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met hod of processing signals in such a system In

particular, the invention relates to a cyclically

extended CDVA systemw th frequency donain

equal i zati on, Background of the Invention D rect

sequence code division nmultiple access (DS-CDVA), is

one of the effective wrel ess access technol ogi es for

S@%Tgw A[‘T&'MQ’&EWEIQW&TUREW@R'@SEWER@N AND A

adopt GWEWHODQBPR%ESSWG&GNAMIM A SYSTEM
communi cati ons systens. Conventional DS-CDMA systens

Ir s# I F cartri er transm ssion systens. Typically,
éﬁ&-@—gﬂ'@ﬂ%—‘%ds of receivers for use in a DS-CDVA
system nanely a RAKE receiver and a tine-domain

B Yré it pRehilGEreresety e systeamper fransesiver structure for use

recei ver depends on th t h

tetain Gmdeatmeinoe @fopmésﬁé&%%mééiw%%ihe%@%%emhefﬁ particular,
f

Vo B PR B, Mo P pFRod Bl by wi ecuoney

ddbin equlizatienent with Rake receivers. On the other
hand, TDE receivers, although theoretically capabl e of

suppr essi and MAI, suffer from slow convergence
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the 3™ generation (3G) wireless communications systems.

Conventional DS-CDMA systems are single carrier transmission systems.
Typically, there are two kinds of receivers for use in a DS-CDMA system,
namely a RAKE receiver and a time-domain equalization (TDE) receiver. The
performance of the receiver depends on the properties of the wireless
environment. Due to multipath delay spread of the wireless channel in such
systems, inter-finger interference (IFI) and multiple access interference (MAL)
are inherent with Rake receivers. On the other hand, TDE receivers, although
theoretically capable of suppressing IFI and MAI, suffer from slow
convergence time and complicated computations when applied in DS-CDMA
systems, and they are not able to suppress IFI and MAI effectively in practice.
Thus, conventional single carrier DS-CDMA systems are associated with
inter-finger interference (IFl) and multiple access interference (MAI), which
limit the system capacity and the maximum data rate that can be supported
for available bandwidth.



for avail able bandw dth. Multicarrier transm ssion

schemes have been proposed as an effective way to
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by nultipath delay suppression. Othogonal frequency
division multiplexing (OFDM) is an effective
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Webbeﬁ@cmsmn modulation (OFDM) and CDMA, which is termed
multicarrier CDMA (MC-CDMA), may be used to improve channel capacity
utilization under multipath interference and frequency selective fading
reception conditions by multipath delay suppression and diversity gain. MC-
CDMA has been proposed as a candidate for future wireless communication
systems.

In MC-CDMA systems, the energy of each information symbol is spread over
several subcarriers, which leads to a diversity gain in a broadband-fading
channel. However, even though this technology can support high data rate
and multiple users, it suffers from two major implementation difficulties. The
first is a high peak-to-average power ratio (PAPR) problem inherent with MC-
CDMA systems and hence a highly linear (and inefficient) amplifier must be
used to avoid distortion and spectral spreading. The second problem is a
high sensitivity to frequency offset and RF phase noise. These conditions

limit the applicability of MC-CDMA in practical wireless environments.



systens and hence a highly |inear (and inefficient)
anplifier nust be used to avoid distortion and
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sensitivity to frequency of fset and RF phase noi se.
These conditions limt the applicability of MC-CDMA in
practical wireless environnents.In the Applicant's
co- pendi ng US patent applicatd on USSN 10/ 090, 370,
publ i shed as 2003/ 0165131 Al, various technol ogi es
usi ng the advantages of DS-CDVA and MC- CDMA are
di scussed and a single carrier cyclic prefix assisted
fPYRhe S ApbREANtS @bmm@bt@so g MEpplivatidhs YBSNt 20890,370,
of DSCDB& and MC- systenE for hP%h-ratp dat a
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uplink transm ssion, all users are asynchronous to
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However, in systems such as those of the type described in USSN
10/090,370 there is an assumption that all users are synchronized and share
the same channel. In typical uplink transmission, all users are asynchronous
to each other and use different wireless channels. Thus, the performance of
systems such as that described in USSN 10/090,370 will be adversely
affected. In such cases efficient multi-user detection algorithms with high
computational complexity are required for the performance improvement to
provide an acceptable quality of service (see, for example, K. Yang, A.S.
Madhukumar, and F. Chin, “Multistage Interference Cancellation with
Frequency Domain Equalization for Uplink Transmission of Single Carrier
Cyclic Prefix Assisted CDMA System”, In Proceedings of the IEEE Wireless
Communications and Networking Conference, March 2002).

In view of the above-mentioned problems, there is a need for a transceiver

structure for use in VSF-OFCDM time domain spreading systems that



provi de an acceptable quality of service (see, for
exanpl e, K. Yang, A S. Madhukumar, and F. Chin,
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Domai n Equal i zation for Uplink Transm ssion of Single
Carrier Cyclic Prefix Assisted CDVA Systent, In
Proceedi ngs of the | EEE Wrel ess Communi cati ons and
Net wor ki ng Conference, March42002). In view of the
above-nentioned problens, there is a need for a
transcei ver structure for use in VSF-OFCDM ti ne domain
spreadi ng systens thatm nim ses the requirenents of
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of the invention there is provided a transceiver

stem coppri sin i.at | east one receiver for receiving
romone or nore transmtters,
said one or nore received signals having an associ at ed
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the receiver; and a frequency donmai n equalizer for
fegaivatysignalsequency equal i zed signal from said
nodi fi ed signal.

a sequence extension remover for removing a predetermined number
of chips from at least one predetermined position of said received signal to

form a modified signal;

a despreader arranged to despread said received signal to a symbol
rate, said symbol rate being less than said chip rate at which said received
signal was spread prior to being received by said receiver, the ratio of the
spread rate to the symbol rate being the processing gain of the receiver; and

a frequency domain equalizer for forming a frequency equalized signal

from said modified signal.

