METHOD AND APPARATUS FOR DI VERSI TY SEARCHI NG AND DEMODULATOR ASSI GNVENT | N
A W RELESS COVMUNI CATI ON SYSTEM BACKGROUND Field [1001] The presently
di scl osed enbodi nents relate generally to wireless conmunications, and nore
specifically to a novel and inproved nethod of diversity searching and
denodul ator assignnent in receivers with nultiple receive chhif nmmwtgr ound
[ 1002] Wreless conmunication systens are wi dely depl oyed to provide vari ous
types of conmmunication such as voice, data, fax, and so on. These systens
may be based on code division nmultiple access (CDVA), time division
mul tiple access (TDMA), or other nodul ation techniques. A CDVA system
provi des certain advantages over other types of systens, including _
i ncreased system capacity. (1003] The use of CDMA techniques in a multiple
access commMEJHOM ANNEX ARPARATHS FOR DIVERSITPASEARCHING®ANDBO7,
entitled "SPREAD SRNERRY | AN M USI NG
SATELLI TE OR TERRESTRI ALMWAW mmnﬁﬁigﬁ?} 459,
entitled "SYSTEM AND METHOD I IN A CDVA CELLULAR
TELEPHONE SYSTEM "  Anot her specific CDVA systemis disclosed in U S Patent
Application Serial No. 08/963, 3865%8@&“@’& ent No. 6,574,211, issued
June 3, 2003, entitled "METHOD AND APPARATUS FOR H GH RATE PACKET DATA
TRANSM SSI ON, " (hereinafter, the HDR systen). These patents and patent
application are assigned to the assignee of the present invention and
i ncor por at gdellerei n by reference. 1 1 JAN 2007 2 [1004] A CDMA system nay
be designed to support one or nore CDVA standards such as (1) the
"TI A/ El A- 994@nTitiiniel eprBberitiyondiBelssedSt ainbodimEagpaleidi | ideye@andar dyifedgssDual -
Mode W debamethnGpicationsSpadt more Saclfivhlgr toSy sioest'andt ibroéBdImetiband anidysity( 2) t he
searching and demodulator assignment in receivers with multiple receive chains.

Background

[1002] Wireless communication systems are widely deployed to provide various types of
communication such as voice, data, fax, and so on. These systems may be based on
code division multiple access (CDMA), time division multiple access (TDMA), or other
modulation techniques. A CDMA system provides certain advantages over other types of
systems, including increased system capacity.

[1003] The use of CDMA techniques in a muliiple access communication system is
disclosed in U.S. Patent No. 4,901,307, entitled "SPREAD SPECTRUM MULTIPLE
ACCESS COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL
REPEATERS," and U.S. Patent No. 5,103,459, entitled "SYSTEM AND METHOD FOR
GENERATING WAVEFORMS IN A CDMA CELLULAR TELEPHONE SYSTEM."
Ancther specific COMA system is disclosed in U.S. Patent Application Serial No.
08/963,386, now U.S. Patent No. 6,574,211, issued June 3, 2003, entitled "METHOD
AND APPARATUS FOR HIGH RATE PACKET DATA TRANSMISSION,” (hereinafter,
the HDR system). These patents and patent application are assigned to the assignee of
the present invention and incorporated herein by reference.



"TIAr'EI'A-98- C Recommended M ni mum St andard for Dual - Mode W deband Spread
Spectrum Cel lular Mobile Station" (the 1S-98 standard), (3) the standard
offered by a consortiumnaned "3rd Generation Partnership Project"” (3GPP)
and enbodied in a set of docunents including Docunent Nos. iGLTE 2 [ﬁll 3G
TS 25.212, 3G TS 25.213, and 3G TS 25.214 (the W CDVA st andarid)/ N(EB t he
standard offered by a consortium nanmed "3rd CGeneration Partnership Project
2" (3GPP2) and enbodied in a set of do@unents including "TR-45. 5 Physi cal
Layer Standard for cdma2000 Spread Spectrum Systens,” the "C. S0005- A Upper
Layer (Layer 3) Signaling Standard for cdma2000 Spread Spectrum Systens,"
and the "C. S0024 cdna2000 Hi gh Rate Packet Data Air Interface

Speci fication" (the cdma2000 standard), and (5) sonme other standards. These
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the pr esentstandards are incorporated herein by reference. A system that implements the High Rate

Packet Data specification of the cdma2000 standard is referred to herein as a high data
rate (HDR) system. The HDR system is documented in TIA/EIA-1S-856, "CDMA2000
High Rate Packet Data Air Interface Specification”, and incorporated herein by reference.
Proposed wireless systems also provide a combination of HDR and low data rate
services (such as voice and fax services) using a single air interface.

[1005] CDMA receivers commonly employ RAKE receivers, described in U.S. Patent No.
5,109,390 entitted "DIVERSITY RECEIVER IN A CDMA CELLULAR TELEPHONE
SYSTEM,” assigned to the assignee of the present invention and incorporated herein by
reference. A rake receiver is typically made up of one or more searchers for locating
direct and multi-path pilots from neighboring base stations, and two or more multi-path
demodulator fingers for receiving and combining information signals from those base
stations. Searchers are described in U.S. Patent Application No. 09/892,280, now U.S.
Publication No. 2001-0046205, published November 28, 2001, entitled "MULTI-PATH
SEARCH PROCESSOR FOR SPREAD SPECTRUM MULTIPLE ACCESS
COMMUNICATION SYSTEMS,” and U.S. Patent No. 6,363,108, entitled
"PROGRAMMABLE MATCHED FILTER



invention and incorporated herein by reference. The rake receiver processes
a nodul ated signal that has been transmtted on the forward or reverse |link
using the searcher elenent and finger processors. The searcher el enent
searches for strong instances of the received signal knomn1qSJFPI§' pat hs.
The finger processors are assigned to process the strongest nulti %Eths to
generate denodul ated synbols for those3nulti-paths. The rake receiver then
conbi nes the denodul ated synbols fromall assigned finger processors to
generate recovered synbols that are estimates of the transmtted data. The
rake receiver efficiently conbines energy received via nmultiple signal
paths. (1006] Inherent in the design of direct sequence CDVA systens is the
requi r enentseAtatHER” [RGEk WRrcH 18! 2604, Bt 5&@@@%%@%@%&@% thel Fidftent

sequences to the pilot PN of the base station. base Station distinguishes
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sequences fiRiseaAG-pRMSeTrS AdkeQBcdiddrREN EdHABINGY helepndililatddesyrSsneerdi all
sequence. In this _case, a denmodul ator finger would adjust its PN generator
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assi gned. [tAHAOMitted UatdTPTHRV R1kE ecaiR| dficier@l cobRles ShefdyaREEIVES VRNGUltiple
communi cati on st ens often enploy nmultiple radiating antenna el enents at

t he transmS4&rF diversity transm ssion, to comrunicate information to a
receiver. Milti pI e antennas are desirable, as wireless comrunication

systens tengpded 4%%%%%%@@:5 %; Hiréﬂt %@qhena@@mﬁmmﬁs tha!ldquPéiednbanna

el ements reducés inter- symb hannel interference introduced during
nodul at i on 3affgelverass aligndis %‘-TEUF‘&@P@P@N&'P&I EN) egrusneen de theeritph &N pf/thet
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communi cat i45KIU8 e piset in the) ggesgien ofily PN GedeRIEES SN 1S-95 systdms, 4 base

stations are offset by an integer multiple of 64 chips. A subscriber unit communicates
with a base station by assigning at least one demodulator finger to that base station. An
assigned demodulator finger must insert the appropriate offset into its PN sequence in
order to communicate with that base station. It is also possible o differentiate base
stations by using unigue PN sequences for each base station rather than offsets of the
same PN sequence. In this case, a demodulator finger would adjust its PN generator to
produce the appropriate PN sequence for the base station to which it is assigned.

