WO 01/ 18993 PCT/ US00/ 22559 TRANSM SSI ON USI NG AN ANTENNA ARRAY |I'N A CDVA
COVMUNI CATI ON SYSTEM BACKGROUND OF THE | NVENTION Field of the Invention
THe present invention relates generally to signal transnss d
reception QRN 1 el ess code division nulti pl e accesrs]}c(s@%ﬁ&

comuni cation system Mre specifically, the invention relates to a system

and nethod of tra Rk r I qpr ove si gnal
reception in a w W%W . ﬁﬁ ; t‘gghgscription of the
Prior Art A prior art Fstshown in Figure 1. The

comuni cation systemhas a plurality of base stations 20-32. Each base
station 20 conmuni cat e@%ﬁ%@%@ﬂ%lm with user equi pnent
(UEs) 34-38 wthin its operating area. Conmuni cations fromthe base
station 20 to each UE 34 15 38 are referred to as downl i nk comruni cati ons
and comuni Ejeld ¢fthe IiveAtiGch UE 34-38 to the base station 20 are referred
to as uplink communications. Shown in Figure 2 is a sinplified CDVA

transmitter and‘rhﬁﬁf‘éséiﬁ'inveﬁidﬁaz%ﬁtes%%i‘%iyﬁ%?xﬂ%aﬁsﬂisﬁ@ﬁ'%gég{ﬁ%h AU

by a m xer 40 with a pseudo random code sequence p Ing a digital
spreaq spectr [.gn LOL. 1T | SSI n. 20 antenna A42. Qn reception
at an%ant eﬁhg%?&? ﬁ‘g&d{éﬁ%mé E‘%E%%’&EF%ZSBMé’ mg%’i"}c ﬁ‘gf srySWm. &F&a m xer 46
with the same%i?gﬁtjd r.andqQm chi p code seg;‘(fnc asgd to.transmt the data.
By using diSPFeit ys&@éﬁ‘{?&“ﬁ’% 10 Risysters %&8 REBNSMISSION U§MEANS| gnal s use

antenna array to improve signal reception in a wireless CDMA communication

system.

10 Description of the Prior Art

A prior art CDMA communication system is shown in Figure 1. The
communication system has a plurality of base stations 20-32. Each base station 20
communicates using spread spectrutn CDMA with user equipment (UEs) 34-38
within its operating area. Communications from the base station 20 to each UE 34-

15 38 are referred to as downlink communications and communications from each UE
34-38 to the base station 20 are referred to as uplink communications.

Shown in Figure 2 is a simplified CDMA transmitter and receiver. A data
signal having a given bandwidth is mixed by a mixer 40 with a pseudo random chip
code sequence producing a digital' spread spectrum signal for transmission by an

20 antenna 42. Upon reception at an antenna 44, the data is reproduced after correlation
at a mixer 46 with the same pseudo random chip code sequence used to transmit the

data. By using different pseudo random chip code sequences, many data signals use



WO 01/ 18993 PCT/ US00/ 22559 -2 the sane channel bandwi dth. In particular, a
base station 20 will comunicate signals to nmultiple UEs 34=38 over the .
same bangyg giifdeesFor tim ng synchronization with a receacraspasssunnodul at ed
pilot signal is wused. The pilot signal allows respective receivers to
synchronize with a given 5 transmtter allow ng despreading of a data
signal at the receiver. In a typic& CDVA system each base station 20
sends a unique pilot signal received by all UEs 34-38 w thin comrunicating
range t othsysamirchanret bandwidthd Inipaktidulaans basesstation. 200sill eommbgicate i n sonme CDVA
"systens, for exanple in the B-CDMAair interface, each UE 34-38 transmts a

uni que agg},ggmnﬂﬁbgmmo‘t@ theY sk kandwhitk.everse link transm ssions. 10
When a UE 34-36 or a base station 20-32 is receiving a specific signal, all

the other sifg)g%#rﬁn% m“wﬂm?gﬁ%%’r evefd“g@é%ﬁle&is@d relation to

t he specific 'signha ncreasin srgnal degrades all
ot her signals wthin.th sane bandw dt h. wever reducing.the power |evel
too farrBsg  The ﬁ%%ﬁ'%?ﬁé&?‘?’%m%““?'%&ﬁw’éﬁ isaﬂglfrbﬁ‘ﬁﬁl“f‘ ?%{fﬁg i ndi cat or
used to nmeasure the received signal quality is 15 the s_(iégnal to noise ratio
( SNR) . Ammm@aeméesnrﬁ@mﬁg%idﬁmwmmée@yﬁ-ﬂgatynl €DM4 signal is
conpared to-the nmagni tude of the received noise. The data within a

t ransmi t systens,iegciabase station 3@ senids b uaigbe gilotSigaal receivediby all DEs 3438ed at t he
receiver. A low SNR leads to |oss of data. To maintain a desired signal to

noi se r aliirioniniithicating fange fo'spathfonie fervalliktransifistionse Convérssly, COVA syst ens
utilize sone formof adaptive power control. By mnimzing the

transm sgi Qb RIYA sybifis 16! SEmBRINGE B-CDONMair titkdRice, aHPURBARS

transmits a unique assigned pilot signal to synchronize reverse link transmissions.

10 ‘When a UE 34-36 or a base station 20-32 is receiving a specific signal, all the
other signals within the same bandwidth are noise-like in relation to the specific
signal. Increasing the power level of one signal degrades all other signals within the
same bandwidth. However, reducing the power level too far results in an undesirable
received signal quality. One indicator used to measure the received signal quality is

15 the signal to noise ratio (SNR). At the receiver, the magnitude of the desired
received signal is compared to the magnitude of the received noise. The data within
a transmifted signal received with a high SNR is readily recovered at the receiver.
A low SNR leads to loss of data.

Tomaintain a desired signal td noise ratio at the minimum transmission power

20 level, most CDMA systems utilize some form of adaptive power control. By

minimizing the transmission power, the noise between signals within the same




WO 01/ 18993 PCT/ U500/ 22559 -3 bandwi dth is reduced. Accordingly, ‘the
maxi mum nunber of signals received at the desired signal to noise ratio
wi'thin the SRB%iAReRdW dt'h is increased. Al though adapti VS'CEWM r ol
reduces interference between signals in the sanme bandw dth, 1 nterference
still exists limting the capacity of the system One 5 technique for

i ncreasing the nunber of signals using_the same radio frequency (RF)
spectrumis to use sectorization. In sectorization, a base station uses

i et i ONal barfEHRR IS Ao uiHm B F RRRE k0 ABRA [ NLO 2

nunber of sectors. As a result, 1nt etween signals in differing

i i L hin. the, dwi dth w thi h
o sect or S P B K Fr SRR st AR BREReG Soctor i vea |

