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noise, self-noise, and inter-sector interference. The background noise may be classified as

independent from the base station’s transmission power level. However, the self-noise and
20  inter-sector interference are dependent on the base station’s transmission power level, e.g. the

transmission power in one or more Sectors.

One method typically used to evaluate the condition of the communication channel is for

the base station to transmit pilot signals, which are signals typically transmitted on a small

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

30 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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channel quality measuring, evaluating and reporting that will provide the base station with

20  sufficient information to obtain the wireless terminal received signal SNR as a function of base
station transmitted power. In addition, to support improved and/or more diverse channel quality
measurements, new pilot signal patterns, sequences and/or pilot signal transmission power levels
which can facilitate the analysis of self noise and interference form other sectors of a cell are
desirable.

25
SUMMARY OF THE INVENTION:

Improved pilot signal sequences which facilitate multiple channel quality measurements,
e.g., through the use of different signal pilot transmission power levels, are described. In
30  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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feedback mfonnation from the WT, to predict downlink receive SNR for the WT as a function

of the signal transmit power in the presence of signal dependent noise. Feedback from
individual WTs, in accordance with the invention, normally includes at least two channel quality

20  indicator values per WT, as opposed to a single SNR value, where each of the two channel
quality indicator values is generated using a different function. One of the two channel quality
indicator value generator functions has a first pilot signal measurement corresponding to a
received pilot signal having a first known transmission power as an input. A second one of the
two channel quality indicator value generator functions has as an input a second pilot signal

25  measurement corresponding to another received pilot signal having a second known
transmission power which is different from the first known transmission power. Each of the
first and second channel quality indicator value generator functions, which may be implemented
as software modules or as hardware circuits, may also have additional inputs to those just
mentioned.

30

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

A
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20  or known, but different WT's may receive signal with different power. Since the isolation

between the sectors is not perfect, signals transmitted on one sector may become noise
(interference) to other sectors. Purthermore, if each of the sectors is constrained to transmit
identical or nearly identical signal power (or to transmit signal power in a fixed proportion
across the different sectors) on a given degree of freedom (e.g., time slot), the interference from
25  other sectors to a WT in a given sector has the characteristics of signal-dependent noise or self-
noise. This is particularly the case when the interference from other sectors scales with signal
power which occurs in embodiment where different sectors are constrained to transmit identical
or proportional power on a given degree of freedom, e.g., tones in an OFDM multiple access
system.
30
In 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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One feature of the invention is directed to the concept of a ‘sector null pilot’. The sector
nul] pilots can be used in a sectorized cellular wireless system to estimate the noise at the WT,
20  for example, when the WT is at the boundary of two sectors and the scheduling between the
sectors is coordinated so that the WT at the boundary does not receive any interference from the
other sector. Sector null pilot can be downlink resources where one sector in a cell does not
transmit any signal energy and the rest or an adjoining sector transmits regular, .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
30  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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combination of statistics.

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

cell is divided into multiple sectors, some or all of which may be sharing the same frequency

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

30 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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t erm nal makeh ateadance vetht the piveation| @ witletstermibaldndkese meatureremed ofadlepsitited

si gnals, ich were transmtted at different fipst d second ,pre-sel ect ed,
and"c hus iR oS bl R, A wedk reoER mEFen i B85S B iersiog

noN- Zer 0 aROIEE kddWE powe168vels. tmnw‘ga@élqev be,@%ea ledzRh Qe Johek@RelOt her
| e there being no nmandatory regl:]l r ement

power |evel conbinations are possi anc >
t hat one apbhiEansmission powenleyelral zergwatthough\ptter pawier lgval gembigptics geposy

nmeasurin . j . Dl i i C | ASt nction
1o pr oau st foShal R Waitb inaf bl e S BRRCERRG ol el TREVICT | OF
si gnal vabtamed fbmi medudingothe finse ageivedpildthignalde prodessatley a fickt fiinkiddn ®ipgodnce | S
processed second f.unction ich is different fromthe first function,
SRS i o Bt e A U I R Y AR L SREE T R g
channel  gieaduhny theneédnatredeivalpilBssigafistpratassdll by 8 dedon@ Mirfchen WHigH 8 Ardr&itm nal
to the base station. In sone enbodi nents are transmtted in a single

t he

nmessage iem tae fipst Bmpign, &ménwgon@wévmgkqt&ﬁ@yipﬁaﬁgm@% dTherfirsteand seqoad
nessages. 26l i iLndi cad I . A, | yes or
bover a8l G iRl aldel ale Mg GRS £U HERiPRY BiinipBof e vRbl Sty 62
may bot h strae cibbidivedts ey am@jradsatitiedie apmglermesadggaehiledn otheeembydilentsthe SNR

val ue_and one a. power value. Qher types of. val ues al so be u as the
Rt Py AP ey e e R B L e 7 A Lt Rt
20 In SOWu@J@%WB@M&sI !Iﬁué{\l'h%tedhﬂ?s&%ﬁd Eﬁa’ixp&leﬁﬁﬁﬂyQﬁHiEﬁbﬂaidé@n{aS) bBthIRCt or
boundary and reports this location information to'the base station. The

| ocat i on SNRf eatupsimhashbatls be ppisertveliies, 6T prramapbesen SNRVRYA andhes 7 pQYGrivalded ocat i on
i nfor mat cftter 'tycpepgff \;ENels %éyrﬁls%%@'lfsé&)é}: tﬁé)cl'fanﬁel Eﬁfl\ﬁitﬁ; mﬁ:lr values with SNR and

power values being exemplary.
20
In some embodiments the WT determines its location relative to a sector boundary and
reports this location information to the base station. The location information is reported to the
base station. The reported location information is normally in addition to the two channel
quality indicator values is sometimes sent as a separate message. However, in some cases, the
25 location information is transmitted in the same message as the two channel quality indicator

values.

Numerous additional features, benefits and embodiments of the methods and apparatus
of the present invention are discussed in the detailed description which follows.
30



quality indicator values is sonetines sent as a separate nessage. However,
in sone cases, the 25 location information is transmtted in the sane
nmessage as the two channel quality indicator values. Numerous additional
features, BERAMMPT™¥nd enbodi nents of the nethods and apopusiougoosnl t he
present invention are discussed in the detailed description which foll ows.
30 WO 2004/ 077728 PCTI US2004/ 005242 -8-8 BRI EF DESCRI PTI ON OF THE DRAW NGS:
Figure 1 is a sinplified diagramshowing a transnmitter and a receiver used
for expl BRIENPESCRIPFIERE OF THEDPRAWANGS:Fi gure 2 shows an exenpl ary
wireless cellular system Figure 3 shows an exanple where noise is dependent
on transmtted signal power and is wused for explaining the present

i nvention. 10FfgufUr & a4ingliied deugrex sowis: Sfrardhilerii b dsc¢ivephsea feapRafigy | stic
| ine, showi ng received power vs total noise, and is used for explaining the
present HSVEFENGRVEDEPRUre 5 shows a graph of power vs frequency
corregponding to an exenplary 15 enbodi ment of the invention illustrating
data tones, non-zero pilot tones, and a null pilot tone. Figure 6 is a
graph il ust r Higured thoes pe bxenipdary wireldse tallaban s@MRL., a wirel ess terni nal

recei ved SNR i ncl udi ng signal dependent and signal independent noise, and
SNRO, a wireless termnals received SNR i ncluding no signal dependent noise

for 3 cases: RS oS an bRardle WREERBRE Rtep&idcht i (PingRAted si/gﬂlﬁlr[%v&eh gncis gnal

dependent noise is equal to the signal, and where the signal dependent

noi se i supadder explainingthe pragertlinvemtigire 7 shows exenplary signaling for a

t hregasect or OFDM enbodi nent of the invention illustrating non-zero pil ot

tones, sector null pilot tones, and cell null pilot tones in 25 accordance
wi t h t he i nveRiguert sheivg an exdinplé birst axatpkhnamiechapteriaic lirenshowdgpieogvalf t he

non-zero pil ot ector null pilot. . .and cell null pilots in accordance with
t he inveﬁ&”ﬁtn"ﬁ@@ls neisq 498 1@)“??&%%5’%‘3@ ﬁp’?ée’gi“fvﬁa'i"?‘bns for an exenpl ary
wireless termnal in a 3 sector

Figure 5 shows a graph of power vs frequency corresponding to an exemplary

15 embodiment of the invention illustrating data tones, non-zero pilot tones, and a null pilot tone.

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

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

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

25  accordance with the invention.

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

and cell null pilots in accordance with the invention.

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

aspects of the present invention.



enbodi mrent used to explain the present invention in regard to the sector
boundary information aspects of the present invention. W 2004/077725

PCT/ US2004/ 005242 -9 Figure 10 illustrates a scheme using 3 sector types,
whi ch are mwapmed/erd78or the cases with cells involving p@fEshkais3, Sectors
in accordance with the present invention. Figure 11 illustrates an exenpl ary
communi cati ons systens inplenenting the present 5 invention. Figure 12
illustrates an exenplary base station inplenmented in accordance with the

present i nvenFigaRr. 1040udniatty & 8chbtei Using Bt seatb6péy) whrchHR! @pdatdd fof RS 8sds Sl nal
i npl emented i n_accordance with the resent invention. Figure 14 illustrates

. L ! R ] ( !
the st epselisinyolyng more thary3 prclast Inagrreancy with the preeentmyendion. of a cell in a
synchroni zed manner in accordance with the present invention. 15 Figures
15-17 illustrate exenplary pilot tone transm ssions along with pilot signal
transm ssi on Bigwerlliilifistratestn exeniplarg comnaiaicetionsisydterhdimnplerneming thepresthi on.
Figurg 18 illustrates a chart showi ng the transm ssion of signals on ten
di ffet ent®™FYH¥®s 20 during a single symbol transmission period in accordance
with the present invention. Figure 19 is a flowhart illustrating the
operation of an exenplary wireless termnal inplenenting the nethods of the
present i nvenFigsy 1238ustrates pe exeguplary hase| stafion pplemented in seeprdgnaetvdtioper at i on of

an exenp ég%é%?ﬁg%t ation inplenenting the nmethods of the present
i nventi oh. A "DESCRI PTI ON: 30 The nethods and apparatus of the present

invention are well suited for use in a wreless conmunications system which
uses_pne or I e l.1i-sector cells. Fiqure 11 illustrates an, exenplary
oot 1100 wHiehren SaiRES BR PretpeY "Ermh GBal Rl Serpiianct BOR tinat
the syst gakentBiventiiil of ten does, .include many of such cells 1104. Each cell
1104 is divided into a plurality WO 2004/ 077728 PCTI US2004/ 005242 -10 of N
sectors wherein Nis a positive integer greater than 1. System 1100

illustrates tﬁ%ufeaﬁ%lustrates the steps of transmitting pilot tones in multiple sectors of a cellin a
synchronized manner in accordance with the present invention.
15
Figures 15-17 illustrate exemplary pilot tone transmissions along with pilot signal

transmission power information in accordance with the present invention.

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

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

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

implementing the methods of the present invention.

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

implementing the methods of the present invention.
DETAILED DESCRIPTION:

30 The methods and apparatus of the present invention are well suited for use in a wireless
communications system which uses one or more multi-sector cells. Figure 11 illustrates an
exemplary system 1100 with a single celi 1104 shown but it is to be understood that the system
may, and often does, include many of such cells 1104. Each cell 1104 is divided into a plurality



where each cell 1104 is subdivided into 3 sectors: a first sector SO 1106, a
second sector S1 1108, and a third sector S2 1110. Cell 1104 includes a

SO S1 sector boundary 1150, a SI/S2 sector boundary 1152, and a S2/ SO

sect or bouwdea0y4/71B4. Sector boundari es are boundaries griiRiR0b&G2 Si gnal s
frommultiple sectors, e.g., adjoining sectors, may be received at al nost
the sane level making it difficult 416+ a receiver to distinguish between
transm ssions fromthe sector in which it is |located and the adjoi ning
sector. bets&moxe @lhkerelnlN4s a ﬁbﬂlﬁvcﬁhiﬁgdi'@fbat‘b@ﬂfa& 1( EYstem 2100 illustritdes He@bs

term nal s uch as nobjle no comruni cate wth a base station (BS)
1102. C@’IhF% e@\%htcﬁ’ﬁ 1484 weubdivided RE‘?? sectrs: A itet SeptahS@ 1106, £ 67cond festr Sdr e al so

bl EN
D075 ar ot 10 aREEbRY spibeidh JABRCAP i Hidtide ¥ SOlsISRGP BT M 30 s o ()
r espect i seetoy boundagetk53r ardla S218Bsectar poundaiyi 1t1)54oSeceoanundka®s Erd(ti@)mdaiﬂ:QO EN
X') 1122 t 1102 |inks.1121 1123,
bty Bk Sl K hE0s e b 9 e
(X") 1126n@ level GRRIgAOdiERuRTECa Rl Tdran dibiddiZsh\HeBvddh t@h @8iSsibis Tk tht28storl 127,

respectively. |n accordance with 15 the invention, the base station 1102
transmi t 8 Whirkit isioggted andthe pdipining|sectprolicthe cell £104, m@ltmwrér@des@m) e1,18,
1120, 11 t Hgﬂ@] si on of
pi | ot s%grﬁlae%gt%lf)}?mégfﬁgagg%rh ezggoglrur:nﬁo n(EZ)d\?\é)n\gv %se SEh hg t hree

sect or s. Cklis witle bralseames (N&2) hnd inerei thanshiecion Mémmdkormndahlﬁ 1} sg;ci;or BO(1) 1116

paso L8 affins et o eongy NG s AT 1 i st Bt 0335 © * "

Wi r el essyiglesd mﬁckameqewe@& pSNTeRS hasefcwﬂgulmos ,QfpHiRak§ o¥eAd hates ENgr§ tt ed
signal power. Base station 1102 IS cou to a network node 1112 via

net wor k 1130EN1(RA) 11PRerqyequplse o h@ﬁétﬂﬁl‘lqgllq?s"%@’#ﬁleéﬂhlﬂ@ 1d2hdd2het wor k nodes,
. g., t t d
oo anipREUR] B A0PS2 1A RERFob RO EXIE) 1EPR TN, COOPRIBRET . oS
I nterf ac eoxmlﬂdsm tasecstrition 11042 viaoviteleas lifissl laﬁ,elrlaﬂ J ragoem‘telty fn tdverdandd withay
25 t 0 |1
104 ey Hdvibnlip R besh o 5P Shastels bk s o pidtele poREr BT SAOH: -y

nmove to ane, hers, ¢edd, 1679, 1€30QNTH, Bﬂiﬂa@rea@%hbﬁxfonﬁaﬁ(ﬁl SR frgfRmisshiatoMpikt | i nks
1114 and 1129, naybe e.g., fiber optic cables. Fig. 12 illustrates an

exenpl ar figeaisef wrigus pfﬁdqtggymeﬂzv@é knowip legele hetsigen the daeo sasiont dniceaidange t he

Sttt on O3 aRAOh B hElct Sap BRI A IE rBlor e LEPLTARRTLA O ShotREL o 11

The baseqsﬁlmjt indicatb? OQuesto thedmse statentidN2 mldwmgtthmhas sthﬁ@ﬂ;llOIzztﬁﬂetenmpbém to
rece er 2 and. t.r ans respecti ve The ecej ver
o o, wire e Banal PEaven SRR A docrbh ShRRe Mifad st i kel SivesnBoder 1214

station 1102 is coupled to a network node 1112 via network link 1114. The network node 1112

is coupled to other network nodes, e.g., intermediate nodes, other base station, AAA nodes,
home agent nodes, etc., and the intemnet via network link 1129. Network node 1112 provides an
interface outside cell 1104, so that ENs operating within the cell may communicate with peer

25  nodes outside the cell 1104. The ENs within cell 1104 may move within the sectors 1106, 1108,
1110 of the cell 1104 or may move to another cell corresponding to another base station.
Network links 1114 and 1129, maybe, e.g., fiber optic cables.

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

30 theinvention. Base station 1200 is a more detailed representation of base station 1102 shown in
the exemplary communication system 1100 of Figure 11. The base station 1200 includes

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

receiver 1202 includes a decoder 1212 while the transmitter 1204 includes an encoder 1214.



WD 2004/ 077728 PCTI US2004/ 005242 -11 Base station 1200 also includes an I/0O
I nterface 1208, a processor, e.g., CPU, 1206 and nenory 1210. The
transmtter 1204 is used to transmt pilot signals into nultiple sectors in
a synchr owiczzmosovarzeer via sectorized transmt antenna gdffsoditeszgcel ver
1202, the transmtter 1204, the processor 1206, the 110 interface 1208, and
the nmenory 1210 are coupl e together -¥1-a 5 bus 1209 over which the various

el enents can interchange data and information. The 1/O interface 1208

coupl es Bhe shase12006dliciActhdQ0ntI® nbsfabal Z08NE broaddof, 8.o0ARRY, 1068 Ml KehQgeS

The rrem 1210 includes routines 1218 and data/ information 1220. Rodtines
1218, 10n Th Eransasitier Ji204) ixfysed iodransit plelgHiEnplsgrto mwltipls sediersiise st ati on
1200 to Ced Rand e [ ' . ' i ncl ude
comuni c%%rﬁﬁs&?dout [ nlé@i%%gé?ﬂégﬁrg}é\égﬁl \P/%rg&ﬁlg ilgﬁgﬁgf%g%g%ﬂtggﬂ’ﬁgﬁ%ﬁgu@m, and
base st at20dnthe processbr 12061 tha & ih2Méce 1208, anddks mentosi IP18lare upleesgeittieg viaout | ne

1260 jinclu a channe uality indicator value extraction ule 1262

whi of o PP AZDY DY AR the J8Tb Glemetie o BIeRA Bt o P ARBR b LG i hal 5 e. .
W 1 epor fntefiRss BB Touplas e BaRR @itibh 9200 10 iy Mikiied Bn i dtRsG b QfbriRslek e 1264 for
extracting WI position information from 15 recei ved nessages. The position
information, in some enbodiments, indicates a WI's position relative to a
sect or - bouNdafg méntdr 351 @ hefldafidflinddi214 it dalllioftBliol 3o4F Ronfindl 1SN OF
power val ues, are providé to e transm ssi on power calculation Toutine
1226 f or whisk when exdcotet by thegprodesson 32065 sivse thedraser stition 1200 tebperdte mnsitted to a

WI. The base stati.on control outi 12 i ncl ude.a schedul nodul 1225,
W e ettt Suline P, HaHine a8 HEfis semmuigaichs ratred 25h ogisteres
1228 i ncipth Plhcéss rliting 1196@ |and B8 stibPEbrdfrdubiAGSTING S TRE ree R §bnal OUL | NeE.

