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different frequency band. In some wireless communications systems, different cells and/or

20  sectors use different carriers. In some systems, the same sector or same cell uses different
carriers each with an associated frequency band, e.g., where the total available bandwidth in a

cell or sector is partitioned into different frequency bands, e.g., distinct frequency bands.

Wireless terminals (WTs), e.g., mobile nodes, may travel throughout the

25 communications system and establish a connection with a given sector/cell base station using a
particular carrier frequency and associated band, e.g., for downlink signaling. As conditions
vary, e.g., due to a change in loading conditions, e.g., more users, on the carrier frequency, due
to changes in levels of interference, or due to the WT moving, e.g., approaching a cell/sector
boundary, it may be advantageous or necessary for the WT to transfer to a different carrier and

30 attach to a different cell/sector/carrier frequency combination corresponding to a base station
transmitter. Typically, in known systems, many wireless terminal receiver implementations use
a single receiver chain and the wireless terminal remains on the same carrier until forced to
switch, e.g., by a disruption in communications with the base station. This approach is

undesirable since the WT experiences breaks in communications at boundaries and experiences
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20 SUMMARY

The present invention is directed to methods and apparatus for determining the
availability of carriers, selecting carriers and/or determining when to initiate a handoff from one
network attachment point associated, e.g., associated with one carrier, to another attachment

25  point, e.g., associated with another carrier. Each carrier corresponds to a particular carrier
frequency and to a base station network attachment point which can be used by a wireless
terminal to attach to a communications network via a wireless communication link. The
attachment point may be, e.g., a base station, a sector of a base station, or a communications
module within a base station sector, e.g., in the cases where multiple carriers are used in a sector,

30 thatis used to generate and/or process signals corresponding to the particular carrier frequency

used by the network attachment point.



The met hods and apparatus of the present invention can be used in wreless
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Mul ti pl e beacons power tones ca ansmtte at the
sane ti neleteahinhoubgi a switcharoya cbﬁb@nhmmﬁmoalldbmwea single beacon signal is
tran(s)llrgi tted by a transmtter in any given transmssion tinme period, e.g.,
synb transm ssion period. The single beacon signal may include a single
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more narrow {in terms of frequency) signal components, e.g., signal tones, which are transmitted
20 at relatively high power compared to other signals such as user data signals. In some
embodiments beacon signals each include one or more signal components where each signal
component corresponds to a different tone. A beacon signal component in some embodiments
includes a per tone signal energy which is 10, 20, 30 or more times the average per tone signal

energy of signal tones used to transmit user data and/or non-beacon control signals.

25
Multiple beacons, e.g., muitiple high power tones can be transmitted at the same time
although in many embodiments at most a single beacon signal is transmitted by a transmitter in
any given transmission time period, e.g., symbol transmission period. The single beacon signal
may include a single high power signal tone or, in some embodiments, a few high power tones.
30

Each beacon signal component is transmitted e.g., at a predetermined frequency thereby
allowing the frequency of the beacon signal components to be used in convey information, e.g.,

cell, sector and/or carrier information. In some embodiments, the beacon signal corresponds to a



cell, sector and/or carrier information. In some enbodi nents, the beacon
signal corresponds to a WO 2005/ 109657 PCT/ US2004/ 034226 -4 single tone.
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approached, when the wireless termnal should performa hand-off, and what
new cH ricefrespopding Hrdifferspimedverk pgindsiof attachment, a mobile can select a carrier frequency

to be used and/or determine when a handoff should be performed. The carrier frequency to

which the handoff is to be made can be determined from the frequency (sometimes considered in

combination with other information) of the received beacon signal component which triggered

the handoff operation. In many cases the carrier frequency of the neighboring sector or cell is
25  determined from stored information indicating the carrier frequency used by different sectors

and/or cells to transmit beacon signals.

The information obtained from beacon signal components transmitted by neighboring

sectors or cells, into the frequency band of the adjacent sector or cell, allows wireless terminals

30  inthe adjacent sector or cell to identify when a boundary region is being approached, when the
wireless terminal should perform a hand-off, and what new carrier frequency should be used

following the handoff. This can be accomplished without having the wireless terminal switch its



foll ow ng the handoff. This can be acconplished w thout having the wreless
termnal switch its WO 2005/ 109657 PCTI US2004/ 034226 -5 receiver to a
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20 corresponding to a beacon signal is detected, the frequency of the signal component and thus the

frequency of the detected beacon signal is then used to determine cell, sector and/or carrier
information corresponding to the base station transmitter that transmitted the beacon signal
which was detected. In various embodiments, the detected energy of the beacon signal
components corresponding to beacons received from different transmitters is compared. Carrier
25  selection and handoff decisions are based on the result of the beacon signal strength, e.g.,
energy, comparisons. A decision to implement a handoff from an attachment point
corresponding to a first received beacon signal and a different attachment point corresponding to
another beacon signal may be based on a variety of factors in addition to the relative beacon
signal strengths including, e.g., changes in relative beacon strength over time, the current beacon
30  signal strength dropping below a predetermined threshold or exceeding a predetermined
threshold, and/or a beacon signal strength corresponding to a particular transmitter remaining

above a predetermined threshold level for a period of time.



t hreshol d, and/or a beacon signal strength corresponding to a particular
transmtter remaining above a predeterm ned threshold |evel for a period
of time. WD 2005/109657 PCT/ US2004/ 034226 -6 The above exenpl ary
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with the i. pé{”&gi on. 30 Figure 6 is a flowhart illustrating an exenplary
conmmruni cat'i ons met hod of operating a comunications systemincluding an
exenplary wireless termnal utilizing an exenplary single

15 Figure 2 is a drawing of an exemplary base station implemented in accordance with the

present invention and using methods of the present invention.

Figure 3 is a drawing of an exemplary wireless terminal implemented in accordance with
the present invention and using methods of the present invention.
20
Figure 4 is a drawing of an exemplary embodiment of a receiver that can process two
components of a received signal from the same selected carrier band at the same time, each
component conveying different information, e.g., information corresponding te one of two
different carrier bands, the receiver implemented in accordance with the present invention and

25  using methods of the present invention.

Figure 5 is a drawing illustrating exemplary base station signaling associated with an
exemplary wireless terminal embodiment utilizing an exemplary embodiment of the single
receiver chain receiver of Figure 4 in accordance with the invention.

30

Figure 6 is a flowchart illustrating an exemplary communications method of operating a

communications system including an exemplary wireless terminal utilizing an exemplary single

receiver chain receiver of Figure 4 in accordance with the present invention.



recei ver chain receiver of Figure 4 in accordance with the present

i nvention. WO 2005/109657 PCT/ US2004/ 034226 -7 Figure 7 is a drawing of a
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exenplary received signal at the receiver of the exenplary wreless

term r?al shown in Figure 7. Figure 11 is a drawing illustrating exenplary
Wi rel ess ter nFge 8 BCAIrY®Ing Rl AERESE ieRgnlhrytehodigreandl freyeiv@dmplea@ngt gnal  of
Figure 10, and exenpl ary band sel ection in accordance with the 20 present
i nvent i orfScarslangs With she RIEseniNXEAQR. the [eGEVFTARaVRS Wxbigharelrasierminalshewn
sector triapgmidfer signaling including beacons corresponding to a sector
transmtter,” the beacons being transmitted into nultiple bands in
accordance wth the present invention, the signaling may be transmtted

oM, e CHGRL A1 B80T RSB S Se LTSS,

13 i s an indlidisg batomroatspaidiay egpdeatoy traatm, the BeRbnsbdifg @ardsmitteddntof f set
with respect to an adjacent sector, used for the pugose of further

expl ai ni MPIHRgbadsdn agcordarcestith the BFRSETH ivenigon Hisssi el YRS mapbs frerssuted im 06

-8 Fi gurQhééeh@l@bislalsédﬁéﬁs%%%'iIPlEigé’reV?i. rel ess termnal and various el enments
included in th W reless termnal "related to determning the availability

of a carrier which can be used and for determ ning when to initiate a
hando[fsf from %pg%rccﬁf is Ia%l;'av];ilﬁg ﬂh‘l%tr}e(l:t%gtag e%@n%]gr%rréceived signal at the receiver of the

exemplary wireless terminal shown in Figure 7.

Figure 11 is a drawing illustrating exemplary wireless terminal receiver processing of the
exemplary received signal of Figure 10, and exemplary band selection in accordance with the

20  present invention.

Figure 12 is a drawing illustrating exemplary base station sector transmitter signaling
including beacons corresponding to a sector transmitter, the beacons being transmitted into
multiple bands in accordance with the present invention, the signaling may be transmitted from

25  the exemplary base stations shown in Figure 7 after the wireless terminal has selected a new

band and changed the attachment point.

Figure 13 is an illustration of an exemplary beacon signal with a timing offset with
respect to an adjacent sector, used for the purposes of further explaining features of the

30 invention.



5 Figure 15 is an illustration of an exenplary wireless term nal received
signal processing nodule inplenented in accordance with the present
invention that can be used in the wireless termnal of Fig. 14. Figure 16
is a flowchentoosfiosast exenpl ary net hod of operating a W pcmismo@iabis 10
conmmuni cations systemin accordance with the present invention, DETAI LED
DESCRI PTI ON OF THE | NVENTI ON Fi gure *8shows an exenplary wirel ess
comuni cati ons system 100, supporting nultiple 15 carriers and spread
spectrum si gn&igung14 israalikuseati@oofi awiteless (ahmittabank \talriohhelemmsemudbmuﬁhéi on.

The system 100 uses appayatus and t hods .of the presen entlon Fi gure
17 nel udeKTeless gl feldjep deeaRdingtle Al oIy SERS EMFiGh cag e usedggdforcal | 2

104, cel ldefbrrhf¥thg wamNo GRlikte b hOoflifdhn ondlQPher il ﬁ&%grﬁ Sndthep 1 el ess coverage
area for a base statlon (BS), (BS1 108, BS2 11 112), respectively.
In the exenplary enbodi nent, each cell 102 104 106 includes three sectors

(A 2 102 Iude sec ecto p tor

118. %el | 2 1 | n%ﬁ u esflurl?r ti no%aB\e eig[gl fe ess W CCC]ﬁéL(?Sl%I?B Ero&&%

Cell 3 lﬂﬁodummnssﬂoh@écoﬁdaﬁ%wnbﬂﬁtp@a‘seﬂ111\%8t10n mackandetuesd 6 tHSirelbss ot her
enbodi nent s, ;ferent nunbers of sectors per cell are possible, e.g., 1
sect or pé?“E@%P Fig. bctors per cell, or more than 3 sectors per cell. In
addition, different cells may include different numbers of sectors. 25
Wreless termnals (Ws), e.g., nobile nodes (M\s), nmay nove throughout the
system and cd&fevnliaadlonchart pbayexqmglagy methgd of eperasing N T in emORDM| ess

Ilnks ot © I 1 134) are coupled to BS
1 108 V|é%§§PQF%%§%I “ém €%§§§E§§%§n#m%és e¥%§5@%ﬁg In cell 1 102 sector B
116, WI's (136, 138) are coupled to BS 1 108 via mnreless 30 links (137,
139), re ct iV . I q 8, WIs (140, 142) are coupled
to BS 1 BAlL ! 0 espectively. In cell 2 104
sector A 120, WIs (144, 146) are coupled to BS 2 110 via wirel ess |inks
(145, 147), respectively. In cell 2 104 sector B 122, WIs (148, 150) are
coupl ed to BSFiutebshaws aniexemplgry wireless commanications systers §8Qtsupparijng multiglsl | 2
104 2 09 are
coupl B oS B 3eS fiet AR S kodihly ey R Rlopgunte Yyon Meprbifionehigt. 70
be coupl erhetsggyah OO uses apparaed MnkcthddsusmprpmserdumnnannEigtmevll mtyludle@ra WI's

W t hin

100, BSs p(hfélgly\cl)gg)@%egj_%z;noué[? geecrtc;sr cLl?s? Cellefil Sll 9?01{ ell gil\ég : ?1 cell (l& ?&S:t em

106) represents a wireless coverage area for a base station (BS), (BS1 108, BS2 110, BS 3 112),

respectively. In the exemplary embodiment, each cell 102, 104, 106 includes three sectors (A,

20 B, Q). Cell 1102 includes sector A 114, sector B 116, and sector C 118. Cell 2 104 includes
sector A 120, sector B 122, and sector C 124. Cell 3 106 includes sector A 126, sector B 128,
and sector C 130. In other embodiments, different numbers of sectors per cell are possible, e.g.,
1 sector per cell, 2 sectors per cell, or more than 3 sectors per cell. In addition, different cells
may include different numbers of sectors.

25

Wireless terminals (WTs), e.g., mobile nodes (MNs), may move throughout the system

and communicate with peer nodes, e.g., other MNs, via wireless links to BSs. In cell 1 102
sector A 114, WTs (132, 134) are coupled to BS 1 108 via wireless links (133, 135),
respectively. In cell 1 102 sector B 116, WTs (136, 138) are coupled to BS 1 108 via wireless

30 links (137, 139), respectively. In cell 1 102 sector C 118, WTs (140, 142) are coupled to BS 1
108 via wireless links (141, 143), respectively. In cell 2 104 sector A 120, WTs (144, 146) are
coupled to BS 2 110 via wireless links (145, 147), respectively. In cell 2 104 sector B 122, WTs
(148, 150) are coupled to BS 2 110 via wireless links (149, 151), respectively. In cell 2 104



coupled to network node 168 via network links (170, 172, 174),
respectively. Network node 168, e.g., a router, is coupled to other
network nodes, e.g., other base stations, routers, hone agent nodes, AAA
server nodeso 2@kGesssand the Internet via network |ink 1pgr/g¥edowesdis | i nks
170, 172, 174, 176 may be, e.g., fiber optic links. 10 BSs 108, 110, 112
i nclude sectorized transmtters, each9sector transmtter using a specific
assigned carrier frequency for ordinary signaling e.g., downlink traffic
signal s dieteC@d4, WUs 6132C1 94) are\0bsidd to BS 26 OV Wl sWihlk b® 1ispyention. The
sector transmtter's assigned carrier frequency used for ordinary
S|gnallngfﬁP§&@anveys broadcast signals such as, e.g., assignnent 15
signals, pilot signals, and/or beacon signals, fromthe BS to Ws. In
addition, in accordance wth the invention, each base station sector
transm tter tBisswhytts cadpled togeather doanétivakk, tiug pedvdingscanhecisjty dorgWTs piithint

i d/ ' ls within th d
o ad acuHteHsaiy e BrAEs afeit e aieh Po e abbiisr a0t IR PhgS sach
dovvnl i nk dugl@tosnepy 6rkindee 168Wi héotioimks 0170nE7TA\T4), @slgacnvw Sgivorkhddeh may

be used to evaluate and decide which carrier 20 frequency to select and
whi ch coro8spBndirausriasepledde odier BEwpmodes. p- &t othaslasa statipnsatquish heme

poi nt . rh%f;lw;n%deseAg seWer J'néc’l)ses Céﬂﬂqﬁ%{nﬁiﬁé V&merwWick Bink 196 CRBARELS 1inks ﬁgf ng

process ornatlon rom sector transnmitters provi

i nf or mat i 98, b4, &G eanbe, exge frbarmptrerlmks equenci es bands that may be used for
ordi ngry conmmuni cations, e.g., dowlink traffic channel signaling, and

t hat y be selected by the WI. 25 Figure 2 illustrates an exenplary base

station 200, a@ssq08atiel y12riaéledd RetofigedatanatitBHCERA sediGdfansiitRl esRpd ed in
accordance with the present invention. The BS is called an access _node

because ispecitis yssignedscasrianfrequesisy ier codinprysigBRlinER & eftTdink traffis Henals ctw@gteql he W
access t q?rg%h%ificrwtf 15 ace P@anp@\%ﬁ %%Jeggorﬁoﬁ'le%%ctgf Qﬂ{sﬁi%dg?y ﬁn‘gd s f t he

detail ed resentation of any o t he ase stations
syst em l(fﬁﬂqoéncliiuaiﬁdr fer drdinBhesipradieg sisatoronyiGadcat bigdals sech a0y og eassignm2,

i.ver, 204, i ncl udi.ng,a,.dec 2 torized transmtter
So8 15 mismals, Y 5l gt BeoT s TR BSES S Mo i FERART f ek RB L 1
over Whi ofit the inwashti dliSach ®h & BRition s€cdt tiandrBiteh@angite addiiad dowltikisadnagn. The
receiver 204 is coupled to a sectorized WD 2005/ 109657 PCT/ US2004/ 034226

-10 ant erflgh 2168 apdotSinals apdpyleagenyignals withimihgicrsicr frequeas npangds assipmed tosee
Fi gure 3)ad er&‘ bsegg%%ljaﬁse lﬁggff&ftﬁelp&ﬁﬁgsﬁk ﬁ%@?@u%&&wﬁ&&%ﬁéﬁ@ls%@&d efhe

recei ver eco S receive
mformatlon to the WTs, e.g., WT 132, which may be used to evaluate and decide which carrier

20 frequency to select and which corresponding base station sector/cell to use as an attachment
point. The WTs, e.g., WT 132, include receivers with the capability to process information from
BSs 108, 110, 112 sector transmitters providing information on alternative carrier frequencies
bands that may be used for ordinary communications, e.g., downlink traffic channel signaling,
and that may be selected by the WT.

25

Figure 2 illustrates an exemplary base station 200, alternately referred to as an access

node, implemented in accordance with the present invention. The BS is called an access node
because it serves as a WT's point of network attachment and provides the WT access to the
network. The base station 200 of Figure 2 may be a more detailed representation of any of the

30  base stations 108, 110, 112 of the system 100 of Figure 1. The base station 200 includes a
processor 202, e.g., CPU, a receiver 204 including a decoder 206, a sectorized transmitter 208, a
memory 210, and an I/O interface 212 coupled together via a bus 214 over which the various

elements can interchange data and information. The receiver 204 is coupled to a sectorized



signals and extracts the information encoded by the WI's 300 prior to
transm ssion. The sectorized transmtter 208 includes a plurality of
transmtters, a sector 1 transmitter 218, a sector 5 Ntransmtter 220.

Each sect ogyg soadfdésst er (218, 220) includes an encoder p@pdsioaddiiazgf OF
encodi ng downl i nk data/information, and is coupled to an antenna (226,

228), respectively. Each antenna 226g. 228 corresponds to a different
sector and is normally oriented to transmt into the sector to which the

antenna %&Eﬁrﬁsﬁﬁgﬁ ﬁg@ 1 si %}%lé f?&ﬁhﬁr@lesﬁ?&ﬁ%@%mﬁ GRe ngt%ﬁe Y % of fPAr at e
or may correspon fferent el enents of a 8in mult1-Sector antenna
whi ch hasect@s dmvbf@rhﬂynhe bast etatien 200 (khetrecefver's atﬁcbdlee 260 tdecodes wravedamptinksect or

LS gt Rl PR RS R0 o G RBRS Do U

transm t s@for(zd Gansdd@9r 208 ischRbh glueefm)t mameﬂnittetmg s€toovl tmismstteg 388, %.se®0.
assi gnnent signals, data and control naI S, vi)l | ot signals, and/or beacon

si gnaPs Phirans@itispA20. £aeh st tréwtt%rr(m aQ)eﬂ@ AR GNCodsR (223224 for
transm tLer, 3&%1% ﬁ?ﬂ@élata/l ox‘?rféﬁgﬁ %ﬂ@%%oﬂ?l%@t&zﬂea'nkﬁné %“ﬁis@%sﬁkﬁ&lﬁ ransmts

addi ti onal signals, e. signal s an r béacon signals

into ot hEacltzmternmelefv‘ r@&umporbhm@ls dlf@reglt $&tdnen¢ampnmllwmmdncyamﬁsto

assi gned dj.a | s/ sect ors for th Si ' The base
tat fon. Hegeftil 8 kung SefislSibdoRi i ghad bedodled ANiehy i R eptHen i Lork
nodes, e séparateddriifdy BN BOdiERrent ElethetSof Aﬁfgléﬁmuemtor lApEn2gkiIBk hasnodes,
and the Internet, The nmenory 210 includes routines 230 and data/information

232. 1§hediffsrent anterye siements fe&@éfe{eesscw@m iGael septo trapgmitle(@ 1 8,720 bas an
f b
i nf or mat 3%%“,3@21'*1?} f}%ﬁ tozge%sﬁ@forﬁmag)?% F%{H@gf&?@émmk%afﬁéﬂe ase

station |ng users on arrier frequencies
usi ng di figealimgt Epchweector mmtter;@l/&am&)omapeblﬁ of trmsng'ttlogldowolmk sgmaluegcat i on,

[ | d h
o0 " PR o34 BRI S SRR S g

particul ass@acﬂ EdrBér frdg@entgband. BRY sb@oﬂ tfanfraREeP (218, 220).dn 3&@ﬁne@¢vitmme
performed by the W 300, in accordance with the invention. The data/

i nf orlPrat IYANLETD ajsq tltan%mwrtvnzlmwnhelf signads, g8y Rilotpignals agd/or heaspn #gRas t o be
transmi t irﬁ&'oﬁm@r @RfLr fﬁ%&ﬂﬂ §8adds CHTgeV\fhE Eirﬁéxsfréq‘ﬁ%_rbt%h&s a%B%necPt‘S%HfaEedt nformation

236 including carrier equencl s associ ate each sector and data

t ransm seélsfseqomdor ther/eidma@ssgrcaihag ethebaststatzml/G interdace i2¢2 coupdesubmibase wi t hi n
t he sector Iur of crr|er uenc nfo mat,i 0 carrier 1 info
255, ° caur Pl 301 PRiebioly S BRE £ B, G FRAEH oSS Ao St et g

i nf or mat hedes 2mhd tthﬂt’eE'de@r Thd heSbE Y inoNides routiné 230248 datdARorhaion2d@S The

i nforation defjni ng the frequency of the carrier and_ .the associated

band#f dt Brocessr 398 senvies Fpwingniibandaucs thedatydefermasioe 2331n thegpgrepiy 280 k9. | WO
2005/ 10985mfrobfE loHé%Q@n%fQﬁé‘ B2 statidnl200 including scheduling users on different carrier

frequencies using different power levels, power control, timing control, communication,
signaling, and beacon signaling in accordance with the invention. The scheduling of a particular
user, e.g., a particular WT 300, on a particular carrier frequency, may be in response to a

25  selection performed by the WT 300, in accordance with the invention.

