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techni ques. A CDVA system provides certain advantages
over other types of systens, including increased
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[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 sysiem
provides certain advantages over other types of systems, including increased
system capacity.

[1003] The use of CDMA techniques in a multiple 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." Another specific CDMA system is
disclosed in U.S. Patent Application Serial No. 08/963,386, entitled "METHOD
AND APPARATUS FOR HIGH RATE PACKET DATA TRANSMISSION," filed
November 3, 1997 (hereinafter, the HDR system). These patents and patent
application are assigned to the assignee of the present invention and
incorporated herein by reference.



[1004] A CDVA system may be designed to support one or

nore CDVA standards such as (1) the "TIA El A-95-B
woni4#oeseSsat i on- Base Station Conpatibility Staadasen3/021795

for Dual - Mode W deband Spread Spectrum Cel | ul ar

Systent (the 1S-95 standard),,(2) the "TI A El A-98-C

Reconmmended M ni mum Standard for Dual - Mode W deband

Spr ead Spectrum CeI | ul ar |\/be le Station" (the IS-98

68RE" & pohA AT oRR e (BRI 8y B2 k) e comA

fahestagd dyena a%et( 19 tReC UFWEEA obB| Mbbile DBetiorBase Station
Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25.213, and

Crampsiiaiity GtatanicivhDyabMased)Vidpagnd HabisesnGpearum Cellular

St Srlum 1S sponaBhel (R e AT A TR binended Minimum
Sfandard i&NDsial-Niddedividebatis: SpréadiBpeictram Caylalar Moblle Station"
Standard for cdma2000 Spread Spectrum Systens,'

(i S5 stangsge), @yibe seagard @ﬁe@@r@n anaonsarﬁh@ar\amed "3rd
T s
|ﬁ?ﬁ|@lirfg Dabimsht (\b_brchascaorﬁﬁm1 sacam&rzamzaaa rS)zsszﬁ& and 3G
ot her st andards

Pord AT by PLEona Sandgdl e hecengrenafiticd FE a pgpsortium
ﬁ%’n Raf, d& rﬁ%t?on P ﬁﬁbf rﬁﬁ"idrﬂﬁcpﬁ" (eppgradd®mbodied in a set

erre ere| as a high data rate
Qﬂﬁlbl@):umaﬁsemncf[ldmg—lDFEl%&léﬁerﬁhy@m%cLth &dangard for cdma2000

Phisat SPETEIRCBIPERS O GRPOOErR TR s Bl PR, Shypanalin

SRIREPACRr RURREDOD B Jsr@h@sspémnmrss@t@mspr Qmouethe "c S0024
conbi nation of H | ow data rate servjces

DR a
ShNABOGRIUARatr DRolksh Datss g nréiar BeeRTRatel olihe camaz000

% g?}q}gg‘% OR %ﬁ{g Z[[-.é.og{%@’%s n‘ﬁl&%&%ﬁgﬁgéﬁﬁeéﬁeﬁﬁorpora’ced

h&IHERY fefe¥rce! VERsY e Wm;ﬂ&hleutsAR\eTEuﬁlﬁ’HﬂhE Packet Data
SYSTEM", assigned to the aSSI nee of <§ resen

speciication ahibei aa2RsBAdRKT 15 efaed i bPEsia s ahiohdata rate
typ [ e

GIERS5xiny " PIGE, WERTSBR, 5 aSRpen o TEIkIS s,

fCDMAZBH0y hbiigh nBatmsE’aske\ttllba’sa, Aind |nisofage rﬁp@clﬂcahon and

mul ti-path derro ul ator fing ei vin

bR PRI it [oRrerIoena PEoRGsar, WEESs atbrS Giso provide a

é&ﬁ'{b'lr%ﬁ%l ORI PulStatBss e RRses (@uél@a@&lﬁﬁb@ﬁndﬁa& services)
| cation No. 09/892,280, entitled

UsldgTd sirglieHaBIARTACROCESSOR FOR SPREAD SPECTRUM

[1005] CDMA receivers commonly employ RAKE receivers, described in
U.S. Patent No. 5,109,390 entitled “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 co-pending U.S. Patent Application No. 09/892,280,
entited “MULTI-PATH SEARCH PROCESSOR FOR SPREAD SPECTRUM
MULTIPLE ACCESS COMMUNICATION SYSTEMS”, filed June 26, 2001, and
U.S. Patent No. 6,363,108, entitied “PROGRAMMABLE MATCHED FILTER
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[1007] To improve the quality of wireless transmission’s, communication
systems often employ multiple radiating antenna elements at the transmitter, or
diversity transmission, to communicate information to a receiver. Muliiple
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
transmission of radio signals, 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.
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SUMMARY