The data/rTnformation 1220 includes data 1232, pilot hopping sequénce
i nf or mat pleeessipgrouting 260 inelaflesscharnehedity iadicator valug extragtioromodule §262Dat a 1232

may i ncl f / ' ' . ta t he
transmi 1P 0Eh 8k ch el B PBIOUEF vl R REE At B WF p8Er i heek

et c. Thearpl d mikitibo pyforgation grtestion mofiale 1264 fon edi?dbdng WT pobdtsoniafuetmaticmfedm

i nforation 1236 and Jn(l)ne infaorpation 1238. The power. l.evel information
dof | Hbe ToHE Vel PEpEE TDGRRUIOn B OREIoRHEEOTE eFOEGmERs) ingioena YT BRBHAD { ones
i N or der ref#8ive & EdeicP bitindakyS FxkraMed EiaHfel qBAlte Mifidafor viluksiclh. ISMR B pfert ONE
hoppi ng sequence in accordance with the invention. These pilot 'values are

set e. g. Yalynsedre pwiidedo flieteasmissiorepoweschlgvlation ronting 20Spowsedn eplelddingnown to
both t he,] 30Q. : | ] ery] 200, ne info
1238, 1 i usch ppaertf sifs Lihullifedifi WKL SEE ol PieBPARIR 12O

t ones of inaludpesdhkdulershodiig1225], & walsmissfungloweocebaulstivalrbutive 1226, and signaling

20  routines 1228 including a pilot signal generation and transmission control routine.

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

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

30 1200 and WTs in the cell serviced by the BS 1200. Tone info 1238, includes information
defining which tones shall be used as pilot tones of a specific strength level, which tones 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



sector null tones, and which tones shall be cell null tones, within the
pil ot tone hoppi ng sequence for each sector for each termnal 1D 1246.
Wreless termnal data/information 1240 i ncludes WO 2004/ 077728

PCTI US2004mwa05he4®772812 sets of data infornation for eaadyidRless:term na
operating within the cell, WI 1 info 1242, W N info 1254. Each set of

info, e.g., WIl info 1242 includes dd2a 1244, terminal 1D 1246, sector ID
1248, channel quality indicator values 1250, and sector boundary position

i nf o 1258ets ofatminfiRddtiomiot sathsviredas tetiainal spefing Sdthin tecell, WTdridfoureap, data to

be transg d. t eer node.5 co nicating with Wr 1. Termnal 1D 1246 is
a base st%i iqgﬂfo ?‘lﬁgﬁ%& ﬁeﬂ%fr}ﬁof F-&at'f on'™ %Q‘uﬂﬁ‘g“deﬁ@éﬁ é%it@?ﬂé%"? 1.%6’1; a
speci fi ¢ sQidrqb 1@@9,%h5&%?ﬁﬁﬁtﬁﬁ%_@c@?@aluésrl%&',glhggectYﬁrHoﬁh@arﬁ bt infPiset

signals at predetermned'tines, is generate e base station
cor r espoRgtanigdd includenusepdai raceived fromi W1 dndus4igia to Oc Marsmwitied iora pebr drlés

I dent tfi L.ch. of . r I SO, Sl .S2, WL hS..aperatin i n.
The changorianS it L S-SR 124 8 oribasal apsst M BRE Py by wr
1 to thebednassgmidad Wn1j nspebifio pibt tonehdppinglseqrhte, iRAsigeRrioudstienpiieiloas e
station nay .use to calcylate the expected received WII SNR | evel as a

f unct i onSighalpaiquedetermingf times, 8 generates Pydne hase siabgR ForreppeAiRg 19 5ACh SPEEIBE | ¢ v

I ndi cat Oger@atBF 13400 are derived by WII from neasurenents perfornmed by 15
WIT on the various strength pilot signals transmtted by the base station,

I n accordance with the present invention. The sector boundary position

i nfo tion 1 [ | [ Rt i,0 identifyi | has. det ect ed
t hat r]ma S neiﬁgséec@gg#g? ]('5Iﬁﬁr.1g(1ﬁa%fs 5/'% lcé’fgél}% Sfﬁcégrﬁ’{%]nw?’?\/i}éﬁ@ &Y B8 f er ence
and i nf oimeTewhanmdbqiality/intigatohiatiessiesd tclude tifehmiariolEbnieyed BEWTeDiotaar . Thi s

information is obtai ne(fl or,. derived fromposition feedback information
transmi t D&Y SH{oR Hechognel gprlitn PP dssspges- Biat the basscstatip anay s tugalcpipg th

Py
i ndi cato ; n : It d -4onf LN 52
 oor coen Pl G 2R WIRNONR Ich Y Shcdd R Al Xtarp hab i b Bl ROy &1 ThED2
stati on tooel quelityitetieator viafugs A0 asederbed by SVEL Bommeasurdmants pedforoted rsiel s
bet n base tion.,l2 n 1. .25 Co ni.cations routines. 1222 is
noed s o VEEL BRRE vaRR Bl 630 s ks P BEUACSRHOR08 b Vich e
communi C@fds@nsme@mﬁfmﬁrssctmmmy poditivin diuﬁmin@uitﬁl mlmmumh it dbgtih fomr@atignot ocol s.
Base station.control routines 1224 used to control the base statjion 1200 to
per f or m Ie8fiyingRkether YT s deterict ishiii ReGr 2 geCEpr boundamn IEXRREITRFIRE [Ugh leyils
recepti ogs in?&fé?éﬁ@é b:(!ﬂpf&ﬂ%érﬁdéﬁﬂi&iﬁﬁ%‘ﬂich%@&pﬁﬁcﬁﬂ&ar?fWTi‘fé Todddedr. Ofnid he

present invention including generation of cf)l |l ot signals at different
t r ansni s &ifomation is obtained or derived from position feedback information transmitted by the WT1

20  andreceived by the BS. The channel quality indicator values 1250 and the sector boundary
position information 1252 represent channel] quality feedback information from the WT1 to the
base station 1200, providing information about one or more downlink channels between the base
station 1200 and WT1. '

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

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

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



30 strength | evels, reception and processing and use of wireless term nal
reported information. The signaling routine 1228 controls the transmtter
1204 and the receiver 1204 which generate and detect signals to and from
the wirel e¥0 2004017728l s, e.g. OFDM signal s fol |l owi ng datact/ososdeenpi ng
sequences. Pilot signal generation and transm ssion control routine uses the
data/ WO 2004/ 077728 PCT/ US2004/ 005242- -13 informati on 1220 including the
pi |l ot hoppi ng sequence info 1234 to generate a specific pilot tone hopping
sequencenfomiation d D2G@eluding tieglophying Ryednse Bifo 17832 1Bigemdrate @RPecifid pitdeuded in
power |evel info 1236 and the specific tones selected to receive specific
pi | ot t off9& bOBPING sRAMenGES Hr egh seggh nTheomsT leyels ehibe pilpitongsymsiudedinoniedi nat ed
and cont ; B | ' 34 ' and
Franom st oD ar HeapRifietblfea s et Qo 38, one P e Rl ln

t ransmi ss#abrsectof atgpoific timessss caprdinatediand ddntrelledatneler tha difeqtion b5 thepilot sighali dual

processing instructions, .e.q. of t war, mands, sponsible for the

t r ansti sg%ﬁﬂ'ﬂ] aﬂﬁﬁ?@%ﬁonp‘%flg?ls rf"étff'\égzgp'e%ﬁﬁa?l&nﬁ&afj&%%%r{g%&@%’r‘sm%duI es
whi ch mayf pigotitdties e, Sls Qs ated APRiIER L S 1 MEBIdSvidMAl FRCORREFBut@E8! L[ sdfvagdnt 1 ol
the base station to transmt the pilot tone sequences described and shown

in Figs. cqmmands, wspangibirafor ihg trapsreinderoef differenfrnilet tonegare ksl viduph sermpesicts oof
vari ous - Ri ' n

Vot e or TR ShickluflneTh@ibucs ARG rlelfs SAC Bbeta to@ief ) conunf le bk

cont r ol | tatjon torteemsmit st pilot poessqueeatidsesbal and shdvers i Figs. 1518 Coenknavingg t he
vari%ls Irngaﬁels f t.r.anghr}jrtted, gilo 1 ones, er{gl. kn V\% redeterm ned fi xed
| evelt0pj pR{/o% ypeluonizing the transinjsSigp phyariogs Bees oo} sigpalsbytyveendhe srctars, to

obtain, gely -e?ﬁﬁ’ PRt 6f &&Qﬁﬁéﬁ%ﬁﬂéﬁﬁ&cﬁj AOAk syAbd] SBnsrtBAS @e WAAL bénirdiiftd cat or
15 val ues 1250. In accordance with the invention, regular (non-null) pilot

t ones, s&ERWRSHEN PoVysr| eppbles piselessdpening recelying the varirus feyglsor ragsmitiedtpilathr ough
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be supplied with information indicating each wireless terminal’s received SNR as a function of

20  the base station transmitted signal power. Such information, derived from the channel quality
indicator values 1250, may be used by the scheduler to allocate channel segments to WTs. This
allows the BS 1200 to allocate segments on channels having sufficient transmission power to
meet received SNR requirements for a particular data rate, coding scheme, and/or modulation
selected to be provide to a WT.

25

Figure 13 illustrates an exemplary wireless terminal 1300 implemented in accordance
with the present invention. The wireless terminal 1300 may be used as a wireless end node, e.g.,
a mobile node. Wireless terminal 1300 is a more detailed representation of the ENs 1114, 1116,
1118, 1120, 1122, 1124 shown in the exemplary communications system 1100 of Figure 11,

30 Wireless terminal 1300 includes a receiver 1302, a transmitter 1304, a processor, e.g., CPU,
1306, and memory 1308 coupled together via a bus 1310 over which the elements may
interchange data and information. The wireless terminal 1300 includes receiver and transmitter

antennas 1303, 1305 which are coupled to receiver and transmitter 1302, 1304 respectively. The
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'S 1992 determine the WTs received SNR as a function of transmitted signal power, Sector boundary

position information 1340 includes information identifying that the wireless terminal is in a
sector boundary region, e.g., the wireless terminal is experiencing high inter-sector interference
levels, and information idenﬁfﬁng which of the two adjacent sectors is the boundary region
sector. The base station may use the sector boundary information to identify channels in

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

30 indicator values included in a single message. The messages may be sent out at periodically at
predetermined times on dedicated channels. The terminal ID information 1342 represents a base
station assigned identification applied to the wireless terminal 1300 while operating within the

cellular coverage area of the base station. The base station ID info 1344 includes information
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invention including the measuring of pilot signals, the generation of quality indicator values, and

20  the transmission of channel quality indicator values. The pilot signal measuring module 1330
controls the measurement of received pilot signals, identified by the base station ID info 1344,
hopping sequence info 1352, and tone info 1356. Pilot signal measuring routine 1330 measures
at least one of an amplitude and a phase of a pilot signal to produce a measured signal value
corresponding to each pilot signal measured. Channel quality indicator value generating module

25 1332 includes a power estimation module 1361 and a SNR estimation module 1362. Channel
quality indicator value generating module 1332 generates quality indicator values according to
functions, which use the measured signal values 1337 output from the pilot signal measuring
module 1330, Module 1332 includes first and second sets of instructions for implementing first
and second channel quality indicator value functions where the first and second functions are

30 different. Power estimation module 1361 includes software instructions for controlling the
processor 1306 to estimate the received power included in received pilot signal(s). SNR
estimation module 1362 includes software instructions for controlling the processor 1306 to

estimate the signal to noise ratio of received pilot signal(s). The sector boundary position
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2 transngssmn control module 1333 transmits messages periodically in some embodiments using

communication channel segments dedicated to carrying channel quality indicator values.
Module 1333 may also control the transmission times to correspond to pre-selected dedicated
time slots dedicated by the base station for use by a WT 1300 thereby precluding other wireless
terminals from using the dedicated time slots.

25

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

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

30 choices about the appropriate method for transmitting data to the receiver 103, The choices may
include the code rate of the error-correcting code, the modulation constellation, and the transmit
power level. In general, in order to make sensible choices, it is desirable for the transmiiter 101

to have knowledge about the communication channel from the transmitter 101 to the receiver
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conditions 213 based on the received signal strength and the noise and interference on the pilot

o=

20  signals 209. The combination of noise and interference will be referred to subsequently as
‘noisefinterference’ or sometimes just ‘noise’. In the prior art techniques, this type of
information is normally reported in the form of a single scalar ratio such as signal-to-noise ratio
(SNR) or an equivalent metric. In the case where noise/interference is not dependent on the
transmitted signal, such a single scalar metric is usually all that is required at the BS 201 to

25  predict how the received SNR will change with signal transmit power. In such a case, the BS
201 can determine the correct (minimum) transmit power for the coding and modulation it
selects to transmit from the single received value. Unfortunately, in the multi-sector case, noise
resulting from transmitted signals can be a significant signal component making a single scalar
value insufficient for accurate SNR predictions for different transmission power levels.

30

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

power but depends on it. There is generally a component of noise called ‘self-noise’, which is



determ ned) synbols transmtted at a constant power. The WI 203 neasures the
downlink channel condition 213 based on the received pilot signals 209, and
reports the channel 15 conditions 213 to the BS 201 on an uplink channel

215. Note that since the channel conqgtions 213 often change over tinme due

to fading and Doppler effects, it is desirable that the BS 201 transmt the
pilots 209 frequently or even contjnuously so that the WI 203 can track and
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20  and may vary over time. Ata WT receiver 1302, the dependence of total noise 303 as a function

of the received signal power 317 can be modeled by a straight line 305, referred to as the “noise
characteristic line’ in this application, as shown in Figure 3. Since the noise characteristic line
305 does not in general go through the origin, a single scalar parameter is not enough to
characterize this line 305. At least two parameters, e.g., two channel quality indicator values,
25  are required to determine this line 305. A simple method of determining this line is to identify
the location of two distinct points, e.g., points 311 and 315, on it, since any two distinct points
uniquely determine a straight line. Note that as a practical matter, the points can be determined
with a limited accuracy, so that the accuracy with which the line is determined is better if the
points are chosen farther apart than if the points are closer together.
30
The base station 1200 transmits pilot signals on the downlink. In accordance with the
invention, by transmitting pilot signals of different strength levels, the noise characteristic line

for the wireless terminal can be determined. In general a first pilot signal is transmitted at a first
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I n accordance e I nve tlon t transmts
multiple channel quality values. Since null p110ts have zero signal power and other pilots, on the

20  other hand, are usually transmitted at a relatively large power, the two points 311, 315
corresponding to the null pilot and the non-zero pilot in Figure 3 are relatively far apart leading

to a good accuracy in characterizing the line 305.

Signal noise and various signaling issues will now be discussed further. Graph 400 of
25  Figure 4 plots received power of a signal of interest on the vertical axis 401 vs total noise on the
horizontal axis 403. Figure 4 gives an illustration of an exemplary noise characteristic line 405.
To characterize the line 405, in accordance with the invention, the BS 1200 transmits signals
that enable the WT 1300 to make measurements of at least two distinct points on the line, e.g.
points 407 and 409, information, characterizing the line 405, obtained from those measurements
30  1isthen transmitted to the BS 1200. For example, the BS 1200 can transmit two different signal
powers PI and P2 that will be received as powers Y1 and Y2 as shown in Figure 4. The WT
1300 measures the corresponding received signal powers, denoted as Y7 415 and Y2 419, and the
corresponding total noise, denoted as XI 413 and X2 417, respectively. From X1 413, X2 417,



“null pilot' signals on the downlink in addition to non-zero pilots. The
null pilots are conprised of transm ssion resources (degrees of freedom
where the BS 1200 transmits no signal power, 10 e.g., transmits a pilot
signal having zero power. The second pilot signal, the null pilot signal,
resul ts i nWSAMO738E on 1ine 305 and identifies null piRQUSt0Mmeskevel 313
which is equivalent to the signal |ndependent noi se 307. Based on the noise
measured on both, the pilots and the 2Bl | pilots the WI' 1300 obtains two
different noise estimates 313, 315 at two different signal powers, e.g., O
power and! #é% end E4P9, Itlmslqmmd Mﬁtcrdépmﬂthéﬂawwwan poumyselg détern¥idd. It he W
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pil ot and the non-zero pilot in Figure 3 are relatively far apart | eading
to a good accuracy in characterizing the Iine 305. Signal noise and various
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pl ots recei ved power of a signal of interest on the vertical axis 401 vs

t ot al nofesdbagk mfbmlahh@,rthqbﬁtlgﬂo ea0i caley g the-BYRras the Wilwecsiven 1302 fos amegiven of
an exenplar ract ine .405. r t.he ne 405,
in a?@or h &'&m W%{:@ %ﬁ S{aﬁ%n% efﬂgwfélbeopr ?egﬁ%nﬁf%%%i tE S at enabl e
the WI 18&&@@&@&@ a FRRA [afRiion pdwalQ. | BiAgthd BS 1200:findsche @telpchding t he
l'ine, ints 407 and 409, informatiaon, char ter|2|ng the line 405,
obt &) nedTCFSH HERSLROHE A{AAHSISTISHON RS by fiarrsh remplag bRvesmsthe200. For
exanpl e, nhihg (B pb200y @anpjpansmit two different signal powers Pl and P2

t hat mﬁIP be received as powers Yl and Y2 as shown in Figure 4. The Wi 1300
nmeasures the correspondi ng recei ved signal powers, denoted as Y1415 and Y2
419, and the corrézg%Qging total noise, denoted as X1413 and X2 417,
respestively. yRrom (0 P47, WO 2004/ 077728 PCT/ US2004/ 005242 - 20
Y1415, and Y2 419, PRe Al ope and the intercept of the line 405 can be

uni quely determ ned. In one enbodi nent, Pl .and P2 are known and fixed. In
anot her enbodi nent, P2 can be the pilot power, corresponding to a pil ot
signal, ®he J:cﬁrel?lsondmg e pewer cdmppcmamgtm Aga@sniissidn ivend is giveh o lineelyupi es
sone transnlsS|o resource but_with zero transm ssion power. In general,

however , Iefpo lating between the points (X2, PZ) and (X1, Pi}):
20 X=X1+X2_X1-(Q-P1)
P2-P1

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

y1(P2- P1)+(¥2-Y1)Q - P1)
X1(P2-P1)+(X2- X1)0- P1)

SNR(0) =3 =

25
Point A 411 on the noise characteristic line 405 shown in Figure 4 has the x-axis value of X 420
and y-axis value of ¥ 421 and corresponds to transmission power Q. Note the slope of a line
that connects point A 411 and the origin 422 is SNR(Q), the SNR at the WT receiver 1302 if

transmit power Q is used. Therefore, from the noise characteristic line 405 generated from the



5 does not necessarily have to be zero. For exanple, P1 can and in sone
enbodi nents is sone positive nunber smaller than P2. Once the noise
characteristic line 405 has been deternm ned by the BS 1200 fromreceived
feedback information, the BS 1200 can. calculate the SNR at the WI recei ver
1302 for any given 10 transm ssion gémer Q For exanple, Figure 4 shows the

procedure of determ ning the SNR corresponding to a given transm ssion power
Q Fi r steporthdstistics Gont thad¥Ttl80.0be BEIBON damand doss diterning; fgnexampaeerhay 421

2) " ana toomo i B s Raplhs RS sy SR BB RENERE O 16 noi oo

power corresponding to a transm ssion power Qis given by linearly

i nterpol ating between the points (X2, P2) and (X1, Pl ): 20 X

X XL (érgu;esmw T AOERIRIE Pt SR wstusiéms 1501 engenmngzon ieor o
BS tran ven 2-.Yl
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and corresponds to transm ssion power Note the slope of a line that
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recei ver 1302 . use The efo fromthe nojise
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WI' 1300 prdséfee BEmuR@shtic fidimd tioasnfg! hBnifimdn® in® $0HRhA tranfiffssioh GNSM ssi on
power is required to neet a@i' ven SNR requirenent for the W 1300. Figure 5

showé asigeleppnsoanddM symbsbwdricloporraspondsite k cainbatien s0time 9nd fregissay on

5 horizontal axis 503. Figure 5 corresponds to one exenplary enbodi nent
of thi s"°RV&Rtion, in which the wireless cellular network uses O thogonal
Frequency Division Mdulation (OFDM. In this exenplary case, the frequency
505 is divided into 31 orthogonal tones, such that transm ssions on
di fferent toHemreidshors thapewteprefil afttheteoes aitarmvendBFDNbsmmbxm Imghis even in

t Pgn Sﬁ: glil gﬁrqeg gnﬂillo P@Isg kfn%cx{rln% m'bgl sterﬁ? at ahfaxeﬂ pilot ;Ic'»‘v?err?o |0rrr1uart[logé1 Iagmd %Ie signal

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

20 both the BS 1200 and the WT 1300. Twenty-six data tones 511 are also shown in Figure 5 with
corresponding transmission power level 509. Figure 5 illustrates that the pilot tone transmission
power level 515 is significantly higher than the data tone transmission power level 509, allowing
the wireless terminals to easily recognize pilot tones. In general, the data tone transmission
power 509 may not necessarily be the same across all the data tones as shown in Figure 5, but

25  level 509 may vary from data tone to data tone.

