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| NTER- SECTOR ANDY OR | NTER- CELL HANDOFFS IN A MULTI - CARRI ER W RELESS
COVMUNI CATI ONS SYSTEM FI ELD OF THE | NVENTI ON The present invention rel ates
to connunic%&;ﬂﬂgmﬁﬁﬁtens and, nore particularly, to nethods and apparatus
for facilitating sél'ection of a network attachnment poi ntPGTaUS3804§84866 and/ or

i npl .ementi ng handoffs. BACKGROUND Cgl.ls may include one or nore sectors. A
cell without nultiple sectors is a single sector cell, i.e., it includes a
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a cell often use different frequency bands centered around the carrier
frequenci es used by the sectors or cells. In a frequency reuse system the
carri er i EOFCTHE INVENTRONNt cel ls and/or sectors are often different. To
receive signals corresponding to a carrier frequency, a wreless term nal '
normal ly has to adjust its receiver, e.g., receiver filters, to correspond
to the frequefg _ré%@ﬂqnv&%ﬁf??él@c@selﬂ_c\%ngﬁn{cgﬁotﬁ@?srtérﬁsr arld! &% cuﬁa?ly_?tﬁ used.
Swi tching a recéiver between carrier frequencies may take tine. us, in

r ecei venmsethpdsiand appdraiys éorfiadilitetingrdelection efraanesiark etdchgebepoimdn belidef endiort
carrier . receiver to encounter intervals during which
inforna??g%%géﬁHag?&gngeceived due to the switching process. Wreless
termnals, e.g., nobile nodes, communicating with a base station on a given
carrier E%@md nmovi ng through a nmulti-carrier systemneed to decide
when t o= off and transition to a new carrier frequency, e.g.,
Eobresponding to a new cell and/or sector, As discussed above, an adjacent

séctor and/or_cell may use a different carrier frequency, and as_a sector
or cell boundeily may ia¢ladeseng or oy sestors A el Wity mygltinle srstopeis pyinglapecteio
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listens to one carrier equency band at a dgiven tine"due to constraints in
t he har dvénge: canieer foguensy sod fhetcedespouding bandwelinievgyrone Phinord onésevaaselng or
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centered around the carrier frequencies used by the sectors or cells. In a frequency reuse system,

the carrier frequéncies of adjacent cells and/or sectors are often different. To receive signals
corresponding to a carrier frequency, a wireless terminal normally has to adjust its receiver, e.g.,
receiver filters, to correspond to the frequency band associated with the cartier frequency to be
used. Switching a fec:eiver between carrier frequencies may take time. Thus, in receivers with a
single filter chain, transitioning between different carriers may cause the receiver to encounter

,n) intervals during which information can not be received due to the switching process.

Wireless terminals, €.g., mobile nodes, communicating with a base station on a given
carrier frequency and moving through a multi-carrier system need to decide when to make a
handoff and transiﬁon to a new éam'er frequency, e.g., corresponding to a new cell and/or sector.
As discussed above, an adjacent sector and/or cell may use a different carrier frequency, and as &
sector or cell boundary is crossed, a wireless terminal will normally have to identify end switch

© to the new carrier frequency.

Typically a mobile node, listens to one cartier frequency band at a given time due to
* constraints in the hardware and cost associated with the receiver. This is because, for cost

‘reasons, multiple parallel receiver filter chains are often too gxpensive to be practical. In some



known systens a nobile node waits until conmmunications are |ost or
significantly degraded on the operating carrier band being used before
switching to another carrier. In sonme systens, a wreless termna

peri odi cal WO gibPI0EIs its receiver to a different carri exCiesa4tossseheck for
signal presence and/or strength. Unfortunately, while switched to search
for another carrier, the receiver c&n not receive signals fromthe carrier
that is currently in use. The known methods of determining what carriers
are avaifrgpneygnsnobite peslearadis whidrvomomusigiations aw lastwewigotlicantbt dageaded prsul t
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f r equencyirdden thrmimal pérbticatly stictab iy eceivatd asdiffsrent &arﬁhtdmlnd tdeheaR foraddnal ed
that there is a eed. fﬂb%mngrov%fw thods for determ ning when a wrel ess
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receiver, n arrier fre enex and,...and
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transm tih eroditviigcdndeidterbtinshe ap@opritendarder fidipeniey bardl used by the

nei ghboring sector or cell. This is achieved by controlling the base station
transmitters in different sectors and/or cells to } periodically transnmt a

signal, inclugdiRg & deddo¥alshitsibe, r1f'§hoﬁlfd lj‘e%ﬁ?yﬂ%&ﬁé’& tht @BreNOWRE:Slognal
canponent, into the frequenc band used in the nei ghboring sector or cell.
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f r equenaycebanth mﬂﬂr fraquelney bmdgh b@rdhrfgr the canter dreqoeidy.of Baadpeenstgihad s are
signals which include one or nore narrow (in terns of frequency) signa
conponeﬁFg ‘e.g., signal tones, which are transmtted at relatively high
power conpared to other S|gnals such as user data signals. In sone

enbodi nment s beacon S|onals each include one or nore signal conponents where
each si gila ‘ 3 AIdON to a different tone. A beacon signal
conmponent in sone enbodlnents includes a per tone signal energy which is
10, 20, 30 or nore tines the average per tone signal energy of signal tones
used to trangiktnvesésn ﬂhtm amddlm temminabe acoive\E %ﬂﬁﬁ 6139@ Qeﬂrrent operatmg
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transmitters which can be used to identify the carrier used by the neighboring sector or cell.

This is achieved by controlling the base station transmitters in different sectors and/or cells to
| tﬂ) periodically transmit a signal, including a narrow (in texms of frequency) high power signal

%
e

component, into the frequency band used in the neighboring sector or cell.

In a system using the invention, base station transmltters in different sectors and/or cells
each penodlcally transmit a high power signal, referred to in the present application as a beacon -
signal, into the frequency band used in the neighboring sector or cell. Beacon signals are signals
which include one or more narrow (in terms of frequency) signal components, e.g., signal tones,
which are transmitted at relatively high power compared to other signals such as user data
signals. In some embodiments beacon signals each include one or more signal components
where each signal component corresponds to a different tone. A beacon signal component in
some embodiments includes a per tone signal energy which is 10, 20, 30 or more times the

average per tone signal energy of signal tones used to transmit user data and/or non-beacon



convey information such as the carrier used by the transmtter which
transmtted the beacon to comunicate user data, a cell identifier and/or a
sector identifier corresponding to the transmtter which transmtted the _
particul ar Weas@mssbgnal . Sone infornmation maybe conveyegr/Byobgds@s mul tiple
beacon signals in which case the frequency of nultiple beacon signal ‘
conponents conveys transmtter infor#ation, e.g., of the type just

described. Miltiple beacons, e.g., nmultiple high power tones can be

transni t t@drobtighdle Hamfequbnts of albtdvol glanilR coRPYnexte dbmpoidtadanPesbedtoSi Nyl €
beacon signal ,is transnmtted by a transmtter in n iven transmn ssion
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hi gh power tones. Beacon signals, 1 n one exenplary O-DM enbodi nent are
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Each beacanpdic@nabnvepigarissritter aismdiiorh. £, & the @fpedutidesteibeam ned frequency
thereby allowi ng the frequency of the beacon signal conponents to be used
in convey information, e.g., <cell, sector and/or carrier information. In
some enbodi meplFipld REcRSACOMmBIHIRAioIf O5vi & SRR SN bE tAnsikB@ LEHE 9fe tifgacon
signals maybe fixed in terns of fre%]uency or they can be transmtted at

di f f er entithepgmineminy enmbedireantsoit fast @510gle beagowr signebis teangmitted by @rtrinsyittenina

predet erm 1t Lcul ar _hoppi ng. seqdence, gorrespondi ng
Po o col IognreRy bR HRg a4 3 BB S e oToBalt ot
tirgnsm t mag arcldakaingleanigh povesrsignklttbngor} e oheageiodingits) a fettidel Powdriamyency
band of ¢the nejgaboring sect or %b ell,..in some enpodinments the transmtter
cont i NueScAER EEAHS AR PRSP e plipenicsR tenynitled by afeamssdiep a i s i n
addi ti oNghQnfi Rt \SHeSnaMhe ) 2HOFBMEANRN tOhBETssDh WM. STbR: g jSect or
serviced by the transmtter.” The beacdn signal transmtted into the

nei ghbor $ipglica dxemplageynindinet aad theaysrhiasian tizne bay beldiffseant ih ¢hemobi | e nodes
W thin tQﬁ &ﬁﬁg@poring cell or sector w thout having to change the

frequency % 4"t which the nobile node has its receiver adj usted. The

~relatively high power |evel of beacon signals makes them easy to detect.

The frequency_of .a detected beacon signal W) 2005/039094 PCT/ US2004/ 034305
-4 can be rea%@%e%fgflélrgﬁfﬂﬁ%ewﬂe%ﬁ%??-g+ A PIeEPIRTRIAPS %@flwﬁwg d on the

recei vedyRREAGHe fHRq@RE of the beacon signal components to be used in convey information, e.g.,
cell, sector and/or carrier information. In some eﬁlbodiments, the beacon signal corresponds to a
single tone. Beacon signals may be fixed in terms of fréquency or they can be transmitted at
different points in time at different frequencies, e.g., according to a predetermined pattern such

as a particular hopping sequence corresponding to a cell or sector.

While in varions embodiments the transmitter does not transmit user data when
transmitting the beacon signal into the frequency band of the neighboring sector or cell, in some
embodiments the transmitter continues to transmit user data and the beacon signal transmission
is in addition to the transmission of data and/or other si gnals into the sector serviced by the

transmitter,

The -béaqon signal transmitted into the neighboring cell or sector’s frequency band can be
detected by mobile nodes within the neighboring cell or sector without haviﬂg to change the
frequency band to which the mobile node has its receiver adjusted. The relatively high power

level of beacon signals makes them easy to detect. The frequency of a detected beacon signal



tone. The detection of the beacon frequency can, and in many cases where the
beacon is froma neighboring cell often does, occur before the wreless
term nal acquires synchronization information, such as carrier frequency or
synbol ti mywagzookelegdsed to the cell or sector transmtti pgrrishe4ReBEON
signal. The frequencies of received beacon signals can, and in various
enbodi nents are, used to deternine #he sector or cell from which the
detect ed beacon signals were transmtted. By storing informtion about
[) ecei vedcahbaceuiilg idgaﬁﬂline% tyethg twhr:etquﬂ? f@mﬁnplowgr, basasgichn he m@g_wiedgn&ﬂgy irgéarcang_t h of
eacon signal,s corres ng t ifferent sectors, a npbile can determne
when a HaR 2##6 Estivnoibe b@g%ﬁ'ﬁ@wm’ R MY PEGUIRRE e eRpRTCA Bioes
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beacon s.iignal ich triggered the handoff operation. carrier frequency
of the na
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shoul d be used” follow ng the handoff. This can be acconplished without
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invention are discussed in the detailed description which follows. WO
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wireless terminal should perform a hand-off, and what new carrier frequency should be used

following the handoff. This can be accomplished without having the wireless terminal switch its
receiver to a different frequency band in an attempt to identify the carrier of the neighboring

sector and/or cell.

"The amount of time a transmitter transmits a beacon signal into a neighboring sector or
cell's frequency band is usually a fraction of the time the tran smitter transmits user data into the
frequency band it uses to communicate user data, e.g., text, video, voice or other user application

data.

Numerous additional features, benefits and embodiments of the present invention are

discussed in the detailed description which follows.



Figure 2 is a drawing of an exenplary multi-carrier wreless conmunications
system inplenented in accordance with the present invention, including
three exenplary cells, each cell including a sectorized base station, the
system al sqyh hkMshhd an exenpl ary wi rel ess term nal pr&s,%zwwgk%yat ed on
a cell boundary. Figure 3 shows exenplary base station sector transmtter
signaling vs frequency for differentS-sector transmtters of an exenplary
cell, in accordance with the present invention. Figure 4 shows exenplary
base st aBRUEF DESCRIPINONSOTTIEE FSGURHS ng vs frequency for the sane type
designation sector transmtters of different cells, in accordance with the
present invention. Figure 5 is a drawing of exenplary base station sector
transmtter shgnahiigadsild dBnfeQEmplhly £RcOX RIS %abheg e %ﬂfﬂn%@%‘éﬁm&&f two
adj acent base Station sector transmtters in accordance wth an exenplary
enmbodi mebpase &iﬁthrr@d@rvels@w teromeh presmnily Eitgﬂjﬁzcborsaussct@: lmhmdmgttmfbamt@mmpd ary

I ti- d
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i nventi oiverfiogure 7 is a drawi ng of an exenpl ary base station, |rrpl enent ed
in accordance with the present invention and using nethods of t he present
invention. Figure 8 is a drawing of an exenplary wreless termnal,

i mpl enent ed iy AE0Q Q&@% d(i"ahQxérﬁ@aﬁhﬁ:ﬂﬁ%ni&‘&ﬁ@élbémoﬁﬂﬁmﬁnﬁﬁs fRldaods of
the present |nvent| on. 005103 PCT/ US2004/ 034305 -6 Figure 9is a
dr awi ng mipitaanﬁn@@denpmr@ann@whb@heq:rresapten'@tnitm@ ibeleiding: thtee snemplaryaeetisraeined]
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$ignal s plastcﬁtlﬁaoimteslemta)felmbumar}ceII Each cel |l includes one or nore sectors.
Separate antenna and/or transmtter maybe provided for each sector of a

cell. The base station, in accordance with the invention, transmts
mul tipl e beaggg;s BQH@,bssexeﬁzp%ry b@sfe sEhtibd %cﬁﬁ'ftraﬁ'sﬂiﬁ&;r sfgh%ge‘?scﬁ'e(fﬁﬁé}pfor of a
cell. One or nore beacon signhals are normally transmtted within the

fr equenc@lffb@n@eei@eaarbmhtmoqueﬁmaw cadle iy agpordgnce withike praseat inve®iawat i on,
“e.g., user data and/or control information intended for specific individual
wireless termnals, to wireless termnals within the sector. User data my
i ncl ude text Figatd,shves eengidrabaediadon wctcenrahymﬂmr@fgnamvaﬁnmuen@tﬁoomedat a.
Such beacon si gcpal s can be used.to

same type e&gnatmn sector transmitters of different cells, in accordance with the present

invention.

Figure 5 is a drawing of exemplary base station sector transmitter signaling vs time for
three exemplary frequency bands for two adjacent base station sector transmitters, in accordance

5”"3 with an exemplary embodiment of the present invention.

- Figure 6 is a drawing of an exemplary multi-carrier sectorized wireless communications
system, implemented in accordance with the present invention and using methods of the preserit_

invention,

Figure 7 is a drawing of an exemplary base station, implemented in accordance with the

present invention and using methods of the present invention.