The data/ information 232 in the memory 210 includes data 234, e.g., user data to be
transmitted to and received from wireless terminals 300, sector information 236 including carrier
frequencies associated with each sector and data transmission power levels associated with each

30 carrier frequency within the sector, a plurality of carrier frequency information (carrier 1 info
238, carrier N info 240), beacon information 242, and system loading information 243. Carrier
frequency information (238, 240) includes information defining the frequency of the carrier and

the associated bandwidth. The beacon information 242 includes tone information, e.g.,



i nformati on associ ati ng beacon signals in each sector with specific
frequencies and carriers, and sequence timng associated to transmt the
beacon signals. The system | oading information 243 includes conposite

| oadi ng i nfvop bmkii@weson each of various carrier bands supp@nrisesds®aziche base
station 200. System |l oading information 243 may be transmtted fromthe
base station 200 to 5 the WIs 300 whipgh nay use the information, in sone
enbodi ments, in the decision process of the selection of carrier band to
set W t hiifformgtioascRfbhy 8Eacor Bigndl@indabide@ion®ith QPectiPfrédhie FBEPAnNA cdders2 it
includes a plurality of WI data/information 244 sets, a set for each W
WI 1 dat aFayenes Ysg aggpcidtedde gansatibthp hepconignals. [Ehegastamilpddinpiplprination#fSs
user data,j : - - ' : Lat t he
base st aTondegnbostieday iffhoyich dnZaff SablR B8RS Bt S1pdea T thsd

cur r ent | ystdtioo 20@dS wteohn ading énformatien @¢hopy be fransmittédofinora stedmisastathon 2Wtd to a

speci fic cagrder . frequenc sed_for.ordinary .signalin 5.Base station
out i res DY 0P SRR BN TR TogREl oM (R SRS EmDRBER g s BOCUYOR PgTFSEdht r o
routines Bosblectibf ot bafidio seiwithif el WESecéRRr.i Mpl enent the various
comuni cations protocols used by the base station 200. The base station

control routines 252 include a scheduler nodule 254 and signaling routines

256, The base ik akAMogflh o2 IPHEDEI89Ra SN, Sh oRASR, 0B | On OPCralon

i ncludi ng the receiver ransm t chedul'i ng, signaling,
and 20 behtdinfosmeatival 244 getsa st foweskhWeE: WT hddtilimfol246 eWT N darginfo 248. Wid

schedy] er dule 254, e.qg., a. scheduler 1s used f schedul i.n ir link
resou ces‘fag’gpg’. fﬁéﬁweafﬁﬂ&e‘éﬂn U o Wﬁilaég@m‘l@bﬁﬁ?ﬁla@%%%@m B61 i nk
and downlyaBkstRRINPA0] £iEioP 1S ideBBSfgth@tdcRRiCRRER WT I d3durRA8y Redtedhfdcarrier

i nclude signaling routines 256 which control: the receiver 204, the decoder

206, the fraquensiiinfoanation @sspgiatippWT 1 torespesific ersrier freaponcyamad for grdinair y si gnal
generatiqﬁ?mggga and control tone hopping, 25 and signal reception. The
beacon routi ne 258, also included in the signaling routines 256, uses the
beacon information 242 to control the generation and transm ssion of beacon
signals in agcordance with e jnvention. In accorgﬂﬁce ith the

Cnvents on, i n G RGNS ¢ nclyes BRI g SUBes 0. FAD UH OMghlal s

whi ch ar goiitfed 52/ €The doamidiEatiBns BlifiFes 250 fifREHEHR @6 vaRBYs ftnmédiedieRd tted in
each sector in each of the carrier frequency bands used by that sector/cel

or by an ROoeRl§ esce Ay theekeso¥atian 200. Thebase petenepniobiealinesade indlidegaheduler
e e sl 0 RS R R ORI B
exenpl ar ystanion eperstiontiecloding the36d2jvee 2@, frammijitére (218¢1290)] swhedeiimptséghaling, and
20  beacon signaling in accordance with the present invention. The scheduler module 254, e.g., a
scheduler, is used for scheduling air link resources, e.g. bandwidth over time, to wireless
terminals 300 for uplink and downlink communications. Base station control routines 252 also
include signaling routines 256 which control: the receiver 204, the decoder 206, the transmitters
(218, 220), the encoders (222, 224), ordinary signal generation, data and control tone hopping,
25  and signal reception. The beacon routine 258, also included in the signaling routines 256, uses
the beacon information 242 to control the generation and transmission of beacon signals in
accordance with the invention. In accordance with the invention, in some embodiments, beacon
signals, e.g., high power signals which are relatively narrow in terms of frequency, may be
transmitted in each sector in each of the carrier frequency bands used by that sector/cell or by an
30  adjacent sector/cell. These beacon signals are, in some embodiments, used by the WTs 300 to

compare alternative available carriers.



in accordance with the present invention and using nethods of the present
invention. The wreless termnal 300 of Figure 3 may be a nore detail ed
representation of any of the WI's 132, 134, 136, 138, 140, 142, 144, 146,

148, 150, Nb3200%hébes56, 158, 160, 162, 164, 166 of the perfi)stoqd3sdR0 of
Figure 1. The wireless term nal 300 i ncl udes a recei ver 302, a transmtter

304, a processor 306, e.g., CPU, andizrenory 308 coupl ed together via a bus
310 over which the various elenments can interchange data and i nfornation.

The receiver 392 3iIRQUREESH éx@n@&rﬁmren@mer%ﬁealtabo QUG myhlieCtbde Aplenfsfed

signals are 10 received froma plurality of base station sector
transmit tidRecogdadce with t—i@mmng"@é@m and wmeangibeds of e prespet inensionetls ver 302

i ncl udes ction
cont ol 1 &SR IR SRGE Y e ibet Bbafeitehesthiyigaf ot AR WIRESED,, 0
(f r equenchd4siate 384G adl orddci46; 148,)15SRAG2S o4, 156, 1 88, 160.,0162] 164ed66of therd ot her
oper at_i ons. 320 |nclude rol | abl e sshand, filter 321
for rej ey 3 1o EEE@%‘L Joesicss teqmingt 30 A dusirr A pe tFrasmit ﬁ%@55
frequenciRsoes®r 306, elg) THRMA HlemdhT8 coupidd ldgBledih RbDs § lroveebhachesk band.
Additional modules 322 are also included in the receiver chain 314 al ong

with a dignees cleneptsedan igeshangsidag apdmierenagon, and an energy detection/ SNR
detection nodule 334. Digital signal processing nodule 324 includes a
decoder 326 and a signal quality detector nodule 328. 20 The RF nodul e 320,
recei ver chai mhadaeiveodt2is omgledas aﬁaﬂgenrdi:igizm&bugi wiiah dewolies signgls arrodul e
324, nd energf detection/ SNR det ecti on nod 4 are u ed for receiving,

decod ng,“”cer‘r‘@ M Uit é‘?ﬂ%ﬁanf'ﬁa%lf"r“é'ﬂ&te&ﬁ "d‘ﬁ&PgesPPH Ing &7ty anEnRpS,

assi gnnenkesjgn q*hé rec@ﬂmmrlkclhdie%fafsir%le @F@& Redctrimtracend chznﬁ Qmmha QBarﬁ! gnal s,
pi l ot signals, and/or beacon signals, being communicated Ré a plurality of

cel | / sectselectipnseniolier 36 Thmﬂdtsp@:ﬁrgmrgcrqn‘gr ghaind HeeludesseREmoagglef i r st band
25 associ I e e

controll (?E@%BW %Jtﬂc ut '?'%Fm'r&"F jztﬁtéortq%%,ﬁﬁnﬁoﬁg% %@d’ th %BgraﬁcSAs?t gtllo]TL'e filter
321 incl uﬂ@ﬂulet’ﬂﬂnmluﬂcts(a cSﬁhﬂlableapasspmi filtee 3thd’rlr@éctm§lfeqm(eﬁ,outshb aRF nodul e
320 passes e| ve i gnal conponents within the se ecte

freqdénc?elﬁ%‘ﬁ% q}@? 88 {FaueRcies 8o fiE cafrer sgnal;lg aB@“&R @'Fa%'c‘itﬁbba“d

sel ected &(ﬁﬁﬁdn@rmf)&ﬂ&%@% al&ﬁ'ﬂ@'lud&ﬁn rt'm%e@vé@ﬁ)mﬁhﬁpa@ﬁg vtk Rl A Hnal
processing, e.g., signals are m xed to baseband. ut signal s passed

by the RFPTWM&JH%@G 3% ap Ut@@%’cﬂeteéllgUSNRldBWmﬂnwl%t sléllsaﬁicﬁla‘nla ter,
con e Sl AMAGARES AR SRR S A Pl e Y 2
signals are output fromthe additi onal nmodul es 322 and forwarded to the
digitgl signal pracessing module 324 and Lhe Sl 9 deLEFLL oML IR NO
module 324, and energy detection/SNR detection module 334 are used for receiving, decoding,
measuring, and evaluating various signals, including, e.g., assignment signals, downlink traffic
channel data and information signals, pilot signals, and/or beacon signals, being communicated
by a plurality of cell/sector base station transmitters using a currently selected first band
25  associated with a specific first carrier frequency. Band selection controller 316 outputs a signal
to the RF module 320 and adjustable filter 321 included therein to select a specific carrier
frequency; the RF module 320 passes received signal components within the selected carrier
frequency band and rejects at least some of the signals outside the selected carrier frequency
band. RF module 320 also performs additional processing, e.g., signals are mixed to baseband.
30  OQutput signals passed by the RF module 320 are processed, e.g., filtered by a baseband filter,
converted from analog to digital signals, and additionally filtered by a digital filter, by the
receiver chain additional modules 322. Then, signals are output from the additional modules

322 and forwarded to the digital signal processing module 324 and the energy detection/SNR



detection nodul e 334. Sone signal conponents, e.g., froma first base
station cell/sector transmtter corresponding to the currently selected
band are processed by the digital signal processing nodule 324; while

ot her signavocawspmeents, e.g., froma second cel |/ sect opcTiusaigiidbiser
corresponding to a different carrier band are processed by the energy
detection/ SNR 5 detection nodul e 334-.13The digital signal processing nodul e
i ncl udes decoder 326 which can decode downlink traffic signals directed to
a speci f i getdo3RABdul¥B34. eSEResignal BethFsnkhts . SN m & GhicOfatiREel Bectord does

not include such decodi ng capability. Qutputs, e.g., quality indicator

val ues, flragpmitsecasresprndingua thetoprmgetselesied barilare peeessed by e digial gigegl t al
signal pr i : ergy t i etection
odur e SRS RBRENE it ol bR P ih R L B BRI P01 < e
sel ect i onrantmitteecdrresppndingyto baliféerers edrtiemoand maret frece¥edrbydbd enedyr detpea o/§NR
synchroni zatj.on circyit)..320,. in accordance wth th [ nvention, . 15
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be encoded by encoder 336 and then transmtted through antenna 338 to base
stati on 2stpchahmodilerdd4 daps got ineludrinish deredingeapabilsy.and dat al i nf or mati on 342.
The processor 306, 20 e.g., a CPU, executes the routines 340 and uses the
data/information 342 in nenory 308 to operate the WI 300 and i npl enent the
met hods of th@©uppes emgt, qualitg imdicmor viiues fresstht egnil gahlitg de@étonmodwla 82 of tBe 2
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358. Usersetiag in tha RE medulgideequricy synchropizaten @rfuth32(r in assordanceriiththe o be sent
to/ or regaiMggd froma peer node in a communications session with the
wireless termnal 300. 30 User/devicel/ session resource information 346
includes, e.g., termnal IDinformation, base station ID information,

sector. ID infgrmation el ected carri frequen i nformation
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i dent i f i dBentransijticd thrgagh antanng 338 wdose watioRe0Base station 200. Base station
ID information nmay be, e.g., a value of slope associated with the base
station 200 and used in hopping sequences. Sector

The memory 308 includes routines 340 and data/information 342. The processor 306,

20 e.g., aCPU, executes the routines 340 and uses the data/information 342 in memory 308 to

operate the WT 300 and implement the methods of the present invention.

Wireless terminal data/information 342 includes user data 344, user device/session
resource information 346, current selected carrier information 348, alternative carrier
25  information 330, cell/sector information 352, carrier frequency information 354, detected signal

information 356, and carrier selection information 358.

User data 344 includes data, information and files intended to be sent to/ or received
from a peer node in a communications session with the wireless terminal 300.
30  User/device/session resource information 346 includes, e.g., terminal ID information, base
station ID information, sector ID information, selected carrier frequency information, mode
information, and identified beacon information. The terminal ID information may be an

identifier, assigned to the WT 300 by the base station 200 to which the WT 300 is coupled, that



I D information includes information identifying the sector ID of the
sectorized base station's transmtter/receiver through which ordinary
signaling is being communi cated, and may 5 correspond to the sector of the

cell in whiwdéidaodesr el ess term nal 300 is |ocated. Sel egiRda0085ce"
frequency information includes information identifying the carrier, e.g.,

the carrier to which the RF nodul e hps been tuned, being used by the BS
for downlink data signaling, e.g. traffic channel signals. Mde
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information 362, estimated error Information 364, a 15 quallty I ndicator
val ue 366:arrinth whizh RFqoeduld 320 h1dbmttmed\balth:ebaaeseleMe:onedl@|3g61a|

or oadcast SGTAe SHRRGPRREHET. 399n0 A TR B il b B BR st

i ncl udes whitiptherifo@imation ibeing Bagluhebty b bty ddteion/SOR wecsnbgmhumahl ty
detector 328 of the digital signal giroces,si na mopdul € 324 and from the
energlp  cemEwENdn/ Slferter B2 infermatier dmaninciuge infrmagien perdto serstrudihghging

quality ds%é&%égrusé@ﬂ!h@gr@g&smgq)/an%gﬁ?i% Gnd e gﬂtﬁo foQaé' 9RRnaf (?}?Egﬁfro:fGO SNR

362, and/or estinate ror a si nponent fromthe first
transm ttsegnahnmdd:eawnrsigmelsa Oabier ﬁu@mt)ymfcn'dlaum 4 ma)t meluﬁﬁﬁmfomﬂtﬂomt ive of

WO 2005/ 109657 PCT/ US20 6 5 th t th h
downl 1 nk SRETHDE S RETCE 3L Asdtite SHent 1 f e pRilaiaph Vgt SpHa spectid

carrier frequency or frequencies, frequency bands, beacon signals, and sets of tones. Carrier
20 frequency information 354 also includes quality indicator association information 355 which
associates each quality indicator value with a specific carrier frequency, which may be selected

by the band selection controller 316.

Detected signal information 356 includes signal energy information 360, SNR
25  information 362, estimated error information 364, a 1** quality indicator value 366, and a vhe
quality indicator value 368. Detected signal information 356 also includes synchronization

information 370 and broadcast signal information 372.

The detected signal information 356 includes information which has been output from
30 the signal quality detector 328 of the digital signal prdcessing module 324 and from the energy
detection/SNR detection module 334 in the receiver 302. Signal quality detector module 328
may measure and record signal energy 360, SNR 362, and/or estimated error rate 364 of a signal

component from the first transmitter and determine a 1* quality indicator value 366 indicative of



WI' 300 when using the carrier band to which the receiver 302 is currently
set. Energy detection/SNR detection nodule 334 may neasure and record
signal energy 360 and for SNR 362 of a conponent signal fromthe second

transm tt erwdaodgisgsin ne a 2"d quality indicator val ue pc3aRdoiseati ve of
a potential channel, e.g., downlink traffic channel between the second

transmtter and WI 300 on a alternatipe carrier band. Synchroni zation
information 370 may include, in sonme CDVA enbodi nents, e.g., pilot signal
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selectio reée 0. Rate of change information 378
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levels used to compare against quality indicator values 366, 368 for making band selection
decisions. Pre-selected interval information 376 includes time intervals of a fixed duration and
intervals of a fixed number of signal measurements, each which may be used to define a
predetermined interval in which a consistent condition should exist, e.g., second quality

25  indicator exceeds first quality indicator, before the band selection controller 316 changes the
selection for the receiver RF module 320. Rate of change information 378 includes criteria used
to identify when the first signal quality indicator value 366 decreases over time while the second
signal quality indicator value 368 increases over time and a difference between the first and
second quality indicator values changes sign. Quality of Service (QoS) information 380

30 includes information pertaining to the QoS provided to individual users, band selection as a
function of the level of QoS to be provided to a user, and changes in selection as a result of

changes in levels of QoS to be provided to the user. System loading information 382 includes



may be used in a function controlling decisions regarding band sel ection.
WI' routines 340 include conmmunications routines 384 and wirel ess term nal
control 5 routines 386. Wreless term nal comruni cations routine 384

i npl ement s wheogasdsous comruni cation protocols used by pichis¥iok/Bl«eHS
termnal 300. Wreless termnal control routines 386 performthe
functional control operations of the-m-reless termnal 300 including power
control, timng control, signaling control, data processing, 110, receiver
control %@&1\Qﬁﬁﬁfbﬁﬁatﬁﬁ'ﬁ@nalﬁﬁh%§)‘sﬁﬁl 1ma§§ éd?ﬂﬁuﬂl&t&?@)pﬁ Qﬁsegﬁauwﬁ b0 Whieh
invention. The WI control routines 386 include i'gnaling routines 388, a
recei ver aamerused ara fmmn@osmhemdﬂcssmama@ngjaamd ssle¢tmt| on nodule 392.
The signaling routines 388 using the data/ information 342 in nenory 308
control the signaling, e.g., uplink and downlink conmunicated signals, of
t he WI 300. ThETmmabsvm inclodd ¢opdrh@icanontdoeti@9 684 BndCwireldisnedning canttd)
nodul es 324, 334 C ol s operation, of the recelver 302 including the
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a plurality of sector/cell base station
20 accordance with the present invention.

Figure 4 is example of an exemplary wireless terminal receiver 501/antenna 502
combination 500 implemented in accordance with the present invention. The receiver/antenna
combination 500 of Figure 4 may be used as the receiver 302/ antenna 312 combination in the

25  WT 300 of Figure 3. Receiver 501 illustrates an exemplary embodiment of a receiver, in
accordance with the invention, that can process two components of a received signal included in
the same selected carrier band at the same time, each component conveying different
information, e.g., information corresponding to one of two different carrier bands transmitted by
different transmitters and/or different transmit antennas. The two signal components may

30 correspond to different sectors of a cell and/or different cells.

The receiver 501 of Figure 4 uses a single RF processing chain which includes a single

RF processing module (frequency synchronization module) 502, The receiver 501 is coupled to



transmtters. The antenna 504 is coupled to the RF processing nodul e 502.
The RF processing nodule 502 includes a selectable RF filter 506 and a
m xer circuit 508. The RF filter 506 nmay be inplenmented as a passband
filter and wenwesoswas a frequency synchroni zation circui tperARSoBE34326
processi ng nodul e 502 has been tuned to a carrier frequency selected by a
band selection controller 510. The RA-filter passes received signal
conponents within the selected carrier band and rejects at |east sone
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specific information, e.g., information intended for the individual WT and not other WTs.

Q

The timing synchronization module 522 is used for timing synchronization of received
data being processed, e.g., received downlink signals. CDMA as well as OFDM embodiments
25  are contemplated. The timing synchronization module 522 in CDMA embodiments may be
implemented using known de-spreading techniques. The timing synchronization module 522 in
OFDM embodiments may implemented as a symbol timing recovery circuit using known
techniques. The decoder 523 includes a broadcast module 524 for decoding received broadcast
signals, e.g., beacon signals, pilot signals, etc., and a mobile specific module 525 for decoding
30  received downlink data/information, e.g., downlink traffic signals, intended for the specific WT

300 to which receiver 501 belongs.



estimate for the channel, fromfirst base station cell/sector transmtter
to WI 300, being used for downlink traffic channel signaling. The quality
estimate is based on the signal energy 5 neasurenent circuit 528 out put
(e.g., thewoalstysesti mate may be the energy neasured ipaTAS20kE/60A86
conmponent such as a beacon tone or is based on the energy of the signal or
signal conponent), the SNR circuit 5@ output which is a function of
measured signal energy, and/or a neasured or estimated error rate of
recei ved dat affinekRhajublity ddRERF M aiaclulds a8ignal erRfly MBdsMlemeircuidi598 3l SNR
quality estimate information 533, uality indicator val ue
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where timng synchronization and/ or decoding are not req to generate a
qual i ty Hignahquatiayg cslinmazliuﬁ),rmatimﬁiﬂg csgnmtluarhty mdtcatonvaiwcdre:sﬁaﬂu@rtd ther oadcast
si gnal, decoder 534 mtte cases the first
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si gnal , aﬂgm{gheb@.a@gg@ho%l@aalbncorrponent corresponds to a signal of a
second type, e.g., a CDVA signal, separate signals and/or nodul es for
generating signal quality values for the first and second signal
conmponents ma g t i r .

O ot o AR S FREs FAPEREAAREL Ltfnd N8y LEbRDCAEGIABHE ot aObcing
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vari ous CDVA embodi nents, the second si gnal component 519 is al so
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D) ot g HE24E SRoy Mg RSEheR) SOGeoR ABANESponth 2 0 DD ocr
ener gy detlecsigoal wedt/ tumn@lhﬁoﬂsinﬁatibmand#maﬂaﬂ&in@?xﬁc ndthequircd to generate a quahty
20 indicator value, timing synchronization module 520 and broadcast signal decoder 534 may be
omitted. However, in cases where the first signal component corresponds to a signal of a first
type, e.g., an OFDM signal, and the second signal component corresponds to a signal of a
second type, e.g., a CDMA signal, separate signals and/or modules for generating signal quality
values for the first and second signal components may be more cost effective than using
25  circuitry, e.g., re-configurable circuitry which can be configured to handle signals of different

types.