Thus, in this preferred embodiment, the frequency domain equalizer operates
at the symbol rate, which is particularly advantageous as the symbol rate is
less than the chip rate and therefore the system requires less power to

operate.

Preferably, said despreader is arranged to despread said received signal on a

block-by-block basis.
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than the chip rate and therefore the systemrequires

| ess power to operate. Preferably, said despreader is

arranged to despread said received signal on a

bl ock- by-bl ock basis.In a figst preferred enbodi nent,

t he sequence extension renover has an input for

receiving one or nore signals output fromsaid at

| east one filter, and said sequence extension renover
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In a preferred embodiment, said at least one transmitter comprises:

at least one spreader for spreading a data packet having one or more
blocks to derive a spread sequence for each of said blocks to form a spread

signal, said spreader having an input and an output;

a sequence extender for extending each of said blocks using a
predetermined number of chips to form an extended spread signal, said
sequence extender being coupled to the output of the spreader, said

sequence extender having an input and an output; and
a pulse shaper coupled to the output of said sequence extender.

Thus, in a preferred embodiment, the data is spread in blocks rather than

each data symbol being spread independently as is the case in conventional



predet erm ned nunber of chips to form an extended

spread signal, said sequence extender being coupled to
wo b@soessput of the spreader, said sequence extRCT8G2004/000021

having an i nput and an output; and a pul se shaper

coupled to the output of said sequence extender. Thus,

in a preferred enbodinent, the data is spread in

bl ocks rat her than each datasesynbol being spread

i ndependently as is the case in conventional systens

such as that described in the applicants' co-pending

patent application USSN 10/090,370. In an alternative
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coupled to said output of said sequence extender; and

a pulse shaper coupled to the output of said spreader to provide a

transmitter output signal.

According to a further aspect of the present invention there is provided a
method for transmitting signals, said method comprising the steps of:

spreading, by at least one spreader, a data packet having one or more
blocks to derive a spread sequence for each of said blocks and to form a

spread signal;

extending, by a sequence extender, each of said blocks in said spread
signal using a predetermined number of chips to form an extended spread
signal, said spread signal being received from a spreader output of said at

least one spreader; and

shaping, by a pulse shaper coupled to an output of said sequence
extender, said extended spread signal.



signal using a predeterm ned nunber of chips to form
an extended spread signal, said spread signal being
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spreader; and shaping, by a pul se shaper coupled to an
out put of said sequence extender, said extended spread
signal . According to another aspect of the present
invention there is provided & nethod for transmtting
signals, said nethod conprising the steps of:
extendi ng, by a sequence extender, each of a nunber of
bl ocks in an incom ng signal using a predeterm ned
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method for processing a received signal comprising the steps of:

receiving one or more signals from one or more transmitters, said one

or more received signals having an associated chip rate;

selecting, using at least one filter, one or more input signals from the

received signals;

removing, in at least one sequence extension remover, a
predetermined number of chips from at least one predetermined position of

said received signal to form a modified signal,

despreading, in at least one despreader, said received signal to a
symbol rate, said symbol rate being less than said chip rate at which said
received signal was spread prior to being received by said receiver, the ratio
of the spread rate to the symbol rate being the processing gain of the

receiver; and



recei ved signal was spread prior to being received by
said receiver, the ratio of the spread rate to the

W@ 2000695t € bei ng the processing gain of the PEDSGUO4/000021
andformng, in at |east one frequency domain
equal i zer, a frequency equalized signal fromsaid
nodi fied signal. Preferably, said step of renoving
sai d sequence extension is before said despreadi ng
step and after said selecting step. In a further
preferred enbodi nent, said despreading step is before
sai d step of renoving said sequence extension and
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and the matched filter at the receiver will be
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gures 1n Figure la is a schematic bl ock
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The above-defined methods and systems embodying the present invention
are applicable, for example, to cyclic extended single carrier CDMA systems
and UWB systems at very high data rate. The pulse shaping function at the
transmitter and the matched filter at the receiver will be dependent on the
transmission method being used.

Brief Description of the Drawings

Preferred features of the invention will now be described, for the sake of

illustration only, with reference to the following Figures in which:

Figure 1a is a schematic block diagram of a transmitter according to an

embodiment of the invention;

Figure 1b is a block diagram of the data packet structure in the transmitter of

figure 1a before and after the block spreading module;



figure la before and after the bl ock spreadi ng nodul e;
Figure 2 is a schematic di agram showi ng a bl ock of the
waolaioa/opmeket structure with cyclic extensi on aPCD8G2004/000021
to an enbodi ment of the invention; Figure 3 is a
schemati c di agram of a conbi ned received signal for
cyclic extended asynchronous transm ssion through an
i deal channel according to a® enbodi nent of the
invention; Figure 4a is a schematic diagram showi ng a
bl ock of the data packet structure after
parallel-to seri al conversion according to an
gg brTE’éf séﬁﬁrﬁ ?éﬁl'&f?\% dﬁ%%%@cl@@f the daChadiRt istructure
fam o nme pr orltlse prea |nginndule after
wiike cyﬁlkeeﬁensloofacmotxyng ite ap eehbhodiment otiihegnvention;
enbodi nent of the invention; Figure 5is a schematic
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according'to an enbodi nent of the invention; Figure 7
as emtmﬂnmmt ptthe! isegntiinagr am of a transmitter
according to an alternative enbodi nent of the
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before and after
bhter bparelielstorsarisl ngonvetsion; dticgudieg 8to i ansempadiment of the
bl ock di agram of a receiver according to an
HveBtaRi i ve enbodi nent of the invention; Figure 8b is
schemati ¢ di agram showi ng t he bl ock despr eadi ng

ﬁfggg@dl%ri% 3 Q?h&nb\ﬁ@ QRSN 6F adnieopadritRicdesgrabiing module after

di ment the invention; Figure 9 is a schematic
thepsartichoiva nyoclicheretix pecerdistg ipan embedipeatef the invention;
|nterference ( MAI) accordl ng to an enbodi nent of the
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Figure 6 is schematic diagram showing the block despreading procedure for a

user according to an embodiment of the invention;

