WO 01/ 73968 PCT/ US01/ 09968 [0001] CDMA SYSTEM WHI CH USES PRE- ROTATI ON
BEFORE TRANSM SSI ON [ 0002] BACKGROUND [ 0003] The present invention rel ates
general | wool/divgs t al conmuni cati ons. Mdire specifically, PoORUSOIM®NS on
relates to a systemand nmethod for pre-rotating a digital spread spectrum
signal prior to transm ssion in order to inprove receiver accuracy and
recovery of the phase and frequency information by the receiver. [0004]
Many current conmuni cation systens use digital spread spectrum nodul ation
or code divisional nultiple access (CDVMA) technology. Digital spread

spectrumoipgip comuni cati QDAY QYEM WHICETUSERA is transmtted with a
br oadened band (spr S kiﬁpg fpg to be transmtted
wi th a pseudo-noi se ?ﬁgﬁ%ﬁ%lqg%@%gm %a as\%l6 out being affected

by signal distortion or an interfering frequency in the transm ssion path.
[0005] 90O@Rlin Figure 1 is a siBPIGKG communi cati on systemt hat
i nvol ves a single comruni cati on channel of a given bandw dth which is m xed

by a s ing c L&hi $ I &%‘{lt | Q8REE by a
ecudo: T aa Con) B R Ve e
pn sequence, to_prqoduce digital spread spectrumsignal. A carrier, si ?nal IS

modul at edPefiftasllynthegmyention splatesdo aspstam drdanethard Top peeralsting? digisf war d

link and is t_he_n transmtted. A recei ver denodul ates t he tran_sm' ssion to
extract doneadhipitictrain & 9hfpehior ReGhiidtisSiol idbrdef REINSHOR e réliedEd s cidcy eRgat ed

to establish a reverse Iink. WO 01/73968 PCT/ US01/ 09968
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 pseudo-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 carrier 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 terrain and

envi r onmawo al/7ehdi ti ons and man- nade obstructions. ThusPCHUSIIMYDES
transmtted signal produces a plurality of received signals with differing
time delays at the receiver, an effect which is commonly known as
mul ti path distortion. During multipath®distortion, the signal from each
different path arrives delayed at the receiver with a uni que anplitude and
carrier phase. [0007] In the prior art, the error associated with multipath
dIStOVtW@OOB? tprDﬂhhg &ﬁ@%ﬁﬁﬁt&ﬂnﬁhnkﬁﬁoﬁ?%ﬁhﬁﬁﬁnﬁ&ﬁeﬁghﬁ?i§%?ﬁ@bﬂ?as
been correlated with the matching pn sequehce and the transmtted data has
been repr.oduced. Thus,. the correlation.is .conpleted with error

hoor por B TSl ghastus BTy R (A BAERY P SRERIA GhndEioas fad e
reverse link transm ssion. [0008] Accordingly, there exists a need for a
syst em tihade obsthegtiohsa Thug @singrtragniited sepnabpridaceda gluraliyy dffrecsinedsi on.

[ 0009] SUMMARY [0010] The present invention relates to a digital spread
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comuni cation and pre-corrects a signal for phase and frequency error
prior t castmakliymtls distortton. t PatingmultipathdisontizaBobe g1l iBom/ ebeBiferedit[ 0011]
BRI EF DESCRI PTI ON OF THE DRAW NG S) [0012] Figure 1 is a sinplified block

di agram }Sgth %rﬂ?{’lésocﬁelﬁéd £ MBreceiver with a unique amplitude and carrier phase.

