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EQUALI ZATION Field of the Invention [0001] The present invention rel ates
to wrel es® aodes2di vi sion nultiple access (CDVA) conmuni ea/Sgo3gystiens. | n
particular, this invention relates to wireless comunication transceivers
in CDVA comruni cati on systens. Backgrci)und of the Invention [0002] Direct
sequence code division nultiple access (DS-CDMA) is one of the effective
wi rel ess access technol ogi es that supports high capacity, variable and high

data rate S ' i i el ' j.on systens. DS- CDVA
nas._boen CHIERAR S S A GBMERIQEE SR RORAIN BROVAL A S (N e

[ 0003] Existing DS-CDVA systens are single carrier transm ssion systens.
Two kinds of receivers are generally applied for such DS- CDVA systens
namely, Rake receivers and tipRiANBE MEGYRL zation (TDE) receivers. The
performance of these receivers depends on the properties of the wirel ess

envi r onmei@00ih whiThépreseit imeotiowrilaes toydreldse coRediaision miltipllatéasat h del ay
.i.nterference (IFl) and nultiple

spread of i kel ess channel , inter-forger

access | nt@PW&‘r‘ﬁ%°é%mtlﬁBﬁ%)‘%eré@FﬁH§rPém° 1 fisARysation & ¥FYrereless the ot her
hand, TDE cog@fin¥eatin trhfieeiierstih €UMAI @alchohiGABARY) §eRé. suppressing I Fl and
MAI, suffer from sl ow convergence and conplicated conputations when

applied in DS-CDVA systens. Furthernore, TDE receivers are not able to

suppress |IFI and MAl effectiyw in.peactice. .[0004] Multicarrier
transm ssi on schenes have blggﬁk%rrogﬁggggwa@vﬁ'ﬁ“ fective way to inprove

channel cqemejty Direttiseqiiinos codrdiivision mil@gt Bedesd @d-DMARisaRd of rRAUENCY
sel ective fading reception caused by nultipath delay suppression.

O t hogonalSHeFEFLWHESS ageess dechnelagies thet Bippars higionpacity, vaniablerad hishe

mul ticarridgfa ﬁﬁ%@ﬁs@f&n%@ﬂ%@ i Qire]lgmﬂﬁn@%ﬁoh%?&Srgg.%§-%m}xlh\5§t y of a
channel using a sinple one-tap equali zer. prevents 1 nter-synbol-:
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[0003] Existing DS-CDMA systems are single carrier transmission systems. Two
kinds of receivers are generally applied for such DS-CDMA systems namely, Rake
receivers and time-domain equalization (TDE) receivers. The performance of these
receivers depends on the properties of the wireless environment in which such receivers
operate. Because of multipath delay spread of a wireless channel, inter-finger
interference (IFI) and multiple access interference (MAI) are inherent with Rake
receivers. On the other hand, TDE receivers, though theoretically capable of
suppressing IFI and MAI, suffer from slow convergence and complicated computations
when applied in DS-CDMA systems. Furthermore, TDE receivers are not able to
suppress IFI and MAI effectively in practice.

[0004] Multicarrier transmission schemes have been proposed as an effective way
to improve channel capacity utilization under multipath interference and frequency
selective fading reception caused by multipath delay suppression. Orthogonal frequency
division multiplexing (OFDM) is an effective multicarrier modulation scheme to
combat the frequency selectivity of a channel using a simple one-tap equalizer. OFDM
prevents inter-symbol interference (ISI) and inter-carrier interference (ICI) by inserting‘

a cyclic prefix (CP) between adjacent OFDM symbols. Moreover, the signal can be



a cyclic prefix (CP) between adjacent OFDM synbols. Mreover, the signal
can be WD 03/081823 PCT/ S@3/00031 2 transmtted and received using fast
Fourier twansfosisrs ( FFT) devi ces without increasing transmdss3ono3necei ver
conpl exities. [0005] Uncoded OFDM transm ssion technique applied in a

mul tipath environment has a bit errgr rate (BER) conparable to that of a
narrow band radi o channel because the fading of each sub-carrier
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been pr optsesthitteccanttefvericomplexifiob/A system the ener gy of each information

synbol is spread over several sub-carriers, which leads to a diversity
gain in a broadband-fadi ng channel. However, simlar to any mul ticarrier
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[0006] In downlink comunication of CDVA systens, ‘al | nobile stations
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Spreadlng codes consi s on scranbl i ng

codes anddisbsity gahanmeiroman@mdﬁxgdmnnemeodvm snﬁﬂmamahy ﬁgﬂtmﬂm are common
for all nobile stations within the s%@ﬁbcell or _sector. wever, the
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phase noise. These two issues limit the applicability of MC-CDMA in practical wireless

environment.

[0006] In downlink communication of CDMA systems, all mobile stations within
the same cell or sector make use of the same frequency band and same time slot but
different spreading codes for data transmission. Spreading codes consist of two layers
of codes, namely long scrambling codes and short channelization codes. The long
scrambling codes are common for all mobile stations within the same cell or sector.
However, the mobile stations are allocated unique short channelization codes that are
orthogonal to each other. To support multi-data rate transmissions, two spreading
methods may be used, namely multi-code (MC) and orthogonal variable spreading
factor (OVSF) methods.

[0007] Communication channels allocated for transmissions to dedicated mobile
stations are referred to as downlink traffic channels (DTCHs). In order to establish and
maintain the connections between the base stations and mobile stations, a common pilot

channel (CPICH) and a common control channel (CCPCH) are also allocated to each



stations are referred to as dowlink traffic channels (DTCHs). In order to
establish and maintain the connections between the base stations and
nobi | e stwad@s|s2a common pil ot channel (CPICH) and a cormaarsGondese
channel (CCPCH) are also allocated to each WD 03/081823 PCT/ SG03/ 00031 3
cell or sector for conveying relevant3information shared by all nobile
stations within the sane cell or sector. Data synbols to be conveyed by
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a nobile s j as._sev | tinme-del ayed, anplitude-scal ed versions of the
transm tteec‘léfg‘?g%ﬁ%ghgaﬁgé@ﬁulti pl e paths. The CDVA receiver of the nobile
station resolves the nultipath conponents of the transmtted signal into

several paths known as _rays. The rays have t] .delayg.that are nultiples
of the spPPeeRYi ngW%theFﬁ@PWY?Pﬁéﬁﬁ %‘c’f‘é%g‘ll ’Egsraé’;‘ﬁ\}\]iﬁsc WeHeR BRSP ay 1
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the spreading chip interval 7, and a resolved ray with time delay 7 represents a group

of multipath rays with time delays over the interval [z ~ T /2,7 +T,/2]. If there is only

one resolved ray, a frequency non-selective fading channel is observed. However, if
there is more than one resolved ray, a wireless channel is called a frequency selective

fading channel.

[0009] For a frequency non-selective fading channel, informational data may be
recovered at the mobile station using a simple despreader without any intracell
interference. Practically, however, a wireless channel is a frequency selective fading
channel because of large time dispersion of the multipath components. Conventionally,
a CDMA receiver in the mobile station employs a Rake combiner to coherently
combine despread outputs from all resolved rays of a transmitted signal that are

determined by a path searcher, thereby recovering the transmitted signal.

[0010] In order to improve the performance of CDMA downlink transmissions,
receivers that suppress IFI and MAI are needed. When a delay spread is large, the

frequency selective fading channel may be transformed into a frequency non-selective



conbi ne despread outputs fromall resolved rays of a transmtted signa

that are determned by a path searcher, thereby recovering the transmtted
signal . [O@l@josis23order to i nprove the perfornmance of CDVR@wWGI30NG1
transm ssions, receivers that suppress IFl and MAI are needed. \Wen a
delay spread is large, the frequency4sel ective fading channel may be
transforned into a frequency non-sel ective WO 03/081823 PCT/ SG&3/00031 4
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suppressing. both |Fl .and .MAI. .]0011] . A CDVA syste 1 th onventi onal TDE
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rate of such a CDVA system The |large nunber of filter taps causes noise
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mul ti pat h%%‘i%‘%&%ﬁ[ﬁ:&%ieb ﬁ'ccbgkg}(gé r fhn%ﬁ%ﬁgat‘lli}gﬁ égﬁ{vg{)g%fl?ggﬂté g??nrllgcr ease the
synbol duragorithmbylgopithrhs thaigcoavéigg fiasteat eich es rehrstterl estsquateo(RIE) mayiee
parallel lowrate streans.. Each, of the ltiple. parallel .|lowrate streans
’s  modul 4PRACHIRIeR doTANRIIFASRS HEIDLRBS BARDPAE CaesliZaBeIar- If PRAYBIYS di vi si on
mul ti pl exi xf,ﬁ;@}@r ' ' il beCRMtich R fo ARDskYeahd QippRein®
because of tns ef |CF%%?%HS%‘%gfélbwﬁlﬁ%rﬁeatign tohrough FF%E)gnd I nver se
FFT (| FFT)ofdRbandwAdrdesivagdnah equalightiodwscguer- carriers, even though such
sub-carriers overlap. By inserting a cyclic prefix (CP) for each OFDM

bl ock, the inter-synbol interference (ISI) can be suppressed as |ong as the
CP | engt h [p&12gr eatgbrdeh@supfess i hitlkipatix 84ap spteddashulticative nedtalutioh is

applied to increase the symbol duration by splitting a high-rate serial stream into
multiple parallel low-rate streams. Each of the multiple parallel low-rate streams is
modulated using a different sub-carrier. Orthogonal frequency division multiplexing
(OFDM) is an effective multi-carrier modulation scheme because of its efficient digital
implementation through FFT and inverse FFT (IFFT) and the orthogonality of the sub-
carriers, even though such sub-carriers overlap. By inserting a cyclic prefix (CP) for
each OFDM block, the inter-symbol interference (ISI) can be suppressed as long as the

CP length is greater than the maximum excess delay of the channel.

[0013]} A conventional TDE receiver for CDMA downlink transmissions typically
includes a cell searcher, a code generator, a path searcher, a despreader, an equalizer,
and a signal detector. The cell searcher receives, from a CDMA downlink system, a
transmitted signal and the corresponding rays, and retrieves long scrambling codes and
information relating to a cell from the transmitted signal. The code generator uses the
long scrambling codes, generates a combination of long scrambling codes and short

channelization codes, known as spreading codes, for CPICH, CCPCH and the DTCHs



[ 0013] A conventional TDE receiver for CDVA downlink transm ssions
typically includes a cell searcher, a code generator, a path searcher, a
despreadewo @segsal i zer, and a signal detector. The cel IPCIEsB0GI031
receives, froma CDVA downlink system a transmtted signal and the
correspondi ng rays, and retrieves |ong scranbling codes and information
relating to a cell fromthe transmtted signal. The code generator uses the
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provide tinme delay information of several rays with the | argest received

powers. [0014] Generally, a chip signal froma physical channel j passes
into a cd®e1dkpondiengyally,R dhip signal fomt aphysipabthansel jinassehéreby produce a

filteri t put . A Si | nbi t t f .FIR filt
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the difference, in mnimum nmean-square-error (MVSE) sense, . hetween the
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sear cher ptov eferefce timng’'require equ uring
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using the  spreading codes fro e code gener r d allocated to an
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data for the intended nobi tatiqgn m tput of the despreader.
[0016] mﬁ%@ﬁ?’i"%ﬁ%"%{fﬁé{ﬁﬁ% s Yaplller iﬁ/‘ie“?ngc %‘g%g)g'the FIR filter length G

being greater than or equal to the subchannel length L, so that the energy
fromall taps of the <channels can be captured, Only one I_ont%SequaI izer is

requi red ilPO%8li s dhedesprosger thes despegpds Br@utne ohibgicAtRHZRLIRE 181 't ot al
equal i zer GOAKHECN ForhIhdbode ¥eh&Btof 8l AfockRH Yo an intended mobile station.

The signal detector then recovers informational data for the intended mobile station

from the output of the despreader.

[0016] Conventional equalization receiver éhooses the FIR filter length G being
greater than or equal to the subchannel length Z, so that the energy from all taps of the
channels can be captured. Only one long equalizer is required if G is chosen by this
way, and the minimum number of total equalizer coefficients is ML, which can be very

large for wireless mobile environment.

[0017] An equalization receiver with large number of filter taps involves noise
enhancement and convergence problem when implemented with adaptive algorithms. In
fact, LMS (“least mean square™) algorithm is not applicable to acquire the equalizer
coefficients, because of the typically long convergence time of this algorithm.
Algorithms that converge faster, such as RLS (“recursive least square™), may be too

complex for applications with large number of equalization taps. If the adaptive



| arge for wireless nobile environnent. [0017] An equalization receiver with
| arge nunber of filter taps involves noi se enhancenent and convergence

pr obl em wiverosiospi2enent ed wi t h adaptive algorithns. In fa®Gr/aod/oposieast
mean square”) algorithmis not applicable to acquire the equalizer
coefficients, because of the typicallyg |ong convergence tinme of this
algorithm Algorithns that converge faster, such as RLS ("recursive | east

square"), . c i Cati.oF i .
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suppression of IFl and MAI, which is the very begi nning object of an
equal i zation receiver. [0018] A nulticarrier nodul ation schene is robust to

frequency g§(§1:8§ Cti WenhiBeher gﬁgﬁ@l‘ﬁﬁé’@é@hﬁ:ﬁl@ &s oBLidtit6 Aoy XBbtivl fa@ifigscheme

has sever advant ages su as difficulty in sub-carrier synchronization
and sensi tHowéwer,tthe mubipaeie yootifation seheme has nevereedisadvapioped ¥R RdN. This is
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conbi ni ng {94lihédr Afdplifitationd uitad is®Bcatisé hulider bitRlubyiohakeg loeof N each
sub-carrier can be | owered so that |onger synbol duration nakes it easy to

quasi - syrsheamiesevithevetlpppisgpewpioipsctd #dsxhbits GaPBonfEntaBEe ffeads t he
original signal Lng..a gi i r ¥ 4RMBkin For
MC- CDVA, | %ng%'sééi%%@l?oa gcx)l){ ‘ﬁﬁ%a\?g&ﬁ?‘g%‘ggﬁyh#o?— se ’e@tg gg@ﬁfg I ng over each
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becone subject to frequency, selectjve fading, signal, needs to be
conver t ed Snskrosize the trangmisgions.| W otBarr oY S@Bﬁ%%‘é%%&éﬁ ﬂ?%‘é“g‘?%(ﬂ?élﬁ y
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needs to be converted from serial to parallel before spreading over the frequency

domain.