In the situation of a wireless deployment situation deployed with omni-directional
antennas, the embodiment specifies a single null pilot known as the cell null pilot. Suppose that
a pilot tone is transmitted at power P, and a tone carrying data traffic 211 is transmitted at power
30 @, asindicated in Figure 5. By looking at the received signal for the pilot, the WT 1300 is able
to measure the SNR, which we refer to as SNR(P). The goal is for the base station 1200 to be
able to obtain an estimate of SNR(Q), which is the SNR as seen by the wireless terminal 1300



10 single tone in an OFDM synbol, which corresponds to a conbination of time
and frequency resources. Figure 5 shows the power profile of the tones at a
given OFDM synbol. In this enbodinent, a pilot 515 is a known synbol sent
at a fixed pilot power 507 on a tone, and the 15 null pilot 513 is a tone
with zero Pa’w‘l%‘rﬁ‘i"g'@ﬁon power. These pilot tones 515 ancPQmiS20q3i0pa2 t ones 513
may hop over tine, neaning that fromone OFDM synbol to the next, the
position that they occupy nmay vary.'zé/er ext ended periods of tine, the
pilot signal transm ssions are periodic due to the repetition of the

hoppi ng s@pspesiang to Auiraspsthiddn's iganewissibs o data etymwen |, whidhahayt lendiff&et ar e
shown in_.Figure 5. The tone |ocations of the pilots 515 and the null pilots
513 are F{ﬁ‘&% to 20 both the BS 1200 and the WI 1300. Twenty-si x data tones
511 are also shown in Figure 5 with corresponding transm ssion power |evel
509. Figure 5 illustrates that the pilot tone transm ssion power |evel 515
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to the bESdulationqogsfedationansni ssion of data at power Q which may be
different fromP. The know edge of the received SNR is inportant since it
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similarly be extended to other situations.

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

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

aP
N+’

25 SNRI(P)=

where P is the constant transmit power of the pilots and 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.
30
By using the null pilot, it is possible for the WT 1300 to separately measure the signal-

independent noise N, since there is no power transmitted by the BS 1200 on this null tone. By



10 for the BS 1200 be able to accurately estimate SNR(Q in order to solve
for the transmt power Q that wll produce an SNR that exceeds the m ni num
SNR for the desired code rate and nodul ation constellation. The

rel ati onshwo heivees SNR(Q and Q depends on the signalg aﬂe&gﬂg F 0| se. For
the 15 sake of description, we assune that the signal -depende noi se is
proportional to the transmt power &nd use the noise characteristic line
305, 405 as shovvn in Figures 3 and 4 to characterize the dependence of the

t ot al

simi | aP Io‘iilse nsgé}f& Elgdgg()fdgétq@fsf ua‘fe’#ﬂ%ﬁ‘gr s g'eﬁgf’ erﬂﬁ-ﬁeel?igﬂ%h‘é eI ngl n,

so t hat
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termnal is aP. Let N denote the signal-i ndependent noi se, and yP represent
the signa e e t he
tranom 't SNRE) Sy e e SR oo B GRBEA e e BeREdifh ' 150

nmeasur es_an SNR of SNRl(nSS)J\{Iy NoF YP where P is the constant transm t

power of Tlgqqéhepqe}agpgs EtNE

EP kg RMRO(Rde B¥ARIBYt noi se seen by the WK

1300.5 W call this "SNR1' to indicate that it treats the signal-dependent
interference as a single entity. 30 By using the null pilot, it is possible
for the W 13001to sepatat _,_y' nmeasure the signal - independent noise N, since

there is no poupfpyT

}e@ by the BS 1200 on this null tone. By WO

2004/ 077728 PCT/ US2004/ 005242 -23 conparing this signal-independent noise N
with the received power aP of the BS pilot, it is possible to estimate an

SNR that_is free of signal-dependent noise. Let us represent this ratio by
SNRQ( P) Eﬂfﬂ%ﬂ%?ﬂéﬂlﬂ?iwﬂ&ﬁ@“ indicates that it considers no
si gnal - dependent noi se. Then the relationship between SNRI(P) and SNRQ(P)

is given by 51 1y SNRL(P) SNROQ(P) + a For notational sinplicity, let

us dﬁflne IéﬁRl Y

15

20

25

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

SNRO(P)
SRR1-SNRO(P)+1"

SNRI(P) =

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 SRRI=0, SRRI=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.



a Conparing wth the noise characteristic line shown in Figures 3 and 4,
one can see that SNRQ(P) corresponds to the x-axis intercept of the |line,
while SRR1 is equivalent to the slope of the line. Then as a function of
SNRQ(P) anWOSMR1077%28 can wite: 15 SNRI(P) = SNRQ(P) SiRlus26diesep) +1 I n an
enbodi nent, the nmeasurenments SNRQ(P) and the SERI are reported by the WI
1300 to the BS 1200. Fromthese repéts, the BS 1200 can conpute SNRL(P).
20 Graph 600 of Figure 6 illustrates the relationship between SNRQ(P) on the
vertical axi sFrofilfe mifstmabiRO(de}ivedirohenhd W 1300} tht B8X260 64Bthenb@fsutd e SNRS

are plotted in dB. Three curves illustrates by |lines 605, 607, and 609

r epr esenteFd apa fLE’IQP&H—'Q{%e Hprsmdrpewer O for the datatiyaliaq. yTherpeeived SARoby SRR1=0
(l'ine 60 i 10 a8k n ' | s 25 i ndependent of the
si gnal , @gv?ﬁé?%%ﬁ?%)ug%l g)éé&#_ﬁ%h@%‘é&ﬁ%%&?&%ﬁﬁl ine 609) corresponds
to the case where the signal -dependent noise is equal to the signal so that
It is never possible for SNRL(P) to exceed O dB. WO 2004/ 077728

PCT/ Us2004/ oogmgg)gﬁm,m the information received fromthe W' 1300, the
BS 1200 can then conmplteQt he received SNR as a function of the transmt
power Q for the data traffic. The received SNR by the WI 1300 w Il include
si gnal - dependent noise, and takes the form5 SNR1(Q _ NyQ Inverting and
per f or M Rgesy %ﬁd%éﬁdnﬁﬂ%sﬂbéfﬁﬁionsﬁ\l&(@ aQ + a SNRQ(P) Q + SRR SNRI(Q =
SNRQ( P) SNRQ(P) RR1+ 10 Hence as a function of the values SNRQ(P) and
SRR1 reported by the WI 1300, it is possible to predict the SNR as seen by
the WI 1300 for 2any tfvansymt p?vverPQ. These

— —— = +SRRI

SNRIQ) a0 « SNRO(P)Q
SNRO(P)
P

SNRO(P)-SRRHE

SNRI{Q) =

10
Hence as a function of the values SNRO(P) and SRR1 reported by the WT 1300, it is
possible to predict the SNR as seen by the WT 1300 for any transmit power (. 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

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

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

20 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-

25  dependent portions, each of which is proportional to the signal power from other sectors of the
same cell 1104. The noise characteristics in this case are more complex than what is shown in
Figure 3, because in this sectorized situation, the total noise includes two or more signal-
dependent components instead of one. However, the total noise can still be characterized by a

straight line, which is now defined in a higher dimensional space. This noise characteristic line



derivations illustrate that using the null pilot, the WI 1300 can determ ne
and transmt statistics to the BS 1200 which enable the BS 1200 to predict
SNR as a function of transmt power in the 15 presence of signal-dependent
noi se t hat wioeoproprstional to the transmit power. Note dhiafsrb@lob8l, t han
sending SNRQ(P) and SRR1, there are other equival ent sets f2 reports that
the WI' 1300 can send to the BS 1200,-2shich fall within the scope of the
invention. 20 The nethods and apparatus of the present invention are
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different WI's 1300 may receive a different fraction_of it. Since the

i sol B i oWalfa“’btétS@é'rPof"ﬁé sg &t thedioyss chasectesistie dige is sentarde WhakinSha%ni8d on one
sector bgepmes noise (interference) to other sectors Furthernore, if each
of the seCtors 1106, 1108, 1110 is constrained to transmt identical,
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power, so that the noise characteristic lineis simlar to what is shown in

20 the signal-independent noise. In addition, as an example, the scheduling amongst the sectors
1106, 1108, 1110 may be coordinated so that WTs 1300 at the boundary 1150, 1152, 1154 of

sectors do not receive any interference (or receive reduced interference) from other sectors. In

accordance with the invention, the BS 1200 transmits signals such as the ‘sector null pilot’ that

enable the WT 1300 to evaluate the slope of the noise characteristic line taking into account only
25  the signal-dependent noise from a subset of sectors. In accordance with the invention, the WT

1300 then reports the signal-independent SNR and these different slopes, or some equivalent set

of information, back to the BS 1200 on a reverse link.

Figure 7 shows in diagram 700 the signaling for an embodiment of the invention in the
30 casc of a sectorized cellular wireless system using OrthogonaJ'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 referenice numbers 709, 713 and 717, respectively. Data signal



Figure 3. In accordance with the invention, the BS 1200 transmts signals
such as the "cell null pilot' that enable the WI 1300 to eval uate the

i ntercept of the noise characteristic line with all of 20 the

si gnal - i ndwpemeiarit72aoi se. | n addition, as an exanple, tleg sehRdkNg anmongst
the sectors 1106, 1108, 1110 may be coordi nated so that WIs 1300 at the
boundary 1150, 1152, 1154 of sector26-do not receive any interference (or
receive reduced interference) fromother sectors. In accordance with the

i nvent i opowdr eeRBSrd 2 atet 3 SéTbreficeSiu@ibalssT 13 UTIS, 289 foh BachTT CheirsHidugR it |
that enable the WF 1300 to evaluate the sl ope of the noise characterr stic
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t th
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of i nf or 8705xs, shbwo kn FigmteWeFEﬁreﬂZﬂ(Dwrara teneradloeatioa foi thk denlglkrtmni’mmhmmt an
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whi ch the same carrier requency 1s reused in all "sectors , 705.
The pi | opilgsdamer?2ll cageqss dherthuse prstads. Pince ¢t is awspwed thayeach of g sectors sfaarre thendi cat ed

by refer
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nunber s ik, that e, positisn fiod omlecdf tixf tohdsearé shosin fohillostegive purpdsesoabt amr.lsmay

resp t|ve ¥ yue SJt ation, of other nunbers of sectors will be discussed
bel o ¥4y prditte %WPES 1106, 1108, 1110 of the base station 1200 be
represent ed by SO 701 S 1703, and 52 705 as shown in Figure 7. Figure 7
shows a tone allocation for the downlink transmi ssion at a 5 gi ven OFDM

symbol 707, ilcceuismge sithdheinpendionsthe ﬁ@wlﬁmmd@ﬂemwr morreeell nallg.
exerrpl ar t I y I 7 and
XD 2 oSt B0 s Bl b ASS cofl fhpEEIRL ) 0405, hepu T 2
sect or s plﬁ)t nee, th¢re rszeasrsmmmksmh @bweran leacdrf oftthesesoed 1157081705 Ih hdditism mhe

freq n t he orres ondln tone ctors will interfere with
et ot raring il ARG B o SrOLs e S0 T2y TR, P s ah BOve b1

i [l ustragdry Gn]?lilﬁ ROt (T MheYseROF mwowmarm thebattieltbrRy RMike debRl APt ANS. I Nn
accor dance h the invention, the downlink signal includes one or nore cell

nul | pi flesirable {thhave apilet tang or a dafriong wa@searaesmﬁara@ gowsr iefued e kppwn deldeor s
' each S PR b e epy i bor Ry, 2 Sl 161 Gl pf b0l AR S on power
corresponding sector SO 701 pilot tone 731 and corresponding sector S2 705 pilot tone 737.
20
In one embodiment shown in Figure 7, there are 4 pilots, 1 sector null pilot and 1 cell
null pilot in each sector 701, 703, 705. For example, sector SO 701 has four pilots 731, 733, 735,
737, one sector null pilot 721, and one cell null pilot 729. These pilots are arranged such that
each sector has two unique pilots, and then shares a pilot with each of the two other sectors. For
25  example, sector SO 701 has unique pilots 735, 727; pilot 731 shares a tone frequency with pilot
737 of sector S2 705; pilot 733 shares a tone frequency with pilot 739 of sector S1 703. In
addition, the sector null pilot for one sector coincides with pilot tones in the other sectors. For
example, for the null tone 725 in sector S2 705, a pilot 733, 739 is transmitted on the same tone
in sectors SO 701 and S1 703, respectively. The locations of the pilot tones, the cell null tones

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

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

frequency diversity. Figure 8 gives an example of the tone hopping of the pilots, cell null pilots,



15 downl i nk signal includes one or nore sector nulls 721, 723, 725 where the
transm ssion power is zero only in a subset of the sectors 701, 703, 705.
In the same tone as the sector null pilot, it is desirable to have a pil ot
tone or a Watao#wgrmeswhose transm ssion power is fixed ardnidaenohe the W
1300 in the other sectors. For exanple, sector S 1 703 sector null pilot
723, has correspondi ng sector SO 70%12pi |l ot tone 731 and correspondi ng sector
S2 705 pilot tone 737. 20 In one enbodi nent shown in Figure 7, there are 4
pilots, dndseebOiullipildes. Wirhst 808708 Fluees plots bloAlthd verB@E Bxis 861 ®f infdn 703,
705. For exanpl e, 111glect or %to 701 has f%ur rfj%%ql olfag 731, 733, 735, 737, one
sect or nihehopzqnil 2xip 803. Reehsmmall yertc algypdivision$05 PomespURsS  frieowhich each

arranged,
o1 1 ot i FRAERbrO1 ¢ ACTHAAD Rbinds!d o CEBNR st it 306 pARROERIE, *,
uni que prepmsenta‘tﬂﬁ( a §t2all baxi Wittt verGdal sﬂraﬂmgs Each sotor holk gﬂar&iy isdepresgutddiiy a 737 of

secto A t 733. share e ncy,wth pil ot 739 f sector S
17033 | ménaithain P oranate Brerbadng Pfeebpil B2 Wieor ity et ¢

pi | ot towﬁﬁcf(,@slt,g@@wgtsﬁn@ﬁn sectors. For exanple, for the null tone 725 in
sector S2 705, a pilot 733, 739 is transmtted on the sane tone in sectors
SO 701 and S1703, respectively. The locations of the pilot tones, the cell
null tones 3 . r r 0 and
ML S 38R RSE A ched AU RO b e Bl 00,
various pa@sors asm&nnmwnhlﬂmqneamyn dha/se:cmrhyu toﬁeghUpefoBogmgelﬁa Meemmmdre of

t he ho h, ats, | I nul ilots WO 2004/ 077728

Tt B0 oBBRRDB S thomioybapaas bk Tinseme lop e AaHov s BF CRPGERETEOh) of s
fr equencihe givehfidh, Wi dell aall pAXit8nd3 Alko \idp FdIIIRi the kdife Jaeamaxqmeaﬂ a&émsas&ﬁ)e? Each
smal | vertical subdivision 805 corresponds to a tone, which each smal

hor i zont ailotdapping wish she B slope véuponds to an OFDM synmbol time. Each pi I ot
tone 809 is represented by a small box with vertical shading. Each sector
null pilot 811 is represented by a 5 small box with horizontal |ine shading.
Each cel |l nulln gpielbodidiedt, itle daeponsendeadaliiyhop feiimbing bprrmuted oduladimelrat ched
shadi ng.. I n,an enbo t, the_pilot tones ess ntial l OW ng a
modutar ]“?HPE%PaHB‘Bpi‘iﬁ@“°rtlﬁ’féFPgPﬁ]+E‘ePtrPféch‘BVﬂ‘£ﬁEet mlﬂm{lfm{#ﬁwﬁdl%wngﬂw
sector ”kh'nlc ﬁeﬁﬁ@t@d BRBuhPlihapi@ri RehSEMBhsPREHY. ah thal EmbbdiRSht, WRsL £EN @7l t he
pi | ot hoppi with the sane sl ope val ue. Nbreover, in one enbodi ment of the

i nvent i opil tttcm coBides viith r piiet tore, eidhiee hedtagemisgipn phihe pilplrigne ineactefaheisaiorar
| near p%tshﬁeﬁ'de%sanﬁ Iﬂ% pﬂ% {o% 13%91%9&%% é{f'hsteﬁ, cSrQEe E’%EHS%JOQIQ)? th\éaplﬂ%f“mm

continues in at least some of the sectors and the cell null pilot tone is effectively rendered

20 unusable.

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

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

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

Suppose that the transmit power for the data tones on the three sectors is given by Q0,
Q1, and Q2, respectively. Then the received SNR for the link from SO to WT 1300 is given by
30

Q0
500+ fO1+902+N

SNR;,(Q0,01,02) =



In an enbodi ment, the data tones essentially hop follow ng a pernuted

nmodul ar |inear 15 hopping pattern. In another enbodi nent of the invention,
the cell null pilots hop following the sanme pernuted nodul ar |inear pattern
as the datwolopgurrgs | n that enbodi ment, when a cell nuwdyuRidi@bsione
collides with a pilot tone, either the transm ssion of the pilot tone in
each of the sectors is suspended and8the pilot tone is effectively erased,
or the transm ssion of the pilot tone continues in at |east sone of the

sectors and the thedemaitdbd offthik @iscliseidg, ik $ilehd KekravEihyt the Rlafeshcd Guaipiaabl e.
Suppose that the WI 1300 has a link established with sector SO of the base

stati on eherpectom{FQlaad 1U7e i& MEphBPregugnifiqanbikasthetsigngtrdepgndent roise fyem they a.