Figure 8 is a drawing of an exemplary wireless terminal, implemented in accordance

with the present invention and using methods of the present invention.



convey information, e.g., a sector identifier, a cell identifier, and/the
carrier frequency used in the sector. In accordance with the present

i nvention, the base station uses a sector transmtter to periodically
transmt avbeagsniwbgnal at a predeterm ned frequency W gdwsbéddsizoequency
band, which is used, e.g., by an adjacent sector or cell to communicate
user data and/or control signals coriesponding to specific wireless
termnals in the adjacent sector or cell. As a result, multiple sectors my
transmi t beackigurs Pgnatisviing of dntexemphey Ihethqdleﬁupyrabafgibase sigtionsdh adickdmoent
tines. to di stln ui sh the sector which is the source of a
beacon si bﬁrl]g%n%ﬂf%ds D??éﬁé‘?sfs?tclmeﬂl "f r equency band, each sector transnits a
beacon at a different predeterm ned frequency wthin v any given frequency
band used by a sector. rl The strength of the beacon signals received from
adj acent DETAILED DESCRIPTION O b

, L EHIN 4 pEINVENIHINed t o the strength of the beacon
signal recei ved fromits own current base station sector transmssion to
determ ne when a handoff should be perforned- In accordance with the

i nvent i on, t%clmdl inohidega basd setiah whtchdnanmﬁitsbéﬁ@:em siggalalirsto Bachreeeidy aftent

sectors/c aIIo W reless ternmn man ases,, hnake a
ean es st HataeET T T IBre 5T BT GEPTorcO e ARty AR PERAFOR IR { hat
occurs i puosmsd REBachhiefter bita defl. MDE Saddistdhivs Uh hedoRlthlea¥itd e nﬁdaﬁu@ra rurahﬁmts
frequency to be used foll O\Mrdgfft he handoff. In one exe Iary
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sonme but not necessarll al | enbodi nents, the power used to transmt t he

beacon &NYFAE qr%m%%égt HesRCtPisRRtiier; a kel idenifisn arafee Gravion fspmueniyiised B al |
the tonegeused. HPaccSRERMN B4R &9@& 1£’Jenﬁ?lﬂ e 2kIR3kiSn hgestam%ct%?&&%u&é&m

whi ch the beacon is transmtte ere average per tone power
rel ati veparodigally fammltsusbe@mmgnabet awc@termmedﬁeqmnqultbmdbmﬂequen@nbandss| on

period pr ing,the.tran ion o con naI For exa
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‘make it eagy to distinguish the sector which is the source of a beacon signal within a particular

frequency band, each sector transmits a beacon at a different predetermined frequency within
,@) any given frequency band used by a sector.

The strength of the beacon signals received from adjacemnt sectors and/or cells may be
compared to the strength of the beacon signal received from its own current base station sector
transmission to determine when a handoff should be performed. In accordance with the
invention, the monitoring and evaluation of beacon signals from adjacent sectors/cells allows the
wirsless terminal to, in many cases, make a scamless hand-off withouf a disruption or

interruption in service that occurs in systems where it is more difficult to determine the catrier

frequency to be used following the handoff.

“In one exemplary OFDM (Orthogonal Frequency Divisi on Multiplexed) embodiment, &

‘beacon signal is implemented as a relatively high powered signal that is transmitted on a single



period on one tone, the beacon signal would have in the particul ar exenpl ary
enbodi nent, nore than 20 tinmes the average energy of a tone transmtted in
a synbol transmission period in the 1 second tine period. Wien a beacon
signal is ty@nRsRlosdoed i n one exenpl ary OFDM enbodi nent, g-msi@adossant
anount of transm ssion power is concentrated on one or a small nunber of
tones, e.g., a single tone which cofprises the beacon signal. The anount of
power is sufficient to reliably detect. the beacon and is higher than the
\%_er ﬁg e pomrg.,(ﬁ’eqﬁalh:];&:yomhﬁ Ipoigeﬂhsb@ﬁﬁ@mm? MG%ﬂnﬁgigﬂélﬁs,tﬂ_i ammmb@ﬁylzaefcﬁ@,n es

ich are not used for, the beacon sjgn y, and sonetinmes are, left
inused- TBIAUE io, sbiunEda s o SR IoE A Cies: (R6ECRBHPPBoR T APHEReS he

beacon ap@yerkighhl HSBsed tPcdhANRIE A4 H8Filok BERNTR HRNedbr SorRRYEH N AYGhe t hat
is lower than the beacon power |evel. I'n some enbodinments, When

t ransm t Eansgutier beaveiHing thnbdacomsipgnal.he frequency band used by an adj acent
sector, sone of the tones used in the frequency band of the sector
transmtting the beacon signal may go unused by the sector's transmtter as
t he power is logomebhr @it @cceasurilhal hetmciimernsd, gralowerldspd tetranssiitche Bedcomi t at i on
is not mandatory. Figure 1 shows an exenplary 3 segtor cell 100

cor r espofiéf {frflféeéh%‘ WEnty fimes Gap %@@g‘?&@g&ﬁﬂﬁ’ée@%ﬁﬁé@ﬁ%@%@& lt‘?janc_e wi th one
exenpl ar yneAackdBMh ofpildt BRNRAE GSGE tectdd 1R WRIth (BShddddn iSraRmiRel @héLek base
station. The base station ('13S) 102 transmts ordinary signals, e.g., user
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Wi r el esssecamhim@peid ons system 200 in accordance with the present

i nvention. Each cell includes a base station and 3 sectors, each of the
three sectors uses a different -carrier frequency (fl, f2, f3) and
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termnals within the particular sector. The sane three carrier frequencies
f1, f2, fmounpgrHERR/ENYVESscencengedpr pne or a small number of tones, e.g., a single

tone which comprises the beacon signal. The amount of power is sufficient to reliably detect the

beacon and is higher than the average power of the other non-beacon tones which are

transmitted. Tones which are not used for the beacon signal may, and sometimes are, left

unused. However, in some cases tones which are not used to transmit the beacon are still used

~ to transmit other information at a power level that is lower than the beacon power level. In some
embodiments, when transmitting a beacon signal into the frequency band used by an adjacent
sector, some of the tones used in the frequency band of the sector transmitting the beacon signal
may go unused by the sector’s transmitter as the power is concentrated on the beacon signal.

However, such a limitation is not mandatory.

Figure 1 shows an exemplary 3 sector cell 100 corresponding to a base station (BS) 102
implemented in accordance with one exemplary embodiment of the present invention. BS 102 is
a sectorized base station. The base station (BS) 102 transmits ordinary signals, e.g., user data

* and control st gnals, into sector 1 106 using carrier frequency fi. The BS 102 transmits ordinary



each carrier is reused in each of the cells. Cell 1 202 includes base
station 1 (BS 1) 208 and 3 sectors (sector 1 214, sector 2 216, sector 3
218) using carrier frequencies (fl, f2, f3), respectively. Cell 2 204

i ncl udes bgs®adkadoban 2 (BS2) 210 and 3 sectors (sector ARG r

222, sector 3 224) using carrier frequencies (fl, g%i reggégﬁﬁeely

Cell 3 206 includes base station 3-§BS3) 212 and 3 sectors (sector 1 226,
sector 2 228, sector 3 230) using carrier frequencies (f1, f2, f3),
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frequencies (fy, f2, f3), respectively. Figure 2 also includes an exemplary wireless terminal (WT)

232, implemented in accordance with the present invention. The WT is situated on the boundary
be_tween sector 1 214 of cell 1 202 and sector 2 222 of cell 2 204. WT 232 may receive signals,

e.g., one or mote beacon signals transmitted to the frequency band, used in cell 1 sector 1

corresponding to carrier fy, from adjacent sector base station transmitters from its own cell
and/or adjacent cells without the WT 232 having to change its receiver's frequency band setting
from the band corresponding to carrier frequency f3. Received information from its own current
and adjacent sector base station transmitters may be used by WT 232 when making handoff

decisions.

Handoffs of WT 232 may be performed between different base station sectors of
different cells or between dtfferent base station sectors of the same cell in accordance with the

methods of the present mventlon



The top graph 302 of Figure 3, shows signaling frombase station sector 1
transmtter. The graph 302 is a conposite of signals which may be
transmitted at different tinmes, e.g., during different synbol transm ssion
peri ods. f ency band 310 which is centered aro
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304 IS ashowrrmDEugmeZof Si gnal s which may be transmtted at different tines,
e.g., during different synbol transm ssion periods. Second frequency band
312 which is centered around carrier frequency f2 is used for transmtting

signal s and ITHeSBapIOFOA F FbUre B eHSws El@ﬁiﬂ'i‘ﬂ@@]oﬁl e §ﬁ@ibﬁrse&ma§trar&ﬂ:hﬁ@1 ed by
the | abel ordinary signaling 331, Periodicall e. en not transmtting

data, e. e e#hgiUAas§canppsas §f signads Whighaay bg fé?nsmlftege%tt‘gffel?ﬂ't {1885 figt SUEHSHeacon
si gnal  BRE2nd{s$86 510 andmfEabh 'p@ﬁocF r m&%&iﬂe&% bAR3 W R i BEnseeARdnd r equency

band 312. This frequency may be a fixed offset fromthe second carrier
f r equencsprimdreguanché isiwsed fwrmtung pfaband ifpmatiahstoj wirdessteymimals i | dentify

and synChERN € Meh EIBALS ekl RISNOH DU NGuSR] LD, Ly pecond, sector.

To provi nrorna |ng Sec e Carrier flis
used, transmitting data, e.g., ordinary s1gnals the transiitter in sector 1 transmits a beacon signal
f‘) S1F1 (Sector 1 carrier Frequency 1) 320 within the first frequency band. This frequency may be

a fixed offset from the first carrier frequency and can be used by the wireless terminals to
identify and synchronize with the carrier fréquency being used in the first sector, To provide
information to WTs in neighboring sectors where carrier f is used, periodically, the first sector
(ransmitter transmits a beacon signal S1F2 322 at a predetermined frequency within the second
frequency band 312 corresponding to the second carrier frequency f2. This signal can be
detected by WTs in the adjacent sector without those terminals having to adjust their receiver
frequency.from the band 312 associated with carrier fo to another band, e.g., the first frequency
bémd 310 ué'ed in sector 1, In addition, to provide information to WTs in neighboring sectors
where carrier f3 is used, periodically, the first sector transmitter transmits a beacon signal S1F3 |
324 ata predetermined frequency within the third frequency band 3 14 corresponding to the third

carrier frequency f3. This signal can be detected by WTs in adjacent sectors where the third



periodically, the second sector transmtter transmts a beacon signal S2F1
330 at a predeterm ned frequency within the first frequency band 310
corresponding to the first carrier frequency fl, This signal can be
detected b in the adjacent sector which uses the f

frequency XWE KO P Hose terminals havi ng to adjust thei k’cf@é @}r"&"?r equency
to another band, e.g., the second fjygquency band 312 used in sector 2. In
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) adjacent sectors where the third frequency band is used without those terminals having to adjust

their receiver frequency to another band, e.g., the second frequency band 312 used in sector 2.

The bottom graph 306 of Figure 3, shows signaling from base station sector 3
transmitter. The graph 306 is a composite of signals which may be transmitted at different
times, e.g., during different symbol .transmission petiods. Third frequency band 314 which is
centered around carrier frequency f3 is used for transmitting signals and information to wireless
terminals in sector 3 as indicated by the label ordinary signaling 343. Periodically, e.g., when
not transmitting data, e.g,, ordinary signals, the transmitter in sector 3 transmits a beacon signal
S3F3 (Sector 3 carrier Frequency 3) 344 within the third frequency band. The frequency of this
heacon signal may be a fixed offset from the third carrier frequency and can be used by the

wireless terminals in sector 3 to identify and synchronize with the carrier frequency being used



3. Each beacon signal can uniquely identify the carrier associated with the
sector from which the beacon signal originated. In Figure 3, the nine
exenpl ary beacon signals shown are at different frequencies. Thus, it is

possi bl e t #Tﬁ frequency of a detected beacon sign guency
froma setgev 1i]EJE}Wﬁmbeacon frequencies to determ ne whi ghwﬁg%ot@%/?ﬁ 0(rgansm tter

was the source of a particular detert.ed beacon signal. In accordance with
the invention, a wireless termnal, e.g., nobile node, may receive the
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t her ef ore usi ng carrier frequency f1 and its associ ated bandw dth 310 for
ordinary signaling, e.g., receiving information fromthe base station.
However, it is also nmonitoring for beacon signals within the frequency band
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In accordance with the invention, a Wireleé.s terminal, e.g., mobile node, may receive the
beacon signals from its own base station sector transmitter and different. e.g., adjacent, base
) station sector transmitters. The beacon signals are received within the same frequency band that
: the wireless terminal currently uses for ordinary signaling, e.g., data and/or control signaling
-thereby avoiding requiring the WT to switch frequency bands. The WT makes beacon signal
strength, e.g., power, measurements, These measurements may be in addition to frequency e.g.,
tone, measuremernts. Comparisons of the strength of different received beacon signals, from
different base station sector transmitters are used to decide when to make a handoff to a carrier
frequency, used by an adjacent sector, (o supply information to wireless terminals within the
adj acent sector. The beacon signal comparison also indicates to the wireless terminal which
carrier frequency that the wireless terminal should use for ordinary signaling following the hand-
- off. In some embodimenis, this carrier frequency is determined to be thes carrier frequency for
ordinary si.gnaling used by the base station sector transnﬁtfcr which transmitted the stronger of

the received beacon signals.



strength of beacon signal S2F1 330 within the first frequency band
transmtted by the BS sector 2, increases in strength relative to the
received signal strength fromthe sector 1 beacon signal S1F1 320. At sone
poi nt, bas Hﬁ?/b‘.ﬁ%ﬂi s conparison of received beacon sigpgl ﬁﬁdz@ﬁ?&@s and
criteria within the wireless termnal, the wireless term nal W T ihitiate a
hand-off to carrier frequency f2, t.he frequency used for ordinary signaling
in sector 2. The wireless terminal knew to switch to carrier frequency f2
and not carrier frequency f3 based upon a known pre-determned .

