9 MAR 2004 W oina9 Wl usoan" TRANSM SSI ON USI NG AN ANTENNA ARRA\g IMXRAZUN
CDVA COVMUNI CATI ON SYSTEM BACKGROUND OF THE | NVENTI ON Fi el d of the

| nventi on ‘i’rﬁﬁlﬁ@fem invention relates generally to signal transm ssion
and recept n a wreless code division multiple acc SOHARTS9

comuni cation system Mre specifically, the invention relates to a system
and nethod of tr 1 SSI using an_ antenna arr to i nprove signal
reception in a wmﬂﬁm(mww@ummn ption of the
Prior Art A prior art CONMMAGOMMUNICARON SYSEEMhown in Figure |. The
communi cation systemhas a plurality of base stations 20-32. Each base
station 20 conmmuni cat ' Wﬁ@ i th user equi pnent
{UES) 34-38 within i t?%gg(r(g% ng ar ea. mmms fromthe base
station 20 to each UE 34 15 38 are referred to as downlink comuni cati ons
and comupj cations fromeach UE 34-38 to the base station 20 are referred
to as upl ebthrnventionns. Shown in Figure 2 is a sinplified COVA :
transmtter and receiver. A data signal having a given bandwidth is m xed

by a m xer 40 méﬁmacﬂﬁm' ' g%n?et?éfﬁ - ' .2 digital
spread spectrum signal for ﬁﬁgﬁys@gﬁuggea 0 an?ﬁ%ﬁgﬁ%%&eception
at an antgﬂiﬁi‘%@ th (gata | S _reproduce r correlation at a m xer 46
Wi th the Bhwirsless code divtsion muluplc acress Sogyaunicaion systaws Mare  dat a.
By using different pseudo random chip code sequences, many data signals use
9 MAR 208specifically, the invention relates to a system and method of transmission using an

-

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 spectrum 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 réceiver. 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 p_seudo random chip code sequence used to transmit the

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



WO 01/ 13993 PC. 1USCQO 22589 -2- the sane channel bandwi dth. In p%{;%\ﬁub r, a
base station 20 will comrunicate signals to nultipl™® UEs 34-38 @é
same bandw dth. For timng synchronization with a receiver, an unnodul at ed
pi | ot si gQoWe93used. The pilot signal allows respecti vem%gg,to
synchronize with a given 5 transmtter allow ng despreading of a data
signal at the receiver. In a typical CDVA system each base station 20
sends a unique pilot signal received.py all UEs 34-38 w thin conmunicating
range to synchronize forward |link transm ssions. Conversely, in sonme CDVA

syst ens, the&afsJahkel BanHRTdE: At f ch,,UE 34-38  transmts
a uni que assigned pilot signal tg sy?%ﬁ%oﬁ%é %&Whﬁ?@%si ons.

10 When a.UE, 34- 36, 0 g station 20-32 is receiving a specific signal,
all the 3 m&&%ﬂ%ﬁiﬁgﬁﬁ#'@m thg samp bawdwidtlh are noise-like in relation
to the specific signal. Increasing the power |evel of one signal degrades
al | other si gﬁmﬁmhghymlﬁbﬁmﬁﬁmﬂh%%ﬂkﬁm'iﬂﬁﬁwﬂamﬁw' he powver
level too far results in an undesirable received signa qualgwmme '
i ndi cat oryguge received signal quality (s 15 the signal to
noi se ratio (Mp % Eﬁ@‘#‘@g‘a W"L‘{Vﬁewﬁ%&?ﬁ‘t donghropjze with & givew ecei ved
sigpal is conpared tQ the magnitude of the received noise. The data within
a t1 ansniEneRIteraHawin jafla datasigyial SMEe receivendin stypRabZBDMA at the
receiver. A low SNR leads to |oss of data. To maintain a desired signal to

noi se 1 alsysten, cadiebie BN 10 RABTE BRI QY SiendlkekBEL by IR A Yot O

utilize sone formof adaptive power cC

transm sgj. r. .the noi se betyween sjgnals within the sane 215 sea e. IG
PC OW Within %X@numcarﬂngrangetosyncnfonm tjorwardhnktransmissions. Conversely, |

in some CDMA systems, for example in the B-CDMA™air interface, each UE 34-38
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
I5 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 transmitted signal received with a high SNR is readily recovered at the receiver.
A low SNR leads to loss of data.
To maintain a desired signal to 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



ittt ) 568 64
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M at the desired si |serat|§with|n

