ljg‘aﬁfa‘ﬁw?’ Pndi ?}é e a\q}la ues -gglgeafnh ohb 2 Bfer value.
Othet t?r@é‘s_sdfixiahf%g nidyQiRd heusetl hetheshatrel qualay idicatdrevahasavith SNR and
station. In sone enbodinments, they are transmtted in
powea valuegeangrexssaparywhi | e i n ot her enbodi nents they 15
are transmtted in separate nessages. The channel
qual ity indicator values may be, e.g., SNR values or
PAWRHmY ahitegimdiisite WilTelefeimiies &ntbcatamredbtdiednaakctor boundary and
qual i ty indicator val ues naé,both bf SNR ¥alues,.na dto th
reporbsthis lpatignirformalionte, the pasg seatiggy The logatiaNRIQraien Jggported to the
one a o - - : el
base G B R ALt G e PR B bl R I o B oo
qualifniddicpeoneiluysis yemetisien sene xeapdparaye m2gsage Bowever, in some cases, the
enmbodi ments the WI determines its |ocation.rel altivle L94: cat
locatipng alormptionyis iaarmpitieddn fesgmemeessagess thy.q gignnel quality indicator
vallué’snformation to the base station. The | ocation
Information is reported to the base station. The
reported | ocation information is normally in addition

to the two chanq

I , .
Numerous additiona ?eatures, benefits and embodiments of the methods and apparatus

of the present invention are discussed in the detailed description which follows.
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qual ity indicator values is sonetines sent as a
separ ate nessage. However, in sone cases, the 25

wo omanies i nformation is transmtted in the sap@I/US2004/005242
nessage as the two channel quality indicator val ues.
Nuner ous additional featur®s, benefits and enbodi nents
of the nethods and apparatus of the present invention

BRIE} BESCRIPIION OF THE DRAWVINGSdescr i ption which
ol lows. 30 WD 2004/ 077728 PCT/ US2004/ 005242 -8 BRI EF
DESCRI PTI ON OF THE DRAWNGS: Figure 1 is a sinplified

di_agr am. show r it ) i g 5 .
o RRE R ofief oLeeBty Rk o Al fiyle PR Y RlogHEPGciThr cxplaining
ﬂmlna%ﬁﬂﬂh@ﬁﬁbﬂM rel ess cellular system Figure 3 shows an

exanpl e where noise is dependent on transmtted signa
power and is wused for explaining the present

power : . | f
U 2R B R SRR A ARRL D T O ece ve

power vs total noise, and is used for explaining the

present invention. Figure 5 shqws raph of . pawer vys .

F FRgBA ShObHRT BEEI NGRS S SXEROTTIY TSR ghgh pover and s

f . 1 NV, ' lldistpating data tones, non-zero
twai%FF%@Eggﬂgggbgﬁﬁﬁéﬁ¥ﬁh| pilot tone. Figure 6is a

graph illustrating the relationship between SNR1, a

wreless termnal _received SNR including.si g . .
ddpeHedrihovhan SXmRIP 0? At @%POESP@%@?%H&‘%R%@*‘%WIH% received
powelh§ ft‘)ltag Sidise ! Ty ﬁfédsfof 852hiMBE tRNRebdh€ tdi@hfign.n0 si gnal

dependent noise for 3 cases. where noise is 20
i ndependent of the signal, where the signal dependent

ngi.se i s equal to the signal. and where t '

ddinertonb A cerm ot poudt P araieReY o apndipd i 3L 8GRlptary
emboﬁﬁ:géﬁg o HRTRY&@ibn Sile@tihd Bath @ned, ddatReo pieditiones ki null pilot tone.
enbodi ment of the invention illustrating non-zero

pil ot tones, sector null pilot tones, and cell nul

pilot tanes in. .25 accorda A ' nt LOR. inal

Fiigee 6o°  prnt P ATl g BeCR I b P B SRRTTR hfices torpine
recei NS NR i 1idih @ §ignalsRpélennatld sigial Gideperriank edd, andiENRO, a wireless

pilots in accordance with the invention. 30 Figure 9. .
terminkls ugervad SNR inchisling nisiend dspadentoisedenp caiey: Wise ness 1
inde;}eggleg]lt of LheI s?gn%l,%whse?ecgh% rsignal 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

accordance with the invention.

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

and cell null pilots in accordance with the invention.

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

aspects of the present invention.
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enbodi nent used to explain the present invention in
regard to the sector boundary information aspects of

w0 b@4prEsent i nvention. WO 2004/ 077728 PCT/US2004/005242
PCT/ US2004/ 005242 -9 Figure 10 illustrates a schene
using 3 sector types, which are repeated for the cases
wth cells involving nore than 3 sectors in

AGEAIE 30 AfusWhich abitRni @8RI8 sdcbranpdspwhichiagurepedtdd for the cases with
ill'ustrates an exenpl ary comrunj cati ons sys

, , t ens

cells inmplvingemereriban heeciira deancordanee\ykh thegesept HypRion
illustrates an exenplary base station inplenented in
accordance with the present invention. 10 Figure 13
i IFi g6 N ailBsuaks ax exqrhplaty ovnirehesaione systerad inhpipinentirg td present
in accordance with the present invention. Figure 14

inventipfl.ustrates the steps of transmitting pilot tones in
multiple sectors of a cell in a synchronized nanner
in accordance with the present invention. 15 Figures
15 dufe 1D hllsstrares @n exanpharhaspistaton inoplementad smesidnse with the
along with pilot signal transm ssion power

Presentipy@IRei on i n accordance with the present invention.
Figure 18 illustrates a chart show ng the transm ssion
of signals on ten different tones 20 during a single )
Syt 18 idunsiies ah erepplaiiodirelasstenuinadmpemgntied inpagcordance with the
present invention. Figure 19 is a flowhart

presepy INYEORt i ng t he operation of an exenplary wirel ess
termnal inplenenting the nmethods of the present
invention. 25 Figure 20 is a flowhart illustrating )
t fégup drallusrates ftheasteExd tpnsmiftimpidot senesiipmultiple sectors ofacellina
i mpl epenti ng the tho of the present invention.

synchrpriag %Emﬁﬁ%ﬁﬁqgﬁg%f“%%tW%@ﬁﬁﬁ?ﬁgﬁgug%d appar at us of
the present invention are well suited for use in a
W rel ess conmmuni cati ons system which uses one or nore
mBigures &3 illuslafessxemiplpny gilatitong frapsoyissiens ajeng with pilot signal

| 00 with a_si N h
trans P oy e TSRAeAde e bimiod i, BredSi bt O

of ten does, include many of such cells 1104. Each cell
1104 is divided into a plurality WD 2004/ 077728 )
P £wSAB0Hn0GEB sxhart hosmeNhe Eaisarasiheh wgnq 91 ten gifferent tones

durin%l(gilssiarigitl%/ gyfniélgch t%%gg%l%‘é@g tpgﬁo& Iﬁ%cardal%és&li?lmhypggsent invention.

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

implementing the methods of the present invention.

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

implementing the methods of the present invention.

DETAILED DESCRIPTION:

The methods and apparatus of the present invention are well suited for use in a wireless
communications system which uses one or more multi-sector cells. Figure 11 illustrates an
exemplary system 1100 with a single cell 1104 shown but it is to be understood that the system
may, and often does, include many of such cells 1104. Each cell 1104 is divided into a plurality
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where each cell 1104 is subdivided into 3 sectors: a
first sector SO 1106, a second sector S 1 1108, and a
wao bdosgi7mest or S2 1110. Cell 1104 includes a SCPEIUS2004/005242
sector boundary 1150, a SI/S2 sector boundary 1152,
and a S2/ SO sector boundard0-1154. Sector boundaries

are boundaries 5 where the signals fromnultiple

of N S%%}SO\RIEGI‘eﬁl Nisa ﬁé‘dl@?éﬁhfé@eﬁg@i@f than MRS yBen EIO0iilledragds the case
alnost the sanme level making it difficult for

a
wherer each icolé 1 104isdubdivitgdiinh seeipese p ity saekar 8Q L 1 aspeandisgetor S1

sector. .in | It Al
1108 35553 bAIZ Tl HEA PP AL RRRERSOAISeR8 Bl 150, a svs2
sectoi€bdlindaryVi152] 81 $BE0kevdrholday 1154cBeasr bmindhleesrmedb&mdanes
conmunicate wth a base station (BS) 1102. @ Cells w

wherd e sigmelsdram ptiiyle serdothas 2, AHARITS SSelors F@Y(Wgﬁel‘éﬁdeat ‘alinost the

same Zeiy&f)wglgfgs' %%ﬁ?fiv)ulltnfﬁg?éc Vel(s%d}%@ggrbg?v%%bg a‘ﬁ s¥1 gg from the sector

in whidhat isQBCaledlzirQch& ndjoinihg slcwssinlthaked] ]l.II(M?mu_lti;il@ pnd nodes (ENs) e.g.,

respectively. In sector S1 1108, a plur ty of end
wirelgss RN @Wﬁs) suofpes, m@@e(wed)fs f?@@%@twub st YRt @S) 1102.
Cells %’x}é@t t'\x%nse%tog'sl& 2§'aﬁd hg;% slac':t ur z s]tgébss&ble In sector SO

ective 111

1106 rmpiafahﬁf\bﬂen)d xﬂo]i%ENEN 1(1)1(6 JEN IXE 1 htEbareccowpibéCb boe lmgen 11102 via
station 1102 via wrel

I
Wirelpee Spe ] UL 19 et Acectar oh 1108 o HufLoh argodes BNCL)
1120 tﬁ\ﬁ}\gx% Abbae cit%%@%‘@t&tﬁmpl ith v% Q\ﬂﬁhe%s ﬁhksmli ztll 91233
|'evels to'the 1116, 111
respeéltl\iéﬂiy hngctoh 826 1il8, sspytmekityoofi ezldtnlOdﬂS BN(]t’ Hel 1Qf‘ra]ﬁ]§ rﬁxé’é I1é216 are

oGRS 25 5 D00, e v
the 1nftvgﬁt cft)rp ds? Boati & €1 @NERAMS Dilo€siPnals &N plblpkiver &ReIstto the ENs

ormation, e.g., channel quality indicator
1116vla]l meslz(b 1122 18346l ]§6a'cmddhem 109ynchionizatiom of the tiaasmaission of pilot

tiaon 11 to .de ne the.20 wire
signafitary o REEETES) Lkt Brets e ekt e B Rpahaf pgopraance
with ﬁfegf?@ﬂnuBRWﬁé en®PaS®s, $5.aBENPD 1116 Zepoit fe0dtcR thfoemaion, e.g., channel
network node 1112 via network |ink 1114. The network
qualityddéicatot 2a1u¢$todb@bdls@(§tat1©n 31 PR allqwingothr basscéaiiongl 1§2 to determine the

wlrelﬁ%%glh ?éc%bv%@??\ﬁ?e fls a Pu%%tugna ?ﬁba%é ?ﬁa‘g?ﬁ‘g f%é%tt@(‘f glga%l I’H?WCI' Base
statidhl 1162 IleSipldiab Waickv siegedd 112 ik avives liak 11n4nt Thé m:tezork node 1112
out si de ceII 1104, so that ENs operating wthi

is cmqéd:d toragerastivenki nedess e\gi-tirfeprakdiato odesy @@ebmsgs@é\oph%AA nodes,
1104, The
o 1 b o TR, SBYRAUBAN 112 o

interfABY Butkide 2BI01 @4, s6 Edt BDRIopesfag aiithin the cald mdye:mnbnm&cate with peer
station. Network |inks 1114 and 1129,

may . g.,
nodes pijekic s call blaH) e HRisqritien cpl L Fiay Buova i Giin s apiprs 1106, 1108,
1110ég%1%%°eﬁlafr11\92'nr‘%r. o?mégeotg ag%)tgtglll < 1?%%61{&1@%%?@@%@??}9”8&!&%
NetwoBlPlifigeTt 1atandr1 109, haybe, spafibaroptit@3blshiown in  the

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

base station 1200 includes sectorized antennas 1203,

12 fhade?Qg: 11206 Thipl@henteit.accordance with
r elggegﬂ@éﬁgwg %E}?e %Zl \?er 112(?){21(%} r)ml ud glé&pa decoder

the ith&hBomhiHage ttheton t 200siviamiare ddtaled iepoisentetiomef ase sidéen 1102 shown in
12

the exen%élary communication system 1100 of Figure 11. The base station 1200 includes

sectorized antennas 1203, 1205 coupled to receiver 1202 and transmitter 1204, respectively. The

receiver 1202 includes a decoder 1212 while the transmitter 1204 includes an encoder 1214.
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WD 2004/ 077728 PCT/ US2004/ 005242 -11 Base station
1200 al so includes an I/O interface 1208, a processor,
wWe@2@4/07C), 1206 and nenory 1210. The transn PCEUSDHROE05242
is used to transmt pilot signals into multiple
sectors in a synchroni zedlmanner via sectorized
transmt antenna 1205. The receiver 1202, the
Base StAtRRASIPOD 86 ind1d@é ant 1@ inte@aR 9208, d@06essbhe.gl /CPU, 1206 and memory
Interface 1208, and the nenory 1210 are coupl e
1210. t”ﬂ@eit&memlbﬁrd 26 i jesed 200aTSwEF Pilgi StERaks plovBIfiglsssectors in a

nts can interch f €1/ :

L T
1204, kY Hﬁ‘bé&boﬂm& e didnBierfiet W03 and desmeibey Gy cdﬁ;ﬂ@together via

i ncl udes routines 1218 and dat a/ informatjon 1220.
bus 1309uavienedichihg variqysicamenbesindnigEhanes %va pnindormation, The VO

t

et 030 SRR PR A D R AR RPRI GG ffyh poce.

conmuni cat| ons routine 1222, a received signal

t 1260, d t at
r dhe ?ns%éo?%géi&rip%eﬁ g IS A BB P chevings 1215

which wg &!ltggﬁg cr]l?ﬁ Iga%%g@] 12@% adalib Y thie BALLRARIn VRIOUS operate in

rac Ion I ch extracts channel quality
accordlZigé eathahe italetigsn. f Routinee ¢ 218/iadluse gambminicetigns rowline 1222, a received

N .
rocegsﬁl‘f’%ﬁlouglﬁe n%é‘ﬁafn\éﬁlqeé@ SRAYESualliBnB8R a0k vAke eRErAIFA I QTkle 1262

dinments, indicates a WI's position
whicH eltatis\hatre] guaiy iraticaouatizs fronEseceized signelhamtelV T report messages,
quality Jndicator val ues

and o patiph JypERH B et FeHO LA et B ogeZh HiBrmation from

recenyeﬁll’ﬁés ed27fe Egiltlbﬁ'f'ﬁxférﬁiaﬁ@h GH ls@nb Rehbotlinddhsd]isdit 0k a WT's position
or sighals transnmtted to a WI. The base

relatmd‘ tatal santoc bnmndary riBxractedschameh quality infieater witrsdeBe SNR or power

a transmn ssion |
woe b e AT R RS oS S Ry U i
transﬁisﬁ@ﬁ‘ o9ePRYr AdnaR tANSmitfeans AVEE] The Bmtstaﬂonrcoutrb]neutmes 1224
he data/information 1220 i ncl udes data 1232,

1nclud1mqgmhn@ﬂgemgéxﬁg d 22 hfadrangmission pRyer calgyation ;;c@pgg §22é and signaling
ta / f
B K

to be sent to the transmitter's encoder 1214, results
i nternedi ate 25%(5)roce33| ng steps, etc. The

il ot )
h@p. datp/isaronation 1924 ke daia 1232 pilptharpéns 359 e|1%f\9éfrlat10n 1234,
ornmati.o 6 n
o A S TS AL AT ] oA R S civers
decoddiab1Midata to®eap tb @k fansthitidrrenndddrdabs, resmlksmﬂartemmﬁdlate

generate pilots of various stre gt hs &3( t.he 1
procasing steppees: HBjspt h@ SRR SIS B PElydgs pover leve
1nf0r1|61|2t\é§12?i3%na éﬂ*f}ﬁé fﬁg Bn 1Y UBR ﬁJv@erstt?\tel hfBrmation defines the different

gct'ed T1 xeé ues prior to transm ssion and
poweR 'lcﬁzel@rtﬂwi)vﬂll%et@phed hﬁdlﬂ&eﬁﬁoﬁmﬁ cacheet w\gsnaratetpﬂetsaé Ivarious
servi ced t he BS 1200. Tone jnf ogl%i238 n Th Tot
strengihoristae ferpil eme R Rg R aRIE e caare Wit fef Egion. These pilo

Valueg 'Ha%aq ﬁtet %%r! SreslecRdTREE VhluEs, plibP Rt dhshB¥RIn anthi& Rndw&Sboth the BS
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 shall be
sector null tones, and which tones shall be cell null tones, within the pilot tone hopping sequence

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

tones, within the pilot tone hopping sequence for
we@aowozees or for each termnal 1D 1246. W r el eBGT/US2004/005242

termnal data/information 1240 includes WD 2004/ 077728

PCT/ US2004/ 005242 -12 setB-of data information for

each wireless termnal operating within the cell, W 1

sets of Bt idfdARationibr BhdhnfieeldRGdrmifrdpemtihg Hfithimfie,ceR, WT 1 info 1242,
Wl info 1242 includes data 1244, term nal

| D 1246, .
WT Nitngo 6354 0Fhirs] OnEnAEh iAoyl 243 ncdees datpalpdieicmpisg] ID 1246,
t.or _boung i ' L.
o5 SRS BPAAR R4, 1240 5 R B o 052
Data ?244 _I_ihalﬁll_ﬁ.ﬂé ||i§e$ gat% geArcgiV}Bé éformbﬁdEl and asendaiacabietignaiitled W a peer node
. erm na JIs_a base station assign cpe
comupiating Vet Wdnl -t herpipaldD 15485 @é@%@gﬁé@n@éslgme%d@elglfwaﬂon that has

been gsg,%%%ﬁ LSwPr h;oatg ﬁg@ﬁﬂg@%&@ gogﬁgg SQfRncd, Rdihg g%rious strength pilot

us stren n at” predet erm ne
signalsi apredeiesmiped einass gid gbyertited b disebast atatiom camespesgion th ergh specific
to each specific termnal 1D 1246. 10 The sector ID
termingl B §2¢€nti fi es which of the three sectors, SO Si,
S2, W 1 is operating in. The channel quality
i ndi cat or val ues 1250 include informati on conveyed b
WIThE sectot H2 124%sientsfiest wininh phthe Hianen edctopsa?Q, S, PepWili1 1s operating

o TR o SR AR MBSO 1
base 856 BIARARD gﬁilﬁ? $EP 0PSO Sds JiM@! the BURY statidhemaE gy B @hblculate the

qual ity indicator values 1250 are derived by W1 from
expecteheucizad W EL BRflovahas a fynctisn Wi basgstatios tiaashission signal power. The

o S R BRFER SDeghefperornt
WT1 UA8hS 6£4 R sREBIE BI1Yt RERIlY trARmi B NRE base stabon, in accordance with the

includes: information identifying whether W1 has ,
presegeinzentg. (Thatse¢tor bepndamrpogitivadplormpinmbf2includes: information

. peri.enci {gh,leve . i f S .

cen RS ETRSSPF DL L i LSS SRERIAD g i vl
of infege@h&Sadd8aformhib® identifydighichRedtSr windaryeW Taris thented @dar. This

- fromposition feedback information transmtted by t h%
inforygitiony® obtrinaderelevized Hgmnositiog feerbaclembprmation (rapspijted by the WT1

L ndi cat o I . : t
a1 3, A0 A B DR AR ISR sptrbouncary
positfonaafdasktidmfT2rrepresent thaimel quealiWieedimck ngforthattmn SomtthoWT1 to the

1200, éfr ovi ding 1 nfornmati on about one orgﬁlg(r%ﬁdovwgi nk
base statemh 20, BEXvifiBs INTPEN3498 ADOWORE 06 HOT2 BRW pnels petween the base

. ' Lpns routines 1222 is used for controlling
Statl(igﬂer%gggg@ggt ion 1200 to perform various

communi cati ons operations and inpl enment various

communi cations protocaqls. Base station control,

" cpPREBIcRnp TSRS G22 Siises For B BILSE tag Bite siRtion d30q fp perform
varioRS ESARhRASHE HREfioit Md Ablerht VatiOnAddrituniBatibns protocols. Base
signal generation and reception, scheduling, and'to .
statidnnqeheobnutihdsel 22t esd @f contrel therbhdectativh 1206 tppefenm basic base station

funct:g(?nl\élfig%, Ié.%tn, sig?é_Lg%en 10 %plg rrea}:tei)t%]n, (s)cf:he@{lfh?gt, and 0 farhgler%tent the steps of the

method of the present invention including generation of pilot signals at different transmission
strength levels, reception and processing and use of wireless terminal reported information. The
signaling routine 1228 controls the transmitter 1204 and the receiver 1204 which generate and
detect signals to and from the wireless terminals, e.g. OFDM signals following data tone

hopping sequences. Pilot signal generation and transmission control routine uses the data/
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30 strength levels, reception and processing and use
of wreless termnal reported information. The

WG e@aalieg) routi ne 1228 controls the transm ttRCT/LRMM4/005242
and the receiver 1204 which generate and detect
signals to and fromthe w3l ess termnals, e.g. O-DM
Si gnal s follow ng data tone hopping sequences. Pil ot
inforsAtRal220enehdhi e K hb%ﬁ A6 SEBIshdnfOIU34ab gemarhienespecific pilot
uses the data/ WD 2004/077728 PCT/ US2004/ 005242 ,
tone hqppmlgrsaquannesmz eachrseftanli Hep poveerpevedt olHbe pileigoRty H@ﬁ’é’@d in power