[1010] Embodiments disciosed herein address the above-stated need for
maximizing reception of multi-path signals by emphasizing the diversity of
receive chains using optimal search and demodulator finger assignment
operations for diversity receivers.
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OF THE DRAW NGS [1011] FIG 1 is a sinplified block
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receiver architecture; [1013] FIG 3 is a flowchart
illustrating steps of nulti-path searching in
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pioyie] al Tsswetdhfexermpa)y” ianskdexchisivele hefsinhg mean “serving as

an example, instance, or illustration.” Any embodiment described herein as ¢
“exemplary” is not necessarily to be construed as preferred or advantageous
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 packets, 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 modulates, and upconverts the received
analog signals to 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 Intemet telephony



WD 2004/ 008655 PCT/ US2003/ 021795 6 device, a

conponent of a satellite comunication system or any
wothErosesei vi ng conponent of a comruni cati onBCSSL@AN21795

At a receiver unit 130, the transmtted signal(s) is

recei ved by one or nore antengas 132 and provided to a

receiver (RCVR) 134. The diversity architecture of

receiver unit 130 is detailed in FIG 2. Wthin
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also represent the reverse link processmg in a CDMA 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) 210 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 quadrature

demodulated by a frequency converter/demodulator 226, and digitized by one or
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[1023] In a conventional'system with one an%/enna, the s%gle 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

on each antenna of the diversity receiver. Then, a diversity optimization



enmbodi nent with 2 antennas and four denodul ators,

optimal utilization of the signals fromthe two
wanv@rmess cannot be obtai ned by sinply assi gni RQTAUS2003/021795

strongest signal paths to the avail abl e denodul at ors.

To get the maxi mum performange in a diversity

environnent, cell diversity and antenna diversity nust

be preserved by using the searcher and denodul at or

resoyrces in an_optinal f ' i
dstpruRiditod pSfondRar ARGIERM, SerksRnn sE to,the set of
;S&%ib?ﬁt ?%spﬁﬁéddde@ P9t BsakyirRprther aivegsily ahamter gignals. The
searc or a single antenna on each antenna of the .
diversitgi optimézadione demudhidaton iingeasr apsignppnt nRISQMtR  Wgximizes

N O N

@iultipho $6¢dN & chairssinpasslyaiag fuths eardgmodultitee fifigees.siThe novel

antenna signals. The diversity optimzation,. . . . .
demotisparcher ang @@m%%atgﬁf@?ﬂur%%%n YRFSIhaRPHinizagion is detailed

I ' fe: di versity antenna signal's by
'QE'%EE@?OWHQ f'tghggsdi versity of the multiple receive
HMF‘S iMGassiigna nitpwehdrs ilust@ding dsileps oof muitigradh sE@sching in

nove use of search dd dul at . f .
BRQRIFANGS, WilH | AN 28XaTDRIATE SBPIRIRRIT | rOPReSKF o e art wil

Lh@é‘r’éfag}d lhé?tgfderf: f depsjlRsirbRUGAFIE. B ik wot it The method

steps | -path searching in accordance wth an _
i gl ramendbexd ibyeomisstme os ké{oreeting of filae stepsyiliustrated without

RO S RG MEra s  SEE 1 B R Ly bearcring
gﬁl%‘f’ibﬁ Ns PspchisslE g6 ﬂ@diﬁ% thb®est pathsi for PNg it #@ active set of a

hout departing fromthe scoge of the discl osed :
eadsdatir it sThaiestive apt BPRYstsopfdhati N of sell sepigng icyrrently being

g, 9, W RERPS ASAT, 1, S horatin i
BhFofheg ey racas@irg) ahe remirgy, loei crelatios, terteel feceived signal

d dul at fi [ . Th hi at i
REoungk e PHldPBY O i Gl RpCidE. Shelponty 1t dns AP s The

| g {c'ﬂ%ec{:?ﬁ&ja%ﬂ PR thrRIghHar Bidibtd’ No%fndté‘ﬁartic,ular pilot
P I PR OGS e e vent 8,0 | A the act1ve set. The
PoahEnti firglso e @birelationeppaks;, leachgpealt being: at path where a higher

of fsets around a gfarti cular pilot PN and finds the
P6RKds aSTORIBEEIEA each peak being a path where a

He0), PRgiedog gutrt0ckeghdOReldhiz0s, coniol fou
foraseeds 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 anienna. | an exemplary embodiment, there are 2
antennas. When step 306 has been performed for each antenna, Control flow
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.
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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
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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 paihs has sufficient
signal strength for demodulation. 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 step 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
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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.
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readable media known in the art.

