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[\/ETHC;JD AND APPARATUS FOR SEARCH TI MES UTI LI ZI NG MOB
STATI'ON L FORVAT D OF THE | NVENTI ON | !:%Ig% e
Ihve i oncﬁgg*ﬁg esent i nvent$op rel ates fo conmuni cati onsll:) 0(%39“1

part gyl arly, the i nvention concerns a nethod and apparatus for reducing
sear times associated with the handoff of a call fromone base station to

th b t at he Back d Art Wrel
Conmuni cati on syst %Jinr%N §§ s o kebtne ML gk sedrRen®°®
wireless unit, coRfMESUTHIZINGIMQBILESTAEIO E@Ceﬁél:m INRORMATION at

conmmuni cat es vmth one or nore base stations when naking a call. The nobile
communi Gdates with the base stations on one or nore channels that are 20
contai ned within a frequency BACGKGROUNPOF THIRENVENTEONY a base station
controller. A cormuni cation fromthe mobil e to a base station is nade on
what is called the "reverse link," and a conmuni cati on fromthe base

station to thg ”Db'ﬂx@ldséﬂl\é)fh‘%é\ dggde on the "forward link." During a call,

the nobile station’is constantly searching for other base stations t hat the

rmbllelg;ght need 25 cont,i nue t he caII whil e the nobile station f
movi ng ¥ ound.  One TheRFeseIHinReRtiom relgtes do communicagionsy Merapartigplaslye the

systemis the searcher. The searcher is programmed to search for pilot
si gnal s (pi | otisyentionjcdnderns & nethod@BBd2qmrasFot tdd@GnpEeatchIdme’23944 ~ 2
transmtted fromdifferent bases stations in at |east three cases: 1) when

a nobile is trnyidiate@ vAith the RaRdGf o€ ahBlfrGf drtfbaze BRHYE &8 hRGthe2basd) t he
idl e state when the nobile is on the paging or access channels; and 3) in

the traffic st where the mobile is in control of the traffic channel .

The speed of SEATChi ng the 5 pilots on the frequency assigned to the nobile
and ot her frequencies determ nes the search performance of the nobile. In
slotted node, the objective is to search

15 IL. Description of the Background Art
Wireless communication systems generally comprise, amongst other
elements, a wireless unit, commonly referred to as a mobile telephone (mobile),
that communicates with one or more base stations when making a call. The
mobile communicates with the base stations on one or more channels that are
20 contained within a frequency band assigned to the mobile by a base station
controller. A communication from the mobile to a base station is made on what
is called the “reverse link,” and a communication from the base station to the
mobile station is made on the “forward link.” During a call, the mobile station
is constantly searching for other base stations that the mobile might need to

25 continue the call while the mobile station is moving around.

One important element of a mobile used in such a wireless system is the

searcher. The searcher is programmed to search for pilot signals (pilots)

LT
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all pilot$ in the neighbor set before the sl'ot expires. Slotted node ‘r1e ﬁ
to an operation node of the nobile where the nobile nonitors only dwzi ntﬁ 03
sel ected {lgpgia7eds tine. Al so, when searching pilots in a "cpogiusiedadds
f'requency, the 10 nobile needs to conplete,its search of all pilots in the
candi date set as quickly as possible so that is tunes back to the serving

frequency ang.fiRifed Gf?orglhﬁiffer\éﬂl ‘B%sgsggfaac | of qg?sggt[kfe}&f %ﬁ@és?hilgg.yﬁg&‘? a

candi date frequency. As discussed r I'ow,  the can requency 1I's a

potential handoff .frequency, and these searching techni gues are_ us to
coordi nate hHW%E)]Ff% tﬁgn% 6‘%%%‘?‘6%?&&?% SHFQ‘hé’rf@W@é?rﬁ &%ﬂh‘i@dﬁﬂ‘oﬂam
system A. Handoffs A nobile used in a code-division-nultiple-access (CDVA)
wi rel ess syswhensthepgoobie ihorehe ypgingfor kaoeksfdhapnelsednded) inhthe trhffimsthtel e
is in control of the traffic channel. The use of CDVA techniques in a

mul tipl e acc@gerethé fIBBIRI 1§ ¥ cBALrOY oF e traffl Sitdsdd The sheed JFabSRhiPthe
4,901, 307, issued February 13, 1990 and entitled "SPREAD" SPECTRUM MJULTI PLE

ACCESS,. COMVJ T YSTEM USI NG SATELLI TE TERRESTR}L AL REPEATERS .
assi gndd to PHISAES M ey S iEnedL i e meRile GRAZTHCT REGPROIE Haeppines
reference herein. The three types of handoffs are: WO 01/17125 3 2 1 FFB
2003 PCTI Usothessaach perfopmance afithe mobalendngintted magle, ehe objectivmisite search
comences conmuni cations with a new base station without interrupting
communi cat i oal pilats it ke oleigHbas et befdrenthe 36t expinekof Slotied moly refersisedn
bet ween CDVA channel s having identical frequency 5 assignnments. 2. CDVA to
CDVA Hard Ha g nskoike 4 [ RgP:Y ' b S i idm%qlg n
di sj oi nt set gggéaftﬁgs@dg?ati ofﬁsl?lagyy?f"gﬁeent eangbgﬁe{igélé%?%w er ent ??&gﬁgncy
assignnments, or di.fferent,.fra of fsets. 3.. At 0,Anal. Hapdof f -
nandor 11 whCEh Of HEopALS Be8. Hchigs PHPBI AR it HeaPaReY cthe
channel to an anal og voi ce channel. To _ perform soft handoff, the nobile
cont i Afous| ymebilecheedst iorcosmplegg ity search of alhipilets in thecandigatepsat as quieklyy s
to a pilot channel identified by a pilot sequence offset and a frequency
assi gnnent . As pidssiblé sodhabid aured badkhtd lke serviagdréquency and minimizes the

voice degradation caused by searching the candidate frequency. As discussed
+  below, the candidate frequency is a potential handoff frequency, and these
searching techniques are used to coordinate handoffs of communications in the

15 wireless communication system.

A. _ Handoffs )
A mobile used in a code-division-multiple-access (CDMA) wireless
system supports three types of handoff procedures when the mobile is in
control of the traffic channel. The use of CDMA techniques in a multiple access
20 communication system is disclosed in U.S. Patent No. 4,901,307, issued
February 13, 1990 and entitled “SPREAD SPECTRUM MULTIPLE ACCESS
COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL
REPEATERS,” assigned to the assignee of the present invention and

incorporated by reference herein. The three types of handoffs are:



1 Straffic channels in the sane forward |ink CDVA channel, or si rn'Iagr1y|:'Bm[]3

wWth-the reverse link on systens using reverse link pilots.. All pilots In

a pilot selp#aves he sane CDVA frequency assi gnnent- For clpdt/500/2p9440t S

are discussed in terms of the forward linksonly. 20 The nobile searches for

pilots on the current CDVA frequency assignnment to detect the presence of

COVA channel s and1! osereasiiidies S| Bilof! beNGiich Wigh +afilBoRbhendaiact s
e

a pilot of sufficient strength that is not associated wth any o
forward link traffic _channels. alreagy assigned to jt, it sends a pil of.
strength neasur errentcor%@%?%{o&st I’fgﬂﬁage "§g’ate}i’§ﬁ‘ \ﬁhﬁr?l\m‘i"btﬁoflf pggrrugimg
~FE~ Too3 WD 01/171Z5 PCT/ US00/ 23944 4 currently comuni cating. The base

station can then assiogamanicatigasawithnthet oldfhase statzomeSofiskadcff ean windy behat
pilot to the nobile and direct the nobile to performa handoff. 5 The pil ot

search parameters angsedhebetiv&@mn f @DMA Ot cheinneRgt haﬁﬁ%suﬁ&é‘f&ﬂial MEPERERCY
transm ssion are expressed in terns of the followng sets of pilots:

ActivegSet: The pil O%s?-‘.igﬁﬁ@r%%at ed with the Forward Link Traffic Channels
assigned to the nobiTe®| ndi date Set: The pilots that are not currently

in the Active Set _10 hav n.receive y the nobile wth sufficjent
strength to indicéteE @héDm%ﬁgéa‘Pg?t?ar‘% hEPFlF?PfJW‘aY"#‘P‘é‘ theympbile is
coul d be successfully denodul ated. Neighbor Set: The pilots that are not

currently in the Acttramsiiened etweehediSjoidi datseoSdasarsfations, | diffirgnt band
candi dates for handoff. Remaining Set: The set of all possible pilots in

the current system OfadsBs, diffefétifr clTRGigARNtS T AFERMH! frfné bedetag t he
pilots in the Neighbor Set, the 20 ndi date Set, and the Active Set. This

9 ! . . ; .
set of possible p ngi s f wh@s Llat. PN sequ e of fse
i ndices are int egg'r Oérr@ﬂ\}tilgp?des}%?lggo?ﬁegngiﬂ%%t gni‘rafe{ﬁ%ﬁt].fwgmgﬁoﬁg{l?%’g 15 1
FEQ zZQQ3 PGI/ US00/ 23944 5 The base station irect the nobile to search
for pi180ts on a di ff‘i‘t’%‘-ﬁ?d ?r@ﬁﬁ@n%%}"’f%rdrgé’?%& chanel, to; @ncanglpgcymise
channel s and to neasure their strengths. The nobile reports the results of

the search to the badwensehti on. Dependi ng upon the pilot strength
nmeasurenents, the base station can direct 5 the nobile to perform an

i nter-frequemsypdidsrin Raftdedridoff the Rhbbile $8AAiFTOIRAY BERICRES fGY S5sBXINESRE bf |
terns of the followng sets of pilots: Candidate Frequency Neighbor Set: A

list of pil Obﬁoﬂs’) The teqmmpﬁgt’c?é}g}sdﬁ)tf pﬁ%?gl‘t'frﬂ?e‘f identified by a pilot sequence
offset and a frequency assignment. A pilot is associated with the forward link

15 traffic channels in the same forward link CDMA channel, or similarly with the
reverse link on systems using reverse link pilots.. All pilots in a pilot set have

the same CDMA frequency assignment. For clarity, pilots are discussed in

terms of the forward link only.

20 The mobile searches for pilots on the current CDMA frequency
assignment to detect the presence of CDMA channels and to measure their
signal strength. When the mobile detects a pilot of sufficient strength that is not
associated with any of the forward link traffic channels already assigned to it, it

sends a pilot strength measurement message to the base station with which it is



Candi dat e’ Frequency Search Set: A subset of 'the Candi date Frequency? 1'FEB 2003
Nei ghbor Set that the base station may direct the nobile to search. 15 B.

Pi |l ot Seaweplyihimasurrent systens, the base station sets the megusi2esaadow,
tthat is, the range of PN offsets, in whichh the nobile is to search for
usabl e nul ti path conponents. These multipath conponents are used by the
mobi | e for denRditlyatbRinGhicAANgSSTReabEL LREWA QTA't%ntés%i G FSHME link

Search 20 performance criteria, and general wreless syst criteria, are

defined in d ELA: 95x .and TI ALElI A-98-B, ,all issued t he.

Tel ecommuni ég%ﬁgﬁégﬁﬂ%gs??aﬁi@@?}égﬁl%tnl?ﬂ(gn %@s@(@gﬂﬂ%é&eq u@ﬁ’%blﬁ Phe
Anmerican National Standards Institute, all of which are incorporated by

ref erence hapasfarm afh@ndotfear ches are general |y governed by the fol | owi ng:

2 ~ FED Z003 WD 01/17125 PGINSO00/ Z3944 6 Active Set and Candi date Set: The
search procedures for pilots in the active and candi date sets are
identical. The search wi ndow size for each pilot in the active and

candi date sets i : i il i i ng
Co SRLLWN A 5 T PIGHEIRh Badthe(Gh R TRE Etes 36 bllglaferferh oA RRRAN
search w ndow or 14 PN c_hi,gs around the search w ndow center. The nobile
station cent/BPSSagRiransmissionage g¥pressed it ierms ofithgiollawing sets of pilgts:

candi date sets around the earliest arriving usable multipath conponent of
the pilot. 10 Tabl ee 1 SEOFe S¢N A SRt piloff NssiTited MicHEhR FRGHrW Cink CF
SRCH W N NW ndow Si ze (PN Chi ps) SRCH WN_A SRCH WLN N SRCH W N NGHB R

SRCH WN_R CF SRCH W N_NW ndow Si Z?dfﬁ&%hﬂék%%%}m%%éméﬂ%.
' 3101113041412160520132266281432074015452  Nei ghbdt Set: If a flag for a )

di fferent neighbor search.w ndaw is, set, the search w ndow size for. each
pilot in the 15 nei ghg{c;?nglgﬁ?‘? Semﬁ'hihﬁlﬂrx%? H'tﬁt qfﬁl’t‘?’fi?ﬁ’%’ﬂ CPH_ Alchv?%lte
1, corresponding to search wi ndow size paraneter associated with 11 WO
011 174®5 2 1 FEf 12003 PCTI US00/ 239t 7haviee beenotreerived bpathéemiobile tish

flag is not set, the search w ndow
sufficient strength to indicate that the associated

Forward Link Traffic Channels could be

successfully demodulated.

J Neighbor Set: The pilots that are not currently in the Active Set

15 or the Candidate Set and are likely candidates for
handoff. |

. Remaining Set: The set of all possible pilots in the current system

on the current CDMA frequency assignment,
excluding the pilots in the Neighbor Set, the
20 Candidate Set, and the Active Set. This set of
possible pilots consists of pilots whose pilot PN
sequence offset indices are integer multiples of

some pilot increment.



size for each pilot in the neighbor set'is the same and is equal td Ttft8 2003
nunber of PN chips specified in Table 1 corresponding to SRCH WN_N5. The
mobi | e cen{gy§/ibfye search wi ndow for each 5 pilot in the neiglfosoorads4
around the pilot's PN sequence of fset, usi Ry timng defined by the nobile's
time reference. Remaining Set: The search wi ndow size for each pilot in

the remaini ngIﬁ@Baééstmer %{Qf’agrﬁeé th%'}‘npﬂhé?féo §@£%h{éﬁ?9ﬂb% Jﬁ%{/&%ﬁ%rérﬁ CDMA

corresponding to SRCH WN_R e nobile centers e‘searc ow for each
pilot in the remaining set arqund the pilot's PN sequence offset, using .
timng defi ne%e%‘ﬂlerf%{e (?“réfﬁt?cé' @‘et Pﬁ%sepégé?feh@.’u‘r a%ﬁ%lﬁl G Yy BASUFG therr
remai ni ng set pilots whose pil ot PN sequence offset indices are equal to
i nteger nul tiyrengths. 1bhe meolpld cepoms thermesults @fnthed s¢archr toq then basSestatidn.
Set: If the flag for candidate frequency is set, the search wi ndow size for

each pilot inDePend&@tiféh Ehé PN SBENgSR #hEdbLTBRlentd ahE N5asB WiMSn RhnFlirect
chips 20 specified in Table 1; corresponding to SRCH WN NGHBR associ at ed

witht pilo i L Af L th I j t set. the search w ndow
si ze fgf eachtthﬁiqﬁé?g? ?ﬁ%‘@%ﬁr‘?& lﬂééréﬁ?%%%gcé’n%f%@@‘ﬁset shal |l be the
nunber of PN chips specified in Table 1 corresponding to CF SRCH WN_N. The
nobil e centers the 2" 1 F E E3 2003 8 PCT/ USOOI 23944 WD 011 17125 search
wi ndow for each pilot in the Candi date Frequency Search Set around the
pilot's PN sequenc®hepiiloesearshpprametery attefeixpesbsby ihhterms i ltke $olioweng sets
reference. 5 C. Tine to Search Each phone manufacturer has its own way of

i npl ementi ng @fﬁ%ph strategy. In all strategies, the tine to search a
speci fic pil ot depends on the wi ndow size and the hardware of the searcher.

