24 Septenber 2004 WO 01/ 73968 PCT/ US01/ 09968 [0001] CDMA SYSTEM WHI CH USES
PRE- ROTATI ON BEFORE TRANSM SSI ON [ 0002] BACKGROUND [ 0084 Ferisenbsr 8d@ht
i nvention relates generally to digital communications. Mre specifically,

the inventigg15lgd s to a systemand nethod for pre-rot %iﬂﬁgm%g%gi tal
spread spectrumsignal prior to transm ssion in order to I'nmprove receiver

accuracy and recovery of the phase and frequency information by the
receiver. [0004] Many current communi cation systens use digital spread
spectrum nodul ation or code divisional multiple access (CDVA) technol ogy.
Digital spread spectrumis a comunication technique in which data is

transmttefb(wjlgh a br oadenedpppangyéEmvewdnepeckEgm by nmodul ating the data
to be transmtied WthM&%&WﬁFW %@Q transmt data

wi t hout being affected by signal distortion or an fnterfering frequency in
the transm.ssj.on path. [0005] Sha in Figure 1 is a sinplified CDVA
comruni can@}pziyst emthat invol J%&K»@RQ@ND communi cati on channel of a

gi ven bandwi dth which is mxed by a spreading code which repeats a

pr edet er m [@D3pat t erThegpessentaheshtioy relatpsganeonlyos digitallommetciions.dvigener at or .
A data signal is nodulated with the pn sequence to produce digital spread

spectrum si WY AN | I | e (Mol spread
Spect rum o Phanjcalth Gy AioR AR th 2 SRFH GAcbE for S8LlaEH apll°)
recei ver denodul ates the transm ssi.on t.o extract the digital spread
spect r um sFRFR&T SPeqiim signal pripr foansnissindp ordex ip Wr%%firﬁﬁ?lg%‘ﬁm%‘rﬁ e link.
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recovery of the phase and frequency information by the receiver.

[0004] Many current communication systems use digital spread spectrum
modulation or code divisional multiple access (CDMA) technology. Digital spread
spectrum is a communication technique in which data is transmitted with a broadened
band (spread spectrum) by modulating the data to be transmitted with a psendo-noise
signal. CDMA can transmit data without being affected by signal distortion or an
interfering frequency in the transmission path.

[0005] Shown in Figure 1 is a simplified CDMA communication system that
involves a single communication channel of a given bandwidth which is mixed by a
spreading code which repeats a predetermined pattern generated by a pseudo-noise
(pn) sequence generator. A data signal is modulated with the pn sequence to produce
digital spread spectrum signal. A carrjer signal is modulated with the digital spread
spectrum signal to establish a forward link and is then transmitted. A receiver
demodulates the transmission to extract the digital spread spectrum signal. The same

process is repeated to establish a reverse link.



-2 [0006] During terrestrial communication, a transmtted signal is
typically disturbed by reflections due to varying ter24Sepender 2004

envi ronnmental conditions and man- nade obstructions. Thus, a single
transmtted signal produces a plurality of received signals with differing
time delays at the receiver, an effect which is commonly known as

mul tipath distortion. During multipath distortion, the signal from each
different path arrives del ayed at the_ﬁgceiver wi th a unique anplitude and
carrier phase. [0007] In the prior art, the error associated with

mul tipath distortion is typically corrected at the receiver after the
signal has been correlated with the matchi ng pn sequence and the

transmtt edl088@la has Beew teagsogh cepumupigasions petransemechsianal iis tynieallyl et ed
with error incorporated in the signal. Simlar nmultipath distortion affects
t he rever sdisthiba& byrrefiefibsssdento Ya0A68 terAoc anddemidroymerttileconditionss il maneed f or
a systemthat corrects a signal for errors encountered during

transm ssi ofadd OERALLHPIMVRRY a i Badsnfiged kighdl prb@ucad adsnakty &f rebdifeddr esent
invention, there is provided a user equipnent (UE) for transmtting and

recei ving CORIMNARUIRMng tARAdCayS UFHId tbeierfan EREEWIRN RU8HIARSRdEEr Tor

reduci ng transm ssion errors in'sald transmtted signal he recel ver

i ncl udi ng: an ng for receiving.a communi cati on. si.gnal; a tive
mt ched 11 1 EopRtp 0 Rstonion, T int: Qftopa BRORE e el ROl e 2R ARG
generate a LI 12hed SHBAR' o B ol Wi A s iabiinde SHPLTETnA00" -2

[0007] In the prior art, the error associated with multipath distortion is typically
corrected at the receiver after the signal has been correlated with the matching pn
sequence and the transmitted data has been reproduced. Thus, the correlation is
completed with error incorporated in the signal. Similar multipath distortion affects the
reverse link transmission.

