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"FI'ELD OF THE I NVENTION 5 The present invention relates to comrunications

systens and, nore particularly, to nethods and apparatus for facilitating
and/or performng a carrier search. BACKGROUND 10 Various service providers
have been acquiring frequency spectrumin various frequency bands based on
the avai |l abigébjs@keoM r €l €ss conmuni cati on spectrum i NecMarshdugsasoqel atively
limted, geographic regions. A goal of at |east sonme of these service
providers is to create a relatively dlarge network by providing service
usi ng the avail abl e frequency bands which can be acquired fromregion to
regi on. 15COHRRIERSEARCHMETHORS A NDAFPARARGSON Syst em (MVDS) band, is a
title sonetinmes used to describe an unconventional band fornmed by a
plurality of dlfferent frequency bands in different geographic regions.

MVDS enabl &% ( IHINVENTION service providers who own the rights to

di fferent frequency spectrunlln di fferent geographic | ocations. The MVDS
band is 20 unconventional in that a service provider may be assigned

di fferefit frequBreyestdidsntion rdatés‘temenmunigaaéogsraubrhs:andegbmrpsﬁicda@ focities or
st at es. arr| frequency to be used
may be dlfF%?g%%Q@ﬁ E&#éﬁg%%ﬁ%ﬁgﬁh@bh¥%£g%3 S aﬁ’sna}lbe determ ned by the
particular service provider in the region. Thus, there is no single primary
carrier, “@HQﬁG@ﬁOﬁﬂ@Mﬂ t hroughout a wide area, e.g., the entire country, to
whi ch a no tially tune upon 25 entering a service area to obtain
additional carrier and/or band allocation information. Service providers
may deghoy the t. di ng on
epyet 00 hva T an e LR 0L bR ety B SRS el BT 10,

di f f er bads basedsn thhmamhiyséandbssamdmﬁmmlon bw:tamanﬂ \ai:bta, chiiviler upon
entering a r o] t nd. In
addi 11 on, - EpasefheRaiork el of BB ASRE S hEE Rk B S S Re T
downl i nk aredhtivglly lange netwark by prbvzéxq.eﬂmp@@mgalgc aveil ableerelironey badds whghombca wi de
area, e. L.ers used for downlink signaling may be associ ated
wi.th di ffer(@nq#éc{fgcgu?r gﬁ?%éﬁ% for uplink signaling in different geographic
areas. If\0 2005/ 038606 PCTI US2004/ 033894 -2

Multichannel Multipoint Distribution System (MMDS) band, is a title sometimes used to

describe an unconventional band formed by a plurality of different frequency bands in different
geographic regions. MMDS enables opportunities for service providers who own the rights to
different frequency spectrum in different geographic locations. The MMDS band is _

20  unconventional in that a service provider may be assigned different frequency bands in different
geographic regions, €.g8., cities or states. It is also unconventional in that the carrier frequency to

be used may be different in different geographic areas and mziy be determined by the particular

service provider in the region. Thus, there is no single primary carrier, which is known
throughout a wide area, e.g., the entire country, to which a mobile can initially tune upon

25  entering a service area to obtain additional carrier and/or band allocation information.

Service providers may deploy the system in different cartiers in different areas,
depending on spectrum availability. Wireless terminals, which may operate in any number of
different areas, have to search and find the available carrier upon entering an area in order to

30  obtain services using the MMDS band. In addition, in FDD (Frequency Division Duplex)
systems, the pairing of downlink and uplink carrier frequencies may not be fixed fhroughout a
wide area, e.g., different carriers used for downlink signaling may be associated with different

cartiers used for uplink signaling in different geographic areas.



It should be appreciated fromthe above discussion, that the use of
different frequency bands and/or carriers in different |ocations can
greatly conplicate the task confronting a wireless termnal regardi ng what
frequency band and/or carrier frequency (or frequencies) should be used 5
in a particular geographic region. Accordingly, there is a need for ‘
appar at us angydmbdieslss that will enable a wireless ter % ?‘)‘ UI ckly and
efficiently search and find the carrier frequency or f AEEEand/ or the
frequency band to be used for conmuni-€ati ons purposes in a particular
geographic region. 10 SUMVARY The present invention is directed to nethods
and apparatus that can be used to facilitate detection of one or nore

carriers and/ or b naI e.g., 15
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i nventi dn daapdtcules gebgraphis yegiaun  whi ch i ncI udes cells with single or

mul tiple sectors per <cell. 20 In accordance with the present invention,

different base stations may use different carrier frequencies for uplink

and/ or downl i nkAsdogiadly, tigre iAaﬁfvedcﬁmelppn]antsamdnnmedk tha:irwikbermblerajmaleismg

informatio d/ t ssoci at th each
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correspﬂpdl ng to different frequencies. In accordance with the invention,

: Ea h base station in the systemperiodically transnmits one or nore high
ower si gndBIMARNerred to herein as beacon signals, on a periodic basis to

facilitate detection of a frequency band and/or carrier signal to be used

for communication with 30 the base station transmtting the beacon signals.
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e.g., signal tones
selection of the carriers and/or frequency band to be used. The method and apparatus of the

present invention can n be used in system, which includes cells with single or multiple sectors per
cell, | "
20 . _
In accordance with the present invention, different base stations may vse different carrier
frequencies for uplink and/or downlink signaling. A frequency band used for communicating
j  information, e.g., user data and/or control signals, is associated with each carrier frequency -
Each frequency band may be divided into a number of different tones for communications

25  purposes with the different tones corresPondm g to different frequencies.

In accordance with the invention, each base station in the system periodically transmits
b X
one or more high power signals, referred to herein as beacon signals, on a periodic basis to-
facilitate detection of a frequency band and/or carrier signal to be used for communication with

30  the base station transmitting the beacon signals.

In some systems using the invention, base station transmitters in different sectors and/or

cells periodically transmit a high power signal, sometimes called a beacon signal, into its own



are transmtted at relatively high power conpared to other signals such as
user data signals. In sone enbodi nents beacon signals each include one or
nore signal conponents where each 5 signal conponent corresponds to a
different tone. A beacon signal conponent in sone enbodinents includes a
per tone signal energy which is 10, 20, 30 or nore tines the average per

t one si gnal W99I868¢ si gnal tones used to transmt uSKET/h2R0&03%9d/ or

non- beacon control signals. 1In the cgse of a single tone beacon signal, the’
frequency of the beacon signal is rea |Iy determ ned fromthe frequency of

the single 5 2he RERGRB 1S 0 I'n the case
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20 frequency of multiple high power tones. While the manner it which the frequency of a beacon

~ signal is determined may vary, the use of a consistent definition of the frequency of each beacon
signal of a particular type in a particular application enables propef interpretation of the beacon
J signal information,

25 : Given that carrier beacon signals are usualiy implemented as single tone beacon signals, -
the concepts of the present invention will be described primarily in the context of single tone
beacon signal implementations. However, it should be appreciated that the methods and

'apparatus of the present invention are not limited to such exemplary implementations.

30 Different types of beacon signals may be transmitied to convey different types of base
station related information. The information can be conveyed by the frequency of the tone or’
tones used to transmit a beacon signal and/or from the frequency of multiple beacons when

beacon signals are detected over a period of time, The pattern of beacons which are transmitted



to interpret the neaning of received beacon signals. For exanple, carrier
beacons may be transmtted a fixed frequency distance fromthe edge of a
downl i nk frequency band. 5 At |east one signhal conponent, e.g., tone, of a
beacon signals used to convey carrier information is often positioned at a
fixed tone location relative to the highest or |owest tone used by the
transmtter {orodawddd Nk conmuni cations. I n sone e”bOdf@ﬁﬁﬁﬁum%th single
tone used to convey carrier information is the highest power tone of any of
the transmtted beacon signals. Howeter, this is not a nmandatory

requi rement. Wi le the beacon signal tone used to transmt 10 carrier
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period, slots. In_each of the second tinme period slots, é.g., 30 beacon
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ultra slot at which it is transmtted. During the larger tine slot, e.qg.
the ul tra &festtier jgacesighalsone carrier beacon is transnitted and, in the
exenpl gy enbodinent nultiple cell identifier and sector identifier beacons

signals are WO 2005/ 038606 PCTI US2004/ 033894 ‘ . .
Systems implementing the beacon transmission methods of the present invention

. normally include multiple cells, e.g., at least a first and a second cell, The first and second cells -
) will often use different carries and thus different frequency bands depending on the geographic
region in which they are located. While both cells will transmit beacon signals in accordance
25 _ with the invention, the timing of the transmission of the signals need not be time aligned and, in
most cases, the cells will be unsynchronized with regard to symbol transmission timing. Tn one’
such exemplary embodiment, a first base station sector transmitter in the first ceil will transmit
using a first frequency band during a first time period, e.g., an ultra slot, which will include
many smallet, e.g., second time period, slots. In each of the second time period slots, e.g,,
30  beacon slots, at least one beacon signal is transmitted in the first frequency band. The type of
beacon signal can vary depending on the .place within the ultra slot at which it is transmitted.
During the larger time slot, e.g., the ultra slot, at least one carrier beacon is transmitted and, in

the exemplary embodiment multiple cell identifier and sector identifier beacons'signals are



5 transmitted. In the exenplary enbodi nent, the second cell includes a
second base station transmtter that transmts using a second frequency
band which is different than the first frequency during a third tinme
period, e.g., an ultra slot which occurs in the second cell. The third tine
period includes many snaller, e.g., fourth tinme period, slots. In each of
the fourth Swbiemsopesi od slots, e.g., beacon slots in gheSReMIgcell, at

| east one beacon signal is transmtted. During the larger tine slot, e.g.,
the ultra slot in the second cell, at5least one carrier beacon is
transmtted within the downlink frequency band used in the second cell and,
in the exeffisafipd Bribdemaly sbofingniethe gepnd gl iciudpsed seaond bascialion i dent i fi er
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carrier frequency which can be detected in accordance with the invention. 25
When there is such a fixed relationship, wireless termnals can store the
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- In some embodiments, the carrier frequency and corresponding communications band to
‘;) ‘be used for uplink signaling has a fixed relationship, e.g., has a known frequency difference,
from the downlink carrier frequency which can be detected in accordance with the invention.

25  When there i.s such a fixed relationship, wireless terminals can store the frequency relationship
information. Using the stored information and information determined from received beacon
signals about the downlink carrier frequency, Wireless terminals can determine the uplink carrier
frequency and/or carrier band once the downlink carrier frequency and/or band has been
identified. In other embodiments, after determining the downlink frequency band to use, the -

30 wireless terminal monitors the downlink frequency band for broadcast information iﬁd:icating
which uplink carrier and/or frequency band to use. This information may be communicated as

an offset from the downlink carsier or an explicit message indicating the carrier frequency and/or



_6_ width of the uplink frequency band to be used in conmunicating with the
base station which transmtted the detected carrier beacon signal. Various
carrier detection techni ques which take advantage of the novel beacon 5
transm ssion nethods, and the fact that they will be transmtted in a
downlink in a predictable manner that allows a receiver to determ ne the

| ocati on andi@yoddeddshs of a frequency band to be used aﬁg%ﬁ' cussed in
detail in the description which follows. The detection |®ﬁ§§ i nvol ve.
searching a frequency band for a beacé&n signal, adjusting the frequency band
bei ng exam ned follow ng detection of a beacon signal and continuing to
nmoni t or f owidih sigbouptink feqemnydaghtabe udk0 iiBasednoatitzvathfiheppsesnaipn ehicbone or bot h
of the det e i I rrier frequency and/or frequency band
used for dg%%Fﬁﬁ@%%%%%ﬂﬁé%%@?%ﬁ%gggﬂﬁgling i's determ ned. Notably, the use
of beacon signals allows a receiver to detect, using energy detection
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CFDM syst epasiianiicgioptycband et &r dawslipkisonmuniaGonssisnglingandaterminsti t t ed by a
transmtter in parallel during each OFDM synbol transmission tinme period. In
some enbodi ments, each beacon slot includes over ten, 'e.g., 16 or nore, OFDM
synbol transni S¥tahy, theres fdraconsignalspllonntreesitso i detenat, Bsingenetey defedtian s| ot
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peri ods. T'fh%mﬂbarﬁ*aﬁﬁ% RfackiOREFmBE) Andidpor BARG W e HS Ahrb@latibPividnkoand  downl i nk
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di fferent S SnytiasbespaonismlsAyd wEpqut havingehays plready paerated @ spAnadly

enbodi ment cfifite HE@kanRs! tHrOpRSVHEAEL beh@h sigRMWd O kakhfiRalks Mg waxegeds 100

tones. The spaci ng between frequency bands used for W 2005/ 038606
PCT/ [ TS200 rininalg g‘gus, the frequency band to be used for downlink signaling can be determined in

20  many cases before OFDM symbols requiring symbol iming synchronization to decode can be

decoded and interpreted.

The methods and apparatus are well suited to use in OFDM communications systems as

well as other types of communications systems. In OFDM systems multiple modulated symbols

25  are often transmitted by a transmitter in parallel during each OFDM symbol transmission time
period. In some embodiments, each beacon slot includes over ten, e.g., 16 or more, OFDM
symbo} transmission time periods. In some embodiments, each ultra slot includes multiple
beacon slots. In some ﬁnp]mﬁentations each ultra slot includes a very large number of symbol
transmission time periods, e.g., over 1,000 and, in some embodiments, over 10,000 symbol

30  transmission time periods. The number of tones and the bandwidth used for ﬁplink and
downlink signaling can be different in different system implementations and within different
cells or sectors of a system. In one particular exemplary embodiment the number of tones used

for downlink signaling exceeds 100 tones. The spacing between frequency bands used for



-7 uplink and downlink signaling nay be as little as the frequency spacing
bet ween tones used for downlink signaling but in sone enbodi nents the
upl i nk and downlink frequency bands are separated by nmany tones. In such
enbodi ments, know edge about the | ocation of the uplink carrier to be used
relative to the downlink carrier can be inportant to determning the 5
appropri ate wphoskzse®rrier to be used. As discussed aQQﬁﬁﬁmﬂﬁgggging on the
particul ar enbodinent, uplink carrier information relative to a particular
downlink carrier or frequency band c&n be pre-stored where the relationship
is fixed throughout a systemor region or can be obtained fromsignals

t ransni t t edPlighand dovaliglofipnalinganeyl®® aiideas @ freqergyrspasingtictyeen fopesqisedfey bands,

are used f ol Lk ol j [WeTe PN ﬂ@ﬂg wel 1S
possi bl e f.%W@ﬁ%b1§%ﬁl@%ﬁutgfﬁ%ﬂ3§%ﬁ?@&%ﬁ§#5%n?%d andglgt 0 Of\ll ri a%,alree. g., Wwth
t he tones fRaEREbYBRIHRNENE stdvimbiodimenriaewisdgerrgout thedpdadiay eldheendio di ng to a

known patt gk Wi it - s of the
R O T R

present invention are possib ‘ 1 Tes
i nventi &n #ERPLYe BplingicsEigsie be usedd i tdisemssH abavatdgpeading be thefpartisularand  exenpl ary

enmbodi Ment smfaiddAe opiiedsr AfttnARRA Al S @é}arﬁcnl%r @Jmﬁmmh&\e?ﬂ%ﬁh%ar e
ch foll ows. BRI EF DESCRI PTI ON OF

provided in the detailed description whi |
THE FI GURESNd san bejnigrstared where the arlatignsidp i6 fixeddbiopgbapie syeemonresiog aesarhy t hat may
be used W blihiRedFroaflidlaf@ranR@Rd ovbNthdgmRlidance with the present invention.
Figure 2 is a drawing illustrating another exenplary enbodi mrent of beacon
si-gnaling, in 25 accordance with the present invention, and the signaling
of Figupe 2 is y@iuQirdriht isfidciRequbicd BHRR &M uSkd ok uplibit addl BWhBNIi @S an
exenpl ary carrier deplao nent,sﬁ%ua ion of deploying different” service bands
i'M an uncofeermbsdimenisdhia Pessiblyifprths whink andadewnliniipignlinghands tp gveslapedni ng

showi Ng any2x@ERIngd M teAiplihiCind ISRAIGR baRis BEdy inteleAEE MR 0 Widhdn falk@n Pr €sent

i nvention. WO 2005/038686 PCTI1 US2004/ 033894 Figure 5 is a flowhart of an
exenpl ary nethod for locating carrier frequencies, in accordance with the
present i nvent inGiterdok §iHz80i8 oh SheandlicAMNhpP:irated bf IR bt e SRR Possil, ONS

system inplemented jin ) ) . .. .
15~ While many of the features of the invention have been discussed, additional features, benefits

and exemplary embodiments of the methods and apparatus of the present invention are provided

in the detailed description which follows.

. BRIEF DESCRIPTION OQF THE FIGURES
20 |
Figure 1 is a drawing of exemplary beacon signaling that may be used within a service

band, in accordance with the present invention.

Figure 2 is a drawing illustrating another exemplary embodiment of beacon signaling, in
25  accordance with the present invention, and the signaling of Figure 2 is shown in a time

frequency grid.

Figure 3 shows an exemplary carrier deployment situation of deploying different service
bands in an unconventional band in different areas.
30 |
Figure 4 is a drawing ﬁhowing an exemplary carrier search method, in accordance with

the present invention.



5 accordance with the present invention. Figure 7 is a drawing of an

exenpl ary base station inplenented in accordance with the present invention
and using nethods of the present invention. 10 Figure 8 is a drawi ng of an
exenplary wireless termnal (end node), e.g., nobile node, inplenented in
accordance with the present invention and using nethods of the present

i nvention. Fiagh@o%des @ flowchart of an exenplary nethod of operating a
base station to transmt 15 beacon signals in accor dahcel St He pr esent
‘invention. Figure 10 conprising the e®nbinati on of Figure 10A and Figure | OB
is a flowmchart of an exenplary nethod of operating a wireless termnal (W)
to detect a carfigwes S piaglwakhdrrafns eetiplady dsthodfoblasating tatidrdrequdncied) it r ansni t s
beacon sig ri.odi i S, in accordance with the present 20

i nvention. Q@F‘Eﬁ%“ﬁ%ﬁ%‘%ﬁ%‘%@“t he steps of an exenplary base station
signaling nethod of the CD invention wherein beacon signals by a plurality

f diff t b [ . PTI | NVENTI ON Th
Breslent eirﬁCent ??)%rfésﬁé:d?@?%ﬁ%@#ﬁg@%ﬁ%&g&}@%@%ﬁeg% be usedeto

faci | it at eaccodpmse wiith thegieseménvertionor e carriers and/ or a frequency band to be
used by a wireless termnal, e.g., when communicating with a base station
or other device in one or nore geographic regions. 30 Various enbodi nents of
the present i nvégud dis adsavitpe@o pxegiptmabasmgation ihplembritedet ecodelhme triitbrtheand

sel ection j.ar nd to be used. In the context
of the pr_e@%sr?%ng‘ée%gﬁ%:ngtu?% E%g%gfgﬁggiaé?%?évéﬁig 's which include one or nore
rel atively high power narrowband signals transmtted at the sane tinme. Each
narro nd sig i f dPagglg ' ) 52 033894
&9 co\rM?gspond Fgéuéé Q}S%g e t%ﬁeﬁl.ﬁ'e%k Eieac%ér@%elg%%g{(gﬁ%g@ggh%%ﬁfﬁé% lF‘i[le{émsrri tted
usi ng nor elimrdeeantet fragecoriance wishi the presendingention afultvaing igthatisof the mesent2, 5, 20, 100
or even noLg.Lies as much power as the highest power data signals. 5 The
met hods anél apparatus of the present invention can be applied to a w de

vari ety of ©~ communi cations systens but are particularly well suited for use
in frequency digyd,sd j - ks ency
Vi 51 an Tl i e e B i R S LRl b LT

i nvent ilén Pgapqn sigaaly ésaceoriaage with th preesubipniipys 10 context of an orthogonal
frequency division nultiplexing (OFDM systemthat uses beacon

Figure 10 comprising the combination of Figure 10A and Figure 10B is a flowchart of an
exemplary method of operating a wireless terminal (WT') to detect a carrier signal transmitted by
a base station which transmits beacon signals on a periodic basis, in accordance with the present

20  invention.

Figure 11 illustrates the steps of an exemplary base station signaling method of the

invention wherein beacon signals by a plurality of different base stations.

