WD 03/ 007499 PCT/ US02/ 21932 1 MODI FI ED FI NGER ASSI GNVENT ALGORI THM FOR
CDVA- SYSTEMS BACKGROUND 1. Field of the Invention [0001] The present

i nventi onrwoaBabmsoto wi rel ess conmuni cati ons, and parti cwcarisg2tm3si gnal
reception. 1. Description of the Related Art [0002] A wireless receiver
may receive a signal that has travel ed several distinct propagation paths
as generated by the nultipath characteristics of the transm ssion channel.
One characteristic of a multipath channel is the tine spread introduced in
a signal that is transmtted through the channel. For exanple, if an ideal
inmpulse is transmtted over a nultipath channel, the received signal
appears as a sStresonmwIEPWHINEER AARDENVENT chaorrmHear Fart comofsystmsnul ti pat h
channel is that each path through the channel nay cause a different
attenuation factor. For exanple, if an ideal inpulse is transmtted over a
mul ti path channel, each pulse of the received streamof pulses generally
has a different signal strength th ei ved pul ses. Yet another
characteristic of the multipath chgmaﬁé)l{nﬁ@t each path through the
channel may cause a different phase on the signal. For exanple, if an

i deal i npul g3e i s Fidld shggilhieadopver a nul ti path channel, each pul se of the
recei ved stream of pulses generally has a different phase than ot her

recei ved pul ses. {’@00% In a nobil e radi o channel of a systemfor cellular
communi cat i ons, Pt PErat™ h‘h‘&?“%‘éﬂ cﬁe@éfisedo byyirelsss rerapRicioasofandhe
signal from 99&51%?1 3 1'gHaltr tig@Vvi ronnent, such as buildings, trees, cars,
and peopl e. In gen raf RD le radio channel is a tinme varying
mul ti path channel due to the reI ative notion of the structures that create
the multipath. For exanple, if an ideal inpulse is transmtted over the
time varying nultipath channel, the received stream of pul ses would change

VO 03/007499; PCT/IR08ah Bt the Related Art

[0002] A wireless receiver may receive a signal that has traveled several
distinct propagation paths as generated by the multipath characteristics of the
transmission channel. One characteristic of a multipath channel is the time spread
introduced in a signal that is transmitted through the channel. For example, if an ideal
impulse is transmitted over a multipath channel, the received signal appears as a
stream of pulses. Another characteristic of the multipath channel is that each path
through the channel may cause a different attenuation factor. For example, if an ideal
impulse is transmitted over a multipath channel, each pulse of the received stream of
pulses generally has a different signal strength than other received pulses. Yet
another characteristic of the multipath channel is that each path through the channel
may cause a different phase on the signal. For example, if an ideal impulse is
transmitted over a multipath channel, each pulse of the received stream of pulses

generally has a different phase than other received pulses.

[0003] In a mobile radio channel of a system for cellular communications, the
multipath may be created by the reflections of the signal from obstacles in the
environment, such as buildings, trees, cars, and people. In general, the mobile radio
channel is a time varying multipath channel due to the relative motion of the
structures that create the multipath. For example, if an ideal impulse is transmitted

over the time varying multipath channel, the received stream of pulses would change



2 in time |location, attenuation, and phase as a function of the tine that
the ideal inpulse was transmtted. [0004] The nultipath characteristic of
a channelwoas/oomsult in signal fading. Fading is the reswdr/wh2tive2 phasi ng
characteristics of the multipath chanrel. A fade occurs when nultipath
vectors are added destructively, yielding a received signal that 1is

smal | er than either individual vector. For exanple if a sine wave is
transmtted through a multipath channel having two paths where the first

path has an.aj.tenuation  factor of X dB, tj.me I of .6, with .a phase

Bhi ft ot 0 PhligdecitigRcen@tioBr uRkprist R 2 ubtdfiotfe Bedbadne ediBbBE% o
a tinme del ayaQhtrahsited @ phase shift of 0 + 71 radians, no signal would be
received at the output of the channel. [0005] In a code-division

mul ti pl e-access EOCDNA) cellular tel ephone system a conmmon frequency band
i s used, allow n{00M ToemovlinabsharaeGrmimpPEtatchamel san veseh ia sl fading at i on

(e.g. a cellgyar i%]?r{eer%mp%f i érﬁk@?schh&gt%hsﬂnﬁ% ﬁ%&%dl&ﬁam %hann‘éfi.r% faxte
noden) and nore“than one base atPon. St gnal's occupyling the common
frequency baochramhed nadtipath natad ast addbé deenetivélngyisidaig orectiledsiginal tiee

spread spectrum_ CDMVA waveform properties based on the use of a hi gh-speed
pseudonoi se !y BR§llhan eithgrdnginjduglyediar (Euexagpiipt g sine %Vﬁdélt’?“fmlgtﬁgm tted

bet ween t he (hgss %ﬁﬁ%&ﬂﬁcmeﬁmmm aﬁhss;vﬁ&ﬂegg?firsmaﬂn%mjstahea&eﬁtag%hons

using different” PN co or the sane code set in tinme, produce
si gnal s t hatfaoteryoflé d8i sttimegddlayhefdd avithtahghase shaftvaf figradians, iapd theTsegondpath

dul at i | | t i vj Ng. st at i . ' i | f.
gl o or afunin flengt o Brioh SCRiE, M @b o Rish SRty SLORR el ay
di stinct prepagahl would®etréivel @0BBJoutput BAthe @Wadi@nd nodul ati on systens such

as the anal og FM nodul ati on enpl oyed by conventional radio tel ephone
systens, the existence of nultiple paths in the radio channel may result

in severe nulti p&Q‘H’Sﬂ é‘élPﬁ@de‘bWIngﬁn@ngﬁétcélﬁ‘fla%@m‘éﬁe, SYPi§8tances
R A N e
between a mobile station (e.g. a cellular telephone, wireless local loop station, or
wireless modem) and more than one base station. Signals occupying the common
frequency band are discriminated at the receiving station through the spread spectrum
CDMA waveform properties based on the use of a high-speed pseudonoise (PN) code.
The PN code is used to modulate signals transmitted between the base stations and the
mobile stations. Transmitter stations using different PN codes, or the same PN code
offset in time, produce signals that may be distinguished at the receiving station. The
PN modulation also allows the receiving station to receive a signal from a single

transmitting station where the signal has traveled over several distinct propagation

paths.

[0006] In narrow-band modulation systems such as the analog FM modulation
employed by conventional radio telephone systems, the existence of multiple paths in
the radio channel may result in severe multipath fading. In a wideband CDMA
system, however, instances of a transmitted signal that are received over different
paths may be discriminated in the demodulation process. This discrimination not only
greatly reduces the severity of multipath fading but also provides an advantage to the

CDMA system.



greatly reduces the severity of nultipath fading but also provides an
advantage to the CDVA system WD 03/007499 PCT/ US02/21932 3 [0007] The
del et eri owe Bfdmes s of fading can be mtigated by control IPicmgisoremssm tter
power in the CDVA system A system foB base station and nobile station
power control is disclosed in U S. Pat. No. 5,056,109 entitled "METHOD AND
APPARATUS FOR CONTROLLI NG TRANSM SSI ON PONER IN A CDVA  CELLULAR MOBI LE
TELEPHONE SYSTEM " issued Cct. 8, 1991, and assigned to the Assignee of
the present inventd Fu [ mor he ef | 1 i.ng .can be
reduced t hrough E@dﬁmr’ﬁhgaéeﬁ%gn%%t %fférrcﬁﬁ to:?pqagﬁgaggé] S aﬂt%%%guéf%angoglggt
handof f pro¢@asmitlr hawnetah thepCDVES Systém diAsgkeaefbr baseldtatidn andtmobiNe stabiod 01, 501
entitled "SOFT HANDOFF | N A CDVA CELLULAR TELEPHONE _SYS'I;E\%" i ssued Cct.

8, 1991, andowssroHed it lisckseddsigndePe None toeBnentitisde METHOD 60d8] The

exi stence OfAI’FAﬁXP@S hFégn Coneit IEL GG TR IAY&IMISSYORO P@)WEQEQ@F‘Q cBRigad

spectrum system spread spectrum system generates a spread infornmation
signal by maBLIALAR MOBIDE AFEEEERHONE SNSTEM, 't Bswedp3au8ofisils end B¥)gnedde.

CGenerally the PN code runs at many tines the rate of_the infor i,.on

S gnal +  The 7 SIGABHENGR OF e mARenbIEBtRN | EVEAREPG: B8 Teeicsl PHUPH G RE
rate, and theg, ddr L&A ffoRecsahanRhforPivithnultPe ARG stafior@lbifgl 4 Refrchi p
time. If two or nore paths are available that have a differential path

del ay gr eat déenddifiprogess. dhhandofinproceshéndisqlosasr innidr ® Rat.o¥essiMgS0le¢rditiedt s

Gemodul at o ¢ HOFSHSPAETRGATCEMA CRITLR AR B ER G QTN SRRET BLE ¥
typically &xi9dli bnd Sdppedeane Assipnddbftthdpickert afliefigon. i . €., they do not

usually fade together - so that [oss of signal occurs only when all of the

signal instances being denpdul ated experience a fade at the same tine.
Therefore, the ol9J0%d %BF exisieneuSt sruliate capy PrRadn Bth shivessibhithe ideinge

combi ned t 0 ;GREALLEAAM s HHET A {fead thAdSHemSYHeRMs 2 Btl InfGnbpeh
station and S?!Ee r#%ﬁ??e Stgﬁon edrr%ﬁ o{})eérrtﬂ'fti%g% d%m)dulsa% ?‘gn el enent s.
signal by modulating an information signal with a pseudonoise (PN) code. Generally

the PN code runs at many times the rate of the information signal. The rate at which
the PN code is generated is called the chip rate, and the duration of one data bit of the
PN code is called the chip time. If two or more paths are available that have a
differential path delay greater than one chip time, then two or more processing
elements (called demodulation elements or fingers) may be employed to separately
demodulate the signal instances received over those paths. Such signals typically
exhibit independence in multipath fading — i.e., they do not usually fade together — so
that loss of signal occurs only when all of the signal instances being demodulated
experience a fade at the same time. Therefore, the output of the two or more
demodulation elements can be combined to obtain path diversity. In an ideal system,

both the base station and the mobile station employ multiple demodulation elements.

[0009] As a mobile station moves through the physical environment, the
number and qualities of the signal paths may vary constantly, both as received at the
mobile station and as received at the base station. Therefore, a receiver may use a
special processing element (called a searcher element) that continually scans the
channel in the time domain to determine the existence, time offset, and the signal

strength of signals in the multiple path environment. The output of the searcher



[ 0009] As a nobile station noves through the physical environnment, the
nunber and qualities of the signal paths may vary constantly, both as

recei ved WO oBloe7499obi | e station and as received at the baveTatsat/zos:
Therefore, a receiver may use a speci#al processing elenent (called a
searcher elenent) that continually scans the channel in the tinme domain to
determ ne the existence, tine offset, and the signal strength of signals
in the nultiple path environnment. The out put of the searcher WO 03/007499

PCT/ US02/ 21932 4 el enent .provi des informatjon that be used to _.ensure
that the deﬁ'émﬁtpf%vﬁge%emgwlg"atﬁ%t tYack H%e%t e eﬂ%@&ﬁ%v@ﬁt%ﬁ“@cﬁiﬁgugﬁt hs.
[0010] I n aslegeptipiréfrickidMhec aodst sdvantagedu8pacre system each base station
transmits a pilot signal that is used by the nobile stations to obtain

initial system synchronization and_to provide robust tinme, frequency, and
phase tracking of0Q104Inasexemplary GRPMALellHlaf tedephomg system, sacd brse §tatiel gnal s
transmtted : Al b . S i I B al:l. samne
PN code, i AT fHol SERaASEisSt Rl e b SUTOR R i i o
code phase eyrfichedniatioa.and hepieMideadmst timenfaquehey dayg phasei tedekmgiofi ghdolzse
stations are identical (gu.t ske\qﬁd in ti with re Bect t 0. one anot her).
This code pRaden gpreiited siggals. (e pYPY Hen ?Hﬁ%ﬁ“&‘tt?‘z By ZIoUS GaTesHE P r om

one anot hef, acGRtkei Ryl LiemRagmeSPRtdAB, HARNBRIbak s8N OiBhnBting A |
typi cal base station Configuration may also contain nultiple sectors, with

each sect or sproaprisgigng diffegenteentienphase apdset t (igndhe Ui eodesiriramamiftedahy
having its own, PN. co €.k {:ode of f set . t}/&hi Ikew%crfe ”t‘i)r?miel eiﬂ?trgéti on i%nén t he
cal | inacti VEEADYEE PPE TEIPVENHAYF & gtrlrcealllt llnﬂle &P WIE VBT JEBECT He OPRcei ved
si gnal at t hfoth@dleTafsfaé phaserofamdisBe pilottsihalsttd 8 ibtingaichgd fréxh ofié gnal s
of nearby base stations. Wien a call is initiated, a PN code address is
det er mi ned PeRthefseccardingdo tthg dageastationt frome ydicha gy carigingls: Hh trpicd]epase

R T S Ly
station's séaalepbieienetrazmit andaedt verunennaoasLizavingies vt BN dgoatadetafasm tt ed
by nei ghbor w}%lebtseem%sngis?art]i%h i%r}(rjl t%e call inactive mode, its searcher element may
continue to scan the received signal at the code offsets corresponding to the
transmitted pilot signals of nearby base stations. When a call is initiated, a PN code
address is determined for use during this call. The code address may be either
assigned by the base station or determined by prearrangement based upon the identity
of the mobile station. After a call is initiated, the mobile station's searcher element
continues to scan the pilot signals transmitted by neighboring base stations, and a

mobile station may communicate with several base stations at once.