[1048] In an exemplary embodiment, the control processor 502 execuies
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 when making demodulator finger

assignments depending on the architecture of diversity receiver 512.
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[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
microprocessor, 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
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Fe)%-g{afés‘%ggségr%%%g&ille]& 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 applied 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:
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élherAedbedﬁneetewetdhmue cleparisingg fromthe spirit or
scope of

enti.on Thu the present invention
i s not P ﬁtbfea trgc%gewl}ﬁl@%jiq I% @Hfﬁﬂﬂ%@ﬁf’srece'ved signal
%F@d&bs'&?fcﬁ"divé}‘étt¥'r§cér5¥|oﬁeaﬁél‘é°rded the widest scope
consistent wth principles and novel features

di scl deeivedata p[OC[e$86ISf]0r'V\HAT IS CLAIMED | S WO
2004/ %%@f%?r?nn %I%? Osle:nlgﬁg%ntenna searching operation on signals
received by each antenna of the diversity receiver to produce a set of possible
multi-path signals for assignment to a plurality of demodulator fingers;

assigning at least one of the multi-path signals received from each cell
represented in the set of possible multi-path signals to a demodulator finger;
and

assigning at least one of the multi-path signals received by each antenna
represented in the set of possible multi-path signals to another demodulator
finger.



15 CLAIM5 1. In a wreless comunicati on system a

nmet hod for denodul ator assignnent, in diversity
woeowiogss, conprising: performng a standard BCTIS2003/021795

antenna searchi ng operation on signals received by

each antenna of a diversity rﬁgelver to produce a set

of possible mlti-path signals for assignnent to a

plurality of denodul ator fingers; aSS|gn|ng at | east

cpr odBRIBEEHR VRBCR Bt SN Rup B E i Horibg R AR RS eton

to a denodul ator finger; and assigning at |east one
of the nmulti-path signals received by each antenna
represented in the set of possible nulti-path signals

0 ang . . .' . j

e o A RE Seh a5t A1 g reception
ehaidiserbiay rat@ivdt, eanprisingand recei ved si gnal

processor for diversity reception; and a receive data

pr oceDEBPMING: apsinsard windle SANIARAA FeaGiYNa eRATaligR on signals
é?én%H Bg fé%{&ﬁ dé XLl Sdf‘«’é?ﬁéﬁnaé 8[3 g (Y 99 35%% rS@é?err to_produce a

enha iversi y receiver e a set
peis of bbesibialhulti-path signafaicy ésmgraaengmrarmlutajltp of demodulator
gl urality of denodul ator fingers; assigning at |east

RES® the nulti-path signals received fromeach cell

repr eg@ﬁggﬁ]g the g‘lf?rf'd’ést %um BicfaB!frbhr i BeSbIp&dsivle multi-

ator finger; assigning at |east one
oath hlgnamltmtheatemtxll@&tarﬁng@@el ved by each antenna

represent ed i.n_the sg ,[ 'E e rTU|tI at h sh%%al S ltiole
 oF andprieiarig redls Yofgara R Bedtish) HiBes 5B #Hdir mutto
86%&2&@84.%&? 88sigAfmedts 4AQ re Fé@lrigefhedééia%@lghfadcélghm with the

2 wherein the device is a nob |Fe station. 4.
wirospesismediivhati signpbrecspeckiom aneelhbavmgrnmm@%la@r finger

a%%ﬂHe?ﬁ ur‘ﬂﬁ A éjéll\éetre?;lreé'er{tgﬁ Efﬁ & - se?%ds%ﬁf& 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 the 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

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

5. The method of claim 4 further comprising:
using the number of power control combiners of the diversity receiver to
de-assign a multi-path signal from a demodulator finger.