Figure 7 is a schematic block diagram of a transmitter according to an
alternative embodiment of the invention and also shows a block diagram of
the data packet structure in the transmitter before and after the block

spreading module;

Figure 8a is schematic block diagram of a receiver according to an alternative

embodiment of the invention;

Figure 8b is schematic diagram showing the block despreading procedure for

a user according to an alternative embodiment of the invention;

Figure 9 is a schematic diagram showing the effect of multiple access

interference (MAI) according to an embodiment of the invention;



the invention; Figure 11 is a block diagramof the
ti me domai n channel response estimation and the
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enbodi nent of the invention; Figure 12a is a waveform
of the pulse just before transm ssion through an UVB
system according to an enbodi ment of the invention;
and Figure 12b is a waveformoof a received pulse for
singl e pulse transmi ssion w thout channel distortion,
according to an enbodi ment of the invention. Detailed
Description of Preferred Enbodi nents Figure la shows
ne transm LIC ks LN @ el i
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ihtr?r%rém@t(?]fﬂlﬂbwi aeyrichodnauseugerss ecroiding e i am emipdiment of
shown in these figures, the nodul ated data synbol s
1@€dﬂVQWU9%'a first user are firstly convertedyfron1a
serial sequence into a parallel sequence in a
Pi@bh@h 119 aP56ak Uidgrasnafethe @ime dofvain thanhelaresponse estimation
(Fndicated as Int."in the figure) is optionall dde
and coln? fte]twe@@vi ?ma@ pavalizetion @saoeting da an qwﬁﬁm&a@ of the
signals fromother users with the signal of the first
ﬁ@gpﬁm¥he paral | el sequence is then gassed to a bl ock
spreader 4 and bl ock spreading is applied to the
S@@vielmczﬁ isThaNamflead ofi heapulss justebeipns deansnissiogHhrough an
arallelto- serial converter. 6. clic extensjon is
_BMé'ﬁ SYsea taLFor¢ing t@@@rﬁrﬁ?@ﬂ“ﬁ"héf ﬁé '§¥??té‘?n;saé%ence
in a cyclic extension insertion nodule 8. The
E¥felr O 1 8XVSPEIBEMSdandbcdived RS Y] @ﬁ%;ledpmleeamrmnission
sttaping in a pul se shaper block 10 and, after RF
withuet chamel disoriogn atcardingrtaorembediment s ghe invention.
W rel ess channel. As shown in Figure 1b, the vector sl

e lated dat
il BhBeriptiontel ol Ehiip 2 20 d2

code vector for the first user, hereinafter known as
Fiire 11a Ghotvssiee trdhswittendiituetirakarsd Wiglaeasly raheives the packet

together and wil] gen j '
stractufp afedata beinggtrar?srr% %daagé)orrgﬁg & tar kit oefmgog’l'n%e%t '\J)f the
present invention. As shown in these figures, the modulated data symbols

s(m) from a first user are firstly converted from a serial sequence into a
parallel sequence in a serial-to-parallel converter 2. An interleaver (indicated
as Int. in the figure) is optionally added before the serial-to-parallel conversion
to interleave signals from other users with the signal of the first user. The
parallel sequence is then passed to a block spreader 4 and block spreading is
applied to the sequence. The spread signal is then passed through a parallel-
to-serial converter 6. A cyclic extension is then inserted into each block in the
serial sequence in a cyclic extension insertion module 8. The cyclically
extended signal is then subjected to pulse shaping in a pulse shaper block 10

and, after RF conversion, the signal is transmitted through a wireless channel.

As shown in Figure 1b, the vector s1 (= s11, 812, .., S1n) denotes the modulated
data symbols and ¢1 (= ¢4, C12, .., C16) is the spread code vector for the first

user, hereinafter known as user 1. Each spreading module takes N data



is the length of the spread code vector (spreading
factor). Block spreading, is a form of

wo ems/opsedriti sed (TP) spreading, in which G chCPSG200€000021
pl aced over consecutive single-carrier symbols. A
simlar spreading nethod has been suggested for
multicarrier systens in H Atarashi, N Meda, S.
Abeta, M Sawshashi, "Broadbtind packet w rel ess access
based on VSF- OFCDM and MC/ DS- COVA", I n Proceedi ngs of
the 13th | EEE I nternational Synposium on Personal,
I ndoor and Mobil e Radi o Communi cations, Vol. 3, pp.

%bola%géethép%d will tgfeﬁe té%é&%%dﬁﬁ&!ﬂxféfeél 4By xdGMhere G

I'n conventl ona CDMVA systens where G
is the ferrytie of tieec sprelad cadieacetur (spieaaliing tactordf the sane
mJItl carrier syrrbol The dynam c range of spreading

Bt o Lhgkl ock, spreadii prioyili BYre=ly gnwmﬁchoé chips
ioﬁ IS@ eaiNgels & PISHMIEPLIOL )g I oc
ﬁ?éced%(}@ﬁfdéﬁsét@tivd RGO icd osEhbolear i matsmnar spreading

variations are negligible in the t
mthqdwdwamrb@tenoﬁumeaiﬂ@ f@pr@aHiCﬁU'% 6)5%9(11/%'1?'% 02336'?33“‘

S SN AR 8 fl sccss ase

Sy SYSFEOFSDMI ahdi MGIDS-CDAIAY In’rﬁ?noededmgshef the 13" IEEE
above- nenti oned docunent At argsh N. Mae

Itetnational SHANMEMEHM " 8P 0adBHRRh ac ke & séwg%!?esﬁad'o
8§fﬂ‘ﬁ‘ﬁuﬂf& Hoths, TG g;}d oo/ D5y CMN2. 1Rt ditiBRent from frequency

ge”i it ert ot 6hce s smaller in bl ock spreadi ng,
dbimain I@rwbhagtmgmmerﬁlonalrrMG-lCDMAeBystemﬂ wheem G seiips are

as 16QAM rder to i ove thro
ﬁSPQd'&ﬁdJﬂ? Sﬁ%ﬁff'ﬁ(ﬁe%&iﬁm? Bwﬂg:ﬁ@%rh%ﬁ%fl' codi ng
are indi spensabl e, which also includes nmultilevel