[0011] Diversity combining in the mobile station significantly advances the
quality and reliability of communications‘in a cellular telephone system. Diversity
exploits the random nature of radio propagation by finding independent (or at least
highly uncorrelated) signal paths for communication. If one radio path undergoes a
deep fade, the receiver attains another independent path having a stronger signal. By
having more than one path to select from, the signal-to-noise ratio at the receiver may
be improved. A form of maximal ratio combining may be used to increase the benefit
in which the signal-to-noise ratio is determined for each path. Each path may then be

combined with the contributions from the other paths weighted according to the



nmobi l e station may conmmuni cate with several base stations at once. [0011]
Diversity conbining in the nobile station significantly advances the
quality awoommbisability of communications in a cellul ar telcauasone1ssystem
Diversity exploits the random nature5of radi o propagation by finding

i ndependent (or at l|least highly uncorrel ated) signal paths for

communi cation. |If one radio path undergoes a deep fade, the receiver
attai ns anot her i ndependent path having a stronger signal. By having m)re
t han one path o select .fr se rat. iver

be i nprovedS'8R3 ]f QFIRISS aH A | IP%% ?181 rﬁ?ﬁ’ﬁ °ﬁ§5‘?$&§556t¥’éi°?§‘§aalt%W%Efagage t he

benefit inanbwe etgh8seSofFaat pitR 16 dterimdhéd 1S determ ned for each path.
Each path may then be conbi ned with the contributions fromthe other paths

wei ght ed accordin 0o the WD 03/007499 PCT/ US02/21932 5 signal -to-noise
ratio. Combiningl 8&1}2]5\9 desHBpLEQH; Qfe@ad@éeepﬁtqmtm§‘ih§ﬁalf0rdeaﬁrﬁi§@ﬂ&t BHtPlg| | ows

the phase Ofdext%ﬁg D l? OrQeltngntQ fn gﬁ}o%fl n o£ ggé}%%fb fapegﬁ‘ﬁﬁ\‘lr E:ﬁl%%l@\tls @This

three-step ne assi gni ng nu at| on enen S 1n a nobile
station of despipaan xﬁzgealsbum Equaﬁem IfJxSI IRmmr Ndi $490) 665 (‘ftid ‘065 payntd),so be

found in U S Patent 490 165 ("the 165 patent”), issued February 6,
1996, and ass E%Prtlfgmqé %&@P@ﬁ% f“?H@aaflgg%ﬂf chP%?ﬁ?qtéh"e“Ph“tﬁ’eé‘efl [ st
step, a seakgdgfe eh%gﬁeﬁerwrﬁen@ withn m&t}h&lﬁléétﬁidn%kd%%h@‘arsﬁﬁve? iR Wh\{&ylt' n

which it scans wi ndow of tine offsets around a nomnal arfival tine of
each si gnal scdnseaeindowadding aﬁsmamunmammmlamva}@nmomh@@nabwf ¢aeB been

est abl i shed, Each. survey | ist. o surv rrprl ses
il ot st gnabe raigt P writh %fife Spomiicaion thy Ber Bumliche v 08 SPdFon
pi | ot offsetylela’mhae@@h@ry Ifaltlfsniﬁﬁtth@ﬁﬁﬁ%]pﬂ % il @frerbihs) fimel sffsatscand hol | er,
which attenpts to match the tinme offset of each survey path to the tine

of fset of t serrpwonding hasceriatian Rkt wéfsefe Moteuteatcaer @9m@mrd>a§wmné@m@ﬁon
el ements. I a%'rl.t}dlﬁlr %ﬂ?\&*ﬁ%\%pﬁ&g {o,? at@ﬁ‘ﬁrﬁésmﬁé‘aff&t%?@aﬁﬁ%w XQ@H%& fige only

t he denodul ation enen e stronges indi cat i on
remai ns assioffiserdoft l(hetﬂ‘aﬂ’ts @afehtly baing ddmod‘mﬂzhéd bgltﬁerﬂamsdxasmmaled]em@. tlfie
survey path are |abeled "free." If a path
multiple demodulation paths match one survey path, then only the demodulation
element having the strongest signal strength indication remains assigned to that path,
and the other elements assigned to the survey path are labeled "free." If a path
currently being demodulated does not correspond to any survey path, then a survey
path entry based on the demodulation path information is added to the list of survey

paths.

[0013] In the second step, the controller considers the survey paths in
decréasing order of signal strength (i.e. with the survey path having the strongest
signal strength being considered first). If, for the survey path under consideration, no
demodulation element is assigned to any path in the corresponding sector, the
controller attempts to assign a demodulation element to the survey path according to
the following procedure. If any demodulation elements are currently unassigned or
labeled “free,” one of these demodulation elements is assigned to the survey path. If
no such demodulation element is found, the demodulation element having the weakest
path that is not the only demodulation path from its base station sector is re-assigned
to the survey path. If no such demodulation element is found, a demodulation
element assigned to the weakest path is re-assigned to the survey path if the survey

path’s signal strength is at least 3 dB stronger than the signal strength of the weakest



currently being denodul ated does not correspond to any survey path, then a
survey path entry based on the denodul ation path information is added to
the Iist whmswouey paths. [0013] In the second step, thepcanisonbkisez
considers the survey paths in decreasing order of signal strength (i.e.
with the survey path having the strongest signal strength being considered
first). If, for the survey path under consideration, no denodul ation

el enent is assigned to any path in the correspondi ng sector, the

controller ﬁtte%@ts to%af 'gn a denndylatiog el ement to. the surveltBath
according t §°MPREARY P '%%?@5@%@8.‘“‘?% uRHl, @ G AHRNTEN SFCUE SRERYSTS o
currently uRageisdRRY pah list aedverled it redSgnfkendshese denodul ation el ements
is assigned to the Survey path. If no such denodul ation el enent is found,

t he denodul ation el enent having the weakest path that is not the only
denodul ati on pat 0¢14dAn thesthisd s€psif apiresssigaments hipxe pecugied i egecand 1o

survey path., |f.no d api.o, e LS |_at: |

el enent ass?ﬁﬁe@gfg)#ﬁgmhgggg§# %gtﬂwﬁélﬁﬁgiggﬁaﬁggﬂgg'?%gggﬁgggég%ggh if
the survey spaigih.s If hgmiamodtlagngtlRmeat Btaskigasd tSthdBustayopugierthe keaurdllee
signal strength of the weakes 03/ 007499, PCT/ US02/ 21932 6 denodu] ati on
path. This a?adc%%sgncahvnﬁa@ge% mvgreeadwdai%ﬁoa rfAEREN P P Jhepuhe
entire sur V‘?i}ér}yBéﬁthiéd Slbmbest is TOYRY %?edchrBheJ‘eréi ?@ﬁ%}gﬂ%ﬁ@dulitggje‘fdméﬂﬁ the

third step, If no reassignnents have occurred in the second step, then the

control |l er ¢losd abeigaed hethe same pageatdtionagetdnas the suvey path ifiherseevsy pgthss gnal
strength. If no demgdul ation el e t is assign to t survey.path, the
control | er "HE?tggggg#éé%oﬂﬁﬁég?gﬁ@aCBF?%r@%gﬁﬁﬁ%ﬁﬂl%Qﬁoﬁkagﬁ@%?’ﬂgethe
path. If no csmedller dRAPHAUASIgh ORe SYcAR®D idemddilatior elehf2ar GRS adsigRed @ ¥ny
re-assign a denodul ation elenent that is assigned to the sane base station

sector as t fasesyirtiomyseptor Raying twe o5 moyegssigaeh demodatien elpmants ifjiBe sbivehger

than the cur | at4i0, Lt e ' : e tLqld: y
ro-assi gn t RETA L TR PRt ol IR Rloh oS OnEER E B dFEY
station secloturhay ititgptosedude Aty n assngne deseipndudemodnattdreciemest tof the he

SUrvey survey path under consideration, the method begins again.

[0015] A method of reassignment as described above may require two
traversals through the path list to obtain a desired level of diversity. It is desirable to
obtain a reassignment of tracking elements (e.g. demodulation elements) that achieves
a desired level of diversity but does not require two traversals of the path list. For
example, it may be desirable to obtain a reassignment of tracking elements that
achieves a desired level of path diversity, as well as a desired level of sector or cell

diversity, but does not require two traversals of the path list.

SUMMARY

[0016] Embodiments of the present invention provide a method of assigning
tracking elements including sorting a list of potential assignments (e.g. signal
instances within a received signal) according to a diversity criterion. In certain
embodiments, a list of signal instances is sorted first according to a measure of
energy, then again according to a diversity criterion such as a predetermined level of

cell diversity. In such embodiments, an order of at least a portion of the sorted list



path is nore than 3 dB stronger than the denodul ati on path. Once a

re-assi gnnent occurs or the procedure fails an attenpt to reassign a
denodul atwornsebement to the survey path under consi der at ipam/ushyersset hod
begi ns again. [0015] A nethod of reas8ignnent as descri bed above may
require two traversals through the path list to obtain a desired |evel of
diversity. It is desirable to obtain a reassignnent of tracking el enents
(e.g. denodul ation elenents) that achieves a desired |evel of diversity

but does not ret trayersal s of the h list, For. exanple, it may
be desirabl glatygD%t}B@ngiﬁﬂ Ve ] &dﬁYFéﬂfy Qﬂte’i‘?‘g Qrrfer aEplemthe 185t X eséff:tﬁ?l eves a

desired | evelcHahaRBER oftné&irsid Yoterdial X@lénn@ﬁts%xﬂﬁ@hﬁ%rﬂe%hs &f a 8@feft OF
cell diversity, but does not require two traversals of the path |ist.

SUMVARY | Oed_lﬁ“]:e Enbodspeshiog adflitiohd mb@bm@nts rofethe iinvenpipos dbataa itieckiogl of

acsi onmont sBe! 08 GHEM oo iboR kb Pofioeldlode of ¥ lbBes gt ng 10

a diversi tyacgllabﬁrﬂopgsmglnﬁlegewh@mth@mﬁgh sfmpts, a list of signal instances
is sorted first according to a neasure of energy, then again according to

a diversity crlterl on such as a predetermined level of cell diversity. In
such enbodi nent s [007] Qthraembodumentseafshe prept invsAtion Proxisleggracking stage ofip

03/ 007499 pg(ﬁ,gﬁgzgtgti&saa%z,c s B&e RS Herhht! 24O oPfradilify AEMERSI erqhe Cirst

criterion. exanpl e st may be sorted such't at eac

n potenti al ca:stmllgnnﬁrhbsomnolﬂdm;ohs atlisc of petspiwal dssigomentsli dsf ailected (aduzme An
aspect of addlti enbod] rlts of the mventﬁi onis that a rac(mi

el ement thameﬁUg Ysthaéﬁﬁrﬁ Fragiemely AOrUngiR A Fiversity 8’81?88“@%‘ tROHHS Be

| abel ed as a¥aitlagdhindiof #5840 BRESE th¥hi8Ekih elbﬂends@s&ﬁetng&@the so&&m&] Qt her
enbodi nents of the present invention provide a tracking Stage of a nobile

station that includes a searcher elenent, a set of tracking elenents, and a
control l er. The &QthSB Slthesrersbadiments [of ghe @respet Wentian proyidgnandatasstorsge

col | ect ed (% dlu?]:? an@a%e@' l&)oggyal tdkﬁ (ﬁ'%?ﬂe?qggorcﬂhg %&‘essﬁﬁc&r ﬁi;(zﬂgnt g a

di versity cri e
semlconductor or ferromagnetic device such as a memory or integrated circuit; a

printed code listing) having machine-readable code including instructions executable
by an array of logic elements, where the instructions provide a method of assigning
tracking elements including sorting a list of potential assignments according to a

diversity criterion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIGURE 1 is a flowchart of a method according to an embodiment of

the invention.
[0020] FIGURE 2 is a flowchart of an implementation P100a of task P100.
[0021] FIGURE 3 is a flowchart of an implementation P200a of task P200.
[0022] FIGURE 4A is a flowchart of an implementation P300a of task P300.

