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ADAPTI VE DESPREADER BACKGROUND OF THE I NVENTION 5 |I.
Field of the Invention , The present invention relates to

comuni cati on systens. More particularly, the present invention rel ates
to a novel and inproved nethod and apparatus for enhancing the

per f or mance of dMOAIOSMRquence spread 10 spectrumreceivers i ACI/HE6/12531
presence of unresolved nmultipath fading. I L Description of the Rel ated
Art Communi cation systens have been devel oped to allow

~transm ssion 15 of information signals froma source |location to a
physically distinct user dest i PADARTIVEDESPREADER! di gi tal net hods

have been used to transmt such information signals over comrunication

- channel s linking the source eg{b@mﬁgtﬂ OnS dﬁt hods tend to
afford several advantages % 0 em I'ncl udi ng, for

exanpl e, inproved imunity 20 to channel noise and interference, increased

capacity, and i npr QvEiéld oftheiIhyention of conmuni cati on t hrough the use of

encryption. In transmtting an information signal froma source
| ocation over a comrhel presemtninviention| relabess tmfwmmﬁnmmumgaydtems. Moret

converted into a @;%&g?#@é%&&&gﬁs%t{;amaaa Ugiféd Wetnod

channel . Conver si orP or mat 8(1 Sl ves
varying a paranet erm@f agparatus dar epbancipg cthenPenfermanse sofo Airest - Sequenee spTese

signal in such 30waspetthmn xbbuiversmﬁmffdsmenéfﬁﬂneswleedjhtulﬁppﬂrﬁdmgt ed
carrier is confined within the channe bandw dth. At the user |ocation,
the original nessa gnal is re Ilca% froma version of the

modul ated carrier r srEption péthe Athy opagation 30 over the channel.

w0l atton procoss enpl P '%vaé:q%emve‘j o e bl Sepsloped o ailow Trppiiissonon
al so facilit at e35mdftinfurmationesignals from a baurce fodatimnetwous physicallyadistinets zser
of several signals dé\éﬁﬁat?ozﬁomn Hﬁ!i mgﬂltﬂx%dé%a%%een used T AghiON
systenms will often Iélﬁﬁ‘gg’ ural e not e ubs‘fcl}rflw\glrﬁ lg'ai‘ﬂ %{e .
requiring intermtt% B’ﬁnﬁ I q\ﬁ-ﬂ 8¢ FRRTC
conti nuous access tamd: h%erclnmmseatﬂlsﬂalc s tgydttonaffardssayeral advantages
enabl e comuni cat i GrelativertolinaRk teehigats, Qxftclhdﬁig, ¥ort éxagnpi§linrobed SedhBaity
units have beengjer H%ﬂa%l%o&k%nﬂ%ﬁ?&&%%@ieﬁé&d %a@ff taﬁﬁ%mproved security
of communication through the use of encryption.
In transmitting an information signal from a source location over a
communication channel, the information signal is first converted into a
form suitable for efficient transmission over the channel. Conversion, or
25 modulation, of the information signal involves varying a parameter of a
carrier wave on the basis of the information signal in such a way that the
spectrum of the resulting modulated carrier is confined within the channel
bandwidth. At the user location, the original message signal is replicated
from a version of the modulated carrier received subsequent to propagation
30 over the channel. Such replication is generally achieved by using an
inverse of the modulation process employed by the source transmitter.
Modulation also facilitates multiple-access, ie., the simultaneous
transmission of several signals over a common channel. Multiple-access

. communication systems will often include a plurality of remote subscriber
35 units requiring intermittent service of relatively short duration rather than
. continuous access to the communication channel. Systems designed to

enable communication over brief periods of time with a set of subscriber
units have been termed multiple access communication systems.

A particular type of multiple access communication system is known

40 as a spread spectrum system. In spread spectrum systems, the modulation



A particular type of nmultiple access communi cation systemis known 40 as a
spread spectrum system |In spread spectrum systens, the nodul ation
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2 technique utilized results in a spreading of the transnitted signal
over a wi de frequency band wi thin the comrunication channel. One type
of . mul ti pl e WRSHFWISpr ead spectrum systemis a code di vi sPERUSEA25] e
access (CDMVA) nodul ation system Oher nmultiple access comuni cation
system 5 techniques, such as time division multiple access (TDVA),
frequency division nultiple access (FDVR)  and_ AM nodul ation schenes
such as anpl i ttegniguaitized mepty in aispeanding of the SEREmMItied; Hsl%fpver a
However, CDVA has widgnfrequany bahdowithire the wamiiaivationdchatiebn One type of
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to the assignee of 2R t“ ec i d“ﬁw@%corporat ed by
ref erence herein. HowevdrnCEMlDl‘Msmﬁﬂﬁtam adslantziges every thesenmodeladiome