base-stations co nl ssign different, frequencies to adjoining sectors
decr easing the s‘ggg’t“ pdaptiy" R‘?Vﬁli&?}’qog\’edﬁceﬁi TenCE Getisen signaisdnhst n.
Accordingly, there exists a need for a systemwhich further inproves the
signal  quabimebasdwidthcnterfareneestidl existd limsing thercapecityi ofghe syatwsni @eer power

| evel s. 15 SUMVARY OF THE | NVENTI ON The invention provides for transm ssion

and regept i teehnifueforizicreasingthe humbértf sighalplisingthe samexadiofiRgadicy (RFYY ant ennas.
Each antenna transmts a different pilot signal having a pseudo random

chip code sgguifinGs td usescliokightionl 'Ih%é&oﬁﬁﬁ&x,tar@dﬁé giéﬁgxﬁ sesta!iﬂe&iongﬁi ng t hat

pilot's chip code. The filtered pilots are wei ght conbi ne 20 Each

pi |l ot si gna!a;gﬁ"%' -9 ' ' | 1N 0 L.gnal. quality of
the conbined si g%‘gﬁi&?‘iﬁwgéﬂfgﬁg oﬁgié{gtg%gﬁr’#tf’taz‘gﬁé’ﬁrc#s?ﬁéﬁ& &%ﬁ erent
spread ff?ﬁ%ésg ingTerenge batween Signals 1 dreHogd Scktorsis cedabel, However signats” 2"

within the same bandwidth within the same sector interfere with one another.
10 Additionally, sectorized base-stations commonly assign different frequencies to
adjoining sectors decreasing the spectral efficiency for a given frequency bandwidth.
Accordingly, there exists a need for a system which further improves the signal

quality of received signals without increasing transmitter power levels.

15 SUMMARY OF THE INVENTION
The invention provides for transmission and reception of a data signal using
a plurality of transmitting antennas. Each antenna transmits a different pilot signal
having a pseudo random chip code sequence. A receiver filters each transmitted
pilot using that pitot's chip code. The filtered pilots are weighted and combined.
20 Each pilot signal's weight is adaptively adjusted in part on a signal quality of the
combined signal. A data signal is transmitted such that different spread spec;trum

versions of the data signal are transmitted from each transmitting antenna. Each

j§"Sheet Has Been Replaced




,~ s heet Has Been Replaced WO 01/18993 PCT/ US00/ 22559 -4 versi on havi ng
a different chip code identifier. Upon reception, each versionis filtered

with its agsombaat ed chip code. The filtered versions areruseogisssed. in
accordance wth the adjusted weights associated with the pilot signal of

the respective antenna. 5 BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a
prior art wireless spread spectrum4eDVA communi cation system Figure 2 is
a prior art spread spectrum CDVA transmitter and receiver. 10 Figure 3 is
t he tranggsiohdaviap at diffetent/etip icode identifier.e Upongeteption,r eank vesionrisof t he

I nvention transmtting nultiple data signals. Figure 5 is the pilot signal

recel vi nﬁ%t&ieﬁ%'i@tﬁ i8f asbdifatéd Pt doa.  ThedHilterel versibiicardawaighieial receiving
circuit of the invention. Figure 7 is an enbodi nent of the pilot signal

recei ving_ci [ T, - o wiRR I t@hting circuit.
Fi gure Qg?cgr(!aﬁ“(uéé g\gpaa‘gi g‘irl‘ﬁ‘g‘ﬁ%‘é'@i ?\Sg&éq?t?{lzw t &igm\% %‘ﬁﬁjﬁl\;\?gﬁ | ot signal
receiving circuit of Figure 7. Figure 10 is an enbodi nent of the pilot
signal r SERPHVAGIERRA: 4i t where the output of each RAKE is weighted. 20

Figure 11 is the data signal receiving circuit used with the pilot signal
5

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a prior art wireless spread spectrum CDMA communication
system.
Figure 2 is a prior art spread spectrum CDMA transmitter and receiver.
10 Figure 3 is the transmitter of the invention.
Figure 4 is the transmitter of the invention transmitting multiple data signals.
Figure 5 is the pilot s?gnal receiving circuit of the invention.
Figure 6 is the data signal receiving circuit of the invention.
Figure 7 is an embodiment of the pilot signal receiving circuit.
15 Figure 8 is a least mean squarred weighting circuit.
Figure 9 is the data signal receiving circuit used with the pilot signal
receiving circuit of Figure 7.
Figure 10 is an embodiment of the pilot signal receiving circuit where the
output of each RAKE is weighted.
20 Figure 11 is the data signal receiving circuit used with the pilot signal

receiving circuit of Figure 10.



receiving circuit of Figure 10. WO 01/ 18993 PCTNS00/ 72559 -5 Fi gure 12 is
an enbodi nent of the pilot signal receiving circuit where the antennas of

the transm tv%&g]ts@gray are closely spaced. Figure 13 is pEEustehassi gnal
receiving circuirt used with the pilot signal receiving circuit of Figure

12. 5 Figure 14 is an illustration of beamsteering in a CDMA comuni cation
system Figure 15 is a beamsteering Jransmtter. Figure 16 is a beam
steering transmitter transmtting nultiple data signals. Figure 17 is the

data receiving Qg 12 i 5 Smbbditheht 6F the Filbt SighhlSfecdi¥ing bictiwidte thel 0 Fi gure
18 is a pilot signal receiving circuit used when uplink and downl i nk

signal s usef“(g)t ég@f%ﬁﬂﬁﬁ&%&{h‘%ﬁ&fﬁ%gééﬁa transmtting circuit used

with the pi si gh recerviFng tircul igure 18. Figure 20 is a data

signal receiving.circujt used wi,th the pilot signal ,receiving, 15 circuit
of Figure 18. D%@Hﬁ## M%W%@’MF ¢rralop signak ; ed

embodi ments wi ||l be described with reference to the drawing figures where
| i ke numer areseivingroirowit of Fighee B.enent s t hroughout. Figure 3 is a
transmtter of the invention. The transmtter has an array of antennas

48- 52,55 pref er Aigire314is ah illaitRKIBA S bédi steérng i 2COMA gsthmihidgtighach ant enna
48-52, a different
system.
Figure 15 is a beam steering transmitter.
Figure 16 is a beam steering transmitter transmitting multiple data signals.
Figure 17 is the data receiving circuit used with the transmitter of Figure 14.
10 Figure 18 is a pilot signal receiving circuit used when uplink and downlink
signals use the same frequency.
Figure 19 is a transmitting circuit used with the pilot signal receiving circuit
of Figure 18.
Figure 20 is a data signal receiving circuit used with the pilot signal receiving