[0008] Accordingly, there exists a need for a system that corrects a signal for

errors encountered during transmission.

[0009] SUMMARY
[0009a] According to an aspect of the present invention, there is provided a user
equipment (UE) for transmitting and receiving communication signals comprising a
receiver and transmitter for reducing transmission errors in said transmitted signal,
the receiver including:

an antenna for receiving a communication signal;

an adaptive matched filter in said receiver for filtering said received signal to

generate a filtered signal using a weighting signal;



an-‘anal yzer for analyzing said received signal for errors and generating a
correction signal based on said analysis; said anal yze?4 Sapleodieng0d | east
one despreader for despreading said filtered signal using a pilot signal

a processor for performng a hard decision on said despread filtered signa
and generating synbol outputs therefrom and a conjugator for determ ning
the conpl ex conjugates of said synbol outputs to generate said correction
signal; a correction unit for correctigg said received signal using said
correction signal; and said transmttér“responsive to said correction

unit, for correcting said transmtted signal prior to transm ssion. [0010]
The present invention relates to a digital spread spectrum conmunication
system t hat cal cul ates phase and frequency error on a received signal from
a conmuni cati ng antmhilyzatuior mgalyzingrsaid sseivedsignat dtri emoranahdpgenemtingect s a
signal for phase and frequency error prior to transmssion to that entity.
24 Sept enbegor?2fén P 1¥agedeh BEA/ M) I9RS ana%z&ﬁ@éclﬁdiﬁgil deFeh¥eSeR PTI ON
OF THE DRAWNG S) [0012] Figure 1 is a sinplified block diagram of a prior
art CDVA ¢ %ﬁﬂﬂ [ tail ed bl ock di agram
of a B- CDVA 8 Eﬁﬁ%%%% ﬁ%ﬁﬁgg?ggg %%%@F&Egé Pét I's a detailed bl ock

di agram of the PE 8?0%”&30} Y’%Q or%?lnggzlhagi $ion on said despread filtered signal and

generating symbol outputs therefrom; and

a conjugator for determining the complex conjugates of said symbol outputs
to generate said correction signal;

a correction unit for correcting said received signal using said correction
signal; and

said transmitter responsive to said correction unit, for correcting said

transmitted signal prior to transmission.

[0010] The present invention relates to a digital spread spectrum
communication system that calculates phase and frequency error on a received signal
from a communicating entity during a wireless communication and pre-corrects a

signal for phase and frequency error prior to transmission to that entity.



pseudo-pilot signal, with carrier-offset correction inplemented at the chip
level . [0015] Figure 3B is a block diagram of a rake ¢teeptemper 2¢ph 6]
Figure 4 is a diagram of a received synbol pp on the QPSK constellation
show ng a jsion. [0017] Figure 5 is a diagram of of
correctionh?%?ygggénding to the assigned synbol. [0018]P'ﬂ§ﬁﬁ@g%§is a

di agram of the resultant synbol error after applying the correction
corresponding to the assigned synbol. B0019] Figure 7 is a block di agram of
a conventional phase-|ocked |oop. [0020] Figure SAis a sinple block
diagramof a transmtter in accordance with the preferred enbodi nent of

t he preseng,qRyenti on. { } I | @¢ck di agram of a
transm ttetoqlgyaccorda%%é‘gﬁmbﬁn@%&g?@ggﬁ@%%@m of the present

i nventi on. &90022] Finure 8C is a sinple block diagramof a transmtter in
accor dancel@i2h ~ an Fagwsr Aais @esﬁw&%ﬂnﬂ?@ko@mﬁﬁ@ Pea aion adeDNA. 24
Sept enber 2004 WO 01/ 73968 PCT/ US01/ 09968 -4 [0023] DETAI LED DESCRI PTI ON
OF THE PREEdRRODICEMICEIsMENTS [ 0024] The preferred enmbodi ment will be
described with reference to the drawing figures where |ike nunerals

represent g el emgnihebits duahi bR FRMMAINMN GathaneRia! om 25

as shown i re 2 | udes a transm r receiver whi ch
may reside in either a base station or a nobile user receiver. The
transm tt ety ncl udes a signal processor 31 which encodes voice

[0014] Figure 3A is a detailed block diagram of the present invention using one

pseudo-pilot signal, with carrier-offset correction implemented at the chip level.
[0015] Figure 3B is a block diagram of a rake receiver.
[0016] Figure 4 is a diagram of a received symbol p, on the QPSK constellation

showing a hard decision.