Jevel gmgca 8%%% t%l% Islgeé;ﬁe rt%ée:scst%le%&%%' fréc%n%' &;8{11%@ Htetop&olﬁk B&th pilot in

each ¥kttt $RBER tirhédGhe Seddinater ane bonttcﬂledlundﬂfthe #ra@icard the pilot signal

the specific tones selected to receive s ecific
generatggreands teansigsipnsionel 1oHting hEAY. sy ’éﬂu“a? Heqniso ésp t:hF ﬁfégsmlssmn

e coordi t I I
o o B3 L8R, £00150 HUAE b, HiathEam Ot st
commizds er@oihﬁBB for ﬂhb$rah£rtﬂss1bﬂ of aiffbrcmn @ilobﬂosest dre individual components or
transm ssion_  of pilot tones, ) as illustrat

modufsgenaismey be e e A SCpRBIEBER G iF SR S g Ejoanol the base
r S

s R SO LR L8t 3 AR o

and/ofeghchasizhg die tfmymﬁelonmf enpowsttgpesad pilopsigaalebetwges the sectors of a

whi ch operate together to co I b
cell, & aHERTTES HESIHBIOT B9y Gl ey L AT B e controlling

raner}sm%‘n?)awml ndtfles %ﬂ:b@é}ﬁ]ﬁﬁl &Qeﬁﬁ%/ tRE vaYAUENERIN &f tRhsmitted pilot

nsmi ssi on varlious types of pilot signals

tonespe g \VReow bteds&cmmed figed Eevekmldt tor@s,gsector nuli piletstongs, and cell null
transm ssj on freqguenc and/ or ,s. transm

pilot {qne KARPRE. CnePBPHIE ™ EFATTE SRy Bisher i) by inicator

valuedt1 b0, eﬁ‘lsactcgﬂ'dgh&%n}{ 81 ¢h¥nfien LB gulMAMmbALRI1) BNEd tBndf sector null pilot
transmtted pil tones, e.g., known predeterm ned

tonesf ande@blll meNleglilap tdn@s maanvssch geaighror seplacesiatptonepifakwoyldgormally be

transwgg‘éiu %&be%h%}gé)pogd\ylﬁﬁo@ is 8?1651 ﬁtg?)'rlltgdl tfan?rmssﬁ)g'gglg% o}lflg gﬁrd/or

it nteRBrcel dlloBARAI AR GEhatluld 128 ih avenddnes withabeivention, may
non-null) pilot tones, sector null pilot tones, and

be suppldd with infpimasiontivdieingesgclp Belest IFBIGHS BroopeRiSiReas a function of

t ones t t, Wo r
the b?:s’@f? Pt Wasrﬁg%alsgn%llngvegs gﬁéslg%lﬂ?%lactz%{ﬁt ro {ltrﬁg%ls%esc Dannel quality
indicg®Pesutd NF0anef 8k usIsymuB sctaiduentd fkeutchaald seatdntnto WTs. This

The schedul er 1225, in accordance with the inventjon
allowisetlye BEd 260 ppaliasateviegrents pb Chamelhay g b GisH tenempission power to

meettrﬁcgnggm {eqt%pl%le 13 F&5A ﬁfﬁ&gaﬁﬂ% g, Rodid g %éﬁe?rﬂa, afd/8Pmodulation

R LT ans S|gn ‘powe
selectedftgbEBEdVAML todeWilved from the channel qual i ty
i ndi cator val ues 1250, may be used by the scheduler to
al | ocate channel segnents to WIs. This allows the BS

1‘3]?2&03013%#1[1?[?%%3?4%%2%&2%% W@ﬂgle‘égéﬁﬂﬁn{g tlﬁ?)élgﬁ;p?%rgent%d in accordance
with fROpedepiBNERidnOrThe \mmlessaeﬂnanaldéﬂa magthe, usedal myireless end node, e.g.,
a mo{syﬁ'e ggnc?ﬂp V?/'?rgl/ecs)sr tegrr?l%laﬂ thOIOCiQ a rr?o% etal gd %e%resent tqgnvof%%e B 14, 1116,
1118, 1120, 1122, 1124 shown in the exemplary communications system 1100 of Figure 11.
Wireless terminal 1300 includes a receiver 1302, a transmitter 1304, a processor, e.g., CPU,
1306, and memory 1308 coupled together via a bus 1310 over which the elements may

interchange data and information. The wireless terminal 1300 includes receiver and transmitter

antennas 1303, 1305 which are coupled to receiver and transmitter 1302, 1304 respectively. The
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Figure 13 illustrates an exenplary wireless termna
1300 i nplemented in accordance wth the present
Wo pwafti7es. The wirel ess termnal 1300 may be RSEHUSHS4/605242

wi rel ess end node, e.g., a nobile node. Wreless

terminal 1300 is a nore detdailed representation of the

ENs 1114, 1116, 1118, 1120, 1122, 1124 shown in the
receiveX 801 AiciideoFaEMbdeAtd Ienshisy bt emmdiider 0304hnghudes dnlencder 1314.

Wreless termnal 1300 includes a recelver 1302,
Processos 30, tunder anptal ofons5&Raze sputings 320 gprgd in EHISTY 1308 causes the

i 5 gl 3P RN 0 SOSHARE Vi Al i hion

describ8€ hefee! M&mof}eImO”iﬁd:ludé&Qﬁuﬁlml 13déand data]mﬁenna[ml 1322. Routines
transmtter antennas 1303 305 .whi ch .are coupl ed t
1320 pnsdusley epmanvericatienision e 32f39d Witeless t?ragaaé&pwépfyuﬁﬁ%ﬁ326 The
004
w0\ L35 B ORARRS 4 R Lok a i
meashiigd 1dasle 463@noheael §8dldy indcncesder gehdting mmiate 1332, a sector

e
cont1glcrﬁ&§ 9'1"5 tﬁhﬁiﬁﬁnﬁﬁnh@Q i ud Qs BILM34, B eHfb@htion to be

escr erein. Menory 1320 includes routines
transrhﬁ%ﬂ feoml tmvmélessftanmnall 1600 132 peerm@dc,u usesinfo 13860 and pilot signaling
) i ncl udes i cations ro tine 1 a
nto L8P Rt TPl b R S L LY por vae
inforfn8ti <§1{ 8338r Qé&ttdr%ﬁnéﬁ%gohﬁéﬁ Hi#88n 308 N340 Nerniigbit @ fdrddbon 1342,
I'nc Ing a pilot s measuring nodul e 1330, a
base sthizomnE) infomhatioy, anddibeanad rcepmi inforpetien 4340 Pikad dgignaling info 1350

mclu%%sgmfppg]lg?fgg&eglhg' (éllfgg% g%wg ﬁldlplg fg eé% t%'ng glfgﬂig%.eThe measured

s1gnai (rﬁﬂé s ?B?Pﬁlncﬁﬂﬁﬁ fn@bsu&’@ﬂéi%@l 180335 oblainad !fl’@frpﬂhmtdiiibnts performed
322 includes user data 13 infornmation to

be
undeﬂl(he osinerif piletsignad meassingi medude égiQa ofrk Ahleastpne of an amplitude and

nade user 1336, a [
oras G0 R0 it BB B B PR Bhfucescuu
from Y ChatBdd Gualityahdititot Ve gdn@fating mi®iuld IﬁB:?I IMitei chanrkB dBality indicator
sector boundary position information 134 ternlnal [ D

valud infasmation 3381 34en trapyeidied taf bass staonmpa; %jé)(“f i baggnjation to
deteruc chang l\’%’i géltve BRQr 1B AR k3 ran @t&?ggéjﬁpgéw&g SeBoP Iboundary

opplng sequence I n ower |eve

posuidﬁﬁﬁ’foll%@t‘ion v ihelnges 1ﬁfo@m&8&61deffhf@1mmhsuhe dnfbfﬁss tegmarial is in a
val ue info 1337 includes nmeasured signa
sectop beudasareRiamnt Se ggquléﬁgqﬁtgmuﬁglrlp sypﬁ;@nmgg giégh ipjeg-sector interference

leVGI%: g,lgtg g H%e{;tl 1&9&1%%@@1(&{;@@%9 'Evklg g%ﬁ@ém Ifséactélr’a3 3Othe ‘%uﬁda@ region

se of a received
sectoBi Thé badeGtion nfdyeusq tiad dettypr boutidaey mforwakios to ieotifyethianmels in

e e e SRl P L
interf@lL L ¥ th%ﬂ%'l ff%toﬁ infothttsh 1311f6q{r1€[ﬁglésctﬂeé cPMh%@l indicator values

ransm ase stati on may al base
1338sdbédin@hort por@éh st ttieer manmeltqluellwlsdlcaoevalw E&& apd mgy also include

f f
e BT L) Sl R S BT
struchB€Dkith Y Q1% dbREhe skl s Wi LR §8allt§ iHitAdr Vaud ot With groups of quality

indicator values included in a single message. The messages may be sent out at periodically at

predetermined times on dedicated channels. The terminal ID information 1342 represents a base
station assigned identification applied to the wireless terminal 1300 while operating within the

cellular coverage area of the base station. The base station ID info 1344 includes information
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sector boundary region, e.g., the wireless termnal is
experiencing high inter-sector interference |evels,
wa@ea4iorif7es mat i on i dentifying which of the two BCj/ES®N1/005242
sectors is the boundary region sector. The base
station may use the sectorldboundary information to
identify channels in 25 adjacent sectors where the
specifid RNATHER! oRONBY, aSlvpuivaluben & topisitg eéduehee, bdiumg also include
inter-sector interference. Channel report information
sectorlidd@ificatibuttdermaingqual i ty channel indicator val ues
1338 obtained or portions of the channel quality
i ndi cator values 1338 and may al so i nclude sector
baye g byhmﬁmgg nendeﬁ@ﬂonmwmmsamemﬁm fatagined base;smnbn with

informati on 134 be structured with ISEIVI
base siatinnadointe b4 a&wlqt@aw 13p0iahainatiinge. &t HED gﬁ time, should be
measgrr % ﬂf) g’va%atgﬁ%t sﬁéﬁeﬁo Th%?ll%%@ﬁal;?@W?Evbﬂﬁkdfﬂﬁﬂoﬁ 0344 identifies to

ages“may be sent out
the wﬁ@l@b@t@trﬁﬁhhlsythattranmcﬁeh ¢svelsrd gbilot sigsalonn deachss:lgn@:tjpllot signal tones
channels. The terminal DI nfo 134 {1
1356 Salhgise i Sreapilop oD OIS ACRUBH 11300 oo e g PRggmation

1354 Pty B3 3oL TG ankHf AMA1IphiB: gL at1 NG wthl n the

r erage area the base station. The base
station ID info 1344 includes information WD
2004/ 077728 PCT/ US2004/ 00524 ific to the
b asaniaieans Teuges 147k 1sgpet (uicaBre RRE T el fiiinal 1300 to
perfoﬁﬁq'ﬁﬁ&ﬁ;seconﬁﬁﬁimgﬁir’on@l g&atl&%l AAE 8 mpRREn® Vark SR Hohdnn@Aé4tidRAs protocols.
nf ormat 1 on e pil hoppi ng sequence i nformation
1352 identifies for a given base station, with 5 base
statlon IDinfo 134

S NER LR IS R X S A S
terrmﬁéﬂail 3084 aRiok@lncs WihahSmethogs Bf ﬂh@?)ré‘sbﬁkﬁﬁ{/crﬁ@)w.e Wir€l¥glterminal

I nformation 1354 identifies to he wirel ess _ i
signalieg ndutiaibs | 32&eontiohthsriasis ffanstipaalisy of Bte yirelets termgjnali signghing

t he assigned pil.ot sjgnal tone
e 3OS T it Sy S BhebP504 0 TG 4 08
contrbR\&e oﬁeﬁ‘ﬁt%ﬂ"@tth@ﬁurek@@&rrﬁﬁl‘ﬁl il #zeordaedet witly tlﬁ:eﬁéthdidsacrfdhe plGSCI’lt
cell null pilot tones. 10 Communications routines 1324
inveriton isdudihg thecweaspung phigilatisignais e @greradempialipzngicaigr values, and
erf.orm va i ou n 0
e B S R, 8PS 1L hgpupmoaute 1330
contrbRItAd ARhsue QAL réceivietl PESt sigls, ¢duntifiel by t}haéodsasuauon ID info 1344,
functionality of the wireless 15 termnal 1300 in
hoppargos@qma énfoi 1ﬁﬁz,tewé tore IREL36F Pk sigRadBensiRg kving 4330 measures
S ter
e L30B8 AR i v
corrdsgtﬁidmg ﬂébgaaﬁlﬂfjﬂétcshgrmf micheiréde qetianael qual®y, intlicatos walie generating module

13320 nelodse BT a5 PR AR | ASL R SRS P96 BB A2 Channel
quah}f\fhmlalcta{e? vgﬁlte %ggefsta@ﬁ g 1:B8uIR 9’37? génerz%E@’ (‘gﬁth't}pﬂldidafdr WeluBPaccording to

measuri ot si eneration of
funcidtzl whichiusel iteaheasued|signal vam 1337 output from the pilot signal measuring

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

estimate the signal to noise ratio of received pilot signal(s). The sector boundary position
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20 the transm ssion of channel quality indicator
val ues. The pilot signal neasuring nodul e 1330
W@ ow0Tl7e8 t he neasurenent of received pilot siPEEUS2004/005242

identified by the base station ID info 1344, hopping

sequence info 1352, and tde info 1356. Pilot signa

measuring routine 1330 neasures at |east one of an
detenﬂi‘i‘iﬁlsg ﬂlbkgﬁe 289 @ctRAHEs @b pasiBbh 6f the vERMss tanidiAdB0@ reative to a

nmeasured signal value corresponding to each pi]l ot .
sectorsiognddry s infewnatioh arsiededgn agdeiwedisigiiatsa tlde sgetpyeoundary position

ener at i ul e 25 32 includes,.a ' ' .
st AT TR RS R RSB BB, i
termifHi® ¢1bser kOB CRERR adakerR seROEK s IphtlintedfdRAce levels with respect

generates quality indicator values according to, . .
to WT 1306 i Thesinfosmaen oatput fiem secieubamdaiygpesitiopdetraginiag module 1131 is

. tput fromthe pjlot.si. i .
TR e e e
transthid§ibh U6tk RSutfner1 3BARbemE s thengankission dinlit qeadivyrchannel value

~ channel quality indicator value functions where theh .

indicatprrisformadon arbirgtor fRBRdasH infarmatiop te firerhase sptionpofij channel quality
. estimation r | is ! i i
e TR S PReLCL e L BESu L st tacue 1.
Messﬁ%@nb!ﬁdo@ awdalel 1365 wdadols ther roadsvard 306 lusing snaghiale(expcutable
. SNR estimation nodule 1362 includes s‘gftv\?é/e . al
instrucHens i GEREAS TReSFages MBS0 ORI HFsERe GyalipIggicpigr values.

! | | hSesafittl & SRkNathalhd] Quality indicat
Mess%%g%egﬁ%gﬁ’ﬁ Lakiekes ﬂ%b%gﬁﬁgﬁ%%ﬁg%sﬁ e i) gty indicator
value RETAJUBROA Ha0054hanad Guality endicatomgplwsdu singB3message. Message

determi nes _the position of the wireless .t rniqal.lgoo i
eneTE R OUR 133 3 mel GO e BIFTAST JEPr BHCT ARy SheRpn information, e.g.,
sectot Q&Jntldglgﬁ)dsgioﬁ?ﬁi%hﬁ&t%r?lﬁl'@aéﬁmco%:@at%%ﬁétpfnfm%ﬁ lidto a message
posit |

eterm ning nodul e 1331 may al so di stinguish
whichhichhlesnal plamant quedicyt mdideton valaey Thi eneasages, ggserated hiyinpessage

3553 3000 R BED it g
trans%%?ioh%ﬁ%&qﬂ)&ﬂe P3P U edsh B0 ol sndpUD distianA@8¢dndoalues may be

ermning nodule 1131 is included in the sector
interlboweddag.y alpasated for tianfoissieniporpossy (Chanrel quglifihiaplicator value

uality indicato ue .transm ssi : . r ' :
cons e SR B SRRSO RS0 bk s sing
comm¥@liifion IcAMeREHmdnf Qdidtddan camung ekl eulivg aidjcator values.
Information to the base station. The channel qualit

L ) y .
ModiladBghmey alsalcautrelrthp srnseipten BHet Fotorfespandie Pigseected dedicated

. i.ncl udes sage n t I '
ame RS R SRR SRR OBy T B el e vt
termid8ls OGRS (e R¥RGteH AMhSslotkNSt ructions to generate
nmessages used to conmmuni cate channel quality indicator
val ues. Message generati on nodul e 1335 may generate
sages. W th .a. si C P imdi-gat.Qke: i -
AN i 0% G ORE o AU ot dbatonec 103 whch i
be used HbiCxbREniN@theaavention. TraghetteTe O agey. belgs algretransmitter 1204 of base
generation nodul e 1335 may al so gener

_ te ssages, .

stati 200, S a6V oKI LB b 51 r HRFTCBIET LU7. of Wesleg dpgpinal 1300. Ina

comr%&#‘l@g(ﬁ)rn sgs(?eciht w2 ab ﬁfe%?ﬁ@ltn' 1000138 GaREmit@RF PO POfiSH foclb fdimake
ntormation Thto a nessage _

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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whi ch includes a channel quality indicator value. The

nmessages, generated by nessage generation nodule 1335
wae@4orAaesm tt ed under control of the channel PUEUB1094/005242

i ndi cator value transm ssion control nodule 1333.

Messages corresponding to-¥irst and second val ues may

be interleaved, e.qg., alternated for transm ssion

103. PUSRO$ @ﬁowgtﬁé)@ﬁiplzﬁy aiystém l00glincaliol awahsgitte0101 sends data traffic 102
transm ssion control nodul e 1333 transnmts messa

to a rergives dP T an aﬁorw@r%bwé @hbBaiareyrrse link HY T Trorg R AeC e ey K3 to the
n PO
wansii i 051 SFERARGS SRR P (AT 5FELE SRR Y e
transt{tRA$01.SThORartshdies 100 thar uses ﬂm’ldpcbmsdmhanw lcexditidn information 106
dedi cated tine slots dedicated by the base station
to setfitsrpagpseetesy P@Wyf@rdbantsﬁ’éﬁs% precl udi ng other wirel ess
termnals fromusing the dedicated tine slots. 25
Figure 1 is a sinplified diagramshowing a transmtter
1¢Egand showear bmpli@&vinbib&srceﬂhlat sysbem Q8@ whergra transmitter is

Y R R e W
ternni’i'gl' (yl"e)g S@(?' Vel hBFiIARYMBRI 0fa Bxed RRiInAE G8ihVAkenhd 087 Adnabling the

t’ertinal 1300. In a conmunications s stem
base samdm 201 tblremsysiiets hfddatioh @nttlneadpsmlnﬁ@hau@i(% @%tﬁ) the wireless

i SEES, B R 00 I bRV A g on

smallr@é(:tloh %F HedeinsARsHA e dufle@indfard SeflyQonpeikE®6t kitGvn (pre-
de, the nodul ati on constellation, and the transmt

deternmmr) syrelvalh transmitjechelr a¢onsiant paveRsy The ViEIR83 seassigs the downlink

choi c i s desi,rabl e f [. the £t
change] gerdiime Lt 55 e Bra iR A PR i Bhat Yoo ghfhnel
condiidfs L1 RSAE BS%OI%]antlg)lﬁlﬁ%hﬁrﬁféﬁmff rNMt@tRa@ @fh/ce ﬂ?e?&ﬁnnel conditions
PCT/ US2004/ 005242 103. Fiqgure 1 shows

213 oémmpaxmewvgy@me g gofading am.l%qppéprteffgﬁém tStcteﬁlraldq thag HhgBS 201
transT%éﬁe 6]1& 5{)& {;é&lieéltltpl |%ﬁ AGS (& Ml%us#gégo @0 e KL \Q?% gaﬂ {2 and report

rom e recelrver

chanfd)@ondifiGikSIN3tas €fieyliddy Wﬁﬂh&uﬂce CEhe/BIT A@Bcanepaluate théydownlink channel
forward |ink's channel condition 106 to the
conditioan2h3 basef on the reqaied sigpal girength angthemgiss apd gyerfepgnee on the pilot

mgna{l%e 6 ¢ ?%%%on SPRGIsL hl?&n't e%ﬂ?:@%uﬁ%el&@rr’éd E@s@@&quently as

paranmeters proper ransmi ssion. Figure 2
nmséﬂihﬁ&ﬁer@ﬁbeebﬁﬂh@fmesvwmehass’ de theuprior aﬂysdlmmlié@,(lhm?p@of
atransmtter is included in a base station } 291 : .
inforyjatipn rmosmaly oSItathi the fEeplatngls sealan e au‘ihr?sa? gna'-to-noise ratio
I
(SN@rJrglh%aﬁvalteﬁ e@énti{liga {P@caﬁezgﬁ%rg Exﬁ%e/é%tgrfﬁgﬁ%é 8 nb?ﬂéﬂeﬁ@ént on the
transhis&] Sgrail,isacth éZé)ﬂagIeCScalcarmnmoaanaﬂllyfaﬁrthaim mquund tlthﬂae BS 201 to

e ) o MRt cef gl 208 e
201 (?aﬁ%e{m&athé é{or}erc@(}ﬁﬂi'lﬁlﬁﬁﬁ @it pSWEY ﬂor fHe%Hin%rhn@fmddﬂﬂatmn it

ansm ssi on resource and are generally conprised
seleckstowran{ipit érom 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.