[1607] To improve the quality of wireless transmissions, communication systems often
employ multiple radiating antenna elements at the transmitter, or diversity transmission,
to communicate information to a receiver. Multiple antennas are desirable, as wireless
communication systems tend to be interference-limited, and the use of multiple antenna
elements reduces inter- symbol and co-channel interference introduced during
modulation and fransmission of radio signhals, enhancing the quality of communications.
Further, the use of multiple element antenna arrays at both the transmitter and receiver
enhances the capacity of multiple-access communication systems.



4 Milti-path signals may be generated at a receiver by diversity

transm ssion or as a result of dispersion of the channel durin

transm ssion. [1008] Thus, at a receiving destination, nore lﬂaﬁf-\fér%ﬁ?

recei ver by ¥BiksPe needed to process the multi-path received signals. "A
diversity receliver may have multiple antennas. A receiver chain for signals
received at each antenna may be necessary. Therefore, nmultiple receiver
chains may be necessary to exploit thetnulti-path signals received at

mul ti pl e receive antennas. Receivers equipped with multiple receive chains
are able to enhance their reception with inproved interference cancellation
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an exenpl athe ewbivai ohmins, but eomplexity is created in the searching and assignment of
the recéived multi-paths to the demodulation fingers of the RAKE receiver.
Finger limitation becomes an important issue for diversily receivers, as
compared to single element receivers, because the number of possible paths
produced by each search of each active set element is a muitiplied by the
number of antenna elements, complicating the task of selecting the best paths
for signal combining.
[1009] Thus, there is a need in the art for maximizing reception of multi-
path signals by emphasizing the diversity of receive chains using optimal search
and triage operations for diversity receivers,

SUMMARY

[1010] Embodiments disclosed herein address the above-stated need for
maximizing reception of mulii-path signals by emphasizing the diversity of
receive chains using optimal search and demodulator finger assignment
operations for diversity receivers.



di versity conmunication system [1012] FIG 2 is a sinplified bl ock diagram
of an exenpl ary enbodi nent of diversity receiver architecture; [1013] FIG
3is aflowhart illustrating steps of multi-path searching in accordance
with an exenpl ary enmbodiment; [1014] FIG 4 is a flowchart il llubtiAM 2087

st eps of dlvéWQP&Vm@HP$n1zatlon triage for assigning paths to dempdul at or
fingers; and [1015] FIG 5 is a diagramof an exenplary receiver apparatus
capabl e of maximzing reception of nmulti-gath signals by enphasizing the
diversity of receive chains using optiml search and denodul at or fi nger
assignment operations for diversity receivers. DETAILED DESCRI PTI ON The rd

"exenpl ary" [1016] vvo | I ng as an
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[1015] FIG. 5 is a diagram of an exemplary receiver apparaius capable of

maximizing reception of multi-path signals by emphasizing the diversity of
receive chains using oplimal search and demodulator finger assignment
operations for diversity receivers.

DETAILED DESCRIPTION

[1016] The word “exemplary” is used exclusively herein to mean “serving as
an example, instance, or illustration.” Any embodiment described herein as
“exemplary” is not necessarily to be construed as preferred or advantageous
C over other embodiments.

[1017]  FIG. 1 is a simplified block diagram of an exemplary embodiment of a
diversity communication system 100. At a transmitter unit 110, data is sent,
typically in packeis, from a data source 112 to a transmit (TX) data processor
114 that formats, encodes, and processes the data to generate one or more
analog signals. The analog signals are then provided to a transmitter (TMTR)
116 that amplifies, filters, quadrature modtilates, and upconverts the received
analog signals io generate a modulated signal suitable for transmission via one
or more antennas 118 to one or more receivers 130.

[1018] Receiver unit 130 may comprise a cellular telephone for mobile
subscribers (mobile station), a cordless telephone, a paging device, a wireless
local loop device, a personal digital assistant (PDA), an Internet ielephony



conponent of a comruni cations system At a receiver unit 130, the
transmtted signal(s) 1is received by one or nore antennas 132a- 132k and
provided to a receiver (RCVR) 134. The diversity architectur receiver
unit 130 is detailed in FIG 2. Wthin receiver 134, each reiél JaY Hignal
is anplified, filtered, frequency downconverted, quadrature denodul ated,

and digitized to provide inphase (1) ang quadrature (Q sanples. The

sanples may be digitally processed and then provided to a receive (RX) data
processor 136 that further processes and decodes the sanples to recover the
transmtted data signals. The processing and decodi ng at RX data processor
136 are perfornmed in a nmanner corrpl enentary to the processing and encodi ng
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210, the received signal fromantenna 132 is (low nolise) anplified by an
anplifier 222, filtered by a receive (RX) filter 224, frequency
downconver t B@1irihe djeasitystommeunication sysien diebgribad fabevpieuppprts transmissions of

converter/ dt?éch&gt&trﬁéssggiﬁg, \ﬂ)’ﬂ%, 9iicig$,teinaeo%el?¥ype9%?caﬁmhnit]:aﬁ]dﬁ% %RQ airection.
A bi-directional communication system supports two-way data transmission. FIG. 1 can
represent the forward link processing in a CDMA system, in which case, transmitter unit
110 can represent a base station and receiver unit 130 can represent a mobile station.
FIG. 1 may also represent the reverse link processing in a COMA system, in which case,
transmitter unit 110 can represent a mobile station and receiver unit 130 can represent a
base station. The disclosed embodiments are equally applicable to modulation
techniques other than CDMA.