Simlarl suppose.that the. channel gain, from.S 1.t 1300, j.s_gi.ven by O
> ond -t imesssBBE 3 Wb PEoimplN B i watsied if o Mhstiigndinduar
suppose that the signal -dependent noise in the link fromSOto W 1300

i ncludes self-noise that is proportional to the transmt power with a

channg&l gai n Tfe WT 1380 sipmddpiohsle atsétef prameters topleaease Statior $vethatat lastenmgh on
the three,.sect.ors is.,.qgiven b ... and r ectijvely. Then e

ocel veantxpap gl i Reod B Ry duter RE GG tin SR 0 o
Q@) = aQBo0SQodbtdin thePinbériiblic) d4hd) fuké 4R HiG HildBRas 0hR2deell mAiGilolin t he

remai nder of this discussion, it will be assuned that the interference due

to the whichthedeasmissiop incggch ghipe gegpors js, jhie posstbictognessire thessignal-han t he
RS . o ¢ ‘ . _ i S
Cho 't e HOERRAH: 1684, SCorabRe i will M8 (o bncheler uhitol Boop ¥ s B L1 1

provi@e folloeingfNRrar aneters to the base station so that it has enough
information to predict the received SNR for the downlink data transm ssion
fromSOto WI' 1300. To obtain that information, it may use the null pil ot
tones. Using a cedPI mpl pilot, in which the transm ssion in each of the
sectors is 0, SNRO§ §= sible to neasure the signal- independent noise.
Conmparing that with ttie received strength of the pilot from SO gives the 10
following SNR  SNRQ(P) = aP Next, the sector null pilot tones can be, and
in various enbodi nents areg, used to neasure 15 the SNR in the situation
when one of tHNextdhe sicksmph gilatdenescan be apdin varignsembediments atg, yssd {9 Weasure

15  the SNR in the situation when one of the neighboring sectors is not transmitting. In particular,

for sector SO, consider the pilot tone that corresponds to a sector null pilot tone in S2. Then

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

SNR1?(P)= ﬁpaf N

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

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

and the resulting SNR is given by

aP

SNR1? (P)= :
25 NR1” (P) PN

p

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



for sector SO consider the pilot tone that corresponds to a sector null
pilot tone in S2. Then neasuring the SNR based on this pilot in sector SO
will give the value SNR18(P)= aP f3P+N 20 where the interfering sector is
S1 (with paDrzogarm28 ). Simlarly, by neasuring the SNRcarustégoopyd ot tone
that is a sector null tone in Si, the interfering sector is sector S2 (with
path gain y), and the resulting SNR2$s given by 25 SNR'' (P) = aP WN
The sl opes of the noise characteristic line in these two cases are a and vy ,
respectivel y. Nextaf WO SRIO#/diréoti2Bedd0ret WS 0 prloQ0RE 4iat do A8t coe¥ponditd sdch® SNR i s
directly measured using pilot tones that do not correspond to sector null

pi | ot s i #lkplotoinRls otheasecips, th?"h&‘ﬁ IR Seapyrempens akeeinhicepuni die interfsreaes ount
the inte I e [ : Jak g |1 ed
SR, 51 e e e T A e SR e ren s

| 3P+yP+Nromheostctpe of the noi se characteristic line in this case is 48 + yy
. a 0 By defining the followi ng SRR as proper slope values of the noise
characteristic lines, it 1is possible to relate SNR116 (P), SNRLT (P), and

SNR2(P) to SN P): SR | + a SRRI'6 = Aa SRRr=r a
(F) s (p) o |+
PP+ +N

ﬂ+9f|

The slope of the noise characteristic line in this case is
o

10 By defining the following SRR as proper slope values of the noise characteristic lines, it

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

srrz=5*7
SRR1? =

SRR1" =

Q= QIQQ

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

SRR2 = —3— L
SNR2(P) SNRO(P)
1 1
SRR1? = -
SNR1#(P) SNRO(P)
" 1 1

“SNRI’(P) SNRO(P)

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

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



15 The SRRs t hensel ves can be conputed in ternms of the SNRs as foll ows:
SRR2= SNR2(P) SNROP) 1 - 1 SRR,6 _ SNRL'(P) SNROOP) 11 SRR' =
SNRI "' (P) SNRQ(P) Note that SRR2 can be found as the sumof SRR1 and SRRI'.
20 Then t WO3MRY7Ta® be witten in ternms of SNRO(P) anaddrs:dRs242\0
2004/ 077728 PCTI US2004/ 005242 -30- SNR2(P) = SNROQP) 1 + SRR2 SNRQ(P)
SNR1 (P)= SNRQ(P) 1+SRRI SNRQ(P) SNRD- (P) = SNRQ(P) 1+SRR111SNRQ(P)

5

1

the WI 1300 reports a sufficient set of these statistics (e.g., SNRQP),
SRRi , SRRIT, &EF@ to tBNRO@Ye station 1200, the base station 1200 can
predict the b \) 1300 based on the transmt powers QO

QL, and Q. In generai tﬁe gﬁg)as seen by the WI 1300 for a data

t ransm ssi on W|th nger CK},/RQ(Apth interference from sectors SI and S2 with

powers QL and SH& 6 of the measurenents made on the 10
as:

pilot tone with transhi't

208RR116 +OSRRLT' | SNRQ Pizf(p)

5

10

15

20

25

RI#(P
SNRIZ (P)= 1+ SRR1” - SNRO(P)

If the WT 1300 reports a sufficient set of these statistics (e.g.,
SNRO(P), SRR1# ,SRR1”, SRR2) to the base station 1200, the base station 1200 can predict the
received SNR by the WT 1300 based on the transmit powers Q0, QI, and Q2. In general, the
SNR as seen by the WT 1300 for a data transmission with power Q0, with interference from
sectors SI and S2 with powers Q7 and Qg, is given in terms of the measurements made on the

pilot tone with transmit power P as:

a0
POL+102+ N
SNRO(P)

(Q srR1? + 22 SRRl”] - SNRO(P)+ Ll
Qo0 Qo0 Q0

SNR,,{00,01,02)=

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

In an embodiment of the invention, for each of these three sitnations, 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, €.g., the uplink.

1

|

SNR50( Q0, QL, @)= O fl QL+W2+N SNRO( P)



In Figure 9, diagram 900 shows three situations for an exenplary WI in
sector SO Cell 15 901 includes three sectors SO 903, Si 905, and S2 907.
Fig 9 shows a WI 909 near the boundary with sector Si 905, where W 909
recei ves swentifsogzms downl i nk interference from sectorchusddaooseed | 921
including three sectors SO 923, S 1929, and S2 927 shows a WI 929 in the
center of the sector SO 923, away fr@hrthe sector boundaries. Cell 941
including three sectors SO 943, 51945, and S2 947 shows a WI 949 near the
boundary wi t hlmsthe kietatiSr stib¥n, in Frurd1@ éth trépediio S4Po01e Sipipyesthai i WT 9outh
downlink interference from_sector S2 947. In an_enbodi nent of the invention,
for eachsﬁor&qe@é 1¢qgveR signifigapt Frﬁﬁ&re”tcﬁgows%@ﬁ% 985. Thegactoortinglett neasur ed

statisti gheli@ed 11258% é@@%_e s{aBoPé8hent Bt ﬂh@f&ﬁ@ﬁﬁgﬁ@%ﬁ%%e&& ﬂl%@gﬂﬁt ion

conveyed on the reverse link, e.g., the up 04/ 07
PCT/ US200u¢réans with the-tgsmissivhefrerh seien SHP0SHo the Wi 99D g lvfeen @hil, the trapsmpissibn t 0

cell 901, su hat the 09..in ,sector SO.903 receives. significant
ot or o SHELRP 82801 BRbotttedia M in ki o SR ratly B 8 FatiiRBOTS A A ¢ e
base st akdotur SOAThenIth SINH sceh By dRUWTO0aRSbE giveabyi N sector Si 905 t hat :
interfere with the transm ssions from sector SO 903 to the WI 909.

Meanwhil e, the transm ssion 5 in sector S2 907 is coordinated so that it has

the sane or nearly the saneqtransmit power Qas in sector SO Then the SNR
seen by the V\ENRQ&QW,Q%E)%—V% by SNRso(Q O Q= aQ yQ+N SNRO(P)
SRRITSNRQ(P)+ Q 10 in whi’eht ¥ase it is sufficient to report SNRQ(P) and
SRR17. Next, for the situati GwRS(®wn in Figure 9 with respect to cell 921,
in which the W' 929 is ~not near a segtor boundary, it is possible to
transmit on nost or all SBRUOISVRYP t causing too nuch interference to
the WI 929. In this case, suppose the¥base station schedul er 1225 makes 15
the sinplifying assunption that each of the three sectors should transmt
data with the sane power Q Then the SNR seen by the WI 929 for a

t rangoi sgi @hich EARNSE SifEEieSiCh Sep3rtiSVRO(MeRd BRRIENRS0(Q Q Q aQ / 3Q+yQ+N

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

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

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

S
PO+ +N
SNRO(P)

SRR2- SNRO{P)+ g

SNR.,(0.0.0)=

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

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

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



SNRO(P) SRR2 SNRQ(P)+ Q20 In this case, it is sufficient to report
SNRQ(P) and SRR2. Next, for the situation shown in Figure 9 with respect to
cell 941, the WI 949 is |ocated near the sector boundary with sector S2
947. Si ncewOnRe4TI7M9O recei ves significant interferencecriustysmseizor S2 947,
a coordi nated schedul er 1225 for the base station 1200 can turn off the 25
correspondi ng data transm ssions in 82¢ctor S2 947. Meanwhil e, suppose the
transm ssion for WD 2004/ 077728 PCT/ 1JS2004/ 005242 -32 sector Si 945 is

schedul eskcwir St S8 h&s sshetalddrvasiie saoROot@ism pasvel O 28 @€ éckfor S0993.3Thekhhe SiiRe  SNR
seen by the W 9ﬁ%will_ be given by SNRso(Q QO = 0Q +N SNRQ P) SRR1, 6
SNRO( P) Seepyby ge WP willbg g¥enbYi s sufficient to report SNRO(P) and SRR, 6.
Hence, if the BS 1200 restricts the transmt powers such that they are equal
to some value Qor are equal to O, then in each of the three possible
configuration m&y ﬁ;sub@t of 10 information needs to be transmtted
fromthe W 13%8so ’Q’ }a“ 0. In particular, in one enbodinent, the

wireless termnal 1300 maKes a_d c)ision as to which of the situations (e.g.,
as shown in Figure 9 @LL_&@@EQM_Q9 cell 921 and Figure 9 cell 941) the
WI 1300 is currently in. F'ﬁw &R@Ipﬁr@tion can be transmtted by the WI 1300
to the BS 1200 as a tvvo-g Bgundary | ndicator. The sector boundary
i ndi cator indicates wireless termnal position 15 information relative to a

sect of boundary. The first bit could indicate whether the WI 1300 is on a
boundary so that it is _necessary to turn off }he transm ssion in the

nei ghbor ityhiglbease it is syfliciensde ERATIVROGY @Y SRRAT cat e which of the two sectors
causes nore interference. Possible 2 bit sector boundary indicators are
listed in the first colum of Table 1 set forth bel ow The second colum of
Tabl e 1 i ndi cHémes, ifitieRS t200trestticts ithe ransihiopovedrs euth tHdt ¢helyhare ejualobyame!l | st s t he

COM 0] EOhB SRS BT bl o e oo RobFRBRARR o 4 RERLYH RS L1
channgl gitdhiatidn hards (S 1 travadni4RE floRPBE WL 1 3ME the BS 1200. In particular, in one
embodiment, the wireless terminal 1300 makes a decision as to which of the situations (e.g., as
shown in Figure 9 cell 901, Figure 9 cell 921 and Figure 9 cell 941) the WT 1300 is currently in.
This information can be transmitted by the WT 1300 to the BS 1200 as a two-bit Sector
Boundary Indicator. The sector boundary indicator indicates wireless terminal position
15  information relative to a sector boundary. The first bit could indicate whether the WT 1300 is
on a boundary so that it is necessary to turn off the transmission in the neighboring sector. The
second bit could indicate which of the two sectors causes more interference. Possible 2 bit
sector boundary indicators are listed in the first column of Table 1 set forth below. The second
column of Table 1 indicates noise contribution information. The third column lists the control
20  action to be taken by the BS 1200 in response to receiving the corresponding sector boundary
indicator. The fourth column lists the two channel quality indictor values reported given the

corresponding reported sector boundary indictor listed in the same row.



correspondi ng reported sector boundary indictor listed in the sanme row. WO
2004/ 077728 PCT/ US2004/ 005242 -33 Sector Boundary SNR Ot her sectors W&
reports Indicator 00 SNRSO Q Q Q Transmt on all sectors SNRQ(P), SRR2 10
SNRSO( Q, O, ¥ 2044037738 f sector S2 SNRQ(P), SRRIY 11 SNRIOT@s@dpostazr n of f
sector S1 SNRQ(P), SRR1' TABLE 1 5 In this way, since the WI 1300
identifies to the base station 1200 #8i ch configuration it prefers, the W
1300 needs to only report SNRQ(P) and one of the three SRRs. A multi-sector

cell with an ar bltrary nurrber of sectors will now be discussed. In another
enbodi ment gf—th QR —fFor—the-situati-on—wherethere—are—an—afbitrar
nunmber of S§E‘E § %‘rﬁ’h SMtors are |dPUeRERFSL o t hr de B’Etstypes whi CK
we will |abhghdigftorS 1 and S2. This cljassification intg sector types|is done
in such a way that two adjacent sector|]s will not have tlhe same type|l It is
assuned that®for two non{aiNRygEhL. @k ct|cFransntihen &t feetors of SNRA®), SRRENCE i s
consi der ed enough as ta.not he qignificant, so that the main chuse of

interferenddlis from adj a9 (G@@)or d i dffsecters? ¢ y|esNRO®NSRALL | s
possible te treat this siltuation in anq analogous 15 fagqhion to the chse of

the 3-sectdilcel |, since {tMNRplQ.O)y sumeetisectomiler f er|SNROP) SRRIA Fect or
cones fromlits two neighhboring sectaor Figure 10 includes a diagram 1000
that shows the sector types for exenplary cells 1001, 1021, and 1041 with
3, 4 and 5 sectors, respectiygl 1OeII 1001 includes a first sector SO type
20 sector 1003, a first sector S type sector 1005, and a first sector S2
type sector 1007. CeII 1021 includes a first sector SO type sector 1023 a

first_sector Sl t 25 a f t secto pe sect.or 7, and a
second Sg" ‘gifﬁ%ays%* ?@2850 lifigp iy ?ﬁ%sFﬁﬁ‘}Bgn Lz(ﬁ @Pﬁlgcélﬁgﬂlfa S@tt
sector 1%3WT€13®0ﬁe°eHsMﬂﬁfep&tSNmmaﬁ&Gﬁeoéftﬂ@tﬂﬁaeﬂﬁs'rSt sector S2 type

sector 1047, a second SO type sector 1049, and a second Sl type sector
1051. Table 2 set forth bel ow gives an exanple of 25 a plan for different

nuTber s Of S CRUNT seliSA b e USRlr Mamblior sk Ab Y 3868 HRES, HOLERBPONSS

to the order procee Kw'sée roun he sec 77728
PCT/ US20edbainert f tIuBﬁlvcnnon, for the situation where there are an arbitrary number of sectors,

10  the sectors are divided into three sector types, which we will label SO, S1 and S2. This

classification into sector types is done in such a way that two adjacent sectors will not have the
same type. It is assumed that for two non-adjacent sectors, the effect of interference is
considered small enough as to not be significant, so that the main cause of interference is from
adjacent sectors of different types. Hence it is possible to treat this situation in an analogous
15  fashion to the case of the 3-sector cell, since the primary source of interference in each sector

comes from its two neighboring sectors.

Figure 10 includes a diagram 1000 that shows the sector types for exemplary cells 1001,
1021, and 1041 with 3, 4 and 5 sectors, respectively. Cell 1001 includes a first sector SO type
20  sector 1003, a first sector S1 type sector 1005, and a first sector S2 type sector 1007, Cell 1021
includes a first sector SO type sector 1023, a first sector S1 type sector 1025, a first sector S2
type sector 1027, and a second S2 type sector 1029, Cell 1041 includes a first sector 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
25  aplan 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.



Nunber of sectors Sector types 1 SO 2 SO S1 3 SO S1, S2 4 S0, S1, S2, S1
580 S1, S2, SO S1 6 SO, S1, S2, SO, S1, S2 7 SO S, S2,S0 S1,S82,S1 8 SO
51, S2, S0,Sl,S2,S0,S1 9 SO, S1, S2, SO, S1, S2, SO S1, S2 TABLE 2 Using
t he above wWécr@71Rpe schene, the schenme invol ving cel lpcruiskoodiodis and
sector null 5 pilots for the case of three sectors can be used for an
arbitrary nunber of sectors. Wiile dd4cribed in the context of an OFDM
system the nethods and apparatus of the present invention are applicable
to a wi de range off NiPHBEHBf seafokONS Seitss I ncladi ng many nof-OFDM I n
addition, sone features are appl lcable a_non-cellular systengs. 10 In

vari ous enbodi mentd nodes descr|b§8 herein are |nplenented u5|ng one or nore
nodul es to perfornzune steps ToTTg psjlllw Ag—to—orme ornore-metihods of the
present invention,| for exanple, |Sirgnhal processing, nessage deneration

and/ or transm ssi q)rj steps. Thus, |80, $QEe enbodi nents varioug features of

t he present invent%LcmL%ﬁ%gLéd_us_ng_mdm_es_&mh_&mdul es may be
i mpl enent ed usi ng |4of tware, har dy@PeSlS2aSkonmbi nati on of sof tjware and

hardware. Many of "Ghe—above desTIigHes, T$§L JPeg or nerhod-stepy can be

I mpl enment ed using}{ nmachi ne execu E’I e ‘s%r’uctlons such_as gdoftware,

i ncluded in a machiéne readabl e n”eGOLSm,SQ,CSU sassza menory devide, e.g., RAM

fl oppy disk, etc. e —e-. . conputer with
or without additiodal hardware, {8% ¥WpPé »Sbr portions |of the above 20
descri bed nethods, g€ g., 1'n one 0k g ] P]gﬁz-\@goipl ngty,anong ot her
things, the presemt _invention i$ 8I réct ed a _nmachi ne-readgbl e nedi um

i ncl udi ng machi ne |&xecut abl e i nst 8081, 88550, SdyS2;80s$hG2a machi ne, e.g.,
processor and assott+ated—hardware—teo—performone—or—npre—eoflthe steps of

t he above-descri bed nethod(s). WO 2004/ 077728 PCT/ US2004/ 005242

TABLE 2

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

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

While described in the context of an OFDM system, the methods and apparatus of the
present invention are applicable to a wide range of communications systems including many
non-OFDM. In addition, some features are applicable to non-cellular systems.

