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SIZE I N RESPONSE TO SIGNAL STRENGTH 5 |. Field of the Invention®Th

i nvention relates to wireless comuni cati ons systens. In particular, the

i nvent i onWO014%6888 t o dynami ¢ adj ust nent of search wi ndow RCEUSHAEG44Y a
renote unit to search base stations, in response to a signal strength of
a preferred base station, in a wireless comuni cation system 10 U.
Background of the Invention A w reless communication system may conprise

mul ti ple renote i ' \ o Wfd.es an
enbodi nent of a%?mgﬁﬂﬁwﬁamﬁmﬁw@%w&f
renote units 10A, 10B and 10C andrTiHy$idNAE SERENGTRNS 12. In Figure 1,
the three renpte units are shown as a nobile tel ephone unit installed in
a car 10A, a portable conputer renote 10B, and a fixed location unit 10C
such as mght be found in a wireless | ocal |oop or neter readi ng system
Renote units may be any type of comrunication unit such as, for exanple,

hand- hegd perggnal Fﬁﬁ&%ﬂﬂé ﬁﬂ/teﬁt?ﬂ systemunits, portable data units such

as a per3onal or fixed | ocation data units such as

nmeter readi ng equi pPTRAinveltidiieRites 1o Wiftiéss omaiuniationd siistelrt. flhn@articatarphee
station 12 to the renote units 10 and a reverse link 16 fromthe renote
"units 10 to thovpetinn relatesite dynantic adjysiment ebserish wiadow sizeuserbbya rmets uaiid

base stations,, over,the wireless channel,. ¢ be .a lel.sh | one
. of a variety of° Sr?ﬁﬁcpitbﬂfees‘%{boéléslg TPRORH 8§e5§g“ag§“’\’7%"b§*;$§%f‘?‘?‘i§€“éggeapg?'d‘é
nunber of usergwiRleds tdmnbRidatdregsecy spectrum These nultiple access
techniques include tine division'multiple access (TDMA), frequency

di vi si odOnul ti pl e access (FDVA), and code division multiple access

(CDVR). An indystry_standard_for. COMA is set forth in the TIAJEIA Interim
Standard entitted Mﬁh«%ﬁ—ﬂ% ESPYENUBRse Station Conpatibility Standard
for Dual 30 Mbde W gebidgks RinGachication systenaby Hbﬁbﬁ@’ﬁgxggﬂ'}e rethéte Binfi lafid 95.

and its progeny (collectively referred to here as 1S- , the contents of
whi ch are i ncmohipleabasd stayionef Eigewncleexeepdifies am embodimenn of a deryestrid airelessal

i ti :
Lnror rra' Hon Cogo(ix%llr}rlliggﬁo% zysgrznpw%tgotﬁre\é\o rc?n%/tggr%%sslgg Ilbjgoaln/leOAl? %nd two base

15 stations 12, In Figure 1, the three remote units are shown as a mobile telephone unit

installed in a car 10A, a portable computer remote 10B, and a fixed location unit
10C such as might be found in a wireless local loop or meter reading system.
Remote units may be any type of communication unit such as, for example, hand-
held personal communication system units, portable data units such as a personal
20 . data assistant, or fixed location data units such as meter reading equipment. Figure 1
shows a forward link 14 from the base station 12 to the remote units 10 and a reverse

link 16 from the remote units 10 to the base stations 12.
Communication between remote units and base stations, over the wireless
channel, can be accomplished using one of a variety of multiple access techniques
25 which facilitate a large number of users in a limited frequency spectrum. These
multiple access techniques include time division multiple access (TDMA),
frequency division multiple access (FDMA), and code division multiple access
(CDMA). An industry standard for CDMA is set forth in the TIA/EIA Interim
Standard entitled “Mobile Station - Base Station Compatibility Standard for Dual-
- 30 Mode Wideband Spread Spectrum Cellular System”, TIA/EIA/IS-95, and its
progeny (coliectively referred to here as IS-95), the contents of which are

incorporated by reference herein in their entirety. Additional information concerning



2 a CDVA communication systemis disclosed in U S. Patent No. 4,901, 307,
entitled SPREAD SPECTRUM MULTI PLE ACCESS COMMUNI CATI ON SYSTEMZ 7Ush ANk

SATELLI TEA,%Q TgR&ESTRI AL REPEATERS, (the 307 patent) assi gned to the
assi gnee PHEY%} esent invention and incorporated in its BRE{USEHIMEEr ein
by 5 reference. In the "307 patent, a nultiple access technique is

di scl osed where a large nunber of nobile tel ephone system users, each
having a transceiver, comuni cate through base stations using CDVA spread
spectrum comuni ' | wﬁgw trigO [ ' . d
in the " 307 patrél e(?i]tho‘?? %’rﬁh%gﬁ:l?ﬁ %5 n?rggesS] ovcl'a]raU'§f ng&aﬁtﬁl&ﬁ.ﬁ%ﬁﬁ%@,%ﬁh@&e

t echni ques use@PREAD r SPECSTRUNMMMILTIFLI® S@SESSS COMNUNIC AITIIN asdSTEMA.

For exanple, CDVA pernmits the frequency spectrumto be reused multiple
times, thereby & SATRELERE Q&'ﬁﬁ&@&é’im@;«mamscamaQ7wawnr) assigned

Addi tionally, yse of CDVA hni ques. permts the special problens, of. the
terrestrial chi‘ﬁﬁ?ﬁ AR ‘%3‘3‘% B tb’)'}B?ﬂntof'gac{'fji Bfe e! g"{/é?‘é"@tye!i'q‘r%‘&@’ of
mul tipaths 15 &efncd adi ng, while also exploiting the advantages thereof.

In a wireless communi cati on system a signal may travel several distinct
propagati on pat hs adnithe {80Fppaertea heklipkcachbssseclatique sndisclostdr ehere @ langd S.

The nmultipath signal_ geperated by the characteristics of the wireless
channel presenf¥mger E%%PF’S"n Efi"?g'@“g [FYSIEIB H§EMi tach;hoNing, A trapsceivple communicate
characteristic td | t ' ] o i n
a signal that iﬂg&t1 aﬁ%ki%@é’%“ﬁ&%%ﬁ%?p% gﬁﬁgﬁﬁﬁ?ﬁ%@gﬁpf’@%{g\g gjg'agﬂel

i deal inpul se COMAamsdilhtiqtteokigiques distibsedainhthe h30Mpitent! dfer BABi advdntages

si gnal appears as a stream of %gl ses. Another characteristic of the
nul ti pat¥® chan@¥sr other medilation-technigues: yied i Avireirss cRamuBicasiny sydemesych as

different atteppgiphol 4 : r m&[ﬁiﬂi [ ' I i
transmtted ovér & wdtlie%%ﬁi gﬁgner’i%l%?eéac pu&@%f‘ﬂgwg&&eﬁfﬁ% t(S"t}:’reeam
of pul ses genersustd nhdltiple Ginkf,etherdbyspetfiattingt &1 ighiréast NansyBiche ruser’ efRickd
pul ses. Yet another characteristic of the nultipath channel is that each

path through Pdditonainebsen®f CBMA techmigeesr pammiph ke specialhprohlemulof ther

exanple, if an,_ | i I IS transmited .over a Ltip channel
each pul se of {e#ggﬁ?cg}agg%i tg(si}eroeﬂﬁog? %ﬂ"&auﬁgﬁgr‘]}ﬂ Weﬁgscﬁtgcr}ﬁio? 1“&1 h,
phase than ot hek. fadfigi While Bldb eLploititg th@advaRaged kRS channel , the

mul tipath is created by reflection of the signal fromobstacles in the
environnent such aslh aovirdgssnporomuhication system; acégnal caays trawsh ievaralogistinct
pecordl DOLY: ! pophgdtion Patns I N Srophsa i Bthdin ¥ad Sbdlhs i/ tentbid infs. PAnE 2

multipath signal generated by the characteristics of the wireless channel presents a
challenge to the communication system. One characteristic of a multipath channel is
20 the time spread introduced in a signal that is transmitted through the channel. For
- | -e-xampic, if an ideal impulse is transmitted over a multipath channel, the received
signal appears as a stream of pulses. Another characteristic of the multipath channel
is that each path through the channel may cause a different attenuation factor. For
example, if an ideal impulse is transmitted over a multipath channel, each pulse of
25 the received stream of pulses generally has a different signal strength than other
received pulses. Yet another characteristic of the multipath channel is that each path
through the channel may cause a different phase on the signal. For example, if an
ideal impulse is transmitted over a multipath channel, each pulse of the received

stream of pulses generally has a different phase than other received pulses.
30 In the wireless channel, the multipath is created by reflection of the signal
from obstacles in the environment such as, for exémplc, buildings, trees, cars, and

people. Accordingly, the wireless channel is generally a time varying multipath



WO 01/ 76088 PCT/ US01/ 10464 3 channel due to the relative rmtion.ﬁm
structures that create the nultipath. For exanple, if an ideal ‘i I Q—f S
transmtted over the tinme varying nmultipath channel, the received stream
of pul seswOHafieN88 in ti me del ay, attenuation, and phase aPCxUsmneiGson of
the tinme that the ideal inpulse is transmtted. 5 The nultipath
characteristics of a channel can affect the signal received by the renote
unit and result in, anong other things, faaing of the signal. Fading is
the result of the phasing characteristics of the nultipath channel. A
fade occurs whdwnnehgueitp 1he, relatiteomotignl ¢f dbe strurterey ghay createcthdi myltipathe déirv ed

i | that i I ' | i tude th ith i ndi vi dual t F
cxanpl e i a SPADREE SepaRatel Sa DN Ao AR T aePRIE R bRl
havi t t r&&?\? tRant i par]rga #=1rH | : B,
aa;/: Prg d\gloasaotp é8 W teﬁéa phaggﬁglﬁ??% 0 %;?Q}%F?ﬁ%{?ﬁdgﬁgat{%g%ég?gﬁr épgt h

has an att enuduncionf afahenmefthas thifideal itnpuisedetransmifted with a phase shift of
e +rt 5adi ans, nq_signal is received at the output of the channel

because ?he two si gk Bwlupgth charaiengtios ob e ¢hanrel an afippidbs signaheeseived Micel

h her . ' hll f f. .
per formance of ha T aarat s feslif. dorh SRUAHASHAE R VAT, BRihER: e

" systemis optirshudesk fherphesing ahiratteisticd dfithé infakiPath eRarineDNAEfabie of&irs when
exanpl e, "the forward link and reverse link signals are nodulated wth a

- hi gh frequencynpéipathioyssiose addndestructineh ovielding Preqeied| signabthat] isowpallendn

acei ved 20 PRI e b PRSI veliOf BRI BraBEE 4 Re Vg 3 Bolbrinta
recei velg eachhrbugl !iﬁulld?:hhicﬂarﬁlcl B&ling®twé pams wheiel thé fifh BMINHaS af Aflefftion
assigned to an individual nmultipath instance of a signal. The denodul at ed

out puts of thdactenotiXl dB,i otimeldalaynefsd avith a ipbasecshifbofiéd radiensyend e secand
conbi ned signal. Thus, all of the tipath signal_jinstances t fade

t oget her bef oP@thhas @@Hﬁ?%&@?@%&ﬂbﬁﬁ%é@%ﬂ%@&ﬁkﬁé@w g'gﬁ ch&+mn
conmuni cati on .on i ' s(%fqp e oS each
of the nulti plrgaé asge%s ??Bsn%célp%sh%ﬁ#:&%y%i 0 9?@‘#%?6%\” ngczgé&%é a;]s, PN
sequence. Eaclbeingsqualtaniplinidd andupposite pliase,@ahed] esdhgnhdr. Thixs dhding niayHavé r om
nei ghbori ng base stations so that the signals can be distinguished from
one anolher atd sevée negavye effgetian thepedogmance ofa wingiess eoramupigatien sysiem- nay

receive a variety LWaqt 3 | . ] tio lh,ng a

copy of the PN seq(&{er@eMgr‘bu %e@%@sgsﬁocé{ww&‘%ﬁﬁ?%@@h@ ;g?ﬂull r'e PN

space can be efvireiinéntdFoi BfanisleDthe forwdrd livkiang reéverseImR sigifdds are modulated
with a high frequency pseudonoise (PN) sequence. The PN modulation allows the

many different multipath instances of the same signal to be separately received

20 .. through the use of a “rake” receiver design. In a rake receiver, each element within a
set of demodulation elements can be assigned to an individual multipath instance of
a signal. The demodulated outputs of the demodulation elements are then combined
10 generate a combined signal. Thus, all of the multipath signal instances must fade
together before the combined signal experiences a deep fade.