or opor £1 onal 1o 1 b so ERORABHeREY TTHERERT Srgh bl of et ot thGPMA

will result in a substantial reduction in ,, searching tinme. Using current
sear chi®g procedures, t&andidaoliresfuensyare nostly determined by the size of
the coverage area of a given cell. A cell is the geographical area covered

by a base station éor coandidat@iFrequehdyh Seaf@bidee. BOWUDbSHCHE aBkl Candfiate
shown in Figure 1. Regardless of the |ocation of the nobile 15 in the

serving cell, current sp@qﬁlgnw, NdebLRE sl Aed 1 (B%éé f\%glg&q ‘E‘.QP’ter’ewrtﬁé

case scenarios. That is, they -are zed to correspon no ocat ed

at the greatest distance fbr.o thecplase station but within the cell.
mobile to search.

15 B. Pilot Search
In current systems, the base station sets the search window, that is, the
range of PN offsets, in which the mobile is to search for usable multipath
components. These multipath components are used by the mobile for
demodulation of an associated forward link traffic channel.  Search
20 performance criteria, and general wireless system criteria, are defined in
standards TIA/EIA-95x and TIA/EIA-98-B, all issued by the
Telecommunications Industry Association, and ANSI J-5TD-018, issued by the
American National Standards Institute, all of which are incorporated by

reference herein. These searches are generally governed by the following:



On the paging or traffic channels, the nobile centers its search wi pdohEB200)
for each pilot in the neighbor set around the pilot's PN sequence offset,
usi ng ti nvomiaskabl i shed by the nobile's tinme reference. THCTO$00123%944 ti ne
reference is defined as the earliest arrivwed and usable path. The wor st
case scenario determnes the search w ndow size. For exanple, Figure 1

shows four adjacant ceAtfivd8é: ad@4€ankiBatedut: % séhreh Wrb&Raes $orSpitdes IR0,
each having a pil ot WO 01/17125 9 2 1 F E Q 2003 PCT/USO0I 23944

desi gnated PN1, PN2, PRN3, PN4, r ctively., .The.seargh w ndpw size for
pilot PNl is determ ne%l% b%cggge %ﬁgacaﬁ’g%i@?etg ﬁe:g%%%dgﬁ?hﬁgi nt "ASEHGReV C,fmfhe
sane search window is used even if the nobile is at point B. This results
in a waste of val uabl eSiz@#Tcench pilatdnitbeactve ead eandidaterssts is she naatber joé

| ocation of 5 the nobile within cell 104. If the nobile is at point B, the
search wi ndow shoul d bENr eldipsespdcificd ie Tablatl voerrespbhidinge ts SRCH MVIN_A.
required for a nobile located at point A D. Location Methods 10 Many

t echniques are being c [ g_ﬁggt ' fOLga ' i 2N ;
capabislqi ty for nobil esﬁ&sogzg t cﬁ'n?’(l.]{t%}q"rnvo v séngéllgu |dnrgds']t ﬁ‘gaétizr%r;ePN chip
difference of arrival of signals froma_npunher of cel]l sites. These signals
are "triangul ated" to Q%@F‘F}?alﬁmﬂeb’a‘ﬂ%]#arwf ipg Arewnd Hhe seareh window ¢exdes r es
a high concentration of cell sites and/or an increase in the transm ssion
power of the sites to The holeid stationeehtra tise s¢anoh oaindobhforsgeshgribotrafdhe r e
each nobile to transmt with only enough signal power to reach the cl osest

cell site. This triangadtifd QRdr @aHdiRte RETHILGAH e Walrlledt! atrdAfl LbdIRE
sites, requiring an increase in the concentration of cell sites or the )

si gnal power of each i J: tat] u!gh ve.to be increased. Another
approach invol ves the@?&ﬁlﬁ?%n&é#g&@( og%ﬂ%ﬁ) Posi tioni ng Systemn
functionality to a nobile. This approach requires a |line-of sight to four
sat el Qtes, i s sonewhat slow, but is the nost accurate approach for

| ocating a nobile. 2 1' FFf3 2003 10 PCTNS00: 23944

Table 1
SRCH_WIN_A Window Size SRCH_WIN_A Window Size
SRCH_WIN_N (PN Chips) SRCH_WIN_N (PN Chips)
SRCH_WIN_NGHB SRCH_WIN_NGHB
RSRCH_WIN_R RSRCH_WIN_R
CF_SRCH_WIN_N CF_SRCH_WIN_N
0 4 8 60
1 9 80
2 10 100 \
3 10 1 130 '
4 14 12 160
5 20 13 226
6 28 14 320
7 40 15 452
° Neighbor Set: If a flag for a different neighbor search
window is set, the search window size for each pilot in the
15 neighbor set is the number of PN chips specified in Table 1,

corresponding to search window size parameter associated with



WO 01/17t25 A third approach sends aiding information to the nobil @1 FEB 2003
i ndi. catl ng in which frequency range the mobile should look for a GPS
carrier. Woei/17GBS recei vers use what is known as a GPS satRET/US@23944anac to
s nimze a search perfornmed by the receiver in the frequency domain for a
signal froma visible 5 satellite. The almanac is a 15,000 bit bl ock of

coarse ephemeris and the'pilopHeingiaiadcHeal. Ifftedig fsenctases ! thlel sahicbnwirldew
information in the al manac regarding the position of the satellite and the

current tine of day i §1z Ffo %ébﬂ?ﬁl%t%!tﬁfét\%éﬁ?& sét'ls %g@ & add'f %Dugél to

recei ver nmust conduct t pOSSI e uency searc tO acqurre a

satellite signal. Addl t| onal is required_1 to attain additional
information that will tBf gump caﬁ?ﬁrﬁgﬁ WE’PC’g‘z?fjePh %?R‘ﬂ‘u‘glm

acqui sition process can take several mnutes due to the Iar ge nunber of
frequency bins that nEBCHIMIN_ dNarTie thotikcterftexsotherseprdli wihdswaforesachr
frequency and predefined wdth. The availability of the altnmar~ac red aces

tlne gincertainty in S?ll@t Ihtttﬁeawghséraadat&tﬁt&ftﬁé gntotﬂ% PNNQRfuedte Riffset,t hat
nmust be 15 searched. The satelliteé al manac can be tract ed fromthe GPS

navi gati on nessage or ug&nt SI grépgﬁgg&%g fols vr\g0 é,t?g%ré%‘ [ en;&tn@?e_hisgt ellite to

the nobile as a j data o

i nformation, the nobile performs GPS S|gnal processing to determne its

| ocation. 20 What is needed is a nethod and apparatus can use the |ocation
information for a nobile in conjunction with pilot search techniques to

i nprove the speed by Rentdining'$dti | e Jare seclk winldowpsizetfor @aclapiles ihghed
freguency while the nobile is in control of the traffic channel. The

i nvéenti on should be a tddsi N AR O l:ca cation
of the mobile to 2 ?‘l"‘l@%{é’%ﬂgo%éﬁ ‘\%\?01%‘17125 11 Pct":m’ssto%gez%ﬁ ’g‘eirgir’fréh T

the arch wi ndow size for each ei ghbor ate sefs.
O OF THE | NVENTFOSEPAIding P Q’t&ﬁ}e’ﬁ‘&@g R o e dnapl e sedrc

com‘rum cation network. Mre speci f| cally, the invention reI at es to an
apparatus and met hod Wiagdow farieash Ril ipddieresninmgaseianeued ithe poEF AMi ng
the search window size for a pilot in the neighbor and active candi date
sets. 1 10 One enbodi sequengt bffset, nusingi eimirgo\defizeda byetthe dniobiletsortiinet i ng
a

reference. The mobile searches for remaining set pilots whose

pilot PN sequence offset indices are equal to integer multiples of

15 the pilot increment.