[0017] Figure 5 is a diagram of the angle of correction corresponding to the
assigned symbol.
[0018] Figure 6 is a diagram of the resultant sjmbol error after applying the

correction corresponding to the assigned symbol.

[0019] Figure 7 is a block diagram of a conventional phase-Jocked loop.
{0020] Figure 8A is a simple block diagram of a transmitter in accordance with
the preferred embodiment of the present invention.

[0021] Figﬁre 8B is a simple block diagram of a transmitter in accordance with
an alternative embodiment of the present invention.

[0022] Figure 8C is a simple block diagram of a transmutter in accordance with

an alternative embodiment of the present invention.



and nonvoi ce signals 33 into data at various rates, 2% dat a rat es of 8
kbps, 16 kbps, 32 kbps, or 64 kbps. The signal proces peRember 234

specific data rate depending upon the type of signal, or in response to a
set data r 6] By way of background, two steps ar in the
generat i on%oﬁ 1/539 ransmtted signal in a nmultiple accesssgn[@%(orl}c())%gﬁg

First, the input data 33 which can be considered a bi-phase nodul at ed

Si gnal i s encoded using forward error-gorrection (FEC) coding 35. For
exanple, if a R=1/2 convolution code is used, the single bi- phase

nodul at ed data signal becones bivariate or two bi-phase nodul ated signals.

(?ggi Sing'?glj[d(ﬁﬁggﬁﬁ%‘gﬁﬁyl}?ggﬁgprmnelT%?Wﬁ%ﬁex nurger Fggrnslrﬁga:‘olr%

atbj, wher re real rs an nodul ated | and
Q signal s EQ’O?ZI'ES ual Ibgher B]TﬁgffrFeé]de g%rbthﬁSgﬂlgﬁ%aggt STererEngeeln ( QPSK) .
In the preferred enmbodi ment, the tap generator polynom als for a

const r ai nt dtasring figofes relpralike aumenisotprcsent tike cbuentsghwughoutR 1/ 2 are
Gl=1718 37 and (2=1338 39. [0027] In the second step, the two bi-phase

nodul at ed gEgRg]or SyAgDIEAMdoBumuikltioR ERtciR 2.8 a8l sNdviD i BF A fclREgudo- noi se
pn) sequence. The resulting |I 4b5a and Q 45b 24 Septenber 2004 WO 01/73968

(
PCT/ USOL/ 0 =5 read si.gn r. 5 signals
(channel s) HRimiEr 5 FREEoRb YL s BRURHEE T el bbby R miIeS] Shal
51 and then transmtted 55. The transm ssion 55 contain a plurality of
i ndi vi dual UekzensaIcs R/ rarpmitterorinplndera signal prasessor ébE@}Ch‘ﬁﬂéodﬂisd’@mﬁer 29
i ncl udes a denodul ator 57a, 57b which downconverts

and nonvoice signals 33 into data at various rates, e.g. data rates of 8 kbps, 16 kbps,

32 kbps, or 64 kbps. The signal processor 31 selects a specific data rate depending
upon the type of signal, or in response to a set data rate.

[0026] By way of background, two steps are involved in the generation of a
transmitted signal in a multiple access environment. First, the input data 33 which can
be considered a bi-phase modulated signal is encoded using forward error-comection
(FEC) coding 35. For example, if a R="% convolution code is used, the single bi-
phase modulated data signal becomes bivariate or two bi-phase modulated signals.
One signal is designated the in-phase (I) channel 41a. The other signal is designated
the quadrature (Q) channel 41b. A complex number is in the form a+bj, where 2 and
b are real numbers and j°=-1. Bi-phase modulated I and Q signals are usnally referred
to as quadrature phase shift keying (QPSK). In the preferred embodiment, the tap
generator polynomials for a constraint length of K=7 and a convolutional code rate of
R='2 are G;=1714 37 and G,=133, 39.

[0027] In the second step, the two bi-phase modulated data or symbols 41a, 41b

are spread with a complex pseudo-noise (pn) sequence. The resulting 145a and Q 45b



the transmtted broadband signal 55 into an internedi a%g freg_%em:g si gnal
59a, 59b. A second downconversion reduces the signal SeRlEERERE%%he QPSK
signal is then filtered 61 and m xed 63a, 63b with the |locally generated

conpl ex pn e 43a, 43b which matches the conjugat
transrﬁtted&@coa#gi{agsx code. Only the original waveforns \A,ﬁf:@{[fsé}@‘;gésspread by
the sane code at the transmtter 27 will be effectively despread. O hers
w || appear as noise to the receiver 29, The data 65a, 65b is then passed
onto a signal processor 67 where FEC decoding is performed on the

convolutionally encoded data. [0029] When the signal is received and
denodul at ed, the baseband, si |l .l,s at the chip |lgvel ot.h | ,and Q
Comonent S BPEE g5 apoPedddantSatnmrg amel CEPiFevins oifiatns,
sequence used duri ng spreading, returning the signal to the synbol |[evel.
However, demeading spdesemized suih apiader spral Pt ped thap &iepenitied dur iThg
transm ssion manifests itself by distorting the individual chip waveforns.