[1020] FIG. 2 is a block diagram illustrating the architecture of an exemplary
embodiment of diversity receiver unit 130. In this embodiment, receiver unit 130 includes
a number of antennas 132a through 132k. Each antenna 132 couples to a respective
received signal processor {or pre-processor) 210a-210k within receiver 134. Within each
pre-processor 210, the received signal from antenna 132 is (low noise) amplified by an
amplifier 222, filtered by a receive (RX) filter 224, frequency downconverted and
guadrature demodulated by a frequency converter/demodulator 226, and digitized by

one or



7 nore anal og-to-digital converters (ADCs) 228 to provide ADC sanples. The
ADC sanples are further processed by a digital processor 230 to generate
conplex | and Q sanples that are then provided to receive data processor
136 as data streanms. An exenpl ary enbodi nent of receive data1p00ﬁ§ﬁéﬁﬁ 136
has 4 denodul ator fingers, for denodulating the signals from na

[ 1021] As shown in FIG 2, receiver unit7 130 includes a nunber of antennas
132a through 132k that couple to a nunber of pre-processors 210a through
210k used to process the signals received via the antennas. Each

conmbi nation of antenna 132 and pre-processor 210 forns part of a signal
path (multi-path) used to process a particular received signal. The use of
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may further suppress interference fromother transm ssion ources ot h of
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or der o otididtuldig HRSIgraM 1M B antéiffasexaml e, mul tipl e stages of
anplifiers and filters are typically provided w thin pre-processor 210.
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denodul ators t he maxi mum performance in a diversity environnent,
cel | di vers‘f"ﬂ?‘%ﬁiﬂmﬁfﬂ@rﬁﬁfgor”&ﬁf\‘i@rmty nust be preserved by using the
searcher and denmpdul ator resources in an optiml manner for the diversity
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used to lmplement pre-processor 210. Generally, pre-processor 210 can mc!ude any

combination of the functional elements shown in FIG. 2, and the elements can also be
arranged in any order to obtain the desired output. For example, multiple stages of
amplifiers and filters are typically provided within pre-processor 210. Moreover, different
functional elements than those shown in FIG. 2 may also be included within pre-
processor 210 and remain within the scope of the invention.

[1023] in a conventional system with one antenna, the single antenna provides multiple
paths that are assigned to the available demodulators based simply on signal strengths.
For example, the four strongest signal paths would be assigned to four available
demodulators. In the exemplary diversity embodiment with 2 antennas and four
demodulators, optimal utilization of the signals from the two antennas cannot be
obtained by simply assigning the strongest signal paths to the available demodulators.
To get the maximum performance in a diversity environment, cell diversity and antenna
diversity must be preserved by using the searcher and demodulator resources in an
optimal manner for the diversity environment. First, searching is performed to detect the
set of possible paths by performing a standard search for a single antenna onh each
antenna of the diversity receiver. Then, a diversity optimization



antenna of the diversity receiver. Then, a diversity optimzation | 1 JAN
2007 8 denodul ator finger assignnent algorithm or triage, is applied to
the set of possible paths produced by searching the di versitﬁn&rﬂi W
signals. The diversity optim zation denodul ator finger assi‘g ﬁ gorithm
maxi m zes reception of the diversity antenna signals by enphasizing the
diversity of the multiple receive chairfs in assigning paths to denodul ator
fingers. The novel use of searcher and denodul ator resources for diversity
optim zation is detailed in the following figures. [1024] FIG 3 is a

flowchart illustrating steps of nulti-path searching in accordance with an
exenpl ary enbodi nent. One skilled in the art will understand that ordering
of steps ddndusidkd! Midel Bsdigitrerd a\l@orﬁl’% bi !F‘aéé ng- ath@d B iOGet & ;Sd%'%fﬁlé y
amended by om ssion Or re- ordering of the Steps illustrated w thout

depar t i ng” RaFhPOHECR B seyehipg éheyrliversitis anteneaBigaslpe e diversity oetininiiany
operati on demddRfRTmgl! Ssdighnednt BRbAGNT MexiRezt r@t%pl%n fo@iheP&flﬁers.twaﬁta%aact ve

set of a receiver unit, The active set consists of the el| sectors

current|y BEE”P k%gh%&'ww&we&émmedww? ergoe 0@§§‘Fg‘hﬁ§?‘ﬂmnm star chi ng

oper ati on ddnfodRRidraing®d. Pye ARRPUS &%eh%ﬁer%lﬂr@haoowat&%é&‘r@s' f@:nd!véréityt he
recei ved mpgnal around t he gl | ot PN of the cell sectors, el ement’s, in

the acti ve’RiBizatighis aeiailpd M the fdpwingigdi®s: sweeps t hrough aII the time offsets
around a particular pilot PN and finds the correlation peaks, each peak

being a pngqu"ﬁ@es@s m;&ba{arﬂqm@slﬁah@oaeﬁé Bﬂﬂﬁﬁfpaﬁf RRdhind ik QRBdrade wifar chi ng

operati on 300 "begi ns at steE ntr ol proceeds to step 304. [1026]
In step 303N SXePIgnsembpimest. esidied inthe @’hé”“a‘é‘ﬁeﬁéa@efﬂ“a’i Qrdgdnceeft BePsf or

search.  GoRkmeld 15'%’ @ﬁ@ﬁ@ﬁﬁﬁltlﬁ@ ﬁb%etﬁ@&s |[e¥19§17:lzmérﬁbéﬂt BPoridSiontdigeener gy

in a predeterm ned nunber of tinme offsets around the PN 'selected in step
304 is neddHeEY phfecsiepe|iisiraigd withoyh deRartipg dop Evpserneeft the disclosed

predet er m QrEhdiHERE th@fse@thﬁ@to‘bel'a‘iloﬁ w;resp&tsmpe RPGindifg frRNRAat B&ns &Jr FARCHh
diversity antenna. In_an exenp odi nent, there are 2 antennas. Wen

step 306 hAdhpeaetvepit foélanﬁé"ﬂe"mdl*mteiéﬁ agfivectri £oneislstqf dne PNsVPf el 8688 to st ep
308. [ 1028juriehtnsb&Rg 38 biddréd A lde@baliber FiNyepla88BRhent! Thd B&aratikd Yerafin have
not been Sg%ren?fct]r?n%d by measuring the energy, or correlation, in the received signal around the

pilot PN of the cell sectors, or elements, in the active set. The searching operation

sweeps through all the time offsets around a particular pilot PN and finds the correlation

peaks, each peak being a path where a higher peak is a stronger signal.

[1025] The searching operation 300 begins at step 302. Control flow proceeds to step
304.

[1026] In step 304, the next PN, or element, in the active set is selected for search.
Control flow proceeds to step 306.

[1027] In step 306, the energy in a predetermined number of time offsets around the PN
selected in step 304 is measured for correlation. In an exemplary embodiment, the
predetermined number of offsets is four. Step 306 is repeated for each diversity antenna.
In an exemplary embodiment, there are 2 antennas. VWhen step 306 has been performed
for each antenna, control fiow proceeds to step 308.