Wﬁe%ﬁﬂdrﬁ@ raF@@Sof It caBmeatichs inbbloek sppeadidgrig)linitdd by the
be seen to be“superior to frequency domain sprea
? grqompared

aspwer aif Isjngle caniersyalbels 4y gt sfgadingdlaph ydrame
%ﬁﬂfﬁ'@éueednc?/ydotnqgln%a?%lfloﬁg,r&%wnggvgﬁﬁmr% are YRy Rid ffithe time

domain for the duration of one spreading block (which is of the order of
microseconds) and hence the code orthogonality for block spreading for high
rate systems is maintained. It also implied in the above-mentioned document
H. Atarashi, N. Maeda, S. Abeta, M. Sawshashi, “Broadband packet wireless
access based on VSF-OFCDM and MC/DS-CDMA’, that the inter-code
interference is smaller in block spreading, which is advantageous for multi-
level modulation, such as 16QAM. In order to improve throughput, the
application of adaptive modulation and channel coding are indispensable,
which also includes multilevel modulation. Thus, TP spreading (block
spreading) will be seen to be superior to frequency domain spreading,
especially for high-rate systems.

The spread matrix generated by the block spreading module is converted into
a serial stream of G single-carrier blocks, each of size N chips in the parallel-

to-serial converter. This ensures that a necessary condition for block



a serial streamof G single-carrier blocks, each of

size N chips in the parallelto- serial converter. This
wep®snes23 hat a necessary condition for bl ocksPCEsG2004000021

is met, nanely, that the chips corresponding to the

same synbol are positioned in consecutive single

carrier synbols. As the spreadi ng (and subsequent

despreading) is performed on12a bl ock of data rather

than on individual synbols, the spread code vector d

is the sane for all synbols in a block, so the spread

code sequence is fixed for all synbols in a block
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ernore,” as t g (and subsequent
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both the synbol and the spread codes, each synbol may
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t he synbol sequence, the proposed bl ock spreader {%ﬁéj
faroalk av@mleaaea)blpghss@ht@esyﬁw e SRAeRPe g for all
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Hazthétrg@mlolés:ﬁibé ;spreanirnngE@hd (ljs(Wo@égy%ﬁOdespraadmg) is performed

i ndi vi dua

it selp %%gyé’a%epa%ﬁav%%‘?ésoéﬁé%q' 2 4B (AAeBf gyes’ each
Bol A G%BFf'g%d | ex Ba@ RCK siRfi€afefAion. | other words,

pende S|on to renove any possible
wmﬂera hnlooaéntlcmairsfmeadﬁre(ambdeelpmder)ewd@lﬂi? efppesgfiusnce at

hidheT dats B8 HGE ng ol St slibes SR AiBHgsde Qo Sfeader (and

%mkdgsp@QGEHefudsr% ERRbbE 6BHUEELsS 128 frﬁéherafétérthbhethe chip

renova cyclic extension. To despread, each row i

setjuentd.ckhisiis in corirass te sopyadiions shsions suehe agdhat §escrlbed
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convol ved out put of transmtted oI S Wit
eranraadingy g%e erAften spreading ¢ ock-spread djasfa is appended

with cyclic extension to remove any possible inter-block interference caused
by the delay spread of the multipath channel. During despread, the spread
data corresponding to a block spreading module is stacked together from the
received signal, after the removal of cyclic extension. To despread, each row
is multiplied with the corresponding chip of the user’s spread code and added
row-wise. Assuming the channel remains constant for spread block, the
resulting output of despread block is a close approximate of the convolved
output of transmitted symbols with user’s channel parameters. It can be input
to a symbol-wise channel equalizer. This procedure will significantly reduce
the computational complexity for a multi-user system compared to that of
conventional systems such as that described in USSN 10/090,370, thereby

reducing power consumption.



to a symbol -wi se channel equalizer. This procedure
wll significantly reduce the conputational conplexity

w0 o005m69528 t i - user system conpared to that of PCT/SG2004/000021
conventional systens such as that described in USSN
10/ 090, 370, thereby reduci ng power
consunption. Furthernore, in a preferred embodi ment of
the invention, the spread cod& vector d changes nore
slowy than the synmbol rate, although the chip rate is
hi gher than the synbol rate. During insertion of the
cycllc extension, a fixed nunber of tail bits (chips)
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nber of header chip
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tfix hown in Figure 2. Such a procedure
é?‘&é q%@uﬂ'ﬁbgéﬁg‘?'l in R Mrrison, L. J. G mni

(Jr), S. K WIlson, "On the use of a cyclic extension

b@n%%embﬁ d?ﬁﬁé‘i’f;@h@@ﬁte%ldnh% HdschnumabEer fotalbbilta(chlps) are
Techhnol ogy Conference, VIC 2001 Fall, Vol

adde@ to 10 begirming mithe biek (te gepstituts 8| ieligor8i g a fixed

r (A
S B o8 MRS o S oot o g
d eseliy Edstﬂxy a8 |shofunoim Flghifee? e Buch sepmceduiesisi described in detail
escr i
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FoR: Mqéa@r'a,,”w R 4 nShRoME R 1154 PE A plietension
f?'Y hrpégf:?&&ﬁﬁ’s W%ﬁéﬂ T@EE@JhIéLﬁEIEI ¥@|ﬁhcﬂéb?‘00nference
echno ere 2001 Fall, Vol. 2,
LK B 8@01 _FBHOWQI & epi 664 R668n20@Kkt to the condi t| on in
systens in which the signals have only a cyclic

Bttty Epeh, SERE SRRk WiFdbe 7 Redlstt Bl oI F amono
rrsééiva@%ugmaggairﬁesfpb@méilofftms¢atte o eady irivaindt eetbemed signals
t he duration of t he cyclic prefix/c Y pos

tfi
rﬁm?tdlwent neerSenghI%we&qn edyiBISc wr@w%( 2RA St H@fa “Design
Cl 1 C | e C p t »
e qEafiengt BlcoFSSyReiprplE HiRrogrRRy COMARFstem’, In
Proceedings of the 54" |EEE Vehicular Technology Conference, VTC 2001
Fall, Vol. 2, pp. 843-847, 2001, and is in contrast to the condition in systems

in which the signals have only a cyclic prefix.