bandvvl dth is increased. Al though adapti've power control reduces
interference between signals in the sonme bandwi dth, interfer encg EARwHUﬂ#
exists limting the capacity of the.system One 5 techni qgque f-or increasing
t he nunber of signals using the sane radio frequency (RF) spectrumis to
use sectorization. In sectorization, base station uses directional
antennas to divide the base.station’ sa%‘perati ng area into a nunber of _
sectors. As a result, interference between signals in.differing sectors is
reduced. btnm&thmsecbm&ﬂsAcmrdhlglﬂthemmmmhﬂtdfsmhmc@m stie’ sect or
interfere with one anot her 10 Additionally, sectorized base stations
comonl y é) ctors decreasing

t he spect&%&eg%}&&i ncy IJ‘{OW P%ltc?tcjbea;\]gy andm%%hsaﬁ .S. Patent No. -
5,652, 764 discloses a transmitter array system_Each antenna of the away
transmits a sphlhoughadaptivgpawer controkraducesinfedierance botweeran signals in thef f er ent
ort.hogonal code. A recei ver rece| ves the transmtted 'spread data signals.

The receidgdnLsAERAGE iR r;gn{dgl% tcggw Sideer
match filters or eag[?'re at ors. The desprea d;BE ﬁa+s ar elther

conbi ned or, one despread, signal ed as, the recgi yed data, EPO
591951 aoteahaids SatiRrasing g@iﬂbﬁr ﬁmwﬁgm&m% o Ererment (R

signal is transmtted froma plurality of antennas using a different

spr eadi ngspeotent i3 to B4 sRtdiizutionn h secthrizatiba] & Hasd @tationtisés WrecHbhifl 0ses a

soft -handoff system for a CDVA system Each of a pl urality of base

stations RS hifidR'the basd #RRNNE Oletatig WP indSh st OF sectors. Asa

result. interference between signals in differing sectors is réduced. However, signals

within the same bandwidth within the same sector interfers with one another. |
10 Additiorially, sectorized base stafions cormoply ‘assign different frequencies: to
adjoiming sectors decreasing the spectral efficiency for a given frequency bandwidth,
U.S. Patent No. 5,652,764 discloses a transmitter arcay system. Each antenna
of the array transmits a spread data signal. Each data signal is spread with a different
B orthogonal cods. A recelver recéives the transmitted spread'data_ agnals The
15 ~ received signals are desprca& using the orthogonal codes by either match filters or
correlators. The despread data signals are e;ither combined or one despread signal is
selecteﬁ as the received data. | |
- EPO 881 781 A2 disc}uses a transmission, diversity scheme. An information
signal is transmitted from a plurality of antennas using a different spreading code for
20 - each antonna. |
U.S. Patent no. 5,812,542 discloses a soft handoff system fora CDMA system.

Each of a plurality of base stations transmits a pilot signal and the same data signal,

- Empfangszeit 22.0%t. 18:76




B e
” recelves the pilot nd despreads the

S|gnals u5|ng wei ghting information deternmined fromthe pilot S|§W&M?20mpe
despread-same data signals are conbined as an output data signa
Accordingly, there exists a need for a systemwhich further inprovers the
5 signal quality of received signals without increasing transmtter power
Fevel s. SUMVARY OF THE | NVENTI ON The invention provides for transm ssion
and reception of a data signal using-32-a plurality of transnitting
antennas. Each antenna transmts a different pilot signal 10 having a
pseudo r efteombile onit osteives duepitet sighials arbdespreafls tHexameedath ing ed
pilot using that pilot's chip code. The filtered pllots am wei ghted and

conbi ned._ E s_ad ust e |n p rt on a
si gnal qLPa Eﬁﬁﬂ%ﬁﬁaﬂ@%‘ﬁﬁeﬁwﬂ%ﬁ?ﬂ#ﬁ gﬁﬂ 375'5%* d such
that different spread spectrum versions of the data si gnal are transnitted

fr om eacsignalnare combigedias amoatpBbditasigoal.on havi ng Eeaf anaszeit 22. Ckt.
19: 26 9 MAR 2004 WD 01/189 rcrrosoorsZssq -4- version having a different

ssociated chifg eEaRE eI GREPY f0a BEX B ich Tyl hEBERel e °

with the adjusted wejghts associated with the pilot signal -of the
resPect i viaEnalgeakity of received slgnals without increasing transmitter power levels.

SUMMARY OF THE INVENTION
The invention provides for transmission snd reception of a data sigal using .
a plurality of transmitting antennas. Each antenna transmits a different pilot signal
10 having a pseudo random chip code sequence. A receiver filters each transmitted pilot
| uﬂmgIhatpﬂofschh;ood&alhefﬂuued]ﬁknsaurweq¢muiamdconﬂﬂned.Iﬁmh
;ﬁkmsﬂ;uWSvnﬁghthadmmhnﬂyad@nwadﬁapmnonasﬁgmdqwﬂhynfﬂxnxnnbhud
signal. A data signal is transmitted such that different spread spectrum versions of

the data signal ate transmitted from each transmitting antenna. Each version having