In some embodiments, e.g., CDMA embodiments, the second signal component 519 is
processed through a timing synchronization module 520. The timing synchronization module
30 520 in CDMA embodiments may be implemented using known de-spreading techniques. In
some embodiments, e.g., various CDMA embodiments, the second signal component 519 is also

processed through a broadcast signal decoder 534.



processed recei ved signal conponent being evaluated by the energy detection
and/ or SNR detection nodule 536 may be, e.g., in sonme OFDM enbodi nents, a
detect ed beacon signal 5 transmtted froma second transmtter, e.g., an
adj acent calvdh®eGéses7 base station transmtter with respe¢lystdsbiagsfirst
cell/sector base station transmtter which transmts the first signa
component. Thus, in sone enbodi mentsl%he quality estimate information 537
is a value |nd|cat|ng the energy detected in a beacon signal, e.g., a

beacon tone, ahek&oad sighallcbmpBRdt, $vhidh may maﬁé\ﬁn sabjgbed to fﬁ@%pucﬁfaDﬁ@S&@iﬁg
recei ved signal conponent bei ng eval uated by the energy detection and/or
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In several embodiments, the energy detection and/or SNR detection module 536 is
simpler in computational complexity, e.g., either in number of gates or in executable
instructions, than the digital signal processing module 518. This is possible because, in many

25  cases, to generate the quality estimate information corresponding to the second signal
component it is not necessary to decode the received signal component, and, in cases where
decoding is used, it can be limited to decoding of broadcast data which is usually easier to
decode than mobile specific data due to the type of coding used compared to the case of mobile
specific data and/or the power transmission level of the broadcast data which is often higher than

30  the power transmission level of mobile specific data since the broadcast signal is intended to

reach multiple mobile devices.



respectively, is used by the band selection controller 510 to nake

deci sions concerning the settings of the carrier frequency band to be used
by RF processing nodul e 502, e.g., which band 5 and thus, base station

sect or trangobéosesssshoul d be sel ected for receiving dow@&n@hmﬂmuzn

communi cations. In sonme enbodi ments, the receiver 501 in Figure 4 is a
spread spectrumrecei ver which procexgses a spread spectrumsignal, e.g.
CDMA and/or OFDM I n sonme OFDM enbodi nents, 10 the opti onal tining

synchroni zat i efpe g%]qmlc%néaﬁkn@aﬁanﬁ p.@mian& (ts@stm) ﬁﬁ&%@d BOMRAL G hallssgnapt
used. In some COF enmbodi nent's br oadcast S|gga decoder 534 may

used, vmmf@ceisshﬂg@PMﬁtﬂ:{n‘dﬂmmﬁCQOﬂMﬂ@rm e@mnsmfgh@lS?ﬁéecoder 534 is
not neede ign
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whi | e t hesetingaofahstarsérgraguentybaneio te3dedimyRP prosesgingahodude $02¢celg., bhicReard ver
501 of_Fi gﬁre 4 incluydes an I/Om;t)@ fgie 507 coupl ed to, digital signal
processi 39 tpase Haton serfar BrspiNer P be sriptsdHop e ingslowmiakl e 536, and

t he band $glnfmida@éns. controller 510 via bus 509 over which the various

el ements may interchange data and information. In other enbodi ments, bus
509 maybe coupled to other receiver conponents, e.g., 20 broadcast S|gnal
decoder 534, C ' 01
R G B AL R e N R

whi ch couyfbesses b epread/spectalid sighal prig CTIMA dﬁemdm@mdomﬂomtlombm:fmbbdﬁimmel
signal s be conveyed via, interface 507, e.qg., tqQ one or nor e external

devi cls oh ppiggal iy wwoaﬁammeﬂlﬁﬁ?%?mm%wﬁéﬁa{ seengdiPmpPRenkISingt o

i Il ustratjsgf RQ0mE 8N emsIBhRhR, ﬁ@m%&&dm's?gm S5 158% Hay Bk ubde whi/gnt i on
using the single RF processing nodul e receiver 500 of Flgure 4. Two network

attachme rqther@ﬁDM smbodi meats,?tha proaddastaignaliashdan SB4visrriot neadad Amdbis ompidddatln can
serve as i S ter i
connect 1 SOOI T sR3nd Ngnfl cDREMERL o R sidhah b s FRdponizgton o,

be in thensdules20ds hscddwlﬁlfeethebtoad@lsﬂsignahdudomrémmaybr may et Ixaused.sect or of a
cell depending on the enbodi nent. Each of the network attachnent points
601, 502 use a different frequency band for comunicating user data.

Net wor k ~at t acljgediler301 bt Fl%ﬁfi-ui 1%cl%d<§.% U@ﬁtéﬂﬁ@éS@? JdubI%H t@@igltﬁlrs?g?ﬁm tter 602
and a first BS sector recéiver 603. The second network attachnment point
nmodul e mr@@%ﬂg@%@SMﬂc@%@dﬁW degtgction module 536, and the band selection

controller 510 via bus 509 over which the various elements may interchange data and

information. In other embodiments, bus 509 may be coupled to other receiver components, e.g.,
20  broadcast signal decoder 534, and/or timing synchronization decoder 534. The receiver 501
may communicate with other elements of the WT 300 via I/O interface 507 which couples
receiver 501 to bus 312, Decoded downlink traffic channel signals may be conveyed via
interface 507, e.g., to one or more external devices such as a display and/or other WT
components.
25
Figure 5 is an illustration 600 used to explain an exemplary embodiment of the invention
using the single RF processing module receiver 500 of Figure 4. Two network attachment
points 101, 607 are shown. Each network attachment point can serve as a wireless terminal's
attachment point, via a wireless connection, to the network. The network attachment points 601,
30 607 can be in the same cell, different cells, and even within the same sector of a cell depending
on the embodiment. Each of the network attachment points 601, 602 use a different frequency
band for communicating user data. Network attachment point module 1 601 includes a first BS

transmitter 602 and a first BS sector receiver 603. The second network attachment point module



607 includes a second base station sector transmtter 604 and a

correspondi ng BS sector receiver 605. Use of first and second transmtters
602, 604, corresponding to different network attachnment points, will now
be descri baxdopmsm@esys an exanpl e a case where the first ppraRsosybisess 5 602
corresponds to Sector A of exenplary cell 102 and the second transmtter
602 corresponds to Sector B of exenplHry cell 102. Transmtters 602, 604
are transmtting dowlink signals including, e.g., ordinary traffic
channel sdognadlsdes @ s€bond BER statlah Sectd? lahiebd 604 Rhd @tosésgbmdig BSRELIoMERFRP
signals. The transmtters 602, 604 may use different antennas directed
towards di%®ferent sectors or cells. Si gnaling fromeach sector transmtter
1C1ades or cl R e BOBRY {cBthd Fanmineh o SEIORIRBorl B ufer AR ML ARRL | Y P! O
signal s, and/or optiona eacon S|gnals rni esignated carrier
fr equencyatﬂadnnbnapojnﬂse‘aﬂbwvebagdmmmed osioges ar example, a @sgywhert e fasthtemsmuwer

carri enc ds use or Atr rans itter 602
Cransm « STGARTPIICds JraptR 8 s eRlan el g e GE ond b RTTabA PPy 1 ¢
signal s, t58e¢ter B Af a&mpm}yreat 1082. ditadsthitte?P6020 0 Ay tafGhiGing ddwalihisighdlgnal s,
and/ or optionally sector A beacon si gnal s into a frequenc¥ band 618 with
carrier IBclpdiagyfenydingrydraific daenepizmln &godiersiagnartionaippilgisignalsfandquency

band 020 yhidh AGE! The LEBMIAREK02 (b4 R0 s AN eRRCH R ARAGATFIANAIERLO

into a frequen carrier requency sector

transmt tsectoﬁ(MctlfsarSmblsg faweh¢hdector gmh"sttefﬁixﬂ:ltidaebmlﬁiamgsigmhgg,,e sector B
downl traffic si of. as nt .si.gnal s tionally sector B
pi | ot Ogl gaﬁagrgnenéﬁlgmj OBb?'?a(BlﬁzR V'gr?bsc?@oq nﬁ%‘?&] ll?g%cioaﬁgpglg IS OFPequency
band 622 gakil ﬁlaté‘cﬁdaﬁ‘ﬂlcﬁ‘rfregﬁﬁﬁyﬁﬁlﬁd/anﬁ%eﬁ:%ﬂ,Signa&rﬁ@ﬁ:tdirmcﬁe 20p.t th@DhBi tWlofEarfét4

al so transmts sector beacon signals into frequency band 618 with carrier
f r equencyfreagensy bandggediaa sH- BS@E%E@% trangmikerS0g tnsmitsodawndigh sigasls Behd 620
with carr f

excerml ar /" Suding cHEAGYA o Bt ABE IR 4Rorh SGRAMEL i, oftiholty Bor, o,
frequencyA bamtdlgﬁals amidfoln opﬁxmallgsectare"qunmysxgrmlsﬁﬂt@ a fidgmencydmnd 618 68D careeri ves
t wo s gngJ ts 633\1}634 |rst i 8 ﬁ n&t)@?)ent 632, .including
e.g. 2 fel‘ﬂé{?%? nSacFan gt beac] ¢ O8dntg ale ue"ﬁi" o] Wi e {iEAsECY e acon
signal s fff @19, bitLseSRE Aleaddnlsh 8@@@@101@6af@&\%ntﬁb@ﬁcsq@&smdcahyermqu@hbgrztéek
signal processing nodul e 518, while the second signal conponent 634, e.

the beacd#s ¥rignBitranpraitier o4 sanemiss devalink siganls 647 ingbulingse.gr sectar Fodowninkhe 30

ener d r 0 and
Gsi ng. i o B, sceSf LA dRB rBoly e lbOB I i 5RO HRLioRAS
qual ity esttomBibeacof sighas thaovirequeket banfl 522 with hamninefreduetayele 628S BSesettor BA

band B1a prtieL R Tmpn il & dnelo o earargy BeCeiei i "

det ect i Offrequency f, 624, and sector B beacon signals 616 into frequency band 620 with carrier
frequency f; 626.

Assume that a receiver 630, e.g., an exemplary embodiment of receiver 500 of Figure 4,

25  is tuned to carrier frequency band 618 with carrier frequency fy 624. The receiver 630 receives
two signal components 632, 634, the first signal component 632, including e.g., ordinary
signaling, assignment signals, pilot signals, and/or beacon signals from the sector A transmitter
602 is processed by the digital signal processing module 518, while the second signal
component 634, e.g., the beacon signal from the sector B transmitter 604 is processed by the

30 energy detection / SNR detection module 536. From first component 632 and using digital
signal processing module 518, receiver 630 determines a quality estimate of the downlink traffic
channel between BS sector A transmitter to receiver 630 using carrier frequency fy 624 and

frequency band 618. From second component 634 and using energy detection / SNR detection



WO 2005/ 109657 PCT/ U82004/ 034126 -22 nodul e 536, receiver 630 determnes a
quality estimate of a potential alternate downlink traffic channel between
BS sector B transmitter 604 and receiver 630 using carrier frequency f2 628
and frequency band 622. 5 In sonme enbodi nents of the invention, beacon

si gnal s maywaabtesheessed, and ot her downlink signals maychast@eessqgsd and
processed for band sel ection decisions. For exanple, each sector an/or

cell transmitter transmts sonme downkink signals, e.g., assignnent signals,
sector/cell base station identification signals, and/or pilot signals, in

the frequasdie 538)ekceisetbl0\eteihiies 4 f@dlisyastitte of AlpohehlndedhateMinlink rhffiaf f i C
channel signaling and also transmts sone 10 additional downlink signals,

e.g., sectapretbstivessoB secfortl wansmitian 004 pndorecebyer §PQ Heng cardpidfreguensy fpf

signal s, j i frequency bands used by other, e.g., adjacent,
sector/cékp%%ﬁgﬁégﬁ%ﬁg$g'for their ordinary downlink traffic signaling.

The transm ssion into different frequency bands may occur at periodic

intervals and . may coryespond in duration to a small amunt of ti rel ative
to tre transth SUTEHRIEBrghal e fetionn Beoct feta BEYRTIOH o 204 i ¢ t o
cor r espongbunlidR sibndl£/M8Y B&Feceiv b dhddfrodekdR8 If6r bRl SdMebion S QbNE Fop Bkanille, Fi gur e
4, in accordance with the invention, is tuned to one frequency band, but
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f r equencyth&Grabsmider foherdomanpdsiilimk staffivalhanmet $igakiling ahd alsé tramthissomad

compopent s fromtwo . different transmtters. Ipformation can ener at ed
Fr om Rhe RetioFSRInLBL RS Pan P FrDbHE S0 ntTachon SEple adopBE ", o
ascert ai nghdR! intoydifferdhcrpdduenty ah@r u¥Bd bPoth&0R g < hdihdrat, s¥odelI ¥R ahitéS for
frequency ~bands, each frequency band corresponding to a different signal

conponenttheipgrdingrysieavnbiak triatiigl signabing rliedrapsiasorn (ney €iffsteohiirauEnegRpade pay

Di vi si on ti [ con. .si lb i o

rel ati vel o ben A B e BoRE AL AR 3P Ry b EBAER BB AR B | |
terns of the gasmission of signals irse thg sectsrto glhiehalie taarkmwter oorespoMisien a  beacon
Si gna{ﬁ is transmtted in the exenplary OFDM enbodi ment, nost of the

transm ssion power is concentrated on one or a small nunber of tones,

whi ch conpri se {B8veaRRBs ShPBRIF-chhil r&iePHE) SO ABRScorldiRe Mithete Si gnal
conponent 632 includes a beacon signal conponent, porrespondln? to a first
t ransmi t tieyentipn, listun¢rbtosme fieguesicy) hand, buingreivendowminksimg] conmpoaessirgingnal

gg; ; g:ggzrg&lpglcéal %ﬁé’r%@élgr traq'(sxglittersd\gvl];ifcl'ie {rgﬂg}nitti{lf%QEﬂrééu%Bc)y\g]z{nﬁh T\% Hcciogrr mal Iy
receives and processes a composite signal, the composite signal within the tuned frequency
20  band, the composite signal including first and second components from two different
transmitters. Information can be generated from the first and second signal components that can,
and is, used to ascertain quality indication information concerning two alternative frequency

bands, each frequency band corresponding to a different signal component.

25 In one particular exemplary OFDM (Orthogonal Frequency Division Multiplexed)
embodiment, a beacon signal is implemented as a relatively high powered signal that is
transmitted as a narrow signal in terms of frequency, e.g., using a single or a few tones. When a
beacon signal is transmitted in the exemplary OFDM embodiment, most of the transmission
power is concentrated on one or a small number of tones, which comprise the beacon signal. In

30  some embodiments, the first signal component 632 includes a beacon signal component,
corresponding to a first transmitter while the second signal component includes a beacon signal
corresponding to a second, e.g., different transmitter which will normally correspond to a

different sector and/or cell. In one such embodiment, the carrier selection is based upon



different sector and/or cell. In one such enbodinent, the carrier selection
i s based upon WO 2005/ 109657 PCT/ US2004/ 034216 -23 eval uation of the
beacon signals. In sonme enbodi nents, the beacon signals are narrow in
frequency wvotdhsgeeprared to the band of the passband fi lpt@rus2d4Msap26at nosSt
1/20 the frequency w dth of the passband filter. 5 In accordance with the
present invention, the first and sec&3d signal conponents nay be
transmtted at the sane tine, e.g., on different frequencies within the
current | yevalahtmtof thedt@achn sighalse T sdmed embddirerdts, kiftbeadtth ss@RMGe Bicfhwain
conponents can be transmtted and received sequentially. Figure 6 is a

{1 owehar tEreBBEIcY gt PRI e B3sk o Bsshaodh BHETot oemdit 1/79 the frequency
comuni cagiu@ibe thephsdbama filleraccordance wi th the present invention. Figure 6
conprises the conbination of Figures 10 6A and 6B. Qperation starts in step
702, where the comunications systemis initialized, e.g., base stations
are reinitialliz d_nohi e nodes are [ n, I afl rocee from
Step 702 1o A EFoRHhc PN F eRROF il R Eded Mo TR PP RRBIRTER o o1
primaril wransminedud e baincXtithe, e, dnrdifferemdsequéndieb avidlin the copsitigiseldcitdbdndansmi t
a first sjignal conponent in said first frequency band. eration proceeds
from st ep“%@zﬁtftlb the farst andeecqnd signalrompgnents cap bg HgnHnited apdierYed %lﬂ@ﬁ?lfw er,
whi ch prg; kl 708 ik ; inl 0
Franam { g0 19 ABRBRITTOD iR AREmbAHARSY of BB unk 3 cORBAlcETors

f r equencysysieman adcardenaspvittOBe preagrd irfventsan. Fhagure 6 comprises thercombinative pf Figures

oper ated t,0 tr it..e0. . . i 9dj call signal. | id se frequency
band. 050 St 68 SRekviolshr 1RGP SRt Aol 3Rk s FEARR o€
enbodi mertase stitioas s GeinitializedQue Ryile heded areposeredlont Epgrativh prodeeds @nf stepst
frequency gand, while in other enbodi ments there nay be a partial overlap
in the fil04t0 4R’ Yecond frequency bands. In sone enbodi nents, the first
transmtter and the second transnmitter are |located in different sectors of
the sane cell; the first signal conponent is transmtted using a first

ant enna or antreste7@, e fistbassotation tromsaities, which pfimagty te@smits inos finst frequenrysane
cell; .and the secon ignal conmponent is transmdt i n sgcond ant enna
or antPantardi g T BRR A TP EBRE bl B R g oAl bR SRR T
sone enboibdeeditffom ste @04 forssdp 06 AIGsTeY 108 a 8aednd bde S@domdadshBmawhickr are

|l ocated in different cells. I n such an_, enbodi nent, the first signal
conmponentPTimariy Eansmyts t”eﬂsefi%'ldnfgeoéleﬂqyrbg?d' Anersrated (S transmil g, RATGAKALY. 2

cor r espongdigg sEgHal%oHpBﬁént ffdald fir@trf?eqh@rﬁ: red s&'g@@@,' safPTROPLROStatich
transmtted using a second 30 antenna ())’r antenna el enment corresponding to a
second cétahsmiQpeis apérand pr wanemiise.£ .5 periodically, 26&nabin saidepcopddrequency band,

20 which is different from the first frequency band. In some embodiments, the second frequency
band is completely outside the first frequency band, while in other embodiments there may be a
partial overlap in the first and second frequency bands. In sbme embodiments, the first
transmitter and the second transmitter are located in different sectors of the same cell; the first
signal component is transmitted using a first antenna or antenna element corresponding to a first

25  sector of said same cell; and the second signal component is transmitted using a second antenna
or antenna element corresponding to a second sector of said same cell. In some embodiments,
the first transmitter and the second transmitter are located in different cells. In such an
embodiment, the first signal component is transmitted using a first antenna or antenna element
corresponding to a first cell, and the second signal component is transmitted using a second

30 antenna or antenna element corresponding to a second cell. Operation proceeds from step 708 to
step 710.



WO 2005/ 109657 PCTI US2004/ 034226 -24 In step 710, a nobile node's receiver
is operated to receive a signal including the first conponent and the
second signal conponent. In sone enbodiments, the signal is received over

a period ofwenres/ieasl t he first and second signhal conponectrasan&oisemei ved at
different points in tinme. In sone enbodinents, the first and second si gnal
conponents are received at the sane 524ine, e.g., on different frequencies
within the first frequency band. Then in step 712, a passband filter in

sai d nobi | e nddetes 7t@&canakele node'Ompesi wir adofemtqbte secsvied signial mitludimg tiseefiroind

si gnal conponents aid first and sec freguen conmponent,s bei.ng, wi.thin
o Soal ecreppa i 86 sGronf | 05RERRER sof PSR- HE TR NERH I BT "t ne
first freppseioayf hasdnd ihe fitf) aOseofM OIS BEAPEhent® afd receved A BiFfeesiib polhismint
wherein the first and second frequency conponents are beacon signals, the

first andi@ecdiemsrrkedimenlipBnbrt andseeondsignalfomponsiygreness vedathg s¥bfpar ed
to the wighhef oﬁﬁ'if@erpfﬁsﬁ%laﬁé?ﬂieg With& the ﬁrsrgr%rcc&ri@h%{ﬁ& 1/20 the frequency

wi dth of the “passband filter. In sonme enbo , Wherein the first and
second frequency bands are at least 1 MHz in width, the passband filter

has a passband.l ess_ .1 2 inowdth. 15.0peration proceeds, from step
712 1o ot ep 7iNeR Rl T £plfBargi Bisie robiGRSHES s C5RA SRR T
first sioiredandeecdud sigRalicomporseatstsdid fist arkl sgevmld Q0§ @ Binpbrengiemgaiichima f i r st
si gnal qualiéﬁaindicator. In step id npbile nOdﬁﬁiﬁ operated to

716, said :
per f or m a¢¥eEe Fgauengagnd. FF@&?E:%SE?}?&&“%WJ%??:Sbﬁ“é'é@&ﬁtﬁ“’éh'g eBiponaad i

gener gf € RRAPBMimRhENAL., SHOFDM erhBHiRé: WherehORR: @hd QRoRI RERBASy from step
716 to step 718. In step 718, the nobile node is operated to sel ect

bet ween opEpangntare heachr signals thef firsticand secpnd sigual gaipeteatssase paeb W indpaeensy band
oot o S Ry ARG LTSRN PR T bSO BBl e, |

first and secon ua on procee
step 720.pagdbahdfilser/min somecshbodithents, Whereinahefint agl stepl fréd@endyitahdy draigr 16dsep

712, and neasurenents steps 14, 716 are, repeated ltiple tinmes, and the
sel ect 1 nol R S bbeipasiagd flbidas & aaent B I MHEAR AT st ep 715 | s
perforgred after the second quality indicator exceeds said first quality

indicator for a predeterm ned interval, e.g. , a tinme interval of
pr edet er mi ned Qnhgration prpceads drof sterd7 124 st 7 146 f Ingtegrid#, seichimabitonode & opgrafes | s
done to ' Ih han LIy E
transi en!tq b ?%%%%neasﬁvﬁl% na(lzlﬁe?%'ﬁs. r§1n g%%égZ%%%?%i}ﬁ?@nag ﬁgn%éﬁgggﬁlgtn@] |Els based
upon a prqudityéndicacad I step 3 kald nfebile nadedspperated togpesfoire atseqond signali ncl ude:
selectinqnthe fre uen%y bagd,corres ondi ng to the I%mer o
easurement on said second signal compbnent to g%ncratc a second signal quality indicator.
20 Operation proceeds from step 716 to step 718. In step 718, the mobile node is operated to select
between operating in the first frequency band and the second frequency band associated with
said second frequency component as a function of said first and second quality indicators.

