WO 01/17125 PCT/ USQQ 23944 1 METHOD AND APPARATUS FOR REDUCI NG PI LOT
SEARCH TI MES UTI LI ZI NG MOBI LE STATI ON LOCATI ON | NFORMVATI ON 5 BACKGROUND
OF THE INVENTION 1. Field O the Invention 10 The present invention

rel ates to comunications. Mre particularly, thé -invention concerns a

met hod al® Bp¥Pat us for reducing search tinmes associ at EFTHPH2PH nhandof f
of a call fromone base station to anotHer base station. 15 H. Descri ption
of the Background Art Wreless comuni cati on systens generally conpri se,

anongst ot her Tigﬁib "D“E;S ' Q pw referred to as a mobile
Celenn bi 4 METHbD afp gg%*% Bt SO ESEARCH:  Sne wh
oo P s U N ML STATION LOGA AN INGARMATION o "

nore ghannels that are 20 contained within a frequency band assigned to the
nobi | € ‘by a base station con{(‘r ller. A conmunication fromthe nobile to a
base station is made on WBACKGROUNDOF FHEINVENTION nk, " and a
comuni cation fromthe base station to-the nobile station is nmade on the
"forward link." During a call, the nobile station 1is constantly searching
for other base dJiigld Ofthe Invention nobi | e ni ght need to 25 continue the call
while the nobile station is noving around. One inportant elenent of a
mobi 1@ used in sThedpmsentinveastiorsyelitesto Cormfifunicatiting) MorcPiticEREG e | S
programmed to search for pilot signals (pilots) '

invention concerns a method and apparatus for reducing search times

associated with the handoff of a call from one base station to another base

station.

15 II.  Description of the Background Art
Wireless communication systems generally comprise, amongst other
elements, é wireless unit, commonly referred to ﬁs a mobile telephone (mobile),
that communicates with one or mo-re base stations when makmg 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 tﬁe
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 isthe -

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




WD 01/ 17125 PCTNSO0/ 23944 2 transmitted fromdifferent bases stations in
at l'east three cases: 1) when a nobile is trying to acquire a base station
for conmmunication; 2) in the idle state when the nobile is on the paging
or accesswebpivigd s; and 3) in the traffic state where tPETUSDIRIO44 S in
control of the traffic channel. The speegl of searching the 5 pilots on the
frequency assigned to the nobile and ot her frequencies determnes -the

sear ch per f araiBidRed ffréhediffebirlitcbases stdtivriseih apleast thReeofdsas:t i1yavhen tao
search all pilots in the nei ghbor set before the sl ot expi res. Slotted

mode refers rﬁ&blﬁsnis adelstdtith fﬂi%{rﬁnﬁﬂﬁéﬁ ? fEP{Hel ﬁlenﬁﬁfet ors

only during sel ect I ot tinme. Also, Wnen searc lots In

pitots In A %”%ék%ése?n%"ﬁ%e%o? eisBethip S ! AT B
to the servi fr uenc .apd mninm zes th v0|c b&‘ grad tlonéﬁgse&@by

searching t i ByeRaiteg) of tke fra

frequency is a potentlal handof f frequency, and these searchlng t echni ques
are us®d t o Rilsis an the Bequansyiassigned tothemobile and other frequendiss ditesinines
comuni cation system A. Handoffs A nobile used in a

code-di vi si dhe sedrth performancsof(thPiffobilel alskstted mpde ctive Dbjeetive & folsearcht ypes
of handof f procedures when the nmobile is in control of the traffic

channel . Th%ﬂ?ﬁo’@fin_ BOP sétUsTold th JIo dupitted. BIGRSP middleCefers o Gl | ON
systemis disclosed in U S Patent No. 4,901,307, issued February 13, 1990

and enti | eq. . SHREARTRRFHRL MR AEFobe S GAT) S5 SHEMAUS NC

SATELLITE OR
slots of time. Also, when searching pilots in a “candidate” frequency, the

10 mobile needs to complete its search of all pilots in the candidate set as quickly
as possible so that is tunes back to the serving frequency 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:




REPEATERS, " assigned to the assignee of the present invention and

i ncorporated by reference herein. The three types of handoffs are: WD~
01/17125 PCT/ US00/ 23944 3 1. Soft Handoff - A handoff in which the nobile
COMENCegq oAfMRNI Cations with a . new . base st-ation wpchrasbo23saer rupti ng
comuni cations with the old base statiog. Soft handoff can only be used
bet ween CDMA channels . having identical frequency 5 assignnents: 2. CDVA

to CDVA Hard Hando§hft- Harlddndof A1 Ra@ohid he/hi@bi the inSobild advmuinendssd
bet ween di sjoint sets of base stations, different band cl asses, different

frequency assignne e rRNE Sg ggm A%?ltﬂ

Handoff - A handoff I'n Caﬁrﬁ‘%h?ﬁﬁ{obl I'e |sggs%0 |recte froma cdma forward
traffic channel to an ana v0| t , t he
nobi | e conti nuousl ?P‘E’é'é’F‘& ﬁ}&"l gﬁgﬁa%éf%“ Ihg']f@g& 34}3? "pilot"
refers to a pilot channel |dent|f|ed by a pilo seque ce ffset and a
frequency assi gnmewsed Abgiwesn i S DMAo cFharagls,i ha QGP%S& FaREnCy

traffic channels in the sane forvvard | i nk CDVA channel or simlarly with
the ©BSeverse |ink assignyse¢rdss using reverse link pilots.. Al pilots in a
pil ot set have the same CDMA frequency assignment. For clarity, pilots are
di scussed in tex nEDMAtCOMAdatd Hakdeoffl-yA hafiddffan whicheahe enchilecis f or

pilots on the current CDVA frequency assignnment to detect the presence of
CDMA channel s and {gndRaasd Hetwedbd disjoint sets of base stations, different band
classes, different frequency assignments, or different frame offsets.
3. CDMA to Analog Handoff - A handoff in which the mobile is
10 directed from a cdma forward traffic channel to an analog voice
channel. |
To perform soft handoff, the mobile continuously searches for assigned sets of
pilots. The term “pilot” reférs_to al pilot channel 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
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signal strength. When. the nobile detects a pilot of sufficient strength
that"is not associated with any of the forward link traffic channels

al ready assigned to it, it sends a pilot strength nmeasurenent nessage to
the base §ahieBsW th which it is WO 01/17125 PCT/"USOQ 23gerusoérzsadsr ent | y
communi cating. The base station can thengassign a forward link traffic
channel associated with that pilot to the nobile and direct the nobile to

perform a hardfdritly coramiitcdtingdt THeabade HRHBABEARY theddsdifi® d WrvarfOlinkpi | ot
strength maasurerrent message transni ssion are expresse in ternms of the

follow ng s fCPPM, t | %@g

Forward Li nﬁ&é{{iﬁ a&?’” %é?g‘ggg?gé\e%li %ﬂ?%& tﬁga%lgb%et The
pilots that artgﬁ "|ot currgntly in the Actlve Set 10 but have been received
by the nobi & héﬂ? ctiént strength to indicate that the associated
Forward Link Traffic Channels could be successfully denodul ated. Neighbor
Set: The pilots that are not currently in the Active Set 15 or the
Candidate Set and are |ikely candidates for handoff. Remaining Set: The
set of 5al | possi bThe at@esrCi:nrparametm and thepdes for pllottsnengﬂrmeanuremmt
frequency assignnment, excluding the pilots in the Neighbor Set, the 20
Candi dat e Seinessagd tiaRemissioryfreSXpressed $n feins®f the following sets of pilots:

e Active Set: The pilots associated with the Forward Link
Traffic Channels assigned to the mobile.
. Candidate Set' The pilots that are not currently in the Active Set
10 but have been received by the mobile with
sufficient strength to indicate that the associated
Forward Link Traffic Channels could be
successfully demodulated.
. 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.




