WD 2005/ 062633 PCT/ US2004/ 034304 -1 BASE STATI ON BASED METHODS AND
APPARATUS FOR SUPPORTI NG BREAK BEFORE MAKE HANDOFFS IN A MULTI - CARRI ER
SYSTEM FI ELD OF THE I NVENTION 5 The present invention relates to

nul ti-carriegg 0296%79694 sgations systems and, nmore particul ar gy ﬁs‘iadﬂ%ﬁﬁ? and
apparatus for pertrormng inter-sector and/or inter-cell handorts 1n
systems. -10 BACKGROUND Cells may includg one or nore sectors A cell

wi thout multiple sectors is a single sector cell, i.e., i ncludes a

N .

of a cell often use d|fferent frequency bands centered around a carrier
frequency FEEEDQ}F“I"IE? SYENTRONCE! | - The carrier frequency of adjacent
cells and/ Ifferent. To receive signals correspondi ng
to a cajrler frequency a wreless termnal normally has to adjust its

receiver, eceiver fi to c respond to the frequency band
LSS0t at ed wi hTREEsS mispton Bien Rymal: s el ngt ey

bet ween 20pgaedlify, tb it Yid uppiatis FRcfobiFig ifBHSectdr bnRS ShdEEdl MdBrfin
single fil chai'n, transrtr |ng ween different carriers nmay cause
receiver tsuodarsgsﬁqmser interval s during which information can not be
received due to the switching process. Wreless ternmnals, e.g., nobile
nodes, communicating with a base station on a given 25 carrier frequency
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cells and/or sectors are often different. To receive signals corresponding to a carrier frequency,

a wireless terminal normally has to adjust its receiver, e.g., receiver filters, to correspond to the
frequency band associated with the carrier frequency to be used. Switching a receiver between

20 carrier frequencies may take time. Thus, in receivers with a single filter chain, transitioning
between different carriers may cause the receiver to encounter intervals during which

information can not be received due to the switching process.

Wireless terminals, e.g., mobile nodes, communicating with a base station on a given
25  carrier frequency and moving through a multi-carrier system need to decide when to make a
handoff and transition to a new carrier frequency, e.g., corresponding to a new cell and/or sector.
As discussed above, an adjacent sector and/or cell may use a different carrier frequency, and as a
sector or cell boundary is crossed, a wireless terminal will normally have to identify and switch
to the new carrier frequency.
30
Typically a mobile node includes a single receiver chain and listens to one carrier
frequency band at a given time due to constraints in the hardware and cost associated with the
receiver. This is because, for cost reasons, multiple parallel receiver filter chains are often too

expensive to be practical. In some known systems a mobile node waits until communications
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20  band. This normally involves adjusting the filter as a function of the carrier frequency of the

new sector or cell. The transitional period required to implement this filter change, in the case
of a device with a single receiver/transmitter results in an interval during which the

communications device is unable to receive and/or transmit information to a base station,

25 In systems where each cell/sector uses the same frequency, e.g., in systems with a
frequency reuse rate of 1, handoffs between sectors and/or cells do not require such filter
switching operations since the frequency band used in each of the sectors/cells is the same. In
such systems "make before break" handoffs are relatively easy to implement. In a make before
break handoff the communications device directly communicates with the new sector and/or cell

30  before breaking, e.g., terminating, the connection with the old base station. Given that the
carrier frequencies are the same before and after handoff in such systems, there is normally no
need to alter the filters in the receiver and/or transmitter circuitry making the time required to

switch between the two sectors and/or cells relatively minor.
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resolved such as physical signal timing used to control symbol transmission and/or transmission
power control is achieved, e.g., based on control signals received from the new base station. In
addition, one or more device identifiers used to identify the device while in the new cell may be
assigned to the device seeking to register in the new cell/sector. Once synchronization and ID
25  assignment issues are resolved in regard to the new cell/sector, higher level signaling, e.g., IP
packet transmission and reception may begin to occur between the mobile device entering the

new sector and/or cell and the base station in that sector/cell.

In the case where the frequency bands of the old and new sector and/or cell are the same,
30 it is often possible to maintain communications with the old base station while simultaneously
communicating in the same frequency band with new base station to perform the above
discussed registration operations, e.g., timing control, power control and cell/sector ID specific

assignment operations. This is possible since the frequency of the filter used in the receiver
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20  usually considerably better than in cases where there is full reuse of all frequencies. Thus, signal

interference at cell/sector boundaries provides a reason to avoid a frequency reuse scheme of 1

despite the handoff benefits it provides.

Delays associated with adjusting a transmitter and/or receiver's filter to operate at a new
25 frequency band makes switching receiver and transmitter circuitry between an old and a new
carrier frequency at a rate that is quick enough to support the above discussed make before break
handoff procedure difficult to implement. Accordingly, in handoffs between sectors and/or cells
using different frequency bands, a break before make handoff operation is often used where
radio signaling with the old base station is terminated before it is established with a new base
30 station. Unfortunately, this normally leaves the mobile device unable to receive IP packets not
only during the duration that it is switching its filter circuitry to the new carrier frequency but for

the additional time period it needs to register with the new cell/sector and to perform the
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comuni catPBRFSHPR Wit agald basgstaligle station. SUMMARY OF THE | NVENTI ON The
preseng invention is directed to nethods and apparatus for sw tching between
25 conmmuni cations |inks inplenented using different carrier frequencies,
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as local identifier assignments, etc. It is also desirable, that in at least some embodiments, that a
mobile device be able to expect with a reasonably high degree of certainty the communications
resources needed to complete a registration process will be available at or near the time it

20  terminates communication with a previous base station.

SUMMARY OF THE INVENTION

The present invention is directed to methods and apparatus for switching between
25  communications links implemented using different carrier frequencies, e.g., has part of a handoff
between sectors and/or cells or as part of an intra-sector handoff between two different carrier
frequencies used in a sector. The methods of the present invention are particularly well suited
for use where the system supports the use of different frequencies for communications purposes,
e.g., in different sectors, cells or within a sector.
30
In a system using the invention, base station transmitters in different sectors and/or cells
periodically transmit a high power signal, sometimes called a beacon signal, into the frequency

band used in the neighboring sector or cell. Beacon signals are signals which include one or
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carrier frequency. The dedicated set of tones may be used, 'e.g., for
20  be different from the first carrier frequency. The base station sector with which the new
communications link is to be established, referred to as the new base station sector, assigns to
the mobile device, via the current base station sector and the first communications link, one or -
more airlink related resources to be used upon entry into the new base station sector or upon
switching to the new carrier frequency within the current sector when the new base station sector
25  is the same as the current base station sector. The airlink related resources may be one or more
device identifiers (such as MAC state identifiers, e.g., ON state identifier, ACTIVE state
identifier) which are to be used when communicating in the new base station sector using the
new carrier frequency. As part of the handoff process the new base station sector may dedicate
and thereby reserve physical signaling resources, associated with the new carrier frequency, for
30  use by the mobile device initiating the handoff operation, e.g., dedicated communications
bandwidth such as, €.g., a set of tones, to be used to complete the registration process upon entry
into the cell using the new carrier frequency. The dedicated set of tones may be used, e.g., for

power control and/or timing control operations upon entry into the new base station sector.
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station sector. WO 2005/ 062633 PCT/ US2004/ 034304 -7 Such dedi cat ed
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whi ch the nobile was allocated the dedi-dated resources. This information is
used, in various enbodinments, to determ ne when the current 5 conmuni cations
li nk with Such dedicatedhresources menbe alhocatedtwithin h petiedi¢all yt aacmiringt asdesa od registration

Pose ot ar 1R Bkl Y el bl oA BN B B BPHARATS iepidch® "
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making a decision to initiate a handoff operation, the nobile node and/ or
current  Lespurossafhisinfoapatinn is asrss imyprions ewbedimgnispigedetermiaswhen the current

nmobi |1 &y . 8. . ' redirect | P packets
"tenddd Rormainichrgny iRl uetortAlTore BAR0H sl RBolid H B IiGEH A %0 £EH°: S
attach t heoffimlinictigsylinicusing theacWwaianiarishould Be kftabilizHed HthRSHEY BaseauiRs t he
mobility agent to begjn redirecting | P packets intended for the nobile

devi ce t o Sefiar seihabtedissuptionnf seryices due fo the termiration pé thefirgbeammynications link
conpl et ed. e . odi nents, the transm ssion of the EP routing update
nmessage iscaég?l?ﬁ%%&)recei ving a device identifier to be used in the new
base station sector and/or dedicated resources to be used in the new base
station sector, e.g., to _conplete a registration process, This ensures that

e
the ndf base stAfteranakinga decisiertoigitigty aandotf\pperatipn.dhe mobde ppdeandier chBny o

devi ce seg| fnﬁﬁl' [ In
t he aboveq%gé;%?tlic@eg m%@ﬁ]grgaﬁ gle o |ggl%§zggg]e%§ahge Iﬁﬁ%{"ﬁ% g’?gy géﬁg’n%%f %ﬂ)tbgg? ﬁér\x/mve
base st atagemt, ussdtd sedirect [Pguatkets intéridad forahsmobide deviveatb\thebasa staian gectércbeing
different carrier frequency via its exi sth_rl)'g comuni cations |i %‘Pl n.this

e |

manner, t Hsedatachthe mebiledleyice th iy nebiyer [ ERYEing pnaseagssapsesithe magility
establ i Sh;%gﬁt thbe%I ?éH?{é‘é‘ﬁﬁ%ﬁf‘ AREAIntE LA 6V hE FdbiIE dedit S B HE Téw Beiéy oi ded
and t he ilén ae can r ce?ve resource assignnents corresponding to the
new bds$e seetbr whislethedrandafti iy torbecampleted. fIn some empodintemes,) theltzansmission dfithesiP

switch to the new carrier frequency. .Resouyces. . assi gned by.the new base
station orfOYs HdaleAYCSsHEe) 15 et & .e‘b%é?e"olllngé yiee é‘-‘f?@&?’?‘?@%&dﬁh}“ @86‘?&"““
carrier s i £i i | Wi - k ' ' he new
sector an fagfro Eﬁgﬁtﬁ'g%%& tdhgi%ﬁ%gvfr‘%:sg%%g?oq%rdégﬁg‘n%ﬁgwm%g?cmatﬁkléﬂeg%dﬁ 'E:ltgt i on
segnent s foompet¢ abdgistation ptdeess. disensicathad thegiegrbase stgtiom septor haswesoyrces mi ng

control, and/qr registration,signaling, may also be .
avajllsﬁale tos rvslcet e mobile dg\rfliCC seeking to%ompl'séte tge handoff to the new base station

20  sector.

In the above described manner, 2 mobile node can initiate a handoff to a new base
station, sector or carrier within a sector involving a change to a different carrier frequency via its
existing communications link. In this manner, the need to tune to the new carrier frequency to

25  begin the establishment of a connection using the new carrier frequency can be avoided and the
mobile node can receive resource assignments corresponding to the new base station, sector
and/or carrier frequency without having to first switch to the new carrier frequency. Resources
assigned by the new base station or sector may include, €.g., a sector specific and/or sector
carrier specific device identifier to be used when communicating in the new sector and/or using

30 the new carrier frequency. Dedicated communication segments for establishing the
communication signaling, e.g., power, timing control, and/or registration signaling, may also be

assigned by the new basestation and/or sector with the assignment being communicated over the



assigned by the new basestation and/or sector with the assignnment being
comuni cat ed over the WD 2005/ 062633 PCTI US2004/ 034304 -8 first

comuni catiqns Link to the nobile node before establishing signaling over
the new conh@APB46363%s |ink using the new carrier frequenBgT/USKOKEEINMIance
with one feature of the invention, in sgnme enbodinents an IP routing 5
message is normally sent after initiati'®h of a handoff to a new basestation,
sector or carrier frequency within a sector but prior to the point where

t he nobi | dislceamizycationpliak tothe mapile npde before esablishingsignaingaover the neivmi ng
control ov ns I|nk n stablished wth the new
basestati oﬁﬁlﬂlggﬁ agrgﬂ%qrilﬁ%gﬁgg? érﬁi}quffrﬁ Ysuch a case, the IP routi ng
update process will normally be |n|t|ated to redirect |IP packets to the
cell, sector or circuitry within a 10 sector corresponding to the new
carrier f requerlwc%%qlwe withcongdeatus of hednyentign, ia spmeteﬂrmdmmntwew roaana over
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prior to tfesgoencytwidtin afsedtbebut pribr @ithe poinmwhereakd mobilé hdatle Hag chbipletedf t he
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i nfra-cell |nte -sector timng sy nizatron i1s
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normal Iy perfarmed, ,in a  handoff process are In such c es, a
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synchroni Ztﬁhkxﬂﬂte%ﬁé Cé”% bf?lté}g: refit %flgﬁe spoAt S tHARRWY &%é‘ﬁ é?ﬂcnégh% betded
sector, nation o th
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20
In the case of single sector cells, handoffs between old and new base stations correspond

to handoffs between base stations of different cells due to the one to one relationship between
cells and base station sectors. However, in the case of multi-sector cell implementations, intra-
cell inter-sector handoffs are possible with the old and new sectors being in the same cell. In

25 some embodiments, in intra-cell inter-sector handoffs, timing synchronization is maintained
between the base station sectors, and the timing synchronization steps, normally performed, in a
handoff process are omitted. In such cases, a handoff to a new sector of the same cell can be
completed without a timing synchronization operation being performed. Thus, upon entering
the new sector, following termination of the old communications link, the mobile device can

30  begin transmitting user data prior to receiving a timing synchronization signal from the base
station or performing a timing synchronization operation. This is because timing
synchronization between sectors of the cell is maintained in some embodiments and relying on

the timing synchronization initially achieved in one sector of a cell is not likely to cause



station or performng a timng synchronization operation. This is because
timng synchronization between sectors of the cell is nmaintained in sone
enbodi ments and relying on the timng synchronization initially achieved in
one sector MO P05B62633 s not |ikely to cause WO 2005/ 06263 3pET$106260a504034304
-9 interference problens in the other gé/nchroni zed sector of the sane cell.
Skipping an initial timng synchroniz&-ion step, which is normally required
upon entry into a new cell, when inplenenting an intra-cell handoff,
reduces déiltafsermspoablemeih thie iother syichronivedrectondfrthe s#hd celh Bkippihg ammivgposed
to inter-cell handoffs. 5 While the net ?od and. apparatus of the fresent

i nvent i onUEH7E ?Y"FWBHZG%O%‘ftE%RY‘H@h fsw9rmgally %ydo@raw eslh $theRg
conmuni cati, Qe | riL@r to
catabli shim ‘?‘3“?'?‘%“35“%%?’22%‘?%5“3%@23@& s abeckitted it uhpGisFRGYmo el |

f r equency hartdoéfs a5 gprdsedtp imterival entdgffsi or to this operation by way of the
existigg 10 comuni cations |ink which uses the first carrier frequency

al  ows”the nobile device to obtain sone of the benefits of a nake before
break handoff, whi-the h@tt%ﬁ%hﬂ@??ﬁ&r’ﬁs amegkéskmnkvén%%ﬁﬁ%woﬂé aﬁa&hgg&q prior
to actually breaklng conmmuni cat1 on over an existing |li1nk thereby reducing

t he | at enoypmanigdatiorcever an exigting swnmaniegtions dink nmplemented usigar firsbearrdiér handof f

operation 15 Thus, .t he ods,.and apparatus .of the present.invention
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whi ch a nWe heicfaké SEnARigl kchir| Sgé&gﬁ&%'%hn%g@ﬁﬁhéﬁ bPYaylof e &Xekiage bei ng able
to recel ve eso rce assi gnrrent Inr ard to a” new commuii cati ons
link bei ngomnpheamnsdmku&hldguasmd fizst @mercfmqucmy aﬂloequhmmpblledemmmttmn
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sector cell including a SGC?OI’I zed base station and a W reless term nal
situat ed tatersysed norertainiy dssogiated avith panyemgkebdfone tueak handeff operatiensyi nal

I mpl enented in accordance with the present invention. Figure 2 is a draw ng
of an exenplary multi-cell nulti-sector wireless comruni cations 30 system

i nclugsng thr e?h§§@ﬂ&hét¥|6&'s [ASHpatadisiod ife ﬁk@ﬂnﬁm%ﬁtﬁin%ﬁre&@ft ih fdproveineRidvr on
a cell boundary, 'said communi catlons system i npl emented in accordance wth

present i nidenbicak befo® malgshadoff 3etivgs/iushihsy oehilndevice would first break an existing

link before being able to receive resource assignments, etc. in regard to a new communications

link being implemented using a different carrier frequency.

20 Numerous additional features and benefits of the methods and apparatus of the present

invention are discussed in the detailed description which follows.

BRIEF DESCRIPTION OF THE FIGURES

25 Figure 1 is a drawing of an exemplary three sector cell including a sectorized base station
and a wireless terminal situated on a sector boundary, said base station and wircless terminal

implemented in accordance with the present invention.

Figure 2 is a drawing of an exemplary multi-cell multi-sector wireless communications
30  system including three sectorized base stations and a wireless terminal situated on a cell

boundary, said communications system implemented in accordance with present invention.
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-10 Figure 3 is a drawi ng show ng exenplary downlink signaling from each
sector of an exenplary three sector base station, in accordance with one
exenpl ary eg%g% f the present invention. 5 Figure 4 is a draw ng
showi ng exe ({;}% link signaling fromtwo sectors of tReI/US2e¢0343¢ic
designation fromdifferent adjacent celn{os in accordance with the present
invention. Figure 5 is a drawi ng of aféxenplary conmmunications system
inpl enented in _accordance with the present invention and using nmethods of
the present i nJBgHTEdis a draying shavwing exemplanyrdewntigk siznakingfromsiagh sectwrofas node
(base stat] I J cQr, i, §: nt_invent| nd
Usi ng et 1 biary R ERE0E o bR ARGl Wlh drdEBiBRFY kAL B0
exenpl ary paesent i@sentioer m nal (end node) inplenmented in 15 accordance with
the present invention and using nethods of the present invention. Figure 8
is a draw ng of exenplary downlink beacon signals, exenplary uplink

or actess pur poaks +HERARAINENGARE BaflaRolAlink SRR 4 Ll =

expl ai n vaametigpefdesignatiom fodm differpatadpaoenticaeintaccordanc2Ovith tierpeesdnt iaventidhawi ng
of an exenplary system inplenmented in accordance with one exenplary
enbodi nent the present invention, and is used for explaining various

features and i : : %ﬂ'ﬁrﬁ: td -' nce with
the present i n\?é%??gﬁ&g%ﬁfﬁghﬁf%hﬁ%ﬁge rawnﬁgﬁél;]fsl ga'gt??lalﬁbrll%ﬁéﬁéedrjrp ary
handof f siageratiancg with the presetainention bnd tsing metisdnof tha pessentdnveniogure 11 is a

flowchart of an exenplary nethod of operating a wi rel ess conmunications
system't o perform handoffs of a wireless term nal fromone base station

sector point oOfg ; i i

attachnment in 5&%@? gggn%gﬁ&ﬁ f%oﬁ@e&%r se fa &%?ﬁ/%fﬁ??%s%@t@%ﬁ%@@?@%@%%%f

PCT/ US2004t08d4804 withlthe pregeménvedtion amd dsimymbthots of the presxetripventipniret hod, in
accordance with the present invention, of operating a nobile comunications
device to inplenment a handoff of the nobile comunications device between a
first base st atg; ] P& ki i afr&tﬁ' I -Wé' i ONS
devi ce havi ng 5’1 I rgﬁéj%marrazjl?gggﬂ%omrﬁl IC Hl%%gsﬁ?lh& W tHnt%H%)Cl I'r st asfg

st at i d6 ataccordance with the present invention and using methods of the present invention.

Figure 8 is a drawing of exemplary downlink beacon signals, exemplary uplink dedicated
segments and contention based uplink segments which can be used for access purposes, and

exemplary timing relationships, and is used to explain various features of the present invention.

