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CDVA- SYSTEMS BACKGROUND |I. Field of the Invention [0001] The present
invention relates to wirel ess communi cations, and particularly to signal
reception. Il. Description of the Related Art {0002] A wireless receiver nmay
recei ve a svwgmadirhat has travel ed several distinct propagatitorsepatdss as
generated by the nultipath characteristilcs 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 exanmple, if an ideal
inpulse is transmtted over a nultipath channel, the received signal appears
as a streamof pulses. Another characteristic of the nultipath channel is
that each path through the channel may cause a different attenuation
factor. For exanpl e, MOPIRIED BBWER ASPPANMENT| SLGORTTHNFOR edMmmvaysTEMSTul ti pat h
channel , each pulse of the received streamof pulses generally has a
different signal strength than other received pul ses. Yet another
characteristic of the multipath channel is that each path through the

channel may cause a different phase i | . For exanple, if an ideal
IAGKEROHEY

inpulse is transmtted over a nultip , each pul se of the received
stream of pulses generally has a different phase than other received

pul ses. [0003]1. 1 n aFiskhif kie haelitonchannel of a system for cellul ar

comuni cations, the nultipath may be created by the reflections of the
signal from obstaclﬁa i n¥t he envi.ronment, such as _bllji | di ngs, trees, cgr S,
and peopl e. In gendP8P1] Thse WIGERY dnYeRLPY relgiesda) Witeless  pomEmynications, an

nul ti path chanpgliciuf bQidhbEret&hidhi ve 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
WO 03/4107499 PCT/US02/21932 2 in time |location, attenuation, and phase as
a function of the time that the ideal inpulse

IL. Description of 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 charactenistic of 2 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
strﬁéﬂfﬁ;"és that create the multipath. For example, if an ideal impulse is transmitted

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



was transmtted. [0004] The nultipath characteristic of a channel can result
in signal fading. Fading is the result of the phasing characteristics of
the nultipath channel. A fade occurs when nultipath vectors are added
destructi vewn oyioefdi ng a received signal that is smaller tpanserthss

i ndi vi dual vector. For exanple if a sine wave is transmtted through a
mul ti path channel having two paths where the first path has an attenuation
factor of X dB, a tine delay of S with a phase shift of 0 radians, and the
second path has an attenuation factor of X dB, a time delay of Swith a
phase shift of O + it radians naI ecei ved at. the out put of
the channel . [BHB¥IoGaoR, 2I’EQ‘}Hté‘)mcﬁ’i"v"i“!jis %AFUBF%O%%‘? égé'mf 6 E’éﬁn 'mpafsg

t el ephone syst@iran@n@gnon frequency band is used, allow ng for

si mul t aneous communi cati on between a nobile station (e.g. a cellular

tel ephone, wireless |local |oop station, or wreless noden) and nore than
one base stati on. ﬁ)%lﬁledﬁ@’uwm‘?@atﬁﬁ@”mh chapned gemespulian dignak fading.
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The PN code |$>cuﬁed/ht@nmmbﬂtma:tm grecddeled ﬂm&m.oélgdylaatn\geﬂtacé;hai figse that
stations and the nobjle stati Transm tter stations using different PN

codes, or thel%arﬁ%l'qﬁmh@ba%herdﬁé) ixal yecqreFor ixgmple 1 YRa MR VEHafrangpited
di stingui shed ygbudthe n{ GRSy sl meomﬁhs &/’hbrgqﬁélhﬁst gs&n 1Ak 3 aftbhRWEy t he

receiving station"to receive a signal” froma single nsmtting station
where the si grﬁ@qtormfsanavellnmjdecbaJ)ewf Fsembraaihaeh stlftméte tpdlepagad ithersecqrad pash

[ 0006171 n narrowb t i on,, SYSt ens ch’ t he naI nodul.at i on
enpl oyed by cgﬁ%gh?atpgﬂﬁtfmr a1°6° %ﬁ&ﬁ‘?@' te‘iﬁw'd‘t1 ﬁé’ &%i® 83&-%&6‘1‘” “iple
paths in thenbapnel whaomelreddigd aeddldutpuboby ehanell ti path fading. In a

w deband CDMA system however, instances of a transmtted signal that are

recei ved over diffﬁent pat hs may be discrimnated in ﬁhe denpdul ati on
process. This di scl@tiohar pendedtsia oliplesices CEiAdeeulE Elpbrmersysem.

gg} t b?itg g fP ?g} Bg%;g;f.grll ggrg@,eqemaq@smaus@dvmw (b hREIEEMR ST AR
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 ts 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 FIM 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.



3 [0007] The del eterious effects of fading can be mtigated by controlling
transmtter power in the CDVA system A systemfor 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 POAER | N A CDVA
CELLULAR MOBIAL®B/MTEYEPHONE SYSTEM " issued Oct. 8, 1991, and raggigmeds2to the
Assi gnee of the present invention. FurtBernore the effect of multipath
fading can be reduced through comrunication with nultiple base stations
using a soft handoff process. A handoff process is disclosed in U S. Pat.
No. 5,101,501 entitled "SOFT HANDOFF IN A CDVA CELLULAR TELEPHONE SYSTEM "
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[ 0008] The existen can provide Iver deBand
spread spectr umnsmgtee powéx is mﬁee@BWpeymemmb&%skaﬂfogbammtm zmdsmbeladtauon

(PN Code. " GorfEVTIEgbeig BiSERdn S BR. My MYris8 el hETHOR, SRI3'

information sigrEArATS F@Reo@inganh?RﬁNmﬁ,@mN peReERt 8d ASCDatA ed

the chip rate, and the duration of one data bit of the PN code is called
the chip tine. ‘CEELYIWAROVORILE THRBFHQNE SYSTEML) issueddPcth8yv PN, anll afsegnedt i al

(eal i ca aommadt 4 At ae s necrsfort YEues R Rt FFis el AomapaR feln ™" °

denodul at e t heasi@naddutds thangds csm@mahietoroweth Hiagte nnagmaanshmlnsmggﬂam
typically exhibit independence in multipath fading - i he% do not

usual 'y fade thgadathefocesssdh handoff prgeass dt d@?‘@%ﬁﬁ’l "‘décffurps@lt olﬂ‘l’y5 Igntitled t he
si gnal - nst ancgg g RATHHITOAhatBfiA @EE,‘EUL W@Wfsy‘sﬁ%ﬁa”&uéd gFr

Ther ef or e, the out put of the two or nore ation el'enent’s can
conbi ned to ol &Y%, pad asszgnvétusthtyxss.lgmemﬂhajpatemwt:amn. bot h the base
station and the nobile station errpl oy mul ti pl e denodul ation el ements. [0009]

25 TOBL1 . SCat ORI NLED o Ny YR KGR EARTE L yB4ARRE,
nobi | e stati orpaad spstiuargisiead amsptr&uai @aszeurﬁtsg&tbmrgenm&rsef §ir€ad mfdr@Rabiver
may use a special processing elenent (called a searcher elenent) that
continual |y séignal byymodulating 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 detay 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

stre—héﬁf of signals in the multiple path environment. The output of the searcher



channel in the tinme domain to determ ne the existence, tine offset, and the
signal strength of signals in the nultiple path environnent. The output of
t he searcher WD 03/007499 PCT/ US02/ 21932 4 el enment provides information

that may be J§gdwgensure that the denodul ation elenents j.ng the
nost advant ageouls‘ pgt hs. [0010] In an exenplary CDVA cel |l ul g‘i(ert“té%‘%%hjgge

system each base station transmts a pilot signal that is used by the
nobil e stations to obtain initial system synchronization and to provide
robust tinme, frequency, and phase tracking of the base station transmtted
signals. The pilot signals transmtted by the various base stations in a
system may al | elgment: providgsaniornatinge thahimay becliedde eenserat fhanthe d¢mpvaliationi ng

spread using ae]glinglfngr%I%gﬁagﬁlﬁgghﬁo@gsst%dggnﬁasg‘gé%(éaﬁ%_ the PN codes transmtted by

nei ghbori ng base sta nt1 cal ewed in time with respect to
one another). This code phase offset allows the pilot signals to be
di stingui shed from [8020] Ianot &emphag @RMAgcdimidrhelephar Sisain, @acH b swtios h

they originate. A typical bas st.ation, configuration may al so contain
mul tiple sect oS S thpletcenal dhag s BEoPY &%@%Hi'%a@ﬁem&Pg&aWawg" Y8

receive antenn@%c%ﬁizmmtb%@mﬁmﬁg@ fREu&RY Carl fH26E track¥¥Y¥ dr&hd DRe

mobile station’is in the call "inactive node, its Searcher el enent may
conti nue to scHatianhieansmdttsidveeghalsi ghiel pitet sighals ¢edemitiefl dattbe vamousdpensdatmyst o

the transmtted pilot si | s of near base stations. Wen a call.is
i tiatod PR 2ot gibP ATt Bhe, BORL B GRRT w3 StR e ADTPRRSR| piifige
code address ngyeddeusihg herdiffassd goés physet befshiagie. Sthat PN codes dedrRfimddedy by