[0023] FIGURE 4B is a flowchart of an implementation P300b of task P300.



current assignnent of at |east one of the tracking elenents according to
the sorted list. [0018] O her enbodi nents of the present invention provide
a data stwpagmo74pedi um (e.g. a nmagnetic or optical disk orcotusez2mwerordi ng,
i npression, or fixation; a sem conduBtor or ferromagnetic device such as a
menory or integrated circuit; a printed code listing) having

machi ne-readabl e code including instructions executable by an array of

| ogi ¢ el enents, where the instructions provide a nethod of assigning

tracki ng el enent s | i rting a,list. of. pqtent.ial Lgnmen
according to a 39%??%%?’?& iaofﬂ(?m@ﬁfté?—f rﬁﬂ@‘\?@ﬁ%& (gﬁé&’\tt}\fal%s
[0019] FI GURB2dnis a flowhart of a nethod according to an enbodi nent of
the invention. [0020] FIGURE 2 is a flowhart of an inplenentation P100a of
task P100. [0021] FIGURE 3 is a flowhart of an inplenentati on P200a of
task P200. [ 002#4025] BIFERESE dlustratep aiegressism of R $oring ARGTAUAN ¥nMPBbOa of
task P300. s a flowhart of an inplenentation P300b of
task P300. qugﬁegﬁf%&%%@z/zlgsz 8 [0024] FIGURE 5A is a flowchart
of an inplenentation P320bl of subtask P320b. [0025] FIGURE 5B illustrates
a progression of [@260FIGURESp@X ahd @B stowrayfldwehap exf fanr enelebdiyiers UR3#088 lof
P320b1. [0026%é§b RES 6A and 6B show a flowchart of an enbodi nent P400a of
task P400. Fﬁ FIGURE 7 is a flowhart of an inplenentation P490a of
subt ask P490. [0028] FIGURES 8A and 8B show a flowchart of an enbodi nent

P400b of task P46u27) FROORE Tk @¥FwDait f an thelembatatiodP4g0aBE siiaskaeapor di ng
to an enbodi nent of the invention.

[0028] FIGURES 8A and 8B show a flowchart of an embodiment P400b of
task P400.

[0029] FIGURE 9 is a flowchart of a method according to an embodiment of

the invention.

[0030] FIGURE 10 is a flowchart of a method according to an embodiment of

the invention.

[0031] FIGURE 11 is a block diagram of a tracking stage 100 according to an

embodiment of the invention.
[0032] FIGURE 12 is a block diagram of a tracking element 110.
[0033] FIGURE 13 is a block diagram of a tracking element 112.

[0034] FIGURE 14A is a state diagram of a scheme for setting the lock status

of a tracking element.

[0035] FIGURE 14B is a representation of the scheme shown in FIGURE 14A

as a plot of signal strength versus time.

[0036] FIGURE 15 is a block diagram of a demodulator 300 according to an

embodiment of the invention.

[0037] FIGURE 16 is a block diagram of a demodulation element 114.



[0030] FIGURE 10 is a flowhart of a method according to an enbodi nent of
the invention. [0031] FIGURE 11 is a bl ock diagramof a tracking stage 100
accor di ngwomsaor49enbodi ment of the invention. [0032] FlI GURETAR02/319382 bl ock
di agram of a tracking elenent 110. [0033] FIGURE 13 is a bl ock diagram of
a tracking elenent 112. [0034] FIGURE 14A is a state diagram of a schene
for setting the lock status of a tracking elenent. [0035] FIGURE 14B is a
representation of the schene shovvn in FIGURE 14A as a plot of signal

strength versus g{{g yl at or
300 according toi dﬁ] Fi 0 |rrer‘16f %tégl%g?\%ngr? %gﬁi%ﬂ%oﬁgﬁ%ﬂhﬁgﬂ&ﬂﬁ%?ﬂs a

bl ock di agraﬁhdémadtdaimmléraémon el ement 114. WO 03/007499 PCT/ US02/ 21932 9
[0038] FIGURE 17A is a state diagramof a schene for setting the | ock

status of a de | ati on el enent. [0039 7Bis ar tion of
t he scheme shomn?qqtbi 178 1s gdepresan ‘0810 eéﬁ ?m%ﬁwwgwﬁ’?@%g? i me.

[ 0040] FI wgegaéﬁ,egfﬁg 1§];r§ﬁ h YeR6E @ of a schenme for setting the | ock
status of a d tion enent. [0041] FIGURE 18B is a representation of

t he schene shown in FI GURE 18A as a plot of signal strength versus tine.
[0042] FI GURE 19/0049] FIGUREe!l &\ sgr winte diageams of e nehefmsy fog ectting ghetlnek staluk

status of a nod ion elenment. [0043] FIGURE 19B is a representation of
Ao s eRe

the schene § A as a plot of signal strength versus tine.
[0044] FIGURE 20A is a state diagramof a schene for setting the |ock
status [0041] FIGURE 18B is a representation of the scheme shown in FIGURE 18A

as a plot of signal strength versus time.

[0042] FIGURE 19A is a state diagram of a scheme for setting the lock status

of a demodulation element.

[0043] FIGURE 19B is a representation of the scheme shown in FIGURE 19A

as a plot of signal strength versus time.

[0044] FIGURE 20A is a state diagram of a scheme for setting the lock status

of a demodulation element.

[0045] FIGURE 20B is a representation of the scheme shown in FIGURE 20A

as a plot of signal strength versus time.

[0046] FIGURE 21A is a state diagram of a scheme for setting the lock status

of a demodulation element.

[0047] FIGURE 21B is a representation of the scheme shown in FIGURE 21A

as a plot of signal strength versus time.

DETAILED DESCRIPTION

[0048] Throughout the disclosure, the terms ‘demodulation element’ and
‘finger’ are used interchangeably as particular examples of a tracking element.

Additionally, the word “exemplary” is used exclusively herein to mean “serving as an



of a denodul ation elenent. [0045] FIGURE 20B is a representation of the
schenme shown in FIGURE 20A as a plot of signal strength versus tine.

[0046] FIWORB/ORUI i s a state diagram of a schene for settipag/use®s2198zk
status of a denodul ation elenment. [0®7] FIGURE 21B is a representation of
t he schene shown in FIGURE 21A as a plot of signal strength versus tine.
DETAI LED DESCRI PTI ON [ 0048] Thr oughout the disclosure, the terns

“denodul ation elenment’ and “finger' are used interchangeably as particul ar
exanpl es of a tracking el enment. . Additionall .the rd "exenplary’. is used
excl Usi vel y SREPBFr TEE A MRy ad S vpboserdestped Pghroteas” 1o
exanpl e, i nsgangRary®ris inbt HedekeHrilP o 'beddtsid HTPRETRINGr dévhtigbad drei n as
being "exenplary" is not necessarily to be construed as preferred or
advant ageou$thsyembodinigats. enbodi ments. [ 0049] Mbile station power control
Is inportant to the overall performance of a CDMA system A base station

i t hi h ST | X
cach obi o ot at Rl TR n 2P LD RET £ or B I GRRH B R RTIRE O

maxi mum posai ODBIA wyéteim CApbae tsyationawlthimodichea sysadm aransmitt andddependdrs
transmt power if an basewitation ipnnands L&ltq do so, even if oHPer base
stations i REWPLEANOF cRmMARR joseach mabile siatian with WG it coppynigalzse Injopder g

desirabl e fqf obhe ﬂﬂ@%dxﬁﬁmﬁtp%}:éiae swerﬁwéy,cea}cﬁ HoBife sﬁﬁibl?lrrﬁhst banRe gkat i ons

(i.e. to communicate wth at leasta mhninmumlevel of cell diversity) so
that it nay trapgeit pewpoifemydase stetiorc oommands it todp sseenenall otfen basesstatjcd§50]

FI GURE 1 sho a flowhart .of a nmethod for,assigning.tracki el epents
accordi ng t &% theﬁbt8dp?f8?1§f’ lgsf tr?rhsgn{ ROVHY | EH?E%S?’I léclﬁq PSW@ESE’Q ﬂ%ﬁloﬁlfil ects
a list of E@tlta_aaﬁ tRborAmBhigMEBRALHSsevERI b atabios (ileaskcdmMRAUnivay witl dgedst @
survey pat i st,

Y P minimum level of cell diversity) so that it may receive power control commands from

several sources.

[0050] FIGURE 1 shows a flowchart of a method for assigning tracking
elements according to an embodiment of the invention. Collection task P100 collects
a list of potential assignments. For example, task P100 may collect a survey path list,
each list entry including a time offset and a corresponding measure of signal strength
for a signal instance received over that path. This list may include instances of signals
transmitted by several sectors of one base station and/or by several different base
stations (or ‘cells’), and each list entry may also indicate which sector and/or cell

transmitted the corresponding signal.

[0051] FIGURE 2 shows a flowchart of an exemplary implementation P100a
of task P100. Reset subtask P110 clears the survey path list (e.g. discarding a list of
paths found during a previous execution of task P100a). Initialization subtask P120
sets the current search sector S to be the first base station sector on a search list. In
exemplary implementations, the search list may be an Active Set, a Candidate Set, or
a Neighbor Set of a mobile station [such sets being defined in Section 1 of the
specification of the IS-95B CDMA standard for cellular telephony, as published by
Telecommunications Industry Association (TIA), Arlington, VA]. In another
implementation, task P100a may proceed on a cell-by-cell basis rather than sector-by-

sector.



each list entry including a time offset and a correspondi ng neasure of
signal strength for a signal instance received over that path. This |ist
may i ncl ude a3nst4ances of signals transmitted by several Peaiuss2082o0ne
base station and/or by several differant base stations (or "cells'), and
each list entry may al so indicate which sector and/or cell transmtted the
correspondi ng signal. [0051] FIGURE 2 shows a flowchart of an exenplary
inpl enentation P100a of task P100. Reset subtask P110 clears the survey

gitegult : ?)tn E)fe - tg és@@?@éﬁ?wﬁ Sﬁ‘?tﬁkaﬁg 33)f ﬁeﬁg ESQ%BE“QS\E%B%%J g"é"F g&fshe acsd%? ent

sear ch sect @fansmited Feorh Rectbi SSindoRRAtifBdsaihe AN sHRAERE 16Yal anax@84.CTHel Gine | N
exenpl ary inplenentations, the search Iist may be an Active Set, a
Candi dat e Safindeyy may Reisgiasied Berelaionn treni P@edteditinm qf surpMalsef ¢ Barahg

defined i SEELLA00 hel % 5 SREGIAL 6RLIRD. Ay bBSdi S 80 By CMAPLaRrlREd Tor

cel lul ar telephony, as nicatl ons

Associ at i on fford A\)che@\rﬁasmghmn oNk]ctorland/@ﬂby kignal inspheReatertdddifiomtsagér $100a
may proceed on a cell-by-cell baS|s at her than sector-by-_sector. m?

03/ 007499 PETFIISH9ysias32n am exeney TREULBY SeiPaEiet Dapasts dalie Of e

W ndow for igjst a%ﬁﬁ&fgi’]f a%yS'cﬁml mtt:gé}nsvmutet Gty MM SRLEA" basd o dgRi T es

the N strongest’ |oc maxi na. me w ndow nay be selected In relation
to an expecumpllememauolﬁalaiertallsaas ch‘e anemrgmfl storagargailabie dorf thenpaledisbrths; t hi s

t f b di b I ther b
Stati on or alRperoarirhs ByREGrrY rRuefeteer il UEme AREC or s in

recent cycles. In an exenplary inpl errent ation, the paranmeter N has a vaI ue

of three, althopgis3pmy oat pblitdtioagesarstakbutaskap13e seetiest withihas egteddd such
i npl enentational details as the anpunt of storage available for the path
list, the nfigadlghatgs samaledné chipyd/(bs- atSrtra&&pﬁgeCéqvmelew@g arstsPagedd0-? he

time allotte 0
t Ca SR olfs o gfRL3ki%
W thin a roeaPyaht Bl hih o Fre SARITRERLsSROTIM SR, FSbel i Rantetys
recei ved sailptase iagicreateemspathed ofle distinct peak. In such asystem subtask P130 may

combine the distinct peaks (e.g. using weighted averaging) into a single local

maximum.

[0054] Selection subtask P140 adds the information of each of the N maxima
that exceed a minimum signal level threshold T to the list of survey paths. If more
sectors remain in the search list, test subtask P150 directs the method to loop subtask
P160, which selects the next sector under consideration and returns control to search

subtask P130. If no more sectors remain in the search list, task P100a is complete.

[0055] Task P200 matches at least some of the potential assignments to
current assignments of a set of tracking elements. FIGURE 3 shows a flowchart of an
exemplary implementation P200a of task P200. Initialization subtask P210 sets the
current tracking element D to be the first of a set of tracking elements. Test subtask
P220 checks the lock status of tracking element D. If tracking element D is not

locked, de-assigning subtask P230 labels it as available for assignment.