20
Figure 9 is a drawing of an exemplary system, implemented in accordance with one
exemplary embodiment the present invention, and is used for explaining various features and
signal flows related to handoff operations in accordance with the present invention.
25 Figure 10 is a drawing illustrating exemplary handoff signaling in accordance with the

present invention.

Figure 11 is a flowchart of an exemplary method of operating a wireless communications
system to perform handoffs of a wireless terminal from one base station sector point of

30 attachment to another base station sector point of attachment in accordance with the present

invention.



5 the tine the handoff is initiated. Figure 13 is a flowhart of an

exenpl ary nethod, in accordance with the present invention, of operating a
nobi |l e node to inplenent a handoff between a first link with a first base
station sectf) 2M5862¢33 ng a first carrier and a second | i nkPEU/US2004/6380ENd
base station sector; 10 said second link using a second carrier, at |east
the first sector be| ng different from tlHe second sector or the first
carrier being different fromthe second carrier. Figure 14 is a flowhart of
an exenpl ary ndtigusel 12is 4 flpvehastofiangxempliof method; ineecordanve with theipoesestect or s

I n accordance. .w t ese invention. 15 Figure 15 is I, .
ot udi ng TEEBHR pPrIaN P& Tible CaTEunicabenstyiss FE eietents BarchBlori mabie.i
cont ent i ORoRARMILAAEREEYiRYUBIRENS: firdt BRE %ﬁl@mm #becBnd Bs‘scmﬁ%ﬁ%alld MBIk i on.

Figure 16 is a drawing illustrating exenplary cells in an exenpla
mul ti - sectcommuniaalio eormerhaemgsa,@lsbmrelnswmmmnphek wathrthefisst hase stasiod at n
the sa ectaor w.th nt, power |l evels. Figure 17 illustrates the use

of a sect l? WFW@HQ%&HIE'M ‘tiple carriers where beacon signals are

transmtted into the frequency band of each of the carriers by each of the
sect or transm tters. 25 DETAILED DESCRI PTION OF THE | NVENTI ON The present
i nvention is difigue é@ilst&)ﬂwcwaaﬁdelapb@f@ﬁh@d.ﬂmﬁcmfﬂamthlhgpl‘@ﬁnﬂtof fs

i nvol ving.a chan arrl uenci s offs

it e end IRRRGR S opftafifpk Fibilk hEfY S efedaend R R RES b BerlF Bl SR it st o1 |
e.g., infibaschdon seEdF ar&ﬁfsﬁﬁga ﬂ%ﬂ@ﬁhéﬁaﬁra ei%@&dpﬁﬁléwntﬁﬁtsle&ﬁﬂ bhisd §tti@Ndector;
carriers within a sector, e.g., intra-sector inter-carrier handoffs

| nt er 18el Isaidiseenndrlink using a second eastier, atrleast thedisstsectanbring fiffesentdrom thesesand
change of [ri 3 PCTI UsS2004/ 034304 -12 The handoffs
I npl ement éﬁ‘:% roriﬁ%gpx\%}ggp%l?gﬁﬁégnb%gﬁﬁ? ?cﬁ’{}gﬁ?%ﬁ general ly invol ve

termnating a first comuni cations |ink before conpleting the handoff and
successful establishnent of a second communi cations link, e.g., using
di fferent carriFégure 14 mﬂwchawnfla@ exenplensmedod of implementieghansipffiy émtwm base

i nvolving a.change i.n carrier f uenci ne aspects of 5 the present
I nvention S@‘gﬁnﬁ%&?fgé'ba‘i%r Hfﬁ ‘gﬁéﬁt& E{sﬁ’&g?‘?’% ére the new and the old

carrigs frequencies used are the sane but the point of network attachment
changes. For exanple, in the case of cells with timng synchronized sectors
whi ch use the Sagnre 353 dawingigoluding exemplary upfink dedicate acless segments and

exemplary uplink contention based access segments in accordance with the present invention.

Figure 16 is a drawing illustrating exemplary celis in an exemplary multi-sector multi-

20  carrier system in which multiple carriers are used in the same sector with different power levels.

Figure 17 illustrates the use of a sector which supports multiple carriers where beacon
signals are transmitted into the frequency band of each of the carriers by each of the sector
transmitters.

25
DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to methods and apparatus for implementing handoffs
involving a change in carrier frequencies. The handoffs may be between different cells, e.g.,
30 intercell handoffs, between sectors within a cell, e.g., intra-cell inter-sector handoffs or handoffs
between different carriers within a sector, e.g., intra-sector inter-carrier handoffs. Inter-cell

handoffs and intra-cell inter-sector handoffs often involve change of carriers.
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sectors, a handoff from one sector of the cell to another sector can be

I npl emented without the need to performtimng synchronization in the new
sector before transmtting user data since the 10 tim ng synchroni zation
remai ns val iWO@WsA6368dugh t he nobil e node changes the sect BCTiUS2004ve34064 |

t hrough which it attaches to the network via a wireless connection. In the
exenpl ary system each cell includes a b@e station which transnmits different
signals into each sector of the cell. Cells may include one or nore sectors.
In many 15 enbdherendaffsangilememnediaraceardarice adthethe prosentufieshtion genahllgrblve of

a cell. However, in.sonme enbodinents, nmultiple carrier freguencies are used
in each sémP@t‘Wgﬁnfgﬁkwwaﬁt}@gﬁﬁf %pfm'er compelin PE‘P'Pﬂfo a‘@aWF@ﬁf“iandof fs
are possi | ' e S [ f ' - .

r anom ¢t epoiintafof Bcbfiy Semkinifictbrsditk g : DGR WDl el tGurier freauency. While
one car ri alischssed urethe wontext ¢fttmndofésniamolvingra chengs meariar fregherncias), somd aspects of

Cepar age. A BT SHAMGRN G dnaited {mBHEons Baisob Hhede Homeue e clisems o
cel . 1n sRABencRilusétPiredhe sA tlESHim of ¥ aftAchiddt a%ggérlﬁdr%&gﬁﬁgfﬁeiﬂgy

are synchroni zed across sectors o the cell. I'n addition” the fr
st ruct ur e case oflcsBs with¢inting syretiranized sectam othiclsusefthe sencedrtiesfrequsaty dmalkiple

slots or superslots the signals in gne sector start, at fixed tine

of feot Ot r ohetaher BirdBlisom ond seHohed fhecsiia anaiher Sectoh e ke nHIFRERS PHOOUHRE ot
can be zerQ.d ' : L : i :

£ r equeney ted & peafefn HEHAE AL iz N B mew AR betble T finffing 3er difa since the,
accor dénceiming byncaranizasior nmansrealidsevef thdagh theveobileomodetchamgesithiessetor in ke ecll

beacon signals, .e.qg., at different tines, fromeach sector of a cell. One
or nore baBOBE whishdl dtaghes t shengtygrkafia @ Wirsless QMECHPYhi n t he frequency band
or bands, e.g., in the case of multiple carriers in a sector, used by each

sector to communicate information to wireless termnals within the sector.
Beacon si gnal $n dreexnmplaoyvsystem eachgrel lisclodeaadasd statibnushich traesmits diéfeyenhi gh

power, e.qg., a.power, |evel . higher. than th verage power |eyel used to
ranon ¢ disoafs o £ach 1ot f blle Cellb RBy et pL mervEs sBS LoeBs

PCTI U%@%fd%%&i%ﬁl%ts d §i§%1€rc§rrﬁ?l’r‘é@?énc% 1038 [H EHIR SedtOAUT 4 &8, FYWARE it 36ihe dat a
power [evel. Such beactn signals can be wused to convey iInformation, e.g., a
sect or i dentboflineants, stultgEe vinriehfrequeaciesare usctbimteath sectoradunl Sach ermbyridiments,i iina-

about the carrier freqyen freque band used,in the sector transmtting

The beac FHL0% -l REROSIA HEAPSIIR MR TR BIE Ge YRAIIG o HEng Dee

station UsgRsditdffeclivet b0t signdl processing circuitry associated with one carrier frequency to
the transmitter/receiver or other signal processing circuitry associated with another carrier

20 frequency.

A separate antenna and/or transmitter may be provided for each sector of a cell. In some
but not all embodiments, symbol timing and carrier frequency are synchronized across sectors of
the cell. In addition, the framing structure is also synchronized across sectors of the cell so that

25  the slots or superslots of the signals in one sector start at a fixed time offset from where those of
another sector start, and the fixed time offset can be zero in some embodiments. However,
symbol timing or carrier frequency is normally not synchronized across cells. The base station,
in accordance with various embodiments of the invention, transtmits multiple beacon signals,
e.g., at different times, from each sector of a cell. One or more beacon signals are normally

30- transmitted within the frequency band or bands, e.g., in the case of multiple carriers in a sector,
used by each sector to communicate information to wireless terminals within the sector. Beacon
signals are narrow band signals transmitted using relatively high power, e.g., 2 power level

higher than the average power level used to transmit user data. In many cases the beacon signals
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to periodically transmt a beacon signal at a predeterm ned frequency wthin
the frequency band used by an adjacent sector or cell. As a result,
mul tiple sectors may transmt beacon signals into the sane frequency band,
e.g., at diﬁY%F@ﬁ@ﬁé?%es. In this manner, a receiver in onBCHES0840H3H 10
identify the presence and the signal strength of nei ghboring sectors and
obtain information about the sector wilfhout havi ng to change to a different
frequency band bei ng used in the neighboring sector. To nake it easy to
di sti ngui e senerabémeshighen than the avensgs user deta pbwar lewelc Buck bgamin signialsican he
particul ar_frequency. band,. each sector. transnts a.beacon at a_different
pr edet er m‘ﬁ%‘ﬁ‘#ﬁ’ﬁ&‘iﬁ‘ﬂ&i’nﬂ?’?wﬁ-% %f"ﬁ?{oé ?#é'hﬁ?rr glope P@ﬁdaﬁ&eﬂ é‘iﬁ“ﬁﬁf ’ é"@gfzt or.
Carrier frigpRafn dbohohERAIRP feqienbRfrtGuent s Baddised iniHebettoP B RFIMtIng tR&Idi ti on
to sector information. The predéterm ned frequency wth a given frequency
band may P&#éPnaccording to a pre-sel ected sequence over time. The sequence
repeats at sone point, e.qg., after a fixed nunber of superslots. The
strength of the beacon signals received from adjacent sectors and/or cells,
or from 20 th¢nsafieemb6diienBRUS tROreAPNEN U, tHe basslithfie 8ok aGadtbd ®dnsmitter

frequency, may be conpared to the strength of_ the beacon signal
cor r espond? pefladically draparait grbeagnn signat il predeserodngs frequencywitbin thy frequansy banchas

2ccor dancaatd Bher feseheel 3k ST FaY R R AR om0 e oRE B o
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OFDM enbodi ment, nost of the WD 2005/ 062633 PCT/ US2004/ 034304 - 14
transm ssigrengeauendydand mayriarnacsarding ©raprenselgctedagquencenaier tivre. (Idwsequeacey. |

a single tone e ris i Many or nost of the tones
whi ch arerg%ﬁatsggggﬂ? B@%m%@' agtégéﬁﬁe@ﬁ@ﬁgﬂo?}a%ﬂé%t& often are, |eft unused.

Thus, when transmtting a beacon signal into the frequency band used by an
adj acent sector, nost or all of tones used in the frequency band of the 5
sector transni fiiesgengil obthebsacos signals raesived rom adiagens yeqtors agd/or eglissor from

transhtt §fe same sector but corresponding to a different carrier frequency, may be compared to the

strength of the beacon signal corresponding to the sector and carrier frequency with which the
mobile has a communication link to determine when a handoff should be performed. In
accordance with the invention, the monitoring and evaluation of beacon signals from adjacent
sectors/cells, or different carriers of the same sector, allows the wireless terminal to, in many

25  cases, implement a relatively seamless hand-off while avoiding a relatively lengthy disruption or
interruption in service that may occur in systems where switching to a different carrier is

required to determine the carrier frequency to be used following a handoff.

In one exemplary OFDM (Orthogonal Frequency Division Multiplexed) embodiment, a
30  beacon signal is implemented as a relatively high powered signal that is transmitted on a single
tone, e.g., frequency, or a few tones. The power used to transmit the beacon signal is often more
than twice the highest power signal tone used to communicate data or pilot signals in the sector.

When a beacon signal is transmitted in the exemplary OFDM embodiment, most of the
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Figure 1 shows an exenplary 3 sector cell 100 corresponding to a base
station (BS) 102 inplenented in accordance with one exenplary enbodi nent of
the present invention. Base station 102 is a sectorized base station. The
base stati oW HOH06G38 transmits ordinary signals into 10 sSRCI/U$2004/0aAM4usi ng
carrier frequency f1. The BS 102 transmts ordinary signals into sector 2
108 wusing carrier frequency f2, and orlér nary signals into sector 3 110
using carrier frequency f3. A wreless termnal (W) 104, inplenented in
accor danc érapgmissiom poserds epncenyisted o one ot asmibowmber of tores b g.n d aingledoreawhich

bet ween s . 1 0 d .seqgt 2 108, doffs of W 104 b erfornmed
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the 15 ngighaidfiaygnd BRea@SRAtunLERde Mhus wheni tEinERitBng B B¥BcdnMi@fal Mrethe! ary
cells (Cell” 1 202, Cell 2 204, Cell 3 206) in an exeg[ary W rel ess

comuni cafficawncy bandused by anpdicenssaetat aast etalk ofdopasaisedhin tha frequensy bamd efithe
cell ingcl G n r he ree sectors uses a
di ffergnt 'égcgc?rrt?ag?ﬁ%ﬁnf {rhgc?ﬁg%(?fls IM,msdg %?%p@iedgbﬁgn%ggrcﬁerssp%% "5 r equency band
for ordinary conmunications with wreless termnals within the particul ar
sector. The sane three carrier frequencies f1, fz, f3, and_ bandw dth

associ at ed wi t iR hshaws Fuaemplery dgedior o6llciiBiconEsnandingdp japasextation (B2 102

i ncl ud | tOl t . 2
D16 sect SRBEmsTER Aok bk ofl Brdfitart chitidufibe op B! ibsche ib@nctt WAL °
Cel | 2 204tatiog 102IRS: seaefizéd bdsk entign.( BaZbase dtian (BS) HRatokmits ordifaeisiznalb2me,

sector 2 222, sector 3 224) using carrier frequencies (f1, f2, f3),
resped®i vassjor IGH)q using cagrer; frrquerrysh Hike-Ba (102 transmity qrdimparysignaln intey sectas t2ok08

(sector 1 2 ! 8 ) | rri : ' (&I,
(55c10) LBEReaPEEbRhuched PSR, AeRiPhi LR O SHAMAIELS, (A
term nal @\i¥eles? &2minalPWENE04,6 thplementelin dedvedanct iithtthe prs@fémention a9 thawn onlhe
W is situated _on the boundary between sector 1 214 of cell 1 202 and

sector 2 ebawpdaryareabepwren seetie bilPQ arg segtor izl 083 Hapdoffs,af Welr 104 maybeet ween
di fferent tat.l | & ent base
station s g@@‘?‘%@o@t‘}t’%@ c@%ﬁ%ﬂ%@?&ﬁbr&%@%@fﬁ@é Eivlf? ﬁél{ ﬁ?crret %@%‘? G\'[ehe
presens imedesdkiobthe preR0NBéi®AG33 PCTI US2004/ 034304 -15 The total
frequency band of the Fig 2 exanple is subdivided into 3 frequency bands
(slots) situated contiguously and is identical in each sector. In general,
the total freq ' Iy G ' : t he
frequency bandnggi5 g%%%sg %ﬁge@pgﬁgﬂ{sc@%1nzgg,de%lgtﬁ%%,eécﬁgﬁég??)clg{mi n each
sector. | exenpleryewiveldisrentnsuni¢dienBS&ted® 200 idlddcorddtetwitintheipreseatiovention. Each

signals. A beacon stgnal L. N v%rious e o?irre ts, is i Ie{gﬁt ted as. one or
more nar r &6l Higlpdes a base station and 3 sectors, each of the three sectors uses a difterent carrier

20  frequency (fi, f2, f3) and corresponding frequency band for ordinary communications with

A

wireless terminals within the particular sector. The same three carrier frequencies fy, f3, f3, and
bandwidth associated with each carrier is reused in each of the cells. Cell 1 202 includes base
station 1 (BS1) 208 and 3 sectors (sector 1 214, sector 2 216, sector 3 218) using carrier
frequencies (f), f2, f3), respectively. Cell 2 204 includes base station 2 (BS2) 210 and 3 sectors
25  (sector 1 220, sector 2 222, sector 3 224) using carrier frequencies (fy, f2, f3), respectively. Cell 3
206 includes base station 3 (BS3) 212 and 3 sectors (sector 1 226, sector 2 228, sector 3 230)
using carrier frequencies (fy, fa, f3), respectively. Figure 2 also includes an exemplary wireless
terminal (WT) 232, implemented in accordance with the present invention. The WT is situated
on the boundary between sector 1 214 of cell 1 202 and sector 2 222 of cell 2 204. Handoffs of
30 WT 232 may be performed between different base station sectors of different cells or between

different base station sectors of the same cell in accordance with the methods of the present

invention.



hi gh power broadcast signals. In sone enbodi nents, the beacon signal

transm ssion in each sector, when schedul ed, may alternate between the 3
frequency r ds) over time. In other enbodi ments, the base station
shall in easﬂggioégogg}%e able to transmt beacon signals i nPCRES&#RMIONe of
the carrier frequency bandw dth ranges #gands) wi th beacons being
transmtted 10 in nmultiple frequency bands fromsector transmtter
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fixed offset fromthe Irst carrier frequency and can
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bei n sed in the_ first sector. To provide infornation to WIs in
nei gﬁ ri g TuldR sﬁ@qm@a@sﬁqr@ eqi&'tfaglsmgga,smﬂ&apmsﬂym ly, the first sector

transmtter transmts a beacon signal S 112 322 at a predeterm ned
frequency within the second frequency band 312 corresponding to the second
carrier frequerkigurk3.shdws thred graphs 3020304 306 treticatinig leyeniplary base lstation dg¢charent
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carrier f3 is used, e first Sector transmtter transmts a

beacor5si ghaivn 81 FiguB22l at a predeterm ned frequency within the third
frequency band 314 corresponding to the third carrier frequency f3. This
signal can be detected by WIs in adjacent WO 2005/ 062633 PCTI US2004/ 034304
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20 frequency f, is used for transmitting signals and information to wireless terminals in sector 1 as
indicated by the label ordinary signaling 319. Periodically, e.g., when not transmitting data, e.g.,
ordinary signals, the transmitter in sector 1 transmits a beacon signal S1F1 (Sector 1 carrier
Frequency 1) 320 within the first frequency band. This frequency may be a fixed offset from the
first carrier frequency and can be used by the wireless terminals to identify and synchronize with

25  the carrier frequency being used in the first sector. To provide information to WTs in
neighboring sectors where carrier f; is used, periodically, the first sector transmitter transmits a
beacon signal S1F2 322 at a predetermined frequency within the second frequency band 312
corresponding to the second carrier frequency fz. This signal can be detected by WTs in the
adjacent sector without those terminals having to adjust their receiver frequency to another band,

30  e.g., the first frequency band 310 used in sector 1. In addition, to provide information to WTs in
neighboring sectors where carrier f3 is used, periodically, the first sector transmitter transmits a
beacon signal S1F3 324 at a predetermined frequency within the third frequency band 314

corresponding to the third carrier frequency fy. This signal can be detected by WTs in adjacent



di fferent synbol transm ssion periods. Second frequency band 312 which is
centered around carrier frequency f2 is used for transmtting signals and
information to wireless termnals in sector 2 as indicated by the |abel
ordi nary si JHQRIU5§62633. Periodically, e.g., when not tranBETAUSR0040aN4a,
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carrier f, is used, ©periodically, the second sector transmtter transmts a
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band 314 corresponding to the third carrier frequency fi. This signal can be detected by WTs in
adjacent sectors where the third frequency band is used without those terminals having to adjust