under st andi ng_bet ween the base station and wireless termnals, e.g., based
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exenpl ary sector 1, to provide _beacon signal 1dentification to a sector and
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dr aw ng]Pfgﬁlglrlrgrg&%g{egé%%%ﬁagikgcogit%en%ﬁoé&? f%%g%&tg%éecéﬁl 0%11' BS2 210 sector 1 220
of cell 2 204 transmtter of Figure 2. Drawi ng 402 includes a bandw dth

associ at ed ngghnaﬁgé Fof each sector of the same cell may be timing synchronized with respect to

one another., In some embodiments, there is a fixed time offset between the transmissions of
;i) beacon signals by adjacent sector transmitters of the same cell to a given carrier band. In some
_ embodiments, there is a fixed time offset between the transmissions of beacon signals by a given

sector fransmitier to different carrier bands,

~ The same or a similar method of the invention, described with respect to handoffs at
-sector boundaries, is also used with respect to handoffs at cell boundaries as in the case of the
wireless terminal 232 shown in Figure 2 situated on a cell boundary. In such a case, the handoff
is from the sector of one cell to the sector of another cell. In regard to cells, the location of the
beacon may also be used to convey cell information, e.g., a cell identifier such as a slope
‘identifier. Different cells may use different predetermined frequencies for beacon signals.
Changes in beacon signals over time and/or the tone [ocations of beacon signals rhay be used to

catry cell identification information, ¢.g., slope information, and/or sector identification



frequency f1406, a bandw dth associated with carrier frequency f2408, and a
bandwi dth associated with carrier frequency f3 410. Wthin bandw dth for
carrier 1406, the BS 1 sector 1 transmitter transnmts a beacon signal 412
and ordi nar, i | ing 414, e.g., user data and control i {thin
bandw dt h fv%?i@g@r%fﬁé‘r f2 408, the BS 1 sector 1 transm tg@'ﬂ%ﬂﬁdgﬁ?gﬁ s a
beacon signal 416. Wthin bandw dthjfor carrier f3 410, the BS 1 sector |
transmitter transmts a beacon signal 418. The various signals 412, 414,
416, and: it i r j . i rdi nary
Si ana i A 300k e PR ATIRR. ' She BhbRseft BBl EP o Feion dhlb Mafled! IO
t he set ifthdEaconlositipnatiza hoppingdiattgndhzhe i wiitiBmapdidicptt nahmpeitdded a

occasi onai{l. Il? a r edet e(rjm' ned,.sequence on a periodic basis in place of
the or di FAr§TEHGh LA 05 eRPAS &fflary  signaling 414 includes user data
including at | east one of voice, text, and user application data. Beacon
signals 412, 416, and 418 convey transmtter information but no user

speci fic i nflogwatishaYs oy ARl Woge tricdiffawst adiasanidrilelbeveas slight ewationiin h

305, and 2 Barafinonfion fou BRGNS L BRRCL Bt CABL LSRG AT 12
bandwi dttreaforsigrat idestiflidatidD ), a ebter 8% @lldeel.oForkxbmplesddatvireg 402 magni ts a

of anal s, CUPREEH © HATRPHER RorrahArT aPF fosfog 21fineolbl 304 eemtett O SRR (1 or
transmi tg vaile@iasang 300MmaY citZApondb Righals Bamneitel RohBSLAN dRfor1 32610 cell he BS
2 sector_1 transmtter transmts a beacon signal 426. The various signals

420, 422044pnsmigggoiiieuisgy Dyewing 473 includsga handyiidth apasiated; yith cagicy. | with t he
5T Qi nar ye Si ' i R4 . tehend i eacon
g’rgnal : ff %lfgn@hféﬂ%éé%g?aﬁgg%g%%ﬁm gnltg? @F%B%& fﬁ‘%{’ 512%3 ,b%ﬁé}%i,%ﬂﬁei ng

t ransm tdsedtiadatagh caatd fyequancy fipdldd eV ehimbaedvidthdquender fp40@, the BSddsectobdsi s i n
pl ace of_ the.ordinar. i gnal in 2. .Beacon signals 412 and 420 wthin the
D e bl B Talkits PRl $ 5 e g RnB ¢ Bndiier difignltionldt

t er m nal sigda®C eWithiA hah W@ ARTBEMR GO the BN Seion JUiabmBet YRaEnihebédsen Cel | s.
Beacon signals 416 and 424 WD 2005/ 039094 PCTFUS20041034305 -14 within the

sane bandenebsl oy Within apdwidihdet carrierdadHb fhel Bt hegeénid Eansmiitergransipits abeacen

: ol ars e . b : _ s
Beacon <) BREFE R0 SAARNIMADR)S bl HI EhbDblpindr i SEATEAR il ool |
f r equenayg. eitatlieandinadylstnelig 4 4kicingl tessmitted ndostdf the Bme;j anichgbtdeen kigadon

- signal to disti i sh_bet ween .t he lls.. The two.cells need not be, and
gener al 1 §PRHE SER bR e TRl e R 45 AR et o 2o AR

Ther ef orgeddidimimtidetqatd ohapdidtic vapie iplae s thd iginety edingtAdMordinasy need

to perform timng synchronizatjiaon oPerati ons, .e.g., they nake synbol

t ransmi s$grgHng fHi4 Wﬁluggﬁ yset fasineluding at feast one of voice, text, and uSer application data.

Beacon signals 412, 416, and 418 convey transmitter information but no user specific

:) information. Drawing 404 includes a bandwidth associated with carxrier frequeﬁcy 11 406, a
bandwidth associated with carrier frequency f 408, and a bandwidth associated with carrier
frequency £3410. Within bandwidth for carrier f1 406, the BS 2 sector 1 transmitter transmits a

. beacon signal 420 and ordinary signaling 422, e.g., user data and control si gnals.' Within
bandwidth for carrier f2408, the BS 2 sector 1 transmitter transmits a beacon signal 424. Within
bandwidth for carrier f3410, the BS 2 sector 1 transmitter transmits a beacon signal 426. The
various signals 420, 422, 424, and 426 may be transmitted at different times, e.g., with the
ordinary signaling 422 being transmitted most of the time, and a beacon signal, from the set of
beacon signals including 420, 424, 426, being transmitted occasionally in a predetermined
Sequence on a periodic basis in place of the ordinary signaling 422. Beacon signals 412 and 420
within the same band 406 are at different frequency locations allowing a wireless terminal

receiving the beacon signal to distinguish between the two cells. Beacon signals 416 and 424



based on one or nore signals received over the air fromthe new cell, before
transmtting user data, e.g., text or voice data. Beacon signals or other
broadcast signals nay be used in achieving coarse tim ng synchronization

and mnim Z'Q?qo?{?@g ~tine during handoff operations i nn‘gFiﬁ’gﬂnggﬁ 3 with the

present |n\% igure 5 shows a drawi ng 500 of exe |ng from
two base station sector transmttergs. e.g., adjacent base station sector
transmtters of the sane cell base station, in accordance vvith t he met hods

of the peseMe éaﬂx‘é%gﬁd a3k M%ﬁdgffékg?tﬁ?éuélﬁyﬁ?ﬁh% a‘ﬂf)wﬂ-% P.rmnﬁfECt or

transmtter signaling into t requenc evertlcal
axi s 514r80@VMgﬁBbemntsmammmgmdi beawees: thd Bvo cﬂiav@eagoﬁﬁigmls 4;18[ahabt126)f base

station s tter. si.gnalin into.the carrier, f ncy band
on't he vERer Qi pBREA € GRS e AL Pl Shissfes B ny 06 1 s
a pl ot ofechaiggsthehdoanigelh istihgliseBawbdnt 88 twdi @N@l i ng into the c airier f3
frequency band on the vertical axis 522 vs tinme on the horizontal axis 524.

~Drawing 508 is a plot of base station sector 2 transmtter signaling into

the carrier fipgff6aUeH Y1 RN S %eﬂ&gﬁ%%?ﬁ@hn%?ﬁnéﬁ@m%@d whtn s 9& t& Bfte

horizontal axis 528. Draw ng 510 9's station sect

t ransm t another. sTigmefbieniy intet-celt irmdoff opéretions Xhé waglassrieyniba miapneedie pmécmm cal
axis 530.vs ti haor.i zont al of base
Srat on bl PPl Ot pr bt YAty S Bt e Pt S PelisBlhcy band
on the viestd Godneax m;éaénalcremm ®Rr thb@irlfamt the Béw keld teford Insrhittinger

exenpl ar%atdm gnal i ng pl 510, ,512) the ti ne axes

ts (502, 504, 506, 50
(516, - 52FAR. 584 s 5BY0L 5%?0%?1@31% ‘P"Fé’ﬂ%eaﬂ?@agqaﬁt sgnshipna) e prestia a%}%‘éng 504,

592 508g0ard Gmimph hcﬁ}ﬁﬁibﬂﬁﬁ)ﬁnﬁ gAY bihk R G MSR0rT UBBFatidRI & | S
resented by w | ow hei ght rectangles, while Dbeacon Signaling including

transmt&CéﬁrdBWﬁd\rlihstht?mﬁSq@uthﬁl@lqnser speci fic data is represented by narrow
hi gh rectangles. User data includes at |east one of voice, text, and user
application data. Beacon signals are signals which concentrate at | east 60%
of the sect orFigurafshowd 2drapmpsiO0 of ctcaupday eipoaingifrogn tvasisast statioh/s&ctorof  t he

frequency band. WO 2005/ 039094 PCT/ US2004/, 0343 - 15 e se 1 base
ot on Vel £.8r FORRBLRES SIEHOM (4R ST S F0s sl R SRHORB {ho f |

f r equencychante vahdhdRkdhodd GMAE p:@éhn5ﬂﬂeﬁt1ﬁ10 DriV@ink 502 fsepienepbdapdtio beacon
signal 542 into the f2 frequency band, ordinary s%al in 544 |nto the fl

f r equencSFelEhHENE BELERHALS PHahe Sarpes fafigquappwbang on 4 vg figne
or di nar yqsing H@Aﬂoﬂ&l é&éﬂswt]@mm% ok i & BHM Rand de,eéilaf @tﬁﬁ&ﬁﬁé&fageﬁ

signaling type and band of transm ssi n cor r espondi to signaling sét (538,
540, 542intEhdcarBed; frequency band on the vertical axis 518 vs time on the horizontal axis 520. -
Drawing 506 is a plot of base station sector 1 transmitter signaling into the carrier f3 frequency
band on the vertical axis 522 vs time on the horizontal axis 524, Drawing 508 is a plot of base
) station sector 2 transmifter signaling into the carrier f; frequency band on the vertical axis 526 vs
- time on the horizontal axis 528. Drawing 510 is a plot of base station sector 2 transmitter
signaling inte the carrier f; frequehcy band on the vertical axis 530 vs time on the horizontal axis
532. Drawing 512 is a plot of base station sector 2 transmitter signaling into the carrier f;
frequency band on the vertical axis 534 vs time on the horizontal axis 536. In the exemplary
signaling plots (502, 504, 506, 508, 510, 512) the time axes (316, 520, 524, 528, 532, 536) are
the same. In exemplary plots (502, 504, 506, 508, 510, 512) ordinary signaling which includes
| user datakis represented by wide low height rectangles, while beacon signaling including
transmitter information but no user specific data is represented by narrow high rectangles. User
data includes at least one of voice, text, and user application data, Beacon signals are signals

which concentrate at least 60% of the sector transmitter power on tones occapying less than 1/5 -

of the frequency band.



548) repeats as illustrated by signaling set (538, 540', 542', 544', 546',
548'), followed by signaling set (538", 540", 542", 544", 546", 548"). The
-sector 2 base station transmtter transmts sequentially: ordinary signaling
547 into the f2 frequency band, a beacon signal 548 intgo the f| frequency
‘band, ordi ¥R FSPYAY i ng 550 into the f2 frequency band THHEYEYHSsi gnal
552 into the f2 frequency band, ordi.gary signaling 554 into the f2
frequency band, a beacon signal 556 into the f3 frequency band, and ordinary
signaling 558 into the f2 frequency band. This sequence of signaling type
and band of transm ssion corresponding to signaling set (548, 550, 552,

554, 556, 558hheseient basastatidnh uansnytes dequbtytiaﬁ'w duandniityy beaebn (8] S3BB® the §52'

554' 55 d i | t 8", 550", 552" Y. 556",
S SRk, bl SBOR s B i e B
and t her@ f}leqaeﬁncf batgidlordirany s‘ignabifné st mbﬁﬂh&\@l&quhét&yfbaﬁ@,ta teeednosigha 386 gtt@t i on

transmttii ransmtt(:1 % (ﬁeacon Si g the f2 band and the second
sect or & qaueney hand SR prdinagy signaling QW% g%@m@ﬂanghlﬁ REEIERal 1|

frequenceffgmﬂdaytpyaﬁd Banmdfgraﬁeﬁ@mrpmﬂa&ﬁan é%ﬁ@naﬁ’iﬁ%@&%% gnal 515484 ang 542

is shown as erval le the tim ng relatio bet ween beacon’

si gnal s B2rapaus MUSH%@@W&’QBE sdt (1381 94 538'2544',r§4§bﬁé8'brfbﬂdwwbh¥ s, the
timng s b b WS twansmtters of the same cell is such
t hat bea%@fanﬁg gﬁé gjra'(e) ?jﬁgﬁg%fsed’%g )dlfferent sector transmtters at the
sanme tine. The time interval conprising the conposite of the intervals
correspondi ng.to Si lin 538, 540, 544, and 5 is.a first perjod of tinme
in which the I]e,sgqtcn’g%@atsgFl%g%ga%qqrgﬁnsppgﬁgqﬁep@éﬁ/ P@n%é‘é’»&fﬂé%g 547 Piansmi t
knya firgéf ﬂ@qste@%xndaerb@acom%nfai 548ahd rtheVYﬁ"frIa@.leﬂ@)t béxfda@@mahtz kfRgaliddt 3ot he
s&cond frequency ban he time interval corTresponding to

beacon sigrBe zé@ﬂuﬁ’@Y&a@é@&ﬁ@Oﬂﬁ@lﬁkﬁzéﬂofhcrfefl‘PWWﬁ'bﬂfﬂdt prdimary signalénst or base
station 0. n cy band,
the {5 bingrogia s Beabehof Bl Bthchi k33 ke b P e PR DR e ¢
WO 2005/ 988084 5> HGRfdIB2 G0aaD8«30knd. - s seqbance hbsignalipg tfpeaqd dnay olﬁand, the f1

band. The second erlod of tinme.is east.le t eflfth the first
peri od ottrantgmlr’n'g'lcmf3 SB%*%%’&M‘F& Sfﬂ%h’ﬁ@ e%g(?ng?‘bé%’gs fPFPW@Sﬂl USEEES ¢ han
1/ 20 t heby digtatihe pR(3480 560", $32TS54ThEe', Gp&Y, ddllonred byepeakndset (343153041 353", by

si gnal i 8%4535%' 940", 544' and 548" in the f1 band, and signaling 542" in
the f2 . ? é5§l)m§ interval conprising the conposite of the intervals
corresponding to signaling 550, 552, 554, and 558 is a third period of time

in which the second sector base station
The first and second base station transmitters are in the same cell and there is a flxed

H

timing offset between the first sector base station transmitter transmitting a beacon signal into
the f; band and the second sector base station transmitter transmitting a beacon signal into the f;
fw) frequency band. The timing relationship between beacon signals 548 and 542 is shown as
- interval 560 while the timing relationship between beacon signals 542 and 548" is shown as
interval 562. In some embodiments, the timing_ synchronization between sector transmitters of
the same cel} is such that beacon sigﬁals are transmitted by different sector transmitters at the

same time.