&g\e/g?gpfnyplrogggri ;Ses hgtﬁ % rocdeﬂsqglldrﬁ&ﬁdnn tétﬁ"f’;ﬂzﬂ@ se tcPMA
di scriminate be‘bwemﬂﬂ?ﬁaf%a g% %Samﬂ'g%gﬁﬁ EERJ 8’9 mn U.S.
Furt hernore, the hPatentspPeed 303807 0entitled "SPREAD) SPECTREM MU&'IFII&ESAWESS
di fferent propagat COMMUNICATIONS SPPPEM! USING BATELUPE (OR TERRESTRIAL N

Pato of 1M is GRBrEQTRRS: b UE el No.BIGHER, trfied. rvdrent, AND,

agai nst pat hs t hat METHGR' EQRnﬁENEMMeSE@\MlchééEEﬁQRMS gt rAd6IDMA
fromthe desirgg p@EﬁLUﬁAR“EILEH—I@NE‘SY‘S‘ﬂ'EW Both are‘éﬁlﬁedd!of&leraﬁélghéé of the
corresponds to dlffer t.i al athﬁ)bgnceo r%% ée 23? ur ban
envi ronnent typi caXTye r'Bv CFLFRE BFOtE] QVa? rence derelne

one microsecond, and uﬂnthM@eﬂudesbpan% systemy, dhersame fraquency bﬁd‘@als
I n narrow band mmﬂeatfoﬁaoﬁmmrﬁmoxﬁmbn&@né NEhe2CBIMA WadelSint o éttied that

enpl oyed by conventignal peeblilRbaih She RGB! Effimbdlte bew(ﬁ. a@&ng%h%f

mul tiple paths ca gcarac erls
band CDVA nodul28t | SFUPY, Sieaame frpgpeeney bd ehtrthgrmerenihe high speed;pseydanaise ed

in the denodul ati ofPN)rmodaktiohhalowis sanyndifferéranpappagation paths rte checsepatdte,
severity of mul ti paichidedd R diffbtlehtd 3 NpdthWaPd dxtecdOthd BNl éhip duration, or
one/bandwidth. If a PN chip rate of 1 MHz is employed, multiple path
demodulation can be employed against paths that differ by more than one
25 microsecond in path delay from the desired path. A one microsecond path
delay differential corresponds to differential path distance of 1,000 feet. The
urban environment typically provides differential path delays in excess of
one microsecond, and up to 10-20 microseconds are reported in some areas.
In narrow band modulation systems, such as the analog FM
30 modulation employed by conventional cellular telephone systems, the
existence of multiple paths can result in severe fading characteristics. With
wide band CDMA modulation, however, the different paths may be
discriminated in the demodulation process. This discrimination greatly
reduces the severity of multipath fading. Multipath fading is not totally
35 eliminated in using CDMA discrimination techniques, because there will
occasionally exist paths with delayed differentials of less than the minimum
path delay for the particular system. Signals having path delays on this
order cannot be discriminated against in the demodulator. It is, therefore,
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the outputs of the two receivers can be diversity combined. A method and
apparatus for implementing a combining receiver of this sort is described in
detail in U.S. Patent No. 5,109,390, entitled “DIVERSITY RECEIVER IN A
CDMA CELLULAR TELEPHONE SYSTEM”, assigned to the assignee of the

25 present invention and incorporated by reference herein.

>

SUMMARY OF THE INVENTION

The present invention is a novel and improved method and
30 apparatus for enhancing the performance of direct sequence spread
spectrum receivers in the presence of unresolved multipath fading. The
present invention is an alternative to the diversity receiver structure,
described in the aforementioned U.S. Patent No. 5,101,501, for direct
sequence spread spectrum receivers. The present invention is similar in
35 function to the diversity receiver, but it has the advantages of simplicity and
improved performance in the presence of unresolved multipath. It is also
more appropriate for high data rate systems, which may be desirable in
indoor applications. Its novelty lies in the incorporation of a despreading
and re-spreading operation within a traditional adaptive equalizer.
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25 filter converges to a state that is effective in mitigating the intersymbol
interference. The LMS algorithm is widely used because of its simplicity,
ease of computation, and the fact that it needs no repetition of the data.
However, in the present application, the LMS algorithm is not directly
applicable because of the direct sequence spreading.