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

25 The bottom graph 306 of Figure 3, shows signaling from base station sector 3. The
graph 306 is a composite of signals which may be transmitted at different times, e.g., during
different symbol transmission periods. Third frequency band 314 which is centered around
carrier frequency f; is used for transmitting signals and information to wireless terminals in
sector 3 as indicated by the label ordinary signaling 343. Periodically, e.g., when not

30  transmitting data, e.g., ordinary signals, the transmitter in sector 3 transmits a beacon signal
S3F3 (Sector 3 carrier Frequency 3) 344 within the third frequency band. The frequency of this
beacon signal may be a fixed offset from the third carrier frequency and can be used by the

wireless terminals in sector 3 to identify and synchronize with the carrier frequency being used
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frequency f1. This signal can be detected by WIs in the adjacent sector
which uses the first 5 carrier frequency w thout those termnals having to
adjust their receiver frequency to another band, e.g., the third frequency
band 314 uso¥ORMSH6BdHr 3. In addition, to provide infor maPCHUSI004/03AFE i n
nei ghboring sectors where carrier f2 is used, periodically, the third sector
transmtter transmts a beacon signal'%hFZ 342 at a predeterm ned frequency
w thin the second frequency band 312 corresponding to the second carrier
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when to nmeke a handoff to a different base station sector. The beacon signal
conparison also indicates to the wireless term nal which carrier frequency
that the wireless term nal should use for ordinary signaling follow ng the
hand-off. In s [ all , ' r | ' 0 be
the carrier f rg%lgléﬁg;;%gé @Q# %a’rn J(S'r | szrag]{t{sf?g‘ﬁ%‘%ﬁ%ﬁ%ﬂ%@ggﬁtﬁg@&@? grtoynon
sect or15t r apseh the®eaotii séghal bﬁ?m’bﬂ hfdicdn)in wdons emboditnenti¢ake provdethdditivman
signals. Consider for exanple, the wireless term nal 104 shown in Figure 1,

which i s dptormationy InFigure d; e nine exganplasy bepspo signals showyareAt diffarent fequensiss. 1
dit i .at ' 3 ' , .
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the base sbakleAfine MHEVREtor kiandrhitte} was theBsurt®of Darfionlabdacsed béagombignali t hi n
the frequency band 310 corresponding to carrier frequency fl1. Refer to the

| eft portion of Figure 3, showing the signaling transmtted by the BS in
each (Q(O In accordance with the invention, a wireless terminal, e.g., mobile node, may receive the

beacon signals from its own and different, e.g., adjacent, sector base station transmitters. The
beacon signals are received within the same frequency band that the wireless terminal uses for
ordinary signaling, e.g., data and/or control signaling. Beacon signal strength (e.g., power)
measurements are made in addition to frequency measurements. Compari sons of the strength of
25  different received beacon signals from different base station sector transmitters are used by the
WT to decide when to make a handoff to a different base station sector. The beacon signal
comparison also indicates to the wireless terminal which carrier frequency that the wireless
terminal should use for ordinary signaling following the hand-off. In some embodiments, this
carrier frequency is determined to be the carrier frequency used for ordinary signaling by the

30 base station sector transmitter which transmitted the stronger of the received beacon signals.

Consider for example, the wireless terminal 104 shown in Figure 1, which is operating in

sector 1, and is therefore using carrier frequency f, and its associated bandwidth 310 for ordinary
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the three sectors in the first frequency band 310 corresponding to carrier
f1. The wireless 5 termnal 104 conpares the received strength of the beacon
signal 320 fromsector 1, with the received strength of adjacent sector
beacon si gndVQ 283063633 340 which are al so detected within PCHESEG0#/034304
frequency band 310. As the wireless term nal nears the boundary separating
sector 1 and sector 2, the reception s}tsrength of beacon signal S2F1 330
within the first frequency band transmitted by the BS sector 2, increases
i n st rengtsignabhgteig/aetaving and eendingsidfarimgtion tosthe basgtshationo Hobveh ét isalsbor 1
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met hodOof thdzectomtdwacanrsigradSEF] B2Y Al some paiptebased opomthdoddnepagison efrereived

boundari e is alsp used with.respect 1,0 handoffs.at cell. boundaries as in
Che case. deathsEuaEsikhEhe ot CrleFRRln WS MBS eriithy §E purel MR pedh
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the sector of another cell. In regard to cells, the | ocation of ghe beacon
may al so Dehewsieadess terodmal &poweld switehde samienfrequengy {2 aadiobparionireguenee e, a
cell identifier in so embodi ments. .Dif.ferent cells, sectors and,carriers
wthi n o dediponde oo iRnes tffuhey ottt BF sy Feds Seehargasen SBLCon
signal;g. Predeterm ned periodic changes in beacon signal 30 frequency over
tinme may be used to communicate slope information in sonme enbodi nents. In
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in beacon frequency |ocation designations in the same sector, exenplary
sector 1, enteripg@cel er sector before user data can be transmitted need not be performed, in

20  accordance with the invention before user data such as voice or text can be transmitted to the

receiver corresponding to the new sector or carrier frequency.

The same or a similar method of the invention, described with respect to handoffs at

sector boundaries, is also used with respect to handoffs at cell boundaries as in the case of the

25  wireless terminal 232 shown in Figure 2 situated on a cell boundary. In such a case, the handoff
is from the sector of one cell to the sector of another cell. In regard to cells, the location of the
beacon may also be used to convey cell information, e.g., a slope value used as a cell identifier
in some embodiments. Different cells, sectors, and carriers within a sector may use different
predetermined frequencies for beacon signals. Predetermined periodic changes in beacon signal

30 frequency over time may be used to communicate slope information in some embodiments. In
one embodiment, the changes in the beacon signal are changes in the beacon location via a

hopping pattern on the tones which may indicate a slope corresponding to a cell.



beacon signal identification to a sector and cell |evel. For exanple,

drawi ng 402 may correspond to signals transmtted from BS1 208 sector 1 214
of cell 1 202 transmtter of Figure 5 2, while drawi ng 404 may correspond to
si gnal s traNsd?4P@ee68% om BS2 210 sector 1 220 of cell 2 2RCT/B$2004/934304 2.
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bandwi dt h associated with carrier freq'L} ncy f2 408, and a bandw dth
associated with carrier frequency f3 410. Wthin bandwi dth for carrier f,
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20  sector 1 transmitter transmits a beacon signal 424. Within bandwidth for carrier f3 410, the BS 2
sector 1 transmitter transmits a beacon signal 426. The various signals 420, 422, 424, and 426
may be transmitted at different times, e.g., with the ordinary signaling 422 being transmitted
most of the time, and a beacon signal, from the set of beacon signals including 420, 424, 426,
being transmitted occasionally in a predetermined sequence on a periodic basis in place of the

25  ordinary signaling 422. Beacon signals 412 and 420 within the same band 406 are at different
frequency locations allowing a wireless terminal receiving the beacon signal to distinguish
between the two cells. Beacon signals 416 and 424 within the same band 408 are at different
frequency locations allowing a wireless terminal receiving the beacon signal to distinguish
between the two cells. Beacon signals 418 and 426 within the same band 410 are at different

30  frequency locations allowing a wireless terminal receiving the beacon signal to distinguish

between the two cells.
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exenpl ary systemof Fig also includes a plurality of end nodes EN1, EN
N, different power levels being used for a particular carrier in adjacent sectors which uses the same

20  carrier frequencies. In the illustrated example of Figure 5 sector 1 uses carrier frequency fy;
sector 2 uses carrier frequency fy; sector 3 uses carrier frequency f3. The same carrier
frequencies are used in the same sectors e.g., sectors 1, 2, and 3, of other cells of the exemplary

system.

25 In some embodiments, the carrier frequencies used in different cells of the system may
vary slightly. In still other embodiments, the carrier frequencies used in different cells may be
substantially different. Cell 1 502 includes sector 1 510, sector 2 512, and sector 3 514. CellM
504 includes sector 1 516, sector 2 518, and sector 3 520. An exemplary boundary region 522 is
shown where cell 1 sector 1 510 overlaps with cell M sector 2 518, in which inter-cell handoff

30 operations are likely to occur, in accordance with the methods of the present invention. Handoff
operations may also occur in boundary areas between the different sectors of the same cell, in

accordance with the methods of the present invention.
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sector of each cell. In accordance with the invention, the end nodes (524,
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Sector boundary regions are identified as dividing lines within each cell separating the
20 three sectors (510, 512, 514) or (516, 518, 520), and exemplary cell boundary region 522 is
shown as an overlapping area between cell 1 and cell M. As wireless terminals travel
throughout the system and approach and/or traverse sector and/or cell boundaries handoff
operations involving a change in carrier frequency may be performed in accordance with the
invention.

25
In accordance with the invention the base stations (506, 508) are pericdically

transmitting beacon signals in each of three frequency bands (associated with the three carrier

frequencies fi, f2, f3) into each sector of each cell. In accordance with the invention, the end

nodes (524, 526, 528, 530, 532, 534, 536, 538, 540, 542, 544, 546) are monitoring the beacon
30  signals in the frequency band of current operation, in order to make decisions regarding inter-

sector, intra-sector (if multiple carriers are used in a sector) and/or inter-cell handoffs.
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624, 626) are included WO 2005/ 062633 PCTI US2004/ 034304 . . .
) 644, sector N transmit antenna 646?, respectwce-[ , ana can transrr%lt signals, including downlink

(o)

broadcast signals such as, e.g., beacon signals, and user specific downlink signals such as signals
including information identifying dedicated resources for use in handoff operations, in

25  accordance with the invention, into the sector covered, Each sector transmitter (610, 612, 614)
includes an encoder (648, 650, 652), respectively, for encoding downlink information prior to
transmission. In some embodiments the base station 600 includes and uses separate receivers,
transmitters, and/or antennas for each of the sectors, and optionally, carrier frequencies in a
sector, of the cell. In some embodiments, a base station uses: a single receiver with sectorized

30  functionality to receive signals from each of the sectors covered by the base station, a single
transmitter with sectorized functionality to transmit into each of the sectors covered by the basc
station, and/or sectorized antennas, e.g., an antenna with different elements corresponding to

different sectors. In some embodiments, sector beacon transmitters (622, 624, 626) are included



————

-23 and are coupled to transmt antennas (642, 644, 646), respectively; the
sector beacon transmtters (622, 624, 626) are used to transmt some or all
of the beac ' g, allow ng sinultaneous transm ssion of multiple
beacon si gng‘{é%(}%ﬁ%ﬁ#‘{lm ting disrupti ons | n normal or di narRCEVLA/343p4
transm ssions by, in some enbodi nents | oadi ng sonme or all of the beacon
transm ssions 5 functions. The base stg |on 1/0 interface 616 couples the

base statiop 600 to, other network no ot her access nodes (base
Srati on) . RO EPUPIeA ARSI Lo S isRRrciAply: PR GeFiAY BaeR trenseRers

signal i ng(d:9, g3UT6EE) £aLsH tBWaﬂ%’rﬁﬁ somh€ of i 6f lfh@‘f)@ac%illg gﬁ?ﬁﬁg%ﬂogﬁ%ﬁhﬁﬁﬂﬁﬂé

prior to the 10termnat|ono he current wireles
est abl i shmumwn‘ioraofrmultmiermlaemmgnaiﬂ{ and liméténgndistapiensvin nbrralrordinaiysigmting s of

t he present invention, C ock nodule 6 is used for intaining timn
syncE\r oni Eﬁ'ﬂsi"HFF 5t RYe M-SOMFL LA RRERLS, ‘%’2@?@?& SQI% &r %‘HNE ﬁ’ﬁ%"%afg"é‘s@fsé{o%n

Synchroni gaktigs, between the different sectors of the sane 15 cell allows
for intra-cell inter-sector and intra-cell intra-sector inter-carrier
handof f operations to be perfornmed in a nore efficient manner, e.g., vvith

reduced or el n ted wreless te tim nchr ation st as
coml:J)ar ed to i :1%? @Elsfatlﬂﬁﬂ r%’ﬁ F%Wées:tﬁg %Pé%upﬁé%\ﬁez [ﬁilé’é'aféwf’ ME$0r m
timng sypghbaRl s@klmbadt ffisc Yo l%ﬁ:e?sew@ %a%mqmrgg?gaem nb&e‘som the Ingernet.

comuni cati ng power control tlon an user 20 Meno
i ncl udes Haudafhsignding 1amjnnllanmhued1tfuon§'t II@nnthfﬁcc Gﬂﬁd)epwcmndmsmstaﬁﬁl& prﬁxem:tltes

he Bhor Grisauen SF Re chtu Erdlrssofik o Mersb i ALY AEY FRIF NS MEK: B of

schedul i ngocohfie ﬁrhﬁ%b&l@enﬂﬁm%{en&%"fttﬁé)ﬂmséﬂ@ﬁﬁreﬁﬁ&i'0” tinmng control,
communi cation, signaling, and 1 ncluding the new 25 features of the

I nvention |nclud|ng t he beacon S|gnaI|ng and handoff operations. The

dat a/ i nformat i 0 i ncl.udes | ur of . sets of

dat & | nf or e | Dok randyle SIS Ued P maffiaibiog o sutcBepmipeo o2 via g varions
(sector 1sdafratdvelcdBiphe Bﬂs.e'%%?:}uoﬁ5 %ynéiﬁ&ﬁl%txd}l betlided/ the Hiferdi 'sedlors F tSEme

Sector 1 data/informdation set 658 i'ncludes data 661, base station-to 30 base
stati th i ntﬂba]hmm fonmﬁﬁ%pllsﬂclt-snctth(bmtmt—cedinn(m&ctchreatconamef bandeff eperasi®ss tcand

wirel ess al, . (WL alinformtion 668, . ser. data to
be. 1 anarPt PEEPTIGLh A mor e R FELTAPRRh Gifr Y DLEIUED i lTiaieg gy icss tiind
station-t Hmﬁ)ﬁgsgnéﬁr%ﬁw@t'ibd (Lo E%dni’ﬂhr&ﬁ% ihteEbalPRmdoffripefafiBhd RIwkieR e waeat ed
bet ween BSs taining to handoff 'signaling and stored security WO
2005/ 0626383de' per2a0ming4gaehronization steps with the new attachment point beforc

communicating power control information and/or user data.

20
Memory 620 includes routines 654 and data/information 656. The processor 602
executes routines 654 and uses the data/ information 656 in the memory 620 to control the
operation of the base station 600 including the normal functions of scheduling, base station

power control, base station timing control, communication, signaling, and including the new

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

The data/information 656 in memory 620 includes a plurality of sets of data/information,
e.g., one for each sector covered by the base station (sector 1 data/information set 658, sector N
data/information set 660). Sector 1 data/information set 658 includes data 661, base station-to-
30  base station information 662, sector information 664, beacon information 666, and wireless
terminal (WT) data/information 668. Data 661 includes user data to be transmitted to and
received from wireless terminals, Base station-to-base station information 662 includes

information communicated between BSs pertaining to handoff signaling and stored security
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of leﬁooc.@gglobacl ude the allocation of a dedicated device identifier to be

used in the specific sector where conmunicating on a particular carrier, a
dedi cated uplink timng channel segnent and/or a dedi cated uplink power

control 30 cha [, .S .1 , il e i . L] inter- t . n
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€9, 26' an?n%”ding information identifying the sector in which WT 1 is currently located and associating

WT 1 to a specific carrier frequency used for ordinary signaling. Sector ID information 688 also
includes information identifying a sector to which WT1 has requested as the new attachment
point in a handoff request. WT 1 data/info 680 also includes dedicated resource information
690, e.g., information from the set of sector dedicated resource information 672, which has been

25 allocated to WT 1 for use in handoff operations. In different types of handoff operations
different resources may be dedicated to WT 1 and included in dedicated resources information
690. For example, an inter-cell handoff into sector 1 of BS 600 may include the allocation of a
dedicated device identifier to be used in the specific sector where communicating on a particular
carrier, a dedicated uplink timing channel segment and/or a dedicated uplink power control

30 channel segment to WT1, while an intra-cell inter-sector or an intra-cell intra-sector inter-carrier
handoff into or within sector 1 of BS 600 may omit the allocation of an uplink timing control
channel segment to WT1 and include the allocation of an uplink power control channe] segment

to WT1. Handoff messages 692 includes handoff messages pertaining to WT1L, e.g., handoff
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665, and WI' power control nodule 667. Schedul er nodule 659, e.g., a

schedul er, schedules air |ink resources, e.g. bandw dth over tine in the
form of segmenRSutifed 664 irndledes atmrahmifsaﬁ of raugines) k. g.,ne fotosuoh sédtor covered by
comuni cations. 25 Signaling routines 661 control one or nore of: the
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the sector transmtters (610, 612, 614).
operation, in accordance with the present invention. Base station control routines 657 includes a

20  scheduler module 659, signaling routines 661, handoff routine 663, WT timing control module
665, and WT power control module 667. Scheduler module 659, e.g., a scheduler, schedules air
link resources, e.g. bandwidth over time in the form of segments, to wireless terminals for uplink

and downlink communications.

25 Signaling routines 661 control one or more of: the receiver, the decoder, the transmitter,
the encoder, ordinary signal generation, beacon signal generation, data and control tone hopping,
signal transmission, signal reception, and handoff signaling. Signaling routines 661 include
beacon module 669 and handoff signaling module 671. The beacon module 669 uses the beacon
information, e.g., sector 1 beacon info 666, to control the generation and transmission of beacon

30  signals in accordance with the invention. In accordance with the invention, beacon signals may
be transmitted in each sector in each of the carrier frequency bands used in the sector. In some
embodiments, the beacon signals are transmitted through the sector transmitters (610, 612, 614).

In other embodiments, some or all of the beacon signals may be transmitted by the beacon
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25 exanple, in the case of the establishment of a new wireless |ink, nodule
681 r ecogriFgeents, yptink powergontrakchanpel segreentis vnd/enupfink traffie channs! gpgments, which

earliest allacat ' . i ; ;
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si gnal i ng WToag | Bepe¥dinglupbh vhemer sipintexicell ot ifitra-detl Hahdof€ aperatién ishivolved.

termnation of a wireless link between BS 600 sector 1 and a WI, e.q., the
t er mi nat i dkegistrptioempdule §78 mayrentd the perfaraancs efegistratisn apegatians aden 20Mlt he

WEin 20 prrgéju%gtg Eﬁg iﬂﬁﬁti&ﬁ dfd es"i‘;ﬂ)qisﬁrﬁgﬁ{l & a98¥ WEOER K Wil a bhdletdtion 600 sector 1

attachment point, Different registration operational sequences may be used depending upon

whether the handoff is inter-cell or intra-cell, e.g., with respect to whether or not timing
synchronization steps are performed. Wireless link establishment/termination module 681
controls operations in the establishment and termination of wireless link to BS 600 sector 1. For
25  example, in the case of the establishment of a new wireless link, module 681 recognizes that a
new link can be established at the time of the earliest allocated dedicated uplink segment that BS
600 sector 1 has allocated to the WT requesting a handoff, and therefore looks for uplink
signaling from the WT at the appropriate time. In the case of the termination of a wireless link
between BS 600 sector 1 and a WT, e.g., the termination may be based on the BS not receiving
30  any signaling from the WT in a predetermined time, and module 681 performs the timeout
measurement and relinquishes resources, e.g., an identifier and associated dedicated segments,
following a timeout determination. Alternative termination methods are possible, ¢.g., the BS

sector 1 can monitor the handoff signaling corresponding to the new attachment point, e.g.,
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i nt er change datVeéT power controhatodole. 66T iperfomnsopeeationd & comol thei pogvea of Wsjeg., 714

I's coupled to an antenna 716 .0 ch the wreless termnal 700, magy 25
ecei v aoRlink FrnsErtesen paweriof i S5 Bewessonbomafile 567 Riosta eI vRE 08Bk s

i ncl udknNg qnf ' ' | £i o ' ase
tati ane- GOYRITRRRARD flGUd o Qe Ul Bk FERNCr Sl el By HSO00”
recei ver Ee2omhto a@tlostekingdd establiskiagead winglessdinknded for WI 700 and use

error correction coding processes to attenpt to recover information
overwitten or interfered with by other signals including beacon signaling.