25  DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to methods and apparatus that can be used to facilitate
detection of one or more carriers and/or a frequency band to be used by a wireless terminal, e.g.,
when communicating with a base station or other device in one or more geographic regions.
30  Various embodiments of the present invention use beacon signaling to facilitate detection and
selection of the carriers and/or frequency band to be used. In the context of the present |
application, beacons are signals which include one or more relatively high power narrowband

signals transmitted at the same time. Bach narrowband signal in a beacon signal méy



signals to support a relatively |ow conplexity, efficient, and/or robust
method to find carriers in accordance with the invention. As noted above, a
beacon signal is a high power signal, usually considerably nore powerful
than any single pilot or data signal having the sane bandwi dth of the
beacon signal. In fact, beacon signals are often many tinmes nore powerful
from a standsocodshageid ot or data tone maki ng themrel apivgdMafigy to detect.
Si nce beacons usually occupy very little bandwidth, e.g., a single tone,
the frequency of a beacon signal (torr%‘) is also rel atively easy to
determne. In the case of beacon signals with nmultiple tones, in sone

enbodi ment SOTEPYA L 2 FIRRIBIORS. oHiethRwoR F‘é‘%j’lfé’FR:‘}P”B‘fﬂYdﬁéSI@fte@ WSRO thgh al
tones, e. glsus&mtra@aﬁmwss@male 4,208, 202000 Bfeveh Brord iR 88 fausl poweiRsSie f r equency
in the beaco sed as the frequency of the beacon signal 20 and,
in some ca e“?‘gﬂ% ‘%ﬁ@“ hat is used to determine the frequency of the
beacon signal is transmtted with nore power than the other tones in beacon
si gnal . However, other approaches to deternini ngqthe transm ssi on frequency

of the Beacon sitgiaatbofeic appasathieot heggesen VEHign san yerppplicdip p wiflervasiedy fonsi st ent

when i npl eggfhhdghiblheydEhd ¥l are Qhribngly IVQHkddPE: usBRIEQRens) BRI usually have
a short duration, occupying one OFDM symbol transm ssion time period in one

exenpl ary SEltioierEmd %’FF@BH?%F‘&OﬂhB@%i’é]chFqg‘?“@h%}V]ém&F@l@@Pf@F HEPyst ransmitt ed
relatively infrequently in conparison to normal data and control signaling.
Figure 1 shows dr aw ng 100 il Iﬁ%tratl ng exenpl ary beacon signaling that
may be used- wi tHiTpihed @RS sPEatus gihe PraceRfNpRiGn Wilikg dFS'ngeﬁéniﬁ‘ﬁﬁ’éf\um of whi ch

the SySIDenb@ftcxt ﬁltteﬁroﬁﬁcigohﬂ ﬁ%@udﬂejpdlﬁ}ﬁ&dmullﬁpbluﬁg(ﬂjﬂﬂl\ﬂ) Zteﬁehas @geyb@am]hands are
"1 5 WHz ot hers are 1zo fa represents . frequency.
Range- 104 F‘é"ﬂfisetgé?ﬁpgﬂé“‘é "WE/HZ B"é’i‘?@e C*Z’%t ot f@“&%ﬂ“’rﬂi“giﬂ Tipd GAHFEHRY i s

r epr.esent edecagiafct wit@@he Ifmﬁmbrs Afdoed abdvﬂ&ﬂﬁﬁboﬂ@lfgnﬂ%c‘eﬂﬁgﬂﬁd\ﬂeymgtﬁﬁlﬂhﬁﬂf‘d wi t hin
the service %ﬁﬁﬂ 104. Th acon SIQP@}- retr smttedfrofrpigbse
station on®¥s ¥ MR BAB ?“G‘Q% P HiRg e samedagy .

channel, e ﬂg ‘beacef€ifnah SR EAN, bSicgh sikndlsSardofih ﬁghﬁ‘tiﬁnémﬁofe Povierful g @ stldaM sy ol

Wi th aII of the ctor ftransm ssion _power concentrated on the
beacon i gﬁlalt‘? % @ar%tfm%@g\%tg%qlm@yeﬁyéo eFeﬁhssﬁ:lc\tgg‘éaﬁo’ﬁé’ts? PEYPYVFY e. g., once
every 90 ntiak barlﬂwfidtﬁre%nta stngle@snepthe femenn 9f Sb@oal sSgnal(ie) is alscb RPEVAIL&EPNS,
sector bea o rrler beacans b ransm tted i ffer nt tlrres
Mot e b ¢ ol SRmae I daf o oBRa SRRt R emst RErr et Socat | o
in the frewemmy tkd(mqmancy cffone bihtie Bdamnes@ﬁldor&aetgqnhehﬁmrsmmehwwﬁe ( hop)
over tlrre, estaorfl? Ejl1rffcat|on of the.carrier e fre ncy

domain, is? PYeaey ke e sigpal F&S‘Tdﬁé gl}egpy é}lf’f‘ P%an ovvs a
first sbopend)paons ca’lseéstlﬁsclﬁwﬂmtm@sed toldetininld the Aedukticytof Sedbaon dgmtien 110

occurring %ansrmtpg Wlt% more power than the other tones in beacon signal. However, other approaches
- to determining the transmission frequency of the beacon s1gnal tone can be used so long as the
j approach is consistent when implementing the methods of the invention. Beacon signals usually
have a short duration, occupying one OFDM symbol transmission time period in one exemplary
25 OFDM embodiment. Beacon signals are generally transmitted relatively infrequently in

comparison to normal data and control signaling.

Figure 1 shows a drawing 100 illustraﬁng exemplary beacon signaling that may be used
within a service band. A service band is the bandwidth of which the system of interest is
30  deployed. For éxample, some service bands are 1.25 MHz while others are 5 Mz, Horizontal
axis 102 represents frequency. Range 104 represents a service band of 1.25 MHz. A catrier
frequency is represented as £, 106, and is often, though not necessarily, centered within the -

service band 104. The beacon signals are transmitted from a base station on a downlink



second sl ope beacon 112 occurring at tinme T3, a second sector beacon 114
occurring at tinme T4, 10 and a carrier beacon 116 occurring at tine T5. Note
that the frequency of the sl ope beacons 108, 112 and sector beacons 110,
114 are not fixed and change over time, while the location of the carrier
beacon 116 is fixed at fca, and a fixed offset 118 exists with respect to
the carrier wd4oegudggey fO 106., In sonme enbodi nents, ogiisedosbigPa beacons
116 are transnmitted less frequently {n time than sl ope and sector type
beacons, e.g., one carrier beacon 106/%s transmitted 15 for every 16 beacon

slots. Fig ovi.des a ustrat.ion 2000 for . ano simlar exenplary
enbodi nent Hrc?f‘ ca%gfé Bk ¥ g‘?‘i‘gl? "%@m Stlgﬂlgltif’?'flﬂé? foge Afsingle égﬁ]&drsé(mgz’li‘@msaﬁé’ﬁm ina
time-freq u&mﬂpf@esﬁtorhﬁnﬁh@whﬁmﬁer dohe@ntrhied dn&@élﬁaabonésxg'nﬁl ) BebeplRagENt s time
and the vertical Oaﬁ resgpr esentsr?gownl :.:]9'}}%81}? |es 20. or tones. Each
di vi si on of'refrﬁ‘egmv} Xi 5B rOB T EE R S6h %ﬁ?qsé‘géﬁ%ﬁ £di vi si on
of the hosib@ariahs, ae@tcs béaﬁ:ﬂﬁ@&rﬁiﬁaﬁmﬁb@cﬁ% syﬁmm?eawmff&e@twamtebox in
thisflgurglaicpresen a..s Pgletr%gelna DMt synmbol which is sonetinmes
referre P5 I8 2fd IS 10 sepse gmopriments; afep, E‘bﬁhé?e%wd@@éﬁ“ oo

OFDM synboths sﬁgblﬁld@éct&@@adoﬁmagsch@@gal (Bop) A% Amb O SNIBOH 08 8fthe Bfridised to
convey a bgacon tllqg?qu normal / control . data, or be | eft unused. Legend 2016

25 i dent i f PEEe Ly BRey dBTaip s 8l B§4 icipnielative s ihg cariem S BFRbTAYS 2 s| ope

beacon t ongst 3G Gektyn 106 GgOEAL af inET1S DAL RBoShaARdH 110 oM Gmbrom | ef t to
right, sector beacon tones 2022 by d|a onal line shading slanting upward

from|left ¥600dsime beasery WW@%@@PEM yeprrdiseriadesnsn 4 14 Gecuping atdinag T

shadi ngg S&@acaﬂeme%céﬂmrob@l&%%nw@mshN&wmtefaﬁe Hastask 4 bea%ermmsones
plﬁjlng OFDM synbol s which are | eft_unused. Inth%%gxa Ie@? Il:jhjgure ,

beacon si ghtd mﬂé“é?@ff’éeji‘samo?d“m@?ﬁ% ChaPEe\M’(P‘thm'al"Wﬁ%‘eé?%“q thigownl i nk

transn ssi ofrd@WRbn i 5 i§ AR&PA LA d fRBA 6Ffsed 118 leRists WM Qespiitd 1Be BB Y zero
- power is usedin all the other tones. In one enbodinent, the beacon signals

are transnff?‘i"é’éfyﬁe]tqﬁoé‘i waepbediERnt: W&’{ﬂe‘ttﬁiﬁf’lfel"l%s Hﬁ%?%ﬂsnﬁéeﬂ\)\?éen any two
successi Vefreque@BGR Ams it dlope 4rd séot {bditons, WB1 64k dafrics BEd-60108Ss Ranb@Re@N sl ot .
Thus, |n a_beacon slot there is one 2005/ 038606 PCTI US2004/ 033894 -11
beacon 13 gftapverithsrenslotnons an exenpl ary beacon slot 2012 including 4
successive OFDM synbols; one OFDM synbol is used for the beacon signal and

3 OFDM synbol s are used to _convey data/contraql _signaling. Fi gure 2 further
shows that the Heuthigries ailustaion 2000 pothepsimil g eSARPIBYAEBRIERMME s ar e

different. béaeontslfgeaﬁﬁga%h]ﬁlseinoElogplrgeeaas $hB@n LONEnd- f}&fﬁehwf i AguE althd er S

beacon tone remains fixed while the tone | ocati on of the sl %ge and . sect or
beacon t onB¥iZAwd ayis@p04 JtePﬁ%emSttlﬁ@ apd e verticah axie H02rensesents dawnling figguensiesquericy

than any of; b8 BiRARSIQén &Qﬁ@hc%ﬁ?@rés&ﬁ@&c tone 2008, while each division of the

horizontal axis represents one OFDM symbol 2010. Each small box in this figure represents a

single tone in an OFDM-symbol which is sometimes referred to as a tone-symbol. Grid 2006
shows 10 tones 2008 over 30 OFDM-symbols 2010 or 300 tone-symbols. Each tone-symbol can

be used to convey a beacon signal, normal/conirol data, or be left unused. Legend 2016
25  identifies carrier beacon tones 2018 by horizontal line shading, slope beacon tones 2020 by
diagonal line shading slanting downward from left to right, sector beacon tones 2022 by
. diagonal line shading slanting upward from left to right, and normal data/control tones 2024 by
crosshatch shading. Small boxes in grid 2006 which are left unshaded represent tones during
OFDM symbols which are left unused. In the example of Figure 2, a beacon signal is a special
30 OFDM%ymbo_l in which almost all the downlink transmission power is concentrated on a single
tone, while nearly zero power is used in all the other tones, In one embodiment, the beacon
signals are transmitted periodically such that the time interval between any two éuccessiVe

‘beacon signals is a constant, which is called as a beacon slot. Thus, in a beacon slot thete is one



In Figure 2, the carrier beacon is transmtted |less frequently than the

sl ope and sector beacons; one carrier beacon is transmtted for every two
sl ope beacons and two sector beacons. The pattern of beacon-tones repeats
on a larger time interval, referred to as an ultra slot, In the 10 exanple
of Figure 2, one carrier beacon occurs per ultra slot and the ultra sl ot
includes 5 hwamososs@bots. Figure 2 is presented for thgaikbROF8s9f
illustrating various concepts and features of the present invention. One
exenpl ary embodi ment, in accordance wilth the present invention, may 15

i nclude: 113 domnllnk tones, a beacon signal for 1 out of 904 CFDNIsynboIs
a beacon sP@eOHENe Figve2 thqia it Siemplry Rereop los 2R inghulingidiycoesi HMR slots or

1.44 see, ofidokbeiCDNISRRIN isdbedor the ¥REL BASI @S BHDM sPSo1d fis8d &l ot , and
15 sl opel/ sector beacons per ultra slot. Sone exenplary ~ enbodi nents may
i ncl ude 25°Waexd/onsyl sispainey Fighse 2dpdher sipws Kigt ke frpmiendy tosi Iacaiosdf vi ce band,

in some enbeeicHmiehcen slghds &k %ﬂéﬁﬁ@ﬁnih@@ﬁanﬂ:ﬁeﬁf@g%ﬁi &le o8GR biShd @WRF T han
that of any of slope or_ sector bea As |1~ be clear later, this tone

ar r angefrenPeap tpRe fﬁlﬁa%%fé’iﬁéwhﬂ@?leé‘&'ﬁ#qcéfionl?é%éhp%@éﬁaq@ bepgon depes bRP ¥¥en t hat

the sane bgnefihd caﬁﬁf‘bea@&l t@ﬁgﬁhﬂ@»‘;er'fifeqﬁéﬂ@y ﬁlﬁl?ﬁ'j}%f‘@lﬁ sloPé: sgétoﬁoe&%ﬁ kdngy, beacon

i s higher than that of any of sl ope Or sector  beacon. 25 Figure.3 is a

drawi ng 708 %ﬁﬁ%@ ilep C&ﬁlﬂék@ﬁw i rgnspifief los frepupntly\hamyike donegad pester Bfacongiepl oyi ng

di fferent SQIMicPSaRANSanisiRl FiREQPMRIHdpe B@AcorQ%ﬂ&'th"se@ﬂmf fBsRNtTIRY eas.

Hori zontal axis 701 represents frequency. In Figure 3, the unconventional
“band 702 ha¥eBO! REEOHEMIVFRIER oF plargeptime interypl, éﬂfﬂtﬂ}i t3 pxareira dlofe IBe Mz i s
partit Iz@neelxa}n?lelowgufé@ EQaRRPSkacdn defurs fe? Bkra sROG dRANHrBRotiRAudds S Becb@r the

link and the other band 706 used for the uplink. The unconventional band
2 al so i fléffudes a separation band 708 between the downlink and upl i nk
bands (704, 706). In sone enbodi nents, the unconventional band 702 is
partitioned into a downlink and uplink band and does not include a
separ at i on bandisus ispeesented fathe prapgse phlpstgtingsiatipyscopieptsippbicatins Oflth% VO
2005/ 03860&&9&%&8&9‘6&%&&9@&%&&&&&% YdcoRlaia Hihith: REeR ithWidd, Aky and
in

upl i nk. However, the downl service bands are different in

di fferdht BeHEF é&#w&%@geSa%EPaﬁw1@ﬂéei hept BRI EPN sembrdsam beasre #9f@T  upl i nk

carriers abgRseéafinlsh, ai MuRE: Phfidhg 16MBacoR bV 610 Q) Hetadiarestowai 4 Nk band
710 and uplink band 712 with carrier spacing 714, while in another area the

servi ce pr 8¥addwte lepadongsiite HRt Byhtd sopo/stsion Rercens PRl SPHg eRGmIRT ar r i er

spaci ng 720nhodiments may include 25 beacon slots per ultra slot.

20 Note that within & service band, in some embodiments, the frequency tone of a carrier
beacon is lower than that of any of slope or sector beacon. As will be clear later, this tone
_ arrangement helps to search for carrier beacon signals. Ttcan be seen that the same benefit can
‘j ' be abtained if the frequency tone of a carrier beacon is higher than that of any of slope or sector
beacon. '
25 _
Figure 3 is a drawing 700 showing an exemplary carrier deployment situation of
deploying different services bands in an unconventional band in different areas, Horizontal axis
701 represents frequency. In Figure 3, the unconventional band 702 has 50 MHz bandwidth in
total. Tn a FDD system, the 50 MHx is partitioned to include two bands (704, 706), one band
30 704 used for the downlink and the other band 706 used for the uplink. The unconventional band
702 also includes a separation band 708 betv&een the downlink and uplink bands (704, 706). In
some embodiments, the unconventional band 702 is partitioned into a dOWnlink and uplink band

and does not include a separation band, Figure 3 also shows that a service provider has 1.25



As the wreless termnal does not know the |ocation of downlink and uplink
service bands, it has to carry out a carrier search procedure. The carrier
search procedure includes two general steps. In the first step, the

wirel ess term nal quickly scans possible service bands to 10 detect the

exi stence of beacon signals by checking the received energy in the downlink
signal. - Aftgo@sbRagon signal has been detected, in t gg St ep, t he
wireless terninal then searches for a carrier beacon S|gnd@ o i1dentify the
carrier location. In either step, toetect beacon signals, the wireless
termnal sets a search fre uencx and 15 nonitors the downlink signal of a

sear ch band&eHivéedandin bpgdoy d prlelulpesyer. (e dgrelinkems SpliksAvic t he search

band has t Bgnds aBRirRAREN Efdler®8edshiBhis Glold 48 tHRaPMing®eBreen the 8w YRR andThe
advantage is that the wireless term nal can use the same hardware device,

such as RFUPlinkcaiisrs ajpsg variesnln qug preg.dhe sspvice @W"E‘P’b‘@é gleirling bardl 1.6 endetliph|

service. 2@aiotie wih @ﬁmmbaﬁnggm 8hiR ePhrethef a{ré‘fﬁH@&%Mce%&ﬁdle‘? has doRlink band
correspondlﬂg sear.ch nd not overlap, partially overlap, or conmpletely

over | ap3wi ?ﬁéW%@ﬁWW%ZJ&ﬁNhPWWWF%Fﬁég@%hrch band does not overlap with the
service band, then the wireless termnal will not detect any beacon signal
in any tine interval of a beacon slot. If the search band conpletely
overlaps with thehewrepedermingtioes pgikpov e logrtioaiof dewnlik pachalingparyicedet ect a

beacon si gB@ds,| Iﬂla@WcaﬁK BR: alcBifeF déich PlocRufde qfﬁ@&zﬁér@éarchl pfroc{eﬂﬁe #enagaheh band
partially overlaps with the service band, then the wireless term nal my or

may not- d&PRSEd Stgﬁy Ijbe EBhster, e siielers lermynal auekly seprsrnpagibleservcahendsdn sl ot .

Figure i Qetdet tHeR¥WsBite300a8HONENRE bR BheBNE gmla ?é'céﬁv&?énéﬂg?'in tﬁ@é&vﬁﬁnﬂ%ﬁb@ , in
ac ordance wth the present inventijon. ure i nC '

udes a pl ot "of
fTequency 6’#‘3’{%1‘?93%&@@5@3 begn deteptesl, ipdhaseeapd sigp tegrviral sﬁw@éﬁﬁwﬂ% s 804.
Figure 4 aksQchiiel eaR8 sBnd aMabiidKinh 8dderd6@tionDownl i nk band 806 includes a
m ni mum frequency 807 and a plurality of service bands including a service
band 808 for the area in which the WI is currently | ocated. The service

band 808 i ncl uotﬁ%m&@ét@pmo&a:&a&la&nsi%a@@&ﬁe'&ﬁ@éas&ﬁﬁﬁlﬂ%@ahéaychl féghéﬂdyﬂﬁl carrier
beacons and s| ope/ sector beacons he sl ope/ sector t% e WO 2005/ 038606
(=l

PCT/ US2804ms3taghe downiink sigpal ake srarch fandcamierd #idhepeseh BquemuBh®y t han t he

carrier typ@blBaee s kel h@Qke iaeibaeRSdih AtheXpRTY ARY, eC‘g%rlr%Q-ﬂHi ype beacon
810 illustrated by a small square with horizontal I|ne sh dlﬁgé %@
W th

exenpl ary §@V@Hé¥es1éi%’PUFe Virpless frommghran e the Jape pardyarg dpyiceasuchat

di agonal Iu@@mn&h@gtmgmmﬁﬁkan§ﬂ@d@ﬁgl*ﬁ@kesentat|on of | egend 801 is used in
t he beacons of the service band 5 808. The carrier beacon 810 being the

| owest frequency beacon of the beacon types in the service band 808. Figure
4 al so 2oncl udesN@e HRAbEgPAINGarshl Hegubil YEHiROha cSRBFoRhink duechibandlitkPidn

ovetlap, partially overlap, or completely overlap with the service band, If the search band does

not overlap with the service band, then the wireless terminal will not detect any beacon signal in

any time interval of a beacon slot. If the search band completely overlaps with the service band,
then the wireless terminal will detect a beacon signal in any time interval of a beacon slot. If the
25  search band partially overlaps with the service band, then the wireless terminal may or may not

detect any beacon signal in any time interval of a beacon slot.