In multi-user cases, where the signals have a cyclic extension, the variation in
arrival time of the received signals from different users is limited to the
duration of the cyclic prefix/cyclic postfix. In practice, the lengths of the cyclic
prefix and the cyclic postfix are equal and the sum is approximately one

quarter of the length of the data block.

The combined received signal for a multi-user case (three users) for an ideal
channel is shown in Figure 3 which illustrates the received signal portion after

removing the cyclic extension.

The presence of a cyclic extension removes any inter-block interference
caused by the delay spread of the multipath channel. The length of the cyclic



The conbi ned received signal for a nmulti-user case

(three users) for an ideal channel is shown in Figure
w@20b/069523 | | ustrates the received signal portiPCI/a6G1094/000021

renovi ng the cyclic extension. The presence of a

cyclic extension renoves any inter-block interference

caused by the delay spread of the nultipath channel.

The I ength of the cyclicextendion is usually chosen to

be |l arger than the expected delay spread. This al so

ensures a convolution cyclic, which is a precondition

for the frequency domai n equalization at the receiver.
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clicall n data bl ocks are then transmtted
gﬁv@%ﬁ%\g%aryf@ﬁégﬁ%ﬁ%?ﬁ%?'after pul se shapi ng and RF
conversion. Figure 5 shows the details of a receiver
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ecelve rocesse

Fhrs@l&’farimé aht RF ﬂ:élnvmstdmed to the pul se shapi ng
ilter inthe transmtter to shape the pul se. Next,

h I
tgﬁfyrg%% éha\?{)g(f nsI{éq%ﬁgié{fegqu%%lvgrbgggﬁuaeesichg%gg to-h first

@ﬁ%cﬁméﬁt nﬁ\)é@{ti%ﬁkf&oncﬁ:‘éBglﬂg' tHe tsfyribls received from a

OCK-Sprea |ng mat ri x ocks di scussed above

tmnsmmmctfoofexﬁrrgliea Ilta)nsn‘rm@" of ymltyp% iHustrated endedascribed
g 9{5% ﬁn ?gﬁs ict og ?Mggggl]a? t(glgb £ r difgﬁ%&eg %ﬁ%ﬁ’%tl@ B?ocge%'éed firstly

ereabhzatiien @%’ét@he@QHﬁhb%mge %héféﬁ‘tg fivert irethe transmitter to
TranSform FFT) nodul e 18, channel estination nodul e

sbapa the Mewhl theayche eﬁﬁﬁmv@ soremgvasl Inhawamgyakmodule
LRSEHERY LRI SB35 B ABHSESR, ooy
bk ebAespsedingntoa a block-spreading matrix (G blocks, as discussed
above in respect of Figure 1b). The signal is then despread in the despreader
module 16. The despread output (at symbol rate) is passed to a frequency
domain equalization module, comprising a Fast Fourier Transform (FFT)
module 18, a channel estimation module 20, a channel equalization module
22. also known as a frequency domain equalizer, and then to an Inverse Fast
Fourier Transform (IFFT) module 24. The signal is then processed in a
parallel-to-serial converter 26 to convert it from a parallel sequence to a serial
sequence. Depending on the transmitter structure, an optional deinterleaver
(Deint. in the figure) may be used to process the serially converted data
before channel decoding, if any. The serially converted output will be a close

approximation of the transmitted signal s(m).

The receiver structure assumes perfect synchronization of the data. More

details of block despreading and frequency domain equalizers are discussed



parall el -to-serial converter 26 to convert it froma
paral l el sequence to a serial sequence. Depending on

wo b@spemesm tter structure, an optional deint ePCE8GHEN4/000021
(Deint. in the figure) may be used to process the
serially converted data before channel decoding, if

any. The serially converted output will be a close

approxi mation of the transm tised signal s(m. The

recei ver structure assunes perfect synchronization of

the data. More details of bl ock despreadi ng and

frequency domein equalizers are discussedin the
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level channel equalizer.

Figure 7 shows a block diagram for a transmitter structure according to a
second embodiment of the present invention. The transmitter comprises a
cyclic extension insertion module 30 for receiving the modulated data symbols
s(m) from a first user. The output, in parallel form, is fed to a block spreading
module 32, and the output signal of the block spreader module 32 is
converted from a parallel sequence into a serial sequence in a parallel-to-
serial converter 34. The serial sequence is then passed to a pulse-shaping
filter 36 before transmission. In a preferred embodiment, an interleaver (not
shown) may optionally be added before the cyclic insertion module to

interleave signals from other users with the signal of the first user.

Figure 7 also shows the packet structure of data being transmitted according

to the second embodiment of the present invention. As described above in



s(m froma first user. The output, in parallel form

is fed to a block spreading nodule 32, and the output
wae@saboses t he bl ock spreader nodul e 32 is CONRET/BE€LH04/000021

froma parallel sequence into a serial sequence in a

paral | el -toserial converter 34. The serial sequence is

then passed to a pul se-shaping filter 36 before

pransnission. In a preferredqgnbodi nent, an

i nterl eaver (not shown) nmay optionally be added before

the cyclic insertion nodule to interleave signals from

ot her users with the signal of the first user. Figure

7 als the
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NS @nfeht df thePredimit GEREbRA FidUrd 80 ghdwes fhe details of the block
despreading procedure for the alternate receiver of Figure 8a and may be

compared with Figure 6.