30 In the CDMA cellular and PCS systems, the multipath spread
introduces intersymbol interference not at the symbol time scale (tens of
microseconds), but rather at the chip time scale (tens to hundreds of
nanoseconds). Therefore, the adaptive equalizer of the present invention
functions with feedback of chip-by-chip errors. In order to do this, the data

35 modulation must be estimated from the despread signal, the error
estimated, and the difference between soft and hard decisions re-spread by
the original pseudonoise sequence before being fed back as a tap weight
correction.
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FIG 1 is a receivg ncy the spread
spect rum si gnal ? co‘}ver ?ésﬁ@n &E]c; %rﬂﬁ Il"%@%gﬁand signal as is well
known in the art. The ddgyeiljgablo tngi @LB{F%’EWsed of

transversal fillber 101, |east neans squares. (LMS) tap updating circuit

103 and symbol estimati oDEFAIPERDESCRIPTIONZOF TH]?PREEERR‘E‘Ei try 121.
Adaptive despreader 100 is i1llustrat e %m@j discrete
el enments. In the exenplary enbodi nment, ;ﬁeader 100 is
i npl enented in a mcroprocessor or mcro-controller programed to
FIG. 1 shows the novel adaptive despreader structure which permits
20 equalization of the broadband channel. Not illustrated in FIG. 1 is a receiver
which down converts in frequency the spread spectrum signal and converts
it to a digital baseband signal as is well known in the art. The adaptive
despreader 100 is comprised of: transversal filter 101, least means squares.
(LMS) tap updating circuit 103 and symbol estimation, despreading and re-
25 spreading circuitry 121. Adaptive despreader 100 is illustrated as comprised
of discrete elements. In the exemplary embodiment, adaptive despreader
100 is implemented in a microprocessor or micro-controller programmed to
perform the functions described. Though FIG. 1 does not illustrate a
separate timing block it should be noted that such clock timing is typically
30 provided within a microprocessor or micro-controller or could be provided
by an independent timing source.

Transversal filter 101 is a finite impulse response (FIR) filter which
receives the digital signal R, representative of a baseband version of the
spread spectrum signal. Transversal filter 101 generates a filtered signal

35 based upon the most recently received sample R(n), and previously received
samples R(n), R(n-1), R(n-2), R(n-3) and R(n-4). The structure shown in FIG.
1 has five taps. That is the filtered value, S(n) is based upon five received
values R(n), and previously received samples R(n), R(n-1), R(n-2), R(n-3)
and R{n-4) provided to summing element 146. Although, in the exemplary
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chips Sn is provided to multiplier 120. In multiplier 120 the input filtered chips Sp
25 are multiplied by binary digits of a pseudo random sequence provided by
pseudo random sequence (PRS) generator 132 at the chip rate. The product
of inultiplier 120 is provided to symbol estimator 122. Symbol estimator 122
integrates the results of the outputs from multiplier 120 over a symbol
period, which is greater than the chip period, in order to generate the
30 despread symbol. Symbol estimator 122 may be formed from a digital
integrator well known in the art. Symbol estimator 122 may also provide a
symbol mapping, where the integrated chip values provide a first symbol
estimate which maps into soft symbol by a predetermined mapping. A
typical mapping is the Hadamard transform mapping.
35P2760Y3P {e spreading is ~bipolar phase shift - keyed  (BPSK), “then the ~
despreading sequence should be bipolar (1) valued, identical to the
spreading sequence used at the transmitter. If the spreading is quadrature
phase shift keyed (QPSK), then generally its I and Q components should
each be bipolar valued, and the despreading sequence is the complex



25 are multiplied by binary digits of a pseudo random sequence provi ded by
pseudo random sequence (PRS) generator 132 at the chip rate. The product

of multiplier 120 is provided to synbol estimator 122. Synbol estimator 122
integrates the results of the outputs frommultiplier 120 over a synbol

peri od, which |s reater than the chip period, in order to generate the 30
despread synbol . 9 estimator 122 may be forned from a di BCI/E896/12531

i ntegrator well knovvn in the .art. Synmbol estimator 122 may al so provide a
synbol mapping, where the integrated chip valwues provide a first synbol
estimate which maps into soft synbol by a predeterm ned mapping. A

typi cal mappi ng i scaniRgate Rfnthed spreadingosequengpiusgd by ther transmittehe In the
spreading is bi polafeumia@eemboaﬁnémyms(ﬁﬂ%or uBPAs Ging lementd&sﬁﬁ'u?(il SKift