prearrangenment based upon the identity of the nobile station. After a call
is initiated, RMEhbIIRR|Rase shtioph ae ddeatied ebuterkeielin BBt Ml SsRES! e dct he
pilot signals fisasn-fifieodphas SARPLIE MEPRoSE HaLB%e Allthefi &Pﬁ?& %
station may Com"?ﬂ%?)g]atel \g\?t i‘F severaFd ase s?a?tlsogi at once. g?’(%ll 'B ver si ty
conbi ni ng i n tdethebictedegabi ba twkgsiafipr drom ywiacdy deyesrigingte. gdalypicyl basel
reliability of communications in a cellular.tel ephone.system Diversi.t
expl oi ts the raftioHORLERPEohMaY A0 BT EBERIE ARG  VHRIEAL PestsesERABNEE (or
at | east hi ghindlepenad i@hahieend el P@hni&iaband REvViROTEHWH PO & or bbdetdFRer. adi O
pat h under goes a
While the mobile station is in the 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 reliabtlity 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



deep fade, the receiver attains another independent path having a stronger
signal. By having nore than one path to select from the signal-to-noise
ratio at the receiver nmay be inproved. A form of maximal ratio conbining
may be used to increase the benefit in which the signal-to-noise ratio is
det erm ned Hayoz@achopath. Each path may then be conbi ned wplchnidd€21932
contributions fromthe other paths weighted according to the WO 03/0117499
PCT/ US02/ 21932 signal -to-noi se ratio. Conbining nay be coherent because
pil ot signal denodul ation allows the phase of each path to be determ ned.
[0012] A description of a three-step nmethod for assigning nmultiple

denodul ati on eIenEnts in a nmbile statign of a SEgead spectrum s st m

fol lows. This SEBSIFTHES @Howﬁp%l@agﬁ'@yf efeRt Ppeguseriy{al signflge o1 65

("the "165 patgatvskhe pHa§é&ﬁé¥:cl’fEQW@Bé’de§enﬁ198@ and assigned to the assi gnee
of the present invention first step, a searcher elenent within the

nobi |l e station perforns a survey in which it scans a w ndow of tine offsets
around a nomi nal adPP1ZdIA t dessriptioreaeth &i Gresksterf waibld tﬁ@:selssigajm'gomul\ﬁimlh

whi ch active ¢ ation _has_been hed ach sury el d S li st
of survey pat RETHAEEELkEMeBREn BB 3G o7 BEPeRG TSt i PLES T 2
cor respondi ng dessiptivh ahhpalspi beofounlif inel.S. THhikens @96.CH290, 8 £ ek H%S?aﬂémt’)*'le
information to a controller, which attenpts to match the time offset of
‘each survey pdiyed Gebrnaryd, 96, 3nd assignsel to the asaignes ofube areseny imweptign. In the

dempdul at ed by; Lhg, Jﬂ%@%h&té] R NAIRD IR mbiile {Mtidd lgf{rﬁmngfmwe tih QhidaAE s

mat ch one survey pat then only the deno ation enent the
strongest si grainsst wewgofi tmit oﬁfsdts)aroneqlrmmlaiﬂsn@wﬂdlmﬁ)oﬁdmh sq@alhqf eagmd t he

t her el t d. th | abel ed "f " th
currentl y boi 3 SHAn PPt B ConBRi o #of Seehgatiehey, Fath bRk o

survey path emndiayahesslsne OB RDEL sk 9 i 153di fhall RIFQHIMRL Higie dfﬁse@,dﬁlrﬂﬂato
the list of survey paths. O%h?‘?)] In th]? se?on %’Ee gﬁgg control | er

consi der s t he coUesropdingttigse stationgpilqt ©AEei gTher sparcher elgm@masw temigfermation
wth the Surv% al%ﬁﬁr? ol R4, f8h BHlﬁn dn%gt%ﬁtthetc?jﬁa Let%%&’ﬂ%gb g@é{ﬂ%‘ﬁ%%gerw
first). If, e survey under consi eralon ul at'i on
el enent is ass::f@atedf the mes p&tclntly betrizedansdudsab bdithg dsmodwdstiont élements.  If
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
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
demodulation element is assigned to any path in the corresponding sector, the
controlier 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
e!eﬁgﬁt“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



controller attenpts to assign a denodul ation elenent to the survey path
according to the follow ng procedure. If any denodul ation el enents are
currently unassigned or |abeled "free," one of these denodul ation el ements

i s assigned g o5k so4rvey path. If  no such denodul ation el epgptgis hound,
the denodul ation el ement having the weakgst path that is not the onf)

denodul ation path fromits base station sector is re-assigned to the survey
path. If no such denodul ation elenent is found, a denodul ation el enent

assigned to the weakest path is re-assigned to the survey path if the survey
path's signal strength is at | east 3 dB stronger than the signal strength of
the weakest WOderBpddaurmpath. pEisUBESYsS £oBmucs Ubfdnb ERipsaiENDYNRACkrs artingil fheocess

continues unti !e?tﬂrc sgwgngtgq‘qp@ttrag&.g&{%gthy%%&%wég@%i entire survey pat h Iist

is traversed w Nno reassi gnnents rd step, if no

reassi gnnents have occurred in the second step, then the controller

consi ders the surveWQ:ml hsthagiardstep, 16 nd esasognoeacs ba&icnguxsécgmahe sez:bndantgph If
no denodul atio ment assigned,to the syrvey. path controller

nasi g an unas BIeGHBE COpureles ERUHERIE DR aPRARAT 8 Ol Sa e g 2o
dermodul ation ekesRbf ISad a&agdulat% SOREROL |84 iBRYI0"18e 38SE P Path, HRRAULALI ON
elenent that Is assigned to the same base station sector” as the survey path

if the survey puytasbign ampurassigeed or dBe siemodylarion kiemenheo digr patht Herm)dtmhatl on
path. Alternat It:I tﬁoalulal;[oq;ge ?menqtlg ?o%lﬁrthg% t{rtﬁle??r?a 9. atsbl 0 0% m% ulaf;| onrrTqd rgtt hon

el enent that is assi ase’s ion S aV|n

“assi gned denodiHaatsi z@ﬂgﬁdcﬁtﬁﬁl‘ﬂé s‘xmef bdsBelagul vezyor apand*surseyrmlelfttmsurﬁeyq&th is
stronger than the denodul ati on path. Once a re-assignnment occurs or the

procedure fai | 8% than & Hl srenges48a g UERatnsimodialion Prlve AMteralively, theyr vey
pat h under congj &gt 'rr%’éwe%@ﬁgﬁ?ﬁé“%al&@gﬁé}ﬁocﬁﬁkﬁioﬂ el&rggﬂt%atpisnﬂ%g% @fan

reassi gnment as describéd above may require two traversals through thg pat h
list to obtai nb@sed@&uonesdctbewmg)wwmvmpm ftssngnddt dqrmodﬂlmuonalﬂn@ntwf thebtuavey a

reassi gnnent of rackl n H%Jﬁm £ tga @i_‘ rED alt ]on 341 I %etipsatnac i eves
a desired IeveP s Ji¥e f Bed s ot r &g 't"@ P8 a 'él’as IS SE"PRE path
list. For exas@ues of theN@ycdired &bls raabdtentp@ t@betaas:grn a deganisigoRMmeat td trcki ng
el enents that

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



achieves a desired level of path diversity, as well as a desired | evel of
sector or cell diversity, but does not require two traversals of the path
list. SUMVARY [00161 Enbodi nments of the present invention provide a nethod
of assi gni ngo dvmelpng el enments including sorting a |ist of pogeiudni/t@b2
assignnments (e.g. signal instances within a received signal) according to a
diversity criterion. In certain enbodinents, a list of signal instances is
sorted first according to a neasure of energy, -then again according to a
diversity criterion such as a predeternm ned | evel of cell diversity In
such enbodi nents,, an order_of | east. a portion of the sorted |ist

03/ 007499 PCT/MROZ1DISEIN favopg ‘W}éje VSISeE RO aboreramp %é"edf%&é'iﬂ&bﬁﬁo“ed

criterion. Fory,&xXaaPieh of (R flrbS pdBMial SssiPided onSHE Nsd dddtesRABN00] diffaRenf 1 T St
n potential assignments on the Iist corresponds to a different source. An

aspect of addiseimgaal Arribpdt 9f rmdditiohalt ¢rabodimenis jodrthe gnvdmtion as tthat ok Iragking
el enent that Q t enpdul nin al d state
| abel ed as availa E)ﬁE'EjPB[rpmﬁs ﬂH@ﬁ“@bmi’HW%hef‘h‘S j ]c%gérggtf’ﬂ@’ b‘3[ Igg%#aﬁ her

enbodi nment s Ofav§1m1epfr()65@,(§nmelﬁvaﬂéﬂ PnherRKédeata tracki ng stage of a nobile
station that includes a searcher elenent, a set of tracking elenments, and a
controller. The control |l er sorts a |ist of potential assignnents, as

‘col lected (at | east00574iQthegjemppdpgentsRf tg"earleé‘ﬂ‘éF“VéP‘é%WPV‘dﬁ@dEi‘FE‘PE@Iaﬁ%)O%
diversity criGehbaR aishd Al fcf¥lefa sEAChGEWeRSR! 9R0E tr&:fkn%tel Rant, £, of

the tracking el ements according to the sorted |'ist. [0018] “O her enbodi nents
of the presentconmeltent e qonwellateods ddtsaox%pmatqé assrgxunam (. c@ilecaedréagrietst c or
optical disk or. r record i mar essi xation; . ) ductor
or ferrorragnet'?‘Egﬁi’ga?ycg’essﬁarﬁh%{gélgm?r'ﬁnﬁ??“g?g Khtae ‘r’%f'&dc‘aﬁer'%.a ‘?"é it ed
code listing) chawhtrgsigRfdit beat leatand 6f thodacKinCeibMbmg abddsdihgl 64 thoBsraXeeut abl e
by an array of logic elements, where the instructions provide a nethod of

assigning tracking elenents including _sorting a list of potenti al
assi gnnents accor dilfy8 Siher gmbdimenty of thy é’F‘iSBTH INBENOD PROEIER| PHIENITREETHE

DRAW NGS medium (e.g. a magnetic or optical disk or other recording, impression, or fixation; a
semiconductor 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 critenion.