[0019] A transmitter for an MC-CDMA system is similar to that used in normal
multi-carrier modulation except that, in normal multi-carrier modulation, the same
symbol is transmitted in parallel through different sub-carriers. The input information
sequence, r(m), is first converted into A parallel data sequences, s(n,0), s(n1) ... s(nM-
1), where n is the symbol number. Then each serial-to-parallel converter output is
multiplied with the spreading code of length G, d(#,0), d(n,1). ... D(n,N-1). All the data
corresponding to the total number of sub-carriers (N = M x PG) are modulated in

baseband by inverse discrete Fourier transform (IDFT) and converted back into serial

data.

[0020] A cyclic prefix of length p is inserted between symbols to alleviate inter-
symbol interference caused by multipath fading. The input information sequence, now a
modulated prefixed baseband spread signal, is finally transmitted after radio frequency

upconversion. After down-conversion and perfect synchronization, the cyclic prefix 1s



1), where n is the synbol nunber. Then each serial-to-parallel converter
output is nultiplied wwth the spreading code of length G d(n, 0), d(n,1),
.... D(n,™Wo0l)3/08Md28B t he data corresponding to the total nwdsG3H0031
sub-carriers (N = M PG are nodulated in baseband by inverse discrete
Fourier transform (I DFT) and converted back into serial data. [0020] A
cyclic prefix of length p is inserted between symbols to alleviate inter-

symbol i ntgrhelenge at egn i e?lﬁ]x fafio L%gdlﬁgandrﬁ%ubﬂﬁ‘f'i%r EHhSSdRsi on

sequence, now a no ed ase spread signal, is finally
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.N), is coherently detected wth and, thereafter, ualized with the
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conbi nes t f . the receiv gnhal scattered in frequency domain.
The trans WS?]‘ﬁ?aﬁ’c?aWﬂS%t@e 5%%2%’3%5 recovered with the help of a

despreadi ng nodul e using the spread code. [0021] For conventional single
carrier DS-CDVA siéstems bot h Rake and_TDE _recei verg ‘%re ass(gﬁ_b? ed with
i nt er - f i nge#21] nt eFpeeavertiqupiing %W%Ptsr%ﬁ)%%&%g pthake ap (MA) |

which i mrE:cetx‘I;%:[? %@%Aﬁ%{?l CuﬁR E}E r?g:g?{ﬂterhg%?c%](l Ak HJJC@&S% from two

maj or inplé I rst -to average power ratio
( PAPR) pr(ih{eefmdnSe (MM},eﬂﬁclNﬁmﬂnﬂi@aﬁm& ofmmtem highly linear (and
inefficient) anplifiers must be used to avoid distortion and spectral
spreadi ng. Second, MC-CDVA is very sensitive to the frequency of fset and RF

phase  noiggrs) TheRECICOMASRIRE frdlitwo hitfordRplentanbitioh ditfiehltibéFislyhighn

practi cal vm reI ess environnent. [0023] Therefore, what is clearly needed

i s a CDVA pepkteaverage powerlyatie@ARR aqr@lg}bx@ is therenbwithHHGIYIdn heioeh
i nproverme '}ughfy%n%é’rt (];'mcl}/lloﬁle cqgnt)l alilllplsﬁje?g G5 e e Weavoll distortion and spectral

spreading. Second, MC-CDMA is very sensitive to the frequency offset and RF phase
noise. These two issues limit the applicability of MC-CDMA in practical wireless

environment.

[0023] Therefore, what is clearly needed is a CDMA system that is based on single
carrier modulation with improvements to both MAT and IFI suppression due to

multipath delay spread.

Summary of the Invention
[0024] The present invention seeks to provide a code division multiple access
(CDMA) system having at least one CDMA transmitter and at least one CDMA
receiver, a method for transmitting a spread signal by the CDMA transmitter, and a

method for processing the spread signal received by the CDMA receiver.

[0025] Accordingly, in one aspect, the present invention provides a code division
multiple access (CDMA) system comprising:
at least one CDMA transmitter having:



mul ti path delay spread. Summary of the Invention [0024] The present

i nvention seeks to provide a code division nultiple access (CDMA) system
havi ng atwoeasagisame CDVA transmitter and at | east one COMRCTVEmSIVBI, a
met hod for transmtting a spread signal by the COVA transmtter, and a
met hod for processing the spread siggpal received by the CDVA receiver.

[ 0025] Accordingly, in one aspect, the present invention provides a code

division nultiple access ( system conpri si ng.; £s HOVA
transmitter havi ngatl W@?/s@%g‘) OF%/PF?%@% %iﬁ Vglga(?ﬁﬁér s I::ofrzfe spr eader
for spreading a ér%%% GNYrAR Sl é%?e&ﬂhQﬁlﬂ’ieﬁlscksdeﬁhefﬁ)yafnnﬁ/hx G spread
sequence for eacﬁ e%nhlgqﬁl ogf(s t%qﬁtlrl]ereby forma spread %E‘d where M

represents nunbeSpreadsigmd:lpWhereMeepmménu@é pief sygybeks: €to one,
each of the at |east one reader nd a
m s> gaag%\flg}%gattzeaggﬁﬁeséﬁaa&h Ny Bbcdsbing

sequence ext ende®¥ OEQQ SUsing & ‘predet érni ned
nunber of chi ps %gmkﬂegeby forman extended spread signal, the sequence
ext ender having an extender input coupled to the spreader output. [0026]
I n anot her aspect, aiche present invention provides a nethod for transmtting

signals in a code division '{éﬁd%%ﬁk@xt@rﬁcﬁﬁ%éa&%b@y@t@m gd he met hod

conprising the st%fﬁ%qug?geex readin | east one spreader, a packet
havi ng one or norgedelppifedirmanter bﬁ/(ﬂnpsantﬂdrebﬂosrplae&dt@é@jmf@é siggel.each of

t he bl ocks to thereby f d mb f
Synbol s, & he. nuniies seRg ereRbarv e Bgnard ipRs SN BRBERRRAE 1V EL 7

one spreader havrorﬁ%uq_ processing gain of G

[0026] In another aspect, the present invention provides a method for transmitting
signals in a code division multiple access (CDMA) system, the method comprising the
steps of:
spreading, by at least one spreader, a packet having one or more blocks to derive
an M x G spread sequence for each of the blocks to thereby form a spread signal,
where M represents number of symbols, the number being greater or equal to one,

cach of the at least one spreader having a processing gain of G;

and
extending, by a sequence extender, the Mx G spread sequence using a

predetermined number of chips to thereby form an extended spread signal, the M x

G spread sequence being received from a spreader output of each of the at least one

spreader.

[0027] In still another aspect, the present invention provides a code division

multiple access (CDMA) system comprising:
at least one CDMA receiver for processing a received signal, the CDMA receiver
having:
a sequence extension remover for removing a predetermined number of

chips from at least one predetermined position of the received signal to

thereby form a modified signal;



and extending, by a sequence extender, the Mx G spread sequence using a
predeterm ned nunber of chips to thereby form an extended spread signal,
the M x WwWosprossidsequence being received froma spreader raavgs/oai3ieach of
the at | east one spreader. [0027] In still another aspect, the present
invention provides a code division multiple access (CDVA) system
conprising: at |east one CDVA receiver for processing a received signal,

t he CDMA receiver hav' ng: uenge noving a

pr edet er m ned nunmb &t © goiﬁf% S?cf”rgﬂ? (fke?&%ﬁ%d%ﬁlelégé%}éﬁ% e%x(rl)nénﬁlg position of
the received signgmol&, fdri@nslymingie @odibidd tighsl isiadied domd IbAR 1823

PCT/ SG03/ 00031 9 an ort hogonal transform bl ock, coupled to the sequence

ext ensi on renovdransfqmmedﬁlﬂn@flélaﬁ?% drmaip di fi ed si gnal in a first domain
to forma transfor gueﬁi 6’1'0 %)Igcfﬁlotﬂg blo@l@ aﬁ&lﬁé\hh%z@éha{ﬁh%k

coupled to the tran avin channel estl

equal i zi ng the treatiﬁfaﬁﬂmde@uagmg t]he)traﬂsﬁ)miegi sigadluto ¢hezblgnrediice chisnedr t i on and
forman equalized si gnal n invers thogonal transform bl ock, coupled to
the equalizer bl diRo ?%?‘%%ql{aﬁé‘?‘iiqi ng the equalized si gnal to form

an output in the f'gﬁsiﬁvergod’fﬁio on'cﬂ'ﬁgnsf@mg%l@li %qgfedft@fhe%ﬁﬂfz@ﬂﬂb&g fohe

output to thereby derive a group o synbol s 028] In yet another aspect,
the present i nvernhlversepamioﬂaag&lewquﬁaddﬁl@nalﬂﬁ(fmmﬂ‘gtpufanlt@c@'ﬁ'ﬂled si gnal
received in a COdforgélﬁl" sion multiple access (CDVA) system the

and
a despreader for despreading the output to thereby derive a group of

symbols.

[0028] In yet another aspect, the present invention provides a method for processing
areceived signal received in a code division multiple access (CDMA) system, the
method comprising the steps of:
removing a predetermined number of chips from at least one predetermined
position of the received signal to thereby form a modified signal;
orthogonally transforming the modified signal in a first domain to form a
transformed signal in a second domain;
equalizing the transformed signal to thereby reduce channel distortion and form
an equalized signal;
inverse orthogonally transforming the equalized signal to form an output in the
first domain;
and
despreading the output to thereby derive a group of symbols.

Brief Description of the Drawings
[0029] Preferred embodiments of the present invention will now be more fully

described, by way of example, with reference to the drawings of which:



met hod conprising the steps of. renoving a predeterm ned nunber of chips
fromat | east one predeterm ned position of the received signal to thereby
form a nodidodedigsgnal ; orthogonally transform ng the nodidssb3@bgmal in a
first domain to forma transfornmed signal in a second donmain; equali zing
the transforned signal to thereby redgce channel distortion and form an
equal i zed si gnal i nverse ort hogonal l'y transform ng the equalized signal to

f t first ; di to thereb
orm 2n O |t R R S HERRL L0 ARl Lo, her eby
Preferred asdBB@mM)axa@ifsmtﬁwupa@amahcd mﬂeﬂielpiélsem invertine; be nore fully

descri bed, by way of exanple, with reference to the drawi ngs of which: WO
03/ 081823 PCT/ SG03/00031 10 [0030] FIG 1 illustrates a functional bl ock

00 o Ol o2 B ARl SR ERS G P iBRE Gl Ul

accor dancd e pres 2 1llustrates a packet
st ruct ur e pflefs byahe CDMASmnssitensf RiG.H; dedi cated pilots by the CDVA
transmtter of FIG 1; [0032] FIG 3 illustrates a packet structure for
data transm ssions with cormmon pilots by the COVA transmtter of FIG 1;

[0033] Fl Goagy 1114 &?ﬁ&ﬁ&t SBUENE 14F Bath MandhRASHE %ithesamoht h dat a
dependent ﬂ1ots %ﬁﬁ% ransmtter ofaFI G 1; [0034] FIG 5A and

FIG 5B ar;ﬁlots\f@ the GBMAritansigter ofBIGEt hods of processing data for
transm ssion by the COVA transmitter of FIG 1; [0035] FIG 6A, FIG 6B,
FIG 6C and FIG 6D are exanples of extending a spread sequence in the

fl owchart o3 Fl GrigAs Astedté<a paRet structure for transmissions with data dependent
pilots by the CDMA transmitter of FIG. 1;

[0034] FIG. 5A and FIG. 5B are two flowcharts for two methods of processing data
for transmission by the CDMA transmitter of FIG. 1;

[0035] FIG. 6A, FIG. 6B, FIG. 6C and FIG. 6D are examples of extending a spread
sequence in the flowcharts of FIG. 5A and FIG. 5B;

[0036] FIG. 7 illustrates a functional block diagram of a CDMA receiver in

accordance with the present invention;

{0037] FIG. 8 illustrates a functional block diagram of a frequency domain

equalizer with frequency response channel estimation for the CDMA receiver of FIG. 5;

[0038] FIG. 9 illustrates a functional block diagram of a frequency domain

equalizer with time response channel estimation for the CDMA receiver of FIG. 5;

[0039] FIG. 10 is a flowchart of a method for processing a spread signal received
by the CDMA transmitter of FIG. 1;



[00361 FIG 7 illustrates a functional block diagramof a CDVA receiver in

accordance with the present invention; [0037] FIG 8 illustr

ates a

functi onatvaod3msks2ai agr am of a frequency domain equal i zer rATISGOBOBGUENCY

response channel estimation for the CDVA receiver of FIG 5;
illustrates a functional block di agr gm of a frequency domain
with tinme response channel estimation for the CDVA receiver

[0038] FIG 9
equal i zer
of FIG 5;

[0039] FIG 10 is_a flowchart of a nethed for..brocessi a .ead si gnal
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5 with th k t f FIG 4 for di i 7 Ak heres;
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per for W&n@gmie Oﬁaeﬁet%ﬂeaﬁq?men f@f diffbfent &ualizdiion behepasket s
FIG 4; an [0043] FIG 14 is a graph conparing perfornmance
mul ticarrier COMA and the CDMA receiver of FIG 5 with the
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receiver, a nethod for transmtting signals by the CDVA transmtter, and a
met hod for processing a received signal received by-the CDVA receiver in

accordanchopyth BHE 64 LSl GRROTh B eHorhie LR GAR-ImMAlgRRE bed. |1
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Detailed Description of the Drawings

be practiced without such details. Some of these details

enti on.