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

power but depends on it. There is generally a component of noise called ‘self-noise’, which is
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determ ned) synbols transmitted at a constant power.
The WI' 203 neasures the downlink channel condition
wQid4bzwesl on the received pilot signals 209, BEMUS2004/005242

reports the channel 15 conditions 213 to the BS 201 on

an uplink channel 215. Notl8-t hat since the channe

conditions 213 often change over tine due to fading
propoﬁﬂﬂamﬁﬁhgﬁly otdRetichal td tht powesof Bbk@nilh@igirb 8, $H5waGh example

transmt Thé pilots 209 frequently or even ,
wherecwiei in depesidgntsn signat trensanitwowes e Fievre Acwapthe0Q djpssireceived

C nel condi tions t hth ti .
powersgl A Gan@ PR tiateal THES SefR AR 2 ariaHt hifsh T he suBgt axis 305
Total REEE FeftsdniR] ByEERI 3050w sich Nvthe stmafigtsipnahdepehdent pbsen 309 and a

and interference on the pilot 20 signals 209. Tgﬁ
signalgoddpienderit partion 300 is@leiifd azAmelthe Feesbied wignpl RYer &l éy Aagre may be

t o subseqguen .aS A DO ' NCE. |
many B RERKEUE 01 in BOIn5RE LALCBAGIARTR: iy AOARL| M Pencrgy that
interf&ks withftes rativedsighal N Mhisaddise is gppottéshal to théeigharsteengtha The

single scalar ratio such as signal-to-noise ratio . .
unequakirg) sigial sheray GPWdresyit frRm prrer Ty Ghappel estualioppEegror in the equalizer

coeffigl%int%ec{r! ﬁ%gag? gﬂlgfreia%ﬂgmln depriRHe MheRNhd B8f-noise is comparable to or

ransti such a single scalar netric is
largertt atathle)sighilal-indbpéndest mobgp b siagleatalahdovBBird0SNR valk® (which may be

dict haow th j ved SNR wi| | i.t.h si .
measiip & AB ANIORGNEY (oneet SlsaHEia Ferae b5 D0 BeRSeatiyty Rt Al the received
' : L7 skt power for the
SNR g@h?@gggﬁ %%Iu g??lgéft%l?k%ggll{g%ltsgﬁt o transmt fromthe

single received value. Unfortunately, in the
mul ti-sector ca no

e, S resultin romt.r.ansmi .
TSR mevacks BRPRe abf St iR BEPERL I p0g o predic
its doév'nﬂgk CeceRRITNR 2 MR ibRSEhE stn@Nradsefit RedtimtiR prbdence of signal
predictions for different transm ssion power |evels

deper@iBnt moisead0p adroonmwaeatothisinfaratetion & the &Hsebi08) [This gnables the BS

cellular w.reles yst uch _as.th ti - r
1200 et T, RS by SR THRETS| Gl eyt pasRali upon he
respebNICHERERRIred af 38h 8F BRANTE TAS tBtdl popeyetnshuttedibp eedsS 1200 is

on it. There is generally a conponent of noise called .
typicaltyekifownirsixed bih ihetproporign lderared g different WT's 1300 may be different

PCT/ US2004/ 005242 .= 18 _Dr 0poft | : .
e BT e £ RSP DR e C ALl yoige 203 s a oncion
of thSRBYR P8 RN FBREL3 1 MERIR: medael bya sepgndart306 nresérgniab as the ‘noise

transmt power. In Figure 3, graph 300 shows rece&¥ed o
charaptswietic bine’tim ghis ppplisptier. a5 ey Fighre Sines the pgise ghgracteristic line

17 vs taotal. noj hor 1 ' lot, ¢
305 b o e ARG el SR AR Kl fpetds motdton o
charaStegind thiS BREBOKR NAL loast tvo padfRtaand. g, twosihgmadl quality indicator values,
I ndependent portion 307, is plotted

; ainst .the, .. . . .
are ragpised VedPiem vl 1053 Yy Sl oot HElerRigiR thisdin g to identity
for th el.f. i s | f.- nOi: i %Qi't't it
oo g SRR, AL PR .05 0GRS iy it
uniqueRf @tu@eins b giaicht Hitel Notettme as s ppeopdniatendhe pantsteen be determined
_signal strength. The unequaljzed sjgnal .ener could .
it B3 SRl 1Y e ST G Bl it e
point‘é g?e c%%%'&l taftfibr apart than if the points are closer together.

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

for the wireless terminal can be determined. In general a first pilot signal is transmitted at a first
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coefficients or frommany other reasons. In situations
where the self-noise is conparable to or 10 | arger
w0 ban/0t11e8 si gnal - i ndependent noi se, a singl e SPEI/HE§2004/005242
downl i nk SNR val ue (which may be neasured on a pilot)
Is no |onger adequate for-I%e BS 1200 to accurately
predict the received SNR at the WI 1300 as a function
powePlevélt obtagD @ kirdt HBHEHntl aRe¥SHd pilbh kignhIit @REEGANA Hok@Y lovek different
a met hods and apparatus_whi ch enabl e each WI 1300 to
from thedirstqrowet Seviet, 4s danemifterktorabtain w se@MR data pointy it a9 second

.. the signal. trapsmt lein.th ' :
s R AL BRI RSB GS i AR sone
to the BS 1200. This enables the BS 1200 to transmt
to different WIs at different (m ninunm signal poyers
d&pish sespectip Sguters the fisppitatisizaalgsmacapagd, and Brogedsed faproduce the
.. of S. > ' .
it R 1 o R PR S 6, 3t7 b Bk BRing v
noisedVeP8 89, el dcoodinfidecw@intin ¥WhbodizRat oftie bevediidd, eieeRE 1200 transmits
‘ and may vary over tinme. At a W receiver 02, tqe .
null pdgsé pgade en dre dayynlinkiipiaddition & Ben-zre pHets die ngH pURls are comprised

of traf slerﬁg&élg ge’sﬁlrlgfggtdreg%\@? bf ﬁégdoﬁrg RuiRCe FRAE EhYarRndts mis@ibl power,

_ ( ( 0 as t noi se  characteristic
e.g., trdnRBiits iapilohsignahabingatiopoweas The ssuoni pilbi Ggnad, tBe n@ll pdet signal,

resulttg Ei;r(le p&?libglg]hgl{] ﬁ]réeaé(f)qe %{dﬁtdlergﬁg %gll ol gglécgge? Iséﬁage}ﬁé}q&?ﬁ l[régerqﬁlvalent to
the sigrgirl éﬁ%&?%ﬂ Hoigtl,J %’?Cﬁ %eﬁ%ﬁ tltxelhlilcﬁsé inBSsuAlPon W¥th | tBapilotk WAd the null

ers, e. wo channel quality indicator
pilotsthb B¥E 130@Bbtains twedifferent noedstimates Aé3 tHisxt twadiffoent signal powers,

e T RGBTt s 1
deterfaifd R ?r);tirg'?loiste ch&ia e BsBMnel W3 HFEird6! THRIWTS 300 can then also

uni que etermne a straight liné. Note that as a
comrpuractts thelparemdtens of thielipod(ft orarantpde, glope and insercenij etmsogne other

.limted_ accurac S he _.accura ' ich. :
counbl L5 B ko Pe S RSB o HOL gL B e
SNR & atT%%n ARt §i?ﬁd’l polvel WBeP@hiknS ttEizo eheOWT 13000@tibiereported

30 The base station 1200 transnmits pilot signals

multipleechaowed iguality velieac Sincel awt pilol hAve 70 sighglaiotyes and g{ﬂler pilots, on the
transmtti il ot. signals. LLf t ;

o G VDY TPy AR i 11 315

corre¥pdrRRSS thehll PAdt adathdsondsre pilotiadigura 3 genelAively far apart leading

€

first pilot signal is transmtted at a first WO

to a ROOALOTFH28 charrioszingihosn30. - 19 power |evel to
obtain a first point, and a second pilot signal at a
second power level, different fromthe first power

| egighal dofsetandnaitbis wghaliag tstai willanowebodidcwdatdfupihent Graph 400 of
~ The first and second  pilots can be t ranan' tt (9 at the .
Figutsabplotsirmesi vt RVeF of & SiEnEloH dRiers e B6 yeRisAl Bt f L¥4 {gfal noise on the
. Si [., e ] i r , irs i T

von 7 5 LY EFPEC I UBSELAMR of s LBy Al b e 0.
To clR@hdirizzlthe tific HDF)en 3QDrdmen tviith yheni ve oo, thedB $il 2@ trpsmets signals

| evel 317 and a corresponding tot?l - . .
that enable the WT 1300 to make measurements of at [east two distinct points on the line, e.g.
points 407 and 409, information, characterizing the line 405, obtained from those measurements
is then transmitted to the BS 1200. For example, the BS 1200 can transmit two different signal
powers P1 and P2 that will be received as powers Y1 and Y2 as shown in Figure 4. The WT
1300 measures the corresponding received signal powers, denoted as Y7 415 and Y2 419, and the

corresponding total noise, denoted as XI 413 and X2 417, respectively. From X7 413, X2 417,



10

15

20

25

noi se level 319. In accordance with an enbodi nent of

the invention, the BS 1200 transmts “null pilot’
wae@gaarz2on the downlink in addition to non-zePOI/US2004/005242

pilots. The null pilots are conprised of transm ssion

resources (degrees of freédam) where the BS 1200

transmts no signal power, 10 e.g., transmts a pil ot

Y1 41§' zafaaqi’z DBV HRG 18 @ dRBEitercep o f 8RABRA0BIckDbe angllnally, detdirﬁnned In
pilof signal, results in point 311 on line 3

one elahddlmsteh {AIfand P Zare knpwn @tld fuseds, |aagther gpBodieah PZSCan be the pilot

powe%gog?ﬁgoa%pgé Iangt é]tﬁsrlérlgig ﬂgﬂate%dﬁ%,lrgﬁse&%tlgg}ﬁgﬁ%? 1, which

occupits! @ tfa'ﬁ@miéﬁoiﬁ@%u@dbtlﬁﬂt Withtzséﬁb td&rfsfrﬁis&ni pavaers &n general, however, P1
estimates 313, 315 at two different signa

0
does mot@ecesgurphere Wrie 2eee &ov exrple.dt! G 1a om® prbpinstels some
) 5, the WI' 1300 can 15 determ ne the
posmg‘ﬁPuﬁgér%éa%lggéﬁggct eristic line 305 of Figure 3. The
W 1300 can then also comunicate the paraneters of
this line 305 (for, exanp sl.ope and ]
S GieiaTEse GUANEISER IO E05 bR HoRT GF RHEITBY L6 P @ from received
feedbé(ﬁlggl‘foqﬂﬁm)ﬁ NHe BY€1 288 ¢ gggcﬁlgteqﬁé SKNi zﬁ'%et‘wq 1e869bVE2 for any given
i'ven transmt power
transihisgios poivet 0g Fop exmpl\a!\ﬁFlg&@@t shbws hher wpoafdue@of dai¢miiping the SNR

channel quality values. Si n uI I e.zero

corresPgAaE ‘D RGiendHASGIRER BgMeb s, Fioh (i8S 3G0B PRLS 16 3hgesponding
Vigkyly RdBolRaNEbetween the

e YA L BTSPELA R T Rb) VA aragoR
pointp{ ¥ P2phad] (iePApn- zero pilot in Figure 3 are

relatively far apart leading to a good accuracy in

characterizing the line 305. Signal noise and various

si gnal i ngriLsgues w Il now be discussed further. G aph

40E=df1+35—$gl(@erﬂl plots received power of a signal

of inter8¢rfdn the vertical axis 401 vs total noise on

the horizontal axis 403. Figure 4 gives an

illustration of an exenplary noise characteristic |ine
The o@ﬁ'ésponﬂfmgdhmem icemesphading tea Fessmipiompewed atsivap by linearly

the.inventiaq Q .tran ts signals that

lnter@ﬁﬁmggjef‘ﬁ%en\f\géﬁ %&2 %%Afél slﬁjrn ements of at |east

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

409, information, characterizing the |ine 405,

b lﬁﬁ? XﬁonXﬂh@zgégFasurenents 30 is then

nsmi 1200. For exanple, the BS 1200
can transmt two different signal powers Pl and P2
that will be received as powers Y1 and Y2 as shown in

men 8o SO T hEP FIFPES A0S SALEERNRPILE g o
and the corresponding total noise, denoted as X1413

and X2 417, respectivel X1413 X2 417, WO
8Nj§ @;72’8 P@‘I 26’@%‘#6@52%13(5 Pb) Y1415 and Y2 419,
h

e xandyt ¢fqﬁy@@pianQLhEQI|ne 405 can be
uni quely determ ned. In one enbodinent, Pl and P2 are

known and fixed. In another enbodi rrent P2 can be t he
| ot power, corre gna
Poinfoh G4 e Bebo G BORIET RES ST Sy A g Kyt Galue 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
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occupi es sone transm ssion resource but wwth zero
transm ssion power. In general, however, Pl 5 does not
woewessHaes |y have to be zero. For exanple, Pl PEIUSI004/005242

in sone enbodinents is sone positive nunber snaller

than P2. Once the noise cHdracteristic |ine 405 has

been determ ned by the BS 1200 fromreceived feedback
reporﬂeﬂ Larismi i tHWTBS 00206 BRIR0Daas dha tees digeriiie, dibr d:xiaﬁlple what

receiver 1302 for any given 10 transmni ssi 8

transmgssmmpowwalﬁrm@lremt@meét Y 5P AR IeaUighBRS derr e e YT 1306

determ ning the SNR corresponding to a given

transm ssion power Q First, the BS 1200 finds the

C @126 PRAGH NG grdpﬁ@e()\pﬁxdtlﬁg g@sﬂér qome vervicdl2kinFO01 vs frequency on the

transm ssi on power I|nearly|nterp%at|n
horizergahexisdQ3n Elgumﬁ ﬁ@%eSPWXS tpPe sremplery, enppqdimen 0% this {nveqtion, in

Wthlb%iP Wégegespgelﬁhalp ﬂe)[wo TNRef @hth&%[‘ﬁf agerf& ﬁ%lS%WOdulﬁtlon (OFDM). .

toa ransm ss I's glven
In thit by caba)tiey i@éduahd:}nﬁ)ﬂmetd\mée‘d 11nhe3 ]pmthttgsmél)(ﬁnespﬁ)ch that
and (X, PI): 20 X =X1+X2- X1 2- P1
transIgRETY 1 difisrattengs dg él@hmwfetrw FaaBer g thcegeve oven i the

prese%e)acgfégﬂlhg%?‘fﬁgﬁﬁm 8 cHAMEN PYe 1m¥11mu?ﬁ]1£1ﬂ20f si dal tréfn%n?@smn is a

= X X 1(P2 -
singldlohe ir2én G8DM sﬁnlédllwbmhtcberemmmdsetocah@(maimn@mrmf time angbfrequency
405 shown in Figure 4 has the x-axis value of X 420
ICSOUHi®8 y-axi s value of Y 421 and corresponds to
transm ssion power Q Note the slope of a |ine that
connects point A 411 and the origin 422 is SNR(Q, the
SNReat StshewWiher e peofild 8Htheiténestat agien tOfﬂ?Meﬂyrr(QOﬂ dn this

b BTS84 KPR 3842 6 HI3B S 57 o Bone, and e
11 Rt 5 SR04 0Q58B 48ro trbmh SRAN foer STRésephloEonks ST ﬁﬂtEnﬂM 1
n IJ:lgt(l)—o t he BS 1200roc%n and does éeterm%‘rﬂe fnor exanp pilot tones

513 mhyaltop dveatiswi BSATng ﬁw\/énom enerQIGAM wanhod toibemext, &1‘3\/1294?10011 that they
SNR requi rcgrrent

occupy WA, V&yo qegfuftleﬂ%ed&%gs 8 t}l%lg 3hc\3/ gﬂ?ﬁ% C%a?tar)ﬁ( gﬁ@[é%?ins are periodic due

to thd fe?&ﬁ%cdf R hdgpeng Rqlieided OR&@!pilaxiche OB arfd cgid:l’ rﬂlllﬁ)llot tone 513 are
responds to one exenpl ary _enbodi nent of th

showinrin Eiguroh, Thatongfvcationhel the pdpte§45 ard thg gl H#]@FWWC known to
o 557 R SO D a9 00 M e 5 v
correbpEn@ingkrheuAnRwet VeB50% Uk Burk Sallustrates that the pllOt tone transmission
power level 515 is significantly higher than the data tone transmission power level 509, allowing
the wireless terminals to easily recognize pilot tones. In general, the data tone transmission
power 509 may not necessarily be the same across all the data tones as shown in Figure 5, but

level 509 may vary from data tone to data tone.

In the situation of a wireless deployment situation deployed with omni-directional
antennas, the embodiment specifies a single null pilot known as the cell null pilot. Suppose that
a pilot tone is transmitted at power P, and a tone carrying data traffic is transmitted at power O,
as indicated in Figure 5. By looking at the received signal for the pilot, the WT 1300 is able to
measure the SNR, which we refer to as SNR(P). The goal is for the base station 1200 to be able
to obtain an estimate of SNR(Q), which is the SNR as seen by the wireless terminal 1300
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transm ssions on different tones do not interfere with
each other at the receiver, even in the presence of
wordotiopaedh fading in the channel. The m ni num BEI/US9D4/005242
signal transmssion is a 10 single tone in an OFDM
synbol , which corresponds-3% a conbi nation of tine and
frequency resources. Figure 5 shows the power profile
corres@fon@hﬁi td Gess@btafodb Hemsnikdbh 6/t ht pdwertd)ivthich may be different
nbod |nent a pilot 515 is a known synbol sent at a
ﬁDanlxed pllot power 507 on a tone, and the 15 null
pilot 513 is a tone with zero transm ssion power.
These pilot tones 515 and null pilot tones 513 may hop
OVI®le KnbWBad B @& tHengcdi vealt SNR dsvingpretabFddhdesiy dttehmhes thheombination of

next, the position that they o gcupy naa % ry. f I tareet block
codmexatemrehmpéul@amcweﬂlaws thﬁéaﬁ P SYPROFIGHA FOT 4 specified target block

trapsni r i
B
each Eddihg Ritd &id ﬁleﬂlﬁaﬁdrﬁccmsmllaMDMS pmstlegw@fﬁle aThimirhemeSNR that the

| ocati ons of the pilots 515 nul | ts 513
recei vadeS WA GHs ?’é?ez‘é)nb%f@ﬁ loR IR0 TRy ahaitsce R F3gission to be loss

than tﬁ@?ﬁéo‘fﬁéﬂ t)éré%? ef%"ﬁ&ck%r adrsp Ifrbﬁ"i’ﬂm'ﬂ(‘)nff '09 ‘*&fe@v t is desirable

ond transm ssi on ‘power l evel
for thEIBRII 20D elbllem Hcamm&l}t Mmattmﬁvm @)t ordeméo sqlammtb%irmrmt power O

i e o a0 55

1no¢ﬂ&k%l ?gﬁﬁﬁﬂﬂgnals to easily recognlze pilot tones. In
general, the data tone transmi ssion power 509 may not

necessarily be the same across all the data tones as

3gﬁzgwrpigﬁgnst¥gp ég{wgelg g&é( 0 f zﬁldté \égllgﬁ i 8{1 %1%1*215 ﬁe%:n%e?t noise. For the
sake GERIsEY ]%E?d?}t W atsé{ﬁﬁé 9t HeRigaXIedkpshddht AOME 1shropditibadad the transmit
n

ant en t he enmbodi ment specifies a si ngl e null pilot
powek andnseathe nhise ckarhctadtic lisiel 306, 4B aspbown ik Figures 3pqm to characterize

e et oF DT b REAEh AR a0 Rl I 98 principe can
similhfMb& 8k t8Rldddno otk Euation8y | 00ki ng at the received
signal for the pilot, the WI 1300 is able to neasure

the SNR, which we refer to as SNR(P). The goal is for

basg st a n 1200.tq t L
th%qt ngie t‘%&i\%ta@l SR & M El%t é{ﬂ%& t@l& ggﬁs?g{éna%@owe%P the received
powepdp %1?&&stt&{rﬁh:ﬂ@§ aP3Q%t%éh@:%th@?ﬁﬁﬁ@l&ndependent noise, and yP represent
PCT/ US2004/ 005242 -22 corresponding to the base

the sighalt depBhdert heiss,lsst gnisolie plapartiahaljip fastor@ thehiratsmitgower P. Then
be different fromP. The know edge of the received
wherSNBsiusing thpo NRen piiohtoaes, thelBflek30Haeastres 28 SRR At i on
of 5 coding rates and nodul ati on constell ations that
can be supported. For a specified target block error
rate ;(IPQ g. gpt he probability that the transm ssion of

a S§NR Wi‘ dis incorrect) and for each coding

rate and duffation constellation, it is possi ble to

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

as a single entity.