25 In a communication system based on the industry standard for CDMA, 1S-95,
each of the multiple base stations transmits a pilot signal having a common PN
sequence. Each base station transmits the pilot signal offset in time from
neighboring base stations so that the signals can be distinguished from one another at
the remote unit. At any given time, the remote unit may receive a variety of pilot

- 30 signals from multiple base stations. Using a copy of the PN sequence produced by a

local PN generator, the entire PN space can be searched by the remote unit. Using



WO 01/ 76088 PCT/ USOL/ 10464 4 the search results, the controller

di stinguishes pilot signals fromnultiple base stations based ozn7 tsﬁ%mﬂ{' e
offset. In the renmote unit, a controller is used to assign_denodul ation

el enents WP PHB88,\ a1 abl e nul tipath signal instances. A sRGFURVIGtHNe s
used to provide data to the 5 controller concerning the nultipath
conponents of the received signal. The search engi ne neasures the arrival
time and anplitude of the nultipath conponents of a pilot signal

transmtted by the base stations. The effect. of the nultipath enyironnent
on the pilot sitngrandesi Il Souralitn@yfghishes Pl Henas dimomolals Base
station is ver ¥atiohdbisdld oR Sfedim&otft®. Si gnals travel through the sane
channel at the sanme tinme. 10 Therefore, determining the nultipath

envi ronment ' s af f ectln the iefmetepinitoa contgpiler isalskd wsassigh demodalaton elemientsas ghegn

denodul ation el enents to. the _g‘%&a channel multipath signal i ngéances. The
search engi ne @¥uEDl MEipsRcsignal anstances: cAPERISR FPENG S US5d 19 Proyide dyda 10 the of
base statd ons i %i mlé 0, r [ ' tRro a

sequencets 15 of H%%‘%‘geﬁ?' Pg %'Ffé“el gg‘nﬁiﬁgéeog’gﬂ{rgiozé%/ﬁgag%&e?i gl()f %%&%hl ot

si gnal recei vedngihe @abureé theharipgalt @t iaad afplivideseft the nililGpahdontonéts of a
eval uates the energy associated wwth a potential offset, and, if it
exceeds a t hr epHel signad yensmitied by, therhase siaensuTheieHactf diramultipath envirenment

offset. A neth nd. arat u f. denpdul at | on el enen signnent based
on sear cher engﬁﬁe P’é@%ﬁ@afé"d;ﬁhgcqagas%%#Ha{'flgl.mﬁ’g? EntPRgen h%&g‘g‘?’f@gs very
entitled 20 DEMEL e ki SN MR BSUANHEDEh tle/\sBXSTRMOABATM s time.
RECEI VI NG MULTI PLE SI GNALS, (the " 165 ‘gatent) assi %ned to the assignee of

t he pred@nt i nTberefaye, demirgining thesnoliipathrenzicompentisyatfegt ewtheqilotsignalpdliodys
signal instances of  a.single Il ot si.gn fro base statjon,arriving at
2 Pomote an 1t B nyBnet @heien RemPliuBh ol femengTotha B8 ool Bl fighd
deci bel s (dB). jnEh@céori zontal axis represents the delay in the arrival
time of a signal instance due to nultipath delays. The axis (not shown)
going into the pag@he egarcsengine detemminemthe ghultipath cofpoherds ofittie pijoit lsignals

th I f th h l.ved at th te. unit
time but has bECHAESHHCHS i B8 PREgIt! fecemore ynbhy sfarching Prolehh seaprise

Each si ggal Spbﬁé‘o@ﬁﬁﬁi’m@ﬁs&{ﬁ%%uﬂné%e@&f@ﬁ?%e gi%tmﬁaﬂréc@ﬁ&&apea%h

exhibits a different tine delay, a difféerent a Itude, and a different

phase responseof theepaéntiatl PN effsets. The wahtralferleysluatep thesenvrgyd adsocigieid keith 22-
27 are represenlall MRt Shd: i1t excents 4 tRehold 2seigng 3 sghal ddmoddiation elcthar
to that offset. A method and apparatus of demodulation element assignment based
on searcher energy levels is disclosed in U.S. Patent No. 5,490,165 entitled
20  DEMODULATION ELEMENT ASSIGNMENT IN A SYSTEM CAPABLE OF
RECEIVING MULTIPLE SIGNALS, (the ‘165 patent) assigned to the assignee of
the present invention.
Figure 2 shows an exemplifying set of multipath signal instances of a single
pilot signal from a base station arriving at a remote vunit. The vertical axis represents
25 the power received in decibels (dB). The horizontal axis represents the delay in the
- arrival time of a signal instance due to multipath delays. The axis (not shown) going
into the page represents a segment of time. Each signal spike in the common plane
of the page has arrived at the remote unit at a common time but has been transmitted
by the base station at a different time. Each signal spike 22-27 has traveled a
- 30 different path and therefore exhibits a different time delay, a different amplitude, and
a different phase response. The six different signal spikes represented by spikes 22-

27 are representative of a severe multipath environment. A typical urban



2 7 SEP 2004 WO 01/76088 PCT/USQ /10464 5 environnent produces ZI}@ é
usabl e paths. The noise floor of the systemis represented by t \gg gﬂﬂg
and di ps having | ower energy levels. The task of the search engine is to
i denti fy WiO@1deds8y, as neasured by the horizontal axis, artTURhiadisde, as
measured by the vertical axis, of signal spikes 22- 27 for potenti al
denodul ation 5 el enent assignnment. Note, gs shown in Figure 2, each of
the nultipath peaks varies in anplitude as a function of tinme as shown by
t he uneven ridge of each nmultipath-peak. In the Ilimted tine shown, there
are no maj or cHEHGBEENh profuces, fewerapsabire Prihs. OJde »EIsRH floor oft hadsxstam rie

range, multip ' r t S, tl 10
progresses. M CE ﬁ%%?‘ﬁg ng\% z)ggfr& :Jqd?dégﬁ @“%&D@e"‘@%ﬁ?@b@ ﬁgr %87 %Blf ﬁt H\%r‘?FHCQ

wi de peak oveéngﬁm.:o‘{daati?amwelaym RBRLRHIBYNhO horidtAtal QR CahdeRIPINEdd, Sis
overseen by a controller. The controller commands the search engine'to
step through ameasurest byrheovértical saxis, off signali spikes 23- 27 ferapatential dgmodutalion i s
likely tp contgin one .or nore nultipath signal peaks 15 suitable for

assi gnnent to QCAENARIBAFYn el enent. For each offset, the search engine

h Nbtef f if
reports the energy Ntef Qé_J&ﬁ.'mg: 1‘&)131%%%1@%'&&00&:}\@ n‘flﬂﬁfoaﬁﬁ?&ﬂ{s aﬁ@ﬂﬁﬂ%?@t{ugg by

_elenents may then be assigne e controller tot pa'.tvhs |
t he search eragiafnctior of tilme asishowg byahe nsevea ridgetdfeach Miltipatepesrkoria the

aligned with the tim ng, of he identified path)., Once denodul ati on
. el enent has | JHRBE& BWF%“‘P%‘ G675 AR ne major HWSQB"E‘PEEWE“RG%EP"%{ R veha mage own
W t hout contr 1S4 Qlmiti i - i
dermaul at i on o Sssf PR gt doliiph! peaks Fishilie RE Sy BARY an?Erchialy s dyg
noted abdve, eaofreksese Muldpathipeaks aredikebntogmerpeapgethiet| ordlarintes a aside paskl a
sequence of fset of a conmmon PN pil ot sequence. For exanple, according to
| S-95, a PN $®§UHA¥e having 215 chips (i.e., one bit in the PN sequence)

STationin the oyst LS A ofbationt GPAR et Bleing's b BRBHH 4y £EonbIERCTnd 20
si gnal . Accor diongollér dothrdnds tisy’ sdaranengireaolstepethraighta sen6f PNNGfisetsa kdfirred

transmt the pilot signal which can _be used by the renote unit to
i dentify the BA28 astearchayindew.jbay isJikebt tocqontaih ene o mores multinath signalpeaky| e,

e R W T i
During initi alenpinecreports ther enenyy ot fodind Soffsdfbacin taviles cotfolled MIDEmMbdlatidiAS
| ost elements may then be assigned by the controller to the paths identified by the search
engine (i.e. the timing reference of their PN generators is aligned with the timing of
- the identified path). Once a demodulation element has locked onto the signal, it then
20 . tracks that path on its own without controller supervision, until the path fades away
or until the demodulation element is assigned to another path by the controller.
As noted above, each base station in a given geographical area is assigned a
sequence offset of a common PN pilot sequence. For example, according to IS-95, a
PN sequence having 2! chips (i.e., one bit in the PN sequence) and repeating every
25 26.66 milliseconds (ms) is transmitted by each base station in the system at one of
512 PN sequence offsets as a pilot signal. According to IS-95 operation, the base
stations continually transmit the pilot signal which can be used by the remote unit to
identify the base station as well as other functions, such as for example, determining
the multipath environment the remote unit is operating in and synchronization of
- 30 remote unit timing to the base station timing.

During initial power on, or any other situation when the remote unit has lost

a pilot signal such as when performing a hard hand-off to a different operating



a pilot signal such as when perform ng a hard hand-off to a diff '765[EtP !
operating 2 7 SEP 2004 WO 01/76088 PCT/USO h0464 6 frequency, the er@ﬂe
unit evaluates all possible PN offsets of the pilot PN sequence.

Typi cal | y WQOEEABEh engi ne neasures the pilot signal stren§CH/UH01/3p4

possi ble PN offsets, proceeding at a neasurenent rate that produces an
accurate nmeasure of the pilot signal presgnt at the corresponding offset.
Proceeding in this manner, the 5 search engi ne determ nes the PN of fset of
base stations | r i . I e | 1. hin
cach PN of st TeabeeSs e deRcte SR <Sphunks ol BRI PN GRS by TP Le0eRE.

mlliseconds tqypicaBY &eef0l engidbonedsites aRe thiRt GRAD Sirert R it talloPossitle!IPNY
acqui sition. Thi's anpbunt of tinme for the renbte unit to reacquire a pilot
signal is det r iofffsets aproceedinigeatiacmoasyrement rasp ¢has tprodvucesanl acauyatd eneasureyaf tbe t o
t he user of 10.the renote uni Fi gure extgnde.d ortion of PN

t . Sh
space on the h&ileL sigpa) P%ﬁllg_a‘fh% co %E@“‘gfol h? rageas B3 1AnBe &8 nt
transm ssj ons L oM ERERE dllehhifbS e P99 Bffsal G hadl Statibfs ngéﬁgﬁb%ﬂlly

from each base statlﬂé si gnal experiences a d‘???erent multip
envi ronnent . Alngar, theaeoteasst. SSedrchimg bach BN diffseeirethis Mnndricanttake angvilieee 15
PN reference 36. Thus, the controller nmay select a set of PN offsets

correspondi ng fios bndreds ofimillisgronds fo afey spcondsdepaeding pp the haneel copditions

This allows thq I . -unjt ' t i f
mul ti pl e base ?Péﬁ%@“ﬁyw&gﬁ‘ g‘ﬁnlgllr?gylll tﬁﬁgﬂgyiﬁ%ﬁ%ﬁ? staa%pr '%Fi £a?’ gP [y
In a typical CEighalGe defrifentd] tothe I$RbER Wi tlopeRAtion Udikdimaysioimdyingltb Yhe dker of

establ i shes bi-directional conmmunications with a base station. For
exanpl e,10a  cetheyemotaliephone renmins idle for significant periods of

time when no call i Z:i%? §Q$§£§§E%§t€€d@‘ﬁ%ﬁwj& Fﬁ%ﬁﬁc@ dntRk hﬁﬁyoﬂﬁsa?sgerhe

directed to a renot fenote unit conti nuou

moni tors the cerupdiofgeak30h3n AR 3avRPreskrit! warisinidsfons| fbif . thfe@! difRsFmD base
while idle, the remote unit nonitors the forward |ink channel 25 fromthe
base station t8tatiensechs shvanithegsigral fiom exphi bage statipn signal qxperiensss atdiderent
cel lular tel eplaner SRS | A1 I3HITa<B Witon' s SRRt PRECAHLETRAN the
necessary t o noni tor or stdgnals rom € base stations. ny renote

units ang port RN Rfckéite36C THULEHE GontdlleR Rndy defdch alsebétt PRIoffsels ol 19
per sonal conmuni catlonms%stem (PCS% handsets are al nost exclusively

bat t er y- power et sereh windowsfor any of theaddentified: kaso stations. b\lhisoallows therremete

unit in idie Mg deo SaRSsly el Yighsis BnT SRudpi2 badPlifid by Sslghimy ©
demodulation elements appropriately.

In a typical CDMA communication system, remote units sporadically

20 f:_stab]ishes bi-directional communications with a base station. For example, a

cellular telephone remains idle for significant periods of time when no call is in

process. However, to ensure that any message directed to a remote unit is received,

the remote unit continuously monitors the communication channel even while it is

idle. For example, while idle, the remote unit monitors the forward link channel

25 from the base station to detect incoming calls. During such idle periods, the cellular

telephone continues to consume power to sustain the elements necessary to monitor

for signals from the base stations. Many remote units are portable and are powered

by an internal battery. For example, personal communication system (PCS) handsets

are almost exclusively battery-powered. The consumption of battery resources by

- 30 the remote unit in idle mode decreases the battery resources available to the remote

unit when a call is placed or received. Therefore, it is desirable to minimize power

consurmnption in a remote unit in the idle state and thereby increase battery life.



unit when a call is placed or received. Therefore, it is desi raglnﬁ tﬁ
mnimze power consunption in a renote unit in the idle state S @ﬂ’eby
i ncrease battery life. 2 7 SEP 2004 WO 01/ 76088 PCT/ USCOLl/ 10464 7 One neans
of reduci W@ mgsas8e unit power consunption in a comuni cat iFIT/USINASN | S
disclosed in U S. Patent No. 5,392,287, entitled APPARATUS AND METHOD FOR
REDUCI NG PONER CONSUMPTION I N A MOBI LE CO)/IVUNI CATI ON RECEI VER (the " 287
patent), assigned to the assignee of the 5 present invention and hereby

i ncorporated inits entiretT\;f hgrei n by reference. In the 287 patent, a
techni que for reduc?RGMsaNEP! EENLMEFRTYR Unit POWEE (EPSUMAtiop ip 3cPEMuRICation an

idle node (i. { & keChb.i L 0: 0y - i ’r?]%a' I
comuni cat i Ones\k;lstén{ gﬁggsgleogéq té]% Yt%rsl) rlbiats‘ﬁgjimg%l %gg%.g?ﬂné@ﬁﬁae,ﬂg%ﬁhr em)faemani t
periodi cal |l y eMEIHORBN FORt REDUGING e POWERy GONSUMPTIONPINESAt MOBILE

recei ves 10 nessaaes on a forward |ink communi cation channel. In the tine

peri od betweerCO SATIOBRCREGEIVER (the, 2B pateahpassignad to thetassigneerof the

ti " state. ' t L ti t at the b
statton foes rrsenbityein HELaGERDNFotPialedin BEHNG 1R By riBtast” T ey
send nessages g7 Ph@ﬁar, a't&Fldbe Y0# feButifig pBReBYsisBAptibALn a #rfotk Bnft Bebihy Ve

_state. 15 As disclosed in the "287 patent, a base station broadcast
messages whi chnaran idiecmioded(ily aardmotenuntit which sis\wathéngagéd ibdsalimtaonabn
coverage area on a " ing. . channel ." All.idle reppote units within the

base atati on COERRERBRLHOR PRSI isyAREIoE ) e g arngiec RBnel
i's divided in deh8dichifP efteFeunl GRuVE! Qrfle duPR | HRHS itS plep ey Qh ardll RlcEiveach

renote unit operating in slotted node nonitors ,20 only specific slots

whi ch h¥fe beanesasges gmeal forvvard liak caotmuwncatimasihgneel) Bil the SimeT periodobetiveegn

channel conti nual I% transmts ssages i n_nunbered sl ots,, repeghbnggt he
sl ot sequenc&UCESUNE FEUYS S1AlER o R EFIDQIG JINE @DEErssiny ¢ dacliyfo stale, cHpHag (fhe ¢
enters the CQURLROEMIAL GRactive 3t Sthe Hadll s@Hon Yoed fof s&ﬁmaﬁngwages' f that
initially powered on, It comunicates its presence to a preferred base
station. Typi cednbte urlire ajphafghrit sy lserabm2&sagésatioi ather emolecudide thed sysieanthabi ch
has the strong}g@t I 1ot signal as nmeasured by the renote unit. The
preferred bas&™sW4ps gfive g with a plurality of geographically near

nei ghboj4 ng base St@stdig’aﬁsed%%ﬁt?‘ﬁsi?fpﬂem,’a@se@taﬁl)Hrb%ddE%t HesSbO! $hiciakdi N
their respective paging channels, for the renote unit to nonftor. The
base station uwsmivedhisy allatmotenunits within the base station coverage area on a “paging

channel.” All idle remote units within the base station coverage area monitor the
paging channel. The paging channel is divided in the time dimension into a
continuous stream of “slots.” Each remote unit operating in slotted mode monitors

20  only specific slots which have been assigned to it as active (assigned) slots. The
paging channel continually transmits messages in numbered slots, repeating the slot
sequence, such as for example, every 640 slots. When a remote unit enters the
coverage area of a base station, or if a remote unit is initially powered on, it
communicates its presence to a preferred base station. Typically the preferred base

25 station is the base station which has the strongest pilot signal as measured by the
remote unit.