Seduence used at t r'nsm%‘%@r 9 Fipleieptok f%%'%m&lrlgt pLEC b

shift keyed (QPSK), eq sieeprapdipgi pRerption dyieldsomp dewwrnass ssimldcompom

tgjs/ 8|5 gglgar val uéd, cmraépbhﬁnﬁewpﬂﬁadhtﬂ@l&ﬁﬂmq:rb&r&hﬁ e (Si(ﬂ g%?sﬂltted WO
7 conj ugate o é) f mtrméeasal Intergeeraxlljceenfg%muoglé%r %tah?rhsew%l} E resseaﬁ’yt he

exenpl ary enbodi n¥ tiplication and jwil] |r@me h@déo'aynfom asis
regi ster, the desi@pscxabmll invdetaiteint the aforerhentiorddl i15.5VPatenk oY) 4,90130F and! -
The despr eadi ng opg{ 45N yields a | ow pass signal conponent 5

correspondlngt the d% dul atio in the original transmtted

n#)resent q
signal of inter gimator 424 gperates onthe ouipy of| suipmen 146 chmbels ed

by t he pseudomshmatmu 122 filtersaot otheswise vpiokessesraher sam) edeframd myﬁrealm
as is descr i beghtd:Mod &lna |
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synbol estinator dMPutof dedisionrisenit 124 is assomplex valuerwigch is a reconstruction ife
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pilot signal, € at1 5 hb & case of tig a rilaigignalodesidan cirgwie 124 ds1eh
as 20 1 + 0j. |n tdespazater Q\fhedeﬂmduitegrateg chipp vhintes girgwidled Wesyinsbiod estérnatot t
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esti rmt or is useful in generating an unmodulated pilot estimate. On the other hand,
decision circuit 124 may be a complex circuit such as a Viterbi decoder which
25 supplies re-encoded channel symbols as a result of its final decisions.

An error waveform is calculated as the difference between the soft
decision symbol provided by symbol estimator 122 and the hard decision
symbol provided by decision circuit 124 in summer 146. This complex error,
e(n), is re-spread in multiplier 128 by a pseudo-random sequence provided

30 by PRS generator 132 which is delayed by delay element 130. Delay element
130 may be configured from a latch or memory element known in the art.
Tap weight updates are computed in accordance with the LMS
. algorithm in LMS tap updating circuit 103. The original spread signal
samples must be used, not the modulation symbols. This differs from the
. 35 traditional LMS adaptive equalizer in that the signal is despread for symbol
decision making, and re-spread for tap updating.
" The structure of decision circuit 124 can have different
implementations depending on its application. IN the exemplary
embodiment, where a substantial portion of the forward link power is



122 are conpared to a constant. This inplenentation of decision circuit 124
is useful in generating an unnodul ated pilot estimate. On the other hand,
decision circuit 124 may be a conplex circuit such as a Viterbi decoder

whi ch 25 supplies re-encoded channel synbols as a result of its final

deci si ons. An error waveformis cal culated as the difference
between the sof WO978578%cj si on synmbol provided by synbol esti mEi¥S9¢2253hnd

t he hard deci sion synbol provided by decision circui't 124 in sunmer

146. This conplex error, e(n), isre-spr&gad in nmultiplier 128 by a
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In a system with code rate p, m-ary modulation, and data rate R, the

25 symbol period is given by:

Ty =2 08210 1°l§2 m | o

So the delay in terms of samples are computed as:
30

p-logom-fu;,-S
symb fdup 2 R Hp_ ’ 3]

where S is the oversampling ratio for the signal.
' One can compute the number of taps needed in transversal filter 101
35 in terms of the total delay span of the multipath signals. Thus, if the delay
span is set at 200 nanoseconds, then at this sampling rate of 20 MHz the
number of taps can be computed as:



t herefore, approximately one synbol in duration. Typical synbol periods 20
are 52.1ps. on the forward Iink and 2083 ps on the reverse link. The -
spreadi ng code del ay need renenber only two bits per chip, or 128 and 512
bits. Thus, the signal sanples, at 8X oversanpling and 4 bits for | and Q
woul d need 8192 and 32768 bits, respectively. In a systemw th
code rate p, m WY ati on, and data rate R the 25 synbol REIYUSE1Z2531