possi ble pilots consists of pilots whose pilot PN sequence offset indices
are integer nultiples of sone pilot increment. WO 01/17125 PCT/ US00/ 23944
5 The base station may direct the nobile to search for pilots on a

differ ent%mnsfrequency to detect the . presence of COdrrgsvensmis and to
measure their strengths. The nobile regorts the results of the search to
the base station. Depending upon the pilot strength neasurenents,- the base

station canTHe b@sd statiort RRyHRIct the MoBHE t@ 5érah fdrPiRits bh Adlifarent I@MA
handof f. The pil ot search pararret ers are expressed in terms of t e

follow ng s t em%“.gg ket of
pilots on'tﬁga‘(‘f@( éﬂdg}g%rgqﬁegwgmn | dat e Er equency Search Set :
A subset of the date Fre C baor. . Set that, t ase t|on may
direct the Sﬁ#%’tﬁtgg esmobilp re %gﬁg%ﬁ’lli% tssé’é‘ﬁ SFRT u?orgfﬁ ™ the
base station sets the search_w ndow, that is, the_ range of PN offsets in
whi ch t he nbsperding ypon thepilot stength MeasurementBathe bass iR can ditgeke

nmul ti path conponents are used by the nobile for denodul ation of an
associsat ed fthermabile to perfornnan inder:frequency Isadhandeff. per f or mance criteri a,

and general wireless systemcriteria, are defined in standards TIA El A-95x
and TIA EIA-98-B, all issued by the

The pilot search parameters are expressed in terms of the following sets
of pilots:
. Candidate Frequency Neighbor Set: A list of pilots on the CDMA
10 Candidate Frequency.
. Candidate Frequency Search Set: A subset of the Candidate
Frequency Neighbor Set that the base station may direct the

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-STD-018, issued by the
American National Standards Institute, all of which are incorporated by

reference herein. These searches are generally governed by the following:
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Tel ecommuni cati ons I ndustry Association, and ANSI J-STD- 018, issued by the
Anmeri can National Standards Institute, all of which are incorporated by
ref erence herein. These searches are general ly governed by the foll ow ng:

| aww, WeWxy@ oirir12s - © . dFS. . ar. rty-ar.we. . e.>u. | ~g@ecTiuskii2aga oi n7125
PMUSCon3944 6 Actlve Set and Candl date5Set The search procedures for
pilots in the active and candidate sets are identical. The search-w ndow

size for each pibot i Actib€Sacind CandillateS6t: CPREsHBES phdcetilifesafpabtstih PN
chips specified in Table 1 corresponding to SRCH W A 5 For exanpl e,

e oo espg{k\clivé cdev%t %&%axﬁidﬁw getf’ %@é‘ﬁ&.%h TR ce O&a}ﬁﬂﬂh%&mps

around the search wn ers e search

wi ndow for each pilot of the I ve,.and. candi.dat ts around t | i est
arriving usable nultP%8 éltﬁémﬂl?f W@%@ﬁi&ﬁ%l‘%ﬂf%ﬁm%

W ndow Si ze SRCI - LW N A Wndow Size SRCH WN-N (PN Chips) SRC _WNJsl (PN
Chi ps) SRCH W N_NcHBPBRchipprsperifiedsnrTaler] worrerpondingHo/FRCH_WIN_A.

CF_SRCH WNi CF SRCHWN N O 4 8 60
5 For example, SRCH_WIN_A~6 corresponds to a 28 PN chip

search window or £14 PN chips around the search window center.
The mobile station centers the search window for each pilot of the
active and candidate sets around the earliest arriving usable

multipath component of the pilot.

10
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 60
1 9 80
2 8 10 100
3 10 11 130
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




16980 2810100 3 10 11 130 4 14 12 160 5 20 13 226 6 28 14 320 7
If a flag for a different nei ghbor search w ndow

40 15 452 Nei ghbor Se

t:

is set, the search wi ndow size for each.pilot in the 15 neighbor set is

t he nurrbgvroﬁfmﬂgl chi ps specified in Table 1, correspondicigusoonsaar ch
wi ndow si'ze paraneter associated with W 01/17125 PCT/ US00/ 23944 7 the.

pi |l ot being searched..
each pilot in the neigh
PN chi ps specified in T
centers the search w
pilot's PN sequence 0O

|

5

the flag is not set, the search wi ndow -size for

ot B@‘fngi seatdhR@dS AFEhePfMk isSnét@et thé Searkh vindher  of

e 1 Corresponding to SRCH WN_ M The nobile

Oh e, BREH P b b B e anh cRRALAY e

reference. Remainin
remai ning set is the

corresponding to SRCH WN RS. The mobile_centers the search wi
ARG WINoNid Theamgbile certers\thesseatrbwindaw dex eaghsi ng

pilot in the remaini
timng defined by th
5

10

15

20

hunlroBRLEH BBl 5 Tl

e mobile's time
pilot in ‘the neighbor set around the pilot’s PN sequence offset,

using timing defined by the mobile’s time reference.

Re_maini;ng Set: | The search window size for each pilot in the
remainirilg set is the number of PN chips specified in Table 1
corresp(;nding to SRCH_WIN_R,. The mobile centers the search
windowE for each pilot in the remaining set around the pilot’s PN
sequencé offset, using timing defined by the mobile’s time
referenc'e The mobile searches for remaining set pilots whose

pilot PN sequence offset indices are equal to integer multiples of

- the pilot; increment.

Candidaéte Frequency Search Set: If the flag for candidate
frequency is set, the search window size for each pilot in the
_candida%te frequency search shall be the number of PN chips
speciﬁea in Table 1, corresponding to SRCH_WIN_NGHBR
associated with the pilot being searched. If the flag is not set, the
search Mdow 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

dow for each

- IR



reference. The nobile searches for remaining set pilots whose pilot PN
sequence offset indices are equal to integer nultiples of 15 the pil ot
increment. Candidate Frequency Search Set: If the flag for candidate
frequencyd gingels, the search w ndow size for each’pil ot paoTwses23standi date
frequency search shall be the nunber of gPN chips 20 specified in Table 1,
corresponding to SRCH WN NGHBR associated with the pilot being searched.