The preferred base station, along with a plurality of geographically near
neighboring base stations, assign a slot, or a plurality of slots, within their respective
paging channels, for the remote unit to monitor. The base station uses the slots in

- 30 the paging channel to transmit cont:bl information to a remote unit, if necessary.
The remote unit may also monitor a timing signal from the preferred base station

allowing the remote unit to align, in the time dimension, to the base station slot



30 the paging channel to transmt control information to a rerrotfn7tgygtmmif
necessary. The renpte unit may also nonitor a timng signal fromt
preferred base station allowing the renote unit to align, in the tine

di mensi onWQ 8114088 hase station slot 2 7 SEP 7006 WO 01/ 76088T/US01/10464

PCTI1 US01110464 8 timng. By aligning in the tinme dinension to the
preferred base station slot timng, the regote unit can determ ne when a
pagi ng channel sl ot sequence begins. Thus, knowi ng when the paging
channel slot s C ' WAL 6 : : | f I i 1or,
t he total nunbgfrmg?' ;ﬁ)gflgnli}% lt"h@%@bié‘?‘%lﬁﬁ}gﬁ g%gl gr cﬁ%rj\r?g{e %&etgot?eér?\%t(ramg 5
slots, and t he thefdniste ahiteanhlesrmine when 4 paging chrie] sldt sdfjuendetbegriser Thuse
when its assi?‘\r;ygd.slots occur. Generally, the renpte unit is in the

i nactive st at e knawing when thepagingshamel slgt sequenssrheginsnyhish stotearp agsigned for

el o T i B P58 alibel 8058 f Sl b BRI S
si gnal s tg ansnigjdee hnldytht YRASET SdcAtsIRN the'RIMbt@iIvAitE abledto HetBinite WHenditdn
internal clock source. Additionally, while in the inactive state the
renote unit rra)nssigmd_vsdotspmmr fromselected circuitry, such as, for

o om0 et oot " LEReB I ot S S EUE B S B RS i,
engi ne. Using lfagsrhithifd Balhd gsgiﬂgchérhﬁ] {rCBisSwhith lard RANWithih the rérthéte uhm's
active state a short period Of tfnme before the next occurrence of an

assi gned sl ot. aWignedt seanWhilein the ihddivectate; dhs reabae unitedaee mot snonitot timing

applies power to cjircuitr hat nonitors the wireless channel, includi
the searlth engismfsmsg%é%hye%ibﬁ% Haion, JBRINtAInG, 3108 {TPIBE (B AL FUFD
base station Sclﬁck%ﬁ:uégggﬁddi%}ﬁllk,owﬂﬂé fif the GRARSE Stshé e emold drfit i3y répave!
whi ch may have occurre ue to the novenent of the renote unit 20" or to

t he novenent ofpowbs éohs seledtéd rirthieyc enchr &g éoraexanplé, ¢ifvaith adtdcls trmiton pilbn

addition to reacquiring the pilot signal, the renpte unit_nay perform any
other acti ons Signalspiransgited, hyohase; ﬁg'ﬁﬂfﬁpté’r deteeh changes ag; e n%"&eﬁeﬁréaé'g at

the begi nning glepldige 1RSEhGRHHaileO Usi mn'téfﬁalré@tﬁ“g?thﬂ% ots%ﬁrt&néit&?w its
active state, | maygrecel ve ssages nits assli gne slots 1 n the
pagi ng cisannel acthvi stfte pahott pericdoftimel befbreahe hia deameeret af amassignkdslot.

exanple, the renote unit may be conmanded to activate a "traffic" channel
to establish a bi- dYRECHIMSHIE todhsartive stateo tha femets wnit appligs Peverto circuitry

subsequent Voi fifae :r}fot%ﬁg}égigégﬂc%@s Eflinh &S B Be Qi GRHM) IrHeAbhreh bhgihOR ©

IS no nmessage
used to reacquire the preferred base station’s pilot signal and to detect changes in the

wireless channel which may have occurred due to the movement of the remote unit
] 20 or 1o the movement of objects within the coverage area of the base station. In
addition to reacquiring the pilot signal, the remote unit may perform any other
actions or initializations in preparation of receiving a message at the beginning of its

assigned slot.
When the remote unit enters the active state, it may receive messages in its
25 assigned slots in the paging channel and respond to commands from the base station.
For example, the remote unit may be comrnanded to activate a “traffic” channel to
establish a bi-directional communication link for conducting subsequent voice
communication in response to an incoming call. If there is no message from the base
station, or no command requesting the remote unit to remain active, at the end of the
- 30 assigned slot the remote unit retumns to the inactive state. In addition, the remote
unit retumns to the inactive state immediately if commanded to do so by the base

station.



station, or no command requesting the renote unit to remain actizg, Em}%he
end of the 30 assigned slot the renbte unit returns to the inact (§E e.
In addition, the renbte wunit returns to the inactive state imediately if
comandedWn01dw0880 by the base station. 2 7 SEP 2004 WO PQY/USA0A8164

PCT/ USOL/ 10464 9 During its assigned slot, the renote unit's search engine
nmeasures the pilot signal strengths of th% preferred base station as well
as the pilot signal strength of neighboring base stations. If the renote

unit relocates fro he coverage area of one base station to another,
nei ghbori ng base st ati"®¥ & *E‘?é‘ﬁg‘r'%glgt’éP%é‘?m?‘ﬁémPénﬁ“é:thLﬁﬂgi“egnFPéB@§ thepilot

"hand-of f" to N&iel) Iy {1l : e e
transmtted pi F%{ﬂa]m gn Qsdtfﬁgengtﬁ%&(ﬁ% 'ggsﬁg%‘ﬁ ﬁ%@gg Q‘fgﬁﬁgﬁﬁgéﬁ(}gﬁg of
sufficiently akighboeig baiestatibwes. Jf dleaemert Umitsrelosates from th¥beverigt ave 6o HeS |
t he nei ghbori ng base station is assigned as the preferred base station.
Fol | owi ng a haRaseostation tp apptheTcngighbosing hase stafien’st gpveragenares, dhe remaeiunsr s

t he pagi Rg channe fu e - stati,on,t@. receiv
nmessages r'}’an dc Bf‘ﬁ‘di ntgs .htaﬂtltﬁ'ogﬁg? 'F'Iq eohg%&&ﬂgst? agf ﬁégag‘t 2& #8?"'8@1 &P n‘f’ﬁ"{j’_ Wen
a_hand-of fShophfksriied!Ipilot SENAE B@Eng of NEndIBREG 538 PR BicOed RufficRingt
signal allow the renpote unit to nake adjustnents to conpensate for

" changes in t hesmenget panhthe prefenednbase statgon. e ¥Wihgn this otdursyrihe meighbering base

| tipath si | .inst Kk t h . nt t it bl th
15 remote unit CHEGH ToRSEnah S DoEreReR oo Rahh: ECTwine A A ARAfS AR he

nom nal PN of f 3QveQitatd,\Re REROE UnRdnSf&Rs Riedd lgﬂig Gan¥&|df tAS néw pREEPEN BAseNg
set of base stations, typically, the control Fer passes a set gf search

paranet dls to sttorswaecdivemgisagessindeofymangs.PN of f sets at whi ch nul tipath
onpi et i on of the oiafadifon RO ineEiiEh fa ichminiag bt arhand ol BSasH.s
to the control LGtched 3¢ u{&@rem}ehesas@@a{w@?ifoh@ignﬁleﬂw;Hcex%matéum?o%?Jk cts
a set of search paraneters for the next search.” Followng selection o

t he new sear chaqjastmeptsao sompensatediot clanges inthe smidtipdtle epvircomener Bort exatripée,

search engine gnd the search process is repeated. This process is repeated
until the rentita@eiithe BWE%B’“HB%{ dngtances %kq“ﬁé‘?:f]}ev@‘l“g‘lhé"éﬂ%l‘t‘@satﬂs' ‘Sﬁe

to the ljkmte 1 gkt ﬁ,\é‘gﬁﬁgbﬁdgﬁmﬁf%wcgéagm 5‘%_0}‘53%2]& rable to decrease

the tinme required to conplete™a searc any 1 ndi Vi base station's
pil ot signal. By dKnoeam thg riolenili Pie offsepuof e prefermd baselistatidniab wedlasch,
more searches rrlrgil%/hb%%ng set of base stations, typically, the controller passes a set of search
parameters to the search engine specifying PN offsets at which multipath signal

instances of pilot signals are likely to be found. At the completion of the search, the

20 search engine passes the search results to the controller. The controller analyzes the

search results and selects a set of search parameters for the next search. Following

selection of the new search parameters, the controller passes the parameters to the

search engine and the search process is repeated. This process is repeated until the

remote unit once agatn enters the inactive idle state.

25 Due to the limited period available for searching, it is desirable to decrease

the time required to complete a search of any individual base station’s pilot signal.

By decreasing the time required for an individual search, more searches may be

performed in a given period. Increasing the number of base stations searched

provides a more robust wireless communication system, improving the remote unit’s

- 30 ability to monitor the multipath environment and to better determine when 2 handoff

should occur.



performed in a given period. Increasing the nunber of base stati dnbSEP 200
searched provides a nore robust w reless conmunication system I nproving
the renote unit's 30 ability to nonitor the nmultipath environnent and to
better detPH/H98%hen a handoff should occur. 2 7 SEP 2002CTNSOU10486088
PCT/ USOL1/ 10464 10 Therefore, there is a need in the art for a nmethod and
apparatus to decrease the tine required tgocorrpl ete a search of base

station signals. Summary of the Invention The invention addresses these

d oth ds b i . hod i t i t
Gynan cal Iy ad; ust s 1TALiSls e, WY hedt AR af5E 8 ualfied Fadiafoarates indease
base stations. :H@ﬁmmiﬁdwbémﬁmwge&mhhﬁbﬁgezs@m% sigaortion  of PN

space searched in response to characteristics of a signhal transmtted by a
first base station and received by the renote unit. 10 In one aspect of

the invention, the strength of a si,gnal transmitted by a first base
station is measured at the renote éﬁﬂw&héi;‘—‘f%ﬂf—‘%n increase in the
strength of the sigRalinlaficnad & by | s |

nearer to the base stattino%hfij an ésgcfg%lféeé;%ed IS{?}EQ};&%H;' E”sk’?%’%gﬁg a?%ilegrg%{
that the renot enaihed wherejeagreaphe waitl dynafmivallipeddjisto thet portioassf tHeaPNOspacel he

renote unit receives the signal transmtted by the 15 base station and
synchroni zes i t%arFksd:for signalf gf baserstatiops Thesamate unijjadinsisthe pige of thefportien

signal. Al ba ' . | . t the PN of e.g.
del ays) Dbet we?ﬁpgg;r?g‘?s raeﬁslﬁnsc%?gﬁd&g?zcﬁ%g&\g/g%t&gfg absz é‘é‘?‘ﬁ{'ﬁ’m b&@n@ﬂw
aligned with réoagestitiontahdeeceivddyhbe remdtelGniti f the renote unit receives a
strong signal fromthe first base station, there is a high probability

the renot® unit is deene amsral thy inveapon.be sgengil of gisigriabransmittad b tai fonst

because the re t. t1.m ' roni,z with the first. base
station, it is%ﬁt e.nyls ﬁ’ﬁg%‘ng‘?]ﬁ%%%ﬁm%a"s?%}?&f‘%a@e‘“g% lBr{'th nngof
recei ved earli eie digndl intcddsdhat the rem6te dinitie gbtaphié IR MdahRe tb itheSbasP A&ion
station. Therefore, if the renote unit recéives a strong signal fromthe
first base stafRhga, degresss in signphsigmpticindicatesithat td remotes unig is @gogrphicaltjow,

used to searchgfor si s transm tt.ed 25 by .a second base, stati.on be
decreased in tﬁaer&_ | ?ﬁggﬁﬁgﬁaﬁ%@%&oﬁ.n ot %“?%ﬂf'?% ,‘“3"!’]_ "?’Eﬁ%{’%it
recei vesjsa weakaseisgitioh ahd eychbshizes i lodaREMirfy Bithurlib afrfvin® multigatiéBhat
probability that the renote unit is geographically far fromthe base
station, and Sigeale Adl basei sjations| ak ciyn¢tuonizechao thatethgy PN offisets §eg.omdlaysise
station may be

between signals transmitted by the various base stations remain aligned with respect

to one another. Thus, if the remote unit receives a strong signal from the first

base station, there is a high probability the remote unit is geographically near the

20 base station. In addition, because the remote unit timing is synchronized with the
first base station, it is unlikely that energy from a second base station will be
received earlier in time than the energy received from the first base station.
Therefore, if the remote unit receives a strong signal from the first base station, a set
of PN offsets, referred to as a search window, used to search for signals transmitted

25 by a second base station, may be decreased in the direction ahead in time. In
contrast, if the remote unit receives a weak signal from the first base station, there is
a higher probability that the remote unit is geographically far from the base station,
and there is a higher likelihood that energy from a second base station may be
received nearer in time to the energy received from the first base station. Thus, a

30 correspondingly larger search window, increased in the direction ahead in time, may
be selected.



received nearer in time to the energy received fromthe first bas

station. Thus, a 30 correspondingly |arger search w ndow, increasg(; $Frmtﬂw'e
direction ahead in tine, nmay be selected. 2 7 SEP 2004 WD 01176088

PCTI USO1/ wWoa#6®88 | n anot her aspect, the search w ndow si ZRCBESEANED | N
response to the received signal strength may be used for a subset of the
searches- A default search w ndow size, Slgll ected by a base station and
comuni cated to the renote unit, may be used for the renaining searches.