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.



[0019] FIGURE 1 is 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 flowchart of an inplenentati on P200a of
task P200. [0022] FIGURE 4A is a flowhart of an inplenentation P300a of
task P300. W@arB[496 GURE 413 is a flowhart of an inpl enmentrtiuw22800b of
task P300. WD 03/007499 PCT/US02121932 88 [0024] FIGURE 5A is a flowhart of
an inplenentation P320b1, of subtask P320b. [0025] FIGURE 5B illustrates a
progression of a sorting operation as may be perfornmed by subtask P320bl.

[ 0026] FI GURES 6A and 6B show a flowchart of an enbodi nent P400a of task
P400. [0027] FI&U har ~ask
P490. [0028] FI wg@aﬁﬂ%alﬁéj%%h%ﬁ 28 h ‘{ QS’%B%‘P oﬁ%n@ﬂt 8{%’ hLof
task P400. [OOPEIObFI GURE 9 is a flomchart of a nethod according to an
enbodi mrent of the invention. [0030] FIGURE 10 is a flowhart of a nethod

according to an enb i nvention. [003 FIGURE 11 is a bl ock

di agram of a tracki ghﬁé}méﬁdﬁﬁﬁwﬁsﬁgprpﬁm jon ghf SOFRE PPergtion %may

i nvention. [ O0R2forfsk mAkiB28 Pl ock di agram of a tracking el enent 110.
[0033] FIGURE 13 is a block diagramof a tracking element 112. [0034] FI GURE
14A is a state diagramof a scheme for setting the |lock status of a

tracki ng el ement. [(H02BFIGUBNRESAs®di 6B shewepr gt ¢forn enbedimerichiPe ofhown
in FIGURE 14A . gspmopl ot of signal strength versus tine.

Y
!\-

[0027] FIGURE 7 is a flowchart of an implementation P490a of subtask P490.

[00281 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.

~ S

{0037] FIGURE 16 1s a block diagram of a demodulation element 114.



[0036] FIGURE 15 is a bl ock diagram of a denodul ator 300 according to an
enbodi nent of the invention. [0037] FIGJURE 16 is a bl ock diagramof a
denodul ati on el ement 114. WD 03/ 1107499 PCT/ 11502/21932 9 [0038] FIGURE 17A
is a state WOagraAMYDf a schene for setting the | ock status PET/USKI2/21932
denodul ati on el ement. [0039] FIGURE 17B%i s a representation of the schene
shown in FIGQURE 17A as a plot of signal strength versus tine. [0040] FI GURE
18A is a state diagramof a schene for setting the lock status of a
denodul ati on el enment. [0041] FIGURE 18B is a representation of the schene

shown in FI GURE 18490383 RGDRE 170 isSi e |didebdr® 8Bk RehepieStos séthﬁgtheh&@ﬂs%imf' GURE
19A is a state diagramof a scheme for setting the |ock status

denodul ati on &f edempdulpdeudEmenGURE 19B is a representation of the schene
shown in FIGJRE 19A as a plot of signal strength versus tinme. [0044] FlI GURE

20Ais a state dia St at ﬁﬁE@

denodul ati on eleneg?éﬁ?gﬁﬁgﬁig?ﬁfﬁﬁ g@ﬁ&ﬁahgﬁgggggggﬁﬁgﬁFgﬁngiq? E%%ne
shown in Fl GUREa2MAof signd spemdth @érsed gmal strength versus tine. [0046] Fl GURE
21A is a state diagramof a schene for setting the |ock status of a

Coont o ot e T o MR S38 RSt e he b o™
"DESCRI PTI ON [Q@g@hngmngﬂghgggmhhe di scl osure, the terns "denodul ation

el enent’ and finger' are used interchangeably as particular exanples of a

tracking el enent. Addltlonally the word "exenp Iarg is used exclusively
herein to mean " sel[%"ﬂ@ FISURK [8B 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 21 A

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.

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



WO 03/007499 PCT/i 1S02/ 21932 10 exanple, instance, or illustration," and
any enbodi nent described herein as being "exenplary" is not necessarily to
be construed as preferred or advantageous over other enbodi nents. [0049]

Mobi | e st at wanojawes control is inportant to the overall peilqir@pep;of a
CDVA system A base station within suchya systemtransmts an i1 ndependent

power control conmmand to each nobile station with which it conmunicates. In
order to obtain the nmaxi num possi ble system capacity, each nobile station
must reduce its transmt power if any base station commands it to do so,
even if other base stations Jnstruct it, to increase its transmt power.

Therefore, it Samglesimsice ¢otl “F‘ﬁ%‘%bi"fcba“%FE‘PP‘é‘H‘BPbd%ﬁﬁ%lherﬁt”eaﬁlv\b?'ﬂo

several base StathPRs (is- @t nelessMTYUBI Bl shsihdd)a@br f{f&‘?&f o.aad\mn lBUE beyel of
cell diversity) so that it may receive power cont commands from severa

sources. [0050jthéFle@bREiniensshows a fl owchart of a nethod for assigning
tracking elenents according to an embodi ment of the invention Col I ection

task P100 collects otentlal t ask .P100
may collect a sur vew&bda]t[ﬁoﬁn st G @f(ﬁ 39 FW&?JH’ %Vﬁmz{?frer?gngqﬁﬂé)& and
a correspondi ngCmpaAUdyetedf, gml statidre fghin snfcﬁra 8 ﬁérgrtadnsmmtaariaeeﬁca@@nved
over that path. This list may include instances o¥ gnals transmtted by
several sect orR9wepEorsrd calam@néfcaeqcaﬁn%h\@/swrc’bywﬁwe\v@ﬁmt @rfRwreygs. Jaeeder

andlor gl | ¢ Selsf the ANIERGR bR <ytEk o T, BphOp I Rl JEETLL
1;3 lli\(l)\'c hiart of t ﬁreangrﬁl?\rpeni“ar v T]nypijiagfmmlan pon(ljllrrisag&oa to @b sbaskenR1 ©ther ges;mtatmbt ask
ot ing a previBUBtbHc Mrsmeok fatio B ranas « Thiekiies § snarumole BF 40 mobde

sets the curreitichesbRniBihRwith beveRe bhi&tdtions (i D aS Corifndhic@lR wiBr4tQEasPR a
search list. In exenplary uﬁ@lenentatlons the search |ist may be an Active
53

Set, a Candi dapiingem leysi o VeyRiBOrsodadt ighayragpie pewst eantiehcgamandsdeqrns
bei ng defined J Prﬁ%%L lQpn 1 of the specification of the IS-95B CDVA standard
for cellular te ephony, ‘as published by

[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 hist 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 séctors, 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 P10Ga
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). Imtialization 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,



Tel econmuni cati ons I ndustry Association (TIA), Arlington, VAl. In another

i npl ementation, task P100a may proceed on a cell-by-cell basis rather than
sector-by- sector. WD 03/007499 PCT/US02/21932 11 [0052] Search subtask .
P130 searches a tinme wi ndow for instances of a signal transmtted from
sector S anWOWéRT4?i es the N strongest |ocal maxi ma. The t PEEUSWM/DESW may
be selected in relation to an expected Yine of arrival of a signal
transmtted fromsector S; this time of arrival nmay be indicated by a signal
received from another base station or sector and/or by signal instances
received fromsector S in recent cycles. In an exenplary inplenentation,

the paranmeter N hagogszyakien Qlbtadk P B9 sedichdloHGMeanY ol 16F inkAh&I VT aVs‘?éﬁd? may
be sel ected based on such inplenentational details as the anobunt of” storage

avai | abl e for ttahempiad Hrdm seqtot Beand- idemafmisethe dY seageshércahndkona. t The Kimgy
el ements present, and ttge t'krredal I ot]ted. 400531) I.n, one appl i.caztifon, .search
Subt ask P130 SR dRaX, O selfcled i BIRIGE 1k py AXpeqird dimes RV Llar Py 2
(i.e. a stringraaimiteg SovesbcsRM! RS triabf AtiQalSAAE 66 ifidate £ BY RSigRARFckeivd
tine). If a smaller sanple resolution is used, a single received signal

i nstance may droanerothgsrhase Haliproplesedios mndfer by sighal insjarages ecgi veyd Jrasmrsectarist ask

PL30 rmy | COME 06k s UG RERISY (Rrflmealill B QRS AKEERY D). bPCO 2

single |ocal maximum e he i'nformation
each of the Ntwaxi rithoighatangx otied ntegeni wulte sivgwyalbel aekektei hbesidolod Fuétd t he

list of survey paths. |If re sectors remain in the search list, test

subt ask P150 dT“B@Ethaf'ﬁ‘éal E{%oast ) BBt SREe PYBIDIG RO BB IS e
next sector URdgheCANSAERIALNAP uaNEhd AEMERNS pfeQfHt! Md thOtiRRANIBRed, SUPt ask P130.
If no nore sectors remain in the search |ISF, task P100a is conplete. [0055]

Task P200 matches at |east sonme of the potential assignments to current
assi gnments of a s&#0531 I oaeleppbcadpanegarch sybtaskREl 3 sdasshss avitimiicieagivedf an

exenpl ary i npl t % s%( P% i &{ LORA., t R210

Sets the cur Pone 1ok SRERE it B £ 60, oL L Baf MR BRRGS ng

el enents. Testh®puwhpask: time). If a smaller sample resolution is used, a single received signal
instance may create more than one distinct peak. In such a system, subtask P130 may
combine the distinct peaks (e.g. using weighted averaging) into a single local

maximuim.