If the flag is not seleardiwindRafeneadtnpilse i &R CandidathFriquehcy Sedrtle
candi dat e frequency search set shall be the nunmber of PN chips specified

n Table 1 _corresponstngodsi e piitirs MiNebluerdFofBeh usieChmin defid] P
01/17125 PCT/ USQQ 23944 8 searc ndow f each pilof” i nm%e Candl dat e

Frequency Search Set aro I PN sequence of fset using timng
defined by the rmbil ? ‘%eéa‘g\eé‘?s?ﬁ%%&s C. Time to Search Each phone

manuf acturer has its own way of inplenenting a search strategy. In all
strategies, the tine to search a specific pilot depends on the w ndow size
and the hardware of the searcher. G ven certain hardware, the tine to
searclf a pil ot iQJJ_nEm&_&gﬂﬂbrtlonal to the search w ndow size. 10
Reduci ng the search wi ndow size will result in a substantial reduction in
searching tine. Eadnghone maiufactrenhag itsrowndwayp of mﬂ;ﬂemenﬁng/assmshare
nostly determ ned by the size of the coverage area of a given cell. A cell

is the strategy. In all strategies, the time to search a specific pilot depends on the

window size and the hardware of the searcher. Given certain hardware, the
time to search a pilot is linearly proportional to the search window size.
10 Reducing the search windox;v size will resul.t in a substantial reduction in
searching time. Using current searching procedures, the window sizes are
mostly determined by the size of the coverage area of a given cell. A cell is the
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



geogr aphi cal area covered by a base station for communication with a

nobi |l e.  Four such cells are shown in Figure 1. Regardl ess of the |ocation
of the nmobile 15 in the serving cell, current search wi ndows are sized to
corresp difnbbe worst case scenarios. That is, they acTusowEsssd o
correspond to a nobile located at the g@reatest distance fromthe base
station but within the cell. On the paging or traffic channels, the nobile
centers it gesRMatdl PNIIPND, BQ3f fid PNa)rddpeativdl. The st Wiadowssizeforund t he
pilot's PN sedquence offset, using timng established by the nobile's tine

f | S o oo J : : g
reterence pﬁ&?r@ﬁ#eﬁa%pém@ sk di'& obite Iichiddest e@&{\h%’ ERfwdver thel Il ve

and usabl e *p [ case scenar1o determn e search w ndow

size. For exanple, .,Fiqute 1 sho foyr, adj acent .cel.ls,l , and
1081 n & weoPBTReardy AR Sy Sb eYe R ghao ot FRioR i g 18

PCT/ USQo/ 23944 9 designated PN1, .PN2, PN3, and PN4, {q%sgﬁc i vel }_/l The
sear ch wi ndueste of ¥alusble seargherprgoyrses;singe it dees netseamsider ?ré‘?ﬁailg 1¥cat ed
at point A However, the sane search windowis used even if the nobile is
at posnt B.th@micbiteasithinscelliO4. Ifithe meohile is at paint B, theseatady winslosvishatddsi nce
It does not consider the location of 5 the nobile within cell 104. If the
nmobi l e i's e pRAuded B sizbeeclative ¢b thé setevh Windbw regaired dor adnobilesioratedel at i ve
to the search window required for a nobile |ocated at.point A D. Location
Met hods 10 A\%ﬂ%nﬁt&c“”i gues are being considered to provide for automatic

| ocation capability for nobiles. One technique involves neasuring the tine
difference of arrival of signals froma nunber of cell sites. These
signals are "triangul at ed”

D. _ Location Methods

10 Many techniques are being considered to provide for automatic location
capability for mobiles. One technique involves measuring the time difference of
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.

T



to extract location information. This technique requires a high
concentration of cell sites and/or an increase in the transm ssion power
of the sites to be 15 effective because typical. CDVA systens require each

mobi | e towlg@@as@dst Wth only enough signal power to reackctosooaisasest
cell.site. This triangulation requires gpmunication with at |east three
sites, requiring an increase in the concentration of cell sites or the

si gnal power of Q@(il‘i!irml?' rBacd Sdrid¥ai thfoamaton @o e iniekika fralicativgoirher
approach invol ves the ition of GPS (G obal 20 Positioning Syste

functional i tynif @eﬂ}%ﬂ:&sl O%" e nMeO 8985k 65 a9GP8 cabiicr. h&ﬂ% G four

satellites, I's sone st nost accurafe approac

locating a nobi.le. fl -~ 01/ 17125 23944 10 A third approach
sends ai di ndSFHYEPHE Y a'i i/?%%wﬂoaﬁl n%ﬁlt%g? qnac {0 upimize (?useeﬁg range
t he nobile sholdlookfor aGPScrrler Most GPS. receivers use I S.
known as a CReStarmed bY £he ERoeivieh an e feqHANSI dgmaiy foha Sf@af @ Yigt ‘he

receiver in the frequency donain for a S|§egl froma visible 5 satellite.
The al fanac sa@elhtelsﬂmnmcmméﬁ,ow bitddedeobegazsecephemeris andrtimmuiodel dat a

for the entire constellation. The information in the al manac regarding the

position of ddte fentheldritire constellittort UThe ifotmation in gty alntardierega ¢heonl y.
Wt hout an al manac, the GPS receiver nust conduct the w dest possible

frequency Seﬁdgﬁt’ibﬁ Qf 3idUsAtellife SRACHE hriehfthe ofdgh 'ﬁfk%&:reiﬂ%ésérﬂ 1S
required 10 attaln additional information that w In acquirfng

ot her sat el | Wigtdut T aldhfAd! eRCEHSS rhdebbrPEABE TDriRe: 'l WRRNP ResBld oS

due to the large nu
frequency search to acquire a satellite signal. Additional processing is required

10 to attain additional information that will aid in acquiring other satellites. The
signal acquisition process can take several minutes due to the large number of
frequency bins that need to be searched. Each frequency bin has a center
frequency and predefined width. The availability of the almanac reduces the
uncertainty in satellite Doppler and therefore the humber 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




frequency bins that need to be searched. Each frequency bin has a center
frequency and predefined width. The availability of the al manac reduces the ’
uncertainty in satellite Doppler and therefore the nunber of bins that nust
be 15 se d:tﬁ diasThe satellite al manac can be extracted fpcamsotreaosdS

navi gatlon rressage or sent on the dowyjforward [ink fromthe satellite to
the nobile as a data or signaling nessage. On receipt of this information,
t he nobi | e RR&fRMEthe SERTCs WiNddwBiZRI6E 6Adhpildt i Bheheighbot drkd tavkidaten. 20
What is needed is a method and apparatus can use the |ocation information
for a nobilg, tdnn conjunction with pilot search techniques to inprove the
speed by which a nobile ‘can search all pilots on an assigned frequency
while the nobile is in control of the traffic channel. The invention should
be able to utilize information about the physical |ocation of the nobile
to WD 01/17125 PCTI US00123944 11 determ ne the search w ndow size for each
pilot in the neighbor and c HIMMARY QF EHE INVENWION o THE | NVENTI ON 5
Broadly, the invention relates to a comruni cati on network. More

speci Bi cal |y, t tBroadlyethe inventiomralates to acomppmication netwonkt Maget hat
utilizes the position of a nobile in determning the search w ndow size
for a pil otspedifichlly, the irpfépeionaelitasabianapparitusiahd ntethed th4t uiilizestheodi ment

of the invention provides a method for conducting a pilot signal search in

a_wi el ess SOERIILER NS iR BENRiining thé Sdarci Wind oW aldeor @pilofin®il | ¢ 1 5

det er m ned e network. This location is. then used in
neighbor and active candidate sets.