[0044] A code division multiple access (CDMA) system having at least one CDMA
transmitter and at least one CDMA receiver, a method for transmitting signals by the

CDMA transmitter, and a method for processing a received signal received by the

CDMA receiver in accordance with preferred embodiments of the invention

arcé

described. In the following description, details are provided to describe the preferred

embodiments. It shall be apparent to one skilled in the art, however, that the

invention

may be practiced without such details. Some of these details may not be described at

length so as not to obscure the invention.

[0045] There are many advantages of the invention. One advantage of the invention

is that the CDMA system is robust against multipath delay and inter-finger interference

(IFT) compared with existing Direct Sequence (DS) CDMA systems with Rake

structures.

[0046] Another advantage of the invention is that, compared with existing single-

carrier CDMA systems with time-domain equalisation schemes, the CDMA receiver is



[ 0045] There are many advantages of the invention. One advantage of the
invention is that the CDVA systemis robust against nultipath delay and

i nter-fingerosiosieesference (IFl) conmpared with existing Dnr@EuGISeqsence
(DS) CDWVA systens with Rake structures. [0046] Another advantage of the
invention is that, conpared with exifii ng single- carrier CDVA systens with
ti me-domai n equal i sation schenes, the CDVA receiver is WO 03/081823

PCT/ SG03/ 00031 12 sinpler, to inp]enent d does t. chan anificantly
with t he STBRYF fo Brplemeniiad dO?Se%OFS&h e St@?ﬁ}‘%&%@&ﬁ%@%‘@d@?@é‘gg of the
i nventi oq_e' bat, as a single carrier system the CDMVA system does not

have the probl eéns of hi gh peak-to-average power ratio and high sensitivity
to frequency offset and radio frequency (rf) phase noise common in

mul ticarrier systens, [0048] Yef.anoth n Lavention i s that
a conmon P48t " sth @T@L@ ‘faBlage 8%%&"?"&‘8{)? %’ﬁ\j&s{%i assgﬁg%rl\@ ‘A %ﬁkeﬂg&p\’/l&hé;yst em

i mproves ghhgA spsishtotdnsihavael prétiéheras high pedlOR4Bjragbipbiverntibhed advant age
of the inventioh is provided by a novel data dependant. pilot structure for
downl i nk highmsmﬁité‘étydnéiﬂgyencﬁ@f’éﬁlmdtr%@ﬂ@‘?ﬂ?‘tﬂéy (frphase ngise SOMTBBHHant pi | ot
structure hgs consta{nt anplitude for pilot synbols in the frequency domain
that enabMBHBHESYS'®R%nnel estimation. In addition, as a result of pilot
chips being placed at every synmbol block, the tinme-varying nature of a
channel can be estimted nore effectively.. Furthernore.. ition of
pi | ot chi P948lasedY ehsaathenadvapiagso Bérhvﬁaﬁ%/n Bithale °§%%{Q}}°§§%‘%%‘§‘§g§‘sm th
each synbg| . LSS SoiA -JilRE hdsBtedfchghidd and noi se
anplifi caﬁ?‘gﬁfl@gﬁa%sgﬁm ni rlr%iglg? conp ﬁfeéggg\ﬁrﬁv%x@ti ng CDMA systens having
fi xed poskdtineationf or pilot chips. [0050] Yet another advantage of the
invention is that frequency domain equalisation enables the CDVA receiver
to have a sinplified structure that can be

[0049] Still another advantage of the invention is provided by a novel data
dependant pilot structure for downlink transmissions by the CDMA transmitter. This

data dependant pilot structure has constant amplitude for pilot symbols in the frequency
domain that enables easier channel estimation. In addition, as a result of pilot chips
being placed at every symbol block, the time-varying nature of a channel can be
estimated more effectively. Furthermore, as the position of pilot chips based upon the
data dependant pilot structure changes with each symbol block, issues related to deep
sub-carrier fading and noise amplification can be minimized compared with existing

CDMA systems having fixed positions for pilot chips.

[0050] Yet another advantage of the invention is that frequency domain
equalisation enables the CDMA receiver to have a simplified structure that can be

implemented using off-the-shelf components for both Fast Fourier Transform (FFT)

and inverse Fast Fourier Transform (FFT) operations.

[0051] Overall, the CDMA system is a single carrier cyclic prefix-based CDMA

system that overcomes the disadvantages of DS-CDMA and communication systems

having multicarrier modulation schemes.



i npl enented using off-the-shelf conmponents for both Fast Fourier Transform
(FFT) and inverse Fast Fourier Transform (FFT) operations. [0051] Overall
the CDVA wysi3é@s1823 a single carrier cyclic prefix-based ChiA/sGpsbd@Em t hat ’
overconmes the disadvantages of DS-CDVA and communi cation systens having
mul ticarrier nodul ation schenmes. WO §3/ 081823 PCT/ S@3/00031 13 [0052]
Referring nowto FIG 1, a functional block diagramof a COMA transmtter

10 is ill ate The transmi j :2.1avi ng a
spr eader H%Il.;f[{]put e&rrlggglg&f&&fgé- gfg’]tﬁelhﬁeorn %@%‘S%aw %ﬁg%ﬁegtggﬁ%g%gﬁnﬁﬁﬁ 18 gnd
a pul se shepaludfied. The Coviaas@smite POtorhpribes acspraatiedl Mdiavingd spreadet he
extender input 18. The sequence _extender qftput % is coupl.ed tg the pul se
sh?per ZQ;EPSUBBPSPWPC? endes 16 hrung ap extonder iqput gé‘n‘i?&}]ilsjgg@p a hi gh
rate seri b | 14 is Bliplel ARy 15 tild & ' acket with
di fferent sg‘/n%o?deg?ég@&s, }ss( n';uﬁl)e, wh%fei n e}ginr?%gfglgﬁﬂte@g;l}ﬁgg eﬁbﬁegcks has a
bl ock si zexiefidevoaypub2? i cvnpled tdile pulse ahapen20.s t he bl ock nunber. The

symbol s for each block, s(n;k), k=0,...,M1, is then spread using

zrpr eadi ng codes assi ggeld%to a user. The spreader has a spread code |length

r procesggoasy 9akBudb 1R spfeddePEX 1@, B pr6FIHENSELa High riip serivl ditaciinpolbl ock
size N, erg N = ?Xx Gl sﬁegenera ed bp3 t he spregder 12 at thjghgpr_eader

out put 14 Thisispwlixfifst sqpnamntedsintpuaprsketiveith differenp bl dlpoks s(Hk). BRheEiter

i nput 18. 054] Ther ter. th
2B edet eehitaabe pimpaRRs b £ BofE A PE R g LS R 80T P ne Y
inter-fing ck'n%n%%{(.%ﬁ@?ﬁ%)@s%ﬁ each BIR{(n;ky, 1¥0!. hvisie praae spreadhsinger 16

increases the size to (p+N) _chi ps. [00551 Each chip block in th
cycl i c- pr epieadidg cpdas)assipnesiid agiseiu Fhe eprpasier hese fpagaskagde ﬂ-@%thﬁr PERACSENG hgper

20 with a specifi roll-off fa I VGhi G- i
sequence |g§&t#eg1t‘1 ‘¥ gg’ﬁgﬁi’{ptsgﬁu%ﬁgh@rk)t@%%&aﬁ%ﬁﬁ{?ye%kh%@ﬁﬁ?? i ple
users, theendaiea by thSReald: UBhnge srtdiegouplit BpMhad! xdHiggeainenespoidi ng t o

each of the nultiple users and added togethe i i
cyclic prdh¢nprovided to the extender input 18. J r before the insertion of

[0054] Thereafter, the sequence extender 16 extends each block by a predetermined
number of chips to eliminate or at least alleviate the inter-finger interference (IFI).

Output from the sequence extender 16 increases the block size to (p+N) chips.

[0055] Each chip block in the cyclic-prefixed (p+N) spread sequence is then passed
to the pulse shaper 20 with a specified roll-off factor. The cyclic-prefixed (p+N) spread
sequence is then transmitted out of the CDMA transmitter 10. For multiple users, the
data is spread using orthogonal spread codes cortesponding to each of the multiple

users and added together before the insertion of cyclic prefix.

[0056] The packet that is transmitted has a packet structure that depends on whether
the spread signal is transmitted as an uplink transmission or 2 downlink transmission.
The packet comprises symbol blocks having one or more pilot blocks and one or more
data blocks. For an uplink transmission, location of the pilot blocks and the data blocks
within a packet for a symbol block 30 is shown in FIG. 2. As each uplink transmission

corresponds to a single user, the pilot blocks 32 and the data blocks 34 are spread with a



[ 0056] The packet that is transmtted has a packet structure that depends
on whether the spread signal is transmtted as an uplink transm ssion or a
downl i nk woensasisesi on. The packet conprises synbol bl ocksdrsdm@omne or
nore pilot blocks and one or nore data bl ocks. For an uplink transm ssion,
location of the pilot blocks and the gdata blocks wthin a packet for a
synbol block 30 is shown in FIG 2. As each uplink transm ssion

corresponds to a single user,_ the pil ot _.bl acks an bl ocks 34
are spfemrqutmdgcqmgsgg}m@ﬁatpﬁifg sfaedRE m@ﬁ-ugg?eggggrgg%{é? cor (r)gs;ondi ng
to that u%% 'a%egr}ﬁ{ogﬁlﬁélgs’ anldYafh BTHES! ard! SpRbadeivh fic spteqli wdted pi | ot

bl ocks an a cks are spread with user-specific spread codes

cor r esponghirfegpdraingsie users i that¢nvanoninesianent . [ 0057] For downl i nk

transm ssi ons, conmon pilot synbols can be used for all users in the
mul ti-user environnent. The CDMA systemin which the COVA transmtter 10

operates [%Hﬁl?or t SroP@bdinltid ParsRERRPERMmENS 0 3jabele panbentedfot At ussymbol s. A
packet 40 avi ng data i ndependent pilot synbol.s is&sw i n

FLG..3. In
thi s packiatthéfulti-nses enyitdnoent.SKhePM Ansystent wcuhich g5 aos '!t%rrltohogonal
frequency divisi on | t.iRlexi ' WTADRck& 4dat a
synbol s 49PFHFs %ﬂpo’g%l@téaa%é{@e%seé/%(%d %ﬁé g%né%ltg?& Slsyf}ﬂnth;)ol sin t he OFDM
bl ock 42 fgngash imdpéddent st symbals isstibwindnBIG.\3. Epthésphoket4d, thees pildpeci fi ¢
spread codes. Atransmtted synbol in t?’Fs gackdet. .struci Lo, B
r epr esent sxinbals afeglacediogethsr pg aerthagpngl greayency Arasiop gyu {%Pl oé@? >F®K 1 =
~ ck (t~k {t) 4ar taoﬁﬂ 3 @s. T boik4aangd silotar e t he
pi | ot sprkg’&?‘é‘%%‘?%ﬁ%@nﬁ%@%y (HML ﬁ%’r\ﬁggg S_sprt%?gmcode andﬁt he data
synbol ,  r gfABSlL invibe PFIM dhodkHdifghearh of ther userspreiadividudly ispread MIBP8fed f or

t 1 SSi f th il ot nbol il
b5 LIt | ofpaiE ByeRbEe DdbTRU it hiuRis o] Mo e ppnaBREH
the eff ectas PJllows:

c, ) ’ (t) for pilot symbol period
d()= ick ), (t)  for data symbol period

k=1

(1)

where cp, Sp, ¢k and si are the pilot spread code, the pilot symbol, the user
spread code and the data symbol, respectively. Even though an extra spread code is
allocated for transmission of the pilot symbols as the pilot spread code, channel
estimation and synchronization using this scheme is more effective since the effect of

MALI is minimal during transmission of the pilot symbols.

[0058] For the packet 40 for data independent pilot symbols described in the above,
channel state information is obtained during the transmission period of the pilot symbol.

For the data transmission period, a decision-directed method can be used to update

channel estimates.