[0056] If tracking element D is currently locked, test subtask P240 determines
whether the path being tracked by element D is on the survey path list collected in

task P100a. For example, subtask P240 may attempt to match the time offset and/or



chips apart in tinme). If a smaller sanple resolution is used, a single
received signal instance nmay create nore than one distinct peak. In such a
system swbtoasb74B130 may combi ne the distinct peaks (e.gPpcudisng2mei ght ed
averaging) into a single local maximam [0054] Selection subtask P140 adds
the information of each of the N maxima that exceed a m ni num signal |evel
threshold T to the list of survey paths. If nore sectors remain in the
search list, test subtask P150 directs the nethod to | oop subtask P160,
whi ch sel ect,s fhe next sector der, considerati.on and retyrns control to
sear ch sub%l}fsﬁ{arﬁf% ."gISFCtﬂﬁoﬁﬁ?L’igoggbet%ﬁﬂg 19 é’ﬂ%ioﬁ%ﬁe‘ﬁ}ﬂgs %&ﬁghﬂ f S¥TVY ask
P100a is copphete. [0055] Task P200 matches at |east sonme of the potenti al
assignments to current assignnents of a set of tracking elenents. FIGURE 3
shows a flowchart of an exenplary inplenmentation P200a of task P200.

Initialization sU5d3iAlthpugh eachgtracking Rat prawld comrapPRd) txplelsash OO SEYEhe t he
first of ki : P : K
Irst of a fa% of oécragsh'a%?a@e?l’éféﬁgeﬁlé g%f;?]rgssz%&ﬂ%tﬁmé tatRedNCR hf% L@%PAtRC

status of tracking elenen me I'S not
de- assi gni ndossuidtappedrAB@hd alreéspath las &vaisk #2D6a,finis aswhghthant raflkdfp6] | f

tracking elepent Dis currently | ocked, test subfask P240 determ ne
whet her t he ®{SaeR! H)é’r%cctlfaéf‘gké pgeR r%%ﬁa?EVPEareff]tlwﬁ@féawfeaypaﬁéﬁm &t

col I ected i QeardifasleldlRa THeRLFoRX HTRIRaskSPRIOASRAAL TRY iRt LRVR) ph@ RECh
the time offset and/ or WO 03/ 007499 PCT/ US02/21932 12 the transmtting

sector or cebmtainf nphemtyatdresponding tof the tpathebing érackad by elerriest Dofoldagtingy
pat hs. [0057], Alt each trackin at h shoul orrespond .to at | east one
survey patﬁ,btﬁﬁli(%@g’gfl%ﬁ' DDA dg’]getﬂéthetp%frggpﬁleégwﬁ?B%gﬁlsbei ng tracked
such that this path does not appear in the survey path list. In task

P200a, it is assosd] tihaturdey pah khdiGorredppi@nto the pathalsiny ahickey beldniat es t he
signal level and tinme offset of a path than the searcher el enent.

Therefore, I alsgady a?_é‘lj(StﬂstHbtaﬂ%P 8@%%@@5%1‘” hether any Qrgr racking elgment gt ai ns
no entry CORLEIRORT P&nt QrsRErdddsaIfSina8kihg AftseshtRY B Q% o &AbLRETT NY

elements are tracking substantially the same path. Such a scenario may occur as two
paths merge over time into one path or otherwise become indistinguishable. In this
case, subtask P270 determines which element is tracking the stronger signal, and de-
assigning subtasks P280 and P290 label the other element as available for assignment.
If loop subtask P295 determines that more tracking elements remain, subtask P110
sets the current tracking element D to be the next tracking element and task P200a

continues at subtask P220. Otherwise, task P200a is complete.

[0059] Sorting task P300 sorts the list of potential assignments according to a
diversity criterion. FIGURE 4A shows an exemplary implementation P300a of
sorting task P300. Subtask P310a sorts the list of potential assignments according to a
measure of energy. Such an operation may be performed using any sorting algorithm
appropriate to the data set and implementation (e.g. bubble sort, heap sort, quicksort).
Subtask P320a then sorts the list of potential assignments according to a diversity
criterion. In other implementations, subtasks P310a and P320a may be performed in

the reverse order, in an overlapping or simultaneous fashion, or as a single task.

[0060] FIGURE 4B shows another exemplary implementation P300b of

sorting task P300. Subtask P310b sorts a list of received signal instances according to



subt ask P250 adds an entry corresponding to the path to the survey path
list. [0058] If a survey path that corresponds to the path being tracked by
el ement WoaBnemdy exists, subtask P260 determ nes whet hePcansonier
tracking el ement that has already besn considered is also tracking this
path. If so, then two tracking elenments are tracking substantially the
sane path. Such a scenario may occur as two paths nerge over tine into one
path or ot herw se becone indistinguishable. In this case, subtask P270

determ nes which e cking the s nal , and de- assigning
Subt asks. P28OMERUTHSb Rl Eonakra En itk 08 R s8R i TeeeBRFnoent
| f |1 oop subkaskls AROSGdMRL @ dHeRSS Fhah siphkerekéinckhsd RnPIBNVECtSCIRI dgngubt ask
P110 sets the current tracking elenent D to be the next t r acki ng el ement

and task PZGO%TgYGW b eerressed g6 lot magnimde Of e pemples evector §pospibyoaveraged
comprote.  1908°L eibLd PRl RO QA Rt 3 Jenl Shusfler A" b BF sApBlegnent S

accor di ng to a V rsity CI’I eri on. OoOWs an ex

i mpl ement at iSabtakld @820tothen Sovtd theJist asiecas&ﬁsxgﬂlbﬁmke%ccbﬁﬁngwasmtehenl i st
of potenti al assugnrrents according to a measure_of energy. Such an

oper ati on ¥§TigY- el ansthsy 1mRlemegtatiopg suhtassr P30 mam%pﬁhp dtst of o t he
data set an edemtl%[gﬁglt iAbtaRls e(aFlcgg[img'Tt'(pQIcﬁteﬁ%to al §8RESH (or .'ﬂﬂéhﬁ5§ "thim

Subt ask P32 then Sorts t pot ent a assi gnnents accor |ng to a
di versity @f |dt\eranynsuclhrasoaehmr divepdityrelnt y&t iotdes implebteaskion 3 MRaskarkB 1PB20a

may be perfor n erse order, in an .overla i ng or .sinultaneous
T e or A B0 may BE pedneinghs e eEme e WO TS O SELHR ey
i mpl enent at iR JA3OPR finglé @fski ng task P300. Subtask P310b sorts a list of

received signal mstances according to WO 03/007499 PCT/US02/ 21932 13 a

measure of signal streé For exanpl e, subtask P310b mag sort the
recei ved signal $0Q6d¢ &t URE 94 shaws g9 exemplagy snpjamentatien PYeblaef wibtskpl ex

vector, t heSI %@5‘ CE&%%{- Wre@&vgd(pl S:?Sﬁgaﬂac%s 2o Bhd 't'éjﬁlfﬂ:&entt Lbﬁthﬁ QP! ex

vect or (pos avera over erm ned I nterval
specified nu»nbef ke t:rhusmtted s@ﬁzﬂpl asbms infplohashtidil atewt likers sxleted wikleal i st

of received blsalsguq af!avcgrnosftué;llrclzg\(?esrecisl (c:é:ﬁ)sr((iI Iengelltsonozil y(e:tr Iretpl(?ers:el?tgd on a new list) until a
predetermined diversity threshold is satisfied. Task P322 sets the current path to be
the first path of a list of received signal instances already sorted according to a
measure of signal strength. Task P322 may also clear a new list and initialize a cell
diversity counter D. Task P324 moves (e.g. copies) the current path to the first entry

of the new list and increments the cell diversity counter D.

[0062] Task P328 compares the value of the cell diversity counter D to a
predetermined diversity threshold Tp. In an exemplary implementation, Tp may have
a value of three. If the threshold is not yet reached, then task P332 determines
whether the sorted list contains any more paths. If more paths remain, task P334
selects the next path in the sorted list. Task P336 determines whether the transmitting
cell that corresponds to the path is already represented by another path in the new list.
If the cell is already represented, then tasks P332 and P334 select the next path.

Otherwise, task P324 moves the path to the new list.

[0063] If no more paths remain, or if task P328 determines that the diversity
threshold is met or exceeded, task P338 appends the paths remaining on the sorted list

(already sorted as to energy) to the new list. The resulting new list is sorted according



of cell diversity. In another inplenentation, subtask P320b nmay sort the
list of received signal instances according to a criterion of an

addi ti onawo(enombs ernati ve) form of diversity, such as sectrarsogemsrsity.
In yet other inplenentations, subtaske P310b and P320b may be performed in
the reverse order, in an overlapping or sinultaneous fashion, or as a
single task. [0061] FI GURE 5A shows an exenpl ary inplenentati on P320bl of
subtask P320b in a case where the received signal instances correspond to

different p of_. apsmi bt ede Sk .S
inplenentat%%Eﬁﬂhsﬁggﬁg?§#¥$g$gﬁ%@rg§g§ﬁ¥h %&hﬁ?%&%gﬁhﬁaggﬁ %1hﬁﬁ55$gred
cells (i.e. dediy aftkriygt orr aoaientted aftedomefvd dffefentndivdrsisy (¢og.esteteer m ned

diversity threshold is satisfied. Task P322 sets _the current patp to be
the first p&¥rdw)ampy de wcompbghedly shagrie el fanede dslermyyyWagherethe

accor di ng.{ ufenBAPYE Sighli & B18Le 54 LRAGLNerla s FBZRANIRY (AL %chﬁs?Za'hga new

list and initrali Iversity counter D. 24 moves (
copi es) t he posriblg changiigtht diversityfthresttolé 't my magfetshigatdew | i st and i ncrenments
the cell diversity counter D. [0062] Task P328 conpares the value of the

cell diversity c I predeterm ned.diversity threshold TD. In an
exempl ary. 1 mpt emd i FARURER 0 FRG S oGS R 4 Sorblle PTG e PRY Behol 4
is not yet mpegehed by ReBtadlapB20BI32 TalE €5 khows a Madfh@Eeildte sighdltiastahdest
cont ai ns any nnre@gaths. |f nmore paths remain, task P334 selects the next

paltlh iR t he idepfified by paurce (ag leclbIBercisl 8+ Bi s, RifenwEber: ad eneegys riable Bg .
the new |1 st Pechge L8 7 sOhP ol e el SRS SR AP P RNBE 01C b

sel ect the resigypad diversilyhdn whis exarhpls khPB&4s divesstyisbaesd that e tfira thew | 1 St .

[0063] If no nore paths remain, or if task P328 determ nes that the
diversity CRWESRefrespPRd tadfres,difforentsquiges-t ask P338 appends the pat hs
remai ning on the sorted list (already sorted as to energy) to the new

IDIC'SI'} . The result i{ﬂ%S’]‘QWsﬁ iPA00 nfoddst e AaReedR@nils A& he tracking

US02/ 21932 14 to both signal strength and cell diversity. Sorting

accor di ng t slemenist dceprsling gh¢ sorted list of potential assignments. FIGURES 6A and 6B
show a flowchart for an implementation P400a of task P400 in a case where the
potential assignments correspond to instances of one or more transmitted signals
received over different paths. Subtask P408 selects the first path of the incoming list
(sorted by signal strength and diversity, e.g. as described above). Subtask P430
determines whether any tracking element is assigned to the selected path. If no
element is assigned to the path and a tracking element is labeled available, subtask
P440 assigns the path to the available element, subtask P410 determines whether any
more paths remain, and subtask P420 selects the next path. If no such element is

available, subtask P450 sets the current element F to be the tracking element that is

assigned to the weakest path.