10 One embodiment of the invention provides a method for conducting a
pilot signal search in a wireless communications network. ‘First, the location of
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 apparatus 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



determ ni ng search wi ndow sizes and search paraneter information used to
search all pilots identified in a pilot set. Search w dow size is al so
determ ned 15 based upon the | ocation of the nobile and anot her conponent
rel ated ty@ooffithds path effects for a transmtted pil ot si goaiusedzssenot her
enbodi nent, the invention provides an anpicle of manufacture containing
digital information executable by a digital signal processing unit and 20

used to condoiméniitionis rietwdik. Feoaparatussmay albodndude aFlkastane mobilest wor k.
I n anot her enbodi nent, the invention yields an apparatus used to conduct

the pilot $ih&h 25RBbAeis domAlRiARIER Fipled With ANERE Bhe' Pasc¥ibtibges at

| east one base station, wherein each”base station transmts a pilot

signal, and i n. t e ' i s e 0 iy i on of
a nobile wi Fﬁ?%ﬁ%ﬁ'ﬂ%ﬁ@%ﬁ%#@¥%ﬂ#’ugﬁ%ﬁg§%e%%ﬁ grﬁfﬁ%t i ons
networ k. The appar.atus may al so, i ncl.ude, at, | east, gne nobjl e, wherein a
Tobi Te i s C SHATRAEER ERBPPHEGY {1 B PHnize the Sct HEhe GBIres Jo% SHAung |
wherein the nobile uses search wi ndow sizes and ot her search paraneter

i nf or rfat i on allpilet signalsassariated withvh selected pilod selear ch tine required for
searching 5 all pilot signals associated with a selected pilot set. The

I nvention provides its users wth nunerous advantages. One advantage is
that the tinme required to search a set of pilot signals is reduced over

known techni queslhé'ihﬁéiﬁfonaffi%@iﬂeaggds‘éréﬁﬁhﬁ(ﬁﬁé&%ﬂkﬁdﬁ%%@@r%ésour ces 10

are not wasted because a nore efficient search may be conducted. The

i nvent i on al.3QaRrguitERt e WBGEq ke P id\Wardfl B 2905t ARHaRIO RlddSat at

shoul d

over known techniques. Another advantage is that valuable searcher resources
10 are not wasted because a more efficient search may be conducted. The

invention also provides a number of other advantages and benefits that should

become apparent after reviewing the following detailed description of the

invention.

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
descriptién 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;




becone apparent after review ng the follow ng detailed description of the
I nvention. 15 BRI EF DESCRI PTI ON OF THE DRAW NG The nature, objects, and

advant ages of the invention will beconme nore apparent to those skilled in
the art @J&(ﬁ;"ﬁgnsi dering the follow ng detailed descriggynsseorissgonnection
wi th the acconpanyi ng drawings, in whigh |like reference nunerals designate

li ke parts throughout, and wherein: 20 FIGURE 1 shows four adjacent cells

in awreless ¢ ' ek | ' ts ' | on;

FI GURE 2a ill us§ rat esﬁgs\%\nmr;kgﬁéss co%brﬁgﬁ%ﬁgﬁigﬂtgk u@%ﬁdtx?}luisgiséng a
satellite poiliahi1 oni Eﬁq .systemin accordance with the invention; WO 01/17125
PGT/ US00123%% theifv 2b shows a Wi rel ess communi cations network in
accordance wth the invention; FIGQURE 3 shows a bl ock diagr f a nobile
in accordance wHGURE3 showsablesk diagem of-a e@iaFF‘EngP‘é?g €exenpl ary
exanple of an article of manufacture in accordance with the invention.
DETAI LED DEfS@Rition; @hdOF EXEMPLARY EMBODI MENTS FI GURES 2a- 4 illustrate
exanpl es of various nmethod -and apparatus 10 aspects of the present

i nvengi on. For GGUIE 4 Mhtanés drdéxeniplarybst oy ariicle bf iiannfioviended,
t hese exanpl es are described in the context of a digital signal processing

appar at us. iIQ@c&h%éﬂdtﬁitﬂQﬁ{veﬂmﬁ?SSi ng apparatus used to

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
FIGURES 2a- 4 illustrate examples of various method and apparatus
10 aspects of the present invention. For ease of explanation, but without any
limitation intended, tﬁese examples are described in the context of a digital
signal processing apparatus. The digital signal processing apparatus used to
execute a sequence of machine-readable instructions as referred to above may
be embodied 5y 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 si@al 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 cafried én a pilot

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

- A



execute a sequence of machi ne-readable instructions as referred to above
may = be enbodi ed by various hardware conponents and interconnections.
Various 15 arrangenents for these digital signal-processing apparatuses

will bec oyfpRparent to anyone schooled in the art aftepcransiysmgsd he bel ow
description of the methods involved. OpPERATION The aforenentioned patents
and publications all describe a pilot signal 20 used for acquisition. The
use of a pi éﬁdﬁbﬂi&éﬁoﬁ&i’éﬂ&?(s?h@ cHRRAIPtHaR ifddBtihfPwitAGhe gﬁé@&a‘iﬁﬂ.l on in

a tinmely manner. The nobile gels synchronization informati i ncluding a

R b i L i L e
ilot ch |, has b ' , th pbi | I '
01/ 17125 POHRIRBT PaOl ihe 2005 K Femp oL SR LTORHANS FUgRel CRERETIR hat | o

associated with the pilot channel. The sync channel is used to receive

fi ne-t uni ngsystemtime; Hicag beappregiated in lightof thesbeve discussien that ikishi | e to
tenporally synchronize its internal circuitry with systemtine. It can be
appr ed at edimpottagtithat the interahldtimae oif themobila belsghchronizedsvithithe syatémt hat

the internal tine of the nobile be synchronized with the system tinme. This

ganabl es t heﬁﬁ@i%bﬁamwﬂde\&ﬁéﬁi@e tokAdie vﬂ%réﬂ@ﬁxé?ﬂl&ﬂ@%eéﬁ@\&&ﬁ@ba@t ation
is and enabl es communi cati on between the base station and™t he npbil e.

Al di ngl ; Co : , i 1 o th
22201110 Y dole W8 )G RAGEA ISP o SF udbbE (1

synchroni z atﬁlcggfdi}lgly, when the mobile is in communication with a base station, the base

station transmits system time to the mobile to facilitate synchronization.

10
In a spread spectrum communication 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




In a spread spectrum communi cation system a pilot signal is used to .
synchroni ze a nobile station in phase and frequency to the transm ssions of
a base station. In the exenplary enbodi nent, the spread spectrum

conmmuni ¢ 69ﬂ1ﬁi§stem Is a direct-sequence spread spectr upefpsiondeegati on 15
system anpl'es of such systens are dipgussed in U S. Patent No.