Operation proceeds from step 718 to step 720.

25 In some embodiments, the receiving step 710, filtering step 712, and measurements steps
714, 716 are repeated multiple times, and the selecting between said first and second frequency
bands of step 718 is performed after the second quality indicator exceeds said first quality
indicator for a predetermined interval, e.g., a time interval of predetermined duration or a fixed
number of signal measurements. This is done to prevent switching of bands in response to a

30  short term or transient change in conditions.

In some embodiments, the selecting is based upon a predetermined threshold. For

example, the selecting can include: selecting the frequency band corresponding to the lower



WO 2005/ 109657 PCT/ US2004/ 034226 -25 signal quality value when the first
and second signal quality values both exceed said predeterm ned threshold
for a predetermned interval. Thus, when both signal conponents indicate
sat i sf act orwoe@msdedssons, the lower quality, e.g., |ower ppewgtoosoansg nay be
selected freeing the higher power band to be used by another nobile. 5
Sel ection may involve sel ecting the f3¥%quency band corresponding to the
hi gher signal quality value when one of said first and second si gnal
gual [ tyb\w%mﬁai@ \hajeo.?rh@ahcldﬁlpr sriistandisipael qutahﬂyle,&hﬁ!; dothf&edsa%blyalael ecti Ing t he
etter ban en sign ality is an issu Sel ection can also involve
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decr easesin@¥RE satfabioREcanafiondiute RRELQMIB) ggaiowwabwwbm HEy bdiele@@aes over
time and a difference in the first and second quality val ues changes sign

i ndi cat i rigeingabe higkermower kand te be wieAdl angghdierabilag toward the transnitter of
t he sescond si gnal conponent and away formthe first conmponent transmtter.

I n sorfe enbodi ments, the selecting step is a function of a quality of
service (QoS) S‘eﬁtclﬁxm mbpinpolew seleding thet freguenzlyibard curtbeponsirg, tp thzslﬁghersgnd
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conmuni cARYXYE seiestiegihe sesend frequenely band when ad firsy usngn@rquebtrymﬂll@éécrﬁms ABi | e
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exanple, in the W reless ter detects heavy use of a
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sel ection determ nation to create a stronger preference for the second
frequency band. In step 720, operation is directed based upon whether the
first frequendysammembaslimentstheesglecing stopds g denstian pf e auabiteof ssaree (QoSywihect ed.

If tha fi eeds via
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frequency band.

20 In some embodiments, the selecting step is a function of communication system loading
and the method further comprises the mobile node receiving, e.g., from a base station,
information indicative of communications system loading and modifying said selecting function
in response to an indication in a change in communication system loading. For example, in the
case where a wireless terminal detects heavy use of a first frequency band, the selection may

25  alter a weight used in the selection determination to create a stronger preference for the second

frequency band.

In step 720, operation is directed based upon whether the first frequency band is selected
or the second frequency band is selected. If the first frequency band is selected, then operafion
30  proceeds via connecting node A 722 to step 704; however, if the second frequency band is

selected, then operation proceeds to step 724.



In step 724, the passband filter is controlled to pass said second band
instead of said first band. Operation proceeds fromstep 724 via
connecting node B 726 to step 728. In step 728, the second base station
transmttenwyoodsadvsgm i marily transnmts in the second 5ptrageemsneiszdsand is
operated to transmt a third signal conponent in said second frequency
band. In step 730, the first base st¥#tion transnmitter or a third base
station transmtter, which primarily transmts in the first frequency band
i S operated tdnsepdzdithe passband filerss gonalolledtopassesaid secorsichadd irsead nfisaid faguency

band. In step 732, th d tation.i d it a signal
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upon whetstemr73¢hestep 73 IostepHao.saidamassbandlies ircipe mebile npde is oberated th pass thehe

second fr i £af | f Vi a
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from gt emoddfsi ¥R e NURGdnk BY sdA@ Rrth siehd) ompBheP 1o/ ¥herale DIGLAR signah%uang used
to illustrate exenplary signals and band sel ecti on by an exenpl ary 0

wi r el ess indieatpm Iperasion praseeds drogrstenr dlkiestepi’¢h t he present invention. Figure
7 shows a portion of an exenplary w rel ess comruni cati ons system 800,
supporting nultiple carriers and spread spectrum OFDM si gnal i ng,

i mpl ement ed i iin stege d42) dhrearobE ndAOIs/apE@EE To $AEEL biSROEMSHRBAiDR 6N the Zifst\fietjenthe

t inventjon. System 800 b | mhodi f_system 100
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cel I sp0 cejublit} ifficators.ebperdticHiftoceeds from step 742 to step 744,

In step 744, operation proceeds based upon whether the first or the second frequency
band is selected. If the second frequency band is selected, operation proceeds from step 744 via
connecting node C 748 to step 728. However, if the first frequency band is selected, then

25  operation proceeds from step 744 to step 746, where the passband filter in the mobile node is
controlled to pass said first frequency band instead of said second frequency band. Operation

proceeds from step 746 via connecting node A 722 to step 704.

Figures 7-12 are used to illustrate exemplary signals and band selection by an exemplary

30  wireless terminal receiver in accordance with the present invention.

Figure 7 shows a portion of an exemplary wireless communications system 800,

supporting multiple carriers and spread spectrum OFDM signaling, implemented in accordance



cell 3 806. Each cell (802, 804, 806) represents a wireless coverage area
for a base station (BS), (BS1 808, BS2 810, BS 3 812), respectively. BSs
808, 810, 812, may be exenplary 5 enbodi nents of BS 200 of Figure 2. The

BSs 808, 8% 8%3e06er € coupl ed together via a network aagysedspbRchsd 0 ot her
network nodes and the Internet. In the exenplary enbodi nent, each cell
802, 804, 806 includes three sectors-I7A, B, Q Cell 1 802 includes sector A
814, sector B 816, and sector C 818. Cell 2 804 includes sector A 820,

sect or B idthe afedert @feMion-SPsidm 808 hlay Be 806xenpliy UABSdisRAL &Tsyﬁerﬁaﬁo osector B
828, and sector C 830. Figure 7 also includes an exenplary WI 10 801,
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801 is nt(sBlstOS B&r108BS 2 832)) respedtively CB3seR08p§10, 12, ovay8R@3xedplafi gure 8 is

exanple of a el es c 901/ gnt enna_ 902
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recei ver/zaateupia to@mbha%ﬂmbde@&dqﬁe Eitwtemhaayexb@aﬂymoaﬁndnh Radhsefli ver
302/ antenna 312 conbination in igure 3 or the WI_801 of
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of a recel signal 1nc ude In the sane selected carrier
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di fferent arr nds transmitted by differe nsmtters and/ or
G 11 o0t plsentent aseornto Rt [ Qe anven b A T Y Sl eelPans wher e

both si gra{bompaewtfssoewpgﬁ%mwmm WTB@lsthreﬁlaﬁBi‘nt dfa&mﬁieﬁgymee g,
same type of npdul ation he receiver 901 of Figure 8 uses a sin
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processi rigetenhfB tamsoiter atPad 898aThe Wl 01 irmoping dedard B$ HbHlasdndieat

synchronizatigpn nodul e) 902. The receiver 901 is coupled to an antenna 904
whi ch receives downlink signals froma plurality of sector/cell base
station transmtters. The antenna 904 is coupled to the RF processing

nodul 902. T RF_proces dule 2 includes a troll le RF

oI ED 906 andiaines Renampie. i Suipay nareless erfinalegges oDAEna M) oront e
as a passBmbthafibl Y& innhRIIME Sccdfdaficd WRIOHE Prdert YMERTiON)| TR leddivetiahelnd . The
RF processing nodul e 902 has been tuned to a carrier frequency selected by
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embodiment of a receiver, in accordance with the invention, that can process multiple

20 components of a received signal included in the same selected carrier band, each component
conveying different information, e.g., information corresponding different carrier bands
transmitted by different transmitters and/or different transmit antennas. The Figure 8
embodiment is well suited where both signal components are communicated using the same

technology, e.g., same type of modulation.

The receiver 901 of Figure 8 uses a single RF processing chain which includes a single
RF processing module (frequency synchronization module) 902. The receiver 901 is coupled to
an antenna 904 which receives downlink signals from a plurality of sector/cell base station
transmitters. The antenna 904 is coupled to the RF processing module 902. The RF processing
30  module 902 includes a controllable RF filter 906 and a mixer circuit 908. The RF filter 906 may
be implemented as a passband filter and serves as a frequency synchronization circuit. The RF

processing module 902 has been tuned to a carrier frequency selected by a band selection



and rejects at |east sone signal conponents outside the selected carrier
band. The recei ved passband signal fromthe antenna 904 is input to the RF
filter 906 and 5 processed by a m xer circuit 908 resulting in a baseband
signal . Thevoemahtdssry baseband signal is output fromtlpeTRS2008/053eRSi Ng
nmodul e 902 and input to a baseband filter 912. The filtered output from

t he baseband filter 912 is input to &8-A/D convertor nodul e 914, where
analog to digital conversion is performed. The resulting output digital

si gnal i scontgller 91@ PhedRBfilted pabieh tetived Ggndl e6mpst@ndsivathad thkistle@éd Sgrierbaad t he
output of the digital filter 916 is input to a digital signal 10 processing
modul e 91389 repeRts &ileast somes giabsompogenis eytyde WBdﬂF‘ée‘g‘i@“?er?Pg-des atimng
synchroni zati on nodul e 922, a decoder 923, a beacon identification nodule
927, and a signal quality detector 926. Thus digital signal processing
nmodul e 918 i s Thapessived passband|signaldeard thegintehnadHicia snpubty tie RF fdisr 906 andeci fi c
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br oadcastq;sRilbdi e if PirfHRE@ITROresiBGR HRSLt BIPAOGSR isShEl 6 & dighalilier 916
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recei ved sypdeanizasiog naiduled2g de2bdep 023, eadeambniddnhifieatpanddul cOATasal sdigital on
sector transmtter iated w.th a specifig carpier fre n sed for
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transmtter energﬁyrconcentrated on the one tone. Because of the

char act erdndpplcdhastWThe OFDM beacon signals, the beacon identification
nodul @ 927 can identify beacon signals, w thout having to process the 30

Si gna|1 s through the timng synchronization nodul e 922 or the decoder nodul e
923. The si gndlhe tjmédng syycidetiedtioormdaRé 92364 usetd $orainsing saicheméeratign ofgasuvedment
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923 includes a broadcast module 924 for decoding received broadcast signals, e.g., assignment
20  signals, pilot signals, etc., and a mobile specific module 925 for decoding received downlink
data/information, e.g., downlink traffic signals, intended for the specific WT 300 (or WT 801) to

which receiver 901 belongs.

The beacon identification module 927 identifies a received beacon signal being
25  processed with a specific base station sector transmitter associated with a specific carrier
frequency used for its primary downlink signaling. Each beacon signal may be, e.g., a signal
occupying single OFDM symbol time with the total or nearly total sector transmitter energy
concentrated on the one tone. Because of the characteristics of the OFDM beacon signals, the
beacon identification module 927 can identify beacon signals, without having to process the

30  signals through the timing synchronization module 922 or the decoder module 923.

The signal quality detector 926 includes a signal energy measurement circuit 928 and a

SNR circuit 930. The signal quality detector 926 generates quality estimates for different



measurenents of the received identified beacon signals. The quality
estimate is based on the signal energy neasurenent circuit 928 out put
and/or the SNR circuit 930 output which is a function of neasured signal
energy. Si gnapoguesssty estinate information 933, 935, 9¥CTasguogoB2gual ity

i ndi cator val ues, corresponding to each received identified beacon is
forwarded to the band sel ection cont?ller 910 to be used in naking a band
sel ection decision. The signal conmponent quality information (933, 935,

937) for whnaurets, fromra plralityi afibasel station gelbisecior empsiterg tarpOLI B3RI oars used by

t he band selectlon ntr omakedc ion rn|n t he
Lottt ags DfsfiRieRs of P8l tashdfed afPh e rhe Aoy AtrifOREeReR] Gy o
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el ements of the WI 300 via 1/0 interface 907 which couples receiver 901 to
bus 312. Decdthedigdalwohpbhent gadlity mfcfrhmmsred%s,i 9§5|5a93§7) mrwahbdcfmnwhydtgnmi a
interface, 907, ces suc a.di spl ay
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digital fo-8twhichhadand s, whigh Basgistatien sch)ﬁa?nwﬁerewwerﬁ@ ted forreceivipgi t he

out put 250 IihPEhalcafhection control ler 910 can be used to control the
digital Sdo tne]ranmRrg %c ﬁ:‘)lclﬁor the digital signal processing nodule 918. In

such cases, t he RF proce55| ng nodul e 902 receives and passes a w de

portion of th recel 34 nds e.di |taI
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In Figure 8, the output of band selection controller 910 is used to control the RF
processing module 902. In other embodiments, the band selection controller 910 may be
coupled to the digital filter 916 and/or the digital signal processing module 918, and the output

25  of the band selection controller 910 can be used to control the digital filtering 916 and/or the
digital signal processing module 918, In such cases, the RF processing module 902 receives and
passes a wide portion of the received signal, e.g., multiple bands, and the digital filtering 916
and/or the digital signal processing module 918 selects a part of the received signal to further
process and filter or discard the remaining part of the received signal in accordance with a

30  control signal or signals received from the band selection controller 910.

Figure 9 is a drawing 1000 illustrating exemplary transmitter signaling, in accordance

with the invention. Assume that there is an exemplary wireless terminal, e.g., WT 801, in the



node in notion, is currently situated in the system 800 such that it can
receive: sone signals froma BS cell 1 sector Ctransmtter 1002, sone
signals froma BS cell 2 sector Btransmtter 5 1004, and sonme signals from
a BS cell 3IveGemsmrectm ansmtter 1006. Assune that the W p89Asy@soszspiseVvi ously
closest to transmtter 1002, but is now closest to transmtter 1004. BS
cell 1 sector Ctransmtter 1002 trar¥hits downlink signals 1020 using
carrier frequency fo 1008 within a 1.25MH4 BWband 1010. Signals 1020
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than ordifQe v SbgaiRtsTubendy dithalel ¥ Be sA%dm BORGRR ik ARa% Rocbid¥RofeTIgaRs hi gher
transm ssion energy concentration on a per tone basis than an ordinary

si gnal nekem@ BSueh Isegorl srapsmsijien W0dsomesignalDingnt 4 BE cell Afsédter Bs rapsalitéer 1022,
e.g., S d I i i nt ended f the. s ifi f
nter ot O SRR BN HhRA S P seslof TR 1005, REBRIRU bR, .,
1002 tr anmevidwsly closast to ndsnsnigeal 092,102 5 nomtddosast to Raidnrttér1@qeency band 1014
with carrier frequency f, 1012. Downlink signals 1026 include a beacon
signal 1028. BS cell 1 sector Ctransmtter 1002 also transmts downlink

signals 1030 ig¥Qna skerdpMiandhiR@tRIN0 Yrahames d%%ﬁn%i?hal@%id Wingldagfigency f2
1016. Downlink signals 1030 include a beacon si §na 1032. Inthis exenplary

enmbodi nerfrequensy f N0§evithoma 4i29WHizsB Vitend 10100 Zagnalsol$2) inphetletdownbinki iraffic y
signaly n X tr .t 1€ I 1 1 t._dj .t nmes.
Voot 1 e ind¥ Roz ST M 3 epleh ALY Sl et ol bESSle T
1021, but1004 cepeasemted by a laegegshadqatdtadyle eBdayon digrasinave bexn depRedilag@asinisize a
beacon si gnal 411024, 02811 or 103 in,gl ce of th hordi naréﬁjsi gnaling,
wi th t he DAY srEnglst lusiate fhak peagjy si 7 8 ZJUSh hRbRRransissig energy

concent r aoRE&nBRkid Y PRRCHR bakid fidh an SREnaky Sk nﬁm'g%aaﬁsi%ﬁl By Redesdct uct ur ed
such that the transmtter 1002 cycl es through beacons 1024, 1028, 1032,

repet i ti Véownlinkgaffid signalssl®22 o8- B spregd spectruey OHIDMUsi gnah intended ferghm breaitic

si gnal I | . i i nAt : d
Tofa 155 garsies sBRbilHhen it M Satlion By &llsbtodge Mo GARTT |
ar e repr ebentisklsipyals 6lintoeclt ZiMiHe fequancy anldabdwith cgmiat frddikdcy fepoESent ed
by a |l ar shaded re gle. Ip addition BS cell sector B transmtter
1004 11 SIS SeEpHiRLD et et e unaT A SR SRl s b ekt IR Nk

si gnal s kR3dnitd\ddvifliak 3ign NS A0inkd Qﬂ@im@%@%éﬁ% 6&d 1048 WG QFridB filef@neyi,t t er
1004 also transmts downlink signals 1044 2005/ 109657 PCT/ US2004/034226

-31 i nt o 0d@gbewelnkoagnalsiiPB8 inciwsleralberron 51ggalali032.1 bythisi exemptaey embasiraent, the gnal
1046. 50! N S signals (1024, 1028, 1032) and the ordinary signaling (1021) are transmitted by

transmitter 1002 at different times. Most of the time, transmitter 1002 transmits ordinary

downlink signaling 1021, but occasionally, e.g., periodically, transmitter 1002 transmits a
beacon signal (1024, 1028, or 1032) in place of the ordinary signaling, with the total or nearly
total sector transmission power being concentrated on the beacon signal. The timing sequence

25  can be structured such that the transmitter 1002 cycles through beacons 1024, 1028, 1032,
repetitively.

BS cel! 2 sector B transmitter 1004 transmits downlink signals 1038 using carrier
frequency f, 1012 within the 1.25MHz BW band 1014. Signals 1038 include downlink traffic
30 signals 1040 for WTs which are represented by small rectangles, and a beacon signal 1042
represented by a large shaded rectangle. In addition BS cell 2 sector B transmitter 1004
transmits downlink signals 1034 into frequency band 1010. Downlink signals 1034 include a

beacon signal 1036. BS cell 2 sector B transmitter 1004 also transmits downlink signals 1044



exenpl ary enbodi nent, the beacon signals (1036, 1042, 1046) and the
ordinary signaling (1040) are transmtted by transmtter 1004 at different
times. Most of the tine, transmitter 1004 transmts ordinary downlink

si gnal i ng Mdegoshasssroccasi onal ly, e.g., periodically, tpanrasedbesszis 1004
transmts a beacon signal (1036, 1042, or 1046) in place of the ordinary
signaling, with the total or nearly-iletal sector transm ssion power being
concentrated on the beacon signal. The timng sequence can be structured

such t hatinfolfeequémyp Sahd I8, MIlﬁyslgﬁ@s 1w4QhgEdenEsaedssidddB 0046, TR4Hs 1046,
repetitively. 10 BS cel | sector, Atransmtter 1006 transmts downlink

si gnal s 19¥5EPLEEY %@bc@amméhe bgacertignds (1920, 184% 10#@Q)1end therradiparysignalingy band
1018. Si Bl aﬂcqmsmﬁfeh %?@raﬁ'mmkﬂ er4famff£ﬂeﬁ[ tirtdsO Mt oﬁ-@lgﬁn‘fco{rar}%téﬁhb@th are

represented by small rectangles, and a beacon si gnal fepresented by a
| arge s haw@dmnemtimragd downlink amdaltngdﬁ4(B$uc®chsx®aﬂ¢cﬂ ®1 petiodicallg niansmitter. 006

transmts nals 1 ! fr nc . nk .signals
1048 ot 1703 nspathsiedBR Tamaf{4Fa6, db. o EHT Ff act ¥ ne Pmap Rl g S 556
al so transfal érsneg@ywdkdl Bé@t(&ltﬂiﬂﬁhﬁs:&ﬂﬁ&werlbehg ctmﬁwaéwyn e dachd bignalDawe | i nk
signals 1052 include a beacon signal 1054. In this exenplarzFenbodlnent

t he beacdHNSE seipacecap Bpstrurtised suxebe‘m thg trgngrmilieroh08f sxelgs Wroyghbeacgns 10B653)
are transygsbt @ DYpditigQgm tter 1006 at different times. Mst of the tinme,
transmtter 100% ?rans ts ordinary downlink signaling 1058, but

occasionally, e.g., periodically, transmtter 20 1006 transmts a beacon
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beacon SImaéncyThm16twlm1mgneammnmmdbel&tmgﬁdwrm .ﬁcuadn: ddmmnk keffic
transmtter 1006 cycles through beacons 1050, 1054, 1060, repetltlvely 25
In this ek&msary Oéﬁ%BﬁWh’ﬁh?fe Tepretentsd by swalh esstapslesiagd & beadongignal 10698 1032,
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conposite signal 1002 at the receiver anten recei ver 801 and

associ at s3ePpReyrRodiment.dhsrpaarehsiengisf A0, i%’z 19@92 |au@@e\ﬁwi12@‘a57gre'%57

Eﬂ g Uség gpﬂ%%gﬁﬁﬁ:ﬁnéﬁéd B9 gg%ﬁ[llﬁrgl oil)%1 %ﬁlff%ﬁ’tﬁ:mé.l%st kO it lRankhittte 1664

transmits ordinary downlink signaling 1058, but occasionally, e.g., periodically, transmitter

20 1006 transmits a beacon signal (1050, 1054, or 1060) in place of the ordinary signaling, with the
total or nearly total sector transmission power being concentrated on the beacon signal. The
timing sequence can be strdctured such that the transmitter 1006 cycles through beacons 1050,
1054, 1060, repetitively.

25 In this exemplary embodiment, each of the beacon signals (1024, 1028, 1032, 1036,
1042, 1046, 1050, 1054, 1060) are transmitted at the same transmission power level. In other
embodiments, different transmission power levels may be used for different beacon signals,
provided the WTs know the transmission power assigned to each beacon signal or know the
relationships between the transmission power levels assigned to different beacon signals.