gi ven by: [err] So the delay in ternms of sanples are conputed as: 30
[err] where S is the oversanpling ratio fgor the signal. One
can conpute the nunber of taps_needed in transversal filter 101 35 in_terns
of the total delay spaRO®ns®RBMHZ +ilRF #Psi gnal s. Thus, if the del ay &
span is set at 200 nanoseconds, then at this sanpling rate of 20 MHz the

nunber of taps can,.ff, g@é&ﬂp as: WD 97/ 05709
PCT/ US96/ 12531 o

.20 Mz + 1 > 5 taps Thesuccess of this scheme depends on the ad(agsatlon spegd |bpmggast
necessary. 5 enougheo folivse dte siort term duingeeirdaparelst mulﬁﬁaﬂ\,aﬂwpﬂjatdum
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t hat the adapt ati bﬁuﬂ&reﬁo g; 1}?
f he

m cr oseconds f sc ugcess
time is reduce bysuﬁ mA:f géve}ﬁarowes@s 8B?rt‘m‘* 1s afactor 09 1o, orp
fixed gain is shovabotiRiBims.yi ng the error signal in mJI t| pI ier 134

before it is provided bagked Qﬁ“@sﬁ&@n%ﬂﬁ%ﬁlﬂﬂgcﬂq@%& luTWnﬁlt i§45t

be a ropri at osen, ow COQ nce .|l | t
Coo small 15  ancelormabs Pyt Rkt TS i Redyds fxgots. This gain must be

appropriately chosen, since it may cause slow convergence if it is too small,
15 and causes instability if it is too large. |

LMS tap updating circuit 103 receives the weighted error signal from
multiplier 134 and the delayed samples from delay element 176. The
delayed samples from delay element 176 are provided to a series of delay
elements 168, 170, 172 and 174. Delay elements 168, 170, 172 and 174 each

20 delay the received sample by an additional sample period as described in
relation to delay elements 102, 104, 106 and 108.

The outputs from delay elements 176, 168, 170, 172 and 174 are
provided to multipliers 158, 160, 162, 164 and 166, respectively. The output
of multipliers 158, 160, 162, 164 and 166 are provided to a first input of

25 summers 148, 150, 152, 154 and 156, respectively. The outputs from
summing elements 148, 150, 152, 154 and 156 are provided to delay elements
136, 138, 140, 142 and 144. The second input to summers 148, 150, 152, 154
and 156 is a single sample delayed output of each of the respective summers
136, 138, 140, 142 and 144. Delay elements 136, 138, 140, 142 and 144 delay the

30 input sample by a single sampling period. The outputs from delay elements
136, 138, 140, 142 and 144 are provided as the tap values to transversal filter
101 as provided to multipliers 110, 112, 114, 116 and 118, respectively.

This structure is simpler than a diversity receiver. Only one

demodulator is needed, in contrast to multiple demodulators in the
. 35 diversity receiver. There is also no need to search for multipath signals and
to assign demodulation elements to the multipath signals, since the tap
locations are fixed at regular intervals. Because there is no dynamic
assignment, there is no loss due to assignment errors. Since there is only
one soft decision output, there is no need for de-skewing. At comparable



LMS: tap updating circuit 103 receives the weighted error signal from
multiplier 134 and the del ayed sanples fromdel ay el enent 176. The

del ayed sanples fromdelay elenment 176 are provided to a series of delay
el ements 168, 170, 172 and 174. Delay el enents 168, 170, 172 and 174 each
20 delay the received sanple by an additional sanple period as described

in. - relati-onWod78¥My el ements 102, 104, 106 and 108. PCT/USPRE2531
out puts fromdelay el enents 176, 168, 170, 172 and 174 are provi ded to
mul tipliers 158, 160, 162, 164 and 166, resggctively. The out put of

mul-tipliers 158, 16Q, 162, 164 and 166 are provided to a first input of 25
summers 148, 150,levely ofjcomplexity) amore gapsemay e ysed, Tpessibly Jeading rtgnbetter
summi ng el enent s didésitp@aihb2, 154 and 156 are provided to delay el enents