For exanple, the search w ndow size conmunicated to 5.the renpte unif{ y
b uesd Buri ng 4 ool apter Bett MesCuER ARde SizE seleClod inreSparss gihe rogeived

decreased searg d{“sﬂgl‘i’%’ﬁ: el thYa ttSLlﬂfse{ Gf‘ﬁfeesehﬁf&h&s. : g%?ﬁto#%gcﬂ Wingbwo

the remaining out o earches. It 1s contenplate

conbi nati ons odize, selectet &y dlsasa Gtatioh faad icomnaamcatdd wi the cemaiezrit, iy used
performed by the renmote unit. In another affgect, the first base station is
a preferred bafos the wmayHng ssachene Fon examplethe iseareh swindaw size sommpmigated toy

f nei ghporing,b tation. it t j.gnal s .t i tted by th
pase” stas ons R demeR iRy bé e e op giFs B30 br o' PRl 0o yRort "
anot her aspectp debRaSidSicanhowabwe edledt&® by ithé rerid@cunit, dyope a5t ddifhg the

renote unit is estimated based on, such as for exanple, the { obal
" Positioning Sgswrinmng dPeHt of Sosdasgheknolinis pesniternplatedgthaly sthemscontiénationsafde
i nformation 15 sufficient. ta determ’nggthe di st%gce. The, ,renpte uynit, may

Cuse this di st AREENCY HE HEENBRSGAFR KIRIQH SiAcS mAYDE Petiomed Byt G EmRiG Gt e
Brief Description of ifdfhePagicliGhe TRQ Ba8aktation is A0prefeed Vade SEMER L RAOe Of

the present invention will beconme 20 nore apparent fromthe detailed
descri pf@on sesecdral base brationisvipinrainpkefmeighbotog basecstatom. vin additibe, the signalgs

in which |ike references. characters igdentif correspondi.ngl y_t hroughout,
bnd whor e - FASReH Bahe, bise Sraean e measursiiy B AR Wit S PYEt e rodem
Wi rel ess conmuni cag,l L HiliShee b ' .
exenplifying set o%nﬁt@éﬁgﬁﬁ%ﬁgltﬁ? nst ar%elgéwg?]ggﬁg?r%% g%‘allaﬁfapgn%hg

si ngl e base stramotenumit ris \estitgated basedeomt suchnad forFexpmple,3thiesGlobgr Bptitishiogi ng
an exenplifying set of nultiple signal ipstances of pilot signals from
mul tipl e base D&M O(%'?S_Qr?‘i \H%Wﬁ _g‘foqﬂ‘ rm‘%is_ﬁ@‘eﬁﬁg@'ﬂb proyide ginformation
represeps ati Ve, Hadhafy dbleHRint dthe "Gstah&. L TP i8R [hi? by Gse this distance

information in the selection of a search window size.

Brief Description of the Drawings

The features, objects and advantages of the present invention will become
20  more apparent from the detailed description set forth below when taken in
conjunction with the drawings in which like references characters identify
correspondingly throughout, and wherein:
Figure 1 is a representative diagram showing a typical modern wireless
communication system.
25 Figure 2 is a graph showing an exemplifying set of mulitiple signal instances
of a pi-Iot signal from a single base station arriving at a remote unit.
Figure 3 is a graph showing an exemplifying set of multiple signal instances
of pilot signals from multiple base stations arriving at a remote unit.
Figure 4 is a representative diagram illustrating the transition from the
- 30 inactive state to the active state at the assigned slot of a remote unit in a slotted mode
communication system.

Figure 5 is a block diagram of an embodiment of a remote unit.



30 inactive state to the active state at the assigned slot of a rigpg
unit in a slotted node comrunication system Figure 5 is a bl ock4di @?@Wu
of an enbodi nent of a renote unit. 2 7 SEP 2694 WO 01/ 76088 PCTI USOL/ 10464
12 Fi gur e 9476888 epresent ati ve diagramillustrating two bBEBUSHENHEH
coverage areas and a renote unit. Figure 7 is a graph show ng
exenplifying pilot signals fromthe two ba stations illustrated in
Figure 6 arriving at a renote unit. 5 Figure 7A is a graph showi ng an

expanded view of thes:nilQt. si . . tion as recejved
by the renote unit. B g"!t:Jr%els'Sd %%cﬁ{ag&vpc ﬁﬁﬁﬁﬁggﬁﬁgt@h}aﬁ Eﬁaﬁan SPYERR®
nei ghbori ng bagfashid & ¥moteaaitch w ndow. 10 Detail ed Description of the

I nvention Figure 4 is a representative diagramillustrating the transition
fromthe inactive &igure 7ti a praphchpwingsexemeplifying ipilob signals dibrs Ithe twé base
renote unit in _a.slotted npde. co ni cation system An upper potion 41
represents a c8APP '“S%%@@%%F&'@“mfe #Mw in time fromleft to
right. Tke | ower poigd 2l ; ' N

transiti rgﬁ bet ween ?c%gﬁaﬁd@l ﬁggﬁ%ﬁ;}@?gggp@?@g@nﬁy #{t s?ﬁuagof the

sl otted node csenondbasetstanionsag s¢oeiveidrbwihe odmate ahit5 i s an assigned slot. The
time scale for the_| ower porf{ion has_been, expanded so that the transition
can be shown in noFEWRB84s 1 11pW chart illustrating s1giag |06 iBe nsighboring basecytation
Figure 4 shows 4.0 &ifBs! tion froman 20 inactive state 40 to an active
state 42. In the active state 42, the renote unit nonitors the base
station signal during at |east a portion of slot 5. Prior to the start of
slot 5, . the renote unit transits fromthe inactive state 40 to the active
state 430 hrough a transiti onitased De B SRE INMeNI0OAhove, in the

I nactive state 40, e [ L i 1 1 72* kLol o] e
reduci ng power consﬁ%&cgnga%d&é%sen%ﬁ%%dﬁ%ﬁr@%ﬁpgpﬁo@fﬁ@gréﬁﬁ gm
unit. For exaninaetivensateto mectice staeay di¢ dsigned et of aaembteanitiing sictied infiet he

i nactive state 40. During the transition state 44, power is reapplied to
the sel ected cfIEMPMCHIYYsYsieH ARMPPEr Rtion 41pppressptsnprantinpal sequense af dats
engi ne i s unpo : lj e I n Ltio a 4. The
urati on of ¢ nerieponeRfim e (o Heny {rh Jpble? Boiohoff Rehbsinitevent

15 occurring during a transition between active and inactive states of a remote unit in a

" ofd

slotted mode communication system in which slot 5 is an assigned slot. The time
scale for the lower portion has been expanded so that the transition can be shown in
more detail.

In particular, the lower portion 43 of Figure 4 shows the transition from an

20 inactive state 40 to an active state 42. In the active state 42, the remote unit monitors
the base station signal during at least a portion of slot 5. Prior to the start of slot 5,
the remote unit transits from the inactive state 40 to the active state 42 through a
transition state 44. As described above, in the inactive state 40, selected circuitry in
the remote unit is unpowered, reducing power consumption and extending battery

25 life of the remote unit. For example, power may be removed from the search engine
during the inactive state 40.

During the transition state 44, power is reapplied to the selected circuitry of
the remote unit. For example, if the search engine is unpowered, power is reapplied
in the transition state 44. The duration of the transition state 44 is sufficient to allow

30 the remote unit to power on circuits and initialize functions so that the remote unit is

functional, allowing it to perform searches at the end of the transition state 44.



30 the renpte unit to power on circuits and initialize functions so that
the renote unit is functional, allowing it to perform searches @t7 §gPeligind
of the transition state 44. 2 7 SEP 2004 WO 01/ 76088 PCT/ U501/ 10464 13

Fol | owi ngMhd/%6088nsi ti on state 44, the renote unit enters RERUSWIINKS St ate
42. The active state 42 is nade up of two parts: a preparation period 46
and an assigned slot period 48. During t preparation period 46, an
initial search is perforned reacquiring tHe pilot signal of the preferred

base station so thag the. reppte unit is repared to nonitor the paging
channel during the E&‘i‘?‘aﬁw&dggf‘fal‘s‘ﬁ%'} Fals %BI?hGI'& °t5§'§ﬁﬁﬂgﬁs Hlecﬁcnﬁ%ﬁgﬁu‘%B
begi ns at the b AHY 'dﬂﬁhrfsh ?‘i}%f‘% ; ' 4 t he
renote unit re{ggig\h/ggue%gggézisﬁtgﬂélfl%gpwpagi ngggh nnel ﬁ#éh??ﬂgﬁ%?g esF e
base station. HNonpexdd ¢8. aDutihg tleopreparatiom pefiod 1461 an Snitiah eatdds isgpaformieat

period 48 and the active state 42 term nate and the renote unit 10 enters
the inactive skasquiring thenpilptasagnal of the preterred hase statinn spdbatrthe ssmetapmitds of

the remgte unj t.ati e Lt. t.o,enter
the i nacei ve opispuelin 3R RE AT dRAR, P ab TERA T el TR, ¢
t he base statimjgﬁa@ﬂ@tp&m%@nstdnmet&gmaﬁ@ofgioﬂsessages during slot 5,
the base station nay conmand the renbte unit to remain in the assigned

" slot period 48 aftePuringtheoasgigned glat periodi48, Hiegemos: unibreseivescmessagesyon thpe
base station commands t renpte unit to enter the. ipactive state 0
 Soarchi ng ¢ er nEiBTR e e s S ot oo, Sl mall b Wk e of o
then be renpvedhé agidricdsIsigRIen 43NakMRe adtiv@Wifte 22i t8rmAnkte ARl (KE RS it
showing a portion of a renpte unit 50. A receiver 51 receives wreless
link sidfals. emersthecipastive ssate 400 duder fodurthesregedecthe pe@ergomsumption of the
down-conversion of the wr | i nk si gnal nd al so .provi des despreadi ng

el es .
'n 3 COMA cnvi FOIIRHHIL B bate Ffatgn my o3 e i e i nacpys state
receiver 51 wféﬁ&h@céﬁgleﬁ& Bf sl6i 51| AREmY NI SE Ble DabSstitibrRiahnotrtoripidt N9
to well-known wireless Ii1nk protocols, such as’ 1S-95, before data 1is
transm tted owvbe rtahsfervfraésssgesidurikg siot 5,ithe bliseisthtion intycomnsandithe repfotdbmic ks .

The bl ocks 25 are reaqrdered jn ti suc at_ the bl ock order |s non-tine
sequential as 1 EHER dnceotsiEen i pods 48 4k e FnRIERTLAl Ghe St S
transm i ng bid%@&g:ehﬁY,rtﬁé ShdeSGatidh Rtnmaridls thd RAYHE Snit 30 Infeh heRhRAGRE Sudtd
reordering the bloCks 1s referred to as deinterleaving. A deinterleaver

52 perforns t M. Sdanthing eamimatesfupos entering thednaktivetseate 46 \and poRer eanahercbe

sanples fromthe rgchi veL 51 and accunul ates a series of blocks data.
removed from the search engine.

Figure 5 is a block diagram showing a portion of a remote unit 50. A
receiver 51 receives wireless link signals. The receiver 51 provides for reception
20 and down-conversion of the wireless link signal and also provides despreading in a
CDMA environment, as well as other demodulation functions. The receiver 51

provides a series of digital values at its output.
According to well-known wireless link protocols, such as IS-95, before data
is transmitted over the wireless link, it is divided into a series of blocks. The blocks
25 are reordered in time such that the block order is non-time sequential as transmitted
over the wireless link. This method of transmitting blocks is referred to as
interleaving, and the process of reordering the blocks is referred to as deinterleaving.
A deinterleaver 52 performs the deinterleaving function. The deinterleaver 52
receives samples from the receiver 51 and accumulates a senies of blocks data.
- 30 When an entire set of blocks has been received, the deinterleaver 52 reorders the

blocks in time-sequential order and outputs them to a decoder 53.