6. A diversity receiver device, comprising:



perform ng a standard single antenna searching

operation on signals received by each of a plurality
woho@ambgisnas of a diversity receiver to produceCaUSs®B/021795

of possible nulti-path signals for assignnent to a

plurality of denodulator finggers; assigning the

strongest multi-path signals Tromthe set of possible

multi- path signals to the dem)dul ator fingers;

col 1 RadidReot TR shbliinabB"hngRierid.rhfmifevea signal

protciset Ry idiirsiferateplsn; md signal with the
strongest multi-path si gnal received froma cell

havi nfPaedveidaBdRIOaessorfofiger assi gnment until all

ot anaPeBERE 2 Seblale Bk e MR dichil erdftrlon signals
tecewaifhp@dcat@fra plurgh ?, ;of dat@nsagy of ag:IMem@ﬁk@@éw@n @n@ioduce a
pat h recej ved one of the plurality of antenn

ﬁ%"vpfw Boﬁﬂp{q m%’" Bé%ﬁkglnéiso?orﬁ%&]m%&ts‘iogﬁ rﬁiWEaé‘tyaﬁH demodulator
flﬁg%@m ng the de- assigned signal with the strongest
mufti-path signal received by an antenna having no
dem)dabagnmgf thegstroragesit gmu‘rmmtm signialsafromattieesetast possible multi-

t th bl [ti-path |
RafLSiaraldabd dhlasiaipt faadiSsy gnal assi gned to- o
dem)dﬂbaééé" qrflh@%e\rveaﬁéﬁi é?%’ﬁﬁ] ﬁ&tﬁgebéi@eﬁlﬁdrh -2P8&I having multiple

signals assigned to the denodul ator fingers
pietrmm@tar ﬁagemaas;gnmeaa aed replgnmlg the. e'laesugeehlcmgrml with the
I CO e, nunber of

SuRbORst mfkpah, SOBRY takehi, AT R, AR M Senfiiftor finger

elesighficmn umtimalitdeiiBaepredeitad il tiggnsat deiRsin®s Phulti-path signals
finger. 6. A diversity receiver device, conprising: W

have ab st snpomitisEio sidned assignad tcaa;ﬂajm@dulwréﬂger
recei yg_ &Jk?%ﬂiﬁ%*hag)re;é% @H&FE% ?é‘é%w a%y"c‘?ﬁ]'e %fQQ plurality of

processor cepti ecel ve

phteressdiaving mutipié @remml@tosfnag@\easklmmghis and Eﬂfm@cmg the de-
searching operation on signals  received by each of

QP%'QQPF’WQB@' WHPéHﬁa%"%"FQ%?tdPUE'rBﬁthS'QQ%efQP&'V% by an antenna
Hé{?ﬂgcﬁo %Ien?éadulé’cf) fﬂﬂg?f Qgﬁg gH uﬁ'f‘fllt B Shi¥iila’ fePresented in the
assignment to a enodul at or
set of possible multi- path S|gnals have at least one multi-path signal assigned to
a demodulator finger; and

combining the mulii-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 multi-path signals for
assignment to a plurality of demodulator fingers;

a control processor; and



fingers; assigning the strongest nulti-path signals

fromthe set of possible nmulti- path signals to the
wdenaosas or fingers; de-assigning a weakest sPQmAlS2003/021795

path received froma cell having nultiple denodul ator

finger assignnments and replacjgg the de-assigned

signal with the strongest nmulti-path signal received

froma cell having no denodul ator finger assignnent

lrjnr]} It: S@%ﬁf{&ﬁéﬁpﬁ&f ﬁoaﬁ'ge gs r§ é{b%gggérnﬁ%\\pﬂa;cz)'td%l 6r instructions

$ordBRbCIRES e bntrol procsmen!tat makbi dgebduldeorafisgenasggnments
a weakest” signal path received by one of the plurality

eccoming:imnsignaksirengthnaell fiversie abd iseive Chﬁﬁ’g@l/e rsity.
assignnments and replacing the de- assigned signal wth
the strongest nulti-path signal received by an antenna
havi ng no denodul ator finger assignnment until al
antennas represented in the set of possible

mul ti-path signals have at |east one nulti-path signa
assigned to a denodul ator finger; and conbining the
mul ti-path signals assigned to the denodul ator fingers
to produce a maxim zed received signal. 7. The

recei ver device of claim6 wherein the device is a
nmobil e station. 8. A nobile station, conprising: a
nodem a transmitter, and an antenna for establishing
a wreless connection to a wireless network; a
diversity receiver for acquiring a plurality of
multi-path signals for assignnent to a plurality of
denodul ator fingers; a control processor; and WO

2004/ 008655 PCT/ US2003/ 021795 18 a nenory coupled to
the control processor having code or instructions for
directing the control processor to make denodul at or
finger assignnents according to signal strength, cel
diversity and receive chain diversity.