30

Figure 10 is a drawing 1100 illustrating an exemplary composite signal 1002 at the

receiver antenna of WT receiver 801 and associated frequency information. Signal 1102 include



1116 represent noise signals outside the frequency bands of interest 1010,
1014, 1018. Signals 1106 represents a conposite received copy of signals
1020, 1034, and 1048 5 which were transmtted within band 1010 with
carrier frouyoessyosksr 1008; signal 1106 al so includes aggirtussuaabsidmi se.
Transm tted beacon signal 1024 and ordinary signaling 1021, 1022 have been
noderately reduced in anplitude, e.g:32-due to channel gain, resulting in
received signals (1024', 1021', 1022'). Transnitted beacon signal 1036 has
been sl i gbimpynenediuoed] 106, 1188p] i1buU0E?2, H.19, andd1€6.t Compeiensl 1 104 1108132/ dnting
in received beacon sjgnal 1036’ . Beacon signal 10 1058 has been

si gni fi cddif Jerresentoae signalspytside the freguency bangds of guerest ARE): 1944.4018-esul ting in
recei ved beacon signal 1050'. Simlar to what is described with respect to
Figure 9, signals 1024', 1022'and 1021', 1050', and 1036' of Figure 10 may
be recei ved atSighalkfldf@represeniea torapaiie eceigdenply of signlsrl@po.dddhtandd04bnposi te

recei wed co of . si anal 2 ..1052 . which 1 e.transg t,ited within
band Yo ik wabstaRed whRDdand Rt ikt Mohlinc] To BOECu bt TRGA AteS

addi t i ondhcludes a6ditidirahnsiss. t Trasknbieadissaca ggmal 10034ad ardiney dighaling 192 gMak2 ng
1040, have been slightly reduced in anplitud%, e.g., due to channel gain,
resul ti ndaYhibeeR sadgrtelsTeyreaddn prpplifyde, .23 @ to chaniel gain PEYUHNHWLESHS gnal
1028 has haer (f@d?ﬁ@m'mzﬁ'ﬁdﬂsﬁm@ ﬁegpéd igtaP 1038 Hs beé#kqbﬁéﬁ@y re@fi@A%e! gain,

resulting 1n received beacon signal 1028 ." Transmtted acon signal 1054
has 20 beewligidgsd.g.i derie cyannelcgae tesulting impiedei vedebeacongi gnabi L3 6f. Beabemsigial gai n,
resul ting.kn, received.beacon, signal ..1054'. Signals 1114 represents .a
Conpoldt 1 08 nksHE R BORT Hehushl PoPunyliR! e g e Branidein, SRLFE VBT ¢ ¢ e
Wi t hi n baastohQikBaMioSt. Sanilirad whatiedesohed withlRdfect ®iFRynat 91sidhlal(29’,i ncl udes
25 additional noise. Transm tted beacon signal 1060 and ordi nary signaling
1058, hav&82harhlWilgdPp0 cans 1036, efdigwe 19 may bpreceiyad at qitfgrent e ins@nishannel
gain, resulting in received signals (1060', 1058'). Transnmtted beacon
signal 1032 has been noderately reduced in anplitude, e.g., due to channel
gai n, resulti Signals 1l EErspresentheearopesise gacivedi@pg of siﬁnah§ﬁi2€,t1@a8,ti@é%whlc§i gnal
1046 has __bheen sliaht. e .h ampl Etude . . du n ain,
+eaul B ngrere cprapuleotin bEG 00 i Mg iRy €201 sEeh1 F R SBEREGER' T
i |1 ust r atatidigoaX aoiet. aTngMiGed B trgsi Poal 1842eindkdiRA) sighalfrigdl046, hale béenexenpl ary
conposite received signal 1102 of Figure 10 in accordance wth the present
WO 2005/ shgslyzeduesd nspamiundsse g due tosBanngl ga. iresyltingn greeivedh 81gpaks Y42 ecei ver
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downlink trarfic signaling, and therefore RF processing
channel gain, resulting in received beacon signal 1028', Transmitted beacon signal 1054 has

20 been significantly reduced in amplitude, e.g., due to channel gain, resulting in received beacon
signal 1054'.

Signals 1114 represents a composite received copy of signals 1030, 1044, 1056 which
were transmitted within band 1018 with carrier frequency f; 1016; signal 1114 also includes
25  additional noise. Transmitted beacon signal 1060 and ordinary signaling 1058, have been
significantly reduced in amplitude, e.g., due to channel gain, resulting in received signals (1060,
1058"). Transmitted beacon signal 1032 has been moderately reduced in amplitude, e.g., due to
channel gain, resulting in received beacon signal 1032'. Transmitted beacon signal 1046 has
been slightly reduced in amplitude, e.g., due to channel gain, resulting in received beacon signal
30 1046

Figure 11 is a drawing 1200 illustrating exemplary processing by receiver 900 of Figure

8 of exemplary composite received signal 1102 of Figure 10 in accordance with the present



being controlled by signal 1202 from band controller 910 to sel ect band
1010 with carrier frequency fa 1008. RF processing nodul e 902 extracts
baseband signal 1106' fromsignal 1102, 5 a filtered representation of the
i nformat i orwop@saabesy i n signals 1106. Signals 1106' i nclpgdaso09osibary
signaling 1021", ordinary signaling directed specifically for W 801 1022",
and beacon signals 1024", 1036", 10%3:, corresponding to signals (1021,
1022', 1024', 1036', 1050'), respectively. 10 Arrow 1206 represents

addi ti Onaﬁveﬂﬁ&ﬁmm,mcﬁucﬂng reb@9@1980 ¢k dudeh @y AtBghedAo BCORI Sigihg  and
digital filterin t he receiver chain conponents 912, 914, 916. Then,
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band for downlink traffic channel comruni cati ons. Beacon identification

nodul e 93@nplgdAz4"s 186", HOAR eprrzaspendingro signala §1088; HP2ad0ti MBEW1HRWMNh cel | 3
sector A g]tter 1006 which uses carrier frequency f2 1016 and band
1018 as |t£ aSS|gned band for downlink 20 traffic channel comunicati ons.
The identified beacon information and the beacon signals 1024" 1036", and

1050" .as forwarde o the signal uallt det ect ener
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i nf or mat 'aﬁd‘d{gﬁéﬁxlte%E byQBJ)ecéiOérrcﬁﬁﬁQﬂﬂ &knis® 10 hE 4Deas Otfen Ahe §1|ggﬂ§1hr‘é n(ph@24"
1036", 1050") generated. In this OF enbodi rrent t he beacon

i dentifi é%lthe@lrgltab%atad) prosesgingimadeled]Be Bémog ldeaﬁEC%iog magdule A27jidsptifies baagent i on
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received ordinary signals 1022" downl i nk traffic channel 5|gnals

i nt Fnded 1Dk ass pseassigned bawd B downpkink %@9 e;@lmn@lép@@quemme\ﬁ&pgmmm icpieon
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20 traffic channel communications.

The identified beacon information and the beacon signals 1024", 1036", and 1050" as
forwarded to the signal quality detector 926, where energy content and/or SNR information are
obtained and quality estimation information (933, 935, 937) corresponding to the beacons

25  signals (1024", 1036", 1050") is generated. In this OFDM embodiment, the beacon
identification, beacon signal measurements, and signal quality information generation are
performed without using a timing synchronization module or having to decode modulated
information from the beacon signal. In other embodiments, informaticn may be modulated on
the beacons signals, and a broadcast decode module may be used. In addition, in other

30 embodiments, additional information may be considered in generating the quality estimation
values. For example, error rates on decoded information from received ordinary signals 1022",
e.g., downlink traffic channel signals intended for specific WT 801, may be considered when

evaluating the quality of the channel corresponding to beacon signal 1024". In addition, where



rati os between the beacon signals may be used in determning interference
|l evels. Quality estimate information 1 933 is based on the energy and/ or
SNR estimates of the 5 processed beacon signal 1024", and corresponds to
transm tt erwQQ@@21essng carrier frequency fo. Quality escrnab@spsbs mati on
2 935 is based on the energy and/or SNR estinmates of the processed beacon
signal 1036", and corresponds to trar®ii tter 1004 using carrier frequency
fl. Quality estimate information 1 937 is based on the energy and/ or SNR
esti mat esdiféredtiSrected BERSS SignAS AP BorddsPHA to 1EAme camidr, . | fRsR endiBerlcall,
transmtter 1006 using carrier frequency f2. to Band selection controller
recei ves TRiFshERen $1¢ bgacon signals ngydeased inglstermiaingtinigtferepes lgvels-i ty  of
channel 2 is better than the quality of channel 1 which is better than the
quality of channel 3 and that WI 801 should change its attachnent point.
At the appropiQuatity estimate infognation d 938 md brasexkon tHe emengy arsiori INK estivnatss of bend

sel ectd on controller 91 ds signal 1202' to. RF Drocessin dul e . 15 902
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it band selection and attachment point. The %I 801 can recejve sone signals
from BS REeqepsed beaser signat 103¢)nand qorrespondoty tragumigles] Y asingcapier Beiuenedlet or B
transmtt : P j¢tter 1006.
rsoums. e pipRS ey FRAa T iORR o HREhERY hESREE HARABAAE, "oit i s
now cl osgsécetsed beagns siighdl dO05ADAH coBSsppetld tolragguitter 1006tusmgsairict frequEOO.
transljr{ii ts downlink signals 1320 using carrier frequency fo 1008 within
band 1T010. Signals 1320 include dowlink traffic signals traffic 25

signal's 1321 fBahd ¥W&ctivhbelirolleEret @ PesasithARidn 983 %8| dnd 937! @dtdles that ABQuaity
beacon ng%nal 1024 represented a large shaded rectangle. In addition BS

: by hac .
cel | 1 sedehannet %is hettarithandhe quatity ofichenngld which éviettenthan themypkity pEoliannelt3y
frequency, 1 I¥=1s oy . j i 1326
nelude. SnERREWACAA Mopih e G RO, st dbfropr 8o B8, B 92
transmi t slighgwiohiimserace bahdsel3806n controllénrd §uens yighaln@02'0d B Rprodessag module
frequll%ncyogz J}gl& h30 Do.wnlig_k Si nfal s 1330 include a beacon signal 1032.
BS cePl 204&shireedhe selprlion £ BFAUEREYA  t r ansmmi t s downl i nk signal s 1338 usi ng
carrier frequency f, 1012 within band 1014. Signals 1338 include downli nk
traffic signals traffic WO 2005/ 109657 PCT/ US2004/ 034226 -35 signals 1340
for WIs whi chFguee Fels adsaring 430 illasteting exeaplany ransmitien sigiialng aftaxthe Wit
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wi th shading, an
from: BS cell 1 sector C transmitter 1002, some signals from BS 2 sector B transmitter 1004,

20 and some signals from BS 3 sector transmitter 1006. Assume that the WT 801 was previously

closest to transmitter 1002, but is now closest to transmitter 1004,

BS cell 1 sector C transmitter 1002 transmits downlink signals 1320 using carrier
frequency f, 1008 within band 1010. Signals 1320 include downlink traffic signals traffic
25  signals 1321 for WTs which are represented by small rectangles, and a beacon signal 1024
represented by a large shaded rectangle. In addition BS cell 1 sector C transmitter 1002
transmits downlink signals 1326 into frequency band 1014 with carrier frequency f, 1012.
Downlink signals 1326 include a beacon signal 1028. BS cell 1 sector C transmitter 1002 also
transmits downlink signals 1330 into frequency band 1018 with carrier frequency f; 1018.

30  Downlink signals 1330 include a beacon signal 1032.

BS cell 2 sector B transmitter 1004 transmits downlink signals 1338 using carrier

frequency f; 1012 within band 1014. Signals 1338 include downlink traffic signals traffic



signal 1042 represented by a | arge shaded rectangle. In addition BS cell 2
sector B transmtter 1004 transmits downlink signals 1334 into frequency
band 1010. Downlink signals 1034 5 include a beacon signal 1036. BS cell 2
sector B t Med20ebae%e37 1004 al so transmts downlink si gnaCs/usdedoisedeo
frequency band 1018. Downlink signals 1344 include a beacon signal 1046.
BS cell 3 sector Atransnitter 1006 t3Sansmits downlink signals 1356 using
carrier frequency f2 1016 within band 1018. Signals 1356 include downlink
traffic sigyakall340 fanTscwhiil:ﬁ)a&irqrradestedBﬁsmﬁld)rcctAIglemhicmdufgrcmurnepk asffiat ed by
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exenpl ary beacon signal 1420 with a timng W|th respect to an
adj acent sggaelsdB44 inld fasquendydind d01& Hoyniinpoigpals d844 inclube n beacph aiignal 1§46.
features of the invention. Figure 13 includes an exenplary W' 1402

I npl emented in accordance wwth the present invention, e.g., W 801 of

Figure 7. AssB$eellBatctoha tﬁxmbemﬁmmmdo&nﬁﬁk §ighi PI56RImgadmpect rum
frequency hopped &iste{@nﬁbus nglq eacon si %nal ing in accordance wth the

present iFRARFICY énl band4013.; $ignaly k0 1acduderdopintink trpkficisignals dfatficn e V\7I'
receipger glhik.1358RkF Whewhi¥W ark4%edefited Hfl Erﬁm }dtaﬂgﬁaﬁﬁih@ g bE&oﬁ%gil:alSl@G@ or

transnmitter, whose carrier frequency b currently being used or
downl i nk represenied by h dargeshadedymetangle, Inaaddltlph@ts ceH@ spqron Agznsmister H30@chr oni zed

OFDM sy ee 75
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sect or Cbehcroarstgmltltoéﬂ BB il B isecdin A ransmibiteri 1006 hlyo trifses dowalisssgnads IGEDM
synbol tinme . interv 1 14 4 r vvn for sector

transm t (8P fEgYEAGEH @é‘t]ﬁ%g ﬂe&éﬁw@aé@m" deg q“rﬂgé’taEﬁ? (1406, 1408
1410,151412, 1414, 1416) is approximately the sane duration; however, there

is a 10%offset 1418 between the start of a BS | sector C OFDM synbol tinme
30 interval afiBurnB iseaslrawing 140089 ap exempleny beacop Dignal i38 with mgmingolpstal .
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station timng g era ors“such as erent Fart nmes “and/ or
di f f er eneéthedonention. cﬁlgtﬁlerlémmclmﬂcsammldnemMOMpm&me@nd agactanbagith

station ttger [%Qs%nt 1%1;[fent1'on e.g. 2%5%011 ??ﬁgure FrAégaanohat t %Aé%gr%plary?’g'stem is an OFDM

20 spread spectrum frequency hopped system, using beacon signaling in accordance with the
present invention. Assume that time line 1404 represents time at the WT receiver 1402, that the
WT 1402 is currently attached to BS 1 sector C transmitter, whose carrier frequency band is
currently being used for downlink traffic channel signaling, and that the WT 1402 has
synchronized OFDM symbol timing with respect to the BS 1 sector C transmitter. Three

25 successive OFDM symbol time intervals (1406, 1408, 1410) are shown for BS 1 sector C
transmitter communications. Similarly, three successive OFDM symbol time intervals (1412,
1414, 1416) are shown for BS 2 sector B transmitter communications. Each OFDM symbol
time interval (1406, 1408, 1410, 1412, 1414, 1416) is approximately the same duration;
however, there is a 10% offset 1418 between the start of a BS 1 sector C OFDM symbol time

30  interval and the start of a BS 2 sector B OFDM symbol time interval. This timing offset could
be due, e.g., to differences between the base station timing generators such as different precise
start times and/or differences due to different distances between WT 1402 and each base station

transmitter.



BS cell 2 sector B OFDM beacon signal 1420 has been communicated to WI 1402
as indicated by arrow 1422. During tine interval 1414 BS cell 2 sector B
OFDM beacon signal 1420 is present at the WI recei ver 1402. However, since
the WI' i s avo ambe@desnd synchronized 5 with respect to Bectusanieiizte
transmtter, WI 1402 only detects 90% of the energy of the beacon signal
1420, e.g., it msses the last 10% of3éthe signal. However, this relatively
hi gh level of energy detection and relatively snmall anount of associ ated
uncertainty is, in many cases, satisfactory with regard to supporting a

conpari son of beacaon signals from adjacent cell and or  sectors. In
accor dance, wBSfeliecstayB/QERMY beacen sgad Iéebhaschepn ermmHpisated eWll@82 ¢er does
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the 25 sane car u|rer lggndﬂglog\?\ﬁ(gﬁ%?%x%étgri ng Orr(ly)ﬁﬂ%e %hpgsgbdg% lchletér)
1422 i s tonpexemplay empodiventivfiige present muerdion o Frdieukt in¢lhdesRireteaved mobile é4Mi ve

beacons fromtransmtte in t her, frequen ds, ~for .user a
Cranah s angR R asiled 03 - Bl Bing LGA R L 104 K piE B ne o,

si gnal s neT's pajekskot, Rlethory)@nd VOqiteREYoRRREich iRyvaiBes ¢lomeEMaR inétkangs @4ta dat a
but into the frequency bands of neighboring sectors, cells or other

carri er s 4 gdomptipmeRecsist L4 ipgludes an Bdinresessing wogide d 1D 2ibgsehpnd filgming  om
cells an Sa i i }

ot abl | SRequicRILMhoAT BOELAR, piRclt Entna LT P B SR I midle1 a0, e
beacon siagdah EOfinterfadehla 18.nBF \poodessirtg raodulee 10 pudludes a RE f6ltanmigmpdale 1482,

cur o 5% oo PGB et K B OAh REATE Y Al sl RS B
2005/ 1090536 b¥ef MHiZRGO<b 34 2@I6can receive a plurality of downlink signal including beacons
signals from a plurality of BS sector attachment points, e.g., different cells, different sectors,
and/or using different ordinary signaling carriers. The received beacons from transmitters which
use other carriers to transmit user data, in accordance with the invention, will fall within the
25  same carrier band to which RF filtering module (passband filter) 1422 is tuned thereby avoiding
the need to adjust the RF band to receive beacons from transmitters using other frequency bands
for user data transmissions. That is, as discussed above, transmitters transmit beacon signals not
only into the frequency band they use to communicate user data but into the frequency bands of
neighboring sectors, cells or other carriers used in the same sector. In addition to beacon signals
30 from cells and/or sectors with which the wireless terminal does not have an established
communication link, RF processing module 1410 can also receive beacon signals from the
network attachment point it is using as the current point of attachment. User data/information

and control signaling such as pilots, timing control and power control signals may also be



-37 received fromthe transmtter at the current point of network
attachnent since these signals will be transmtted in the frequency band
to which RF processing nodule 1410 is set. Qutput signals fromthe RF

pr ocessi ng wmoueke9dsy10 serve as the input to the basebapdriysidolbRsrcldl?2
whi ch perforns analog filtering. Then the filtered signal is input to an
Al D convertor nodul e 1414 where the-¥+ltered anal og signal is converted
into a digital signal which is input to the wireless termnal received

si gnal prreeea ifiogh e thihsenitkérldd the\duirelt§omt bEdoivorRlatth@@®Riny SifcesSthesealgnbls @GRS S| Ng
nodul e 1416 received the digital signal 10 perforns a DFT or FFT,

per f or s bEN@RYYitted i the fregrencikand &9 which BEseresinemetyp 141 1§ set. based on
energy |l evels of tones exceeding a threshold, perforns synbol detection,
e.g., of ordinary signaling such as assignnents, determ nes the
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output fromthe wireless term nal received signal processing nodule 1416,
i s i nput theowirelessgrmyinal feceived signal prpcessiieatdyle dosel ection of the carrier
band to which receiver 1401 is tuned and the tine at which sw tching
occurs. Signal 1424, e.g., a handoff request to a new BS sector attachnent
poi nt is sent Wiraess te?p@inal reetiesbsigrat pionesking awdiledd 16 ragaiakd thealigitbsigapl,nodul e

1416 via its UO.ipter e 1418 over WI _bus 1404..into,transntter dul e
110 Wt opeirfoe ARt G Gedtms iy lpuih aetbih bi=th? ahEARAN. L fhsel B b
per f or me@dnergh & vels antonks éxeeediipcithtesHal@ etformdyalbetddtetian] d. 4 nefordinaiyt enna
1408 through which the WI can transm t uplink signals usi ngdt he current

Wi r el ess SIENAINE spplpas ASHENMRNLS dglsEMISC TR LRI @ssoCiatsd reith each detreied brac@ht

net wor k i . bt to a
new net oy LA RS dcRARts (1€ nbon SaBR R point & R0 ob o B o SR el ©
band sel eompaisounand mitiatdsgrandofDugtypasts vihent tdeteninineb e diffarent metwark ateackinendd

si gnal. processi no e 1416.is.suU i.ed to the transmitter dul e, 1402.
Thi's 1d: Raint DimiEhe FeEcBig Crins FHEr ik AoPEine SR Pe leorpal BEv el o
band to tshaalradsans meanensio)s iksut td@e REVIBS | SBCindlcontrdla elereREtionnditid  at
the appropriate tine, e.g., IIUSt'ﬁE{qI or to a tine corresponding to an

assi gned ca&gr bandde warshupsei ek 14U ghitied anshthe ipe bV Righ s WitetHRE peiScar ri er
frequency that can be used to register with the new attachnent point. WO

2005/ 109657 PCT/ US2004/ 034226 -38 Figure 15 is a drawing of an exenplary
wirel ess ter nBigahl IM@¢ai. g edhandgff adqupst cce@s®v BY sector attachment point is sent from

X0 wireless terminal received signal processing module 1416 via its I/O interface 1418 over WT
bus 1404, into transmitter module I/O interface 1426 when module 1416 determines that a
handoff should be performed. The transmitter module 1402 is coupled to a transmit antenna
1408 through which the WT can transmit uplink signals using the current wireless link. The
uplink signals can include a request to the current network attachment point, e.g., BS sector, to

25  initiate a handoff to a new network attachment point selected based on a received beacon signal.
A band selection control signal output by the wireless terminal received signal processing
module 1416 is supplied to the transmitter module 1402. This signal can be used to switch the
transmitter and receiver carrier band to the band corresponding to the new BS sector attachment
point at the appropriate time, €.g., just prior to a time corresponding to an assigned dedicated

30 uplink segment corresponding to the new carrier frequency that can be used to register with the

new attachment point.



nmodul e 1500 i npl enmented in accordance with one enbodi nent of the present
invention. WI received signal processing nodul e nmay be an exenpl ary

enbodi ment of nodule 1416 of Figure 14. The exenplary W received signal
processi ng wodaok209%&00 i ncl udes Fourier Transform 5 e.@crig2ddussbgt e
Fourier Transform and/or Fast Fourier Transform (DFT/FFt), nodule 1502, an
energy estimation nodul e 1504, a syniB8t detection nodul e 1506, a threshold
energy |l evel detection nodule 1508, a threshold determ nation nodul e 1510,

a control nod#garelB5lid a deawih %aﬂmy&wprary Wirelessatdnanal d&ieﬂfeﬁ‘sl%ﬁh]l f2bce
1514, a network point attachnment determ nation nodule 1516, and a andoff
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1524, ..., 1526), each signal onent (1520, 1522, 1524, 152

correspo rﬁ’&?eﬁfgo“t@oqi’ ol §08et MShPIﬂgﬁéﬁ’@?“%‘f mediee } et gertirot medale, 151’?}@5 nodul e
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DFF/ FFF moailulecl 516,62d amendafpesntrobertthadubnid’@y esti mati on nodule 20 1504 and
t he synbol detection nodule 1506. The energy estimati on nodul e 1504

perfol ns an energy estimate on each of the signal conponents (1520, 1522,

1524, ..., 152@Pmremaaumgscmdcmmutrtpumeaelwsﬁgﬁpm eg., a6ign@fin agingr gy
values (1528, 1530, 1532, 1534), each energy estinmate correspondlng to
a di f f er @§H0DSf tipesigh axyn OEDMBIMbebiransprisiontiskresiotsus verabicdmgd out put s

mbol le
audio or R0y S1 S ek 03 R RrbARNRH, W3 Bha DA GsrRoflpgpl ol

, . Energy 1530
1532, dlfiﬁen)‘reameeacy wphin a dovanlink rflsslmnbydbfddt QRWFEE module 6 pefotims an and
thres IeveI et ecf gtm)du g l Ergg df deteem nati on 30
modul ! JHEECAYFCS 553 ‘1%%’6“%%]‘ “EPcE' P BIMTAEY S “R%’é afef 1560

recei ves cbhhpo@nsr(gsao mlzt;l@sz« 122826) Jad0sigidd demponent 15381)15221d sdet erisedes an
average per frequency energy of the received S|grnal The output of the
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O

1522, 1524, ..., 1566) from the DFT/FFT module 1502 are input to the energy estimation module
20 1504 and the symbol detection module 1506.