[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
P60, 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. Initalization 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 eiement 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



P220 checks the lock status of tracking elenent D. If tracking elenent Dis
not | ocked, de-assigning subtask P230 | abels it as available for
assignment. [0056] If tracking elenent Dis currently |ocked, test subtask
P240 determ nes whether the path being tracked by elenent Dis on the
survey pat h Wogsog¢ld ected in task P100a. For exanple, subtmIkus24osmay
attenpt to match the tine offset and/or I3}AD 031007499 PCT/ US02/ 21932 12 the
transmtting sector or cell of the path to one of the entries in the list of
survey paths. [0057] Al though each tracking path should correspond to at

| east one survey path, on occasion a searcher elenment may m ss a path being

tracked such that e t g, | ) i | 1S n
task P200a, itnllgstrggg&gﬁﬂg%%lﬁ%?& a&glpégctlil?%g {eol %%eél@%ﬁoeﬁ{e#cgégﬂﬁgap Setldyf Stélg\{csnat es
t he signal |evpithand tinme offset of a path than the searcher elenent.

Therefore, if subtask P240 determ nes that the survey path list contains no
entry correspondi ng ath being.tracked by elenment D, collectin
subtask P250 adds awbgﬁgﬁh@@ﬁlrcéglbgﬂ%?%%% ﬁg‘ﬂﬂ%p@fﬁsﬁ%‘dttﬂé" ifﬂ?t\/%r&‘? SHE%H |
list. [0058] IfaR osltﬁcyﬂomgéamth@a&leﬁ@mrrﬁ?pﬂm%_ptat:h Beife RAKBd BRhNRaikigpkRd by
el ement D already exists, subtask P260 determ nes whether any ot her

tracki ng el enedeestioheppeans Wierseawy potiehstc dngidkePdiPai 8 inbssomed dlok iartackings
path. If so, then two tr i [ cki,ng. substaptially the same
ngellit. more a)%/gl.grétg%r esﬁb%{@mgﬁé E)%Pﬁslg{r;regraag t%;n/e (r%es[cli a ip%tth Otx%n nIe.fll

path. Such a sCénari o e e epath
or otherw se bsamher tlefiest i Mherefdiabif sublask PREG demBthes SHNTAS KuR2y Qath list
determ nes which elenent is tracking t“gq st rg{re]ger signal, and de- assigning

subt asks P280 SHIEA'I200 SPEHEPTEREGPHL? mgstracksd PuslEned D £elidinEent .
|11 00p Subt as, 2R Podehals/thafty LialspBRiie 14 AE hiilo AR, HaltARI . SubE ask

P110 sets the current tracking ele to t he next tracking el enent
and task P200a continues at subtask P220. O herw se, task P200a is
conpl ete. [0059] SoPSHlglf pavkvepIoth hat casraspendsitg thegpatip beiag triaskeddrysilenenint s

eCcor 000 10 20 ol BN, SRR LS ol SRR B, o
potenti al assigRnaEirddy aee0cdhdigertd id also tracking this path. If so, then two tracking
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 'elcmcnt 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 cniterion. 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 algonithm
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

soﬁiﬁgl't'ésk P300. Subtask P310b sorts a list of received signal instances according to



measure of energy. Such an operation may be perfornmed using any sorting
algorithm appropriate to the data set and inplenentation (e.g. bubble sort,
heap sort, quicksort). Subtask P320a then sorts the |ist of potential

assi gnnment swac@idiong to a diversity criterion. In other i wplraReHIPEI ONS,
subt asks P3 10a and P320a may be perforyed in the reverse order, in an
over |l appi ng or sinultaneous fashion, or as a single task. [0060] FlI GURE 4B
shows anot her exenplary inplenentation P300b of sorting task P300. Subtask
P3 10b sorts a list of received signal instances according to WD 031007499
PCT/ US02/ 21932 13 a neasure of signal strength. For exanple, subtask P310b
may sort the r%%?%ﬂg?éig@ﬁ]af%e“&ﬂbofﬁf ﬁﬁamﬁeeﬁ@‘%.Png Rax Sefhdbe FEeeded as

a conpl ex VeCts@%nalst QLo R encPEIE BY¥r FRYnIErRERESSS LRIk VRIS EHédﬁ%x&ﬁ the

conpl ex vector (possibly averagéd over a predeterm ned i nterval such as a
speci fi ed nunmesergyf mehbpsx presssd raplacepgnituBe lof ask cRBRBh vetten (mosibly avemgkd st of

recei ved signal i nstaﬁces .ac(gordi ng t% a cri te.rfj ﬁn olichl Ih.di ver si W' I n
anot her i npl ertBfit &t PGS 'SUBTQIKPI26BnaY 28t Fhe™ T f PR CBiSHEH &) gnal
i nstances acc@udtdig PRR0Wtheh isbRd theNisPbf Reidstel bihAnAdiarces a@dohﬁﬁ?ﬁ:t h ¥8teribRr m
of diversity, such as sector diversity. In yet other inplenentations,

subt asks P31 0f @Hadipgsity rfayanethepdpmp thtiop, subsaskeREIODemay dert, the dishof
Chove"2h Eerdr ALl 3500 B 8 BprBu il RS B30 AORBL

shows an exenp enentati on sub ere
t he recei ved sifgiadrsitynstchnaescoo idivvspgndint yat diet émplamepaitibss, abbtagke3d0b nor e

transmtted signal In this jnplenentation, a newlist is ordered with a
bias | i favor WA TaRCl TRy O i PTTEEq in. 18S TeYE[SE LTt IMAS: OVCHAPRIBR A HHUGATR R ew
list) until apdigsdel iipadfdkversity threshold is satisfied. Task P322
sets the current path to be the first path of a |ist of received signal
i nstances already sorted according to a neasure of signal strength. Task
P322 may al so cl ead0861d&KCiRE: SAﬁgOWﬁiaﬂicaPﬁnEBf)alm%'?llﬂemdil%%?QW owhtagk D,

now 11 ot and’ AR e LA EATKERE b RebUR] SlboRRlcherEcblfbopb B PR palb gt '

conpar es the \akwe nafre trassngiatbd sighaler 3i this toplamentatlidi, @ m@w list is ordered with a
bias in favor of uncovered cells (i.e. cells not yet represented 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. coptes) 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 rhay 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
threshpld 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



predeterm ned diversity threshold Tn. In an exenplary inplenentation, TD may
have a value of three. If the threshold is not yet reached, then task P332
determ nes whether the sorted Iist contains any nore paths. |If nore paths

remain, tasFeafgose! ects the next path in the sorted list,, Wg ,§’§)§g -

determ nes whether the transmtting cej] that corresponds to pat

al ready represented by another path in the newlist. |If the cell is already
represented, then tasks P332 and P334 sel ect the next path. QOherw se, task
P324 noves the path to the new list. [0063] If no nore paths remain, or if
task P328 deternmines that the diversity threshold is net or exceeded task
P338 appends t'Re %Bt%&"al‘ etrangih mydoselk HH‘*@BVT egomningt aCC()'fﬂ“F%&dy’ differeay cgl ¢

ener to they h n tofi
087 00 koo peh RGP, £3lsrion!)r aElihy 19, Heichibd of| & dffICACL GR, K Bosclidr

Sorti ng accor diingsity), aagi hef eufoemphslaldl by dhangirgy tayk d¥336 aoiderermare wbaberdiheg t o
a criterion of a different versit sector diversity), may. be
acconpl i shed b‘i}m@ﬂ'aﬂ?jﬁ ﬂg‘b( '§3§§’6m¥ds 83‘@%?%6%&%8?‘“% 1?8 J‘EGFY’e]ﬂﬁt 34t h or
signal is di vegsgbiyt ﬁi(%iﬁ@ﬁ{e BRISEH thRshdI TRAE Ay ®R sLiigipew | i st and

possi bly changing the diversity threshold TD as nmay be suitable. [0064]

FIGURE 5B il lustrates aj(% ression of a sorting operation as may be
per f or med by subt adR0EH ﬁﬁhf:‘résuléuwammoeeweto 4 sQrEpgiopetatien gmmry be

i nstances ﬁ&“o%&ﬂ bgysuﬁﬁgl!i %%2@691 g Taﬁl@l A sﬂf»w? %Cfx (')’efr rclsz%a??dl % § % 1n9t§|ti&s

nunber, and e hows 't he sane T1 St neragy,
and Table C shdm;ﬁehebylsbsmeaé gm’ellsmlstdtmgAbE,oﬁ@epsa_ljb/namderdhr\&dfr&i"gyy Tann: Bhis

exanpl &, the list is diversi sort so t hat e first three entrie
correspond to SH‘HWéé‘eoﬁaF‘Fé‘rSET‘F{“'}%BﬁWS e“?@@ﬁ%‘]ﬂ ISFQ&C sheyps %d?‘f?@és‘?ﬂi@ggif nor e

current assi gnaRlySin@fdidei§t l__y[ rIﬁQiﬁ's @QamﬁlE QH@ ﬂ§ts15 @F\E%‘it@' sBEleEl & {Haethe @frEtQﬂrels' st
of potential assignnents. show a“fl owchart for

i npl enent at i omm@anesponéwimabffemn@og@se where the potenti al aSSI gnnent s
correspond to instances of one or nore transnmtted signals received over

(sortea by oi gnal STPEAGURC 3a0 FhEEAS, ¢ orghb®! o BRLE allarbltfs JOBTWABELT. o\
P430 elements according to the 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 i1s 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 1s

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



determ nes whet her any tracking elenent is assigned to the selected path. If
no elenent is assigned to the path and a tracking elenent is |abeled
avai |l abl e, subtask P440 assigns the path to the avail able el enent, subtask
P410 det er mvinas/owfyed her any nore paths renain, and subt askpP#28isabects the
next path. If no such elenent is avail&ble, subtask P450 sets the current
element F to be the tracking elenent that is  assigned to the weakest path.