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

independent noise N, since there is no power transmitted by the BS 1200 on this null tone. By
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recei ved SNR nust exceed in order for the probability
of unsuccessful transm ssion to be less than the
wapmaiofi7esl target rate (e.g., 1% bl ock error rBCBEYS2004/005242

Fromthis point of view, it is desirable 10 for the BS

1200 be able to accuratelyp3estimate SNR(Q in order to

solve for the transmt power Q that will produce an
compaﬁ}lg thﬁ%ggn%ﬁﬁlg%ﬁéxdfeﬂﬁldﬂew AR ENR EEd Ebﬁeld@pl éfafle BSASlot, it is

rate and” nodufation constellation. The relationship =
possibiketovsa emaBNR( SHR ahat ireeplsigisl-deapdndentsioigsal ctsyepigegnt this ratio by

noi se. For the 15 sake of description, we assune that

SNROKP)E-—- ?ﬁ—P.g,We'rg BRENDARHSNRD! $F@idates B RUohki@B@Inot sdgriah@ependent noise.
ranswi't power and use the noise characteristic line

305, 405 as shown_in_ Figu nd 4 to characterize
Then thg cladonshpbriwess S Iﬁﬁ Y g?ﬂijﬁ ﬁé(lfg & gy e%gyu nction of the
recei ved signal power. The principle can sinmlarly be
extended to other situations. 20 Let a denote the
chanpel gainl so+Uhat when the BS transnmits at power
P, e ppwer by wireless ternmnal is aP. Let
Nqﬁﬁ}qg ?ﬁgxgggna -i ndependent noi se, and yP
represent the signal-dependent noise, where y is the
proportionality factor to the transmt power P. Then
For nethéonahsimplicitiiget ede§R on pil ot tones, the WI 1300
neasures an SNR of N 25 SNRI(P) = aP YP where P is
the constant transmt power of the pilots and Nis the
si gnal - yndependent noi se seen by the W 1300. W cal
t Iy | ' to indicate that it treats the
signal-@bpendent interference as a single entity. 30
By using the null pilot, it is possible for the W

1300 to separately neasure the signal- Jjndependent
Compaging evif the nAse ChATEHENTES 116 SHOWBHT FIEARSH 12k OBy SPhieeest SVRO(P)
corte 1%’%%\]%38%) 2}%&2@%‘3&?@@1‘8 g}é%\ﬁiﬁegoﬁﬁét h1|01§ £4BRalent to the slope of the line.
Then 84 §fgdctibn @€ ARG tand SIRRE, We want Writhe recei ved power aP

of the BS pilot, it is possible to estinmate an SNR

that is free of signal-dependent noise. Let us

represent thigypatd)o by SNRQ(P) = aP , where the nane
‘S&NRKPDﬁd%Gégegg%éﬁ%—Lt consi ders no signal - dependent
noi se. ~ Thddl fERPD )&l onshi p between SNR1(P) and

SNRO(P) is given by: 51 _ 1y

In an embodiment, the measurements SNRO(P) and the SRR are reported by the WT 1300 to the
BS 1200. From these reports, the BS 1200 can compute SNRI(P).

Graph 600 of Figure 6 illustrates the relationship between SNRI(P) on the vertical axis
601 and SNRO(P) on the horizontal axis 603, where the SNRs are plotted in dB. Three curves
illustrates by lines 605, 607, and 609 representing SRRI1=0, SRR1=0.5 and SRRI=1,
respectively. The case of SRRI=0 (line 605) corresponds to the situation where noise is
independent of the signal, so that SNRI (P)=SNRO(P). The case of SRRI=1 (line 609)
corresponds to the case where the signal-dependent noise is equal to the signal so that it is never

possible for SNRI(P) to exceed 0 dB.



10

15

20

25

SNR1(P) SNRQ(P) a For notational sinplicity, |let us
define 10 SRRI= a Conparing with the noise
w@h@sattes i stic |ine shown in Figures 3 and 4, PONESIMa$005242
see that SNRQ(P) corresponds to the x-axis intercept
of the line, while SRRl is24equivalent to the slope of
the line. Then as a function of SNRQ(P) and SRRI, we
C @?oﬂi"’tﬁé BfortmationNreRkd FroBNRVWPT 1366Rhe BSNROORRN 1hdnn:o&[pute the
enbodi ment, the neasurenents SNRC(P) and the SRRl are
received SOYR &l Bynctibie oithe fRosMY gowkeC feghedow. tratfiemlhe gsgived SNR by

the Wi PO dhelfing Pl p e RTRERE) PR onE o

SNR1(P) on the vertical -axis 601 and SNRC(P) on the
hori zontal axis 603, where the SNRs are plotted in dB.
ngﬁ%ggﬁrvng illustrates by lines 605, 607, and 609
tipng =0, SRRl =0.5 and SRRl =1,
respectively. The case of SRR1 =0 (line 605)
cogrespgnds t? the situation where noise is 25
i.ndependent . 0 he si naI so t hat SNRL1( P) =SNRQ( P
Invertipga tu1P$ correspondé toRfﬁe)case
where the S|gnal-dependent n0|se is equal to the
signal so that it is never possible for SNRL(P) to
exceéd 0 dBl V%)2004VO7ZH§§%§5T/U82004/005242 -24

W%Qﬁ (E% rga‘t 'SNRO fromthe W 1300, the BS
then co e the recei ved SNR as a function

Lans r Qfor the data traffic. The
rece m% VW 1300 wil I include
si gnal - de and takes the form5 SNR1L(Q =

NaQ I nverting and perf or m ng substitutions gives:
SNR1(Q aQ + a SNRO(P) Q + SRR SNR1(Q = SNRQ(P)
SNRO(P) SRR1L + P 10
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 SRR1, there are other equivalent sets of
reports that the WT 1300 can send to the BS 1200, which fall within the scope of the invention.

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

straight line, which is now defined in a higher dimensional space. This noise characteristic line
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Hence as a function of the values SNRQ(P) and SRR1
reported by the Wi 1300, it is possible to predict
W b@48NR2@s seen by the WI 1300 for any transnmPCT/psees/005242

Q These derivations illustrate that using the nul
pilot, the WI 1300 can detZrmine and transmit
statistics to the BS 1200 which enable the BS 1200 to

can bd8&LHBLd, BNRxampee, by s tnterepfantrsspesi Thepuercertds 4 fimctibn of the
presence of signal -dependent noise that is

signalpindepenténsmaise portianeandreapls pippe pRIvEsPondYde e PPOTtiQnpliy of the signal-
t,h ding S P he th
deperi by T Rh oy bl 80 pReHar MAFADBE, S00°C 2 send

to the BS 1200, which fall within the scope of the
invention. 20 The nethods and apparatus of the .
pheseitain FepRaries, SAVAYS, (B descEiptign Pg th?é’é’f%ﬂcgia‘ﬁc%?nﬁ‘a‘f }ipe can be
- t IR W ffhotlog 66, wik38 e each of the sectors
Slmp@feg]t ici:g)ﬁ ?%@88’ 12 ra\éﬁeg%tk@%?}a e p# 8y é’ d g?cr?i&?ac 0 n’fviv gur atei eg r(1; O e Secton
of a cell@fa§ weadte cnekd o iatly vhedendire ramsnisdion Eheursact Hr Bequency band, to
shown in Figure 11. For a sectorized .environ

nt.., . the )
transmf RpAc8r oS SRS ISr o Bie BiAL P Er HABHLBEM Rl tpofpads yically fixed or
P ' RGOy £1tn sagdithé RBlati
know?ggpﬁgkgggﬁg¥g?ﬁgéﬁgﬂ§%%?eSg???gﬁ?gFﬁ§BPo¥aF noitseB ation
betwezhsle seotirusant perferal sighl temertiehon pos sectmdecemehnase (interference)

NIRRT R T
identi\?ﬂg?%()ﬁfdnﬁf biGeatl Efd'ﬂof’ti(ﬁ%’f" 8 %ﬁ‘eﬂ ot 6n & @NRh &M gtcRaf freedom, the

I's shown in “Figure _because in this sectorized
interfstenceafrommthdrtsectbottale Wi 1$60 ime kiven seatewol 196, ki 1110 appears like

, i,gnal - depende cO nents instead of. on
s1gnafﬁeé)epgqné oﬁs 0L geqf:—gﬂs nﬁlliur% 15,ie gﬁsgrbgg%ugP ithzeel Fegfye'r_%‘ﬁ@\ﬁ%ﬁn other sectors
scaleSWitRis@Abl pdwe; soihithe h8isOOMhratRédistirdine s fintilagkewhat is shown in
di mensi onal space. This noise characteristic |ine WO
Figur2G04/ 077728 PCT/ US2004/ 005242 -25 can be descri bed,
for exanple, by an intercept and sl opes. The intercept
is a function of the signal-independent noise portion

ang 8ashafe YR GO esRemndEe BS 1206 tianamey digmiadichyas dfe ‘cell null
t he signal - dependent noise portion with respect to a
pilot'phatanebledhe BIgh30 toswelpateshq mtesespt af Hhediss shpgsterisic line with all of

however, the _desc i ' : iLSti
the sigRyghaerr it ngRRn | RIS, B ol QS dfe IRLARILGIAE he sectors
1106MEEd30 91 [ maE6E 66dramhicdrno thhaVEs 1360 @alshbafdatyel 56c1 25 1154 of

of a cell may use the entire or npearly the entire I
sectory ¢mpatirecsi wWrinydnigtfereace ©r g@c’el\ferrggxﬁrgﬁ elg%‘rﬁage)tfla)m other sectors. In

LRSI i e its (01t Yl asRRYEECtor null pilot” that
ol SIS Gl PRELDB i Jial Bt ptr
enabletBW D U30THofevaluarrttha/¥lspd 30Me maige charadtomsta litiefthldng mito account only

fraction of it. Since_the isolation 10 betwe the .
the sigagltdapendant pejse Fapy gogybsetHf §RAPTSt :I.%ﬁg:mq%g@ wbtﬁrha?]gwentlon, the WT

glel t i £6418¢ Squivalent set
1300366} RpoRE AR TRARPHER R LR SAETES) iffehresDEts, SP 8485 %
of infesmanns baek ate BS 120@rmard everselbmk.i cal , proportional or

nearly proportional signal power on a given degree of

freedom the interference fromother sectors to a W

13RQute ShoWs\f Qiapfith 960 IkQfonafidPor 2hehiboaRRGRIGF thd ik@ention in the

case of a sectorized cellular wireless system using Orthogonal-Frequency Division Modulation

(OFDM). Consider a BS 1200 with three sectors 701, 703, 705, in which the same carrier

frequency is reused in all sectors 701, 703, 705. The pilot power level corresponding to sectors

701, 703, 705 are indicated by reference numbers 709, 713 and 717, respectively. Data signal
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si gnal dependent noise or self-noise. This is the case
because the interference fromother sectors 15 scales
wowRaoh/ozi7ghal power, so that the noi se charact ePCBHUSIN04/005242
line is simlar to what is shown in Figure 3. In
accordance with the invent%hn, the BS 1200 transmits
signals such as the "cell null pilot' that enable the

poweMEVABAR: fn@icaialbyatferénbenimbes Gept7 16( 7 Iﬁhﬁ)rremdzlsef the first through third
characteristic l'ine with all of

sectorsn @amcnvdore’ﬁl@m@mwmaf Qier Imm%f-‘aw seewrs il bsdiggussgst below. Let the
three | orsgﬁ‘@g% B9 AERAGR aﬁgﬁa@@gﬁ%’%%e]};e?%s?‘%t&g% ﬁ%i{?’%’ S1703, and

S2 7O$Ja§ @hovid 52F1gihﬂe5’?l Ri)éure Sahdws s tahe allotationder the d@lwylllnk transmission at a
interference (or receive redu%gf interfere

givengDHIGM sSee 701 nelodias b FuElS Chhe b ESFERSrh LT bnes s exemplary
t t |
data t§1§? ’;’%"é)%%lh{ @Hé ééf)?éng;ﬂﬁlya\)rl% %%8@?% :21? anu?} feo@tfot%{eéh‘ sé g. gxemplary null
pilot @e 7€, Retss ehectheseaedtorsi Since itlis amutnad irag eadht af the sestors share the
only 25 the signal -dependent. noi se from

samm SgaNeIcy. bapsh 1t EOTRIRHBTAERS PIIGHSHEF SR TFRCH At each other.
Note é‘ﬁa? 8‘1 tﬂbes‘ 105%B8 obdr bP e $b@R ke éﬂwﬁﬂ%ﬁ ﬁﬁi@ﬁra%@ﬁ@seﬁ beSand may
ren sl opes, or sone equivalent set of
vary inndifferent ingplembatationtso t he BS 1200 on a reverse |ink.
Figure 7 shows in diagram 700 the signaling for an
enbodi nent of the invention in the 30 case of a
seflaldaste Gl Wb ﬁ{ve}‘ihé@ S 8overl 148 iRedek bhoaemate cell null
Frequency Division Mdulation (OF . Consi der a BS
pilots] 2Michwire hull komee s ateshared by eadtodf, thy e&:tors A0k B 7@heln a cell null
carrier frequenc |s re I-5y< 7
pilot %ggethefe &S ZOfQ) ga?ﬁniu OhBUF 1P sah o etdtge §eé3206% Z@F%? 705. Qr}addumn the

dowrﬁﬁﬁ%%’n%l inéRdles di¥r n{e sédtér nuldi7oaf EXB, b5 Nhfaﬁ‘f tR& G@nsmission power is
nbers 709, 713 and 717, respectivel y. Data signal WD
zero @ﬂ@m 0 30REBOROT A498RO 30 (57@52‘2@34 Ingle graRgeione éwe§e%tf>énull pilot, it is

dicated b ef erenc
des“?ﬁq fchgavf’iar@%t %CWF&HSEI Faﬁo?e %Séact acjgl%%nsy()% pec? ed%.?q(nown to the
WT BI00YA ORI &S seolte IFon exdrepls, ettos 8¢170B Seatbd ﬂulbpalot 723 has
di scussed below. Let the three sectors 1106,

110
corregionglingf secios SPI9E PHOLONSH3 1 2BhCAsEeSPAHREBHIE §2l7)95$)é°t tone 737.
701, Si 703, and S2 705 as shown in Figure 7. Figure
7 shows a tone allocation for the downlink
t rRRiessodimaéit stoven G FigreOF Didrs yretdadilof 1, sectoc huldipidgr and 1 cell
an exanpl e of the glacenent of data t

e S 0 Wigpas Qirailoss 731, 733,735,
737, ﬁ{}ﬁ i;ector%lﬂﬁtpﬁ%?nlaggcigfl’é J:elﬂﬁdl&% Jt@@ SThése lo%gﬁﬁﬁ‘r@éd such that

tone acr oss ree s tors Since
each séctdShad & v Ridjut hbtspacithed shakes esmhit orith ezhiapfthetiwo othemmsectors. For

AL T TR N R——
737 &%%&t%% 98 7854k 995 sr&frestzh%né fBE %Ry %m%ﬁ&}w 789bf sector S1703. In

rative purposes only and may 10 ‘'vary in
additibd, fer seotor halp boeft ad seor coincides with prlottonks in théiether sectors. For

exanh)gt;:/ chr)]%l ggull ttct]n% 7%% n sécrt]ci)(r Ssi ’9(%‘?' phgtc J]I%d 739 ¥ \FanSmitted oh the same tone
in sectors SO 701 and S1 703, respectively. The locations of the pilot tones, the cell null tones
and the sector null tones are known to both the BS 1200 and the WT 1300.

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

frequency diversity. Figure 8 gives an example of the tone hopping of the pilots, cell null pilots,
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pilots, which are null tones that are shared by each
of the sectors 701, 703, 705. In a cell null pilot

W@ 2@4/0t11e8 e IS zero transm ssion power in eachPOf/Us1ve4/005242
sectors 701,703, 705. In addition, the 15 downlink
signal includes one or nord¥-sector nulls 721, 723, 725
where the transm ssion power is zero only in a subset

and s@korl e RRE. @}'rﬁ'gl)h7% of fsure égﬁot_s IR qhidR yoanBe Vatiealasist80d vs time on
sector null pilot, it Ts esirable to have a g:lot

the harizoatabaxis 863t Bachoweallitestical subivision $08 sopewmends © & PRedvhich each

nd known,to.the, . -WI 1300 i n th S : :

small B35 E “na Rt a0 ors Pk o b QPSRRI g5 “Eqcdiot one 8091
repreeRfdddYRORRII NS R th 96rtichl shedinpi Eath $cetve ndBhilansll1 is represented by a

correspondi ng sector S2 705 pilot tone 737. 20 I% one
smalldots o imarizostebline shadingg dagh pell ppbplotatld i3 represghigd by a small box

... sect.or nuyl ilot and 1 cell null pilot in each

with ‘§8%StWCh?gfi}a£Bé3, 705. For exanple, sector SO 701 has

four pilots 731, 733, 735, 737, one sector null pilot

721, and one cell null pilot 729. Tﬂgse. iIotg rf hoooi

arln an gadpodimesntithapilotdanas eswatiphy hes Rt g u%f ipgas hopping

and, 10¢e | ' flop YURHRAEH dul
e PERALESGR 5 B Pl Py A e
linearpaktefrSas ABS pil dXibippivigl with th3 barsb alogs value o Moréowegie noy embodiment of

wth pilot 737 of sector, S2_ 705; pilot 733 ares a
the inpemfiors Fscpotlill Rkt font 1R ot gpindioeGpméiod it g battem as the
. i1 Il pilot for one sector
st A5 B g B ahE

ot tones in the other sectors. For
exanple, for the null tone 725 in sector S2 705, a

ilot 733, 739 js transmtted the sane tone  i.n :
Cadao cabaimer: oo e el f G UP) et e s inear
hoppfglfg gttdg?mﬁ 'le l%ﬁoth@ﬂﬁﬁbod‘hﬁ@nt%@ kile iRYédtidnOMR TR AuR gbgois @p following the

tones are known to both the BS 1200 and
sametpeemiEd hR00]ar Tinearpiattoms:s teadagehenmdng. Inchatanediment, when a cell null

. hop, .. over _ti for variQus reasons ch.. .
pilot fqng&aglﬁlg@ Wi \;ég&t {%;1_6, g%ﬁﬁ]@%@nmggn aoﬁ H%ex%ﬁ.% Itoene olp efl(hhe()f the sectors
is sus%@ﬁkfed%@@h@ﬂil&ftoﬂer@ effbd BB eréRldl otk krapdrhigtisn o¥¥Be pilot tone
004/ 077728 PCT/ US2004/ 005242 -27 and sector nul
contipidsan 8t le@taptme 80 thegkctpisguddhacadl wilkpilat sepedp elfe@ivelgndered
rtical axis 801 vs tine on the horizontal axis 803.
UnusEREh smal | vertical subdivision 805 corresponds to a
tone, which each snmall horizontal subdivision 807

corresponds to an CFDN&;ynbol time, Each pil ot %oge _
808upipsse thepthe YER1300 hes alininestablishsd with pecjarry( effhe base station 1200,

ing. Each sect l12Rh L OF: [
o P e BRSPS AR e
chanfilghinPrbA1S 183 VT 308 i 6@t e B layd dropiBL ko BOX 1304 ik fgiven by 7.
cross hatched shading. In an enbodi ment, the pil ot
Finallofte Soephesriesg kippoko thaf the sgnalderandad nbise it thedipk from SO to WT
hopping _pattern. In accordance with the invention 1 of S
1300 ipeludescemops) thattis ROBOHIGRA B i FHIEIE PRV IHEY Hheftfanesain of 0.
10 linear pattern as the pilot hopping with the sane
sl ope val ue. Mreover, in one enbodi nent of o
Suppose that the transmit power for the data tones on the three sectors is given by QO0,

01, and 02, respectively. Then the received SNR for the link from SO to WT 1300 is given by

aQ0
500+ fO1+yQ2+N

SNR,,(00,01,02) =
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the invention, the cell null pilot tones also hop
follow ng the sanme nodul ar |inear pattern as the
w@erioen7H1eppi ng Wi th the same sl ope val ue. | n aPCT/US2004/005242
enbodi nent, the data tones essentially hop follow ng a
permut ed nodul ar |inear 3ZB-hopping pattern. In
anot her enbodi nent of the invention, the cell null
PidoPie rBRRinlie! dfawsilschibigon, $SEWEI heisButhed thaptheliferfeieneddue to the
pattern as the data hopplng In that enbodi ment, when
other aeat@b I S@ll and 423 )os mushanare ISlgme@nWhﬂlh the sagnabtieweélﬁ@nt noise from the
ei t her thetransm on qf the lot to of
same SoRioro8Qd orosthat 197 SHRSHISS (0 e TEd o (g SHgsequSht discussion
effectively erased, or the transm ssion of the pil ot
tone continues in at |east sone of the sectors and
t h&eqﬂrl 1309 |shodlﬂ bﬂiwdeﬂzﬂ&t b pahineetd toehybasendeioado Akt it has enough
unusabl e. pose that_the FNI’ 1300 has a |ink
1nformgmcaﬁ1olp$¢£é@t th raseived SHR othsrdavrdink et tangpiissipnfaerg SO to WT
e.ch I
130035 gbO il iy RAG s B2Y Bor S8 Mool Plg ol nt Blor in
whicH the@ra¥¥miki08 ih Sadhi ofelie &gtd is Gaitds powsiblSd ﬂneas\tﬂé th8Gignals
given by y. 25 Finally for conpleteness, %5 se t3§
independens hejse Compatiikiat Wil g eepiyekstiens qfrg frqgn gy gives the
%ngcl udes self-noise that is proportional to the
nsmt power with a channel gain of (5. Suppose
that the transmt power for the data tones on the
three sectors is given by QO Q, and @,
OWE \L . Then the received SNRfor the link from
"1300 is given by 30 SNRso (Q0, Q, @) = aQo
8Q0+, SQL+ i 2+N WD 2004/ 077728 PCT/ US2004/ 005242 - 28
For the remai nder of this discussion, it will be