[0059] An example of a packet 50 with a new packet structure for data dependent
pilot symbols is shown in FIG. 4, wherein each OFDM symbol block 52 has only a few
pilot symbols with a limited number of pilot chips. The pilot symbols in the new packet



MAI is mnimal during transm ssion of the pilot synbols. [0058] For the
packet 40 for data independent pilot synbols described in the above,

channel swat®/osm2er mati on i s obtai ned during the transm sscrsgmaniasd of the
pil ot synbol. For the data transm ssion period, a decision-directed nethod
can be used to update channel estimmates. [0059] An exanple of a packet 50
with a new packet structure for data dependent pilot synbols is shown in

FIG 4, wherein each OFDM ol .bl ock has onl i nbol s
with a | stmctwg dﬁmﬁﬁépnélﬁerpf% fhe fansmy dﬁ‘Pﬁ% 81‘1558%/{%%56{3‘?‘%%&%‘]}?3&%%% packet
WO 03/ 0848 - i 1R WaPaRespbessingr spadad siphal o be
transm t%gg%gﬁgéﬁg?%@@ptéﬁﬂ%g%res of the pF,ait gpussi er..Transform
(FFT) natdceived fimin he GhMBetrarsettest SnusnoFeaneney; demaigegualizafighdbe  recei ved
fromthe COVA transmtter 10, using fr C j | ien. The

pi | ot syRBel Yo ad%ﬁ%’?eé?tgé"} the %ﬁ%‘gefnf %cﬁjg}é%@y% g%g?%dhgn I adtc}é?(S convert ed

back t0 e 4dnidiE 1APHRE I@RflckddRithupreadax dihlilietthe papketd) fondata Unl i ke the
packet 4&%0(% (ﬁgfa indepenglent pi |l ot synbol s ever}/LWb{‘ock for the new

packet s tmdependeat pides symbalsacverscblek s thenavopackeh BBICtHS 195 4f8%¢t chips. The
pilot chips 56 for . the, hl ogk .52 1. 8clod2 {staséchat bl ock
52. Hencé,epef I li‘i’éf‘}flgpac‘%@“n%lgq% dé@? 'ibﬂnget el,Ott g%%?? tﬂi%tr)]egf pSi I_a(_S)t chips in
the new Q\?SK% Sitd S0 Egeat Glvek g sHéme, foaalbetitrahines estimdiolthe posifian of

el i mnateS the possible naoi se enhancenent. in . frequenc i1 equalization.
[0060] _Sipilotchibs in thanrepagel HEIHTE Ch@ga%tqfﬁﬁ‘ébblf’% °€%’§}.‘1%?%r mul ti code

Lranshi ssyonc, (e HSON. d3fkBeifnldndfit RafkALy BbmuBlITGL esponds Lo the

sum of spi or a users. Using the new packet structure, the
anplitude spectrumof pilot synbols does not depend on frequency.

Consequent |y, channel estinption error. | fr dent. Mre
details dﬂ(’%l | ot SEFRRHE P@‘é‘g&t’é’(’t" lséﬁélgﬂgdsfcoﬁggg%ﬁ@ggﬁlhgﬁ%?ﬁql ow ng

par agr aphg, ¢ ﬁ)srsiozrj;t& Qnd Qldr AWiad if BHeglab R Strudtotectobreticnds tostbe vemaf spraad i ces
(upper case) and vectors (lower case). Al other variables allg scal ars.
[ 00611 Pidant fos yitinsérs. Gsing themewareketisiueties, fhe Y%, “an FFT

operatio nsymbols does not depend on frequency. Consequently, channel estimation error is

frequency independent. More details on pilot symbol generation are discussed in the
following paragraphs. For the following equations, bold letters serve as matrices (upper

case) and vectors (lower case). All other variables are scalars.

[oo61] Pilot symbols are generated in the frequency domain after an FFT operation
on time-domain spread signals. Consider the pilot symbols generated in the frequency
domain as a product of a scalar value & and spreading vector g, a column vector whose
length is equal to the processing gain, G. Let p be the symbol vector in time domain

corresponding to ¢, and d is the sum of spread data of all users. The frequency domain

symbol T can be represented as

T=F(g)=[al°)g], (2)

where F() is the FFT operation and D is the frequency domain representation of the

sum of spread data. The position of individual elements in pilot vectors o and p can be



on tinme-domain spread signals. Consider the pilot synbols generated in the
frequency domain as a product of a scalar value a and spreadi ng vector g,
a col um wexdadgmsisahose |ength is equal to the processi hg gasGoGo00W3et p be
the synbol vector in time domain corresponding to a, and d is the sum of
spread data of all users. The frequepey domain synmbol T can be represented
as T=d = D (2) where F() is the FFT operation and Dis the frequency

dormai n representation of the _sum of .spread.dat The, Nosi-ti of

i ndi vi dua et@ﬂéﬂ%ﬁ%@?‘?ﬁﬁg FefablerosAad SOLIRS g eV R

PCT/ SQ03/ i teSEHRE LI B 8 bilifABleSubicaiies thavso Astdnc@intems in t he
FFT natrilgq(eg%t H%‘?hc%g %fllméxi bllnl I tc)f/l,ﬁsze can even place piJot chips in

sui t abl e éedp-fadesr iConsidetthe deompisition ©f ERT enatriyg idp severd SubspsemaiEres he
decorrposi]tii on. of FFT .matrix int 0%‘\J/p?er al subspace matrices. Equation (1)
B

can be reE@Ratiopdl 8 BegR a5 _r-g] (3) dA Bl dDand, hence

a.g = Ap + Bd . The pilot vector p in tinme domain can be derived using the
foll owi ng expression. p=A-1(a.g-Bd) (4) where p is a pilot vector in the
tinme domaiffp)g |l A a Xk g¢adi ng S;’& uence for channel estimation, d is
the sumo . a&l dgt & ~ply jusers, ( s a scal ar value based wupon data
in the blo , lanh Al B-are sub-matrices derived from Fast Fourier
Transf orm based upon positions of p and g. [0062] However, this pilot
constructi on does not consider issues related to peak to average power
rati o andahd)dendt @g -oOApaved age pil ot power to data power. For an efficient

i npl ementation of the COMA transmtter 10, the CDVA system shoul d have
m ni rum peak to average power ratio. In addition, average data power and

average pikotypQ i YRR usiIP BRF YNNG QRplEAbAL S ar e
separ at el SBHEILI ‘\’(,f\%oég Sig(rq]g‘let 021% il G4 b ust Q s
p=A"'(g-Bd) (4)
where p is a pilot vector in the time domain, g is a known spreading sequence for
channel estimation, d is the sum of spread data of all users, o is a scalar value based
upon data in the blocks, and A and B are sub-matrices derived from Fast Fourier

Transform based upon positions of p and g.

[0062] However, this pilot construction does not consider isspes related to peak to
average power ratio and the ratio of average pilot power to data power. For an efficient
implementation of the CDMA transmitter 10, the CDMA system should have minimum
peak to average power ratio. In addition, average data power and average pilot power
should be nearly same. These two constraints are separately considered and the

conditions are derived as follows.

[0063] For minimum peak to average power ratio, consider the FFT subspace

matrix C = A and D = B . Equation (2) can be re-written as:
Aq By

p)_ pl_
T=F{d)-[C D]LdJ—Cp+Dd (5)



conditions are derived as follows. [0063] For mninmum peak to average power
rati o, consider the FFT subspace Equation (2) can be re-witten as: matrix
C=AandwiDess18as [.' T=d =[C D][ ]=Cp+Dd (5) ~J WO 03/ G&I&EIR3/00031

PCT/ SG03/ 00031 17 [0064] Using equation (4), T = CA-1(a.g - Bd)+ Dd

=a. gCA-1+(D-CA-1B) (6) FA-1 @CAIB){}[?] [0065] T is an N x 1 matrix,
where N is the nunber of sub-carriers. Consider FA-1 (D - CA-1B)1 EO ,
where the matric .E((gﬁ_] andAEI are derived from 1 matrices A, B, C and D.
Fo corresB®fls ¢ PP Ydub-carrier (matrix order 1 x 2) and El
correspond to the remaining N-1 (matrix order (N-1) x 2) sub-carriers.
Thus, Equation (6) beconmes /30 T =Eo a.g =P1 (7)) E 1 MfiN1l [0066]
Here (30 is the optzm—’((&_gt_hgd +Ddt sub-carrier frequency, generated from
the a.g matrices Eo and_} .« To _maintai n mi ni nrum peak-to-average power
ratio for 2 N1 2=tor@6dm th d‘@é&n%ﬁ , a(Parge (130 ( and a small i ,pi 12

is required. That is 1= a.
CEa ]ﬁ)—CA‘lB)d][ lg]

[0065] T is an N x 1 matrix, where N is the number of sub-carriers. Consider
EIA—I () - CA"IB)I]: ﬁ;o ] , where the matrices Ey and E; are derived from
1

matrices A, B, C and D. E, corresponds to the first sub-carrier (matrix order I x 2) and

E; correspond to the remaining N-1 (matrix order (N-1) x 2) sub-carriers. Thus,

Equation (6) becomes
Bo
[Eol[agl | A
T—[El][l]z M 7
Bn-1

[0066] Here S is the output of the first sub-carrier frequency, generated from the

. o .
matrices Eg and [ lg] . To maintain minimum peak-to-average power ratio for

N 2. : :
transmitted symbols, a large Iﬁo |2 and a small Y, |ﬁ,~| is required. That is,
i=l

e s V€]
max P L (8)
* _2_31 |Bi|2 * g 1) @:{IEII )

1

[0067] To find the optimum value of o, a generalized Eigen decomposition (GED)

H Hy , , 5. :
GED @0 Eg, E1Ep,is performed, and the maximum Eigen vector A is obtained



2 (a.gl)* (o Eo.g (0o~(g) mx N1 2a~* Haga Tl ~ (a.gl) 1H 1
[0067] To find the optinmum value of (x, a generalized Ei gen deconposition
(GED) GEo @/oBGB23EHEI ) is perforned, and the naxi num Ei qeIT/SGIGI0031A i S
obt ai ned WD 03/081823 PCT/ SG03/00031 18 where a = 8 . Sinulations were
conducted for studying the effect of;peak-to-average power ratio. These
sinmul ati ons regarded the g vector from orthogonal Wal sh-Hadamard
transform The results of these sinulations significantly match theoreti cal

predi Cti Qpgere &Q@W%ﬁcﬁ@%ré sondaes firenmlyivgtthe effedief pllkosysiagen aver age
si gnal power for Aboth data and pilot synbols should be equal. The

foll owi ng section Iain t he n d
cqual oy ehoRHE T DS B PB BB e eaivh Bopf PSS g HalataRE 10
be the nuphg frHI 'IE %ﬁl@bﬂ"ﬁ%@ie%nﬁﬂlﬁu&%ts@grﬁﬁéﬁﬁﬂ snatch thepetitdl yeedictions. aver age

si gnal power data and pilot are nearly sane, it can be ~ 2 d2
expressed as IPA = 1N . Fromequations (3) and (4, pd2 N2 1A1l(a.g

-Bdl N [00N68] Al P%? 'ggocf traBrgsnlis?sio:ns '&u&ﬁlr]i i d[%/IAdsysgerrE aeerage signal power for
both data and pilot symbols should be equal. The following section explains the

minimum conditions required for keeping equal average signal power for both data and

pilot.

[0069] Let N, and N, be the number of pilot symbols and data symbols,

respectively. If average signal power for both data and pilot are nearly same, it can be

2 2
d :
expressed as M— = —I—-I— . From equations (3) and (4),
p Na

ja~? (a.g—Bdi = __|d|

e

lwg—Bd[* = X/%]df (9)

2. 2
[0070] Hence for a given g, B and d, select 0. such that la.g - Bdl is nearest to 7.

The value of o changes from symbol to symbol and is purely determined by the sum of
spread data of all users in each sub-carrier. However, the value of o can be tracked
upon reception of a spread signal by assuming that channel values does not change

significantly across symbols. This can be explained mathematically as given below.

[0071] Ignoring the presence of white noise, a received spread signal at frequency

domain equalization for #™ symbol can be expressed as Y(n)=H (n)T(n) , where H(n)



=Y ~2 a.g-Bdl= Nd (A-HA-1 1 [0070] Hence for a given g, B and d, select a
such that | a.g - Bdl12 is nearest to r2. The value of a changes from

synbol t owsyoswsis2and is purely determined by the sumof Sueschideisa of all
users in each sub-carrier. However, the value of (x can be tracked wupon

reception of a spread signal by asszgi ng that channel val ues does not
change significantly across synbols? This can be expl ai ned mat hematical ly

as given below. [0071] Ignoring the presence,of. whit e, a received
spread samgh%f) ate the ﬁq@@tﬁéﬁyresﬁ%‘ﬁ&ioiﬁg@cf@é?l}eiﬁ?‘f@ﬁf'fe(g}’lennc? ﬁﬁ%? ol can be
expressed as An)= .1 . y&]ﬁﬁ.‘ﬁj 310948 iR Th Skt (D31 19 and
T(n) ar e“’tﬂ‘i@e?t?%?fhg{fbytréng}sﬂé%ns ofoﬁgrﬁ%peégﬁggﬁg?@and the frequency donain
representation of nth transmtted synbol, respectively. T(n) is defined in
equation (2). [0072] Using the previqus.relat] I BhaNtdar
subspace [0938at i oﬂés,ng‘(hﬁ)Pr?’g?’r‘S r@ég?%ﬁtuﬁlélﬁ Sﬁ%&*%?ﬁﬁp%@%&iﬁﬁ%’n (wlg:] for nth
synbol and e(1 %tv%xasl (n n) Y(n+l YOQ(n+l) _ H(n+l1l an+lg for (n+1h synbol
Y(n+1) D?’ﬁlv% ere YO(n + 1)= Hn + 1)9.an+1 [0073] From equation (10),

t he val ue of floy, (@ni1) ' h o]

(n+1) g* YO, j Nife, L%O(?=i{@ii}é +y0or N RE8 %1 where H(n + 1)is the

estimated freque Eﬁn?(spon e t he channel vector. Assum ng channel wl|

not change signi{i ¢¥ptd ¥1HCross ohel.8,| congi h o i)= H(n)and
Y(n+13=fY(n+1 =an +f{l)(n+l)} j%ring?y E‘Km%o

where Yo(n+1)= Hpn+1)g00,,5

| .cap, be .det erm ned as 1¢fpl !l ows: N 1i
yfor 1Ry SYpteY fid H

[0073] From equation (10), the value of o for (n+1 )" symbol can be determined as
follows:
Np Ak *
3, HJ (ll+1k Yo’j(n‘l’l)
L -t (11)

P ]\g ‘I:Ij(n-i-lf
Jj=1

Cpil1 =

where ﬁ(n + 1)is the estimated frequency response of the channel vector. Assuming

channel will not change significantly across symbols, consider A@p+1)= H(p)and
determine the value of o. However, if the fading is faster, the CDMA system requires

frequent channel estimation/correction.