[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

[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.



comuni cation system [0013] Figure 2 is a detailed block diagramof a

B- COMVATM communi cation system [0014] Figure 3A is a detailed block

di agram o¥Oo0he39p% esent i nventi on using one pseudo-pil ot BCTU&01/09948t h
carrier-offset correction inplenented at the chip level. [0015] Figure 3B
is a block diagramof a rake receiver. [0016] Figure 4 is a diagramof a
recei ved synbol po on the QPSK consteld-ation showi ng a hard deci sion.
[0017] Figure 5 is a diagramof the angle of correction corresponding to
the assigned synbol. [0018] Figure 6 is a diagramof the resultant synbol
error afiyar1appl yi ng } §SROR A e assigned synbol .
[ 0019] F[:Ogl}rlz 71s aébl{'%c}:kﬁg%%ggnﬁgﬁgj{onventl o%ﬁq\mpius;?se-l ocked | oop.
[0020] Fiqure 8A is a sinple block diagramof a transmtter in accordance
with ~t HOUIRSS er r igai®obli e bt smphﬁ@igwlégléndlagmmf oh.prigoz1] (ke 8B
is a sinple block diagramof a transmtter in accordance with an

al t er natdomgmaRiedionayttep. the present invention. [0022] Figure 8Cis a
sinple block diagramof a transmtter in accordance with an alternative
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preferred enbodinent will be described with reference to the
system.
[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 areceived 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 symbol error after applying the

correction corresponding to the assigned symbol.

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

[0021] Figure 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 transmitter in accordance with

an alternative embodiment of the present invention.



drawi ng figures where |like nunmerals represent |ike el enents throughout.

[ 0025] A CDMA commruni cation system 25 as shown in Figure 2 includes a
transm t tve® 02739aémd a receiver 29, which may reside in either/usaomse station
or a nobile wuser receiver. The transmitter 27 includes a signal processor
31 which encodes voice and nonvoice signals 33 into data at various rates,
e.g. data rates of 8 kbps, 16 kbps, 3@'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 arpoRBYPETRAI/ED BESORMPTRONWFIAHE PREFRRRIED ¢BICIDAVENTS mul tiple
access environnent. First, the input data 33 which can be considered a

bi - ph | at ed .Si [ d ysi f . - ti FEC
codl ng. HI0Ir exalF Srelaied RERPITUHyBILOF o EHAEd e JBtErent ‘SithG | o bl -

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

si gnal s. drafrigg Siguined wheredligles guakeds tdpeedent [iRasknidnts dhanpgkbutdl a. The ot her
signal is designated the quadrature (Q channel 41b. A conplex nunber is

i he f bj , d_ b. d j2=-1 ,Bi-
modul at 0 5ind o SGRME ErEmuBigiRy SRleal Pedt BePlomydaurer HratiRse.
shift keying (QPSK). In the preferred enbodi ment, the tap generator

pol ynoni tadrssnitter 27 and streediner 2% vibh aiaykedidamd edheranaske stdtmmadr acodbile at e of
R=1/ 2areGl=171837 and & 133839. [0027] In the second step, the two

R S S b e e e R R
PCT/ US01/ 09968 -5 spread signals are conbined 53 with other spread signals
( channel &)d reRYaige sighflsrBhinto 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-correction
(FEC) coding 35. For example, if a R="2 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 a and
b are real numbers and j>=-1. Bi-phase modulated I and Q signals are usually 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 [45a and Q 45b



spreadi ng codes, mxed with a carrier signal 51 and then transmtted 55.
The transm ssion 55 may contain a plurality of individual channels having
di f f erentwaat/z396% at es. [ 0028] The receiver 29 includes a Bembdul@besr 57a,
57b whi ch downconverts the transmtted broadband signal 55 into an

i nternedi ate frequency signal 59a, 59b. A second downconversion reduces
the signal to baseband. The QPSK signdél- is then filtered 61 and m xed 63a,
63b with the locally generated conplex pn sequence 43 a, 43b which natches
the conjugate of the transmtted conplex code. Only the original waveforns
whi ch : I ] i)

of foct G ouens B Cifp RSP olr bRl SRR (hEhnd) Bivibe DTSyt 11
data 65a, 65b is then passed onto a signal_ processor 67 where FEC decodi ng

i s perf dreadling codpe wd¥RbMith enearripr signglied and dhep duammyigdS53-hel kg gnal

i s received and denodul ated, the baseband signal is at the chip |evel.