Figure 4 is a drawing 800 showing an exemplary carrier seafch met_hod, in accordance
with the present invention. Figure 4 includes a plot of frequency on the vertical axis 802 vs time

30  on the horizontal axis 804. Figure 4 also includes a downlink band 806. Downlink band 806
- includes a minimum frequency 807 and a plurality of service bands including a service band 808
for the area in which the WT is currently located. The service band 808 includes beacon signals

transmitted periodically including carrier beacons and slope/sector beacons; the slope/sector type




816. The search band bandwi dth 816 is the sanme size as the service band
bandwi dt h. The search band 814, in terns of frequencies searched, nobves
during the search-process and is represented as search band 814a, - 814b,
8l4c at different times. Step size 818 is the anbunt the 10 search band 814
is nmoved if a beacon is not found during a first nonitoring interval of
time. Adj ustvaendsosskost he search frequency 820 is the a@PHﬁgzootzJﬂ% E,gearch band
814 is noved based on a detected beacon during a first nDnltorlng tinme
interval. Adjustnent anount 820 nmay vidry as a function of the |ocation of

t he detected beacon wthin the search band 814. Drawing 800 includes two
successi vebgaensteifg itnsoitied grord fisuently drap flesaigpigpe I8ad)ns. hegedil omdudsei ng
detected 1

beacon 826§%e| ngﬂ% tectéﬁ&bﬁ:éﬁﬁ@ﬁﬁ@ﬂr&@fﬂﬂ rgg&%ﬁlﬁgﬁkonqéﬁ%&gﬁ? rval

824. Subs eeﬂsﬂemexctrmﬂ@rmebmatm iyBe bmmlﬁﬂbﬂluﬁgatadw@rsmall s@Rrk w@ diagoe bm-:nd
nDnltorlng itoring

i nterval |%‘§é¥§%§e§]&]€g}2§§|€ eg@%éejﬁég%ehg“%%?%?%nﬁsggtggg%ﬁée%g , 832. 20
The exeﬁpl &@85/ %aﬁwmbewaﬁbmbm&mlawmtfrbquqmmﬂwodeéﬂbp biweoh tyfldsén the r el ess

t erm nal f; , t hat
the sear ch b Bl avrs TR ke 184 Md {1 SRR L BENER Epas Al

r epr esent e8lyhg sepzoh bpibaniiwidiheid § istthy s3inn aikze #rchd weolie beirkbaddwidili Ake si gnal of

the searchghapd,flda 15%%11 otff%er ?énb PR Ry tﬂés%ﬁﬁéﬁgmg%ﬁand?@' chisin
the order of a small eacon sfots. exa r st

moni t or i ngrepiepmtedg Whlbatidsglémﬁl‘thaﬂﬂé anﬁffybmtglme;? yStblom::Fe&Buﬁaﬂanlmt tbeacon
SOt 309 pealdRBafiiiald Alcis R RALON. M Rl o FRI mBHRAIRE Grorlalof fife, CaSE

wiere the beacon slot Ts cosec nonitoring”interval my be set
5 180 mseddjustnentivé theispaedheferquany Bilafhe dmewnt fiotseadditmod 8 Hiny mbealdesed on gnal

within theg it v m nal
concl udes t%%%edt E{ec%%g%?%h ﬁ@%ngﬂg ﬁ&“‘é ge@&ﬁ% Al u%%gtpa&ﬁ@g%’%ﬁ%h?? %gtd%{er Vi ce
band 808. fﬁl@%(’f thie dopatiqnend meﬁlaﬂectcﬂmcqnmﬂiwhﬂe@amhéarslé-"éﬁcﬁrwmﬁgéncy by a
step i ze Blfe I aRb&0SHiden ﬂtepfafs (oo hbEecAnde e8] 22 816 of

t he search wn exa Sl ze 8 I's equal to
the siZé - 8@@%@%%@3@@9@@@&% igteeyal @ngd 019@62@(9@@986@@?@@@@@@@4/ 033894
14 1.25 M4 43 n%ﬁﬂo&ig%ﬂﬁb ﬂ@ﬁtal Szhhgub%%ﬁzgnt% &@zﬁosfu%é Ih&meoha{g AR @4 ¢ han the
si ze of the search band the S1ze of the search
band. Aft eﬁecpmmnwrmmw%h%tﬂonﬁmm}yn thyn thn érsé mepitaing itgyR and he
wreless t %kwoss%&ﬁ@edeteée@@a%e}%@gc&g ghh egpency and correspondi ng new
search band 814 Simlarly, the wreless termnal nonitors the downlink
signal of the new search band 814b for the 2nd first nonitoring tine
intervah 824. IfncRQrRSAE O seR mdifoddill 8% 86 destrtRa ALY Rsidhs lebhihiNals Wi | |

continue to increase
the first step by setting the search frequency such that the search band 814 covers the low end of

f";) ' the downlink band 806 as represented by 814a. The wireless terminal monitors the downlink
s signal of the search band 814a for a first monitoring time interval 822, which is in the order of a
small number of beacon slots. For example, the first monitoring time interval is set to be
25 slightly longer than the beacon slot, e.g., the duration of two beacon slots. For example, in the

case where the beacon slot is 80 msec, the first monitoring interval may be set to 180 msec.

¥ the wireless terminal does not detect any beacon signal within the 1st first monitoring
time interval 822, the wireless terminal concludes that the search band 814a does not overlap
30  with the service band 808, The wireless terminal then increases the search frequency by a step
size 818. The step size 8§18 should not exceed the bandwidth size 816 of the search band 814,
In the shown example, the step size 818 is equal to the size 816 of the search band 814, e.g.,



the search frequency by the step size 818 and repeat the search procedure.
If a beacon signal is found, as shown in the exanple, the wireless term nal
proceeds to the second step. 10 Note that the detected beacon signal in the
first step may be a carrier beacon signal or other type of beacon signal.
If the search band partially overlaps wth the service band, then there is
a possi bi it wotb@fozgste det ect ed beacon signal is not I eacon signal
and the search band nay not even cover the frequency%%ﬁrﬂ(’)ﬂﬁﬁqsﬁé‘ carrier
beacon. This is the case of the Figure-15 4 exanple, the detected beacon 826
is a slope/sector type beacon 812, and the search band 814b does not cover
t he tone oft.25 Mg i ene anyhpdiniseinthe ate@ 46: is Atghtihendleghanthe gzodf thdwearstemodd st ep,
the wrel }.n i i earch frequency to make sure that
adj ust ed sg%’rs’é%ggg%d@ﬂgfkg%&&msﬁ%?b%{g%%?&?ﬁgﬁbarri er beacon. For exanpl e,
suppose that the carrier beacon is |lower than any of slope or sector beacon

in frequency, | ‘ I i lL.e.. .Th 1. L rel ess 20
term nal can agj&fﬁéé t§n c%éﬁgngggrg%&hﬁff {e@%ﬂ@n@y{ﬁf&ﬁ’ﬁ%t@ Er?ﬁge “ﬂgetl%g%elén&gﬁe%%{%% tone is
| ocat ed 5i nnewecatsh dhaquesgitkng comrdyponditig new esdreb danddil4b ativhilenly, ithe witeleshi gh end of
the possiblg.h : ! ) i r.ch . In
Figure 4 eltg arrplgli,h,%l'gl ﬂ%%%rogﬁg@gsﬁégl ro(ri:‘lhr?a %E%%hggﬁ%%@g\g&%e:ﬁgeﬂgsrt Eﬁ%g’glﬁ 814 by
anmount 820 tifoe intaread 824 HE habrde@kifhaltipdetested che Wissichs 8tudinal willicottinpd mdmseatene
frequency GoNe nd 81 Sear ch
band 814c ?%gf%%egeqﬁgﬁfga gtgﬁcy 1%'9 %lgg%{ %%/%gﬁ}é?’%ggéruféé:}? %g%g%lnsgg.“%e

wi rel ess t &undl.aashopndtibe gxample, tho miitclsss terminatipowekdstk theisgnoad staf. t he adj ust ed
sear ch jpgband 814c for a second nonitoring time interval 828, which is in the
orfer of a small nunmber of wultra slots. For exanple, the second nonitoring
tTme interval iNetaibat theddpsted bpaghn tignal iofigdirstisiopmay hea @orieribeacan sikwt or For

exanpl e, i Byf? gﬁp‘qp L 0BRk M}ﬁ; : r Is imately
1.44 sec, B\:Ehhe_ secg%lagdn%m t'or?ﬂrelg |ntber élﬁlagggvegéﬁss@gﬁ%l%ei} sbggcgli Zr% t he
second ronfhewds nepssbility tha therdpigpted Bagn signd ivoiot e Fager beenonrsignd! andihe serckct

mul tiple b%ﬁﬁ%ﬁ%b&é@@ﬂ &V&ﬁﬁ@%&’%u&rﬁ:br%@ of AL BB e B0 Uills is'ﬂ%ec%e'offg}e%‘ te beacon

signals 830, 832 assocl ate ~the carrier beacon tone accor o the
t hose Bé g4wommbn 8y ogsgebbepanAesSEaclrassrouype hacon &dRand thesrdrdthaad819b t he

carrier begeQRodBRL thefite % TR ype tRac3RER. %%Cﬁﬁgﬁﬂ}@ofth@?ec&ﬁrsfé Ghe beacon
signal repeats exactly an ultra Slot. In sone enbodinents, the carrier
beacon t on&iplssstisrgina] %‘W\k@i‘{sﬁsﬂ@d%ﬂﬁﬁqmwﬁﬂ@ﬁ@e that adjusted eeapqhdendsiifiel. 1 n
some embodigiea s, thd dAfief BEbbE PP BARRR, subfRethlxSind BeHd belEsEs 16v2 MR RfYor Peacon
tone in the service band. In sone enbodinents, the carrier 5 beacon tone is
fixed, whi Flepedigectr hedcon ipfequaney, sl dsreaseinihe Slgue Apxampleopnsbe vapleseacon

tones h@pP terminal can adjust the search frequency so that the detected beacon tone is located in the high

end of the adjusted search band or in the high end of the possible beacon tone location of within
e any given search band. In Figure 4 example, the wireless terminal has adjusted the search band
:’) 814 by amount 820 from search band 814b to search band 814c¢, which places the frequency of

the detected beacon 826 near the top of the band 814c. Search band 814c includes the frequency

25  used by the carrier beacons.

The wireless terminal proceeds to monitor the downlink signal of the adjusted search
band 814c for a second monitoring time interval 828, which is in the order of a small number of
uitra slots, For example, the second monitoring time interval is set to be slightly longer than the

30 ultraslot. For example, in an exemplary embodiment where the ultra slot is approximately 1.44
sec, the second monitoring interval may be set to 1.3sec. In the second monitoring time interval
828, the wireless terminal may detect multiple beacon signals. The wireless terminal should

identify those beacon signals 830, 832 associated with the carrier beacon tone according to the



frequencies over tine. Flowhart 400 of Figure 5 shows an exenpl ary nethod
for locating the carrier frequencies, in accordance with the invention. In
step 402, the carrier search nmethod is started 10 by the wireless termnal,
e.g., as the wireless termnal powers on and initializes in an unknown

| ocation. Proceeding to step 404, the wireless termnal sets the search
frequency ( Sko 2009038606 M Ni mum frequency. | n other enbocycrmlrg%{,% 3543 starting
search frequency may be set to a value corresponding to t f known
search band enconpassing the |ast kndén carrier frequency. Operation
proceeds to step 406, where the wireless termnal nonitors a 1.25M4z band
centered 1€hemeienties pitke @prier beacen o Fonexgingleain senosmiddindates the sareitti on.  Next ,
in step 408.dunEnd¥i-E ac cted

W R it e P SR AU Lo ENBKSpHRERDRL 1 BRRFORARAREC,

cosec, t helowedh&equenestbepdomone in @mecerm?dtiesm walmdlmtsaﬁndcarﬁ@rbmn That is,
the wrelggsihhnRa 06 BXLSHENEE oSt the
1.25 Mz bandlscer?%ggre emﬁg&%ﬁe SF E3%90 o(} qﬁfiggmg%ggc ?%ltts o8 aeﬂ(}téélon
signal §s bregaadensds Gserhwilettheeothdr types afibmsonsrionss.\eed.. SEJ@:lé@tcgbtzaca_IB@ﬂmen) from
the start pf opALLALLERG in the current band, then operation proceeds to step
428 foll owm nqg detection of the beacon si gnal however, if a beacon signal is
not detected within the first tine interval of the start of nonitoring in
the current bargl.chiemoPelAlk Chetidl 82 184 um ng that a
beacon signal was get ec?)gd g?%sgs?gﬁiﬁx%géﬂlﬁmk c?per g"?l%n &r%ez%a@%dﬁg to step 428,
wher e t he SRupnsiesdp wv@m@mlﬁlh@tmtﬂh‘aondéltém%ﬂ tlbeam:w sefnstr:temthc)dls)atateéd in the
high eng ofy hdiiAdidiahatle SOQ i0yhald erdh e Rs B BRI O St ep
{432. Findi g one beacon ne e sedrc ban Inc udlng he carrier
requency kprtior afpieeding ostrnefieyiudasnteminal beeiie fesrphdrequadon(SH e carri er
beacon Canghnb el tkyDyn SOLHelBUNiRGN!, e TRRlE Gbords yrrent 30
search band, and |t| ng unti Fma carri eer eggoaﬁ p% g@?gwgb%&& a@entl fied
(di sti ngui ayewpoRdipg o thedast nayperaerhad clsenprag ﬂlb}ﬂStlﬁJ@charebrefsegutnev mnal. In
step 412, g,a8{oRpakaal i} ip'4§6 RER t@Switess ééﬂﬁaﬂ?ﬁonﬁ&h‘i%ﬁﬂz%gn&%ﬁ‘&ﬂ@ in the

current band can be | dent as a carrier beacon. ope and sector -

beacond3 hopowmdéhe SH fgpa 'teetqndwnhlgfwaﬂ hoprs FEfiose datiniaster I4ﬂ8 éwf%@mnﬁ@ nts, the
WO 2005/ 038648 vﬁ&ﬁérld%%%ﬂ%ﬁé%d withfh tE@iruEﬂ tfﬁ‘ie iREARPAHIRY, ifiredaRict i ed as a

beacon signal that does not follow the hop rg?psequence In sone
“enbodi ment BoukRenseq hen ghe firgtdmgdnieryalmey bbbetweta@ iand &8 msgca T Beh si gnal

OCCUr i NG @reless REBnRRSSh i Thd RN Q6b4IBT SahPSithd L5 M bhg Saakeh band,
e.g., lower in the search band than the sl ope or sector beacons. Since the

carrier fr@“@f@érﬁl@ﬁmefa@cﬂﬂﬁ@mwéfcﬁ hepren pigpad rdstegted within ghedfirst time interval

20  (e.g., 180 msec) from the start of monitoring in the current band, then operatton proceeds to step

._t
Ogdl

428 following detection of the beacon signal; however, if a beacon signal is not detected within
the first time interval of the start of monitoring in the current band, then operation proceeds to
step 410.

25 *Assuming that a beacon signal was detected in step 408 then operation proceeds to step
428, where the SF is adjusted so that the detected beacon tone is located in the high end of the
adjusted search band, The operation then proceeds to step 412. Finding one beacon means that
the search band including the carrier frequency and carrier frequency beacon has been found.
Now, the carrier béacon can be located by continning to monitor the beacons within current

30  search band, and waiting until a catrier beacon is detected, and identified (distinguished from the
slope/sector beacons) by the wireless terminal. In step 412, a determination is made as to
whether any detected beacon in the current band can be identified as a carrier beacon. The slope

and sector beacons hop over time following a hopping sequence. In some embodiments, the



5 tinme interval, the wireless termnal may, in some enbodi nents does, wait
to receive two successive carrier beacons to nake a positive
identification. If in step 412, the carrier beacon has not yet been
identified, operation proceeds to step 414, where the wirel ess term nal
continues to nonitor for additional beacon signals. In step 416 checks are
periodi cal | ywirdgwasos t 0 whet her an addition beacon sig en
det ect ed. When anot her beacon signal is- detected 10 |n8§/'tjsezg‘ﬁ§i}§ﬁ operation
proceeds to step 412, where again a cHeck is perforned as to whether any
detected beacon in the current band can be identified as a carrier beacon.

| f the checRuienbeggonpnaybe Blentéficdab abeapen signaltbaidons not ighew thedispniis setvisare.

det ect ed,  QP&IALdPBRNeAS FRARP SRRy be WMARERd3s 2 bldEh Qktal SREGKg 1S
perfornmed. In step 41§, 't he_vmerel&_e_ss _yte r%gna Test s vf)ne_t%%%d %E%ﬁs%ctond

moni t or i ng seRereredatfraingd ppr(exigate positin deiby schwb baldaps el wst indle sedreh Hand din

det ect ed beQC@fe kel Gttt Efthcelthe Gt WQ@I he fixk - carrier
beacons repeat gverey 1%644 sec:C I ?et _Elleerl. e%%(? %ﬁ?grfgaﬁaéﬁgpe??%emé%{i time)
has not Jel dpsduiervallénwogles frmbnl prio eses embodimens dpey) wafide woshortivoor i ng f or
beacons cOoRk QRS carliMENEHs to nlakd foshr®idBRfichddi® 1l bioh B2 kb BARahAPS
then the wireless termnal has been unable to successfully acquire and

i dentify ahewmat yebednddrotificdapropation aroceedniogivn Bl where dreveirelesetegninalsi gnal
channel  quabid e fsmoREs 133G HoRP AR AS CRRE: b first
(sl ope/ sect ori%ﬁeacgnﬁgg t he %urrentn srégt V\]gg ggéiﬁ:ﬂt&%%ﬁ%}lgi&%ﬁ@%ﬁ?ﬁt he
sear ch fr edueheler ap aldjtige bessewel gy hasheenglelepied. nWhenaanther heagpn sighal 25iekdeted
changi t ' . 1o b 17 afi tep
] NG Qnﬁ%ﬂ“:ﬁ\ﬁ, Cﬂa&%@;{@&@é’s to Ft uﬁ?!ﬁiz%ﬁ e aghin’a PRA! 1§hérgaglﬁ _é%&@%ﬁe?he&‘an

406, where t search tinues using the hew searc eturning to step
412, if a deeded keacopdmibonutant band conherdsntifisslo p stripdvaconalf thechieddns®d i ed as

25 a carri 2500 ] I : e
carrier do%?%ﬁk fraetag’g%@igllé@ph%gtg p%g]ggeé&%ﬁ’ ﬁl%m%é?g%e{eéeg(}agﬁ 4?%8%?%? i ed

carrier frémeontsheckis prriormest: dn FEmER. BadiRIabmmaR sEs whethy theseend bet ween t he
frequency Q&oﬂt&%g‘%‘lér[erihté‘ﬁaﬂ{@.g? P.lﬂ s&’)‘ﬁasteﬁﬁseﬁgl‘ﬁgé ﬂmé‘h:s?@é%%:&egﬁaeic}i&&%ﬁ@&)&entNGXt , 1N

step 422, the wreless termnal, Using the determ ned downlink carrier
frequenidy, stives Befected; dn th examplanfariie beteamprencatieyeryilditoeddf he A Steprintewiel & al | ow
the upl i nk &@1gh| i) hERNBRRK, tn BEeARARIELTINGA 414 s RaRERAGNL S, he

uplink carrier can be at a fixed offset fromthe dowlink carrier. In sone
enbodi ment $eacoreoptinges Hreset if hetlvieentison intmkal Apcelapstd, ko Bamitelsss may be
pre-known Q. enWhimliet bRy adfife %idgéﬁhfy%aﬁie%‘eaé&?wi&ﬁﬂa be omitted.