[ 0066] Subtask P460 determ nes whether the current neasure of diversity D
exceeds the predeterm ned diversity threshold TD. (Note that the val ues

d/ f di d
At or reasEade Aichuinl Rhédit BERoniot e yrioit oM dfo Mo B TE S ™

subt ask P470 ded sower e el eikned ReliGhé®gt h of the current path is
sufficiently greater than the strength of the path assigned to elenent F to

war r ant reasS|gnnent In this particul ar exanple, subtask 'WD 03/007499

PCTI US02/ 21932 15 99670 AdborgthiswaaskaRa{hanax e iptiganenind fh@edom ensimplt h i s

nore than tw r £ th Si o E
[0067] At hougﬁ‘“ gréétogs%ﬁﬁﬁ%s R Erga\s\’iekrrps %&‘énﬁ’f%ﬁﬁg Q%r feg?fsnggksﬁeﬁésf‘gﬂﬁi%in

conpari son, smdhn@)be@kxmgwmpmhseémhnhrmgmmmaanﬁmQh(mmdmranpbsmnmaonthc

reassi gnment ctivit bet we hs, of siml ar str I n

anot her | mpl eRAAYSR festh 4 iE RSIESCP I RS e ctvBormicn baset woe TPion Hp gé“&%amc
based upon faeéa@&%mﬁbiqha@ﬁnpecwgubimap&icgraei%niun%&tthw Ihié cd&en$%iia$§<n6’fl70
determnes that the current path is not sufficiently strong, then no

further reassiyifiesntlygirpng, granno bier massisaot wall provaeed task BUAR raEminates.

subt ask PASO_FRSMNSIR PERSALOmNE TR EckReh R CHE AL AR BN 20K

P400a term nates e Ccu measure of diversi
exceed the piPddeserminaes di versity threshold TD, subtask P490 (FI GURE 6B)
sets the current elenent F to be the tracking elenent that is assigned to

(e weakest path AR, okl RSB e ta WP Bl SBS T M o
F. FIGURE 7 shagietmine@Wiitadity fhodshald Tp, subtask P490 (FIGURE 6B) sets the current
element F to be the tracking element that is assigned to the weakest path from a cell
that is covered by more than one tracking element. In 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 1s 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



exenpl ary inplenentati on P490a of subtask P490. Task 492 determ nes whet her
the tracking elenent F is redundant (i.e. whether the path it tracks is
transmtted by a cell covered by another tracking elenent). If not, and
subt ask P49%v0 esdivc@des that nore tracking el enents renuin, peghlsaskiof496
sets the current elenent F to be the newt weakest tracking el ement. Subtask
P490a conpl etes when a redundant elenent is found (Pass) or no el enents
remain (Fail). [0069] If a redundant tracking elenment is found, subtask P510
determ nes whether at |east one of the following two conditions is true:

(1) the cell cprrespondi to t.he current. path is already covered.by
tracking el enec%ts‘,re‘gga({gﬁkﬁ%ﬁ‘ée% yepalpoyrer tgﬂ‘r"eaé‘ﬁoefx(‘fesls_ﬁei CARET MY 2 Vhe?
condi tion is tihélRet dfREHadiCPSH @NIBAL1ad PADRRRRMifes Whelher ROAVAAR Bmdinversity
gain, and subtask P480 reassigns elenent F to the current path. If either
of the conditions is true, subtask P520 determ nes whether the strength of

the current path i[80WAF isebtask RF9Qr(edt dp demiifyt #y sedvadat Hraskinghalepgih

assigned to el i i ]
Feapact 1o sutfpaoh Rt e Wt R aRL M B o G 16 L BED, BRE P gttt
adj ust ed ( possiobtrgd By namackadd glgmem. alf hheeved B AMeRd/ HOTARPSBCELTRZ IXER32 16
desired tradeoff between signal power gain and ‘chessive reassi gnrYeint
S n

activity. If <oeent &sto _Bff “ﬁuﬁf’%{%ﬁg PEPENE SPYCSIng Bt%.‘gR“‘PQFib_ e‘ché_rcrﬁ & ot
whet her ” nor e pablisd rGERHDPERPTA] iefcuSiRt AskcRA98, fink SrabRink LRMehf XssRRYd

n
redundant tracki ng el ement, subtask P530 determ nes whethér the cell
cor r espondi ng o éhe weakesirpagnt Ipboth casesagubtasklP52¢ deermaideh yhether te kirmngteloénent .
If the cell is,.covered.  subtask P550 sets fhe curre el. enent to be. the
tracki ng el eralf HEOERING ATy FrateEbTy bREyih Sl oo G Rhe ol Ty
subt ask P540 gefswirh@t edakdigithert] @mandthér ipldigentdiont httdek P20 Ineiyerrt didigded gned
to the weakest. path- In both cases, subtask P520 determ nes whether the
strength of tIRE PErereRprepibtasks «agh rPRliYWgts Jitlsramelationand roseivine eagoh of

the path assi gpgf ohPorSh&BHone EubiQsash 8Npsa0eaREpEHMENt . 1 N anot her
i npl ement ati on, sﬁbt%ﬁt P52(§m§1§§1/ bsé di'vi ded ’?ﬁitso two or nore subtasks, each
applying a different relation and receiving control fromone or nore anong

subt asks P5 10, P5400713AdtheBgl0 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 rcsult. 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

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



[0071] Al though reassignnent may increase signal-to-noise ratio by noving
tracking elenents to stronger assignnents, it is possible for the costs of
reassignment to rival the benefits. Each tine that a tracking elenent is

assi gned t owe ¢3@u%y8¢ gnal i nstance, sone tine may be requiredriRediysh out
the old data and | ock onto the new ingtance. For a finite tine, therefore,

the reassigned el enent produces no valid output data. The tinme required to
ef fect the reassignnent may be increased for tracking elenents that also
perform denodul ation (e.g. as described herein). If the reassigned element

is the only one tracking the transmtted signal, a discontinuity in
reception may3Bealiptincrapents ithnesassygnment cwnter Rhelf tet subiasis P QWWP@“'P%S not

i ted. the WBPh e Birabd el K20k BEATSRHLE KK FR0DE MGG cond] ¢ | ons.

reassi gning too nany €l enents possi osi'ng all contact with the
networ k. Subtask P490a limts the nunber of reassi gnnents to one per
survey. [0072] FI CliRZ3] BEGERE BBhshow Howklasc lodra rrfeghodafmt dmsrgningpirackeng at i on

P400b of task P400 that permts m) than o r.eassi gn er, surv
this case,  sBETEEK BHUATEer abieer eREopiey EE'FH“‘@P“?‘ﬂe{ESﬂ'&B‘g‘PH‘Q“?‘i $kor t e
by signal st r A0, IheAMBthod kasBmed Ebcutforbof 1k r@h@@%dnlﬂﬁdm? AW badi$ o
initializes areaSS|gnrrent counter R (e.g. to zap) n addition to

‘reassigning the current elenent F to the current path, subtask WO 03/ 007499
PCTI US02121932 17 [0874b Resssignmapts amyrieccontaunieaied igthaimaeking ghmmentsrs they t est