Bot h 1t herdnsafichibh 59 RANEHHiCd phlt8lif GAlivakea] ¢RERASIS haviigdiffchént daen) ugat e
of the pn sequence used during spreading, returning the signal to the

synbol |evel. However, due to carrier offset, phase corruption experienced
during ™RSnsnission manifests itself by distorting the individual chip
waveforms. If carrier offset correction is perfornmed at the chip | evel

overal | [80g8Tacy iTigs Reeber d0entladéd® demblielaestt 57 SOb uthioh dofvricbaverts
chip-level signal. Carrier offset correction nmay al so be perfornmed at the
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overal | processing speed is
A second downconversion reduces the signal to baseband. The QPSK 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

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



required when the correction is done at the synbol |evel. [0030] As shown
in Figure 3A, a receiver using the system 75 and nethod of the present

i nventi owdsysieeswn. A conpl ex baseband di gital spread spebPCT/URVIHIgesal 77
conprised of in-phase and quadrature phase conponents is input and filtered
using an adaptive matched filter (AMF) 79 or other adaptive filtering
means. The AMF 79 is a transversal fi6ter (finite inpulse response) which
uses filter coefficients 81 to overlay delayed replicas of the received
signal 77 onto each other to provide a filtered signal output 83 having an

coupt od DaRS IRl L poheRsf Rard iUkl M BE Dy o bR yeld it 5,

despr eader 87 The ﬁl | ot signal 89 is despread with a separate despreader
87 and pequisedysadhg corsatienjdendiibe wmhol lvel.r ansnitted data 77

assigned to channels which are despread 851, 852, 85" with pn sequences

931, 932[00961 of tREkhoRWIn FASERISA [ cERleR usHR W 6'5?st€fr€75’ﬁﬁcﬂ’h§@ﬂo@%@ 852,
85,,, the data bit streanms 95 952, 95,, are coupled to Viterbi decoders

971, 972, 97" and output. 991, 992 99 [0031 The filter coefficients 81,
or wei ghPs Prfeﬁgéamvr?n&apa%h%nt ReCoiplexdaspland digsiohsRrred sSPriryR ati on
of the individual nultipath propagation pat hs. This operation is perforned

by a rake7 saagtivet ofiiiphatbendigeadrhtuae phkee doagrineats i3 Giputand dwpsahssinge f or
mul ti path distortion is well known to those skilled in the conmmrunication

par ai 1 61 ShRG R EeEhe b Rt S aratBraip ke BeHRpalghso JH A 7 03

whi ch denodul ate WD 01/ 73968 PCT/ US01/ 09968 -7
is a transversal filter (finite impulse response) which uses filter coefficients 81 to
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 skilled 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



a particular nultipath conponent. The pil ot sequence tracking | oop of a
particular denodulator is initiated by the timng estinmation of a given
path as devermosed by a pn sequence 105. In the prior arpCT/@s@id9eds si gnal
is used for despreading the individual signals of the rake. In the present
i nvention, the pn sequence 105 nmay belong to any channel 931 of the
comuni cation system Typically, the ehannel with the |argest received
signal is used. [0033] Each path denodul ator includes a conplex m xer

1070, 1071, 1072, 107,,, and sumer and latch 1090, 1091, 1092, 109,,. For

each ra c i s . ~ by
one. chi p B P CyBOHERE T iRet fiqehey Bleling hop Xkt
signal 113 thereby despreading each signal. Each, nultiplication product is
i nput i rdemedulatozusinititted byothe timpgiestinpgmn afypgivighdarash ps deisrmineddy 20 t he
previ ous product and | atched out after the next synbol-clock cycle. The

rake recs ¥Rnehbd 10501 ﬁf‘és}n{cﬁr'a%, hbﬁo?ﬁ"gﬂal"i@ hg&fféﬁesgﬁ%ﬁi blimdi Hua)
conmponent . e plurality of n-dinension outputs 1150, 1151, 1152, 115,