136, 138, 140, 142 an : i 154
and 156 is a single s%r%l%e}e‘ggpgﬁg u,t|tl).ll§¥plé')";e %1% E o¥ tEO&l?%sméggﬁéégﬁ%ners
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30 input sanpbe The warivusghedifieatidrisrtg thesei embodiimentsuwilLibe réaddiy applarent to

el enent s 136, Qﬁ@ﬁ' : :
transversal filt et?lé% gﬂ%)%:%st;%gcr)&j ggﬂlt%o, F%ﬁ“ﬁ?gg ?s%ﬁ&?ll%@ﬂlﬁa}t and
118, 1 espoct | vel ypplisd 10 other” eRbadisients, withows, e wse & A RvERYS JRIE,
receiver. Only dftes, thedpresent dhwention nisedetl, intendsdnt toade fimited t foplthe
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intervals. Because there is no dynam c assignment, there is no |oss
due to assignnenty@rgm:S. Since there is only one soft deci sion output,
there is no need for de-skewi ng. At conparable WO 97/ 05709

PCT/ US96/ 12531 _ 10 | evel s of
conplexity nore taps nmay be used, possibly |leading to better diversity
gai n. The previous description of the preferred enbodi nents is
provi ded to enabl e any person skilled in the art to nake or use the
present invention. 5 The various nodifications to these enbodi nents w ||
be readily apparent to those skilled in the art, and the generic
princi pl es defined herein may be applied to other enbodi nents w thout
the use of the inventive faculty. Thus, the present invention is not
intended to be limted to the enbodi nents shown herein but is to be

accorded the w dest scope consistent 10 with the principles and novel
features disclosed herein. | CLAI M
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é-éspreader conprising: 2 . tranulmgulﬂ",”"u ”means for ,ré\gcgrjslphigve

i nput sanples and for filtering . sai d i fpu? s&nptes in accordance with a
set of adaptive filter tap values to 4 provide filtered chip val ues wherein
sai d adaptive .t apoOsI0E78s are updated in accordance wth a PEI/AEN6H2s31
error signal; 6 de-spreadi ng neans for receiving said filtered chip
val ues and de- spreading said filtered chijp values in accordance with a
di rect sequence 8 spread spectrumformat to provide a first estinmated
symbol and for generating a second estCHAdIBMSsynbol in accordance with
a predetermined 10 decision format; error cal cul ator neans for

receiving said first esjimat I cond estimated signal
45 3 3hftHR addptbad ciblsing

and fer generatihg an error S|g nacor With said firs
estimated si gnal2 and sairansyerssh diltes maesns dor recgiying input samples S‘B'dél Kering

means for receivi ngaldanﬁuesnﬁpleshgaadordmtefwithameeeﬁada m&pﬁhérrtupﬁlumm ng
said error si 9”34 E \g&& AR hﬁe@uﬂeﬂi@%ﬁd@d&‘iﬁv&@ap §§ﬁ@9¢%§&é&lm

format to provi re-sprea error Sl
apparatus of d ai nﬁ@%@csmﬂsamsnrﬁﬂsver §‘5F‘alfl lter neans 2 is an finite
i npul se response (FI R) dé-bpresiding means for rec?ewmgTMdaﬂﬂméditohsp chalidsaamd de-

wherein said de-sp g_f{,g; g@,%,ga},
means for generatl %g‘%ga?%rggﬁtﬁgef tb’?rg!t%se 1|nn og%aélgf ﬁe Kﬁ\%’hﬂ sa
filtered chip vdl usidread ngpectrum formaty, to (proFidesia ‘-'?Fe&?&mf'iﬁ §Embel aney for
hard synbol esti magenératifig acecsrdosstisnated isysbollirf accordaycatyeith espremhte&mmed

accordance wthm decmg;]egnhg{ m ned hard decision format. 4.

The apparatus of Caim 3 wheréin said hapd degision ri,se
conparator circuit. error calculator megns %’ﬁpfﬁf:e&f’% ?ﬁ‘ge(ﬁé‘i ﬁ?@“ﬂﬁ r $BRa s%ﬁ“ﬁ

hard deci si on niansaid secorpt estipmted sighardnd fve gevlerating an error signal in accordance
with said first estimated signal and said second estimated signal;
14 spreading means for receiving said error signal and for spread
spectrum spreading said error signal in accordance with a predetermined
16 spread spectrum format to provide said re-spread error signal.