Tonched, 1 aok SEABOTen el Rl OBER by I RINO O R (URR AR e,
met hod f or assidynf thg dyclac HIGYRE 1@ shanvtssa Aowohadi ofja mtlmdofa)hass@mﬂlg)dhdmg of
the inventi onelégﬁon conpl.etion of task ,P400, .t he net hod riéurres t| on

of task P100 PISnERCATEIHh 1 apgibet embodiment of | e 7RYeNNels sty ffsk i

comuni cat ed YethiGed HAC KiaBGpRhRIBNtEcIaRs LRA¥NOKEUFed B 18K FabO VtﬁikVPﬁOO
reassi gnments for each cycle may be stored and forwarded at the end of the

cycl e. FI GUREPIMpagHenibe seabsiphintmay to e trackieg plomenisr Fadewigi the perferaianeryof
el enent s acco;qk@goé&_ n.t%r e?'q%zﬂ%k‘g‘? t of the invention. |If test task P500
o) I'n

det ermi nes that r&assi gnmen g elenents occurred in task P400,
task P600 ‘
{0075] FIGURE il 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 I, 9, or
10. In a particular implementaﬁon, 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 recctver stage (not shown) is supplied to searcher
element 90 and tracking elements 110-1-11G-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 offscts of signal instances it locates within input signal S10. For example,



propagates the reassignnents to the tracking elenents. Follow ng the
performance of task P500 or P600, the nethod repeats. [0075] FIGURE I | is
a bl ock diagram of a tracking stage 100 according to an enbodi ment of the
invention. H{heobhitishependent tracking el ements 110 are contg@y|dpmer bus
70 by controller 200, which may includeg processor or other array of logic
el enments (e.g. an application-specific integrated circuit or ASIC
configured to performtasks of a nmethod as shown, for exanple, in FIGJRE 1,
9, or 10. In a particular inplementation, N may be three, four, or eight,

al t hough the sco f the invention | udes .any. val ue of reater fhan
one. ATter i gRBIISE FReT o8 MORBIYIR B G Fndhe AR M
anal og and/ or g GhdiHeeSHORRL sign@g%&hnﬁaer%E@&thm)(egaaédogalﬁ td S @cued by a
recei ver stage (not shown) is sup E ied to searcher element 90 and tracking

el enents 110- 1C«1rmd:1¢,a@df|0nbimgh§pg el asSiegeritied i@nm)he?carqhnptlemm%ﬁ mem a!spnput
signal S 10 ma beasrln etrleveds es t were, receivi

stored earli ery‘:‘wﬁ1 St gfrfgﬁ‘?i et I@ir?l'tf Wﬁ‘éagmﬂi’b awagoy‘é?gﬂ%rt

of a nobile st akiafgd) from RECH bask Gixtibn $1@eaﬁ’ﬁilY0fC1ﬁﬂlfl?bth sraPins@heidah@ rhayoraveany
base stations and may also contain a variety of information signals

i ntended for of4vsioredobi| e stati ons. ] 0076] Searcher el enent 90 obtains

i nformation about the signal strengths and tinme offsets of signal instances

it locates within '[l'i)BW] §c'ag:'ﬂ@11 eler@nt ‘ﬁpbas@&‘sat'ﬁgld%velmcp éQQ{?é&ﬁroﬁg A0t 2

t932 18 searcher ement may contihually (or periodically) scan the tine
domai n searchi g 79. orAltmatafnbE§e€fﬁ3h@1 tlgmestl @(hah&y Pa&sndateahﬂyytlba@esostralﬂqrons
(e.g. according to an and/ or hbar, Set 23 desc
Sbove) - Sear cnirranatahibiglsh g, TR B, CeCpriRh gl 3oyt ouffertRghe s>
time w ndow) afuattishstdfeon@sidralooar Suchal didct Fnemh@rpalecess Bpbanee i indita@dch base
station in search of nultipath, si (l;nal instances that may have _devel oped.

[0077] Sear cheFlCERES by dashsd daga Iipp, S6Q b Gy Fonacaty SWF glement 9830over
bus 70. Alter n@&n‘tr\ﬁﬁérymerﬁ&@rﬁ%@erIn%nsm@Pﬁm%Qman&@%nQﬁ@6}Sg'rﬁa%r%élﬂe btside

controller
of controller 200, possibly 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 L10.
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

v AR

TIA documents TIA/EIA/IS-2000-1-6), Walsh codes or quasi-orthogonal functions



menory 180 through a direct nmenory access operation without interrupting the
functions of controller 200. Such a direct nmenory access operation is
indicated in FIGJRE 8 by dashed data |ine S60 that directly connects

searcher el g@EnRlw9@eto controller nmenory 180. In another 'erﬁﬁﬁmﬁ}?i on,
menory 180 may reside outside of contrgller 200, possibly as part of a

storage elenent that may al so 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, tinme offset, and signal strength)
according to ener and diversity nmay be perfor med by searcher el epnent 90
(e.g. before é@@r‘z%éwl WeﬁéﬁﬂF?‘”‘i%G)‘h%%ﬂ!i‘PbF Wpebztenofndelt mHOde desibleoior er

200 uses the t

el enents 110- %%O%QI{IQ?E)@ rgf&ﬁﬁe%;%%gpﬁ?%é%hng%gpt(ﬂ%o &lr?r‘gs eg&?gﬁ:ggl ned in
i nput signal v&llgs QPSE?@:]prIEb@:JBE Ina lstmmearaewhtpdég ditedpr 20 afecadet raaggnahg

el enent 110. oder 120 ceiv i S10.and a code vector S20
and outputs a' Bﬁ%"&" e§F‘§{?§Iaccqr '“éﬁ%ﬁ\eﬁﬁﬁ%‘g‘ﬁﬁt’sﬁ’ﬁe&sﬁo“ input signal S 10 is
conpl ex-val ued, code vector S30 |s a conpl ex PN sequence and decoder 130

perfornms QPSK despr eq;dj_g ?3@2 uﬂa@@m Py 5:ch) 6§, Jet@:m&t.,rygi NV)’;\I’I ous
i

different forns to perf an operatlon [I'n an
‘i mpl ement ati on, code vector S30 is supplied by controller 200 vvlth a PN

code and ti rre“qfetesetm&xbﬁ&s e Qs APRIAAPFHaRIrRthed with AP SHaAS PR, mmw&&% In a
system conpliant wth the cdma2000 standard (as described in TIA

document s TI As@ag r®t 2064. (XY JX@IIB@C%%% data weskwi (¥R hm@lﬁghlndﬂ@tﬂsﬂh@ns WD

03/ 007499 PCT/ US02/ 21932 19 %{ are used_to provide orthogonal
channel i zati ofN 5P P"T:C‘%QN 6& Andifatess Bye Wd‘e‘;éoﬁ@f'“@%“?rbc {&PhsiGvoval

of channel at n_ codes decqoverin

despr eadi nlgZ i (éa[?)sa? tr?% g‘ﬂ‘p‘ﬁd{ & s ARy ga‘gr“l’ f%%%bﬁé\g §”§i’5g§$ﬁmt has
been encoded af [ -

) (AL SR T (1) Q%%fvcxm%%@f L Rk EPIRaST ABiaudy Tl o oderbdd Weain,

assi gned si gnabntrolietr 0@ enayi [Irhwde ian ppproprigaabdSvddor $30i, makd d@ctod&* I20emay 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 predctermined energy thresholds. In a further implementation, lock indicator
130 may also output a rcceived 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



square root of -1, (XI + jXQ indicates the data vector, (PNL + jPNQ
indicates the PN code vector, WALSHCH i ndi cates the Wal sh channeli zati on
code, QOFSIGN indicates a real mask vector that is applied to the Wl sh
code, and Wyh¥dtsei Ndi cates a Wal sh code used to enabl e orpcdis@abhisa
rotation by 90 degrees. Again, controlbgr 200 may provide an appropriate
code vector S30, and decoder 120 may be constructed in various different
forms to performsuch an operation. [0081] Lock indicator 130 receives the
decoded signal and outputs a |lock status signal S40. In an exenplary

i npl ementation, |ock indicator 130 receives a cogBI ex-val ued decoded signal

and conpares atieaghidrersdeltv ¢ lvs theeshakd Tl FIGIGHE 168 sheiwy eropresertaiemelibig
energy thresh . i n i | ock indicator 130 nmay al so
out put a receioé\(/:g%n%il’g% Ons}ﬁl néfﬁ%@@a‘l%%%?%g&) (not shown) based on the
signal magnitude. FlI GURE 13 shows a bl ock diagram of an inplenentation 112
of tracki ng el enent[0083) FIGEIRKEI] hghaws 2 bloek dibdtint bfad derecdilates3Gthecadogded

signal. In an ex | ary i.npl ement ation ilter 140 is a | ass filter
Sueh a5 a i1 o SRuRneor i v TEod bt gl Tidplcrld Bipesss iapat
first-order ingémikeoidpridete 565 RBEASEN datatififs- thii0RE 2bmbRiel S sHhbe il S40
may establish the Iock status of tracking elenent 110, or controller 200
may establish &hils astexemplasngpplicohon pbd¢raedulaieni@stosi gabile staey ofra REBA

FI GURE 14A shq j.agr f i . f a
tracking o eniprey e AT R BOGHRE S| MRt A0 bPEenE Sl SbAtiET cad
state and nmaysultebik &reViegbiadecadiag! aAblskovinin FIGANSE g6 @etor mhe of ddnoduiagioal
strength (e.g. .as indicated by the RSSI) exceeds a high thres olg T2, the
tracking el emeftMEkt bk &2y HRARGVI% SPYQl QP Fon QLRI confRlick 200 ferang

el ement. 1 emai Nisyel Bekeg) WAl inky bBsa Gy MBOIABMAGR RETH ISR RuioRD
strength drops below a | ow t%reshold Tf GURE  14B shows a representation
of this schemderagnta Ip# onaypbe diighlal siwilae ngteter Rjentiesisipssttictnse 1§ 0b8 3her. GURE

15 shows a blo di.agram of, a dul,at or accordi,ng to_ an e di nent of
the Toventt on KliehbBEIATkefod TR EhSHs 108 sREORFHRERub By st SERFRLREL
to produce sofdiffelefii Su@Otueat anbiok S clidvadteristies CRINI dFtbrém  ymballageninder

decovering operation, diffcrent coherent and/or noncoherent search characterstics,

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 accumuiates 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 US. Patent No. 5490,165 (referenced above) and described in that patent

document.