30 Wien an entire set of blocks has been received, the deinterl ea\ﬁg EF?
reorders the blocks in tinme-sequential order and outputs themto SEP 2004
decoder 53* 2 7 SEP 2004 WO 01/ 76088 PCT/ US01/ 10464 14 |In one enbodi ment,
the decodef®8%7¢%88 5 convol utional decoder. One common for RCEUS01/10464
convol utional decoders is the Virterbi decoder. A Virterbi decoder
creates soft decision data based upon groupg of data. Wen the decoder
buffer contains sufficient data, the data is passed to a nessage parser
54. The nessage 5 pggs S tj.ons |l ecti f Rits
I n the nessage, corrpqﬁt ﬁ'ﬁl"g%é’ﬁ?‘@ﬁ'r%i ﬁ%ag%ﬂ;%gyicsl f‘]c""?@%@{n)‘aa c§’°°§’§5‘g ( )
or other error colends fogmaddenvohitiomabi®bdas iOthe (Ve dscder. | AtVinesdi datRiepal
format, copying the transfornmed nessage into a buffer, and placenent of

t he transf or nedreaessRf desision daigubased fuppn tgreupsr ofpdata. pWbemdbe deesler biffer

nmessage i s eval ed fiel.d-by-field. l.n general, the processes. qof 10 the
decoder 53 and c#f%"%essugﬁ‘agmp%%é% gﬁ[adf t'P & a2 Pﬁ”ﬁ’oﬁ%’r emessage
The contrypl | er i 54 PefBrond sueh TiH ons lak RBINMELDA & KR3NCHe I 6 in
menory, such aspléfsgr exanpl e,sa RAM or a portion of an wBW%%?ébﬁ%Bﬁ@‘?ﬁic
| nt egrat ed G r @odtvefifghg)anyrcyolih eedundancybtadec(ERE) oniothest errargehecking code,

addition, the cor‘itr.ol Iter 55 is i.n commniaiztion with a search engi ne 57
so as to pass J@Bfatiomef the message into.ag rpigmal format, copying dhestransfermedaessage

engine 57 is i@ | [ | I rch
results int herll%ltg? ?ﬂgﬁ’;@a@g&%’i‘% oﬂ?\? ro #%'?Hggx?sgggczﬁggﬁiq%&é%@rﬁ% @lg’?f' 'gn
with the data arotagol3sk. tThermésgagerioevalumgd fisil-bwieldo|Th genérdl, tRcp@88sskPoft he
search results stq%rcggﬂgger in. In one enbodinent, the controller 55 is a
mi cr opr dPessor g ag eRSpgeparye a4 aneangplled bya coniolise 58n ASIC, a

Field 20 Progranmab reyse ( ' C e al. Lrecuitry,
or other control ci p@ﬁ?’%@?ﬂrnﬁgﬁo{%ﬁ?&%ﬁﬁ@@t L@gt%sﬁ e icl%g:fér:gqo%éirm‘%
and search engnrendry, suwwh &xeforfexamplt2RAM éhe portieh ABlak Applilativh Specific
the search list 56 and data array 58 can be included on the sane or a

di fferent ASl clntegragdreircuit $A8iGreon sther jsuitable plectronist storages Ihedditiotunthee

in the renote ' Sga-x-eEBEI. rough .25 f.ir re | | owi n
field upgrade g lI<';101régm)t e lﬁnﬁo y lgéiv?nﬁld‘gggiang&ﬁcehwg%‘?cn%s@ 43 %’ Bﬁ%‘?e? c,h
operati d5 of t psramereps ® the bdardengineCST I T deathlen g 57 ig i abrnAfnRkRhtion Wth
hardware and sof tware executed on the controller 55. The hardware

configuration AftaErayS8spas ihearepparch reslis én theslatamiray, 58 sFheontmlenss is

discrete deviges;Ptofint B Wit B8 Hia 40§ 38 Wéeby providing the controller 55

access 1o the search results stored therein. In one embodiment, the controller 55 is a

microprocessor. In other embodiments, the controller 55 may be an ASIC, a Field
) 20 7 ?rogrammable Gate Array (FPGA), discrete logic, analog circuitry, or other control

circuitry. In another embodiment, both the controller 55 and search engine 57 can be

fabricated on the same ASIC. Additionally, the search list 56 and data array 58 can

be included on the same or a different ASIC. In other embodiments, the

configuration of the hardware in the remote unit 50 may be controlled through
25 firmware, allowing field upgrade of a remote unit by downloading new firmware.

In general, operation of the remote unit 50 is controlled by configuration of
the hardware and software executed on the controller 55. The hardware
configuratien may be established by firmware, software, hardwiring of discrete “
devices or any combination of the above. )

30 When the remote unit 50 is initially powered on, no entries are in the search
list 56. The remote unit 50 can perform searches in accordance with the technique
disclosed in the above-referenced U.S. Patent Application Serial No. 09/540,128



30 When the renpote unit 50 is initially powered on, no entries arg;ggghe
search |list 56. The renote unit 50 can perform searches in accorddn 2004
with the techni que disclosed in the above-referenced U. S. Patent

Appl i cat i B WEAI88 No. 09/540,128 2 7 SEP 2004 WO 01/ 76088PGXA$UL8046410464
15 entitled FAST ACQUI SITION OF A PILOT SIGNAL IN A W RELESS

COVMUNI CATI ON DEVI CE (Attorney Docket PA990253), or other well known
techni ques, to evaluate pilot signal strength. At the conpl etlon of

he Temee o B FAYEIMCCRRHAON P A TP SR 24, % &ﬁ&ﬁﬁr

accor di ng to WeldMKONICATION DESICE (8tdtaseDat IRl 'm9b2$’5)36} fhef Q1

of fsets for neighboring base stations to the rempte uni't accordi ng to
| S-95. The rentechnignés, to S0alualeipalypt Isiwalestm‘ngﬁet At tbeaaombbaohcuf sparlcblhg, the

signals of the neighbqrin I ons a nmeasures the strength of
their pilot si mfsm@ gﬁﬂ@dl‘ﬁ@ré s the search list 10 56

conprisigg the neig R rIRGE i cat | r I L.
si gnal st rength an%mngé%r errentlﬁ]{uaso mh??‘?%ﬁgi sduggeegft}gerﬂégssgg#cﬁ%no& %’%ﬁ?lhe
rempte unit 50accondig toewell-Rnév eechrigues) the trise bation Ganspd &lREnindiRIS offk1€ for

~search list 56 contains the nost recent nmeasured pilot signal strengths
of nei ghbor i ngndighhoring basesationsdo the emeteenil ot according énlS-A2 The semeiaanit

was nmade. 15 | nt
. searching for %l) ﬁlgﬁ‘gqg%%g%g Ts’regllﬁn%e{ogﬁqét ﬁg]sbog‘zg 'S?'gf?l?od“%eb&% éatéqqseapd
entering the ameiyratthé k@éngﬂebf fhiéirdsilot dRAAIS! GeicOnirollidi’SS Kuilds theSibdlefist
enbodi nent, general searching for pilot signals from neighboring base

st at i ondObegi n26 wRmpasing cthe cneighboring tbases skatipn |:dmﬂcnreorprmpmm pifot qngmalod
46, imedi atel y follo reac |5|t n nnent. . Wit h the prefer

20 base stati ofr. %‘T"\#dn%é ‘é’é'sTB'ﬂ"Hés% éﬁﬁﬁ“d“%h“&rﬁ BE? ! to
nmeasure the pidtRés ﬁxltﬂaaéar&ﬁﬁrwﬂe% tB& Mhid, 2hé SchrdlPRi& SE Entfis thEiHbs e 6

is a diagramillustrating two base station coverage areas and illustrates
sever al char acreegrnt sngagered pilot signph strengthsaf neighberingbase shdives sndan indicatidn
recei ved by aﬂ;fenl%)tet unle;tlg in relation to the location of the renpte unit
and the base % &P%ﬁ] R“T"P?'gt BLPAEst ati on 60 has a primary coverage

area repgesented DYInCoreCothBédimeRY it réirote AnfERP BELiRA $enethIoddalBi glg,/lfd}a@]o@

prinmary coverage area represented by circular regi on 66. The
cover age regi cingnals flomaismhbomg base istatiams ordy afier ayeringthe assignegision peyodié8

cireular, rathel dofin BRR 4° th' dnother mbodiinent, gencral Warchiag for ot Sanals
from neighboring base stations begins while the remote unit is still in the preparation
period 46, immediately following reacquisition and alignment with the preferred
‘20 ~ base station. During general searching, the remote unit can continue to measure the
pilot signal strength of the preferred base station.

Figure 6 is a diagram illustrating two base station coverage areas and
illustrates several characteristics of a signal, transmitted by a base station and
received by a remote unit, in relation to the location of the remote unit and the base

25 station. A first base station 60 has a primary coverage area represented by circular
region 62. A second base station 64 has a primary coverage area represented by
circular region 66. The primary coverage region of a base station in an actual system
is typically not circular, rather the shape is irregular due to the physical environment
surrounding the base station. However, the circular geometry is convenient for

- 30 discussing various aspects of the invention.
As illustrated in Figure 6, the primary coverage arca of the two base stations

60 and 64 overlap in a common region 68. A remote unit that transits from the



surroundi ng the base station. However, the circular geonetry is C%Y%Eb?ﬁm
for 30 discussing various aspects of the invention. As illustrat i
Figure 6, the primary coverage area of the two base stations 60 and 64
overl ap ir’f"%“b"gﬁﬂﬁ)n region 68. A renpte unit that transitsPCATEROUHED 7
SEP 2004 WD 01176088 PCT/ USOLl/ 10464 16 primary coverage area for the first
base station 60 to the primry coverage arqﬁ of the second base station
64 perforns a handoff as it transits through the conmon region 68. A

Tenote unit at a. fi t1.0, | 1L h i,nery _coverage ar of
the 5 first b_é’g'éﬂ As’&%h’%%'?%&a f%ﬁgh%efirgt_rtgs'g %‘ﬁ@o'_i gﬁrﬁ@c@ﬁﬁ#ﬁggﬁé ey the
station 60 as isk&ondl dse safifn Baperfoind 4 Alindoff 4¥ i iR sCthdugh Gke Eérﬁﬁﬁh@%&}{ a
signal transmtted from base station 60 to renote unit at |ocation S
i ndi cated by di68t ance DI. A renmpte wunit at the first location 70 al so

receives signals fromthe second_base statjon 64, ~ The m ni num di stance
travel ed by signals F%[H%‘ﬁi“f‘{téﬂaﬁfséiﬁclaﬂgn éé&%ﬁ&hﬁ‘a@%@f’m erveragesaea of thee

remote ungt at grliepdder ahidi60! | PhbrBrd, Shé BeHGR! Gkt ksi G bARCGaln 6b1asl 1€
renmote unit relocates to a second position , It w e nearer o the
preferred base prefened basecationd Aaninbrmemf distandeheavedaiobyl a simal shmsmiaed frbm
Wth the renote unit at the second |ocation 76, the m ni num di stance

travel ed by a $p¥nhiiation 6 yemolgun; ghlocaiion 1} isriadicalgd by slistancst? bn Assmage
th t DA I ! _ PerPEaEE .
e G Gt PGSR A B M

D1. The di stance Sl ra rom secon atl

the renote uni ThetminGfidii distante ttaveled GyGignall thahsHiigédfion thd sedond 3REEf1ation
the renote unit receives a variety of signals fromthe base station _due
to the rf ti pl 84patthe memotecurnit at the fixst losation 29 ieindieaterhblitdistancgcler |1 ahe

above. Al though r.e i [ Lve.Si gnal.s which have travel ed a
| onger path t hgcr{n%ql[ te%%%né% %Rgglg{m ?ﬁb’tgﬁmé’cﬂ?&fo Hng}eﬁé I"ves
a si gnal whi chsiagign ic0amalfather fron® HetdecShdEhaR0 GRitionHa. t Weththé indThdle dinfitad MGe
Figure 7 is a graph illustrating signals received fromthe tw base

stations 60, 8erondde¢ajion6atherpigimemutiganeaitravaledityl a,signal teagsmitted; fram ¢hes.

The horizontal _axis epr n of fset. .or .del in.the rival .tjne
of signals fromcil‘%edo% séﬁg?lk(a)!’t] |°r{e?§‘%uurﬁ"t'§ "E)“ﬁc% B%HB@’.“C??@_ Vlé’?# i's_cligtfs
axi s reprsesent thaRQtandedBET TRE disAn&es sigRAlSrdndRittedfiém 1BE Saédhd BadeQdtarfn|
transm ssion tinme of the preferred base station 60 is PN offset 102. \Wen

t he renopt e uni to the remotehwutfat fosationtGisiindicated by distanceDdes the transnitt ed
In general, the remote unit receives a variety of signals from the base station

due to the multiple path nature of the terrestrial environment as described above.

Although the remote unit may receive signals which have traveled a longer path than

) 20 the minimum distances, the remote unit never receives a signal which has traveled a
shorter distance than the mmimum distance.

Figure 7 is a graph illustrating signals recéived from the two base stations 60,

64, amriving at the remote unit as illustrated in Figure 6. The horizontal axis

represents PN offset, or delay, in the arrival time of signals from two base stations in

25 units of PN chips. The vertical axis represents power received in decibels (dB). The

actual pilot signal transmission time of the preferred base station 60 is PN offset

102. When the remote unit is at the first location 70, it receives the transmitted

signal from the preferred base station 60 at a PN offset 106. The PN offset 106 is

delayed from the actua)] base station offset 102 by a delay 108. The minimum value

- 30 of the delay 108 of the first multipath instance is determined by the distance D1 over

which the signal has to travel from the preferred base station 60 to the remote unit at

the first location 70.



signal fromthe preferred base station 60 at a PN offset 106. The i;?d i
offset 106 is delayed fromthe actual base station offset 102 by é@f’é@
108. The m ni num val ue 30 of the delay 108 of the first nultipath instance
i s det er M2U/1908% he di stance DI over which the signal haBCTAStVE@ from
the preferred base station 60 to the renote unit at the first |ocation
70. 2 7 SEP 2004 WD 01/76088 PCT/US01/ 10464 17 \Wen the renote unit

rel ocates to the second |ocation 76, it receives the transmtted signal
fromthe preferred ] offset 110,  The . offset 110
of the first nultipat |%§?§#\1§% '?@t Sglf’g?ggglt frﬂIoemg:tc 5&3%%33-1‘3{‘ @é%”&'&f’? g

of fset 102 by @askshited $ikRal fTo@ ik Drefered Bhucsitfor 66 al&IFNY o i 1®. The PN
determ ned by the 5 distance D3 over which the signal has to trave ?‘rom
the preferred bHses Bi0aef the fost multipate inssansedis (delayed tfrarh dhe actmab bhsscastionn

76. | I ' | ted. t t 3 the di st
over b ch |1 000 ES n ey d1ee ThE RGeSl F e delat 4B Aciemined by e
over _ whi ch it °H ass i BECERSEn I _

(i st ance bet woas b Do carorrich the g 138 16 Ral SRRl pr ol MalPhaiiogd &°

decr eases, t hetheirgmate undaethesdedng lobation€iéot e unit i ncreases in anplitude
and decreases in dehﬁy f;@mthe ctual transm ssion tine of the base

" station. The renot eluBnerdlap fignalis aitepusied 9ot reateicdagie ¥ theedisknes, gver
del ay 108 and . : d e. Ltude. of th

- received si gnaﬂlnﬁ Hgﬁ%%ysr é%%%ﬁgwgi“éﬁéﬁfgﬁﬂﬁgﬁﬁgn‘“? %‘é‘(ﬁarnaglglﬁrsc ?'a?ﬁ’sl y

short. The opeillasirated irf Figore 7, dnrigentirak as thef distasice teewedsi 08 prefelad Bake Lkion

such an ésti mation, In Figure 7, the actual pilot signal transm ssion time

of the d8cond Yhand therempiging fecrpasas, thersigngl reseived by theemate unit insrassesan

stations are s i h el . between, t.he
preferred baseﬁgﬁ]gtgl ?%r?ﬁ %%@ﬁ%gggcﬁg E’gg"eti g‘ftﬁgng%g}lgsm%no&fﬁeaﬂﬁ Etgsbase
represent ed bystition. PN of fset illustrated by a fixed PN of fset 120. Thus,

the second base station always transmts its pilot signal delayed by the
constant PN of f set IBoremoimpfifeansiof gecusatglydetermimesthetvalue ofythe delayilf8tandase

station. The r upy ' \nhal . ,relatjive PN offset of the
nei ghbori ng btggg&cgﬁyam%n%%’?a&%ﬁ]prgg{%? %Wsohtnb&et ﬂ*éYl}:Fr ﬁcﬁ'é'ledtﬁ’%j)’owet he
preferr el baserefios ufit cahlestimaidSwhewthé defiynd falthy BRGR.NathePdpabfiGEbf bAL-

The estimated arrival tinme of the second base station 64 pilot signal is
del ayed from iambasiment|of thednventioniivhased ppomsuchtan estimation.