15 circuit of Figure 18.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The preferred embodiments will be described with reference to the drawing
figures where like numerals represent like elements throughout. Figure 3 is a
transmitter of the invention. The transmitter has an array of antennas 48-52,
5 preferably 3 or 4 antennas. For use in distinguishing each antenna 48-52, a different

signal is associated with each antenna 56-60. The preferred signal to associate with



signal is associated with each antenna 56-60. The preferred signal to
associate with WO 01/ 18993 PCT/ US00/ 22559 -6 each antenna is a pil ot .
signal aswelpwesi n Figure 3. Each spread pilot signal peTugmwnessated by a

pi |l ot signal -generator 56-60 using a different pseudo random chip code
sequence and is conbined by combiners 62-66 with the respective spread data
signal . Each spread data signal i s-@enerated using data signal generator 54
by mixing 5 at mixers 378-382 the generated data signal with a different

pseudo r saskoantesivas a pildisigral ae showipbr Fignredn£ach spead piloignalie conbi ned
signals are nodulated to a desired carrier frequency and radi ated through

t he ant egemgaté@bpa pilot sipeal genetitor B5-60 Using ardifferehepseadranddm chipe transmitter
utilizes spacial diversity. If spaced far enough apart, the signals

radi at ed Bdev\ﬁﬁf&cégﬁtﬁg REmBiRe @By Yrhbin&X asra«%ﬁa%@'g g&w& adaatd! tipath

di stortion e traveling toa glven receiver ce e S|gnal sent by
an antenna 4 Wi | | ti ths to i ven_receiver, each

recei ved s@@ﬁg‘%gh%r%ddﬁ@\? "ﬁ{???qe“ﬁﬁ'gﬂ ata signal getierator 4, BXmIXINg, 1 o nent s
create a virtual communi cation channel between each antenna_48-52 of the
trafsm t AEMDAEY 378,382 thegsnerated datarsignal withya diffrent pseyderandemephimi t t ed by one
antenna 48-52 over a virtual 15 channel to a given receiver are fading,

si gnal s fcodersdgnencetperanteniact8r52;s D4D,5 Thercombired signals ke mbdalatedtdi gh recei ved
SNR. This effect is achieved by the adaptive conbining of the transmtted

si gnal s %tdebiil&iéﬁ&'ﬁ@ﬁﬁenc?'aﬁ&iﬂnﬁe@ﬂ%h&ﬁ@aﬂtmﬂs-&8fth%~°an'd§9d in a base
station 20 to send nultiple data signals. Each spread data signal is

generat o0 b Byt iy e oS SRRl onel (o

far enough apart, the signals radiated by each antenna 48-52 will experience different
10 multipath distortion while traveling to a given receiver. Since each signal sentby an
antenna 48-52 will follow multiple paths to a given receiver, each received signal
will have many multipath components. These components create a virtual
communication channel between each antenna 48-52 of the transmitter and the
receiver. Effectively, when signﬁls transmitted by one antenna 48-52 over a virtual
15 channel to a given receiver are fading, signals from the other antennas 48-52 are used
to maintain a high received SNR. This effect is achieved by the adaptive combining

of the transmitted signals at the receiver.
Figure 4 shows the transmitter as used in a base station 20 to send multiple
data signals. Each spread data signal is generated by mixing at mixers 360-376 a
20 corresponding data signal from generators 74-78 with differing pseudo random chip
code sequences D,;-Dyy. Accordingly, each data signal is spread using a different

pseudo random chip code sequence per antenna 48-52, totaling N x M code




code sequences D11-DNM Accordingly, each data signal is spread using a
different pseudo random chi p code sequence per antenna 48-52, totaling N x
M code WO Ol&égggngCr/USOO/ 22559 -7 sequences. N is thechgiRsssef
antennas and Mi1s the nunber of data signals. Subsequently, each spread
data signal is conbined wwth the spread pilot signal associated wththe
ant enna48-52. The conbi ned signals aregy.nodul ated andradi ated by the
antennas 48-52 of the array. 5 The pilot signal receiving circuit is shown
in Figure 5sedfifesOiN tifithe dunfef OF bhtBshal iah@M 3 ﬂi@%hﬁmﬁe?ofﬂ&ﬁ'si’%ﬂlspy t he
antenna 80. For each pilot signal, a despreading device, such as a RAKE

8285 a5 ShQfledeec® b Ul s SELARLMELLHE AL Yiread Bdtighel 0 dESPT 02

each pilot sign a‘replica e correspon I'gnal ' s
pseudo random chip ¢Qde seque he despreadj ng deyice, al,so,, 10

conpensat es #W‘“Fﬁ%l@%%%%ﬁaﬁgz‘ @mg@gqlﬁkﬂ%&ﬂ?@m@eﬁdﬁe‘% he
recovered pilot signals is weighted by a weighting device 88-92. Wi ght
refers to bdyhhe aepmas 4862 efthe pase of the signal. Al though the weighting
is shown as being coupled to a RAKE, the weighting device preferably also
wei ghts each fi nghe pilot bignal RAkdiving\fciretiit We skidvri &0 Figtirk S)f Bable ofehe ht ed
recovered pilot signals are conbined 15 in a conbiner 94. Using an error

si gnal geney Bﬁitégxillﬁfs‘si | {¥HeEeittd tyhe Rhichihia 80.9F5E cach Rk SigRaIPY t heE

wei ght ed conbi nati o sed to creat’e an error signal. ‘Based on the error
signal, the wei s of .each, wei ght, %vi e 88- re adjusted to mnimze
the error sqeaﬁgif%%g °aﬂ“58§ﬁwg? graf @3@%?}%"7 L8 VEEar squar ed
(LMS) or recursive |least squares (RLS). As ,a result, the signal quality of
t he conbi neOEekgips) is used to despread each pilot signal using a replica of the corresponding

pilot signal's pseudo random chip code sequence. The despreading device also
10 compensates for multipath in the communication channel. Each of the recovered
pilot signals is weighted by a weighting device 88-92. Weight refers to both
magnitude and phase of the signal, Although the weighting is shown as being
coupled to a RAKE, the weighting device preferably also weights each finger of the
RAKE. After weighting, all of the weighted recovered pilot signals are combined
15 in a combiner 94. Using an error signal generator 98, an estimate of the pilot signal
provided by the weighted combination is used to create an error signal. Based on the
error signal, the weights of each weighting device 88-92 are adjusted to minimize the
error signal using an adaptive algorithm, such as least mean squared (LMS) or
recursive least squares (RLS). As a result, the signal quality of the combined signal

20 is maximizéd.
Figure 6 depicts a data signal receiving circuit using the weights determined

by the pilot signal recovery circuit. The transmitted data signal is recovered by the