The energy estimation module 1504 performs an energy estimate on each of the signal
components (1520, 1522, 1524, ..., 1526) generating and outputting a corresponding set of
energy values (1528, 1530, 1532, ..., 1534), each energy estimate corresponding to a different

25  frequency. Symbol detection module 1506 detects and outputs symbols 1536, e.g., modulation

symbols conveying user data, e.g., text, audio or video, etc. and/or control data.

Energy values (1528, 1530, 1532, ..., 1534) are input to a threshold determination
module 1510 and threshold energy level detection module 1508. Threshold determination
30 module 1510 includes an averager 1560 and a scaler 1562. Averager 1560 receives the energy
values (1528, 1530, 1532, ..., 1534) and determines an average per frequency energy of the
received signal. The output of the averager 1560, is input to the scaler 1562 which scales the

determined average energy by a factor greater than four times, e.g., S, 20, 99, 150 or more times



depending on the particul ar enbodi nent, generating a threshold | evel output
signal 1538. The threshold level signal 1538 is input to the threshold
energy | evel detection nodule 1008. Threshold energy |evel detection

nodul e 1508veospasswes? each of the conponent energy 5 val pegnsiddBzs2%530,
1532, ..., 1534) to the threshold |l evel 1538. Wen one of the energy val ue
conponents (1528, 1530, 1532,..., 153%) exceeds threshold | evel 1538,
threshol d energy | evel detection nodul e generates and outputs a beacon
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tone, and the fO detected energy |evel of the tone. Beacon i ndicator
signal 1540, indicating the presence of a detected beacon signal, is input
to control nodbteshddgeergy leyelaietengoramodiie 1 ¥I8 compamb edibhf tlneocompentm amsgy tter

a1 acRmerBusbi e da B fart o xs bt B 5 3 Fhe MsRoPEpLre Riel @1 saa,

1546) i nidoinpbrentsqll 528) 15607 163ML.1, 0534 @Rceds thfedk@s fvBID1 538 thieshdl ehdigmedw es
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i nformation 1564, information requency of the detecte
beacon sngfnahatwhnn:dncatmg thedragdenay of thegletented beacbu signalicompd e, e. gartdng, addothen

possi Ie cons 15 stored informati on about the frequency
| ocat :bon 5?81 &/ﬁ?e&y @égcgﬁ% PPnsmitt ed by different network attachnent
points will occur. Transmitter information determ nation nodul e 1544

recei ves beacgn ene yIfrequenc‘% information si gﬂfa 1542 stores the
energy | evel %?@@é‘ﬂfg?ﬁ‘?rﬁ@"@blé einflicating Jheprgseaco el 4 detestest Baocansigiahis i on

1564, 25 ;@i 1 donirBBmbdife }]5 E%B?Mg'ar%ﬂfdﬁfghmﬁﬁtcgthe t&%ﬁttbﬂﬁf%‘rﬁﬁ&at' on
corresponding to the hi ene l'evel, iI'n frequency information 1566.

Info on pbsshinb@omea@dmﬁlme a cpntml sigogl, 1546 tp networsattaciunent p@qt@tﬁmnahw or

 anam ¢ vissabr E0F BBl R LR LR il 880 o ForhBLBERER BofeatfEr on

t he receia@dty ib@adoles (I5¢kurh16y rdspetiveinoiy r¢s@6mrtmhHaecté&S&cbmmgm.or mati on of
possi bl e beacons 1568 to 30 determ ne information about the transmtter
which transmtted the beacon signal, e.g., a sector, cell, or carrier

frequency USG(i‘rdn@mﬁte% b atiBh d&@x‘nhneftfoﬁ%d@lﬂlecﬁlﬁ hﬁhﬂféi ﬁn%x%%u@ﬁ%dﬁﬂth%' gnal
was transmtted. The transmtter infornmation determ nation nodul e 1514

out put s ienérgy Aetedtedhin the bpradrssignal mbishandomag int energyenidemeianelf B aiatomatidngnal  t o
the ”z%t Bgut?];[ tfae Iﬂgr‘na‘cr)]ftof 910' J&ecmb%g) 05/51%9;% 1ch|:;§-gtlop%2199%{]9e3 %y m onﬁa%gn
1566, and info on possible beacons 1568, e.g., stored information about the frequency location at
which beacons transmitted by different network attachment points will occur. Transmitter
information determination module 1544 receives beacon energy/frequency information signal
1542, stores the energy level corresponding to the received beacon in energy information 1564,
25  and stores the frequency information, e.g., tone identification corresponding to the high energy
level, in frequency information 1566. Info on possible beacons 1568, includes, e.g., expected
frequency and/or periodicity and transmitter information corresponding to possible beacons.
Transmitter information determination module 1514 compares information on the received
beacon including frequency information 1566 to information of possible beacons 1568 to
30  determine information about the transmitter which transmitted the beacon signal, e.g., a sector,
cell, or carrier frequency used in a sector or cell from which the detected beacon signal was
transmitted. The transmitter information determination module 1514 outputs information

signals corresponding to the detected beacon signal to the network attachment point



determ nati on nodul e 1516. For exanple, the output information signals may
i ncl ude power information 1548, frequency information 1550, cell
identification information 1552, sector identification information 1554,
and/ or car rweroosdexdsi fi cati on i nformati on 1556. | n sone pcardsomisnmniss, at
different tinmes beacon signals convey different information. 5 Network
attachnment point determ nation nodul et01516 includes a plurality of sets of
beacon i nformati on (beacon 1 information 1558, beacon n information 1560).
Each set deferminedanomodulé dF k6atHooex aniphs &e ohﬁﬁﬁ))nfmmamesp«gndk gy teclhalerpeeet ved
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Vari ous :ﬂypes of handoffs are possible, in accordance with the present
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present invention. For exanple, 1n sone enbodi nents, beacon energy. |l evels

of multi SREIEHHERUSALY a4 carEPPIRiRg reseivele Hihe AEtWoRK aifachmentpoims determinaliasy over
tine, se. gnqdufé\/l%"légt?rﬂ ar&ese%& iR 159@ 1560) R& iR ERhehPorBlt & hhafe famelof f

determnation. In so nbodi nent S, ference mar gl ns bet ween current and
pot ent i aland atakescienisions pgandtngtkeadnffssfrommmtw&smcrmneahpbmbtnpalnfé@iento handof f
criteria used t et rmneyif suf 'ci t difference in the | evel s
oxd st ¢ SUpek ffehgef bRl Varions B ol hirkST wERpLTIERF RechBiehISuBEME o

beacon emedsent invex@drs irthdinieintes-eell Edhdoﬁfﬂﬁt&ttdﬁttedhdrﬂoffﬁ,md%f’1rd£&‘:hﬁ‘le@ns e.g.,

30 beacons beI ow a prese| ected energ %vel are not consjdered as. handoff
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deci dgs, n%ﬁ?cdis%‘nnxtli)aff@scﬂ{hnﬁb@%heﬁﬂf@&l%kn%&* aktﬁékf?ﬁéﬁ@{%:bﬁf‘whénoa pagiest a
handoff to anot her network attachment

associated with a different network attachment point has a higher energy value than a beacon
associated with the current network attachment point. Numerous variations on the handoff
decision process are possible in accordance with the present invention. For example, in some
embodiments, beacon energy levels of multiple beacons from a network attachment point can be
25 filtered over time, e.g., averaged, before a comparison is performed to make the handoff
determination. In some embodiments, difference margins between current and potential
attachment point beacons can be measured and compared to handoff criteria used to determine if
a sufficient difference in the power levels exists to justify a handoff. In some embodiments,
minimal acceptable beacon energy levels can be used and considered in handoff decisions, e.g.,

30  beacons below a preselected energy level are not considered as handoff candidates.

When the network attachment point determination module 1516 decides, based on

beacon signal compoent energy information, to request a handoff to another network attachment



WO 2005/ 109657 PCT/ US2004/ 034226 -41 point, e.g., in a different cell, in
a different sector, or in the sane sector using a different carrier,

nodul e 1516 sends attachnent point selection signal 1562 to a handoff
control | er 6 Z@s5/1096mdof f control l er 1570 control s oper @ciran3eodhsds
regardi ng the handoff process. Handoff controller 1570 includes a band
selection controller nodule 1572. Hamdeff controller 1570 5 receives the
attachment point selection signal 1562, e.g., a signal requesting a change
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dedi cated uplink segnent, e.g., a dedicated access segnment being a set of

tones durbeies pereent RedithorquvesiehRS pecsasingtvork aachme™ DOHL & Vi 8 hagkbadiak. to the

beacon @{é%r z@@ﬁ&ﬁe‘?ﬂ%‘r @&t&r%[ ﬁ&?f 6rqglng-l§etsc nenﬁl-é(’)ﬁ?ﬁé;r hﬁ%%vcﬁgmlégﬁf{l ésr‘r'leo' nt, to

be used b Slink to
t he neM/dﬁmmmmkgamiwghhnpmlmmnmtmtEﬂBSexanple, in the case of an
inter-cell handoff, the dedicated uplink segnment is used for sending an
upll AR 25 timng and/ or power control signal to be used by the new BS

sector att aCh'ER:'MdeﬂQi fhe rdceive® BaEAE PsynitloM 536 @é‘ﬂ%ﬂi’ls MR EnrAtts) SicTBAh 8] gnal s
to be sent to the WI to adjust its uplink si Handoff control | er

1570 r ec &iBressignmengniiethe sequested B3 sqstm meta»toéﬁatraé@aw @ewt pf dadicated resorces,
requesteq ﬁ %é%ﬁ?&g andbl ﬁ%q%géatugﬂ% meHé &S th WA ﬂg‘f%%% {eggte?m% tltler am ng

i nformati correspo new sector at poi n
i nf or mat inew net»auwk andthmbntt poires The assigaments hercomrdyedta o &6T ofa thiﬂl:tm-edur | ng

whi Ci’s ti f:stagﬁsﬂ;[:dS Wirg]ggs llu ?cesl‘he ggdléz:te unp%n{( gﬁ':g?ﬁeing rel..sghIalpdeglcatf: accegshs%gment being
a set of tones during specified OFDM transmission time intervals with respect to the beacon
signal corresponding to the requested network attachment point, to be used by the WT, is used in
the establishment of a new wireless link to the new network attachment point. For example, in
the case of an inter-cell handoff, the dedicated uplink segment is used for sending an uplink
25  timing and/or power control signal to be used by the new BS sector attachment point to generate

timing and/or power adjustment signals to be sent to the WT to adjust its uplink signaling.

Handoff controller 1570 receives assignments 1574 of dedicated resources from the new
requested BS sector attachment point, uses timing and/or data link framing information
30 corresponding to the new sector attachment point, e.g., information about which tones are used
for which types of data during which time slots, and uses the timing relationship between the
beacon associated with the new BS sector attachment point and the assigned uplink dedicated

segment to decide when to terminate the old wireless link, switch to a new frequency band,



beacon associated with the new BS sector attachment point and the assigned
uplink dedicated segnent to decide when to termnate the old wreless
link, switch to a new frequency band, WD 2005/ 109657 PCT/ US2004/ 034226 -42
assum ng t hweopmw1®sssect or attachment point uses a diff ecenis2doienesncy band
than the current BS sector attachnment point, and establish a new wrel ess
link with the new BS sector attachnes2- point. Band sel ection controller
1572 generates band sel ection signal 1578 at the appropriate tinme. Band

sel ect i onssuinGfthe H6W BSi sectdeittach@ertpBinkirseld h ARG &t Hidqiand Y bendthad e ceirétg! €
chain 5 receiver to switch bands. gure 16, conprising the conbi nation of

Fi gure 16 %A piaghment peist. and eaabllss\ﬂ@ﬁm\wrelefsbmk yith she nepeRP seatqr aashimsat of
oper at i Ngyofy W4 s%f%%uérﬁédﬁ‘crﬂﬁt%r l(SVg%ene & ban ser@*abh@l 99q§7§uﬂhe propiiate300,

t hat can be used 1 n an exenplary ogona reque i Vi st on t1pl exing
(OFDM  10inxorBand sgedtion nignalylsiTa iy sentrto dlecRir plra;m:semgnmddutemf thr ssgleichaimvent i on.
Operagl on starts |nh§ ep 1602 where the WI' is powered on and initialized
to recei vEHEWISE ?'bﬁal s frombase stations. Operation proceeds from
step 1602 to step 1604. In step 1604, the WI is operated to receive a
signal corresponding to a first fre uency band that_incl udes a pl urallty of
tones in a fi Furels FoEPrivng the gambingiongf é?%‘lfe 16 preiBigurs 1By isa flawehait si gnal

tones, whiggh, Cfxgxﬁpfsi@yng&g%d Sﬂt;eﬂ tauhg 'v.rhf s%ﬁ’nﬂQ‘ (WT 9e %mﬁfé%%h have

been transmtte o e sl gha t ones may | ncludes user
data, corWT3D0,shayna be wadinan dxeapbany sntlgxgahad freE[llrmacjoémsmn milgnkkng@7DNEve

been transnmtted ransmt tatjon sector .tran ter
oy ool st Eaion suéh R aaraEe viie HsiordeRtRvenlig QRTPata s SRR e h
from or fwhers OB TR poiverRE2R1ahd BitialRedito. rediveldoMififik sikfdls FOMASPRAIHNAY tOo an
adj acent sector, cell or another carrier frequency In the same 10 sector
from whi cIperatian ppcesss &oyesien k92 torsten 1604d IneteR h6%fh¢e\¥'fa§ opaseledip reced\gray ent

poi nt of s;(/gﬂ?ltc\éﬂ{e ﬁ‘&xB EUERE fre T@Héy tEaWH'tHa?m@luQ@fzf@Graﬁi)g&ﬁlbnésgn EﬁFs‘?bé’

the WI' s rrent req ency may act ua correspon
tr ansm’ t toénmahThhmgmmcaxdeaa plueality ofengrehmyesowhs:hdmﬁdrenaymm camt f r equency
band éansm t and recei ver .user audi o,..,vi deo,

; t
oai'd 8§ gUBPMISR< B 1P A TG Soos8 BedimiGt Eiiior o7 AERBe S IERRHPES e

first tingayRrilbded ulet dataSoonBel sighalstana/as Beassn §pndld. MEheRhtdithigrildl hdyHa@e Sybol s
may be recelved on the different tones, e.g., one per tone, included in

the si gn&FeviEnsmiied by a tapanitier 04. agts hatiop Seqiprdeansmiter Mhiphdhel Tisouastio st ep
1606. Inp, R-/%p«écg ﬁgf%mm\éﬁé Q&We%f‘éi‘ dhe? FRET §r3FdPh andthdFird an‘n%ffglée’acy

conversi on recel ved si ghal to generate a set of signal
conponentmansuitterappespindigg taamadjdcentesndtors ce)har anbtharesarmer frequency in the same

20 sector from which the WT receives user data and which serves as the WT's current point of
network attachment. Thus, while a beacon signal is received in the WT's current frequency
band, it may actually correspond to a transmitter which uses a carrier frequency outside the
current frequency band to transmit and receiver user data, e.g., text, audio, video, etc. said signal
possibly including a beacon signal. In some embodiments, the first time period is a symbol

!5  transmission time period. Multiple symbols may be received on the different tones, e.g., one per
tone, included in the signal received in step 1604. Operation proceeds from step 1604 to step
1606.

In step 1606, the WT is operated to perform a time to frequency conversion of said
30 received signal to generate a set of signal components corresponding to different signal tones in
the first frequency band. The output will normally include one signal component for each tone

in the first frequency band that is used, at a point in time, to communicate a beacon signal

component or a symbol conveying user data or control information. In some embodiments, the



the first frequency band. The output will normally include one signal
conponent for each tone in the first frequency band that is used, at a
point in time, to conmunicate a beacon signal conponent or a synbol
conveyi ng weeeoodadsasor control information. I n sone enbegirigiodossbize WO
2005/ 109657 PCT/ US2004/ 034226 -43 WI uses a Discrete Fourier Transform
(DFT) in performng the time to frequdncy conversion, while in other
enbodi ments, the WI uses a Fast Fourier Transformin performng the tinme to

f r equencyWT agesaIikéete FouréteMransfémSDHET) dbitBtorhing tv¥tile tefrédueRSy donGersibRr gy of
each of a plurality of different signal_conponents which correspond to

di f f er entWhiledgotBprsraodiinents thesWilgises o Bast Fougigt, Brsasfonn fupartprmiig 1bs Be iy set
of per sig géncg,gmeg%rgy val ues, each per signal tone energy val ue
corresponding "to a different tone. This can be done using any one of a

plurality of well known signal energy neasurenent techniques. In cases

wher e .a beacon, det ect | thr ld is nam cal enerated 10.from one or
mor e Pocer ved TBhinigP P Mec? b Aoyt e e iab Bty SRS o ot e
is a thrs%&bwodlpﬁﬁdiﬁﬁhibﬁﬂoﬁés?&d oA feénit OlaqnGies PitRIRSARIS ki fedfusic®baddRS t o
step 1610 where processing of the received signal to detect the presence
of beacoBeRiTYRARY of Serugabiong anerey wlueseeroh per segnabligne enrapy Wleqromgsranding
various grhagiefEbioie. m@fcarvﬁeed&e%m%%&% (ﬁa]plﬁ.lrgl?tz%'f WeAknb WA & nﬁleﬂ%r%gr Com

detection of beacon tones. In step e W génerates a thres
at | east nmasurereentitecbuliqeésgdmkaseSwhgre bt on detecttbaghmsiipld tsedypartisaly gebéhbd

1618, i onal l'y, .sub-. 1620. | - 4, th h
e L e SR R D o

st ep 1608hredtRld goxerandestep. f Opdigtidni dlsdtproédeedbURiHE Yep 2608 toistepl 160G Wheret ONES, Were
Xis over 100 in some but not necessarily all enbodi nents, the energy of 10
the X tomeesessinggf the rgerived:sigyiat Reletepighe pigesngs ef beacensyignady is perforrisd. ¢ ot al
signal energy of the received signal. Next, in sub-step 1616, the W

di vides the determ ned energy total of step 1614 by the nunber of tones,
e.g., X in tBeprlétZiswpdpsonphatep, usedyin, vanhuseimbiodignents, thabnsgedypemicalbyne

ener val ue. eratiqn proceeds from sub:ste 1 sub-step,.16 wher e
the Wp | Eergiel Bieho 3o REST R cpiel bRt oI LIS 2ohs \Ey Bt Dt o
than 4, grokh at léast dhe 1ddRivedQignd0 Bty 1612 I lubids §ublebeps 16eP 8606, 18 antihe

i npl ementation, to obtain a threshold value. In sone enbodi ments, operation

pr oceeds oPHienRlxpbsteed 636 1lp sybsiced it thy Wilspms Gregotaheneray frore theessbplaeed
t hreshol gi&@ tb&%ee%ir 3a%%£'85tai‘ﬁ%)91% 8b8 FARKAAPIeOR Y ASESR ?Wi&ﬁb_ step

1618 to step ere an averagi ng operation 1s per
sub- st ep irdBRpd Xt toresyWeiesX B0 vepHldah sam¢ butawohixcesariky .afj. embtedenentse theleaergy of

thr eSZB()l (?hev)?lto%%s I%fbessgr%%e% ?olgseth\é'ir {ohgegérgt\éiar? %Ekeratggp {Re ?c;[tael%i gnal energy of the
received signal. Next, in sub-step 1616, the WT divides the determined energy total of step
1614 by the number of tones, e.g., X, in the received signal, e.g., obtaining an average per tone
energy value, Operation proceeds from sub-step 1616 to sub-step 1618, where the WT is
operated to scale the result of step 1616 by a factor greater than 4, e.g., 5, 6, 10, 20, 100 or more

25  times, depending on the implementation, to obtain a threshold value.