In Figure 7, the actual pilot signal transmission time of the second base

station 64 is at a PN offset 118. Because the base stations are synchronized to one

another, the PN offset between the preferred base station and the second base station

20 is constant as represented by the PN offset illustrated by a fixed PN offset 120.

. | 'ﬁms, the second base station always transmits its pilot signal delayed by the
constant PN offset 120 from the pilot signal transmitted by the first base station.

The remote unit estimates the nominal, relative PN offset of the neighboring

base station pilot signal relative to the artival time of the preferred base station pilot

25 signal using the nominal PN offset 120. The estimated arrival time of the second

base station 64 pilot signal is delayed from its actual transmission time by the same

amount as the preferred base station 60 arrival time is delayed from its actual

transmission time. As illustrated in Figure 7, when the remote unit is at the first

location 70, the pilot signal of the preferred base station 60 arrives at PN offset 106,

30 delayed in time from its actual transmission time at PN offset 102. Thus, the remote

unit estimates the arrival of the pilot signal from the second base station 64 to occur

at its nominal PN offset, represented by 120, after the arrival of the preferred base



anount as the preferred base station 60 arrival tinme is delayed fromits
actual transmssion tine. As illustrated in Figure 7, when the remSER 2004
unit is at_the first location 70, the pilot signal of the preferred base
station 60Y4PH78P8E at PN of fset 106, 30 delayed in tinme fr8KI{USSVHHE Al
transm ssion tine at PN offset 102. Thus, the renpte wunit estimates the
arrival of the pilot signal fromthe secondgbase station 64 to occur at
its nom nal PN of fset, represented by 120, after the arrival of the

oref err ed base ugbnSufeuR 201 4R HRLLLTOONS 1AnEHAHSU! LABAAA vl

pilot signal. This oce resultS 1n the renote unit estinmatin

arrival time afmd bftheipilot signalnefl thefsedond bascstaibrb@seccat af 4 PN éffseOCX2Ir Thd a
PN of fset 122. The estimated arrival PN offset 122 is delayed in time
from the actualespmpeg ariyalaPN effsgishiZis delayed wf timet fromgtheyagtead pilex signet

act ual pi ot s R B8 8 ke AT EEHRE 1820 ol on 60 at the

remote unjt is at PNvRéd #Rtrerhdf unith6vdseiBiessetdtid 1004 AT tleuchinl hildiisEshal he
arrival tinme of the pilot signal fromthe second base station 64 relative

to the PN of f seurivial Gieet oftheqivefietred bass ssatiand6d atsthe rematei unit isi P offset 110.
detected. This_process results in the rempte unit .esti i

ti g t.he Jfo
arrival 1ime ofterEMA B oes again esTmues ot vHLee & dbe SHoGsiERa) TEReR the a
a PN of fset  1%gsondase Staidhl M rdhiveV R thEPIOIoFREL 11074 wh%»chdmeﬁpefs%nw badd®

fromthe actual pilot signal transm ssion PN offset 118 by t el ay of
PN of fset 112. sitdhen signal nedetectedni This propessyreaplts onatiieyremsate unitecspmafimg thed
base statjon, the _pilot_signal .of the preferred base station is neral ly
subj ectetf t o | agival time of.he B0 ﬂ&“a‘fg"ﬂ‘gsqcﬁ%é base 31 64 O oschr af AN attset o
signal travel s,;2a8s T &t i ' | :

of oot 110 to HAE et hiietrivil PRTRCL T Js 185D drRE ohfhenlal pubt

addi tion, the pignal traisgrissiondy effsetld@bylthsdelayedfBN bffsetrld2bei ng recei ved at

the renote unit. Due _to this decreased delay, the tine djfference between
the time when the %Wé&"’ﬁ&sﬁméﬂ%g?%ﬁpg%@ﬂﬁlnw the Prefgrred basesstgiong the

s1 gnal and t e o RSP e efelieq BedeUart ) Blnerily el o s R Gor il

is also fairly iI'scussed above, e se ase statiron pilo

si gnal tipi cal ky tisosedatively sleort distanex alid signat trivieds, astillostfasell by Remphitivgy the
the distances the pilot signal_travels and the nultjpath enviraonnent, the
pil ot signal nBYWER Fecgived abthe PN offsgk HY0 torihe power reseivedat the PN pbfset {ifeinc |

the soonest t h%ig?l%;?.nﬂ'n Qcﬁﬁ@orﬁttﬁé i)i%l s%apéx%riérlcgp ﬁ:lss ﬁégy before being received at
the remote unit. Due to this decreased delay, the time difference between the time
when the preferred base station actually transmits its pilot signal and the time when

20 thepilot signal arrives at the remote unit is also fairly small.

- As discussed above, the second base station pilot signal typically does not
armive exactly at the estimated time. Due to the distances the pilot signal travels and
the multipath environment, the pilot signal may arrive sooner or later than the
estimated time. However, the soonest the second base station 64 plot signal can

25 armive at the remote unit is the time at which the second base station 64 actually
transmits the pilot signal, i.e., at PN offset 118. Because the neighboring base
station pilot signal cannot possibly arrive before its actual transmission time, if the
delay between the estimated arrival time and the actual transmission time is small,
the size of a search window, a set of PN offsets, can be limited to exclude PN offsets

- 30 which are earlier in time than PN offset 118.
The ability to limit the search window size is illustrated by comparison of the

estimated arrival time of the pilot signal of the second base station for the two



25 arrive at the renote unit is the tine at which the second base ZL@EIW
64 actually transmts the pilot signal, i.e., at PN offset 118. %3 sz

t he nei gh ' se station pilot signal cannot possibly ' fore
its actua élﬁgm ssion tine, if the delay between the es?%%lzwg‘gri val

time and the actual transmssion tine is small, the size of a search
wi ndow, a set of PN offsets, can be [imtetBto exclude PN offsets 30
which are earlier in time than PN offset 118. The ability to limt the

search w ndow kicagonssofitht rhdiebaid dRvussedaisve sayilladratdiFin Fegdre ITatAadisdusiedal
tinme of the pilot signal of the second base station for the two 2 7 SE P
2004 VIO 01/ 760880V HREB0LY EomEziumiDis b fiowdocsiion . ihervstmatas il Soiesefed

above, as illugtrated.in Fi 7 | SGAISS abgve, . when the renot
it 1s at thee PUGH gL Bh P dmeend2d CTRER Hhe PR it IResi8 hf ESHRN o
signal is at Phbcafibi$9b, Wwhith i¥\bREer(t08hé BrRirfed blisé sBRYRShE Cstiifted 8RR tIme
| ocation 76, which is closer to the preferred base station, the estinmated

arrival 86ine 5obthetpitotsignat of thgrsetondf bast station o 8Nbeffset 424t iCompasisdobftles et
124. Conparison of the .twp esti ed arriv ' illustrates that the

N of {sel - 124 MO sstmaipd sl Rist D1igirates foatabs B Sfseh A ehina B sovare of 1
. than the PN of {.h%ﬁx}:tﬁ'a?%anéxﬂisﬁﬂ&%ﬁ?&si% thE e BN bfisd IZENtIﬁfegé?Easé‘,tthé!"M'@stF he

pilot signal o e secon ase station can arrive at erenpte unit is
t he actual traRBnoffset atnwhiclrehe gilst siphalelf thel@corddbdde smtien carbarciae atthe réraote

- factors can affect the received pil ot ?glgnal strength of the preferred
base station, YHEK the astyal teapspyssion tigas, EAToffset hl& ference, the ability to

decreasgga search wgdaye St u@%ﬁ@?fd&dﬂ k& ag&% i‘{ﬁ% rdcBived i:flﬁg%}ggigglﬁﬁﬁﬁt he

search w ndow si ze sel ected based on recelve t sign y
be used for a ofsthepeéfenéd bssarsalios, suth defarekimgplepniaise ov inttoferehce,ahe alslinabed
by a base station and 15 communi cated to_the renote unit, and may be used
for the remai nfigfsease aiseaeh window sigsaay be limited. dbys.dm o0f ebodigiept the search
conmmuni cated tQ. [ i UL of
a particular bg"s';e&g{ 3@?85%&%9 eﬁégﬁﬁﬁgﬁ&ﬁl%v&ﬂcg elﬁegg eigﬁ&;i/&?’ﬁlgﬁ
renote unit, nsubsbeofuscatchdsir iAgefable seaomiwindew bizelieletted by acbasé agation land
addition, other conbjinations of searches using differing search w ndow
sizes 29 mybeoTpBEpISAREdo Hhe remete wib@ead mavcbe yseq ferdhe remajning searphse Fipr

oot Lo bR SRR B ek s st iy s
118). A typi caduriged olit & 5 eQiches ofia paniehRr bade! stitfon] 24 dedresed seaheh oddosy,ed
selected by the remote unit, may be used during the remaining 1 out of 5 searches.
In addition, other combinations of searches using differing search window sizes
20 maybe performed by the remote unit. ,
" Figure 7A is an expanded view of the PN offset region of Figure 7, in the
vicinity of_}_he actual transmission time of the second base station pilot signal (PN
offset 118). A typical secarch window in a remote unit is 121 chips wide centered
about the estimated arrival PN offset. This window size results in searching 60
25 chips before and 60 chips after the estimated arrival offset of the pilot signal. A
search window 121 chips wide centered about the estimated PN offset 122 is
illustrated by a search window 140. A search window 121 chips wide centered
about the estimated PN offset 124 is illustrated by a search window 144, As shown
in Figure 7A, a portion of the search window 144 may occur before the actual
30 transmission of the second base station pilot signal at PN offset 118. A region 143
of the search window 144 occurring before the actual transmission of the second

base station pilot signal PN offset 118 does not need to be searched because the pilot



about the estimated arrival PN offset. This w ndow size results in
searching 60 25 chips before and 60 chips after the estimated arrl\zaZI SEP 7004
of fset of the pilot signal. A search w ndow 121 chi ps wi de centered about
the esti mﬂ%ﬁl’%@”offset 122 is illustrated by a search wi REBESEUI64H
search wi ndow 121 chips wi de centered about the estimated PN of fset 124
Is illustrated by a search wi ndow 144. As ?ﬁ in Figure 7A, a portion
of the search wi ndow 144 nay occur before e actual 30 transm ssion of

t he second bas on . pd.l i 118, [e9 on 148 f
the search win cﬁ?\‘/taﬁz?z ogcgt?ra?\;dn% ?c?rnglt'tﬁ*?nmgt [’% r#“t“’%'n?ﬁ‘ i H c}fa“PWét?ed
second base stSaicBmgPbdi9ta fdgﬂﬁﬁﬂSfoQﬁé §9&nh1%$nw914m3btﬂﬁ§%é9axh@seamh
searched because the pilot 2 SEP 2904 WD 01/ 76088 PCT/ USO /10464 20

signal of the m&iﬁ@sm:agdm entire seatch wirslome b4, vEberbforeribe irdmots unit may
transmtted hi n are of the.se hvmndow14obta|ns
t he sanme searcl:?e @Eﬁﬁ@gaﬁxﬁ%‘aﬁeﬁf‘ﬂ d?ﬁée%sﬁﬁlﬂogl%‘gﬁ@ﬁ Wﬁﬁdﬂ/ﬁl yst as the
Theref or  t he a5t Gnit! hinotB¥curately predi®

| east a portion of the1 regnl on ?Llh8 BW Est astﬁé\%lrﬂ%gs \ryggnckft?ﬁgr tijir?t canno tﬁ%dm
accur at el y predcatratelyethelekay sizé G theicegich?]48. t Howeven] the restot! unie.canéstintity/

t he exact size of the r:ﬁ%' on 148, However, the renpte unit can estinate

the size of thdhe &g &f Se%ﬁ%éﬁsdﬁ’éﬁj upejt: f@&&h‘ﬁ!‘%‘c- thecarapiitude of che fsignak
signal receiv ﬁ%ggfﬁ station. Al though the anplitude
of the signal ?%ge‘{eg? g&%?éeg;ﬁ?g base station 10 may be affected

by factors other t ha)rlﬂ'dugh thecamplivuddofabe fighal exceiveld drond theSprefeired base station
interference, it may indicate_the distance hetween the renote unit and the
preferrd® bas@ay E‘t affgcted i Eactorp cathercthagidistancee suehags (fay example. noise or

ear ches To be RETaERe it i Ruicaly et AR U Ten ubf pnd € Hieirea

di scussed abov baseastaivhs Fac@is Bs@desh&myhmn@tﬁaesd Gariationdl i tHehenplitvad 6d
search wi ndow and still achieve adeg’ uate_search results. As discussed
above, the siz#€otignalstsaghe may ReoWlempllvicarches ta bepesiormpd usmsl Wmnted

bet ween the 1 GOSIH GHARG, Oftode sdrI0kishIsOR G DAREAS! G JeBRHENfal SESHR! "

that signal by e renote Unlrt decreases erm ne i

wi ndow asn be useatieiliafited Re&itl Windowearidytitachiené hdegBite S¥ALH Adsalts. he Strengt h
of the pilot signal received 20 fromthe preferred base station 60. As

illustrated in F| guﬁé discusgyed gbeve tlafeﬁmeftbmscarc:h window maydedimided wben then
76, nearer to bas ren h of . the r |ved
pi l ot signal i ncr%ases b N Eh%d%a'ba'“ic%n Vil @t{e EE’ H&PH'F%%%‘ @etﬁ