Next, in step 424, the wireless ternminal sets, the uplink carrier frequency

and nor nal I89REVIA IEYE.GrE siEaelwbarel alitwmsdegesebimduearewspsloghin’3894 - 17

wirel esg t AU RALDFEGoH R ieQUriRYet REOGREED. kAP, fefarch BEqRRA Ch
operation is termnated.  In step 42 the wirelesstermnal nay al so obtain

Ot her syst AHRFTAReH BHEATE SiND iSRG 81 h%-émlz, changing to a new search band. From step
) m) ) 417 operation proceeds to step 406, where the search continues using the new search band.
Returning to sfep 412, if a detected beacon in the current search band can be identified as
25 acarrier beacon, operation proceeds to step 420. In step 420, the carrier downlink frequency is
set based on the detected and identified carrier frequency. A pre-determined and known offset
may exist between the frequency of the carrier beacon and the downlink carrier frequency.
Next, in step 422, the wireless terminal, using the determined downlink carrier frequency, listens
to the downlink channel for information that will allow the uplink carrier frequency to be
30  determined. In some embodiments, the uplink carrier can be at a fixed offset from the downlink
carrier. In some embodiments, the fixed offset between downlink and uplink carriers may be
pre-known to the wireless terminal, and signaling step 422 may be omitted. Next, in step 424,

the wireless terminal sets, the uplink carrier frequency and normal communications between the



identifier of the service provider that is currently operating the service
band. The wireless termnal may conpare the found identifier of the service
provider with its own service 5 agreenent to determ ne whether to access the
detected service band. Mreover, the energy strength of the detected beacon
signal tells the wireless term nal about the channel quality of the service
band, based vomzoobrisgdust he wirel ess term nal may determ@? g‘w}%“to access
the detected service band. 10 Returning to step 408, if a beacon signal was
not detected within the first time i#ferval, the wireless terninal may
assune that it is |ooking in the wong search band; therefore, operation
proceeds tWirdeseisrming and hass slaipnuay pracaasl. Jesienci26f thesparsh operptioniinfemupasidt ed by
one step @i wireles2RmH : -nﬁgﬁ i ' eration

pr oceeds f?é%ﬁﬁg%zgggflﬂg?:ﬁack. tomagtglg.éio i%%&hﬁgtéem% e ?rnoéﬁ?%‘%g%sntag?or beacons
in the nevidefiecH thedpryicp groyiderrthas i comrentipteperniingrteafervidevgndpribesdisless i n st eps
410, 417, : by L.Des ; | maxi mum

al | owabl e teS%?fmiﬁ)ﬁlﬁ |I%¢1a%ctgé;§%§ lgééﬂgl?%{uﬁggﬁg&tcg g{?gfai&lt Vgﬁlﬁﬁ%dlﬁﬂ nggget o the

m ni num al agswapntéo Giermingthethette agsess e datsetaddervigedardrdvioreofer. thex@mgy 20 The
above ti Megoatlof hEHRRE hER ol Sral t@ﬁsecﬂei@gelesg t&rﬁiu%%l}_fécxxaﬁ@gqﬁw of @k Y
depending on the particular systeminplenentation. Figure IlTustrates an
exenpl ary €virmbaIdhaspbisvidgsbelirgessitypinahmitdsttpine wbetberdarsess g t h t he

i nventi on.gepbhoygh hewn W th one sector per cell, in Figure 6, in sone
enbodi nents, 25 sone or all of the cells of the systemmy be nmulti-sector
cells. Exenplary system 10 includes a plurality of cells (cell 1(2), cell 2
}2 ), gl M (Rednninga 6Bp &, I ab6Rbh siddaPivas foPlidtected (Athin thE fist tird fardrvh,
gdpresents a wireless coverage area ror a base station (BS 1 (12), BS 2

2') BS Npgwielgss terpinglyaayrasspgiejhat Kis Ipedngin thgovrengseareh kanfghegefare, di f f er ent

| ocations peraééfﬁérs‘d%cﬂs% Mé;ﬁcu‘éi H;%:}pf‘«i&lbh tﬁ@ge){licﬁﬁeqteﬁd}q§mm§%gﬁed)gy dbgepase

station in_system may have ce \r coverage areas whi ch ‘overlap, 30 and
sone base Sei§-0nd Yy Frd o seve edarch Pand ie # P peipsion proseediipatstea sl ek Bver | ap

Wi th the a§8apsWFherehdi86niBSss foPbdaishs VS AW dblkch B¥3t&MLQ. al so incl udes a
networ k. node 3 coupled to the base 'stations (BS 1 (12), BS 2 (12'), BS M
(12"))1§/ia network links (4, 4', 4"), respectively. The network node 3,
€.g., a routerThi Herdhsin ?més@éd it Qegs A€0, LY, ek BE s RALHBIN Glieth@ tMQikenpOdeS Vi @
WD 2005/ 038606 PCT/ US2004/ 033894 -18 network link 5. The network |inks (4,
4, 4", 5)SHinipepusirgupallowpblp 8F, ipFhick casp pResrch papdirapgfion Wopld brf@dle a plurality
of . W: rel e?ﬁin%ﬁﬁ@lﬂﬁhﬁeBP,%th@ﬂt@thﬁﬂiﬂcﬁ:n{eﬂﬁf(l.@liﬁz.s base station via

wi rel ess links, an

20 The above times and frequencies are intended to be exemplary and may vary depending

on the particular system implementation.

i,) : Figure 6 illustrates an exemplary éommunicaﬁons system 10 implemented in accordance
 with the invention. Although shown with one sector per cell, in Figure 6, in some embodiments,
.25 some or all of the cells of the system may be multi-sector cells, Exemplary system 10 includes a
plurality of cells (cell 1 (2), cell 2 (27, cell M (2). Each cell (cell 1 (2), cell 2 (27), cell M (2))
rep_res.ents a wireless coverage area for a base station (BS 1 ( 12), BS 2 (12") BS M (12,
respectively. Atle ast two base st&tioné at different locations in systern 10 use different service
bands. Some of the base station in system 10 may have céllular coverage aréas which overlap,
30  and some base stations may have cellular coverage ateas which do not o'verlap with the areas of
other BSs in the system 10. System 10 also includes a network node 3 coupled to the base
stations (BS 1 (12), BS 2 (12, BS M (12")) via network links (4, 4', 4"), respectively. The

network node 3, e.g., a router, is also coupled to the Internet and other network nodes via




if the wireless termnals are nobil e devices they may nove throughout the
system10. In cell | (2), nmultiple wireless termnals (WI 1 (14), WI N
(16)), shown as nobile nodes (MN 1 (14) 5 through MN N (16)), conmunicate
with base station 1 (12) through the use of conmunication signals (13, 15),
respectively. In cell 2 (2'), multiple wireless termnals (W 1' (14"), WN
(16)), shown e nodes (MN 1'(14') through MN N conmuni cat e

wi th base P/%t f]‘{)l}rqu?&ﬁ( 12) through the use of communica é‘?% UM (13"
15'), respectively. In cell M(T), mmgltiple wireless termnals (W 1"
(14"),-WIN' (16")), shown as nobile nodes (MN 1" (14") 10 through MN N'

(16)), commtibdain® sWrkdndaR sk, 908", 5 hidehs, e BN APtd ks USLh 081l includes
comuni cation signals (13", 15"), respectively. Each nmobile term nal nay

cor r espond Pty @l“f“ic@ﬁsetﬁ‘tmlﬁ%ﬂmtérﬁfg‘éﬂedéﬂ heeles pagesteionvia weest <ot ef err ed

to as user jties witdhad Brmifhs S hBAd Svicdsthey Moy mdvd. thrm'.gioutjﬂ%s sierh 20) WI¥RIY 1 De,
e.g., orthogonal freg[uency di vi si on nultiplexing gll gnal s. 15 Base

stations (¥ , malople wiroless terminale T Ll Hatia (162) ﬁﬁ&ﬂés mﬁDgﬁWﬁWMhﬂéh si gnal s
conveyi Bg Qﬁéﬁ mmiegy @&Ein@l'ﬂeaté ﬁIt@ﬁﬁ@@JtﬂﬁHQQliz‘ﬂﬁ&f%hﬁe WELIRESRlcaddie present

i nvention. | | ement the carrier
sear ch rretﬁé’&?so@ tlﬁb“‘rsPRPE\‘ﬁYorﬁcﬁib%@)’ @ylEple wielessrierain REWICWIN'  and/ or

upon | 0ss ¢fg) psmglrag glrgbﬁé Igﬁ@sl (Ml\_lr h@ltl?"ﬂ%@uv?ltlﬁﬁ INDK;N)& g&nm&ﬁcat@j with Base @Nd

V\nrelesstermnas 14, 16, 14',

16', 14", 165ftiond @3 qualbqheﬁ@rﬁf cqpEuEtipRHEgts (i%ésﬁ,rre@wﬂvewthl%@"J Thus.,
si gnal's (13uidbe w&ei'ess ﬂeﬁamé;@fwr 18(14'h npreg65], Qlﬂﬁi)n%sgfobfl%d[e% Ry ¢ geyssed in

this application, are transmtted i n“accordance he invention.
=g, 7 W1 Q%Qweht\@%N ﬂﬁé%@ﬂsﬁmamyatw@feb%ﬂe Hatjop M (123 hrengh thoere 01‘200 i npl ement ed
I 25 accokganesotb ﬁQgﬂamla"nw@ﬁ}eslsganveﬁa%ecl%aﬁﬂeqan%{%i)mawmﬁgpgﬂ@% Of the
exenpl ary Bss 12, 12', 12" of ure 6. The base station 2 transmts
beacon si gfiikgnt robile us%é%‘ﬁ%th§ﬁe@ifpa1°§13%lﬁ%sﬁefageqtﬁG%‘ém fefpipgs. r Bresignalq (1B gure 1
or Figure 25 1B {4 Qée'ﬁ? Qﬁ?%@%sg %ftﬁ‘og%ﬁ@ﬁ%(ﬁﬂeﬁéﬁﬁiw%nElhlfui:ﬁﬁﬁé‘toﬁﬂm althe
beacon signals transmtted in any cel be cell and/or sector dependent
with different cells/sectors transm tt| ng di fferent beacon signals. Base
stations200 i nd ddesioas (19019" v eh &%QEmtb?oa@&sﬁs‘i QI%EHcIquﬁlr béi¥n signdly OCessor 208,
an 1/'Ointerface 210, and nmenory 212 couple giget her via bus . 214 over

whi ch the W@W@%ﬁ@ﬁn@u%w seeprdapeshuifgbe wathedsoh theiprpent ingention. Mahise
station 20Quged g@'f&dﬁcﬁ 16621 Y@)ﬁ{ﬂeﬁm@h@éaﬁm?%%%ﬂ{o‘ao?%%v\éﬁ[on% g Through

whi ch the BS 200 can recéeive ~uplink signals froma plurality wirel ess
t er mi nal s. siB&pecnisTag i 8av 268 2ud/gryremiets e a sartieraiggph (T 2@1@‘57“@8@6% 127

PCT/ U520044 R33R94; teml-.x%al@ @”I@H\I%%%ﬁ‘i’“w {8 1 prRe (126,304 d hiough whi ch
the BS 200 sends downlin fqna s
20  each implement the methodo the present invention. Thus, signals (13, 15, 13", 15', 13", 15"

include s1gnals of the type discussed in this application, which are transmitted in accordance

with the invention.

Fig. 7 illustrates an exemplary base station - access node 200, implemented in

25 accordance with the invention. Base station 200 may be any of the exemplary BSs 12, 12, 12"

of Figure 6. The base station 200 transmits beacon signals, e.g., beacon signals such as those
. iHlustrated in Figure 1 or Figure 2. Different beacons are transmitted at different times. The
beacon signals transmitted in any cell may be cell andf or sector dependent with different
cells/sectors transmitting different beacon signals. Base station 200 includes a receiver 202, a
30 transmitter 204, a processor 208, an I/O interface 210, and memory 212 coupled together via bus

214 over which the various elements may interchange data and information. Base station 200
includes receive antenna 216 coupled to receiver 202 through which the BS 200 can receive

uplink signals from a plurality of wireless terminals. Base station 200 also includes transmit



i ncl udi ng broadcast signals and user specific signals to a plurality of Ws.
The broadcast signals include: beacons signals including carrier beacon
signals and, in sonme enbodi nents, broadcast information relating downlink
carrier information to uplink carrier information. The 5 receiver 202

i ncl udes a decoder 220 for decoding received uplink signals while the
transmtter vaDAuvimsbades an encoder 222 for encodi ng gdewabioioasses
data/information prior to transmssion. The |/Ointerface 210 couples the
base station 200 to the Internet and/4% to other network nodes, e.g., other
base stations, AAA server nodes, honme agent nodes, routers, etc. The nenory

212 i ncl udB¥IRARIP Fopled o ansRficn A4 TOR oY el hoRS 2bsendsriowphinkcearglr 208,
e.g., a CPUncl@Naouibsasast ﬁ%g&%nd 44k dpR@sce ﬁgxghlosgélgpml%ﬁﬁr JrRerdatabiond.qq mat i on 226

in menory 212 to cause the base station 0 operate in accordance with
the i nvent iS#als sy Reasomszienply sclndBe comrrbercon sigaisandogspmeenizagneaiid base
station CONdréAabast iRteirhARR redadiy dodARMdRtiCah{ARRoh %ﬁéﬁl@%ﬁé%%ﬁ@ﬁﬁn&? & f or

controlling the base station 200 to perform vari ontmruni cati ons .

oper at i ohs T8ifeT Biinckdat 2 despden 820 Tondmeringrsech A yplpkoteels ile Baganswitist i on
control 1 ouliReRIS3A cfloflerl199 gOﬁtgecoaﬁg tbPlink B&aﬁé&&aﬁgxﬁ%dgg B ZA0nisQod. AL €TENT

the steps of the netho present 1 nvention. ase station control
routine 230/Q Werfarsd0 souplen thebpsersiptiomiie ke Fanetisadorgn otheuneiwsk nae e.gand

upl i nk- car rdagf bdsel@atonk, AGBA bdvbr hbdeh, hoind Bithi Qe RAKIL e Phe mehiy SE1€dul | ng

Ph

modul e 232 is used to control transm ssion schedul i ng and/or Tommuni cation
20 resour cdngydepiogiines A4 and data/infeianatien 228 Thegroesesoy 208 §-8a 2 SEHewkgtusas theBeacon
rout i negy 234uhi o ahPused (A6 dAlSARE AR 120 B mERRE 5 2 b QB sAASMoa%H O Of
beacon signals by basuesestati on 200. Beacon rou?‘)it nes Sggﬁ%ﬁ%gﬁgg@@%eacon
't er mi nat i PR HRCHEABER It e ipigifica. 236 and a beacon transnission nodul e
238. The beacon determ nati on and generation nodul e 236 uses the
data/information 226 including the timng information 248 and beacon
structure inf or RextingsP22 a3lugls coramprieadipwfirpriines 428 and base sfetiny contonl rqutifesi23@it | on
246 and generahRi-aidAe ARARs DI RRusRIFh! SRRMRHI G atOstardol Q0G 1 e RGGON S! ot
information 246. The beacon transm ssion nodul e 238 uses the _
dat a/ i nfor PaEmERcainEs nREeHoRs g emement vadew copewpisprions protdcals oA stEém 246 and
Lim ng I nf QbR idhfines 246ark scR0EdnRb1 hd¥sd 33 PR iAo A TARRELARLD beacon

| [

signal at the appropriate tinme. Uplin carrier | g ul e 240 uses

t he data/i riredhosat the aresepbinyendion dTegpasertatiopeantil rewine 280 nggdssafsehieddingon 276 to
control th i ; I S5l ; Al b : [ S
Conveyi ng | PEROSE bR AR &Rt MR OD] FBAEARR0RIEAG ° ey to
be det er mi rfédscheduding mrdifpP¥ is aseiio cohe! taessission echdgulmgtendipl cometinickiiondownl i nk
carri eryf r eQURBCMiocdiod: ThisMOME LB ma53Etd £ sSRAALED r{%ﬁé QlytinBs %a%eﬂh%ﬁnce with

the present invention, nmay recelive a broadcast sig 2005/ 038606
PCT/ US2004/ig3Bgguination, generation, and transmission of beacon signals by base station 200. Beacon

routines 234 include a beacon determination and generation module 236 and a beacon

transmission module 238, The beacon deterimination and generation module 236 uses the
datafinformation 226 including the timing information 248 and beacon structure information 242

25  to determine current beacon slot information 246 and generate a beacon signal corresponding to
the current beacon slot information 246. The beacon transmission module 238 uses the
data/information 226 including the current beacon slot information 246 and timing information
248 to control the transmission of a generated beacon signal at the appropriate time., Uplink
carrier ID signaling module 240 uses the data/information 226 including the uplink carrier

30 information 276 to control the generation and transmission of downlink broadeast signals
conveying information to WTs that will allow the uplink cartier frequency to be determined.
For example, 2 WT that has already established the downlink carrier frequency, e.g., through a

carrier search method in accordance with the present invention, may receive a broadeast signal



-20 providing the offset between the uplink and downlink carriers used by
the base station 200. Data/information 226 includes beacon structure
information 242, carrier information 244, current beacon slot information
246, timng information 248, and wireless termnal 5 data/information 250.
Beacon structure information 242 includes information defining
characteri sti he beacon signals to be determ ned , and
transmtted Wz\?\ﬁ%g%ﬁl(a)@ Beacon structure infornmation ZXEQ@E@F%%%% type
information 252, tone information 254:20¢imng information 256, hopping

i nformation 258, sequence information 260, nunber beacon slots/ultra slot
262, and pomeyidingfhe offsdt boweddGHe uplihl) aiddoerniinkf carrivestuisahbyb@bdse sthtipne260.

i nformation defining the various types of beacons transmtted by BS 200,
e.g., carrier beacons, slope beacons, sector beacons. Type information 252
may al so i ncl ud®ahxéafoomtioh a¥sintlndabemon stntoreivfbiootion 343, carvibratfotatian

parti cul ar acon-.uses sa or_.set of es, to.convey Jjnformation
or whet her ?"ﬁéc pﬂg?t#%cﬁ 51%’“ é’glé%{%nt&ggglmi@lﬁtgwagl%%&%dn‘&ﬂ%sf Ej of tones at
di ffereni tdamésformeatign 25¢. dbdacomi sirgetars irdforenatiaplER hgheleginénaetionfddfiningxanpl e, in

sonme enbodi pents.a carri.er beacqn uses the same fiXx ton [ ope and
sector bedCaREeilEsT iﬂfefbg?cé)ﬁflg{lag%té’;éeg?tezgl?ﬁdegegﬁﬁm{l f"‘%ﬁang@%%{ﬁ@@h a
hoppi ng s eqBrnmestrudian énforfadomBi2i icriud@ b 4ype ridbiuideen 1252f whedfdronidndSmttniiyg ng

tones or sets of.t used 0 cons transm.tt from BS 200, . Tone

o or | oYt 205 PR RIS (0 FOHOIeR B ER AT A e BB

W t hin the daoaa?, ankpeser infematmd4whi ch may conrvey beacon signals,. e.g., the
bandw ﬂgﬂ of the range of tones used for beacon signaling may, in sone

tnodi ts, be smaller than the bandwi dth of the service band. 25 Ti m ng

i 7if or mati on 256 Typcihfottesion A5DmMRldsorfortefionddigingitenvaiohegesnt whgnal shoul d be
transmtted. For in_sone enbodi nents, on eacon,.signal is

Lt anar t ¢ e IPHRG ERR ALY, GRae B PGPt Ea s, FEE PP JOPERP#RBd oFDM
synbol tr anseiossiaba idcludebdatdnailassificatibn tnfiematmas arwiskiet a pidogparheacbintas mat i on
258, e.g., hoppi ng _equation or values that can be used to derive a

noppi no sedfeies bt dr G aRbeg o gt intiEtarhe B ikl PE oS Prsk P e by
beacon whi cdiff@entitmeh@pedf totks it differantpiadet,ieqU fallowiresoione I8ipping wagihbrica. Fdie ul tra
sl ot. Sequence ienf or mat i 0&51260 i ncl.udes a ﬁg%uenge gf bﬁﬁaf:ors t hat are
transni t t ed BOP Y SER THIPHIELE §F2HERE0R §7S & SR LEGaome B S SIoRBHE °¥He i r st
beacon i n theecout tise diffekedt toh& aadiffatent tetes beatiing, to ahsppidpsequen®l ni Ng beacons are
sl ope and sector beacons, the rennining beacons alternating between sl ope

and sector beacons WO 2005/ 038606 PCT/ 1752004/ 033894 : -
Tone information 254 includes information identifying tones or sets of tones used by

20  beacons transmitted from BS 200. Tone information may' also include information identifying a
range of tones within the downlink service band which may convey beacon signals, e.g,, the

bandwidth of the range of tones used for beacon signaling may, in some embodiments, be

smaller than the bandwidth of the service band.

25 Timing information 256 includes information defining when a beacon signal should be
transmitted. For example, in some embodiments, one beacon signal is transmitted dﬁring each
" beacon slot during a predetermined and fixed OFDM symbol transmission time interval of the
beacon slot. Hopping information 258, e.g., a hopping equation or values that can be used to
derive a hopping sequence, is used to determine the tone or set of ttmés used by a beacon which
30  ishopped, during a particular beacon slot within the ultra slot. Sequence information 260
includes a sequence of beacons that are transmitted during an ultra slot. For example, in one
embodiment, the first beacon in the ultra slot is a carrier beacon, and the remaining beacons are

slope and sector beacons, the remaining beacons alternating between slope and sector beacons



21 on successive beacon slots. Nunmber of beacon slots per ultra slot 262
includes information identifying the nunber of successive beacon slots in
an ultra slot, each beacon slot of successive ultra slots having the sane
‘beacon signal. Power information 264 includes information identifying
transm ssi on power |evels of each beacon signal. In sone enbodi nents, each 5
beacon si gnalwo mod/isedsni tted at a predeterm ned power Iﬂﬁjszdgy?:_,gsgpi gher the
power |evel used for ordinary downlink data and control signaling. Carrier
information 244 includes downlink carfler information 274 and uplink carrier
information 276, Carrier information 244 is |ocation dependent. For exanple,
a service 19" §9pesea ddeacsn platse Nymheriod heapwoslarnper hlingslot 26 ingledes ifermatiene bands
for differeplndataihl At DOWRLbIMNG boidh kloflin AR (R 4 ' AT T er
frequency infnorﬁrrg ion 27e§ aérﬂyg esér_viece Eanan%n orﬂn%i%agﬁb%géjogl&%gmygﬁi%ﬁea
carrier frededely havitahesamiednacar ggmahcParde infarmetiong6d inshudesipfhrigtioBS 200 f or
downl i nk  si gaalediMwarSmBsion bd¥r HOWOLA 2K, 1ald| it Qo : ntional
band for whi %ﬁ”bé% m_lar emgr.leé\rcﬁlgng. Serv%cg%g%ﬂ%{ay}gﬁg@?%%gggggﬁncl udes the
range of 3 f riegeanignalds tarenitied at apsedgiswninednowst igved mivplghigher BS o6 levshusdne

enmbodi ment sg § LWL GE Randy k Uggg%]- - around the downlink carrier
frequency. S{arl\‘éﬁc band {i nf ggnn%%l on g rfggl so i ncludes the bandw dth of the
service band. In sone enbodi ments the bandw dth of the service band remains
constant throughot; %Ea - | r es from

| ocation to | ocatl o%ll.ntf p ?%%@?g%u?ﬁ%o%ﬁqlﬁ%% ?lgorf&ﬁ%%&?{%&es gaélﬁ?ri er
frequency iinfoonationi2dm CBderdnformedey 24dds lvaatidn derdendent tFoo axa@®le 8 dervitdpl i nk-
carrierqfr RNl el | i Ny e y~BS 200 for
By k. 18] LAY bl LRSI i S5 ARG S8 oL S BnlREl) PBIEEY bana.
Ervi ce bandrienindermeationdiv4 28Nidesairive frenpescytiifernati nig &7 8cdnd Sereige band iidsrmasend  f or

uplink sig i | i I i's
centered aﬁ%ﬁh%g ?%Mﬁg’#ﬁ%‘?ﬁ% ?@gﬁfﬂraéqg%éﬁé@% %F%?%%ﬁ%g&/nm ormati on 284
al so i ncl udésntitiesigrativgic gt hegbwalink cawieyvithin tha noconyentiourbandifisodiichel's t he
bandw dth of. Lhe 'né.%&%(:é’l')a%ﬁ @ n%kxf%?ud‘é{ﬁlé}aﬁgé oftfggﬁ)éﬂgngMs%? tjge system
but the carrier fréquency changes fromlocation fo [ocation. Tn sone

ermbodi mént sdownhiek sigrlalingdit BS Wi jomle codpdiiments,ithe servine deidig céntered frvundehe of f set
and 1 emai nsCANSE Alter HBRRNEN Uhick BB hERon bib AR L ALIIRRfSn of B UP! i Nk
to downlink carrier interspacing nmay vary fromlocation to location. In
sone such extyindibamhtls some grhbiodimenta theibendwidh of tha sdrvicmband cdhains2d@taper f or ns

operations J%%u%ﬁﬁﬁey S}’S%B:’)‘H ei Rdiet 196%\[1%-1?:8 %ng&rﬂo%?%gﬁg{l Mo%a%oﬁ.hﬁplgnﬁlt ercarrier

spaci ng an r=ot her carrier rmati on. rrent beacon ot
i nf or mat i oreagit6inforablimely 6 gichided aadisx fraencrimfornion 23% 2o6 nervicoband @8ormaghot :
I ndex 286 1 %4t EuAGAGRP aShRhey iRHE%0h b8 R e allbt@r SbPby BES6FRPYRIL NI O a
beacon signal.

signaling, e.g., the uplink carrier within the unconventional band, Service band information 284

includes the range of frequencies used for uplink signaling by BS 200. In some embodiments,

the service band is centered around the uplink carrier frequency. Service band information 284
also includes the bandwidth of the service band. In some embodiments the bandwidth of the

25 service band remains constant throughout the system, but the carrier fisquency changes from
location to location. In some embodiments, the uplink to downlink carrier interspacing is a fixed
offset and remains constant throughout the system. In some embodiments, the uplink to
downlink carrier interspacing may vary from location to location. In some such embodiments,
uplink carrier ID signaling module 240 performs operations to convey information to WTs

30 corresponding to the intercarrier spacing and/or other uplink carrier information.