[0066] Subtask P460 determines whether the current measure of diversity D
exceeds the predetermined diversity threshold Tp. (Note that the values and/or
measures of diversity used in task P400 may be the same as or may differ from those
used in subtask P320.) If the threshold is exceeded, subtask P470 determines whether
the strength of the current path is sufficiently greater than the strength of the path

assigned to element F to warrant reassignment. In this particular example, subtask



diversity criterion, or according to a criterion of a different diversity
(e.g. sector diversity), may be acconplished by changing task P336 to

det er m neweolBlobewot he current path or signal is diverse iPeTASOYE®B2 Sense
to the paths on the new list and pos® bly changing the diversity threshold
TD as may be suitable. [0064] FIGURE 5B illustrates a progression of a
sorting operation as may be perforned by subtask P320bl. Table A shows a
|ist of received signal instances identified by source (e.g. cell or
sector) A and enerqy. .Tahle B shows .t he sane |i st
arter sorti by7Byeimbgs WhaRE BhipeBRLoCRE ¥ end i Surure IR Batd R UG
energy and (ﬂ}llé/@fﬁdrtoythellﬁtﬂ@S@né‘d(ﬁfmélﬁemtﬁ'le list is diversity-sorted so that
the first three entries correspond to three different sources. [0065] Task

P400 nodifies one or nore current assignnents of the tracking elenents

according to the (@7 ddthough sybtagiodnQ iTary Hesimpleraeitted terneRER HAIMPRIE 6B
show a fl O‘AQBf?xlbﬁnJoW sith 'a@étﬁﬁ?es On%ﬂltp‘ﬁoﬁﬂas@ﬁncgt zlsé( éD 20Q;e r&s&@-ﬁﬁen‘{mere
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assigned to the path and a tracking elenent is | abel ed avail subt ask

P440 assi gnsuffiseengsitstrong thmwenmfzmhleatﬂasslgir@m will oseistaad kasﬂﬂmodmnmmes

whet her any re paths.r and..s 420 cts th

o suoh ot et S EaEP Ciss B wBRARS clurd e TR i AF S BRRE (o
be the trach4og. ek that is assigned to the weakest path. [0066]

Subt ask P460 determ nes whether the current neasure of diversity D exceeds
the predeterm ned diversity threshold TD. (Note. that the val ues and/ or
measur es of di ver[@(?qs} Ifystba” ryrends imepayre HﬁydlﬂérsttMeDsaﬁiﬁ?Saé‘obrexﬁﬁ%ﬂ dhef er

fromthose P&E Ucmé}&ﬁr BReold i, §JP>‘?asH1‘@‘éh&"IQUR"E t@%f‘@&??ﬁe g ask

P470 deter m nes e st rengt of the current pa I'S suf Iciently

gr eat er t haerlenfent Ettoénghehtr@cfklm@elemanhthamsasggmdi tbahe healsst péh tfromarceldnt

reassi gnmanthatllg cg)\bérgd %rx}](l)r%ut an ogé( ?rg}:)llq & efement lin other words, subtask P490
selects the weakest redundant element F. FIGURE 7 shows a flowchart for an
exemplary implementation P490a of subtask P490. Task 492 determines whether the
tracking element F is redundant (i.e. whether the path it tracks is transmitted by a cell
covered by another tracking element). If not, and subtask P494 indicates that more
tracking elements remain, subtask P496 sets the current element F to be the next
weakest tracking element. Subtask P490a completes when a redundant element is

found (Pass) or no elements remain (Fail).

[0069] If a redundant tracking element is found, subtask P510 determines
whether at least one of the following two conditions is true: (1) the cell corresponding
to the current path is already covered by a tracking element, or (2) the diversity
threshold Tp is met. If neither condition is true, then reassignment of element F will
provide a diversity gain, and subtask P480 reassigns element F to the current path. If
either of the conditions is true, subtask P520 determines whether the strength of the
current path is sufficiently greater than the strength of the path assigned to element F
to warrant reassignment. As described above with respect to subtask P470, the

relation tested in subtask P520 may be adjusted (possibly dynamically) to achieve a



WO 03/ 007499 PCT/ US02/ 21932 15 P470 determ nes whether the power of the
current path is nore than twice as large as the power of the path assigned
to el enerwom3/0)Q067] Al t hough subtask P470 may be i npl enercedisop2psr f orm a
sinple conparison, such a setting mat result in thrashing (i.e. excessive
reassi gnnent activity) between two paths of simlar signal strength. In
anot her inplenentation, the relation tested in subtask P470 nay be
dynam c, based upon factors such as recent reassignnment activity. If

subt ask P47Q determines that the current. path is not sufficjentl rong,
then o 1 ur CREFCTEGEN e YT POEL AR RSP Rgs R ermehheauts. I
Qtherwi se, sweadf siARRK PROT8IYBShthRPAI0eterithes WaBTBE mbrel patHshemail rent
path and task P400a term nates. [0068] If the current measure of diversity
D does not exceed the predeterm ned diversity threshold TD, subtask P490
(FI GURE 6B) set s [Q078] uswliatk PAPQrfavy te identifs are raduadat gpckingnelsmenhat i s
assigned to f cekl , i e n one
tracki ng el g%ﬁ%@?ﬁ%h@ﬁe\?\&” g{yrzhu ‘T%gsclgngg@édln et§ gﬂée;t éu?&gﬁ%(a&é@{(@geﬁaﬁ?
redundant elceveed by a thdcddgieldmenovis tie édlloisabacedf ubtaak P568 e lthe yurrent

i npl ement ati on P490a of subtask P490. Task 49% det erm nes_whet her the
tracking el &lfEpt F 10sbe dhubiaetine plement Gering ring iturmpi ¢8lh ¢ It thgqes’ issnot
transm tted Byerdy GRbthsk pﬁwge%dmmeuﬁeﬂtéﬁéﬁe&t ke HaBBRE blemeh{ a@Rineg2nd
subt ask P494 1 ndicates that nore tracking elenents remain, subtask P496
sets the cute grtwelkesrgath. Fint lpoth easehesubtigk P52@ ditesnines wbkihegthe sermegth of

Subt ask P490a conp] et es n a redundant el ene I found (Pass) or .no
ol emont s B SHAERL 1 SRRt B 06 ST ok e moPlBats o leritng,
subt ask P51@ ey frait Rassighih@ith el afdthdraaplentiheatdn, §ubask PsROWAYDe dided
conditions is true: (1) the cell corresponding to the current path is
al ready covértedwpyoraneicariRfasks. crelmapplyingra differeny aclationprd regeiving el d TD
is nmet. If i r it i ant %81§555|0'gnnent of element F will
provi de a d?@ﬁr@%t?gg%?r?, Oggamgtﬁ%{sﬁ&o’ﬁgg’ £rneassi gns element F to the
current path. If

[0071] Although reassignment may increase signal-to-noise ratio by moving

tracking elements to stronger assignments, it is possible for the costs of reassignment
to rival the benefits. Each time that a tracking element is assigned to a new signal
instance, some time may be required to flush out the old data and lock onto the new
instance. For a finite time, therefore, the reassigned element produces no valid output
data. The time required to effect the reassignment may be increased for tracking
elements that also perform demodulation (e.g. as described herein). If the reassigned
element is the only one tracking the transmitted signal, a discontinuity in reception
may result. Additionally, if the number of reassignments is not limited, the mobile
station may react excessively to transient conditions, reassigning too many elements
and possibly losing all contact with the network. Subtask P490a limits the number of

reassignments to one per survey.

[0072] FIGURES 8A and 8B show a flowchart for another implementation
P400b of task P400 that permits more than one reassignment per survey. In this case,
subtask P408 selects the first path of the incoming list (sorted by signal strength and
diversity, e.g. as described above) and also initializes a reassignment counter R (e.g.

to zero). In addition to reassigning the current element F to the current path, subtask



either of the conditions is true, subtask P520 determ nes whether the
strength of the <current path is sufficiently greater than the strength of
the path wessgome to el enent F to warrant reassignment. AsTdmsszeiobed above
Wi th respect to subtask P470, the rel7ation tested in subtask P520 may be
adj usted (possibly dynam cally) to achieve a WD 03/007499 PCT/ US02/ 21932

16 desired tradeoff between signal power gain and excessive reassignnent
activity. If the test of subtask P520 fails, subtask P410 determ nes

whet her nor ths .remain. 0070] If subtask P490 fails to _pdentify any
Fedundant t PAEE A TEFERERS  (HPRERIGRS SOUET & niinSs THiEShEASE HERERITS
correspondi g h GeakdiBnrReHt tRREhoRRR N, IhSs BéenGBihed GRKEP AL Y cAnpleRCKi NG
element. If the cell is covered, subtask P550 sets the current elenment F

to be the tracking el enment covering the current cell. If the cell is not

cover ed, subt ask[(893DFEeUREt $eshows ra flowshahenit a methoddort pssigning kpeking| enent
assigned t e akest pat I n S,...Subt ask, P . }
whet her theggbggﬁg ﬁng?gtg %ﬁgﬂf?g%@h%3§%§ﬁglgi lPﬁigﬁ?ﬁéggﬁgéﬁég}Pﬁgn t he

strengt h of pude; tiainbthad sé¢sunesctcuabreataik PO commuindn 4 &asisalgasent . 1n
anot her inplenentation, subtask P520 may be divided into two or nore

subt asks, each applying a different relation and receiving.control from
one or nore amon@f@dh?ﬁg%%np@mm@s%wrawan@stsé.to [ltﬁdvafjvqnmeémés they
reassi 9nmsnBcdm»yauema&ﬁag,ereagsgg}aﬁenwfo? @hHoycht infy BY siBR £ fohw A8 Ahe

el ements to stronger assignnents, It is possible for the costs of

r eassi gnnenend pbtheioyale. tHEURIN & ishews Edlolvchantef amagthed far askgmog theaept i s
assigned to new signal instance, .sqne ti may be.required tq flush out
tho o1 d dat SCARGTI GERRGRE ¢ PREPREEmPASECl. NEo aNiam, b F ek PRUTor or .
the reassi gagedmeineBiat rdabQEhifeE of Ara¢Rihb Glenddibecudk@ll an tabREPA0DMRsK @O0 red to
effect the reassignnent may be increased for tracking elenments that also

per f or m denbrAPRgatesoifie feasygnaents ixsdeitiseking sleananys: Hallowirg the psgpgpange okl enent
is the onIyu89§566gf%&ﬂgggpﬁﬁgﬁgﬁig%gyed signal, a discontinuity in

reception nmay res if the nunber of reassignnents is not
limted, the nobile station may react excessively to transient conditions,
reassi gni ng too [@0T$] EFIGURELIL is a block diagram of a tracking stage 100 according to an

embodiment of the invention. The N independent tracking elements 110 are
controlled over bus 70 by controller 200, which may include a processor or other
array of logic elements (e.g. an application-specific integrated circuit or ASIC)
configured to perform tasks of a method as shown, for example, in FIGURE 1, 9, or
10. In a particular implementation, N may be three, four, or eight, although the scope
of the invention includes any value of N greater than one. After digitization and
possibly other operations (which may include analog and/or digital signal processing
operations), a signal received by a receiver stage (not shown) is supplied to searcher
element 90 and tracking elements 110-1-110-N as input signal S10. In another
implementation, input signal S10 may be a string of retrieved samples that were
received and stored earlier. In a CDMA application of tracking stage 100 (e.g. as part
of a mobile station), input signal S10 may contain pilot signals from many base
stations and may also contain a variety of information signals intended for other

mobile stations.

[0076] Searcher element 90 obtains information about the signal strengths and

time offsets of signal instances it locates within input signal S10. For example,



and possibly losing all contact with the network. Subtask P490a limts the
nunber of reassignnments to one per survey. [0072] FlI GURES 8A and 8B show a
f | owchar twbas/oemes her i npl enentati on P400b of task P400 thatuspee1ydls nore
t han one reassignnent per survey. In 8his case, subtask P408 selects the
first path of the incomng list (sorted by signal strength and diversity,
e.g. as described above) and also initializes a reassignnent counter R
(e.g. to zero). In addition to reassigning the current element F to the
current path ubt ask 03/ 007499, PCT/ {21932 7 P482 al. [hcrements
t he reassi gﬁ?’?écn er&%{m’f“\é% ﬁ?ylcf’mt“g?pygﬂrrtﬁléggélc §§ Cﬁnegh §rnr§1nené malﬁ (rg\% r@l%ng

reassi gnnmenfort in@sdes lofl pRoBA ghds fldGERedrigpbite ttations Ke. £44Qbrdirfy odtpAetiee,
[0073] FIGURE 9 shows a flowchart of a method for assigning trackin
el enents ac&apdidag. ans/erieiakboreieh g8l dpssabedrbevee Sayreheri edgmenyP9mevalsPet i on

of task P4992m 4 {ég ngﬁg%gfségig.?ﬁ ti%e\gfﬁh-bﬁz aR)funB @l’?‘é(ncf)n]n{agl’ arﬁgﬂtdf N g%ﬁ iO 2 g a

cyclical basrs. assi gimnents may comuni cated to the tr

el ement s as insheye froacench basd satiat invsehigh of @adspagin signalsinftaces dici neydiaze may be
stored and forwarded at the end of the cycle. FIGURE 10 shows a flowchart
of a met hod 9p¥lonsdsi gning tracking elenents according to another

enbodi nent of the invention. If test task P500 determ nes that

reassi gnnent of {G@ETKsBAcRir BNt 90Csdes @R tdvaldbel B0, con@dler ii0over

propagates the reassignnments to the tracking el ements. Follow ng the

per f or mance bu$ 70t aditePBORelyr sEBUBT alémeentetthothyr pseéadata djregipso FemRler11 s

a bl ock di agram of racki ng,.st 100 rding. to e pent.of the

i nvention. & (Wiln epé%u(f@n? lfegfg%i%r%orgl%%sgt géeg%ﬁmapvztﬂo%toﬁ?%ﬁggg tgger bus
70 by contr @hdceibn260conidilen20@y Suble laUdiRcampimee as®Es operadidiels indica@yl inf

| ogi c el enents ie.g an a&gl ication-specific integrated circuit or ASIC

confi gured & iy dasheds date lineng6Q, gt sliregthy, wpnnectsy seasehpm plsment 9@ te3 RE 1,
9, or 10. i i t:at oL .qei ght |
ai t hough & neTURARERerRy 0. T ARTRT Rl ARnlioR ROt B0 By ePile R, D0
one. After of gotiatlat 2@0) passibly as part of a storage element that may also be accessible to

other devices over bus 70 and/or over another interconnection.