In the receiver shown in Figure 8a, the received signal is processed firstly
through a filter 40 matched to the pulse shaping filter 36 in the transmitter, to
shape the pulse. The signal is then processed in a serial-to-parallel converter
42 to convert it from a serial sequence to a parallel sequence. Next, the
signal is stacked up in a block despreader module 44, block-by-block
corresponding to a block-spreading matrix (G blocks, as discussed above in
respect of Figure 1b). The signal is then despread in the despreader module
44. The despread output (at symbol rate) is passed to a cyclic extension
removal module 46 where the cyclic extension is removed. It is then passed
to a frequency domain equalization module, comprising a Fast Fourier

Transform (FFT) module 48, a channel estimation module 50, a channel



In the receiver shown in Figure 8a, the received

signal is processed firstly through a filter 40
woretoshers23 o the pul se shaping filter 36 in thePCT/SG2004/000021

transmtter, to shape the pulse. The signal is then

processed in a serial-to-parallel converter 42 to

convert it froma serial sequence to a paralle

sequence. Next, the signal ig97stacked up in a bl ock

despreader nodul e 44, bl ock-by-bl ock corresponding to

a bl ock-spreading matrix (G blocks, as discussed above

in {ﬁspect of Figure 1b). The signal is then despread
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hidie isuNiestrateddpt Figuak 8kei siceid devielenticalt tos thatrgbtaingd by the
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ght ai ned by the receiver structure illustrated in
Figure la despite the fact that the cyclic extension
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t han.one. user operating. This is represented
@'@?B?'Fyaﬁﬁgf‘ﬁe igure 9. In an uplink receiver with
multiple users, sm(=sm , sn2, ...., snN) denotes

tiR&n uplink receiver with multiple users, sm (= Sm1, Sm2, ----» Smn) denotes the
symbol vector and ¢y (Cm1, Cm2, -..Cma) the spread code vector for m® user. It
is assumed, for the sake of example only, that this user is an interfering user
for user 1. Channel parameters are different for each user in the uplink. The
channel parameters for the m™ user may be represented by hn(t). Figure 6
shows the despreading operation for user 1. During despreading for user 1,
the interfering user will be processed as shown in Figure 9. Ignoring white
noise, and considering orthogonal codes for each user, it gives minimal MAI

as shown in Figure 9.

During, for example, uplink transmission, the interfering user will usually be
asynchronous with the desired user. Figure 10 shows the case where the
interfering user is delayed by  symbols ( is an amount less than the cyclic
prefix/postfix as discussed earlier). The interfering signal will still despread,

but the symbols will not be time-aligned with the symbols from user 1.



synbol vector and cm (cnil, cnR, ...CGE5 the spread

code vector for nth user. It is assuned, for the sake
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for user 1. Channel paraneters are different for each

user in the uplink. The channel paraneters for the nth

user may be represented by hm(t). Figure 6 shows the

despreadi ng operation for useig 1. During despreading

for user 1, the interfering user will be processed as

shown in Figure 9. lgnoring white noise, and

consi dering orthogonal codes for each user, it gives
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frequency response or the time response of the received signal. From
analytical studies and simulation results, it has been observed that the
estimation of time response channel parameters from the frequency domain
channel gives a better estimation accuracy than the direct estimation of the
frequency domain channel. In view of this, the systems and methods

embodying the present invention preferably use time domain estimation.

Unlike conventional multicarrier systems, the systems and methods
embodying the present invention despread the incoming signal before
equalization and hence the channel equalizer is simplified for symbol-wise
operation. Also, despreading before equalization averages out (minimises)
the effect of white noise within a TP spreading module. However, the removal
of the cyclic extension will result in the reduction of received symbol energy.
This will affect the system performance. Code orthogonality between muiltiple



met hods and equal i zed using a frequency domain
equal i zati on structure to reduce the receiver
weowphedse3 y and to take advantage of the frequeeiyyG2004/000021
diversity. The variations in the channel may be

estimated fromeither the frequency response or the

time response of the received signal. From anal ytica
studies and sinulation result® it has been observed

that the estimation of tinme response channe

paraneters fromthe frequency domai n channel gives a
better estimation accuracy than the direct estimation
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of subcarriers N The recei ved signal for the kth

%@f@rk}j&lﬁ) s {tﬂse #@%@Uﬁ}%u{ge%)( §w)z<§edrésénts lthe frequency
domain pilot symbols and W(k) represents the frequency domain noise
components. There are N equations and L unknowns (L<<N). Hence it is
possible to formulate matrix equations from which the time response function
of the channel h(n) may be determined. Figure 11 shows a block diagram
corresponding to this estimation method and subsequent frequency domain
(FD) equalization.

In Figure 11, the time domain signal y(n) output from the despreading module
of the receivers shown in Figures 5 and 8 may be Fast Fourier Transfomed to
the frequency domain to give the signal Y(k). This signal Y(k) is then passed
to the estimation module and also to the frequency domain equalizer module.
The estimation module derives the channel response h(l) in the time domain.
This channel response is then Fast Fourier Transformed to produce the
estimated channel response H(k) in the frequency domain. The estimated
channel response H(k) in the frequency domain then operates on the



1=0 where H(k) is the frequency domai n channel, S(k)
represents the frequency donmain pilot synbols and WKk)
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There are N equations and L unknowns (L"N). Hence it
IS possible to fornulate matri x equati ons from which
the tinme response function of the channel h(n) nmay be
determ ned. Figure 11 shows @qbl ock di agram
corresponding to this estimation nmethod and subsequent
frequency domain (FD) equalization. In Figure 11, the
time domai n signal y(n) out put fromthe despreadi ng
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?Iru%?rg?eg in I-JIgUEI’ES qraagﬁg CZI and the matched filter in the receiver systems
illustrated in Figures 5 and 8, will depend on the properties of the

communication systems being used.

For DS-CDMA systems, the pulse shaping filter and the matched filter are a
matched filter pair and are used as in conventional systems with a specified
roll-off factor. The matched filter units in the receiver for those cases will be

similar to the transmitter pulse-shaping filter.