[1028] In step 308, if all of the PN elements in the active set have not been searched,
control flow returns to step 304. If all of the PNs have been searched, control flow

proceeds to step 310.



control flowreturns to step 304. If all of the PNs have been searched,
control flow proceeds to step 310. 1 1 JAN 2007 WO 2004/008655 9 [1029]
In step 310, a predeterm ned nunber of the highest correldt]dmNbg for
each antenna are selected as possible paths. Control flow proceeds to step
312, endi-ngwdhmopeeseisss. [ 1030] When antenna diversity is added to a

recei ver, the nunber of possible paths is the nunber of paths returned by
the searching operation for all cells nuktiplied by the nunber of antennas.
In an exenpl ary enbodi nent, a receiving Unit having two antennas is in
handoff with three cells, and the searching operation returns four paths

f h I d t.h d t h 6
For each cel b 0di5laig, oPasail eiPamiid Ty ipaldhedtdhe MdneST RtielAoh pedks "9
conpl exi ty oﬁoraéaiﬂh%t@ﬂnﬁaw§ere@té1?aysa!;@}bl@rpam§9%'ﬁtrol ﬁoﬁﬁﬂ@é&zﬁéﬂ%ow 2

diversity system Diversity optimzation triage of assigni
pat hs to the3aRaendibyg éhelprasggsator fingers is detailed i n FI G 4. [1031]

FIG 4 h Ly d
ol gor  thm Fof 4fiaqabnbniarihTt BErdl i Rafe o réStiverhehupBefd adiinie,
oper ation t opdafoRuhat MimbeNeP bathsReusistl! hyethd Qeéﬂaﬁm@' %ﬁ)é\‘alnbn%ﬂﬁﬂ%feﬁé‘d

t hat orderlng of steps illustrated in FIG™ 4 is not tin The nmethod is

readi |y anentdiplieg bii tha snnaber of candernasy ofn tEh'e @@mmam etmqomnem witt hout

opt i m zati on SO e R, 8 SHRBAISIE T BAMAT i 468, G0l S de.or 1y

enmphasi zi ng &barchitigr eperationofettifts rcﬂﬁepmsqbaleaﬁzh E@lphg@d tifg Phepdhisinesi ty
of the receive chains enhances reception by better interfereénce
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[1031] FIG. 4 is a flowchart Hlustrating steps of a diversity optimization
algorithm for triage assignment of possible paths created by the searcher
operation to demodulator fingers. One skilled in the art will understand that
ordering of steps illustrated in FIG. 4 is not limiting. The method is readily
amended by omission or re-ordering of the steps illusirated without departing
from the scope of the disclosed embodiments. The diversity optimization
algorithm maximizes the reception of the diversity receiver by emphasizing the
diversity of the receive chains. Emphasizing the diversity.of the receive chains
C, : enhances reception by better interference cancellation resulting from
exploitation of the independent fading that is provided by multiple receive
chains. The diversity of the receive chains is emphasized by ensuring receive
chain diversity and cell diversity in signal combining. At least one demodulator
finger is assigned to each receive chain without compromising cell diversity. In
an exemplary embodiment having three cells with four paths each received by
two antennas, four paths are chosen from the set of twenty-four possible paths
to be assigned to four available demodulator fingers. If the four paths with
highest signal energy are all from one cell, the weakest path is replaced with the
highest energy path from another cell until all cells are represented. Likewise, if
all paths are from a single antenna, paths will be replaced with paths received
by any un-represented antenna until diversity optimization is achieved. In
receiver architectures where the number of cells is greater than the number of



an exenpl ary enbodi nent having three cells wth four paths each receiVed-ny
two antennas, four paths are chosen fromthe set of twenty-four possi-ble
paths to be assigned to four avail abl e denodul at or firpqerﬁN z@gt he four
paths with highest signal energy are all fromone cell, IJ e kest path.is
repl aced wibt2nodrdogsss hi ghest energy path from another cell until all cells are :
represented. Likewise, if all paths are froma single antenna, paths wll
be replaced with paths received by an)f un-represented antenna unti l
diversity optimzation is achieved. In Oreceiver architectures where the
nunber of cells is greater than the nunber of 1 1 JAN 2007 WD 2004/ 008655
10 power control conbiners, cell diversity may be preserved to the nunber
of power RO¥er 6PNEIInEPMBINETS eelbAiversity mayePsi PiEseptachia dbe aninabefopf t hm 400

begi ns at dﬁt%\ﬁé’i'&%rolgﬂﬂﬁ)rir%r fl ow proceeds to step 404. [1033] In step 404,
a standar I hger assrgnnment is nade according to signal strength and cell

di versi ty.[10B243l | Ghetdivesity loptimizdtion aigbiithen 460 Bagingat steppttselostrol i n t he
assignnment, the weakest signal path froma cell with multiple finger .
assi gnrrent@o‘@’@‘?f@%@@m 8%hd replaced with the strongest signal path of an

un-repres cel \ L Ved S ' | I y
enbodi rren'?ﬁb?ggjr sl+ Str@f 46;)%{%%{3&9%@@%?%3@“@%“33%’ éj r?oéc;blﬁn g@ 8§)&$ g‘rgnjgnglg S.
Control flsivemyth@nddeiltdivatity Kl of (i€ 84lls Imthetamtivd @6t atdhroiseprstented

assignnment, of step 404 is inspected for, receive chain djversjty., Control

T ow proceBalhe GoSUBMeNatg HERPS) Ml PalodToms & il Wibemuple gl ve

chai ns wer : O; _ ; il ssd gonent of
ctop 206, L3t TG (s s asSBREA i ephiedd A Y SHOAGES SRabat ol A1)
have been uanhépesdnteGoralloluniit | cell pliversiys ist cachtieyedi26,Inerlitk ngxemplay ocess.

or oceeds. { BTERBD HY VR Pabse AL SRSl 8 [N FOdPgURLT guers. A
Control flow proceeds to step 406. ~—
[1034] In step 406, the standard assignment of step 404 is inspected for
receive chain diversity. Control flow proceeds to step 408.

[1035] In step 408, if all diversity receive chains were found to be
represented by the demodulator finger assignment of step 4086, both cell
diversity from step 404 and receive chain diversity have been achieved. Control

flow proceeds to step 426, ending the process. Otherwise, receive chain
diversity has not been achieved and control! fiow proceeds to step 410 in order

to ensure receive chain diversity.

[1036] In step.410, the strongest signal path received by the un-represented
receive chain is identified from the set of possible paths. Control flow proceeds )
to step 412. ( )
[1037] In step 412, the signal paths from the un-represented receive chain

are inspected to determine whether at least one of the paths has sufficient

signal strength for demoduiation. If no signal of sufficient strength is present,
control flow proceeds to step 426 ending the process. If a signal of sufficient
strength is found, control flow proceeds to step 414.

[1038] In step 414, a demodulator finger is identified to be re-assigned with

the strongest signal path of the un-represented receive chain identified in step

410 without disturbing the cell diversity of siep 404. The finger having the
weakest signal path that either originates from the same cell as the strongest
signal path received by the un-represented receive chain identified in step 410,

or a finger having a signal path originating from a cell having more than one



[ 1036] In step, 410, the strongest signal path received by the un-represented
receive chain is identified fromthe set of possible paths. Control fl ow
proceeds to step 412. C [1037] In step 412, the signal paths fromthe
un-represented receive chain are inspected to determ ne mh?tﬂerN?t | east one
of the paths has sufficient signal strength for denodul atifo SAN 2807 si gha
of sufficient strength is present, contltol flow proceeds to step 426 ending
the process. If a signal of sufficient strength is found, control flow
proceeds to step 414. [1038] In step 414, a denodul ator finger is identified
to be re-assigned wwth the strongest signal path of the un-represented
receive chain identified in step 410 without disturbing the cell diversity

of step 404derﬂ_cfb%la':c18rrfﬂﬁér M)eq.n nt B%eﬁ%ﬁé’é‘f’o?tre%.é.%erﬂg?ght?omﬂ&y zjir&c'ég&s to