The transm ! eirigféd s Hstrfes o Eﬂangarfwﬁaéﬁ&e&%ﬁali(én&%b 960 beehaR aARbERNa 720
y transmt- signals 1 ncludin

node, implemented in accordance with the present invention. The wireless terminal 700 of

20  Figure 7 may be a more detailed representation of any of the end nodes of the systems of Figures
1, 2, or 5. The wireless terminal 700 includes a receiver 702, a transmitter 704, a processor 706,
e.g., CPU, user input/ output (I/0) devices 708, and memory 710 coupled together via a bus 712
over which the various elements can interchange data and information. The receiver 702
including a decoder 714 is coupled to an antenna 716 over which the wireless terminal 700 may

25 receive downlink signaling including beacon signaling and handoff messages including
information identifying dedicated resources transmitted from base stations 600 in accordance
with the invention. The decoder 714 in the receiver 702 may decode ordinary signaling intended
for WT 700 and use error correction coding processes to attempt to recover information
overwritten or interfered with by other signals including beacon signaling. The transmitter 704

30 including an encoder 718 is coupled to an antenna 720 and may transmit signals including
encoded information to the base station 600 including requests to initiate a handoff of WT 700
to another base station sector attachment point, timing synchronization information over

dedicated uplink timing channel segments, power synchronization information over dedicated



encoded information to the base station 600 including requests to initiate a
handoff of WI 700 to another base station sector attachnment point, timng
synchroni zatﬁmob{)&%ﬁat i on over dedicated uplink timng channel segnents,
power synchronization i nformation over dedicated WO 2005/ 08L&EAH2004/034304

PCT/ US2004/ 034304 -28 uplink power con% ol channel segnents, and user data
over dedicated uplink traffic channel ™S€gnents. Different types of handoffs
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wireless link 746. The terminal ID information 734 may be an identifier or
identifiers, assigned to the WI' 700 by the base station sector to which the
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signaling is being conmuni cated and corresponds to the sector
whi ch t he and system information 732,

20 Current BS sector user information 728 includes terminal ID information 734, base
station ID information 736, sector ID information 738, mode information 740, identified beacon
information 742, received timing correction signal information 744, and determined time to
terminate wireless link 746. The terminal ID information 734 may be an identifier or identifiers,
assigned to the WT 700 by the base station sector to which the WT 700 is currently coupled via

25  awireless link that identifies the wireless terminal 700 to the base station sector, Base station
ID information 736 may be, €.g., a base station identifier, e.g., a slope value associated with the
base station and used in hopping sequences. Sector ID information 738 includes information
identifying the sector ID of the sectorized base station’s transmitter/receiver through which
ordinary signaling is being communicated and corresponds to the sector of the cell in which the

30  wireless terminal is located. Carrier frequency information (CF) 735 indicating the carrier
frequency to be used for the current communication link is also sometimes stored in information
728 of data/information 724 in memory 710. Mode information 740 identifies whether the

wireless terminal is in an on/hold/sleep state. Identified beacon information 742 may include:



30 wireless termnal is located. Carrier frequency information (CF) 735
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link. Mode information 754 identifies the state of operation of the W with
respect t énformation 762 and carrier frequency information (CF) 759. The terminal ID information 748
20  may be an identifier or identifiers, assigned to the WT by the base station sector to which the
WT 700 has requested that a handoff be initiated to, that identifies the wireless terminal 700 to
that base station sector. Base station ID information 750 may be, e.g., a value of slope
associated with the new base station and used in hopping sequences. Sector ID information 752
includes information identifying the sector ID of the new attachment point's sectorized base
25  station’s transmitter/receiver through which ordinary signaling will be communicated via a new
wireless link. Mode information 754 identifies the state of operation of the WT with respect to
the new BS sector attachment point, e.g., transmitting handoff request, waiting for dedicated
resource allocation, receiving and processing dedicated resources such as assigned identifier
and/or assigned dedicated uplink segment, performing handoff operations such as transmitting
30  timing control and/or power control signaling on dedicated uplink channel segments, handoff
complete, transmitting user data, hold state, on state, sleep state. Identified beacon information
756 includes information such as timing information pertaining to a received beacon from the

new BS sector attachment point. The timing relationship existing between the new BS sector
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type ﬁf the new base station sector attachment point, transmitted base station to base station via the

backhaul link, and received from the current base station sector attachment point via the current
wireless link, such messages identifying resources, e.g., identifiers and/or uplink segments, that
may be used establish a new wireless communications link with a new base station sector
attachment point. Handoff type information 762 includes information identifying the type of

25  handoff requested, e.g., an inter-cell handoff operation, an intra-cell inter-sector handoff
operation, or an intra-cell inter-carrier handoff operation. Inter-cell and inter-sector handoffs, in
some-embodiments, are also distinguished by whether or not the handoff operation is an inter-

carrier handoff operation.

30 System information 732 includes beacon ID information 764, handoff criteria 766,
cell/sector ID information 768, beacon/dedicated segment timing information 770, and handoff
type/operation information 772, System information 732 includes structural information of the

wireless communications system, e.g., base station frequency usage, timing structures and
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20  omitted in an intra-cell handoff,

Routines 722 include communications routine 776 and wireless terminal control routines
778. Wireless terminal control routines 778 includes signaling routines 780 including beacon
routines 782, handoff routines 784, user data signaling module 786 and ongoing wireless
25  terminal timing control module 788. Wireless terminal communications routine 776 implements

the various communication protocols used by the wireless terminal.

Wireless terminal control routines 778 performs the basis contro! functionality of the
wireless terminal including power control, timing control, signaling control, data processing,
30  1/O, control of the beacon related functions, and contro} of handoff signaling and operation in
accordance with the present invention. The signaling routines 780, using the data/ information

724 in memory 710, control the operation of the receiver 702 and transmitter 704 to perform



routines 782, handoff routines 784, user data signaling nodule 786 and
ongoing wireless 25 termnal timng control nodule 788. Wreless term nal
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request S0, a80ff Bedfiifh MoAfileHob TERdiveddatput information from the beacon comparison module
794 and makes decisions as to whether or not to initiate a handoff request and to which base
20  station sector using which carrier frequency to initiate the handoff request. Handoff decision
module 796 may consider other information such as in process user data sessions when

considering the time to initiate the request so as to minimize disruptions.

The handoff routines 784, when triggered by output from the handoff decision module
25 796 generate signaling to initiate an inter-sector, inter-cell, and/or inter-carrier handoff and
perform operations to complete the handoff. The carrier frequency and base station sector
attachment point for the new wireless link to be used following hand-off are normally identified,
in various embodiments, using beacon signals as discussed elsewhere. Handoff routines 784
include a request module 701, a dedicated resource module 703, a registration module 705, a
30  wireless link establishment/termination module 707, a wireless terminal timing control module

709 and a wireless terminal power control module 711.
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termnation of” the old wireless l'ink viith respect to the handoft. For
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ink ZaOS pt?prlitnk%ggment that has been allocated to the WT requesting a handoff by the new base station

sector attachment point, and therefore establishes the new link by performing uplink signaling at
the assigned time. In the case of the termination of an established wireless link as part of
handoff operations, e.g., the termination may be performed by WT 700 ceasing transmissions
over the established wireless link at a appropriate time, e.g., a time just prior to the to the

25  occurrence of the earliest dedicated uplink segment which has been allocated to WT by the new
BS sector attachment point. The timing of a received beacon signal stored in information 756
and its known relationship to a dedicated resource identified in information 758 which was
allacated by the new BS sector to WT 700 can be used in combination with beacon to dedicated
segment timing information 770, which indicates an offset between the dedicated resource and

30 the beacon, to determine the termination time, e.g., so that termination will occur shortly before
the time a resource dedicated to the WT for establishing a new link can be used Alternative
termination methods are possible; e.g., WT 700 may communicate a termination message over

the original wireless link to the base station sector attachment point to be terminated just prior to
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or WI' timng and/or_ power control operations, e.g.,, adjusting W ,
attachment point as part or WT timing and/or power control operations, €.g., adjusting WT

20  transmission timing and/or WT transmission power as part of the handoff operations.

User data signaling module 786 performs operations including using dedicated resources,

e.g., dedicated uplink traffic channel segments, allocated to the WT 700 for the new wireless
link by the new BS sector attachment point, to control the transmission of user data over the new

25  wireless link. Ongoing wireless terminal timing control module 788 is used by an established
wireless communications link to maintain timing control between the current BS sector
attachment point and WT 700 in which the module receives and processes timing control signals
which have been communicated over the established wireless link. The processing of module
788 includes, e.g.,'operating WT 700 to make a transmission timing adjustment to adjust the

30  timing of signals e.g., symbols, transmitted by WT 700 over the established wireless link. In
some embodiments, intra-cell inter-sector handoff operations and/or intra-sector inter-carrier
handoff operations performed by WT 700 can use the timing synchronization performed by

module 788 or perform a predetermined adjustment based on the module 788 information, e.g., a
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the same frequency band is not used everywhere in the system.
20
In some embodiments, various features or elements of the invention may be implemented
in part of a communications system and not implemented in other parts of the system. In such
an embodiment, the wireless terminals, implemented in accordance with the invention, may
utilize the beacon signaling features and method of the invention when available in making

25  decisions regarding inter-sector and/or inter-cell handoff.

Various features of the handoff methods and apparatus of the invention will now be

described with reference to Figs. 6-11.

30 In the case of non-sectorized cells each cell is normally served by a single base station.
In the case of sectorized cells, each sector may be served by a different base station or a
sectorized base station may be employed. Figure 6 shows an exemplary sectorized base station

(access node) 600 where each sector is serviced by a separate receiver (sector 1 receiver 604,
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20
The use of a single base station 600 in a sectorized cell, in some embodiments, facilitates

timing synchronization between sectors of the cell. Common clock circuitry included in clock
module 618 may be shared between the base station module’s which make up a multisector cell
so that symbol timing and other operations in the individual sectors of the cell are synchronized.

25  Inthe case of intra-cell handoffs, when symbol timing through the different sectors of a cell is
maintained, it is possible to reduce or eliminate the need to perform an initial timing
synchronization operation when performing a handoff since timing synchronization remains
reliable. Accordingly, at least in some embodiments, the time required to implement an intra-
cell handoff is reduced by avoiding timing synchronization operations which are used when an

30  unsynchronized mobile device enters the system The intra-cell handoff may be an inter-sector
handoff. Thus, intra-cell handoffs can be implemented in less time and/or using less resources

than an inter-cell handoff.
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Figure 9 is a drawing of an exemplary system 900 including a first base station (BS1)
20 901, a second base station (BS2) 903, a WT 902, and a Mobile Internet Protocol (IP) Home
Agent (HA) node 914, implemented in accordance with the present invention. The BSs 901,
903 may be similar to or the same as exemplary BS 600, while WT 900 may be similar to or the
same as exemplary WT 700.

25 Using various methods, a mobile node such as the wireless terminal (WT) 902 shown in
Fig. 9, engaged in an existing communications session in a first base station sector 904, via first
base station (BS1) 901, may identify a cell and/or sector 906 of second base station (BS2) 903
(and/or a sector carrier if multiple carriers are supported in a sector) to handoff to, e.g., because
of better signal conditions exist between the identified cell or sector 906 than with the current

30 cell or sector 904. For purposes of explaining the invention, the discussion will be limited for
the time being to examples where a single carrier is used in each sector. For discussion
purposes, the base station sector 04 with which a mobile device, WT 902, is communicating

via wireless signaling, e.g., radio signaling, using current wireless link 950 will be described as
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I n accordance with vari‘ous enbodi nents of the present invention, each sector
of a H&se fram abassrstgsionisoctpctmansymitteramshe vertical laxssdod vsitigneadn thethorizonsaliaxiscRiéncy
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20  beacon signal transmitted during one beacon slot uses a different tone or tones than the beacon
signal transmitted in another beacon slot within the sequence may be used. The sequence of
beacon signals transmitted by a sector transmitter may include different types of beacon signals,
e.g., a beacon signal associated with carrier f, 2 beacon signal associated with carrier f;, and a
beacon signal associated with carrier frequency fs. Other types of beacon signals are also

25  possible in accordance with the present invention, e.g., a beacon signal which used to convey
cell and/or sector information. The sequence of beacon signals repeats for each ultrasiot which
includes N beacon slots, where N is a positive integer. In the example, each beacon slot
includes 8 superslots; each superslot includes a fixed positive number of OFDM symbo! times,
e.g., 113 OFDM symbol times. Superslots are shown by row 814, where 8 superslots are

30 included in a beacon slot, and a beacon is transmitted at a fixed predetermined time within each
eighth superslot. Beacon slots are shown by row 816, which include multiple beacon slots, and
ultra slots are shown by row 818. The beacon signal within a particular index value beacon slot

of the ultra slot repeats from ultra slot to successive ultra slot. A physically adjacent sector,
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sect on5at tpaefoAming imoalgowas contftd dperations inagsaur.ce to a wrel ess term nal
whi ch has requested a handoff operation to the base station sector 10
attachnment point. Exenplary sets of access segnents (826, 828, 830, 832,
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initigly tigdgaddet o atRARRAE 1BE 2 fA8H4iMing relationship with respect to the beacon signals
transmitted by that base station sector transmitter. In some embodiments, the access segments
corresponding to a base station sector attachment point have a fixed timing relationship with
respect to other beacon signals transmitted by the same base station. Note that because the
beacon signals of different carriers transmitted by the same base station are synchronized with
25  fixed timing relationships, the access segments of one carrier have a fixed timing relationship
with respect to the beacon signals transmitted by the same base station into other carrier bands
used by the base station and not just the beacon signal transmitted into the same frequency band
to which the access segments correspond. This known relationship may be used by the wireless
terminal involved in the handoff operation in determining the point in time to terminate the
30  wireless link with the currently connected base station sector attachment point and to start to
communicate over the new wireless link on the uplink using the assigned uplink access segment.
Timing offset 870 shows an exemplary offset between beacon signal 1 808 and the earliest

access segments of set 830. Each access segment includes one or more symbol times and uses
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20  original wireless link, e.g., via current wireless link 950 after having been communicated from

BS2 903 sector 906 through network link 924 to BS1 901 sector 904. Different segments may

use different sets of tone-symbols. In some embodiments, different types of access segments
use different sets of tones. In some embodiments, as shown in Figure 8, the tone-symbols of a
segment are contiguous; however, in other embodiments, tone-symbols included in a segment

25  may not be continuous.

In some embodiments of the invention, a sector uses different frequencies to transmit the
beacon signal into the adjacent sector during a set of N successive beacon slots. The N
successive beaconslots form what is referred to as an ultraslot. The exact pattern of beacon
30  signaling does not repeat in the exemplary embodiment within the ultraslot, ¢.g., different
beaconslots may use slightly different frequencies for beacon tones, but does repeat with the

next ultraslot. However, the beacon signaling pattern will repeat from one ultralslot to the next.
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20  exemplary handoff related signaling, e.g., which occurs in some embodiments. The mobile

t he

device 902 transmits a signal 1002 to the current base station sector 904, e.g., a cell identifier
and/or a sector type identifier corresponding to the adjacent sector 906 to which a handoff is to
be completed. The current network attachment point, base station sector 904 in this example,
uses this information to enable communications between the mobile node 902 and the new

25  network attachment point, e.g., base station sector 906 in this example. In some embodiments
the current BS sector acts as a router and simply relays handoff messages between the mobile
node and the new network attachment point. However, for communications purposes and to
reduce the amount of signaling required over the current air link with the mobile device, the
current base station sector 904 may, and often does, act as a proxy in either relaying

30 communications between the mobile device 902 and the new base station sector 906 or
negotiating handoff with the new base station sector 906 on behalf of the mobile device 902.
Thus, handoff information is communicated on behalf of the mobile node to the new base station

sector over links, which are often wireline (e.g., copper or fiber optic lines), connecting base
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of nobile 902. This signaling may include nobile node identification
information as well as the base station identifier and sector identifier

20 Once a sufficient level of security is established between the current base station sector
904 and the new base station sector 906, the mobile node 902 can communicate through the
current base station sector 904 information including its intent to complete a handoff to the new
base station sector 906 and/or receive information from the new BS sector 906. Following the
current base station sector 904 signaling the new base station sector 906 of the impending

25  mobile device handoff, the new base station sector 906 assigns the mobile device 902 a
dedicated communications resource, e.g., at least one device identifier to be used by the mobile
device 902 in regard to air link signaling upon entry into the new sector 906. In some systems
multiple device identifiers are assigned to the mobile 902 for use in a sector 906, e.g., one to be
used by the mobile when operating in an "on-state", and another identifier identifying the mobile

30  among a set which includes a relatively large number of mobiles which can operate in the cell in
a "hold" state at the same time in the sector. Signal 1010 represents the transmission of device
identifiers and resource allocation information to the WT 902 via the current BS sector 904.

Thus, device identifier assignments, used for physical layer signaling such as over the air
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20  signals. In signal 1010, which may include multiple IP packets and/or separate messages, the
assignment of dedicated resources to be used to complete timing and/or power control upon
entry into the new base station sector is communicated to the mobile device along with
information identifying the time period within an ultra slot in which the resources are dedicated
to the mobile, e.g., the timing of the dedicated uplink segment in the ultraslot. The time period
25 s specified, in some embodiments, within an ultraslot 818 to take into consideration the fact that
communications between the mobile node 902 in the current base station sector 904 and the new
base station sector 906 via the current base station sector 904 may take longer than a superslot
time period to communicate due to communications delays associated between the links
between base station sectors 904, 906. The mobile device, e.g., WT in some embodiments
30 interprets the assignment information using stored information about the framing structure of the
communications channels used by the new network attachment point. This information may,
and in some embodiments is, accessed and retrieved using beacon information. For example, a

WT may retrieve from memory communications channel information relating to a network
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20 By using dedicated pre-assigned resources during the access (registration) interval, e.g.,
registration slot, as opposed to trying to use resources where collisions are possible, e.g., due to
competing devices attempting to use the same set of tones at the same time, the chance a mobile
node entering the base station sector and being able to complete registration, timing control,
and/or power control operations at a predictable time, e.g., at a particular time within an

25  ultraslot, is greatly increased as compared to where contention based resource allocation is used.

Upon entry into a base station sector from another cell, a mobile node may be required to
complete timing synchronization and/or power control signaling before being allowed to
receive/send IP packets corresponding to communications sessions via the new base station

30  sector. The handoff methods of the present invention increase the predictability of when such IP
signaling will occur while reducing the time required to complete physical layer power control

and timing synchronization operations upon entry into a new base station sector.
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20  complete any timing control and/or power control operations which need to be completed prior

to the mobile device 902 being able to receiver IP packets in the new base station sector 906. In
such embodiments, IP routing updates 1012 are transmitted via the current base station sector
904 after it is known with a high degree of certainty that a handoff operation will successfully be
completed. The routing update message may be triggered by receipt of a resource assignment

25  message from BS2, at BS1, which is directed to the WT seeking to complete a handoff. In such
cases, IP routing updates will not be triggered in cases where the new base station sector 906 is
unable to allocate the resources required to accept the mobile device 902, e.g., because the
maximum supported number of devices are already present and active in the cell precluding
device ID assignment. In cases where packets are received at the new BS prior to the WT

30  establishing a communications link with the new BS, the BS stores the received packets in a
buffer and, upon successful completion of a handoff and establishment of a communications link

supplies the packets addressed to the WT to the WT over the newly established communications

link.
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20  signals to the new BS sector 906 via wireless link 952 to communicate IP packets following

successful registration.