Current beacon slot information 246 includes slot index 266 and tone information 268,

Slot index 266 is the beacon slot index within the ultra slot corresponding to a beacon signal.



WO 2005/ 038606 PCT/1JS2004/ 033894 -22 Tone information 268 includes a tone
or set of tones conprising the current beacon signal and associated power

| evel s concentrated on that tone or tones. Timng information 248 incl udes
OFDM synbol transmi ssion timng, e.g., a tracking of 5 successive OFDM
synbol transmssion tinme intervals within a beacon slot and ultra slot as
time progre®®esosoviiodat a/ i nformati on 250 i ncl udes a plpavalstioyossdos sets of WP
data information (W1 data/informati 0 270, WIN data/information 272). WI
data/infornation 270 includes a set of* 10 data/infornation corresponding to

such a sions, users, eer no in onnunlc tions
SeSSI ons ST \‘K%?ﬁnag?ﬂéééﬁﬁa?%f BIWELS 58?1"“@?% TS IE| CBFIﬁ‘H PASAD SIERS B ce
i nf or mat i oressceiagd poB&r 12@0 caschgnebn e M bt RR&s, upl i nk and downl i nk assi gned
traffic channel segnments and dedi cated control segnments. 15 Servers and/ or
host devices nay be inplenented using circuitry which is the same as, or

simlar to, theTahihg mf@mmmf 248h@c1ﬁmeﬂpbmymbal&ﬁnaﬁ§dmmmg&q;c%&ﬁcmgiﬁ 200,
e.g., ac SS rout in Fi i nterfaces and/or control

e

routines SLﬁuFC@Efw[eéw SEQ‘P |“6Eﬁmé¥9°§é‘m?é?t?rﬁéﬂ§ pithig@\ppacan glof i yitiasips gt e The
control royibg&sesand/ or hardware in such servers and/or hosts cause the
devices to I nplenent the nethods of the present invention. 20 Figure 8
illustrates an exenplary wireless termnal (end node) 300, e.g., a nobile

node, i npl ementerlddidindGeneas0 encidbdy Ismﬁm?ro?mfwuﬁ%ﬁaﬁam @nri s capabl e
of perform the carrier._ search neth t he i nvention. Exenplary W' 300

may be any %@mﬂﬁgnﬁﬁ% 2(Q, YV TN gata/informatiqp 272). (WT'1 datg/imforgptien FQirclwies T¥60ipbi | e

node 30§y MadatalgfoktsRdn a&-r@pcsﬂaﬁfglt@wtﬁrsﬁahmal Ag('mwe sEQ®ond Ui pelr @8 des it M nal 300
kngludes a receiver 302, a transmtter rocessor 38 user |/ O device

308, and a GTEFRSRIFAPTOSEHOM B Vo gdPHiag H&fPlElaB% uﬁﬂaté/wé@rmﬁ%rpsmﬁ@e vari ous
el enent s ”ﬁﬁfonha[ﬂi)ﬁrec%"mo%&@le@i&nﬁﬁ&é)ﬁ%ﬁﬁzdaﬂ@domm'ééélg%é(ptrdfﬁ&éﬁdﬁl@e? routines

322 and data/infor ion 324 Recei ver is coupled to a receive antenna
316 t hr oughespmEPgiedenrdertedl seame@Ewnl i nk  signal s from BSs i ncl udi ng:
beacon signals conveying carrier information, and in sonme 30 enbodi nents,
broadcast signals from BSs conveyin |nfornat|on | i nki ng the downl i nk
carrierlio theStpeF Ad/adestidayices maay &p ailemened; usig gaadirawWhigle ts dersang s, pior

decodi ng 1 eggilyefl 1RRGOGR ofﬂammpmkyb%g@mﬂoﬁ ackb @B 30088 5 3 ek SoufRuUpl €d to a
transnmitter antenna 320 W@Bg whi'ch uplink signals, |nclud|ng upl i nk

traffic chahpetindiigyddmswity @@V@@oml EOUREPsfSpigA tyvhe petticular server/host

device's requirements. The control routines and/or hardware in such servers and/or hosts cause
the devices to implement the methods of the present invention.
20
- Figure 8 illustrates an exemplary wireless terminal (end node) 300, e.g., 2 mobile node,
implemented in accordance with the present invention which is capable of performing the carrier
search method of the invention, Exemplary WT 300 may be any of the WTs (14, 16, 14', 16,
14", 16"y of Figure 6. The mobile node 300 may be used és a mobile terminal (MT). The

25 - wireless terminal 300 includes a receiver 302, a transmitter 304, a processor 306, user /O device

308, and a memory 310 coupled together via bus 312 over which the various elements may
interchange data and information. Memory 310 includes routines 322 and data/information 324.
Receiver 302 is coupled to a receive antenna 316 through which WT 300 receives downlink
signals from BSs including: beacon signals conveying carrier information, and in some

30 embodiments, broadcast signals from BSs conveying information linking the downlink carrier to
the uplink carrier. Receiver 302 includes a decoder 314 for decoding received encoded
downlink signals. Transmitter 304 is coupled to a transmitter antenna 320 through which uplink
signals, including uplink traffic channel signals, are conveyed to a BS from WT 300,



WO 2005/ 038606 PCT/ US2004/ 033894 -23 Transmtter 304 includes an encoder
318 for encoding data/information into encoded uplink signals prior to
transm ssion to a base station. In sone enbodi ments, the decoder 314 and the
encoder 318 use | ow density parity check (LDPC) codes. Processor 306, e.g.,
a CPU, executes routines 322 and uses data/information 324 in nenory 310 to

control the eyagefeddsgs of WI 300 5 and i npl enent net hod sent
invention including carrier search. User 1/0 devices 335%3539“3’3% eyboard,

keypad, nouse, m crophone, canera, di€pl ay, speaker, etc., allow the user of
W 300 to input user data/information intended for peer nodes and to out put
user dat a/ i Triwsrmitier B&hinclndes en sedddr Bb&rﬁopaeodmgxﬁ&ﬁnfoﬂzﬁatmumb eesddg2glinknc| ude

comruni cat i and. wi S term n cont uft 328.
Wrel ess tes?#lilngﬁé%%% r%'llsmro%g ?%gééssé% I nc’inuam dér?qts edg%l(ractglgou%tl fe 330,
downl i nk camedder 318ed bwmgnsmmanhtg cI38R (LIRS} codes. CRrveasst 3066 Bal, miCREL ¢xocutayndul e
334, and Uptjohtﬂliés %raﬁhg.sres ﬁﬁlv %%%m moq‘% ]El(;to con glle%s‘érl tip%%f bnes 326

i npl enent the vari ous comrum ca i oS protocolr's use cont r ol
rout i ness 328d implemank methedsayf hreatrdsen inyéntioh mclﬂﬁngemazvsearcﬁioaser Vodedres 80%r 304,

user W0 dev e %E of t.h re i on,

Carrier sear%%y?%g%t %%E%S?gy%a%ﬁ’hérﬁé 3%%’%%%896&@? Sie Ehga*%r ?@Ts ear ch

nmet hod in a&ﬂ@(wmglnmwmw/tnfmneuorpnmscbmforlpmraodesamﬂto'Bb@ume:rdaermfsmmmh routine

330 incl uderg%ff %glﬂéeerlng%etsi al i zation nodul e 338, a 20 beacon nonitoring and
Ul

detection no i mng nodul e 342, a nonitoring band adj ustnent
nodul e 344, and a carrier detection nodule 346. Search initialization nodul e

338 useqy the dapall of ORI ANo AR ERBRUTLAL S0GSERIAN A Lord 08 20

'n) some " enbodi FOrRE
f1 equency 328 Bémaltss termibmal muMoImuMs WSemlmdesaxseaaaemhh ragting 300t Mnhmkﬂamenatl on

Cur ront Searont RaRy: Pt bl BeRSREN oo L M LB o)

under sone ¥ét of conditions, the search initialization nodule 338 starts
the search in a band at the | owest extrene of the downlink band to be
searched as identified in search start info 368. I n other enbodi ments or
under séhe ot heCommumioftioppyvdiites 32fsinplmestidhy @HoBG onnivnicatidng pitoioosis @88bst art s

the search i, t@o 8@‘?%&&?%&1{&3%98 bcgm fid (ﬁﬂraﬁél{s %ﬂrﬂgelr \érg‘"}%éé%%%%dzoﬁ ;& 9., One

band froma se revi ous use s(Jc as the | ast
previ ously i9dader I&b@wﬂw&ﬁ%s@d\lmmemmm.mem@és efdae preseiiihventidn. Caricoseargbdul e 338

tunes the Wiishes8huehedPR 3600 RflemeRh 85HELSH hERSA B8R AnRANE he

present invention. The carrier search routine 330 includes a search initialization module 338, a
20 beacon monitoring and detection module 340, a timing module 342, a monitoring band

adjustment module 344, and a carrier detection module 346,

“:) Search initialization module 338 uses the datafinformation 324 including the search start
info 368 and, in some embodiments, stored catrier information 352, to select a first frequency
25 band to be monitored when the search is started. Information pertaining to this inerval to be
 searched is stored by module 338 in current search band information 356. For example, in some
embodiments or under some set of conditions, the search initialization module 338 starts the
search in a band at the lowest extreme of the downlink band to be searched as identified in
search start info 368. In other embodiments or under some other set of conditions the search
30  initialization 338 starts the search in a band identified in stored carrier information 352, e.g., one
band from a set of previously used downlink service bands such as the Iast previously used
downlink service band. The search initialization module 338 tunes the WT's receiver 302 to the

selected current search band.



WD 2005/ 038606 PCT/ US2004/ 033894 -24 Beacon nonitoring and detection nodul e
340 uses the data/information 324 including systeminfo 350 and current
“search band info 356 to performnonitoring of downlink signaling wthin the
current search band to detect and identify beacon signals. For exanple,

recei ved 5 beacon signals may be recogni zed by the characteristics of hi gh
power concentyw@bias one or a few tones. When beacon itori
det ecti on nodul e gﬁgﬁéetects a beacon signal, inforna??qﬁ&m@m&38 tone and
~timng information, corresponding to-24e detected beacon signal is stored
in detected beacon info 358. In sone enbodinents, a detected beacon signal
by nmodule 340 interrupts and/or termnates a nonitoring interval, and

triggers a furt oper.at.i on r Vi ad and t he

(L ggers @ L eL PRSI S B s Rt AT A B BB ISR
beacon nonisyoem nfp 336taed watest sasreh bantl info 55 to pefond nmmtqnﬁgnﬁﬁmxﬂiny sibedling nat ed by
the detect f one beacon m ng 342 uses the

dat a/ i nfor n‘% f‘notﬁe Kyt ngh%n?m qe%{; and d“’%@gé‘?aé?“ S(B"'zr‘?sELP % ﬁc’i eﬁfﬁ?ﬁ& P TEEPET ¢ ng

noni t oriing hemnemgmllasmaytheawlogm@dﬂnhehetchaurm:tmﬁq{sloemghipmwer cenckntragdd capbnseaond type

O € OF 119 N ELY Snen $BEKIAG e BIEIRNLL B A% BRELUAL DAY P! rod. and 15

triggering a i onal oer Tonse nam)m ori Tt Ti m'ng
nodul e 342 1$’onmaaen, elgnmm: At tinging mmmmnnng)mcmmmmnhurde%ﬁdbm digeiing band

dj ust t 4 f 2 d h .St
o 565 art e R ET na e o B BRSO R B R B0 g 1
current seaBﬂ@intmmd ahWrmte@mn@ﬂ&mEMermlan@&ggers &ﬁmth&usdpeﬂahusrseg,al m ng
62} ey 2o "ABrEE Bl A6 BRL T PY kB RTLAT RN SRS Mokt | he

degection acon st gna eacon oringe and d Ft on nodul e
340, then tendodimmits, beacommbitedng mcqruﬁtameamt mrmmgbeo@d;ﬂnataylyltmmemm thehe

current 302 t
curt ent SeaLEhuiaed i 00 Sek gl R L1820 OB LAl gesier 502 (o
344 can si gneirol tiingtoperitings imoliding Staamtnmttomlgmmﬂs rtistkmmthe time Congpletidie
i nt | . d
it erval | A nakteto SR e 60% ol Phe LIBPGHSR T SQLLG"
moni t or 15ng tigaedrg/aiditiondh epersions ‘@hﬂnrﬂgn@aﬂmlgaatpwsltemm ﬁmdng wo@Ue342wgses change
the search ;pandk m%ﬁﬂg‘fﬂﬁﬁgﬁ ﬁ‘aﬁab Mﬁiﬁtoﬁ r?rﬁid d&gﬂ%@ﬁle bif @Ldration 376,

an de

e.g. | owering the sea SO t eacon signal is placed
at the t op det/intprnatiens2ddaplusing sprapivsiepAirp infe ﬁ@rﬁﬂd sl adiugmgnidefo Bé&tot he new

sear ch bandgjnQfqs IRLH 94 blﬂm%dié ERRh S8 6Hd Qﬁ&ﬁauénr%@r ﬁaiax%lé%ﬁa 1560t rols
t he receiver 302 to retune he new search band, signals the 30 timng

nmodul e 342 tngngiptgrel hes exitethes indieataddwitheginipgrmoduln %ﬁ\)ﬁéﬂhout@éﬁ defegtiondétect i on
MOdUl & FA6 YIS sibAYE L ea B D dnf Bet4n RGO Gerk 1A et G6kE 88hd

adjustment module 344 may increment the current search band by one search step size and

control the receiver 302 to refune to the new search band, and the monitoring band adjustment

‘=D module 344 can signal the timing module to start a 2nd first monitoring time interval, As
another example, consider that the beacon monitoring and detection module 340 has detected a

25  beacon signal within a first monitoring interval, the monitoring band adjustment module 344 |
may change the search band in accordance with the search adjustment information 376, e.g.,
lowering the search band so that the detected beacon signal is placed at the top of the new search

_band. Adjustmént module 344 stores the new search band information in current search band

information 356, controls the receiver 302 to retune to the new search band, and signals the

30 (iming module 342 to start a second monitoring time interval.

Carrier detection module 346 uses the data/information 324 including the detected

beacon information 358 and system information 350 to obtain detected carrier signal



beacon information 358 and systeminformation 350 to obtain detected carrier
signal WD 2005/ 038606 PCT/ US20041033894 -25 information 360 and determ ned
downlink carrier information 362. For exanple, the detected beacon

i nformation 358 during the second nonitoring interval may include
information indicating that two beacons signals have been received at the
same fixed twneoansswr e separated by the tinme intervapcfsaiioddbdsr a slot,

i ndi cating by beacon structure information 382 a carrier 5 beacon has been
detected and carrier detection nodul €3obtains detected carrier signal

i nformati on _360. Then using the DL carrier/service band informtion 378,

e.g., infofiemeeen 3604ed desrmimgd fevelink et informsion ikl Fanckamsleos daestrdser vi ce

band i n I ebakbRfhthRioh 858 BGing He'sb@hd BRAERRA ih QPR maf illude Rrfdrhi@sh of f set
between the carrier beacon tone and the carrier frequency and/or the

carrier belEisAliREshA B RSeqns Hetdlt have @f‘%é“éﬁl‘@d&f the sups fleed tosgiaed ¥e eapaEed, t he

carrier deb?ﬁh% tife inkéviTRer QuB4&, ﬂsit:ﬁfngwe&capmbmfe@nf@ﬂénbﬁBsz ddag{dmat i on 362.
Downlink carrier setting nodule 332 useS the data/information 324 including

the defer Risehag BWﬁIdP‘ﬁ%e‘E%drcP@Pr 4%?%9%4“%9@13@8@ detectedqarriegsignal t une, t he

recei ver 3QornBtidd¥0C hdni @ingtﬁéﬁﬂ@ﬁﬂ&%eﬁﬁ@b&ﬁﬁ%{ﬁ)ﬁﬁngﬁ% e 2intRibig carrier
determ nation nodul e 334 determ nes the carrier and service band to be used

by the W 3giatfngthe garies frequensyand agociatyl sewyire banddin silavionthip tofhecpmwier beagont | xed

rel ati onshige, ehetWREMNofkRELARLA me@kmama&artan%saﬁ@m@baﬂeﬂfﬁhhéalsy SRl HRT S
throughout the system In such an enbodinent, the uplink carrier

det er mi nat FEHETPBIFON E0S BOSItioR B TesPErb I fRRTICE RRadeERdasy, Hﬁé&m@é@ﬁc@@ det er mi ned,

MSES the dabadit Meiedadtdinkd WwabhinGrdh BiidRb®dnBeped downlink carrier information
f’3=_2 and D.L. carrier/uplink carrier info 380, e.g., a stored fixed offset,

to determine the UL carrier information 364. In sone enbodi ments, the

spaci ng bet WeechIvhﬁnIé'@M@rls&ﬁngaﬁgdﬁ@i%%%%@aﬁﬁnfaﬂﬁubﬁBzﬂﬁﬂﬁ&ﬁgrﬁeChanges for
different base_ station_locations jn_the systens, e. as shown in Figure

3. In one éﬂ@ﬁm@ﬂrﬂ%@%ﬁﬁrﬂﬂa}ﬁ@aﬁméﬁw S0E HERS, e P U2 fRREPYETT ¢ o T he
det er m nedsdqiehdy a6@Edrii8d bantthe WI' 300 receives and processes, using modul e
334, a broadcast signal fromthe BS indicating information which can be
used tdderive deternined UL carrier information 364. For exanpl e, the

broadcast sig nabphﬂﬁyamadieféaﬁﬁadohamume gacr &k MU EREMN 20 serfiee RhORMBAST
Gonnt i nk ekt Peite Y EARERESRIT B eSBa Rt B HUgarGes ses t he
dat a/ i nfor Bﬁ&«bdﬂﬁh&ﬁ%kﬂ@éﬂd@b@@pm&g uﬁﬁﬂ@’aﬂeﬁ&&o&&hoﬁt&hd’ dystemi Inf Em®@i i on 364 to
set. e.g.. ergltl)Jort]I:temenE rghee Jpgn?lp cS a?t]letr Etlgtémunoa%ons 1(1)10 a§34t gter X}T dowr[llmk carrier has been
20  determined, uses the data/info 324 including the determined downlink carrier information 362
and D.L. carderfuoplink carrier info 380, e.g., a stored fixed offset, to determine the UL carrier
o information 364. In some embodiments, the spacing between the downlink and corresponding -
fw) uplink carriers changes for different base station locations in the systems, e.g., as shown in
Figure 3. In one such embodiment, after the WT 300 has tuned its receiver to the determined
25 DL carrier, the WT 300 receives and processes, using module 334, a broadcast signal from the
BS indicating information which can be used to derive determined UL carrier information 364.
For example, the broadcast signal may indicate the UL carrier frequency or the broadcast signal

may indicate an offset of the uplink carrier frequency from the downlink carrier frequency.