Eanfangszeit 22.0kt. 18:78



5 BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a prior art wrel zﬁAﬁp{uﬁed
spectrum CDVA communi cation system Figure 2 is a prior art spread! -
spectrum CDVA transnitter and receiver. 10 Figure 3 is the transmitter of
the inventwowiigesgure 4 is the transnitter of the inventi opedds kot i NQ
multiple data signals. Figure 5 is the pilot signal receiving circuit of
the invention. Figure 6 is the data signal receiving circuit of the
invention. Figure 7 is an enbodi ment gf the pilot signal receiving circuit
15 Figure 8 is a |l east nean squarred weighting circuit Figure 9 is the data

si gnal r e¢gkivh v ifferdiCehilcble § il otrsignal .receiving,circuit of
Fi gure 7. Filgurev%gifgiﬁa-n err%gﬁq rrentw%ltﬁ[eﬁe QN FeCEptinm, each VeTSiom s i r cui t
where the otlééput of each, RAKE is weighted. 20 Figure 11 is the data signal
receivin GVith Jtseasspciated ghippeods: - Jihgnfilteredeversions qarei weightedofn Fi gur e
10. 9 MAR 2004 wo ovum PMUSOOx 22399 -5- Figure 12 is an enbodi nent of the
pi | ot si gaxabrdanceiwitghe i adjusitéd ww%ﬁstw tRE di LansmE 4t i ng array
are closely spaced. Figure 13 is the data signal rec |¥/b?n%é%|nr%ﬁé used

with the pibok iggﬂ,a_ receiving circuit of Figure 12. 5 Figure 14 is an
il lustrati o?’é earrh%'teering in a CDMA comuni cation

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 signal 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 Figare 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.



system Figure 15 is a beamsteering transmitter. Figwe 16 is a eﬁ.ﬁ
Steering transmitter transmitting nultiple data signaf’s. Figuredl szuﬂ'he
data receiving circuit used with the transmtter of Figure 14. 10 Figure
18 is a pi WMRXNEEWAal receiving circuit used when uplink anBCERSMNI285
signals use the sanme frequency. Figure 19 is a transmtting circuit used
with the pilot signal receiving circuit of Figure 18. Figure 20 is a data
signal receiving circuit used with thedpilot signal receiving 1., circuit
of Figure 18. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The preferred

enbodi nent' s wi Figinee kiscani émbbdiinient oftherpilot sighal idteivitigeiraift whieighes Wher e
i ke nunerals represent |ike elenents throughout. Figure 3 is a

transmtt ' ' ) r ;has an array of antennas
48-52, 5 g#le eragfg/ﬂeﬁrgﬁgﬁg ta;e;ﬁ aagéalagéri}%é%cflh di stingui shing each antenna
48-52, a different signal is associated with each antenna 56-60. The
preferred si gndiguee 1345 thedata signalorexgiringodirendt 0sed1 sdththeilaixipass69 - ( -
each antenna is a pilot signal as shown in Figure 3. Each spread pil ot

signal is regst itlif Figdvel 1. si gnal - generator 56-60 using a different
pseudo random chip code sequence and is conbined by conbiners 62-66 with

Lei Ty dat & si orEIEMECNAE of ihasANpn o TRam SBuingin s DM/ communicatgener at cd
data signal with a different pseudo random chip code sequence per antenna
48-52, Dl -dpstem. The conbi ned signals are nodulated to
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

1. 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



a desired carrier frequency and radi ated through the antennas 48-52 of the
array. By using an antenna array, the transnitter ugilizes spaci §l MAR 7004
diversity. If spaced far enough apart, the signals radi ated by each

ant enna 48w681/me%h3 experience different 10 nmultipath dist ; iol €
traveling to a given receiver. Since each signal sent by an antenna 48-52
will follownultiple paths to a given receiver, each received signal wll

have many multipath conponents. These_conponents create a virtual
communi cati on channel between each antenna 48-52-of the transmtter and the

recei ver. efghf | s A S r.ansn tted one antenna 48-52 over a

virtual 15 channe'la'eil'f(s}él %fmg}l '\&ginugggéﬁ\'/érmﬁgufea i r%vchsﬁpﬁﬁ’&‘nﬂl ot signalie ot her

antennas 48-52 are used to maintain a high received SNR This effect is

achi eved BSPerH Mépﬂl@élmmm@rmhﬁngmﬁﬁﬁmpdeﬁmﬂéméﬂhiﬁ he

receiver. Figure 4 shows the transmtter as used in a base station 20 to

send mul t cqdesseqaétice afill 5'éntbinBd By caMbERLS 6268 wil ' erated by nixing
BY SPmbRREs S 60 wUPHR redpbeliil

at m xers 360-376 a 20 correspondi ng 4-78

with diffgrj eudo dam chi p code,sequences D11-D,,,,,,1. Accordingly,
each dat aa@%h%m%s'ﬂﬁdﬁgﬁm¢ uviag datasignglgencraton bymixing de
sequence per antenna 48-52, totaling N x Mcode 9 MAR 1004 wo ainss PC