Figure 11 is a flowchart 1100 of an exemplary method of operating a wireless
communication system, e.g., an OFDM wireless communications system using beacon signals,
25  to perform handoffs of wireless terminals from one base station sector attachment point (AP) to
another base station sector attachment point in accordance with the present invention. In the case
were a single carrier is used in each sector, the sector servers as the base station sector
attachment point. The steps in Fig. 11 refer to BS sectors. These references are to be interpreted
as referring to BS sector attachment points which, in the case of a single carrier BS sector, will
30  in fact be the same as the BS sector. However, when multiple carriers are used in a sector, the
sector may include multiple BS sector attachment points, one for each of the carriers supported
in the sector. In an embodiment which supports multiple BS sector attachment points per sector,

each BS attachment point corresponding to a different carrier, the receiver components
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Fig. 11 rsdress as a sBglspuntofnetwWirkattachefeat.ences are to be interpreted as

referring to BS sector attachnent points which, in the case of a single
carrier BS sector, will 30 in fact be the same as the BS sector. However,
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mul tiple BS sector attachnent , one for each of the carriers supported
i n t hE5 sebdapon sigmlsanDetetiod beanon signals aresidentificdsas no theintrans Bsimcsoorceag.g.ac hment
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cor r esponglieBged QeRASHefth [dvel, aR@IHEObRIC iRRPARAGEIskAREd.St ati on at t achment
point. In suc% aﬁ enbodi mrent a handoff can occur within a sector from one

carrier to another carrier frequency as the attachnment changes froma BS
attachment pol 'Pttlen?lsnss%% ﬂ 0‘360I fg\rli eta& Sé)tgctgﬂgaicgﬁ a E:gmganBs%n is perfornied to determine if a
20  beacon signal of a potential carrier corresponding to a different sector and/or carrier within the
current sector is stronger than the current BS sector attachment point beacon signal. If the
potential carrier BS sector beacon signal is not stronger than the current BS beacon signal, then
operation returns to step 1104, where the WT continues to monitor for additional beacon signals.
However, if a detected adjacent BS sector beacon signal is stronger than the current BS sector
25  beacon signal, then operation proceeds to step 1108. In step 1108, the WT is operated to check
if handoff criteria are satisfied. For example, satisfied handoff criteria may include the potential
carrier BS beacon signal being stronger than the current BS beacon signal by a predetermined
margin, the potential carrier BS beacon signal meeting a minimal signal strength threshold level,
and/or the potential carrier BS beacon signal having exceeded the current BS beacon signal for a
30 predetermined amount of time or number of successive iterations. If the handoff criteria of step
1108 is not satisfied, operation proceeds from step 1108 to step 1104, where the WT continues

to monitor for additional beacon signals. If the handoff criteria of step 1108 is satisfied,

operation proceeds to step 1112.



attachnment point in the sanme sector corresponding to another carrier.
Qperation starts in step 5 1102, in which an exenplary WI is currently
attached to a base station sector attachment point. For purposes of

expl ai ni ng MR2PR6H of the invention, it will be assuned@liEs20e4n34i9dse
stations in the systemare transnittiqg beacon signals on a periodic basis
for each of the possible BS sector at &chnent points and the WI' has
strength information on the |ast received beacon 10 signal corresponding to
the current attachment point. Figs. 3 and 4 are exenplary of the type of
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20 some embodiments, reserved resources include dedicated uplink timing control channel

segments, dedicated uplink power control channel segments, and/or dedicated uplink traffic
channel segments. In some embodiments, each type of channel uses different sets of tones. In
intra-cell handoffs, an initial dedicated uplink timing control channel segment may not be
required and may not be reserved and assigned, as the new BS sector point of attachment being
25  collocated with the current base station sector and sharing common clock circuitry may be
operated to be timing synchronized with respect to the current base station sector, allowing the
WT to skip an initial timing re-synchronization step in the registration process of the handoff.
Operation proceeds from step 1118 to step 1120. In step 1120, the WT terminates wireless
signaling with the old BS sector attachment point, e.g., by ceasing to transmit addition signals on
30  the uplink over the original wireless link. The point in time chosen to terminate the ori ginal
wireless link is determined by the WT to be prior to the transmission of the earliest uplink
signaling to the new BS sector attachment point using the allocated dedicated resources, e.g.,

just prior to the uplink timing control signaling to the new BS sector using the allocated



5 W is operated to signal the current BS sector to initiate a handoff to
the new BS sector. The new BS sector requested attachnent point nmay be,
e.g., inadifferent cell, in a different sector of the sanme cell, or in
t he same ses®roooheldsbe sanme cell using a different carri erpd¥esiaciieN304
Qperation proceeds fromstep 1114 to step 1116. In step 1116, the current BS
sector attachnment point initiates secte communi cations through the network
to the new BS sector attachnment 10 point. In the case of an inter-cell
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responds to the timing and/or power control signals, when used as part of the registration
process, by transmitting corresponding control signals to the WT. A timing synchronization
(control) signal is transmitted to the WT in response to a received timing control signal. The
timing synchronization signal can indicate to the WT that it should advance, retard or leave its

25  transmission timing unchanged. In the case of power control signaling, a power control signal is

transmitted to instruct the WT to, e.g., increase, decrease or leave its transmission power

unchanged.

In the case of an inter-cell handoff operation proceeds from step 1124 to step 1125
30 wherein the WT adjusts its transmission timing in response to the timing synchronization signal
received from the new BS. In the case of intra-cell handoffs the initial timing control performed
in step 1125 as part of the handoff can be skipped when symbol timing synchronization is

maintained throughout the sectors of a cell and already exits with the WT as a result of one or
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At this point in tinme, or shortly before the point the connection is
termnated, the current BS sector in step 1121 may transmt a routing
updat e nessage signaling the IP routing systemto start routing packets

i ncl udi ng aNv@Wpe&63corresponding to the WI to send the IRCmesied/essda the 5
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BS sector in the case of a single carrier sector, prior to completion of the registration process.
Such packets are temporarily stored and forwarded to the WT over the new communications link
upon completion of the registration process in step 1132 with the new BS sector attachment
point now serving as the WT's network point of attachment. Operation proceeds from step 1132

25  to step 1104, where the WT monitors for additional beacon signals. Returning to step 1126, if
the registration was not successful, e.g., the new BS sector attachment point was not able to
obtain appropriate registration information and signals, .g., due to interference, then operation
proceeds to step 1128. In step 1128, the new BS sector attachment point releases the assigned
IDs and assigned dedicated resources, ¢.g., dedicated uplink segments. Operation proceeds from

30  step 1128 to step 1130. In step 1130, the WT registers with the new BS sector attachment point
as a new WT entering the new BS sector would, e.g., using contention based uplink resources to
request registration with the BS sector. Operation proceeds from step 1130 to step 1132, in

which the new BS sector attachment point becomes the WT's point of network attachment.
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or nore timng control signals received fromthe BS sector to which the VW
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transm ssion power control is perfornegjas part of the registration process
in 5 response to a transm ssion power control signal received fromthe new
BS. In various enbodinents, the transm ssion power control is optional in
the registration process. Accordingly, in some enbodi nents step 1126 is

ski pped. Oper aFigie 1296 ERWEhhrt QDO skérPlary RethbliZT op@ﬂﬁngfa%bm% i s
ski pped) to step 1127 where the new BS sector checks determ ne whet her

or not t heommaynisations devicevess. sumobide wirrlesstommiaslauph as 2 mobile endB %o fuplement a

't or ot | DAERH GRS ablaikiof BB SRS It bR Gl BB BT g

the assi gaaibn2s4e sfobilk @bmnfaniatiofisdeRicéihading! taeirﬁrmeaéssl déﬂﬂﬁmt]ea&fons ﬁﬂl@lwnh the
signali ng to achieve W tini ng synchroni zati on and ower control

si gnal i ngfitshbase siatiph ahthp tige. sajcs handeff i tt@tqdatﬂ@nmtb@dg ementing thphangdoffon
ds f BS
e AR o0 b s ARG e

poi nt t helsWEeﬁﬁaﬂ th eeivetar sigitallield.) lﬂﬂaad@nﬁilﬁmtﬁom@mﬂ-secdr@ﬁase staliee saiddigagl
i mage data included in | P packets, to the BS. The new BS sector attachnent

poi nt canhayirgoknew timingoffsetsifrom nplinkrehgarsl segments whichanaydbe degioaiedso saidt he
est abj dDS h%%bﬁé’éﬁﬂﬁﬂh%ﬁ:@@ gelncé‘ kThégﬁrsf%nJ &eoid a%lé stallfind l%{‘v h&%%usgfqgergrlngéc?ces S

whi ch eglns 1n sone e nven on prior ration

process Wyith résE@ct'ﬁ@@h@ﬁlo‘tmtzﬁfd thé h@ﬁmrwthmn@maﬁod@eiemeaipwdtﬁtgeﬂm Regdceios 20
addressed to t W' may begin being received by the new BS sector attachnent

poi nt, e. e firyidase mo@éﬁmg cam apdhdoas Adwansggegusly hgq e segonddasesgationrbeagsn or t o
contet ! gl d B A LIS ILRSTR S Al ARREAIAIR IR UGG, S 0" o

the regi sOpériiGprotede $Dm ste 1209 thi&d 106N I diep 1206, Bt mebltwommettmut
poi nt now serving as the WI's network poi nt_of at t achment . Oper ati gn

procebls #ovinnisppqrated spsigmali sajd sprond hase sigtionevie adirwsighsh P?@F%‘“Féted over said
addi ti onap, fﬁ{ﬁ?%ﬂ n?tt:l&rtﬁlnﬁtlat@%thég@ P b daft b6 Bk Qatibh. FbIGkahfif < @bbRy Vs
sec ac nd

not success or at 0|nt was eto

obt ai n apgdmRthiaitions davisé cat send airefuesyfat hMOﬂ'rwesthgrfﬁktswlrdeg conommidations
interference, then operatiogon proceeds to step |n step % ﬁw t he new

BS sect or linland Fh?é"ﬁ“ﬁt base platipnanfopeard the r&ﬁ'éﬁsb}’\’éd W etyear saetfdcat ed
resour ces d | gn q66£ 96 gife 30 step
1128 to slﬁtlas(8 %Eg% 6%1%@{“?%#%%%)@&%6?3@ sgti):{@%w t ﬁtef)hgsﬁev& @g sect or
at t acpore n&oxﬁmhﬁlt:atlcﬁﬁ davioeiy IfEraaet @rreceive fvem tievseBShdbast atatinn,iala secogd signsli ng
contenti on based uplink resources to
communicated via said first link, information indicating a resource(s) dedicated to said mobile
communications device by said second base station to be used in communicating with said
second base station. For example, the second base station may send information indicating
dedicated resources, thus conveying a grant corresponding to the handoff request. The
25  information may be conveyed from the second base station to the first base station via the
backhaul link, and the first base station may forward such information as a second signal over
the first wireless link. The dedicated resource(s) may be, e.g., an uplink timing control segment,
an uplink power control segment, an uplink traffic channel segment, and/or a base station

specific wireless terminal identifier dedicated to said mobile communications device by said

30 second base station to be used in communications with said second base station. Operation

proceeds from step 1208 to step 1210.



request registration with the BS sector. Operation proceeds fromstep 1130
to step 1132, in which the new BS sector attachnent point becones the WI's
poi nt of network attachment. WD 2005/ 062633 PCT/ US2004/ 034304 -51 Fi gure 12
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to be used in comm cating with sal second base station. For exanple, the
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i nformati on as secon si gnal ove e fI'rst wireless link. The dedi cated
resource(s) may be e.g., an upI I nk t| m ng control segnent, an uplink power

control segnen ink traffic channel nent / or se station
specific vm?r el b’é%‘eﬁ ééjfé Hha mpbilegqramppications éﬁYlg?ilstoé’eﬁag‘? BF?JE% dicdted"
comuppcathARRinfaNbifre®uréRé)do communicate via a second wireless communications link with

said second base station. For example, the mobile communications device may have been

assigned by the second base station an identifier to be used in wireless communications with the
second base station over the second communications link. In some embodiments, some specific
dedicated uplink segments may be associated with a specific identifier and reserved for use by

25  the mobile communications device assigned by the base station to use that specific identifier. In
some embodiments, some dedicated uplink segments are assigned by the base station on a
segment by segment basis to mobile communications devices. Step 1216 includes sub-steps
1218, 1220 and 1222. In sub-step 1218, the mobile communications device uses a dedicated
resource, e.g., an assigned uplink timing control segment, to perform a timing control

30  synchronization operation. For example, the mobile communications device sends uplink
signaling during the assigned uplink timing control segment, and the signaling is received by the
second base station. A signal received from the BS is then and used to synchronize timing

between the mobile communications device and the second base station. The timing
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20  and a second link with a second base station sector, said second link using a second carrier, at

least the first sector being different from the second sector or the second carrier being different
from the first carrier. For example, this exemplary method may be used for intra-cell inter-
sector handoffs of a mobile node where the carrier used is the same or different. The exemplary
method may also be used for intra-cell intra-sector inter-carrier handoffs of a mobile node. The

25  exemplary method of implementing the handoff starts in step 1302 and proceeds to step 1304.
In step 1304, the mobile node is operated to receive a timing correction signal over said first
communications link, e.g., as part of the normal timing control process performed when
operating in a cell. Operation proceeds from step 1304 to step 1306. In step 1306, the mobile
node is operated to make a transmission timing adjustment to adjust the timing of signals, e.g.,

30 symbols, transmitted by said mobile node over the first link. Then, in step 1308, the mobile
node is operated to signal an intent to handoff to the second link. For example, the mobile node
may send a handoff request signal over the first link to the first base station sector point of

attachment, and the handoff request may be forwarded to the second base station sector point of
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20 to utilizing the earliest dedicated uplink segment, e.g., a dedicated uplink power control segment

or a dedicated uplink traffic channel segment, assigned by the second base station sector to the
mobile node. Operation proceeds from step 1312 to step 1314. In step 1314, the mobile node is
operated to transmit at least one of user data and a non-timing control signal, e.g., a power
control signal, over said second communications link prior to receiving a timing control signal

25  over said second communications link. This is done, in some embodiments, prior to altering the
transmission timing based on a signal received from the new BS sector point of attachment
following termination of the first link. For example, the first and second base station sectors,
being part of the same base station, allow for synchronization between the sectors thus allowing
the mobile node to maintain timing synchronization as a handoff between sectors occurs; this

30  allows the timing synchronization steps normally required in an inter-cell handoff operation to
be omitted in some embodiments minimizing the overhead control signaling involved in an

intra-cell handoff and providing for quicker intra-cell handoffs with shorter interruptions in

operation.
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25 In step 1406, the BS sector is operated to receive signals over its wireless interface, e.g.,
sector receive antenna and sector receiver. Operation proceeds from step 1406 to step 1410. In
step 1410, the BS sector operation is determined based on the type of signal received. If the
received signal of step 1406 was a handoff request to another BS sector as illustrated in block
1412, then operation proceeds to step 1414, If the received signal of step 1406 was a timing

30  control signal using a dedicated resource as illustrated in block 1426, then operation proceeds to
step 1428. In step 1428, the BS sector processes the received timing control information, e.g.,
establishing timing synchronization as part of handoff operations in establishing a new wireless

link. If the received signal of step 1406 was a power control signal using dedicated resources as
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20  within the same BS or circuitry corresponding to a different carrier in the same sector. From step

1416, operation proceeds to step 1420. In step 1420, the BS sector is operated to receive
information from the new (requested) BS sector indicating dedicated resources, e.g., identifiers
and/or dedicated segments for handoff operations, e.g., dedicated uplink power control channel
segments within a specified access slot. In some embodiments, the dedicated resources of step

25 1420 does not include uplink timing control channel segments during an access slot, as the base
stations sectors within a given BS in some embodiments are timing synchronized with respect to
one another. Operation proceeds from step 1420 to step 1422, In step 1422 the BS sector is
operated to convey dedicated resource information over the original established wireless link to
the requesting WT.

30
Returning to step 1418, in step 1418, the BS sector point of attachment is operated to

forward some information to the new requested BS sector point of attachment indicating a

handoff request. Operation proceeds from step 1418 to step 1424. In step 1424, the BS sector is
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for handoff oRgr O St o st (408 1P e N i S Rlic SRR M Blirces,

e.g., identifiers and/or dedicated segments to be used by the WT for handoff operation, then

operations proceed from step 1411 to step 1446. In step 1446 the BS sector conveys the
received dedicated resource identification information over the original established wireless link
to the requesting WT.

25
It should be noted that the above described intra-cell and inter cell handoff methods may,

and in some embodiments are, used sequentially. For example, an intra-cell handoff method of
the invention can be used to handoff from one sector to another in a cell, one or more times
before a WT implements a handoff from one cell to another using an inter-cell handoff method
30  of the invention. In the case of the intra-cell handoffs, user data may be transmitted upon entry
into the new sector or using a new carrier in the cell prior to making a timing adjustment in
response to a signal received over the air following termination of the old communications link.

However, when the inter-cell handoff occurs, the WT will normally perform a timing



segnents within a specified access slot. In some enbodi nents, the dedicated
resources of step 25 1420 does not include uplink timng control channel
segnents during an access slot, as the base stations sectors within a given
BS in sone %@%’@5’9@@35 are timng synchroni zed with respedCIus200mB45a0t her .
Operation proceeds fromstep 1420 to step 1422. In step 1422 the BS sector
IS operated to convey dedi cated resou8e information over the ori gi nal
established wireless link to the requesting WI. 30 Returning to step 1418,
in step laYy@hranizatigsoperetian, epgiadjusting s symboltmnsmissiop éiming dbasel orf anevarmibra one

I nformati Q t new request ed BS sectar point attachnment . ndicating a
nandof 1 r SAURS rcOfieR BYt e Fiohta FansPRftih elineM el eflot fmamining pret Cala
1424, theiRBJesallpr is WD 2005/ 062633 PCTI US2004/ 034304 -57 operated to

establish a secure BS-BS |ink. Once the secure link is established, detailed
i nformati on regardi ng the handoff can be conveyed between the new requested

BS sector poin ttachment the La.the ol d existing BS sect

usi ng éhe back gm%fror@tdgv@gﬁntggge&ﬂagd h@&?‘ﬁﬁ'ﬁg“’gé‘?‘gl’?ﬂ? nWéﬁ’égglellﬁSWﬁ%%
Ret ur ni ngniethodls eid dpPathtud of thé BReddddd Which relates to inter-cell handoffs,
the BS sector is operated to receive signals via its network interface.

Qperation proceeds fromstep 1408 to step 1411, where the BS sector is

oper at ed based t 0 ' I e e _signal,. received in
crep 1408 1o 1 EPOPRARIG P Prihsiere i Saiinusbls fhededty Pits AuREB Ben o
10 oper at bfrequRAEEBEdldD a3inkh) cdirfviBs (BShE péifemiBsy SEFFP lor DFT) Réveledignals
establish a sgiur?eBS- BS |ink. Oper(ﬂgi oﬁpproceeds fromstep 1440 togtnstep

1442. 19 n oeypthe fime domapin RIhe frequancy dompiay meagiresshe erargy e sacheafdhe sigeal e g. |

i dentifier L ar. | C n Lok tinkng caontrol, channel
ded cat eqcSBBSRfn SRCIERR R SRATE B RrRby By B AR s ToIR R R e 1R
during a pefefé §iged eAergPs and etkcthihetpreseiide dmfeamrmi%{an cORPoRntidSed dmtheoNe
enbodi nents, the dedicated 15 segnments of step 1442 include dedicated uplink

traffic cFreaved perdgnesigral epengy. [istip pajtiqubar epgmplary embedimeny framith degations of
("1 onal PR et PR PRt SRS By R R e ey BRSPS, o

to signal orma I'ng those er BS

over e sador Qrid-frdgbendynist theBadef stitivn traemitiee that Rhmyniieted e beacaiscProdB8 i s
i nformation indicating dedicated resources, . e.g., identifiers and/or
dedi cat ed ereEgnehheacensigeal GEMPORANLS, K&. iptectse beagonstgnabisaes themobile,dan

determines the relative signal strengths of various base station transmitters which transmitted
beacon signals into the frequency band being used by the mobile node. From the relative energy
of the beacon signal components received from different transmitters, and various handoff

20 criteria information stored in the mobile, the mobile determines whether a handoff should be
implemented and, in the case of a decision to implement a handoff, the new base station
attachment point, corresponding to a transmitter from which a beacon signal was received, to
handoff to. In some implementations of such an exemplary system, a beacon signal component
is identified based on comparing the signal component energy level to an average per tone

25  energy level. In some embodiments, where the beacon power > 20 times the average per tone
signal power over a time period such as 1 or 2 seconds, the beacon detection threshold is set at
or slightly below 20 times the detected or anticipated average per tone energy, e.g., at 15 times

the expected average per tone signal energy.