[0074] FIG. 5A and FIG. 5B are two flowcharts for two methods 100,200 of
processing data for transmission by the CDMA transmitter 10. The method 100 applies
to data independent pilot symbols and starts 102 with the step 104 of multiplexing a
plurality of pilot chips with data of a packet. Thereafter, at step 106, the spreader 12
spreads each of one or more blocks of the packet to derive an M x G spread sequence,
where M represents number of symbols and is greater or equal to one, and G is the
processing gain of the spreader 12. At step 108, the sequence extender 16 extends the M

x G spread sequence using a predetermined number of chips, p to a (p + N) spread



determ ne the value of a. However, if the fading is faster, the CDVA system
requires frequent channel estimtion/correction. [0074] FIG 5A and FIG
5B are twwaddmsedrzarts for two net hods 100, 200 of  processipgy/SBA0G30r
transm ssion by the COVA transmitter 10. The nethod 100 applies to data

i ndependent pilot symbols and starts,;102 with the step 104 of multiplexing
a plurality of pilot chips with data of a packet. Thereafter, at step 106,

the spreader 12 spreads each of o r re. bl o 7] to derive
an M x Gsepieage vduaebrbbx e msf%e%%re‘é&eélggme‘?s %PE%%? of t(]gy rlv\ggsﬁéﬁgnd is
greater qr , 2Pat Step MED. processing gain of the spreader 12.
At step %B%It?e(ﬁ?%iéyglltf}q‘uen(:SIeIQI%)‘i(iter?dereIB 16 extends the M x G spread sequence
using a predeterm ned nunber of chips, ptoa (p + N) spread WO 03/081823
PCT/ S@3/ 00031 20 seqyenc ere +100 @ngagw t h

shapi ng dPO%he ( Oﬁiﬂﬂg@ﬁpg%%géﬂ'&g%ﬁgé e%?tg%?zpdgﬁstge}%g%ap r 20 at step 110.
[0075] Fay dahaifagsmentviit ©f spiaiol spichds oretdianbradlboks of a packet tot ep 202

and proceeds to step 204 at which the s reag@r éZ Ztﬁrgf\ds Qne. or rmore

bl ocks ofdeaivpanRdt x Gospregd spauenemfoveash of e blagies YBETIRERIADFREER of the
bl ocks, where for M, is ar lin R HUTRh SR kS B e (MBbdigber  of
synbol s iwu@g@ﬁmgfanflﬁ%)r%sg%tgééﬁ%ﬁ}ﬁéf M 5 Hl\ﬁb%:eﬁcg toé'?ql ®nuber g{vssynbol s per
bl ock), agthi Guinbet SsyRibOBges blogk)y andiGa$ thefpeocsps of the spreaderyiZs It hod

200, pilot chips for a blqck i eternined a e dat a of
t hat EI octhissh dtZQQ’dllﬂoh@HEﬁafolr gfb? 11D etE‘P??JB%& ?t?eé’%@%%g?@ﬁ’éq d%%g#eaf ter, at

step 208, .t i i L RSs D¥- W & P Thuefie, bihsieted08, dfe t he
packet as@ﬂ@og@@éﬁ it%&y%\gﬁ%eggtg%loﬁggﬁ 3? U?hlgmnew packet struqﬁjriﬁf:A (p*tN)

spread segedlitg of piletichipp is mukbipped witbrdatanfdhe pagkples ipdicaipd BSPSRFPREM x G
is derived fromthe step 210 of ex{.endin t ] gr 16. The
met hod 2080 efthe N IRCkH SERGHEreof @ﬁg?fpﬁe@k@ﬁgxesnﬁg’g‘%&gggﬁg ﬁegg%g?/ﬂ? he pul se
shaper 20n€1§qbé}&m;' 2nd NOBT §1G, Theerieti ash 21R0teb@10ddtrtcndipebydret pi | ot
synbols differs fromthe nethod 100 for data.i ndfetgg?ggﬁ)s%iréagt synmbol s in

how t he phkequahéd extefdep] 4. Jhe aithnsl 209 cads withishaping o
sequence by the pulse shaper 20 at step 212.

[0076}] The method 200 for data dependent pilot symbols differs from the method
100 for data independent pilot symbols in how the plurality of pilot chips is determined
and muitiplexed with user data. In the method 200, the plurality of pilot chips is
determined based upon user data and then equally spaced within the packet 50 in the

multiplexing step 208.

[0077] It is to be noted that although one spreader 12 has been described, it is
possible for more than one of the spreader 12 to be used in the CDMA transmitter 10.
In such a case, output from each spreader 12 is summed and provided to the sequence
extender 16. Hence, the spreading step 106 and the spreading step 204 includes a

summation step when more than one of the spreader 12 is required.

[0078] Extending the M x G spread sequence in the above methods 100,200
involves what is known in the art as cyclic prefixing. FIG. 6A illustrates a cyclic

prefixing technique 300 in which a block 302 has a predetermined number of p chips



and nmultiplexed with user data. In the nethod 200, the plurality of pilot
chips is determ ned based upon user data and then equally spaced within
t he packewdb/osms28he rmultiplexing step 208. [0077] It is rRaa/Ss»3moeized t hat
al t hough one spreader 12 has been described, it is possible for nore than
one of the spreader 12 to be used inzﬁhe CDMA transmtter 10. 1In such a
case, output from each spreader 12 i$S summed and provided to the sequence

extender 16. Hence, .the spreading step 106 e eadjng, st 204

il wdes Hken diom fokpostia S04 Mygiedin St e block 402 S LG a8 o
required. ' 1REGHS whidhhebiabloye et hods
100, 200 ?%@%@éggﬁﬂgﬁk@%&%@%&ﬂcﬁc?[hezﬂgr%?g%s cygzi@gn refixing. FIG 6A

i || ustr at &as apeyeteimined nafbsi afp dhistineried a30g0$ ﬁﬂWﬂl@ﬁoek Bldbete BOlomas a

pr edet erm'{iufd nunber of p chips WO 03/081823 PCT/ S&3/ 00031 21 taken from
a tail p0|3 rron 304 and prefixed in front of the block 302 at a front
portion 306. FIG 6B illustrates another cyclic prefixing technique 320 in

which a block 322 has a predeternm ned nunber ,of@g chi ps, Eni’f‘)r&i(gg as zeros
after thel[irekck 3BIG.4C luplrtes agycliggutendipg eghnignes34Gin Which a 2a cyclic

extendi ng.techni,gue 340 in.which #@ﬁ r4uqnRagi nunber of
p chips t 4REAPEH B&Y PMRELQ pp%hﬁllfsﬁélg&lg{z%ﬂg)ﬁt a ?agiplgﬁ%ég%%dgﬁ%&m of the
bl ock 342 porftem Rl dThd BlOBk 5412 Thealipp ot the hatipartidn Bébanditht tbpartion 346

th | d, ti |y, at )Si t d i 48,3 f th
bl ook 342 3140 SR PG ysPPIvER 8t PRI TEREHRIP g SCal A TESkRSE o chi ps
are taken é’%&?‘]ﬁé@g g?ﬁlﬁsgwcﬁégxt%ﬁﬁhg% Ee%ﬂﬁﬁqﬁ@%@ :%)?Gfﬁpls)’gl% tatentfiin GRARBHt € end

portion 3 are” taken fromthe tail portion 346 to
ext end t ha4bleekterd thedtlodkf2ap fresippesiteredd porticnci4 83Bmadditjomopodhipy @e 6D

has. por os AisedRIBdesal apEioaod PEFRY BE otickor b0 ol PP i D

as zeros are inserted at a front portion 364 and P2 chips as zeros are
inserted at a tail portion 366. [0081] Referri nglm?ow to FIG, 7, a
functi onaljodsopck BIQUIRHustrates @OIIET cpelisi axtgnding technique 360 in which a block

362 has zeros inserted before and after the block 362. Specifically, p; chips as zeros are

inserted at a front portion 364 and p; chips as zeros are inserted at a tail portion 366.

[0081] Referring now to FIG. 7, a functional block diagram of a CDMA receiver
400 for the CDMA system is illustrated. The CDMA receiver 400 comprises a pulse
shaper 402, a sequence extension remover 404, a serial-to-parallel (S/P) converter 406,
a transform block 408, an equalizer block 410 having a frequency domain (FD)
equalizer 412 and a channel estimator 414, an inverse transform block 416, a

despreader 418 and a parallel -to- serial (P/S) converter 420.

[0082] In the preferred embodiment of the invention, the transform block 408 is a
Fast Fourier Transform (FFT) block and the inverse transform block 416 is an Inverse

Fast Fourier Transform (IFFT) block.

[0083] A signal from the CDMA transmitter 10 is received and passed to the pulse
shaper 402. Filtered by the pulse shaper 402, the sequence extension remover 404 then

removes a predetermined number of chips, p, from at least one predetermined position



400 for the CDVA systemis illustrated. The CDVA receiver 400 conprises a
pul se shaper 402, a sequence extension renover 404, a serial-to-parallel
(S/'P) conwerdaemis?®6, a transform bl ock 408, an equal i zer RdTesG0340@31havi ng
a frequency domain (FD) equalizer 412 and a channel estimator 414, an

i nverse transformblock 416, a despZeader 418 and a parallel -to- serial
(P/'S) converter 420. [0082] In the preferred enbodi nent of the invention,
the trangf e cbives kiofiRiotereby foasta iedifiedsigifal ans lescribéd-earlientfootk and t he
inverse transform block 416 i's an | nverse Fast Fourjer Transfo (I FFT)

bl ock. [OMtnanahigﬁanO,ﬁh@mthWdtWﬁP& PS Was 1n§elf‘eé]ctg?§t§8&%d passed
to the pyls shaper. 402. .Fjl : > asé bEthsequence
ext ensi oﬁl?g}r@&e@s SﬁMW%B%&JtPg%\%gISSBéHB?@ gﬁeﬁdﬁz%ﬁﬁgﬁb@%r% of chips, p,
fromat LRagtréiendleetiales 300) d podittrimmedWOn(st 08488 PPETLBEYS 80031 22 of
the received signal to thereby fpobiem .rmdigfj e i gnal 4 Aﬁedescri bed earlier
for the theimtperins 301 lerthe ease of Céfg]b‘?%ra TEEN USdHeof chi ps was

i nserted_t ; i8 RANGRAT M beth dpPoditecsnd posinen of t he
recei vedpléel(aatgéﬁﬁg‘?ﬁ%ﬁg A(\:ﬁacglé)g’o lp{nﬁgﬂ’ 1gycl ic prefixi r%@t echni gge 300, the

pr edet er g#§8s0, nespbetivedf. chi ps, p, is renoved from the front portion 306.
In the case of the cyclic prefixing technique 340, the predeterm ned
nunber of chips, pi and p2, is renoved from both opposite end portions

348, 350, doRaPeClin\R Yase P ARAy clidipiehiging astnitue B2, thy stquengr edingiong t echni que
320, the"sedquence extension ‘renover 404 renupves the zeros fr%{%éhe tail
portion 3@wdovefHO4 eermaves sheeeos fivem thatgd @ortion 334 s Thase Z#1gS Ats 5 K of the

bl ock 322. The starti rti 0 ' 8he adeegchas the
O L g g G o A
cyclic exlgathdighd Sefmanter 366hips hethz enmberarfeerasmoveded.r om t he  front
portion 364 and the tail portion 366. However, in this cyclic extending
technique 360, only the zeros fromthe tail portion 366 are added to a

starting et | ONaZGE Bl cfdit exflndfile 18464iquE B0 SharibRgrepomblanii@Bid o whi ch
the zerod &r adée has e sane nunber o X . -
front portion 364 and the tail portion 366. However, in this cyclic extending technique

360, only the zeros from the tail portion 366 are added to a starting portion 368 of the
block 362. The starting portion 368 to which the zeros are added has the same number

of chips as the number of zeros removed from the tail portion 366.

[0086] Upon removing the predetermined number of chips, the sequence extension
remover 404 generates a chip block sequence y(n;k), k=0,...,N-1. The chip block
sequence is then passed to the equalizer block 410. Channel estimation by the channel
estimator 414 within the equalizer block 410 is either in the frequency domain or the
time domain. FIG. 8 and FIG. 9 illustrate functional block diagrams of the channel
estimator 414 providing channel estimations in the frequency domain and the time
domain, respectively. In the time domain channel estimator 414 of FIG. 9, the equalizer
block 410 comprises a transform block 602 from which a frequency domain channel

estimation is provided to the FD equalizer 412 based upon a time domain output from

the channel estimator 414.