The time interval comprising the composite of the intervals corresponding to signaling
538, 540, 544, and 548 is a first period of time in which the first sector base station transmitter is
operated to transmit in a first frequency band, the f; band, while not transmitting into the second
frequency band, the f; band. The time interval corresponding to beacon signal 542 is a second
period of time in which the first sector base station transmitter is operated to transmit into the

second frequency band, the f> band, and the first sector base station transmitter does not transmit



transmtter is operated to transmt in the second frequency band, the f2
band, while not transmtting into the first frequency band, the f1 band.
The tinme interval corresponding to beacon signal 548 is a fourth period of
time in which the second sector base station transmtter ed to
transmit i MBEPHEr st frequency band, the f1 band, arrff([ﬁséoogﬁg‘é?\% sect or
base station transmtter does not tjgansmit into the second frequency band,
the f2 band. The fourth period of tine is at |least |ess than one fifth the

third pehicae St trédMacy Yand WEr; SHRO HHIRO 3 Réﬁ'&i $rhd 1 o RS 139§ith9_{l Jnk en! S

| ess than 1/20 the third perlod of time. The operations repeat as
i 11 ust r dbedrsbperiodiofiaei ysonsrmbogaments, %Aecoaﬁaemftxmmtess tharb k2P thand

I t
From ad) Sudetod bhopichoilthy khest WS AR Fibbly O A0 SR I D
bet ween thewh bendpsdsiptding S0 i thefighandecessarily be synchroni zed. Figure 6

shows an exenpl ary communi cations system 600 inplemented in accordance with
the present invention which utilizes the nethods of the present invention,

The exenpl ar yrhe $1)f&t1ﬂt€1!vblm“dm#ﬂx@ﬁg@:1awoﬁfp@htetd 11 in@eBlalSeoteflohdite B2 gngield M
604). Each cell represent he wireless coverage area for an access node,

e.g., a PiststHr ?%5586%“111@ rstod ebtimeEyBiesthe §q9ad scctyrdaseatption. 606 and cel |
M 604 CQF%Q%R@PQ%P&‘%E?&&TEM% MR8 Bre @sphﬁﬁl thels ba%ub%yeldaﬁd into a

plurality of sectors he exenpl ary sys emshows a 3 sector enbodi nent;
howev er , tranpmigigadntythe Brsiiredwenayiuand,ribeh Hhgh Tlmeiml@nmahwre‘ssondmgrw e than 3

sector's &0 PASEL Rlufin TG ISP K L 20k URRR pAALELSLAN BRI £

frequency 1n ¢tors

f r}q uenaipesmtedey trbresndi et ethe iyt Sambosysband,tthd f band; ehdl the@eqdnd sdceds %&de btyitub;hos e
Séctors that. ar

not acent, Sect 1 uses c rrier f ect or 2
ises. carFPOTHET n BHyarb T8 Hegrecad HeadncE G B 1 bududREoTS Porig
carrier g uelgst 8Ss ae ontSERkh th tHiREycEodBf H86.! Bl SrnRfenboligtenGehb ﬁ:@ﬁh t he
exenpl ary . s%stem In some enbodi ments, the carrier frequencies used in

differ erﬁeﬂe pf timeyis lesg H@ﬂsl{/?&tb%hﬁﬂyw%w tgpe. gite|operafipnsgepaal asdpssrated by
enbodi ment gy d Sy G35 4ar drs%g%?ﬁhg Infﬁﬁgi ahn%'ffa,s%?ﬁ%fig%{d s may be

substantl al di fferent. ct or sector 2 612, and
WO 2005/ 039094 PCT/ US2004/ 034305 -17 sector 3 614. Cell M 604 incl udes

. sect or 1 616i{/\%§%§5asgﬁt§%§ ]%ﬂ?ﬁ % fr%m6a2 agﬁlﬁ%&ﬁ%ﬁl%g%lﬁﬂ% sec?](c)t%ry regi on

622 i s shown ere over 2 618, iIn
whi ch haididdrf hwme:athemanghgtwmm,tranmaemwcniwm nesesurilyhise syetthodizedf t he
present invention. Handoff operations may al so occur in boundary areas
between the different sectors of the sane <cell, in accordance with the

met hods of t lReups e 8RR ammﬂ@m%om’ﬁhﬁm@mmymm 660 shilBmedtedingbdcerdendl so

includes a plurality of end nodes EN1,

with the present irivention which utilizes the methods of the present invention. The exemplary

. system includes a plurality of cells (cell 1 602, cell M 604). Bach cell represents the wireless

“) coverage area for an access node, e.g., a base station. Cell 1 602 corresponds to base station 1
606 and cell M 604 corresponds to base station M 608, Each cell is subdivided intd a plurality
of sectors, The exemplary system shows a 3 sector embodiment; however, in accordance with
the invention, cells with less or more than 3 sectors are .also possible. The exemplary system
uses a different carrier frequency in each of the sectors of a cell. In other embodiments ,
frequencies may be reused by sectors within a cell, e.g., reused by those sectors that are not
adiacent, Sector'1 uses carrier frequency fi; sector 2 uses carrier frequency fs; sector 3 uses
carrier frequency f3. The same carrier frequencies are used in the same sectors of other cells of
the exemplary system. In some embodiments, the cartier frequencies used in different cells of '
the system may vary slightly. - In still other embodiments, the carrier frequencies used i

different cells ray be substantially different. Cell 1 602 includes sector 1 610, sector 2 612, and



e.g., wireless termnals such as nobile nodes, in each of the sectors of
each cell. The wireless termnals are coupled to the base stations via
wireless links, If the end nodes are nobile devices, they may nove

t hroughout sectors and cells of the system The end nodes may receive and
“process siYRAVE03WYy  peacon signals within the same CEAASEIEHEYE from a
plurality of base statl on sector transnmitters in accordance with the

nmet hods of the present invention. The end nodes may use informati on

obt ai “eqecﬁc{r%r@ﬁh%eﬁw{s@a{i gﬁﬁd&f AP E 54, %&dt%rhf(fl%cén%rse§&9§‘% §<eﬁ18%,1;}‘
process 0 initiatin ertorm ng beralons ‘rom one* base
station bszemimtyrregcm é%mhd)wm@ﬂlma celbl samrtlrfdﬂ oba@s stithtdell M sead02 618, tuac hrre nt

poi nt, | n. nce wth the nethods, of invention.

devi ces % 3 c{?gt?qpﬁg@o%m%%wéaacfcgdﬁc% ﬁhg @fﬂ%ﬁﬁf@ﬁﬂeﬁﬁg LIgeAH 85 or
nobi | e [BQﬁlﬁﬁ’f offefdilond m@ 9 21s6 86duRin Boubddly afeed bedeEenahPitferint de¥tct of NS shiEbl 624,
EN N 626); cell 1 602 sector 2 612 includes a plurality of ENs (EN1628, EN
N 630) : celbin acgorgeneesith e muthpds of thepresRReEVaNtinur al i ty of ENs (EN1632, EN N
634). Cell M 604 sector 1 616 includes a plurality of ENs (EN1636, EN N
638); cell M 604 sector 2 618 includes a plurality of ENs (EN1 640, EN N
642); cell 1Tlm¢ewtatry)sysﬁen6@itf?i'gmI6w¢kesinaiuqabaph;lreilityobéndﬁmdes(ENl;LBNM EN N

node” 648 - SRS PRRER LR Gro b it une PR o gadh ot clhecRefelry

Net wor Kk tsa@iha]seAcdusled @bl ihle &dsel Bat@h €k wittRkyonls, IGHEsndisdled ine rhﬁ[hwdwiceyi a
networ k- Ii nk 654. Network |inks (650, 652, 65 fiber optic

may be, _
cabl es. thsy Sjay may 6 (HaREHp Ut %F%@ld&r‘;@s ‘i’fdéﬁ"ﬁYﬁqu’e&[)h§§néP9‘iledin??§ IEEHES 2 t hi n each

€yl | sepapabicingab g Béﬁé&ﬁs@ﬁfst\ﬁﬁﬁn {2 %Qme Bkder lﬁﬂé‘)ﬁ‘cﬁﬁ a pRdGity Q)%%asef’s@egl)on and a

Il boundary region (622) Ts shown as an overlapping area”between cell

and cel Bccmrtrﬁssm@twrélneg@ox nef Wigh ge methads of the pegnb ttver . s’l?;b@tmmémnmoproach
and/ or 55&6}}(1%{13&10%16%)?&3%%%8{ Néﬁl?r 1ty%?H§£g§{ah§[§se@?o?@ {ARE T Al ﬁ%éhé‘éff)' ving a

change In carrier I N aCCoOrdance w t
i nvent | mmatM@aﬁ’cDﬁ)ﬁchﬂﬂig%nE%ﬁbpﬁﬂﬂﬁéﬁ@ﬁﬂc&ﬁ%ase—sﬂﬁoh secmenncanes poittho t he

i nvention the base stations (606, 608 eriodic trans beacon signal s
1 each 20¥Ie FR@aTF PR A HRRC B SoeP e N LS eliBs Befbe Zrer g
frequengivesionl Motiik.detiBds i Snefiats SEEHGFed2b aLREBCRIMmulichtiRAE AEHBRGE W th
the invention, the end nodes (624, 626, 628, 630, 632, 634, 636, 638, 640,

642, 6441013%%9@&@6% P2 srciangd qlﬂ@@@&&éﬁluéﬁlﬁh‘éﬁ EN§ EN1He24, ENc @ibyeldnd of
current gGpel irlofidRs &1 {}Jfﬂ&@ @‘T\ﬁ'@!&oﬁ'ﬁbf I NGsdondb6tor 383K 0r and/ or
inter- ce?p E %%?% 5. IEllgg% 791’ ustfates an exm1 ary access?rng)g (base
st at i on)ncdes 4 pﬂpt@meqrﬁﬁﬁls GEN 1632, EN N 634). Cell M 604 sector 1 616 includes a plurahty

of ENs (EN1 636, EN N 638); cell M 604 sector 2 618 includes a plurality of EN's (EN1 640,

ENN 642); cell 1604 sector 3 620 includes a plurality of ENs (EN1 644, EN N 646).

The access nodes (base stations) (606, 608) are coupled to a network p.cde 648,e.g.,a
router, via-network links, (650, 652), respectively. Network node 648 is cbupled to other
network nodes and the Internet via network link 654. Network links (650, 652, 654) may be,
e.g., fiber optic cables, |

Sector boundary regions are identified as dividing lines within each cell separating the
three sectors (610, 612, 614) or (616, 618, 620), and a cell boundary region (622) is shown as an
overtapping area between cell 1 and cell M. As wireless terminals travel throughout the system
and approach and/or traverse sector and/or cell boundaries handoff operations involving a

‘change in carrier frequency may be performed in accordance with the invention.




accordance with the present invention. The base station 700 of Figure 7 may
be a nore detailed representation of any of the base stations of the system
of Figures 6, 1 or 2. The base station 700 includes a processor 702, e.g.,
CPU, a plurality of receivers, e.g., one for each sector of the base
station 700/QMe¥BH4| receiver 704, sector 2 receiver ARSFUS20403803% of
receiver 708), a plurality of tran%rsntters e.g., one for each sector of

t he base station (sector 1 transmtter 710, sector 2 transmitter 712, ...
sector Ntra smtt erface 7 ule 718, a
rerory 720, BhREQIEee A be BBeieh h{fat A (00, el sSdedh ndelt Cor The
base st atiocon s{ghﬂ&ﬁﬁihch Sm&&rfrelluéﬁcﬁ Badts (dsedeiald ORith tHeameo Bafﬁ@iqtéa%ueﬁcws f1,
~transm ttﬁaé . beacon_sector N transmitter 714") e included as

part of 1@%@%"&36‘%@1’6{?@%@}{ Gedr 17 prcardBRgi HiDS IR, Hﬁcfﬁﬂéﬁ@,d% (©2%&dbt s are
used to I K gnal s.
I R b PR At
ant enna fegeep bart! of suré @pemtien iteerd@0p mebe daisichs regreding starstaonand/@2,  sect or
N receiye. . ({51 gﬁn@oﬂ%M) respectively, and can receive signals, e.g. uplink
signal s inc I'ng requests for handoffs, timng control signals, power
control signals, and wuser data, fromwreless termnals in the sector

covered. Each, sector transmtter (710,71 14 nsmts beacon signals
into the fre @WC@%H%S@%GIPBIPIY@P%S%@?% (E"fsﬁﬁépf’ AOPIERCHGH Bect or  and
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some enbodi nents the base station 700 mcfﬂﬁdes uses separate recéivers,
WO 2005163 9 dtlpet AUSTO0the $4B0 Fransnfertin ambmﬂlmms sv,helarcﬁffcmntazmenﬂa@ for each

of the sect n._uses:
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sect or beacon
user data, from wireless terminals in the sector covered. Each sector transmitter (710,712, 714)

transmits beacon signals into the frequency band used for ordinary signaling in its own: sector
and into the frequency bands used for ordinary signaling by adjacent sector transmittexs in the
systern., Bach receiver (704, 706, 708) includes a decoder (736, 738, 740), respectivel y, which
decodes received uplink éncbded signals to extract the information being communicated. Each
sector transmitter (710, 712, 714) is coupled to a sector antenna (sector 1 fransmit antenna 742,
sector 2 transmit antenna 744, sector N transmit antenna 746), respecﬁvely, and can fransmit
signals, including beacon signals including transmitter information, and 01'dinary dowmnlink
signaling including vser data, assignment signals, acknowledgement signals, and pilot signals, in
accordance with the invention, into the sector covered, Each sector transmitter (710, 712, 714)
includes an encoder (748, 750, 752), respectively, for encoding downlink information prior to

transmission, In some embodiments the base station 700 includes and uses separate receivers,




transmtter circuits (710, 712, 714) are included and are coupled to
transmt antennas (742, 744, 746) of the correspondi ng sector,
respectively; the sector beacon transmtters (710", 712', 714') are used to
transmt sonme or all of the beacon signaling, allow ng 1SS of

nul tiple BYAEBY'¥PYnals into one or nore cells while u&éﬁﬁgﬁﬁ‘%ﬂ%g
transmtted thus limting disruptiong.in normal ordinary signaling
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720 includes, rqutines 754 and. data/information 756. The processor 702
execut es"Bgt ¢ yfﬁ’%“%@émpﬁg{’ﬁﬁt{ﬂﬁggﬁfﬁeﬁtaﬁ&ﬁ A9 FARSTHISHEr y 720
Aaycont r @heddis to RRSIALIaRA c8fyitshe base station 700 including the nornal
fwncti ons of scheduling, base station power control, base station timng

control, conmmunication, ordinary signaling, and including the new features
of the inventy N i i ' ; feRPSiahans. The
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and wireless termnal (W) data/information 790. Data 784 includes user
data to be transmtted to and received fromw reless termnals. Sector
i nformation 786ci RekEess ¢ akdd @fmbfﬁfa%ﬁ%ﬁinﬁ@s Srcishibh BOMGRCh AR
information 798. Carrier information 786 includes the carrier frequencies
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with fixed timing offsets between the beacon signals. Synchronization between different sectors

of the same cell also provides for more efficient intra-cell inter-sector handoff operations, as the

WT involved in the handoff can, in some embodiments, omit some timing synchronization _

operations that would otherwise have been required.