30 Once a system decides to implement a handoff various handoff methods of the invention
may be used. The handoff techniques described herein are not dependent on the particular
method of deciding when implement a handoff. However, diction of one or more beacon signals

is used in various handoff embodiments to determine timing and/or other information relating to
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sector, cell or network attachment point for the communication of user data. Thus, a network

attachment point transmitter will normally transmit beacon signals into multiple frequency

20  bands. To facilitate interpretation of airlink resource assignments and the processes of
determining when to terminate an existing communications link as part of a handoff, a fixed
framing structure is used for the uplink and/or downlink supported by each network attachment
point. Traffic, access and other types of segments which are used to communicate specific types
of data and/or for specific purposes repeat in a predictable known manner given the fixed

25  communication channel framing structure. As a result, once the time location of a received
beacon signal is known, the communications channel structure, ¢.g., superslot/beaconslot
structure of the frequency band in which the transmitter transmits its user data (traffic channels,
etc) can be uniquely derived from the beacon signal location in terms of frequency or the
frequency of beacons which recur in a known periodic manner due to the communications

30  channel structure. The communications channel framing structure defines, in some
embodiments, such things as hopping, control or traffic channel segment definitions which may
be prestored in the mobile and accessed based on information derived from a received beacon

signal. Thus, the transmission of beacon signals in a periodic predictable manner and use of a
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mobile can determine the time to drop the exiting wireless communications link and begin
20 establishing the new communications link. The timing may be based in addition to the time the
detected beacon signal was received, information about the time a dedicated resource, e.g.,

particular access segment, will occur at the destination network attachment point.

In many embodiments, the mobile node communicates its intent to handoff to a new

25  network attachment point by sending one or more signals over an existing communications link
to the network attachment point, e.g., base station sector, serving as the mobile node's current
point of network attachment. Thus, the mobile, in accordance with the invention, will normally
signal its intent to perform a handoff by sending a signal over the existing wireless
communications link. The current network attachment point forwards the handoff signal from

30  the mobile to the second network attachment point (handoff destination) and/or acts as a proxy
for the mobile node and exchanges handoff signals with the second network attachment point on
behalf of the mobile node. The destination network node assigns, e.g., dedicates, one or more

air link resources to the mobile node and communications information about the dedicated



determ ning when to term nate an existing comunications |link as part of a
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is unable to complete the establishment of the new communications link using the dedicated
20  resource, the mobile node in various embodiments will wait and attempt to perform the

registration with the new point of network attachment using contention based signaling.

Various embodiments using the general method described above but with minor

variations intended to be particularly well suited for inter-cell or intra-cell applications are

25 contemplated. In one particular inter-cell handoff embodiment, air link resources assigned by
the network access point to which the handoff is directed to, e.g., a second base station, includes
a dedicated access segment in an uplink of the second base station. In particular exemplary
example of such an embodiment the mobile determines the definition of the assigned access
segment e.g., on what tone sets and at what OFDM symbol time it has been assigned to use for

30 registering, from the detected beacon signal and the information returned over the existing
communications link via a first base station through which the mobile is coupled to the network
at the time the handoff is initiated. In such an exemplary embodiment, the mobile drops the first

link prior to the starting to transmit to the second base station using the assigned access segment.
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point of attachment, e.g., sector. In some of the intra-cell handoff embodiments, a dedicated
resource(s) assigned by the new network access point include dedicated resources such as
dedicated access segment, ON identifier for use when communicating with the new network
attachment point, dedicated control channel segments to be used to perform timing and/or power
25  control communications with the new network access point. In some of the intra-cell handoff
embodiments, the mobile does not have to transmit any access, timing control and/or power
control signal in order to set up the second link and skips some or all of the signaling steps of
this type that would occur in the case of an inter-sector handoff. Given that the handoff is an
intra-cell handoff, in many embodiments, messages relating to the handoff are localized between
30  the network attachment points within the cell and there is no need to use a backhaul link
between cells to complete the handoff. In some intra-cell handoff's, the mobile drops the current
communications link and within a very short period of time, e.g., less than the time to complete

an inter-cell handoff, and in some cases in less than 5 milli-seconds, starts to use the assigned
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from the start of uplink access slot 1514'.

In addition to beacon slots the downlink includes access slots 1544, 1544' which can be
used for communicating registration acknowledgment signals, WT timing control signals and/or
25  WT power control signals to one or more wireless terminals, e.g., terminals seeking to establish
a communications link with the network attachment point with which uplink and downlink

channels 1513, 1543 are associated.

Uplink tones are shown and have been grouped into four exemplary sets of tones a* set
30 of tones 1506, 2™ set of tones 1508, 3" set of tones 1510, 4™ set of tones 1512). Downlink tones
are not shown but may also be grouped into sets for use by different wireless terminals. In the
uplink channel 1513 OFDM symbol transmfssion time intervals are grouped into exemplary

intervals, e.g., slots, including access interval 1514, traffic interval 1516, traffic interval 1518,



cell handoff enbodinents, e.g., inter-sector infra-cell and/or inter-carrier
I nfra-sector enbodinents, the current and new network access points are
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have to transmt . cessS,...Liw control and/or. powe control sj I n
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the curr eegmes@2dies 2Bwet dfitdries 608 daridy decess\steivab hPI4; dpdicited actkess defment
e.g., less than the tine to conplete an inter-cell handoff, and in sone

caseslO n | 326 uspnd et of fanes d aEbduring aceeps ingenval 13d4; dedicatedacepwssegynent 2 1528
200510626 4 - - J | i d b
Che new ity 1t Sh{RE bf 2gihe ebets SRENARES. SRAMS corhapithiREe Rt £ B

user dat al522nmss 17 sereflicheel 506 durihg acvdsk hmerivaled 4% goritontivm dccéss skgmerit 2rk5Qdi ve
a timng and/or power control signal over_ the air fromthe new network .,
poi nt of 5es Ac ek tones 1608 during access interyah Yy dedigated jaccess pegmeny 1 432 0ssiod ar y
enbodi me i 0] | j in
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traf fisc seogeErsls darigg advesdingdvadid'at e segnents in terns of time in the
downlink in Fig. 15, it should be appreciated that the access and traffic
segnents could be inplenented using different sets of tones during the sane

period of ti | & Fs8 g S n i §fch RiC %ré%ﬁt“”e
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di vi si on Wftof pEachaent point ya the %@@haﬁéwlﬁﬁﬁ ‘Qﬁa t one,

20

In some exemplary systems, when an exemplary WT is in an access state of operation, an
access segment may be used for transmitting an uplink signal including registration information,
timing control information, and/or power contro! information. A registration signal sent in the
uplink may be used for timing control and/or power control purposes while indicating an intent

25  to register. Thus, a single uplink signal can serve multiple purposes. Alternatively, different
signals can be used for each function. As part of the access operation the WT sends the BS
some uplink signal using an access segment from which the base station performs
measurements. The WT will use a dedicated, contention free slot, for transmission of the uplink
signal assuming it was assigned a dedicated segment for this purpose. The uplink signal may be,

30 e.g., asignal that is transmitted at a predetermined WT power level that is transmitted, e.g., at a
predetermined time within the access segment with respect to the WTs current timing settings.
The base station receives the uplink signal, performs measurements, and sends back to the

wireless terminal a signal or signals, e.g., timing and/or power control signals, on a downlink
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The contention access segments, e.g., contention segment 1 1522', is used by a WT
which does not currently have an established wireless link, e.g., a WT which has just powered
on, to register with a BS sector attachment point and establish a wireless link. In some
embodiments, if a handoff fails while using a dedicated access segment, the WT then seeks to

25  register using a contention based access segment. Use of contention access segments may result
in a collision with another WT seeking to establish a wireless link, resulting in an unsuccessful
registration attempt. When using a contention based access segment, the WT generates and
transmits an uplink signal to the BS sector attachment point which is received, measured, and
used by the BS to calculate WT timing control and power control adjustment information which

30 is sent to the WT via downlink segments. Thus, when the contention based access operation is

performed, timing control is normally performed prior to the WT sending user data in the uplink.
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15 tones 1512 during access interval 1514'. During a traffic interval (1516,
1518, 1520, 1516', 1518', 1520') there are segnents including uplink
traffic channel segnents in which WIs can send user data to the base station
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exenpl ary systens, when an exenplary WL is in an access state of operation,
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segnent or segnents, e.g., downlink segnents in a correspondi ng downlink

accedd slot 1546 or 1546'. In addition to tinming and/ or power control

Canals. th ne ! !
a1 gnal " The- i TBUPAST Sy ap SHRLG0SEE cofimiriaeidR idlorh TOG e Bl Whgee,
si gnal s igxempirpeellsgesll DaseR, eell al1604,aRa 1606), eich dellfihdicatbd bharsokd lisegineat s,

e.g., traffic sel%g)ents 1516, 1518, 1520, etc. In accordance with sone
enbodi nerfEashgell {1692 mﬁypﬂmﬁa FepiessBi e wEaleateysEEs agdeR 2 basegtation Lfi8s at ed
access s n r S r : [

equost ot oI5 Heigy R ol the BEREECIC LAl Aotl. f0RTESdeR EhReavcly Faly B (1602,

segnerst | 04 orsosy Bdubdivided iMb three vécfork Ag Be aid €n'Celli Ir BB024 aclhdasksectbn Agksildy al |
t he use of dedicated access segrrents i n . handoff operations pr |§§}§g nor e
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indicated by a dotted line as shown in legend 1632; carrier f; is indicated by a dot/dash line as
shown in legend 1634; carrier f3 is indicated by a dash line as shown in legend 1636. Each
20  carrier frequency fi, fy, f3 is associated with a 1.25SMHz bandwidth segment of the 5 MHz
available total BW in the exemplary embodiment, and the BW segments are non-overlapping.
The radius of each (dotted, dot/dash, or dashed) line is indicative of the transmitter power
associated with the carrier in the given sector. In Fig. 16, there is a frequency reuse factor of 1,
i.e., the same set of frequencies is used in each sector and in each cell.
25
In each of the three cells (1602, 1604, 1606), the base stations sector A transmitter uses
carrier frequency (fi, £2, £3) at a (high, intcrmediate, low) power level, respectively, for
communications, €.g., downlink traffic and control channel signals, from the base station (1608,
1610, 1612) to wireless terminals. In each cell (1602, 1604, 1606), the base station sector B
30  transmitter uses carrier frequency (fz, f3, fy) at a (high, intermediate, low) power level,
respectively, communications, e.g., downlink traffic and control channel signals, from the base

station (1008, 1010, 1012) to wireless terminals; the base station sector C transmitter uses carrier

frequency (f3, 1), f2) at a (high, intermediate, low) power level, respectively, for communications,
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10 Fi gur siembymbnmogramelsasémeremﬁmdynw where she-seivios proyides has alasgesm 1600
cach cel TerReEuB AR 8N dehinds i@ nteedy Soon £ ferlommdt 15" 1604, 16085
represents the wireless coverage area for a base station (1608,
While the three carriers are transmitted at different power levels P, P, P3, in each sector.
20 In various embodiments there is a fixed relationship between the three power levels Py, P2 P,
that is used in each sector. In one such embodiment P; > P, > P; in each sector and the ratio of

P, to P, and P, to P; is the same regardless of the sector. Uplink carriers may be associated with

each of the downlink carriers.

25 Inter-cell, inter-sector, and intra-sector inter-carrier handoffs, in accordance with the

methods of the present invention may occur with the system of Figure 16.

In implementations such as the one shown in Fig. 16, each carrier and sector has
associated with it one or more modules that can be used as a network attachment point by a
30  mobile node. Switching between carriers within a cell results in switching between network
attachment points and thus a handoff between network attachment points within the cell. In the

case of sectors which support multiple carriers this may involve a handoff from a network
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1610, 1612) located at the center of the cell (1602, 1604, 1606),
respectively Each cell (1602, 15 1604, 1606) is subdivided into three
sectors A, and C. Cell 1 1602 includes sector A 1614, sector B 1616, and
sector C 1@Y§20@%WWB§ 1604 incl udes sector A 1620, sector PET/IS204/034304 sect or
C 1624. Cell 3 1606 includes sector A 1626, sector B 1628, and sector C
1630. Carrier f, is indicated by a dotfted line as shown in | egend 1632;
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downlink traffic and control channel signals, fromthe base station (1008,
1010, 01012) to wireless termnals; the base station sector C transrn'tter

uses carrier Iéarcﬁﬁlmﬂaﬁécﬁmenf olnf?@OlaIS@&Hls%fS%gtégSﬂ%%ﬂ USZO%Q%C 304

| evel , respectively, for cormun cations, WO 20

-67 e. g. ,paiywikiankirdlesaiconrection) to thetmepworkhiamhadh the gmlssatmhnmiudlhgsdaamel?m
station (,1608, . 161 to. wreless ternminals., The foll own otation is
ised to Jscemissh Whle B e Cringih A¥ERGH St ABiRsialed hoenvoiy Hpdiadic: Soo
Wi th res%tsﬁ%lt 80T as1d e ih Hﬁ?é%@lﬂ%b&érs of f! dame @A PN sé&tcﬁ?opﬁl’fﬁfent cells
carrier/internedi’ate power carrier/low power carrier): (cell reference
nunbel5, sratheothan ef e eeater &f thesdme cellarKach pfithe mefveark attachmaani eoml&)}80ﬂl W07power

/ | t di |
ot b ene sy e FeRGEE SRR T iR, 172 cor SepBRAGhE WP il AbkoK adactthdn’ ' "
sector A, lel'ltl thaduie3] 1806ludddd first 3@3{%&@&@4 1@(’;@1)1 a firg s sel:tor&&.‘é'i\ﬁb"r 1%3 and a
f2/f3/f1): (1602, 1616, 1644/1646/1648); (cell 1, sector C f3/f1l/f2): (1602,

1618, 165@%&@&@@5@& 171 whichare eauplesitogethdr byfecus3 The touuol meue 1713 causes
1662/ Looand bR pervoEErachmeBERiRf odperelyip Sroostarbe i wd B0 sir-io 5 1672)
(cel Ipp3, S8fdePHestribed above, and interacts with other network attachment points to coordinate
handoff's and assign air link resources. The second network attachment point module 1807
includes a second base station sector transmitter 1704, a corresponding BS sector receiver 1705
and a second control module 1715 which are coupled together by a bus. Control module 1715
causes the second network attachment point to operate in accordance with the invention, e.g., in
25  the manner described above, and interacts with other network attachment points to coordinate
handoff's and assign air link resources. The control modules of the different network access
links are coupled to control modules of other sectors by links within the BS in which they are
included and to network attachment point control modules of other cells by a back haul link
implemented, e.g., with fiber optic or wire connections.
30
Use of first and second transmitters 1702, 1704, corresponding to different network
attachment points, will now be described. Transmitters 1702, 1704 transmit downlink signals

including, €.g., ordinary traffic channel signals, e.g., user data, optionally pilot signals, and
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fl1/f2/f3): (1606, 1626, 1674/1676/1678); (cell 3, sector B, f2/f3/fj): (1606,
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20 Assume that a WT 1730 is tuned to carrier frequency band 1718 with carrier frequency fy
1724. The receiver in the WT 1730 receives two signal components 1732, 1734, the first signal
component 1732, including e.g., ordinary signaling, assignment signals, pilot signals, and/or
beacon signals from the Transmitter 1 602 which are processed. At the same or a different time,
second signal component 1734, which includes, ¢.g., the beacon signal from the second

25  Transmitter 2 1704 is received and processed. Based on the energy in the beacon signals
received from the transmitters (1702, 1704) corresponding to the different carriers fg and f3,
respectively, the WT may initiate a handoff from the first network attachment point 1801 to the
second network attachment point 1807 using the existing communication link with network
attachment point 1801. Thus, in accordance with the invention, the WT 1730 can request and

30  receive dedicated air link resources form network attachment point 1807 via the existing
communications link and then terminate the link and establish a new link with attachment point

1807, e.g., at a time determined from a beacon signal received from transmitter 1704 and



poi nts 1801, 1807 could be in different sectors of the same cell or in
sectors of different cells 15 rather than in the sector of the sane cell.
Each of the network attachnment points 1801, 1807 wuses a different frequency
band 1718, W@200%0§2633onmuni cati ng user data. Network attaeCTHSR2004004304

nodul e 1 1801 includes a first BS transmtter 1702ma first BS sector

recei ver 1703 and a first control noddfe 1713 which are coupl ed together by
a bus. The control nodule 1713 causes the first network attachnent point to
oper at e i sssignoendiaformatidn bormmanicated miverahe link gith therfitsh retd@rkramahmetegsing bed
above, ang1 |.nteracts with ofher, getwork attachnment points to coordinate
handof f s pRozioyiermynatipn gl the liokyr ces. The second network attachment poi nt
nodul e 1807 includes a second base station sector transmitter 1704, a
correspondi ng BS sector receiver 1705 and a second control nodule 1715

whi ch are coupWhiletdegpeibhd in thy cantoxtsof .M systeoh, the riethads anaapparatusef thecond

network attachnent.point to erate.in accprdance with the invention, e.g.,
o 25 nobiesm ettt sueicaBBya R Wide gt f CRURBOR RIS SHEFTR SiSHRE Many

at t achmenfoROFPN ahd), lc&g{_ Rk Systdiggdof fs and assign air link resources. The
control nodul es of tﬂe |§Etleren¥ network access |links are coupled to
control nodul es of other sectors by links within the BS in which they are

i ncluded and to network attachment point control nodules of other cells by a
back haul [|'i nkin vanpheembbdithent ngdes diiséribeldingin aptiinplenienWd Bigostieastmeass. 30

Use of first and second transmtters 1702, 1704, corresponding to different
net wor k  BofEenipanerfopnitha siepsformespapgingdo @ae ey mpegmethpdsof the present ip@ption, fon

transyp t ' i . ' . ' traffi el

G ool SO Bt HsSing, WUACACRAGraSn Sheao 1B, BRhcon rhéslaifie BAARCE .-

PCT/ USZOOéUr@%ﬁﬁ@r& handdif, lm@eal_ga gen@raads andfhraraneinission 8tdps Mghnad erhbsdimenitsous
e as shown in Fig

signals may, 15. The transmtters 1702, 1704 n%ﬁ/ use
di f f er ent vaious fasiresiof the pregent dyentian arefimplesipntedaising raodides sfych moduylasinay by

from o2CMiniIeh8hed LGRS Mrbh 6, AR 65 ChbATH0n & BARIHIth forhuare2 VLY UTRRY

si gnal s, ona Sig of optlona eacon si gnha Inits
own desi gatlve deeibéd MethHode armethnd Stehabsh Boithphemeaned esiggmachine exsatable nor e,
e.g., the other two, carrier frequency bands used in a cell. The first

t ranshi t t dstrctiops.ispethassoftavage draluded 18 a ginshipe Toadable meqdivm sych s gymemory device,

Transmtter 0 i ffi | LS JTT ' S |]Eqdm% -asignal s,
Transm ttg‘fg" %"\ﬁ" %\@rﬂy ;Héﬁkt é@g{?ﬁ%g,&bp%%fl | 5%%I°@%%I%§ ur#:?%erc% pI 3’%“@’8@ S,
and/ or Tr anaoittadeitional baadaie, 1o dfplemenrdlDoreporti @3 W tiseyaboea desctibéB methods, e.g.,
corresponding to carrier frequency fO 1724, Transmtter, 1 beacon signals

1708 i nt oinePNE®r fiase;nedrsy ASaprdinery @mase otep SHeBsyemieseny invention s gireried tora
1726, andm&lﬂﬂé—?@aﬁﬁlﬁé ngednﬁ’r?&%mding machine executable instructions for causing a machine,

20 e.g., processor and associated hardware, to perform one or more of the steps of the above-

described method(s).