1US80t r asalemixers 348382 dhe gendrateditatnsighsl with aétﬂi’fef&@gs@:ﬂﬂ fhiSm! difgp NUNDEr
of data signals. Subsequently, each spread data signhal 1s conbin W th

the spreagydd ' I Er’%ﬁé i i th, the antenna 48-52. The conbi ned
signal s are rmeg‘hlfat an raglsé%gﬂ'% ?h%cﬁﬂs&?ﬁ s arg edylatedter oy, 5
The pil ot gi gng! receiving circuit is shown in Figure 5. Each of the

transmitt@ uenry, apd sadisted thrpughn thecantermaa 48052 éfthe anal. pi | ot
signal, a

By using an antenna array, the transmitter utilizes spacial diversity. If spaced
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 sent by 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 antennia 48-52 of the transmitter and the
receiver. Effectively, when signals 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,. Agcordingly, each data signal is spread using a different

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



despreadi ng device, such as a RAKE 82-86 as shown in_the Figure SgomA 2004
vector * correlator, is used to despread each pilot signal using a replica
of " the corresponding pilot signal's pseudo random chip code sequence. The
despr eadi ngvalemiss®s al so 10 conpensates for nultipath in t h®CTAIRRISSRt i on
channel . Each of the recovered pilot signals is weighted by a weighting
device 88-92. Wight refers to both magnitude and phase of the signal.

Al t hough the weighting is shown as beifgg coupled to a RAKE, the weighting
device preferably al so weights each finger of the RAKE. After weighting,
all of thesdﬁﬁbﬁﬂé' =Je NE ' teRhs H ' ' -?nﬁgnbi ner
94. Using an errg'rqgilgﬁg?/agﬁg?gg? 98, %&g@ﬁ%{)gﬁ&%ﬁﬁgaﬁﬁ% si gnal
provi ded by .the wejghted combipation is used to create an error sigpal.
Based on tﬁ'ébsegv%iy,&@hap@wnﬁ%aeaﬁk@ comined, with the aveadievotsizndl o2 ar o
adjusted to mnimze the error signal using an adaptive algorithm such as
| east neanassqciatedaviti thSantenna 4852 Fhentbined signploare mdduldied amiradiateis ul t
the signal quality of the conbined signal 20 is maxim zed. Figure 6
depicts a ol A [rcuit using the weights determ ned by
the pil ot gﬁ‘a@‘l‘&%\‘/‘gﬁf@ﬂr‘g% The transmtted data signal is recovered
by the 9 MAR 2004 WD 01/ 18993 PCI/ USOQ 22559 -8- antenna 80. For each

ant edna 48- 52 olhe ipdlot rsignali reecivipgacirenit is showmrighFigure dm dEachoof dbpondi ng
despreadi ng device, shown as a RAKE 82-86, are used to filter the data

signal usi fandn | s si’%law QFed! ' Eﬁﬂﬁ [ : eggﬁ#r t he
correspondi ng t#‘gﬁsﬂnﬁti g aﬁt%ﬁ%‘gﬁgﬁgaﬁ e dgbgr%&ng%ﬁ\?gll%ht 3

or each 5
antenna's pil ot signal, each weight] vi ce 106-110 i ght s the RAKES
dnpr ead I[c)lespreadsmgg ice, su asalgAi(EEngz-g as s own?n%'ne F¥\§:rg Or a vector

correlator, 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. Althoﬁgh the weighting is shown as being
coupledtoa RAKE, the weighting device preferably also weights each finger of the
RAKE. After weighting, all of the weighted recovered pilot signals are combined
1o 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 maximized.
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



signal with the weight a,s,som ated with the correspondi ng pil ot For

i nstance, the weighting-device 88 corresponds to the& transmtti r‘&maﬂﬁﬁa
48 for pilot signal 1. The weight determ ned by the pilot RAKE 82 for

pil ot signWOQUVIB®3al so applied at the weighting device 106 of Fi gure 6.
Additionally, if the weights of the RAKES 10 fingers were ' r the
corresponding pilots signal's RAKE 82-86, the sane weights will be applied
to the fingers of the data signal's RAKE 100-104. After weighting, the

wei ghted signals are conbi ned by the conbiner 112 to recover the original
dat a si gnartenriy§0.s S h for the data signal as used with
each antenna s pil gtage%dgeastl gnal*%g h putting mpﬂlmwe@htsfﬁomt@e
channel rtl‘? eri enced by each antenna's signals. As a result, the
data si gn Ws%gmmﬂmpc,ushpmmmmw gﬁa;sféF mﬁﬁ)n over
Irtual C