10

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

15  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.g2., 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

20  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).



-35 Nunerous additional variations on the nmethods and apparatus of the
present invention described above will be apparent to those skilled in the
art in view of the above description of the invention. Such variations are
to be consw@awd7xmeg hin the scope of the invention. ThecsusBilo@sszand
apparatus of the present invention may be, and in various enbodi nents are,
used w th CDMA, orthogonal frequenc$s-division multiplexing (OFDM, and/ or
vari ous other types of conmunications techni ques which may be used to
provi de wirel ess comuni cations |inks between access nodes and nobile
nodes. In so enbodi nents t he access nodes are int“ﬁlben%nt ed as base

2ty

stations whi “@?P%?didgﬂn@o‘ﬁﬁﬁ'ﬁ‘?@é’fi chpdaend appa P& $1VeBigTy 10
OFDM and4Qrike@Mbove \ﬂill\’ciéragg&énﬁ@%ﬁ@ £8MdSn H&%‘?%ﬁév@omg%v@rﬁscﬁgmf%m ed as
t DAs) orta

not ebook conputers, personal data assistants , or other |l e

devi ces ihasivgationy Suckyaiationy are tmbmdonsidered within the scopd of thgiinveatiat!. dFher out i nes,
for i | enenting the methods of .the ..present invention. 15 .Fig. 14

1 el T 80 A bR b B Bt o A S B e P Y srabiomted a1 Ypd ot
tones i nwithUDIMA) @tiee6iad frsquizhe RdioRidn rhltiple®ip COFDN) 280/ FBRETs otHer &geosdance

with the present invention. The nethod starts in start node 1402 “and

pr oc eedscamynanieationsigahnigies sihichamay herused toppatide wirelses compmmmicationsslinks t i al i zed,
e.g., t ) [ a a per synbol
basi 5 wi TRS e o o fnd BRATAGE I Bk Rl A AU B T OF ol ong
wi th a cinplémen®al as bedei skatinh$ which sstaljishebinnuaicetiqng lioks with asdbile nodek uting

trangm t ol t .is added.far dundancy to ptrotect again

i ¢ e REPNAPPE.CINE" 1o Sk Simsat s RS bar P imhE g BER Hitbook
Oper at i Ogbnifules; eiSond] Qith SisePani @D AP, o bler petiBleeeiced MclulRgt ransmtter is
controlled to 25 transmit pilot synbols to be transmtted in the current

synbol ticRHEVverirapgpifesdicpisy andjogic and/acieniags iorimplementingdhegethnds ofdbe t ones in
each seciol. aceqidhng to a pre-selected pilot transm ssion sequence, e.g.,
pi |l ot tone hoppi ng sequence, using pre-selected transm ssion power |evels

I n each sector of the cell. Wiile pilots are transmtted in each sector of a
cell in parallel,, ..the wer leyel transmtte a.tone.may be sone

pre- el ect ed I_Jél]l%ﬁna?gﬁl?sf‘w_s ﬁ%“ﬁ?é"%ﬁ’ mih‘H&lﬁ&&Bft{%ﬁ@%vamPﬂ?‘&t?lﬁém
transm Sjmumgmtsem oPh céll 1n0f syntlgBRbed dihRA hcsRBimRE WAThehe SRRSendirv¥ntion.
synchroni zed, slight timng offsets between sectors may occur. Thus, each

sect or miie methedstrys insaripode 142 adiprocsedsise step APk wharsinarrupenes ypbel tae
roviever, cdulier ARtz JESt0! 1) SABSEC Mol iff W dERBREY YstRYACIAN! zed that

there is substantia Flap I'n the sym I mes use transmt synbols in
symbol basis with a symbol time being the time used to transmit one symbol along with a cyclic

20 prefix which is normally a copy of a portion of the transmitted symbol that is added for
redundancy to protect against multipath interference and minor symbol transmission timing

CITOIS,

Operation proceeds from step 1404 to step 1406 wherein the transmitter is controlled to
25  transmit pilot symbols to be transmitted in the current symbol time in each sectorin a
synchronized manner using the same tones in each sector according to a pre-selected pilot
transmission sequence, e.g., pilot tone hopping sequence, using pre-selected transmission power
levels in each sector of the cell. While pilots are transmitted in each sector of a cell in paralle],
the power level transmitted on a tone may be some pre-selected level or zero in the case of a null
30 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



WO 2004/ 077728 PCT/ US2004/ 005242 -36 each sector. Normally the substanti al
overlap is such that the synbol transm ssion start tines are synchronized
to be within at |l east a period of time corresponding to the tinme used to
transmt WwWaaoapzIRE prefi x sonetines called the cycli ecpnsidoxondtyzat i on.
Thus, there is normally substantial overlap in the synbol tines of the
different sectors even if there is mdé- perfect overlap in synbol 5 tines.
Whi ch tones are used for pilot tones during a particular synbol tinme is
det er m neaghfeaton Ndmsalipthe substaptiatevedsp i 2@t thaahaidesbop trhvetmissigrpitagtiseuence
tone information. 1234, whil.e e . _powe 0 be used on a _given tqgne in each
sect or O?Ielswhﬁoé%ea?%b%&d@ﬂ# E@Stﬁpslﬁ?% © QRSpongig tﬂfl%rtﬁﬁ? P%?ﬂ 19 Bagmiio, ce
the pi| othelcOilRpréMesdnictnRitlled thd (tlid prefif difaBBs. BHIED@Erelié Aimially SiRBNEA06
operation proceeds to step 1408 wherein a current symbol tine count is

i ncr emen®¥sdlapin the syrakg] times of the diffiezent sectorp avae if therprs aotnsrieetoverlan iheywbelr ent
synbad tjne has reached a mexi mum synbol time. If 15 the current symbol tine

is equal to the maximumthe current synbol tinme is reset to 1 so that the
pi | ot hoppi ng sequence can begin to repeat in step 1406. The periodic
transm ssi on .pi.lot ton cqntinues .to repeat accordin 0 the

i npl ement ed pwt?%éf%&ﬁ%gﬁ%a%ﬁéﬂn%a CHAHm §i%‘f‘?g§ﬁ}cﬁ%ﬁrif@§1 on
stop or &emheQhfdfhatRYaNES ﬁr%liﬁl@épillch_fhoﬂbih%Ecq%b&@%netiﬁﬁﬁiéﬁo?ﬁl'%@ whilp@Rss to be
interrupted. 20 Referring now to Figs. 15-17 various exenplary pilot tone
transm sBIVeR$0 be used lep wigivertenegn eRchiseppr oftthes¢ellris Hetemaing fromgionser lsueler

I nf O{dmt{n? aﬁ@n %ordance with the present invention, pilot tones are
transmtied using the sanme tones 25 in nultiple sectors of a cell at the
sanme or substantially the same tine. In various enbodinents of the present
i nvention the.s ol transm ssion tipes are synchroni zed in the various
sectors of tﬂ%‘%érrgg? Pl.loltﬁ@@ﬂ?ﬁeﬁ@“%m?‘igltWPMﬂ W"Bﬁ}n. s(t?fbwlﬁ\%ﬁﬂaﬁorbe full
overlap picdeas st 1408 WheRf ¥EERnt bR Life bR ESintleARA by §9 ThEy Ngepvar i ous
sectors of a cell "at any given tinm€. Unfortunately, as noted above, precise
synchr onl41&ta dbaclks ymade to sse ifgbe eurtanesyngol Himehns washedfa madmpwazywhel tined. df ed t o
t he np | r.onl zi Y t different anplifiers
and St ol aulds SRl RGP G el LSS B SO SRS e 1§ RETP P Tt o
i mpl emenpildtihopsin@seqaetias tanbdgil toaepanit seh 1406 Tieppepiodiytrsaahissibirespiti st s

bet ween the sectors. Thus pil ot , , . .
tones conﬁnues to repeat acc%r&mg to the implemented pilot tone hopping sequence until base

station transmission stop or some other event causes the pilot signal transmission process to be
interrupted.
20
Referring now to Figs. 15-17 various exemplary pilot tone transmissions are shown

along with pilot signal transmission power information.

In accordance with the present invention, pilot tones are transmitted using the same tones

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

30 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



transm ssi ons can be achieved wth substantial overlap making signal

measur enment s whi ch WO 2004/ 077728 PCT/ US2004/ 005242 -37 assune full overlap
during at |least a portion of each sectors synbol transm ssion tinme possible.
As menti on®0 203898281 n t he synchroni zed enbodi ment of tpaa/yssoenéseen t he

di fference between synbol transm ssion start tinmes between the various
sectors of a cell usually is less thah the duration of the cyclic prefix
which is normally included with transmtted synbols. 5 For purposes of

di scussi asume fullwvetiap durirgei tepst atpoationtdiench sestofs dymbsltraiamission aimeqrossibleh

si gnal s, ol s, being tran d at the same ti | nchrom zed
manner 5 g%gti,llon éé PG “U'F Pﬂzeiﬁ‘ﬁé’%ﬁm@&qﬁh%\’/@%? theﬁ%e%\'i’é B cussi on
makes it syehtfR radsAdsicilkedh ihEHebReen I ERORN R R Sh RANERIIYs AeeMafe OCCUT
and is not required to practice the invention. Thus, the 10 transmssion in
each seceéwntianfithsgyshel prefis whidhiis nematy lwmdmﬁnmsmﬁted symbgls.be slightly

of f se fromthe synbol tinme of the adjacent sector. In accordance with the
present invention, while pilot tones are transmtted in each sector of a
cell on the sBurgufebesf disomsion) inwill ymsinahingttlere el eynchiditzafionmithof t he
pilot tones in different sectors cell are controlled to permt

differe nflg%qlﬁ fr@t SHERYH Wgﬁ{agsrwquﬁt tﬁ%&'ﬂ% tirge @ 2 SYRCR{opized maRnehin eagh ¢ or |

det er mi nigy bPERRi-§Rtok eelf omwédayttﬁé%o@é &m@hhﬁ' takés lgclemacﬂat@ﬁ&mreéi@ect or(s)
as wel |l as background noise. To facilitate nultiple different signal
measur ensmckronizatian nermalhy dags notmeews axdys i reguiaed toctuaqtmg the isvengjbm Ehushthe

L o ¢ ReAulgPE el S os B R B8 VBl o B 5Re 8Bt

di f f er enfrom@hesymba0tide of &8 atljMeent §a¢fﬁi)OIn ddcomancelwitlSthe preserft @aB@ntidn)@hie | ot
signal measurenments made during different synbol tinmes may be used to
produce PIRS 1gnzs amg;trangpittad 1%%5!?1$réror gharslion ‘ihﬁ diraeich P pasyia S smbéwzealr

ret ur ned g. 15 is a
Chart 1580 o RARE of HEIBOS (B BRRHAR AL oAbl Dol e baNBIL Bbenih

i mpl enendlﬁdrmhmgwémmmm@wwladb&dﬂmqnun @Dartlhlelmmee@erdbtermmmgtth@nmseﬁ\s will be

di scusse el.ow, sequen e sho an he extend to systens
vvithijf\l %ogg:@%uélon\%ﬁ T §&- 4pace trsﬁw)?(?raﬁ W?gr?ﬁi?‘:ké?%lg?élf’l $han 1. The seqguence
shown in Fig. 15 is |rrpl enented for a cell which includes two sectors,
sector A and sector B. The synbol tipes in each sector may be s|i ghtly

of f set but su%%faa%art%mwlp&/@yfﬂay signgl mprsuEmsats, wnltplegpilog kines mawrbe wsedt he same

symbol g%%%é | 'I'trﬁfs}ﬂ#% InXinke! AbrhdtQels! b HiloY sighal hEN BB ustyggpo!l i mes

in rrany Cas rst co
symbol time with the pilot signal being assigned different power levels during different, e.g.,

20  successive, symbol times. In such a case, the pilot signal measurements made during different
symbol times may be used to produce the two different channel quality indicator values which

are returned to the base station in accordance with the invention.

Fig. 15 is a chart 1500 showing a two-sector pilot tone transmission sequence

25  implemented in one exemplary embodiment of the present invention. As will be discussed
below, the sequence shown in Fig. 15 can be extend to systems with N sectors, where N is an
arbitrary number greater than 1. The sequence shown in Fig. 15 is implemented for a cell which
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

30 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



1502 titled tinme refers to the synbol tine in which a tone is transmtted
assum ng perfect synchronization between sectors. In one enbodinent, where
the sane tone is used in each synbol time for pilot signal purposes, each
synbol ti MEORMEFEYYh 4, corresponds to a different WOPRTAUSLHOFTA2E

PCT/ US2004/ 005242 -38 current synbol tine. The second colum 1504 titled
TONE |ists the tone, e.g. frequency3&0n which the pilot signals are
transmtted. Each rom/corresponds to one tone. Different rows nay

cor r espotitrenisymvel Bmee The segpid eolam 15Q§rterbdd“é13ﬁa tstathegone;, g. rﬁraqmancnlcmr

I mpl emen wher e t f| r st fourt h synbol
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tones | i stesbdnd te theyame aaﬁﬂmfemt tondsiegérddigy @ithe pirtice aciapienminktions Fenal
requires_one tone. Hovvev es where the first through 4a’ 1yrrbol
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toness | i gt [ ssed
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a tone imnqemsionofonehdopeldrsinsaiss mreAhaﬁrtt axmghg symbo]dnnesus eolutp 115021ns mt a

pi |l ot si sm s evel of rs_may be
differ en r{gppqnﬁ g“gf‘?\ ent [f{reélg c?ggréles’t fon Sl}sk.{& 1?8 rléh{mai’ s'(’éhleéf’mﬁny

poi nt i nortdiff&ents transmtted with a pre- sel ected transm ssion power. Thus,
the transm ssion power and tone on which a pilot signal is transmtted wll
be known to 15 both the base station 1200 and wireless term nals 1300 since
t hi s{4 nf or mat |

cur T synbol® L psef Bkl imarlsly, PO, PO S0 POLTARAEE Romt Baldilen
15, the ¢fte took inchchnof thEOBlsIsecsors Atdnd Bpielgota tenausad tctm'msmm&;]oomgmmnel evel

for the pilot ignal, transm.tt n._secto Si he to h the
par t1 cul BiPePisFioR aPPESUSHEE cael e et Feby e Bobe s doserh &6t Hane

pi | ot signakonktRAAGHKISS Oy POMEIn tBVR trahahitttd @ith |a'p%-s§¢(ﬁﬂ&{'an3ﬁlsﬁlbﬁgﬁﬁbﬁ ted in
sector B using the tone to whi ch the particular row corresponds ach col um

150 Col uﬂwsmwm%mﬁw RAYEE andyiong, op HB§B§ ot %E‘Eﬂl aﬁl trﬁnﬁ@lt@dsvlﬂ 88 KB9Weithodi ment
| at ef5 bulgotl"]:ﬁle%%e t&l@‘ﬁq?b@a&muél}%a térfrfrd 130@%11% ddr%% @?is%r&ﬁﬁ%mbed in
I g. 15s. a 8

regard to ch rectangle in col um 15 represents a step
of transdavices urg:l ‘rwtlpdet\mtes kngm e cufBnti smnbhlalmmﬂomahmdg Sdeation avdilablege ther al

mbol t t 02 .t t di ' |
1504 1 i 4 i £5 ot s 0e Pota e P epaL e e B 1 e e & bol
times i nsigachakniSelihEdorA a¢iflg Be téheGo whidh'thé patichl&a6Mtdnsspdhe. Silnasy Whi ch
correspond  substantially to t%e synbol tinme Flsted i n colum 1502. A lis

used to iha&uehicelunmbi9s ﬂ)éﬁséhe‘pﬂo@pgnal transmission power level for the pilot signal
20  transmitted in sector B using the tone to which the particular row corresponds. Each column

150 Column 1510 is included for purposes of explaining a 3 sector embodiment later but is not

used in the two sector implementation being described in regard to Fig. 15.

Each rectangle in column 1506 and 1508 represents a step of transmitting a pilot signal
25  in the indicated sector at the general symbol time indicated in column 1502 using the tone
indicated in column 1504. In practice, the tones are transmitted at slightly different symbol
times in each of sectors A and B, e.g., first and second symbol times which correspond
substantially to the symbol time listed in column 1502. A 1 is used to indicate a non-zero pilot
having a first pre-selected transmission power while a zero is used to indicate transmission of a

30 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



having a first pre-selected transm ssion power while a zero is used to
indicate transm ssion of a 30 null tone, e.g., a pilot signal with
transmtted with zero power. Row 1512 shows that at synbol tine 1, using
tone 1, a 1 pilot signal is transmtted in sector A while a NULL pil ot
signal is transmitted in sector B. Thi's makes it possible to neasure -39-
the contributjon of inter-sector interference in sector B caused by sector A
t r ansmi Y§icnirigHtiomerl inkeanectpbinisrierancy imsgseiar Botgysedit Beton A BansaRsIacduhat e
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interference due to sector fransm ssion How corresponds to synbol
time 2 witkowithe presmce of mterfechcedut taststor B @anshlidsidno Row 5 Beadrspohdand a 1

pi | ot signlgolr] in 5 sector B ,Thia allows sector A to determ ne the amount of
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f eat ur eand secbued Tomselidtl 2 obh 14Fifdig. 16 and ableestant ol 80G iSibusd A&t § mgorder texenpl ary

pilot tone.fransm ssion seqguence r a. three sector tem, i.n the Fig.
D! o an PR et LB kS G9 TCAT S RS REmE Rch ERUREHAEPRO | 1o,
the S?C%%%k%t]fﬁgﬁi&QhﬁﬁlstB%@Héakﬁhé ARLalebSnF AN ZudkGndid 408 ARd 20
1610 indicate pilot signal transmssions in each of three séctors AL B and C
of &5 celllay ancdequbatk toghg basEistation 4300 m cherdmig. witlbomx&afureof thadatvenkat angl e of
colum 1606, 1608 and 1610 which corresponds to one of the first through
fifth rows, 1612, 1614, 1616, 1618, 1620 represents the step of

transm ttinggg, p6 i cHRiORAL i Pikstbife sﬁ%&;ﬂﬂﬁﬂl P8Rk RrahdiRistiDA s&ALRE foegt Or -

Whil e the toneés used |n_each_row are the sane in each sector, as discussed
above, trenseetr kystém 2 Bstim thedlighidl exaimplss thedirsteepona $69cartesperadseo sxmbadnt

Byriol e e Bach oL e LSl Lauh b 10 Aeremubld s b

theahirsb1d MoRUEDilot §ikhaltRAASRIsERMs Pecabh 6f SidEeorstA f B @h@0tof a cell,
respectively. Thus, as in the Fig. 15 example, each rectangle of column 1606, 1608 and 1610
which corresponds to one of the first through fifth rows, 1612, 1614, 1616, 1618, 1620
represents the step of transmitting a pilot signal on the indicated tone in the indicated sector.
While the tones used in each row are the same in each sector, as discussed above, when each of

25  the symbol times corresponds to the same current symbol time, the each of the first through fifth

tones will be different. However, when each of the first through fifth symbol times are different

the first through fifth tones may be the same or different.