. Candidate Frequency Search Set: If the flag for candidate
frequency is set, the search window size for each pilot in the
candidate frequency search shall be the number of PN chips

20 specified in Table 1, corresponding to SRCH_WIN_NGHBR
associated with the pilot being searched. If the flag is not set, the
search window size for each pilot in the candidate frequency
search set shall be the number of PN chips specified in Table 1

corresponding to CF_SRCH_WIN_N. The mobile centers the



pilot signal search in a wireless comunications network. First, thez1 FEB 2003
location of a nobile is determined within the network. This | ocatl on

then usedwigyAgiRr m ni ng search window sizes and search parmoomgu
Information used to search all pilots idengified in a pilot set. Search

wi dow size is also determ ned 15 based upon the |ocation of the nobile and

anot her  conponent el aigfich QMo R Bad EAGE 5 iRE ntcﬁég'l%nhtetccﬁgng* ISBhrch

signal . In another enbodinent, the inventfon prOV| an art
manuf act ure cont ai ni ng i taI | nf or mat execut a nal
processing unit and 20° % sg&&Q%’anﬁ’ SggﬁFt'é QW‘? P¥s s

communi cati ons network. I n anot her enbodi nent, the i nvent| on yields an
appar at us used to condths mobdefsi e refeyemde. search. 1 n one enbodi nent, the
apparatus conprises at | east one base station, wherein each base station
transmts a pilot signal, and wherein the base station is used to determ ne
the location of a nobile within the 2 1~ FEa 2003 WO 01117125 12

PGT/ US§)0/ 23944 co&‘r‘runl gamlg § neawo_rk. The apparatus may al so include at

| east ©One nobil e, i's conmunicatively coupled with at | east
one base station,_and wherein the nobile uses search w ndow sizes and ot her
search paraneter Eaghpheneomanufaciirer bas i ewnt wayi af dinplemgetisgaa spardyre
required for searching 5 all pilot signals associated with a sel ected pil ot
set. The i nvstrdtegy. phroull dtmategies,utter inwl td seavrhr » speaificapil sigdeperide on the
advantage is that the tinme required to search a set of pilot signals is

reduced overwiRQ¥R 4i8e %'dq&?eshaﬁwjéﬁ%f A 384 2her. | ﬁlwﬁtcel‘t%h‘x'%'réw%?@rﬁ{%er

resources 10 are not wasted because a nore efficient search

conducted. The inventiqgn al pr a nunber gof other advanta an
benef | t 5. § haboith S0 BT ArETb Hir KLY (RIPEPEORRAl 1Y ‘D eseRer W%Emﬁe%%. 1 ed
description of the invention: ,s 15 BRI EF DESCR| PTI ON OF THE DRAW NG The
nat ur &0 obj eReduciagqthe saschguindowt sizej willnresskt 14 spbetensiahvedughion rignt
to those skilled in the art after considering the follow ng detailed

descri pti on searcluimgetiieon Wéihg dtureenic searphing pgockidawes)gthe windbiac Bides kare
reference nunmeral s designate ike parts throughout, and wherein: 20 FI GURE

| shows fourppgil ?(‘cf‘é"ﬂenﬁﬁiédsbﬂf Bhélsitk [0 tRE SoGOABY AFERDF QFivHS LN iANcell is the
accordance with the invention,

.«  geographical area covered by a base station for communication with a mobile.

Four such cells are shown in Figure 1. Regardless of the location of the mobile

15 in the serving cell, current search windows are sized to correspond to the worst

case scenarios. That is, they are sized to correspond to a mobile located at the |

greatest distance from the base station but within the cell.

On the paging or traffic channels, the mobile centers its search window

20 for each pilot in the neighbor set around the pilot’s PN sequence offset, using
timing established by the mobile’s time reference. The mobile’s time reference

is defined as the earliest arrived and usable path. The worst case scenario
determines the search window size. For example, Figure 1 shows four adjacent

cells 102, 104, 106, and 108 in a wireless system 100, each having a pilot



FI.GURE 2a’illustrates a wirel ess communi cati'ons apparatus utilizi ng ay FE%ZU[B
satellite positioning systemin accordance with the invention;

2003 WO Oy diherpadCTI USO0/ 23944 13 FI GURE 2B shows a Wi rel eperysoon3oas

comuni cat| ons netvvork in accordance with g¢he invention; FIGJRE 3 shows a

bl ock diagram of a nobile in accordance with the invention; and 5 FI GURE 4

i th e+ nvan ERReeRyl, PR3 BRG And Tl besbeliifpy rbhecsiard nned it feds ©

2a- 4 |IIustr%te exanpl es of various nmethod and apparat us 10 aspects of the
present i nveREPHRN 1Ft?rd%t§§1@1féﬁ BRprchRRL 3 GRObileilogatechetipoimty Al | Hiomeaviepnthe
i ntended, these exanples are described in the context of a digital signal
processi ng aggme search wiredaivds taed ssvenalf the erélsilé Rgattpoidt B. UThisseeultoin a
execute a sequence of machi ne-readable instructions as referred to above

may be embodigdidys Yrﬁfda‘mts s@%ﬂ%f%o‘ﬁ?@&oﬁﬁ% 3t ?Bgs hBE ebHQ0BFEhd ﬂfl%tlon of

Various 15 arrangenents or these digital signal-processing appara uses

escri Bt on R PRBERBACAT it JEte Tk oRPoY ILtbF Sunh ALE IS

and publications all describe a pilot signal 20 used for ach|S|t|on The
use of a'pilbe redyced iresizbirelativiectontitei searchy windoiw requitest fir Hambiletlatated in
a tinmely manner. The nobile gets synchronization information, including a
psuedor andomafipbiz® A.PN) code phase offset, and relative si gnal power
information froma received pilot signal carried on a pilot channel. Once a
pi |l ot channel has been acquired, the nobile may al so acquire a 2 1 FEQ
2003) WO 01117125 14 PCT/ USQQ Z3944 synchroni zation channel (sync channel)

that is associated with the | o hannel . The sync channel is used to
recei ve fine-tuni ﬁg—eﬁ%%—?-&kil@%-éao structions and thereby permt the
nobile to tenporally synchronize its internal circuitry with systemtine.
It cadObe appreci Many techniquas are heimg abnsiderkid tapsoddetfhnautamatic dcation

inportant that the internal tinme of the nobile be synchronized with the
system ti ne. cApakilignfoi ebilée ORE NI QuEIRWIVEEHRasIrihE ehd linfedigfesariteasice

t he base
arrival of signals from a number of cell sites. These signals are “triangulated”
;  to extract location information. This technique requires a high concentration of
cell sites and/or an increase in the transmission power of the sites to be
15 effective because typical CDMA systems require each mobile to transmit with
only enough signal power to reach the closest cell site. This triangulation
requires communication with at least three sites, requiring an increase in the
concentration of cell sites or the signal power of each mobile station would have
to be increased. Another approach involves the addition of GPS (Global
20 Positioning System) functionality to a mobile. This approach requires a line-of-

sight to four satellites, is somewhat slow, but is the most accurate approach for

locating a mobile.