each virtual cha‘rlmel By optimally conbining each

opt i mi zeddata pign: usieg rae feplica dofd @il g ' q ty is increased.
20 Figure 7 shovvs an enb? nent of Fﬁfea pg| B 3 rg‘?éf'gr%gévw & thé t . Each
of the tdopRSs (?ﬁg o s ar e recove&ed by the receiver's antenna 80. To
despread each he p

edeteinined sweighgpfircaadlf t he
coréespondl n%apl lL.ot's pseudo 9 MAR 2004 WO 01/ 18993 PCT/ USCar zzs59 - 9-

random c &é" goalceach wreightingdeviveddeve | ot signal are
produced by del ay deV| ces 114 124 Each del ayed eﬁtsy OW#?B a m xer

126- 142 s:gnahwlﬂeﬂfeeﬁ@i e m xed s gnal.s pass through sum and
dunp circuits 424-440 and are wel g‘ﬂr"@% Sé’rl@t-lfmnmm,ﬂm anount

det er m NgGla ht ad ust ment device 170. The wei ghted multipath
corrponent%ge l?% ég%‘ﬁ%mﬁg? “ to the transmitting antenna 48 for pilot signal 1.

The weight determined by 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 will 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

cach antenna's signals. Asa resuit, the data signal receiving circuit optimizes the
data signals reception over each virtual 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 pseudo



are conbi ned by a conbi ner 162-164. Each pilot's conbi ned output js._

tombi ned by a combiner 94. Since a pilot signal has rio data, thd MARo2604d
pilot signal should have a value of 1+ 0. The conbined pilot signal is
conpared twootms9xleal value, 1+ O at a subtractor 168. BRS0sod2dsh e

devi ation of the conbined pilot signal from 10 the ideal, the weight of the
wei ghting devices 144-160 are adjusted using an adaptive algorithmby the
wei ght adj ustnent device 170. A LMS alggorithm used for generating a weight
is showmn in Figure 8. The output of the subtractor 168 is multiplied using

a mxer léahdont hmﬁwmmcp‘gg‘. gﬁw&%ﬂgﬁgbg%ﬁgggi@%l% pilot.

The nmultiplied result is anplifi by an 1 anplifie egrat ed by
an integr 176. ,The jnte result is,used to ,wejght, WM_the RAKE
rnger - rhistnetd By ofy griseRl 0 £, ebidetayia vemto RReH2or e 7 | S
show for a base station receiver in Figure 9. The received signal is sent

to a set 6#2MEher&Gﬁed@ignabﬁfhemMﬁgnﬂspmiﬂ&bﬂ@m&n&dﬁﬁpfbﬁbﬁma 48-52
of the array. Each RAKE 20 100- 104, produces del ayed versions of the

ol ght od b i35 WSy AL BERers P tothy i Gl Ghmmtined b9 dfe {1
correspondi ng antenna's pilot signal. The weighted data signals 9 MAR 2004

WO (PL1189%¥¢i ertggviced70; dheavejghted nrultipath components dforeachipilst by a

conbi ner _208-212. One conbi ner 208-212_ S associ at _ed wi th each of_the N

transnitt iafgcoAbined by aé&nﬁﬁlcrf@lﬁ.cEﬂéHﬂﬁﬁ's&l)ﬂB_ﬁied'oﬁqﬂﬁ mngiﬁ;”es by
e

mxing at a mner 214-230 the conmbined 'signal wth a‘replica o
SPr ead! ng acc%%eﬁ:‘mgrsf‘\f gﬁrce rp?l%il Sign lgar}»enon:ftg,r & (tj:ogx%%&d pilot signal should

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 resuit is amplified by an

1> 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



5 signals at the transmtier, D 1-Dy, m Each despread data sigﬁﬁmuggzmﬁ§
through a sum and dunp circuit 232-248. For each daty signal, tHe s
of the corresponding sum and dunp circuits are conbined by a conbi ner

250- 254 t o W@euse3 each data signal. Another pilot signal r 186 ircuit
I's shown in Figure 10. The despreading circuits 82-86 of this receiving
circuit are the sane as Figure 7. The output of each 10 RAKE 82-86 is

wei ghted us - mix 256 260 prior to cosigini ng the despread pilot signals.
After conbining, the conbined pilot signal is conpared to the ideal value

and the r dorh giveh RAKE DOR#04 &R cdubit %@fu ! bRt of .each
RAKE's output using an adaptive al go?‘?tg%tr% o"’é%z&is?t‘rﬁﬁb%& &S t hi n
each RAKE34-$6. .the out put.of each RAKE 82-86 is conmpared to the ideal
val ue usi g aﬁ? Bt WT@RZ@SBZ‘G%&%%W%&RM 48:52.h&Each
conparison, the weight of each weighting device 144-160 is determi ned by