originates fromthe sane c as the strongest “sign pat ceived by the
un-r epr esent!@i4tecei ve chain identified in step 410, or a finger having a
signal path originating froma cell having nore than one i 1 JAN 2007 It

pr oceeds. 1 oL I3 SiBaAEPA FEBiol alol /R, s oy 458 SRRy CEfieg, T OV
r e- assi gnnesdntrfiowguiecasds tastey 418 EMbervisedcontrobiiow pocdddse plepd@ads to step
418. O herw se, control flow proceeds to step 422. [1040] In step 418, the

si gnal pat t,he lator. finger | tif] - assi. nt in step
319 s bo. BT EERE' (LPHghaTRER SO Gbliplubh B SEHRRTEL &b 20,

t he st rongeassigoingnih sieatd] 4iedeassighedyContml flow prepeedsantstgh 428cei ve chain
identified in step 410 is assigned to the denodul ator finger identified for

or ocoss, [ 101 55Tt $26 s PPRlcE s P 5SS RER ] RSt Soeen & el ac or

1; | ntger bi(:gul cdwaimtdenﬁied_cie:sié;:uMHp i]l?easistgead! ijd’a itieel dfgbdnlemﬁmggnﬁpngffmﬁgﬁﬁ; Che
i stur . . ,

nunber of gcageslfg'{z’gﬁ%étlsti1 g{neéd{ 1t§’ b&%%gﬁ gﬁjg?eq%ﬁﬁéép sﬁsié%gié'ggl{iﬁ IP°FHhan t he nunber

of power control conbiners provided by the diversity receiver architecture.
[1042] Control flow reaches step 422 if, in step 416, a demoduiator finger could not

successfully be identified for re-assignment without disturbing the cell diversity of step
404. Step 422 determines whether the number of cells assigned to demodulator fingers
is greater than the number of power control combiners provided by the diversity receiver
architecture.

[1043] In a CDMA communications system, all of the base stations in communication
with a mobile unit send Up/Down power command to the mobile station. The mobile
station employs OR of down power control logic, reducing transmit power, if any, one of
the base stations command reduced power. In order to process the power control
commands, the mobile station must have a demodulator finger assigned to the
commanding base station and a power control combiner to process the power control
command signals. In an exemplary embodiment, a receiver architecture supports three
power control combiners and four demodulator fingers. In such an embodiment of
receiver architecture, the cell diversity can only be preserved to three cells. In other
words, the cell diversity is limited by the number of power control combiners the
architecture supports because there is no purpose in preserving cell diversity to more
than the number of available power control combiners. If all the four demodulator fingers
are assigned signal paths from different cells, one must be eliminated because power
control commands cannot be combined from all four cells with only three power control

combiners.



[1043] I'n a CDVA conmuni cations system all of the base stations in

comuni cation wth a nobile unit send Up/ Down power conmand to the nobile
station. The nobile station enploys OR of down power control | ogic,
reducing transmt power, if any, one of the base stations command reduced
power. In order to process the power control comuands, the ile station
must have a denodul ator finger assigned to the comuanding $§D tﬂﬂ?on and
a power control conbiner to process theldbower control conmand signals. In
an exenpl ary enbodi nent, a receiver architecture supports three power
control conbiners and four denodul ator fingers. In such an enbodi nent of
receiver architecture, the cell diversity can only be preserved to three
cells. In other words, the cell diversity is limted by the nunber of power

control cor[mafnf&hé ABmbaF Sﬂs%@%é}”béllssib‘ﬁﬁpgﬂe&eﬁ?%%g nuRBEE of w’s? deHEgose in

preserving cel| diversity to nore than the number of availa power
control corfBMRBEE: coptre) flow peoceeds tajslep ARBagnsing fh@gé’%essaﬁfef@s@i"@#%oofm gnal

paths fromadiigh&s edls ©edrbdter WL fnéS.surh@ereAfl @mt&ﬁtraesaﬁﬁﬁergowﬁmu gept r ol
commands cannot be conbined fromall four cells wth only three power

control coRfEREI O staP 42410 jAN 2007 [ 1044] |If the number of assigned cells
is not greater than the nunber of power control conbiners, control flow

proceeds 1 g16dsthh 426 49N dhgdebitet § Péi%§§?nédftofaht%rﬂb‘dm?cfr fifber i@ph@RAGNGE! | S TS

greater th e nunb power contro nbi ners, cont ow proceeds
to step 42&0nt[01®@5prq0ﬁe@qt@pstm4¢l8whﬁéemaﬁ@@tp@hm agpigiiedned to a

denodul ator finger is identified and control flow proceeds to step 418

where the Fi@akhg] ga{jlsgra@gbgca 2 a[rn:lﬂér?] reF!asg’er %g{)ﬁaﬁlsdké’(prcggéﬁg &"
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accordance wt Specl I catlon ternati vel W re ess
nmodem 504 dhriwirelasssmpeere 504 @ad ér@oa;rﬂltt@rp‘éqﬁa@r@ratﬁ in a@z@fﬁe@aﬁwhmq (2]) 0= P S0

wirel ess st3od@alsn Sethativel), S wireléshem 864 S ansmitter 506 could operate in

accordance with other wireless standards such as iS-95, W-CDMA, or EDGE.

[1047] The control processor 502 is connected to diversity receiver 512 and a memory
510 having code or instructions directing the control processor 502 to maximize
reception of multi-path signals by emphasizing the diversity of receive chains using
optimal search and demodulator finger assignment operations for diversity receivers.
The memory $10 may include RAM memory, flash memory, ROM memory, EFROM
memory, EEPROM memory, registers, hard disk, a removable disk, a CD-ROM, or any
other form of storage medium or computer readable media known in the art.

[1048] In an exemplary embodiment, the control processor 5§02 executes instructions
stored in memory 510 according to the steps of FIG. 4 to make a demodulator finger
assignment according to signal strength and cell diversity. The control processor 502
then executes instructions stored in memory 510 to re-assign signal paths to achieve
receive chain diversity if necessary. Control processor 502 may execute instructions
stored in memory 510 to consider the availability of power control combiners 514 when
making demodulator finger assignments depending on the architecture of diversity

receiver 512.