provi de estimates of the  sanpled channel inpulse re nse that contain a
rel ativeSlghals e%ﬁerr@&eogn &he PreseryinveRtion, thesph S%ﬁuweﬁ%?é@@ahvg%m Athg back
to Figure 3A, the plurality of outputs fromthe rake receiver are coupled

to an n-dliamBesddnel theoePhamida®n shbtem MIpicallyt theddhnedleith trclarget 101
output 115 is a correction to renove the relative phase error contained in

t he rake_ out put. 035 pilot signal is also a conplex QPSK signal, but
with therea?}%(gaélgl{a 18 ¥¥iponent set at zero. The error correction 119 signal
of the present invention is WO 01/73968 PCT/ US01/ 09968

[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 1s delayed t 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°, or 270°.

[0034] Referring back to Figure 3A, 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



-8 derived fromthe despread channel 95 by first performng a hard decision
121 on each of the synbols of the despread signal 951. A hard deci sion
processomwQal7x¥et er mi nes the QPSK constellation positionPCHaB01/®96s osest
to the despread synbol value. [0036] As shown in Figure 4, the Euclidean

di stance processor conpares a received synbol po of channel 1 to the four
QPSK constel lation points x1,1, x_1, 17 8-x-1, -1, x1, -1 It is necessary to
exam ne each received symbol po due to corruption during transnission 55
by noi se and distortion, whether nmultipath or radio frequency. The hard

decisio qﬁﬁﬁ &{gg}ﬁ t ﬁ’t‘ﬁpﬁ each
quadran{HﬂV(régmt ghe}%e(":s |ve %gﬁ%lodl’s?btol%gtﬁ oosegéh%gad %(%)srl?lgg%l gﬁgta%}]ce d2
and assi gns that ynbol location x _1,1. The original synbol coordi nates po
are di scirthe aympgb@ﬂthﬁémmad@gb@c% 1t &\ Fratgh desision prgcessordiddeemmgesach
hard synbol decision 121, the conplex conjugates 123 for each synbol

out put Jtﬁét(?jﬁ{%h%eﬂhﬂéﬂ posifioBHR 1%1&% ﬂé&ﬁb@ebﬁre@@@yﬂboﬁvﬂﬁbr of conpl ex

nunbers w identical real parts and |rrag| nary parts differing only
in sign hown ure duI ated or de-rotated by
first de[pAgﬁf ni ng ‘%‘ﬁéﬁeg’mﬂeélg&é%ﬁu% E“Sﬁd? Eaéxcarpéacewﬁﬁempégm. nat es

x 1, 1, formng the correction signal 119 which is used to renpbve the

rel ati veephiasé spmbol peontisniet 1ito thdfourdeSK Wopstellafibi poirth e, [ .ake,, 04t put is
effectively de-rotat ed by the angle associated with the hard deci’si on,
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reference. [0038] Referring back to Figure 3A, the output 119 fromthe
conpl ex tcorsmigsive SS1RBnoise and distortion, svhetny muitipath oeraslio fizquencyerThd 7
where each output of the rake
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 only 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. Thus, the rake output 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 3A, the output 119 from the complex conjugate

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



WO 01/ 73968 PCT/ US01/ 09968 -9 receiver 101 is mxed with the correction
signal 119. The resulting products 127 are noisy estimates of the channel
i mpul se me@pom®es pl as shown in Figure 6. The error shownCT/USH/YHEse 6 i S
i ndi cated by a radian distance of it/6 fromthe in-phase axis. [0039]
Referring back to Figure 3A, the outputs 115 of the conplex n- di nensional
channel mixer 117 are coupled to an n-¥i nensional estimator 131. The
channel estimator 131 is a plurality of |owpass filters, each for
filtering a nmultipath conmponent. The outputs 81 of the n-di nmensional