20 is maxim zed. Figure 6 depicts a data signal receiving circui't using the
wei ghts determned by the pilot signal recovery circuit. The transmtted.
dat a si gnglg diisdescovered by the WO 01/18993 PCT/ USO0/ 23epRsoarBssent enna 80.
For each antenna 48-52 of the transmitting array, the weights froma
correspondi ng despreadi ng-devi ce, shown as a RAKE 82-86, are used to filter
the data signal using a replica of,gthe data signals spreading code used
for the corresponding transmtting antenna. Using the determ ned weights

for each aatepfid 86.NBoSeath aftien$d 48282 of $i3 Wansifiep 4ridg, e \Weights £6m K10 Wei ght s
the RAKE s despread signal with the weight assoCiated Wwth the

correspo g” Pﬁ o '5!:,;&“. ifg&%ﬁ C | i ' g _corresponds to
t he transrbm |°ﬁglhgtrﬁlt nna o?’%?%?ggi%%wq%y#kﬁgtﬁ% &t er mi ned by
the pilot, RAKE 82 f.or pilat si.gpal, 1 i.s also applied at the weighting

ovi be. 108tz unicE & realith B G, siBhals eRrepling fode rsed Her ARE s 10
fingers were adjusted for the corresponding pilots signal's RAKE 82-86, the
same weicgrespopling tsensmitiing cantenga.t hUsing rfhe detepmined oveights for gacl s RAKE
100-104. After weighting, the weighted signals are conbined by the

consi ner ahfeAna'opilot signal; each sveightingjdevide 1064110 sieiphtd the RXKESidesprédde sane
wei ghts forthe data signal as used with each antenna's pilot 15 signal,

each RAKEighdt Rfth tReWReiphRhREcihred withahe b&msbncﬂﬁ,;fm.t IFePiRiaRES, lggiced by each
antenna's signals. As a result, the data signal receiving circuit optim zes

e 0o SRS et B Gt OO pa ol 4TS
signal®s 'ﬁine%]eallght%létaelniutn%d L; the pilot RAKE 82 for pilot signal 1 is also applied at the
weighting device 106 of Figure 6. Additionally, if the weights of the RAKE's
10 fingers were adjusted for the corresponding pilots signal's RAKE 82-86, the same
weights wili be applied to the fingers of the data signal's RAKE 100-104. After
weighting, the weighted signals are combined by the combiner 112 to recover the
original data signal.
By using the same weights for the data signal as used with each antenna's pilot
15 signal, each RAKE 82-86 compensates for the channel distortion experienced by
each anfenna's signals. As a result, the data signal receiving circuit optimizes the
data signals reception over each vittual channel. By optimally combining each
virtual channel's optimized signal, the received data signal's signal quality is
increased.
20 Figure 7 shows an embodiment of the pilot signal recovery circuit. Each of
the transmitted pilots are recovered by the receiver’s antenna 80. To despread each

of the pilots, each RAKE 82-86 utilizes a replica of the corresponding pilot's psendo



I ncreased. 20 Figure 7 shows an enbodi nent of the pilot signal récovery
ciircuit. Each of the transmitted pilots are recovered by the receiver's
ant enna 80. read each of the pilots, each RAKE §24 ihi zes a
replica ofirﬁgugggfesponding pilot's pseudo W81118993 %%T%%g%%%gZSSQ -9
random chi p code sequence, PI-PN. Del ayed versions of each pilot signal are
produced by del ay devices 114-124. Eagh del ayed version is m xed by a m xer
126- 142 with the received signal. The m xed signals pass through sum and

dunp ci r cuiraidond SHip4etide abghences; PP O DéelgyddSvedont ofesath piidr diBfhibase an anmount
determ ned by the 5 wei ght adjustnent device 170. The?p\i/l\l/ei ghted nmultipath

conponent s | : ~ | i : -6 Fach pilot's
conbi ned o t%ﬁce(?gy%%%%egé{)? ﬁgnggﬂﬁi%@}éd g%-ﬁ&gﬁx]xgigéda pI 0%4152'65%' has no
data, the I I l.ot, Si should have_.a value of , 1+ Q. The conbi ned
pilot si gn;fﬂib'g&gg‘?%‘é%‘ﬁlSf%g?ﬁlng"d‘éeglmg%lfﬂﬁsm‘i“ﬁ%@?m&? @“%éﬂ{cﬁ’&%t or 168.
Based on the deviation of the conbined pilot signal from10 the ideal, the
wei ght of t HE24v#40snd ﬁmwaswéwnamqsem&@ hycnasnawat determinedrby-liept | ve

al gorithm by the wei ght adjustnment device 170. A LMS al gorithm used for
gener &t i ng weigltiadjustment déviner1 70N The weighted multiyath costpouéntofor ehvh pilebt r act or 168
Is multiplied using a mxer 172 with the correspondi ng despread del ayed

u P | 2 W pread de ayed.
version of #fgurbihdiby aCombifiek 16201642 Eak % cdﬁlmug;{dég%a&ﬁ%?ug anpl i fier

174 and integrated by an integrator 176. The integr resu S used to

vel gt WM coiindB9E ShloB A Hitor Tt HAY Ao 88 e/ Lodbislal ittt ighi Shont 1 1 1 1E

enbodi nent gure’

have a value of 1+j0. The combined pilot signal is compared to the ideal value,
1+j0, at a subtractor 168. Based on the deviation of the combined pilot signal from

10 the ideal, the weight of the weighting devices 144-160 are adjusted using an adaptive
algorithm by the weight adjustment device 170.

A LMS algorithm used for generating a weight is shown in Figure 8. The
output of the subtractor 168 is multiplied using a mixer 172 with the corresponding
despread delayed version of the pilot. The multiplied result is amplified by an

15 amplifier 174 and integrated by an integrator 176. The integrated result is used to
weight, W,,,, the RAKE finger.

The data receiving circuit used with the embodiment of Figure 7 is show for
a base station receiver in Figure 9. The received signal is sent to a set of RAKEs
100-104 respectively associated with each antenna 48-52 of the array. Each RAKE

20 100-104, produces delayed versions of the received signal using delay devices 178-
188. The delayed versions are weighted using mixers 190-206 based on the weights

determined for the corresponding antenna's pilot signal. The weighted data signals



a base station receiver in Figure 9. The received signal is sent to a set
of RAKEs 100-104 respectively associated wth each,antenna 48-52 of the
array. EacWwoRME®0 100- 104, produces del ayed versi ons BET/HS025®| ved
signal using delay devices 178- 188. The del ayed versions are wei ghted
using m xers 190-206 based on the ights determ ned for the correspondi ng
antenna's pilot signal. The meighté'oﬂata signals WD 01118993 '

PCT/ U300/ 22559 - iven 100- 104 .~ Gonbi ned by a conbi ner
208, 210, e SusRAKE 109, s Sotublaectint f coahings 108230 (s Soppiten
transmtting antennas 48-52. Each conbined signal is despread Mtines by
m xi ng at 208242 i% asspeiated 3with i¢ach: efrthiendotransmifting antenhasad4d-53! i Bachof t he
spreadi ng codes used for producing the Mspread data 5 signals at the
transmi tt eombined bighhiNs désprdad 0 simes byl ntiRing asa giider 204230 thel dbibisgdd @ sum  and
dunp circuit 232-248. For each data signal, the results ofthe corresponding

sum and gigﬁﬂ\ﬁﬂtﬁEbléptli‘éaGf&e%mmg%&ﬁ,u%@ﬁm&ﬁﬁ?%ﬁﬁ'ﬁ?ﬁr&ﬂd&ﬁcover each

data signal. Another pilot signal receiving circ 'S own 1 n Figure 10.
The despr | | i s 82386 |8 r Lying cilcul re the sane as
Fi gu?e 7. g@éjggtut?%u [ eagﬁﬁ%%&w%??@@ﬁ?é‘%éipéﬁf%@’ﬁ@ﬁ% m xer