[ 1047] The control processor 502 is connected to diversity receiver 512 and
a nmenory 510 having code or instructions directing the control processor
502 to maxim ze reception of nulti-path signals by enphasizing the
diversity of receive chains using optiml search and de ul kor finger
assi gnment OGP 2UORSES f or diversity receivers. The nenor 54@ mﬂW?include
RAM nmenory, flash nenory, ROM nenory, EPROM nenory, EEPROM nenory,

regi sters, hard disk, a renovable di sk, a“iI>F%]w or any other form of
storage nedi um or conputer readable nmedia known in the art. [1048] In an
exenpl ary enbodi ment, the control processor 502 executes instructions

stored in ne 51 cor di t f to k d dyl at or
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re-assign signal paths to achieve receive chain diversit f necessary.
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| nproved net hod and apparatus for diversit sear chi ng and denpdul at or

finger assigiHERTAHGN, £Ig0aI% RS sSHBRAENRRAENDE thalmay priaiRienrashindeughqued.
Those of skilye | g a&ésc%fﬁ)'ﬁbﬂ %Q?rsﬁfngeblté@entédﬁf %g”a\tréi e@ndcﬁl'rgﬂﬂ,s may
any y 0 | techno

he |
be represent edeu5| ng of "a varie ferent gres an

t echni ques. letectonagrietic wintes, magsbtic fibldsne, partictes nejstical fisiflo omphitisies, or
signals, bits, symhols, and chi ps that may be referenced throughout the
above descri ﬂ"ycﬁ‘i’uﬁ%ﬂaﬂﬁ‘*‘@ﬁ sented by voltages, currents, electromagnetic

o et on 1851, Bl Pl 6eR) e LA ol RIS DY,
various il | udegicali Meckd, agodules pticmits, amdoaljesthntistepsi descrived ial gumiectionst eps
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both. To cl edkdwhiel edtipaitet ddtivdare, or combinations of both. To clearly illustrate this
interchangeability of hardware and software, various illustrative components,
blocks, modules, circuits, and steps have been described above generally in
terms of their functionality. Whether such functionality is implemented as
hardware or software depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
implementation decisions should hot be interpreted as causing a departure from
C- the scope of the present invention.
| [1051] The various illustrative logical blocks, modules, and circuits described
in connection with the embodiments disclosed herein may be implemented or
performed with a general purpose processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof designed to perform
the functions described herein. A general purpose processor may be a
ricroprocessor, but in the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine. A processor may also
be implemented as a combination of computing devices, e.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more



I nterchangeability of hardware and software, various illustrative
conponents, blocks, nodules, circuits, and steps have been descri bed above
generally in terms of their functionality. Wether such functionality is

I mpl enentyeg 2@9/00438¢ dwar e or software depends upon the p,‘a tj (‘\EI ﬁ@’ application *
and design constraints inposed on the overall system iAl d rti sans may

I npl ement the described functionality, in varying ways for each particul ar
application, but such inplenmentation Yeci si ons shoul d not be interpreted as
causing a departure from the scope of the present invention. [1051] The
various illustrative |ogical blocks, nodules, and circuits described in
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(DSP), an 5% H fon specific integrated circuit (ASIC), a field
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st or age 'medr um kpown in the
art. An expmpbssor arsd dhagtoragdi mediusn oo reside dntdre ABICceThorASIE Imdyhe

processor feas?der ?na% receiver unit. In the aliernative, the processor and the storage
medium may reside as discrete components in a user terminal.
[1053] I should be understood that the disclosed embodiments described in
the context of CDMA phones are applicable to other types of communications
systems and modulation techniques, such as Personal Communications
Systems (PCS), wireless local loop (WLL), private branch exchange (PBX), or
other known systems. Furhermore, systems utilizing other well known
transmission modulation schemes such as TDMA and FDMA as well as other
spread spectrum sysiems may employ the disclosed ernbodi?nents. ~
[1054] The previous description of the disclosed embodiments is provided to (N
enable any person skilled in the art to make or use the present invention.
Various modifications to these embodiments will be readily apparent to those
skilled in the art, and the generic principles defined herein may be appiied to
other embodiments without departing from the spirit or scope of the invention.
Thus, the present invention is not intended to be limited to the embodiments
shown herein but is to be accorded the widest scope consisient with the
principles and novel features disclosed herein.
[1055] WHAT IS CLAIMED IS:



information from and wite information to, the storage nedium In the
alternative, the storage nedium may be integral to the processor. | The C7
processor and the storage nmediummay reside in an ASIC. The ASIC may reside
in areceiver unit. In the alternative, the processor and the storage

medi um may reside as discrete conponents in a user termnal, [1053] It

shoul d be understood that the discl osedignbodi ments describedl jAN Ahe

cont ext of CDMA phones are applicable to other types of conmunications
systens and nodul ati on techni ques, such as Personal Conmmunications Systens
(PCS), wireless local loop (WL), pri®&®M8ranch exchange (PBX), or other
known systens. Furthernore, systens utilizing other well known transm ssion
nodul ati on schenes such as TDVA and FDVA as well as other spread spectrum

systens may, enpl i %ﬁ% §9?gfﬁm°e OV
descripti on1'of t‘ﬁ?dﬁc@@%ﬁ e %ﬁ%&ﬂ?s S S}E)r&??é%rstﬁg?%&ﬂ%ﬁa ?i“eé%’ per son

skilled in @MPr&iNg: t o make or use the present invention. Various
nodi fications to these enbodinents will be readily apparent to those

skilled in the j fnei 2f | r el applied
to ot her enbodi arrstrgtﬁ{cgﬁ@nqto {1%@? ggggé{r@f ﬁ%ﬂt@r%o%"? E%&g\{ﬁdrqﬁ{i m@%@c%ﬁ%ﬁ bc?r?e

i nventi on. divehsity, recéigempioereduce asehof pessitde nuoiti-paib simtels foo absignmerttted t o t he
enbodi nent s : j e deSe i - SCOP j St ent
wth the Ryt QAR ngefs, hehin 3 A0S of Diestie Wl EBRT G T
CLAI MED | S: gregtenthan aaneoaf deglodulielr fingets atthe divefsdy reteivetul at or fi nger
assignnent in a diversity receiver, the method conprising: searching for

signal s sent by i pl S Lye i S Lversity
Fecer ver to. prodisanisBalieaton et e e o Ah 2 e BenRtene To' X
plurality dingdenpdubssigning ehtpass pnevimaiepath ssignahiveseivefl Imosacthlastenud tto gpat h
signals is degﬁoeo%l}a%rﬁﬁpgrn a nunber of denodul ator fingers of the diversity
receiver; assigning at least one nulti-path signal received fromeach cell
to a denodul at or

2. The method of claim 1, wherein searching for signals comprises measuring

correlation between received signals and pseudo-random noise (PN) sequences of the

cells.
3. A diversity receiver device comprising:

a plurality of antennas, each antenna being configured to receive signals from
multiple cells; '

a plurality of receive signal pre-processors, each pre-processor coupled to a
separate antenna; and

a receive data processor configured to:

search for signals sent by multiple cells received by the plurality of
antennas to produce a set of possible multi-path signals for assignment to a
plurality of demodulator fingers, wherein a number of possible multi-path signals
is greater than a number of demodulator fingers;

assign at least one multi-path signal received from each cell to a
demodulator finger; and assign at least one multi-path signal received by each

antenna to a demodulator finger.