signal by the remote unit decreases. To determine if thc search window can be

l
= )]

reduced in size, the remote unit can evaluate the strength of the pilot signal received
. 20 from the preferred base station 60. As illustrated in Figure 7, when the remote unit
is at the second location 76, nearer to the preferred base station 60, the strength of
the received pilot signal increases in comparison with the signal strength received at
the first location 70. As discussed above, the increase in signal strength may be due
10 less attenuation of the pilot signal because it travels a shorter distance. Therefore,
25 it may be presumed that a stronger pilot signal is an indication that the remote unit
may be nearer to the preferred base station. The smaller the difference between the
actual transmission time and the armrival time of the preferred base station produces
an estimated ammival time of the pilot signal from the second base station that is
nearer the actual transmission time of the second base station. Accordingly, the
- 30 search window may be reduced in size.
As discussed above the portion of PN space (search window) searched for

signals from a second base station may be adjusted when the delay between



the first location 70. As discussed above, the increase in signal §g@r}gnth
may be due to |less attenuation of the pilot signal because it tr%t |
shorter {vtance Therefore, 25 it may be presumed that a stronger pil ot
signal is"¥ %0 ation that the renote unit may be near ePCTYSEIIO464
preferred base station. The smaller the difference between the actual
transm ssion tinme and the arrival tine of $phe preferred base station
produces an estimated arrival tinme of the pilot signal fromthe second
base station t t BARS ' f

base-stati on. %%@3??\18655 Eﬂ%tes%s?ggsrgg'lf (r:% n‘<5151’0€v§irrh?;;'i/B eleﬁfﬁleo uaggsgﬁe?fﬁgo?%.
As discussed abigual hyhehe pembicamitothaRess feorexampiy; ol thii deloydiecrenes; ke sdatth
signals froma second base station nmay be adjusted when the del ay between
2 7 SEP 2004 V\wlmweanm Gesesmsecd benpuser the ok Yot salle ta e GEcurhighyal |

or other signa nrsﬁntxsspoﬁﬁﬁnégf% %Qalgbgl {fgﬁrgdﬁésgééaéltogeﬁléc na ¥hthe

renote unit ch ng exanpl e,

w ndow sisze rraaelbyemées“ama&meaeﬁ m“t dge s9fsERed @bﬁedp'énaﬁh@ Beealﬁe &Iﬁ:re is
accurately predict the transnmssion time of a signal by a“second base

station. In cofn rtmaseésunt:mrsydelthy acquracyael predidio g sha trahsmissidowirae o€ a s
_increased corres qg) ecay se there is an increased uncertainty in
t he accuracy o'fgﬁzf %bdtf ?%sm ssion tine of a signal by a second

base station. In gefféieralda ﬁ@&éﬁ@%ﬁ’dﬁlﬁ @@!»@éénl%%%ﬁ?'ﬁaﬁsxﬁisﬂﬁﬁl aﬁrst base
- transmission by a first base station and receptl of the si a by the

renote unit costaespandizcepticn ofcibe signal by thelﬂ:nthtstmﬂccexrbqimdem atdecrhhsesim
base stelblon and the rem)tgténit. I n one ephodi nent, first. bas
stationPs a pflistasre Rwaen hedin; asn siatien apd thedemale ‘HH% notneshpdiment, the
plurality of palshRQtddes .Qaiﬁefa&@&b&%mxn%ndw@da&% B@E\%‘m 588 pl plyrality
preferred base station and the renpbte unit 1s estinmated based on"t
strength of t hef séightwiringemse stationsy Thee distano® between tthe prefatddcbase rstavidnnandt s,
the di stance between the preferr [ nd the renpfe ynit can

‘Gﬁ? base station 15
be estimated bRESAMGI uRiLdt, esfimg dhe sirengih (?gaﬂ‘e siggal rsceirA Pyt em
(GPS) or know it ufpSid bidei agbém&km@mwn%&(fer&w&% the ea{;ﬁrﬁi b&@ Station

sufficient to determne distance. In one e ment the ow S
one of ffo si zasl therempeannih cawbnchsmmmdclmsedamdsudlnow farhexaample, rthéﬁiobal
arrival offset_of the pilot si of the second kB 20 base station 64. If
the received ph9sHoniRg BysteR r@%&? HPTo KNQW cOthek: MOSItioning, Systerns, ;Whjgh cprovide

exceeds a thr ggRhfltiofsSBeRAf oo tnnihe i ftdQy speci fying a smaller PN of fset

range is
In one embodiment the search window is one of two sizes. One search

window is centered about the estimated arrival offset of the pilot signal of the second

20 base station 64. If the received pilot signal strength of the preferred base station 60

| C-X-.COEdS a threshold, a second search window specifying a smaller PN offset range is

used by the remote unit. The second search window is not centered about the
estimated arrival time of the pilot signal, but rather is biased so that a greater range --

of offsets are searched corresponding to later :ﬁiving offsets than the estimated

25 arrival time. For example, the first search window 140 may be 121 chips in

duration, centered such that 60 chips before and 60 chips after the estimated arrival

offset are searched. The second search window 144 may be 81 chips in duration,

centered such that 20 chips before the estimated PN offset and 60 chips after the

nomina] PN offset are searched. The sizes, and biases, of the search windows in the

30 above examples are purely illustrative. It would be apparent to one of ordinary skill

in the art that the use of other sizes of search windows would be without departing

from the spirit of the invention. In general, the search window size and biases can be



used by the renote unit. The second search window is not centered about
the estimated arrival time of the pilot signal, but rather is b} asefIge
that a greater range of offsets are searched corresponding to |ater
arriving 3Y98HI®8 han the estimated 25 arrival tinme. For egﬁwsél,““t‘%
first search window 140 may be 121 chips in duration, centered such that
60 chips before and 60 chips after the esthpated arrival offset are
searched. The second search wi ndow 144 may be 81 chips in duration,
centered such t %&T@s | | Al
after the nom'Jr%gfd OP?@%?%@\?@%@@%@@% e %Fzﬁglé%féﬁ’gﬁ]ﬁlaogggg 'g'fmé)ﬁse
search w ndows positibii én {htidhship iettrtfefredbaseedtidny i | lustrative. It would
be apparent to one of ordinary skill in the art that the use of other

si zes of search w nd®R8oheembpdimgnt Rbare arcpserichgl thresheldshandsenrrespongling he

[ tion. | . - W ' d..bj b 7, SEP
2004 W0 01 7eoRapaindsels; 36788 Sl 3Mhath 68 FEGIRLBRRY FCBeoti et Bare
the renpt® uni tstatibn eRd¥eBE €achlof d¥eAESTHNhAGHSILS, a aﬁﬁis%drﬂmgmn{o%é Rénit@d §&kirgh 1 ©
the preferred base station. In another enbodinent there are a series of

t hr eshol ds and windaveispusadi Ag thespidotchgned slgkngth dexseasése deipping bedaw engphmofe
the pilot signal of .th referred base tatio xceeds.each of a serjes
of “threshol s, 2L 2atrseT B aIgh 7 SErePrTdna SxRBarE T aberas deleded ad
the pilot signale gidi RphIsteREMIASESbelW APRINISURLhALhAAEa BEfalR Sarcviflow
series of thresholds, ‘a correéspondi ngly expanded search w ndowis

sel ected. |f cemenpdlabbutsihgreatimatedeargivhl timops sblettedv Thei defminsdaimhewitalos, a
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station and communi gty shothéh SmbeaRhEn M sedrbh YGhdd bl s BRAUOIRY! or

t he search wi ndow siz€e is continuously or variably adjusted as the

recei ved pil ot vaiiaphy hdiusted agithe vfceivied pilot fignalestrengtheofsthe tprefarred, haseestation
bet ween an upper_.and | ower threshol d. For, exanpl as the pilot signal
Strength of ¢ nammtores P an HPRCR ALY 1Her FSFa0Rlbs Foh dxeRBEeds BhaTgh pEna
threshol d, a 15wdfiplt BHMeSaferdd Wadd Qiirioh ficrbsies ShE e RLASHR Npipkr tHiEshd|d) 2!
strength continues to increase. If the pilot signal strength drops bel ow
t he | owdd t hr eshwimiym acarelx window sizarishselaciedveniif ¢hei sigsall stength eontinuésf tot he
signal strength conti S t.0 decrease. et n these t t hreshol ds, the
search wi ndow $1@%%-s £ ipugt signal ength B&E&Pﬁt"ﬂe z?‘tﬁfa reé'??!ap@f‘?f”‘ﬁ’f"?‘he
preferred basesgiaf %@ﬁgé Rs 3010LR8 TeveR P e BiBhal sulRghentilued Y% r&lsé e

selected in response to t
Between these two thresholds, the search window size is varied inverse to the pilot

signal strength of the preferred base station.
20 In another embodiment, the search window size selected in response to the
- | -r;:ccived signal strength may be used for a subset of the searches. A default search
window size, selected by a base station and communicated to the remote unit, may
be used for the remaining searches. For example, the search window size
communicated to the remote unit may be used during 4 out of 5 searches of a
25 particular base station. A decreased search window, selected by the remote unit,
may be used during the remaining 1 out of 5 searches. It is contemplated that other
combinations of searches using differing search window sizes maybe performed by

the remote unit.

Figure 8 is a flowchart illustrating one embodiment of the invention which
30 adjusts the size of the search window in relation to the received signal strength of the
pilot signal of the preferred base station. The process represented in Figure 8 can be

implemented in the remote unit depicted in Figure 5 under the control of software or



received signal strength may be used for a subset of the searches
def aul t search w ndow si ze, selected by a base station and comnnacég&ym
to the regote t, may be used for the remaining searches. For exanpl e,
the searc lﬁﬁg% size communicated to the renpte unit M&8Hdur i ng
4 out of 5 searches of a 25 particular base station. A decreased search
w ndow, selected by the renote unit, nmay ®¢ used during the remining |
out of 5 searches. It is contenplated that other combinations of searches

using di fferiNgraGaks ol ;{} Shéfia Hﬁ%co&@rodg ”Flgvp%ggtiﬁﬂ tﬁ&\;cgg% 0, ] \A)?{I ch

Figure 8 is a flowchart tratln one e I ment ein

y- 30 adj ust sthenecontineesofo bloek 22@r din bluick 20, the rerlofd LRI eh@rst L adiRe Sated
signal strength of the pilot signal of the preferred base station. The
process repres biyriag the, trppsition: bG“@ﬁ’h ltBéﬂaCPPﬁ) P'éﬂré‘?ﬂ‘@oﬁmﬁﬁ, threremanie vnit @pplies

depicted in Fi n I ofe Le SEP 2004

01/ 76088 PCT/U%%Irv ’16’45%9‘%11‘: E‘;"(P'for g ﬁ"grﬁ?f“ﬁé DL llow then
control | &r. Fl eonrinaed sblbek MG)CK: Bi8&k 230, e mﬁmh&mrﬁ%d&%% sEﬁctb'rQ&hu%%Q
In bl ock 220, the renpte unit enters its active state. During t

transiti on bet srdmepsusingnthe tsignal atm@gsh:of the piloatsignal Dﬁélermmdthasd stapin.i es
ower to sel ected gircui exa the search.en FI ow

' !tohen 5 conti nuglz’“f eBIc(%'b %Omlﬁi lb?%sc ‘E% Eﬁ&" prifEgesives neming! %ﬁlﬂgs"é

search, r eacqumrmmtma@dne@pmrngns nkigRbctingtAke sthfiGRnd aOJefﬁdiﬁseg.tch gognal

. of the preferred base station. "Flowthen~“continues to bl ock the
renote unit renmfremthomaﬂla'rcm.%oﬁtfasel Flowfcontisdssa binok 2d8pondi ng to

nei ghbor,j.ng base st d a default search wi.ndow size fromthe
preferrd h base st at ﬁ‘oh]%cff %% 6'51?1"’5?]39 base staior E@fl leveh is, examumed toe
preferred basejeitmiih®f B Ldeedd grtﬁ}esﬂcﬁ&ellf'tﬁe : Bii8fs gﬁ&l feQel 86855 éﬁ“élﬁeédf alt
exceeds a. threshold. If the pilot signal S not excee

t hreshol d, fl olslmboiﬂt flowscontintdsao lblRk®@50! rin blcmkaSBSﬂn,e seireh sdadavh sine Gdsety
size is set first Fl ow t hen ontlnusto bl ock 270. Returnlng
to bl ock 240, ‘Pf=il S |‘§P‘” ‘E?’bﬁ%“"ﬁ%‘&ﬁ@%‘f 9 H'&%i’&?h&f‘ﬁ if theagilot
flow conti nuesg Fledd Dubl® q?m:hz

wi ndow i s adj ué%lﬁ(]j I n reFat lon to t%@%‘?ﬂgf%ﬁe asuggz(g?lg’{:]f %ﬁt? pi 1ot ‘signal
strengt B3 As dhssussufdhatsemeh windowds adjosteld i nélatidheo seaprefernst rdsevstaion e
Is selected frq f twog sizes depending if the pilot signal strength

exceeds the tH § strepgthy A dispyssed abaye, imopg smbodimeng, the seateh sdndaw

W ndow si ze 1 Ssize js selected from one of two sizes depending if the pilot signal strength exceeds
the threshold. Thus, in Figure 8, in block 260 a second search window size is
selected. In another embodiment the search window size is selected from a set of

20 search windows that decrease and increase in size as the pilot signal strength

‘ increases and decreases respectively. In yet another embodiment, the search window
size is continuously adjusted in response to the pilot signal strength. After
adjustment of the search window size, flow continues to block 270.

In block 270, searches are performed for the neighboring base station pilot

25 signals utilizing the search windows. The search window used to search base
stations may be the search window selected by the base station and communicated to
the remote unit, or a size determined in either block 250 or 260. In addition, the
search window size selected in either block 250 or 260 may be used for a subset of
searches. For example, the search window size communicated to the remote unit

30 n;ay be used during 4 out of 5 searches of a particular base station. A decreased

search window, selected by the remote unit, inay be used during the remaining 1 out



sel ected. In another embodi ment the search window size is selected f rSFan[m
set of 20 search wi ndows that decrease and increase in size as the pilo
signal strength increases and decreases respectively. In yet another
embodi mentWOPHE%%ar ch wi ndow size is continuously adj ust B§TUS0HEpbNSe
to the pilot signal strength. After adjustnent of the search w ndow si ze,
flow continues to block 270. In block 270, ,gearches are perforned for the
nei ghbori ng base station pilot 25 signals utilizing the search w ndows.