[0078] Sorting of the data (e.g. a survey path list indicating code offset, time
offset, and signal strength) according to energy and diversity may be performed by
searcher element 90 (e.g. before storage in memory 180) and/or by controller 200.
Controller 200 uses the stored data to match and/or assign each of the tracking
elements 110-1-110-N to one of the signal instances that may be contained in input

signal S10.

[0079] FIGURE 12 shows a block diagram of a tracking element 1.10.
Decoder 120 receives input signal S10 and a code vector S20 and outputs a decoded
signal. In one implementation, input signal S10 is complex-valued, code vector S30
is a complex PN sequence, and decoder 130 performs QPSK despreading. Decoder
120 may be constructed in various different forms to perform such an operation. In an
exemplary implementation, code vector S30 is supplied by controller 200 with a PN

code and time offset that are appropriate for the assigned path.

[0080] In a system compliant with the cdma2000 standard (as described in the
TIA documents TIA/EIA/IS-2000-1-6), Walsh codes or quasi-orthogonal functions



possi bly other operations (which may include anal og and/or digital signal
processing operations), a signal received by a receiver stage (not shown)

i s suppl iwo wsoomiear cher el enent 90 and tracki ng el ement s PCT0OrSE2/4082 N as

i nput signal 510. In another inplenettation, input signal S 10 may be a
string of retrieved sanples that were received and stored earlier. In a
CDVA application of tracking stage 100 (e.g. as part of a nobile station),
i nput signal S10 may contain pilot signals from many base stations and may

al so cont ai vari et f infor ion_signals i.ntend for, ot.her ile
st ati ons. [8@@5}” gga‘f‘%ﬂg? pé?véﬁ%gﬁﬁ ngﬁ%lgalnﬁéﬁzlah Or dfﬁdﬁayaB%g?SIEaﬁleen}s)ﬂ?gnal
strengths a@ecodet M0 &f peifirf @fovhigsTathanmgizaiaesodet (AlQradlRE 'dcbdrihghrput

signal S10. For exarrgl e, WD 03/007499 PCT/ US02/21932 18 searcher el enent

90 may cont Wellaas| QPSKrdespriendiae.c An [yDarkieuldr e¥EDle. scersrdA deeedes 1 signalf or

i nstances o | i : L (e.g. according to an
Acti ve, m%@hgﬁaﬁeﬁgﬁp gra ak@?g‘]ﬁgg‘?{hgg?ﬁ‘ﬁﬁég%@ﬁ%@g above). Searcher

el enent 90 may al so scan a set of tinme offsets (e.g. a tine wi ndow) around
the nom nal arrivaly QQXa+sj)%r)a<l(_1)i“ﬁ§t’caﬁ%0ém‘>rxoﬂf"é’a@m(qa\$,e+ pPRLyon in search
of multipath signal i nst ances that may have devel oped. [007 % Sear cher

el ement 90 passes the devel oped data to controller 200 over bus 70.

Al t er nat i velwheresEandibaes i asspied3pnabinspass withinginplitrsegial $10,9 indicdtesothe er
menory 180 through a direct nenpry._access operation w thout interrupting
the functi SHSFoRt Shirvlo(Xet J3qD indigates theqla ae&?“‘?feﬁ%}]y*é%ﬁ@%é“ i?é"rsa‘BFon is

i ndi d i Fl GURE 8 d.d | i h dir. |

Sear cher el ENERTob e WARSTOH drralsioy WA SRRLHEREF 3o RERIAY i on
180 ¢ ' ' ']

Ctorabe ol ek Era i EqrdhaCRIRERK) & (EONREESIS A AR vl "o

and/ or over japokhes WkRe@N I8 {PEhabld8Y lsaSier foltidn Ay dB et (Bath, 2
survey path list indicating code offset, tine offset,” and Signal strength)

accordi ng t eomraleg20Qmuhydiroede ian ppprapridfe cpde featers¥Blopnd decoder 120 may be

constructed in various different forms to perform such an operation.

[0081] Lock indicator 130 receives the decoded signal and outputs a lock
status signal S40. In an exemplary implementation, lock indicator 130 receives a
complex-valued decoded signal and compares a magnitude of this signal with one or
more predetermined energy thresholds. In a further implementation, lock indicator
130 may also output a received signal strength indicator (RSSI) (not shown) based on
the signal magnitude. FIGURE 13 shows a block diagram of an implementation 112
of tracking element 110 including a filter 140 that receives the decoded signal. In an
exemplary implementation, filter 140 is a low-pass filter such as a pilot signal filter.

Such a filter may be implemented as a first-order infinite-impulse response filter.

[0082] Lock status signal S40 may establish the lock status of tracking
element 110, or controller 200 may establish this status based on the lock status signal
and/or RSSI. FIGURE 14A shows a diagram of one scheme for setting the lock states
of a tracking element 110. Initially, the tracking element is in an unlocked state and
may be labeled as available for reassignment. When the signal strength (e.g. as
indicated by the RSSI) exceeds a high threshold T2, the tracking element becomes

locked to its current assignment. The tracking element remains locked until the signal



searcher elenent 90 (e.g. before storage in nmenory 180) and/or by
controller 200. Controller 200 uses the stored data to match and/or assign
each of twemBmemke ng elenents 110-1-110-N to one of the ®cgnamb2/2mst ances
that may be contained in input signat 510. [0079] FIGURE 12 shows a bl ock
di agram of a tracking elenent 110. Decoder 120 receives input signal S10
and a code vector S20 and outputs a decoded signal. In one inplenentation,
i nput signal S10 is conpl ex-val ued, code vector S30 is a conplex PN

sequence, and decqder 130 perfor K ing. Decoder 120 be
construct ed SF?‘P%&T"BEI_@WW? @We‘ﬁfegﬁ?}gﬁﬁ' tﬂagg{ﬁeg qgmﬂf’ RIS LAt ‘?fgﬁ%l n an
exenpl ary i M&Mt@lbw,siﬁﬁﬂﬁre\ﬁ?&t@ﬁ verds tirhe.suppl i ed by controller 200
with a PN code and tine offset that are appropriate for the assigned path.

[0080] In a systemconpliant with the cdma2000 standard (as described in

the TI A docurreni®083] KIGURE k5 shops-ablegk diggiagrofaodpapdylateridfiacenrdinggonal
functions 4 /. ) 21 . r S r.OVI.

or t hogonal V\?ﬂgﬁﬁggﬁ%ea? Pgﬁg lg{ngglaloﬁ' ;ba%% ogél%t éﬁ%f@ 1? 3%113 %—El:\g%rg)rc gs%étgﬁfto

per f or m r ensigabl $10 whpodede soff dafsiarodas bitaltlsn atdmbined & opabolngmbiks el |

as QPSK despreading. In a particul ar exanpl e, decoder 120 decodes a signal
that has begﬁ- é}he&aéﬁnaleey&&nhﬁ@nqnooft4?@%%%%9@0@@9%3&?%;9“ of 2CPMA +

IXQ x( - 1) (WY, saki H6 PSR Aot §hMﬁ_lo‘ég‘git%mmme§ sffgglg%gri é@ondéd?ghrgﬁﬁtQS the

assigned signhal 1nstance within’in si gnal Icates t square
root of -1, sgixibledfor ¥ierhiddiatmng sAs SowhaindIGERDES, ohPRt merg FN@mMddutitioat es
the PN code, vec Of 14 V\ALS{—|CH i ndi cat es t he Wl S(Q chagﬁnel i zat hon%(gﬁ{je,

QOFSI GN i n8IEEEs! 1 Pa%RISHEIRVIdR ST RV CON TN TERY P I Fat b e,
and WALSHROpver hifdi @9 tRs rday/Beé GébdCafmgUSRLr hsi k.e Eaéh of grdetnddala@ibhon by
90 degrees. Again, controller 200 may provi de an appropriate code vector

S30, and deélsgents1pbt may be highbnsimilast edevan idgntidhgnditiickrrerte thoothers. o
per f orm S”C'Alggl&ﬁgag?‘}ﬂggé}médﬁpa%% hdhed TR BRY IhcrtdOl S 6P e s Falifg 0ded

signal and ou
different structures and/or characteristics (e.g. different demodulation and/or

decovering operation, different coherent and/or noncoherent search characteristics,
etc.). Controller 200, symbol combiner 80, and/or one or more of demodulation
elements 114 may include sets of instructions executing on the same processor or set

of processors or other arrays of logic elements.

[0084] FIGURE 16 is a block diagram of a demodulation element 114 suitable
for use in a demodulator as shown in FIGURE 15. Accumulator 150 accumulates the
received data over a symbol period. Scaler/rotator 160 receives phase, magnitude,
and symbol information from filter 140 and accumulator 150 and produces scaled and
rotated symbols to FIFO buffer 170, which may perform a deskewing function before
outputting output signal S30.

[0085] In another implementation, one or more of demodulation elements 114
may be constructed according to the demodulation element 204 shown in FIGURE 2
of U.S. Patent No. 5,490,165 (referenced above) and described in that patent

document.

[0086] A lock status of a demodulation element 114 may be established
according to the hysteretic scheme of FIGURE 14A. In this scheme, when



status signal S40. In an exenplary inplenmentation, |ock indicator 130
receives a conpl ex-valued decoded signal and conpares a nagnitude of this
signal wiwboone74ey nore predeterm ned energy threshol ds. pcm/usot/emsher

i npl enentation, |lock indicator 130 mdy al so output a received signal
strength indicator (RSSI) (not shown) based on the signal magnitude.

FI GURE 13 shows a bl ock diagram of an inplenentation 112 of tracking

el enent 110 including a filter 140 that receives the decoded signal. In an

cremmt a0, TBnSTRLaF kefend L1 Rpid TRl B5RRut. i art oo’

i nfinite-i NMRynBEls rt@§ﬁﬁt6tﬂ%ofﬂbir{e€80 dndGzh iLisaklwked, Usddek @68 riAYmbBls to
establish the | ock status of tracking elenent 110, or control[er 200 may

est abl i sh t kymbekcepmpings89ed on the | ock status signal and/or RSSI. FI GURE
14A shows a di agram of one schene for setting the | ock states of a

tracking el enent éé(fé;l% I+ q dfeg? lﬂétor alagcrrhfngqg'anﬂrtﬁ&emdlhén tﬁ@irﬁgh@&ked

state and may b aval |l a reassi gnment en t si gnal
strength (e.tlg stams of n;dledmire:dddmwmtm:oﬂﬁﬁn)emxs:mm o Its gbrrtrlrtrassigmhmtﬁﬁ t he

tracki ng el enent beco | ocked to t.as nment.. The tracking

el enent re ?@Piegcf& E‘hf‘iaF“StO% Iﬁ”&ﬁéﬁ? 3@“6@} %@%W‘EJ%Q?‘?? 3ted 20
strength dr @%b&@lt&x\ylﬁb&%wn;bme%%bomiﬁkﬁ ﬁA%slé@agﬁa&w Ghe SEHH KRemtat i on
of this schene as a plot of gnal strength (P) versus tine. [0083] FIGURE

15 shows a lﬁ@rosﬁkm@gélgﬁrhnkcﬁﬁates d ran@hm@utﬁtloaoﬂela@ﬁoﬂdl nénitially, ahe érrbloidi nent
of the invention 114-1-11 cess |gnal
S10 1o proadiE DbismanatoPhed af. SRR pata Sidtdh RRedGe Y bRl Thop: ner
80. In an exg@dnaédulaonl dlemndrt @Ateds a deiisikbatate. 3)Q(Hehibdalaﬂ‘61|i)bleﬁleﬁt atihen of a
CDMA  system the output (not shown) of synbol combiner 80 is aggrega te
soft deci si 6pftdegksd st wa{&séemeéulwﬂémbolaé%wm combing, §QHuf May-plsp)

one or noreng{ I t@%dH Q&{t ler 9@%@65‘3?§f§1la_13¥e4f0%¥s1€r@&%) tehdcﬁe ggxﬁrsale?gut pUt

control sig 0°CO tro over
during fi ngexc@slslaghrganﬂnresﬁath@f tHehderdedmatidnatlieorent & dovikad S0 J1ﬂs40mmf;mbe

highly simlar or ev ' jcal in structure to the others.
anty assignment. %?Gbﬁg]HB 2hows a representation 0? this scheme as a plot of signal

strength (P) versus time.