[0086] A lock status of a demodulation element 114 may be established

acc;)fdtir{-g to the hysteretic scheme of FIGURE 14A. In this scheme, when



80. In an exenplary application of denodul ator 300 to a nobile station of a
CDVA system the output (not shown) of synbol conbiner 80 is aggregate soft
decision data suitable for Viterbi decoding. As shown in FIGURE 15, one or
nore of denbdudawviom el enents 114 nmay al so provi de several Pomysut/2went r o
signals to controller 200 (e.g. over buts 70) that may be used during finger
assi gnnent. Each of the denodul ation elenents 114 may be highly simlar or
even identical in structure to the others. Alternatively, the denodul ation
el ements 114 may include two or nore sets having different structures

and/or charact o%hla‘ﬁgn (eﬁen%n% (iih{gs ey JSERarat dsg%grﬂ{éﬂ{ ch wrifl§ GOMEGINGd

operation, different coheren / or noncoher ent aracteristics,
etc.). ControldyaboRQ0O symy@immlmb@mr’tst)nmd Bin 1arsdindackedidt does mor eriefsymbols to
denodul ati on I nts 114 nay i nclude sets of instructions executing on the
sanme processorsYgPotedmbipsr 88 ocessors or other arrays of |ogic el ements.
[0084] FIGURE 16 is a bl ock diagram of a denodul ation elenent 114 suitable

for use in a denddy(pgsnrinasdentAMudractbBidRRo kbfurdeC b BIeht IR AREMBY, at es

the received data over a synbol period. Scaler/rotator 160 receives phase
magni t ude, aribe §sam§o¢f Wheitlar rradé¢raedul atiom eigmendris lopbed el ita cetantl assignmdrB0s and

produces scal e f.fe whi.ch erfornla
deskewi ng f unc%cguqu%d aﬁ]ggtd? @O‘f"%gtﬁ%l}F u?mg'?ugl‘rlltg{ églaé t[%@%feTédlgnog her

i npl ement at i orsynoB tarsymmsle:oafbmkermdtﬂlram@nﬁal amtesdniglém dfayneb@cmsansmé uct ed
according to the denodul ati on el epent 204 shown in of U.S. Patent

No. 5,490, 165 1OF sPHPR Ak LKLY HES Oénldd%%chl#%’@oclpwewthw pé‘i‘[éﬁ'ﬂy thi EERIERE |
10086] A | ock StdtHss AfandnfLRRduhat 'v@ﬁbneth@ﬁ%ﬁﬁi sir%é%mycc@es @ﬁ}tuam#esﬁ&a@h

according to the hysteretic schene of hi's schene,
03/ 007499 PCT/thd gerpodil&Bsh clmemmm aofitdm:keﬁ @mmt Aldemodglation klemcnbinl ths
current assign

and when it |srTE( Pg(be:gg&?\,{\g ?eé gg‘nﬁ%lf" 8012’5 §°1 m%ﬁgélbcoﬁbﬁ%f ﬁ%Pe 80.

labeled (e.g. by controller 200) as available for assignment. When the signal strength
exceeds a high threshold T2, the demodulation element is locked to its current
assignment. FIGURE 17B shows a representation of 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 [, 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 altemate 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



[0087] In a denodul ator according to a further enbodi nent of the invention,
the status of whether a denodul ation elenent is |locked to its current
assignnment is decoupled fromthe status of whether the denodul ati on el enent
wites denouu atedyy synbols to synbol conbi ner 80. FlI GURE 1PATaisesiva

di agram of one such schene for setting2he |ock states of a denodul ation
elenment 114. Initially, the tracking elenent is in an unlocked state. \Wen
the signal strength exceeds a |ow threshold TI, the denodul ation el ement
enters a soft-locked state. A denodul ation elenent in the soft-|ocked state

wites denodul | s, ol. eamhin 0 ed
(e.g. by cont rto ﬁgﬁ%ﬁ%? %ggs%]g?éﬁgbiseﬁ&gg&agéitgenﬁléﬁg .Og%étnéﬁﬁe&&ogkapgé
strength excetgsents Wogld drity gavwokdlall2, Ahemedesmedudbalé,aowelhen®at of sndreeked to

its current assignnment. FIGJRE 17B shows a re%gsent ation of this schene as
a plot of sigr&f sotktqckegydemoylainn dlgments fpry boinpgled|as ayaidable fes HHENBEof a

schene as Sho"iﬁudﬂ&dﬁ%ﬁz’@ﬁ@%ﬂvﬁhatﬁe eldRihRd as shown in FIGURES 1, 9, or

10, anong the soft- enodul ation elenents, only the el ement tracking
the weakest path is |abeled available for assignnment. In other
i npl enent ati ons, sdMHAFIGURA 19Afhawe a slodgrarh o kedal therate by stereon scheinerfent s

be | abel ed_avai |l abl e f j . h di
of an al ¢ or nat & REMEIRF ool oF Bt RRTRton et {4 iy B TobRa? e ™

el enent 114. ligid bhdockddh@atkr avkémtheedi @1 Birerigth eRcedBs a WidhotkaHolsit B, ahe VWhen
t he signal strength exceeds a threshold Ti, the denodul ation el enent
becones | ockedepdplaton: glemsnt besewes Inrked Lo 1Hh epietiassignipes. el FiifeanE dhe

el enenf” changqgcgeagﬁ\@tﬂe ufafloft e RAeht %ﬁ@g%;}%@@@g&%%ﬁ theviglaper

the signal strength exceeds the thresho ows a
repr esent at i orstrefgth diaps belowenewabreahqiti dil. FIGYRGHEIB shomsngtpre¢dBjativeos tss t i ne.

[0090] In a schenme as shown.in Fl GJ 8A, no | ocked elenents |ose their

| ocked st at us.SCW%asfaéa?%’%absrﬁe“%t?%gi‘be&‘fsetﬂmf'o sl ow performance in a case
where WO 03/ 007499 PCT/ USI 12/ 21932 22 the nunber of reassignnents is
limted, as the pogbod2] FAGWRIEaM] e siceresl dlagtdn®Bf an alternate scheme for setting the

lock states of a demodulation clement 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 Ti. 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 inciude —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.
FIGH_&E:_ 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



el ements would only grow snmaller. As nentioned above, however, one or nore
of the soft-locked denodul ation el enents may be | abel ed as available for
assignment, thus adding to the pool of available elenments. [0091] FI GURE
19A shows awd @anysyof an alternate hysteretic schene for sefhisog2fohe | ock
states of a denodul ation element 114. Ixgtially, the tracking elenment 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. After
entering the |ocked state, the denodul ation el enent changes to a

soft-l ocked state n the signal _strength drops below a | ow threshold Ti.
FI GURE 19B shdihé -awﬁpveégeéﬁmi Tha Gither raplewepafion. die t@?ﬂﬁv@ﬁ%swegv Higaett-
strength (P) V§E&HInG bilBckddAORA miy FAIREICRMSANE il agram of an alternate
schenme for setting the 1lock states of a denodul ation el enent 114.

Initially, the tracking element is in an unlocked state. Wen the signal
strength exceeds a [A9% Tiharferigeing presentakien ofl heodhstmhedmbxidanens isoprovided

| ocked to its current assiannent.. There er e denpduyl ation el t
changes. {r om 40 1458RBY e Bomt edo s B ot S sk aoRe R dreierie BTt

si gnal st rengtalgsigm%e[&s;kalgl elanichtse shabadivel. siphdBIREVAARIsS pdfidtions to the
representation of _this schene as a plot of signal strength (P) versus tine.
Exenpl ary val (8&cribgd embadimemie agg paysse.ofndrtheUpimsinlas PEgsentad Actegn maycbeide

-24.6, -26, - %ﬁhecﬁﬂg of P e%od[r%}@@]as E:!fe(ﬁl.JRETot? jc‘e‘ar%BQW% ﬁeﬂb?g%@ﬁg% d@nan .

alternate hystefretic schenme for setting the lock states o ul ation
el ement_ 114. |emitiodahdny of tHeentantiok inmy lw] appbed to 4 setiof trarking bleuierd tisit @panot \When

the signal strength exceeds . a high. threshold T2, the denodul ation el enent
becones Iockedﬁ? Se?‘feé Pstﬁ?%ﬂﬁm%é@%ﬁ,ﬁqsasm Sg%ring the |ocked state,
t he denodul ati on el ement changes to a soft-|locked state when the signal

strength drops bel G00%5] rmihddh@ntibn asldedmplemeWedrin phe os irgwhdle 3it b dAGERired
below the mddle threshold T1, the dgq’ dul at.i on el enent changes. from a
sof t -1 ocked t &STEHY ¥nP SEKEY Cé’f‘fég‘éfa'é%'b Cﬁ'ﬁdt‘B‘O\Aﬂ‘féFH@PaE'%S%‘?c ﬁa!"‘%ﬁt%‘hgt h

exceeds a | ow 4pgshohd anR'mwgrL'CyB%a%lﬁmﬁ@@‘iﬁlo%&n@%ﬁﬁ@@t&ﬁé@ﬂr Qf sdffiate

schene as a plot of signal strength (P) versus tine. In aparticular

exanpl e, the tpegshdbakdTronamd iMO ahdarestomige eedofm a2 Gadinc-rcadable code, such
code being instructions executable by an array of logic elements such as a
miér0processor 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:



WO 03/ 007499 PCT/ US02/21932 23 and -30 dB, respectively. In a further

i npl ementation, the transition between the soft- | ocked and unl ocked states
may be made hysteretic as well. [0094] The foregoing presentation of the
descri bed epfipéhgwephbs is provided to enable any person skilpkgeidoziohe art
to make or use a nethod or apparatus fogy assigning tracking elenents to
received signals. Various nodifications to the described enbodi nents are
possi bl e, and the principles presented herein may be applied to other
enbodi nents as well. For exanple, a nethod according to an . enbodi nent of
the invention nmay be applied to a set of éfacéggg el enments that do not

t hensel ves perform denodul ati on of the as ]dh signals. [0095] The
invention may be inplenented in part or in whole as a hard-wired circuit,
as a circuit configuration fabricated into an application-specific
integrated circuit, or as a firmvare program | oaded into non-volatile
storage or a software programl|oaded fromor into a data storage nedi um as
machi ne-r eadabl e code, suBKthadsdespanimgtrackaeralemneninsaidieabedbl e by an array
of logic elenqgkﬁ$§H§h as a mcroprocessor or other digital signal
processing unit. us, the present invention is not intended to be |[imted
to the enbodi nents shown above but rather is to be accorded the w dest
scope consi stent wisbttirighdispof paenlat sssggnthent\eetorfimatto neévetkiyarioswa; i n any
fashion herein. WHAT IS CLAIMED | S: WD 03/ 007499 PCT/ US02/21932 24 CLAI M5
1. A nethod oﬁmgssigning tracking el ements, said nethod conprising: sorting
a list of potential assignnents according to a diversity criterion; and

changing a current cAssdiggaeier®hssieri@ine6t LEIQRRI ¢He o aPlutidyicky of

tracking elements to one of the potential assignments.

2. The method of assigning tracking elements according to claim
I, 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 cniterion.

4. The method of assigning tracking elements according to claim
I, 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.

e The method of assigning tracking elements according to claim

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



tracking elenments to one of the potential assignnents. 2. The nethod of
assigning tracking elenents according to claim 1, further conprising
sorting the list of potential assignnents according to a neasure of energy
3. The net ho@ @fooawsi gni ng tracking el enents accordi ng to clrairmuso22i9sther ei n
sorting the |ist according to a neasure2Sof energy occurs prior to sorting
the list according to a diversity criterion. 4. The nmethod of assigning
tracking el enments according to claim 1, wherein said sorting the |ist of
potential assignnents according to a diversity criterion includes sorting
the list so that, for a predeterm ned integer n, each of n consecutive
potenti al assignnents on the list corresponds to a different source. 5. The
met hod of assigni cki nt NGt Q cl.al rein said
sorting the | |(g¥ne Qg’ i Etl at éggglﬁ@r%ﬁ%eﬁfé%ag@ér edc cm\?\ﬁjt@? 07499

PCT/ US02/ 21932, eith diluheeﬂrsurtyotemian afsngmmdnmdmmeasts@msmds tdhediffesdnt so t hat,
for a predeternined integer n, each of the first n potential assignnments on
the list corré8¥éfds to a different source. 6. The method of assigning
tracking el ements according to claim 1, wherein the list of potenti al
assignnments conprises a list of received signal 0 instances, each entry of
the list including a signal strength and a tinme offset of the correspondi ng
recei ved signal instance. 7. A nethod of assigning tracking el enents, said
met hod conpri si ng®- col Meemetdzpflapsigning trpalirgelementagedogding e daim sorti ng t he

list of pot er]tl, %er%?n thgﬂ&%%&eﬁﬁﬁoa g'gﬁrgeﬁlgcgmgﬁ%g a%ns} o regewdd signal

instances, each entry of the list including a signal strength and a time offset of

the corresponding received signal instance.

7. A method of assigning tracking elements, said method

compnsing:
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.

'
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criterion; and nodifying a current assignnent of at |east one of a set of
tracking elenents according to the sorted list of potential assignnents. 8.
The net hod of assigning tracking elenments according to claim 7, wherein
sai d sorti ngvd émobiost of potential assignnents according to peridoyersity
criterion includes sorting the list so t¢hat, for a predeterm ned integer n,
each of n consecutive potential assignnents on the list corresponds to a

di fferent source. WO 03/007499 PCTI US02121932 26 9. The nethod of assigning
tracking el enments according to claim 7, wherein said sorting the |ist of
potential assignnents according to a diversity criterion includes sorting
the list so that, for a predetermned integer n, each of the first n
potential assignners o i . i rce. 10.
The met hod of assig%ingﬁw%act%ﬁg&gggégﬁgEgggg%%%Fﬁagﬁ%&%ﬁ§§h$C@?Hfurther
conpri si ng sor#, whgreirheid istinpthe pot dpotaitiabssiggmeentascadognadang to a neasure
of ener gy, mhgfein subsequent to saiﬂ ﬁortin ccording to a diversity
criterion and ¥l SUFIIMYCIESHORITRINE BstsOnRl sioF @ PRACCISHBINGY INS86T o der ~ of at

least a portiPR@fortitensen b@t@mlizii 2dsiSfmaed Sk At @cﬁl%'sm% 2 differdtirased
according to the diversity criterion. 11. The nethod of assigning tracking

el ements accorsdimeg to claim 7, further conprising |abeling at |east one
tracking el enent as available for assignnent. 12. The nmethod of assigning
tracking el enments according to claim 7, further conprising matching at

| east a subset of the |ist of potential assignnments to current assignnents
of the set of tracking elenents. 13. The nethod of assigning tracking

el ement s accor di ng 100 clThkemethod of assigning 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

LY P



12, wherein said matching includes determning that a strength of a current
WO 03/007499 PCT/1JS02/21932 27 assignnent of a tracking el enent does not
exceed a predeterm ned threshold and |abeling the tracking el enent as
avai | abl e f B0 Bg87¢hnent . 14, The method of assigning tra®kKTAFIELEMENt S
according to claim 12, wherein a tracki’ng el enent outputs denodul at ed
synbol s when in a |l ocked state, and wherein said matching includes | abeling
at | east one tracking elenent as available for assignnent when in the

| ocked state. 15. The net hod of assigning tracking elenents 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 ele ‘o i L i : state. 16.
The et hod of SegT e oh AL elsp SR, AONBLd el Brhify WREKRE ° ferei n
sai d det er m niand latleBbhthe tackingelemegt & madatile f aksiganérocked state is based
on a signal strength of a current assignnent of the tracking elenment. 17.
The net hod of assigning tracking elenments according 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 corrasporle MgthRCs a¢€ifnifif Faeking BIBBMNGE Gccoiind % 8QiAH99

PCT/ US02/ 21932 28 18. The net hod of assigninP tracki ng el enents accordi ng
to claim 7, VderBemingirarkigdilerpsmi guiputsilemonulagdsymbatsivhepig p (rked

determ ni ng m%gﬁ?gﬁd the current assignnents satisfy a diversity threshold.
19. The net hod of assigning tracking el enents according to claim

wherein said matching includes labeling at least one tracking element

as available for assignment when in the locked 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 ciaim
15, wherein said determining whether a tracking element is in a locked state 1s

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.



7, wherein said nodifying a current assignnent includes changing a current
assi gnnent of a tracking elenment froma covered cell to a previously
uncovered cell. 20. A tracking stage of a nobile station, said tracking
stage conpwiosiing74vm sear cher el ement configured and arrangedTiusor/enet ve an
input signal and to collect a list of otential assignnments correspondi ng
to signal instances wthin the input signal; a plurality of tracking

el enents configured and arranged to receive the input signal; and a
controller configured and arranged to sort the |ist of potential
assignnments according to a diversity criterion, wherein at |east sone of the
tracking el enents have a current assignnment corresponding to a signal
instance within thggi np e \4% I ler jus:.further
configured and arrgggedqzhg%rmdl fci/fagb?gnll grsétaug%ge@@?&?%ré&gglbgé%{:l%ﬁssi gnnment s
accordi ng to thehseirt sl hodifyiof a potrenttasagnmes snahrles dewrmidthgAthetfidre t r acki ng
stage according to claim 20, wherein.each of th tracking elements is
further confi d@q,Meghepsgpmgn@éans&agmebﬁyt@rg&%& ated synbols of an
assigned signal instance when in a | ocked state, and wherein the controller
is further configured and arranged to | abel at |east one tracking el ement
as available for assignnent when in the | ocked state. 22. The tracking

stage according to claim?20, wherein said controller is further configured
and arranged to matl@h at'he&dhodpf asgnipe rckingelemeals agrording dnelpig

assignnments te GME PSSk tem&t sk e d ARl t The
t racki ng stage’acc%ﬁ{c}%ahg ta(j)lg)({:q ?m %0, avér?]@'r eelE n?r?zla%sgﬂéoﬁt oif?ué‘r%%lis configured
and arranged tassigongnt bhe traglstg et mputt feorh iaabvered cgjhtospirsviously

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.



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 different source. 24. The tracking stage according to claim?20, wherein
said controller is further configured and arranged to determ ne whether the
current assignnents satisfy a diversify threshold. 25. The tracking stage
according to claim 20, wherein said controller is configured and arranged
to nodify at |east one of the current

21.  The tracking stage according to claim 20, wherein each of the
tracking elements is further configured and arranged to output demodulated

symbols of an assigned signal instance when in a locked state, and

wherein the controller is further configured and arranged to tabel at
least one tracking element as available for assignment when in the locked

state.

22.  The tracking stage according to claim 20, 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 20, 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 20, 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 20, wherein said

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