30 Uphnk carrier setting module 336 uses the data/information 324 including the
determined UL carrier information 364 to set, e.g., tune, the transmitter 304 so that the WT can

transmit uplink signals to the base station in the appropnate service band.



transmt uplink signals to the base station in the appropriate service band.
WD 2005/ 038606 PCT/ US2004/ 033894 -26- Datatinformation 324 includes user
data 348, systeminformation 350, stored carrier information 352, timng
information 354, current search band information 356, detected beacon
information 358, detected carrier signal information 360, determ ned

downl i nk car Ryioosdsggo®r mati on 362, determ ned uplink c mat i on
364, and user/device/session/resource 5 information 39%%@5{00%’3; ?{a i ncl udes
data and information, e.g., voice, te®6, user application, and/or video
data/information to be conmuni cated to/ received frompeers of WI 300 in
conmuni cat i ons’ %ﬁsﬂomouﬁwnwdegﬁw 9348y sysieminfiofroation 5% sfo@8 Cartierc| udes
search ba“dmfo%ﬂ&{%n %ﬁ?%aﬁaﬂnéﬁg%é @Lﬂ%eﬁi“seg&ﬁﬁatnd O QTR 4 @&t&%@bea{c g St
nmoni t ori ng |nterva i'nfor Ion , second nonrtoring in érva OI‘IT&'[IOI’I
372, sear chinfrogios 33% detadted qruter signad formeteom 366, dajuiseddvnlinindaniarat i on 376,

domnlink C | i [ i nk
carrier | nf%fo%ﬁoéﬁ%é%tg&npﬁqﬁg%ﬁ%ﬁ@ n o@%%lagg\ﬁ%ﬂ%@%g%s%hﬁ%é% range

i nf or mat § oninB@8ationd®ides i nfor mati on i dent i fying the downlink band to be
searched, e.g., the downlink band wi thin an unconventional band. Search
band range information 366 also includes limts on the range including a

m ni num fr equeibs dandicrdendatd avidimfornsbion: el5. v@te, lepy ufer epplientioy, anSeavidde st art
informatio f R ch band
to be usedndaghﬁgb@%o}sfgo:%c Oh]gI ﬁg(%fo{)%ceﬁ\%g\;ﬁéhl p\%rggf %I?Iejtolﬁ%ﬁgl n glh%&%%)vvnl i nk
“band to be ssesiomglith WAV 310. i nf or mati on-i dentifying a search start techni que
to be uggd, e.g., use the last successfully determned service band which :
: ha' been saved in stored carrier information 352. First nonitoring interval
information 370 Sysieh indermationi¥56 invadeonartioland Fngs infprinpiiondiGbaedrgrstaf a fir st
noni toring I second
nonitoring lﬁoﬁadloﬁtgggr égélt ndo tdﬁ%% ergdg%%lg@% %bgcsk%gaé\%(rﬁﬁﬁgi 'Eul&l)[ ﬁ?ll rst 25

noni t ori ng information 8%, wrch sEpsize infomitiaariThgearthmsljusiment infirmgion 336.slowilinkl udes
informatio H:sﬂﬁ al is
term nat edncarrl on e%é;%%l ?glrf]&ﬁ?&(gl jgg:&&'{)iﬁji nktcgﬁle; ﬂhﬂ( Lhig’r g%q r%g@[’

moni t or thg bemoemfamnangn %&inﬁpﬁﬂ‘e@nééﬁ'ﬂl&?@fm@@éé@@ ’rlilglu@fé inforetiomifentifing t or i ng

time intervgl do&nﬁln}?@iﬁ@t&ﬁ@s%&lbﬁ%né §1mé&tﬁvnhh12§éldminta‘a h%véﬂtﬂﬁalbéﬁdef val is
set inthe ran o 2 beacon slot intervals or sl Ightly larger. For

exanpl e, i rﬁ%ﬁhgmﬁwaﬁmwfﬁé@w iRshedesjmits oaﬂwéaltg@ﬁl%}d&g agHinigPcosec, the
first moni teia8y i@ a\@hinludh SRkh Rink 3OHRASG:. Search start information 368 includes

information identifying the starting search band to be used, e.g., a search band at the lowest

20 position in the downlink band to be search and/or information identifying a search start
technique to be used, e.g., use the last successfully determined service band which has been

saved in stored carrier information 352. First monitoring interval information 370 includes

information identifying the duration of a first monitoring time interval in which operation will
proceed to a second monitoring time interval if any beacon is detected during the first

25  monitoring time interval. First monitoring time interval 370 also includes information
identifying as to whether the first monitoring interval is terminated upon detection of a beacon
signal or whethef the first monitoring interval is completed before proceeding to a second
monitoring time interval. In soms embodiments, the first monitoring time interval is set in the
range of 1 to 2 beacon slot intervals or slightly latger. For example, in one exemplary

30 embodiment with a beacon slot of 90 msec, the first monitoring interval is set to 180msec,
Secondr monitoring interval information 372 includes information identifying the duration of a
second monitoring time interval in which the search band is searched to identify a carrier

beacon. Second menitoring time interval 372 also includes information identifying as to



Second nonitoring interval information 372 includes information identifying
the duration of a second nonitoring tinme interval in which the search band
is searched to identify a carrier beacon. Second nonitoring tinme interval
372 also includes information identifying as to it WO 2005/ 038606

PCTI US2064/ 033894 -27 whet her the second nonitoring interval is term nated
upon det er m wataewigehe a carrier beacon signal or whet betntdiesgeond
nonitoring interval is conpleted before proceeding to use the determ ned
carrier information. In some enbodi meRfs, the second nonitoring tine
interval is set in the range of 1 to 2 uItra slots or slightly larger. For
exanpl e i n Wkieehe mspad pomtoanpinir b termigies Brogfletiipetiog obe carderpeasan sec, t he

second noNi di@kl dAhkthbERYREord SnchbrideGntdrya 1§&Fﬁ1pleteﬁ%fo?é‘p1§&e%&n§iozlﬁe iBt erval 374
includes information identifying the anpunt to change, e.g., shift to a

hi gher f r ecff&RIped qafier infiormatien. J@ spreaFrgfiepentsghg S@Wﬂﬁgnqnﬁ@mtgd%ﬂ lé‘F’l'VélHS of a

first type s@ﬂﬁ'tﬂe%ﬂgBG‘flto'llttﬁtrré/ﬁc!)tsWsﬁlﬁlﬂ}ﬂlmﬁé}e%&ﬁﬁlﬁ%&fex&nﬁﬁ?con signal .
Search adjustnent information 376 includés information used fo-control the

amount of Sdjbedimsainwherganyulira dpfjif {44 g, thescendmpaaieringdaiesnl ipsgi & BP0l | owi ng

the detect Iszarcmte@sﬁaqa@ﬁm :Szu%aide@hﬁfmﬁamﬁ idehif§ing %Moﬁﬁﬂt@ghahgé 8V @life toFOr
exarrpl e, in sone enbodi nents a carrier beacon s at a fi xed requency

position irf higher Geapeicyhpeagolfrethband, follpwing e comepigiion ph fisshiypomeriiotisac on

si gnal and ;ReAGIMH-ANRSIREEHPN a4 TR S8hdl NSrch WS ekt OB Bbn 37d1R1SRYE Vi Ce
band. I n such an enbodi nent, the search adjustrient information 376 may

incl ude i iPGFPAYET B fRcoatreldhe farupiat adiuimel & & ¢hifioof the Brenhieargbiéh band

W th r egpechiidving M6 dél&kier belbed@nRRAN AdridLs MOSM R ofidpahefral AloF eﬁhpieeiac on
§hbul d be detected during the second nonitoring iInterval ., hove the

carrier barf§mssubalimentyicagior braceHs Blediea frequgnryipositorpin ﬂﬁf@”ﬂ%é’mﬁwmﬂ’és sear ch

band.  Dowr 1bds t6rlitidn @hy SBE HekBn Bighd aﬁdﬁegaoﬂ%w&cﬁ%ﬁsome abfde §uﬂs&fr81rgé@it I on
identifying the relationship between the downlinK carrier and the downlink

servi ce  baribe sewigg band. H sughip PRpRdiaet hecssarpipgrisient pimmationP7s may inglude e

downl i Nk CaffoineioR Bd REEHRIES v@el% @&fdsfnbﬁ the la@amlvuam Rith teRheRt B i Rlesi®q 20
i ncl udes information identifying t relati onship between the carrier beacon

and t helartiefssp to qupug F}?é’i"f’c‘iﬁmeé bﬁ':jlcon fthﬁ‘éld B %@Fe‘iéﬁﬁ%&ﬁ%&“%@qﬁ@n@ﬂ iptepgh on,

| ower or highefove i3@hrib¥hng 86 thihc REICA Beack:Dfidial i 2thd &8 L fk MRdhbengcar ri er
frequency. wnl i nk_carrier/uplink carrier jnformation 380 |nc|udes

i nf or mat i orfPYeEEk earidstrEraPand “tfﬁ‘@aﬂﬁﬂ ?WR“"&%@F? intrmptianddeagbinedhe wlapenskip st at i on

based upon pefyeeeing abwitin® @Ak K tHeTowhBik sefvRE bﬁfaaérgl Be dbWnIEQBEvieshadisment s,
the uplink carrier is a fixed 25 offset fromthe downlink carrier, and t hat

fixed val ueeBfedpPiidheraRmiipiearis apd @F“@ﬁé@?fﬁ?&wﬁ@“@t@he@ 9 #/&aor mat i on
380. | My O @RORHIrARnSdentig il eAKHRYBLNR (ROEHHi® beRBREdEE M%aiek €5

frequency, e.g., the number of tones and the direction, lower or higher, that the carrier beacon

tone is offset from the carrier frequency. Dowalink carrier/uplink carrier information 380

includes information used to determine the uplink carrier frequency of a base station based upon
a detected downlink carrier. For example, in some embodiments, the uplink carrier is 2 fixed

25  offset from the downlink carrier, and that fixed value of uplink/downlink carrier spacing is
stored in information 380. In some embodiments, the uplink/downlink carrier spacing varies
from location to location, and each BS sends a broadcast message with information that may be
used by WT 300 to derive the uplink carrier from said message. In one such embodiment,
information 380 includes information identifying the broadcast message and parameters used to

30  derive the uplink carrier from said broadeast message and/or the determined downlink carrier.

Beacon information 381 includes beacon structure information 382, Beacon structure

information 382 includes beacon type information, tone information, timing information,



fromlocation to |location, and each BS sends a broadcast nessage with
information that may be used by WI 300 to derive the uplink carrier from
said nessage. In one such enbodi nent, information 380 includes infornmation
identifying the broadcast message and paraneters used to 30 derive the
uplink carrier from said broadcast nmessage and/or the determ ned downli nk
carrier. Bewoeoosipse mati on 381 includes beacon struchdfBshiicssmt i on 382.
Beacon structure information 382 includes beacon type Information, tone
information, tinmng information, WO 2885/ 038606 PCT/ US2004/ 033894 -28
hoppi ng i nformati on, sequence information, nunber of beacon slots/ultra

sl ot, and pemrs inforhgionegeisnce idoangtiop mpmbersf bercen fefetlimelor, pidbpavst i on 382 i's

simlar to iﬁ@ﬁ’ﬁa‘ﬂ@n.s}ﬂe%@a% Ogcdg@g%g}ggif&ﬁa&é%szl ng@ﬁm&te\sc&;gfgémed wi th

respect to exenpl ar carrier ornmat 1 on I'ncl udes

i nf or mat i orinfenagian 24%eprevigurly dreqribed with torprst Wniekaptplarh B @0Been previ ously found
by a carrier search operation and may have been previously used by W 300
for conmunications. Stored carrier information 352, in sone enbodi nents,
includes tinme Pagdamdenniofmasignéftipclodes infernianfroomatricorand serwiae bands whitle  set s
of stored ' | | QR : ' rt. a
carrier segﬁiﬂcg%pr%ﬂé&F@ﬂ u eflcf h%lg? %&g%@#@ﬂ‘g&%@&%@é@%&%ﬁﬁ%ﬁ d
carrier. “WTphoneprimninafiensi Ster@3arierinfordeion GFDiA syeivoibodimants.indgiepn

timng, €. Qe t@g.&ﬁ%ﬁﬁé@gncslfofus%‘f% ﬁF]YSn Ry STRQYe s&feﬁ@&%ﬁﬁoﬂﬂa&hqﬁm né

intervals wthih a beacton’slot and ultra slot as tinme progresses.

i nf or mat i osudsa epbedmpnicVi FOS miay sttt aparfiersearehost Kiedagt vediagerondie nzst t i ne 15
remai ni g s i itoring interval or tine remaining in a second
em fRainill b3k AR g ! . | ng.

(rghl tor%g %ﬂt g‘rtaﬁ%. ¢ rrent search band information 356 includes
information identifying the settings of the current search band, e,g.,

frequency and bay .iﬂfopm%agﬂ'égfﬁhuééﬁﬁ;MMI{rﬂis@g‘s%-ﬁ% gﬁ@ é‘ér&?inébf‘c' udes

information identitying when the current searc sea started. 20

Det ect ed. bewgsensive FOMisymibohtr@&8issierctimelatervalsfvithine beacrnpsbot and viirngottaptiet ect ed
beacons d.‘f&dcgf&ﬁs § Peipfidd SforRHOL B9k LPinkiBA ?En\f@r!:ﬁti Eﬁg ﬂ%gﬁ%ﬂ dsQdeN9
interval s i'n¢luding: tone or tones Used y eac et eCted beacon, timng of
‘beacon Wi t hémeininginalfirstanogitering iyeryelon tity praqaindngin a Fesend wReitgping inteaval.i r st beacon
may be detected during the first nonitoring interval and at |east a second
25 beacon may be detected during the second nonitoring interval. Detected
carrier signal Curenbsepmh band igieonatine Bifindudel informptionddensifdreithe sattingsefibsy whi ch

has been deLer el vhddO8h MredufRSnd bandwidth, Cutrent search band information 356 also

includes information identifying when the current search band search started.

20
Detected beacon information 358 includes information pertaining to detected beacons
*IFD . | during the first monitoring intervals and second monitoring intervals including: tone or tones
¢ used by each detected beacon, timing of beacon within the ultra slot, beacon type, efe. For
example, a first beacon may be detected during the first monitoring interval and at least a second
25  beacon may be detected during the second monitoring interval. Detected carrier signal
information 360 includes the carrier signal frequency which has been determined from at least

the frequencies of the first and second detected beacon signals.

Determined downlink cartrier information 362 includes carrier frequency information
30  384,e.g, the carrier from information 360, and its cdrresponding service band information 386,
¢.g., 2 bandwidth of the downlink service band and information identifying the position of the

downlink carrier within the sexrvice band, e.g., centered.



the frequencies of the first and second detected beacon signals. Determ ned
downlink carrier information 362 includes carrier frequency information 30
384, e.g., the carrier frominformation 360, and its correspondi ng service
band information 386, e.g., a bandwidth of the downlink service band and
information identifying the position of the downlink carrier within the
servi ce bandwaogsssstent ered. WO 20051038606 PCT/ US2004/:933%94033502°
Determ ned uplink carrier information 364 includes carrier frequency
information 388, e.g., fromthe uplim carrier deternination nodule 334,
and its corresponding service band information 390, e.g., a bandw dth of
the uplink ser vild& HEsdupling crEeGPvENTR S0tiapindes girer fraquency iereiaton 386, t he
upl i nk. carrg.er s &H&I@nﬁmﬁ% BB RaNodile B4, ari8R L8 EPondRe service band

User/ devi ce/ Session /resource information 392, e.g., User Fdevi ce
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segment s3f or W 300, nay be accessed and used to inplenent the methods of
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invention. Figure 9 is a flowhart 900 of an exenplary nethod of operating a
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the present bR oo Reh &l dsAncaluflidiont dowinR R enatORE EndniCnhBafoPt al | ON
I d part of e 15 beac

is powered on and initiallzed. initialization, on sl ot
i ndex may behagw seggewpior WhHal0, saeks acpeserd anbesd rimplegent the mpthedsiof tes| ot
nerati gf  PeQGERARIS QMo? HARsRORird: AsediGRuphiibnt thinSbfgn 904, the base station
' sjoperated to obtain the beacon slot index within the ultra slot. Each
.beacon slot is a non-overlapping tine slot wwth respect to adjacent beacon
slots. Each ult rgeusd Of airGhnitkemo 8r fd XEHpIRY HMRodQF oBAGE A Bass xAlish, c GPBEAL | ON
proceeds from stPng 9_04ato step 906, V\he?_gHt he Obasg st_a?i on é_eter’ﬁlgr?les t he
beacon type2®nte tepmet bracasiana in doemdames withibe piesant insention Spagkiien sisEsiad upon
the beacon ﬁéﬁuﬁ! \kt})‘ﬁk‘?é(the Eﬁ?:@&atﬁﬁﬁ@ﬁ&vér&l ARG BltialifedP ARk b MitQfizalbd el €nt types

[
of beacons, eac eacon of the different types being transmtted on a
di ff er eA? teageongiot Eex oy beoikle opg. theilpwashiadasdeecon slebjian eliratsloh dOperatios one

embodi Ment Sprogefid otk step 90280 Qcép Qﬁff’l%)ﬁepsé(ﬂntﬁé b8 §atbnlié a‘lﬁgatédrtSGH%H%é HeRBRL 1 ON
W th respec? to the | owest tone in the frequency band. In some enbodi ments,

the first tSpéndsk witsindkslngdots Enghbsarop sletis @ AenroTeplappinedimoRoiffitbassred i ower or

hi gher t hanyglcln: @LRER s16 PRh UeraRRRERNEesta TAES Midile 8F R¥cdbBoRaBBeridat | ON
within the Service band. In sone enbodinents, the first type of beacon

signal is repeedsdpn gemDddo piap 940eivhers the base station determines the beacon type and tone
20 designétion for the next beacon signal based upon the beacon slot index. Bach beacon is one of

a plurality of different typeé of beacons, each beacon of the different types being transmitted on

a different tone or set of tones within the same frequency band. In some embodiments, a first

type of beacon signal has a fixed frequency location with respect to the lowest tons in the
frequency band. In some embodinients, the first type of beacon has a fixed frequency location

25  which is lower or higher than all other types of beacons transmitted by the base station within
the service band. In some embodiments, the first type of beacon signal is referred to as a carrier
beacon. In some embodiments, other types of beacons include slope and/or sector beacons. In
some embodimeﬁts, the slope and/or sector beacons nse frequency tones which hop over time.
In some embodiments, the first type of beacon signal, e.g., the carrier beacon, occurs less

30 frequently than other types of beacon signals, e.g., one carrier beacon per ultra slot, and multiple

slope/sector type beacons signals per ulira slot.



beacon. I n some enbodi nents, other types of beacons include slope and/or
sector beacons. In sone enbodi nents, the slope and/or sector beacons use
frequency tones which hop over tinme. |In sone enbodinents, the first type of
beacon signal, e.g., the carrier beacon, occurs less 30 frequently than

ot her types of beacon signals, e.g., one carrier beacon per ultra slot, and
multiple sl r type beacons signhals per ultra 05/035606
PCT/U8200416§8§@%£&%§0 Next, in step 908, the base sté%#gﬁmwg&%%grated to
generate said beacon signal in -accorﬁhnce with the determ ned information
fromstep 906. Then, in step 910, the base station is operated to transmt
sai d gener at ed Mexhdostes0Gntae baje sirng isefethidddn eanrats| said begsog signdiri ng the OFDM
symbol tra eS| I
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basis, in accordance with the present invention. The exemplary method starts in step 1002,

20  when the wireless terminal is powered on and/or initialized to start the search method.

Operation proceeds from start step 1002 to step 1004.

In step 1004, the WT is operated to select a first frequency band to be a. monitored
frequency band. For example, if the wireless terminal was just powered on, the WT may use the
25  frequency band last used by the WT as the selected first frequency band, a likely frequency band
based on previous WT operations, or a predetermined selected band such as the lowest

frequency band in the range to be searched. Operation proceeds from step 1004 to step 1006.