Memory 720 includes routines 754 and data/information 756. The processor 702
executes routines 754 and uses the data/ information 756 in the memory 720 to control the
operation of the base station 700 including the normal functioﬁs of scheduling, base station
power control, base station ﬁming control, communication, ordinary signaling, and including the

new features of the invention including the beacon signaling and handoff operations.

The data/information 756 in memory 720 includes a plurality of sets of data/imformation,

e.g., one for each sector covered by the base station (sector 1 data/information set 776, sector N



corresponding to the carrier information 786. Sector information 786
identifies the carrier and band associated with ordinary signaling within
sector ‘1, and the carriers and bands in which beacon signal should be
transmtte ser specific data. The beacon infor ncl udes
t one |nforﬂ%?¥%wﬁgg¥ timng information 703, tone hodg?ﬁgﬁﬁ%zégﬂgtlon 705,
power information 707, and transm tt2 information 709. Tone information
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and/ or a ication data 727. Termn ) rmation, 713 i pcl udes
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st ati on sas8lk aaeshitsleRy ddbic@ trap@fier 710nk Rl RIatiBAhhDetween beacon signals

transmitted by adjacent sector transmifters, e.g., sector 1 transmitter 710 and sector 2 transmiiter

712. Tone hopping information 705, e.g., information used to generate hopping sequences used
Q for the beacon signals, e.g., when the tone or set of tones of a beacon corresponding to sector 1
transmitter in a specific frequency band may change as a function of time. Power information
707 includes transmission power level information for each of the beacon signals that are
transmitted by the sector 1 transmitter. In some embodiments, the base station sector transmitter
concentrates at least 60% of the sector transmission power on the tones of the beacon. signal,
Transmitter information 709 includes information conveyed by the beacon signals associating
the beacon signal with a specific base station sector transmitter, e.g., a base station sector

transmitter identifier.

WT data/info 790 includes a plurality of WT data/information sets for each WT: WT'1
datafinfo 792, WT N data/info 794, WT 1 datafinfo 790 includes user data 711, terminal 1D



includes information identifying the sector in which WF 1 is currently
attached and associating W 1 to a specific carrier frequency used for
ordinary signaling by the identified attachment = point sector transmtter,
e.g., sector 1 transmtter. Sector ID information 715 al s |nc/I ges
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7‘70 or di nar3{ naI ing routines 772, and handoff routines Schedul er
1.
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data/information 756 including beacon information, e.g., sector 1 beacon
info 788, to_contr 9094 PCT/ US2004/ Q 430 -22 ation
and ¢ 1 ansm SEPOHES{ SHEALER SRR A DO G WA FRE ST BATTOR Y1

accor damgeassMttibntBRedr N\ EIRIneOM5E, be@&mmoqﬂ@s%wm@mwmsmwaeed by each
sector transmitter in each of the carrier frequency_bands identified as

used by CORBINISEHMGFOTSFEs Yrlefiiage SitipRarTiiy] ToHingy /eh Bey cQEEHRicali®t or in the
system L Qfintf HoNAhYenthORe vhitths chAnARBRAIAR BrofocMsilled By e BIRAMBE TR Of the

bagse station control routines 764, using data/information 756, control base station sector 1

- operation including the receiver 704, transmitter 710, optional beacon transmitter 722, /O

L:) interface 716, scheduling, ordinary control and data signaling, beacon signaling, and handoff
operation, in accordance with the present invention. Base station control routines 764 includes a
‘scheduler module 766 and signaling routines 768, Signaling routines 768 includes beacon
routines 770, ordinary signaling routines 772, and handoff routines 774. Scheduler module 639,
e.g., a scheduler, schedules #ir link resources, e.g. bandwidth over time in the form of segmerts,

to wireless terminals for uplink and downlink communications.

Signaling routines 768 control; the receiver, the decoder, the transmitter, the encoder,
ordinary signal generation, beacon signal generation, data and control tone hopping, signal
transmission, si gnal reception, and handoff signaling. The beacon routines 770 uses the

data/information 756 including beacon information, e.g., sector 1 beacon info 788, to control the



i nvention, when a beacon signal is transmtted by a sector transmtter into
a different frequency band than the frequency band that it uses for
ordinary signaling, then ordinary signaling by that base station sector
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illustrates an exenplary wireless termnal (end node) 800 such as a nobile
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Handoff routines 774 control the handoff signaling, e.g., handoff messages 721, being

transmitted from and received by base station 700 sector 1.

‘D - Although the routines 758 and data/information 756 have been shown in Figure 7 on a
per sector basis, in some embodiments, some of the functions, routines, modules, and/or
information may be shared between sectors. For example, communication routines and
functions related to the operation of /O interface 702 may be common and shated between the

sectors.

Figure 8 illustrates an exemplary wireless terminal (end node) 800 such as a mobile
node, implemenfcd in accordance with the present invention. The wireless terminal 300 of
Figure 8 may be a more detailed representation of any of the end nodes of the system of Figure
6, 1 or 2. The exemplary wireless terminal 800 includes a receiver 802, a transmitter 804, a

processor 806, e.g., CPU, user VO devices 808, and memory 810 coupled together via a bus 812



recover information overwitten or interfered with by beacon signaling. The
transmtter 804 is coupled to an antenna 820 and nmay transmt- signaling and
information to the base station including requests to initiate a handoff to
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the sector fromwh beacon signal was transmtted. Identified beacon
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beacon si gnal s an or na
User information 828 includes terminal ID information 832, base station 1D information 834,

P sector ID information 836, mode information 838, identified beacon information 840, resource

) information 842, and handoff information 844. The terminal 1Y information 832 may be an
identifier, assi gned to the WT 800 by the base station sector to which the WT is coupled, that

- identifies the wireless terminal 800 to the base station sector, Base station ID information 834
may be, e.g., a value of slope asscciated with the base station and used in hopping sequences
that identifies the base station among a plurality of base station within the communications
systern, Sector ID information 836 includes information identifying the sector ID of the
sectorized base station’s transmitter/receiver through which ordinary signaling is being
communicated, and corresponds to the sector of the cell in which the wireless terminal 800 is
located. Mode information 838 identifies the current state of the wireless terminal 800, e.g.,
on/hold/slesp/access, etc. Identified beacon information 840 may include: information on each

of the beacon si gnals that have be received and measured, e.g., cell/sector ID, signal strength



measur ed beacon signals to handoff criteria. Resource information 842
includes information identifying segnents allocated to WI 800 i ncl udi ng
downlink traffic channel segnments used to convey ordinary signals including
user data 826 from a base station sector transmitter to specific W 800.
Handof f i neY248% 13814 844 i ncl udes request information né§§ﬁ§9¥”P?8H§VW'800 to
initiate a handoff, e.g., based upon,the conparison of received beacon
signals froma plurality of base station sector transmtters. Wrel ess

term nal t.em.inf orati 32 includes timng.informtjon 846,..beacon |ID
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information. including information defining: (i) an OFDM synmbol transm ssion
i nter valﬂ}ayflilﬁo)m%‘?%d HekoR @W@%ﬂ%quﬁ‘iﬁ&@%@s t%%ﬁuﬁ@tﬁygﬁ%c,mr_syper slots,
beaconshgicsn, idfdmitldnBmphh Smedsitedbyalon sRRINGEDDRATARIH BRFbSiokd 1 1)

beacon signals transmssion timng with respect to ordinary signaling,

and/ or (ieg3ured heagpnsignakidgo hpedok qrigavish iRssouses: intem atiwei@rindiidps anfernhatism
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to specif.i r cies in ecifjc carrier bands, allaqwn WI 800 to
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si gnal . ifteuneehhnderi &.g.r, b&ed 2o @Y cb 6 of 1352 edat et dni siBrkR fRReAlplialithof
wreless terminal 800 t+o trigger a hand-off request to an adj acent

sect or / ®afestatign gector Fap§miftBm  t hr eshol d on the strength level of the beacon
stgnal from the adj acent sector and/or a threshold |evel on the conparative
sttength of the adjacent sector received beacon signal with respect to the
W' s own sectirelesetsaninesybiendoformbiinnai32dnaledey timinglafdrhgiéaent #16, badconfBr mat i on
852 may . 4 J ' i.on used nst s j . €Sr in the
br ocoss ot Red MLQlcaRl- Bk ARG S0 e 0RE) RPREIIRS" SO,

si gnal s jnfamhtioe 8¢OmchiklgnaFBM fEelsinissiea tiating informafiar elinting 1Fbandtioel udes
carrier informati 4 which incl.udes infgrnation [ ating. eac

sect or | ETTGA0 e DML rbol TR vl AhERPESE PENEDSY LU intesrs

speci f i Guanadkkiofy, sifpeRIHE BE3tonsIBB WLt Mota e el befwebOB&Ron Mhatd)@H)039094

PCT/ US2004/ 034305 -25 Routines-822 .include communi cations routine 856 and
Wi r el es$eACER FiSAHF UASHISSION UYreing ik sespedo ortinarywignaling and/er ty Hared dopingol
routines i ' |t I i i ] Walel L H60 include
beacon r%%?ﬁﬁggg%%gégﬁﬁggggﬁ g&;ﬂg%%ﬁgﬁwﬁ%gﬁﬁgﬁ%g&%%ggm$$ﬁg%é@gﬁﬁernina
comruni de beassn M infenmsties 84§ mpy ewwhide infotmmtionrd Hulsolcuprinbles cegtiatins, ete,

associating specific sector/cell beacons in the communication system to specific frequencies in

specific carrier bands, allowing the WT 800 to identify the source base station sector transmitter

of each received beacon signal. Handoff criteria 850 may include threshold limits used by the

wireless terminal 80O to trigger a hand-off request to an adjacent sector/ cell, e. g., a minimum
threshold on the strength level of the beacon signal from the adjacent sector and/or a threshold
level on the comparative strength of the adjacent sector received beacon signal with respect to
the WT’s own sector received beacon signal strength. Cell/sector ID information 852 may
-include information used to construct hopping setjuences used in the processing, transmission,
and reception of data, information, control signals, and beacon signals. Cell sector ™
information 852 includes carrier information 854 which includes information associating each
sector/cell of the base stations in the communications system with a specific carrier frequency,

bandwidth, and set of tones.



protocols used by the wireless termnal 800. Wreless termnal control
routines 858 performthe basis control functionality of the wireless

term nal 800 including power control, timng control, signaling control,
dat a procegg Mesn03bdeQ, and control of the beacon rel at edplypsidootsiz@f the
invention. The signaling routines 860, using the data/ information 824 in
menory 810, control the operation e25-the receiver 802 and transmtter 804.
The beacon routines 862 include a beacon processing an identification (ID)
nodul e 866, ®&obidee@22 sidwkgbhnimetoeireninefdduhé withss Rroielboattolsiogriats

conpar i dul.e 870, and a handoff ppdul e 872. The beacon processing and
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beacon signal and stores the information ih "the user's identified beacon
i nfo 840. The beacon signal strength nmeasuring nodul e 868 neasures the

signal strengh a I C ] . es t.he | atjon in
the user's ?%gbrléélg %elqre“é'%ggg%ﬁl%n?%?o&gr@r%'ﬁ#lgﬁgé@igﬁ%}etgghggggﬂuscég arn:i%)dno(%rmdul e
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initiate a han to an j acent sect.or . The beacon conpari son nodul e
870 may %e%wfef){uﬁaﬁlwgtya@af tfa%‘éa;rslﬁss_stp@%ﬁﬂ 00 inslyging RovipE PenERy LIRS LR

thres holscgnmg%lﬁtrmp d4h gr&eﬂg@‘, /L kd @fntel &lﬁ& behbBéh REALOnGRARST ihgon nodul e

may conpare Telative signal 'strength |evels between a Wi''s own current
sect or anteaddmelie sgahng rayéineoitls iygrmihe daie informaticere®Htin seemasy BE&chbnisehcon

signal. 1 I ul e. the.relahiv I

evel di'tr BeanT S S RN, SOL TR Yo TR BT RN B
Therdvastigfdn idedidiceti@/2)) wloduie 866,gdesw@t sbyngipaturdmamnidialeldsdcan
ofipari son nodul e 87Q, may.ge at i gnal i tgo initiate an inter-sector
and! or  {PRECSR SEar comRATiAmTEOdES (b At aBeraR mattiet/an e D8RR PIRSEF I Fibwi ng
hand- of fiphasuRRFEE BBinR HEVdyalal MidrAidd §328st1hdin@BSRbA BD GfoMhdtidn sh8end
invention. In sone enbodi nents, a base station nay not transmt beacon

si gnal s celdpacks Bavefiorrgatian 8X8aidkntiestaecetipd bearon signaleand plosesihe infermatigndn ven
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transmt I'Ven sector to a su correspon
2005/ 0390 adur8Ché 4T Q0di OB 480 Feceivl@dbiacargigmnt yndands thednfdrinytiont in towumses'act or

and adj acent. sectors _for .ordi / signaling., In s enbodi nent base
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ordi nary signaling. Al though shown for an exenplary conmuni cations system
wi t h baridiibercan gpRpparisgn module 870 may compare individual beacon signal strength levels to

' minimum threshold levels in the handoff criteria 850. The beacon comparison madule may
compare relative signal strength levels between a WT’s own current sector attachment point

beacon signal and an adjacent sector/cell beacon signal. The beacon comparison module may'

compare the relative strength level difference measurements to threshold levels in the handoff

criteria 850,

- The handoff module 872, when triggered by output from the beacon comparison module
870, may generate signaling to initiate an inter-sector z_;ndfor inter-cell handoff. The new catrier
frequency to be used following hand-off having been previously identified in accordance with

the invention.