finger; and assigning at |east one nulti-path signal received by each
antenna to a denodul ator finger. 2. The nethod of claim1, wherein
searching for signals conprises neasuring correlation between received
signal s and pseudo-random noi se (PN) sequences of the celis‘i g ﬁgﬂiversity
receiver device conprising: a plurality of antennas, each an é Ha i ng
configured to receive signals from nultgple cells; a plurality of receive
si-gnal pre-processors, each pre-processor coupled to a separate antenna;
and a receive data processor configured to: search for signals sent by

mul tiple ced| 3he etaskived deyicehef ptlaimald twheséin thet eleniss is0 prodhilee statioat  of
possible multi-path signals for assignment to a plurality of denodul ator
fingers, wherein a nunber of possible multi-path signals is greater than a
nunber of denodul Bethed forngings divassilygaceiver) the methodecomprisingpat h si gnal
received fromeach cell to a denodulator finger; and assign at |east one

mul ti-path signal i : 0_a._. Q [ J AN
2007 16 2 CTiveeioRg; U iots SRR oy MU Rl ieBaHENRY B 3 IR of o ¢
station. Santehnaetdicad diversity seerives tdi wedusiet § sebotipossible trhetipathhsignaleipr i si ng:

sear ching fQr:.Si S . ' - I ve urality
of ant ennaés%glgﬁ hgﬂﬁov%?gﬁlg}p%%é%@é@oﬁﬁret%l%hgpezﬁ \sée'ﬂ‘mg%/ergog?sa y {)lg%rr@{'t i -path
si gnal s f orpattagighaipissimeaterdhan phumhei of gembdelateoptingess;or fi ngers, wherein a

nunber of possible multi- path signals is greater than a nunber of

denodul ator fingers.. Lgni tr S | tj-path sigpals fromthe set of
possi bl o mul 1 - gapAnof SRarEsr e 4aRonhin hs O o 52 e0R Rut b8 sietRs"
weakest si gnéie grmddufatardingerd; from a cell having nultiple denodul ator finger
assignnments and repl acing the de-assigned signal with a strongest

de-assigning a weakest signal path received from a cell having multiple
demodulator finger assignments and replacing the de-assigned signal with a strongest
multi-path signal received from a cell having no demodulator finger assignment until all
cells represented in the set of possible multi-path signals have at least one multi-path
signal assigned to a demodulator finger;

de-assigning a weakest signal path received by one of the plurality of antennas
having multiple demodulator finger assignments and replacing the de-assigned signal
with a strongest multi-path signal received by an antenna having no demodulator finger
assignment until all antennas represented in the set of possible muiti-path signals have
at least one multi-path signal assigned to a demodulator finger; and

combining the multi-path signals assigned to the demodulator fingers to produce
a maximized received signal.

6. A diversity receiver device comprising:

a plurality of antennas, each antenna being configured to receive signals from
multiple cells;

a plurality of receive signal pre-processors, each pre-processor coupled to a
separate antenna; and

a receive data processor configured to:



mul ti-path signal received froma cell having no denodul ator finger
assignnent until all <cells represented in the set of possible nmulti-path
signals have at |east one nmulti-path signal assigned to a denodul ator
finger; de-assigning a weakest signal path received by onﬁ Pf ME |urality
of antennas having nultiple denodul ator finger assignnment's aI | aci ng

t he de-assigned signal wth a strongd§t nulti-path signal received by an
antenna having no denodul ator finger assignnment until all antennas
represented in the set of possible nulti-path signals have at |east one
nul ti-path signal a38r¢rietsignals satrRyduvitiple cels iegeived hngaetoabthripigalithe

mul ti-path si ggedrfer®as! 'tnSl 'ﬁﬂﬂu&é’ ald3€ of Sogbie ALMLpatn Qi@ﬁé@ féroasgfgﬁﬁlr'éﬁteto &

maxi m zed received si A diver si ty recelver devi ce conpri si ng

plurality of aPft@HME e@aewa@hf'@ﬁﬁ% versig adwitbep of eessile gl S'gnﬂjﬁhal s from

nul tiple cellsi g?edi’érllﬁﬁrléhb(mﬁér df @6MbN@atdl fHRLs; Pr €- processors, each
pre-processor coupled to a separate antenna, and a receive dat a processor

configured to: I 1 JAN 2007 17 search for signals sent by multiple cells
recei ved by each ofassigs grangesti mytti-pgth signaie fee the petoefuressities sltigiatihossi bl e

nul ti-path si ggghais folhe a@,ﬁbmmn kR.a plurality of denpdulator fingers,
wherein a nunber of possible It -path signals is greater than a nunber of

denodul ator fingers; assign st rongest multi-path signals fromthe set of
possi bl e mul ti - pat hde-agsigma b sweakestheignkt rsthu redebved ffrang ex sell dieviegsmtgﬁpla weakest

signal path re& febtde fﬂgae?a% hhmgﬁ&“:ﬂﬂ lakinB! thie d%@sggégiﬁkétsﬁ’ nal ﬁeé
assi gnnments an repI aci ng the de-assi gne sighal wt stronges
mul ti-path si gstengegcaulidaty ﬁ'@hﬁldeﬁ@l'&d hwlmgelhbaﬂmmgmﬁulawrnfgwer
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signals have at " east one assi to a [ at or
finger; de-asshaye %'%WU@PQW&@F@&@WW@@Q ad@anul@tﬁéfnwert he plurality of

de-assign a weakest signal path received by one of the plurality of
antennas having multiple demodulator finger assignments and replacing the de-
assigned signal with a strongest multi-path signal received by an antenna having
no demodulator finger assignment until all antennas represented in the set of
possible multi-path signals have at least one multi-path signal assigned to a
demodulator finger; and

combine the multi-path signals assigned to the demodulator fingers to
produce a maximized received signal.

7. The receiver device of claim 6 wherein the device is a mobile station.

8. A mobile station comprising:

a modem, a transmitter, and an antenna for establishing a wireless connection to

a wireless network;

a diversity receiver for acquiring a plurality of mUIti—path signals for assignment to
a plurality of demodulator fingers;

a control processor; and



antennas having multiple denodul ator finger assignnments and replacing the
de- assigned signal with a strongest multi-path signal received by an
antenna having no denodul ator finger assignnment until all antennas
represented in the set of possible nulti-path signals hfge$§ﬁntﬁ?st one
mul ti-path sighal assigned to a denodulator finger; and

mul ti-path signals assigned to the denodlél ator fingers to produce a
maxi m zed received signal. 7. The recei ver device of claim®6 wherein the

device is a nobile station nobil e station conprising: a nodem a
transmtter, and JFTERY &HH%le‘f' 6? tB@tCé’BVP'sHmﬁ%SSST WeViBg eapge coyn ingtrugtions tf@f a

wirel ess nefiietig the dbinker ﬁbbéésbﬁt‘cﬁm‘éﬁé dfeﬁhbd@ﬁt@k“ﬂﬁ@éi@as&gﬁhféh&' adc¥rdiHg to
of denodul at or flngers a

mul ti-path Si 0 ment to a urallty

control o%%@%l‘engﬁh lec‘yer I\?"é’d@‘?e"é?% NErgilupl ed to the control

pr ocessor havi ng code or instructions for directing the control processor
to make derpdul gt @ethbh BeRprigsei gnments according to signal strength, cell
diversity and receive chain diversity. 9. A nethod conprising: finding

mul ti-path signals sent by a plurality of cells received by a plurality of
antennas of a difirgingineylti-patesignals sentriyndeluraity pHaells reaeived iten ploraliyadfs bei ng