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



Note that in the Fig. 16 inplenentation, at |east one pilot signal is
transmtted for each 30 sector with a null pilot being transmtted on the
same tone in an adjoining sector. Also note the wuse in row 1620 of what has
been described as cell null which faC|I tates background n0|se

measur enent s 0.s th
i mpl gment at | 5§ ﬁpﬁal%\’g“tléag?%ow‘f rfﬁs‘icg‘g %tﬁ%aﬁ Pl a(rtt% 1’5 ﬁ%‘%’ﬁhgect or
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transm ssion of 15 pilots Pl through P15 are shown in th e od| ment

with elgeéls. pTh@transmwsgon ofarfspiats BH thaough RiiSfdre stervin mythbbig. 47 nmbodnmehtawahs e

wher e eac cor espo dj t transm ssion synmbol perio

the. cacBelUPbbaS e rbeya & iEsiloel Bogi HE RS he Ghieht efsnitie. cane
synbol afﬂiffeltehf eastidsiar @'ﬁ{b& Em ThitheSas@HeRNAYR of %tlf@teﬁrifgnhfsﬁbst@bﬁs' on
time of each sector being’s tly different but corresponding to

subst antrarsntitfed inghe mcesymbﬂﬂ)amet thnee differgnegynibol times eters@pwsemtbrtls As in the

R e e SR

di ffer egdmd Sad] tiMeiak @seddiRitRdothBOMWBos being transmtted at 5 different
synbol tines as listed in the fist colum 1702, when variations in sector

transm ssion tines is taken into consideration each rectangle listed on the

headi Sect Qr . | | f [ ' th
Symbol t | mesAai PELE 1P e S 6ESREr D moB erithistn iz d R At rigaed el '
the Casgewanﬁﬁﬁ@a %@ingﬂﬂﬁﬁh&%ﬁ@wt@ffereﬁ_t%wﬂ ASTcob8MRINd % diFffsdht &inet hWHiler St
through 15 h pilots 1 through P 15 are rei)resented in parenthesis, e.g.

the tr ah@ng slmvamsdmmtra‘nsmlm gt q@ffereWﬁymé)o fimepatlitediaghe Gstreolmn h7Ehe F| g.

16 r.t.ed

Fovel s HBoT pitott i EhER ra RS ion EL R 8455 4R RBRN o ash B UL S
transm gRieidifE Sectdithhy Réthally &ris gdnd tt idMfBert @S ndol ImeIGth 188 sERBS1ASesAf B
and C according theaﬁower | evel these pilot "signals is O in each case.

Fig. 18eachlrwgtsnbﬁtt@m y oMenlappIRsmdieongi ld@ttchlemtth@mnp’émegﬁe synchrapizationon 10

col umn: TreboTaanyd Pl et d R O8 Brate 13y siB T bR ER P1p fEreB RSy iiiny Tone 4.
tone 5, pireMBeds, elgONBY transpilSsidh pd v goPP1 is@1e While inSRERNAsesGALMANInIHEBig, 16

I denti f | es exenpl ary sector A signals. Third colum 1764 identifies
exenpl arxampetvadifisrant gn‘aelslewﬂs) ametsnpmnednmuhrp%knmqwqré%v@mbbw y sector

tC i ?rlegnal o ?5%3; flzfslﬁft TOW %p 85@‘%&2?%}&%%%[) set\laer tr sm%)swnesfpaoﬁﬂiL pllO?'Sl%Xﬂb ol
using tone 5 in each of sectors A, B and C according the power level of these pilot signals is 0 in

each case.

Fig. 18 illustrates a chart 1750 showing the transmission of signals on 10 different tones
during a single symbol transmission time period. First column 1762 identifies ten exemplary
tones (tone 1, tone 2, tone 3, tone 4, tone 5, tone 6, tone7, tone §, tone 9, tone 10). Second
column 1763 identifies exemplary sector A signals. Third column 1764 identifies exemplary
sector B signals. Fourth column 1765 identifies exemplary sector C signals. Box 1751
identifies that table 1750 corresponds to 1 symbol time. Row 1752 identifies tone 1 signals for
sectors A, B and C. Row 1753 identifies tone 2 signals for sectors A, B and C. Row 1754
identifies tone 3 signals for sectors A, B and C. Row 1755 identifies tone 4 signals for sectors
A, B and C. Row 1756 identifies tone 5 signals for sectors A, B and C. Row 1757 identifies
tone 6 signals for sectors A, B and C. Row 1758 identifies tone 7 signals for sectors A, B and C.
Row 1759 identifies tone 8 signals for sectors A, B and C. Row 1760 identifies tone 9 signals
for sectors A, B and C. Row 1761 identifies tone 10 signals for sectors A, B and C. In the Fig.



sectors A, B and C. Row 1753 identifies tone 2 signals for sectors A B and
C. Row 1754 identifies tone 3 signals for sectors A, B and C. Row 1755
identifies tone 4 signals for sectors A B and C. Row 1756 identifies tone
5 signals for sectors A, B and C. Row 1757 identifies tone 6 signals for
sectors A, B and C. Row 1758 identifie80%one 7 signals for sectors A B and
C. Rowld raplemngetation thed) is oped 18 reprayeat & NLU L pibwtsignsl, avhilg aglnid ugkd RaepreEa0
identifieg tone.9 . signals for. sectors A B.an . Row 17 i.dentifies tone
10°51 gnaPRot B A SURISHTOR forgs G ARG fow 1808 eI Bl ARERMA B { heo
i s usedpbRerew] as®AichAatul krafdphibd. SDASaded ikl hadt 1750 o HInSEhte ther €Present  a
pilot at a single known non-zero transm ssion power |evel which is normally

hi gher trasmissien ofpdiein dneedtheatectiany 4hB dgad & iDetdatirnignal Deig uswllygrapsratiten t he

chart 175Q to i]lustrate r m.ssion af ta.n one of the sectors A
5'and Com MOt MR IR e HRATRORE s Baeveld AaferphEe PO bover
| evel | gigBifichinantetfBRndd Weth tisd SiRAln ﬂ;%\tﬁigh_ﬁom%set:m.r Bl i€ noBYaljatanGAUEE in
significant interference with the pilot in_the neighboring sector. Data is
nor mal | yachroftkmaestosdon additenahtases notshawainFig. bh duidel the athugtrated sembalbimehown

in Fig 1 ' he: i a ) tine.. h . ' of
the pr eg}aﬁ'f %R@%ﬂlgbéﬁ@%’{ﬁ%?%ﬁ I%/rg%nglég?@{ronsﬂlc 3e d?r‘] cl{%%g%:%tg&?g%éégﬁﬁ d not
i nt er f eds nvi inferfehewith HRtpilod bas Sinde thel BRYortiogomil thd@anmds ubed fohfantanigslotised
to transmt pilot signals. Fig. 19 illustrates a WD 2004/077728

PCT/ US26@ailedia4t? illusttatesesd hod 1800 of operating a wireless termnal to
process pilots signals received froma base station 1200, which were
transmtted in accordance with the present invention. The received pilot
signals may be pilot signals that were transmtted with known different
transm ssion power levels allow ng the receiving device to nmake vari ous
signal neasurenents and conputations 5 useful for determ ning various noise
contributions, e.g., background noise as well as inter-sector interference.
The met hod 1800 starts in start node 1802 and proceeds al ong two processing
paths beginning with steps 1804 and 1808, respectively. The two processing

paths may be 10 inplenented in parallel, e.g., in the case where multiple
pilot signals with different transm ssion power |evels are transmtted
during a single synbol tine, or in series, e.g., in the case where pilots

are transmtted sequentially using the sane tone but different power |evels
during different synbol transm ssion tines.



15 In step 1804, the wireless term nal 1300 neasures at |east one of an
anplitude and a phase of a first pilot signal that was transmtted with
transm ssion power P1 to produce a first neasured signal value. The first
measur ed sWgA140HR%e is then used in step 1806. |n st @pTABGH005242f i 1 St
channel quality indicator value is generated fromthe first neasured signal
val ue according to a first functiom¥|, which uses at |east said first
measured signal value as an input. The first 20 channel quality indicator
val ue gemethad $800nf opemating o wirklesmtesmibd, to pacess pilopisignalamecsNed falnecbae a

signal p r ue.. .correspon to said first received. pilot signal.
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first channel quality indicator value. Operation proceeds fromstep 1806 to
st ep 181velpallawingthe secepamg dayiredp maks vasioupeienal massiremenss prd ¢ompufgtions st ep

1804 4 n | . [ e t ' . . t one
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wi t h tr aintnfessceon power P2, where P2 is different fromPl. The neasurenent

produces a second neasured signal value which is then used in step 1810. In

step 30 1810 a second channel quality indicator value is generated fromthe

second neasurpg fdEae] 800\aki ¢ A€ A6 1802 bl FoSRaPMIng Wﬁﬂo@é&sin% gathivhi ch uses
the second neasured signal value as an input. The sécond function is

di f f er enbeginuing with serisi 1884 and, hi8; wapeghvelysEhe timo precessing pashsweywbel neasur ed

sign Y ' t.phu . r, Sl : [ as
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t he secopalvetveleate tepnainittey duriflg a sihgle syraboleinge beihakees, by, ihthe sawearhdre f uncti on
is an SNR.val ue corresponding tqQ the second, pi] gt signal il.e.in_other
enbodi mePi{es 31 Haﬁlsgﬂﬁe@#%gﬁ%{nﬂﬂlgbwg the piyae toge at.?t, C{lé‘?fe’i“ EEleyps gpringlifiprray

si gnal  pgudol traRifRpRAENg to the second pilot signal. Operation proceeds
fromstep 1810 to step 1812. 5 In step 1812, the wireless term nal 1300
determ nes the location of the wireless termnal relative to one or nore
sect bounday.i ] s gn n er

I ocafﬁlr on i nd?ﬁégﬁgrﬁ@/‘g@fyl n?%ﬁ%%@ﬂ%rll%& %@&ﬁ%@aﬁg 6\%9%%&%%%?%%& ive
boundar ypHaeeattd first pikonsibnal tiedt hes tramsidntsiavitiobarg ensioatpetver P1 &d wpdulb8 hirsti n st ep
1814 the wireless termnal . 1300 10 gener at es, boundary | ocatjon ipndi cator
val ue 18Waasugedgignaly engf%af%més% Fgren ¥ i %lsaqd]@ p 1808, In'step {6,

a first channel quality indicator value is generated from the first measured signal value according

to a first function, f1, which uses at least said first measured signal value as an input. The first
20  channel quality indicator value generated by function f1 may be, for example, an SNR value or a
signal power value, corresponding to said first received pilot signal. Function f1 may use other
signal measurements and/or other information as inputs in addition to the first measured signal
value when generating the first channel quality indicator value. Operation proceeds from step
1806 to step 1812.
25
In step 1808, which may be performed in parallel with step 1804 in some embodiments,
the wireless terminal 1300 measures at least one of an amplitude and a phase of a second pilot
signal which was transmitted with transmission power P2, where P2 is different from P1. The
measurement produces a second measured signal value which is then used in step 1810. In step
30 1810 a second channel quality indicator value is generated from the second measured signal
value according to a second function, f2, 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.



t he val ues shown in colum 1 of Table 2. Wth the first and second channel
quality values from steps 1806 and 1810, and the boundary | ocati on

i ndi cator value fromstep 1814, operation proceeds to transmt step 1816
wher ei n t hWO0gewaTzRed i nformation is transmtted back treTiUseeohessz Station
1200. 15 Step 1816 invol ves the transm ssion of the first and second channel
qual ity indicator values and the bo#&dary | ocation indicator value, e.g.,
as part of one or nore nessages. Two alternative processing paths are shown
W th a slnghe epbodimsatsnthe pedohd bidnngl quaky ihdicAsvaprrdeharaled by thegatend@ent at i on.

The firs I 0CesSs| th begi nnin ith sub-step 1820 and endjng with 1826
20 r epr oLBHHE 1§ A SOk BSHEREORING (P HASaPBotSIETRL AR GUSE SRROUmERth| o
message. isﬁﬂ%ﬁw valRE, QCE SR iRl c A&t T r&f’eﬁ*\;\cﬁ gﬂrggﬂ &)%P c8irEPoRdndtAld sl NY

with step 1840 corresponds to the case erent nessages are used to
t ransmi t pideigignalf Qrieation piogsesss ixpmsiep 180Bde stigpd8iZn this context are to be

i nter§ret ed broadly and include signals which convey the particul ar val ues
to be comunicated. 25 Instep 1820, the first channel quality indicator

val ue is i ncompapaises] thewielassitemehal TBEG&geminek iglocdtionf ee wilsleds tdimirkecond
channel ality indicator value is jncorporated into the first nessage.
Next, i n%éfa to,gePr D0ES SRR GavnrarieR BT giraruied Sarabyalyes ane/or ShERRBIAYY at ed

i nt ot heygbhdchlindiBRSSANR infbhRatidn'@culiBe FRAS, tﬁin?fﬂfé}efaﬂm‘?l}l@g{ﬁ&ah&t he base

station 1200 in step 1816, e.g., by 30 transmtting the nessage over a
wi r el essarshonother odotmption gererat&hinstepd 88 e step 1 ¥/l the wireleeseudinalel308 usi ng one

dedi cat ed t] | ots of t h | d t t.ch |
qual Ty SR “gonbieRTiobabedntra o o0 T o ite e B PaRR A 708 Hhe
base st athe@alud2HOwnAS célumh @ IThbleR. With dledirg ahd edord cHahﬂeltqiuﬁm%;&thés fiémt he

wireless termnal using it to report channel quality WO 2004/ 077728
PCTI US2082ps0t§89 43d 18193and the beundaryilesetipmindicater velum Bpmsrel 84 oneitipi nal s or

devices bBaldiei ARG sith 1516 hertind AoiclotdMntibiiion i Bimibif @410 hbadtse Of

dedicated tine slots transm ssion co Icts are avol Furthernore, given
t hat t hestatini280. i s dedi cated to comunicating particular control

I nfo tion, the values my be generated and transmtted in the tinme slots
wi t hout having to send headers or other 5 information indicating what the

meani ng of t h§wep 1 9UBSIHVI1VeRdhe/@dndRiSssidh Of thEFREt ah8 secoh@ clMBE qubBdyliRHcatdr200 knows
that values transmitted in the utilized control channel are to have a
certain pess and the boundary location indicator value, €.g., as part of one or more messages. Two
alternative processing paths are shown with a single processing path being used in any particular
implementation. The first processing path beginning with sub-step 1820 and ending with 1826
20  represents the case where various information is included in a single message. The second
processing path beginning with step 1830 and ending with step 1840 corresponds to the case
where different messages are used to transmit each of the various values. Messages in this
context are to be interpreted broadly and include signals which convey the particular values to
be communicated.
25
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
30 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



selected format and represent, e.g., first and second channel quality

I ndi cator values followed by a two bit boundary |ocation indicator val ue.
Thus, the amount of overhead, e.g., header overhead, used to transmt such
nmessages q@&Gﬁ{ ¥a|ues can be mnimzed. Wth the 10 transm ssion of the
gener at ed YEPUREHAY i ng been conpleted in step 1826, oF&TAISRWH¥R42urns to
steps 1804 and 1808 wherei n signal n%ﬂsurenents are nmade on new pil ot
signals with the feedback process cOntinuing to repeat over tine. In step
1830, which corresponds to the alternate value transm ssion path shown in

step 1Ml infpRnation.thel HARARSY legrgaplsoy devieRsdntsseqral Wl 708 uafbe Hmssisted
into a frRatimPRes 83%se 6f Gdicaftd Hn¥ \WMts trat¥ifiSshon cOnfLRE et hAGE tﬁéggfrrpﬁé,m base

station in step 1832. Then, in step 1834 the second channel
i ndi cat ogiverathatehé ehannel by gedicated do ormmuricaimgpadicnias serew] inforgnatios,itedlyeswhi ch

is transmtied in. st 1830, ,.T oundary...l ocation indj.cator value is

| hcor por Brohe Poretaftaind Bagstifiea 1 RRY ARRHAREANo RS S i Bhett st ¢ e
to the bafemstidi inGiBatindGihat theTheRink®f the tABstailtell REuESEE. Thatlid) Shetdseantitipned
nmessage transmitted in step 8126, the_ individual nmessages transmtted in
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control | t ' ' . | .Qn.
Cpor at 1 o VeraTbmiE HhERRREnL 3.0, (0 ARSI E ALy (RELBAR HfIRLRS
pr ocessi atyadfit bremdargiocagort indicatonmaiad. Theedha edounifob pvabéadne.gnheadepor t i ng t he

information to th ase station 1200 repeating.over.tine. Fi gure 20 shows
2"t PovereiFhesdotied RGPS R oSt MR e SR RairbiaEE Wik, (Bs) - 1900
i N amy or whaRfessivh o tHeRndR4teS G4lhes HAVRIR bed \contpl@ed intsGep! 1826 SdpetatiBh kfdtms @nes and
to receive and process feedback information to deternine the power |evel at
whi ch t ostensd§9hprd HE vhsreimsignal megpserpgaisige madepR aewpilef signals withothe wher e t he
base st at.j ' p rational. In 30 step 1904, base

stati on?fgéﬁg%éﬁ%s%g?rﬁﬁgﬁ,qgée@g%@grt?gga mul ti-sector antenna 1205, is

transmts pilot signals into each sector, e.g. SO 1106, SI 1108, S2 1110 of

a multi-sect el e.d., 1104 at he sane tinme in.a synchroni zed nanner
usi ng predet %ﬁ%ﬁé@%&)ﬁ&h "IOERE/'@OE&%W&}“? %Wgéates qupsspﬁéaﬁarséﬂ\gmrb fPon of

the 1 | of8160ihe $irdt BhnSa@AL findimoﬁ@mquﬁwarg;eﬁtedlﬂ:e&,ﬁraﬂzﬁ&s@te, &.56a Gighdl, 1104
use WD 2004/ 077728 PCTI US2004/ 005242 -44 the sane set of tones and are

transm t Whigh i thepipsafter 40 thy basestationdn steprk832, ThgrHn sep LR34 the second chapnels
1108, 1171Q4:..T: 1:S8] Ld.at kdkaSt EP: L ] under
the. ti r orBCHbIRREE cpboftedinlodl cck Mdfificbend EP sl Wiieh R OERRS

routi ne ih28p 1836.nThebduodary dovetigroindicatoevadbe is incorporated in step 1838 into a third

message, which is then transmitted to the base station 1200 in step 1840. As in the case of the

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

25

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

1200 in accordance with the present invention, e.g., to transmit pilot tones and to receive and
process feedback information to determine the power level at which to transmit data signals.
The method starts with step 1902 where the base station 1200 is powered on and operational. In

30  step 1904, base station’s transmitter 1204, coupled to a multi-sector antenna 1203, 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



info 1236 and tone info 1238. Operation proceeds to step 1906 where BS 1200
receives 5 nessages fromat |east one wireless termnal (W) 1300 i ncl udi ng,
e.g., a set of channel quality indicator values, e.g., first and second
channel qU¥PR/OTTR cat or val ues, and sector boundary PEBAIS2G0EENSR42f Or mat i on.
The messages are received under the direction of the received signal
processi ng routine 1260 included in-fhkse station 1200. In step 1908, the
base station, under the direction of channel quality indicator val ue
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transm ssion power required to achieve a desired si to'noise ratio at
sai d wi ftaficadi209,.amndérrantral3d posieminfiinghosextuction modudn 26de eXiradisdoratine |

qual jdvy .ipdicato re ived.. I n st 14. .the se station
scheidsfjl elrnpoqn%laﬁ?neﬁ(lré %%'é%%%?ﬁé%? Sgées\t(\%gﬁg{?gn%g@rpgj EI Prllngd?c g%ivéﬁghlg dJF %hrngtbtﬁee Wi rel ess
t er m nal FositidAQf a irekadtethinpl 1800 Gelativaeo hdsendatiainiaanul8ecohetiuThis 13chdion makes
deci sions_for  the 1300 based o ermned SNR e.g., BS 1200 . schedul es
segnent SIFEMARN PRy hayg ewwmﬁyﬁtlﬁoq +ﬂaﬁf§ﬁ%r§f§iwgaﬁs\%mavée‘éq Reefhat will

result jBiuded ifGGhaseste BN g dHARN(QuhRP thafoake? GaILEY ThidGodHtibh IHEPRA6E REagb! €
| evel for the data rate and ~codi ng schene used. In sub-step 1918, thé BS

1200 schidentifp whethesthedKE £30de hedr @sectoidroundasy,\and iwentifyoulhicly e zgctor boundary,
PCT/ idS 2 Og é” 1%91?{%‘)} %he a-dj1 a%ent sector from which a higher level of transmission power dependent
interference is being received. Sector boundary information extracted from received messages is

stored in sector boundary position information 1252 in BS 1200.