I'f carri ertraf¥nlisgdén §PiagebhRih 4 plupit of Hdividial chenel nvingy Gilffefsne Hadal
accuracy increases due to the 1nherent resolution of the chip-Ievel

si gnal . Cafaé'fser of fset correction may al so be perforned at the synbol
| evel but Wwth | ess overall accuracy. However, since the 24 Septenber 2004
WO 01/ 73968, PCT/ USO1/ 09968 - 6- %ynbol rate . is much | ess_than the chip
rate, a | olR8bver allheppesives 2P dppladrsademodulagey i /aedibichdewneeonyeaist i on i s

done at the synbol level. [0030] As shown in Figure 3A, a receiver using
t he syst enhédraandittedttivoatibahd sighel §f msemt intenediatofrequens eignal Mac6%pl ex
baseband digital spread spectrumsignal 77 conprised of in-phase and
quadr at ur e ARREGRI ERPRBASAsRnrEdiddP e sHM1 {ddasebaad. BBE PSK signal is then
filtered 61 and mixed 63a, 63b with the locally generated complex pn sequence 43a,
43b which matches the conjuéate of the transmitted complex code. Only the original
waveforms which were spread by the same code at the transmitter 27 will be
effectively despread. Others will appear as noise to the receiver 29. The data 65a,
65b is then passed onto a signal processor 67 where FEC decoding is performed on
the convolutionally encoded data,
[0029] ‘When the signal is received and demodulated, the baseband signal is at
the chip level. Both the I and Q components of the signal are despread using the
conjugate of the pn sequence used during spreading, returning the signal to the symbol
level. However, due to carrier offset, phase corruption experienced during
transmission manifests itself by distorting the individual chip waveforms. If carrier
offset correction is performed at the chip level overall accuracy increases due to the

inherent resolution of the chip-level signal. Carrier offset correction may also be

peffonned at the symbol level but with less overall accuracy. However, since the



"an adaptive matched filter (AMF) 79 or other adaptive filtering nmeans. The
AVF 79 is a transversal filter (finite inpul se respondtPenieMbRr 28 filter
coefficients 81 to overlay delayed replicas of the received signal 77 onto

each ot her jde a filtered signal output 83 havin ' ased
si gnal -t o- n%?sog%raé o (SNR). The output 83 of the AW 780?@5@@3% ed to a

plurality of channel despreaders 851, 852, 85" and a pilot despreader 87.
The pilot signal 89 is despread with agseparate despreader 87 and pn
sequence 91 contenporaneous with the transmtted data 77 assigned to
channel s which are despread 851, 85,, 85r, with pn sequences 931, 932, 93"

of their o frer. th at a,. channgl.s are despread 851, 852, 85n,.the data
bi ¢ o r eantted! eBtis bl 18 Inl RS o5 o 0RBE B0Gal hasdots oGy 5
and output 991, 992, 99,,. [0031] The filter coefficients 81, or weights,
used i n adfaddiredyhendheparrepton issdonsist thefyambeylavek denpdul ation of the

I ndi vidual nultipath propagation paths. This operation is perfornmed by a

rake recei (@30101. Teshose @fFigure3ie arreeiver@kinkGhe biters GoRAH sttt d off
mul tipath distortion is well known to those skilled in the conmmunication

arts. [003 L0 i ' |l st.5.10f a
parai ol Rl B S L, A orhilf bRl RS b S, 0o
whi ch denogdul at e .24 Sept enber . 2004 WD 01/ 73968 PCTI USO /09968 . a,

particul ar Jﬁﬁ?ﬁtﬂ%%?ﬁw?bfgﬁ%@?ﬁéﬂ@quaﬁ%@ufﬁnhafe coppomaRts 1§ ippetiand dilersdusipe o
particular denodulator is initiated by the timng estimtion of a given

pat h as deteadaphisdnimyched filter bl i er 4hbr adaptivh Altpringmeans ,The AAMF&9 si gnal
is -used for despreading the individual signals of the rake. In the