t he wei ghtcombjinesk signal isi despeend Mtimes By rﬂiﬁﬁg@faqnﬁeﬂﬂﬂ_m%ji%@%ﬂr cui t

used with the enbodi nent of Figure 10 is shown in Figure 1 IS circuit

is simlargg Wi'lﬁéiﬂ{}ﬁ | | Vi cirewit of .Figure 9 with the

addi ti on o%éﬁriﬁl Xers 2 4-‘%88&?0511 weilif\lgg‘nk %"ﬁ"l‘g?‘gﬂrﬁu{c%a&&SMMand dunp
circuit 232-248. The output_of _each sumand * dunp circuit 232-248 is

wei ght ed EWM&%D&S%eEGQd@pMMiMpM ds@@ Vas

wei ghted. Alternatively, the output of each RAKE s conbi ner 208-212 nmay be
9 MAR Zoomwmmmmﬁﬂﬁﬁsié&tﬂﬁgﬂ {its eo?;?' | xing by the
m xers 214-230 by the anmount of the correspon |ng%(ibﬁo %gﬁﬂ% I n
i eu owei i .tee mixing. 1. the spaci of the antennas 48-52.in the
Al dlthoRcifs fetotbind by o Eomb |

Another pilot signal receiving circuit is shown in Figure 10. The despreading

circuits 82-86 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 and 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 82-8‘,

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 RAKF's combiner 208-212 may be



antenna's signals wl| experiencé a simlar nultipathgenvironneng.MAq_ﬂmgh
cases,"the 5 pilot receiving circuit of Figure 12 may be utilized. Th

wei ght s fogvr?aq!a cted one of the pilot signals are determ ned in the sane
manner as | e 10. However, since each pilot travel s FCRUSRShe same
virtual channel, to sinplify the circuit, the same weights are used for

despreadi ng the other pilot signals. | ay devices 292- 294 produce del ayed
versions of the received signal. Each'del ayed version is 10 weighted by a

m xer 296-30Q by the sang i ght ,as the correspondi ng del ayed version of
the sel ect BRIOL O JpiXIn, 2d4-239dyshe pmountsif thexorrespgnding g

devi ces are conbined by a conbi ner 302. The conbi ned signal is despread

usi ng replpilotsRAKE B2-88 ih deuif sveagisting atbes mdom chi p code sequences,

P2-Pa, by the m xers 304-306. The out put of each pilot's m xer 304-306 is
passed t hrough n t dunp cirguij.308-310.,1.n the sanme panner as
Fi gure 10, --eachﬂagmgo fhe; T‘@”\@rﬁi{% ¢ SARSHHBE s5gY iy faaligachsi gnal

recovery circuit used with the enbodi nent of Figure 12 is shown in Figure
13. Del ay antenna'ssignals will experiece e siinilanymultipsthenvironméntt hesucheasisy@@ si gnal .
Each del ayed version is weighted using a m xer 190-194 by the 20 sane

wei ght as i ggc%gﬁ%ﬁ iSi ' F'tﬁ#ﬁ f. the mxers
are conbiﬂrlllgd by a Cco idngF%glﬂl'ﬁ]eayo%gtdpu of%ﬁ%‘ev-‘g@%ﬁggg%di?ei nputted
to each a@iﬁ‘gnal espreader, of Figure 13. 9 MAR 2004 WO 0i ns993 PCT/ US
-12- The i $180 [dstsreninedqin; the same manner asiadignve 10 Hovetverr i ng as

illustrated in Figure 14. Each signal sent by the antenna array wll
const r uct isimleleach pilot travels through the same virtual channel, to simplify the circuit, the

same weights are used for despreading the other pilot signals. Delay devices 292-
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 seleded pilot signal was weighted. The outputs of the weighting
devices are combined by a combiner 302. The 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 a sum and

L. ' dump circuit 308-310. In the same manner as Figure 10, each 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 tﬁe

20 . same weight as used by the pilot signais in Figare 12. Thé outputs of the mixers are
combined by a combiner 208. The output of the combiner 208 is inputted to each

data signal despreader of Figure 13.



and destructively interfere in a pattern based on the weights pr vmgg?uﬁ?ch
antenna 48-52 of the array. As a result, by selectipg the approgrl

wei ghts, the beam 312- 5 316 of the antenna array is‘directed in a desired
di recti on.wbiggregoes 15 shows the beam steering transmitting circuit. The
circuit is simlar to the circuit of Figure 3 with the adbBETAUSH/2E59

wei ghting devices 318-322. Atarget receiver will receive the pilot
signals transmtted by the array. Usiﬂ? the pilot signal receiving circuit
of Figure 5, the target receiver deterfnfhes the weights for adjusting 10 the