256- 260 prior to conhipi he despread pilot signhals. After conbining, the
combi ned ﬂp‘i)@fm%?‘bq?gﬂgﬁzﬂguéﬁﬁwg’dfa%‘%&e%‘ﬁ‘“° qogresprmdingsumes |t of t he
conmparison is used to adjust the weight of each RAKE' s output using an
adapt i ve anddwnp bineuits grecombinediblie combiper 25025410 recoverieacrdata ignds, t he

out put of each RAKE 82-86 is conpared to the ideal value. using a
subtractor 15 AfdtheéfilotSgmabrbceiningbitcuitis sHowndh Figaee 10 Mhe despeeadiighe wei ght  of
each wei ghting device 144-160 is determ ned by the wei ght adjustnent

devi ces 2QBzuifs%2-86 of this receiving circuit are the same as Figure 7. The output of each

10 RAKE 82-86 is weighted using a mixer 256-260 prior to combining the despread
pilot signals. After combining, the combined pilot signal is compared to the ideal
value gnd the result of the comparison is used to adjust the weight of each RAKE's
output using an adaptive algorithm. To adjust the weights within each RAKE 82-86,
the output of each RAKE 82-86 is compared to the ideal value using a subtractor

15 262-266. Based on the result of the comparison, the weight of each weighting device
144-160 is determined by the weight adjustment devices 268-272.

The data signal receiving circuit used with the embodiment of Figure 10 is
shown in Figure 11. This circuit is similar to the data signal receiving circuit of
Figure 9 with the addition of mixers 274-290 for weighting the output of each sum

20 and dump circuit 232-248. The output of each sum and dump circuit 232-248 is

weighted by the same amount as the corresponding pilot's RAKE 82-86 was

weighted. Alternatively, the output of each RAKE's combiner 208-212 may be




The data signal receiving circuit used with the enbodi nent of Figure 10 is
shown in Figure 11 This circuit is simlar to the data signal receiving
circuit of %% with the addition of mxers 274-290 j@mspghaky i ng the
out put of eac sun1 0O and dunp circuit 232-248. The out put of each sum and
dunp circuit 232-248 is weighted by the sane anobunt as the correspondi ng
pitot's RAKE 82-86 was weighted. Al tgnnatively, the output of each RAKE S
conbi ner 208-212 may be wo 01/18993 PCT/ USOQ 22559 -11 wei ghted prior to

m xi ng by t hgej m@pﬁoﬁ&hﬁa@b;bmz inherea1dLI30 bo Hidensunt ofeiseneipdgdingi | ot ' s
RAKE 82- 86 |n eu -of weighting after mxing. If the spacing of the

ant ennas 48- ce RaK m%ﬁémﬁ“ﬁmﬂﬁ%% 'nﬁxﬁxﬁa” each antenna's signals

wi Il experi Vi ronmne I'n such cases, the 5
pil ot receiving cui t ., of ure 1 utili.zed. The ht for a

sel ect ed one of ﬁ#ﬁi} ﬁ?ﬁc&g%f%ﬁ\tw é’ﬁ er as in
Figure 10. However, since each pilot travel s through the sane virtual
channel , to antensi’s signaly, willsxperinnee a simiar multipathenvitenment; b yeloepsespthe

despr eadl ng the other pilot signals. Delay devices 292- 294 produce del ayed

versi orss of piluereceivinigwiuit ofFighre 12andy tebaititiyet] Thewadights fosa dédectedliagt ed by a
m xer 296-300 by the sane wei ght as the correspondi ng del ayed version of

the sel ect edofitht il ot%i%ﬁﬁ'mé’&?eﬂﬁﬁieﬂm&ésaﬂ@ﬁmﬁﬁ&ﬁmﬂﬁﬁréﬁﬁ H&&RE I ng
devi ces are conbi ned a conbi ner 302. The conbined signal is despread

using -t h%ﬁ‘%f%éé T T
E?;ﬁreg agr og el and %(ffoaa Cldxfnglﬂ-nc oﬂ%eg%ﬂgtls%naksn ﬂeQaycf [ces 254116 as
294 produce delayed versions of the received signal. Each delayed version is
10 weighted by a mixer 296-300 by the same weight as the corresponding delayed
version of the selecfed pilot signal was weighted. The outputs of the weighting
devices are combined by a combiner 302, ’I;he combined signal is despread using
replicas of the pilot signals' pseudo random chip code sequences, P,-P,, by the mixers
304-306. The output of each pilot's mixer 304-306 is passed through 2 sum and
15 dump circuit 308-310. In the same manner as Figure 10, ecach despread pilot is
weighted and combined.
The data signal recovery circuit used with the embodiment of Figure 12 is
shown in Figure 13. Delay devices 178-180 produce delayed versions of the
received signal. Each delayed version is weighted using a mixer 190-194 by the
20 .  same weight as used by the pilot signals in Figure 12. Thé outputs of the mixers are
combined by a combiner 208. The output of the combiner 208 is inpuited to each

data signal despreader of Figure 13.



wei ghted and conbi ned. The data signal recovery circuit used with the
enbodi nent of Figure 12 is shown in Figure 13. Delay devices 178-180 .
produce dgebaymsesversi ons of the received signal. EachpciUsoyessoersion is
wei ghted using a m xer 190-194 by the 20 same wei ght as used by the pil ot
signals in Figure 12. The outputs of the m xers are conbined by a conbi ner
208. The output of the conbiner 2082ts inputted to each data signal ’
despreader of Figure 13. WO 01/18993 PCT/US00/ 22559 -12 The invention also
provi des a t eBininyertignoplse, @sgyidesca sechnique dorr ndaptive bearn| shesringtasd i n Fi gure
14. Each signal sent by the antenna array will constructively and

dest r uct iliusirgteid in Figore 24.i Bach sigiial senb b drecaitenna higy will gdiisgudtivelyi ded each
antenna 48-52 of the array. As a result, by selecting the appropriate

vei ght s, ahd@eshaiebiliaterfereih@ pattetntasclUnthEWeRhfsProvidedbab mitGthal N @ desired

direction. Figure 15 shows the beam steering transmtting circuit. The

circuit | | ) t i bl i . ] t addition of

el oht na a2 T iicBingy, Ry Realf 3ot g abbtfate Wil BERERR BT o

si gpal s nspitted by the. array. ing .fhe pilot signal receiving circuit
of iguréiéf’?&ﬁémle&?"g%ﬁyr‘%g’é?ﬁméﬁﬁf ‘i\@%“‘?‘he wei ghts for adjusting 10
the output of each pilot's RAKE. These weights. are also sent to the
transmitter, Emm:lﬁsbowm&pms@m@mmmﬁemeammmﬂgms are
applied to the spread data signal as shown in Figure 15. For each antenna,
‘the spr etsithdairenitofiighre Swith theradditior ofWeighting ddvicey 8181822, n4 tgati ces 318- 322