e ST YRy s ayeocrphans 891 o

overlay delayed replicas of the received signal 77 onto each other to provide a filtered
signal output 83 having an increased signal-to-noise ratio (SNR). The output 83 of
the AMF 79 is coupled to a plurality of channel despreaders 85,, 85,, 85, and a pilot
despreader 87. The pilot signal 89 is despread with a separate despreader 87 and pn
sequence 91 contemporaneous with the transmitted data 77 assigned to channels
which are despread 85,, 85,, 85, with pn sequences 93,, 93,, 93, of their own. After
the data channels are despread 85,, 85,, 85,, the data bit streams 95,, 95,, 95, are
coupled to Viterbi decoders 97,, 97,, 97, and output 99,, 99., 99,.
[0031] The filter coefficients 81, or weights, used in adjusting the AMF 79 are
obtained by the demodulation of the individual multipath propagation paths. This
operation is performed by a rake receiver 101. The use of a rake receiver 101 to
compensate for multipath distortion is well known to those skille.d in the
communication arts.

[0032] As shown in Figure 3B, the rake receiver 101 consists of a parallel

combination of path demodulators “fingers” 103, 103,, 103,, 103, which demodulate



recei ved signal is used. [0033] Each path denodul ator jncl udes
aconpl exm xer 1070, 1071, 1072, 107", and sunmer and | at ¢éhSepiembenge 1092,
109, For each rake el enent, the pn sequence 105 is delayed T 1111, 1112,

111,, by ongogph#eand m xed 107,, 1072, 107,, with the pr ead
spectrum signal 113 thereby despreadi ng each signal. Eacgﬁjﬁg(ﬁ@?ggﬁi cation

product is input into an accurul ator 1090, 1091, 1092, 109" where it is
added to the previous product and | atched out after the next synbol -cl ock
cycle. The rake receiver 10 1 provides relative path values for each
mul ti path conponent. The plurality of -n-dinension outputs 1150, 1151,

112, 115 R, S5 ShA T ot e PRI AIASl PRMsSSyigaRRnSe |t

contain a Ive e err eit , Yo Or [ 00341

Referring Qack,to Figure 3A the plurality of outputs fromthe rake
recei ver afemediiponis ?WM%W@%BW&WW%S@V%R@ as fotermyngd §¥@i t h each

rake receiver 10 1 output 115 is a correction to renove the rel ative phase
error cont pi papheneal @Shdn tlakeiarattpapilot[s@Mabis ubedafol despséagingg the sndividnala
conpl ex QPSK signal, but with the quadrature conponent set at zero. The

error corr j ] j j ' r 2004
N0 01/ 7306 e B e sl S Rh RS The Y e R o

performng a_h decision 121 an each t he synbols of th espread
D anal o5 chRL 8 S eP o Sgtny Ty i danne aviipe Toree
constellation position that is closest to the despread synbol value. [0036]

As shown i FecFivgdisignal isused. Eucl i dean di st ance processor conpares a received
synbol po of channel 1 to the four QPSK constellation points x,,1, x_,,1,

X_, [0033] Each path demodulator includes a complex mixer 107, 107,,107,, 107,
and summer and latch 109, 109,, 109,, 109,. For each rake element, the pn sequence
105 is delayed © 111,, 111,, 111, by one chip and mixed 107,, 107,, 107, with the
baseband spread spectrum signal 113 thereby despreading each signal, Each
multiplication product is input into an accumulator 109,, 109,, 109,, 109, where it is
added to the previous product and latched out after the next symbol-clock cycle. The
rake receiver 101 provides relative path values for each multipath component. The
plurality of n-dimension outputs 115,, 115,, 115,, 115, provide estimates of the
sampled channel impulse response that contain a relative phase error of either 0°, 90°,
180°, or270°.

[0034] Referring back to Figure 34, the plurality of outputs from the rake
receiver are coupled to an n-dimensional complex mixer 117, Mixed with each rake
receiver 101 output 115 is a correction to remove the relative phase error contained
in the rake output.

[0035] A pilot signal is also a complex QPSK signal, but with the quadrature

component set at zero. The error correction 119 signal of the present invention is