greater thafterfpal Bf@@fvel‘?:ft F‘fc@ﬂgru |a4¥uﬁ1'bsef ![)f(;wlﬁ]osmglﬂ r%g‘?? Q#ééfﬁ@h%éréa?e? ma}ﬂer

assigning strongest nulti-path signa ers
first cell Zi@abenst deraqdiater ingarstin tedivansityireqeiMer si gnal assigned to a
denodul ator fi nger de-assigning a weakest signal path received froma

do- assi gned si gRarouy Y Ay eF ARG il & M ERRAYRRED 0T om "The

first cell; if an antenna does not have a rrultl -path signal assigned to a
denodul at or fi ndgfen, firsdeehsoegmatghave biclmtt one radltipadh signelakssdnesti gnal pat h

that origi %B’?o%ufa{o?rﬁnaels, adg?asgﬁungaas weakest sighal path received from a second cell
having multiple demodulator finger assignments;

replacing the de-assigned signal with a strongest multi-path signal received from
the first cel;

if an antenna does not have a multi-path signal assigned to a demodulator finger,
de-assigning at least one of (a) a weakest signal path that originates from a same cell as
a strongest signal path received by the un-assigned antenna, and (b) a signal path
originating from a cell having more than one demodulator finger assignment such that
each antenna has at least one multi-path signal assigned to a demodulator finger; and

replacing the de-assigned signal with a strongest mulii-path signal received by
the un-assigned antenna.

10. The method of claim 9, further comprising determining whether a number of cells
having multi-path signals assigned to the demodulator fingers is greater than a number
of power control combiners.

11.  The method of claim 10, wherein if the number of cells having multi-path signals
assigned to the demodulator fingers is greater than the number of power control
combiners in the diversity receiver, the method further comprises de-assigning a
weakest signal assigned to a demodulator finger.



a strongest ~signal- path received by the un-assigned antenna, and (b) a
signal path originating froma cell having nore than one denodul ator finger
assi gnment such that each antenna has at | east one nmulti-path signal
assigned to a denodul ator finger; and replacing the de-assigned signal with
a strongest nulti-path signal received by the un-assigned antenna. 10. The
met hod of claim9, further conprising determ ning whether a?dudﬁ&rgmﬂ cells
having nulti-path signals assigned to the2 denodul ator fingers is greater
than a nunber of power control conbiners. 11. The nmethod of claim 10,
wherein if the nunber of cells having nulti-path signals assigned to the
denodul at or1% i nd¥yaPratatys mREiEinghan t he nunber of power control conbi ners
in the diversity receiver, the nmethod further conprises de-assigning a
vweakest signal asgiAngdr hQednadenodul ator finger. t f JAN 2007 19 12. An
apparatus conprising:  a pFurafity of antennas; a plurality of denodul ator
fingers; a processor; and a nenory, wherein the processor is configured to
execute a set ofa plwstity of déropdulatetfimgers; i n nenory to: find nulti-path signals
sent by a plurality of cells received by the plurality of antennas, a
nunber of found | £]- signals being greater than a nunber of

denodul at or fin§g$g§£§&a56% strongest nmulti-path signals to the denodul at or
fingers; if a first cell does not have at |east one nulti-path signal

assigned to a demelohatiwderdin Bgerocelonis dopfiguied\RakatliteSa 8B ipstiuatisrcei ved

froma second gel I havti ng multiple denodul ator finger assignnents; replace
t he de- assisé‘f‘fg '%’FS’H&W Fith a st rongest multi-path signal received fromthe
first cell; if an antenna does not have a nmulti-path signal assigned to a

find multi-path signals sent by a plurality of cells received by the plurality
of antennas, a number of found multi-path signals being greater than a number of
demodulator fingers;

assign strongest multi-path signals to the demodulator fingers;

if a first cell does not have at least one multi-path signal assigned to a
demodulator finger, de-assign a weakest signal path received from a second cell
having multiple demodulator finger assignments;

replace the de-assigned signal with a strongest multi-path signal received
from the first cell;

if an antenna does not have a multi-path signal assigned to a
demodulator finger, de-assign at least one of (a) a weakest signal path that
originates from a same cell as a strongest signal path received by the un-
assigned antenna, and (b) a signal path originating from a cell having more than
one demodulator finger assignment such that each antenna has at least one
multi-path signal assigned to a demodulator finger; and

replace the de-assigned signal with a strongest multi-path signal received
by the un-assigned antenna.

13. An apparatus comprising:



denodul ator finger, de-assign at |east one of (a) a weakest signal path that
originates froma sane cell as a strongest signal path received by the un-
assigned antenna, and (b) a signal path originating froma cell having nore
than one denodul ator finger assignnment such that each antenna has at | east
one multi-path signal assigned to a denodulator finger; apq gﬁpl ? t he
de-assigned signal with a strongest nulti-path signal recelve b@ﬁ he
un-assi gned antenna. 13. An apparatus €bnprising: 1 1 JAN 2007 20 neans for
finding nulti-path signals sent by a plurality of cells received by a
plurality of antenn f a di receiver, nber of found multi-path
signal s being anaé\aﬁ’gr %"ﬁ‘th‘??%éﬁnalﬁ FEhBH A Blf‘f?hltyf ?n ﬁeglﬁsrei:‘?i"%@y @iversity
recei ver; piealitg of @mteMI aira digersity @ogieat amuhiber plfolnd hgitBhath sRYnklB Deing

denodul at or f| | east one nulti-path

signal asd Baﬁ ?"ba Qumgﬁrn‘gd’ﬁmp'dlfmf }.'?ﬂfé?'n ﬂ?wee‘gm%’s'¥yorre°ﬁ§e 'assi gni ng a weakest

signal path received froma second cell having nmultiple denodul ator finger

assi gnment s; Mpadihs fdHassighg Sirdeb AUl DadSsRirBRAE tifd dshaddudtérTingers! r ongest
mul ti-path signal received fromthe first cell; if an antenna does not have

a multi-path signal assigned to a denpdul ator fi nger, neans for
de- assi gni ng atf Pefist celh&logs "(Oé)h%ev@aleéé‘;‘t 08¢ gAUi-patit BigNAlaBsYINegi Wakes from

a same cedetnoaala%ﬁr pgﬁgﬁéénssfog%l-asgﬁﬁlhg rae%hw@s@ sijhal BﬁthUFbc@ﬁéél GroRfl sant enna,
and (b) a signal path originating froma cell having nore than one

denodul at GECPIdRRYNa48g MM rifiRger asaigAMEAenna has at | east one
mul ti-path signal assigned to a denodul ator finger; and neans for replacing

the de-assi gnedeindaf rathdohgPing ! deRfba Bkl whRsRorBY muliSRfl ¥GAaY the

un- assi gned anten
received from the first cell;

if an antenna does not have a multi-path signal assigned to a demodulator finger,
means for de-assigning at least one of (a) a weakest signal path that originates from a
same cell as a strongest signal path received by the un-assigned antenna, and (b) a
signal path originating from a cell having more than one demodulator finger assignment
such that each antenna has at least one multi-path signal assigned to a demodulator
finger; and

means for replacing the de-assigned signal with a strongest multi-path signal
received by the un-assigned antenna.