In some emboditents, a base station may not transmit beacon signals corresponding to
each of the system frequency bands into a given sector. In some embodiments, a base station

may limit the beacon signals transmitted into a given sector to a subset corresponding to the



between 3 carrier slots (frequency bands), the invention is applicable to
ot her communi cations systens in which the sanme frequency band is not used
everywhere in the system In sonme enbodi nents, various features of elenents
of the invention may be inplenented in part of a comunications system and
not i npl enBift W%t her parts of the system In such AFERHBYRENR, the
wireless termnals, inplenented in ggcordance with the invention, may
utilize the beacon signaling features and nethod of the invention when

nando f. abq Ryt S8 SOl BRI sk Eo FRbA SRS thobR, 71

f | owc harembogitrents, abase xtipt wey limittholbacdn Gpmisatanmitied $wo stghken egvtortts ansnmi tter s
inawr ni cat. ons.systemto transmt signals i.nto .different
fr equené@“ﬁ%’ﬁ%&%}?@%@g&{?&‘ﬁe y%ﬂdﬁ uf%éﬂﬁ?j@%&@%fec%(ﬂ%&hor PPCY BERAINES on starts

in step 902, where the base station transmtters are powered on and
initialized. C@erati on- proceeds fromstep 902 to steps 904 and steps 908 in
paral | el , | nAdfaphohawn doranesemplaycommpnicaions sysam; Withehanpwidghdividedd t o
transm thegy - j [ ' : : ' . a first
frequency VﬁgﬁgC%‘ﬁ??ﬁg“g%@?@?mag%r)ﬂg%fﬁg?ﬁ??%%%ﬁd‘ﬁ%’o‘{‘%éé I rs?lc%tggrn ?od of
tine saisgstimyigtwhighsiae saag fronvensydnodistnog psedsuerywbere it thesgsten. i nt o a second
frequency band. QOperation proceeds fromstep 904 to step 906. In step 906,
the first base station transmtter is operated to transmt, e.g., a beacon
si gnal , i nt ohasosecomishbdithertq uenivay fdaaunel delengtsaf siecianchtipe a9 de hplememedsai d
second period of tine heing |less than said first peri of tinmg, e. g,
TN« RBPRT e copm BRgR rE T a R S ied b iber Bt S Rl Bal s fan 2,
S;E ,  3,an 2mbd@mer) the HALI QK 1eFRTRISOlBImrddUR aESlRRBAEE Rith i ikRGtBR mdyCcul ar
odinent. In sone enbodinents the second period of tine is at least |ess
t han onelifizs the beagpy signaling fepdirpoandarethodae the invergion svhes srglibldmmsking he second
peri od [ 5 : i ! i | kN Still
bt her enbadl par e R et skt el atombiahh iy abe kW BB S i 1 st
peri od d&fcheignes. othetwisomre enbodi ments the first and second frequency bands
are the sane size. As a result of the relationship between the first and
second time periods, the first transmtter transmts into the first
frequency baRgurad B atffearchid B0Gefenrdehpleguastyd daopdratiag Yase sflon 50, 100, or
nore tines. In sone, 20051039094 PCT/ U82004/_03§1%?5, ég enbodi nents, "t he
first bACBTRHIGEiHi WMIPRRsRIRunicatigns sysemm to gapsmiyenfitnfe GHRYEedUsniYt o t he
first faeguanssopand \Aﬁiﬂﬁrthﬁg[ﬂe@hi in%ntiﬁn.pQFérh@cSh RArtsSAistp 968 ORedrd theBagger i od.
This occurs, when performed, in_optional step 907. Qperation proceeds from
step 906'a§pn GYPMiliapawdongred anapdingiphardl. feneration paearedsdram sgp B¥to sighd t he

sequencep®l, SLERD08 At pardBS. BN UR! LRI 20 dalich GEREARE T ofiraec to Waddhit,

e.g., user data including voice, text and/or images, into a first frequency band during a first

- period of time. During the first period of time said first base station transmitier does not

«\) transinit into a second frequency band. Operation proceeds from step 904 to step 906, In step
906, the first base station transmitter is operated to transmit, e.g., a beacon signal, into a second
frequency band during a second period of time, said second period of time beiﬁg less than said
first period of time, e.g., 1/Nth the first period of time where N is a positive value greater than 2,
e.g., 3, 5, 10, 20, 100 or some other value depending on the particular embodiment. In some
embodiments the second period of time is at least less than one fifth said first period of time. In
other embodiments, the second period of time is less than 1/10 the first period of time and in still
other embediments the second period of time is less than 1/100 the first period of time. In some
embodiments the first and second frequency bands are the same size. As a result of the

| relationship between the first and‘ second time periods, the first transmitter transmits info the first

frequency band more than the second frequency band, e.g., 20, 50, 100, or more times. In some



steps 904 and 906 being perfornmed at periodic intervals. In sone ‘
i npl ementations, in step 906, the first transmtter transmts 60 percent of
~the transmitted power on one or nore tones occupying |ess than one fifth of
t he second frequency band. In the same or other enbodinents,- in step 906
the first basmoswadkton transmtter transnits into the $EETBHREHPEYTency band
a tone with at least 20 tines the gyerage per tone power used to transmt
tone in a preceding 1 second tinme interval. Step 904 nay involve -
transm tJ. i ng: r ; . e, . te ; i.cati data, into
the 11 ot PAsial OB AL TR ERIER KT o b S B RR} BRBL I Bl ont S o
-of st epdre@oencahendBing nil ot w portivmnkswd debog tabe peeiadt Tiimeccuth; Riks pafatned,

i ncl udi t | east.Qne conplex s ol . | 0 enbodi.nent s st 906 i ncl udes
oper at i 1 oPieFES PakiiPh FispSHE o sriathop 007 HEBPAPE G Bersmobyictc. 1 n
some irmblemmp@m,cnma,thetéagusﬂwm@tepabo4,@oe§ndl@ﬁdna'1@0$isefepe%&@, 4.0, wWikANsmM t into
the second frequency , band is |ess than 3. The inforpation transmtted in
step 906'PHYY %qﬁiec?oéé@agamﬁr@ﬁﬁ%ewmﬁ;@mﬁ- I gve inppbresEIioRY bHEP PEO,
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power on at |east one tone than the first base station transmtter transmts
on any cReRvERdesswd one Eith phls second frequedent banduln the saneorfdthes mpediingdtsof ti ne,
where My g 9%@3 %ik#ﬁaéa?{aﬁglf{rmﬂmtr%ransrntl%q B the ot %Uen%y bgnd Ane 49m 20 of
sone ot her nunber. e fiTst Transm ssion trne per105 Irnctfudes, 1Th Sone
enbodi nethiegstiZlltinep ke asynaroper tanapewessed to tranamit pee g preoddinge] tdoendsidmond

transm ssion, i, - t4,me _peri.od includes at |east one o] transm.sion tine
ber o0 Rl S 0aRenRR o SRt e oty FRE b 50 KT LA W RTHUEE. syrbol
g@nsm shatapintd theersp GediRdsy banaon adialggepndes i me period. Returning to step

, In step 908, a second base station transmtter is operated to transmt,
e.g user data and/or other signals, into said second frequency band during

a third peripgmddtitiodtndnfeedchiof Seeiouqdd 996 fk B irhRmivaeAdRASR Station
transmtter does not transmt into said first frequency band. The first and

third p&fiodsizsnl inglpdingphleashope crewiexipmbele In saiee aphedimenty el W6 idedeseed not
be synchg,ontiz e'figbig?rﬁsﬁﬁtté}ftoﬁﬁ 3t [EREHBOIM BIASHE IR shin@™m Step 908 to
step 910. Instep , the secon ase statiron transmitter i's operated to

t ransm timplemgntatienshibe oembersi tpned ysedl int BesHlodo framsstit hogheisacond fequancdur i ng a
fourth I [ iCh. I . bk 1 hi ' f tige. The
fourth %@é‘#% esgiha{‘xﬁﬁh%nﬁmﬁhﬁn {Egnzsﬁ“t?\e@ B B%?bﬁ%élpostég e“ﬁ@%ﬁ?ﬁ“‘“‘ﬁ%" bsazli“lr:113 %second
WO 2005/:630 (8 eiReiTAdSR D04 ORHEBOGata thaBs rensndtieddfsitgi anteast Vi tinestheanvadi ofent s
the fourth 1periid of l.ess than one third period

ti"ﬁ}éis a%, | east fifth said
of ti me POPRF Gt HA5asies SecRAn e HEshRASE SaHeTH pEmITEIEEmYE 9B RE OfedgR ¥55dn 1110
the thi rglirapand Qe ks duirdiB (s perisd bf im@tWiefe MIDOFbsIBRftefd? @rdai thalh 2per i od
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e.g., 3,3,6, 10, 20, 50 or some other numnber. The first transmission time period includes, in

some embodiments multiple symbol transmission time periods while the second transmission
:) time period includes at least one symbol transmission time period in one implementation, the

first time period including more symbol transmission tirne periods than said second time period.

Returning to étep 008, in step 908, a second base station transmitter is operated to
transmit, e.g., user data and/or other signals, into said second frequency band during a third
period. During the third period of time the second base station transmitter does not transmit into |
said first frequency band. The first and third periods of time may, but need not be, the same
duration but need not be synchronized in terms of timing. Operation proceeds from step 908 to
step 910. In step 910; the second base station transritter is operated to transmit, e.g., a beacon
signal, into said first frequency band during a fourth period of time which is less than said third

period of time. The fourth period of time may, but need not be, the same length as said second



third period of tinme. Qher periods, such as those discussed with regard to
the first period of tine are also possible for the third period of tine.
Qperation proceeds fromstep 910 back to step 908, or to optional step 911
in the case where user ‘data is transmtted into the second frequency band
by the sec®iRd¥essedi tter for at |east a portion of thEGFRIHBEN od of
time. The sequence of steps 908 angg910 is repeated, e.g., at periodic
intervals. Step 908 may involve the transm ssion of user data such as
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sonme entbigd pRivtiSf tidee Oted pbligisf ducs bs tand disseseddith FatEoee RanskEoace the same
size, the nethod includes operating the first basé station transmtter to
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or 60 pdrageency bandhethe peenaditansattes Swet leatt agnaios of therfeurth peaiied cftivepyhag | ess
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peri od ofantrhingon diGeldigssi@b ad eded, tdktvingzetdae, gower transmtted by the
transmtter on any other tone in the second frequency band during said
second period of tinme. In some enbodi nents, the operation of step 904 of

@Ezr ating then fdnieSut Base! Shtaidirtdhts, Biraidand debeid feBoll HAINEB] daid Mbibade dtatoat
feequency band includes transmtti ng user data_into e\sl}[gql d first frequency
band. THEDFREET st 5O tREpRyH &xo sad frst frequepeyhand.o Risogie spfjodigneniss e 5eCRY user

appl i catjeand ofdahdis 148 1A WR: BRRAEH TR ESst pSicibr986. ah sOBeEAbbdGichBaati r st base
station transmitter to transmt into a second frequency band during a

second giptiapd sespnd fraguepeithandeare thopamarive.i gome shbadlimests, wherpiarthalsiodbut no

user spegifi &?et %ﬁﬁ% eRF - i ncl ude
operati ﬁsg‘l'oﬁiﬁgm I rg{,b{x)dezllggpe I'}%{ % Ion c?@ﬁ%%lt@ther %Qﬁgegér}gﬁ% {xgg???%gg%&%ne OCFDM
synbol tianghitteli tograasmit vs thesemnd degpleasy saptidoting A¥Oc20DE RSP Ghe wherein
PCT/ U52004/ 034305, .-29 In ny enbodi nent,s, the nunber of conpl.e nbol s
transei CUERTHETR dh S wet Rt AP ob D R e OB B e umber
of conple@xcenyt gl as lebastan SO0 20t B0 40/ 505@I60 phices tof fhe tiafshniekd pbweron dnB ovabieous
enbodi ments, duri ngi; s%i d fokj,rﬂtﬂh ﬁ)leri od of tine, Sai d seconbd base tsnt ation

tones occupying tess than one fitth of the second frequency band. In some embodiments, the

power transmitted on one tone of the second frequency band during the second period of time

includes at least twice the power transmitted by the transmitter on any other tone in the second

frequency band during said second period of time.

In some embodiments, the operation of step 904 of operating the first base station
transmitter to transmit into a first frequency band includes transmitting user data into said first
frequency band. The user data includes, e.g., at least one of voice, text, and user application
data. In some embodiments, step 906 of operating the first base station transmitter to transmit
into a second frequency band during a second period of time includes transmitting transmitter
information but no user specific data. In many embodiments steps 904 and step 906 each
include operating the first base station transmitter to transmit at least one OFDM symbol

including at least one complex symbol.



transmtter does not transmt into said second frequency band. In sone
enbodi nents, the second base station transmtter transmts user data, e.qg.
at | east some voice or text data, during said third period of tine. In sone
enbodi nents, the second base station transmtter transmts base station

i nf or mat i oW0 2805399%el | and sector identification infoff{YB3W0HINN ng said
fourth period of tine but no user ta. In sonme enbodinents, the first and
second base statr on transnitters aré’in physi caI l'y adj acent cells. In sone
enbodi nent s, econ tat rans ter are.in.the
cell and therne |@Iémﬂi§£€ 3%16%6 ‘%:CS{HP %r lﬁ‘ﬁal S?Cé’BdB%O usr ng
the fir sftilhasdestibin mn temrlarhs muirberof camples 'Sﬁﬁbcﬂiﬂam&nm ih beid sieg partbdesse
station _ transmitter. For exanple, consider the follow ng exenplary

enbodi mfAt%; which uses the nethod of flowchart 900. The first base station
isin afirst cell and the second base station is in an adjacent cell of
the same OFDM wi rel ess conmmuni cations system The first base station

i ncl udes a firgionpekodiments, shring mmﬂ{ernodaﬁdﬁmmaiéwmba@as@ﬁ@r ation
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contiguous taones. The second freque cy, band _is the fregfency band used by

the sePFHRE BT W BP PR datay Iy sosnccmporiimentio s Hirsiand segand pasgstaiony | traffic

nnel a8k GOEBRLN phanallp ad a&%uurs iy srahie%beuﬁrh%tss the P Ghd &RBId 19Jse si gnal s,
d downlink traffic channel gna s including at | east one of voice, text,

and useptaipiplrinsetfesnare it Be sapRe iherd is @dixeh mm&eb@twgentme“omne si ze as

the 117 sky bbe SRR HAMLARM AR hREL WeRyPb1d GR81uB.a8la ik dddbyeont | guous

t ones. tones of re ue IS non- overlapprng
wi t h t héerasetittef 113 tones of the second frequency band in sone exenplary
enbodi nents. In the exenplary system OFDM nodul ati on synbol s including
conpl ex synbols are conveyed using at |east sonme of the tones. WO

2005/ 039094 P&xbngRONEIAE3AS foltoBbhg drelnbiaty qatiddiettawhicix avep lamyetiedagdi ment ,
t he operation of the first and second base station transmfters diarfe not

timng SPWERAGHC, ddefirst hasestabian is ip g tigy gelb#ut the pecond Base sefomigin a4 3daERT ssi on
timng atybhge PASEOSDHRL wr@aedsr&oﬁuﬂﬁmfchﬁ&rs sf@dh. TRYfiREbARE bheseRtnbsanthe

synbol transmission timng at the base station in the second cell. In this
one par bpwrasen ERespiter gpd ¢ anchiane statigprnelndss aspermiddase staiies WRRSTRIRET r ansmi t s

or di nar s k;gp ﬁ%dﬂegc%&i n&h@.@éq@e‘&y BinaS¥&! By the first base station for its regular

downlink signaling, e.g., traffic channel assignment signals, downlink pilot signals, other control
~ signals, and downlink traffic channel signals such as user data to wireless terminals including at
) least one of voice, text, and user application data, The first frequency band includes a set of at
least 113 contiguous tones. The second frequency band is the frequency band used by the
second base station for its regular downlink signaling, e.g., traffic channel assignment signals,
downlink pilot signals, other control signals, and downlink traffic channel signals including at
least one of voice, text, and user application data. The second frequency band being the same
size as.the first frequency band and also includes at least a set of 113 contiguous tones. The set
of 113 tones of the first frequency band is non-overlapping with the set of 113 tones of the
second frequency band in soine exemplary embodiments, In the exemplary system, OFDM

modulation symbols including complex symbols are conveyed using at least some of the tones.