,, x1, -1 - It is necessary to exanmi ne each received sglnbol pa due to
corruption during transnission 55 by noise and di st or?4 septefiRer H4
mul ti path or radio frequency. The hard decision processor 121 conputes the

four dista d2, d3, dL to each quadrant fromthe ' synbol po
B, iR

and chooses th rtest di stance d2 and assigns that s;l; ocation x_ 1+

1. The original synbol coordinates pa are discarded. [0037] Referring back
to Figure 3A, after undergoing each hagd synbol decision 121, the conpl ex
conjugates 123 for each synbol output 125 are determ ned. A conplex

conjugate is one of a pair of conplex nunbers with identical real parts and

S dempaul A e R hetopeld BP0, Wi iRt P Sadipigat o of

t he assigne synpal ordi nates x_1, . formng the correction_signal 119
which is ueklesEmpaRst e deprreachyighal 96:- ph hatd decisign Rieerssetidd determinssr ake

out put. Thus, the rake output is effectively de-rotated by the angle
associ at edtheiQPSK kensteliatiod posision that iseciosdsthiy thbdespreddatyimbe] piilase error. This
operation effectively provides a rake that is driven by a pilot signal,

but wi t hou g1 absol ol%ﬂ?ﬁ : :90.38]: | Lgure 3A
t he out put EOP? 5'9] fr omﬁ&corrp glggﬁcﬁf’ﬁgg? él Cil?%% élgﬁg%f%{oggﬁtg ggg&ggﬁ% Hex

01/ 73565 PEFPNE TTbbdEs of cuel Lia e TolOP Sk sondalifimpane shoroetion
signal 119. The resulting products 127 are noisy estimates of the channel
i mpul se r es¥ans dt pinegessstydwmexamingisgeh recéived kpmbolipgdue showmptionuginge 6 i s
i ndicated by a radian distance of itl6 fromthe in-phase axis. [0039]
Referring hawittod 59Uy AoBband BRtHbE Witk mAtiphthr ¢£010 iRYusticy. The

hard decision processor 121 computes the four distances d,, d,, d;, d, to each quadrant

from the received symbol p, and chooses the shortest distance d, and assigns that

symbol location X ;. The original symbol coordinates p, are discarded.

[0037] Referring back to Figure 3A, after undergoing each hard symbol

decision 121, the complex conjugates 123 for each symbol output 125 are determined.

A complex conjugate is one of a pair of complex numbers with identical real parts and

with imaginary parts differing ouly in sign. As shown in Figure 5, a symbol is

demodulated or de-rotated by first determining the complex conjugate of the assigned

symbol coordinates x , ., forming the correction signal 119 which is used to remove

the relative phase error contained in the rake output. 'I‘hﬁs, the rake oufput is

effectively de-rotated by the angle associated with the hard decision, removing the

relative phase error. This operation effectively provides a rake that is driven by a pilot

signal, but without an absolute phase reference.

[0038] Referring back to Figure 3 A, the output 119 from the complex conjugate

123 is coupled to a complex n-dimensional mixer 117 where each output of the rake



di nrensi onal channel m xer 117 are coupled to an n-dine iional eséé&Ptor
131. The channel estimator 131 is a plurality of Iom#g SEPIEMBEE2U04 o ach
for filtering a multipath conponent. The outputs 81 of the n-dinmensional
esti mat or oupled to the AMF 79. These outputs t he AMF
79 filter aiﬁg ?gﬁpThe AMF 79 filters the baseband signgéwﬁgh@%%%ensate
for channel distortion due to nultipath without requiring a |large

magni tude pilot signal. [0040] . The r.ake receiver 101 is used in
conjunction with the phase-locked |oop (PLL) 133 circuits to renove
carrier offset. Carrier offset occurs as a result of transmtter/receiver

conponent pi.s: Is rtl L nv Lon 75
uses a Iow{gcgl\?gﬁt fd&ﬁ?é‘@ Q‘g‘?‘g’#ﬁ?ﬁ% e\%c?%%gﬁ ééﬂgrg b?gggdﬁ gf/ne#erg%?ée%% |n%Ie87 t he
pilot fromthe basebanfghsi nal . 77 with a pilot pn sequence 91. The pil ot
signal is DBYFTERpteselihe phapmel imppsilse nosnonsa B, assthowm indigygér elhe ermge PLL
133 neasures the phase difference between the pilot signal 135 and a

ref erence gvameindfighre 6Tkhdndickesdbpadadiad distancgofn/6 ¥ it infphagcixial error
signal coupled to the PLL 133. [0041] The PLL 133 includes an arctangent

anal yzer 1§f39f0np! @esbiihk&ack 36, Fig?ﬁblbmr%ﬂé ) F}i&t&g?g raé}?thf3%om;l)lex

aphase-to-corrpfex-nunber onverter he pi *the error
signal inpyt to the PLL.133 is coypled to.the conplex filter 137. The
comprex 1 Mol i datertly s ehitb fiea dimeniotgtestireicran o Tien sumer
147. The 24 Septenber 2004 WO 01/73968 PCT/ US01/09968 -11- [0043]

Ref erri ng ehonpelpstimap 134 is 2 phwality o€ tow-@8ssnfilthes, ieachafor dilidang e muiltipathn
alternative enbodi nrent of the present invention is shown. This enbodi nent

133 r fg(r:nt : g:\ cqsﬂia%brlliaefi?. 1’%@i@gtb%ﬁ)r?édéﬁtﬁ%-diﬂzeﬁéigw%s%at&%? Rire Eh@fled Reihe
AMF 79. These outputs 81 act as the AMF 79 filter weights. The AMF 79 filters the
baseband signal to compensate for channel distortion due to multipath without
requiring a large magnitude pilot signal.