[0087] The output from the transform block 408 is given by:



of chips as the nunber of zeros renoved fromthe tail portion 366. [0086]
Upon renovi ng the predeterm ned nunber of chips, the sequence extension
renover 4049 @g@senates a chip bl ock sequence y(n; k), k=0, ..pcTé$Go3/0T43¢ chip
bl ock sequence is then passed to the equalizer block 410. Channel
estimation by the channel estimatop3414 within the equalizer block 410 is
either in the frequency domain or the tine domain. FIG 8 and FIG 9
illustrate functjonal 0 iagr . the c estimator 414

provi di ng channe*&é@['f 2&?&5@2"’%&”@&@’& equenc;( ggrral n and the tinme domain,
respectively. In the tinme domain channel estimator 414 of FIG 9, the

equal i zer block 410 conprises a transform bl ock 602 fromwhich a frequency
dormai n channel whd&remation is provided to the FD equalizer 412 based upon a
time domain output from the cg%nnel estimator 414. [0087] The output from
t he transform bl L AQS vehvby: WO 03/08 PCT/ SQ03/ 00031 23 Y(n;

k) = H(n; k)un;?ﬁ%’kjaéang% (12) where L- i@%’b‘)ﬂrkl Hin;k) =1 h(n;l)e N
(13) 1=0 N-1 _j2nkl N1 ;a~Kki D(n k) _Jl= é (n;1)e N d(n;1) _-ED(n;k)e N

= - - 1 3
ﬁégi)onéeg kt he eb(zgﬁf&r u Eg%( ﬁg{:eg\r/]erﬁ (%%?X\% i he Ch?%il esti mat ed

t hrough equation (12) usi r’fd frequency dOfTB.I n equal i zatl on The estinmate of
d (n; k) , denoted as d (n; k) , is obtal ned via equatlon (14). By
despreading the estimate of the chj ck se gwnce (e " éeof he
est i mat e [e988} he HMGDI\MWW@EG%W% & channelLgspansess ﬂ} gaﬁlﬂnYe symbol s,

P(m are onb}c)a c{1enoted as D(m;k), can be estimated through equation (12) using frequency

domain equalization. The estimate of d(n;k) , denoted as d(nk) , is obtained via

equation (14). By despreading the estimate of the chip block sequence, d(mk) , the
estimate of the symbol block sequence §(n; k) and the high rate symbols, 7(m) are

obtained.

[0089] One of the most challenging problems in high-data rate wireless
transmission is to overcome the time dispersion caused by multipath propagation. High
data rate mobile radio channels in indoor or micro-cellular environment can exhibit
large relative time dispersions. The characteristics of this time-varying multipath
propagation channel can be estimated with the help of pilot symbols. The pilot symbols
are periodically inserted within each transmitted symbol. The required frequency of
pilot symbols depends on the velocity of temporal variation of the channel. The
variation in channel can be estimated using channel estimation methods and equalized
using a suitable equalization scheme in the receiver. The CDMA system uses
frequency domain equalization to reduce complexity of the CDMA receiver 400 and
exploits the use of frequency diversity. Estimating either frequency response or time
response provides corresponding channel estimation. Frequency domain and time

domain estimation methods are described below.
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[ 0090] Assuming that t sy@j{e{n %szﬂm eﬁ CA Z&&%gﬁm K active users,
€ frequ

the channel H can be omarn“wth the help of
pil ot synbols by solvn efollovmn @quatlon Y(n, k) = H(n, k)D(n, k
+ W(n k) N1 (( 12 __Js glg?& I()1 n¥® N f G5r Essthat pilopi | ot(15TV TV 1=0
k=1 '2 whdre' Pfn.K)3sN el conmon pllot (15 ) where D(n, k) 1=0
a.g for data dependent|pil ot structure

l og for data dependent pilot structure

l

[0091] Tt is obvious from equation (15) that the channel estimation is easier for the
new packet structure proving the packet 50. But unlike the other two packet structures
in which all sub-carriers consist of pilot symbols, the number of pilot sub-carriers in the
new packet structure is a subset of total sub-carriers. Hence for this new packet
structure, the pilot sub-carriers need to be changed from symbol to symbol such that all
sub-carriers as covered as shown in FIG. 4. This needs to be repeated for several
symbols and a time average has to be made. In addition, the CDMA system should.
know the value of o, which changes from symbol to symbol. In short, even though
channel estimation using the new packet structure is easy, more time is required and

prior knowledge of certain parameters is assumed.

[0092] The frequency domain response is estimated by solving the system of
equation with N equations and N unknowns. However, the channel response is
physically sampled in time so that the number of parameters needed to be estimated
equals to the channel length (the number of major channel paths L are much less than

the number of sub-carriers N). As discussed above, the spread signal received in the

frequency domain is:
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system of equation with N equations and N unknowns. However, the channel
r esponse wigre diptairaatetsyars asgpdfedd imEquatien 15)t fitere, tthase atenY equasipnyathnet er s

ded to b ti t ed | t he. ch | t . f i
Channel - Shsraeionl b URGRITALE MRSt 1es o ogPeLpluifRdBRgpe 73 Of
di Scussegmg%%){%&%?gg%g&%gsesﬁlﬁ&% JF@RAINYER(r) Bard Beedetdriingiency donein is: WO

03/ 08182 1725 Y(n,k)= Hn,k)D(n,k)+Wn, k) (16) _ 1 h(n,1
rr-j2lt N D(n, k)+Wn, k) t=0 where all paraneters are as defined in

Equation (15). e, the re N e i . : nknown
Crsng "Rl | o TS st 8 B Bohh S, PRRUARE vt \ERE rpERBptubl WD
time respoRSedHRGEd Hbetdh cBlimeNakintfio) theathdmedetemethod dvitliBBPEICYThi

met hod of frequency donmain equali zj n%‘lmyt q time r?s onse_channpel
est i mat i amspghsecechannd) esimptiankasarse 1ed tGlippnptas Al PSS BPERYSTE et hod with

frequency__respons timation because it virtually elimnates all
noi se co rpdgsfqgﬁeﬁ)gve ?hecltmﬂﬁftipaﬂﬁ

[0094] In frequency domain equalization, each sub-carrier component
corresponding to received data is multiplied with a gain component G(k) to combine the
energy of a received spread signal scattered in the frequency domain. The decision
variable is determined by a despreading procedure after IFFT. Various methods for
channel equalization such as maximum ratio combining, equal gain combining,
orthogonality restoring combing and minimum mean Square error combining are

experimented for deciding the channel gain. Details of these combining methods are

described below.

[0095] Maximum ratio combining (MRC)
. *
The gain for maximum ratio combining is given by G(k) = H 134(3)

MRC enables better performance for single user cases.

[0096] Equal gain combining (EGC)

H ()
The gain for equal gain combining is given by G(k )= my (k)

[0097] Orthogonality restoring combining (ORC)



present above the Lt' multipath. [0094] In frequency domai n equalization,
each sub-carrier conponent corresponding to received data is nultiplied
with a gawo aseospaaent G k) to conmbine the energy of a recivsh3sp3ead
signal scattered in the frequency domain. The decision variable is
determ ned by a despreadi ng proceduyge after | FFT. Various nethods for
channel equalization such as maxi numrati o conbi ni ng, equal gain conbining,
orthogonal ity r storl i K ining are
‘?ﬁ‘%ﬁ’g‘ Wh g@ %qi'/ﬂ& r%ﬁ%{‘elﬁﬁﬁﬁfﬁwﬂ CcOfphNIP g

experi ment ed fof®° nnel "garn tails of these conbl ni ng

met hods ar gy ugkgg@ﬁhgwap@hembmﬁ@&ﬁﬁl}mmxmhmgam&br ORE€bedynbining cemBRE) The gain
for maxi rrumratlo conbl ning is given by G(k) = H* (k) Y(k) I\/RC enabl es

better perfornance f H @ case E nmbi ni ng (EGC)
The gain f @erieasips “3% ﬁg‘[‘f"é’%ﬁr %é{"ﬁ) s %ﬁé‘% 10097]

Ot hogonal | ty rest ori ng i ni ng (OCRO) WO 03/ 081823 PCT/ SG03/ 00031 26 For
a downl i nk channel,_ the ei ver can eL}S ﬁ '%Na?é& ely by

usi ng orth@@éﬁﬂith‘ylﬂr@@grgaﬁ&aé MB1SHCAGPOHH, %%PWP or conbi ni ng can be
I HA((2 Y(k), mée r#lﬁi\i@t'iorﬁéfhfc@@égrh&ﬁ BPRepeifdrmahes.  derived as: G(k)
= k~ multi pli ed W|t er gains and noise conponents are anplified at

weaker sub- carrl ers. Th| s noise anplification effect degrades BER

perfornance 3\2@&/1@%%%@% C“?&lo%ﬁnﬁ%r(ﬁ{e §}9ij| ning (MVBE) Based on

m ni num K erion error nmust be orthogonal to
al | baseband coquafaﬁﬁu@ﬁumhﬁwmeggmmﬁﬁu&ubmtaMwnemshemheﬂgwﬁhe|n this

case can be obtained as k)= (k) J_Y(k iS r
orthogonal to all basglgzm)d componex%ts of tie I ce1ve8 s&o-camers hﬁle a{m B

*

H; (k)

}H (k}2 +0',%

this case can be obtained as G(k)= Y (k) where J is the number

~

J =
of users. For downlink, the gain becomes small to avoid excessive noise

amplification for small values of H ‘k l , whereas for large H lk | , it becomes in

* 2 .
proportion to the inverse of sub-carrier envelope H (k)/ IH (k)l in order to recover
the orthogonality among users. But the problem with this kind of equalization
scheme is the calculation of noise variance O ,% . By knowing the desired signal-to-

noise ratio (SNR), some approximations on noise variance can be incorporated.

[0099] FIG. 10 is a flowchart of a method 700 for processing a received signal by
the CDMA receiver 400. The method starts at step 702 and assumes that the received
signal has been pulse shaped before the step 704 of removing the predetermined
number of chips from at least one predetermined position of the received signal to
thereby form a modified signal. The at least one predetermined position depends on the
cyclic prefixing technique used to extend the N spread sequence. Hence, for cyclic
prefixing technique 320, the trailing zeros are removed from the tail portion 324. As for
the cyclic prefixing technique 340, the predetermined number of p chips is removed
from both a head portion and a tail portion at the opposite ends 348,350 of the N spread

sequence 342.
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renmoved fol11N @fmuﬂ?ﬁeﬁis aBNd a tail portion at the opposite ends
348, 350 g;gtt heg%ﬁspread sequen(%gl 342. WO 03/081823 PCT/ SG03/ 00031 27

[ 00100] Thereafter, after the S/ P converter 406 converts the nodified

or thogondd iyl o e el 7Bg SPAMeE® FREPEL G Infri daRORARRI Lo, i
ot 1§ b ol pomel o o nE L Loqobey. domei n
The t r andhotimgdogiaimis this preferesd %B%G@Q%Tg? g‘?P@‘p’S ?‘5&‘%&"%@5@@% educe
channel 7(1;235 g{eé%b%nﬁgi@g ngPc?dr?vcgggﬁﬂHE'ﬂl&%jseﬂaﬁQ&i by hePIDddnvEher 428t hod 700

conti nues e transform ng the equalized signal by the
i nverse transform bl ock 416 to forman output in the first domain, which is

;? est Iege [g&r(r)gi " 'He tCri!Jll\%Aerygt];glrig gicrinu?a o gvlltﬁe fbrsrert M haiti RitdiliSnstA@n despreaded
compared with the performance of other multicarrier systems. Although the systems
are simulated with different number of symbols per packet, the results discussed in the

following sections assume a packet size of 64 symbol blocks. For the systems with data

independent (common) pilot structure, each packet consists of 4 pilot symbol blocks
(N, = 4) fully devoted for pilot transmission and 60 data symbol blocks (Ng = 60). Each
symbol block has 16 QPSK symbols and the processing gain is selected as 32.
Correspondingly, the FFT size for frequency domain equalization is N = 512. A cyclic
prefix of length one quarter of the OFDM block size is inserted during transmission to

avoid the effect of ISI during multipath transmission. Details of simulation parameters

are given in Table 1 below.
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converter 420.
condi t i onwoamsdsienpared with the performance of other

hereby derive a group of synbols that is serialized by the P/'S
[ 00102] The CDMA systemis sinmulated with different channel

mul RATESB 0306031

systens. Al though the systens are sinulated with different nunber of
symbol s per packet, the results disggssed in the follow ng sections assune
a packet size of 64 symbol blocks. For the systems with data independent
(common) pilot structure, each packet consists of 4 piIot synbol bl ocks
(Np = 4)_fully devoted for pilot transm-sstor—and—660—data—synbot—bigcks (Nd
= 60) Ea@hpr@i?nbol bl ock haq éwst\lnhnl S an_d__t_h_e__p_p_e.ee.s_sﬁ_ﬂ.g_g.a-i-n is
sel ect ed Paiad3fe Cor r espondi ng y80Khes FET size far frequency domain-
equal i ZatN&ﬁbérSoﬂ\duBca&ﬁ&s A cycllbt2 prefix of length one quarter of tlhe OFDM
bl ock si ZQ]?Sﬁs ﬂfb@]’sjl@ﬂjmjmbﬂg uansrri ssion to avoid the effect of I[SI
?ﬁ”TQ& 11}0.‘ afh—tt ANSTTSST O Lai s of Simulati on paraneters arel given
A 8 s it v e m A N T ARSI ARSI B
Processi nSymclpagaiurationt i car r i 1323368 | nt erval 166, 67 sec Sy-rbol ohart
duration GﬁﬁrdSBtemtd@aamd i nt er Bal33duseat(ldhs®®IS3 sec (128 sarml es) | Packet
| ength 6 I@CKS No of Pllgu@mmmémacket 64 =4* 16 No of data
i/?:/:[rbol s/ Tk :mﬂb%‘fsf/peﬂcﬁeﬂwm'6@t(4=@*‘1§0 QPSK+ orthogonal spreadi ng
cosCDIi neVAf } ST & > CES 0296(5'*‘1'6?‘9 SC-CDVA Squar e root raisefd

Modulation | SC-CDMA ‘”'ﬁ PSK-+ orthogonal spreading

MC-CDMA QPSK+ multicarrier spreading

Pulse SC-CDMA Square root raised cosine filter Roll off factor = 0. 15

shaping MC-CDMA Nil

Channel model L-path Rayleigh fading channel

Spread code Short Orthogonal Walsh sequence

Long Long pseudo-random sequence
Channel estimation Pilot assisted time domain channel estimation
Equalization methods MRC, EGC, ORC and MMSEC
in frequency domain

TABLE 1: Simulation Parameters

[00103]  For systems with data-dependant pilot structure, each symbol block consists
of a combination of pilot chips and spread user data. However, the total number of pilot
symbols (64) per packet remains the same as the previous case. Each symbol block has
one pilot symbol (G pilot chips). The value of pilot chips changes with the symbol
block and is determined from user data as discussed previously. This change can be
adaptively determined.