5,056, 109, issued March 3,1992, entitled "METHOD AND APPARATUS FOR

CONTROLLI NG.oFR8NSMy S5 ehl BEMER e the B BB Fhre 765 YoZEMyimand
05 Pat ot e g 103?,&'459, Hasted April T, 199%, e o

FOR GENERAT . , EM"
ot h of i SO prese VR o Pk b o ol a1

i ncor porat e reference herein. In a.direct .sequence spre spectrum
comuni catig‘ﬁ%ﬁ@éﬁ?smf °W%?F§ﬂepf%d‘g§ﬁ“§ﬂ%fe§d§?°g‘§'ﬂﬁéﬁﬂg é?‘ea frequency
band greater 'than the m ni num bandwi dth necessary to transmt the

i nf or mat i onimplemsatation ofvhichds degcribed in defaillindhe afpyempentignedipatets, wave by
the data signal, then nodulating the resulting signal again with a

wi deband s ptygdcillygeneted thelspreading signal. it spréading sigriabdimbeiviewedras dat a
can be | ooked at as an all ones sequence. A |linear feedback shift

regi ster, tQReotak bﬁﬁ&;}td}_tﬂ'\@fbﬁ; which is described in detail in the

af orenenti oned paténts, 5 typically generates the spreading signal. The

spreadi ng signal can be viewed as g?; {-atdpng phasor of the form s(t)=
Ae'ot+~ In order to acquire a base ation, a nobile nust synchronize to

the recei Ve, srderto acquire a base station, a mobile must synchronize to the received

signals from the base étation in both phase, ¢, and in frequency, ®. A searcher

10 finds the phase of the received signal, ¢. After finding the phase of the
spreading signal, ¢, the frequency is found by using a demodulation element
that has hardware for both phase and frequency tracking. The method by
which the mobile finds the phase of the received signal is by testing a set of
phase hypothéses, 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

ot <ot e e st et A 3 L2 R AST R P B T E _ URE!



signals fromthe base station in both phase, $, and in frequency, o. A
" searcher 10 finds the phase of the received signal, 0. After finding the
phase of the spreading signal, 10, the frequency is found. by using a
denodul at wyoighesent that has hardware for both phase angctfuswrssgy
tracking. The method by which the nobil g finds the phase of the received
signal is by testing a set of phase hypotheses, discussed in terns of the

sear ch w ndoy,ahay g, whAie J@&i@ﬂﬁ%c&l& R&%ﬁ@ggelgnﬁohne@ééaﬁmﬁ ilpase

hypot heses, also referred to”as o ypot , I's correct. An exanple
of a searcher, opeyati usi ng,.” w ndow' earches jis. aiven. i isng US.
Pat ont o, ok aEnald aakisndued by oy AREAAES slafiofs i 8 P ASRRRATE
APPARATUS FOR, PERFORM NG SEA| ACQUI SI TI N A CDVA NI.CATI ON
SYSTEM " ass contered Spuidhe lpradopn ﬂr@ﬁf@géﬁﬁqug%ﬁ%daﬂ&

i ncorporated herein by reference. To allow for the handoff of a call, the
wi rel ess sysmobilgexpects thepiletchanreldo bedin accardance with standarsis sgbforth  a

nobil e performng slotted searching is assigned periodic wi ndows (referred
to as 'Ssl ot sabowed search for other bases 1111111 WD 01/17125 PCTnJSOQ 23944

16 stations to which it mght handoff a call. Accordingly, nobiles search
for pilot cirREBgie sthEbRiat themOBile ikt 6:9.Hﬁ9i1éﬂm%ﬁﬁ séidh s&4t8h! N a
predeterm ned w ndow centered about the | dcation in the code seqguence

at which the‘,qu& i | %!:E,ggggg . LQt I.B’E’ ' a i th
standards set Tor it a %t?/%? b%g@otélg,es@tﬂgz{%{%%teﬁa t B(;eﬁtﬁoalglsﬁggi *gg&érlmr ently
communi cat i ng, fjay a%hesq\g\ %ﬂf%%&ﬁ? appreciate, this reacquisition search window should

be small as possible to avoid prolonged searching, but sufficiently large enough

10 to account for typical internal clock errors. Further, the search parameters

should be as particularized as possible.

In an exemplary embodiment, the present inveﬁﬁon 1;nay 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. Inone
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




w ndow si ze and ot her paraneters, such as systemtine, to the nobile. As
the skilled artisan will readily appreciate, this reacquisition search
wi ndow should be small as possible to avoid prol onged searching, but

sufficie e enough 10 to account for typical interprisedieds errors.
Furt her, %héui@érch paranmeters shoul d as particulari zeg?as possible. In

an exenplary enbodlnent the present i ention may reduce the search

cur ront |y SefBTEER I el ister o .Sl Rpbletterd G 10 oy 5

the search w ndow for PN1 could be reduced b a factor f t,%g If the
mobi | e i s €3/048§0hentitled HRYSTERYIANI MEFHCH F rtionally.

In one enbodinment, the invention acconplishes th| s by using the physical
| ocati on oPOSTH@MﬁFAWIREIﬁSS(CBMAFIWSGEI\%MﬂedeM y 398, | n anot her
enbodi nent, the 20 invention uses the location to particular all of the

search par amg:ea&o tﬂ@a@%{e@rm@?mmmdenﬁmm icoxporate by eeference of t he
nobi |l e nust be known is location nay be determ ned in various ways

Ikggat [ |02 {/@)&8% 1%3%%%“6%@44 17 det er m nat i ogo?ggﬁﬁque S %f}s/cgls)ls)elje

VETHCD, POt BeReR PR Rt e g b iR e SRR e

filed March 17, 1998, assigned to the assignee of the present invention and
I ncor por at BONr ef erence 5 herein. For purposes of the present invention,
a precise position determnation is not necessary. Course techniques may
be used to determ ne the nobile's o

| Ohce the inobile is in control of a traffic channel, the base station that is

10 currently handling the communication transmits a message telling the mobile

the size of the search windows to be used for searchmg for fhe pilot signals
contained in the neighbor set. The seafch window sizes are determined
c':onsidering. the mobil_.ellocatien wﬁhm the servmg cell. For example, and
referring to Table 1 and Figure 1, the search window for PN1 may be reduced

15 from 12 to 4, reducing the window size from 160 chips to 14 chipe, for a mobile
located at position B. And because the search window size is redueed,

demodulation expenses are réduced, and searches are cdmpleted expeditiously.

The searcher window size has at least two components, one component
20 related to the geometric distance between the phone and the targeted pilot, and
another related to multipath effects for a transmitted pilot signal. Accordingly,
cbmbining the effects of the two components mmumzes selected search

window size. In CDMA systems, space or path diversity is obtained by

. |
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| ocation. Once the nobile is in control of a traffic channel, the base
station that is 10 currently handling the conmunication transmts a
nmessage telling the nobile the size of the search windows to be used for
searchi ngwbQin4Be pilot signals contained in the nei ghborcrsesto23dse search
w ndow si zes are determ ned consideringgthe nobile |ocation within the
serving cell. For exanple, and referring to Table 1 and Figure 1, the

search wi ndg%msn hlﬂulﬁglé@%dlfpé rdigH sienillahebs finks H@wCh Robilee W ndow

size from 160 chipS to for a nobile |located at position B. And

because the

reduced, &ﬁi;g{g‘%%gr%%%g?ﬁ%éﬁgxpg& ti gﬁwqw#%ﬁyse rc er%\weﬁﬁw si ze
has at Ieast t co onent.s,. one.conpon OreI ted to the tric

di st ance betSX® dth §OViF: 8“?‘%?’6@?’86‘ SPS‘?a MBW%?S nFXt ed to
mul tipath effects for atransmtted pilot signal. Accordingly,, conbjni ng
the eff ect s aOWIRg asighal arpvingwith gi WEB@P?BF’@%‘B@G%’E&P ﬁr%em,mi