Cransm tter . soupaeniohiife pHRGAS Brisrimigue fan ASApVEN e webcigs s ©

the spr eotiubiiftedh Fignre 14, GEacrignalonasty hevutchtts dEaO A A GeV L Go5. 318- 325
corregpondi ng to the weight used foreig}cﬁyu?t ﬁmﬁgm%ﬁﬁﬁﬂ si gnal
s L1 et i A o B g e, L
data o gnp ot Lty AR Fobdlt dgvseleseip e appropriatemefgit ;222;,,2;;_‘;'; the’

y

target receiver are applied to the correspondi ng data signals wei ghti ng

devt ces ﬂ-@@@%@mmﬂy?%t%ﬁg&a%l receiving circuit for

the beam steering 20 transmitter of Figures and 16. Since the

transmtted sifqgﬁem I been. wei ghted, the data signal receiving
circui-t does not requl rogdst %mgcmnemmmgw. 9 MAR-
2004 wo % 38993 PCQ-I;{ USOOf MM -13- The advantage of the invention's beam
st eering TR Qi Biguned withethe niditien of weighting devices 318-322, A target

receiver will receive the pilot signals transmitted by the array. Using the pilot signal
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

weighted, the data signal receiving circuit does not require the weighting devices
106-110 of Figure 6.



data signal is focused toward the target receiver inproving the §i AR 2004
guality of the received signal. Conversely, the signal is focused away
fromother receivers reducing interference to their signals. Due to both
of these f XPEVBM% he capacity of 5 a systemusing the i nVTEAUSIOR2s89eam
steering is increased. Additionally, due to the adaptive al gorithm used
by the pilot signal receiving circuitry, the weights are dynamcally

adj usted. By adjusting the weights, a-b®ta signal's beamw || dynamcally
respond to a moving receiver or transmtter as well as to changes in the
mul ti path envi rBwagventaggofthe invention’'sbemn WO-fold® THe Waksthftfed! OWN| | NK

and uplink signals, such as tine division duplex (TDD), an alternate
enbodi nmentdadts sighfis fddtRed WA | . ' sianal s, experi ence the
same nultipath environnent as Eﬁl % ﬁ?%h‘%@ﬁé‘le"%g%@é@ﬁh@'@ﬁw% quency.
To take advantage.of .regiprocity, the wejghts determ ned by the base
station’ sdﬁgg%‘g'?‘gﬂg%f"e Nerselyst he; signal s fosused; away frommthér teeeiverss such a
system the base station's receiving circuit of Figure 18 is co-located,

such as witefueing intorference tu their, sigriald) mmmw&mwi&gm@pure 19.
In the receiving circuit of Figure 18, each antenna 48-52 recel vés a

respgctiveasjgtérﬂ' ' ' = _Each pilot i.g. filtered by a RAKE
406- 410 and “wel grr'ftSﬁ'ge mﬁ‘f@&%?gﬁﬁ’ﬁ%‘%&%?%ﬁ&%ﬁaﬁd%%@ﬁ%e%d
filtered pilot. signals are 20 conbined by a conbiner 418. Using the error
si gnal ge ¥ a%ﬂ"'-ﬁﬂd“%ﬂ"eb)&\éh‘bﬂtlm signalsteceiving) circuitry 4 i, weeightsvarght s

associated with the weighting devices 412-416 are adjusted using an

adapt i Ye afyaniicdlly adjusted. 208¢ afudtink] the Wiﬁﬁ@,oﬁrﬂéﬁgsignal's beam will

dynamically respond to a moving receiver or transmitter as well as to 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 weigﬁts determined
by the base station's receiver are applied to the base station's transmitter. In such a

1+ 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.

In the 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 error signal generator 420 and the weight

| adjustment device 422, the weights associated with the weighting devices 412-416

are adjusted using an adaptive algorithm.



-14- The transmtting circuit of Figure 19 has a data signal gene%ggﬂ_gﬁﬂgz
to generate a data signak. The data signal is spread.using mxer . e
spread data signal is weiighted by wei ghting devices 844-348 as were
determ ”%v&’{ufa?fa receiving circuit of Figure 19 for each virtual channel.
5 The circurt of Figure 20 is used as a data signal recei AGT{'SOMRASPt at

the base station. The transmtted data signal is received by the nmultiple
antennas 48-52. A data RAKE 392-396 js coupled to each antenna 48-52 to
filter the data signal. The filteredtata si gnal s are wei ghted by

wei ghting devices 398-402 by the weights determned for the corresponding
antenna' s recéﬁ\‘r‘ 1Hingagidcuit of Figwrenl® has aldata signahgenetftér3a2r@cover t he
data signal. Since the transmtter circuit of Figure 19 transmts the data

si nal  igehetdes dfta/sipial PhE 1ih sigriPiv BRANTELk HRR IBHOTRL sfieal I, o 0 |

have a hi gher signal quality than provi R 2004 -
15 CLAI MVR; reeaul pment. conpri sing: a receiving antenna for receiving
r ef ereng/glé?%ﬁﬁﬂg%%‘fggﬁév%'% c(f;g){cg %49‘34&1@,-1‘1 werefdatermined ibynttie r ecei ved
froma different antenna froma single transm ssion site and each data

si gnal vdresivingroirsuitof Figured Bfotichélevirtial elidn@ena from a singl e transnission
site; neans operatively coupled to the receiving antenna for filtering the

recgi ved ref GRuft! i associated.wit,h the reference
si gnal s and vveq{tghtl ng eac% 4 |§g’rsg%g§r)g?%ﬁa§f'ﬁ,‘@h %Wé?gw%tﬂéfa@m ar