7o 1111 arostarhy BRI h B¢ {irodttD of oot 1122 TR gD Hhofil R e e

for channel di stortlon due to_multipath wthout reqU|r|ng a large
magni t udtOlfy eBimatey pathe clrows] 1rapq1ﬁ@ IPSPRBSY Beas fawn il&urﬁéedTh‘h error
conjunction with the phase-locked |oop (PLL) 133 circuits to renove

carrier Qbksein F %ﬁfﬁf 6% 119f1<f:a9c€& b%%%ﬂﬁnaeﬁst@né@éﬂk% 8bm ﬂl"eEiﬁ%fHa%é ak{sr ecei ver
conponent m smat Ch es and other RF distortion. The present ‘inventi on 75

uses a | vel pil ot .signa c r oduced pr eadi t he
pi | ot fr@ﬁr”b e ba ﬁ‘an%l%&? | to7 %lgﬂr?h?% gh‘?d)cu%‘ﬁs %ﬁ%@% @eggomyﬂ:g& Br1 ot
signal is coupled to a single input PLL 133, shown in Figure 7. The PLL

133 neasdinessional cipiaeendkéf Eleaeonpledaerunt hdipehddnaligtialatdSE lanthe
reference phase of 0. The despread pilot signal 135 is the actual error

anal yzertaguSlestfiadf 1 T s AP ol ety oheh Tor g8 ALGL AR
phase-t o- conplex nunber converter 141. The pilot signal 13 5 is the error
si gnal icumoportemtt AheRuitpdB S laotithesn-donphednalestinmtaobpl axe towpled ta3He The
AMEF 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.
[0041] 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



conplex filter 137 includes two gain stages, an integrator 145 and a sunmer
147. The WD 01/ 73968 PCT/ US01/ 09968 -10 output fromthe conplex filter 137
i s coupl eadovo79ke i ntegrator 139. The integral of frequeRCYUSGL/(heEsSeE,
which is output 140 to the converter 141. The phase output 140 is coupled
to a converter 141 which converts the phase signal into a conplex signal
for mxing 151 with the baseband signdl0-77. Since the upstream operations
are comutative, the output 149 of the PLL 133 is al so the feedback | oop
into the system 75. [0042] The correction signal 119 of the conpl ex

conj ugat i I r led to
m xers Icgltétggfg%htﬁ %%gﬁlgﬁ;%gp '? 50&6 I%g% tﬁaﬁgr%‘% F@%oﬁpg?ﬁggﬁ%%& gnal
before transm ssion as shown in Figure 8A. The transnmitter 181 shown in

Fi gure sie@pachtiephase, svhichyis @rtpnﬁa%to the qomzerteabthi The phase owpoivhdd n
Figure 2, except that the signal ready for transmssion is pre-rotated
prior tOis cb{lﬁléﬂr’fb%séd?ﬁert@?flﬁ!l Rﬂfﬁl@h%@n&éﬂé‘ﬂ% ,Se daia] ¥ b c&%%x sigith i's
encoded using forward correctl ng coding (F 35.” The two bi*-phase

modul at ed data or, _synbol g 41la, ad wi.th a conpl ex pseudo- noi se
(pn) se riBRIned SIhE el 1945&5%‘1 igghal - o1mesD epiRsAEPaEt GREYELIORF A1 xed
with the correction signal 119, upconverted with the carrier signal 51,
and conhioieshubdivel tHe qitper 18psfhd PIIIgN3d & deyvihedeedadoRNe0 ints pieadidig

codes. The resulting signal 55 is again corrected using the signal 149 from
t he recej PLL 133. The signal 56 which has been pre-corrected for phase
and freq%ency is then transmtted. In this manner, the present invention
utilizes the signals 119, 149 generated by the receiver 71 to pre-correct
the trar@0ulied si ’Qhabonectio‘rmignﬁ 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 8A, data 164,, 164,, 164, is encoded using forward
correcting coding (FEC) 35. The two bi-phase modulated data or symbols 41a, 41b
are spread with a complex pseudo-noise (pn) sequence and the resulting I 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 present invention 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.