CDMA systens, space or path diversity is obtained by 11111~ WO 01/ 17125
PCT/ USBX 23 Prdocessed separateiyn gExarhplep bfpathydizkersitytare illustraterhinsUhy Patend¢ ous
links froma nobile through two or nore cell-sites. Furthernore, path

di versity naNol5;101801] RetedMarex 81,0992 Giitled “SORT HANDOFFH INDATEGDMA hr ough
spread spectrum processing by allowng a signal arriving with different

propagati on dff BYBARTEEEPH SS?S?EM’%H&QPSSP&&\Q@B@BPG% , iskyedpl es of
path diversity are |Ilustrated In U Pat ent 101, 501 | ssued March

31,1992, entjplese’ 155{&%“‘%%&%’&%1{11\1 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 mobﬂe 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
parhculanze 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 reduceci 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




CELLULAR TELEPHONE SYSTEM', and U.S. Patent No. 5,109,390, issued April
28,1992, entitled "D VERSI TY RECEI VER IN A CDVA CELLULAR TELEPHONE
SYSTEM', both assigned to the assignee of the present invention 10 and

i ncor por a4,§diazs €f erence herein. In another enbodi ment, ptPBssPasgh
paramet ers may aI so be chosen based up the location of the nobile. \Wen
the nobile is in control of the traffic ™ channel, a base station wl|

transmt segs dh
Mifidow 31z Bl 1I§eocat|on 23 thf‘an Jgfea%lle,l&fﬁ%ﬁa i8 16t

utilize know edge of partic arl ze or

opt i ze st RS RABETRE, g g 5o hHisf 8 wg%@w‘h@

procedures t he s arch r to rform e searc resul in reduced
sear ch n@é “ﬂ%ﬁFfrFaFelW HBt (ﬁ‘?ﬁ,ﬁﬂdt exipia ‘E’er has been

determ ned correspondl ng to 8eograph| cal ar eas in a cell, the wi ndow sizes

are stored parametens@pdytransmit te-thermpb &d@mﬂwmmnmeal so be
stored. Assunming that the cells in the wireless systemrenain

subst @nt i al mobilenkeynserd, the efoemdfion.1/ 17125 PGT/ USO0/ 73944 19 wi ndow si zes
may be communi cated to and used by any nobile that is located wthin the
geogr aphi cal area. The base station controller, know ng the location of a
nobil e, can | ook up the wi ndow size and/or the searcher procedure

parameters and transmt themto the nobile. In another enbodinment, the 5
mobi | e may store t he APPARAEUS GOMPONENTS AND INTERCONNECTIONS

Various apparatus embodiments are discussed below in relation to
particﬁlar 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(#) is a diagram showin_g an implementation of a base station 202
and a mobile 264 ina synch;onous CDMA éommuni_cation network. The
network is surrounded by buildings 206 and ground based obstacles 208. Base

15 station 202 and mobile 204 are dlsposed in a GPS environment having several
GPS satelhtes, of which four are shown 210, 212, 214 and 216. Such GPS
environments aré wéll kndwn; for exémple, see fér example Hofmann—
Wellenhof, B., et al., GPS Theory a.nd 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.

1



APPARATUS COMPONENTS AND | NTERCONNECTI ONS Vari ous apparatus enbodi nents
are discussed belowin relation to particular nobile |ocation systens and
supporting hardware enbodi ments. 10 However, those schooled in the art wll
recogni ze WwhalinMeg i ous | ocation systems nay be used. Fi gwcenSiednes a

di agram showi ng an inplenmentation of a bage station 202 and a nobile 204
I n a synchronous CDVA conmuni cation network. The network is surrounded by

bui | di ngs 206 andqun(b)tsheﬁdaﬁlﬁéﬁdiag@arﬁ@ﬂa@hmﬁétveémnm mz and
nobi |l e 204 are disposed in a GPS environnent having several

satel lites, Qiet%fléﬁd 1ﬁle'l'hd§§ & rﬁ&ﬁl@bv%&@ung éenter iMISEN 2P RAvin I_glé%séﬂ%tmn

environnents are well known; for exanple, see for exanple f mann-

Vel | enhof L Yor k
NY: Spri nger Cete‘rb Wﬁ9w¥IC%gﬂ¥§p?§§Fﬁﬁ?l oﬁ%qkma?l catron,
AR IR EREC e S EE
204 may be determ ned using Si I_cé;nal s fromas few as one GPS satellite and,

in the $i npl showmd teand fiem 222% rM8€1222 sputes selsifronyRATY 226ty end frome 5
PCT/ U800123944 20 Figure 2(b) shows a bl ock diagramof a CDVA network 220.
The net wor k aZdfirceridsadtadion 228 lassoriated with o firsteell 280 aiMb@)taRie? bhsestatjora base
station controller (BSC) 224. A public switched tel ephone network (PSTN)
226 routes @3blagsdcidped Witk sdcond lcell 284.6Bi dd ditioRAWISE 222! reRkeralls | nes and

ot her networks (not 5 shown) to and from MSC 222" MSC 222 routes calls from
PSTN 226 t0 afwbéPlle 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 network
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.




a source base station 228 associated with a first cell 230 and a target
base station 232 associated with a second cell 234. In addition, NMSC 222
routes calls between the base stations 228 and 232. The source base

station 2gpgihérsts calls to the first nobile 236 wthi pcriRfsodhdosd cel
230 via a first comunications path 10 238. The first conmmuni cations path

238 is a two-way |link having a forward link 240 and a reverse |ink 242.

Typi cal Iy, when tAlthdigifeath Bhidstadion 208 and 28218 dssh8sted GAMMBATYCAHE @MSaWi th
the nmobile 236, the forward |link 240 includes a traffic channel. 15 A

W rel ess poyiakh 0RHBH &H&Sﬁé%ﬁdén\ég’@e $6r is%s Q\Fiﬁ-‘yﬂteo%@%tﬁgrﬁ{ coupl ed

to BSC 224, but nmay be couple rectly or 1n-direc net wor k

el enents such as . WPE. 2 eneral ly.c [ a diqgital, processing
devi ce, st ors%%‘:algéﬁg‘ ﬁ@"@&ﬁéﬁ?%ﬁ?’%ﬁ@%ﬁg&ﬁ&@mﬁaﬁﬁéﬁﬁd in such
devices. WPF 242 mmy be put to a variety of uses, such as estimating the
one 20 way tm%@f%@%ﬁwc%‘@%mgmﬂ&b@é@ﬁ“ﬁ?@%@%@%@&ﬂﬂbﬂ@% and
the nobile 236, or nonitoring and accounting for the tinme offset between a
ref erehce t isseondaerll. Fhis isscontmanlyi referrest tocassa ‘thanid-offiadtarget base station

PGT/ USOQ 23944 21 Al t hough each base station 228 and 232 is associ ated

Wi th only or232c@n h /“seft” hasdbfif nedbile236cetablichdsar seebhd Bog@viatitstics lirtk
associated with base stations in several cells. Wien nmobile. 236 noves

fromfirst cahhvigSthrber bRE SAtoA 2BY irf 3dditioRlB firét ARtmUARhASHSRAKYASE Cal i ng

wi th the base statloﬁ associated with the 5 second cell. This is comonly

referred to p 5 ¥ L& 5 o504 d
handof f, nobi egg‘ﬁ‘ré@'g g?éa).{)%?% gzsé° %ﬁ%ﬁgﬁg (%é rré’r%lr(lj F%étl?%\:%c?ﬂwnﬁal 2 d
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.