Numerous additional variations on the methods and apparatus of the present invention

described above will be apparent to those skilled in the art in view of the above description of

25  the invention. Such variations are to be considered within the scope of the invention. The
methods and apparatus of the present invention may be, and in various embodiments are, used
with CDMA, orthogonal frequency division multiplexing (OFDM), and/or various other types of
communications techniques which may be used to provide wireless communications links
between access nodes and mobile nodes. In some embodiments the access nodes are

30  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



signals 1710 into a frequency band 1722 corresponding to carrier frequency
f2 1728. Transmtter 2 1704 transmts downlink signals 1712 i ncl udi ng,
e.g., Transmitter 2 dowlink traffic signals, Transmtter 2 assignnent
signal s, ORl¢ ransmtter 2 pilot signals, Transm tro
signal s angyggmébgﬁg%itter 2 beacon signals into frequencgéﬁgﬁ§m¥5598€5
corresponding to carrier frequency f2.41728,. Transmtter 2 1704 al so
transmts Transmtter 2 beacon signals into frequency band 1718

correspo : ; - : : r

signal s ?9%@&Fﬁ?3§?ﬁﬁgﬁéﬁﬁ§%ﬁgﬁﬁﬁ%?g%nﬁéﬁﬁgﬁgﬁﬂ3Pﬂ%ﬁ?§5@%?§fgﬁh rgggghcy f,
1726. 20 phsssutievéeritian. a WI' 1730 is tuned to carrier frequency band 1718 with
carrier frequency fo 1724. The receiver in the WI 1730 receives two signal
components 1732, 1734, the first signal conponent 1732, including e.qg.,
ordinary signaling, assignnment signals, pilot signals, and/or beacon
signals fromthe Transmtter 1 602 which are processed. At the sane or a
different tine, second signal conmponent 1734, which includes, e.g., the
beacon signal fromthe second 25 Transmitter 2 1704 is received and
processed. Based on the energy in the beacon signals received fromthe
transmtters (1702, 1704) corresponding to the different carriers fo and f2,
respectively, the WI may initiate a handoff fromthe first network
attachnent point 1801 to the second network attachment point 1807 using the
exi sting conmunication link with network attachnent point 1801. Thus, in
accordance with the invention, the WI 1730 can request and 30 receive
dedicated air link resources formnetwork attachnment point 1807 via the

exi sting comunications |ink and then term nate the |ink and establish a
new link with attachnment point 1807, e.g., at a tine determned froma
beacon signal received fromtransmtter 1704 and WO 2005/ 062633

PCTI US2004/ 034304 -70 assignnent information conmuni cated over the |ink
with the first network attachnment point 1801 prior to term nation of the
link. While described in the context of an OFDM system the nethods and
apparatus of the 5 present invention are applicable to a w de range of
comuni cations systens including many non- OFDM and/ or non-cel | ul ar systens.
I n various enbodi nents nodes described herein are inplenented using one or
nore mnodules to performthe steps corresponding to one or nore nethods of
the present invention, for 10 exanple, signal processing, beacon
generation, beacon ID, beacon neasuring, beacon conparison, handoff, nessage
generation and/or transm ssion steps. In sone enbodi nents



various features of the present invention are inplenmented using nodul es.
Such nodul es may be inplenented using software, hardware or a conbi nation
of software and hardware. Many of the above described nmethods or nethod
steps can be inplenmented using machi ne executabl e 15 instructions, such as
software, included in a machi ne readabl e nedi um such as a nenory devi ce,
e.g., RAM floppy disk, etc. to control 4,3 _machine, e.g., general purpose
conputer with or wthout additional hardware, to inplenment all or portions
of the above described nethods, e.g., in one or nore nodes. Accordingly,
anong ot her whiiifi@simed Re present invention is directed to a machi ne-readabl e
medi um i ncl udi ng machi ne executabl e instructions for causing a nachine, 20
e.g., processor and a 90|ated hardware, to performone or nore of the steps
of the abové- de’ééfﬁfﬁaa ARSF 3458 @ S5cond\iherk glachilent PPighinl 2 SPRITUSICAIARS ST he

met hods andmalpmag 2iks né@hvork RRadimeR §Bint, Itmvmtde%rk seshdnb gélnallRY Qighdld In e
apparent to ose Skbﬁﬁed in the ar% gm%?f t he above description of 25
the inventi gﬁ eﬁﬁff‘ﬁy fR LA G Esé ode Pavired rnicsions ket ¢ he
i nvention. shiEfiekhotsataihtheaiipo ater Shioh ddthén Bé Esi@iiinidaitd 8R4 m&Rod®pRsng: and i n
various enbodi nents are, used wth CDVA, orthogonal frequency division

mul tiplexing (OFDM,. and/ or various ot her types of conmunications
t echni ques whi chirReR)tg Hskhigh Poperolsyehehigh peves farqwhsnd, hracen Fighnds havimes

bet ween ac C%&t%ﬁ%ﬂ@@@nc@hb k&d ﬂ@ﬂﬁmedca bRRIBR ARG RSE Sald TRst ZeGRES nodes

are 30 inplenented as base stations establ i sh_comuni cations | i nks
with nobiled ﬁ?ﬁ&@gg & SPqgncY el By saidsrasnd nefwork Aftacheent PRBHIFE AP obi | e

nodes are i (g} &R EdgPsowPladd 88k a 59 AL bW Iev&@ﬁ@@ﬁﬁﬁhﬁl@ﬁrﬁes%ﬁ@br&ﬁﬁﬁﬁé

(PDAs), or other portable devic i ncl udin 2005/ 0
BT L152004N G588 1one PEVRARE T P T TSHIG DRI HEDTES IR BT UEso6h

routines, f @uring@péresa@niine fh vitich saidbRoissigialstalt@epepedis @iismitRugAt i on. -72- \Wat
is clained is: 1. A nethod of operating a second network attachment point in
a conmuni cations system jincluding a first network attachnent point, the

first network at ‘fsatsmeﬁ?ndp%?wn%sbﬁwgwéuf@eﬁaﬂléfe!rew zom said dirst sfregurneyn bapdfahd t o

conmuni cat eestdblishing ahd hﬁtmaﬁmlbg d@md@ndnaumgwm rREMTEHEeS atdr WRfch lubdildaticin  sai d
first network attachqg ﬁ? |q1 over h dat&@pan be copmuni cat ed, the
PO RUATIER Pl f

met hod conpP§ SIRYICH 8 SoecBrogHengb ok TRLe SR spoRea or on
narrowband BEARBmmLYEALS dhavieN® rmobilpMBES! B uplmedoﬁameﬁuaﬁmﬁs/cuameohmgoh first
frequency band on a reggatln basi s, sai.d first reqmg C¥
structure that includes a re%eatlng pattern of access segments trafhic segments, access
segments being segments into which mobile nodes that do not have an existing wireless
communication link established with said second network attachment point can send at least one
signal to said second network attachment point over the air to establish a wireless
communications link with the second network attachment point, each access segment occurring at
a predetermined time offset from the point at which one of said beacon signals is transmitted into

said first frequency band by said second network attachment point.

2. The method of claim 1, wherein said high power narrowband beacon signals have at least
10 times the average per tone signal energy of tones used to transmit user data in the second

frequency band during a period of time, the method further comprising:

receiving a signal from said first network attachment point indicating that said first
mobile node is seeking to perform a handoff to said second network attachment point from said

first network attachment point.

3. The method of claim 2, wherein each access segment includes a plurality of tones which

can be used for uplink transmissions during at least one symbol transmission time period which



4+ oot e . :
band being a frequency band into which said second network attachnent point
does not transmt wuser data, said high power |evel being a per tone power
| evel that is nmultiple times higher than the average per tone power |evel
used by said second network attachnment point to transmit user data during a
period of time in which said beacon signals are repeatedly transmtted; and
using a second frequency band which is_gsf.ferent fromsaid first frequency
band for establishing and naintaining communi cations |links with nobile
nodes over which user data can be communi cated, said step of using a second
frequency bams dmbigulth prgjodisfsaigncdess ssoptEe RIS plﬁlfali’@l’bf tdnpd inlkdes anivasna flf sepNS
channel to &EL%l g%%fmhwgc hggk communi cati ons channel having a
structure t i'nc es ‘a repe % pattern of access segnents and traffic
segnents, access segnents belng segnents into which nobile nodes that do
not have an exi sdedigingitictir@s& of LAEITH B fitGidcAR sdgmbikt t€ sl ekt rﬁchﬂel nWewhlcaaei d

second networ k ta n send at, | east one si 0, sai.d second
ok ot ¢ Suelid SEDRR heabak e iolG Bl Al e tFof Bdene okt
comuni cat i moledds |las:kthxm dlhhé tosessethe fidt avedsyuegermidndchment poi nt, each access

segnent occurring at a predeterm ned tine of fset fromthe point at which
one of said beacon signals s trans %. into sajd first fr que cy band by
sai d second net V\iﬂ’f‘%’”ﬁ&?té{’@kf APatg iy tae st P??}?élerf‘é’flﬁﬁ‘& the figsf gptiverk @ 8 n said
hi gh power paﬁtmmi\zfa&ﬁgihé)@aa&@tibn&‘dfwﬁrst Soef @onéd to kiR amét mobilk doderes t he aver age per
tone signal energy of tones used to transmt user data in the second
frequency band durin eriaod of tine, the nmethod further conprising:
receiving a S|ghQ}rW%Hﬂ]EQWH“%ﬁV@P‘ﬁ@PWHHk attachnment point indicating that
said first nobile node is seeking to performa handoff to said second

net wor k at t achmegior ROdativing QY SBdess refhdkStigmat lobRmkiniddihg GhioRRtioP R B¢ fide The
nmet hod of claim 2, wherein each access segnent includées a plurality of tones

whi ch can Bebilsdede #iarthe diypt nepvork afaeheaspoishandieating e sime |ab\a%1fh Wikfirsh Aqes5ey

transm ssi OfghbtRyilP6dcliQelatifeité Bne of the beR6IE HErals @dhisniGedtifts sA€TiisOfbq@énc P Bdnd. access
segnent, said plurality of tones includes at |least a first set of tones,

t he method further conprising: dedicating the first set of tones in_a flrst

access segnent t bhegagtepdral clatm howherein saiskiirstasivonk atiachraentpaintds ¢ sectoaphia first st

networ k att gGbyR aﬁ)@bvﬁhtrem A LednldmetvokSitta@iinehtPBRBis RELAS oPa $05H badRERSN, t hat
includes less than all the tones in the first access segnent; and

conmmuni cat i H§ MeHpdFurhericompPisPe he first nobile node via the first network
attachment point indicating the dedication of said first set of tones to

the first nobil ealf&?ﬂﬁlg aYediddhR (BRLAOH R uséd @ éﬂdsﬁrstfnllﬂfbh@%dem'éétﬁli&gﬁg a

second communications link with said second network attachment point;

transmitting information about the dedicated resource to said first network attachment

point by a communications link between said first and second network attachment points;

receiving a timing control signal over the air from said first mobile node in an uplink
communications segment dedicated to said first mobile node by said second network attachment

point; and

transmitting to said first mobile node, after receiving said timing control signal, a timing

synchronization signal, prior to receiving user data from said first mobile node.

6. The methad of claim 5, wherein said information about the dedicated resource provides
information sufficient for the first mobile node to identify the uplink communications segment

dedicated to said first mobile node.
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prior to receiving said access request signal, communicating information to
said first nobile node, via the first network attachnent point, indicating
the tinme at which said first access segment will occur relative to one of
t he beacon signals transmtted into said first frequency band. 5. The
met hod of claim11, wherein said first network attachnent point is a sector
of a first base station and wherein saixg _second network attachnment point is
a sector of a second base station, the method further conprising:
al l ocating a dedicated resource to be used by said first nobile node when
establ i shing a Teconkbdadolaims, Gﬁfeiehtl‘kﬁidhﬁfﬁﬂﬂmaﬁbﬁ dbosiahdldedieaion tksdudeWatldes a
att achnent OI- nt. st ti on out t he. dedi cat d .resource to
said first ﬁ W« ldef%ttl I 10 usec‘ ygsaldr}fr% mr% eno gn?ﬁuﬁ%‘t“f%‘t‘%g Fh ﬂét’vs\gﬁ’t’ff:sai d
first and smqrddtew@tkmuadahmntMrrent poi nts receiving a timng control
signal over the air fromsaid first rmbi | e node in an uplink comruni cations

t dedicat t d f t bi d netwo
2t Lachent poi nt IR o PRRREECTRG: PR e me R POt 1 GGt fifem

recei ving saiclidihg eifing netwnmrauhclmegtnﬁ:in,t, the ﬁnsmen@prk stwahzhem) pbmatslr(grstgaalgned
prior to regei id first thdof

dat Q
claimb5, wherel %qusaV§Mdﬁ orma |°3{r11“§ ourPObt'lﬁémd&eav%%? %0(5" écgtl?nél fa es
i nf or mat i onfistifetwak peitt of etackrhent Hver shiciddid ¢ae be cuheminicaied.cint métyodtdompuqnhg: nk
comuni cati ons segnent dedicated to said first nobile node. -74- 7. The
met hod of claimp V\,her n said.informati on abo t he dedi esour ce
includes a devi C&STH, etief“iogr“gt"t‘}s B%V"Ifsiéﬁre%s}er@%‘g%ﬁ‘te‘éﬁy ‘H‘Btﬂa‘?efe %d{fﬂ“e\ﬂﬁen
conmmuni cat i bghdones recireing béisisysdid f'MIﬁdqueﬁ@Clﬂmdi beieg Wiitdquatky dartinant wiich sid 8. A
nmet hod of o er {i con t.wor k at |nt in a conmunications
system inc 6}ingg""g)ﬂ"fz"tts‘?'% meﬂg OV\%P?("'S&?”% “ﬁ?"‘g%‘i , the first network
at t achnent p0| nt using si gnal sina first frequency band to conmuni cate
with a nobile nogenghavdcofli Bequedtylbahd dhicB NS dilfferlt Mbrh Baid dird frejidnSy bmﬁtﬂmr K

t of atta whi ch dat Lcat t t
Compr i i ng: CHUTETh 1 REBEeGHENGRAIE At N HopiohBEb AT 11 Bilfchcy

into said fkdceid fréqaefidewand intladidy asighing eegnfenfsrmgaioaﬁlirﬂt coﬁla‘iudlcitlohsbhaf\ﬁeeqmency
band being a ﬁt t achnment point

doos not o BRI PMEL e BRPK corfidilons gnie oy SRS D Sl SRPRERY <
different f patttmsaﬁ ail:cefss segmehits evqid ety sbgmltsf adcess esgmelntsl &tngnsggmmls imei whieh ni ng

communi cat | %ﬁgl %1\/\4 éo ndlh b{fel §h DOG5E wick elssdco%ltmeu 1cat1 r{(knegtaghshésde Wi nsald

frequency b | nc I'ng assigning segnents or an U communi cat 1 ons

channel to second network attachment point can send at least one signal to sald second network attachment
point over the air to establish a wireless communications link with the second network attachment
point, access segments having a predetermined time offset relationship to beacon signals that are

transmitted into said first frequency band by said second network attachment point;

receiving a signal indicating that said mobile node is seeking to perform a handoff from

said first network attachment point to said second network attachment point;

dedicating a first set of tones in a first access segment to said mobile node which is

coupled to said first network attachment point;

communicating information to the first mobile node via the first network attachment

point indicating the dedication of said first set of tones to the mobile node;

monitoring the first set of tones in the first access segment for a registration signal from

the mobile node to which said first access segment was assigned; and



nmobi | e nodes, the uplink comuni cations channel having a structure that
includes a repeating pattern of access segnents and traffic segnents,
access segnents being segnents into which nobile nodes that do not have an
exi sting wirel ess conmunication |ink established with said second network
attachnment point can send at | east one signal to said second network
attachnment point over the air to establish a wireless comrunications |ink
with the second network attachment poi-Af- access segnents having a
predetermned tine offset relationship to beacon signals that are
transmtted into sai.d first frequ ban sai d second network attachnent
poi nt: recei vi nge¥ 4 hEESAHgY 8&?"? ﬁ@‘zlr q,g%f./ © yish Vs ﬁ‘HEfE“rI‘%ategé‘é‘Rﬂi’@’
perform a hdsdibatked fifst @moftars.d first network attachnment point to said second
networ k attachnment point; dedicati ng a first set of tones in a first access
segnent to gaid ,P}Pbl | e n?g ngul %51’ coupled to said first network

att achnent gm nt; a4 §PrivefrSMA%Y1%on to the first nobile node via the
first network attachment poi nt indicating the dedication of said first set

of tones to the mBbiolify ARAR ondRIAItloR4l 5O BT ttoﬁ@;. if fhE fitst &8Lss @gm@ﬂlmrhﬁsﬁaﬁ&l first
access segnent éor a 5 gll] stratj.on mégnal rom the nobile node to which said

first acces¥swLyBAM ode L Whighpaid gadytionphset ?fé?,‘lé’ﬁ Vet dedicagiopidaddiionak gnal

fromthe mﬁbﬁomwnmb@&y@ﬁteﬁm,cat ed using said dedicated first set
of tones. 9. The nmethod of claim8, further conprising: nonitoring at |east
one additional set of tones in the first access segnment for a registration
signal from® nobicreetiedtclpia Safhirer cemPEFingddi ti onal set of tones was not

dedi cated, said additional set of tones being used on a contention basis.

10. The net hod Oéstaﬁils"ﬁln?a%ecuf‘%o‘rﬂﬁ']ﬁlc&mpru'lks\!w'ﬂga fiRe4catl h&fé'cglgesaorﬁﬁtﬁ% ﬁaud

communi cations link wwth a first access node correspon 1 ng to sard first
net wor k at t BEhiFBYRrk fsriHpenpbpqingpriprdo espyninating infegnation kythemnptale npds vidbe fisshi | e

node via thﬁ‘et%rka&achxﬂaﬁwﬁthn&éahagmmﬁcam Jtaid i £adritdids LoR&d dREiCRUE on Of
said first set of tones to said nobile node. 11. The nethod of claim10,

further conprising: receiving at |east one Internet Protocol packet with an
| P address ¢ébrr eBisorrthodgf elaimsid) fartherspinprisingode prior to the tine of said
first access segnment; storing said IP packet; and forwarding said | P packet

to said nobile n . r I I . USi ng
the set of to nesggeg\ﬁ?%gtl%gt %,Mo I@é‘ﬁ%%&%g({%il g’t"l'hloaﬁqg g%ld&% |°§l§%sﬁg]g%g gtgglé&jeg ment .
mobile node prior to the time of said first access segment;

storing said IP packet; and

forwarding said IP packet to said mobile node over a wireless communications link

established using the set of tones dedicated to said mobile node in said first access segment.