In some embodiments, operation proceeds from sub-step 1618 directly to step 1610
where the generated threshold is used. In other embodiments, operation proceeds from sub-step
1618 to sub-step 1620 where an averaging operation is performed. In sub-step 1620, the WT is
30  operated to combine, e.g., average the threshold value of step 1618 with previously generated
threshold values, obtaining a filtered threshold value. In some such embodiments, the
dynamically generated threshold is generated from signals including at least one received signal

which was received in an OFDM symbol transmission time period proceeding the first time



t hreshol d val ues, obtaining a filtered threshold value. In sone such
enbodi nents, the dynamcally generated threshold is generated from signals
i ncluding at | east one received signal which was received in an OFDM

synbol transonkesnoesssti me period proceeding the first ti 2608519657
PCTI US2004/ 034226 -44 period. The threshold value output fromstep 1618 or
step 1620 is used in step 1610. In ongt-exenpl ary enbodi ment, in which step
1620 is skipped, the dynam cally generated threshold is determ ned to be

based on gehigd e ehreaidBiAiedutslid floRChtd 18 bf §kp 16208 R&IIiRGep g6 ., the 5 same
OFDM synbol transm ssion tine period in which the beacon was det ected and

is not based on prior OFDM synbol transmi ssion tinme periods. In sone

enbodi ents. Y BATLerilice SHObMIBRNRIALPRL?L B8 1d6ddheo! e Aty @Al ©P

1610 uses a fixed t store
enbodi nertheshdlds dsteanmed fa bedwhsedldh thhreeslhed dgwhldumg the 6irst tiofe paripd, ergalthd y  of

oper ath orte LM REb isAuBETER BPER-IS DO Prsoturs (Ede iU P9 eshol o

val ues  fiakedPorrRe EIFEYNs B0l askRdksi6d tifk Periodend i f a beacon is not
detected, then the selected stored value for the threshold val ues may be

changed, e.g., lowered, in steps over tine until a beacon is detected. 15

Returning to qﬁ ?&n&gﬁg dn'n §td§9a,ﬂ1§%|9[:sh5hﬁew}ah ﬁ?pﬂ@ltzeﬂ otrrﬁtt&f)gl'le{&C t he

determ ned ener sal ura erent sign nponent s
to the belaidﬁmscslagncaﬂ tltrbnhekﬂmlué egnestgn;edlveMel In solmiecembiosli okt thei sroetd fixedst ep
1612 resel ect e det ect on t hr esh i
creat herg Bl BRRE 6 £EbGR toré A SualE PG iR Sa¢ Sieb SmEPPERAG sl

20 Oper atW%W&ﬁﬁ@i&t%h@ﬁ@nﬁé @p hﬂgﬁés(e stofedS/aR fibBPe sétidf SlofRl tARbld V18esWI
det er m nes whet her of the conparisons of step 1610 indicate that the

L hr eE hol dor @p@ﬂetﬁmn uakefdiam @nd Haibeagonignat Watectad.beictbe sed@cquaﬁtore@ nponent
thr eanol d HEEEREfrEhokiVEO Py BOUEed B, AREY 1} B EXGRE WS delfon s

| east on&h&ngﬂal conponent, operation proceeds fromstep 1622 to
conne ting node B 1626. However, if the threshold has not been exceeded
opera i on proceeds to connecting node A 1624. From connecting node B 1626,

operation contReflififig tdstp ﬁH@ hGep 1306 tﬂ@\%’ﬂ" is bPergk@ B ddfeifire RO dbBniMdd | S

operated to |dent|fy t ones aV|n? energ eveP% not exceeding the threshold
as dat a/eoensy obpachensaid plukalityof ditfere @pﬁlgp@e@mnon@lth thelbeacpn pignal thypsheld

i ncl udi n%n@ltgylle%gﬁ Gwhi cjﬂeﬁs A&l RAGn step 1612 or which is a preselected value. The beacon

detection threshold is greater than the average per tone signal energy of said received signal.

20 Operation proceeds from step 1610 to step 1622.

In step 1622, the WT determines whether any of the comparisons of step 1610 indicate
that the threshold level has been exceeded indicating that a beacon signal component has been
detected at the tone having the energy value exceeding the threshold. If the threshold level has

25  been exceeded with regard to at least one signal component, operation proceeds from step 1622
to connecting node B 1626. However, if the threshold has not been exceeded operation proceeds

to connecting node A 1624,

From connecting node B 1626, operation continues in steps 1630 and 1632. In step 1630
30 the WT is operated to identify tones having energy levels not exceeding the threshold as
data/control tones, while in step 1632, the WT identifies tones, including at least the one tone,
having an energy level exceeding the threshold, as a beacon tone. Operation proceeds from step

1630 to step 1634 where tones that do not exceed the beacon threshold are processed.



havi ng an energy | evel exceeding the threshold, as a beacon tone. Operation
proceeds fromstep 1630 to step 1634 where tones that do not exceed the
beacon threshol d are processed. WO 20051109657 PCT/ US20041034226 -45 From
connect i ng wodesAosk624, operation proceeds to step 1628 pc#igb®1ki@20M 1S
operated to identify the full set of conpared tones as data/control tones.
Qperation proceeds fromstep 1628 ted5step 1634. 5 In step 1634, the WI is
operated to detect OFDM synbols, e.g., OFDM nodul ati on synbols, included
in said received signal on identified data/control tones. This nornmally

i nvol ves the use of a clock signal which has been synchronized with the
synbol t i m ng chmtcﬁt@lecmwdﬁtﬁa?ﬁ?dnowt@n Pcha%ﬁ?ftﬁ@iﬁzaaévha@ttm Wohisr ol

tones, rafe d:f%ﬁ /yﬁb{élﬁplrsgmfzc%q?\ﬂeﬁrfbrkpgs e dntor légeso%liﬂ:trat% StlelR! K

attachrrent ontrol tones may convey user data ori gl n ting from
ot her V\Z'sfrwmsﬂap\hm&:th stehd6Becei ving WI i s having a communi cati ons sessi on
viat network point of attachnent, power control channel information,
tim n&econt rol information, assignnment information, and/or acknow edgenent

i nformation. Iﬁstl?ﬁﬂwthEQNTQssﬁeﬁiﬂedh@?eﬁteCQDHDMdyﬁihom@g?@i@bﬁhﬁﬁ?ﬂu&h@rp 1632
to step 1636, where the WI is operated to (generate an indicator _signal

i ndi cat i riymMPRK, ‘ﬁ?lé%ﬁéméffﬂéwﬁéa’éﬁﬂ agjigpnsifieddataf/poyinal tones. Ghis BOTHHY pr oceeds
from step,Jfid& tﬁcﬁus%&?ﬁ’ cﬂ:@fg‘%ggél RWhidEhs %@%%Pméhl?&&% Wwith MRS 1‘%493 imiflg 8t t‘ﬂE e

information on t eterm néd energy an requency corre pondi ng”to
i dentifi elnsebs;aufmnuhld;lounmsmllttedstheqinta!amfr,ol tohes, ¥\E., d etogk synmvbsonazed awithi the current

e, b0nc o Gioh PSR e e 4 Ry SEiett tot rnenithouaofsens i o cel |

| D from tdueer WEOWRR G¥icheid R609IAE WIDisthavinB @ chRfuaRatieidgessidneliaihe dBtwaroceeds
fromstep 1640 to step 1642. In step 1642, the W stores the determ ned

i dent i fi d%writ@ﬁatmh@ﬁwamvcﬁﬁ ceRFg! égwﬁldnﬁﬁ)gnatt%\ timingcopiphiprmplinTa pssigagent
identifigds AfAN ﬁd%}%ckl@ﬁéd}]%h]gﬁ't iRfoprgRgs fromstep 1642 to step 1644 and

step 1646. Since eacon sign etection and interpretation is based
primarily on the 25 frequency of the conmponent or conponents, e.g., tones,

of a received acon, and/ the interval, .at whi heaco als.a

recei Ved on p ‘1%‘{]55‘}3‘?&&%@?&?{%@“ Prgegefls o deP f#&?ﬁt&f’ﬁgié g‘&ﬁrﬁotge{&grls
obt ai ned { eﬁmdttbge&ﬂa@mnaicemakl H\dl‘iﬁlﬁﬁéﬁnéh@p\@s—eﬂb@\ﬂf AGedcdnRpnbing sigaalgchi eve
or maintain synbol timng &%trom zation with the transmtter of the

beacon si@pfaation pgryeeds f@c“éﬁeﬂ ostea 103818 sispd 3. dep WJ ispperete fo¥essi ng
th t
anot her a)f%ﬂﬂ%ndn%n thEad? e&gﬁ 'e'ﬂ?rggtaﬁ'& ﬁ%cé%hc &nls Cp('?lll] g‘?@khe BT $84c68

peri od. eration proc rom i a
tone. In step 1640, the WT determines a carrier frequency correspondmg to the detected beacon

20 signal, e.g., based on the beacon signal’s frequency. It may also determine a sector ID and a cell
ID from the frequency corresponding to the beacon tone. Operation proceeds from step 1640 to
step 1642. In step 1642, the WT stores the determined identification information corresponding
to the received signal and identified beacon tone. Operation proceeds from step 1642 to step
1644 and step 1646. Since beacon signal detection and interpretation is based primarily on the

25 frequency of the component or components, e.g., tones, of a received beacon and/or the interval
at which beacon signals are received on particular frequencies, transmitter information can be
obtained from the beacon signal without the WT having to having to achieve or maintain symbol

timing synchronization with the transmitter of the beacon signals.

30 In step 1644, the WT is operated to start processing another signal in the next time
interval, e.g., symbol transmission period. Operation proceeds from step 1644 via connecting
node C 1650 to step 1604 for the reception and processing of the next received signal, e.g.,

during next OFDM symbol interval.



node C 1650 to step 1604 for the reception and processing of the next
received signal, e.g., during next OFDM synbol interval. W 2005/ 109657
PCT/ US2004/ 034226 -46 In step 1646, the WI is operated to check if at

| east two hwacmsi®sgnal s have been detected and i nf or mpcirQR2@®l05188
corresponding to different transmtters, e.g., different cell, sector or
transmtters within a sector which us&-different carrier frequencies. |f
beacons corresponding 5 to different transnmtters have been detected, then
operation proceeds to step 1648, where the W is operated to determ ne

whi ch base station sector_to use as a network point of attachnent based on

a conparison & St@méﬁ@n@PdVTa%%&t%ﬁt@GhWktlﬁattIWét tyjodigagoncignslsame been
corr esporhqle@g i Bk ir?n%&%to%%&ﬁ&ggﬁh PR fstent 73 srﬁ)&@ﬁp«l: gﬁ ff%re%ggeﬂ, SRR

the WI' may se ect the attachment pol nt® correspondi
associ at eu transriittérs evithinghsestor ehizhgye diffeeht cafir fs:thfmtesotf tragonb eorrdsporsliny ect

to vari ous ndoff cri te ia.to event fre uent and/ or ssar

svi L o1 ndo JUERBLansitiers e bef TG in O HEN RS BULHP 106 e s Y
si gnal coypRRRe toeteEAMR WM Base AREAGEEbEE 1 hda etk foittloR httRABAt bafed
attachnment under consideration nay be required to exceed the power |evel

of the beadseMPpgsealof thesaergamaaycinfedivitiibe yignal ﬁ@vwatsgenmpommatqchﬁmnt

for a pr&&@&ﬁ%ﬁg&&é&;gﬁﬁﬂ%gﬁ mgﬁﬂ@WTB%ggE thé‘ t’ia%ﬁ{]&@ﬁ'sbtom‘ﬁh' ch is

different Trom ol nt sel ect ed.
Oper at i orcopespoaﬁdgtofthohea&b:eassaﬁﬁsd tvith ﬂtedﬂgh]:ﬁt%el\giyée\&l t Tiee s&kceat edy poi nt  of

net wor.k tachnent ared to th curren 0| nt of net attachrrent
'Ry shtede T afaun hindof TR Re RpvEM Cefinl S B sty PE e

proceeds chRiesst Hor dpaplaves Riwer 1€vel Mfthd Beladdnai @l EonfdnBRyd ebinp &rﬁntshe newl y
sel ected point of attachnment. In some enbodinents, this |nvolves sendi ng

one or nuswcgiedrgihs mr@pwaq@ouupf@mhrn@ttmew cm;ilcmrat@ﬂ maytbedpqubed tQ exceste new

gtet g‘gaﬁeﬁﬁé Pwel eve?&rfrgﬁegﬁﬂg?ﬁ %{Wéisgﬁfﬁ bd W anothé@ nbfifork H@@?Q@at&&&nﬁ@nt ﬁ{]

one or resources.
net wor k girddehmimad upnelbatorcus e&twarkoboﬁrftef etrichmentrwheéch i deféuean dyonf the mmrdm
current network attac era ion wll proceeds fromstep 1652 to step
1554 er”@“f?rlfﬂ%mtwttg%e Fﬂ§§ f¢t€d-r ecei ver and transmitter frequency band
to that of the new network attachnment point. Operation proceeds fromstep
1654 to step 1644. If the frequency band of the new network attachnent
poi nt was t he Oparatiomprocerds flom shent L0dB o sien HRhere thestlectedpointrimgievorlhy t he 30

T o CONERREDRTbie B £SO udcRmal. RPREy We'diraBRy ati on
indicating the need for a handoff, operation proceeds to step 1652 wherein the WT initiates a
20 handoff to the newly selected point of attachment. In some embodiments, this involves sending
one or more signals via the current network point of attachment to the new network point of
attachment and receiving, via the current point of attachment, one or more dedicated airlink

resources.

25 Assuming the new network attachment point uses a different carrier frequency from the
current network attachment, operation will proceeds from step 1652 to step 1554 wherein the
WT switches its receiver and transmitter frequency band to that of the new network attachment
point. Operation proceeds from step 1654 to step 1644. If the frequency band of the new
network attachment point was the same as the old network attachment point, no change in the

30 WT's frequency band is required and step 1654 is skipped with operation proceeding from step
1652 to step 1644,

Over time, based on received beacon signals, the selection of the network attachment



Over tine, based on received beacon signals, the selection of the network
attachnment WO 2005/ 109657 PCTI US2004/ 034226 -47 point is repeatedly
re-evaluated with the WI switching between network attachnent points and
carrier frewoamsiiesmsas signal conditions change, e.g., dugiRodsasyyd
changing | ocation or due to other conditions. 5 In sone but not
necessarily all enbodi nents, beacon s4gnal tones are transmtted with a
per tone signal energy which is 10, 20, 30 or nore tines the average per
tone si gnwlint@NRp&hYeddf re-Sialiaal witnBS WSSl ichMgbeMenbtwbsiehtt 2 RindntdHtOind
non- beacon control signals. In the case of a single tone beacon signal

t he frequaisy fisauangiss peugnahcandifipns change.ise. rdva & the YEE changingdgcatiop of dgdo
frequencxnﬂ%cgmﬁﬁakngle hi gh power tone which nakes up the beacon signal.
10 While selection between carriers has been described as being based on a
conparison of the detected energy in beacon signals received fromtwo

di fferent beacon transmtters,., i can . be reci.at that this.c ri son
my § rivol ve. adbrctl A TPhRseRaRl e RRgenns RS S8 ey B wappOHEL A
transm t t@k tohe eignillefiBrgl WHidhe 816, 28N3GEMaHEE Gindes afR! a\oeﬂg@ﬁéﬂ@ﬁb fPedEénergy of
corresponding to a first 15 transmitter and then another average received

beacon povenal epesusedriEnsgit tserAateasd/aanen-arson qanirel signds dnihiorass efragirgle
could t he Db RHaE thd ﬁ?q%r@rﬁe&g drf‘él&ﬁ?mn%gngﬁgaﬁ%@ r(,?dndgp%latel'rﬁincéfrﬁﬁr}%r on

average over a pertod of en s cting carrier associ ated
wi th t he frdgeecgrf giegimle kipiapowasolzeetncldehlaspnikdbdacorbegrahe st ronger beacon

Si gnal over several tinme periods. Alternatively, the total beacon signal

power Q%oul d be accunul ated over tine and then 20 conpared for beacon

signal s recei weglld JeRtih bdtRES Yarrdrais Heért ®séribel As BARE bed bR aTBmpaATRE of t e
selection of the carrier frequency would be based on a conparison of the

ener gy r dbedsiecied gneggydn bepconpigpalheeseived fsprg hwue differantbercen Epesmittens.dhearibet er s.
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periods. Alternatively, the total beacon signal power could be accumulated over time and then

20  compared for beacon signals received from different transmitters. In each of these cases, the
selection of the carrier frequency would be based on a comparison of the energy received in one

or more beacon signals from different transmitters.

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

many non-OFDM and/or non-cellular systems.

In various embodiments nodes described herein are implemented using one or more
modules to perform the steps corresponding to one or more methods of the present invention, for
30 example, carrier band selection, digital signal processing, energy detection/SNR detection,
decoding, timing synchronization, signal quality detection, etc.. In some embodiments various
features of the present invention are implemented using modules. Such modules may be

implemented using software, hardware or a combination of software and hardware. Many of the



i npl ement ed using software, hardware or a conbination of software and

har dware. Many of the WD 2005/ 109657 PCT/ US2004/ 034226 -48 above descri bed
met hods or net hod steps can be inpl enmented using machi ne execut abl e
instructions, such as software, included in a machi ne readabl e nedi um such
as a menor ywdenisaess? e. g., RAM floppy disk, etc. to cororaiszevsnerbd ne,
e.g., general purpose conputer with or wthout additional hardware, to

i mpl emrent all or portions of the abowt$-descri bed nethods, e.g., 5 in one or
nore nodes. Accordingly, anong other things, the present invention is
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instructions for ca ng, a machi ro and associ at ed

har dwar e, IM¥BICHSF B¢ aﬁ)H%“’GFC '15{]61"‘ ¢ ﬁ@gge%%gd%f Uma“B?J\/%‘ fageeyleyice,
rrethod(s)e i V. i ORS JHHB% par at us
of the pr eséﬁ?%ﬁég%?%ﬁgg Egsdg??& arﬁﬁadhg{?eggm %&@raq B@FP par ent ttécf:u?tﬁgjge skilled
in the arwithogt addetwnerhardmara.bwepldmsrmailm portions of thmbqvndeao;nbcthelﬁgdmeg.

vari atd ons sid mnth e of he | n The

ot hods angTs SR Aee0 PR Hrhd RrblfinS TR p Mo AT bR 408
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mul tipl exi ng (OFDV, . and/ or  vari ous otger types of connu cations
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bet ween afeesSgesBsl@mansliipbi | e nodes. In some enbodi ments the access nodes
are inplenented as base statlons whi ch establish communi cations links with
nobi | e nodes usi ng OFDM and/ or CDVA. In various enbodi nents the nobile
nodes,are i npl ment e n teb r nal t S
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signal including a plurality of signal tones, each signal tone
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conponent.s whi ch
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
computers, personal data assistants (PDAs), or other portable devices including
20  receiver/transmitter circuits and logic and/or routines, for implementing the methods of the

present invention.



correspond to different signal tones wthin said first frequency band to
generate a set of per signal tone energy val ues, each per signal tone
energy val ue corresponding to a different frequency; detecting, fromthe
per tone energy value of said signal conmponents, a signal conponent

corr espoHATIS CRAIMEREQN signal; and determ ning, based on the frequency
of the signal cofponent detected to correspond to a beacon signal, a
carri el. f r edueomiyunieations pethiidrgr vss in aiwdrdbesa ¢armisil gman OFDM Thmmunication
connuniCﬁtiﬁ S HE§QOd of. claim 1, wherein said carrier frequency

corres ?W’QGF% i“OMBESYY8n signal is different froma current carrier
frequency UfREivimy @ﬂmmgmq 3h 8 firdttfReqaerfey Hakd) tsa AR O $nal cNidifY a phkARDBENT
(808); . and wherein said carrier frequéency corresponding to said beacon
si gnal siignal|tomsst eagh isignal tone corcespondingtorecdifforentifreduienty:i s used, to transmit

data, b t Kk int of att h t .(;808 whi t itted id
otect od- heBtsmuhame Biisheity cOLHIORER st dtpelyed SeCo A hont
bei ng Lighalefhpordnid &ﬁre&ﬁ&ﬂi@%ﬁeﬁeﬁﬁﬁgﬂp%ﬁe?ﬁﬂ% fidst flkBeSidagg of claim1,

further "conprising: making a handoff decision as a function of the arnount
of energy i detmmisthgithe energeabtachnéa pheaity of differait signalpongonents sdiiched f r om

the current net oi.nt .of attachne d the anount of ener i ncl uded
-t he eUBRERREY BhereBrsigiayfonel biffomanpost Besumee Buet ottt Abpn
CcoNPONgBhal e éhdrdyBilucs! SRR Fef JiSkh! RdheRnBRY WATE cBREPondingdb LATHFERL Which is
different fromthe current point of netwdrk attachment.” 4. The nethod of
cl ai m frequeney;ei n detecting fromthe per tone signal energy value of said
si gnal conpqnents si gnal conponent .correspaonding to a, beacon signal

"ncl udes:  SECIetinIPTHEC PHAORE IAeY FAlUE eHabTERH COmpRNGHS. 3 SieRaL{mBIRFRY, of
di ffer efifespbitiRg toCLHRLHE KkRall th threshold energy |evel which is greater
than the average per tone signal energy of said received signal. 5. The
met hod of cHetemmidingybasee on tixafrelueheiestitbé sigealeompohent detecteddd coresspond\tota nes
the ayerage, per tone signal ener f said received first signal in said
first PrasgnaieBgl pasaer ﬁﬁ%ﬂ@cwomeﬁéﬂ%ﬁ%rq%a%ﬂeb%%@g@#leat er than 5. 6. The
nmet hod of claim4, wherein said threshold energy level is at |least N tines

the average per tone signal energy of said received first signal in said
first £requ@heyorhmndicatidresrmethbd of claim 1,

wherein said carrier frequency corresponding to said beacon signal is different from a
current carrier frequency used to communicate with a current network point of attachment (808);
and

wherein said carrier frequency corresponding to said beacon signal is located in a second
frequency band which is used, to transmit user data, by a network point of attachment (808)
which transmitted said detected beacon signal component, said detected beacon signal

component being located outside said second frequency band.

3. The method of claim 1, further comprising:

making a handoff decision as a function of the amount of energy included in at least one
beacon signal component received from the current network point of attachment and the amount
of energy included in the detected beacon signal component, said detected beacon signal
component having been transmitted by a network point of attachment which is different from the

current point of network attachment.