1Bl



244 with target base station 232 in addition to first comunications. |ink
238 wth source base station 228. After nobile 236 crosses into second
cell 234 and the channels with the second cell has been established, the
renote steig@nredy 10 drop first communi cations ‘ti nk 238pctrusoszbsad
handoff, the operation of source base stggion 228 and target base station
232 typically are different enough that comunications |ink 244 between

the source base sTwningtoBigurdBs, dimobile 00 & shiosvii rewirdeldss tomhenitatiget 15
base station can be. established. For exanple, when a source base station

is W thin awiii\puStaiBnB020F sfwirklesd corhARHEERONAS ebrﬁlrgéncy tbase

station is in a second CDVA system u5| ng a second freque and, the

renmote stati t tions
concurrently,a&’gs‘l'ActLédr‘?fggtlt?"grﬁa)‘?é ‘?&tsl ons o no ‘ig?gvéﬁﬁge%g%tg?&féy 0 tune to
[ om t he. 1 188 aaESRtonia 08 anethoh i Figge Sor fanbiot dN0TREc Base |
station 228 is dro ped and a new link is fornmed wth target base station
232. WO 01/ 15ystem 364 mesdd typigally ingjude ethenmobilesagd basegstationpiiote 300 i s

shown in wireless conmunication wth a base station 302 of a wireless

comruni cat i oshawys) dmangexemplatyyembadingnt; thd sgstém 304 insplemehts codeer st ood
that al though a single base station 302 and a single nobile 300 are shown

in Figure 3 H@fsiehaitltipledcceés(CIDMA) @uk{ﬂeét&&i%&ﬁﬁi‘iﬂéoﬂ@ﬁiébﬂe)ﬁ#z@' ly

I ncl ude ot her nDblles and base station not shown). In an exenplary

embodi ment , §:|1 ﬁ%&@&?@?.e %@s‘féﬁ%‘i@s&%&hﬁh%@%&% (COMRY)

principles to scrimnate one
referenced U.S. Patent No. 4,901,307, issued February 13, 1990 and entitled

10 “SPREAD SPECTRUM MULTIPLE ACCESS COMMUNICATION SYSTEM
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.




fromanother. Details of a preferred COVA systemare set forth in the above .

referenced U S. Patent No. 4,901, 307, issued February 13,1990 and entitled
10 " SPREAD SPECTRUM MULTI PLE ACCESS COVMMUNI CATI ON SYSTEM USI NG SATELLI TE
OR TERRERYA2REPEATERS, " assigned to the assignee of pdruspoesent

i nvention and 1 ncorporated by referencesherein. As shown in the figure,
nobil e 300 includes a receiver/transmtter 306 that can communicate wth

base station 3024 3dmionally, BbEiEE300 iAlludes an fvtetdiclock3i) In 8A® i ncl udes 15
control circuitry for controlling the reception and transm ssion of data by

recel Ver  {aAigt, Alinal dodl SUEn Soill SO Dlenfiek 4K SR der e

for sinplicCi as a digit st gnal protessor 310. al so shown,

processor 310 can ..aCCEesS~.f a, st or age, devj t shown,
base’statio‘?ﬁy%tﬁ%%h@a Oraaé%fﬂgéi'e YGVE Ilt%}oéﬁéﬁé%r%%ge@gm@égg%mnt and
storage. As nore fully 20 disclosed bel ow, data- st e devi 312 contains
i nst ruct i ordevieas; whether g B@E?réfﬁﬂai‘ Bsed, AEe ‘?ﬂ‘bﬂ%ﬂ’aﬂm@g%§§¥"fﬁ' Br 310.
Accordingly, with the exception of the logical structure of data storage
devi c6 312, presdritiiovatibrprAdoordipgly, ithe autpobrignabef decka3l4iis ajgagugnce®ft he art .
WO 01/17125 PCT/ USOQ 23944 23 Additionally, nobile 300 includes an
internal clQekking puldes tienrare seritésla wouhter Bb6,owith thetate &f dacking palseol t age
controlled tenperature controlled crystal oscillator (VCTCXO . However, it

shoul d be ”&hﬁg% ’gﬁ‘?‘g phhtélled bgﬂ_QBntrQBiﬂgCtﬂé volthgé bin Ripubsignal wediedkbased,

are equally s for use th the™5 present invention. Accordingly, the

o' B Count et sl 5k el g BIEEGoRTanct VAR hAEBrinliplestr © oont

to a count e’r I Ng pu
Clock 314 may be synchronized with system time by the receipt of a timing

10 message from base station 302 as discuséed above. .

Article of Manufacture
The methodé as described above may be imﬁlémented, for example, by

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

15 readable instructions. These instructions may residé in various types of signal
bearing media. In this respect, one aspect of the présént 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

[ OPPEPP I S S
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out put being controlled by controlling the voltage of an input signal to
dock” 314 from a dock power supply 318 in accordance wth well-known
principles. Cock 314 may be synchroni zed with systemtinme by the receipt
of atim %Jjg.,%ssage from base station 302 as di scussedpgp@sgnzeadrticle
of Manufacture e methods as described agove nay be inplenented, for
exanpl e, by operating a digital signal processing unit to execute a
sequence of Mhﬁﬁs&&w@ﬂﬁ?heﬁtaaﬁarstsfa!g@eﬁedi&&s%ﬁrecﬂyb&lmﬁm may reside
in various types of signal earing nmedia. In this respect, one aspect of

t he present %@y

Si'gnal bear | S5 ARy HEAH1SIEAR pRicebing uile, TN B CARBLARA of
instructions executable. by a,digit ignal processing unit.to performa
ot hod t o1 edlis EvenEoR: e Ttbeirepls FaRueSorszma ot Be dinehof Thi <
digital signal bearing nmedium may conprise, for exanple, RAMor an ASIC
(nei t her showampiledicompater ¢pde, em@rr?icﬁﬁmrslamt er syifablg epdingel y, t he
instructions may be contained in another signal bearing WO 01/17125

PCT/ USGOR394dangitagerdinmonlyursed &y thosmskiled in thetprogramadeg agsi um directly
or indirectly accessible to the digital signal processing unit. In an
illustrative enbodi nent of the invention, the nachine-readable
instructions may conprise lines of conpiled conputer code, such as C, C++,

or Java, or other suitable coding mwmﬁm used by those skilled

in the programm ng arts. OTIHER EMBODI
While there have been shown what are presently considered to be

eﬁcemplary 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:



Wil e there have been shown what are presently considered to be exenplary
enbodi nents of the invention, it will be apparent to those skilled in 10
the art that various changes and nodifications can be nade wi thout

departi nw o bi/PiBst he scope of the invention as defined bypé¢hesipsaspded

cl ai ns. at I's claimed is: WD 01117125,9CTI US00/ 23944 25 CLAIMB 1. A
nmet hod for conducting a pilot signalsearch in a wireless 2 comuni cations
network, conprising. determning the | ogghm[sof a.nmobile.station within

t he netvvork 4 utilizing said location of sard nbbile station,.search

w ndow si zes, and pararreter information to'm n| m ze the search time

required for se 'chin ' i he ot s'i. ed i,n. a set; and
searching for T pil +ﬂd§3 rﬁo g‘f'ggeqlﬂ’% %eaﬁﬁlfﬁb%la’#?%gcordance
with claim1l, where| n the l'ocation of 2 the rmblle station is tracked
within the ERMRNEaIoNsnetwWatkysPRPiSINgThe net hod.in accordance with claim
1, further conprising the "2 step-of: utilizing’ si nal multipath effects in
conj uncti on wi t hdefetrdiriing the bnamn@iaadnobﬂerﬁi@wlem thenetwodlet er ni ne
search wi ndow sizes. 4. The nethod in aceordance with claim3, further
conprisifqg the ﬂhﬁiﬁ?%aﬂflocﬁmmfmgu‘ﬁﬁwbdb svaﬁmdxomeaclzmdmbaizes,eaﬁdo t he
respective |l ocation of the

parameter mformatlon to minimize the search time required for searching all

6 thepilots 1dent1ﬁed m a pllot set; and

searching fdr a1_1 pﬂots in said pilot set.

2. The method in accordance thh c1a1m 1 wherem the location of

2 the mobile stauon is tracked W1thm the cormnumcatlons network

3. The method in accordance with claim 1, further comprising the
2 stepof:
utilizing signal multipath effects in conjunction with said location of said

4  mobile station to determine search window sizes. : ;

4. The mei_:hod in accordance with claim 3, further comprising the
2 stepsof:
storing search window sizes relative to the respective location of the
4  mobile station within a cell; and |
determining search parameters using the stored search window size for a

6 known location of a mobile station.
/
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4 mobile station within a cel ”u,mﬂmm" gNg search paraneters using the
stored search w ndow size for IMH lon of a nobile station. |
LULERiD trrerr v it 1 fir1¢1Mi#1%114211 1211120 11 111° MS

PCT/ USOO023R4'¢hn74® 01/ 17125 26 5. The nethod in accor dancepgdiBoopisedam 4,
wherein the stored 2 |ocation of the nobgle . station is stored in a three
di nensional table. 6. An article of manufacture enbodyi ng a program of

machi ne- 2 readabe i Nphd Methdiin K¢BFAHIRE AP Ylafind) G/hepdin the B@redr OCESSI Ng
apparatus to performa nmethod for conducting a pi [ot si gnal search in a

W rel ess o | | : | . 1. NSt LIS conpri si ng:
determ niénlg ﬁ?éﬂ P%%g |eﬁ8%¢g%%ﬁiﬁ %t%g%ﬁ%ﬁﬁ'\% aﬁ#ﬁ%ﬁ@%@\?\m k; 6
utilizing said | ocation of said nobile station, search w ndow sizes, and
paraneter information to mnimze the search tinme required for searching
all 8 the pilots identified in a pilot set; and searching for _all pilots
in said pilot set6 7. Anarticleofmarmfachire embedyingiaprogsamefmachinen cl ai m
6, the 2 readable instructions further conprising. utilizing signal

mul t i pat h2 ef freastabld imsiructionsaxecutable by 3 digitdl siganl processisgapparatusioi | e
station to determ ne search wi ndow sizes. 8. The article of manufacture in
accordance Wpetfogmal ethodffof tdtducting a pilot signal search in a wireless

4 communications network, said readable instructions comprising:
determining the location of a mobile station within the network;
6 utilizing said location of said mobile station, search window sizes, and
parameter information to minimize the search time required for searching all
8 the pilots identified in a pilot set; and

searching for all pilots in said pilot set.

7. The article of manufacture in accordance with claim 6, the
2  readable instructions further comprising:
utilizing signal multipath effects in conjunction with said location of said

4 mobile station to determine search window sizes.

8. The article of manufacture in accordance with claim 7, further
2  comprising:
storing search window sizes relative to the respective location of the
4 mobile station within a cell; and
determining search parameters using the stored search window size for a

6 known location of a mobile station.



2 conprising: storinag—search window sizes relative to the respective

| ocation of the 4 ' i within a cell; and deternining search '
parameters using th g ,@imﬁiﬂm‘ﬂ ndow size for a 6 known |ocation of a
nobi | e styad d1pR2sV\O O G S I I'* PCTI USOQO 23perustdnsdds An

apparatus for conducting a pilot signalgapgearch in a wireless 2
communi cati ons network, conprising: at |east one base station including a

first digital signal Mﬁ?ﬁﬁﬁhﬁ!ﬂfdﬂ@bﬁdu&iﬂ@@pﬂbﬂsigﬁ&ﬁseafdﬂiﬁmm base

station transmts a pilo

signal, and wherein sard first digital signal

processifNg Hithin t1ofis HERFoik) cSi8l ﬁgﬂ\ﬁgl ng the location of a 6 nobile
hin the

station wt

communicati ons - hetwork; at | east one nobile station

i ncluding a seco

one. mobi 1'e- st ot | et b Rperteich vRAGERER il il bbral Pl 97, 253

station,

and wherein the second digital sigpal processjn O unit,can use
the |ocati OW}'SFG’BS?FatﬂtE@SEP%? ¢ st & HﬂB\E%QF §'§§‘?L éﬂﬁ V%)‘?;ﬂ’?ﬁ‘éﬂéf

information to mninmize the search tine required for searching all 12

pi | ot si gnafisstidigital signelipracessipg npit canbe used imdetempiningtheldcatier ebadance
wth claim9, wherein a selected base 2 station of the at | east one base
st at i onsé comubile siitioh witkinsthe commumidatiors ristwoalzd par anet er i nf or mati on
using a traffic channel to the at |east one nobile 4 station. 11. An

apparatus for cogdusstoRd niokile stitici BeRIdiRga's6dbrid digital sighflProcessing

8

10

12

unit, wherein the at least one mobile station is communicatively coupled with

the at least one base station, and wherein the second digital signal processing

“unit can use the location of a mobile station, search window sizes, and

parameter information to minimize the search time required for searching all

pilot signals identified in a pilot set.

10.  The apparatus in accordance with claim 9, wherein a selected base

station of the at least one base stations communicates the search window size

and parameter information using a traffic channel to the at least one mobile

station.

11.  An apparatus for conducting a pilot signal search in a wireless
communications network, comprising:

a first means for determining the location of a mobile station within the
communications network; and

a second means, communicatively coupled with said first means, for

using the location of the mobile station, search window sizes, and parameter

il



2 comuni cations network, conprising7 a first nmeans for determning the

| ocation of a nobile station within the <4 communications network; and a
second neans, conmunicatively coupled with said first nmeans, for 6 using
t he | ocat wowiafiiashe nobil e station, search wi ndow sizes, ROTVUSN23aM3t er
11111 WD 01/17125 PCT/ USOQ 23944 28 inf28mation to mnimze the search
time required for searching all pilot signals 8 identified in a pilot set.
|1 L111j 111 inforhation toOninimize the search time required for searching all pilot signals

8 identified in a pilot set.
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