2. The apparatus of Claim 1 wherein said transversal filter means
2 is an finite impulse response (FIR) filter.

3. The apparatus of Claim 1 wherein said de-spreading means
2 comprises:
symbol estimator means for generating a first symbol estimate in
4 accordance with said filtered chip values; and
hard decision means for generating a hard symbol estimate in
6 accordance with said first symbol estimate in accordance with a
predetermined hard decision format.

4, The apparatus of Claim 3 wherein said hard decision means
2 comprises a comparator circuit.

5.  The apparatus of Claim 3 wherein said hard decision means
2 comprises a Viterbi decoder.

6. The apparatus of Claim 3 wherein said de-spreading means
2 further comprises:



6. . The apparatus of Claim3 \/\herel n sai d de- s or eadi ng means 2 further

c-orrprl ses: WO 97/ 05709

PCT/ US96/ 12531 _ I l"l“, "'l" "I" "I'I " I"' 12 pseudo
random sequence generator means for gener ati ny a° pseudo 4 random sequence;
and mul tiplier nmeans for receiving said nmultiplying said filtered
chip 6 val ues aW@9/8%70% ecei vi ng sai d pseudo random sequence HT/YYE/12531

mul ti plying said filtered chip values by said pseudo random sequence to
provide a 8 product sequence. 7. 12 The apparatus of Claim1l

wherein said transversal filter means 2 wupdates said t g val ues in
accordance with a | eastpﬁﬁﬁsr%ﬂ%%e%% genggator m%?d‘ép% t§eBFraHing fPpseudo
8. The appar atdis rafdoth aeqaehcestaardei n sai d synbol estimator is for 2

i ntegrating said pr oduc

o, “The apparat f?“% eabd o S%ﬁe%gﬁﬁ %@F?%ﬁ%%?%;d chip
further for mapgl nda ddosthcelyines said, pheida gbé%mng%aﬂ% Rromiltiplying
according to a presladeﬁﬂmeraécbhnpppﬂm by saidt pseudo random stQuencéhte pppddetals
of Caim9 wheregj gg‘?{yn format is a 2 Hadamard transform

11. A nethod for gdaptlve y despreading a spread spectrum si gnal 2
conprising the steps of: recei ving input sanples;

filtering said i nput safpl eJherapperatusiofclaimilw %Fegbﬁaléftr%‘éﬁfﬁlv@f% megns
tap values to prov Iugaatfeis kiidriap vahiep il alttrandeewitha astdmaatapiquase (HMISY sples

6 are updated in ?aﬁ}r gﬁggﬁmth a re-spread error signal;
er I'p

de-spreading said val ues in accordance with a direct 8
sequence spread spectrumformat to provide a first estimted synbol;
generating a second est8.nmat dhesappbuitus of Glaimrlwhereinisaid symlpl estivtetar iniford

deci si on format ;s integrating sAiflftbahitdq %c@?éﬁoﬁd&ﬂﬂb—sb?eaﬂ%@ﬁ%@ce with
said first estimted ?2 s%gnal and said secohd estinmated signal; and

spreadi ng said error sigqnal i n accordance with a predeterm ned si)read
e apparatus of Claim 8 wherein said symbol estimator

2 means is further for mapping said de-spread sequence to a second sequence
according to a predetermined mapping format.

10. The apparatus of Claim 9 wherein said mapping format is a
2 Hadamard transform.

11. A method for adaptively despreading a spread spectrum signal
2 comprising the steps of:
receiving input samples;
4 filtering said input samples in accordance with a set of adaptive filter
tap values to provide filtered chip values wherein said adaptive tap values
6 are updated in accordance with a re-spread error signal;
de-spreading said filtered chip values in accordance with a direct
8 sequence spread spectrum format to provide a first estimated symbol;
generating a second estimated symbol in accordance with a
10 predetermined decision format;
generating an error signal in accordance with said first estimated
12 signal and said second estimated signal; and
spreading said error signal in accordance with a predetermined spread
14 spectrum format to provide said re-spread error signal.

12. The method of Claim 11 wherein said step of filtering
2 comprises finite impulse response (FIR) filtering said input samples.