LSS b R PR it s oo

the SNIReinsh@sialatide pédent ohihe neighbanng steetorsmmg)t gremrmttn@,an particular,

so that for si icity this ter
for sqchs SOupsiE e Mo an Sy foes oo e 5568 nSgulpgtone th 52. Then

mease{:llf?%’ tA&NR B8ledn ¢ ﬂrpﬂﬁﬁﬁleé'eétof S0 tw]?ﬁ cBRsSBe §hlati on so
t has enoug nformation to predlct t he

recelved SNR f or the downl i nk data transm ssion from
SOto mr 130 . To obtain that information, it may use
t hey ones. Using a cell null pllot in
mhlc tﬁBm§W1SS|on in each of the sectors is 0, it
S p033|ble to nmeasure the signal independent noise.
Conparing that with the received strength of the pil ot

wherg rtl?er?ntsegeginé/ (segctctnhlg S1 J(Q/itB ?)laihoéﬂlﬁrp % )Slg%ml%lﬁqf ﬂleasuﬁﬁg the SNR on the

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

follovtv13n

and the resulting SNR is given by

SNR1” (P) = PN

B

The slopes of the noise characteristic line in these two cases are P and 2 respectively.
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Next, the sector null pilot tones can be, and in
vari ous enbodi nents are, used to neasure 15 the SNR
WO poottloz7788 t uat i on when one of the nei ghbori ng BEDUSI084/005242

is not transmtting. In particular, for sector SO

consider the pilot tone tH¥ corresponds to a sector

null pilot tone in S2. Then neasuring the SNR based

Ok P iiBhRISIN isl fire8@¢ rRasuPéd Wihd plbiEndsiBat\ddl d c&MIPEhd to sector
P aP ,(3P+tN 20 where the interfering sector is S

(P _ . :
null pilofsvin the qibertsectaisnthen this SNR mgasugemdny taksa il perpunhibe dairference

n the ilot tone that is_a.segt l]. 1O [
rom B % cuBhrnn T8 obBBbrebRaB RELESNRY bt OB BB hrcternce
from ¥vo sectl the resulting SNR is given by 25 SNRIr (P) =

aP yP + N The sl opes of the noise characteristic line

in these two cases are "and Y , respectively. a a WO

2004/ 077728 P@/USZOOM 005242 -29 Next, if the SNRis
digm(lp;)= using pilot tones that do not
correspond@R o ¥BedVor null pilots in the other
sectors, then this SNR neasurenent takes into account
the interference fromthe other two sectors. This

measurenent is called SNR2, since gty 4 ncludes
The siapeef flermxeehafacemstiotins icthisrogse B SNFé( P) = aP , 8P+
yP+N The sl ope of the noise charact8istic line in
this case is '6 + a 10 By defining the followi ng SRR
as proper slope values of the noise characteristic
| iByedefining the fpltsinp SRR & prepatstopENRilies of e noRharaceyistic lines, it

and SNR2(P) to NRqP -, SRR2=/|+y a SRR116 = - a
is possible to relage L)SNRI'B (139) , S R)ly (P), and SNR2(¥’) to SNRO(P):

SRR2 = By
o
SRR1? = s
a
srr1” =L
94

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

srRR2 = —~ 1
SNR2(P) SNRO(P)
1 1
RR1” = -
> SNR1?(P) SNRO(P)
SRR = — 1

SNR1” (P)  SNRO(P)
Note that SRR2 can be found as the sum of SRR1” and SRR1" .

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



10

15

20

25

SRRIT =y a 15 The SRRs thensel ves can be conputed

interns of the SNRs as follows: 1 SRR2 = SNR2(P)
wWENROPP)28 1 1 SRR1,8 _  SNR16 (P) SNRO(P) 1 BRRUS2004/005242

SNRIr (P) SNRO(P) Note that SRR2 can be found as the

sum of SRR1'3 and SRR17. -2@ Then the SNRs can be

witten in terns of SNRQ(P) and the SRRs: WD

2004/ 077728 P@M@Q})OM 005242 -30- SNR2(P) = SNRQ(P)

1 SNRE®) W (P) = SNRO(P) |+ SRR
SNRO( P) (PYRUFENRO(P) "1 + SRRl SNRO(P) 5 I f

the WI 1300 r eRRRb sufficient set of these
stSNRB”t(Pﬁ:sJ;eS}g%mag—P SRR1IQ SRRIr, SRR2) to the
base stati rt b; SNR(BJase station 1200 can predi ct

t he recei ved ? the WI' 1300 based on the transmt
PO general, the SNR as seen by
the V\7I' 0Q + $RR14 - SARA(P) ansni ssi on wi th power QO

Wi th mterference from sectors Si and S2 with powers

Q and @, is given in terns of the neasurenents nmade

g&tth«%‘l'lj%?pl I ot ton Wetthert@ﬁ s'%au@ (re P as: SNRso

SNRO( ), SRR1? , SRR1" SRR2) to the base station 1200, the base station 1200 can predict the
received SNR by the WT 1300 based on the transmit powers Q0, I, and Q2. In general, the
SNR as seen by the WT 1300 for a data transmission with power Q0, with interference from

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

pilot tone with transmit power P as:

aQ0
PO1+y02+ N

SNRg, (QO: o1, QZ) =

SNRO(P)

( A crr1s + 22 SRRIYJ SNRO(P)+ £
Q0 Q0

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

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

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

conveyed on the reverse link, e.g., the uplink.
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SNRO(P) ISRR11 + 20 SRRIr SNRQ(P)+ Q QO In Figure
9, diagram 900 shows three situations for an exenpl ary
wOtoosn7mest or SO Cell 15 901 incl udes three BEDUS284/005242

SO 903, Si 905, and S2 907. Fig 9 shows a WI 909 near

the boundary with sector -31-1905, where WI' 909

recei ves significant downlink interference from

S eRttRE sitrhtiBR Shovaeld Flgark 9 Wizh bskbed tb BEIPSO S 8EHTVSE tHaOthe WT 909 in

923, Si 929, and S2 927 shows a WI 929 in the center
secton B0 OAB recetves siggidicoptantesligesyice flom serior S8 908+ Thewagapdimated

| udi ) . 9
e 3t L R R S AL R S s 9%
interfBfelwit theniaisidshis WonPdtor S0ei0Bes tiss Wil 9090 avitanchhiie| thekransmission
interference fromsector S2 947. In an enbodi nent of

in se¢tpS? H%mqoefdmzft@i soethatit bas the sazae phn@éIY§h@ $7aRG Hnsmit pyver O as in
S |sti cs to the
SeCtoggo'ljgg‘?th%nSI\i[?g ﬁﬁe%gg@t lng unt of i nf ornmati on
conveyed on the reverse link, e.g., the uplink. 25 WO
2004/ 077728 PCT/ U82004/ 005242 -31 In the situation
mq@ urea with respect to cell 901, suppose
f 094w sector SO 903 receives significant
|nterference from §§§Q@J§ S1 905. Then a coordi nat ed
schedul er 122 tation can turn off the
data transm ssglaﬂs @f\)tol'D Si 905 that interfere
V\nththetransmssmns ronpsector SO 903 to the WI
909. Meanwhil e, the transm ssion 5 in sector S2 907 is
coordi nated so that it has the sane or nearly the sane
transmt power as in_sector SO 'yl'hen t he SNR seen
mwmyhmélwsgfcﬁlglemqreb@téév@@@)@y o (Q0 Q aQ =yQ
_ SNRQ(P) SRRF SNRQ(P) + P Q 10 in which case
it is sufficient to report SNRQ(P) and SRRl 7. Next,
f ONeithfor $id sabiiomstohamin Higurboguittere3pest tdcelledient which the WT 929 is

cell 921, in which the WI 929 is not near a secto
not NEY MPAOY 'bo;n@dai% itis Pessirle tq BansI kst aﬁlﬁgftogrw%}pqut causing too

mucl@ﬁ:?eg'%&lc t pﬁ::WT%S i ﬂug Re, EB‘se e Bﬁsfe%[aﬁﬁﬁ SchiRule?§ 225 makes

case, pose base station
the sBeplEghulassuld?onthiesch 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 SO 923 is given by

__
PO+ +N
SNRO(P)

SRR2-SNRO(P)+—

SNRg, (Q,Q,Q) =

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

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

corresponding data transmissions in sector S2 947. Meanwhile, suppose the transmission for
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15 the sinplifying assunption that each of the three
sectors should transmt data with the sane power Q
wab@n/ot11es SNR seen by the WI 929 for a transn BST/US2004/005242
fromsector SO 923 is given by SNRsO(Q Q Q= aQ
, BQrYQHN _ SNRQ(P) SRR2 -ZNRQ(P)+P Q 20 In this
case, it is sufficient to report SNRQ(P) and SRR2.
sectolN8X D45 {s¥chbdiBeivitH Fid DeIhRMMIt Jhwek GUdsSn Jedtbt $O 9435 PElEdn the SNR
to cell 941, the WI 949 is |l ocated near the sector
seen by theddd\P4R willl beegivasr Y52 947. Since the WI 949 receives
significant interference fromsector S2 947, a
coordi nated schedul er 1225 for the base station 1200
can turn ogé t hg25 correspondi ng data transm ssions
|n&§8@( ar0 3§§—gybanmhlle suppose the transm ssion
for WO 2004/ 07528 PCT/ US2004/ 005242 - 32 sector Si
945 is schedul ed \/\SNHO(tHﬁe same transnit power Qas in
sector SO 943 Then the, SNRp seen by the WI 949 wil |
be given by Sl\m (GVR = aQ ,QQ*N SNRO(P) SRR1, 6
SNROQ(P) + P Q 5 in which ®ase it is sufficient to
report SNRQ(P) and SRRIR . Hence, if the BS 1200
restricts the transmt powers such that they are equa
in whiéh &RE® is V@fdRnRoAepat SNRAUWDIand SHR1#t hen in each of
the three possible configurations, only a subset of
10 information needs to be transmitted fromthe W

1 0 to 00..1ln rtic 0
R PBERS L0 iR byl Bhery o O ARV AR B o some

valué"Q o BreQiqubt® (5 tHenah efdhSof ((Be Guee mb&)"t@mﬂguﬁtl&g ofily dsubset of

cell 901, Flgure 9 cell 921 an gure 9 cell 941) the
mfornwtlc_mm@edls do be irprsmiftod fram thafy'E 1399 @rthﬁﬁsol@ Padn paticular, in one
embcgh nﬁ"%heé\g gelg térpﬂnzﬁvﬁ 36(?’ Q0L é&g%&fasl%ggbuﬁ% oftht WRadtdns (e.g., as
showhflFea©9 ceM 90t Higse W d‘eH|9e$ sndl Eignird9kcelp041)tthe IW’ﬂ $300 is currently in.

information_ relative to a sector boundarg OThe

This fermeation$an he UEaTBItEA Y His Wilhi Ofgto oS 1300 gha jvo- b Sector
Boun{&?ﬁ{]ﬁgﬁ{c&& OThp ?éct(lr)] tbduﬁdzﬂﬁ gr?cﬁéﬂrymaﬁatreé‘ (x/'i‘r_?%f 5 tel-Rfhal position

M SSI on nel sector
information relative to a sector boundary The flrst bit could indicate whether the WT 1300 is

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

corresponding reported sector boundary indictor listed in the same row.



10

15

20

25

second bit could indicate which of the two sectors
causes nore interference. Possible 2 bit sector
whowatzi7ys i ndi cators are listed in the first cPCT/OB2004/005242

Table 1 set forth bel ow The second
i ndi cates noi se contri buti-®h i nformati on.

colum lists t

he control

The

columm of Table 1

third

20 action to be taken by the

BS 1200 in response to receiving the correspondi ng

sect or boundar

y indicator

The fourth colum

Lists

Séntort Boundanyne
h correspon
i‘f‘ﬁfaéa in the

ISNRBal ity indi
di ng reported
same row. WO Z

@ther yedterss r eport
sector boundary i
004/ 077728

T gepais
ndi ct or

K17 USZ0047 00
sectors WI rep

o?&lés 0@’3%’%(:)?

QTR Aas X1 Sh¥tosX |

gr 00 SNRso (Q O

1SNRO(P) SRR2

ansmt on alll c f RO 49 SNR$
1 Turn of f sec§§$50 0%%20( )FIPU)mS(F)gll-érb@LL Orll SNRs 9%\]8@(153 SRR

) Tarn off s SNRGK B off 36ktedS1 TABL B
this way, since Sﬁﬁ g\?% Olidentifies to the ENJRO?P)' SRRI
Station 1200 which configuration it prefers, the W

1300 needs to only report SNRQ(P) and one of the three
SRRs. A multi-secTdBL&el|l with an arbitrary nunber of
sectors will now be discussed. |In another enbodi nent
of this invention, for the situation where there are
In thi? Qva@rr 8hed REWWT Ul@’@@ [depfifisCOlRE Base bfhtibh e 266 %EUhScoﬂhguratlon it prefers,
divided into three sector types, which we wl|
the VBD13®) needd taanly Tenat SEREES pfd ore ¢fche fiewSBR8t or types
is done in such a way that two adjacent sectors w ||
not have the sane type. It is assuned that for two

NoR nadii 36aBE cAEFIR S arththay @liidet oftdeciofd @11f 5@ BE discassed. In another
consi dered small enough as to not be significant, so

embadiraenttof éhisrinvendem Jer BF sitwtion Mdieanierd aje AR erhitrayjraEbst of sectors,

the s?c:f ; té?z{ets cﬂ%gieg :u{tg) 1%% t%ec%nmgﬁes o a]l%g %vaeu\;é/ﬂfl]%baﬁ%?ﬁ S?laﬁ g@t E his

classER8€oPntd R tor-t§eBtiotoeahlsuctsa vag tlialﬁ ewp adijﬁwny secmmm eall @bt have the
interference in each sector cones fromits

samerfgpey b tfr dspgmed thabos twenginadiagent sertprg b eHeef; Ocigma#rfe%ls
t.h
ConS]fa%a Sﬁlgﬁgﬁg%gﬁasst%%ﬁ?é Elélql?lé c}{tggostglét?tg? érﬁﬁl%’ (éeglgé lc(:)tP }%%‘%ence is from

adjadesd dectb@DAf diffetertigpea Mercatit is ossible BQreat pids s2ihtoadh an analogous
1003, a first sector Si ty e sector 1005, and. a first
Fashige i (bF OB afype 3 Seepell 5% hegFmaTysoiree s i Eretsreqce i eich sector

Comégﬁéﬂ‘?{wf‘g%&&%ﬁb@%% QLiol023, a first sector Si type

sector S2 type sector 1027,
a second S2 type sector 1029. Cell 1041 includes a
a first s

first sector SO type tor 1043
¢ yBeusadt apuderaciagion TG0 G sbens te eish Bt fregpy cells 1001
102 ljaaédef(fmdwﬁ%, 4 and 5 sectors, respectively. Cell 1001 includes a first sector SO type

sector 1003, a first sector S1 type sector 1005, and a first sector S2 type sector 1007. Cell 1021

and

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 SO type
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 corresponds to

the order proceeding (e.g., clockwise) around the sector.
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type sector 1049, and a second S 1 type sector 1051.
Table 2 set forth bel ow gives an exanple of 25 a pl an

w0 o047 f7er ent nunbers of sectors, where the oPEUSN4/005242
the list of sector types corresponds to the order
proceedi ng (e.g., clockw s®- around the sector. WO
2004/ 077728 PCT/ US2004/ 005242 -34 Nunber of sectors
Sect or [NR&5r oft seetdrs 2 Sﬂcto?]t 0, S1, 82 4 50 S1,
S2, S1|5 S0, S1, S2, , SO S1, S2. SO S1_S2 7
SO S1,1S2, SO S1, S2| SQSl 8 SO Sl S2, SO, S1, S2,
SO, S11H9-S6—S1—S2—565-51—S2—S6—S51,—S2—TABEE2
Usi ng {Ke above sector 9/&43[ schene, the schene
i nvol vimg cel T nul' T prTgfx1agg sector null 5 pilots
for the case of three kectors can be used for an
arbi trady nunber of secS@;rSsl SW\S‘]I e descrl bed in the
cont ext—of —an O-DM-system retheds—and—appat-atus
of the 5present i nvent ggfﬂ-ézé%bllcable to mende
range of- commumni cati onp T I'ggli Nng man
non-C]:Dl\6/l In addition, g(g)r%ei ?ggstdu:sgs ﬁajr egarml ?/cabl elto
non- celllul ar systens. 180 191, Sar$0)l$sl Siidi nent s nodes
descri hed herein are | ysi-pg—ene—er—Apre
nmodul eg 8t o performthe S@éﬂssgo§9é§p§zaﬁh§1to one of
nor e netghods—of —thepre \V/ 70 anpi e,
si gnal lgr ocessi ng, rrespggeglgggeﬁis%gzagndé?l’ﬁ% i
transm ssion steps. Thus, in sonme enbodi nents vari ous
features of the present I nvention are inplenented
usi ng nodul es. SuEMBLEE Zrodul es may be i npl enent ed
usi ng software, hardware or a conbination of software
and hardware. Many of the above descri bed nethods or
Wﬂﬂh@githgltabpﬁe segtorlgpd sehéreeehd semsiimeglvingchil nell pilots and sector null
execut abl e i nstructions, such as software, included in

pilotsfopersapreot tBECG SBFLEISABRIDE N5 O an FDIEANTIHBIDGT HlelfCIOLs:

e.g., RAM floppy disk, etc. to control a machine,
e.g., general purpose conputer with or w thout
adwintle deselibbdindha centex oofiam@)dMdrsystair, thermetbods awsapphratus of the

t he above
present invention are applicable to a wide range of communications systems including many

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

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

steps of the above-described method(s).
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20 described nethods, e.g., in one or nore nodes.
Accordi ngly, anong other things, the present
w0 pooefoti7esr is directed to a machi ne-readabl e nMedi/us2004/005242

i ncl udi ng machi ne executabl e instructions for causing

a machine, e.g., processor3and associ ated hardware, to

performone or nore of the steps of the

above-descri bed nethod(s). WO 2004/ 077728

PCT/ US2004/ 005242 -35 Nunerous additional varjations, '

orNutherone advbidenah Hariaiigpa ea thesmethodhandmppa@iits qf Aeprecp; invention

escribed..above wi to.t ' [ -

deserft SR PR R o B0 ARG Bl 8 o e e Bhoription of
the inivBMEdH. | SUth vaHSfonéard Btbicanasidered wathpetheanspeletrel invehtidrn The

the scope of the invention, The 5 nmethods, and .
methedspmdapnarat of the prpEabmyeRtPdREY bh apd i Kioussgphodiments are, used

. i-ous e i e . .M ¢
it BN R RSB P A b A PP ORI ot s o
commii€dtiohy peBnigfies wWhithutiybatused® procide vgtebsss whmatunivayiotelinks
used to provide wi.reless conmmunications |inks between

betwesnciseass modRssngachitsiodes nodeme erpodpRente s GErTie AP He
impleglgeﬁqgfgcﬁsgﬁggscta%rﬁ. whibiP Eﬁﬁ@{%hﬁgrgﬂa}nt ﬁgniﬁﬁ&' WIS mMB{1€ Rodes using

conmuni cations 11 nobi I e nodes usi ng
OFDM ardrNI AN, on aihBs etnbodiarenBubke mobidel hodastase inygemeiitied es notebook

nodes are i ppl enent ed_as not ehook ut.ers, r sonal
compyiars, PageTdidat s wBRLP DAY, coMer PG Rrtcabs e
recei{éér%ﬁ#agglhﬁ%r cir&hf! a\ﬁ?gcééié RGO} foufhess f(frﬁh'l‘pie?néi‘iﬁﬁg Itl%fgﬂntﬁtr}]lgds of the

r routi nes, I npl ementi ng the nmethods o

presept msemtion. nvention. 15 Fig. 14 illustrates the steps of
an exenplary nethod 1400 of transmtting pilot tones
in nultiple sectors of a cell in a synchronized

MBRBe{4 {]I}sBEEOhe @@?? ofhd éke’rrﬁ)?alg hestedH 14(@V&n¥dn§ﬂﬂittin% PBot tones in
met hod starts in start node 1402 and proceeds to step .
multipeOstctateofai aglldn asyn@meniggdinanner fIfrgcco o withjtke present invention.

initialized . 1.. Synmbols ar ransm.tted in .
The mgthod, )s(té% Ph%f? gé@e{ ]eéf,ﬂ%&pd&)r%cgpgs t§)>;?@gll4"{)6 ar\?egmwatcllilrrgnt symbol time
counfdY Alializ & e REithq, SHEbbisTRe HE@ehitted i BB sRerthplanesySieRbed a per

along with acyclic 20 prefix which is nornmally a copy, .
symbof basipwith iaspmbe! tithe being taniime vspdsiy apsmit wae symbealpdeng with a cyclic