The systems and methods embodying the present invention may also be used -
in ultra-wideband (UWB) systems, where the channel capacity scales almost
linearly with bandwidth. UWB communication systems are based on the
generation and transmission of very short pulses in the time domain, for
example in the range of a few tens of Picoseconds or a few nanoseconds,
resulting in bandwidths of a few GHz (Giga hertz) in the frequency domain. A
very high data rate signal may be supported by UWB due to its large



on Vehi cul ar Technol ogy, vol. 48, no. 5, pp.
1584- 1595, Septenber 1999, the disclosure of which is

Wwo pso@sent ed herein by reference. The requi r eBCT/SG2004/000021
properties of the pulse shaping filter in the
transmtter systens illustrated in Figures la and 7
and the matched filter in the receiver systens
illustrated in Figures 5 and28, will depend on the
properties of the comunication systens being used.
For DS- CDVA systens, the pul se shaping filter and the
mat ched filter are a matched filter pair and are used
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Q@”B'@ﬁp%ﬁﬂ%ﬁﬁ%q%@gﬁ a&p&%@@ﬁﬁrstrﬁ% ﬁflf-'*aﬁPésV §b¥o 11 may be
used for ultra-high data rate transmission in the UWB range, using the
principles of a cyclically extended single carrier CDMA system with frequency
domain equalization.

For ultra wideband systems, the incoming modulated data signal s(m) is
transmitted as wideband pulses followed by a silent period. The pulse
repetition period for such transmission is equal to the chip period. Figure
12(a) shows an example of UWB pulse transmission.

The receiver for UWB transmission should be able to capture the maximum
amount of energy from the transmitted pulse. Figure 12b shows the typical
shape of the waveform received at the receiver when a UWB pulse is
transmitted and has not undergone any channel distortion. As will be seen
from Figure 12b, the received pulse resembles a ringing or oscillating pattern,
having roughly equal durations of positive and negative excursions (periods of
“ups and downs”). The period of the excursions may be termed as pulse



Designing a transceiver structure for high-rate

systens with unlimted bandwi dth such as UWB is a
web@bloessgs ng task. Conpl ex design issues rel at BCI/862004/000021

both radi o frequency (RF) and baseband si gnal

processing of both the transmtter and the receiver

must be consi dered. Enbodi nents of the present

i nvention described above ang2 | lustrated in Figures
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a cyclically extended single carrier CDMA systemw th
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channel response.

The systems and methods embodying the invention aim to minimise or
completely eliminate problems which complicate conventional multicarrier
systems, such as the peak-to-average power ratio and sensitivity to phase
noise and frequency offset. Furthermore, MAI is completely eliminated if BS-
specific long code and MS-specific short codes are employed as the uplink
code allocation scheme.The systems and methods embodying the invention
may be implemented with simple hardware at the mobile station (MS) and the
base station (BS). At the mobile station (MS), the transmitter may include a
simple DS-CDMA transmitter, without a FFT module as this may now be
incorporated in the base station (BS). Also, constant modulus transmission



pul se, followed by a |l owpass filter of roughly the

sane bandwi dth. In practice, such a local oscillator
wor@honedsmt r oduce a timng msnmatch, which can PEr/SG2004/000021

conpensated by using a quadrature pair of |oca

oscillators. In sunmary, the invention proposes

transcei ver systens and net hods which nay be used for

bot h wi deband and ultra w del@gd systens. The systens

and met hods enbodyi ng the invention are robust agai nst

mul ti path delay spread and | FlI and are | ess

conplicated than tine domai n equalization (TDE)
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station (BS) receiver, a |lowconplexity single-tap
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for each subcarrier and therefore are likely to suffer from severe performance
degradation in high-rate systems with multiple users.

Embodiments of the present invention may also be used as an ultra wideband
transceiver structure for high-rate systems using time-prioritised spreading
and symbol-level frequency domain equalization. In such ultra-wideband

systems, channel variations will be minimal with respect to packet duration.

Also, the systems and methods embodying the present invention may have a
particular use in 802.15.3 high rate WPAN systems.

Various modifications to the embodiments of the present invention described
above may be made. For example, other modules and method steps can be
added or substituted for those above. Thus, although the invention has been

described above using particular embodiments, many variations are possible



aimto harness all the received energy fromthe
mul ti path channel as the received signal is processed
W0 005069523 equency donai n. The systens and net hBCBESG2004/000021
enbodyi ng the present invention provide an effective
met hod of handl i ng asynchronous transm ssion
(Quasi - synbol synchronous) between nultiple users
during uplink transm ssion. 24rbodi nents of the present
i nvention may have a particular use in the uplink
transm ssion of 4th CGeneration (4G wreless
communi cation systens, in place of conventiona
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present invention may al so be used as an ultra
wi deband transcei ver structure for high-rate systens
using time-prioritised spreadi ng and synbol -1 evel
frequency domain equalization. In such ultra-w deband
systens, channel variations will be mninmal wth
respect to packet duration. Al so, the systens and
nmet hods enbodyi ng the present invention nay have a
particular use in 802.15.3 high rate WPAN syst ens.
Various nodifications to the enbodi nents of the
present invention described above may be made. For
exanpl e, other nodul es and net hod steps can be added
or substituted for those above. Thus, although the
i nventi on has been described above using particul ar
enbodi nents, many variations are possiblewithin the
scope of the clains, as will be clear to the skilled
reader, w thout departing fromthe spirit and scope of
the invention.Cainms: 1. A transceiver system
conprising: at |east one receiver for receiving one or
nore signals fromone or nore transmtters, said one
or nore received signals having an associated chip
rate, said receiver having:



at least one filter for selecting one or nore input
signals fromthe received signals; a sequence

we@xasneisen renover for renoving a predetern neRCTISGINE#/000021
of chips fromat |east one predeterm ned position of
said received signal to forma nodified signal; a
despreader arranged to despread said received signha
to a synbol rate, said synmbol25rate being | ess than
said chip rate at which said received signal was
spread prior to being received by said receiver, the
ratio of the spread rate to the synbol rate being the

[a%g_ssi ng gain of the receiver; and a frequency
goman-n equal i zer for formng a frequency equalized

signal fromsaid nodified signal. 2. A transceiver
system according to claim1l, wherein said sequence

ext enaitpahscei@reystems comprising: for receiving one or
nore signals output fromsaid at, | east one filter