t he phase and frequency errors in the signals as received at the receiving
unit. WD 01/73968 PCT/US01/09968 -11 [0043] Referring to Figure 8B, a
transm t tve® 0/8Besrade i n accordance with an alternative ePODURMEI6S0ft he
present invention is shown. This enbodinent is simlar to the enbodi nent
shown in Figure 8A, except that the correction signal 119 is mxed wth

t he baseband data signal via a mxer -187. Thus, the baseband data is pre-
corrected prior to encoding and spreading. O course, those of skill in the
art should realize that other processing steps may be introduced before

the cor r[@@%jgm si Q@@ferﬁ&? to Fi%lgb)g@ a¥rddintifer €89 ﬁlaﬁeQﬂ%Jcco{&QéeA' ]wﬂ?%r?r ring

to Figure a transm t made i n accordance Wt anot

alternative embodi nent of the present invention is shovvn I n th| S

enbodi nefternatiie aphodintensat @lﬁ@ﬁ%ﬁenmlgeamn tsthowar lihas crabodimendisgimilan 49 ar e
input into a conbiner, which conbines the signal into a single

pre- cor rigGhé SMbsHERGIL, shatéh iTPigske 8us§leﬁg thﬁatrthé@érré&anymgﬂaltmg i9HfiRed of
the sunmer 53 prior to transm ssion. [0045] Finally, it Should be noted

that the car ffs correcti.on and t ation coyrection are
Separ at ViBrihedes S HarriRag b A mw%gg?nd Ehet b gopind fEG semer  For
exanpl e, the systemnmay pre-correct only for carrier offset error and may

not per fa@rracEpriot tatdmeodind it siatadiaby Oftdoarsy shiaemofakilpsir theram should
pre-rotation but may not correct for carrier offset error. [0046] Wile

doscr i bad ARy ROAT Psser DES B dyA HECEHERLBTPE B8 ShaBenih sl Lid 1 e
inthe art without departing fromthe spirit and scope of the invention.
The abovie mixed with 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 sighal 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 output of the summef 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 ofthe
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 skilled 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.

* * *



description serves to illustrate and not |imt the particular formin any
way. * * WD 01/73968 PCT/US01/09968 -12 CLAIMS What is clained is: 1. A
nmet hod f wOpe@96s ng transm ssion errors in a CDVA communi BET/USEL/093685t em
having at | east two conmunication units, conprising: receiving at a first
comuni cation unit a CDMA comruni cation signal sent froma second

comuni cation unit; analyzing said red2i ved signal for phase errors;
correcting said received signal with a correction signal based upon said
anal ysis; using said correction signal to pre-rotate a signal prior to
transm ssion from said first co gw'son unit to said second

communi cation unit. 2. A nmethod for ucing transmssion errors in a CDVA
comuni cati on syst em having at |east two conmunication units, conprising:
recei vi nyhat 1selaimegk isconmuni cati on unit a CDVA conmuni cation signal sent
froma second comuni cation unit; analyzing said received signal for

errors; genergti noA gn&Rbd ?&ﬁﬂe@ﬁcﬁg%ﬁbm%ﬁﬁﬂeﬁ&@@n §@I§1\/E@@bﬁf§1‘u§mcaﬁftﬂl

correcting an i nfornatl on signal, "including voice or data, with said
correction ior to transm ssion of said. information signal from
said fi rsé’ﬁtegbi?r%ﬂ Eqa@‘h two communication units, comprising:

receiving at a first communication unit a CDMA communication signal sent
from a second communication unit;

analyzing said received signal for phase errors;

correcting said received signal with a correction signal based upon said
analysis;

using said correction signal to pre-rotate a signal prior to transmission from

said first communication unit to said second communication unit.