Proceeding to step 1912, the base station 1200, under the direction of transmission power

25  calculation routine 1226 calculates from at least first and second channel quality indicator values
1250 an amount of transmission power required to achieve a desired signal to noise ratio at said
wireless terminal 1300 from which said first and second channel quality indicator values 1250
were received. In step 1914, the base station scheduler module 1225 operates to make
scheduling decisions for the wireless terminals 1300. In sub-step 1916, the base station

30  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 thé 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



1300 based on sector boundary position information 1252, e.g., for a W 1300
identified as being near a sector boundary, base station 1200 assigns
channel segnments to the WI 1300, with correspondi ng channel segnments in the
adj acent SEQ@RYM/OFEW Nng no transm ssion power. Proceedipog/usmosdespa21920, BS
1200 transmtter 1205 transmts signal, which may include, e.g., 5 user data
1244 that has been encoded by encode#3-1214, under direction of signaling
routine 1228 at a scheduled tine to said W' 1300 usi ng transm ssi on power
det er mi nBO0 brsethos edordtouhdaag posﬁuimm infolnaatiel 125024. 5.1 for b WIT ¢20@idemifiades 1250

t hat were.received, erati prace fr.om 1920 bac step 1904 and
e ot HGHE neah & feir BRdais e SHTGE LA G HA) Feagienidp a W S0Revith
transm téoh@ﬂ;oﬁﬂlhgkha?ﬂngl%éﬁcﬂtﬁ‘lrﬁhé Xd]ﬁééh@ﬁb%?ﬂa\}iﬁé‘ﬁt‘?&aﬂ sHﬁé%lcﬁ%lﬂ/er sector of the
mul ti-sector cell in ste , on"a re%Er basi s. However, different

&ns

Wi r el esProceeding tastep ILQOOBS rilraQO manmmdg tmts ISMaInghmbtmayfmdhdm agl, quality

i 1165 oot P R B pRESHT by BRUA T R B R B 2

stat e ofat@peiedtled tinlehesatd Met m dsﬁlrgrﬂaﬂﬁhlsm&n power@le@rmined frob0datti at3é8Mo 15
The invention is directed to, 9 ot her _things, machine readabl e nmedi um

such a Ghamnst gual %Wﬂ’&é‘lorﬂ?lg%slzsgf}@ WERdEGFiveAg nachi ne execut abl e
instructions, e.g., software nodules or commands, for controlling a
processor or other device to perform processing in accordance wth one or
nore of the \@eiatimspmbmdrcmtﬁp{slﬁﬁﬂhabletdsnspeiﬂonandianétMckistmatﬂdeBmf t he

comidn cuion 20 FAF B @beatof s s iRE e “Eis 3 pHRCR-0,Ratiebiitd i and

ot her t y@@sr 6fthe SRR LEIPASEpYISVEBh a redfiar Habidl MoweViadiffefentivableRd is: 1. A
method of transmitting pilot tones in a nulti-sector cell including at |east

a first toweinde 13Whmay sendonesensse inchidingrspieofshamitiquadibt indicpier vajuesd2al eed
d t
1ot ot g8t Soulhed pofidd Mfonilfh PHZM0 ier ST RIS hidbr ARt blnailZ S

si gnal hfastorsgueh zfsithsﬁtatpnéelmedmulﬁiwirelmsmsalmnp@g\eon, hbtdasleep.t ti ng, using

sai flrst tone, in said second sector during a second synbol tine, which

over aps said first synbol tinme, a second pilot sig having a second
pre-sel ect ed THeimYEHILS CHRCFD RermGRE heritaings, maém@ﬁfea%%waﬁualw hat

pre- sel efl Aoyt LA disOflc RAWESing machine executable instructions, e.g,, software modules

or commands, for controlling a processor or other device to perform processing in accordance

with one or more of the various method steps of the invention. Various features of the methods
20  and apparatus of the invention can be used in a wide range of communications systems

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



transmtting, using a second tone, in said first sector during a third
synbol tinme a third pilot signal having a third pre-selected transm ssion
power; transmtting, using said second tone, in said second sector during a
fourth synmbol time, which overlaps said third synbol tinme, a fourth pil ot
signal having a fourth pre-sel ected -46Fransmni ssi on power which is different
fromsaid third pre-selected transm ssion power; transmtting, using a
third tone, in said first sector durigigapM$i fth synbol tine a fifth pilot
signal having a fifth pre-selected transm ssion power; and transmtting,
usi ng saVbetihelpeneddfe, in said second sector during a sixth symbol tine,

whi ch overlaps said fifth synbol time, a sixth pilot signal having said
fifth pre-selected transm ssion power. 2. The nmethod of claim1l, wherein
sai d sedond, A fethddafictahinhittingyilt skl £atulti-sricsls iludifoaEest afiest keigorsane.
3. The method of claim2, wherein said second pre-sel ected transm ssion
pover i @ng apgrond jectors gegseondissrtepbeing Jacated adiagent spid firstsectsr, dhramsthedi ng NULL
pi | ot s%gﬂ@h§n 4. The nethod of claiml, wherein said first, second, and
third tones ar& the sane; and wherein said first, third and fifth synbol
times are di fifapsmainting, uding aJirstEoee, iresaidirsofecedraiuning a fisktaymibol wae d frstipsiot
third and fjfth sypbol tipes are the sanme; and wherein said first, second
and t hi rstgnf*‘i)l?i’é’ gt Brshpierssiestsd rapsmisHign BBWAGd of claim 1, wherein said first,

fourth and fi e : I ] SSd 7. The
ot nod of ol AR i SERERNEZ GRS | 57| QRon U S g L0RnS S bolimd
t ransm sgiidnoyolaps saidfisst epnbd einge, aaedbnd piler gl havidg a sexwnd pasiskledied d
pre-selected.Lransniss#og.g ﬁgrs re zegg: 8. The method of claim1, further
conpr i siRYSMISEPR BAVERF P <§ stenhfomseid : pt %rﬁ‘lsalefrf‘é%?ﬁr?‘ﬁl%l’%‘f’%rps to forma
pre- det er m ned,EaRGAL ude SEGHANGHR, o sapfifdt EdcARUTihE b MrP LRI tithe altAfd et hod
of claimb5, further Tonprising: transmtting, using a fourth tone, In said
first setbosigehlhiangg a tisel/pretsklestedimahsrhissien power;
transmitting, using said second tone, in said second sector during a fourth symbol time,
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;
transmitting, using a third tone, in said first sector during a fifth symbol time a fifth pilot
signal having a fifth pre-selected transmission power; and
transmitting, using said third tone, in said second sector during a sixth symbol time,
which overlaps said fifth symbol time, a sixth pilot signal having said fifth pre-selected

transmission power.

2. The method of claim 1, wherein said second, third and fifth pre-selected transmission

powers are the same.

3. The method of claim 2, wherein said second pre-selected transmission power is zero, the

second, third, fifth and sixth pilot signals being NULL pilot signals.

4. The method of claim 1,
wherein said first, second, and third tones are the same; and

wherein said first, third and fifth symbol times are different.



seventh pilot signal having a seventh pre-sel ected transm ssion power which
is different from said fifth pre-selected transm ssion power; and
transmtting, using said fourth tone, in said second sector during an eighth
synbol time, which overlaps said sewgmth synbol time, an eighth pilot
signal having an eighth pre-selected transm ssion power which is the sane
as sai d seve = - transm ssion power. 10. The nethod of claim?9,
wher ei n 5Eai d%@r@%@@@tﬁ%ﬁfﬂt hird and fourth tones are different; and

wher ei n sai d Wharah saitlHirstdthirtliahd Hiféarsghmbelimedars yirdxainet amdks are t he sane. 11.

The nethod of claim4, further conprising: transmtting using a fourth tone,
in said fi rstw@é@{]éi‘lﬁéﬁ?ti g0 %’é‘ﬁgﬁ@ﬁ‘)‘??gr{?d“fﬁe% a seventh pilot signal

have a seventh pre-sel ected transm ssion power which is different fromsaid
fifth pre-selected transm ssion power; and transmtting, using said fourth

t one, i rb.sai dlieecahdd sidsior 1,dvirereig sad fastgfontth apdfiéh pré-setectedrarsmisvar | aps
said seventh s ol time, an eighth pilot signal having an eighth pre -48-
sel ect edMCEE R ESTOY: power which is the same as said seventh pre-sel ected
transm ssion power; and wherein the first, second, third and fourth tones
are the sane; and wherein said first, third, fifth and seventh synbol tines
are dif fer entThekRethdhef ctetrh@d of claim9, wherein the first, fourth and

sixth pre-sel ected t.re;.ns LSSt on wers are the same. 13. The nethod of
Sl ai m 12, whePRaFin SHE TEetc HED apf A PEFRFIFGtsd FRTSMISSION RSTEH AR MARZATS &
powers are z el [ : al } I e) i f d seventh
synbol ti nese'gt%gelﬁﬁ%dssma%?g.tﬁl heé%%?ﬁ%gh%?mg%g?ﬁ?%‘y&?lﬁ%@ conpri si ng:
repeati ng each of said transmtting steps according to a pre-selected

repetitipon pattern 15. A hod of transmtting pilot tones in a
mul ti - sétt or Irlletll?f_é?’gﬁ?lﬁbﬂﬁmﬁgﬁf@&smgr st sector and a second sector,
the second segtighiche) f&geit&%%&?o%cﬁ&ﬁ@hiﬁiﬁggtepé {oform 8GO detchReBipaRthe
conprising: transmtting, dsing a first toné, In said first sector during a
first sysapadnce bfimiditransnstiingisteps. signal having a first pre-selected
transm ssi on power; and
9. The method of claim 5, further comprising:
transmitting, using a fourth tone, in said first sector during a seventh symbol time a
seventh pilot signal having a seventh pre-selected transmission power which is different from
said fifth pre-selected transmission power; and
transmitting, using said fourth tone, in said second sector during an eighth symbol time,
which overlaps said seventh symbol time, an eighth pilot signal having an eighth pre-selected

transmission power which is the same as said seventh pre-selected transmission power.

10. The method of claim 9,
wherein said first, second, third and fourth tones are different; and

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

11 The method of claim 4, further comprising:

transmitting using a fourth tone, in said first sector during a seventh symbol time a
seventh pilot signal have a seventh pre-selected transmission power which is different from said
fifth pre-selected transmission power; and

transmitting, using said fourth tone, in said second sector during an eighth symbol

time, which overlaps said seventh symbol time, an eighth pilot signal having an eighth pre-



transmtting, using said first tone, in said second sector during a second
synbol tine, which overlaps said first synbol tinme, a second pilot signa
havi ng a second pre-selected transm ssion power which is different from
said first pre-selected transm ssiongpower; wherein said nulti-sector cel
further includes a third sector, said third sector being |ocated adjacent
said se et £ Db Sd 1A 5 el P : S .sai d
First toaged s R SR b o e R S pre (ol Rad et C1
signal , asdi d ninth synbol tinme overlapping said first and second synbol
times, said ninth pilot signal bein ransmtted with the sanme transm ssion
power as said f‘i“lf“g’flgﬁi“ﬁf %’Esns?giﬂ?gi t?”rf@.gdf&our?é’ttﬂ{ﬁ?f 25¢ thesamendid i ng pil ot tones
in a mlti-secthe&alshid med UHdNAfAENd §&hthayhbbPimeestWifferatd a second
sector, the second sector being |ocated adjacent said first sector, the
method conprising: -49- transmtting, using a first tone, in said first
sector during a first synbol tinme a first pilot signal having a first

pre-sel ected transm ssion power; and transmtting, using said first tone, in

sai d seqond 986 LRELAWTICNEMD, KPeRNFHS YTFROfoutth BRd sixMpreReR¥RH h%ﬁ%mﬁﬁbﬂ' first

synbol time, a second pilot signal having a second pre-selecte

transmi peivers apothesambri ch is different fromsaid first pre-selected

transm ssion power; wherein said nmulti-sector cell further includes a third
sector, said third sector being |ocated adjacent said second sector, the
met hod figrt hawhe aoyd Fich@m Iransmtting, using said first tone, in said
third sector during a ninth synbol time a ninth signal, which is one of a
control and ahgemthgiseesmdsthidand figthipge-peleted Eynspussian pawesy atelzaihirhd sai d

first and second.symbol, ti : h -clalm.16, further
conpri si ng: Wg'%ﬁ”b%glleé%'ldl%StpgjzrélafiﬁlﬁSg(gg%’rﬁrg%fsgglg%mﬁ%é{ r%net%almr?g steps. 18. A

nmet hod of transmtting pilot signals in a nulti-sector cell, the
mul ti-sector cell including at |east first, second and third sectors, each
of the flfrst Theawdmyd efwtrimt, ferthepeeprsingii ng | ocat ed adj acent at |east one

compr i oing: . THRndr ¢EF o5 B FRRG B0 sl R EpSiTa et Blcltop it T o s
first pilot on a first tone in the first sector using a first pre-selected
transm ssi on power; L ) )
| A method of transmitting pilot tones in a multi-sector cell including at least a first sector
and a second scctor, the second sector being located adjacent said first sector, the method
comprising:
transmitting, using a first tone, in said first sector during a first symbol time a first pilot
signal having a first pre-selected transmission power; and
transmitting, using said first tone, in said second sector during a second symbol time,
which overlaps said first symbol time, a second pilot signal having a second pre-selected
transmission power which is different from said first pre-selected transmission power;
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.

16. A method of transmitting pilot tones in a multi-sector cell including at least a first sector
and a second sector, the second sector being located adjacent said first sector, the method

comprising;



a second pilot signal on the first tone in the second sector using a second
pre-sel ected transm ssion power which is different fromsaid first
pre-selected anmount of transm ssion power; and a third pilot signal on the
first tone in the third sector using4a-third pre- selected anmount of

transm ssion power, wherein the first and third pre-selected anounts of

transm ssi on ; : a . }. 41 i ng at
east o port o ayir ERER Tt el ot st che(of Aine AR IARGrhd o B BB 0, 0
t he fi r signddavog aulssngeaciecud tdngmissiospdveat &l anount of transm ssion power;

a fifth pilot on the second.tone in. the second segtor using,.a fifth pre-
el ect ed ampASTTG BSRTUL BN s SaoARscioR dunng 55PN yBhPLHE second

: e . . OWeT o
one i nythé dveiihsh s%ﬁfiig@f gehagddggﬁ%% Gecbhd Photmi%l ﬁﬁ%ﬁg&a SboRIBHNelRfed

transm ssi on power. . od of claim , erein said first and
second $ymdombsion peseravigch tsalifenent, frovh snidifirstgmé-selédtedtransihissich powderf ourt h pi | ot

i I t itted w he. t of : wh i id
Sedond FRELH SOyt s e fulies efiles A BRRDiccs B G sraPebabalogHid  od i t b
2610 POYicen?id THOIELA0TuQm@hdl ik odhisi_coMPri i ng: transi ¢t ng

during at” least a portion of a third synbol tinme: a seventh pilot on a third
tone in the tiansnittgectong smd figst satiedinfsardsthirg sestoraduesipgachinthispubo! whe a ninth

transm ssi on _power; an a_data synbol on the third to inthe third.
sector. Sanl YRE RpMEN CoroneP LT e ol Sl e sbd B VS bP BT
tones afgdhi EQLRMLy AR tinpdierein the first second and third synbol tines are
the sane. 22. A base station of a multi-sector cell including a first sector
and a second sector, the second sector being |ocated adjacent said first

sector, .the se stati .C ising: neans for transmtting, using a first
t one, irﬁ‘t he 11 I O?eocfﬁgﬁlmg?ﬁﬁ@e “gqrf‘l?réslmgSynbol tine a

periodically repeating each of said transmitting steps.