In step 1006, the W'T is operated to. start monitoring the first frequency band to detect a
30  beacon signal during a first interval of time. For example, the WT tunes a receiver to the
selected band of step 1004, starts to receive signaling within the selected monitoring band, and
evaluates any received signal to determine if a beacon signal, e.g., a beacon signal being a signal

including one or more high power narrow bandwidth signals transmitted at the same time, has



frequency band in the range to be searched. Operation proceeds fromstep
1004 to step 1006. 1In step 1006, the WI is operated to start nonitoring the
first frequency band to detect a 30 beacon signal during a first interval
of time. For exanple, the WI tunes a receiver to the selected band of step
1004, starts to receive signaling wthin the selected nonitoring band, and
eval uat es anwonesesssed signal to determine if a beaconpSi@igsmnssg4d- .
beacon signal being a signal including one or nore high power narrow
bandwi dth signals transmitted at the-¥ane time, has WD 2005/ 038606

PCTI US2004/ 033894 -31 been received, |In some enbodi nents, the beacon

si gnal s mayeasdecsivet- (iR apme gmbadingnis; Bp Beppon sjgrals may be p plusality gf giffergat gypes, g
carrier beag®fpsiegn %'cmﬁ@%dﬁ&ntsfgﬂﬂ,sﬁalgfn%ﬂsrﬂﬂe@ontaQB& 1%k BGixd deis%@rbuthé et
fromthe .|owest tone in a corresponding frequency service band, said first
type of bedV6H iedhaFoepPging fiegsas Sevicq bensh srifl fimidypesiibeaconsiznshieinty ghest

tone of anyafmitaiueind8RcG st @Raighed: E@B%ﬂn;yto?%d BeaScH sthnals LhRAHRAGY kT Vi Ce
band. I n sgnme enbodi nents, the operation of detecting a beacon signal

i ncl uded dEPBERGYFVIREaRth dp eRmermbedimgntpdbpaparatipefaetedingidgtconsiget ni ni ng t he

phase of saicthaheReeihg B SRAN-of Ll AR sRANOFIOR AESmmibie telphat of Rldeddh Of
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sl ots or sPisit Inpopg prghpdimenis theifirs iptesys plizamsis £p ared glighdpber dan gt ep 1008.
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a beacon has been detected, operation proceeds to step 1010;" ot herw se
operation ﬁ?%@g@ds to step 1012. In step~1010, the WI changes the nonitored
frequengy band by an anmount which is Iless than the wdth of said nonitored
frequency band._ In sone enbodi ments, under sonme conditions, the 15 change of

Step 1010 is a BAkARISthe Y} shepks as laheBrea Raaersdiarpgsh deteqiete Thpbracnrhay

frequency bRaREiet:sd, ShaiAGeeds RAkept108D; GRBIWHRI e afidrabRBEY o Renthibam t he
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step 1010 ixgdrs bicdidiriolitofe® fredudbed bafi® h k&thd disboBimeh3 QundBibind b&iditiohd, @guency band
shoul d detect within_its band, beacgn signal .of the first type

: a ) . , €.0g., a
carri ert320 hagcefiter APt is e chanepeioendits 1 1uin cabafmeri.dhe gordtorsd REEACY | n st ep
1014, the whidat @Bsgcieb tatik mositodAETeahnty bad histhd fritaBidyQF tha detbdied tebdohent
nonitored frequency band %o detect a,  second beacon sbggahldurlng athird
time peri odi8ngaya sERiested offseidromythy trp of themonsiorsd fepanragy Biida ff °Reer val slightly

| ar ger t hapRmBtirh&H:E théahangh bfdlep 1060 WE@H tak cdnBAgl mofitrBE oPBe hichisdred ype beacon
signals, e.g., the beacon type signal_ fromwhich the carrier rra%/ﬁbe
det er mi ned frequency band should deteCt within its band, a beacon signal of the first type, e.g., ac

20  beacon. Operation proceeds from step 1010 to step 1014,

In step 1014, the wireless terminal is operated to start monitoring the current monitored

frequency band to detect a second beacon signal during a third time period. For example, the
third time period may be an interval slightly larger than an interval which includes at least one of

25  first type beacon signals, e.g., the beacon type signal from which the carrier may be determined.
In some embodiments, the third type interval is slightly larger than an ultra slot. Operation
proceeds from step 1014 to step 1016,

In step 1016, the WT checks as to whether a beacon has been detected. If a beacon was
30 detected,. operation proceeds from step 1016 to step 1018, In step 1018, a check is performed as
to whether the detected beacons provide enough information to determine the carrier. In
different smbodiments, different numbers of beacons may need to be detected before the carrier

can be determined depending upon particular factors in the beacon signaling such as, e.g.,



I n sone enbodi nents, the third type interval is slightly larger than an
ultra slot. Operation proceeds fromstep 1014 to step 1016. In step 1016,
the WI' checks as to whether a beacon has been detected. If a beacon was 30
detected, operation proceeds fromstep 1016 to step 1018. In step. 1018, a
check is performed as to whether the detected beacons provide enough
information &g,Mehikei ne the carrier. In different enRgdish@iiassesdifferent
nunbers of beacons may need to be detected before the carrier can be

det ermi ned dependi ng upon particul ar #4ctors in the beacon si gnal i ng such
as, e.g., WO 2005/038606 PCT/US2004/033894 -32 nunber of beacon types,
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Assuming that the detected beacon signals, thus far, provide enough information to

determine the carrier, operation proceeds from step 1018 to step 1020. In step 1020, the wireless

terminal is operated to determine from at least the frequencies of the first and second beacon
signals a carrier signal frequency which can be used by the wireless terminal to obtain a

25  commmnications service. However, if the detected beacon signals, thus far, do not provide
enough information to determine the carrier, then operation proceeds from step 1018 to step
1022. In step 1022, the wireless terminal is operated to check if the third time petiod has
expired. If the third time period has expired without the wireless terminal detecting sufficient
beacomns to determine 4 carrier, as was expected, this may indicate that the WT has moved out of

30  range of the base station since the first beacon was detected, and therefore the wireless terminal
should search within a new band. Temporary interference may also have occurred preventing
the detection of the carrier beacon. If the third time period has expired, operation proceeds from

step 1022 via connecting node A 1024 to step 1004 to restart search dperations, For example, at



signals a carrier signal frequency which can be used by the wreless
termnal to obtain a 25 communi cations service. However, if the detected
beacon signals, thus far, do not provide enough information to determ ne
the carrier, then operation proceeds fromstep 1018 to step 1022. In step
1022, the wireless ternmnal is operated to check if the third time period
has expiredyobdoshR@st hird time period has expired w tigauds:dolresassis r el ess

- term nal detecting sufficient beacons to determne a carrier, as was
expected, this may indicate that the ¥ has noved out of 30 range of the
base station since the first beacon was detected, and therefore the wreless
termnal  <HBAPIRt LpdPSheagiselent e aeHdindhsdas @é?ﬁbb@%ﬁ?ﬂfﬁ?ﬂ#ﬁ"é? eM¥éahay al so
have occur regtaheceih bgs cdeRer igdection of the carrier beacon. If the third
time period has expired, operation proceeds from step 1022 via connecting -
node A 1024 to step 1004 to restart search operations. For exanple, at WO
2005/ 038606 PCTRbSAAAS 033R04, it rd huldeftod i nBL BP0 ARIGRKEEL e next
band t hat has not een sear ched, can peat e search

t he cur rentSgdRe: Wﬁ@?ﬂwmzw&smﬂ@{n’éﬁw@@% mcmowéhetwmwtpwt@ndmu e has
not expi r eetc@REeiloh SiBndl OFERMR phReed? 1SRy 107010 ¢ v%%@ethe wirel ess term nal
continues nonitoring the current nonitoring band t detect a beacon signal.
Qperation proceeds fromstep 1026, to step 1016. Retuning to step 1008, if a

beacon signal wasufaj to@%qséaeﬁ,abe&%ﬁaﬂgmwapﬂo@aa@&ea &&ra%bﬁemcéegslt%,steﬁhere the
W is operated to check as to whether 'the first period time has expired.
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during a  SRAeOKR tfofk\aichd atiddiBhe WINHSIR RRaSE fE@cP&ﬁcy #ahe BRE&QRSep Nt er val
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det ect ed, ocPeratl on proceeds to step 1010; ot herwi se ozneratl on proceeds from
step uration as ‘r.hc irst interval of time. Operation proceeds from step 1032 to step 1034.

20
In step 1034, the wireless terminal is operated to check if a beacon has been detected, If
a beacon was detected, operation proceeds to step 1010; otherwise operation proceeds from step
1034 to step 1036. In step 1036, the WT checks as to whether the second time period has
expired. If the second time period has not expired, operation proceeds from step 1036 to step

25 1038 where the WT continues to monitor the second frequency band to detect a beacon signal

during the second interval of time. From step 1038 operation proceeds to step 1034.

¥ in step 1036, the second time peried was determined to have expired, the search of the
second frequency band has been unsuccessful, and operation proceeds via connecting node B
30 1040 to step 1042. In step 1042, the WT checks as to whether the end of the monitoring range
has been reached. If the end of the monitoring range has not been reached operation proceeds

from step 1042 to step 1044; otherwise operation proceeds to step 1046.



1034 to step 1036. In step 1036, the WI checks as to whether the second tine
period has expired. If the second tine period has not expired, operation
proceeds fromstep 1036 to step 25 1038 where the WI conti nues to nonitor

t he second frequency band to detect a beacon signal during the second
interval of tine. Fromstep 1038 operation proceeds to step 1034. If in step
1036, the sewonshbds®s peri od was determ ned to have exppggehopdodfesearch of
the second frequency band has been unsuccessful, and operation proceeds via
connecting node B 30 1040 to step 104%. In step 1042, the W checks as to °
whet her the end_of the nonitoring range has been reached. If the end of the
noni t ori ng r ang& HastbttheWd s enstéaddeichapesthe memtomddeaeasy bind dminsthep 1042 to
step 1044, i | st . 8606
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the fourth period of tinme 1s the same duration as the Fi'rst “and/ or second
periods of time. 10 Operation proceeds fromstep 1048 to step 1050, where a
check i g perfor gRdafch ﬂr&egaml%}nm@erg 124@@1;%& rioiha%h&‘é%e)%égﬂs%med'az @ beacon

hag been detected, operation proceed rom step vi‘a connecting node C

1052 to st ephethenpbeapqmpiayeren detected. Bemlsaerntiasbesn detertadnoperidive proeerds Bprer at i on
proceeds t qust6f ﬁgéﬂxﬁ?ﬁ?gg&%@ﬁs% &é}ﬁ‘@%@ BSwdver; WRGENSBE nhdier fyr th peri od

of time has expired. ourth period of tinme has not explred, operation

proceeds f rd§¥eFiad eperatipnpomaeds & Sepel§S4.088retkreWd cherks o adpiteriadoumorariodr i ng
the sane frgauensyexbald i @e F&%ﬁﬁﬁémoa of Qﬁé‘ﬁz@rﬁmséxgﬂéﬁ o tfofs? rdobRls oM e

interval of tine. eration ﬁoceeds fromstep 1056 t o ep. 1050. Returning
to stepl305454 tofstepHBSG whare e N Theonfieies Bamifesiag Biz simalicquenseband todetprtaceeds vi a
20 connect igaghoR §gga BurkRARe folriShRRalGite, Iapgx;dﬁﬁl prdebds fibnf LONRIBES 1100 Of an

exenplary nethod of operating a plurality of base stations in a
comuni cat 188 systemincluding at least a first and second base station
| ocated in '

Returning to step 1054, if the fourth time period has expired, operation proceeds via
20 connecting node B 1040 to step 1042.

Figure 11 is a flowchart 1100 of an exemplary method of operating a plurality of base

stations in a communications system including at least a first and second base station located in
different geographic regions. The first base station uses a firsf frequency band, while the second
25  base station uses a second frequency band, the second frequency band being different from the
first frequency band, Operation starts in step 1102 where the base stations of the
communications system are powered on. Operation proceeds from step 1102 to steps 1104 and
1106, and optionally, in some embodiments, to steps 1108 and 1110.

30 In step 1104, a first base station transmitter located at said first base station is operated to
transmit a plurality of beacon signals during a first time period, said plurality of beacon signals
including a beacon ‘signal.of a first type and a beacon signal of a second type, said first time

period including a fixed number of non-overlapping second time intervals, Step 1104 includes



di fferent geographic regions. The first base station uses a first frequency
band, while the second 25 base station uses a second frequency band, the
second frequency band being different fromthe first frequency band.
Qperation starts in step 1102 where the base stations of the conmunications
system are powered on. Operation proceeds fromstep 1102 to steps 1104 and
1106, and optigoaalobises | N sone enbodi nents, to steps 119§r gﬂfﬂjM 30 In
step 1104, a first base station transmitter |ocated at sal I'Tst base
station is operated to transnmt a plifrality of beacon signals during a
first time period, said plurality of beacon signals including a beacon

si gnal of dbefdpegiions ppebsstey 141% dmswbrstapi 1§ b khediist hass ebomitranympiéer is apethtddite st ti me

period i ncludj e val s.
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proceeds frﬁ@mntlﬁrﬁ@ntdimgemtlmm@ﬂmspmdsrmqr@nmecesmwfhm@mesvmqﬂ 1104 for a
repetition of first base station transmtter beacon transm ssions during
another first time period, e.g., the next successive first tinme period. In
step 1106, a sefe‘;-@mlb%ﬁséS@P@ib@ﬂﬂ%ﬁ@ﬁﬂﬂﬂébﬁ@bﬁtﬁ@ﬂSf&tmdslatﬁ@f@en@nd base
statiomg s éche %ﬁ‘s’&ﬁ{ja%lﬁr& Q%?ﬁe% o Ucela i %g{;ugkglg&fquu“ng a
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j_"h: rd tine erl sai d eacon- si gnarf1 eacon
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tinme perio D - [

i ntervals. q%’tig%]d%%f 6 i nc? &gggs the%gm%%gtl onogg%{ b@gg&@‘ﬂgﬁ:ﬂ%ﬁd& Isggpsub step
1114, the déondudsate D@@rattqnaﬁfsubﬁanéﬁﬁt frequbistep d plds Boe eerondbase dationi t at | east
one beacon t3hS @ 19 Eﬁiea tS@dnSn® @ﬁ@é@ponfa begMERGY RRME sé@séc&hd%?cﬁﬁbn@} bandl d

fourth time periods, beacon sg{gna s of different types being transmtted on

di f fer ebt tioenshokgaidtpusthsimenes obegeomsispriepicliiiosent ypesbainedemamidedmmal of said
first type d%fb?en?ton&%&ﬂf‘saﬂs%hﬁ@&ueﬁ%‘b@n&@ﬁ%&m &%/rﬁfoft&%'d@igstt apg tted at

| east once during said third tine period Oper a roceeds fromthe
conpl et i on betconsignsl afseid seegnd fyge baing trangitted ?é&f:aatpo@ ciﬂ@ina gpid igdiime pesiedof

second bas Q)péxfa'aéﬂ @&e&crsma E&ﬁplél%ﬁ‘%%ptﬂ@@%rﬂxegsﬂr%ﬁtegllﬁ@fﬂfgr ARedRes oft hird
time period, g., the next successive third tine ﬁE)erl od, 1n sone

enbodi nent §’3°°@d fpse SthWW%PW@SW@@%@O%W fie pasiodng-rle carri er

i nterspRci Rgkt\¥@kbseSe thtd iR pe@ggruni cations system for different base stations
at different

In some embodiments, e.g., various embodiments where the downlink to uplink carrier

interspacing varies in the communications system for different base stations at different
locations, steps 1108 and 1110 are performed. In step 1108, the first base station transmitier is
25  operated to periodically transmit in said first frequency band information indicating the
frequency location of an uplink frequency band to be used in transmitting signals to the first v
basé station. In step 1110, the second base station transmitter is operated to periodically
transmit in said second frequency band information indicating the frequency location of an
uplink frequency band to be used in transmitting signals to the second base station.
30
In some embodiments, e.g., various embodiments where the downlink to uplink carrier
interspacing is fixed in the communications system, WTs determine a downlink communications
band from the BS beacon signaling, e.g., step 1104 or 1106, and then knowing the fixed



| ocations, steps 1108 and 1110 are performed. Instep 1108, the first base
station transmtter is 25 operated to periodically transmt in said first
frequency band information indicating the frequency |ocation of an uplink
frequency band to be used in transmtting signals to the first base
station. In step 1110, the second base station transmtter is operated to
periodi cal | ywamenssshd i n said second frequency band i nicayusedosensoyndi cati ng
the frequency | ocation of an uplink frequency band to be used in
transmtting signals to the second bas¥-station. 30 In sone enbodi nents,
e.g., various enbodi nents where the downlink to uplink carrier interspacing
is fixed i ndQVHEnE EFPIRK casmer spasingythe Biks detraniprahe pRHTk catsicand mitheut the BS

comuni cat i Biigg ibadhthminiR ﬁrsﬁcﬁﬁa&a%ﬁmigﬁag @k B QmbBithe tsssgﬁmﬂo%%d (101106,
and then know ng the fixed WO 2005/038606 PCT/ 1JS2004 338 -36 downl i nk
to uplink cBRYbeilehci ng, the WI's determine the uplink carrier band without
the BS having to conmuni cate broadcast additional signals. In such

enbodi nents, steps 1108 and 1110 nmy be omtted. 5 In sone enbodinents, the
first and second? BRseemhogimests, the Brssdeecondbase sipfian tlangpiftens desalit orthpgonelency

di vi si on muftd ; j k; ' Qnes
during sai df_é “?@?ﬁ%#g%%lﬁd?%b%%?@%ﬁfﬁ%ﬂﬁgﬁ p@rﬂ%&%?iﬁnéx}]e%g?ﬂfsggl first
and third tfisveang@riiddiaes nsseds- i ncl ude a plurality of at |east 10 10,000 OFDM
synbol transmi ssion tinme periods. In sonme enbodi nents, each first tine
period includes at |east 16 of said second tinme periods. In sone

enmbodi ment's t he If pomeetemhedimenisy Widtfirshand jhisd Hiod gerimly eachheclglgmplirdityofier lekst sone
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beacon sl ot s, by E@ i d el ﬁ §%/ : 1 SSi on
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transm t t edthesdnregength dn@aridua vinbefliments, she dirst putibisddme pericas aomeftricgl to as wlie

| owest toneg) i yghvi: ch i i n signal
is transm tg{l%t&aﬁé‘ﬁgﬁ{c?@d&%@%%ﬁg&%ﬁ%qﬂ EIH?] I cﬁ&?t?]% a% :b%aé% “%19%’233 %g%ggga%g]?gnal i's
20 trandfi t detdnchulesgultipldsymbal iknsiissippdimeypetdadad. | n vari ous enbodi nents, the
tone used to transmt the first type beacon signal also has a fixed
frequency relationship to the tones in an uplink frequency band to be used
for comuni cat i Aysdurefeprbodinicots, leaconhignijagfshstinttyperre ranmpiticdusinga tonbe sai d
first type DEAGQR St 80ty NafRMBp SHROMKE Wns in hf'BedtithdyYin Rl QM e

frequency

type of beacon signal is transmitted, the frequency band in which the first type beacon signal is
20  transmitted being a downlink frequency band. In various embodiments, the tone used to
transnit the first type beacon signal also has a fixed frequency relationship to the tones in an

uplink frequency band to be used for communicating information to the base station transmitting

the said first type beacon signal. In some embodiments, the uplink and downlink frequency
bands of a frequency band pair are disjoint and separated by one another by more than the

25 spacing between the tones in said downlink frequency band.

In various embodiments, the first type of beacon signél has a fixed frequency
relationship which is lower or higher than all other types of beacon signals transmitted in the
frequency band into which the first type beacon signal is transmitted.

30

Tn some embodiments, transmitting at least one beacon signal within said first frequency

band in each of said second time periods includes transmitting the first type of beacon signal at

most once during said first time period and transmitting said second type of beacon signai at



bands of a frequency band pair are disjoint and separated by one anot her by
nore than the 25 spaci ng between the tones in said downlink frequency band.
I n various enbodi nents, the first type of beacon signal has a fixed
frequency relationship which is |lower or higher than all other types of
beacon signals transmtted in the frequency band into which the first-type
beacon si gnaWop®so3sendsni tted. 30 In sone enbodi ments, PCEDS0MBIsMY at | east
one beacon signal within said first fégquency band in each of said second
time periods includes transnmitting the'first type of beacon signal at nost
once during_said first ti eriqod, and transmtting sajd second type of
beacon si gagﬁﬁgfce\ﬂﬁl%ﬁ%@ SRR Wn@%% tg%“é‘?mi“@agé eaft\RP?:%e%‘(‘ﬂ'ri ng
E aid first sﬁg’n:aﬂe;vipmf s@atﬂteco_lng ﬁ&@(ﬁﬁc}?ﬁﬁ}ﬁ@ﬂi dmﬂ&fssaigtf@gmgimetﬁeﬁﬁ@ i?ﬂude_ggs; oneh _
eacon signal .wthin sai cond  frequenc nd in each of sa ourth tine
peri ods ing?ﬂﬁgﬁhgppgﬁgiﬂFﬁ$ﬁﬁcqﬂ?ﬁ$§§?“t ﬁ@ﬁﬁmgﬁ@$§HHQQﬂﬂ%ﬂd%m-nDst once
during sai drahdniittig bdidreecpel tyfcbfdosbon bige SiTedst i@ d6ah HsafRERM Bmb y@A0f beacon
si gnal | east twice during said third time period. 5 In various
enbodi ts, transmtting at |east one beacon signal within said first
frequency band InvatiaghnbbdigRhe, tRaaiate i 188t HRVQWE sicha hifleSaidmasm tting a
beacon of third type at_ least once during said first tinme period and
transnitti%§@§PQ¥@Qégl mﬁ@@@ﬁﬁmgpﬁﬁﬁPﬂﬁkFﬁhﬁ”§@Pﬂmﬂ§§@6ﬁﬂmFP%ﬁ@%ﬂ@??band
in each of s8R oh@Ubfidl daidTRstRRde fRASd dnd ClkHESink FIIEENGrlctbbNGn Mghe A50RA sagnal
10 of said thirgea¥$e at | east once during said third tine period. In sone
enbodi ment $ECophEequPRcgbagd igga Ofra@ﬁg%lﬁh#@eaewﬁ HcldesJeaEmiing adianon siged) o
conmuni BAt &f b4Ad AirdBlpk ANeRbeidh dik seidilidaimd fegyiency used for downlink
>ojmuni cations by the base station transmtting the carrier beacon signal.
I'n various enbodi nents, the second type of 15 beacon signal is cell type

identifier beacpibomk@MBddimSAecl B Sypeef Biak@ds b BarAs bBachh 8RB REAGEHN,  Wwhi ch
comuni cates infornation identifying the cell from whichthe second type

beacon si grf§mmupisate nfgiroation; abgut the rariep Eequancy ysedyfaredaymliple eruerpunicagens by thet

i ncluded, inasedt-B6€ frtemitierné @M bbdcBH 51 PR CIRRariduls 8MBbAiMBAS Rhdehl 488 of
informati on about a base station sector into which the base station

t r ansmi ¥t erPeReRR sEnal iRl Fpe tdeptifion Beacen signal, ypectigen redpireditq)prA slape Repspit s. 20 I n
various enbagihBitsniciibifnfohsion ediSRE RGN ASH wHiH thORcbddHH BehdofkSnAr € Not

timng synchronjzed wth each other, e.g., various enbodinments in which the
first and deEaayitedepd the third type of beacon signal, if included, is a sector type identifier beacon
signal which provides information about a base station sector into which the base station

transmitter which transmitied the third type beacon signal transmits.