[0040] . Therake receiver 101 is used in conjunction with the phase-locked loop
(PLL) 133 circuits to remove carrier offset. Carrier offset occurs as a result of
transmitter/receiver component mismatches and other RF distortion. The present
invention 75 uses a low level pilot signal 135 which is produced by despreading 87
the pilot from the baseband signal 77 with a pilot pn sequence 91. The pilot signal is
coupled to a single input PLL 133, shown in Figure 7. The PLL 133 measures the
phase difference between the pilot signal 135 and a reference phase of 0. The
despread pilot signal 135 is the actual error signal coupled to the PLL 133.

10041] The PLL 133 includes an arctangent analyzer 136, complex filter 137,
an integrator 139 and a phase-to-complex-number converter 141. The pilotsignal 135

is the error signal input to the PLL 133 and is coupled to the complex filter 137. The

complex filter 137 includes two gain stages, an integrator 145 and a summer 147. The



with the baseband data signal via a mxer 157. Thus, ths bgsghapogata is
pre- corrected prior to encoding and spreading. O course, those of skill
in the art should realize that other processing steps nay be introduced
bef ore t he W PEBPEoNn signal 119 is mxed with the data e¢muosiinegds®044]
Referring to Figure 8C, a transmtter 188 nade in accordance with another
al ternative enbodi nent of the present invention is shown. In this

enbodi ment, the correction signal 119 ard the carrier offset si ghal 149 are
i nput into a conbiner, which conbines the signal into a single
pre-correction signal, and m xed wusing the m xer 169 with the output of
the sumer B843)i or RefuringsnFiewiosB, 4 GodkR]it& 183l hyde intacstudahet ¥&th BAt ed
that the carrier offset correction and the pre- rotation correction are

separat e CoflfeRidiveBbosdht FPUE Brert hﬂvléﬁﬁoﬁ ReRRFR AN %r%ﬂ?&ﬁin{eﬂﬁs siphifygr - For

exanple, the systemmay pre-correct only for carrier set error and may

not perfor e-rotation, Alternatiyely, the stem may .perform
pre-rotati ?ﬁ%euﬁlﬁ%@ﬁmﬂtdspoggtl? g@f‘m? %& %‘ﬁ?ﬂ&'@r‘%@?@fm Srlg?al lﬁéﬁwe%i | e
speci fic enbodi nents_of the present invention have been shown and

descri bed, Wihjharbesebanddptorsignahvia amixer 36%. Chuisdthechaselmdbdatonepski | | ed

in the art without departing fromthe spirit and scope of the invention.

The above wescllptioph aROURE dud s'gfaaaﬁv%r YiRonRed, Hede dfisml mttﬁémeélﬁadlqul ar
formin any way. 24 Septenber 2004 01/ 73968 PCTI USOL/ 09968 - 10

out Bt ST TRt e RSB At e, T
The phase I : uéd x}/ﬁﬁ the data signal.
[0044] Referring to Figure 8C, a transmitter 188 made in accordance with
another alternative embodiment of the present invention is shown. In this
embodiment, the correction sigﬁal 119 and the carrier offset signal 149 are input into
a combiner, which combines the signal into a single pre-correction signal, and mixed
using the mixer 169 with the oufput of the surumer 53 prior to transmission.

. [0045] Finally, it should be noted that the carrier offset correction and the pre-
rotation correction are separate corrections. Each may be utilized independently of the
other. For example, the system may pre-correct only for carrier offset error and may
not perform pre-rotation. Alternatively, the system may perform pre-rotation but may
not correct for carrier offset error.

[0046] While specific embodiments of the present invention have been shown
and described, many modifications and variations could be made by one skitled in the

art without departing from the spirit and scope of the invention. The above

description serves to illustrate and not limit the particular form in any way.