904 successive OCFDM transm ssion tine intervals, and a beacon signal during
the remaining one out of every 904 successive OFDM transm ssion tine
intervals. The beacon signal, when transmtted in this two cell exanple, is
transmtted into either the base station transmtter's cy band,
e.g., the g"ﬁg‘“ﬂg%@ by t he base station sector in whi chpmS{t r‘gdr%gﬁgtter i's

| ocated - for ordinary signaling, or-3kkto a band used by an adjacent cell or
sector for its ordinary signaling. This allows a wireless termnal with a

singl e recei VgthichaiitulirexeaplaiydebARRAthOffraidh BYthetfBst 68 kdc8fd batt achnent
poi nt and current frequency band yet still obtain information on_ other base
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exenpl ar yaRADNBichBLY diffifthCiediSRss Hah@s fofBidiRey Sénalih@wchart 900. ConSI der an

exenpl ary OFDM comruni cations system which includes sectorized cells with
two or nore sectors per cell. Each sectorized cell includes a base station

or base statiQpgiff gm@oél?ﬂen@f fol? Q%ﬁreﬁ thadelsBitod &Qrﬁﬁfﬁtért Bk PaseQBfoR ag&nkat | on
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signals, and downlink traffic channel signals such
user data. The high level of base station transmitter power associated with the beacon signal

does

- makes the beacon signal easily detectable and recognizable to wireless terminals monitoring the
va downlink broadcast signaling from the base stations. Different tones can be used by different

base stations allowing the WT to identify the source of the beacon signal. Normally, the beacon
| signal does not convey any user specific data, but instead conveys transmitter information, e.g.,

transmitter identifier information and/or transmitter power level information.

As another example, consider the following exemplary embodiment, which uses the
method of flowchart 900, Consider an exemplary OFDM communications system which
includes sectorized cells with two or more sectors per cell. Each sectorjzed cell includes a base

' station or base stations and a set of base station transmitters, one base station transmitter
corresponding to each sector. Each base station transmitter may be part of its own base station,

or multiple base station transmitters may be grouped together as part of a single base station.



as user data to wireless termnals including at | east one of voice, text,
and user application data. The first frequency band, in this particular
exenpl ary enbodi nent includes a set of at |east 113 contiguous tones. The
second frequency band in this particular enbodinent is the frequency band
used by th&GWEYHYIMase station transnitter for its regb¢BFSH8@%WP§k
signaling, e.g., traffic channel assignment signals, downlink pilot
signals, other control signals, and downlink traffic channel signals
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e basdimp e eauade U Rat o oo oS R A B TR Bit s used by
g bas efregliéely Obnd, il MkSeReinbBity &iodheH: Tethy samhetit dsAlgh fiMf frédiefcyebab@migo used by
“adj acent _cell for its ordinary_ signaling. This allows a wrel

I ess

t er m nalin¢iides agetdif AP sontignagstencsc fniha cronplynembadingsb tha ebelsl 13 Gaiengl i t s
current ~ (ngdg,'] - ; ' i ”
i nfor mtt?%%ﬁgﬂ%%g% er g?ﬁ %&%ﬂ%ﬁg@@vﬁ%@?%ﬁ% ?I?r)lg)%gst %@%‘Z‘%{%r Elzdygi fferent
f r equendynd adHeM wpddatitmeympolsdnaduding sognpléxsytibols apaeaniveyddasingablepdt somye
enbodi mer}i et&?e beacon signaling timng of adjacent sector base station
transmtt 1JILs 0" the sane cell have a fixed ti m ng offset. For a given base
station transmitter in this second exanple, the base station transmtter

al ternates befween beaco i gnal s, .,.,S0 as to sequentially transmt a
beacon si gnal Pﬁ??fatilcfréot\ﬂ%’ g@%@%@%&ﬁﬁ@ﬁ’ﬂ%ﬁ@@gﬁﬁ?ﬁgﬁﬁﬁs ﬁOB%HMB%ﬁ and
each of dhRpRilcAtBRthdantel AfdRSRE PichGnized Qe rEpEt 1S biNalotrg Iu¢hageacent
sectors of the sane cell. This timng is repeated periodical I%/. The beacon
si gnal satgn ﬁp@qmg@‘v@,tmg ngqﬁgqlf,: transmits ordinary signaling during the majority of OFDM

symbol transmission time periods, e.g., 303 out of every 904 successive OFDM symbol

transruission time intervals, and a beacon signal during a much smaller number of symbol

. transmission time intervals, e.g., the remaining one out of every 904 successive OFDM symbol

E:) transmission time intervals. The beacon signal, when transmitted is transmitted into either the
base station sector transmitter's own frequency band, the band used by the base station
transmitter for ordinary signaling, or into a band used by an adjacent cell for its ordinary
signaling. This allows a wireless terminal with a single receiver chain to continue operations
usiﬁg its cutrent attachment point and current frequency band yet still obtain information on
other adjacent base station transmitters which use different frequency bands for ordinary
signaling. In this particular exemplary embodiment, the beacon signaling timing of adjacent

sector base station transmitters of the same cell have a fixed timing offset.

For a given base station transmifter in this second example, the base station transmitter

alternates between beacon signals, e.g., 50 as to sequentially transmit a beacon signal into its



e.g., a signal as described in the context of the precedi ng exanple. The
hi gh | evel of power associated with the beacon signal makes the beacon
signal easily detectable and recognizable to wreless termnals nonitoring
t he downl i nk broadcast signaling fromthe base station transmtters.

Di f ferent worwesssens be used by different base station PEEASHMPUHNS al | owi ng
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described as a series of steps. Some enbodi ments involve performng
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Various exemplary embodiments which use the present invention have been discussed
above, However, these are only a few of the many possible embodiments which can be

implemented in accordance with the invention.

Various exemplary methods of the invention will now be described as a series of steps.
- Some embodiments involve performing different steps. Various combinations of steps are

described below through various references to a previous group of steps.

Some exemplary methods, including different possible combinations of steps will now
be described. The following methods are exemplary and not the sole methods and/or

combinations of steps which may be covered by the present invention.



conparison, handoff, nessage generation and/or transm ssion steps. In sone
enbodi nents various features of the present invention are inplenented using
nodul es. Such nodul es may be inplenented using software, hardware or a
conbi nati on of software and hardware. Many of the ti above descri bed nethods
or nethod WOEPE08HA4 be i npl ement ed usi ng machi ne execuPSBUEZ0#HPEEB et i ons,
such as software, included in a machkne readabl e medi um such as a nenory
device, e.g., RAM floppy disk, et¢, to control a machine, e.g., general

pur pose conp i L it h additional har r to i e t all. or
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or nore of the steps of the above- described nmethod(s). The system of the
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control sof t WhYasons FrbedkmeRts npden gescRred\hsteinbiys IBplemenied UHRE PRFOIGYNE em of t he
present .. i c . i i rmed in
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onsi dered within the scope of the invention. The "nmethods and apparatus of
t he pred@HEcimssHel Sriofprepicludpdiniamaphing sipsallpBsivoTICE 2R BICMGEREVICGH t h
CDVA,  ort.hagon egie bthc3 L teloplogxd various

ot her t)?ﬁggs of ?ﬂ%pg)%mnf%gﬁfggyﬁg%ﬁﬁ%degg\%ﬁ?gﬂ%ﬁg%e u%%‘%&ﬂgﬂfo?rovi de

Wi r el esgvidonradditionaliherdsvard, trkisnplinea dbpuRot9s oPtE XB2eoktsoivd 08thodg 4-ghet ween
access S il ' 0 ) } ! are
ol oot o crd e IR, RRB0ER, bR BERE, W BRG RpREERRARNE, B

nmobi | e nodEise-usidage meHDM inalnding maciiPex cbutabla instrocioasioo dewiny smadhénenobi | e
nodes are inplenented as nptebook  copputers er sqnal dat.a assistants
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i nvention.

The system of the present invention includes control modules, e.g., control circuitry
and/or control software, for controlling the various elements of the system of the present
._ invention to perform each of the various recited steps performed in accordance with the methods
:) of the present invention. Different steps of a control routine or different element of a control
circuit may control different operationg, e.g., the implementation of different method steps,
Accordingly, a control module may include multiple means, e.g., blocks of code, fdr performing

one or more steps in accordance with the invention.

Numerous additional variations on the methods 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 considered within the scope of the invention. The
methods and apparatus of the present invention may be, and in Qarious embodiments are, used
with CDMA, orthogonal frequency division multiplexing (OFDM), and/or various other types of

communications techniques which may be used to provide wireless communications links



y -35- CLAIM5S 1. A nethod of operating a first base station transmtter, the
nmet hod conprising: i) operating the first base station transmtter to
transmt into a first frequency band during a first period of tine during
which said first base station transmtter does not transmt into a second
frequencyyhamskosbded operating the first base station PEEREWYEEN5to transmit
into a second frequency band during a second period of tinme which is
shorter than said first period of "ffme, said first base station

transm tting into said second frequency band for a period of time which is
| ess t WETWeel pecediopke ane gposile nedepreln spme embadments theagcesanefies fest fr equency
band,  whgkficled & hsPAR dol Wick Qe BIcBA ok AL 1Rs PRSI dIdIg usih gt © the
second frequency band during the second period of tinme Including
concent3EN rod/et CPMds t Ingorioys embediments thehpohileandssiare implemnamtad wnotabechr nore
t ones | | ; ncy band; and iii)
r epeat ?gégg%{lé%%r%og%?&{a??&@&e@éi Sﬁfgjtr ﬁigg} %tﬁtagl?g]?ﬁqg?ﬁ&\}ﬁcgﬁ% n steps i and ii
ar e r epeaitvedironeittet cineitatndlepicadd/or tontisnsViat supdansduting Hetmdtivelsasfohnt of tinme
said first transmtter transmts into said first frequency band remains on
aver ag@GrEa"EP " Phan the amount of tine it transmits into said second
frequency band. 3. The nethod of claim1, wherein during said second period
of time said first base station transmitter does not transmt into said
first frequency band. 4. The nethod of claim11l, wherein said first
transmtter transmts into said first frequency band at |east 20 tines as
much, in terns of tine, as the first transmtter transmts into said-second
frequency band. 5. The nethod of claim 1, wherein said first and second
r;.-;f;gequency bands are the sane size. 6. The nethod of claim1, further _
“conprising: operating the first base station transmitter to transmt into
said first frequency band during said second period of tinme. 7. The nethod
of claim1, wherein step i of transmtting into a first frequency band
includes transmtting user data into said first frequency band on a
plurality of different tones. 8 The nethod of claim7, wherein said user
data includes at |east one of voice, text, and user application data. 9.
The nethod of claim 7, wherein step ii of transmtting into a second
frequency band includes transmtting transmtter information but no user
speci fic data.



-36- 10. The nethod of claim9, wherein said transmtter information

i ncludes at | east one of cell identification information and sector
identification information. 11. The nethod of claim9, wherein step ii of
transmtting into a second frequency basd involves transmtting information
on fewer tones than the nunber of tones used to transmt information into
said firs€LAMYuency band. 12. The nethod of claim9, wherein said nunber of
tones used to transnmit information into the second frequency band is |ess
than 3. 13. The nmethod of claim9, wherein steps i and ii each include
transmitting af medadel operatingriivt basr gation trpsElitsy lregneiod coBRsighe conpl ex
synbol . 14. Th oﬁ&éﬂh@dae%st%hs@hﬁh&ﬁran&'ﬂﬂ&ér&b Bar®inf Bath b irdd Ge4lRRS HahPNFIE bt | NY
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frecuencyndyaddy batren® N is a positive value greater than 2, operating the
first base station transmtter to transmt into a second frecuency band
during a seconty FRFISFBY 2 fing i ncluding transmitting a tone with at |east
20 tines the average per t one povver used to transmt tones |n a preced| ng 1
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oper at i nghdthlee dmaoust ofbthse sdd fitsi omstitansmsiniteintd sgid figh Sequendy ritaed aanfams st
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station trg.%%mq# Fe{rhglg%jggméldgg&inrmgﬁts%g%lm &éafﬁ%g%ﬁ%lﬁ%ﬁ r%)Igé‘(y&}ency band, said
first base station transmtter transmtting user data into said first
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of time; -37-
transmitter does not transmit into said first frequency band.

4. The method of claim 1, wherein said first transmitter transmits into said first frequency band

at least 20 times as much, in terms of time, as the first transmitter transmits into said second frequency

band.
5. The method of claim 1, wherein said first and second frequency bands are the same size.
6. The method of claim 1, further comprising: operating the first base station transmitter to

transmit into said first frequency band during said second period of time.

7. The method of claim 1, wherein step i of transmitting into a first frequency band includes

transmitting user data into said first frequency band on a plurality of different tones.

8. The method of claim 7, wherein said user data includes at least one of voice, text, and user

application data.