20
In various embodiments, the first and sccond base station transmitters are not timing
A synchronized with each other, e.g., varions embodiments in which the first and second base ,
S station transmitters are in different cell at different geographic locations, In many embodiments,

the first base station transmitter s operated to repeat the transmissions of a plurality of beacon
25 signals during a firét time period during multiple sequential first periods of time, and the second

base s;tation transmitter is operated to repeat the transmissions of a plurality of beacon signals

during a third time period during multiple sequential third periods of time, said first and third

periods of time overlapping each other.

30 The technigues of the present invention may be implemented using software, hardware
and/or a combination of software and hardware, The present invention is directed to apparatus,
e.g,, mobile nodes such as mobile terminals, base stations, communications system which

implement the present invention. It is also directed to methods, e.g., method of controlling



station transmtters are in different cell at different geographic

| ocations. In many enbodi nents, the first base station transmtter is
operated to repeat the transm ssions of a plurality of beacon 25 signals
during a first time period during nultiple sequential first periods of tineg,
and the second base station transmtter is operated to repeat the

transm ssi ongo%fosAsdebeur al ity of beacon signals during, & ?dﬁﬁ]ss me period
during multiple sequential third periods of tinme, said fIrs *hird

peri ods of tinme overlappi ng each ot he$& 30 The techni ques of the present
invention may be inplenented using software, hardware and/or a conbination
of sof t war endethphatithvactsle nddee, aseadations dandvestmnomidagord isysamnsedg t lws@ppar at us,
e.g., nobil t ni cations
S oo RSB RR RS, LA 08 B8RS LA 0080 mAGIIRT' ©3

met hods, ergadablmchm:d o RQMtRbML Cﬁghmmﬂswo@aﬁm&cmmsm&m@ﬂesm 38
and/ or oper, ns.syst ens,
o'q. " host LB fRE LA F e RAF AR AE R RS E A RLGEL LR

i nventi dn ipsesent swemdionect ed to nachi ne readabl e nedium e.g., ROVl RAM CDs,
hard di scs, etc., which include nmachi ne readable instructions for
controlling a machine to inplenent one or nore steps in accordance with the
5 present i nveninienouslembydimemusodentrsdibahersin e deslemiesat ishednhermeire ar e

i mpl ement e ding to
one of nor gnolrégf[ .ﬂt% &1 H&P'pcp?]ﬂa{s orres ‘?Mln%\%/% {)]rt% ogﬁlge%é?ﬂ dpgf tﬁg E@?&nﬁg&ernﬁﬁlp &
processi ng exmzzksagealgmn@slag,lmmsagngﬁnmnm@d/sn&mmmomsta.ps ThusTimussmm n some 10
enbodi npnt %nﬁg&fn&gsspﬁﬁegfa&&% s Sltnd DECRRREN I HBIAR BUF, hERLETBhed Ui ng
To¢lul es. c es m enen using-sortwar e, ware or a
conbi nat i onmdﬁiesmﬁ)t bvamelealnnted l!rﬁmgcmﬁwae HWrwre@fr 2 bomebipdtion ef s:bétmrelabéd met hods

t hod t
O e N0 Sk Slabtr TORRALA 308 o TR A6 SR AR RobfBhct | o1
devi ce, e. gnachlwecmab@pipszmdﬁ@k, sught a8 softvme: inetuder ina mpalkihg wec,‘lab@ medivngwpler al
15 t all
pur pose. 15 #PBHbRIAAIS B0k A A ACHL ) R JBLANRLS, lberent al | or
~Accor di ¥gl yompiriesrvgther fishout hdditipnal er@smnbmentﬁﬂemqrmnmémdﬂb@@t ed to a
machi ne-r e%@s%ﬁte% nﬁ’é‘?&ﬂd&’ %‘g‘ R ngrerﬂ?ﬁ% %‘Eco‘?&&ﬁ%%‘tagﬁhg %&%ﬁ;ﬁéﬁclﬂe‘ﬁ%ge for.

causing a machine, e. processor and assocl war e "t or m one
or nore of imvetiongs @{@sted)fo ahashinborpdabiomediith ndluding haehing) cxequablafindtactbas cr i bed

in the contgxt,ofs iR S hRicETdr Al adsGdild AR T JehBrnBiieR? ARt the

steps of the above-described method(s).

20
While described in the context of an OFDM system, at least some of the methods and
apparatus of the present invention ate applicable o a wide range of communications systems
including many non-OFDM and/or non-cellular systems.
25 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 various embodiments are, used
with CDMA, orthogonal frequency division multiplexing (OFDM), and/or various other types of
30 communicaﬁons techniques which may be used to provide witeless communications links
between access nodes and mobile nodes. In some embodiments the access nodes ate
implemented as base stations which establish communications links with mobile nodes using

OFDM and/or CDMA. In various embodiments the mobile nodes are implemented as notebook



apparatus of the present invention are applicable to a w de range of

communi cations systens including many non- OFDM and/ or non-cel |l ul ar systens.
25 Nunerous additional variations on the nmethods and apparatus of the
present invention described above will be apparent to those skilled in the
art in view of the above description of the invention. Such variations are
to be consi trwek/oassdhri n t he scope of the invention. TheET/Usetwkedsy4and
apparatus of the present invention may be, and in various enbodi nents are,
used w th CDVA, orthogonal frequenc'sﬁivision mul ti pl exi ng (OFDM), and/ or

vari ous other types of 30 conmmunjcations techni ques which nmay be used to
provi de mﬁF%W§§§&Bﬁﬁﬁﬁh¢ﬁﬁﬁﬁﬁﬂgsh&ﬁ?gOIﬁ%?ﬂﬁﬁﬂﬂ%%?ﬁﬁ%mHB@8§ and nobi | e

nodes. |In soaRer@iledirRRtSishelopieerEs: (Bates fahifplehbiRing M thatbdsf Bhase
stations which establish conmmunications |links wth nobile nodes using OFDM

and/ or CDVESSPHOVEEPBUs enmbodi ments the nobil e nodes are inplemented as

not ebook WD 2005/ 038606 PCT/ US2004/ 033894 -39 conputers, personal data
assistants (PDAs), or other portable devices including receiver/transmtter
circuits and logic and/or routines, for inplenenting the methods of the
"present invention. -40- CLAIMS 1. A nethod of operating a plurality of base
stations in a communication system said plurality of base stations
including at least a first and a second base station |ocated in different
geographic regions, said first base station using a first frequency band,
sai d second base station wusing a second frequency band which is different
from-said first frequency band, the nethod® conprising: operating a first
base station transmtter |ocated at said first base station to transmt a
plurality of beacon signals during a first tine period, said plurality of
beacon signals including a beacon signal of a first type and a beacon
signal of a second type, said first tine period including a fixed nunber of
non- over |l appi ng second tinme intervals, said step of operating a first base
station transmitter to transmt including: transmtting at | east one beacon
signal within said first frequency band in each of said second tine

peri ods, beacon signals of different types being transmtted on different
tones within said first frequency band, a beacon signal of said first type
and a beacon signal of said second type being transmtted at | east once
during said first tinme period, beacon signals of the first type




having at least 10 tinmes the average per tone signal energy of signal tones
used to transmt user data during said first tinme period; and operating a
second base station transmitter |ocated at the second base station to
transmt a second plurality of beacon4gignals during a third tinme period,
said plurality of beacon signals including a beacon signal of said first
type and €LBBAS8on signal of said second type, said third tinme period
i ncluding a fixed nunber of non-overlapping fourth tine periods, said step
of operating a second base station transmtter to transmt including:
transmttl. ng aA rhetlaslt ofomerdtieg aoplumligne] bavd tthtions Saiadcaenoriatibn egpteencyidband i n
each of s rth erlods ns of d| ere S, bei
Cransm ¢ BU BokearbRt LS B e A 26805 ©sssbih b% SRk KBS Bt beacon
si gnal of gesgriaphié regiins, tsyiddirstcbask datioe asiof a Sirgy fiabuenty baiddsaseoond liaquﬂatlobm ng
transmtted at uring sai third t e d of
claimi, W{]@raei;eﬁmgasf'%qu??ciyslfang %lelﬁ (S’ﬂ%ereﬂéggmsﬁagf f‘%ﬁ h?‘i“ﬁﬂ?ﬁ?at‘g’eﬁg “fe& hofsmi t
or t hogonadonfprisiggtency di vi sion nultiplexed (OFDM signals in parallel on a
plurality of tane said first an erlods said first and
third time per{P5tf §n$ﬁgrﬂgﬁﬁb“§“BHGW§Wﬁ? °8¥£5T‘mﬁép%t %S%@ﬁ‘%Tﬁﬂwgyﬁbol
transni ssploglityiolBeade! $1Q1d1$&du&ng qfiest ﬁmetpe@bcpﬁa@blatamylofbmﬁeigﬁam rnamm wting at
| east one beacon S|%qa mnth n said f| uencyig and in e sai d
19

eaond t e AR i amd § paRanset] e B oA Paaie PSR SBHING, nal

at nost omeecdmmmg oS abslotdrlafping sd¥Bndd Bk Qktedhle, daldftepriof bpdrgingad drsbegONd type
beacon si | east twi ce during said first time period. -41- 4. The

met hod ofS%PQFWP@“&WHEW@?H“PF Ui tting at | east one beacon signal within

said second fﬁ@%ﬁﬁl@at heuiorie rbc@c%ﬁ Rigahl wiedisl SJI@ AFst refiici® PAMIRAShi FGhides
transmtting the fir pe . of eacon signal at nDst once during said third

time peri %ﬁaonéﬁquea@anaqu%w& didferentpipss\ppae Hanwuied %H‘bﬁ%(?nté‘im? wHER twi ce

during saay il fFédubdcyBaRe al Resbon RigndiNt m@tﬂ?ﬁ(iyﬁéfanﬁlaaiegécﬂysléﬂﬂﬁéfes'aﬁ fhgdfirst
and third tinme periods have the sanme | ength . hod of claimb5,

wher ei n thee kedrgdfasaited ploeast poce idudngyeid féferstlmﬁawﬁéwtl H@a@arﬁenﬁlé AR first ype The
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first ti niﬁclﬁ)cﬁﬁé Q(ﬂeac@ﬁ'glgnal of said first type and a beacon signal of said second type, said third

time period including a fixed number of non-overlapping fourth time periods, said step of
operating a second base station transmitter to transmit including:

transmitting at least one beacon signal within said second frequency band in each of said
fourth time periods, beacons of different types being transmitted on different tones within said
second frequency band, a beacon signal of said first type, and a beacon signal of said second type

being transmitted at least once during said third time period.

2. The method of claim 1, wherein said first and second base station transmitters transmit
orthogonal frequency division multiplexed (OFDM) signals in parallel on a plurality of tones
during said first and third time periods, said first and third time periods including a plurality of at

least 10.000 OFDM symbol transmission time periods.

3. The method of claim 1, wherein transmitting at least one beacon signal within said first
frequency band in each of said second time periods includes transmitting the first type of beacon
signal at most once during said first time period and transmitting said second type beacon signal

at least twice during said first time period.



wherein transmtting at | east one beacon signal within said second frequency
band in each of said fourth tine periods includes transmtting a beacon
signal of said third type at | east once during said third tinme period. 9.
The method of claim8, wherein said fi-#kt type beacon signal is a carrier
beacon signal used to communicate information about the carrier frequency
used for downlink comrunications by the base station transmtter
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transmtted the third type beacon signal transmts. 11. The nmethod of claim
8, further conprising: repeating said step of operating said first base
station t¥ansniemeethodof tlpiand miberezn the firsedndthirdgime ppeiaddnave thgnahslenttr.i ng a
first period of time during nultiple sequential first periods of tine; and
repeating said step of operating said first base station transmtter to
transnmt @ pl uklginethodof clbient ovhersinghasesordiand fgurth timeipedods drvegtle sfnetléngth. dur i ng
mul tiple sequential third periods of time, said first and third periods of
time overl apping each other. -42- 12. The nmethod of claim 11, wherein each
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9. The method of claim 8, wherein said first type beacon signal is a carrier beacon signal
used to communicate information about the carrier frequency used for downlink communications

by the base station transmitter transmitting the carrier beacon signal.

10. The method of claim 9, wherein said second type of beacon signal is a cell type identifier
beacon signal which communicates information identifying the cell from which the second type
beacon signal is transmitted and wherein said third type of beacon signal is a sector type identifier
beacon signal which provides information about a base station sector into which the base station

transmitter which transmitted the third type beacon signal transmits.

11. The method of claim 8, further comprising:
repeating said step of operating said first base station transmitter to transmit a plurality of
beacon signals during a first period of time during multiple sequential first periods of time; and
repeating said step of operating said first base station transmitter to transmit a plurality of
beacon signals during a third period of time during multiple sequential third periods of time, said

first and third periods of time overlapping each other.



transmtting at |east one beacon signal within said first frequency band in
each of said second tine periods, beacon signals of different types being
transmtted on different tones within said first frequency band, a beacon
signal of said first type and a beacomignal of said second type being
transmtted at |east once during said first time period; and operating a
second base station transmitter |ocated at the second base station to
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i ncluding a fixed nunber of non-overlapping fourth tinme periods, said step
of operating a second base station transmtter to transmt including:
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transmtted being a downlink frequency band. -43- 15. The nmethod of claim
14, wher &PHPS¥Y tone used to transmit first type beacon signals also has a
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transm t tsedod fansEl @ thksohil REM&ReY bands, said first and second frequency
bands bei ng downl i nk frequenc ands, the nethod further conpri sing:
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operating a second base station transmitter located at the second base station to fransmit a
second plurality of beacon signals during a third time period, said plurality of beacon signals
including a beacon signal of said first type and a beacon signal of said second type, said third
time period including a fixed number of non-overlapping fourth time periods, said step of
operating a second base station transmitter to transmit including:

transmitting at least one beacon signal within said second frequency band in each of said
fourth time periods, beacons of different types being transmitted on different tones within said
second frequency band, a beacon signal of said first type, and a beacon signal of said second type
being transmitted at least once during said third time period; and

wherein beacon signals of the first type are transmitted using a tone having a fixed
frequency offset to a lowest tone in the frequency band in which said first type beacon signal is
transmitted, the fixed frequency offset being the same for first type signals transmitted by said
first and second base stations, the frequency band in which said first type beacon signal is

transmitted being a downlink frequency band.




frequency band information indicating the frequency |ocation of an uplink
frequency band to be wused in transmtting signals to the second base
station. 18. The nethod of claim 14, wherein said first type of beacon
signal has a fixed frequency which is43-ower or higher than all the other
types of beacon signals transmtted in the frequency band into which the
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first typeqaedy Bandeacon signal of a second type, said first time period
including a fixed nunber of non-overl apping second tinme intervals, said
step of operating a first base station transmitter to transmt i ncluding:
transm tti7ng dithel eabdd onelabveddpmheleiynald Witst hype Sacdh fipliad afer @fpediey iband in
each of said. second tj per,i ods, beacan.signal.s of differen es being
t r ansni ttcg’HHB‘H‘ ﬁF‘?”FIécryefFﬂq‘Ei’ oft sf(‘)‘iﬁﬁ i ?‘fcor@aﬁr?ﬁ*u chbtaI"?Sr lé%ﬂ%‘?jﬁ‘ﬂgrflﬁ%gﬁ‘%eacon
si gnal ofbafdi e fuethsd fiirthprecomipelsiag:beacon si gnal of said second type being
transmitted at | east O{tlce dur | n(g} sai d, first tégf’i peri od, a@gt_ -4%4- operating
a second base “BFEHREMe £IFsh heHstefig trngpittenty Rerioditally JapsE InqWirst freapesiey ¢ o
transmt tand atandtisd mdRhtideyth® FreRAGORcAiof DRLE uPlikd RGudndytahd td bévesepai i od,
said plurali t'ﬁ' of b%acog @_I qglal s .including a beacon signal of said first
type and "B HuHing figealyiodhe (gptRass YRUOR@Ad type, said third time period
including a fiope@tiipuineedecdill BAONSANGS tr@RPIRE té Periddically MRNNAGE iPdSd sédhd St ep
of operating a second base station transmtter to transmt including:
transni t tieAEEnsy bandalormaiion idicatipg G disaiency loratian oh pry vl drsgusnee Bidrie Ve band i n

each of Saidin ubMHidi Lipik Beidsadkhd Re3GaRs of different types being
transmtted on different tones within said second frequency band, a beacon

signal of said first type, and a beacon signal of said second type being

transmttigd atrpasodVrChRid Y4, WikrSRLHAd FRt fe bi H&ccﬂ‘?ﬁ%ﬁ@ hasWBERi tRquenc )
transmtting at | east one beacon signal within said Tirst frequency %and in

each of vdughds desss mehigherahaneall thel sthpinepescé Seacprpighaly rpnsgitted de thedradingnal of a
third tyRgndid WAt thORELyHUBOM sighd iMluldshiteal | M8 peri od;

19. A method of operating a plurality of base stations in a communication system, said
plurality of base stations including at least a first and a second base station located in different
geographic regions, said first base station using a first frequency band, said second base station
using a second frequency band which is different from said first frequency band, the method
comprising;

operating a first base station transmitter located at said first base station to transmit a
plurality of beacon signals during a first time period, said plurality of beacon signals including a
beacon signal of a first type and a beacon signal of a second type, said first time period including
a fixed number of non-overlapping second time intervals, said step of operating a first base
station transmitter to transmit including:

transmitting at least one beacon signal within said first frequency band in each of said
second time periods, beacon signals of different types being transmitted on different tones within
said first frequency band, a beacon signal of said first type and a beacon signal of said second

type being transmitted at least once during said first time period; and




wherein transmtting at | east one beacon signal within said second frequency
band in each of said fourth tine periods includes transmtting a beacon
signal of said third type at | east once during said third tinme period;
wherein said second type of beacon sigsl is a cell type identifier beacon
signal which conmunicates information identifying the cell from which the
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which transmitted the third type beacon signal transmits;
wherein said first type beacon signal uses a fixed tone;

wherein a tone used for said second beacon signal is hopped during said first time period;

and

wherein a tone used for said third type beacon signal is also hopped during said first time
period.
20, A communication system, comprising:

a plurality of base stations in a communication system, said plurality of base stations
including at least a first and a second base station located in different geographic regions, wherein
said first base station uses a first frequency band, the first base station including:

i) a first base station transmitter; and

ii) first transmission control module for controlling said first base station transmitter to
transmit a plurality of beacon signals during a first time period, said plurality of beacon signals
including a beacon signal of a first type and a beacon signal of a second type, beacon signals of
different types being transmitted on different tones within said first frequency band, said first
time period including a fixed number of non-overlapping second time intervals, said first

transmission control means causing said first base station transmitter to transmit at least one



transmtter to transmt a plurality of beacon signals during a third tine
period, said plurality of beacon signals including a beacon signal of said
first type and a beacon signal of said second type, beacon signals of
different types being transmtted on di#ferent tones within said second
frequency band, said second tinme period including a fixed nunber of
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beacon  si @fahitlablehst 8RS Plat dreferabwithifl QX kiécBkd ﬁ‘écﬁl@ﬁ@%ﬂd Re&eh oPshid thhe t1§1¥5t em
of claim22, wherein said tone used to transmt first type beacon S|gna S

al so has BEtipfisailesst epribasesn vignahel wissRispiypo anchanethspres Siaﬂalaqf saig| sfoRd P8 quency

band to bepdisahniifted amb&a&mgga&h@ﬁ@rmﬁseﬁm aathe base station
transmtting said first type beacon signa
wherein said first and second transmltter control modules control the transmission of

beacon signals of the first type so that beacon signals of the first type are fransmitted using a tone
having a fixed frequency offset to a lowest tone in the frequency band in which said first type
beacon signal is transmitted, the fixed frequency offset being the same for first type signals

transmitted by said first and second base stations.

21. The system of claim 20, wherein said first and second base station transmitters are
orthogonal frequency division multiplexed (OFDM) signal transmitters which transmit
orthogonal frequency division multiplexed (OFDM) signals in parallel on a plurality of tones
during said first and third time periods, said first and third time periods including a plurality of at

least 10,000 OFDM symbol transmission time periods.

22. The system of claim 20, wherein the frequency band in which said first type beacon

signal is transmitted is a downlink frequency band.

23. The system of claim 22, wherein said tone used to transmit first type beacon signals also
has a fixed frequency relationship to the tones in an uplink frequency band to be used for

communicating information to the base station transmitting said first type beacon signal.