[00104]  FIG. 11 is a graph 800 that shows the effect of different channel equalization
methods on the performance of the CDMA receiver 400. Compared with MRC and
EGC, equalization with ORC and MMSE gives better performance. The MMSE gives
the best performance but requires computation of noise variance, which is not an easy

task for practical system implementation. The performance results were plotted for

systems with five users for a system with a processing gain, G, of 32.
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t he best performance but requires c utation o | ' which is
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I Xeéd-nol se varl ance and noi se vari ance as a
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havi ng E equal ization with actual noise variance. The perfornmance of
t he CDMAThisss moranignificant fednasiWeSyvari ance is very close to the CDVA system
wi th actual noise variance. The

[00106]  FIG. 12 is a graph 820 showing performance of the CDMA receiver 400
with the packet structure of FIG. 4 for different equalization schemes. The performance
is examined for different equalization schemes such as MRC and MMSE. The MMSE
scheme is tested with different noise variance factors such as actual noise variance,
fixed-noise variance and noise variance as a factor of average channel power. The
performance is plotted for five users. From FIG. 12, it can be seen that MMSE
equalization gives a better result than MRC. However, various approximations for noise

variance in MMSE affect the CDMA system performance marginally.

001071  FIG. 13 is a graph 840 showing the effect of channel estimation on the
performance of the CDMA receiver 400 with the packet structure of FIG. 4 for five
users. The channel estimation for this pilot arrangement for the CDMA system is
simpler because of constant pilot symbol values at the frequency domain. However, the
arrangement of pilot chips within the packet 50 is novel. Pilot chips are placed at
equidistant within each of the OFDM symbol block 52 and the position of the pilot
chips across the packet 50 changes. This arrangement rotatively covers all the sub-
carriers. As discussed before, the value of pilot chips changes from symbol to symbol.
Pilot chips in the packet 50 are considered together with its value and sub-carrier

position for estimating the channel. The effects due to sub-carrier fading and noise



performance is better for Iow SNR | evel s when consi dering the noise
variance as a function of channel power (it is considered as 1% of average
channel powens)osis2blowever, for high SNR | evel s, the perfor mmssagsibehi nd
the other two methods. This is nore significant for nore users. [00106]
FIG 12 is a graph 820 show ng perfgpnmance of the CDVA receiver 400 wth

t he packet structure of FIG 4 for different equalization schenes. The
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result than MRC. However, various approximtions for noise variance in

MVBSE affect the CDVA system performance marginal ly. [?0107 F.LG 13 is a
gr aph 84Gocabewi NBIQ. 116 ies frph 860 i spmparcethe preeiencs AT & FUGENSTor pance of

t he CDVA receiver 400 with th ket str G af i€  uSers.
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However , arrangenent o ot chips wthin the packet 50.is vel .

Pil ot chiapscampared basedupen idenfigalirkanagk copfitiaps, aad 2 Y SPCABIEERRTE Yol bl ock

52 and the posi.tion of.,5he Ri [ taobO0TBPanges. This
arrangen@rﬂrg?ﬁflggigelglo)ﬁé@\l}g% qutﬁ %ﬁgﬁﬁg@?ﬁ“@&é@@ﬁ&d. scussed before,

the val ugoafpaRitive peibinisice haiomal for fine syenh & cap be sgarbtbit the peufrmagpiSps in t he
packet 50 are considered together with itg val ue .and. - i position
for esti mittheagDiMv redehisnapo m*h@néwm%e%thaa@a%SP?l&‘B?‘c%f#?%‘? gc?? éng and noi se
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met hod. e channel is estimated for all sub- carriers and averaged
accor di ng$NR ifnpeoves. Thés is mears sigetficerntwhantibis|considered thap eSS ar e

mnimal . MVBE equalization is used.for ch I ' L B4 00108] FI G
14 is a ghapPMecYPRE OVCHIPHS S80F th&gy %8@%%@%?%#@a§ur%rﬁ%t Pc arri er
average power ratio. Between data independent pilots and data-dependent pilots, the
performance of the CDMA system with data independent pilots is marginally better.
However, the CDMA system with data-dependent pilot structure gives an easy method

for channel estimation and has inherent ability to overcome deep sub-carrier fading and

noise amplification.

[00109]  The present invention therefore provides the CDMA system having the
CDMA transmitter 10, the CDMA receiver 400, a method for transmitting signals by
the CDMA transmitter 10, and a method for processing a received signal received by

the CDMA receiver 400 to overcome, or at least alleviate, the problems of the prior art.

[00110] It will be appreciated that although different preferred embodiments have
been described in detail, various modifications and improvements can be made by a

person skilled in the art without departing from the scope of the present invention.
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2. The CDMA system of Claim 1, wherein said packet comprises a plurality of pilot
chips.

3. The CDMA system of Claim 2, wherein said plurality of pilot chips is placed

together as one or more pilot blocks within said packet.

4. The CDMA system of Claim 2, wherein said plurality of pilot chips is dedicated to a

single user.

5. The CDMA system of Claim 2, wherein said plurality of pilot chips is common to

one or more users in a transmission of said extended spread signal.

6. The CDMA system of Claim 2, wherein pilot chips within each of said blocks are

equally spaced in a transmission of said extended spread signal.

7. The CDMA system of Claim 6, wherein said pilot chips within each of said blocks

are determined based upon data from said each of said blocks.



spread signal, where Mrepresents nunber of synbols, said nunber being
greater or equal to one, each of said at | east one spreader having a
processi ngoywiwiNd G and a sequence extender for extendirgy/sachowi said
bl ocks using a predeterm ned nunber of chips to thereby form an extended
spread signal, said sequence extenggr having an extender input coupled to
said spreader output. 2. The CDVA systemof Claim1, wherein said packet
conprises a plurality of pilot <chips. 3. The CDVA systemof Caim 2,
wherein said plurality of pilot chips is placed together as one or nore
pi | ot gbl ocke EDMM Byt 6f CRGk T, whéreirTiaid EiMAhips ét dateroting based PPOMher ei n
said plurality of pilot chips. s dedicated to a. singl,e us . . The CDVA
syst em of=@f ‘é@m@cﬁm@répﬂs%a}leﬁ‘fﬂctﬂrén&?;“%ﬁg%’i‘a}%g @%lﬁgv%ngsﬁgegﬁ%n to one
or nore users i transii ssi : ' sSd @edcalap. The CDVA
{05 Shaph 8 ISt ASAE d 04 eissg{sndo_ tanded oFRneast

syst em of®WFL® erain pi within each of said blocks are

equal |y $1a& 88kl Mpan HataNs&Hid Blooks, ahd Azind Reateanbletatsprseletived foaFasy. The
CDVA system of Claim 6, wherein, said,_pi Igt chips within each of said bl ocks
are det equerM@mbﬁ@e%u%%Pﬂtmmoggaa 8ach of said bl ocks. WO 03/081823
PCT/ S&03/ 00031 32 8. The CDVA systemof Claim 7, wherein said pilot chips
is determ ned based upon p= A7l(ag - Bd), where p is a pilot vector in the
time dpnmeiThe ODMA 3ydtanwh Ciime tvherein said sevence axtendnnisadrpted 1 SEPon, d is

th f d data of al g | Y dat
n°sai 0 bvdaRsc A ramperptabaue A peletGEFRbof BlfeatlRR LOUT, 7 °

Transf or sdch@Psaidbigkand g. 9. The CDVA system of Caim 2,
wherein ggglgg.‘%gggj@ﬁgfe&gtenderali s adapted to extract

10. The CDMA system of Claim 2, wherein said sequence extender is adapted to extract
said predetermined number of chips from a head portion and a tail portion of each of
said blocks, said predetermined number of chips from said head portion being placed
behind said tail portion and said predetermined number of chips from said tail portion

being placed behind said tail portion.

11. The CDMA system of Claim 2, wherein said sequence extender is adapted to insert

said predetermined number of chips as zeros after each of said blocks.

12. The CDMA system of Claim 2, wherein said sequence extender is adapted to insert

said predetermined number of chips as zeros before and after each of said blocks.

13. The CDMA system of Claim 1, wherein said CDMA transmitter further comprises a
combiner having a combiner input and a combiner output, said combiner input being
coupled to said spreader output of each of said at least one spreader, said combiner

output being coupled to said extender input.

14. The CDMA system of Claim 1, wherein said transmitter further comprises a pulse

shaper, coupled to output of said sequence extender.



sai d predeterm ned nunber of chips froma tail portion of each of said

bl ocks for placing in front of said each of said blocks. 10. The CDVA
syst em of Wl @ios123 wherei n sai d sequence extender is adaptrEd/SGy3endsnact
sai d predeterm ned nunber of chips froma head portion and a tail portion
of each of said blocks, said predet3grm ned nunber of chips from said head
portion being placed behind said tail portion and said predeterm ned
nunber, of ' L.t Al t] ki cdeehiamivisgi d tai l
porti on.’ 1%‘%%85@%%5 nré%l%?ﬁ%nadi%aid@ﬁﬁgggﬂ@gi?d se(quence extender is
adapt ed %gstémseiid methnd dompesiap dienstepsdinunber of chips as zeros after each

of said blocks. 12. The CDVA system of ELm.2, wWh i J ghence
extender is ABEFIEE Pwatlpastepe ngsﬁ%ar’ﬁrpé@éﬁ%@?‘m‘%8ae ﬁ%%ﬁ%ragéﬂéﬁiﬁps as zeros
before and %I W‘f&d‘%@q&%é’fo@ le@EIKSE saiBblodikao GRAby<pRh anprrhd Slgaaln 1,
wher ei n sai ransmtter further caonprises a conbiner ﬁ

havi ng a
combi ner i nphéredvidemressatsuiumber of wyprhols, saif auabrbbeied SteRgher Y\élor’goupl ed to
sai d spreader oyt put .of each of .sai d. : ader, said conbi ner
out put IObei n@a"@ ﬁ%&t %BSté)élF apf&?eéﬁ‘ag?’ gfarﬁgg“@&&ggﬁ?ﬁg@m systemof Caim

1, wherein sgj@ transmtter further conprises a pulse shaper, coupled to
out put of said sequence extender. WO 03 08)%823 PCT/ SG03/ 00031 33 15. A
met hod for t restending byig sequgnes extendes Sé’éé@ P PPERS FPAERGS B8 hiccess ( CDMVA)

system said gg{?gﬁ{jrﬁﬁ%{&g&%ﬂ%a%%tﬁ&gﬁoﬁﬁ an SRERRA Pioadlignal, shidddk one

spreader, a ’5: aving one nor e ocks to derive an Mx G spread
sequence f oG gredil sefusat Yeinf oedeivet Grorhe sprbydel ontputofegek afisad gilgast  where M
represents nunber of synbols, said nunber being greater or equal to one,
each of sai @aSPIE#Et one spreader having a processing gain of G and
extendi ng, by a sequence extender, said Mx G spread sequence using a
predet erm ned nunber of chips to thereby forman ext eln,d?d,sgprelad %i,gnal ,
sai d Mi§. The method of Claim 15, and further comprising the step of multiplexing 2 p urali

of pilot chips with data of said packet before said spreading step.

17.  The method of Claim 16, wherein said multiplexing step comprises the step of

placing said plurality of pilot chips together as one or more pilot blocks within said

packet.

18. The method of Claim 16, wherein said multiplexing step comprises the step of
dedicating said plurality of pilot chips to a single user.

19. The method of Claim 16, wherein said multiplexing step comprises the step of
setting said plurality of pilot chips to be common to one or more users ina

transmission of said extended spread signal.

50. The method of Claim 15, and further comprising the step of determining pilot chips
for each of said blocks after said spreading step and before said extending step, said

pilot chips being based upon data from said each of said blocks.