9. The method of claim 7, wherein step ii of transmitting into a second frequency band includes

transmitting transmitter information but no user specific data.



ii) operating the first base station transmtter to transmt into a second
frequency band during a second period of tinme which is shorter than said
first period of tinme, said first base station transmtting into said second
frequency band for a period of tinme whizgh is |ess than 1/ N the period of
time it transmts into said first frequency band, where Nis a positive

val ue greater than 2, said first base station transmtting transmtter

i nformati but, no user ecjfic data inta said second freqguenc and
during sard sedihaelSEPLARED pinkieh e wud brile P et e ol B

t ransmi t t algntificitiog irermpéasind seotoridentifientios mfcdmitionst transmtter transmtting at
| east Mtinmes the anmbunt of power on said at | east one tone than the
transmitter transmts on any one tone used to transmt user data during said
first peribd &he methad of plain S ayhgreiisteg il of franguibiingyntp a sepondifivepencyping inyolsessi ti ve
i nteger gugRhRlingti@nadion 87wt lohes' RRERE hiMbeS§ABRs iscdNE trhrdsmit bformbieh AR hod of
claim17, wherein Mis at least 5. 19. A nethod of operating a first base
station tPh&ifieency R2p& et hod conprising: i) operating the first base
station transmtter to transmt into a first frequency band during a first
period of _tinme duri ich said. first base station transmtter does not
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transm t t sagndisguendeiaad is sothaed.d first frequency band on a plurality of
different tones during said first period of tinme; ii) operating the first
base station transmtter to transmt into a second frequency band during a
second peit3.od dke methal afflag 9 whesdirost¢peri andniapack aicthdé irarsmitigy 4t ddst ofie OFPM, sai d
first bas i b1 i.nt o said second frequency band for a

peri od ofSgﬁﬁga&ﬂﬂ%tk%ggﬁg?g&kﬁ%ﬁhﬁﬁN the period of tine it transmts into
said first frequency band, where Nis a positive value greater than 2, said
first base st@hd BinddloRBaN 3t WASeid §@NSiMtLde fradsAfi@izTRS DPOMAYALAY USer
specific data into said second frequency band during said second period of
time, said transmtter information being transmtted using at |east one
tone, sai @s.firShe hEDRSO SR 13 KWARSHIthd FiRQp&ial Gf dine lidAsks 8 pardligner yabolg at

| east 20 tines.the average r . tone power used t ransmt tones during a
pr eced ng TS BEMS PR Y SPUSR Iegiang Ppd PLBESPHHLE: SPRpymPoLRn0° A
met hod of timppariadd thay said first pdriothatmest ati on transmtter, the nmethod conpri sing:
i) operating the first base station transmtter to transmt into a first
frequency band during a first period of time during which said first base
st ati on t t@ansnimegod dbepsrating a firstdas siation trenaniter shewethbd compdpirgncy band; i)
operating the fi : tyat 1 : 1 d
frequency band_f)o? E?ﬂ&ﬁ‘ %gﬁrgtebg%ln Bﬁeﬁr?g@mg%%? llranrrsltielr@t .1 {O?h%lgpsﬂeg%%%&a?d ? ﬁgl%%s aid
first perfistpesipd of ee deigavifighrssid five pasesagion Brnsmitien feepingt: tranginif o2 ss9¢ second
frequencynbandybgia; @ period of time which is less than 1/N the period of

ii) operating the first base station transmitter to transmit into a second frequency band during
a second period of time which is shorter than said first period of time, said first base station
transmitting into said second freouency band for a peried of time which is less than 1/N the period of
time it transmits info said first frecuency band, where N is a positive value greater than 2, operating
the first base station transmitter to transmit into a second frecuency band during a second period of
time including transmitting a tone with at least 20 times the average per tone power used to transmit
tones in a preceding 1 second time interval; and

iii) repeating steps i and ii.

17. A method of operating a first base station fransmitter, the method comprising:

i) operating the first base station transmitter to transmit into a first frequency band during a
first period of time during which said first base station transmitter does not transmit into a second
frequency band, said first base station transmitter transmitting user data into said first frequency band

on a plurality of different tones during said first period of time;



time it transmts into said first frequency band, where Nis a positive
val ue greater than 2; iii) operating a second base station transmtter to
transmt into said second frequency band during a third period of tine
during which said second base station #37ansmtter does not transmt into
said first frequency band; -38- iv) operating the second base station
transm tter toiitepantg the fust msetidn frinswitter t equseicyto b asvdndliiequergy banfl duritgh

period of tskdaﬁd ioghofl tine Qﬁ{cfn &l sﬁoptglnthﬁl?',sgd tﬁpslt s gré&ief;f nge 0sfa1dt ﬁlgebaségtla élsfeg?ng
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tinme saldsconddggg 1§t % transmt%ﬁ does not ansm t Jntgi

second fr%‘?f WD dranssEticr FRR MR 4 dFagM gnss thy opou é’rogfr o sgid 2K 880 base

station ttantai tht eanstnitensakigs osay onhatbm usbd”ltbltnanhrrﬂtglsatda’tae:ﬁlﬁilg aiidirgfpediext and

voi ce dat gft 1ﬁt0 9&1{% 1a rgtq‘reémn{:)q 'f : O’r h;g i3 atp{)stltmafe 1r{%ffg€1h%rea?etr I‘&Fa% dof claim 23,

wher ei n sai 1g&éseco d n transm sse’station

i nformati on duiii regeating deps oandtih peri od of time but no user data. 25. The

met hod of claim?24, wherein the first and second base station transmtters
are in different physically adjacent cells. 26. The nmethod of claim 24,
wherei n the fi FThamehpd of daignld. waeswn Mtigatiegsi St ransnitters are in the sane

cell. 27. The net hod of clal m26 wherein said first and second transmtters
are sector_transmtters; d_wherein there is a fjxed tine offset between

per f or mi n&st ep ‘?efhoﬁgf‘f?ﬁra{“?‘ﬁé‘ frstpase sigtiudranymytqrhe method fOmPEY % and step iv
using the sec on @pdamg 1i5ed farkti base skatiad) Gasthiter to uaﬁsénlﬁn@@mmmeqmmom% gitsigam
conprising:. a se st.a a tation in 1 Ng.
CPaPG st ¢t Perpb i SR e R S i B DR bRt Fleh i G e B | e o
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i) operatmg the first base station transrmtter {o transmit into a second frequency band during
a second period of time which is shorter than said first period of time, said first base station
transmitting into said second frequency band for a period of time wﬁich is less than I/N the period of
time it transmits into said first frequency band, where N is a positive value greater than 2, said first
base station transmitting transmitter information but no user specific data into said second frequency
band during said second period of time, said transmitter information being transmitted uvsing at least
one tone, said first transmitter transmitting said at least one tone using at least 20 times the average per
tone power used to transmit tones during a preceding 1 second time interval; and

iii) repeating steps i and ii.

20, A method of operating a first base station transmitter, the method comprising:

i) operating the first base station transmitter to transmit into a first frequency band during a
first period of time during which said first base station transmitter does not transmit into a second
frequency band,;

i) operating the first base station transmitter to transmit into a second frequency band during
a second period of time which is shorter than said first period of time, said first base station
transmitting into said second frequency band for a period of time which is less than 1/N the period of
time it transmits into said first frequency band, where N is a positive value greater than 2;

iii) operating a second base station transmitter to transmit into said second frequency band
during a third period of time during which said second base station transmitter does not transmit into

said first frequency band;



said first base station transmtter does not transmt into a second
frequency band; ii) transmt at |east sone of said transmtter information
wi thout transmitting any user data into a second frequency band during a
second period of tinme, said second peri3ed of tinme being at |east |ess than
one fifth said first period of tinme, less than 4 signal tones -39- are
transm tted i nivd opmidtide slecoemld foassoptaiore raryamitter toytragemitlintd sadt fitst feysericy terd duri ng
sai d secopdi.oti ' - : ' 8 S ' Anto

Sai d second"ppeomunatlant e Rlch MAKEL ol 46 EHORAL BARRSod QAT R
power useHesBiter ERsmiting e paidiArsaitqqaeney b dorfai neded ¢fitimeudndyis lepathen Witheng sai d
First tingiRebf Rtk ROdcdnk ibdse saRMUandnlifor BRAMRNGR sBll s@bfPFeqhenBNbhnlijan@t peri odic
intervals. 29. The comrunication system of claim?28, wherein during said
second period YfTeRSAHAS S&RS lgil.flli 8{V. base station transmitter does not transnit
into said first frequency band. 30. The conmmuni cation system of clai m 28,

wherein sgjd first fr m.tter control neans controls. said first .
transmtt 21' t ojnfer ‘ﬁﬁé‘fﬂa‘%}s‘ilw&%sgﬁ‘ﬁel‘? theJEPeptng ff é’i‘?ﬁif“lbﬂ&a dv aﬁrﬂeﬁwgwlt@&ond
time peri tdes at Fodid Imeere@Bmuni cati ons system of claim 28, wherein said first
and second frequency bands are the sane size. 32. The communi cati ons system
of claim 28, wherein said first base station further includes: a set of
stored usé# dalle mahadrdekim £, weicn duatg wid fourdr pdodisfgimedatdaseiond base staigpnat

| east one i . i i.gn data; and wherein controlling
the fi rsttrétglfrsnél\réltgﬂrrq%tg’frgF&iﬁfé&itﬁg%gﬁ%g&@?%ugg?%ﬂ?i rst frequency band during the
first tinme period includes controlling the transmtter to transmt at | east

some of sgf d str QenasEr cIHAt B, Wbk Bkdoddl HaSd sthtlof GHABREHer RARGits 3Ber dhAE
conmuni cati ons s?(ﬁstem of claim32, wherein said first base station further

i ncl udes: nclpdingtigegtops ofitgxt #dvaics daie dugpgsalgiiFdreHotiimeol | i ng the first
transmtter to transmt into said second frequency band incl udes

control li the transm tier_to transmt af. |least some . of said {ransmtter
for et | B wi TR0 SHG S CYRG TRy SEEOBE Daatq alop HRG IS JRSECS A P buency
band. 34. infdneative dungisaid fduath perioy of A taf nclseidma33, wherein said first
transmtter control neans controls said transmtter to transmt fewer

signal tones into said second frequency band during said second tine period
than it t2ansnThendthmdef gaim®R4f whedin the Sgued sgeolnbrask sthtion ngpswited afeiin differente

peri od. ﬁ@sicﬁy%&ﬁ%ﬂt’@eﬁs‘?‘“ ons system conpri sing:

26. The method of claim 24, wherein the first and second base station transmitters are in the same
cell.
27. The method of claim 26, wherein said first and second transmitters are sector transmitters;
and

wherein there is a fixed time offset between performing step ii using the first base station

transmitter and step iv using the second base station transmitter.

28. A communications system, comprising:
a first base station, said first base station including:
transmitter information;
a first transmitter for transmitting signals into first and second frequency bands; and
first transmitter control means for controlling said first transmitter to:
i) transmit into a first frequency band during a first period of time during which
said first base station transmitter does not transmit into a second frequency band;
ii) transmit at least some of said transmitter information without transmitting any
user data into a second frequency band during a second period of time, said second period

of time being at least less than one fifth said first period of time, less than 4 signal tones



a first base station, said first base station including: a first transmtter
for transmtting signals into first and second frequency bands; and first
transmtter control nmeans for controlling said first transmtter to: i)
transmt into a first frequency band dgping a first period of tinme during
which said first base station transmtter does not transmt into a second
frequency bandare rdf3mitiedl Jntd saminsdshd fréqguémy Band ©¢ edidififbtri6dne e Vudereld dsscomlg a
second peri od gfeteir.rgg,angai d second period of tine being at | east |ess than
one fifth said Tirst ‘period of time; and 1iii) repeat the sequence of steps
i and ii at peri odi ghdrgin éhevighd tongnihnsmigetiondait senshirdquency bad atertangmitedt i ng
signals into sgjd.fi : : DAROS: mtter
~control means ?g}?atclggﬁf%é%ﬁﬁengg}gglﬁﬁ pg‘yé’%gﬁﬁﬂtg?&ansrln t?re%&?i St:O%?L?iq?gtﬂIregﬁgﬁit into
sai d second fr&xddwing sya fest dospergd 20dt hird period of time during which said
second base stati QWii[)Fe@éhﬂEb_%égﬁéqcéM%& NQhd § hidRasMid inleRh9. sai d first frequency
band; iv) transmt into said first Frequency band during a fourth period of
time which is shorter than said third period of tine, said second
transm tteg tramsdiduhibgioh BfsenSdicthinh B, Stherefnld@fnpesa)sedddd gerfodlof AmPSid frst of

time which is less than,UN the period. time the second transmtter

t r ansni tspalsmt%wgif“}fmggﬁ‘&% n‘?tF&r&Elgr‘i'E Saﬁgﬁﬁ;ﬁe&%ﬂcy&’f“cﬁepeat steps iii and iv.

36. The system of claim 35, wherein the first and second transmtters are in ;
di f f erent ,physi adi | The m.of ' , rein '
the first 3(gmd z%?ghﬁu?lggiﬁg%%gbeoﬁ?agl?zes’ %ﬁer R ?I%rﬁpeé?\tﬁﬁgrg%? roc?)ét%cl)m egrl% ﬁgy@grre i
cel | . 38. sakhérss paswiticofo thmint I8, saigh@stelimuewy daid deingt sagnsadndttane peoiad.r ol _
neans causes said first transmtter to transmt user data and transmtter !
information relating to said first transmtter into said first frequency i
band durifl sallf emmapicationesystamef glaim 28 iyherein saidé &rst andrigepnd frequepcyifoardsarei on ,
relating fhesspisgefirst transmtter but no text or voice user data to be i
transmitted into said second frequency band. 39. The system of claim 38,
wherein said second transmtter control neans causes said second

transm ttgg toOThd RRGINhitatiSo¥stehbeclan ds, twhalRm¥hill FiR basdt@ionatdhenndhelbat i ng to |
sai d second tran?ﬁm'g%ter i nt :

into said second. frequency. band: and causes
DR Loor | B Mt st arat Rt SRl telateg e ek mehiice o R S Rent o
VOi ce uSetext atlhtsar dpplidasoridamanaddi tted into said first frequency band.
wherein controlling the first transmitter to transmit into said first frequency band during the
first time period includes controlling the transmitter to transmit at least some of said stored uvser data

into said first frequency band.

33. The communications system of claim 32, wherein said first base station further includes:
transmitter information; and

wherein controlling the first transmitter to transmit into said second frequency band includes
controlling the transmitter to transmit at least some of said transmitter information without

transmitting any user data into said second frequency band.

34. The communications system of claim 33, wherein said first transmitter control means controls
said transmitter to transmit fewer signal tones into said second frequency band during said second

 time period than it transmits into said first frequency band during said first time period.

35, A communications system, comprising:
a first base station, said first base station including:
a first transmitter for transmitting signals into first and second frequency bands; and
first transmitter control means for controlling said first transmitter to:
i) transmit into a first frequency band during a first period of time during which

said first base station transmitter does not transmit into a second frequency band;



Il 40. The nmethod of claim39, wherein said transmtter information
relating to the first transmtter is a first transmtter identifier and
wherein said transmtter information relating to the second transmtter is
a second transmtter identifier. 11 -40-

if) transmit into a second frequency band during a second period of time, said
second period of time being at least less than one fifth said first period of time; and

iii) repeat the sequence of steps i and ii at periodic intervals; and
a second transmitter for transmitting signals into said first and second frequency bands; and
second transmitter control means for controlling said second transmitter to:

iii) transmit into said second frequency band during a third period of time during
which said second base station transmitter does not transmit into said first frequency band;

iv) transmit into said first frequency band during a fourth period of time which is
shorter than said third period of time, said second transmitter transmitting into said first
frequency band for a period of time which is less than 1/N the period of time the second
fransmitter transmits into said second frequency band; and

V) repeat steps iii and iv.,

36. The system of claim 35, wherein the first and second transmitters are in different physically

adjacent cells.

37. The system of claim 35, wherein the first and second transmitters are in different sectors of

the same cell.

38. The system of claim 37, wherein said first transmitter control means causes said first
transmitter to transmit user data and transmitter information relating to said first transmitter into said
first frequency band during said first time interval; and

causes transmitter information relating to said first transmitter but no text or voice user data to

be transmitted into said second frequency band.

39. The systern of claim 38, wherein said second transmitter control means causes said second
transmitter to transmit user data and transmitter information relating to said second transmitter inte
said second frequency band; and

causes transmitter information relating to said second transmitter but no fext or voice user

data to be transmitted into said first frequency band.

40. The method of claim 39, wherein said transmitter information relating to the first transmitter
is a first transmitter identifier and wherein said transmitter information relating to the second

transmitter is a second transmitter identifier.