corresponding to the weight used for adjusting the antenna's pilot signal
at the t aé@fer WAFREIGE the pilotisibnk traRdhittad byPRL Brray  Using 1S plidesighle
receiving circuit of Figure 5, the target receiver determines the weights for adjusting
10 the output of each pilot's RAKE. These weights are also sent to the transmitter, such
as by using a signaling channel. These weights are applied to the spread data signal
as shown in Figure 15. For each antenna, the spread data signal is given a weight
by the weighting devices 318-322 corresponding to the weight used for adjusting the
antenna's pilot signal at the target receiver providing spatial gain. As a result, the
15 radiated data signal will be focused towards the target receiver. Figure 16 shows the
beam steering transmitter as used in a base station sending multiple data signals to |
differing target receivers. The weights received by the target receiver are applied to
the corresponding data signals by weighting devices 324-340.
Figure 17 depicts the data signal receiving circuit for the beam steering
20 transmitter of Figures 15 and 16. Since the transmitted signal has already been
weigh_ted, the data signal receiving circuit does not require the weighting devices

106-110 of Figure 6.




15 radi ated data signal will be focused towards the target receiver. Figure
16,shows the beamsteering transmtter as used in a base station sending
mul tiple dat wgpgiagess to differing target receivers. ThepeRisabbssy €CEI ved
by the target receiver are applied to the corresponding data signals by
wei ghting devi ces 324-340. Figure 17 depicts the data signal receiving
cifcuit for the beamsteering 20 trangoitter of Figures 15 and 16. Since
the transmitted signal has al ready been weighted, the data signal

recei vi ng ci r cui Thelahantags offledtivention'Heaite@tihg A8 tiR Y018 CPhe trhRGnild@ Of Figure
6. WO 01/18993 PCT/ USQQ/ 22559 -13 The advantage ofthe invention's beam

: .dat. i i dth
steering ar %w%ﬂr?girsgﬁ‘%ég@?ﬁgﬂs}?gna Hzceﬁ&tﬂ;lpgdfv%c élgnea];l:gﬁévigggfﬁlgmr the

target receiver qual 1t st gnal .

Conver sel y, i [ ed away.f.ram other receivers reducin
interfer e%ce&%@h%gl?ﬁ m%%&?%&?’t)ﬂlg %‘%Y%d? ﬁocafedt ?\‘@”é’eﬁf’%‘c?ﬁ?’sf“?‘ﬁgscapgci ty
of 5 a systen}lusi ny E’;{ge i nventign's beam steering is increased.

Addi ti onal | @ ‘&Ef&glﬁ W@cefaaﬁmwl%%tpbmqu faptors, therapagity of gnal

receiving circuitry, the weights are dynamcally adjusted. By adjusting
t he wePght s,a ystgo using theiaventiopls branistetring iy ivensasal. | Additiomaliyydiue ¢o the MOVi Ng
receiver or transmtter as well as to changes in the nultipath

envi r onnent .adaftivenalgorithmt ssd by ithe pilttesigralRecks Réaitry!, e Geiphts 4k and

uplink signals, such as tinme division duplex DD), "an alternate

e Tt prymERAlly Aafisked. | 85 RiAE he WAL B bl GG GHRE WD CC 1O
To take advaghafe. 8] FSHiReFbYing iEiviPHbhSmitel S WELS h changes in the
multipath environment.

10 In a system using the same frequency for downlink and uplink signals, such
as time division duplex (TDD), an alternate embodiment is used. Due to reciprocity,
downlink signals experience the same multipath environment as uplink signals send
over the same frequency. To take advantage of reciprocity, the weights determined
by the base station's receiver are applied to the base station's transmitter. Insucha

15 system, the base station's receiving circuit of Figure 18 is co-located, such as within
a base station, with the transmitting circuit of Figure 19,

Inthe receiving circuit of Figure 18, each antenna 48-52 receives a respective
pilot signal sent by the UE. Each pilot is filtered by a RAKE 406-410 and weighted
by a weighting device 412-416. The weighted and filtered pilot signals are

20 combined by a combiner 418. Using the etror signal generator 420 and the weight
adjustment device 422, the weights associated with the weighting devices 412-416

are adjusted using an adaptive algorithm.



by the base station's receiver are applied to the base station's
transmtter. In such a 15 system the base station'.s receiving circuit of,
Fi gure 18wob®1/48993 ocat ed, such as within a base stati orcT/UStDh258h e
transmtting circuit of Figure 19. In the receiving circuit of Figure 18,
each antenna 49-52 receives a respective pilot signal sent by the UE. Each
pilot is filtered by a RAKE 406-416€l4and wei ghted by a wei ghting device
412-416. The weighted and filtered pilot signals are 20 conbined by a

conbi ner 418. Thestrapsmitting coincuit of iRjgute Pchasratiate sighdl gemsratdre34@eioght

adj ust mrent device 422, the weights associated wth the wei ghting devices
412- 416 generatedjdataisighal) STheglatasigbiRisbiead adif@itd? 384\ \Chdsprdnd AR -
PCTI USO0/ 22559 -14 The transmtting circuit of Figure 19 has a data signal
ener at Org il Qei ;e at ' : ol ' read usin

g sighdPist Wei ﬁﬂecgﬁ%xg%gﬁg déviekd @@*—34??}@ \Q%E ade?érﬁ.%lhnﬁ&ﬁgge\? 9

m xer 384.” The spread data nal 1s welghted by weig i ces 344-348

as were determ ned.b he ceiving cjrcuit of Figure 19 for each virtual
channel .%%@%f%&%ﬁ%?e&? % C%Uﬁ?lgf‘ilj’?é'betl'as a data signal receiving
circuit at the base station. The transmtted data signal is received by
thednul tipl e &g @ryitof Figure 20 js used pya datxsignal recsiving eircyisabthedaseo each
antenna 48-52 to filter the data signal. The filtered data signals are
wei ght ed stgione Thétransmitiel dateesigrid & réCivedybyt the mudtipihartennde 48521 Aed for t he
correspondi ng antenna's received pilot and are conbi ned at 10 conbi ner 404

t 0 recoveiata HEKHE3D2-396 & tidupleStd'éah kitenia 43S 1o AIRF theldaalignaliTHe! gure 19
transmts the data signal with the opti-mum wei ghts, the Tecovered data

signal atgieRey qaFsibhdit altAWEightel b9 \GLigfitidy dvicty 305482 bYaRe Weihtsed by the

prior art.

determined for the corresponding antenna's received pilot and are combined at
10 combiner 404 to recover the data signal. Since the transmitter circuit of Figure 19
transmits the data signal with the optimum weights, the recovered data signal at the