ML T R L A T —

ransm ssi-on
reduRlah & o proRRef AhitmBItRac@terfetalt ai®middtQ4nibol Shemidd@btiming
wherein the transmitter is controlled to 25 transmt
erroryi | ot synbols to be transmtted in the current synbol
time in each sector in a synchronized nanner using
the sane tones in each sector according to a

pr @p&efi@cpretedds fdin sibp adGMiossipori0seieetin ehe ®argmitteiib odntrolled to

tone hoppi ng sequence, using pre-selected transm ssion
transpuiiefot syrabelp & bairansantiadisttge cyrent AENRe tme ifFack sertpipd
syncRYoftizbd ﬁﬁ%ﬂ&t&s&% thD s FRE S EMIAEN et 28 idgtoRYrdlstiBted pilot
transmission sequence, e.g., pilot tone hopping sequence, using pre-selected transmission power
levels in each sector of the cell. While pilots are transmitted in each sector of a cell in parallel,
the power level transmitted on a tone may be some pre-selected level or zero in the case of a null
tone. While the transmission times of pilot signals in each sector are generally synchronized,
slight timing offsets between sectors may occur. Thus, each sector may actually use a different
symbol transmission time period. However, the symbol times in each sector are sufficiently

synchronized that there is substantial overlap in the symbol times used to transmit symbols in
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the power level transmtted on a tone may be sone
pre-selected |l evel or zero in the case of a null 30
W o0ve/07i8 | e the transm ssion tinmes of pilot sPOHEED04/605242
each sector are generally synchronized, slight timng
of fsets between sectors maydoccur. Thus, each sector
may actually use a different synbol transm ssion tine
each p&itor0 NorhlaWe vies subkthstia ywtxddp ik isnetsthanthe agfbslaednomisaion start times
sufficiently .synchroni zed%C{gét, there is_substanti al .
are syjrhqnagsditp be mathay, aeast ¢ PR ofslege corespapding f0 G i used to transmit
the ck{glrc?ﬁ%iﬁvg 9#%2%%%2%1‘5%6 g?glgcgé/reﬁg galfla”s%ogu gﬁuie, ﬁg{}e t?sﬁrg;rﬁfally substantial
overlay ithibk symaolstimsssofahe differdnt séates evar # tissre tshrod perfed overlap in symbol
. be within at least a period of time corresponding to
imes he time used to transnmt the cyclic prefix sonetines
called the cyclic prefix duration. Thus, there is
normal Iy substantial overlap in the synbol tines of
t hWhétibftbeesen¢ ussddbopidoteores dufing h@egicukr spnhbedithestdetermined from

overlap in ol. .5 tines. Wiich tones are used fqr ..
the Qoo Peils b e Bl FPRiPe Salghiiione frgrigion 1234 while the
powed &8 B TRAGR  £i98 tohBn ERABHDS S tABEEIONR dbt3Bind GbidRder level

pi |l ot hoppi ng sequence tone information 1234 while the
inforpeten 1236.be used on a given tone in each sector of the

cell is determne from power |evel 10 information

1236. Once the pilot tones are transmtted for the

CUhh&the ?Mm@c@hest dréBahdmiftb® For OLRRE ERhbANmPMAEGETR6 operation

to step 1408 wherein a current synmbol time count is ,
procaede taegiemi408 wherdin aliverent synghod fmelcopunt iy indserarntpd byrddd’hen in step

ok G388 SRRl A, RS0 Do ot ime.

the c@@étitlsyinBol the MPguALLB R akikiune tHe cty@BdynibolEimieds k38t 1 so that the
to 1 so that the pilot hopping sequence can begin to

pilot hepring s¢qyertecan begim. to Tepsapiarsicpdi496t s praiedir sgngnission of pilot
il t ' - ' -
ons s Ry P RER IR 0 RRPRARARAE o e i s
statichit tBdnis @ik sioh R drsshedtikdr @Pertt icas@eheqliloe kigarlarinsmasRmsprocess to be
~ the pilot signal transm ssion process to be
interjupiedy r upt ed. 20 Referring now to Figs. 15-17 various
exenplary pilot tone transm ssions are shown al ong
with pilot signal transm ssion power information. In
acRefedanamwiot Figd. 18- esient examyeatyi pilot topke [hansmhisRiess aeashown
transmtted_usi r}‘l% t.he sane fones 25 in nmultiple
along with pilet Bgnal trapynuisgien PW@%“&%@“&PO’%ubst antially the
same tinme. In various enbodi nents of the present
i nvention the synbol transmi ssion tinmes are :
syinctec andbzeedvitnthe peesenirinvengios epitad tanes fare transmaigdd using the same tones

in m@f}&%{%&&s?&{a&%ﬁ% ﬁ%nsg{r]lfr?rg)? Isu astcalnggl’ly hlréesgu%e Vt\f)nyel dInbv%ngllJJsl clambodiments
of the present invention the symbol transmission times are synchronized in the various sectors of
the cell. Assuming perfect synchronization, there would be full overlap in terms of time
between the pilot tones transmitted in the various sectors of a cell at any given time.
Unfortunately, as noted above, precise synchronization may not be possible for a variety of
reasons related to the complexity of synchronizing transmissions between different amplifiers
and antennas operating at high frequencies. However, in synchronized sector implementations a
substantial amount of overlap of symbol times exists between the sectors. Thus pilot

transmissions can be achieved with substantial overlap making signal measurements which
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between the pilot tones transmtted in the various

sectors of a cell at any given tine. Unfortunately,
wW@20000tBEe8 above, precise synchroni zati on rmay nPCT/82004/005242

possible for a variety of 30 reasons related to the

conpl exity of synchroni zi rg/-t ransmi ssi ons bet ween

different anplifiers and antennas operating at high

assunfld RAUURRE LS GuriflOMENST a pottiof i elvhoset@meds sl aansmission time possible.
| ementati ons a substantial ampbunt of over

As mgl}tmmd abpyeein drisyrdrizsearb iRt @Vemfm&stll% B’Ifg‘fence between
s RSP 0 il DR Gt U YA e

duratiRE T URPORAL PFRAAZhich Bmasallyincluded vavtetrdramiidkd $ymgai.
| east a portion of each sectors symbol transni ssion
time possible. As nentioned above, in the
& ' il EOMENHERNs e chronization with
o105 DL SRR TE Nyl BBk UBIBRA KB nchvozaion v
signalet w8 pmbbie, heinid tusnseat artle simetimelin a smrhrdmmdsnamssm each

than the durati of t yclic prefix which i )
secton gy Iy secHRA G e BONCY 7 HEARHT (PBbrSi RIS It cheagGpat such precise
26 PBLisNAE idVe@fién. Thus, th
neUEPRRGF o) EUSEK B s SRR RS AEn s
transingsision ih eacissector eohapomdr,eto satifferenineynibol arrswiuhh onay bealightly offset
manner |n ea ctor of a _nulti sect

from s ppedol tlF}‘?é) aC&P%%?G% Bha%ﬁiflégcﬁ Wi fllﬂbeaFFe%eﬁ‘é{nVS’&t&?{‘ while

pilot RIS bi2GranSHhitiliR BAchALBP o2 B thedafie sBIOSf 1O A a@ﬂﬁ’chromzed
I'S not requi red to practice the invention. Thus,

manntf) the pcmm of sheopildthonea dhdigisems sectens 06 8 seth e qotralled to Permlt

cittefp R BB M TP a4l o Saepf apigiing the noise

contrﬁﬁl‘ﬁ%ﬁ GRREBhYE bl taﬁﬁc@rﬁt%@&ﬂf(s)' AL dsHackpoirh@noigé.| ot
tones are transmitted in each sector of a cell on the

same set of tones in a synchronized manner, the power
of, .t

coh? Fag'lﬁi%ta %{118‘&@8 %ﬁ]fetrentdl N gling%s%lr Srﬁ%nﬁt]sg ln’?ul&éle 118? oln?.saﬁ‘xgy be used

durin®hil §kb1¢E aEhbadlttAhemishiBn &nfar At hdtbiel s 06¢ pﬂot sﬁ’@fal?ﬁmy i iged per
he noi se 15 contri buti on from ot her, g adj acent

symbpéummﬂy th8§11@b$lgn9é§€11135@nggll?@r@ff%ms@we? e%ﬁcfhﬂﬂ@aﬁl@erent e.g.,
r I
e T By P B SR, TEBL BTN, S PR aiteen
symbol HBes ﬁia{y&feﬁﬁ&d weiryducenie wd dl’ffeﬁéng olednnelequality indedioperlues which
synbol time with the pilot si bei ng aSS|gned
are rfpmee feie b@wﬁathrw@?%oréwr% ﬁﬁggufﬁﬁ fieaien- e. g., 20
successi ve, synbol tines. In such a case, the pi | ot
signal measurenments nmade during different synbo
t i RigS13mRYa dhartused shicowipg adwoeaetthepilatdonti thdnsmesstoncdequensk
quality |nd|cator va{g%cgs whi ¢ are returnedto‘tl ed. d
impleypented neAnesemalagy epPedimEnt of the PEeREN IRNFBHPR oS 3? jigusse
belo\iv S‘thé‘ s%_iﬁ%ﬁée QR iR B8 G AR bE %eﬁ@% %rsteﬂislvﬂkh NQB&tors, where N is an
ssion sequerite 25 i npl ement in one exenplary
arblt@njormknhmgreanér thinel.pThs saquenapshntvinom Fighd 5 v indplé¢reented for a cell which
di scussed

includes two sectors, sector A and sector B. The symbol times in each sector may be slightly
offset but substantially overlap and therefore will be described as the same symbol time
although actually being two slightly different symbol times in many cases. The first column
1502 titled time refers to the symbol time in which a tone is transmitted assuming perfect
synchronization between sectors. In one embodiment, where the same tone is used in each

symbol time for pilot signal purposes, each symbol time 1 through 4, corresponds to a different
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bel ow, the sequence shown in Fig. 15 can be extend to
systens with N sectors, where Nis an arbitrary
wovber77gg eat er than 1. The sequence shown in FCTUSB4/005242
is inplemented for a cell which includes two sectors,
sector A and sector B. The3&ynbol tines in each sector
may be slightly offset but substantially overlap and
currehf¥hbbD i MeWThe sbdnd@sminbEID4as]ddTRONE MRtsIHer bk, ¢. g I;Tﬁe@lﬁ)ancy, on
al t hough actually being two slightly different
which thewilof signelngredeimemitieh Each raw cewespnds s t?fletl erent TOWs may
corroqgoff 6 Bea e R OB achodting h B R BAFichEniation. For

examplﬂ; IrDcfaSes \Ivhlere foige ié[ﬂbthdmughrfburtmmﬁbolttﬁmeswmasmme ciigent symbo] time,
in each sy time for pilot signa

then télaélﬁstélwséh qurwéone&lm?%iua [golpmy by fﬁ%ﬁgﬁnce each pilot signal
[ P
e el Rt 18GTeg p cotumnn 1502
correJpaNE tb d:Effaertt leerretrsgmbel gmes, ftie@ueniigted mrcolwhn ¢504 iney be the same
ilot signals are transmtted. Each row corresponds to

or difégfentt one. Different rows may correspond to the same

or different tones depending on the particul ar

i npl enentation. For exanple, in cases where the first

t odigtustalatione syaolv 1518e85 I &5 tthandsHrh8 cotrespemtls to the transmission

R L SN RENG DRI R TR A

tranSIBissRﬁl PP Rlvelslif BN FIhO8R1drORRy bERNBMEHL orithe SARESTIn each case, the
wnere the first through 4th synbol tinmes in colum
pilot k5 2ranswitted sp ampdipaiot iditinfesis dransoilied evith spretselectadiragsmission power.

ones .listed in colum the sane
T e rapaieson g0 RGO ELH MR el a8 1 o kmown v
both the Hasaski FP IR 0cRAH WA SRR dsindiMalé MB00 diRddsRisShfopRati® is@tored in both
tone in each of the cells sectors A and B, e.

devices ard bbb deviges krzm&sthetcugjel@ slymbolc-,u@lﬁ drom qrﬁléng 1nf(9rmat10n available in the

cell. g‘é% ?L‘F ,etﬁg ﬂ{lr O?,o\fﬁrﬁlé 1§g§e§¢ts th% pglg)g Elg%l t%arﬁglglﬁs ﬁ)‘ilg)o%ve el for the pilot

signal @@@sntifted Sdebtop A @inQi¥ tdiei totwhith thieParticala few SUﬂrést@dds Similarly
with a pre-selected transm ssion power. _ Thus,

the qutéarp@&nrs@ iL &8 bﬁ%\léxe palebisigem dragsmispion woyeblew@tfogﬂlﬁmélpt pignal
transTét S sé&t 1n§ tlliJ toﬁg POV\@}HICR {%éo%z{%ﬁ&&imf 1133/ &?ﬁa@pcﬁ{d‘?t E%h column

erm na

150 Gd1h@h B0 Qﬂnbﬁldsd for @irpiosesudteplatteng & GSe@tndelhbdsdiment later but is not
devi ces know the current synbol tinme fromtimng
used jmthe YR SPERT IERPAGTPEIsRtO; h?lrt&@screw in regar F<gF18155 t he
third colum 1506 lists the pilot signal transm ssion
power |evel for the pilot signal transmtted in
S eR4chrreddanide irgcdlinen t160@aridl 3U3irepresdnes pstep of trhesmittong a pilot signal

corresponds. Symlarly fourth colu
in the WicEleNGEoter HhibF Eves %ﬂ@& (HRe prsiigeied inge b5t the tone

1nd1c?t'gh %?&h&wso@ Ord 5.3 115 2 | fHe§Ghds '&r@ﬁ"&ﬁsﬁ{ltt& étb%hgﬂtlﬂ? Btk 8ymbol

the part af row corresponds. col um
t1mes]15&a6fob£lsmtoi5A(hnd§3 ierg;lfuskexhdfse¢01mﬂypﬂn©bsm$ wélth cainespogpd

sect or enbodi Iate but . .S
subs S 01 R BB TR B SO e d bt i gl Enonsero pilo
havnﬁg,‘ egflrsg‘ﬁre-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.

Row 1512 shows that at symbol time 1, using tone 1, a 1 pilot signal is transmitted in

sector A while a NULL pilot signal is transmitted in sector B. This makes it possible to measure
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Each rectangle in colum 1506 and 1508 represents a
step of transmtting a pilot signal 25 in the
w0 paisoZt7e’l sector at the general synbol tine |Pdi/Us10e4005242

in colum 1502 using the tone indicated in colum
1504. In practice, the tors are transmtted at
slightly different synbol tines in each of sectors A

the coRbuon ®f Qnter-gécio?tmt@ﬁgreﬁé‘&i%rk@ct%i/B%hséd' BBl iACtansmission on the
correspond substantially to the synbol tine listed in

same taleu rihalﬁcsﬂmwsbsemtqrsﬁ toseket agcimtt weassremanteiAbe att@iup@den in sector A

e-sel.ected transni ssion
witno) 3 BB b Sois Rt P ot B BT B BRUBL s Noresfonas o
symbbPti8e 28ybrein ford) 4 Bluséd @ @dnsidittaINULRN6MR ink 0towiAl endzeet pilot signal in
power. Row 1512 shows that at synmbol tinme 1, usin

sectox Bn a“hns allgws sp¢tpbA teidgieamineghe ampuntiof siggal ipterfeesace 8‘1%0 sector B

transnﬁﬁ@gn QBQ@I&U & ﬂ&r)ug EC,I gﬂﬁ% cofsreg Sr%gss%ty%ghyﬁl?ie\gg&ém%ne 3isused

to traf¥alit WSRAMOM 24l in B&htslétﬁofs‘ @Dﬁrﬁd Budking gfneral background noise
inter-sector interference in sector B caused by sector

measyemeARDFYEIOM OB § HBOVSKIHE CPBRTON( oAV TPOIIg s herein tone 4 s

r
o SR RS RN PSR Gy scorcn s
the efiféth of h@niey e 6igblerdngmstest with Bietsamo swhgsioopnwdrRdevel ilehch of sectors A

corresponds to. synbol tine 2 wherein tone 2 ed
and B & the siamiimee NOBELY Bike Snalsaet Hansmgﬁfﬁjlrha@ﬁapﬁ with both the first

and sééo%%wk TS%%%% Of Fi. 1§ Bh& aﬂ%%s@\ﬁﬁe SEGHWRN 546 bRd 1518 in order to
et'erm ne tHe anount™ of signal interference due t
provides tadreldss tdrmamed 00 smkeo sufﬁmehtfmgxw nmaslnmaentsmhﬂﬁtbqulred as input to
erein to

corresponds to 3
the tyo i {eRHRS FeHADNERe Hb% SpAE e 1 B Sased) awtRT dpgestor values
that ate fE@&H& t8 @rﬂae[fa@é sBRAGK gﬁ(ﬂ}ﬁﬂ%cé&ﬂ%?ce WBASHY fehR Sf th(le invention.

possi bl e on tone 3. Row 1518 corresponds to synbo
time 4 wherein tone 4 is wused in both sectors A and B

to.transmt 1 pilot such.a case h
s dakolt Liraresdurmabd i e Bty FRg Ea IR e seotor
systebol 3SR hd Pfé W tei@arh B, the MBst BERMALT GV2RWREpdnay & synﬁbcﬁ a@hsmission
of ‘sectors at the same time. Normally 8
time Shegmbmd mlemtnrl@ﬁé eptrespeniitodensow it edumns Eh6Qﬁ3tlﬁ ¢ hla.d 1610 indicate

and second 1512, 151
pilot Figh g R 5100 QR Rt BE (R 8 Pritg e pal Bl Thus, asin
the Y. 1§ Eﬁéﬁpl%eée{?fh@@dtaﬂg‘l’e BBl 160611608 asd 96 which corresponds to one of
measurenents which required as |n€ét to the two

the figkt trenghnfifth ms,lléﬂx%, édlétlé Hel¥e A adreprescrtp ﬂ@tstw transmitting a

. . |
sl RS5O e LA Gt R A0 R o o e

the s@R@id &eh Hécﬁmofis H1@@15|s¢’d/ﬂj’divb Ofhen dacly of e slyhibu]Slﬁmazt aﬁ“raponds to the
exenpl ary pilot tone transni ssion seguence for a
sameg@een synthps tige, thagasthot the first ghrough Bith fenes Wikl pe drfffif%l%t However,

I
T e e LR

beth@@;!qﬁmjlsdliﬁﬂﬁu 1608 and 1610 |nd| cate 20 pil ot signal
transm ssions in each of three sectors A, B and C of a

ceII respectively. Thus, as in the Fig. 15 exanpl e,
Igtertﬁaﬁt @ﬂgsl I%gof6 ﬁlgq;é&%htéh%6 at £84%n8 Bﬂot]s@éigﬂ YWt £&Bmitted for each
responds to“one

sector w1th a null pilot being transmitted on the same tone in an adjoining sector. Also note the
use in row 1620 of what has been described as cell null which facilitates background noise

measurements.
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the first through fifth rows, 1612, 1614, 1616, 1618,
1620 represents the step of transmtting a pilot
wG@e@aalr77es t he i ndi cated tone in the indi cat edPGEUSING/005242

Wiile the tones used in each row are the sane in each

sector, as discussed above40-when each of the synbol

times corresponds to the 25 sane current synbol tine,

t rF?g aaGh a@hadk 1900 sHcwing B8 cldrfifpldnnesionisithilégo Fig. 16 with the
erent. However, en each of the first through

pﬂotsftrefnsmtgsﬁnb ehclt seatos baing dgsarfbed éma moe g¢nera manaepiigRms of power

level§ n"fl{eﬂgt N Riong Ill,?rﬁﬂo‘i hlg’lt ﬁl?ge (%l%(i;lg?alreff feas\&?{]lt(r)l ritgé\lgfgle 1? Iaﬂfbodlment with

each pil@MRIng tﬁan%ﬁlﬁﬁﬁifﬂttatcﬁﬂeéﬁlf sy@®entiméGn gRaass whbﬂeh:aeh row torresponds
pi ot being transmtted on the sane tone

to a daffigrontritangmissioncymbal pesiadotle therrase whereicach Blihedstsdgignals are to be

oo D5 BRSPS AR QS ggh kb

transiREzHob SR04 365 2ek2or bedi} dightly Bifferent dutbardspdndng shaktagtially the
a three sector inplenentation simlar to Fig. 16 with
sametspabolime e uteddn dhf QipeiFeFiRteach sect or being descri bed
in a nore general manner in ternms of power |evels.
The transm ssion of 15 pilots P1 through P15 are shown
| NA$ heh&Fip. 13 anédbesdamplat theipilots c@eth v 112 év vy 1716, 1718, 1720

e e s ST i e Rent concs. Wi
f ' 85 Mhsd B 1886kt @flumn 1702,
emg{ {}]12%@33 t% E%I%Ef%nﬁ;&? daa?g dtlﬁggerét SQ{I?Ogﬁtsl%e?t ed in tthe samsumn
whersvaniatbdnst insectot trareseniskiidif @memnis tdgenhmtb consideratiereeashaogiangle listed on

by oSSBT ST 0 Boch SEEL 6 DI el s
each %@@ IsL}]b%t@eﬁglaﬁFjly g@é}%agbiﬂgeanﬁ%eﬂéqgedu@alt i Qh@éaﬁ@ bf pRe{sek$nchidhization.