18. A mcthod of transmitting pilot signals in a multi-sector cell, the multi-sector cell
including at lcast first, second and third sectors, each of the first, second and third sectors being
located adjacent at least one other one of said first, second and third sectors in said cell, the
mecthod comprisimg:

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, wherein the first and third pre-selected
amounts of transmission power are non-zero and are the same; and

transmitting during at least a portion of a second symbol time:

a fourth pilot on a second tone in the first sector using a fourth pre-
selected amount of transmission power;

a fifth pilot on the second tone in the second sector using a fifth pre-

selected amount of transmission power; and



first pilot signal having a first pre-selected transm ssion power; neans for
transmtting, using said first tone, in said second sector during a second
synbol time, which overlaps said first synbol tinme, a second pilot signa
havi ng a second pre- selected transmsgsi on power which is different from
said first pre-selected transm ssion power; neans for transmtting, using a
second tone, in said filah SAGIATHIWCOATI A ik dhity TR ushlaWiadidiled Pl | of
signal having a third pre-selected transm ssion power, tra St , using
sai d second tone, s¢lcte@hmdoweod mdnswstion paueri ng a fourth synmbol tinme, which
overlaps said third synmbol time, a fourth pilot signal having a fourth
pre-selected transm ssion power which is different fromsaid third
pre-selqg;eda%%ﬁﬂ§ﬁgf§ydwang wer; -51- means for transmitting, using a third
tone, in sai Irst sector during a fifth synbol time a fifth pilot signa
havi ng a fi f whepiresse et brdsdcoad symisd itiares acevhe sameid means for transmitting,
using said third.ton in said second sector during a.sixth synbol tine,
whi ch over | afhcE 814 firshig ﬁ%?ourfﬁmglpt sieaals iR tgrpBed mﬁ%ﬂe FADY AOWiOY
fifth phgysehggted transmssion power. 23. The base station of claim 22,
wherein said second, third and fifth pre-selected transm ssion powers are
t he same. 24whithen bad ecconafiftbrandfixti pilonhsizBals whelNUILL kit digaals traosmitted sathect ed
transm ssion power is zero, the second, third, fifth and sixth pil ot

si gnal s ZB@IMYCNULL pilot signals. 25. A base station of a nulti-sector cel
including a first sector and a second sector, the second sector being

| ocated adj acent said first sector, the base station conprising: a

transm 20er ; Thndeghadrrdaint i8e furthencoroprissmgiul e, said transmitter control
modul e being configured. to control . said.transptter to: transmt, using a
first tone, itrﬁnstq’l‘étgq‘% Lg't“gsaéﬁelagra Itﬂ&?%gflaa@fﬁﬁww%&%a time a first pilot
signal having a filstenp! Si1ct@hGGhRd tdredn el sl s@&opﬁﬁﬁ%éai& fitdd pH-Lelecti NY sai d
first tone, in said second sector during a second synbol time, which
over |l aps sai dmbiunisif tepsrbokionippwer;a second pil ot signal having a second
pre-selected transnission power which is different fromsaid first pre-

sel ected transnis@H%n power; transmt, using a second tone, in said first

sector during a tRighfh SHHBPAN the third tone in the third sector.

21. The method of claim 19, wherein the first, second and third tones are different and

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

22. A base station of a multi-sector cell including a first sector and a second sector, the
second sector being located adjacent said first sector, the base station comprising:

means for transmitting, using a first tone, in the first sector during a first symbol time a
first pilot signal having a first pre-selected transmission power;

means for transmitting, using said first tone, in said second sector during a second
symbol time, which overlaps said first symbol time, a second pilot signal having a second pre-
selected transmission power which is different from said first pre-selected transmission power;

means for transmitting, using a second tone, in said first sector during a third symbol
time a third pilot signal having a third pre-selected transmission power;

transmitting, using said second tone, in said second sector during a fourth symbol time,
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;



time athird pilot signal having a third pre-selected transm ssion power;
transmt, using said second tone, in said second sector during a fourth
synbol time, which overlaps said third synbol tinme, a fourth pilot signal
having a fourth pre-selected transms$si on power which is different from
said third pre- selected transm ssion power; transmt, using a third tone,
in said firstaRCtoRtrafithitttd, Bsihk b WirS6ADGh sdilt Mst s@ctdr duirthel il sythEH1 @imehAVi Ng
a fifth pre-selected transm ssion power; and -52- transmt, usi'ng said third
tone, i hifthaiildt seedhdviseetidih ptestlogied transaibsistypdwdr; andre, whi ch overl aps said

fifth synbol tine sixth pil.ot sign having.said,fifth re-sel ect

tr anom sai onsoterr Tagvthihe Sk 40 HiRLsnne m laFfieod secirainui Sskith SEfdh
third amichel whidh dtgasehrCisyniBoAHETE & SikfHpiRPWRhSl AN MglaR SR Bre-wlocteine base
station of claim 26, wherein said second pre-selected transm ssion power is
zero, tHanyswisaodpowedird, fifth and sixth pilot signals being NULL pil ot
signals. 28. A conputer readabl e nmedi um enbodyi ng machi ne execut abl e
instructions for operating a first conmunications device to inplenment a

net hod o8 tr ans BhictstARn R Rim 2ONKRerki sAidBebdrd; tHRCAnAfiffipre-seReleddi ng at
| east a first sector and a second sector, the second sector being |ocated

adj acentraguigsipi pewers @t tbe samhe met hod conprising: transmitting, using a
first tone, in said first sector during a first synbol tine a first pilot
signal having a first pre-selected transm ssion power; transmtting, using

sai d finpgt tqgnepaicntBidhGfeReand, sRatarsallbetdtd freseleaod naydmisdion p®er is Whi ch
overlaps said first synmbol time, a second pilot_ signal having a second

pr e- sel @ePede seqonfsihirdshibihaprbsisth pilet siEnalgbeing NaHdnpilgtsigmalsai d fir st

pre-sel ected transm ssion power; transmtting, using a second tone, in said
first sector during a third synbol tine a third pilot signal having a third

pre- sel gst ed Al b:RBSHLSS bONAMRRMSEcIorice A M ditig 9 Grst Betdtind Al sdc&ricseddr e, 1 n
sai d second sector during a fourth synbol time, which over|laps said third
synbol 8¢g9rd seetgidigthlopitfdrdiaGeghsaid sy pastprathe base watimecogwrisinge d
transm ssi O”a%%\’w"s%itt‘é’ﬂiaﬁﬁ is different fromsaid third pre-selected
transm ssi on power; ‘transmtting, using a third tone, in said first sector
during a fifahragynbel cértrod nrvdhlef §did phhsaditted @aabl hatilabeing coifigured & @atrect ed
transm ssi on power; and
said transmitter to:
transmit, using a first tone, in the first sector during a first symbol time a
first pilot signal having a first pre-selected transmission power;
transmit, using said first tone, in said second sector during a second
symbol time, which overlaps said first symbol time, a second pilot signal having
a sccond pre-selected transmission power which is different from said first pre-
sclected transmission power;
transmit, using a second tone, in said first sector during a third symbol
time a third pilot signal having a third pre-selected transmission power;
transmit, using said second tone, in said second sector during a fourth
symbol time, which overlaps said third symbol time, a fourth pilot signal having a
fourth pre-selected transmission power which is different from said third pre-
sclected transmission power;
transmit, using a third tone, in said first sector during a fifth symbol time

a fifth pilot signal having a fifth pre-selected transmission power; and



transmtting, using said third tone, in said second sector during a sixth
synbol tinme, which overlaps said fifth synbol tine, a sixth pilot signal
having said fifth pre-selected transm ssion power. 29. A base station of a
multi-sector cell including a first $ector, a second sector and a third
sector,, the second sector being | ocated adjacent said first sector, said

third sector being |OC%‘aﬁg'nit,qglr%‘%ﬁﬂtthﬁé‘it&e,sﬁ%gﬂpsefﬁﬂs%t’orHﬁ'ﬁnéjﬁﬁﬂt HoPN

conprising: -53- nmeans for transmtting, using a first tone, 1n sal irst
sector during a fiinst whyanokrlapsreeidsfifth sysubabitimet a sixgnpilotlsepnahltavingf saidsfifth
pre-sel ected transniszign pomer'.and neans for transmtting, using said
first tone, in saPlf SO LERYSIONAO™hg a second synbol tine, which
overlaps said first synmbol time, a second pilot signal having a second pre-
sel ected transm ssion power which is different fromsaid first pre-selected
t ransm 26i on Thoweye; statwnd f wsam 2 51 wheremasaghdecendy hirdandfiftlspriecelectedt t one, in
said third sector during.a third synbol tine a third signal, which is one
of a coHPP%Pmﬁﬂ%pgwaéﬁggBFF%Pasignal, said third synbol time overl apping
said first and second synbol tinmes. 30. A base station of a multi-sector
cell including a first sector, a second sector and a third sector, the
second géct ol hpépyrgtatwoat ethirmdibawbereinsaidsepondpreselectod fragsmigsiom pewersect or

bei ng | ocated adj,acent i d, segcond. sector,. t se station conprising: a
Cr anom 2ed B s ol AT FEBaR SETHS hein MU BRIl o "eont r ol
nodul e being configured to control said transmitter to: transmt, using a
first tone, in said first sector during a first synbol tine a first pilot
si gnal Raévi nd eonpwtetregrlablesaedismenbodging mashing expaniable ingmactions frraperatingi ng
said fir tone, in.said second sect

r duri,ng.a second . nbol ti whi ch
oo | ape s B3l SO B Re RERA bty sln SR iR YRS in & il nr
pre- sel gedt@ickellliafBdh s Si 108t AAWRsed¥bt £4ifdl d ecd de@foRthe EécoRt Seutét HeirngSlocEd®-

sel ected transm ssion power; and transmt, using said first tone, in said
third sedreentgaiding sactohitredgmethpdbedmprsings a third signal, which is one of a

]? Io::lts,[ O;ngng e rgﬁ%ﬁ @v%'blg%)]%g ?‘k@%%ﬂe’ lsnariagd %irrg‘.{ ge%torsd}{qug Ia ﬁtrsi‘.trgeym \olletrirlng Q%irsrl%il%fa hd

signal having a first pre-selected transmission power;

transmitting, using said first tone, in said second sector during a second symbol time,
which overlaps said first symbol time, a second pilot signal having a second pre-selected
transmission power which is different from said first pre-selected transmission power;

transmitting, using a second tone, in said first sector during a third symbol time a third
pilot signal having a third pre-selected transmission power;

transmitting, using said second tone, in said second sector during a fourth symbol time,
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;

transmitting, using a third tone, in said first sector during a fifth symbol time a fifth pilot
signal having a fifth pre-sclected transmission power; and

transmitting, using said third tone, in said second sector during a sixth symbol time,
which overlaps said fifth symbol time, a sixth pilot signal having said fifth pre-selected

transmission power.

29. A base station of a multi-sector cell including a first sector, a second sector and a third
sector,, the sccond sector being located adjacent said first sector, said third sector being located

adjacent said second sector, the base station comprising:



31. A conputer readabl e nmedi um enbodyi ng machi ne executabl e instructions for
operating a first comrunications device to inplenent a nethod of
transmtting pilot tones in a nulti- sector cell including a first sector, a
second sector and a third sector, the&3second sector being |ocated adjacent
said first sector, said third sector being | ocated adjacent said second
sector, the IS4 NG L 1t L | [ £ id
First sector Pt g (SATARL Qing RIS i O SHFLERra ke ek Wibol ndd
pr e- sel duttadlot signd i sisE arfirpgweselectedtrafsdrissiorapusvars aidng, using said first
tone, in said second sector durin%g%Hsecond S ol ti whi ch over | aps said
i

I e,
first symbol REHRIOTAASERERRE HrPEeAditEHAPIG H $seeand ek JUpRe 2 584986t ed
transm $$4,86 tnﬁwhim%mah?sgaﬁiﬁaﬁgﬁolftwnaﬁ@édﬁdf ilb?§iﬁ1§:ﬂ%hvﬁ .86t pre-

transm sSion power; transmtting, Ing said first to In Said third

sect or dulectad trantnnksioh peyerbelich isnkfferebtrond ssiddivstl pre-s¢leated transmissiaf p@werpnt r ol
and a data pilot signal, said third synbol tinme overlapping said first and
second Yhbol times. 32. A base station of a nulti-sector cell including a

first sector ands %rsﬁﬁgﬂqtﬁg%mgsmﬁhﬁstt&%eﬂmi&&%%cteﬂa@g@tm%%_ adi acent

said first sector, the base stalion, conprising: neans ransnitting
duri ng atnd ®tst! segnphmtliidnis ohe af 4 corstol sydri data piloesigral fsardsthirgisymbolaima i r st
tone in the first sector using a first pre-selected transm ssion power; a
second ﬁi"Fﬁ‘Eppé[?ggﬁ‘écf IShUhECPR %Yimb(oiHBleF'n t he second sector using a second
pre-sel ected transm ssion power which is different fromsaid first
pre-selected amount of transm ssion power; and a third pilot signal on the
first tdfe i m bive station df s eutlipiseatar ael) including d fipsteecterh@etond sectouartd aothird

L anam Ser'6h UFOHBILA4EIon GHos Grigied b S SHT. 570 THESHE Or SRR ¢ 1§ ng
during aaHja'c@rﬁ%Eid%e&Ql_rdtsie&Br,(?lﬁe BhsS SGRG conipri@lo:ti me: a fourth pilot on a
second tone in the first sector using a f our% h pre- sel ected anmount of
transm ssi on agowemjtieg; fidf t h pil ot on the second tone in the second sector
using a fift Qlt AnSmitter lcgr%o?(ljnoadql?e? gztiid rfanstrrrli?tgrs crgn %- %%di?l%\%%{n;g c%tqﬁgured to control
said transmitter to:
transmit, using a first tone, in said first sector during a first symbol time a
first pilot signal having a first pre-selected transmission power; and
transmit, using said first tone, in said second sector during a second
symbol time, which overlaps said first symbol time, a second pilot signal having
a second pre-selected transmission power which is different from said first pre-
selected transmission power; and
transmit, using satd first tone, in said third sector during a third symbol
time a third signal, which is one of a control and a data pilot signal, said third

symbol time overlapping said first and second symbol times.

31. A computer readablec medium embodying machine executable instructions for operating
a first communications device to implement a method of transmitting pilot tones in a multi-
sector cell including a first scetor, a second sector and a third sector, the second sector being
located adjacent said first sector, said third sector being located adjacent said second sector, the
method comprising:

transmitting, using a first tone, in said first sector during a first symbol

time a first pilot signal having a first pre-selected transmission power; and



a sixth pilot on the second tone in the third sector using said fifth
pre-selected amount of transm ssion power. 33. A base station of a

mul ti-sector cell including a first sector, a second sector and a third
sector, the second sector being |ocatsdgd adjacent said first sector, said
third sector being |ocated adjacent said second sector, the base station

conprising: a transm tt&hem@h ﬁsih%@élﬁ@?réttt&{e PRl Qcoﬁ@@éhﬁgutﬁrﬁgg second

transmtter control nodule being configured to control sali nsmitter to:
-55- transmit durisygbalttinheadticlaoyeoiaps emd Gifst syrhbelgimes pisbaindtpiilotsigeal havigg

pilot on a first tone in the first sector using.g first pre-sel. d
transni ssi on pomera;se%lonéjé)é%'ﬁ%eﬁiﬂi ﬁ?nsg?lﬁsh% p%ertvﬂga’f'is erf’lgt Oqlﬁalgﬁtﬁé’é%ond
sector using a segglagted PhRSEliGEHpSMert r ansm ssi on power which is different
fromsaid first pre-selected anount of transm ssion power; and a third
pilot signal on the fi fgpsmidmes, uping kad dfinstienes sctagt thirdisegjorduringratthjrd e -

sel ected anount of t sm ssi.on.poywer.. wherein the first d.third .
pre-sel ected anpﬁ?ﬁ“éo gtfm? P%E%‘@&ﬁ%“‘%ﬁé’#’%?a cﬂ%tﬁqlfgag d%%dntﬁ élg%lﬂesaé%ne;
and transmt duri mgir@$ynhi@AsineRAABHIANsA first BRTQREnS Y] timcde: a fourth
pilot on a second tone in the first sector using a fourth pre- selected

anmount of transm ssion power; a fifth pilot on the second tone in the second

sect or us! 19 @y LLLLRoRLE: R SEh G AR RES o1l RS0 SRR REor AR, 2 ST Xt

pilot on"the’sec one i USI'Ag s sel ected

amount  @kcdndaBani SHn©IbcPONBTjaced said\fie SRbre thebaseialich, BBdpysmenbodyi ng
machi ne executable instructions for operating a first conmunications device
to i npl enent meapefHd@nYhitRGHYHL lagst Jparaen of diesssymbel timait i - sector cel |

including a first sectar. and e ; ect « ng
| ocat ed adj acent said T% if}lgt})lg’ggﬁgﬁﬁ?ﬂg%% lﬁél?e:%r&{ %gw%ﬁ?@g%gﬁr&tpﬁégélgna? i ng
during at |east atpaghisoon@bwar;first symbol time: a first pilot on a first

tone in the first sector using a first lrl)re- ) )
a sccond 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 transmisston power, wherein the first and third pre-selected
amounts of transmission power are non-zero and are the same; and

means for transmitting during at least a portion of a second symbol time:

a fourth pilot on a second tone in the first sector using a fourth pre-
selected amount of transmission power;

a fifth pilot on the second tone in the second sector using a fifth pre-
selected amount of transmission power; and
a sixth pilot on the second tone in the third sector using said fifth pre-selected

amount of transmission power.

33. A base station of a multi-sector cell including a first sector, a second sector and a third
sector, the second sector being located adjacent said first sector, said third sector being located
adjacent said second sector, the base station comprising:

a transmitter; and

a transmitter control module, said transmitter control module being configured to control

said transmitter to:



sel ected transm ssion power; a second pilot signal on the first tone in the
second sector using a second pre-selected transm ssion power which is
different fromsaid first pre-selected amount of transm ssion power; and a
third pilot signal on the first tonesisn the third sector using a third
pre-sel ected anount of transm ssion power, wherein the first and third

pre- sel ect ed ARl alIEANS FbaRhOR ARISImBERiREN- zer 0 and are  the same,
and transmtting during at |east a portioh of a second synbol tinme: -56- a

fourth pilot on a secondirstoniet bma finss téreris thesfinst secton wsing adirstque-sélected
pre-sel ected anount of. transm ssion power; a fifth pilot on the second tone
in the second sect@PSUSHAGPEYFifth pre-sel ected anount of transmission

power; and a sixth pil @lse@mdipiRt Si86Q%0E theOfft ioRe ilhelsblond s8&6¢ Ring!sideansai d
fifth pre-selected anount of transm ssion power.
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, wherein the first and third pre-selected
amounts of transimission power are non-zero and are the same; and
transmit during at least a portion of a second symbol time:
a fourth pilot on a second tone in the first sector using a fourth pre-
selected amount of transmission power;
a fifth pilot on the second tone in the second sector using a fifth pre-
selected amount of transmission power; and

a sixth pilot on the second tone in the third sector using said fifth pre-selected

amount of transmission power.

34. A computer readable medium embodying machine executable instructions for
operating a first communications device to implement a method of transmitting pilot
tones in a multi-sector ccll including a first sector and a second sector, the second
sector being located adjacent said first sector, the 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-
sclected transmission power;
a sccond pilot signal on the first tone in the second sector using
a second pre-selected transmission power which is different from said
first pre-sclected amount of transmission power; and
a third pilot signal on the first tone in the third sector using a
third pree-selected amount of transmission power, wherein the first and
third pre-sclected amounts of transmission power are non-zero and are
the same; and

transmitting during at least a portion of a second symbol time:



-56-

a fourth pilot on a second tone in the first sector using a fourth
pre-selected amount of transmission power,
a fifth pilot on the second tone in the second sector using a fifth
pre-selected amount of transmission power; and
a sixth pilot on the second tone in the third sector using said fifth pre-selected amount

of transmission power.