UE will have a higher signal quality than provided by the prior art.
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* * *x \WWD 01118993 PCT/ US00/ 22559 -15 CLAIMS IINl fi[ll~~111(111111111 L
iii What is clained is: 1. A nethod for use in a spread spectrum

communi cat i Ovoodidesdn having a plurality of transmtting mAhweeass the

met hod conpri sing: transm tting fromeach transnmtting antenna, a pil ot
signal having a pseudo random chip code sequence uni quely associated with
that antenna; 5 receiving at the receijger all of said transmited p| ot

signals; filtering each said transmtted pil ot signal

signal's pseudo random chip code seuMdMs; weighti ng”mmmmmm I, m ed
pilot signal by a particular weight; conbining said weightéd pilet si gnal S
as a conbi ne@hghlg 'ed ;0 adaptively adjusting each said pilot signal”

particul ar wei ght in part on a signal quality of the conbined

signal; transmtting n f e ctrum
versi ons of thetldat aﬁé“eg’r?% axggﬁ%asgﬁegafé tcggmg?m ,“%8% % tg%'ﬂ]ﬁﬁgach
version having a_different chip code |dent|f|er for the respective
transmitti ng BTl of tragspitting anteuans, thenethod ‘H’H’cl’é‘s@ggnal via filtering each
version with its associated chip code and conbining the filtered versions,
wherein the differenttratamitting §om cacly brnsinitiog antenna: iagiilotedsral havisgpdance wi t h
the adjusted weights associated with the pilot signal of the respective

=

ant enna. pseudo random chip code sequence uniquely associated with that antenna;
5 receiving at the receiver all of said transmitted pilot signals;

filtering each said transmitted pilot signal using that pilot signal's
pseudo random chip code sequence;
weighting each said filtered pilot signal by a particular weight;
combining said weighted pilot signals as a combined signal;
10 adaptively adjusting each said pilot signal's particular weight based in
part on a signal quality of the combined signal;
transmitting a data signal such that different spread spectrum versions
of the data signal are transmitted from each antenna, each version having a different
chip code identifier for the respective transmitting antenna; and
15 receiving the data signal via filtering each version with its associated
chip code and combining the filtered versions, wherein the different data signal
versions are weighted in accordance with the adjusted weights associated with the

pilot signal of the respective antenna.
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This Sheet Has Been Replaced 1101111 1111111111f~ WO 01/18993 PCTI USOOn2559
-16 2. The nethod of claim1 wherein the different data signal versions are
wei ght ed woeiassar dance wi th the adj usted wei ghts pri orrdmusoe/z2s®m ssi on. 3.
The nethod of claim1 wherein the different data signal versions are

wei ghted in accordance with the adjusted weights after reception. 4. The
met hod of claim| wherein adaptivell-adjusting is by using a | east nmean"
squared algorithm 5. The nethod of claiml wherein adaptively adjusting is
by using a rZcur Jhemethodf claim 4 véherein therdiffenont data signal versioosiansf cl ai m 1

~ wherein adaptively adjusting is by conparing the conbined signal with an

i deal vakweighted ip acobndancawith theudjistegrvedights priortp trahsniigsieach  sai d pi | ot
signal's particular weight based in part on the error signal. 7. The nethod
of claim®6 wherein the ideal value is 1 + j0. 8 The nethod of claim1l
wherein the steps of filtering and weighting occur concurrently. 11111111

LILILL 1L 4 1T ib bt delof kY here e oot 4 8580 vBSRERRT VIO 01/ 18993

PCT/ US00/ 225
weighted in accordance with the adjusted weights after reception.

4. The method of claim 1 wherein adaptively adjusting is by using a least

mean squared algorithm.,

S. The method of claim 1 wherein adaptively adjusting is by using a

recursive least squares algorithm.

6. The method of claim 1 wherein adaptively adjusting is by comparing
the combined signal with an ideal value to produce an error signal and adjusting each
said pilot signal's particular weight based in part on the error signal.

7. The method of claim 6 wherein the ideal value is 1 + j0.

8. The method of claim 1 wherein the steps of filtering and weighting

occur concurrently.

* c L M S *
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9. The nethod of claiml1 wherein the filtering of each said transmtted

pil ot signal and of each said version of the data signal is perfornmed by a
RAKE. 10. Th® diRédeed of claim 1 wherein the filtering of%&mmgggd
transmtted pilot signal and of each said version of the data signal is
performed by a vector correlator. 11. The nmethod of claim9 wherein the
weirghting of each said pilot signal Lg-by weighting each finger of that
pilot's RAKE by a particular amount and the weighting of each finger of

each sai d versi oM, of Tihemethbdobdlgmal Wﬁer%ﬁ‘ﬂeﬁlﬁeﬂr%of%ﬁ&ﬂaﬁ?&@mﬁieﬁh the
adj usted wei ghts associated with the respective tfinger of the 5 pilot

si gnal ' s RAKEd: ofonbIRd BF bfth ssii98Rlo %&tﬁe%yrsg%gﬁﬁggw}bggmz- The

met hod of cl'aim 9 wherein the weighting o signal is by
wei ghting each finger of that pilot's RAKE and wei ghting an output of that
pilot's RAKE and the weighting of each said version of the data signal is
by weighting eacﬁ fi eraﬁn‘g an oufput of each said version of the data
signal's RAKE 5 ilf- actismshedollaim § whergigthe filteringaf gachsaidtragsmittedd with t he
respective finger and the output of the pilot signal's RAKE for the pilot
si gnal of t heilot sigpalcand\ef each said yersion|dfithe datd $igadl 19 parfarmed byllvetiak L s This
Sheet Has Been Replaced | f111111111121112112212ULt @ - ---------- WO

01/ 18993 PCldorietat¥r22559 - 18-

11.  Themethod of claim 9 wherein the weighting of each said pilot signal
is by weighting each finger of that pilot's RAKE by a particular amount and the
weighting of each finger of each said version of the data signal's RAKE is in
accordance with the adjusted weights associated with the respective finger of the

5 pilot signal's RAKE for the pilot signal of the respective antenna,

12.  The method of claim 9 wherein the weighting of each said pilot signal
is by weighting each finger of that pilot's RAKE and weighting an output of that
pilot's RAKE and the weighting of each said version of the data signal is by
weighting each finger and an output of each said version of the data signal's RAKE

5 in accordance with the adjusted weights associated with the respective finger and the

output of the pilot signal’'s RAKE for the pilot signal of the respective antenna.