and exa§p he pilots of each
The pawer 1VEPofl &igh 4f the7ist thiongs, 15 pﬂots Pdrtbraqugh iid friarq sgresented in

pareqt@esa;?gfgg ?%qiﬁ?arﬂ%ghgsggn R%Jﬁqrgor e]IrS% S\&@\iﬁm s§¥rb Eésesﬁ%) Qéjm the Fig. 16
exarr{ﬂ% ARt RMA: ﬁéwé} 1@»6‘6 %@ﬁﬁpo‘iﬁéﬁhﬁhltip!ld‘lﬁﬁavﬂﬁdeéiﬂ@@ls fay be

fist colum 2, when variations in sector
suppotah ﬁhedastmwﬂ’lﬁe s>f Fg ﬂa keptiesenis sheclsansimdssion elnNBA&pilot signal

usmgz:tg?l% Sérg%%&l ()Lf%te 01&I . ané %géaoqr 1%% tI?eﬁrE\%r lgﬁe‘f { ?]ﬁlte%'éah;o(% signals is 0 in

eachthdges of 15 each rom15ubstant|ally over | appi ng and
being identical in the case of precise
synchr oni zation. The power |evel of each of the first
| ot [
pa 1&1?221&1&1 tgeﬁe? h cPard %’ESJO %pgv%ng Eﬁllgsr@rsﬁoﬁ 6P gﬁﬁg%ﬁ% different tones

durin® a su\/%‘lé k@mbaél t%ﬂﬁﬁﬁ@ﬁ&ﬁn@p&i@dain tie ng el ﬂn@plen‘h&ltatmn the 0 is used to
exanple two different power |evels are s orted
repraseit BBV ELINOWHSPBBRILS 6 éf SseF&Q TapeseRt JopiH Bbtisinglednown non-zero

transltr)rﬁsss%onrl\]&v_\\ieﬁggl %10'1?1' 19 n &%aélry éﬂ%? BhShd PSwdend At %ic‘ﬂrﬂata is

pi 1ot si tone in each of

transHREEDID iPuseB i@ dEaﬂClCZ 60 chi MQsttdn@tmamsnﬂsemlof datatineseof the

pi | ot S|%nals IS
sectors A,B and C. The data s1gnal 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
not shown in Fig. 18 during the illustrated symbol time. In the OFDM embodiment of the
present invention, in a given sector such additional data tones do not interfere with the pilot

tones since they are orthogonal to the tones used to transmit pilot signals. Fig. 19 illustrates a
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each case. Fig. 18 illustrates a chart 1750 show ng
the transm ssion of signals on 10 different tones
waleoongr7as si ngl e synbol transni ssion tinme periPC/US2004/005242
the Fig. 18 inplenentation the O is used to 25
represent a NULL pilot sighll, while a 1 is used to
represent a pilot at a single known non-zero
methéd Wﬁ%&@mg %\/Wi'felés@\t&hnﬂﬂl it6 Brdc8ssilofRdiLnaldegbioed fldaa base
e power level at which data is transmitted. Dis
statlou§é60,| whith echsnsmittgbintagcqriingstish GeprrsctiaraiogsThg received

..0of data in on rs. a
pilot SepfiSint 0 o siEha1) T B RbRuRy e RR b, et Maflemmision pover
Jeveld SMink eBEceiVing lﬂle‘;'lhe tdoinkXd va&iou® 8ignhieniedsuenaamts and computauons
therefore may not cause significant interference with
useful frs determiningvaEUSHOISHEPHRBBIPIHge 8 e Spdieroung; apifesas well as inter-sector
1merfnor nally transmtted in each of the sectors on
§34tY¥i onal tones not shown in Fig. 18 during the
illustrated synbol tine. In the OFDM enbodi nent of the
present invention, in a gjven sector ?sfrch addi ti onal

daIEh? meshed 13 saits inrﬁ@f’é’? rQsfed 82 apd progessts| alang g pegcessing paths
t19 h
begmt%}n%n\glrtrllﬁ %}8% f%(?l Egllrd cﬁQelg g?h% fW@ ?rrogtt%%glgtaﬁaths may be
1mp1@2ﬁ)eﬁl4éd)1ﬁ7pﬁfa$lel:’@'l'g USZIi)éi)dds@ %214:2mu1{191b piket bigdalt 800 different transmission
ratin Iess term nal rocess pilots.
poweg A 5 FUREHUBHIRRRHH B SEmbSL Dt gi 1 S0P ks PGP Where
19&%1% D1 dnRBuPHREH: pbW¥LRVEIS Ruring different

pilot g%%g%%ﬁgg ﬁgﬁu3| aeghﬁa;ﬁleupl | ot ngna s th aurlng et
symboﬂatrsmsharﬁﬁimmlmt:ed W th known different transm ssion

power |evels allowi ng the receiving device to nmake

various signal measurements and conputations 5 useful

f % s@e&t 1%@ b RelreY s 'té?Hﬁ’ndT‘ PBEEMENUs Yok Ofe ofnGmplitude and a

backg oun noi se as well as inter-sector

phase mﬁ efifsepidotcegnalithet wes trmdslrm@'bwgh gangmissios pawer Rbgeproduce a first

eSS BT Sl DGR PRRBRLLR s tsfy o s 150

a first Eﬁnﬁél i 1H91C%E bﬁugﬁygeﬁ@raﬂéd frdr @Rt @dadubed signal value accordmg
parallel, e€.g., in the case where nmultiple pilot

toa fstslgﬂmattmmﬂ, hwhdélf fisss @hkeastrsadémtg@w@medﬁtgn& valag g & igpat. The first

chaméel élualr?p/ cﬁﬁaégrlé\gaglgeq %\%gfaggcp?y ﬁu%%ft;@ngf; le&l%lfﬁ% é,f% ){a'ﬁlopﬁg &NR value or a
31gna$ BakENVAl@, k:Mrré‘s?oHﬁhng he sB@ kst keveRel pilothighar Sahctivavie rmay use other
levels during different synbol transnission tines.

15
signal megsuspmags 4nd/phethe nEarE8Eon ay PRI i@‘b@o%h@ﬁ g gasured signal
st _one .of
valuevaFll ge&ergaﬁgrg t@%%%%agh?ﬁ@ngﬁﬁpﬁc%tepﬁﬁ PR %rg&]bé ﬁogﬁeds from step

18066 1B12t o produce a first neasured signal val ue.
The first measured signal value is then used in step
1806. In step 1806, a first channel quality indicator

a#n Wep TR08° {cﬁtn":f%' otﬂtﬁgdi %C%I}égﬁﬁﬁ#’srt&ﬁlﬂl A9R&bme embodiments,

accor rst ch uses
the wafeldse &@inirfdil GO(ﬁ hfesiuremmmMe&f gnaimplialdeeands asé offusecond pilot

s1gr1a-|1- r\])v(?ncfhl vrv:?st transmitted with transmission power P2, where P2 is different from P1. The
measurement produces a second measured signal value which is then used in step 1810. In step
1810 a second channel quality indicator value is generated from the second measured signal
value according to a second function, 2, which uses the second measured signal value as an
input. The second function is different from said first function and uses at least the second

measured signal value as an input but may also use other signal measurements as inputs as well.
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20 channel quality indicator value generated by
function f1 may be, for exanple, an SNR value or a
wae@nal77power val ue, corresponding to said firBCT/US2004/005242
received pilot signal. Function f1 may use other
si gnal neasurenents and/ or4®bt her information as inputs
in addition to the first measured signal value when
In soifl€ BEbadiInRatst e skedreitchahwsl aahlits thaditdtyr vahsh gaerated/by the second
Qper ati on proceeds fron1step 1806 to step. 1812. 25 In
functiondpan SHB, valsi c@mremgn ding t9dhe sseppdipilef SE%%WPEF iy pther embodiments it
1804
isa Slfggl(?o%eggﬁl}lgs @g&% Q)cr)g&% rvedts%ﬁallvﬂ de angl%ﬂ'&l%aﬂo the second
pilot 8i&na. @%)@ﬁiﬁldn@tédét:ds feorg Redp 18100 «:dnsmpsSIZ ansm tted with
transm ssi on power P2, where P2 is different from P1.
The neasurenent pr oduces a second neasured signal
val léggvigllir{hé %&llﬁ[enﬁyte l &e%hrﬁg’élsq e 12286281 B8 vﬁ&l&s terminal
a 'séec hannée cator val ue 1 s generated
relatiVe @orehe nsee @emﬂoﬂm)aada[r&zﬂ fmng nmhsumchdu gml aelves dndigr otberzboundary

locat1§>g g&ggatgrg‘{na@té 1g£org1‘qtloli1 ﬁ%b{srs]e Y VgeEfg Hﬁ‘g{lt?\%ﬂ%%rgggy location
and/o?ﬁ ef [n? th109 cﬁéljafé fif 6% lgl'watl 5i2p 1814l tHdSHiTel s tln%ﬁﬁ&l 1300

asure sighal value as an input but may
gener@tes @ baaﬁdamy heatisn gmaiatom/ahmrlém;ﬁ s, savingpualye asrrve@bndmg to one of

WO 2004/ 077728 P 004 4
I e e T—
steps %@P@ EndBERY, L the BouhdiBy FREAOindidARE VaRR fidin QﬂéF 3'8“?4 operatlon

ue correéspondi ng to the second pilot signa
proceets ot thamsmétrsbapdi Fh6rieréin thd gengrassdyntdrmatore is tvaallsmetted back to the base
&% an indicator of received signal power,
statioddZPBspondi ng to the second pilot signal. Operation
proceeds fromstep 1810 to step 1812. 5 In step 1812,
the wireless term nal 1300 determ nes the | ocation_ of
t Hisemil 8 1 ipvslveetheitraasmissieh af thedirsiandmecand dhgrec] geglityindicator

o R TG e f P . T

alterrgl'tﬁé: BRwesines ard/shdveh WitR arselgad px‘b@ed@ﬁllgrpi&f ?yelhg) umdl inmny particular
/or other information generated in step 1812

lmplgnmﬁatml Afhte Higstiirpeassing p@tégqﬁgwamgl\@@ostiﬁcstg@ ﬂa%%oa%@senéhng with 1826

repre@alf%tg\ Ceg% Iﬁ ds%ﬂo‘ﬁ%%tg&n ¥%#ﬁ%€h§i§ I% Sé@l@ﬁl&s}%@g' e &cond

procé%ﬁ'n? @Bth]begfnnﬁb\bﬁh Btep W83Makchending with aeg 18¢@ omdespbadmelthe case
Ity values from steps 1806 and 1810, nd t

wher ddfﬂy@rrtynqsm@ RESTHISPGh £ ERSBHL Qﬁﬁh Qb thergrpay essages in this
4]
R AR AP AR My o

be co’iﬁlﬁﬁmeﬁed,ZOO. 15

In-step 1820, the first channel quality indicator value is incorporated into a first message.
Then, in step 1822 the second channel quality indicator value is incorporated into the first
message. Next, in step 1824 the boundary location indicator value is incorporated into the first
message. The first message is then communicated to the base station 1200 in step 1816, e.g., by
transmitting the first message over a wireless communication link. This is done in various
embodiments using one or more dedicated time slots of a control channel used to report channel
quality and/or other feedback information from wireless terminals to the base station 1200. As a

result of the dedication of the time slot to the wireless terminal using it to report channel quality
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Step 1816 involves the transm ssion of the first and
second channel quality indicator values and the
whowaazi7ys | ocati on indi cator value, e.g., as peeCT/UST004/005242

one or nore nmessages. Two alternative processing

paths are shown with a si /fl-e processi ng path being

used in any particular inplenmentation. The first
and ofePFREShADn PGhE WedbaEMGinik bh dsWbesdh et sbBRD waldot use the time slot.

ending with 1826 20 represents the case where various
Thus,ithfoughtite wa of dedieaedidiag slats BansiHgen Grasliciy are aypigied. Furthermore,

gver SRR PRS0 B S8R0 v v

may B8 gdnefaesit andB &S agREdan theusaelslor wittaus hating acsendtheadees or other
vari ous values. Messages in this _ context ar
informpficay ipdisedne Wheydhe peamas PhieluasyitifiarResatc: %m@v base station
I I
1200 %g(g%g &)[ Lbzﬁﬁés atn\ix%#%ﬁ‘;iglttl% utﬁ e&?/ .ng‘é‘%? ar\?zté ll}lél{f‘elgé E&}tain pre-
selecticd EQi0 hid Bprdseiitpe.g., ﬂrsrtsmd m&dghanneﬂ@mhty indietepali8? followed by
t he second channel quality j nd| ator value is
a twoitsrpeRTTleGPR Htisaier Yalue (TUoE 4gIounnRfaveriead g pheader
overh%gg 4l PR hﬁgﬁfﬁgésoﬁhd/(ﬁ%ﬁﬁ% @hn H@hﬁ'ﬁnhﬁed With the
ncorporated 1nto the rirst nessage. The first
transmE;Sﬁ)ﬁg)é theSgelnhtateda(amm havciag ddert completeth irs step 1 8269, @rpemzom returns to
in step 1816, 30 transmitting the f.
seps 1308 syl Sikat heatiner B BERE aCT R PR, Pifdhsignpls with the
feedbg oc@ss BntRHS | o loVENMe.USi Ng one or nore
ca e time slots of a control channel used to
report channel quali ty and/ or ot her feedback
Lon fromwre the

i nf or mat i S .
sasiopn s8ounicAgbRE P PRE P HIETEe Jubf HETRAGE ppghown in st
1816} %E@lrs‘\t|cH£nﬁquﬁa'T1%</%d[c%tcﬁ‘5v§hfe% HcBPordded Mg b Firdt endsefpel &.g., a signal,
annel quality 2004/ 077728 PCT/ US2004/ 005242 -43
whickaiscthert trarsniittédbiorthe bape, stasioném sigp ﬂ&ﬁ%s?,hqne mﬁtmil%%ﬁhe second channel
evi.ces t he sec

e S bRl ap oot bt ) hch i ransmited

in step1RBENTHS b@lihd@fy‘[ﬁ)bétﬁﬁﬁnébﬁoﬁv&lhﬁancd?p@ﬁfbﬁﬁﬂ@fe@ 1838 1nto a third
given that the ‘channel is dedicated to connuni cat.i

messpgey, whial ia thep dransitteidrip Srerise gation hDOaIsiERs] 8493%3% he case of the

rated and tra MLt
com ERFRELEE QNSRRI e e Rt B s plhbARl o s 1632,
1836120611840 hiag be@hsrhited Teiag IdB@wﬁtEd Edfgtndﬂtmmmm chainelededicated to
are. That is, the base station 1200 knows that v (51
the commusivatiendf fepdhagk mfprmatioy BFreHeN pr@ﬁ%ﬁﬂ%émr%ﬁtéptlg‘* to steps 1804
o 304 AL ach ST AR B SRABREDH nd reporing
inforMatio@fo thebhewedionyl 200 répsatifg dvepoimedar y | ocati on
i ndi cat or val ue. Thus, the anobunt of overhead, e.g.,
header overhead, used to transmt such nessages
angdl0f. KAUGS a?ﬂ%@vcﬂ%‘t THH0 {ﬂuﬁg&hn ﬁ@thbh%f% eratlng base station (BS)
trafsmi-ssion o enerate a% ues havin
1200408 apdceiade i\nrﬂthshepreiﬁﬂ GSnvem:lem &tg. oo trapsmitipslot '@nesmeb@ receive and

1804 and 1808 wh
procse fEedPRct 1ngqné1ﬁgqn§ rq?ée{t‘q{?ril%et%e pror\?ve Plevel it r\}vth?chatoetransrmet £ 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
pilot signals into each sector, e.g. SO 1106, S1 1108, S2 1110 of a multi-sector cell, e.g., 1104 at
the same time in a synchronized manner using predetermined power levels and tones such that

the transmission of the pilot tones into each of the sectors 1106, 1108, 1110 of the cell 1104 use
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f eedback process continuing to repeat over tinme. In
step 1830, which corresponds to the alternate val ue

W@ e@nsm7ssi on path shown in step 15 1816, thePET/US1004/005242
channel quality indicator value is incorporated into a
first nmessage, e.g., a sighhl, which is then
transmtted to the base station in step 1832. Then, in

the sathéERet BRfed HiRI £6GaRGNIERARNGIbstafilialy thY shiéltigRte eadtabfUBe sectors
I's incorporated into a second nessage, e.g., na
1106,Hi08n1119. tFrerismsmission of pilet topeslig36p 1604 mmﬁzrmea under the direction
acation, i ndicator,val ue i.s incorpor.at .
of the e SigRl sttt 8b lEn T iadih tEY REHRe 1230 Rk BRlor B power level

info 116 aRaseheShRt 1238, O3t b pricedtis 184Qp 1966 ivheteBS ¢26Ereotives
the 20 conbi ned nmessage transnmtted in step 8126,

t

messiged ifpyaidpashess wielsss teandal (WY 1300 isclidingigga 2 Set1<8f§é13nnel quality
840

P T o

positidh nflﬁﬁﬁ@tﬁﬁlk THef B¢ 9Bdds @re reCiieedtnden ther direeds of the m:c&i\eri signal
1840 to, st egs 1804 and 1808 wi th the processi ng o

procegng Fating d 26hinchisisd ik base sEion dR0P nioiiemt 1 4n therSe Sation, under the

dlrec{lgrp of {haﬂlgel g@ghty H&Qﬁt%lﬁ@e{t&ch% n{éﬁgf\;\ésﬁgé 95&% 2098ast two

mfferkﬁﬂcﬂlahhél Unhligtihdigatar Vﬁﬁeh;o]dZ.SOf e.gpéroat i sigglbasasageatr |fmnn multiple

BS 1200 i n accordance wi.th i nventj on, )
mCSSégeg?r?ceé\@dtfmgmifeleﬁﬁ Fesping)}dQ0 éﬁaoms efngeéw@ b &hannel quality
o088 AR ORI et B i RN it
indicstbﬁr/ziltiem.ré imchidepn hQﬁ%le/\ﬂmessaget fromba W’ 5308t iNmxt,120®pi 1910, the base

wered on and_operation I.n 30 te 1904,
saticf LADD GRS s Al PO B MO R BerIE o 14 epigts location

mforﬁ’l@ﬁ@rpﬁﬁm]tgpéved medsh Séf‘gt %oulmak}ggos'fﬂl(gﬂﬁhﬁaﬂoﬂ YRuB&@hicating the
sect or, 110 Si 1108

posmmldfua-vamuse rter(mildl 1380 Glative104 betndarhién & amétﬁseq’t@r cre&i érhls location
synchroni zed, manner erm ned power

inforipAROR GHE e R EmEHOTC D ArisTp S8 BT IGHE Eiferagr Db ey have been

1ncluﬁ&p§13a ﬁl@§s9geeﬁ§§fﬂld Bfo dhBfned 9&51&51%&3@& s valddd8Thid 1dQtief irifbnation may
cel 1104 use WO 004/ 077728 PCT/ US2004/ 005242 -44

identifl evhs&we tkseWTolf?)OO osesar anactar bolxnriam pnd idegfifytwhich the sector boundary,

e.g., %%g%%yafgc%é ac ?or% &1 1§E? g\bel OE tr IFE%’%.@%?&% g&@er dependent

interfeb@le ﬂs%‘ﬂng &cﬁ%cf Geoi b@tﬁﬁl@fy f&lftﬁnﬁtlbﬁ @ittawed foémtrb&ived messages is
pilot signal generation and transm ssion contro

stored dusedctne bopddrry spsigopinfemationd 2pdieBS 1180@1 i nfo 1236
and tone info 1238. Qperation proceeds to step 1906
where BS 1200 receives 5 nessages fromat | east one

W PRk &sisn g tBIsppnidll 2 tW})asbi?s(fkﬁwnﬁlQDOmmi@r the. djrectu&n sfakangfission power
channel quality indicator valu irst and
calc@afmrmuwalr?ﬂ@cakfubﬁrq&fgpm Alest 7 e IS‘EFé’§d Caﬁaw& glelify indicator values

1250 Y rﬁgo%rny of {3 Séi‘nﬁ% Ech Egﬁeg g«%q%gﬂeﬁ a%ﬂ@va@&%ﬂgf ﬁ‘zﬁ% nfnse ratio at said

cei ved un e recelve
w1rel@§s°t@ﬁ§1&‘ahln13300<ﬁdm hichXalll finchddedondchaase qabltyi 1ndncﬂiﬁf)@alues 1250

werelrgce?\tze%p Ir} 2‘{%3 19t14t] (?theb gz?s% stsattlgh Isgl{]edullé? 9nodufeh1 225 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
schedules segments to the WT 1300 on channels with transmission power levels that will result
in a received SNR of the WT 1300 exceeding the minimum acceptable level for the data rate and

coding scheme used. In sub-step 1918, the BS 1200 scheduler 1225 makes decisions for the WT
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20

direction of channel quality indicator val ue

extraction nodule 1262 extracts at |east two 10
waledoerees channel quality indicator val ues 12BOT/U82004/005242

froma single nmessage or fromnultiple nessages

received froma wireless t&nminal 1300. In sone

enbodi nents each channel quality indicator value is

1300 bﬁheé of RB@bAbSINABRS SRERIon [infosd ttsn EXHROEic/ e zSWlUBOQQHeHUfICd as
channel quality "indicator values are include in

beinggieaigh @cmb@a@@ry,rham gatjgn §209ssigasghanpe] segmpnts 91616 WHel300, with

o r SR LB SR 9 ey o

Proced@ink id Sepao2mmBY 1700 tfﬁ@ﬁnmd2ﬁﬁ&a@@mas. signa). wh1bl®nnu§ianqlude e.g.,
osition indicator value, indicating the posi

user datag) 34| thasshas beor onspderIRORIcE e 12406, WEic derion ﬁlangh%g routine 1228
s U PRy RN, 4358 1 PR R T Pt ks o
chmnﬁﬁquﬂﬁyﬁmﬂﬁﬁﬁ\Mhﬂ@ﬂﬂﬂ@ﬂmIWm@Iﬂﬁﬂﬁﬁge i ncl udi ng channe

quality i ndi cator values. This location information

identify whether the WI 1300 is near a sector
! | o i ted. B

sl bt iy U sl gt . s

statioh @260 wall be repestingsihe manﬁmmmg pitpeizielstin ajsynabrdréreshipentes into each