station is and enabl es conmunication betweeh the base station and the fgp 03
nobi l.e. Accordingly, when the nobile is in communication with a base
station, t 1 station transnits systemtinme to the nobpleyukibnioss
facilitate synchroni zation. 10 In a spread,spectrum comruni caii'on system a
pilot signal is used to synchronize a nobi I"Z station in phase and frequency
to the transm ssi oRs a station.,.ln.the exenplary e i nent, ..the
spread spectrum co‘?r‘ntulﬁfdcgp g(r)%ae%g?% ??lﬁgd?Foﬂééoggﬁ%ﬁ%% ’g%&i%&n‘glﬁggflgdﬂ]
communi cation 15 system Exanples of such systens are discussed in U S
Patent No. 5,Wbihrequeseysangs the: mohidw shouls laglefor AEGPRTanNEr. ANBRSGDS
FOR CONTROLLI NG TRANSM SSI ON POAER | N A CDVA MOBI LE TELEPHONE SYSTEM " and

U.S. Patent NeceivelddséWhat BskiesivAnds & GPI 82eNiendlidr toSiaMzeNDsdxERCD
FOR GENERATI NG SI GNAL 20 WAVEFORMS | N A CDVA CELLULAR TELEPHONE SYSTEM "

both of whi i ASA f ' |
Pncor por ateq ReTTHRES HINAR JdehRE ifREImALy dFnBRERSR slEh TR, Bilble

spectrum

comuni cation syste the transmt ignal s are spread over a_frequen
band griat er SatglNtg-n ﬁiaﬁpﬁﬁﬁ? b“a?‘l&%&n%gﬁ)i}’lﬁ@@éléé’zﬁ?a{s@ ephemeris apg dime model
information by nodulating a 2 1 FE~3 2003 WD 01/17125 15 PCTNS00/ 23944
carrier wave datatfoe theentiseé gomstellatiem Fhduhfarmegicrhin thesalimang reiggrdingabei n
with a wi deband spreading signal. In a pilot signal of one enbodinent, the

data can be |g6difdnabf ke Aatdlife ARES IRCTUBRER- tithel bPERy fisefokimbid bnly.
regi ster, the inplenentation of which is described in detail “in the

Cpreading o1 gl anil, Be GrESTERAG S, PORFECH 2y ShAGL (pguble |

Ae-~~~ In order to acquire a base station, .a nobile nust synchronjze to the
recei ved si gnBPquengnsaareh kraequirapisateliiie signal- ghdditional paaeessing isggawived,
w. A searcher 10 finds the phase of the received signal, ~ After finding
the ph¥3e of tohattaipr addiitiogak irfoamation thhe willexid dncacquirifig witbebyateHitesy The
denodul ati on el ement that has hardware for both phase and frequency

tracking. ThesiBRhhaRYitiBh! SibckecdPRikeSsel b SniMfed BaE GoQhe 1B ﬁﬁﬁib\é?%é

signal is by testing a set of phase hypot heses, discussed in terns of

search w ndo;‘#:gg&%’:g?ye%ﬁ% i dREEd ][qu%? sk%/rﬁg?ﬁ.e OF 4 ?fg&cﬁ%%%ggl%ii_ncﬁés gagg%g er

hypot heses, rred to as o S€S, e
of a searcher_ operating, usi "W, ndow'
£ eguency argxld preggﬁned wid\g\. The availability of the almanac reduces the

uncertainty in satellite Doppler and therefore the number of bins that must be

15 searched. The satellite almanac can be extracted from the GPS navigation
message or sent on the down forward link from the satellite to the mobile as a )
data or signaling message. On receipt of this information, the mobile performs

GPS signal processing to determine its location.

20 What is needed is a method and apparatus can use the location
information for a mobile in conjunction with pilot search techniques to improve
the speed by which a mobile can search all pilots on an assigned frequency
while the mobile is in control of the traffic channel. The invention should be

able to utilize information about the physical location of the mobile to



searches is gi‘ven in copending U S. Patent No. 5,805,648, filed Sept emq.'rgg\zlggg
8,1998 and entitled "METHOD AND APPARATUS FOR PERFORM NG SEARCH ACQUI STTI

IN A CDVA CATI ON SYSTEM " assigned to the 20 assi ghe esent
invention Aeor porated herein by ref enence. To al |l ow forsc?;t‘i’eswgﬁgp{)ff of
a call, the wreless systemuses so-call edi"slotted” searchi ng. I n other

wor ds, a nobil e _per 1.nd .Sl ot ted searching i.s assjgned.periodi c w. ndows
(referred t Odsrserggll\%ﬁgégeaggh ¥Vé8$‘8}~‘.’ F8Y h%ft%ﬂ m?@gg%ﬁg 7€18 ?Wge
01/17125 16 PCTNSOQ 23944 stations to which it m ght handoff a call.
Accor di ngly, sefBbi | es search for pilot channel signals transnitted by
surroundi ng bases stations in a predeterm ned wi ndow centered about the

| ocation in the PN code sequence at which the nobile expects the pil ot
channel to be, in accordance with standards set forth 5 above. The base

station that the nobile is cur%eMMAﬁmnf.ﬁgtleWcﬁqnd a search w ndow
nNe, 10 e

size and ot her paraneters, such as system ti nobile. As the

skilled artisan will reag_iI |y appreciate, this reacquisition search w ndow
shoul d°be snal | aSTPRdly; Wsngoair@aﬁﬁpﬁwﬁ%wrhg?%%k-sMOF? ciently
| arge enough 10 to account for typical internal clock errors. Further, the
sear ch par anspecificaly dhel itnentmnp@idtes td an appdratas podanbthed that atiliegethel ar y
enbodi ment, the present invention nay reduce the search wi ndow size for PN

shown in Fi gpogitibntdf Ahobiein detdtinihy b Q4PEh Wandl §2¢ For XpAvhinsthandar d
met hods. For “exanple, if the nobile is"at point B, the search w ndow for

PN1 coul d be_reduce Vi factqr,Qf three. If the nobile is at point C the
search wi ndoﬁe@fﬂoa%g 3 Eﬁfgﬂgbq‘ag§8?tfl onally. In one enbodi nent, the

i nvention acconplishes this by using the physical |ocation of the nobile to
particul arize the search wi ndow size. In another enbodi nent, the 20

i nvention uses the location to particular all of the search paraneters. To

per f orl® t he et hond érmbagiment ofethe ihvestioroprafidese methiodeforaendbetikgnawn.
This |l ocation may be determ ned in various ways known in the art and

5885 i oned abeyigt sindl S&i#eR PR viteleSS MBI S tTorE U tWorkO Fist tRe locatibnfdi—3

a mobile is determined within the network. This location is then used in

determining search window sizes and search parameter information used to

search all pilots identified in a pilot set. Search widow size is also determined
15 based upon the location of the mobile and another component related to

multipath effects for a transmitted pilot signal.