12. A method of operating a second base station to perform a mobile node handoff operation
involving a handoff of a mobile node from a first base station having a first communications link

with said mobile node, the method comprising:

allocating a dedicated resource, said dedicated resource including at least a dedicated set
of uplink tones to be used by said mobile node for a period of time when performing a timing
synchronization operation as part of establishing a second communications link with said second
base station, said dedicated set of uplink tones being less than a full set of tones available for

uplink signaling to said second base station during said period of time;

transmitting information about the dedicated resource to said first base station by a

communications link between said first and second base stations;



12. A method of operating a second base station to perform a nobile node
handoff operation involving a handoff of a nobile node froma first base
station having a first conmunications Iink wth said nobile node, the

met hod conprising: allocating a dedicated resource, said dedicated resource
including at | east a dedicated set of uplink tones to be used by said

mobi | e node for a period of tine when peggformng a timng synchronization
operation as part of establishing a second communications |link with said
second base station, said dedicated set of uplink tones being |l ess than a
full set of tonescaviag  tining cbwrol sipml bvek the iay ik saig rhabils asdd on agid nplinkaces
station du“d&ﬁca&ﬂltodsafd%dbﬂgné%{ebg Jf%sec(;nd% rRa{u; N, i nformati on about the

dedi cated resource to said ase s atl on’by a comuni cations |ink
between said first and second base stations; -76- receiving a timng control
si gnal over the aamsmittiigmossaiddmotleidode, mﬁteiereoaﬁvisgisaﬂd tiplirigndontrelndgmaliadinting ed to
S Tobt | o sefiniftoR A lspssr%?ec?%ggus%; 4 {800 oo mobﬂea“cfm TR d
synchroni zation signal, prior to recei VI ng user data from said nobil e node.
13. The rmet had oTha:rhahcmcffZlaim\AnErv&nienains;aiddhfbmfaﬁmmbhtahb deldionted tebenrdd @elividad ed

resource pro i de n sufficient . ile node.to identify an
upl i nk conmuh f @C'engafl’ ﬁ' @d‘i%‘é"ﬁ%g % éfgl ok HBB’i OMpiFatiops Se%eélg net hod
of claim 12;1edmla&de1 saidgwibie hodkor mat i on about the dedi cated resource provides
i nformation suffici ent for the nobile node to identify the period of tine

for which t t ones ed, 1 hod m 14, her
conpri si ng: q?eceﬁ]@q A Jrcp {lg Ff&‘ﬁh%'a "HO'?HS‘B?H %’Oﬁtdhf'e‘;efiﬁf‘tf"!(l)(ﬁf‘%‘&eﬁf’é“ es

t ransm ssi oimf@fratai sdfficient fagthe SybitmodioAddntifyMheSpedldibE tindebfor Whieh tietdaedweé cl ai m
12, wherein sdald step of allocating a dedicated resource further includes
aIIocatlng 3 (3\?|d'ce identifier; and wherein in addition to transmtting

i nformati on about the dedicated set of tones, the second base station also
transmts the devVhegethadiftiain BY, furthedadmpdstt: by sai d nobil e node when

comuni cating over the air with said second base station to said first base
station. 17. The nethod of, claim 12, further conprising: transmtting to

sai d nobi | e node™CHy'ieMsF é’ﬁ'élffﬂ“héa‘%gi"d‘k’c pode rfplavdng P‘B|“a§§“§?§éﬂﬂ of said t4RfB% ssi on
power cont r @nclrofifdion sipfal.Or to receiving user data from said nobile node.

16. The method of claim 12, wherein said step of allocating a dedicated resource further

includes allocating a device identifier; and

wherein in addition to transmitting information about the dedicated set of tones, the
second base station also transmits the device identifier to be used by said mobile node when

communicating over the air with said second base station to said first base station.
17. The method of claim 12, further comprising:

transmitting to said mobile node, after receiving said timing control signal, a transmission

power control signal, prior to receiving user data from said mobile node.

18. The method of claim 17, wherein said timing synchronization signal is a control signal
that instructs the mobile node to perform one of the following operations: advance, retard or leave

unaltered the transmission timing of symbols transmitted by said mobile node.

19. The method of claim 18, further comprising:



18. The method of claim 17, wherein said timng synchronization signal is a
control signal that instructs the nobile node to performone of the

foll ow ng operations: advance, retard or |eave wunaltered the transni ssion
timng of synbols transmtted by said nobile node. 19. The nethod of claim
18, further conprising: _77_ establishing a secure comunications link with
said first base station prior to transnigyti ng said information about the
resource dedicated to said nobile node to said first base station. 20. A
met hod of operating a second base station to performa nobile node handoff
operation i nvol sstablishtng kb asrdefcomatinigationdlinkevithoaé fifst bese statfonpgior th asemittiag i on
havi ng a f'ga%mfeﬂ'fquﬁ'h&ﬁ{th %out—ée%gdlcaYgdttys dlggpde t@fap&)ﬂ'gt’bagehs?attgt?t hod
conprising: transmtting ower narro on a perrodic basis;
al locating a dedicated resource to be used by sald nobi | e node when
establishing.a Aeoctedoteermting zstomdtese statitn wipeiiorsiad wotsle nodechahdudfopstatidn on;
transmttin 19 d fi base. stat nbya
communi cat | SravTF argar bESRHbERl P T Bl kiR eilng L b3 epifichl Al hiX
conmmuni cat i wigh saisl meliild néder the mpthgdcontpeisingn i nf or mat i on i ndi cat i ng a point in
time said nobile node should register over the air with said second base
station, said p dre atl nship to the time at

whi ch sai d secon{(rjgll'%)na%tglgg] Pg‘% '?%”r’tba%ﬂftjtlénason dlc(;.Dne ‘of said high power
narrowband signals; receiving a timng control SI gnal over the air fromsaid
nobi | e node in asllocythg pkdedicaradresowert fodsesuss gyrait misilt hadeedthdnoestblistingtbi | e
node by sai cond base and ..transmtting to said nobile node,
after recei vﬁ“%“g’ cgrgfnamfa%onﬁm%c6tﬁts?lgfecg“d bﬁ%ﬁm i m ng synchroni zation signal,
prior to receiving user data fromsaid nobile node. 21. The nethod of claim -
20, wherein sai dtrd‘tlislgtk’tm@O\Abc[lcmr rresorad dinforgftdh S talr Ridoemaomaski ghadds byhavi ng a
known frequency re).at he frequency band to be used by said nobile
node to traoﬁ?%‘tntcatéqnéh@?n%weo §%ﬁ' I(.imsaé'(d,ﬁﬁg ‘ﬁ%t&%“‘”é’f’%sn on. 22. A nethod of
operating a second base station to performa nobile node handoff operation
:cnvol ving a hand@fﬁmlﬂlfcatatlgmﬁtﬂaldﬁﬁr@@dﬁée fsfagtml v fdrinktfoin 1bdi8£m§taaﬁdgﬂl’ln himel agH a

irst conmmunicati ink. wth saj il e t he od conpri,sing:

| ocat i g BoRBeREPaH FEBIT Pies 1E 6 Al Guberoo TS s b T B R GTRRRHRE

est abl i shi nfixed relst@ashidtoa it hich @48 sdcbiikbavd stdlioss Bardmite ataendt dnasesaid lagh on;

78

power narrowband signals;

receiving a timing control signal over the air from said mobile node in an uplink

communications segment dedicated to said mobile node by said second base station; and

transmitting to said mobile node, after receiving said timing control signal, a timing

synchronization signal, prior to receiving user data from said mobile node.

21. The method of claim 20, wherein said high power narrowband signals are beacon signals
having a known frequency relationship to the frequency band to be used by said mobile node to

transmit signals to said second base station.

22. A method of operating a second base station to perform a mobile node handoff operation
involving a handoff of a mobile node from a first base station having a first communications link

with said mobile node, the method comprising;

allocating a dedicated resource to be used by said mobile node when establishing a

second communications link with said second base station;



transmtting informati on about the dedicated resource to said first base
station by a communications |ink between said first and second base
stations; receiving a timng control signal over the air fromsaid nobile
node in an uplink comunications segnent dedicated to said nobile node by
sai d second base station; and transmtting to said nobile node, after
receiving said timng control signal, aygiLm ng synchronization signal, prior
to receiving user data from said nobile node; and wherein said second base
station begins receiving |IP packets directed to said nobile node from other
net wor k nodes, afdngnittinganformadtion nbows aheddaledied agsedcs s it dest ibadeCatatiad ibgra t O

sai d_mobi | eo AAARA AN Al AR ech i FRNFTLMAM SRt | M ng_synchroni zation
signal to sal mobi 1 e node. RTSecon ase stafion capable of performng
nobi | e node handoff operations involving a handoff of a nobile node froma
first base st atimeeivigyhnignigg tontsl sigmutmower hatairofiem |said kmovile modaiid an ik e node
to said second base stati .t he second.base . .station conpri.sing; neans for
al | ocating & 08di A& gfngrcé%@ﬁ?l%aéé%it%%all u@ﬁ%ﬁlg ncéd%sbétsalgfecﬂrb‘ﬁa‘?r{%tat“8?f dt0 be used
by said nobile node when establishing a second comunications link with

sai d second baser#itmitingno saifl andbile @bdep hftetkieikngt AeSmidgi coatrd] 8fRall haim f ul |

set of uplink tones which are used for . cqmunicating signals to said second
base stati oﬁ?cmﬁﬁor}sé@alf Pré‘ﬁz?ﬁe ?Y‘%usfrnqﬁggrr?ﬂ’tsia‘gﬁnoé?%g‘{dgt% dedi cat ed
resource to said first base station over a conmunications |ink between said
first and secondwitrsesaid s2tdn@Base staBcH BegihOfecdi BRLIP\Dadl@ts dRtEctéab chidpobicabed set
of uplink t?nes a recgkst ation signal ,8omﬂruni cat ed o¥er the air f[_)fm sai d
mobi | e node B Ohgs RFrERK apdss iieitranpitng said dpgicard Jpnoures nigrmatin e s3id goie, saj d
nobi | e nodenodahiidriof @aRhsmitliglg Said tinihg gyinSliroiitakionsigriaDd dhid mdbild dodd. Ng

synchroni zation signal, prior to receiving user data from said nobile node.

24. The second base station of claim?23, further conprigsing. neans. for
transmtti ng{?t 0 ga?caﬂ%? ?“é’“ﬂﬁﬁ@!’le8?]?%5%"?18%@Pgﬁﬁﬁg%%ﬁnﬁof?@ﬁ?aé‘f’ffsdﬁogvﬂlgﬁ gnal ,
a transm SEdn@étf PONBbbiRGDHE fbm S fftdhse spikibOhaving o faSt@iodigicatay litkakith faidom sai d

nmobi | e node. . The second ,base station of claim 24,.further conprising:
Mo means Pofnadef i G0 pRaRen B sronliast SR EEMEIE f ol ow no the

transm ssion of said power control signal and said timng synchronization

signal. 26. The semofsd aheaanst addicalRd efsostedhdudidl a WAGK Bhlik SeHesltol tens@Dbycont r ol
signal is a signal instructing the npbile node to adyance or retard the

transni ssi offi4 PeRilGGods ey sERhlishing 23reeRdPBRUNERORRY HIISAId seGiRg Base station,

satid set of uplink tones being less than a full set of uplink tones which are used for

communicating signals to said second base station;

means for transmitting information about the dedicated resource to said first base station

over a communications link between said first and second base stations;

means for receiving, on said dedicated set of uplink tones, a registration signal

communicated over the air from said mobile node to said second base station; and

means for transmitting to said mobile node, after receiving said registration signal, a

timing synchronization signal, prior to receiving user data from said mobile node.
24, The second base station of claim 23, further comprising:

means for transmitting to said mobile node, after receiving said registration signal, a

transmission power control signal, prior to receiving user data from said mobile node.

25. The second base station of claim 24, further comprising:



27. The second base station of claim 26, further conprising: neans for
establishing a secure communications link with said first base station prior
to transmitting said informati on about the resource dedicated to said
nobil e node to said first base station using said secure comrunications
link. 28. A second base station capable of perform ng nobile node handof f
operations involving a handoff of a nolygl-e node froma first base station
having a first communications link with said nobile node to said second
base station, the second base station conprising: neans for allocating a
dedi cat ed resour Beans friseceiyingdisdsyaig fiom wishmebile nodecfolldvang the staesiniissih iofi spich
second Com"fb'me?éédtrgfb?gnhidﬂHsa‘MEBmﬁ@&n@hn@ﬁ%Bﬁ Exi%?e station; neans for
transmtting information about the dedi cated resource to said first base
station on a conmmunications |ink between said first and second base
stations; ndans Thsrsecendehays pigtica ofeqjtimt E%Mhmimiaginéahing\pentrcﬂ hségnali is of sigml sai d
mobi | e nOdemsﬁ{EﬁﬁgsthE g{oblﬁer :?d&é'fﬂédvkd&g of o (ﬂfhgtrmR ifn 99191 f%{’r}ﬂ% tj;a%grﬁllttgd ng
said registration signa t1mng synchroni za I on si naI

recei ving ubesaidinebile fedsm sai d nobi | e node; neans for transni tt| ng hi gh power
narrowband signals on a periodic basis; and neans for comunicating to said
first base sj at'ﬂ%sh&‘hﬁ[x{!@&tht%okﬁgﬁn%t hufer@o ;S{LH% intime said mobile node
shoul d regi ster over e air with said secon e station, said point in
time having a fixed relationship to the tine at which sai d second base
station transm tseamt fdresatlisiinga sﬁcuresarhnimhéagbnsgbﬂtmithrsaildrfmmbamdtaﬁbrgprair$0 - 80-
29. The secgq t. m. 28 re i r r owband
signals are L}beac énsai% 1%#‘11? rﬁorﬁgbau @ig res%urce i z}teecl tﬁ’ eS%lg mobh | on J ﬁrsfbc?set he
frequency bamntusnbelldﬁseme‘bynmncducmrbm | e node to transmt Si gnal s to said
second base station. 30. A second base station capabl e of perform ng nobile
node handof f, operati o vol vi ng ndof f node from.a first
base stati 0?1 hav'ﬁﬁacoréyﬁas? top § lﬁlogg?r%gﬂlgg Fﬁoﬁk W?ﬁang%ffﬂ’er B MR t o
sai d secondhidsfE of1 abbimodt fremssef‘mxrbdselmmen bavaxtgi aofirstcc@mptunieativgs linkeails sdidr

al I ocati ng i our aid nobil e node when

est abl i shi nﬁ'og%qmgeat%ggd Ee‘%&uﬂ:a& Stta ﬁlgr}is Isgcoﬁgibalg%(ﬁalsoglc KEEShd base stati on;
means for transmtting |nformat| on about the dedi cat ed resource to said
first base statimgans dmeallc&atmgrrmdadliemdi fesdurdel mkbdoeiedel@n saﬁmimbbﬂé metle aheh second

base stat|0n§db pJEans or recel Vl rg a1§ Fﬁ? d;rat N Stl over the air from
sai d nobi | e*Hode gé‘ﬁa°°“ I RO T é ASHT ¥ 5“1" 554 b|Ie node, after
receiving said registration signal, a

means for transmitting information about the dedicated resource to said first base station

on a communications link between satd first and second base stations;
means for receiving a registration signal over the air from said mobile node;

means for transmitting to said mobile node, after receiving said registration signal, a

timing synchronization signal, prior to receiving user data from said mobile node;
means for transmitting high power narrowband signals on a periodic basis; and

means for communicating to said first base station information indicating a point in time
said mobile node should register over the air with said second base station, said point in time
having a fixed relationship to the time at which said second base station transmits at least one of

said high power narrowband signals.



timng synchronization signal, prior to receiving user data fromsaid nobile
node; and wherein said second base station begins receiving |IP packets
directed to said nobile node fromother network nodes, after transmtting
sai d dedi cated resource information to said nobile node and prior to
transmtting said timng synchronization signal to said nobile node. 31. A
met hod of operating a base station to r8PFenent a nobile node handof f
between a first communications link with a first base station sector, said
first conmupi catj.ons |ink usi.ng first carrier, and a second .

communi cations | 1H5KERPE sy S?B‘&‘bﬁgclﬂﬁ?s@ Fheein gpid dughi Rowers marepwaadoiigals are
conmuni cat i asnlsighMs BBt hoSk dRAEnSBEhti@Ehip tdihe ffrle(?féhcyaﬁdd K060 Besaidor s

bei ng within .the 3 base stati.on, rﬁit | east the first sector being

di fferent frp?)%e{‘ﬂ% gﬁg{gwﬁ%gaj{t&salgfec? Pasqsfalpn.c o v er being different from
the second carrier, the nethod conprising: operating receivers in said first
and second Fect oX Sec6ll FaQSRAI0A c4pable Of serfomhnind Motile A08L MBS Eherafids!ihv@lving a

respectively, t perate in_a timng synchroni zed manner; transmtting a
timng cor rlé@?‘iﬁg‘?fpas‘?‘%a]ﬁlnweoﬁ%iad{p%g‘iels tiopbrxing g st sgmppupicqtiops kot stidc at i ons
link; -8l meltleinydengsdid @Bonkbeser@tiod, the Bdfd asStgivatomgeRimpNi cat ed over said

first conmmunications link indicating an intent to handoff to said second
comuni cations link; transmtting over said first caonmunicatijons |ink

i nformation i ndi®&R Ay alogmtins aafedicated gewrce do 185 ed etpidynobids @odroBhine when

comuni cat | RGLIRYRE a S@bll SARAAREATTRKWiBARIIQBRNd bddkstatioher M nating said first
comuni cations link with said nobile node; and receiving fromsaid nobile
node at |east one off user data and a non-timng control signal over said
second conmuni cdB§aBhEr ranswitiipg igformasiop pbayk the dedicatpd sespyremie tnid dirsh hase pationg

control  adjwss faaitunkh@AalinloRRReRtRORBSE theotl BOYstkibAg, Ng control si gnal
recei ved over said second communications link fromsaid nobil e node. 32.

The nmethod of claim 31, wherein said transm ssion timng adjustnment signal
instructs the WY or iserlang yregigiration signabover the aip fromjssid mosiafsds: andyr e
transmtted so that they arrive in a synchronized manner at the base

station with synholssd rtggﬁ.;m'cﬁg% gg ¥ nfbile hoddPiel ‘?ecggﬂgi%?m?@gimm& gp{gnodd of

claim 31, wherein said ded 2d resource 1's an | de 1 er’ speci to said
second sect GringpackenizgrtisegnIl pdantp reevivinguser datpcfrogbsalionobile nedepsngh 33, wherei n
said identifier is a device identifier to be used by said nobile node when

comuni cati ng_ovaL &alh S8R, CORTMALAALLARS: tblsBers ecieNE APRDAH 88 ! 21 m
31, wherein said (fédxlﬂgat e% resgurée |§1 a cFe |catpe esli rfqlenk st node
from other network nodes, after transmitting said dedicated resource information to said mobile

node and prior to transmitting said timing synchronization signal to said mobile node.

31. A method of operating a base station to implement a mobile node handoff between a first
communications link with a first base station sector, said first communications link using a first
carrier, and a second communications link with a second base station sector said second
communications link using a second carrier, the first and second sectors being within the same
base station, at least the first sector being different from the second sector or the first carrier being

different from the second carrier, the method comprising:

operating receivers in said first and second sectors corresponding to said first and second

carriers, respectively, to operate in a timing synchronized manner;

transmitting a timing correction signal to said mobile node over said first

communications link;



comuni cati ons segnment to be used in establishing communications with said
second base station sector when transmtting signals over the air to said
second base station sector using said second carrier frequency to establish
sai d second comuni cations |ink
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receiving from the mobile node a signal communicated over said first communications

link indicating an intent to handoff to said second communications link;

transmitting over said first communications link information indicating a dedicated

resource to be used by said mobile when communicating over said second communications link;
terminating said first communications link with said mobile node; and

receiving from said mobile node at least one off user data and a non-timing control signal
over said second communications link prior to transmitting a transmission timing control
adjustment signal generated based on any timing control signal received over said second

communications link from said mobile node.

32. The method of claim 31, wherein said transmission timing adjustment signal instructs the
mobile node to adjust the time at which symbols are transmitted so that they arrive in a

synchronized manner at the base station with symbols transmitted by other mobile nodes.

33. The method of claim 31, wherein said dedicated resource is an identifier specific to said

second sector and said second carrier.

34 The method of claim 33, wherein said identifier is a device identifier to be used by said

mobile node when communicating over said second communications link.

35, The method of claim 31, wherein said dedicated resource is a dedicated airlink
communications segment to be used in establishing communications with said second base station
sector when transmitting signals over the air to said second base station sector using said second

carrier frequency to establish said second communications link.