2. A method for reducing transmission errors in a CDMA communication
system having at least two communication units, comprising:

receiving at a first communication unit a CDMA communication signal sent
from a second communication unit;

analyzing said received signal for errors;

generating a correction signal based upon said analysis; and

correcting an information signal, including voice or data, with said correction
signal prior to transmission of said information signal from said first communication

unit to said second communication unit.



unit to said second comuni cation unit. WO 01/73968 PCT/US01/09968 -13 3.
The nmethod of claim2 wherein said errors include phase errors and said
correcti omosi/gpyed corrects for said phase errors. 4. The PeT/sd/mb6scl ai m 2
wherein said errors include frequency errors and said correction signal
corrects for said frequency errors. 5. A CDVA comuni cati on system for
reduci ng transm ssion errors during -d8muni cati ons between at | east two
comuni cation units, each comunication unit conprising: a receiver for
receiving a CDMA comruni cation signal sent from another comunication

uni t; an analyzer T19§ néﬂ?d&’&fd?@n%%%e%&ﬁ @éi\d%ﬁj{o% B ad Has e Sarf{\Whid OF
generating a correction signal; and a correction unit® correcting sard
received signal with a correction _signal based upon said analysis; a

t r ansni tqosrectign signal gosrsrts foosrid ahiasmedPenal to pre-correct a signal prior
to transm ssion to another communication unit. 6. A conmunication station
of a CDMA system having a plurality of comrunication stations which
comuni cate with each other over a CDVA air interface using a plurality of

channel s and pilot sign r. carrier, offset recover during reception;
cach communi cht | o ae Refg ofdai Whiegein Seidepiars i Sreanaltayierions a
01/ 73968 PCT/ US01/ 09968

said correction signal corrects for said frequency errors.

5. A CDMA communication system for reducing transmission errors
during communications between at least two communication units, each
communication unit comprising:

a receiver for receiving a CDMA communication signal sent from another
communication unit;

an analyzer for analyzing said received signal for errors and for generating a
correction signal; and

a correction unit correcting said received signal with a correction signal based
upon said analysis;

a transmitter for using said correction signal to pre-correct a signal prior to

transmission to another communication unit.

6. A communication station of a CDMA system having a plurality of
communication stations which communicate with each other over a CDMA air
interface using a plurality of channels and a pilot signal for carrier offset recovery

during reception; each communication station including a receiver and a transmitter;



-14- the receiving conprising: an adaptive matched filter for receiving
denodul ated CDMA conmuni cation signals producing a filtered signal by
usi ng a wedghtissyy signal; a rake receiver for receiving deapgediaPess CDVA
comuni cation signals and a pseudo-noi se signal generated for a sel ected
channel and producing a filter weighting signal; neans for the filter
wei ghting signal with a correction sigdal, said correction signal for
produci ng the wei ghting signal used by said adaptive natched filter; at

| east one despreader coupled to said adaptive matched filter output for

despreadi ng sk deddid &g]i] ks usi ng the pseudo-noi se signal generator
for said sel ect%cﬁlc]}tﬁlgme ﬁﬂg%ﬂ roduce a despread signal; and the

transmitter conprising; a data input for j_Iprovi ding an information signal;
at |east one spreadieradaptivepieaichety SHer forf seaeiingn dsmpshlated MDMAf or

m xing the spread signal with said correction signal prior to upconversion
and tr angyRudfhRAt oWRESRIY pRoducANSAlfeRM SEANDY hsinPh8vEightiRE kRhal th sai d

correction signal prior ?o transm ssi on.
a rake receiver for receiving demodulated CDMA communication
signals and a pseudo-noise signal generated for a selected channel and producing a
filter weighting signal;
means for the filter weighting signal with a correction signal, said correction
signal for producing the weighting signal used by said adaptive matched filter;
at least one despreader coupled to said adaptive matched filter output for
despreading said filtered signal using the ﬁseudo-ﬁoise signal generator for said
selected channel to produce a despread signal; and
the transmitter comprising:
a data input for providing an information signal;
at least one spreader for spreading said information signal;
a mixer for mixing the spread signal with said correction signal prior to
upconversion and transmission;

whereby a transmitted signal is pre-corrected with said correction signal prior

to transmission.