In another embodiment, the invention provides an article of manufacture
containing digital information executable by a digital signal processing unit and
20 used to conduct a pilot signal search in a wireless communications network. In
another embodiment, the invention yields an apparatus used to conduct the
pilot signal search. In one embodiment, the appafatus comprises at least one
base station, wherein each base station transmits a pilot signal, and wherein the

base station is used to determine the location of a mobile within the



WD 01/ 1712S PCTNSOQO 23944 17 determination technique is di scussed |1$§%—2€%
co-pending U S. Pat. Application No. 09/040,501 entitled "SYSTEM Al

'FOR DETE I HE POSI TION OF A W RELESS CDVA TRANSCEIl VERy ~rAjshdssolpr Ch
17,1998, sglgjﬁez to the assignee of the Zﬁesent i nventi on%ﬁrc{blbncor por at ed
by reference 5 herein. For purposes of the“present invention, a precise
position determ nati i S not negessary. Course technjques jyay be us to
foter mne. ¢ HOT ORISR O heliiorh B e A RiDRY af SR HECs, PR Qe Bles 1) ¢
channel, the base statjon that is 10 currently handling the communication
transmts a Whewiya mebile ifcommunigatieelylroupiledwith atleasteanahasgistation, t o be
used for searching for the pilot signals contained in the nei ghbor set. The

sear ch w ndamdsiwheseirthe debisilaiSRkeaddls WRADNIsikECaN® BN deRf@ bAANNetERI N
the serving cell. For exanple, and referring to Table 1 and Figure 1, the

search w nd . t i 1 w
ci ze from 16 ptatiol rimied E B AR hd Sed o dynd FEABLAPFriealrig
because t he slﬁa_rch W ndow si .ze is_géedu ed, depodul ati on expenses are
reducet, andlsRUpLHigRalsagsedatsday Beﬁﬁgéﬁﬁflim S¢t- The searcher wi ndow size
has at | east two conmponents, one conponent 20 related to the geonetric

di stance between the phone and the targeted pilot, and another related to
mul tipath effects for a transmtted pilot signal. Accordingly, combining

the effects of thFhé%e?@f&%&@%&eﬁt@hgéx%%itﬁﬂ&ﬁé%%@%faﬁ?a%:@sﬂ@W.- size. In

CDMVA systens, space or path diversity is obtained by E ~' 2003 WO
01117125 PCT/ US0Q/ 2394 rovi din | tiple signal .paths through

si mul t aneous™ T HK35S P&ﬁag%%ﬁeereﬂﬁgggﬁ SF&)C?\) S%D‘%Ié’ lg)glsfgrﬁ]? E;Sr_eguced )
Furthernore, path diversity may be _ obtai ned by exploiting the nultipath
envi ronnent ¥AIJHIWR teduadugse cdnothes advaniageys khatyalsablegeardieg segources
arriving with different propagation delays to be received and 5 processed

separHl el y. dveamjiiveasted bpedusedi mere efficiemteseakchuntayabeecbridudied. TRat ent  No.
5,101,501, issued March 31,1992, entitled "SOFT HANDOFF I N A CDVA CELLULAR

TELEPHONE SYaVeition@iléb brovid&4 AlinBl-of DthEPadvihtabesaed bAREfits tRS SHfidd
entitled "Dl VERSI TY RECEI VER I N A CDVMA CELLULAR TEEEPHONE SYSTEM', bot h

assigned to i . e } ntion.l d inco ted by
reference he&e}l%rﬁ&s I %%g‘{( %Iét?xt %Sr’ﬁ%ﬁr%me fc{i%&%@a‘?%ﬁﬁ%%ag\%%@%p%@eaI so be
chosen based, upon the | ocation of the nobile. When the nobile is in control

of the trafffyention.

15 BRIEF DESCRIPTION OF THE DRAWING
The nature, objects, and advantages of the invention will become more )
apparent to those skilled in the art after considering the following detailed
description in connection with the accompanying drawings, in which like
reference numerals designate like parts throughout, and wherein:
20 FIGURE 1 shows four adjacent cells in a wireless communication system
in accordance with the invention;
FIGURE 2a illustrates a wireless communications apparatus utilizing a

satellite positioning system in accordance with the invention;



channel., a base station will transnit search paraneters to the mobilej 1 FEB 2003
These 15 search paraneters utilize know edge of the | ocation of the nobile
to parti C%Qr"%ﬁﬁzgr "custom ze" the search paraneters. Thi S&%@Jéa&hﬁﬂi zing
is used to optimze searcher procedures. timzing search window si'ze and
the procedures used by the searcher to performthe search results in
reduced search ti n,yet another enbodi nent, once the w ndqw size
has been: det e m nEXCHIFE 2b3Bhats Wit G T rOA s ok an SRR e

w ndow si zes are stored in a nenory unit. Searcher procedure paraneters nmay
al so be st or #ith fhesioventionrhat the cells in the wirel ess systemremain
substanti ally unchanged, these 2 1 FEQ 2003 WO 01117125 19 PCTNS00/ 23944
wi ndow si zes may FEGUREBRhoMLAbIRkNAgHHE bf BYimdhile FPRERdANG with thecat ed
wi thin the geographical area. The base %tatl on controller, know ng the

| ocati on of %“%&Qi | e ﬁan | ook up the wi ndow size and/or the searcher
procedure para @F‘shﬂ d transmt themto the nobile. In another

enbodi ment, the 5 nobile nay store the information. APPARATUS COMPONENTS
AND | NPERCONNECT| 8RS URE #dllystapies antaxempiptiexample of an artide efmanpéaaiwrd n
relation to particular nobile |ocation systens and supporting hardware
enbodi nent s. id Acddeden&a withthednsehgeoh.ed in the art wll recogni ze that
various | ocation systenms may be used. Figure 2(a) is a diagram showi ng an

i npl ementati on of a base station 202 and a nobile 204 in a synchronous CDVA
conmmuni cation network. The network is surrounded by buil dings 206 and
ground based obstacl es 208. Base 15 station 202 and nobile 204 are di sposed
in ay GPS envi r onmePET ALERYDESCRHITIEN QEENEMFAARYEMBQRIMENTSEr e shown
210, ' 212, 214 and 216. Such GPS environnents are well known; for exanple,
see for exanpl e HFAGRRES/R4-l4ithstratBexampleslof vafiesis thetbiogd anbapparatuse,
Second Edition, New York, NY: Springer-Verlag Wen, 1993. In a typical prior

art GR9 appl lagpédtoBf tid pleddst inv@HFioRO FoRkasd b SSH1ahAidre Bt Mathdut ayder for
a GPS receiver to determne its position. In contrast, the position of the

Carei i o angnifatiod Bteled ShElL AT IS 00 AR R in b Pl B Uil &
signal processing apparatus. The digital signal processing apparatus used to
execute a sequence of machine-readable instructions as referred to above may
be embodied by various hardware components and interconnections. Various

15 arrangements for these digital signal-processing apparatuses will become

) apparent to anyone schooled in the art after reading the below description of

the methods involved.
OPERATION

The aforementioned patents and publications all describe a pilot signal
20 used for acquisition. The use of a pilot signal enables the mobile to acquire a
local base station in a timely manner. The mobile gets synchronization
information, including a psuedorandom noise (PN) code phase offset, and
relative signal power information from a received pilot signal carried on a pilot

channel. Once a pilot channel has been acquired, the mobile may also acquire a



based si gnal s. 2 1 'FEQ Z0' 03 WD 01/ 171 25 PCTNS00/ 23944 20 Fi gur eezg{ E%B '2003
shows, a bl ock diagram of a CDVA network 220. The network 220 includ

mobi | e swiywggi/faasenter (MSC) 222 having a base station conpeghuseo2iossC)
224. A public swtched tel ephone network (4BSTN) 226 routes calls from
traditional terrestrial based tel ephone lines and other networks (not 5

shoun) 10 anSyhdiABnibiictechanleh(she chaHhES 1Al ib 3sld MBI ARE plifdt BRSO

a source base station 228 assocl rst ce and*a target
base stati OHTEBZ assg{gi at.ed vvi(ih a secogg cel] 234. In . addition, NMSC 222
routes cal | s [BECXEEFNERRES Used o feEhe BogtuRmeabits HRUNg dpsteact ation
228 directs call. to the first nobile 23b within the first cell 230 via a
first communtlerebyperput theroobids to Rmeporallyt syewhmonize dtsi intenphtinc@sd witha
two-way |ink having a forward |link 240 and a reverse |link 242. Typically,

when the basgysten tighe. 228aMBE appléadthteanAdipghR BIWRE §BLVOAEWELiBn the: #RPi | e
236, the forward link 240 includes a traffic channel. 15 A wirel ess

%hut iy Do HBGRlER bk RG e R g REPR SE Rt A8 chRaienC o

as MSC 222. WPF 242 generally con%r)i ses a digital processing device,
storage, andt&eelhis enablgsthe sobilgto kneviyhersrindghe P¥ sode seqrenserthabesees.