"e 9N tation. The transmitted data signal is received by the multiple antennas 48-52. A
data RAKE 392-396 is coupled to each antenna 48-52 to filter the data signal. The
filtered data signals are weighted by weighting devices 398-402 by the weights
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.

* * . *



means for conbining the weighted filtered reference signals to pr ﬁgﬁﬁéﬁ
conbi ned signal and adaptively adjusting each of the reference sig 04
particul ar weight based on in part a signal quality of the conbined
signal; and neans for filtering each data signal version with a code
associated with that data signal versi®n and conbining the filtered
versions to recover data. 2. The user equi pnent of claim1 receiving
transmssions in a tine division duplex format. 3. The user equi pnent of
claim1 further conprising neans for weighting each data signal version
with the particular weight of a corresponding reference signal. 4. The user
equi pnent of claim3 wherein the wei ght,i each filtered first signal is
performed on each finger of the filtgiﬁggﬁieans. 5. The user equi pnent of
claim4 wherein the filtering is performed by a RAKE. 6. A user equi prment
conprising: a receiving antenna for receiving reference signals and data

si gnal verlsi ond& ussaequipmefictompsisingt gnal recei ved froma different antenna
froma single transn ssipon site and 9 R 2004 -16 a l.gnal__version
Fecel ved 1 rom A TEE 2htRnd i TrdNing roleiof Giats Pud 87 sBRATVHGPRE eadfT L 0
plurality réfereR PREVed Bloyh 6 UifFbreft iernACHr6BCE binpRIAraARIeRMA §ifef and
filtering received reference signals and weighting each filtered reference
si gnal by each deiptsignal aersioai rgaeived, fiopndi diferenioantemnepiromy single trnsgnisian
filtered Eﬁgerence signals to produce a conbined signal and adaptively

adj usting a’each of the reference signal's particular weight based on in

part a signal aiahs topenitivelpecoupledi etheSiegéining @éhna for filtering the received
reference signals using a code associated with the reference signals and weighting each
filtered reference signal by a particular weight;
means for combining the weighted filtered reference signals to preduce a
combined signal and adaptively adjusting each of the reference signal's particular weight
based on in part a signal quality of the combined signal; and
means for filtering each data signal version with a code associated with that data

signal version and combining the filtered versions to recover data.

2. The user equipment of claim 1 receiving transmissions in a time division duplex
format.
3. The user equipment of claim 1 further comprising means for weighting each data

signal version with the particular weight of a corresponding reference signal.

4, The user equipment of claim 3 wherein the weighting each filtered first signal is

performed on each finger of the filtering means.

5. The user equipment of claim 4 wherein the filtering is performed by a RAKE.

6. A user equipment comprising:

a receiving antenna for receiving reference signals and data signal versions, each

reference signal received from a different antenna from a single transmission site and



a second plurality of RAKEs for filtering each data signal versi oq] %R QU@I
code associated with that data signal version and conbining the tiltered
versions to recover data. 7. The user equi prment of claim®6 receiving
transmissions in a tinme division duplex format. 8. The user equi pnent of
claim6 further conprising weighting déftces for weighting each data
signal version with the particular weight of a corresponding reference
signal. 9. The user equi pnent of claim6 wherein the weighting each
filtered first signal is perfornmed on each finger of the RAKEs.

each data signal version received from a different antenna from a single transmission

site;

a first plurality of RAKEs operatively coupled to the receiving antenna for
filtering received reference signals and weighting each filtered reference signal by a
particular weight;

a combiner for combining the weighted filtered reference signals to produce a
combined signal and adaptively adjusting a each of the reference signal's particular
weight based on in part a signal quality of the combined signal; and

a second plurality of RAKEs for filtering each data signal version with a code

associated with that data signal version and combining the filtered versions to recover

data.

7. The user equipment of claim 6 receiving transmissions in a time division duplex
format.

8. The user equipment of claim 6 further comprising weighting devices for

weighting each data signal version with the particular weight of a corresponding

reference signal.

9. The user equipment of claim 6 wherein the weighting each filtered first signal is
performed on each finger of the RAKEs.