IR O
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13. A spread spectrum conmuni cati on systemconprising: a transmtter
ronprising: 5 a plurality of transmtting antennas; nmeans for transmtting
fromeaclwodomsssi tti ng antenna, a pilot signal havi ngpcrnse®e® random chip
code sequence uniquely associated with that antenna; and neans for
transmtting a data signal such that different spread 10 spectrum versions
of the data signal are transm ttedlB8fomeach transmtting antenna, each °
version having a different chip code identifier for the respective

transm tting 13ant é&spesgadapettaim econenumdcation systérs cogprising:ecei vi ng ant enna; 15
means coupled to said receiving antenna for filtering each said

transmtted pil ot atlagdmittetSonidisingat pil ot signal's pseudo random chip code
sequence and for weighting each said filtered pilot signal by a particular

weight; means for comdﬂw&sfyyﬁggﬁ@% Mkd-Ot signals as a conbl ned

signal; 20 neans for ng each said pilot signal’

particul ar weight bas ar a SI of the onbl ned
signal ; and neans for ﬁg%?m '"gﬁ? %snvna teach version

vvithits,asa ci ated chjp code dcorrblnlngtheflltered ver3|ons wherein

t he Thi S8R & Rsedo mRadm chip qods sqquemqe yniquely assoigted withthat) || | ||
antenna; and
means for transmitting a data signal such that different spread
10 spectrum versions of the data signal are transmitted from each transmitting antenna,

each version having a different chip code identifier for the respective transmitting
antenna; and
a receiver comprising:
a receiving antenna;

15 means coupled to said receiving antenna for filtering each said
transmitted pilot signal using that pilot signal's pseudo random chip code sequence
and for weighting each said filtered pilot signal by a particular weight;

means for combining said weighted pilot signals as a combined
signal;

20 means for adaptively adjusting each said pilot signal's particular
weight based in part on a signal quality of the combined signal; and

means for receiving the data signal .vié filtering each version

with its associated chip code and combining the filtered versions, wherein the

-
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LLEITEEET FETEEEirr 11l Wo 01/ 18993 PCT/ US00/ 22SS9 -19 different data
signal versions are weighted in accordance with the adjusted weights 25

associated with the pilot signal of the respective anten e system
of claim 13 YAVEPH the transnitter further conpri ses rrer}g’rl{lsogébgrz;g\?vel ghting

the different data signal versions in accordance with the adjusted
wer ghts. 15. The systemof claim 13 vyitig_rei n the receiver further conprises
means for weighting the different data signal versions in accordance with

the ad] USt e il 8 SigndersHiS R 49 D a5 b BT WRighflopt | vl v

adj usti ng neans uses | east nmean square y adj ust
each id pilot, signal.s particular weight. 17. The system of claim 13
wher et % t he %Fﬁ%%ﬂ#ﬁﬂ@ﬂd’f%éﬁ@eﬁ@@sm@n?‘ecur sive | east squares
algorithmto adaptively adjust said pilot signal's particular weight. 111
111112121 1111 1 1211211112111 This Sheet Has Been Replaced | huH 11,1111111
11 1111 WO 01/18993. PCT/ USOCOR2559
14. The system of claim 13 wherein the transmitter further comprises
means for weighting the different data signal versions in accordance with the

adjusted weights. ’

15. The system of claim 13 wherein the receiver further comprises means
for weighting the different data signal versions in accordance with the adjusted

weights.

16.  The system of claim 13 wherein the adaptively adjusting means uses
a least mean squared algorithm to adaptively adjust each said pilot signal's particular

weight.

17.  The system of claim 13 wherein the adaptively adjusting means uses
a recursive least squares algorithm to adaptively adjust said pilot signal's particular

weight.

O
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-20 18. The systemof claim 13 wherein said adaptively adjusting neans
conpri ses neans for conparing the conbined signal with an ideal value to,

produce %"?’H’ﬂ; signal and adaptively adjusting eachpspishoRidset Signal's
particul ar ‘'weight is based in part on the error si gnar. 19. The system of

claim 18 wherein the ideal value is 1+ O 20. The systemof claim 13
wherein the pilot signal filtering.pggod weighting means conprises a
plurality of RAKEs for respectively filtering each said Ussntftd pil ot
signal and thgg.datFheSdystaml of 6laikai 1B NUheFEiANaidCaIEpLivELE Bdfustiig hthhd ¥ Of RAKEs
for respectively filtering each version of the data signal. 21. The system

g](‘)mz)lr ?;?ﬁ%%aﬁ?ﬁﬁlﬂgﬁg&%éﬁ?%l%{dai%l%%%@gg?&v%@y irTF?gfi ng each
copr i scangngt tEs by Slspibell Bt e i bty HeghS rek B R B 1 ¢ er i ng

each version .of the data sjgnal. 22. The system of claim20 wherein the

pi | ot si A%Rd inppet OB theproor sighak ghting means wei ghts each said pilot signal
by wei ghting each finger of that pilot's RAKE by a particular anount and

t he wei ghi ng of each finger of each said version of the data signal's RAKE
s in accordance wth the adjusted weights associated with the 5 respective
finger of thelfi| (Thesystamlofslaim8wherdn thetideal valad isdfj0. he respective

antenna. Il 1'll This Sheet Has Been Replaced I I!Y01L0EL 1R ED THEEE TITTI
*o~trrrrrraraaereert orrrrend

20. Thesystem of claim 13 whereinthe pilot signal filtering and weighting
means comprises a plurality of RAKE:s for respectively filtering each said transmitted
pilot signal and the data signal receiving means comprises a plurality of RAKEs for

respectively filtering each version of the data signal.

21.  Thesystem of claim 13 wherein the pilot signal filtering and weighting
means comprises a plurality of vector correlators for respectively filtering each said
transmitted pilot signal and the data signal receiving means comprises a plurality of

vector correlators for respectively filtering each version of the data signal.

22. Thesystem of claim 20 wherein the pilot signal filtering and weighting
means weights each said pilot signal by weighting each finger of that pilot's RAKE
by a particular amount and the weighing of each finger of each said version of the
data signal's RAKE is in accordance with the adjusted weights associated with the

5 respective finger of the pilot 'signal's for the pilot signal of the respective antenna.

AR R D
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WD 01118993 PCTI[JSQ0J22559 -21 23. The system of claim 20 wherein the
pilot signal filtering and weighting neans weights each said pilot signal
by wei ghi ng 64 nger of that pilot's RAKE and wei ghtpcigspizasest put of
the pilot's and the weighting of each said version of the data signal
I's by weighing each finger and an output of each said version of 5 the
data. signal s RAKE in accordance wi {4j.t he adjusted wei ghts associated with
the respective finger and the output of the pilot signal's RAKE for the

pi l ot i gnal of 28he THAgAREFUARANARGdn e bl gnd EidAdg dldvidigthing! 1111111 *
Cc s This Sheet as Been Replaced m 11111 11111~111~~111 | 4.
means weights each said pilot signal by weighing each finger of that pilot's RAKE
and weighting an output of the pilot's RAKE and the weighting of each said version
of the data signal is by weighing each finger and an output of each said version of
5 the data signal's RAKE in accordance with the adjusted weights associated with the
respective finger and the output of the pilot signal's RAKE for the pilot signal of the

respective antenna.
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