[0088] In one combination of a scheme as shown in FIGURE 17A with a
method as shown in FIGURES 1, 9, or 10, among the soft-locked demodulation
elements, only the element tracking the weakest path is labeled available for
assignment. In other implementations, several or all of the soft-locked demodulation

elements may be labeled available for assignment.

[0089] FIGURE 18A shows a diagram of an alternate scheme for setting the
lock states of a demodulation element 114. Initially, the tracking element is in an
unlocked state. When the signal strength exceeds a threshold T1, the demodulation
element becomes locked to its current assignment. Thereafter, the demodulation
element changes from a locked to a soft-locked state according to whether the signal
strength exceeds the threshold T1. FIGURE 18B shows a representation of this

scheme as a plot of signal strength (P) versus time.

[0090] In a scheme as shown in FIGURE 18A, no locked elements lose their

locked status. This feature might be expected to slow performance in a case where



Alternatively, the denodul ation elenents 114 may include two or nore sets
having different structures and/or characteristics (e.g. different

denodul atwornsaotber decovering operation, different coheremtusaneooz
noncoherent search characteristics, 2c.). Controller 200, synbol conbi ner
80, and/or one or nore of denodul ation elenents 114 may include sets of

i nstructions executing on the sanme processor or set of processors or other
arrays of logic elenents [0084] FI GURE 16 is a block diagramof a

denodul ati on ele 14 suitable

d |
o oRe 16 R ioat of ‘Ead ninkeisa ity g 'Po ol o “tHaflats Eincfiin I

period. Scalepimdned wbald &ﬁp gf@c S e pﬂ@ﬁﬁntlmmﬂob}&ehowe&eﬂ oh¥ 89 Ghore of
information fromfilter and accunul ator 150 and produces scal ed and

rotated synises sofi- &cmctdﬁmgqiul@tﬁonlfrlememrw heyjabskeds asr vadable Jriedssiggmienhct i on
before out eg%@ﬁﬁgqgh&ﬂka5993hm§§§k"k9885] I n anot her inplenentation, one

or nore of t1ron ‘el'enents be constructed according to the
denodul ati on el ement 204 shown in FIGURE 2 of U S Patent No. 5,490, 165
(referenced abov¢)0HNFIGERE i%dhbws thhsgrpat efrdn alcocaterbpsterefi® 8@ meAfdrock

status of a denodul atj on el be e bli.shed K according to the
hysteretic SEHagEhGOCkFEi9Re f mo%lHla{‘ﬂ? §le§'{?ﬁbir£9‘? im‘éanly\/\ib ﬁcg’(ﬂfé)%“

PCT/ US02/ 2193%, ar? infdeRRsth@t lwne@hﬁenﬁgﬂal Libndih ek@éé@@q rﬁga tHrSshold T2 nlthe
assignment, it wites demodulated synbols to symb nmbi ner 80, and when

it is unl ockeuodulatigtoelsmeot begoines lmm &s tcurrelstyaqrbenm@atnbd\ft@rer@@mg[ ®e87] In

a denodul at or ;accordi,ng.to furt odlnent e
Status of wietRE ol iRsrthiarh BRlenE TR Rt sedliot 5% L B Sl s iehel

assi gnnent Isﬁengﬂleafugp Ibeldwf 4 R thieshsidatiu SFIGURIEI €91 stiovishEregegBirdati ot dfQhis

el ement wites de ulated synbols to synbol conbiner 80. FIGURE 17A shows
a di agr am ofchsiee asaaoefsignal Stfe@gths@ﬂt’?rﬁ@s %He | ock states of a denodul ation
el enent 114. Initially, the tracking

[0092] FIGURE 20A shows a diagram of an alternate scheme for setting the
lock states of a demodulation element 114. Initially, the tracking element is in an
unlocked state. When the signal strength exceeds a high threshold T2, the
demodulation element becomes locked to its current assignment. Thereafter, the
demodulation element changes from a locked to a soft-locked state according to
whether the signal strength exceeds a low threshold T1. FIGURE 20B shows a
representation of this scheme as a plot of signal strength (P) versus time. Exemplary
values for T1 in the schemes of FIGURES 14A and 17A-20A include —24.6, 26, —
28, and -30 dB.

[0093] FIGURE 21A shows a diagram of an alternate hysteretic scheme for
setting the lock states of a demodulation element 114. Initially, the tracking element
is in an unlocked state. When the signal strength exceeds a high threshold T2, the
demodulation element becomes locked to its current assignment. After entering the
locked state, the demodulation element changes to a soft-locked state when the signal
strength drops below a middle threshold T1. When the signal strength is below the
middle threshold T1, the demodulation element changes from a soft-locked to an
unlocked state according to whether the signal strength exceeds a low threshold TO.
FIGURE 21B shows a representation of this scheme as a plot of signal strength (P)

versus time. In a particular example, the thresholds T1 and TO have values of —26 dB



element is in an unl ocked state. Wen the signal strength exceeds a | ow
threshold T1, the denodul ation elenent enters a soft-locked state. A
denodul atworsebement in the soft-locked state wites dempdai@Ebeelissynbol s
to synmbol conbi ner 80 but may al so be23 | abel ed (e.g. by controller 200) as
avai | abl e for assignnent. Wen the signal strength exceeds a high
threshold T2, the denodul ation elenment is |locked to its current
assignnment. FIGURE 17B shows a representation of this schene as a plot of

signal strengt ) versus tinme. [[0088]. In one conbinatiqn of schene as
Shown i n' FI GORESY YR, RS TAELY B GRS PO TR - T e SGogn &GN O
the soft -1 ogkadd dedpsletiald seites BhEPRMhde h@idntid fKewdl.ement tracking the
weakest path is |abeled available for assignnment. In other

i npl enentations, several or all of the soft-locked denodul ation elenents
may be | abel ed a894ddihe fprsgoingaressaiation of dipedrscitred yebodgmenth ssproxidglagr am

of an alternat I ng f dgrrﬁg i

el enent 114%Ie§???g§ V‘j),et‘st%he ?%gc% trllfshz& éArre?I{r:l‘l'ltﬁ € i%tsral%sgsaaﬁmhg)ﬁl ocC g} agsaﬁ)g. When
the signal sbdigiigg hreekingediementshtestreivikdTdigndlhie dariookInaddificationd aoetht
becomes |l ocked to its current assignnent. Thereafter, the ﬂ]%m)dul ation

el enent Charﬁiﬁgé‘ibiﬁﬁi Smbodiments @re gosstle and Fie BrAnQplst @reserisd Hgn tBREL her
the signal 4 &N ey BiRX Cafddirhdtes LENRINOIM, -@%amﬁlegdlzﬁe%@ accla&‘ﬂ'ﬁlg"‘to an

representation of this scheme as a plot of si gnhal strength (P) versus
time. [0090fmbedmment hEthe ingensibowrmyi e dpplEIRP 4 81, of tracking kisthesisghardosndtose

their |ocked status. .This fe re maght be expected to slow perfornmance in
a case wher h%e V§fﬁm§%‘ﬁ§@?/°ﬁ%€?s' esttlgréa(iﬁ‘iunber of reassignnments is
limted, as the pool of avail able denodul ation elenments would only grow
smal | er. As nent i[0095q Tabeventibo Ry &, imphencatedinpart @f in Wheles®fathaltd eked

denodul ati on_el enents nay be | abel ed as avail able for assignment, thus
addi ng to t KECHbOIS dicirgyikiconBewraine fabsicated [ipigoan applgaren-spifih guesratedi agr am
of an al ternatg: hyShehefilntwatGBEraiPloaded into non-volatile storage or a software
program loaded from or into a data storage medium as machine-readable code, such
code being instructions executable by an array of logic elements such as a
miéroprocessor or other digital signal processing unit. Thus, the present invention is
not intended to be limited to the embodiments shown above but rather is to be

accorded the widest scope consistent with the principles and novel features disclosed

in any fashion herein.

WHAT IS CLAIMED IS:



setting the |lock states of a denodul ation elenment 114. Initially, the
tracking elenment 1is in an unl ocked state. When the signal strength exceeds
a high thweabob™d2, the denodul ation el ement beconmes | oekadisvn2i985
current assignnent. After entering th® |ocked state, the denodul ation

el ement changes to a soft-1locked state when the signal strength drops
below a low threshold T1. FIGJURE 19B shows a representation of this schene
as a plot of signal strength (P) versus tinme. [0092] FI GURE 20A shows a

di agram of an alternate schene for settig?%@?s; | ock states of a

denodul ation el ement 114. Initially, th ing element is in an

unl ocked state. Wen the signal strength exceeds a high threshold T2, the
denodul ati on el enent becones | ocked to its current assignnment. Thereafter,
the denodul ation el enent changes froma | ocked to a soft-1ocked state
according to whether the signal strength exceeds a |ow threshold TI1.

FI GURE 20B shows la r dpmethed OhassERIngrricking elamenie said methodyt of si gnal
strength (P):Olsﬁgﬁﬁy% time. Exenplary values for T1 in the schenmes of

FI GURES 14A and 1/A- 20A include -24.6, -26, - 28, and -30 dB. [0093] FIGURE
21A shows a diagramof an alternate hysteretic schene for setting the |ock
states of a denodorftiagiadist ef potential dssignmienistacedriiipg to hdiviersiiylcritagiont ement i s
in an unl ockeél state. Wien the signal strength exceeds a high threshold T2,
the denpduP3tion el ement beconmes |ocked to its current assi gnnment. After
entering the |ocked state, the denodul ation el enent changes to a

sof t-1 ocked st at ehapiy 4 higrent @RBINmest sRNGldetedrp Dt BRhawig o ddl e t hreshol d
Ti. Wen the signal strength is belowthe mddle threshold T1l, the

denodul at i offagfiBgelsmeptidn §asofthe RPENUIRSSIEHRKEY to0 an  unl ocked state
according to whether the signal strength exceeds a |ow threshold TO

FI GURE 21B shows a representation of this schenme as a plot of signal
strength (P) versus tine. In a particular exanple, the thresholds Ti and
TO have val ues of -26 dB WO 03/007499 PCT/ US02/ 21932 23 and -30 dB,
respectively. In2a fulhherethodpifassgniag racking dlementansiordiop thdavween t he soft -

1, further comprising sorting the list of potential assignments according to a

measure of energy.

3. The method of assigning tracking elements according to claim
2, wherein sorting the list according to a measure of energy occurs prior to

sorting the list according to a diversity criterion.

4. The method of assigning tracking elements according to claim
1, wherein said sorting the list of potential assignments according to a
diversity criterion includes sorting the list so that, for a predetermined integer
n, each of n consecutive potential assignments on the list corresponds to a

different source.

5. The method of assigning tracking elements according to claim

1, wherein said sorting the list of potential assignments according to a



| ocked and unl ocked states may be made hysteretic as well. [0094] The
foregoing presentation of the described enbodinents is provided to enable
any per sowosRiobi4edl in the art to nmake or use a nethod or apparsat/a®3f or
assigning tracking elenments to receivad signals. Various nodifications to
the described enbodi nents are possible, and the principles presented
herein may be applied to other enbodinents as well. For exanple, a nethod
according to an enbodi nent of the invention nay be applied to a set of
tracking elements that do not thenselves perform denodul ati on of the
assigned signals. [0095] The invention may be inplenmented in part or in
whol e as a hard-wired circuit, as ircuit confiquration fabricated into
an appl i cat PP &EIFIo8 ‘?ﬂ't‘%@rsaft’é'@ tﬁecﬁ?téﬁiltjlff",t’ fg?aagegﬁtefrf"f‘ﬁ‘g\/éﬂ‘%geﬁr ogr am

| oaded i nt 0 nN@RH PRI E FEORRI BssPnnens i RISt cobleOnANd LadReent rom or into
a data storage nedi um as nmachi ne-readabl e code, suc code being

i nstructi ongowr&cut abl e by an array of logic elenents such as a

m croprocessor or other digital signal processing unit. Thus, the present
invention is not intended to be limted to the enbodi nrents shown above but
rather is to be accorded the w dest scope consistent with the principles
and novel features disclosed in any fashion herein. WHAT IS CLAIMED I S: WD
03/ 007499 PCT/ US62/ 21982 metbddf Abdigning tradkimgetlbments hcasding oo clgint r acki ng

el enents, said nmethod. caonprising: sorting a.list of_ potential assignnents
according t "é{h%ﬂe\}‘éﬁ%Ilitf?é’PfePE?liagﬂg“m‘é‘Hﬂc RS Adistofdars ¥ signdi gnnent of a

sel ected ongnspincés, Badledtry oY t1Rflist ifcRihd \DsiBhA TR h bl PR ittt pot enti al
assignnments. 2. The methdd of assigning tracking elenents according to

claim the corresponding received signal instance.
7. A method of assigning tracking elements, said method
comprising;:

collecting a list of potential assignments;

sorting the list of potential assignments according to a diversity

criterion; and

modifying a current assignment of at least one of a set of tracking

elements according to the sorted list of potential assignments.