The search w ndow 4sefled CORRPLGALAT GRS i BLABCUIRY aftferhBSe SRR RN Ukl

sel ected by the base statron and comuni cate ere €

si ze det er m nedndybe peifbetiedtyati& rethdle @nit260. I n addition, the search
wi ndow si ze selected in either block 250 or 260 nay be used for a subset

of searches. For ex¥gaishing continuasdn bloaki 37@0unts ithecrepmierunit éseider commanded

t it 30 d ' t 5 f i.cul b
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24 of 5 searches. OQther conbinations of searches. using differing sea

wi ndow si zes rAnyhastiye state: TEkE Bynatchunit esmetins Umihe ina8ase statengnti e nexa astive
bl ock 270 until_ the renote .u]Fi.t is either cor@aq&dﬁg to re-enter the

i nactive stat e SBIF QUSRS Bﬂ‘etji’ééc‘é‘lﬂ&f‘?ﬂﬁ pc “end of the assigned 5
sl ot occurs. Flow tbamosgmmc%cﬁrﬂcaka&kus’sé@deécﬁb@hmﬁy n dd\Gsedl FETRE Ge
unit enters an inactive State. The renote unit renmains in the inactive
state until théeo agilot sighalved a preftreedduasel smtiomtin whivicdlessi comrhbmicationndysteng st t o
bl ock 2% ) AIthouP(g t he enbodi nents di sqgussed de@ir,i btg t he .i nventi on as
used rell®tive Woyid,bgreachly anpament &y oge pevgsilidn the Ay hatthe lechpiapeess
conmmuni cati on \ rgﬁfy]' Y : ' y
skill in the ara%éé%ﬁgatalt get C%P%ﬂg?ﬁ%is C os‘?ahdagﬁ@gﬁﬁé @@BP‘R’%&’ fchthgakg?é;w
syst em whi ch neynichmomizedutot éash evtberur Eersexdngile,athe technigpies aan ZAsduded wilk hdata

ot her. For exanple, the techniques can be used with data signals or
internet traff F@“ﬁ?&ﬁéﬁ*@b&%ﬁ?ﬂ%%?’@"’sw}% sourcesy, sych as, dpr examplee,

| ow orbiting s bivid telipedr e i nformati on concerning the searching
process, demdﬁﬁt%ﬂr‘lg@ﬁaenent assi gnment and search engi nes can be found

in: (1) 15.S. Pat ent MdrerinforrBatfiohlca@émirgthiet dearthivg it &N mARIARETEIEmERR

PERFORM NG SEARCH ACQUI S| TION I N A CDNVA
assignm%%Jand search engines can be found in:

(1) US. Patent Number 5,644,591, entitled METHOD AND
APPARATUS FOR PERFORMING SEARCH ACQUISITION IN A CDMA

COMMUNICATIONS SYSTEM;
20
(2) US. Patent Number 5,805,648, entitled METHOD AND
APPARATUS FOR PERFORMING SEARCH ACQUISITION IN A CDMA
COMMUNICATIONS SYSTEM,;
25 (3)  U.S. Patent Numbers 5,867,527 and 5,710,768, entitled METHOD
 OF SEARCHING FOR A BURSTY SIGNAL;
(4)  U.S. Patent Number 5,764,687, entitled MOBILE DEMODULATOR
ARCHITECTURE FOR A SPREAD SPECTRUM MULTIPLE ACCESS
30 COMMUNICATION SYSTEM;
(5) U.S. Patent Number 5,577,022, entitled PILOT SIGNAL
SEARCHING TECHNIQUE FOR A CELLULAR COMMUNICATIONS
SYSTEM;
35

(6) US. Patent Number 5,654,979, entited CELL SITE
N DEMODULATION ARCHITECTURE FOR A SPREAD SPECTRUM MULTIPLE
ACCESS COMMUNICATION SYSTEMS;



COMVUNI CATI ONS SYSTEM 20 (2) U.S. Patent Nunmber 5,805,648, entitl ?c} SEP 200
METHOD AND APPARATUS FOR PERFORM NG SEARCH ACQUI SI TION IN A CDVA

COVMUNI CATI ONS SYSTEM 25 (3) U.S. Patent Nunbers 5,867,527 and 5, 710, 768,
entitled WOMGEP380F SEARCHI NG FOR A BURSTY SI GNAL; (4) U. SCHESWAN4@umber
5,764,687, entitled MOBI LE DEMODULATOR ARCH TECTURE FOR A SPREAD SPECTRUM
MULTI PLE ACCESS 30 COVMUNI CATI ON SYSTEM {5) U.S. Patent Number
5,577,022, entitled PILOT SIGNAL SEARCH NG TECHNI QUE FOR A CELLULAR
COVMUNI CATIONS  SYSTEM 35, (6) U S P nber. 5,6 , entitled
CELL SITE DE A WEE‘%\‘U@% @M@ ﬁ%@ﬁu%@ﬁl EL?'EAN&éESS
COVMUNI CATI ON , R sndrcompery. 1898andCT| US01110464 25 (7)
Application Nunmber 08/987,172, entitled MJUTI CHANNEL DEMODULATOR, filed
on Decenber 9, 1997(8)andApglicatiopl| iNahbarn V283601009 a1BEd) 1PROGRAMMABLE

PROGRAMVISBLE MAFTHEELFIETERRE ARCRET, Rled od MrcwB1VR9ed) 31, 1999; each of
which is assigned to the assignee hereof and incorporated herein by

eference. (11 bich BN Yo sLEPEEURE sHRRChLELS Ay IRLARERIGPHR y

enbodi ments of the 1 nvention. appreci a owever,

mat t er how det miferentef heitS emtiegpi ng appears, the invention nmay be enbodi ed
in other specific forne without departing fromits spirit or essential
“characteristics. ThEh¢i&eresqing desshiptien details icertain epwoduneritsief & invertion. It

respect gponly i .l [ N ERY nd .the scope of th

_inventi 29 i's, @f'h‘é‘lﬁl’ or é?‘%‘#&“@gg{é? ag;r/'ot %{cg_ﬁé‘g,%g@cgﬂgﬁ %ﬁc%"g&@pc?ﬁaﬁ'eby

the foregoing feemidndhapBe erhbodikd it BMBOSSecHidi fohne @itBow dePphring Trom $3 3bitd

and range of equivalency of the clains ‘are to be enbraced wthin their

scope. or essential characteristics. The described embodiment is to be considered in all

respects only as illustrative and not restrictive and the scope of the invention is,

therefore, indicated by the appended claims rather than by the foregoing description,

15 All changes which come within the meaning and range of equivalency of the claims

are to be embraced within their scope.

WHAT IS CLAIMED IS:



WHAT IS CLAIMED |IS: 2 7 SEP 2004 26 CLAIMS 1. A method for deter i hSbRy208
size of a search wi ndow, the nethod conprising: nmneasuring a strength of a
PN encoded signal transmitted by a preferred base station; selecting the
size of the search wi ndow based on sai2bstrength of said PN encoded
signal; and searching for a PN encoded signal transmtted by a nei ghboring
base station by wusing the search wigdomis2. The nethod of claim1 wherein
said search wi ndow size is selected to adjust the search w ndow size
earlier in ti me froma predicted arrival tinme of the nei ghboring base

station. e m | where i.f of said PN
enco::Ied Si gnal ‘ed‘TF%‘H@%‘?&‘{%W“%SF&ESFgkﬂ?lbguﬁlggéa’ftrgaﬁ%ﬂc?rgp%%b%w a
threshold a fi hizhsitBR! £ Br¥iglelOfa PNZ&cbdedSafnt tR@smaid By a préfered beegt h of
said PN encoded signal transmtted by a preferred base station is equal

to or excé@tden;said threshold, a second search wi ndow size is selected. 4.

Ihe, method of Sheeh e RAEUE PLSERe! Suludl e b e BT iR oo

si gnal tramdglgﬂal g said preferred base station crosses a threshold. 5.
The nethod of claim1 wherein the selected size of the search wndow is
used to searchs@fﬁ?:hlnﬁ rlatlg’/N@nccmﬂdgsm@} trampopHed by, g pejgbharing basgritatioptiyod of
claim1l fH%lhg . determining a delay between the transm ssion
of -a signa rom he pre erred base station and the reception of said
signal by a renote unit. 7 The met hod of claim®6 further conprising:
decr easi ng the_size of said search, wi ndow if sgl d del.ay gcg%c{eases and 2 7
7

SEP 2004 27 i ndheasthed efifdamy L whereinssaidiseapehy windy sirsvis pelecied te sk ihe
| NCT €ASES sedich FiRQNREAGRL: if liflefdm %@d\ﬂﬁh&l&d@ﬁ e BPRR Agbades 2

pi l ot signa clarm erein the size o h earch
wi ndow i sstadered on a PN

3. The method of claim 1 wherein if said strength of said PN encoded signal
transmitted by said preferred base station is below a threshold a first search window
size is selected, and if said strength of said PN encoded signal transmitted by a
preferred base station is equal to or exceeds said threshold, a second search window

size is selected.

4, The method of claim 1 wherein there is a plurality of thresholds and said search
window size is changed each time said strength of said PN encoded signal transmitted
by said preferred base station crosses a threshold.

5. The method of claim 1 wherein the selected size of the search window is used to

search a plurality of neighboring base stations.

6. The method of claim 1 further comprising:
determining a delay between the transmission of a signal from the preferred

base station and the reception of said signal by a remote unit.

- 7. The method of ¢laim 6 further comprising:

decreasing the size of said search window if said delay decreases; and



of fset used for the search window. 10. A renote unit neans for gs]ugépgﬁ
strength of a PN encoded signal transmtted by a preferred base 0
nmeans for selecting a size of a search window in response to said strength
of said PN encoded signal; and neans Xjor searching for a PN encoded
signal transmtted by a nei ghboring base station by using the search

wi ndow. 11. Thg eﬁﬁﬁ%ﬂw%e °ﬂé‘d§e9"°§‘“§9%%?§r dm(f'l% in@egkest rength of said

PN encoded si gna ansmtte ase station is below a

threshold a fi rst search wi ndow size is selected, and if said strength of

sai d PN epncode naI tr nsmt ed, b ref, erred base station is equal
Phtée

to or exce®eds g‘ﬁflé’gﬁ §ré’h‘b efedsignadis a plot@ignal. s o ect ed.

12. The renote un|t of clai m10 wherein there is a plurality of threshol ds
and said search wi ndow size is changed each tinme said strength of said PN
encoded s9.gnal The metiediof thxiimidy wdetein fheefizer ofethe soaseh windbwas based snesP
threshol d. _13. ag renote unif of claim 10 wherein the selected size of
the sear cHTS K [ the Jeareh WindO®%hr ch a plurality of neighboring base
stations. 14. The renpote unit of claim 10 wherein said set of PN offsets
is selected to be twenty chips earlier in tine fromthe reference tine to
sixty chi b5 | aAgembte unitne than the reference tine. 15 A renote unit for

use in a wireless cgnmuni cati on system |S|n 7 SEP 2004
search engi ne 6B i TGN A e“F’E\"ﬂE ?f@r%ﬂa‘?ncg ﬁ@f‘ﬁl grnsmig F%
recei ved prbfeoit daftf Rfifinf ed base station and perform searches for a Si gnal
transmtted by a neighboring base station; and a controller in
communi cat i on mgans &»arsclestaw@hlzertgms;mwlnguwed responpa s saié sgenghl ofear ch

par amet ers(}S theo arch en‘gl ne, receive search result, evaluate said
det er m ne¥’ Pﬁﬁﬁ? Pkﬂ?&tﬁ‘“ f said received signal, and determ ne a size

of a search Wﬁi@rﬁwfbpsé&&lﬁﬁgaﬂ)rta@N%ﬁéd‘dédfs%alﬁﬁlsﬁhﬂélﬁinahé%ﬁﬁéﬂﬂgﬂ%ﬁcby the

nei ghbori ng base station. 16. The renote unit of claim1l5 wherein said

cont r ol | eftation yiusingcthe seaseh windew. such

11.  The remote unit of claim 10 wherein if said strength of said PN encoded signal
transmitted by said preferred base station is below a threshold a first search window
size is selected, and if said strength of said PN encoded signal transmitted by a
preferred base station is equal to or exceeds said threshold, a second search window

size is selected.

12, The remote unit of claim 10 wherein there is a plurality of thresholds and said
search window size is changed each time said strength of said PN encoded signal

transmitted by said preferred base station crosses a threshold.

13. The remote unit of claim 10 wherein the selected size of the search window is

used to search a plurality of neighboring base stations.
14,  The remote unit of claim 10 wherein said set of PN offsets is selected to be
twenty chips earlier in time from the reference time to sixty chips later in time than the

reference time,

15. A remote unit for use in a wireless communication system comprising:



that if said determ ned signal strength is below a threshol d Ieve& §éﬂ{5t
size of said search windowis selected, and if said determ ned s'dﬁ 004
strength is equal to or exceeds said threshold |evel a second size of
sai d search window is selected. 17. TRS remote unit of claim 15 wherein
said controller is further configured such that there are a plurality of
threshol ds and a size of said search window is changed each tine said

determ ned signal strength crosses gne qof said {hreshold |levels. 18. The
renote unit of2 &saehengngRenfigured to deermins @ SE?HEIE%@? 8 IRREHEBw i s

commn oo e RS i i, AR B Sl w1 5o
for si gnadighboriag dase statibnbynd base station.
a controller in communication with said search engine configured to
pass selected search parameters to the search engine,
receive search result,
evaluate said determined signal strength of said received signal, and
determine a size of a search window to be used to search for the signal

transmitted by the neighboring base station.

16.  The remote unit of claim 15 wherein said controller is further configured such
that if said determined signal strength is below a threshold level a first size of said
search window is selected, and if said determined signal strength is equal to or exceeds

said threshold level a second size of said search window is selected.

17.  The remote unit of claim 15 wherein said controller is further configured such
that there are a plurality of thresholds and a size of said search window is changed each
time said determined signal strength crosses one of said threshold levels.

18.  The remote unit of ¢claim 15 wherein:

a_default size of the search window is communicated to said remote unit by the
preferred base station; and

said controller uses said default size of the search window for some searches for

signals transmitted by a base station.