G spread sequence being received froma spreader output of each of said at
| east one spreader. 16. The nethod of C aim 15, and further conprising the
step of malaoa3pesesang a plurality of pilot chips wth dat a@afs@aiode3packet
before said spreading step. 17. The nethod of C aim 16, wherein said

mul tiplexing step conprises the ste@4of placing said plurality of pilot

chi ps together as one or nore pilot blocks within said packet. 18. The

met hod, of ﬂa@hgcﬂo@oﬂ@lﬁhﬁm vkl BAll dbtetedinpostal @medapthesep dfhe step of
dedicating said plurality of pilot chips to a single user,, 19 The nethod
of O ai mni€fiplakisgenid pilet chipsioberquaiingpagedyithiaspidicagh of i tloglss of  setting
said plurality of pilot chips to be conmobn to one or nore users in a
transm ssion of said extended spread signal. 20. The nmethod of C aim 15,

and f upg heThe efssiddse I Tlainh 20, stlepeinfaid dberminmgepédnaprisehihsstefadtr each of
said blocks after said spreading ste bef qre.sai d. ext. ' step, said
pi | ot chidstermaning said stet ?@a ‘?Oflrp%ﬁ@igcr %g)e whgE %lgiacplﬁq?g%ﬁgr_ IIin\o
03/081823, PCT/ SE03L0 ¢habh@ieBtirQsion)Maqs gieusai d

det er i ni %gér’te n%%“n%&?éé‘%&?ﬂé&g?%ggééfm%ﬁ?fpl exing sal d pilot chips to be
equal |y sgapedd dhfalvfallssirs, cezchscaler salieibiseduken datain saichblopks, AediAdmdd ai m

20, wherein said determ ning step conprises_the st of determnj said
pi | ot chilbsretfalbéaatﬂﬁweﬁ‘ﬁd\%" Jpst ﬁ‘BH”%' m@@%aF%deLEJO&HOS log%é%lgr in the
time domain, g is a known spreadi ng sequence for channel estimation, d is

the sum %f spread data of all users, a is a scalar value based upon data
in said blocks, and A and B are sub-matrices derived from Fast Fourier

Transf or m based i ] f . - 23, The. d ai m 15,

aher of Ao peanebanphEinen op Moo Sl e b PRI "

predeter @%@tiﬁ%’@@?r&%‘ccﬁﬁhﬁ& nfBER oF chibh Kropo tailgiortidn ePeabh of seddi d bl ocks
(0]

for placing 1nTron sai d each of said bl ocks.
blocks for placing in front of said each of said blocks.

24. The method of Claim 15, wherein said extending step comprises the step of
extracting said predetermined number of chips from a head portion and a tail portion of
each of said blocks, said predetermined number of chips from said head portion being
placed behind said tail portion and said predetermined number of chips from said tail

portion being placed behind said tail portion.

25, The method of Claim 15, wherein said extending step comprises the step of inserting

said predetermined number of chips as zeros after each of said blocks.

26. The method of Claim 15, wherein said extending step comprises the step of inserting

said predetermined number of chips as zeros before and after each of said blocks.

57 The method of Claim 15, wherein said spreading step comprises the step of

combining output from said at least one spreader.

28. The method of Claim 15, and further comprising the step of pulse shaping said M X

G spread sequence after said extending step.



24. The nethod of C aim 15, wherein said extending step conprises the step
of extracting said predeterm ned nunber of chips froma head portion and a
tail portwano3mBiszeach of said bl ocks, said predeterm ned rmamsgo3nbosehi ps
fromsaid head portion being placed behind said tail portion and said
predeterm ned nunber of chips fromsgyd tail portion being placed behind
said tail portion. 25. The nethod of C aim 15, wherein said extending step

conprises the st of 1| rtin { t ligggd. nunber of chips as

zer os zft ef %ogéfﬁ@ﬁloggpﬂf?@ﬁggq?gs(@ﬁ Pﬁg&%eﬁtcﬁgﬁhgiﬁg(} ai m 15, wherein said
ext endi ng st e 16RNBEd SBMA heeitefor focessiey 4 teneived sipuhlpsadti€DMAi ned nunber
of chips as zeros before and after each of said blocks. 27. The nethod of

Cl ai m 15, V\tﬁ@@e’ﬁhh@éil&l spreading step conprises the step of conbining
output fromsaid aj thgléﬁée A i%H"rfiﬁG&‘efr for%émomga?édwéinﬁxﬁedﬁﬂmﬁar b, and
further conprising ? step o? pul se shaping said Mx G spread sequence
after said extendhipg fishes leadrrodlanindansteo3fegd3aceiwy signal ® code

division multiple access ( : ,stem conprising: at |east one CDVA
receiver for proé@%byn@"&arcné@.&/ﬁ%?f%g%ﬁﬁgnal, said CDMA receiver having: a

sequence extensi ongt ngﬂd@%halftpdhsfo?xm&dkgc@apw&d%hiﬁrseqmde exteision of  chi ps
fromat | east one predeterm ned position of said recei ved?igié‘g?a

. | to
thereby form a nuembverdfos irgneforming said modifindasienal wrashust doms orghtipl ed to

sai d sequence extension .rempver, f sform ng said nodified signal in
a first domain t?apéoml%d%@ﬁ%?éercﬁg%dé#gﬁél in a second domai n; an

equal i zer bl ock, cayphedizébled, Sodplehsisaidansforia bhork dnd\ianigga dnanehel
i storti on and f asAmaiequaTFHEqE SHONEPOHRE] S SLOGR OGNS T MEDs orm
bl ock, coupl ed t Odiagﬁgn%ﬂ&'%ﬂnzﬁ{ e&ﬁ'aﬁféﬁ’ signal;
an inverse orthogonal transform block, coupled to said equalizer block,
for inverse transforming said equalized signal to form an output in said first
domain;
and
a despreader for despreading said output to thereby derive a group of

symbols.

30. The CDMA system of Claim 29, wherein said at least one predetermined position

comprises a front portion of each of one or more blocks of said received signal.

31, The CDMA system of Claim 29, wherein said at least one predetermined position
comprises a tail portion of each of one or more blocks of said received signal, wherein
said sequence extension remover adds said tail portion to a starting portion of said each

of one or more blocks, said starting portion having the same number of chips as said

tail portion.

32. The CDMA system of Claim 29, wherein said at least one predetermined position

comprises a head portion and a tail portion of each of one or more blocks of said

received signal.



for inverse transform ng said equalized signal to forman output in said
first domain; and a despreader for despreading said output to thereby
derive a wgoospstf23 synbols. 30. The CDVA system of C ai m 2€1/8408/0e03m sai d
at | east one predeterm ned position conprises a front portion of each of
one or nore blocks of said receivedqgignal. 31. The CDVMA system of O aim
29, wherein said at |east one predeterm ned position conprises a tai
portion of each of one or nore blocks of said received signal, wherein
sai d sequence extension renover adds said tail portion to a starting

porti ogy of Tﬁ%@l\ﬁg%?ste&fof@ﬁnpw RiticEeih k4ig kBleasiaind peedatetiingd positibon havi ng
t he sane nu o) I

hips as said tail portion. 32. TFe CDI\%A syst em of
d ai m 29 comipeises mfreuatingrtim dndadail parionof gaehedtANg A MBS POk S@@Ymri ses a
head portion and a.tail .por.ti . Qf : sai d
recei ved "€7°GYF |S_1g%v@'§}‘%€%%§§g@&%e§%§¥ ggég@eg%dggwlgﬁ@%g{/ast em of

fCI ai {n 29,ptoytttﬁf@fi s(@j,icls@itcﬂ _olﬁbnd ﬁ?mrecbﬂrfzkp,rsahhioeﬁm hmdng)fdssisamg riummm@f”][ i se;da
ront portion and a tail portion, of eac one .or, nor.e : sai
recei ved ohingreaisaidvpibpentian aad ﬁ%@%@ﬁ@@te&ﬁ%ﬁé?g Ao EPR)‘@@?I %agtlgg%cglioé t ail
portion tQ ' of said each of one or nore blocks, said portion
havi ng t 17 eg%rinrr,go?%h%gsr. of chips as said tail portion and starts

i medi ately after said front portion in said each of one or nore bl ocks.

34. The CDMA syst f Caim 2 £i n. sajd hogq .m.bl ock

Carorl Sbe Thel N ortet Gioih 29 ¥ R A ST RS0 bld- R USRS O°

domai n iaﬁﬁ?%ﬁﬁ@ﬂ%@b@lbﬁw 5@ vHREGH 6hid GERidomiath i e fime domaimy domai n.
(0]

35. The system Jaim 34, wherein said inverse orthogonal transform
bl ock conyrsagkescan domwain icthefequaneli dp@AINTT ansf or m bl ock.

35. The CDMA system of Claim 34, wherein said inverse orthogonal transform block

comprises an inverse Fast Fourier Transform block.

36. The CDMA system of Claim 29, wherein said spread signal comprises a plurality of
pilot chips.

37. The CDMA system of Claim 36, wherein said spread signal is a transmission to one

or more users, said plurality of pilot chips being common to said one or more users.

38. The CDMA system of Claim 36, wherein said spread signal is a transmission to one
or more users, said plurality of pilot chips being equally spaced within each of one or

more blocks of said spread signal.



36. The CDVA system of Claim 29, wherein said spread signal conprises a
plurality of pilot chips. 37. The CDVA system of C aim 36, wherein said
spread sivgwal3/o8ss2a transm ssion to one or nore users, sairCTHGmabosy of
pil ot chips being common to said one or nore users. 38. The CDVA system of
Cl aim 36, wherein said spread signalR7is a transm ssion to one or nore
users, said plurality of pilot chips being equally spaced within each of

one 0o, MRS BHOF K3 pRlec3hgh AR BhRLeivolh A3 00NARPGIIIBD3 00031 37

39. A3r%3t ho 0 I ocessi a received signal received in a code division

mul ti pl eacecEBMARYREmS seid method @bthprising dler Sepsil sing the steps of:
renoving a predeterm ned nunber of chips from et erm ned
position of SENAVIPEAHT épngr&ﬁéﬁun}bgr ?%‘g?%@oq]g?}ﬁ]ag%?%mﬁa%gmsﬁgnal :

or t hogonal | ool dANsaidTead i chaliecthbiebylfarignabodifidaighnk st domain to form a
transforned signal in a second domain; equal.i zi %Stsai d.tr(aat.gsfor med si gnal

to thereby redthogomilrrrasformingseidimedifipdisignslin adistdomain W™ Agnal ; i nver se
or t hogonal I% transtior m P@ sai éjndecﬂ) ixirzed signal to forman output in said
first domai FEnSERedFE3 BASRYP BRI But put to thereby derive a gr oup of

symbol s. 40. FQgiARE 5ad rehsfEnaidsidal totheby redses chansehalistorgiosteag Iashpri ses
the step of renpving said predeterm ned nunber of chips froma front
portion of amedralizedsignads  nore bl ocks of said received si gnhal . 41. The

met hod of d g ;[ﬂ\{\{sg%h ' RS0 BBk &Psi SIS fos@sant digpis tiepsd of :
renovi ng sai ng%rgegg er %yc}r%% er of cﬁk?lps frogn a tail portion of each of
one or nor frdoldemkih; of said received signal; and

and
despreading said output to thereby derive a group of symbols.

40. The method of Claim 39, wherein said removing step comprises the step of

removing said predetermined number of chips from a front portion of each of one or

more blocks of said received signal.

41. The method of Claim 39, wherein said removing step comprises the steps of:

removing said predetermined number of chips from a tail portion of each of one
or more blocks of said received signal;

and
adding said tail portion to a starting portion of said each of one or more blocks,

said starting portion having the same number of chips as said tail portion.

42. The method of Claim 39, wherein said removing step comprises the step of

removing said predetermined number of chips from a head portion and a tail portion of

each of one or more blocks of said received signal.

43. The method of Claim 39, wherein said removing step comprises the steps of:
removing said predetermined number of chips from a front portion and a tail

portion of each of one or more blocks of said received signal;



adding said tail portion to a starting portion of said each of one or nore
bl ocks, said starting portion having the sanme nunber of chips as said tail
portion. wooslkes2set hod of C aim 39, wherein said renovi nPCIVIH3IOIPr i Ses
the step of renoving said predeterm ned nunber of chips froma head
portion and a tail portion of each @8 one or nore bl ocks of said received
signal. 43. The nethod of C aim 39, wherein said renoving step conprises
the steps of: j,genoving said predeterm ned nunber of chips froma front
portion and a tail portion of each of one or nore bl ocks of said received
si gnal ; WO 03/208ihg23idRETHBECOB 1D PBion 3§ said dacheefdina gr swireiblogks, s@drtion to a
portion of said each of one or r l ocks,..said ..portion having the sane
nunber of ckﬁoﬁgoﬁgavéﬁg ﬁletsﬁlinf‘ nB'@E‘%i %ﬁ?’lpff? S*ﬁiall'@?rﬂgla of O aim 39, wherein
said orthogonally transform ng step conprises the step of orthogonally
transform n%hfromthe time domain as _said first domain to the _frequency

domai n 46 sEhemsthodied Claimed % vinereiysaid grthogeaalis iraRMOTERNEFISP ROMMRLISSHART ei n
ort hogona ) °f PLASKERRY Winitbiie REM B8 o SO R OB SR i .

frequency domain as said second domain being.

45, The method of Claim 44, wherein said inverse orthogonally transforming step
comprises the step of inverse orthogonally transforming from the frequency domain to

the time domain.