JICE TN HEE S e .
terrmﬂﬁ§ '150(593 %dyrbf ﬁ& G4 ggs heRAidgseBst ddfRe] JRhRGeRMLasr VAlues 1250 and

e bas€e station 1200, under the direction
sectonbom]rlanyspusﬂmmonfopmmn 1253 at difarenittings andlor diféerartaates depending on

calculates fro st first and second chann
factorggurh 106 S By e lsSy RS dh ot TORL sleep.
transm ssion power required to achieve a desired
S I’ﬂ{éqh oﬂ‘i’é él?ecié'x.‘lt foOardbn agsé’thgr th¥Meh Sh&Send 1%Edfﬁb‘1‘@fneél%9@such a
m% R'said first and second “channel quality
memd)ﬂydd:(ﬁﬁlbamt digkd, wes intAEng meclkkne ewutabht 1n$trucstt>efp e@ls&bftware modules

t he base stathon schedul er W%?%F erates d
or CORERBLS JCHRRIHOTE TEETSF RS FT PHE® () PeBPIpER NG if gocordance
virfoRs BARE sérﬁfoho IV 23i0uS £ae a6 6fthe method
Wﬁh%ég%jn&%éE%%EC|S|oﬁgﬁﬁﬁviﬁﬁe WI 2300 based gn e meto®
and agpiretusiofi grt 1@@&0& cegn be B®dia@Ovide mq ©of g@ng@gmﬁplgs gygtems

R NS -

exceedi ng the m ni num acceptable |level for the data
rate and coding schene used. In sub-step 1918, the BS
1200 schedul er 1225 nmakes decisions for the W WO
2004/ 077728 PCT/ US2004/ 005242 -45 1300 based on
sector boundary position information 1252, e.g., for a
Wr 1300 identified as being near a sector boundary,
base station 1200 assi gns channel segnments to the WI
1300, with correspondi ng channel segnents in the

adj acent sector having no transm ssion power.
Proceeding to step 1920, BS 1200 transmtter 1205
transmts signal, which may include, e.g., 5 user data
1244 that has been encoded by encoder 1214, under
direction of signaling routine 1228
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at a scheduled tinme to said W' 1300 usi ng transm ssi on
power determ ned fromsaid at | east two channel
wa@eakioty28 ndi cat or val ues 1250 t hat were recei REHUS2004/005242

Operation proceeds fromstep 1920 back to step 1904

and the nethod is repeateet6-Base 10 station 1200 wil |

be repeating the transmtting pilot signals in a

WhatSyfehn&aniszed manner into each sector of the

multi-sector cell in step 1904, on a regul ar basis.
However, different wireless termnals 1300, nmay send

ﬁ:' %o%z%fgrcalg?{gh{l 12%@ ?c%trt CS)EQ 'ﬁﬂﬁ 1- sg&&l{ %eglxin%:lﬁgfgl%raragﬁa%tna first sector

and aké&vhdakctdt, frheseebhd §dct‘@®eﬁlgd6@tedjacf fcenesaid fist esctor, the method

dependi ng on factors such as the state of operation
comprisi@ginvi rel ess terminal is in, e.g., on, hold, sleep. 15

The Loy iAo t  first pilot

na%aﬁlsrr%t? H%agﬂﬁl Sl fgﬁ %ﬁgﬂg%rsg%gﬁcg%%%r’fge% féltr?p a}f:}tﬂﬁo ie a first pilo
signaBhiding M€kl Prargelevait-asmessnytoataireandnst ruct i ons, e. g ,

sof tware nodul es. or cormand for, controllin

o REOEBEHRE GG i ACPRE.ah 6210 SeFoRGSHR B YEEEA FrgoRchsymbol time,

ra ERERI Aot sipRaMBfviRUSseBBAD B -selected

whicEGERBERAR f s R On' FROR Ao bR IR ETRAD R sele
transiisioag®we? Whiohds diffencra from sxfid filse preasedertddomansensshm paveat.

in a wi de range of comunications systens including,

but not being limted to, OFDM CDVA and ot her types

of i GALILANS, WHSLETRe sdibhd PRALREEAABansmission power is zero, said

PHFOESHRY FEbR3, FHGLRTH sobthe PR Rnsmission po
secondgtitvo teinf atNE@hEmpilot sigmplpi | ot tones in a nmulti-sector

cell including at least a first sector 2 and a second

sector, the second sector being |ocated adjacent said
3. f'ﬁ?etmétﬁg&efclafnh@ fiRhB0bndrR@EPr i sing: 4 transmttlng

using a first tone, in sal'd first sector during a

f |trasllsm$tymg,olsutg mgecend fonsin shiddirst sgcter g hrdrgmpol time a third

. re-s cted.transm ssi on r: and6'
pilot ?%3%5}}??’(% h “8[%? ﬁeéecé%$t8a¥W%sf0q W\A@ ¢ sai d second
S ec%hﬁfmt‘ﬁﬂ?' aﬁ?éé@@x@ﬂ &yehn |sa1t1|s€@)nd séctontdgringoy ﬁfuh‘tﬁrs?mbol time,
said firs ol time, a second pi | ot S|gnal havi n

whick eeertaps paig- thledl svrnleal tigng; ﬁéwgrh Bkt siEnpdieinghiowEhinge-se ected
d| ffer ent fr I
s s VR A B B ARL S LRA SR Doy

pre- sel ect ed transm ssi on povver is zero, sal d 2
second pilot being a NULL pilot_signal. 1 )
4. meTheonedpd of glaim 2, wheretnraid seeopst p§isslgeicd t‘EaP%TH@ﬁHOPtPPWGI and said

. ol rst sector during a
th1rdlpﬁeis?%0tedixglﬁ§)lﬂﬁ81gg BSW? ,L;{}eg?é S%n{pl | ot signal having a
third pre-selected transm ssion power; and
5. The method of claim 4, wherein said second pre-selected transmission power is zero,

said second and third pilot signals being NULL pilot signals.

6. The method of claim 1,
wherein said first and third symbol times are the same; and

wherein said first and second tones are different.

7. The method of claim 1,

wherein said first and third symbol times do not overlap; and
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4 transmtting, using said second tone, in said second

sector during a fourth synbol tine, 5 which overlaps
w@aiod/ottes d synbol tine, a fourth pilot signal PEUSIVG4/€05242

fourth pre-selected 6 transm ssion power which is

different fromsaid third-gve-selected transm ssion

power. 1 4. The nethod of claim3, wherein said second

Proh&eineeiElst £RN@BbES0A8: RO saakd said 2 third

presel ected transm ssion power are the sanme. 1 5. The

nethod of claim4, wherein said second pre-sel ected

n Si,0 over i S 7€ second and third
8. o PR Pemgnar sRp ey Rt Bl e o 6 "The
net&i}@ﬁu@fngclhsmgﬁ fhird2ond) & &iid fisdisebtdd dusingantifti bymibl time a fifth pilot

) ﬁnbol times are the sane; and 3 wherein said first
signab havisg e difth nremelscisd srapymistipeApweriand The et hod of

acBitod VAR SAuRE i o S5 5nt Becioh AR s ol e
which 4ﬁer$apéhﬁfd€ﬁffh syaitsb] finfeS b sixrtpide cipmel havivessand ffth pee-selected
same. 1 8. The nethod of claim3, wherein further
transpBHA BAWR§: 2 transnmitting, using a third tone, in
said first sector during a fifth synbol tinme a fifth
pilot 3 signal having a fifth pre-selected
9. trahsmetndof chowes whereth shid seaosdyithitd awy fifik pregsedentedl transmission
third tone, in said second sector during a sixth
powery psdhe 83e, 5 which overlaps said fifth synbol tinme,
a sixth pilot signal having said fifth pre-selected 6
transm ssion power. 1 9. The nethod of claim 8,
10. whEhemetlmdiof chem@nahete saitl saednd pretselqoted-teankmpssiog power is zero, the

oot B O SR B g ™

transm ssion power is zero, the 2 second, third,
fifth and sixth pilot signals being NULL pil ot

11. si'ﬁh@h@thoﬂoitlailﬁi&a mst hod of claim8, 2 wherein said
fir ec and .th nes are the sane; and 3
whe %Iieﬂl %aécfﬁrsf’lspcéqnd 2 t?‘Hdg?ﬂfsﬂef S%I%’ba times are
di fhelefi¥aid firkt, tird Iﬁtﬁﬁﬂﬁ%ﬁﬁﬂomfm@a@é iffererd. Wher ein
said first, third and fifth synbol times are the sane;
and 3 wherein said first, second and third tones are

dl IFflee {n% od of claim 8,

wherein said first, third and fifth symbol times are the same; and

wherein said first, second and third tones are different.

13. The method of claim 8, wherein said first, fourth and fifth pre-selected transmission

powers are the same.

14. The method of claim 13,
wherein said first, fourth and fifth pre-selected transmission powers are non-zero; and

wherein said second and third pre-selected transmission powers are zero.

15. The method of claim 8, further comprising:
periodically repeating each of said transmitting steps to form a pre-determined repeating

sequence of said transmitting steps.
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1 13. The nmethod of claim@8, wherein said first,
fourth and fifth pre-selected transm ssion 2 powers
wae@spimzsane. 1 14. THe nethod of claim 13, 2P@NES041005242
said first, fourth and fifth pre-selected transn ssion
powers are non-zero; and -33wherein said second and
third pre-selected transm ssion powers are zero. 1 15.
16. ThEhemtthod of tlath dRnfuBthef eombprésingconpri si ng: 2
perlodlcall atln each of said transmtting step
{ oIS R A e QLR ek 1 SHG et Aeptor S Bgesuenth £ B kfime a
7
seveﬁtﬁ %ﬂ%f@l%ﬁdl 'Bﬁvﬁ%g @Ev 3%1%23:3%%%& f%a%élg)f) éﬂr a%g%%&qg ﬁ?fferent from
said fifth pemsdéctdd umgxsnnmamg)oavdrmndt h tone, in said first

sector .durin h synbol tinme a 3 seventh pil
o GBI s -RE B oY 81 i 8550Bd Seclon (oG N GRENS Symbol tme,
whicROYEapshhidRel il frisdiemhe, bh @MBhifpitdisthnbi favin hth
1Cpre gg*gcﬁeg traﬁ£n155|g%apog%hmP%ngg% transhy mlm? pre-selected
transpgdsrag pavied wihaclr is bhet s, asisaidsseivehtls pmexmbmhrmrmmomwer
an eighth synbol tine, 6 which overlaps said seventh
synbol time, an eighth pilot signal having an eighth

17. Prens@b@el 8fclafn tgansm ssi on power which is the sanme
as said seventh pre-selected transm ssion power. 1 17.

Thwhereintseid fiyst, s¢coinda thgd apd feihetonessaae diffarenst andsecond,
th| d_and. f.ou re differe and V\,hereln
| NG o bed. SR Ere L LGRS b A e SRS B o

the same. 1 18. The net hod of cla|n116 2 wherein the

first, second, third and fourth tones are the sane;
18. anbhesmoihed of plaimilé, first, third, fifth and seventh

Sy\m?v\h thgﬁﬁtas :iillrglﬁr ourltu%hgo% sallget]tie%? Qgg f claim

ere n Vhe Si X | ect ed

t ragain$aidditst, thifl Vigthsind kevenktes yeoe tindes %ﬂa diffeeenfret hod
of claim19, 2 wherein the second, third and fifth
pre-sel ected transm ssion powers are zero; and 3

19. yy%e;p&hw 6 S 15 Wisdreintid fifﬂs& fgﬁ%gmanggﬁgg&g@a%,e% transmission

I'nes are the sane.
powetHarefther dalner conpri sing: 2 repeating each of said
transmtting steps according to a pre-sel ected
repetition pattern. 1 22. The nmethod of claiml1,

20. \/\hﬁ{&h&hggbpd%ﬁ&g sector cell further includes a

sect or sal
wherein the second, third and fifth pre-selected transmission powers are zero; and

wherein the said first, third, fifth and seventh symbol times are the same.

21. The method of claim 16, further comprising:

repeating each of said transmitting steps according to a pre-selected repetition pattern.

22, The method of claim 1, wherein said multi-sector cell further includes a third sector, said

third sector being located adjacent said second sector, the method further comprising:
transmitting, using said first tone, in said third sector during a ninth symbol time a ninth

pilot signal, said ninth symbol time overlapping said first and second symbol times, said ninth

pilot signal being transmitted with the same transmission power as said first pilot signal.
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2 third sector being | ocated adjacent said second
sector, the nethod furt her conprising: 3 transmtting,
waeiging7s2s d first tone, in said third sector ORCT/I§084/005242
ninth synmbol time a ninth 4 pilot signal, said ninth
symbol time overl apping saft®-first and second synbol
times, said ninth 5 pilot signal being transmtted
23. Wi Tl mbihod afrelatm dnsiersil id polesects ceRifgktdr istludsslaahird sector, said

n 4/ 077728 PCT/ US2004/ 005242 -49 1 23.

thlfdﬁ‘-ﬁg ﬁ%@é%vg%tﬁ afliarent $21d REcomdisacten the wether further GpPmpEsing:

f [ .

ey A C LT Iohg, B el SRSk ¢y A BTk Bl time o ninth
signaﬂ lwhublers aemb cosirolgnd Satarpales sighli segd ningh sygnisitiche ovestapping said

d?ﬁ a}??thlrd sector during a ninth synbol tine

f1rstaan eﬁ‘? SYJR0{ B which is one of control and data

pilot signal, said ninth synbol tinme overlapping said

5 first and second synbol times. 1 24. The nethod of
24. cIBﬁleranmpdbﬁclahEQZ,cﬁurﬂJcﬂ conmisitg: t ransrri tting, using

i d ond tone,.in sajd thlr tor rin
o ST ERRRSLTE 51 RfipRT (5P iGN Seeton i e ! e o
tenthtpiloBsiONA! dadPRh MG yeioll tihda dvgﬂ@;ﬂﬁ’né Q4 tHiraSarehh | bﬁfﬁﬁ@l times, said
said 4 tenth pi 'ot signal being transmtted with the

tenthpalebsignal heivigd enemitpdweith te seme drandmisgloppbwer asi sgiththird pilot signal.
25. The nethod of claim 24, further conprising: 2
transmtting, using said third tone, in said third
25. SETiOmetdbd bNdlaibi 2¢] ket ddngyiEhet time an 3 el eventh
pi l ot signal, said el eventh synbol tinme overl apping
s Aransmiting, using S:‘)i@(‘thkfdé?lmm saiq thetsl seatos drin gareslevansh symbol time an
eleveB{h eé) Jot 3 g%?la Gal{? & e@gnthr %ﬁ] t&%%yé’ﬂa&)tﬂ{q%gﬁﬁltg %Ii(fl sgétr}rxesyggbol times,
said élhﬁ:nfh }f)lld’t sfunet Ee&ﬂl@ﬁ‘h@@uftécﬂﬂ&maﬁ %le@ﬁntﬁ@i‘@—ﬁelbk&@&itrhﬁknnssxon power
transmt the fifth and sixth 6 pilots. 1 26.
that 1%@%@6@5 the fifthpressel @Eﬁqt%ﬁmb%%mogqeh gsedgo ﬁ@flﬁr@ﬂﬂ]@%ﬁﬁb and sixth
Jepeating each of said transmtting steps. 1 27. A
net hod of transmitting pilot signals in a nmulti-sector
cell, the nmulti-sector cell 2 including at |east

flrst tE%ond an third sectors, each of the first,
26. f °¥ﬂﬁ%l SJUFBFLCORISEE’ 3 | ocat ed adj acent  at

cond and third
cttcc))gfsa | Petspg go&lg?%% %gkﬁnﬁgﬁ{é‘&tﬁghpri sing: 5
transmttl ng during at Ieast a portion of a first
t on first t in t
7. ¢ 7K e Fgimosifing les fiuiiin @ adiset @houd Bk sor cel

1ncluamg QRhst fﬁs@s&%ﬁ@%’d ﬁhﬂd%%ct%fsg%h Rthd 88t kol QM ird Bectors being
second sector using a second pre-

located adjacent at least one other one of said first, second and third sectors in said cell, the

pilot

method comprising:
transmitting during at least a portion of a first symbol time:

a first pilot on a first tone in the first sector using a first pre-selected transmission
power;

a second pilot signal on the first tone in the second sector using a second pre-
selected transmission power which is different from said first pre-selected amount of
transmission power; and

a third pilot signal on the first tone in the third sector using a third pre-selected

amount of transmission power.
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9 selected transm ssion power which is different from
said first pre-selected anmount of 10 transm ssion

w@oaey77amd 11 a third pilot signal on the firBCT/USIV64/005242

28.

in the third sector usi ngwg third pre-selected 12
anount of transm ssion po P- Wb 2004/ 077728

PCT/ US2004/ 005242 -50 1 28. The nmethod of claim 27,
whekemgthof of £lafm 27 awHerehi thel fipyt end dlistpredelrnedrn®uafs of transmission

r ] Ssion, 2 .power are non-zero and are the sane. 1
powéfé’?yﬁ@éé?’rr%taﬂ%amt % 'm 28, further conprising: 2

29.

30.

transmtting during at |east a portion of a second
synbol tine: 3 a fourth pilot on a second tone in the
f i Flag methed of clagn g, ﬁlrﬂléﬁﬁqmprpﬂr%sel ected 4 anount of

IR AR R B Rl b Bt e

anount wfout‘ﬂhqﬁlﬁﬁbﬁ 8 ls@fd)nﬂ QRS in st st iudind aoﬂohﬁh fp?hnselected
the second tone in the third sector using said f

prEB0UHYt OE {rappmigsiPRIMes of transmi ssion power. 1 30

The net I a n

second o pfioftdsectndipliFife ol feclirighgd s pro-selected

f i ansdunt bhirabnadsdord pawdrhaml | ot signals are transmtted

with the ,stt%rre amount of 4 power; and 5 wherein said

second % fix{piloh an geseronst tPB@ ingthg thirdssestos UNIDR saigi fife pre-selected

Si GRRng { 4 Ah 6 zero power. 1 31. The

met hod 8 ' grlmnswtl l-glgov}%urther conprising: 2 transmtting

during at Ieast a portion of a third synbol tine: 3 a
enthgéi ?tl on third tone in the first sector

us}}? 0 P02 2%r e-sel ected 4 anmount of

tr@ﬁ&&h%&ﬁ@ﬁsn%\&%ecm@ s?'ﬁlb%l GREaRIhOLan@D the third

tone in the second sec usi ng an ei ghth pre-sel ected

6 velraseintsaidffirsty thislandSoanth pidevesignabrate #amsmisttd warthe bandamount of

the third tone in the third sector. 1 32. The net hod

powegald) i 130 wherein the first, second and third tones

argheildih s gid@BEordTtth z?nd’%@th%hl@t & Q&alé‘ e NUBEGABLsi8fds transmitted with

third synbol tines are sane.

ZEero power.

31.

32.

The method of claim 29, further comprising:
transmitting during at least a portion of a third symbol time:

a seventh pilot on a third tone in the first sector using said first pre-selected
amount of transmission power;

an eighth pilot on the third tone in the second sector using an ei ghth pre-selected
amount of transmission power; and

a data symbol on the third tone in the third sector.

The method of claim 30, wherein the first, second and third tones are different and

wherein the first second and third symbol times are the same.

33.

An apparatus for transmitting pilot tones in a multi-sector cell, the apparatus comprising:

a transmitter;
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1 33. An apparatus for transmtting pilot tones in a
mul ti-sector cell, the apparatus conprising: 2 a
W e@asmi7eg er; WO 2004/ 077728 PCT/ US2004/ 00524 2pPCF/532084/005242

means for controlling said transmitter to transmt,

using a first tone, in saidlfirst sector 4 during a

first synbol tinme a first pilot signal having a first

pr megs| for tadrdlimmsind gaisomtigraneransmandusitg arfigsn sorfepin said first sector
sai d transnlttF%ato transmt, usjng said

[1i.n
durify G157 PP A OGS BUBE S Bt 8tk peleried alsgHEpIon power; and
SymMs fbt E%tro‘ﬂ‘i}ig:ﬁlc?ﬁf%shﬁﬁ& t8 Haflsrhit rl?sg\gsééf@ﬁfsf Ednge%; s3id second
second pil ot signal havi ng a secon re-se
sectar daringr seiood smmhe’rtlmhl wiiich eveatlapt i [ﬁnrstfsymbohtamd & decetd pilot signal
re-sel ect ed transm ssi on power. 1 34, The .
havi ?)%?Cg? Breosreleé?e 'tFﬁné%‘}SSPE}rHOWé’? Wvé\leéﬁﬁldﬁ %éf?eﬁa?&%"%%lﬂ§1f%té\fe'selected
transe@&idddwedrg said transmitter to transmt, using a
second tone, in said first sector 3 during a third
synbol time a third pilot signal having a third

34, prﬁég%p a%lgs %ftgﬁﬁaggﬁ%ﬁg e{ggomgr 4 and 5 neans for

con Prigjhg: ng sai d second tone,

i nrnsaiscfoﬁ@tﬁﬁitbdufgeﬁlcwrarﬁnﬁiwrltﬂ ﬁraﬁ‘sﬂ‘]ﬁ’ Wistrly 2536081 tohk rfﬁasmd first sector

whi ch overlaps said third s time, a fourth pil
during; aghigfl syabeligme 7 third mmtmnp{@vm abirddre-pelpated g@m&mmssmn power;
and Power which is different fromsaid third pre-selected

8 transm ssion power. 1 35. The nethod of claim 34,

whaie gris fors@inthofl Bposail] A nidreedigdsaid s4938Ad SheOit sARVREONd sector

and_said 2 third pre-selected transm ssion power are
duringdourihsymbol tlme which overlaps said third symbol time, a fourth pilot signal having
a fourth pre-selected transmission power which is different from said third pre-selected

transmission power.

35.  The method of claim 34, wherein said second pre-selected transmission power and said

third pre-selected transmission power are the same.