% # &



I's coupled to a converter 141 which converts the phase:signal into a
conpl ex signal for mixing 151 with the baseband signa?4$gmB@PﬁE%x¥he
upstream operations are conmutative, the output 149 of the PLL 133 is al so
t he feedba I jnto the system 75. [00421 The correcti | g 119 of

t he conplei&gggﬁﬁggte 123 and the output signal 149 of %QQU%E%&% 3 are
each coupled to mxers located within the transmtter 181, in order to
correct the signal before transm ssioni@s shown in Figure 8A. The
transmtter 181 shown in Figure 8A operates in a simlar manner to the
transmtter 27 shown in Figure 2, except that the signal ready for

ot 1641, CUpA5EORES FRALER Ml i Byl T ThE Bt ) s

The two bi-phase nodul ated data or synbols 4la, 41b are spread with a
conpl ex psEadENgEISRhass high i avpe lé‘ﬁdo thecconenier iddg Themhasgrentont 149y spread
signals are mxed with the correction signal 119, upconverted with the
carrier sigraupkd to andneatdildedvibch vertvierts tHeeghasesigasl iaiognaingplbayighigl
different spreading codes. The resulting signal 55 is again corrected

using the #&,988lnd491 i é%eﬁﬁﬁl}?%éﬁﬁl ﬂ-LS;rﬁzétthH??Qéa%?% eego}i\%].klt%h has

been pre-corrected for phase and fréquencyis then ansm tt nthis
the r ecel verbmengegnaougnt il olhebEE3ak i atatlc Sedhak o e fcedhe phase
and frequency errors in the signals as received at the receiving unit. 24
Sept enber 2D04 -12 CLAIMS What is clained is: 1. A user equipnent (UE) for
transmtting and receiving comuni cation signals

[0042] The correction signal 119 of the complex conjugate 123 and the output

signal 149 of the PLL 133 are each coupled to mixers located within the transmitter

181, in order to correct the signal before transmission as shown in Figure 8A. The

transmitter 181 shown in Figure 8 A operates in a similar manner to the transmitter 27

shown in Figure 2, except that the signal ready for transmission is pre-rotated prior to

transmission. Referring to Figure 84, data 164, 164,, 164, is encoded using forward

correcting coding (FEC) 35. The two bi-phase modulated data or symBols {Ha, 41b

are spread with a complex péeudo-noise (pn) sequence and the resulting [ 45a and Q

45b spread signals are mixed with the correction signal 119, upconverted with the

carrier signal 51, and combined 53 with other spread signals having different

spreading codes. The resulting signal 55 is again corrected using the signal 149 from

the receiver PLL 133. The signal 56 which has been pre-corrected for phase and

frequencyis then transmitted. In this manner, the presentinvention utilizes the signals

119, 149 generated by the receiver 71 to pre-correct the transmitted signal and reduce

the phase and frequency errors in the signals as received at the receiving unit.



conprising a receiver and transnmtter for reduci ng trap €n1ssr n errors in
said transmitted signal, the receiver including: an aft&2RPE™PEF20Qei vi ng
a communi cation signal; an adaptive natched filter in said receiver for
filtering said received signal to generate a filtered signal using a

wei ghting signal; an analyzer for analyZing said received signal for errors
and generating a correction signal based on said analysis; said anal yzer

i ncluding at | east one despreader fobLﬁgggpreading said filtered signal
using a pilot signal; a processor for performng a hard decision on said
despread fiItered signal and generating synbol outputs therefrom and a
conjugat g? nlnrng t he conpl ex conjugates of said synbol outputs to
generate {ron signal; a correction unit for correcting said
recei ved srgnal using said correction signal; and said transmtter
responsive to said correction unit, for correcting said transmtted signal
prior to transdriest cﬂqmpmenﬂ'iﬁbTEDJEfOthranBIaltmg anﬂetlewlwngaa;mmmompﬁm snrgnalm t

com: |2 na R R 56 e b PR 0 BB
recei ved Sigrglm,&hereaérderamﬁhmﬂirg for mxing said pat h val ues wth said
correction si gar;laelntén?la%ernr?acr:e?%%gzaclo%muvz\géa%gg Is1ng?1a1?| gnal
an adaptive matched filter in said receiver for filtering said received signal to
generate a filtered signal using a weighting signal;
an analyzer for analyzing said received signal for errors and generating a correction
signal based on said analysis; said analyzer including at least one despreader for
despreading said filtered signal using a pilot signal;
a processor for performing a hard decision on said despread filtered signal and
generating symbol outputs therefrom; and
a conjugator for determining the complex conjugates of said symbol outputs to
generate said correction signal;
a correction unit for correcting said received signal using said correction signal; and

said transmitter responsive to said correction unit, for correcting said transmitted

signal prior to transmission.

2. The UE of claim 1 wherein said correction unit comprises:
a RAKE recetver for demodulating said received signal and generating relative path
values for each multipath component of said received signal; and

a mixer for mixing said path values with said correction signal to generate said

weighting signal.