8. The method of assigning tracking elements according to claim
7, wherein said sorting the list of potential assignments according to a
diversity criterion includes sorting the list so that, for a predetermined integer
n, each of n consecutive potential assignments on the list corresponds to a

different source.



1, further conprising sorting the list of potential assignnments according
to a neasure of energy. 3. The nethod of assigning tracking el enents
accor di ngwom3ebabm 2, wherein sorting the |ist accordi ngpransoreasur e of
energy occurs prior to sorting the l2st according to a diversity
criterion. 4. The nethod of assigning tracking el enents according to claim
1, wherein said sorting the list of potential assignnents according to a
diversity criterion includes sorting the list so that, for a predeterm ned
integer n, each of n consecutive potential assignments on the |ist
corresponds to a different source. 5. The nethod of assigning tracking

Sseignmants. accordi ng 11e s oMY e B athe e Rbh Febtifiud Sul, Pry M
criterion irnchelem sl dortigg thBdist dfgioteoial dssiignmbnts aacqediaged &r m ned i nt eger

n, each of the first n potential_ assignments on the |list corresponds to a
different Sbi§Faly crigerioppclydassaningrtheHyisg fhifor p REEPiSHNIPEE M accor di ng

toclaim 1 r el LSt P%ﬁﬁéﬁ &JH% i a list of
recei ved si Bhgﬁeﬁ O?Flﬂs%t%%lgneédféltgéag w tryrt§0(1EIH tthﬁ21§1 I St ncfﬁdéiyﬁgfegégi gnal

strength andowac¢.i me offset of the corresponding received signal instance.
7. A nethod of assigning tracking elenents, said nethod conprising:
collecting a list of potential assignnments; sorting the |ist of potential
assignnments according to a diversity criterion; and nodifying a current
assignment of at |east one of a set of tracking elenents according to the
sorted |ist of papent Tak nastsddpTaEdiIgising tracking elements according to claim

7, further comprising sorting the list of potential assignments according to a

measure of energy,

wherein, subsequent to said sorting according to a diversity criterion
and said sorting according to a measure of energy, an order of at least a
portion of the sorted list of potential assignments is biased according to the

diversity criterion.

11.  The method of assigning tracking elements according to claim
7, further comprising labeling at least one tracking element as available for

assignment.

12.  The method of assigning tracking elements according to claim
7, further comprising matching at least a subset of the list of potential

assignments to current assignments of the set of tracking elements.

13.  The method of assigning tracking elements according to claim

12, wherein said matching includes determining that a strength of a current



8. The method of assigning tracking elenents according to claim 7, wherein
said sorting the |list of potential assignnents according to a diversity
criteri orwbrsloodes sorting the list so that, for a predet ecmusezi2iont eger

n, each of n consecutive potential as¥i gnments on the list corresponds to a
di fferent source. WO 03/007499 PCT/US02/ 21932 26 9. The nethod of
assigning tracking elenents according to claim 7, wherein said sorting the
list of potential assignnents according to a diversity criterion includes
sorting the list so that, for a predeterm ned integer n, each of the first
n potential assignments on the list corresponds to a different source. 10.

The met hod of t t di | furth
comprsing SEVETHRGYhGIRPREE BEERL Wt Pl e ORI B 1o o

nmeasure of %ﬁ@'[ﬂ)}éhng\m@rtl%blﬂng%léﬁﬁeﬁﬂ%ﬂﬁ&e ﬁﬁ'a@s@ﬂﬁéﬂtng according to a
diversity criterion and sard sorting according to a nmeasure of energy, an

order of at least a portion of the sorted |ist of potential assignnents is
bi ased according to the diversity criterion. 11. The nmethod of assigning
tracking el ements according to claim 7, further conprising |abeling at

| east one tracking el genleiRs 5438 Ff'ﬁ%%aéﬂﬁgel@ﬁx%b&%?@&&xﬁé%@cl aifh® et hod of

assi gni ng tracking el enents accord toc conpri sing

mat chi ng at 1Rewabérein astrdokatg e(befmd&m(eutpusstdenfodpkate&irslynﬂnbls vessiigaderked t o current
assignnents of t g set of tracking elenents. 13. The nethod of assigning
tracking el fnf8% according to claim 12, wherein said matching includes
determ ning that a strength of a current WD 03/007499 PCT/ US02/ 21932

wherein said matching includes labeling at least one tracking element

as available for assignment when in the Jocked state.

15.  The method of assigning tracking elements according to claim
12, further comprising determining whether a tracking element is in a locked

state, and

wherein said matching includes labeling at least one tracking element

as available for assignment when in the locked state.

16.  The method of assigning tracking elements according to claim
15, wherein said determining whether a tracking element is in a locked state is

based on a signal strength of a current assignment of the tracking element.

17.  The method of assigning tracking elements according to claim
7, wherein the list of potential assignments comprises a list of received signal
instances, each entry of the list including a signal strength and a time offset of

the corresponding received signal instance.



27 assignnent of a tracking el enent does not exceed a predeterm ned
threshold and |abeling the tracking el enment as available for assignnent.
14. The mwolwe@o@by assi gni ng tracking el enents accordi ng t ®@calEone1932,
wherein a tracking el enent outputs de?odul ated synbols when in a | ocked
state, and wherein said matching includes | abeling at |east one tracking
el enent as available for assignnent when in the | ocked state. 15. The

nmet hod of assigning tracking elenments according to claim 12, further
conprising determ ning whether a tracking elenent is in a | ocked state,
and wherein said matching includes |abeling at |east one tracking el enent
as avail abl e for ;gssi e 6. . The. et hod of
assi gning tracki r%g el gﬂman tého‘a'c‘lg)ggF%?ngQ? Sélgﬁég%mgﬁﬁ%g%érggit%&g{%

det er mi ni ng 7yWvaéBAT sail inbdi€¥ih g g cetrartapdignsert incdudes dketmisiirgf whdétber based on a
signal strength of a current ass%gnnent of t?& tracking elenent. 17. The
met hod of ad& gwicRyassigarenisgaseAdheEsiythsialdg to claim 7, wherein the
list of potential assignnents conprises a |list of received signal

i nstances, each entry of the list including a signal strength and a tine
of fset of the corresponding received signal instance. WO 03/007499

PCT/ US02/ 21932 28 18. The nethod of assigning tracking el ements according
to claim 7, whed&in %iememhmliqfwmgnagtfmlﬂeg]ele@g@rﬁ@mﬁé%ngﬁm@IaMes
determ ni ng-whet her .1 he.cur I I dj ity threshol d.
19. The net ﬁb‘gﬁ%ﬁe mass?g%ﬁ?lﬁ)én% gg%ﬁ{%ﬁ%gsg en%%?%égc%%g{r%}gﬁbg%%ﬁ%ﬁ%gi m 7,
wher ei n sai dssi@ndny bhg tracling elementafssh groesred celtioudgsviobdngi ng a current

assignment of a tracking element froma covered cell to a previously
uncovered cell.

20. A tracking stage of a mobile station, said tracking stage

comprising:

a searcher element configured and arranged to receive an input signal
and to collect a list of potential assignments corresponding to signal instances

within the input signal;

a plurality of tracking elements configured and arranged to receive the

input signal; and

a controller configured and arranged to sort the list of potential

assignments according to a diversity criterion,

wherein at least some of the tracking elements have a current

assignment corresponding to a signal instance within the input signal, and

wherein the controller is further configured and arranged to modify at
least one of the current assignments according to'the sorted list of potential

assignments.



uncovered cell. 20. A tracking stage of a nobile station, said tracking
stage conprising: a searcher elenent configured and arranged to receive an
i nput si gwelos/oemdoto collect a |list of potential assignmemcs/usoze®spondi ng
to signal instances wthin the input2ssignal; a plurality of tracking

el ements configured and arranged to receive the input signal; and a
controller configured and arranged to sort the |list of potential
assignnments according to a diversity criterion, wherein at |east sone of
the tracking elements have a current assignment corresponding to a signa
instance within the input signal, and wherein the controller is further

conf gured and anyjangegct Mg Blod st AN B WfifUgaipacs gnment s

according to the sorted |'ist en assl gnment s. 007499
PCT/ US02/ 21982king Blediknts Tk furtheacdsifizgresl ang errasgaak tdiontput deradbdulared 9, wher ein

each of the tracking elenments is further configuyred and arranged to out put
denndulatedSy@&%ﬁ@f§96$“§g§é§§ﬂgﬂgﬂ“§ﬂgﬁﬁﬂn?H%*gagét in a locked state,
and wherein the controller is further configured and arranged to | abel at

| east one tracki Rghefdi® RHon@SIIEV R rl} SonfiRliredShl ARTRLHd Wil &0 the | ocked
state. 22. The tracking stage according to claim 19, wherein said

control | er ileast enetthaskingshineny peavaslable 4o aspigamentoy amtio thediockedast a subset of
the |1ist ofugotential assignments to current assignnents of the tracking
el ements. 23.%The tracki ng stage according to claim 19, wherein said
controller is configured and arranged to sort the list of potenti al

assi gnnent s

22. The tracking stage according to claim 19, wherein said
controller is further configured and arranged to match at least a subset of the

list of potential assignments to current assignments of the tracking elements.

23.  The tracking stage according to claim 19, wherein said
controller is configured and arranged to sort the list of potential assignments
according to a diversity criterion so that, for a predetermined integer n, each of
the first n potential assignments on the sorted list corresponds to a different

source.

24.  The tracking stage according to claim 19, wherein said
controller is further configured and arranged to determine whether the current

assignments satisfy a diversity threshold.

25.  The tracking stage according to claim 19, wherein said

controller is configured and arranged to modify at least one of the current



according to a diversity criterion so that, for a predeterm ned integer n,
each of the first n potential assignnents on the sorted |ist corresponds
to a diffwoasto74eour ce. 24. The tracking stage accordi ng tPeTolSaz/m9o®,
wherein said controller is further c#nfigured and arranged to determ ne
whet her the current assignnments satisfy a diversity threshold. 25. The
tracki ng stage according to claim19, wherein said controller is
configured and arranged to nodify at |east one of the current WO 03/007499
PCT/ US02/ 21932 30 assignnments by changing a current assignnment of a
tracking element froma covered cell to a previously uncovered cell. 26. A
data storage nedi um hi ne-readabl e

Egving.n&chine-readable code .tgf na?

code i ncl uditFETREYS PEHHORDEAREGPLEFEMEF A 24 PeSengy O™ &l enent s, sai d
i nstructi ongo@gtd BING LorBRbHAH uRdoveraiceNi Ng tracking el enents, said nethod
conprising: collecting a |ist” of potential assignnents; sorting the |list of

potential assignnents according to a diversity <criterion; and nodifying a
current assignnent of at |east one of a set of tracking elenents according
to the sorted list of potential assignments. 27. The data storage nedi um

according to ol aign 26,» WheLldle il BEVibk RchiE disitic shagdfent | a

assignnents according to a criterion inc es sorting the |ist
so that, fomahpeadatableode thelwlirepi@strurtioeaetecatablelby ahiarsly of bogiot ent i al

assignnents on the list corresponds to i fferent source, 28. The data

ot or ge. MR, AT Rannes moind S ek Rr NS IHEREN ng at | east
a subset of ghiRgndthed cthpi@igenti al assignments to current assignments of
the set of tracking el enents,

collecting a list of potential assignments;

sorting the list of potential assignments according to a diversity

criterion; and

modifying a current assignment of at least one of a set of tracking

elements according to the sorted list of potential assignments.

27.  The data storage medium according to claim 26, wherein said
sorting the list of potential assignments according to a diversity criterion
includes sorting the list so that, for a predetermined integer n, each of the first

n potential assignments on the list corresponds to a different source.

28.  The data storage medium according to claim 26, further
comprising matching at least a subset of the list of potential assignments to

current assignments of the set of tracking elements,

wherein a tracking element outputs demodulated symbols when in a

locked state, and



wherein a tracking el enent outputs denodul ated synbols when in a | ocked
state, and WO 03/007499 PCT/ US02/ 21932 31 wherein said matching includes

| abel i ng WD 3@amib9 one tracking el enment as avail abl e for ®€gigzens2 when in
the | ocked state. 29. The data storag® medi um according to claim 28,
wherein said determning whether a tracking element is in a |ocked state
is based on a signal strength of a current assignnment of the tracking

el ement .

wherein said matching includes labeling at least one tracking element

as available for assignment when in the locked state.

29.  The data storage medium according to claim 28, wherein said
determining whether a tracking element is in a locked state is based on a signal

strength of a current assignment of the tracking element.