4, The method of claim 1, wherein detecting from the per tone signal energy value of said

signal components a signal component corresponding to a beacon signal includes:



is a positive value greater than 20. 7. The method of claim4, wherein said
threshold energy level is at |east N t¥es the aver age per tone signal
energy of said received first signal in said first frequency band, where N
is a positive value greater than 99. 8. The nmethod of claim4, wherein said
threshold e i bSni 1 : . I

ener gy of sgk?ﬁ rglggy‘ggeéb%in?&s(%ési n%q\éait:]rl]agidil%p fﬁl@@fﬁ%ﬂﬁﬁ%@h@%ﬁg@b%e N
i s a ptesi thresboldahergy devehwhichtib greatet thandhe Fiveageertone signaberergyedfivad of cl ai m
4, wherei.n said step of performing a tine to frequency conversion is

per f or FEHVESB%* one of a discrete Fourier transform (DFT) and a fast

Fourier transform (FFT). 10. The nethod of claim6, further conprising: in
response to detecting the presence of a signal conponent corresponding to a
beacon$. si giib¢ methbdofichimd, whelegnsid thresholil eacrpgdéval isl 4D leastiNdinoslthe | D, based
on the frequency of the signal ., conponent exceeding. said threshqld. 11 The
et hod YSFEERIPET fAne sigal EnER oL A TeoEER HER SEPRlgBISHndrpidERausRey AR WEETa N i r ot
peri odis ;Hfostivi®alBistditdrha $ynool transmi ssion tine period. 12. The nethod
of claim'1ll, furthér conprising the step of: detecting OFDM synbol s
included in said first received signal on tones which do not 51 have
energy | eve exceeding.said threshold. 13. The nef{hod of claima4, wherein
said tfres hjgﬁ?jmfsglog Oéﬁﬁﬁﬁlac&'IhFS‘f'"g%‘ffgﬁhé‘iséédteﬁF@é’%‘f%}S atheast Mdwmgsdhg ur ¢ her
conpri gidag, j ' aly ; [ ' .
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i ncl udsa msjtivavalue tgyeatdr tharo2es, the step of generating said threshold

i ncl udes: determning the per tone energy of said at | east one received
signal. 15. The nethod of claim 14, where said per tone energy corresponds
to thestota - Sa . r I i gn (VA by the
nunber7'of d%‘f@?g%%i 0’? glrﬁlggqf ﬂ’é‘?‘tﬁﬁeﬁ?‘?ﬁ“és%g@é‘ egn,‘[é gg‘%%%agrl]%mrgéﬁé\;g si gnal ,
each t gneageqier empaiptang¢nhetgy of sdid reediedd firfst dgnut ireyaid fifst frEjeentpband] wifercNai m
13, wherein said at |east one received signhal is a signal received in an
OFDM sipritRositive yalugieseatesthan ¥ preceding said first time period in which
said first signal is received.

ot
e

8. The method of claim 4, wherein said threshold energy level is at least N times the
average per tone signal energy of said received first signal in said first frequency band, where N

is a positive value greater than 150.

9. The communications method of claim 4, wherein said step of performing a time to
frequency conversion is performed using one of a discrete Fourier transform (DFT) and a fast

Fourier transform (FFT).

10.  The method of claim 6, further comprising:
in response to detecting the presence of a signal component corresponding to a beacon
signal determining at least one of a sector ID and a cell ID, based on the frequency of the signal

component exceeding said threshold.

11.  The method of claim 10, wherein said received symbol is received during a first period

of time which is a symbol transmission time period.

12.  The method of claim 11, further comprising the step of:

detecting OFDM symbeols included in said first received signal on tones which do not



17. The method of claim 13, wherein said at | east one received signal is
said first received signal. 18. The meét hod of claim4, further conpri si ng:
storing information on the determ ned energy and frequency of a first
signal conponent in said received signal which was determ ned to have a

si gnal &R %ve fgé’di{}\%é’a‘?élﬂﬁé%‘ﬁ@ﬁﬁi ng said threshold energy level. 19.

The nmethod of "claim erein sald first signal conponent is received
froma base station sector transmitter corresponding to a base station

sector in jch said wreless termpal performng said recejying step is
| ocat ebi.' 2%%@8319&0% g, Wheseln %P t?wa?ﬁilhaé&wnrsﬁlfsése@rag%ﬁuqsgolﬁe@@i ved
ina fin%%d@@r"tﬁe?@oﬁéri&ihg?’ the nethod further conprising: receiving a
second signal 1 n a second period of tine, said second signal including a

plurality ofemsraginglsaidalresholédfrom stilgibbne reodvedsigmld second si gnal
corresponding to a different 52 frequency; performng a tinme to frequency
conversion on said received second signal to generate a second set of

si gnal jgonp i i fher i 1 on i !
froquenty T bacaemgaRERRRAT: WAkttt i | lshile R b ERN b ORY BT o, o
si gnal tonegypieesteyt of generatingl said doresiobldimtludés: si gnal conponents to generate a
second set gf per. signal tone enerfgy, val ues, each per signal tone energy
val ue in safderaupingdhesear tone gsrevfsaid at degptonsseseiyedisignabs corresponding t o
a different frequency; conparing the determ ned energy of each of said
plurality of different signal conponents to said threshed energy |evel;
and gener at Thgmathod of olirh Nd] whére saiflipgnine efetpg abirdpohdictophienen egergf oft
second beacon signal, when said cor‘rPari n stﬂefgfdeterm’ nes that said

t hr esh¥i¢atedpast gue 1egsized pignadivaderbly the numperofgifieisat ionecingluded m sajd atdenst
conpri sing:. .- I NJ i . i use as a network point
of attgéﬂgn%eﬂ?&tﬁéﬁg&mggggomé%ﬂ% r?glggtt(g%dﬁﬁeé&gg{egp%{c ed energy of the first
si gnal component and the determ ned energy of the signal conponent in said

second signal determ ned to have an energy | evel exceeding said threshold
ener gyl%-evelhe mpthogieé claira Hdawbgreisy saidmt leasipnerresaivadngnal israsignal sgogbed in

at t achiiERkRpRY isﬂ'hb&l%raﬁs&ﬂsgi%h ti?l?ecﬁr%edﬂ{g $3id first time period in which said first signal is

received.

17.  The method of claim 13, wherein said at least one received signal is said first received

signal.

18.  The method of claim 4, further comprising:
storing information on the determined energy and frequency of a first signal component
in said received signal which was determined to have a signal component energy level exceeding

said threshold energy level.

19.  The method of claim 18, wherein said first signal component is received from a base
station sector transmitter corresponding to a base station sector in which said wireless terminal

performing said receiving step is located.

20.  The method of claim 18, wherein said first signal is received in a first period of time, the
method further comprising:
receiving a second signal in a second period of time, said second signal including a

plurality of signal tones, each signal tone in said second signal corresponding to a different



cell and wherein said detected beacon ?i gnal is transmtted by a different
sector of said cell. 23. The nethod of’<laim 1, wherein the current network
attachment point is a first sector of a cell and wherein said detected
beacon signal is transmtted by a different sector of a different cell.

24. TherefiiRdnpd of claim 1, wherein the current network attachnent point is
a first nodule corresponding to a first carrier used in a first sector of
a cell and peréorgiing 8 &inw tddtequerey corvarsinn osisgjd atceivedtsecomslrsigrabth geperatesecond
nodul e correspending to a second carrier used i.n said first. sector of said
cel |, ssond S tEmALkaTReneds SpRespatding KL utReh uend et LSt RER ( 510)
in saipghd;irst sector of said cell. 25. Awreless termnal for use in a
comuni cation system the wireless termnal conprising: 53 neans for
recei vi ng adstegmiaing the endrigy of egohof e gplwhlityiofidiffesent dignaberah paneots il said) a
pluralit f si.ghal. tones, each signal tone carresponding to a different
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different Signal tones in a first frequency” band; erm ni ng
t he enedifferedt freguénayt a plurality of different signal conponents which
correspond to different frequencies_w thin sajd first_ frequency band to
generate a SURPEHINE hEAcleiR e?%&!éOE??@F@;SQ) Phggl,lw@ié}&%} Signgh eamRCgRRS
ener gy o/ idBr&REd SShoNRvER b a different frequency; means for conparing
t he deter rlr(;‘jne%ﬂener gg)mof %gc(ﬁ of said plurality of different signal
conmponent s geneaatittpreshen mdeagy sigaslahdidtingthe pregereatofa stdvad Heheonasi@rahge per
signal tone energy. of said recejived, signal to detect.L a signal conponent
cor r es PBRBFH %%ﬂ%%{%ﬁetswﬁ%ﬁ thatsai tekshald eaprey S INGHPGeRt o handof |
should be initiated to a network attachnment point which transmtted a
det ect ed beacon signal and which uses a carrier frequency to transmt user

data tRat i Thelifetledaticldimol®, further comprifingquency in use by said wrel ess
termnal to communpicate wth a current point of network attach

t. 26.
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si gnal Tn'sal irst frequenc S a positive value g

t han StheXignal bempéreat mssaid condwignad tietetmined #bhaveaaeaengy devetletdeedingedid
energy level is at least Ntinmes the average signal energy of said
recei vélﬂeﬁiobh%l'lefgﬂe%edi d first frequency band, where Nis a

22.  The method of claim I, wherein the current network attachment point is a first sector of a

cell and wherein said detected beacon signal is transmitted by a different sector of said cell.

23.  The method of claim 1, wherein the current network attachment point is a first sector of a
cell and wherein said detected beacon signal is transmitted by a different sector of a different

cell.

24.  The method of claim 1, wherein the current network attachment point is a first module
corresponding to a first carrier used in a first sector of a cell and wherein said detected beacon
signal is transmitted by a second module corresponding to a second carrier used in said first
sector of said cell, said second module serving as a second network attachment point (§10) in

said first sector of said cell.

25. A wireless terminal for use in a communication system, the wireless terminal

comprising:



positive value greater than 150. 28. The wreless term nal of claim 25,
wherein said neans for performng a ti to frequency conversion is
performed using one of a discrete Fourier transform (DFT) and a fast
Fourier transform (FFT). 29. The wireless term nal of claim28, further
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based on the frequency he signal’ conponent excéeding safd threshol d.
30. Theagnal talessach elgmlrtalhe gitrespaidng?©,a differeni freandly;fi rst period of tinme is
iod. 54. 31. The wrel ess term nal of
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exceeding salrd thréshold. 32. The wireless Termnal of claim?2 wher ei n
sai d t hr eshmkahsifer detetyninimgdbd ¢nergyeofomagh efia plumliy bﬁdlﬂferoirinelgmlrcmhqmsemer m nal
conprising: a thr rmnatlo ed. to, said neans for
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dur i ngfreqiede;i r st period of tine which was determ ned to have a signal

conmponent energy. | evel C ing.sajd thre Iev 34. Th
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station sector in wireless “term nal per ng sai d recerving
st ep i of daokmtaded s'ignalTdnéetmtraesh@fal;careponenedorm’spmidmgmoaaqeaumengnah dnide

majority of the energy .incl. first nal onent is .received
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second period of tinme, said second signal including a plurality of signal

t ones, WEB@W“E‘F@rP&FmtOéHEtW%k%? 8tond signal corresponding to a different
frequency

26.  The wireless terminal of claim 25, wherein said threshold energy level is at least N times
the average per signal tone energy of said received signal— in said first frequency band, where N

is a positive value greater than 5.

27.  The wireless terminal of claim 25, wherein said threshold energy level is at least N times
the average signal energy of said received signal in said first frequency band, where N is a

positive value greater than 150.

28.  The wireless terminal of claim 25, wherein said means for performing a time to
frequency conversion is performed using one of a discrete Fourier transform (DFT) and a fast

Fourier transform (FFT).

29.  The wireless terminal of claim 28, further comprising:
means for determining at least one of a sector ID and a cell ID based on the frequency of

the signal component exceeding said threshold.

30.  The wireless terminal of claim 29, wherein said first period of time is an OFDM symbol

transmission time period.



means for performng a tine to freququy conversion on said received second
signal to generate a second set of signal conponents corresponding to
different signal tones in the first frequency band; means for determ ning
the energy of each of a plurality of different signal conponents in said

second3pet Tﬁeﬁhﬁﬁ@ﬂmﬁﬁﬁﬁp@ﬁﬂ&ﬁlﬁPﬁ&%QEE&h nﬁn?econd set of per signal tone
energy val ues, each per signal tone energ ue in said second set of per

si gnal tonea emvelp@)ﬁetﬂaumemdolerde@pbn@lsmqls)mahdcdl iresagchtectivedsignalyon téifles means

for co e deter d ene of .ea f said plurality of different

si gnal %Jc?br‘rlﬂgwiﬁ?‘? et“SrgggF‘éeefT ??fcgg ﬂgfffﬁch lcgvel ; and means for deternining

if a handoff should be initiated. 37. The wireless termnal of claim 34,

further rrErl sing: nmeans for determ ning which base station sector to use
r

as a n&wo hq)wrrnhs&)tferramh@ﬂnigm 25, wédernin srid threshophisiasiynamicatlp genteated i ned
energyt firs anent and the determ ned energy of the

si gnal & %@ngﬁtmf esggﬁqangaé(ggw N&8nal determni ned have an energy |evel
exceedi ng 5é‘tlﬁlesthbI@tﬂ%?hﬂnﬁﬁﬁrrﬂdddl@é’(ﬁ}pledgtg salé‘%e’aﬂﬁ’ﬁfrgky%nﬁﬁ@wthﬁé 9. a

processor configured to: receive a first signal in rst frequency band,
sai d ffregensy gemdersiamcl udi ng a plurality of signal tones, each signal tone
corresponding to a different frequency; performa tine to frequency
conversion on said received signal to generate a set of signal conponents

corr espondi mervﬂerébgtfegﬁ&atoﬁdlaﬂﬁistf@ﬂe% ﬁérgg; first frequency band;
determ ne the energy of each of a'p urallt9 of "different signal conponents

whi ch cor r espamsdot stoding fmfomﬂ:tloalognhd ddtenmasedértehgynamldirajutneysef o fistgignat y
fone  GrEraynpireiteGrringspbiishen of e BrBNES ¥ aBGRLSS MBSO f fom t he
g sk Sy 2 S comorer
t he signal conponent detected to correspond to a beacon signal, a carrier
fr equegf y C’? ef \?Vl egsdtieprgin%f)ots c?zilid Ch%peu? Isa1d %rst signal component is received from a

base station sector transmitter correspondlng to a base station sector in which said wireless

terminal performing said receiving step is located.

35, The wireless terminal of claim 33,
wherein the majority of the energy included in said first signal component is received
from a base station sector corresponding to a base station sector located adjacent to the base

station sector in which the wireless terminal receiving the first signal component is located.

36.  The wireless terminal of claim 33, further comprising:

means for receiving a second signal in a second period of time, said second signal
including a plurality of signal tones, each signal tone in said second signal corresponding to a
different frequency,

means for performing a time to frequency conversion on said received second signal to
generate a second set of signal components corresponding to different signal tones in the first
frequency band;

means for determining the energy of each of a plurality of different signal components in
said second set of signal components to generate a second set of per signal tone energy values,
each per signal tone energy value in said second set of per signal tone energy values

corresponding to a different frequency;



39. The apparatus of claim 38, mhereigﬁfaid carrier frequency correspondi ng
to said beacon signal is different fr a current carrier frequency used
to communicate with a current network point of attachment; and wherein
said carrier frequency corresponding to said beacon signal is located in a
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sai d second_frequen band...5 40.  The .appar atus of claim 38, wherein said
pr ocessor i@e?lﬁ%ﬁgég%ﬂﬁgdﬁ?E@@&Shﬂﬁh@é’ed&ﬂﬁﬁdoff deci sion as a function
of the anobunt of energy included in at |east one beacon signal conponent

received fromthe current network point of attachment and the anmpunt of
ener gy37.ncl Thewireless tapnitel afodlaith b dather sogpasingonponent, sai d det ect ed

beacon signal ¢ gnent. havi, been transmtted by a netwark point of
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of sai deternyned erreogmu:ﬁtim signalaosipgnait i saighssvend signalrdeesminedi hage tw eerpeacon

signal; conpare the determ ned energy of each of said plurality of
di ffer@ﬁ'gl R %%%&?g?ﬁsenqgéﬁﬁveﬁ'hreshol d energy |l evel which is greater

than the average per tone signal energy of said received signal. 42. A
conput er readabl e medi um enbodyi ng nmachi ne executabl e instructions for
cont r 088.i ngAnappdratak esmptigingi nal to i npl ement a net hod of communi cati ng
wi t h anot her conmuni cations device, the nmethod conprising: receiving a
first si gna‘llpioﬁeséoﬁ“?qng‘tguferr‘}é%ency band, said first signal including a

plurality of signal tonesp, ?ggft?éetg' eLdl ﬁmspﬂ%ﬁﬁpgﬂdﬂ% Grd LA erent
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sai d signal conpgnents, a signal conponent

first frequency band;

determine the energy of each of a plurality of different signal
components which correspond to different signal tones within said first frequency
band to generate a set of per signal tone energy values, each per signal tone
energy value corresponding to a different frequency;

detect, from the per tone energy value of said signal components, a
signal component corresponding to a beacon signal; and

determine, based on the frequency of the signal component detected to

correspond to a beacon signal, a carrier frequency corresponding to said beacon signal.

39.  The apparatus of claim 38,
wherein said carrier frequency corresponding to said beacon signal is different from a
current carrier frequency used to communicate with a current network point of attachment; and
wherein said carrier frequency corresponding to said beacon signal is located in a second
frequency band which is used to transmit user data, by a network point of attachment which
transmitted said detected beacon signal component, said detected beacon signal component

being located outside said second frequency band.



corresponding to a beacon signal; and determ ning, based on the frequency
of the signal conponent detected to correspond to a beacon signal, a
carrier frequency corresponding to §%id beacon signal. 57 43. The conputer
readabl e nedi um of claim 42, wherein said carrier frequency corresponding
to said beacon signal is different froma current carrier frequency used
to conmunicate with a current network point of attachnent; and wherein
said carrier frequency corresponding to said beacon signal is located in a
second 4Pr equbpeppasatusiofitlpion38,svheseid said procgssomis futther condigarediby: a net wor k
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of network attachnent. 45. The conputer readabl e nmedium of claim42,
further, enb i ng machine executahle . instructions for,. in detecting from
the. pertlt ondE PRREIS ARG St tp Sudinabcer i (BBrsORBLELI, 16 Pefriine
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ener gy comespbndihg tcha beacgnei@nelr t han t he average per tone signal energy of
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conversion on said received signal to generate a set of signal conponents
corresponding to different signal tones in a first frequency band; a
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plurality o
a wireless terminal to implement a method of communicating with another communications

device, the method comprising:

receiving a first signal in a first frequency band, said first signal including a plurality of
signal tones, each signal tone corresponding to a different frequency;

performing a time to frequency conversion on said received signal to generate a set of
signal components corresponding to different signal tones in the first frequency band;

determining the energy of each of a plurality of different signal components which
correspond to different signal tones within said first frequency band to generate a set of per
signal tone energy values, each per signal tone energy value corresponding to a different
frequency;

detecting, from the per tone energy value of said signal components, a signal component
corresponding to a beacon signal; and

determining, based on the frequency of the signal component detected to correspond to a

beacon signal, a carrier frequency corresponding to said beacon signal.



di fferent signal conponents which cggrespond to different frequencies
within said first frequency band td’'generate a set of per signal tone
energy val ues, each per signal tone energy value corresponding to a

di fferent frequency; 58 a receiver controller nodule for conparing the

det er mymed tfﬂ@g(gﬁplggr@gml%e&%pofmlé;ﬁﬂz ty of different signal conponents
to a threshed energy level which is greater than the average per signal
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claim47, further conpri si ng: transmtter information determ nation

nodul e 1514 for determ ning at Ieast one of a sector IDand a cell ID

based t he, frequen e,sig CO edin ald t hr eshol d.
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said first mekingd hdoff dedsinhias b fumesionl ef the mimoadt d}fcnnlafgyeindudedgmaalt leastrgnenent

ener | evel ceedi ng sai d eshold ener | evel
gybeacon s1gnz)ﬁ compongnt recelvedq{om the current net\ggrk point of attachment and the amount
of energy included in the detected beacon signal component, said detected beacon signal
component having been transmitted by a network point of attachment which is different from the

current point of network attachment,

45.  The computer readable medium of claim 42, further embodying machine executable
instructions for, in detecting from the per tone signal energy value of said signal components a
signal component corresponding to a beacon signal:

comparing the determined energy of each of said plurality of different signal components
to a threshold energy level which is greater than the average per tone signal energy of said

received signal.

46. A wireless terminal for use in a communication system, the wireless terminal
comprising:

a receiver for receiving a signal in a first period of time, said signal including a plurality
of signal tones, each signal tone corresponding to a different frequency;

a digital signal processing module for performing a time to frequency conversion on said
received signal to generate a set of signal components corresponding to different signal tones in
a first frequency band;

a signal quality detection module for determining the energy of each of a plurality of
different signal components which correspond to different frequencies within said first
frequency band to generate a set of per signal tone energy values, each per signal tone energy

value corresponding to a different frequency;
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a receiver controller module for comparing the determined energy of each of said
plurality of different signal components to a threshed energy level which is greater than the
average per signal tone energy of said received signal to detect a signal component
corresponding to a beacon signal; and

a carrier band selection module for determining if a handoff should be initiated to a
network attachment point which transmitted a detected beacon signal and which uses a carrier
frequency to transmit user data that is different from a carrier frequency in use by said wireless

terminal to communicate with a current point of network attachment.

47.  The wireless terminal of claim 46, wherein said digital signal processing module uses

one of a discrete Fourier transform (DFT) and a fast Fourier transform (FFT).

48.  The wireless terminal of claim 47, further comprising:
a transmitter information determination module 1514 for determining at least one of a

sector ID and a cell ID based on the frequency of the signal component exceeding said
threshold.

49.  The wireless terminal of claim 46, further comprising:

a transmitter information determination module 1514 for storing information on the
determined energy and frequency of a first signal component received during said first period of
time which was determined to have a signal component energy level exceeding said threshold

energy level.