14 spectrum format to provide sald re read error signal. 12.
The method of daim 11 wher ei n lﬂl"!jﬁlll&lﬂ)“llﬂ“"lerl ng 2 conprises finite
i mpul se response (FIR) filteri ng WO 97/ 05709
PCT/ US96/ 12531 13.
The nethod of C aim 11l wherein said step of de-spreadi ng said 2 filtered
chi p val ues conp¥ 8%e5709 generating a first synbol estROTAISe6/12531
accordance with said filtered chip 4 val ues; and generating a
hard synbol estimate in accordance with saidqgirst 6 synbol estimate in
accordance with a predeterm ned hard deci sion format. 14. The
met hod of O ai m 13 whed@i n The methasholElaiparidruhenein saith step of deyspiredding saidat e
conprises a conparﬁlfege&@hij; fralﬁédc(ﬁt( .estimate to a set of t hreshol d

1L o ago 1 ARG H AP M O e

synmbol estimatef Vvalues; an The nmethod of Claim 13 V\/nerel n said step
of de-spreading 2 furtlgeﬁexa ra $@gd symbol estimal€ @ AkédrParite PHAMI Raida BdGM

sequehce; and g y{nbol 8 ﬁ'a@&) c‘tl Yelth & I%Qetcé%&e\éat\alés S(ie?%l_onaf?d Re eudo

random sequence 0 provide a pro sequ
met hod of Claim 11 further conprising updating sal d tap 2 values in
accordance with a | easl4nmeafke sgthodeof(Claish lﬁa'phex‘dialmaad step of genertiting a hard

18. The net hod2 ofsyf buesmﬁ&e\ehﬂ?%& §@b:9l gsﬁﬁfﬁ-ﬁf%&iﬂ%ﬂﬂat’e @Jék&%f
conprises int egratthre(% S d lglr od sequen provi dé a de-sprea
sequence. B fret hod of Claim 18 wherein said step of

de-spreading 2 further conprises mapping said de-spread sequence to a
second sequence acca8.di nfhé methodr efdCihinh 118 veltersiRaid\Gep OF Foherating a hard

20.  The met hody Ofgy{ik Bhtinkste W fpkisEs ?ﬁéﬁn HRPRURAY A ATRF syhribdl estimate.

16. The method of Claim 13 wherein said step of de-spreading
2 further comprises:
generating a pseudo random sequence; and
4 multiplying said filtered chip values by said pseudo random sequence
to provide a product sequence.

17.  The method of Claim 11 further comprising updating said tap
2 values in accordance with a least means square (LMS) tap adaptation format.

18.  The method of Claim 16 wherein said step of de-spreading
2 further comprises integrating said product sequence to provide a de-spread
sequence.

19. The method of Claim 18 wherein said step of de-spreading
2 further comprises mapping said de-spread sequence to a second sequence
according to a predetermined mapping format.

20. The method of Claim 19 wherein said mapping format is a
2 Hadamard transform.

21.  An adaptive despreader comprising:
2 transversal filter having a first input for receiving input samples and
having a second input for receiving tap update values and having an
4 output;



2 Hadamard transform 21. An adaptive despreader conprising: 2
transversal filter having a first—input for receiving i nput sanples and

having a second input for receivin es and having an 4
ouput: * * s ogro ™ N MNIAR

PCT/ US96/ 12531 * ¢ L M S % 14 error
cal ¢gul at or havi 0805 ut coupl ed to said transversal filter PETES92S31and

havi ng an output for providing a spread spectrum cal cul at ed error
signal; and 8 tap update cal cul ator having a first input coupled to
said error cal cul ator output and havi ng an output coupled to said

second transversal 10 ferfaresaleylajor having aninput xpuplednto saigotransysrsal fiteri m
21 wherei n sai d6eroutput ainduhaving ad outpnt fseproviding a spread ywpectrums talomlhfed
havi ng an i nput a”éi'r&“sigﬂélpﬁd 4 decision circuit having an input
coupled to said_synbol Estl %tor ouj put ; anf?r 6 . s#gt ract or havi ng
a first input c8upled (P pdate salsplatarshavipgop first igpyh poupkd %o said) egror
i nput coupl ed to scalchlateriostpt anidr aviihg @antgutput oouped &v said secoralitpniversal
23. The appar aigusgiRdr Qﬁ@g_m 22 wherein said error calculator further 2
conprises a despreader having an input coupled to said transversal filter
out put coupled to said synbol estimator input. _

The apparatus of im 21 wherein said error calculator

2 comprises:

symbol estimator having an input and an output;

4 decision circuit having an input coupled to said symbol estimator
output; and
6 subtractor having a first input coupled to said symbol estimator

output and a second input coupled to said decision circuit output and
8 having an output.

23.  The apparatus of Claim 22 wherein said error calculator further
2 comprises a despreader having an input coupled to said transversal filter
output coupled to said symbol estimator input.