WPF 242 nmay be put to a variety of uses, such as estimating the one 20 way
ti me del ay f etatiorsisgiral ersabiés domhmaticdtion betseent thicibage gta8ionnthd tiee mobilee
236, or nonitoring and accounting for the tine offset between a reference

time and a ti : i k : H/\g)b :
PCT/ US00! Z3944°% Rféﬁ%%’hwgg% e Robillifin comuiniEibid ity Pbdde dhfion, e base )

only one cell, .a base station controller often governs or.is .associated

W th base st SAHLERRRLSEYSRCAR® HRmORIER BTG BN o Cel
230 to second cell 234, nobile 236 begins comrunicating with the base
stati df associated with the 5 second cell. This is commonly referred to as

a "hand-off" to target base station 232. In a "soft" handoff, nobile 236
establ i shes a secdnc sprend specttumnonhintinication system, a pilot signal is used to

synchronize a mobile station in phase and frequency to the transmissions of a
+  base station. In the exemplary embodiment, the spread spectrum

communication system is a direct-sequence spread spectrum communication

15 system. Examples of such systems are discussed in U.S. Patent No. 5,056,109,
issued March 3, 1992, entitled “METHOD AND APPARATUS FOR
CONTROLLING TRANSMISSION POWER IN A CDMA MOBILE
TELEPHONE SYSTEM,” and U.S. Patent No. 5,103,459, issued April 7, 1992,
entitled “SYSTEM AND METHOD FOR GENERATING SIGNAL

20 WAVEFORMS IN A CDMA CELLULAR TELEPHONE SYSTEM,” both of
which are assigned to the assignee of the present invention and incorporated by
reference herein. In a direct-sequence spread spectrum communication system,
the transmitted signals are spread over a frequency band greater than the

minimum bandwidth necessary to transmit the information by modulating a



244 with target base station 232 in addition to first comrunications |ink
238 with source base station 228. After nobile 236 crosses into seccszﬂdFEﬂa 10
234 and | Hip1h@8nel s with the second cell has been establ igdyggsookhsas
renote station may 10 drop first communicatd ons link 238. In a hard
handof f, the operation of source base station 228 and target base station

232 typi cal | Wi glr] t he
sour o base Savionane Sy e dGRoNBHal Bin SRRHBLAE e pEiHE sRAbL AR ERERN
station can be e abI i shed,. For e en our ce station is

W hin e coVA SHRHERA D ineRism. TR el oaﬁ@mge%a\erﬁag@ dataceen
isinla second CDVA system using a second frequency band, the renote
station wil| bedpoked abasan all wmien sequeridenids liheahfeetbhals shift rdgistas the
concurrently, since nost renote stations do not have the ability to tune to

two di ffer entinfdlemeanHonsMAIRicBAs %Q&%é&ﬁ{ aataﬂ\meme G & i e gaAenfDVes
fromthe first ceII 230 to second cel 234, link 238 to source base statlon

228 is dropp a new link is formed w,th target base statl 232.

12 rEo o0 Ep Ry ReDEts %&ﬁ%ﬁ@é‘%ﬂ&f\#uﬁm et PRipRa ane GEed 250
is shown in wreless comunication with a base station 302 of a wrel ess
conmuni cat i orf Wjatiegphasarafdhe jormasi gnated 304. It is to be understood that
al t hough a single base station 302 and a single nobile 300 are shown in
Figure 3 for clarity of disclosure, tRgnes9tem 304 would typically

i ncl ude ot her nobiles and base stations (not shovvn) In an exenpl ary

nmbodi t, t : |
embodi nen Ih%rgléﬁc%‘&cg{?ﬁe % ﬁg&@g@gﬁ%ﬁ aPﬁHf?nH@ rom 2 ncgyﬁﬁze t§ tRE ?VeGCDMA‘)

prlnglplesto discrimn e signa Detal of a

preferred set forth e above referenced U S Pat nt No.
501 307, 1 SuAlS Fom BiroRSstadin M hGr Ay L i BeRRRR -y aoh et
MULTI PLE ACCE_SS COVMUNI CATI ON SYSTEM USI NG SATELLI TE OR TERRESTRI AL
REPEATERS, " dindsfhephase ohthesxpseiyedsignal; fie Aftes Sinding the phiase obithe

i ncorporated by reference herein. As shown in the figure, nobile 300
includes a r epeeadingtsigrnd,n 1 therfréfitericyds foand bp using a deaied watibn lebanent
station 302 via a wireless link 308. Further, nobi I e 300 includes 15

control ci rCltthMaJR&rd%@é}EerJBbﬂﬁ?}t\&% zﬁﬁfﬁ@&]h _gnq'ﬁe%ﬁb%dﬁ data by
receiver/transmtter 306. In Fig , this“control cifFcuitry is rendered,
for .,3

which the mobile finds the phase of the received signal is by testing a set of
phase hypotheses, discussed in terms of the search window above, and

15 determines if one of the hypothetical phase hypotheses, also referred to as offset
hypotheses, is correct. An example of a searcher operating using “window”
searches is given in copending U.S. Patent No. 5,805,648, filed September 8, 1998
and entitled “METHOD AND APPARATUS FOR PERFORMING SEARCH
ACQUISITION IN A CDMA COMMUNICATION SYSTEM,” assigned to the

20 assignee of the present invention and incorporated herein by reference.

To allow for the handoff of a call, the wireless system uses so-called
"slotted” searching. In other words, a mobile performing slotted searching is

assigned periodic windows (referred to as "slots") to search for other bases



sinplicity, as a digital signal processor 310. As al so shown, proceszﬂréggz(a
can access a data storage device 312. Al though not shown, base stati F 03
may al so hwoenwizgi t al signal processing equi pment and st or ager/usen23d4e
fully 20 disclosed below, data storage devige 312 contains instructions

that are executable by the digital signal processor 310. Accordingly, with
the exceptio 'M"t% hcal - 0 a r N1 C il e
300 pref erablr%;&lfl% a hnlg%[ll ]l%ie& gé{l?éﬁkané%ﬂi %‘ﬁc%srhfe%gggﬁl g&\ﬁf %aﬁ%ﬁfozgg tV\iD
01/ 17125 PCT/ US00/ 23944 23 Addjtigonally, mobile 300 includes an_internal
clock 314. | fhgRBeLsigpalsHarsmitieddnanTonpeingbasessstations ima Predsierminesy
tenperature controlled crystal oscillator (VCTCXO) . However, it should be
noted that otwerdaw aekteded abest thelethidon im thoPNCeydé sdquenzeadr wiich dapial |y
suitable for use with the 5 present invention. Accordingly, the output

si gnal of, cl ' ! t
counter 316, q&mﬁPﬁé?ﬁE&rtgtt%@ ?Sgl ocC |erl186 851 g&ggﬁ)%ﬁ&b%’ﬁgﬁ%gﬁ?@%%g %}3

controlding tq)e vol tage of an input signal to clock 314 froma clock power
suppl y 318 i fF2%¥€r dance with wel | -known principles. Cock 314 may be
synchronized with systemtine by the receipt of a timng 10 nmessage from
base st ati on Bopbase daten thatdha mekile israurte¢rdlpcommunigatinganay senba lsearshas
descri bed above nmay be inplenented, for exanple, by operating a digital

si gnal proceswirdbwRide 4l 6ttRe PaParmetas UaitbeasHyst@altime, tbtheendsil.eAs the
instructions. These instructions may reside in“various types of signal

beari ng nedi . kS, T : f I I

concer ns. an aiiey B AE e SRR R reb PGB xR YRR should

t angi bl e enbadyi ng,,a pro m of chi ne-readabl.e i nstructjons ecut abl e by
2 digital i PRIMANGEROSHRIE YOI PrOuES AR HEngo U SISy [aFG® Fhofish
needed to performa 20 pilot search. This digital signal bearing nmedi um may
conpri K&, f ortodcsaphbformypicel idernaticlockresrense Fusthem thecspareh pathmeters
conmmuni cations network. Alternatively, the instructions may be contained in
anot her si gnashdifdben@ parficularized 28@bs¥iblél1/ | 7125 PCT/ US00/ 23944 24 nedi um

such as a magnetic data storage nedium directly or indirectly
In an exemplary embodiment, the present invention may reduce the

search window size for PN1 shown in Figure 1 by as much as one-third over

15 currently known standard methods. For example, if the mobile is at point B, the
search window for PN1 could be reduced by a factor of three. If the mobile is at )
point C, the search window could be reduced proportionally. In one
embodiment, the invention accomplishes this by using the physical location of
the mobile to particularize the search window size. In another embodiment, the

20 invention uses the location to particular all of the search parameters.

To perform the method, the approximate location of the mobile must be
known. This location may be determined in various ways known in the art and

mentioned above. A discussion of one exemplary mobile location
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CELLULAR TELEPHONE SYSTEM”, and U.S. Patent No. 5,109,390, issued
April 28, 1992, entitled “DIVERSITY RECEIVER IN A CDMA CELLULAR
TELEPHONE SYSTEM”, both assigned to the assignee of the present invention

10 and incorporated by reference herein.

In another embodiment, the search parameters may also be chosen based
upon the location of the mobile. When the mobile is in control of the traffic
channel, a base station will transmit search parameters to the mobile. These

15 search parameters utilize knowledge of the location of the mobile to
particularize or “customize” the search parameters. This particularizing is used
to optimize searcher procedures. Optimizing search window size and the
procedures used by the searcher to perform the search results in reduced search
times.

20

In yet another embodiment, once the window size has been determined
corresponding to geographical areas in a cell, the window sizes are stored in a
memory unit. Searcher procedure parameters may also be stored. Assuming

that the cells in the wireless system remain substantially unchanged, these
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particular mobile location systems and supporting hardware embodiments.
10 However, those schooled in the art will recognize that various location systems

may be used.

Figure 2(a) is a diagram showing an implementation of a base station 202
and a mobile 204 in a synchronous CDMA communication network. The
network is surrounded by buildings 206 and ground based obstacles 208. Base

15 station 202 and mobile 204 are disposed in a GPS environment having several
GPS satellites, of which four are shown 210, 212, 214 and 216. Such GPS
environments are well known; for example, see for example Hofmann-
Wellenhof, B., et al., GPS Theory and Practice, Second Edition, New York, NY:
Springer-Verlag Wien, 1993. In a typical prior art GPS application, at least four

20 satellites are required in order for a GPS receiver to determine its position. In
contrast, the position of the remote station 204 may be determined using signals
from as few as one GPS satellite and, in the simplest case, two other terrestrial

based signals.
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between the base stations 228 and 232. The source base station 228 directs calls
to the first mobile 236 within the first cell 230 via a first communications path

10 238. The first communications path 238 is a two-way link having a forward link
240 and a reverse link 242. Typically, when the base station 228 has established

communications with the mobile 236, the forward link 240 includes a traffic

channel.

15 A wireless positioning function (WPF) 242 is shown communicatively
coupled to BSC 224 , but may be coupled directly or in-directly to other networ® )
elements such as MSC 222. WPF 242 generally comprises a digital processing
device, storage, and other elements (all not shown) commonly found in such
devices. WPF 242 may be put to a variety of uses, such as estimating the one-

20 way time delay for a signal sent between the base station 228 and the mobile
236, or monitoring and accounting for the time offset between a reference time

and a time of arrival of a signal.
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the channels with the second cell has been established, the remote station may

10 drop first communications link 238.

In a hard handoff, the operation of source base station 228 and target

base station 232 typically are different enough that communications link 244
between the source base station must be dropped before the link to the target

15 base station can be established. For example, when a source base station is
within a CDMA system using a first frequency band and target base station is in
a second CDMA system using a second frequency band, the remote station will
not be able to maintain links to both base stations concurrently, since most
remote stations do not have the ability to tune to two different frequency bands

20 concurrently. When first mobile 236 moves from the first cell 230 to second cell
234, link 238 to source base station 228 is dropped and a new link is formed

with target base station 232.
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USING SATELLITE OR TERRESTRIAL REPEATERS,” assigned to the assignee

of the present invention and incorporated by reference herein. As shown in the
»  figure, mobile 300 includes a receiver/transmitter 306 that can communicate

with base station 302 via a wireless link 308. Further, mobile 300 includes

15 control circuitry for controlling the reception and transmission of data by
receiver/transmitter 306. In Figure 3, this control circuitry is rendered, for )
simplicity, as a digital signal processor 310. As also shown, processor 310 can
access a data storage device 312. Although not shown, base station 302 may
also house digital signal processing equipment and storage. As more fully

20 disclosed below, data storage device 312 contains instructions that are
executable by the digital signal processor 310. Accordingly, with the exception
of the logical structure of data storage device 312, mobile 300 preferably is a

CDMA mobile as is known in the art.
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314 from a clock power supply 318 in accordance with well-known principles.

Clock 314 may be synchronized with system time by the receipt of a timing

10 message from base station 302 as discussed above.

Article of Manufacture
The methods as described above may be implemented, for example, by

operating a digital signal processing unit to execute a sequence of machine-

15 readable instructions. These instructions may reside in various types of signal
bearing media. In this respect, one aspect of the present invention concerns an
article of manufacture comprising a signal bearing media tangible embodying a
program of machine-readable instructions executable by a digital signal
processing unit to perform a method to reduce the time needed to perform a

20 pilot search.

This digital signal bearing medium may comprise, for example, RAM or
an ASIC (neither shown) contained in a communications network.

Alternatively, the instructions may be contained in another signal bearing
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OTHER EMBODIMENTS

While there have been shown what are presently considered to be

——

exemplary embodiments of the invention, it will be apparent to those skilled in
10 the art that various changes and modifications can be made without departing

from the scope of the invention as defined by the appended claims.

What is claimed is:
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performing said pilot signal search for each of said plurality of pilot signals
based on corresponding said determined plurality of search window sizes.

3 . An apparatus for conducting pilot signal search in a wireless
communications system, comprising:

means for determining a location of a mobile station within said wireless

communications system;

means for determining a plurality of search window sizes corresponding to
a plurality of pilot signals based on said location of said mobile station with
respect to a corresponding location of transmitting sources of said plurality of

| pilot signals.

4... The apparatus as recited in claim 3 further comprising:

means for performing said pilot signal search for each of said plurality of
pilot signals based on corresponding said determined plurality of search window
sizes.