, d
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Systemaccording to claim1, wherein s spreader
blaip rate, isajalitedeiverrtenangri ng one or nore signals out put

fromsaid at least qne filter .and said despreader h

an output Ebl§3S gnpglltgﬁfq)rnﬁ@étg\g Qg Br%ﬂ'ﬁéﬁegt Kighals 1om the
AR} gnaigover . 4. A transceiver system according to

claim 2, wherein said despreader has an output, and _

sai d frequensgquemes extension zemongs fam remeying gapigdetermined

despr eader, .out.put bej p id iond ' .
PRBRGERL el IRt SR bR e s on, 91 B Geceived
g@ﬁgrﬁj foemtPnedchfied Signaher ei n sai d sequence extension
renmover has an output, and said frequency, donmain ,
equal i zer Radespreader arranged to despread said received signal to a
symbol rate, said symbol rate being less than said chip rate at which said
received signal was spread prior to being received by said receiver, the ratio
of the spread rate to the symbol rate being the processing gain of the
receiver; and
a frequency domain equalizer for forming a frequency equalized

signal from said modified signal.

2. A transceiver system according to claim 1, wherein said sequence
extension remover has an input for receiving one or more signals output from
said at least one filter, and said sequence extension remover has an output

coupled to an input of said despreader.

3. A transceiver system according to claim 1, wherein said despreader
has an input for receiving one or more signals output from said at least one
filter, and said despreader has an output coupled to an input of said sequence

extension remover.



an input, said output of said sequence extension

renover being coupled to said input of said frequency
waleovaioeosexjual i zer. 6. A transceiver system accPCTHBGZH04/000021

any one of the preceding clains, wherein said at | east

one receiver further conprises a first converter for

converting the nodified signal froma serial sequence

to a parallel sequence, the f26rst converter having an

i nput coupled to an output of said at |east one

filter. 7. A transceiver systemaccording to any one

of the preceding clains, wherein said at | east one
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filter.

7. A transceiver system according to any one of the preceding claims,
wherein said at least one receiver further comprises a second converter
coupled to an output of said frequency domain equalizer for converting the
signal output from said frequency domain equalizer from a parallel sequence

to a serial sequence.

8. The transceiver system according to claim 1, wherein said sequence
extension remover is arranged to remove a predetermined number of chips

carrying data denoting a cyclic prefix and/or a cyclic postfix.

9. The transceiver system according to claim 1, wherein said at least one
receiver further comprises an orthogonal transform block for transforming said

signal from a first domain to form a transformed signal in a second domain,



froma second domain to a first domain, said inverse
ort hogonal transform bl ock having an i nput coupled to
wa@apoosieyses of said frequency domai n equal i zer . PABSGX€000021

transcei ver systemof claim 12, wherein said inverse

ort hogonal transform bl ock conprises an |Inverse Fast

Fouri er Transform bl ock. 14. The transcei ver system of

claim 13, wherein said first2donmain is the tinme domain

and said second domain is the frequency domain. 15.

The transceiver system of any one of the preceding

claims, wherein said one or nore filters are matched

%@d %rmaﬁ%ﬁaﬁﬂéﬁéfﬁgn{@lb\éﬁﬂé\ﬁrg; aal slitbtitespIEd &b-arl fhput of said
e transcel ver systemaccording to any one of clains

fraquencydomtierasjualigai.d at | east one receiver further

conprises a deinterleaver block having an input

coupl ed to an out put of said inverse orthogonal

ypanstrE Mdlsesivet GyEBIM i dlgihh e seipdssidgsdhoganal transform

sel ect one or nore_ predetern ned signals corresponding

bloclcomwriseriateastuzseuyrierifransigsmblagkcei ver system

according to claim1, wherein said frequency domain

equalizer is arranged to equalize a ~

fin eqUENE \trrarsiceiver veystermi ofg claimnt@l wherein reaid ffirsigdemajn is the

sel ective fadin chanafeJ . 18., Ihe transceiver .system

Bediamag ansl 3y sereneroamaniig the froquancy,dogiainy,” 17,

wherein said at |east one transmtter conprises: at

| east one spreader for spreading a data packet having )

d@e ofhetdransoeivek ssysterdesfi alaina 15 pyleaeins eaidealcleasbone receiver

each of said bl ocks to fqrma_.spread, signal . .sai. L

SpiDHes SRy RSO tbhgnel dRrediPh SRRt Pnsi e said signal

eohERdSEcdnar dEMERN AL N fiefChombirs dfd thesiks srdhdgormal transform

predet erm ned nunber of chips to form an extended )

biookabiagingnan, inpaltd couplednte axtewlpet ofeisalf derpiangyt domain

t he out put of the spreader, said
equalizer.

13. The transceiver system of claim 12, wherein said inverse orthogonal
transform block comprises an Inverse Fast Fourier Transform block.

14.  The transceiver system of claim 13, wherein said first domain is the

time domain and said second domain is the frequency domain.

15.  The transceiver system of any one of the preceding claims, wherein
said one or more filters are matched to a pulse shaping network in said

transmitter.

16. The transceiver system according to any one of claims 12 to 14,
wherein said at least one receiver further comprises a deinterleaver block
having an input coupled to an output of said inverse orthogonal transform
block to form a deinterleaved signal to select one or more predetermined

signals corresponding to predetermined users.



sequence extender having an input and an output; and a

pul se shaper coupled to the output of said sequence
we@ziosneses 19. The transcei ver system accor di nBCT/8G2004/000021

claim 18, wherein said at |east one transmtter

conprises a n interleaver for interleaving one or nore

nodul at ed i nput signals fromone or nore users to

produce an interleaved signal28 said interleaver having

an out put coupled to an input of said at |east one

spreader. 20. The transceiver system according to

claim19, wherein said at |east one transmtter

further conprises a first converter for converting the

interl eaved signal froma serial sequence to a

par al The teanpoeives systeanfacaardingrigeelan hawheggiarpaid frequency

doirBitafiTalRaF s btabdf 18 Rkbefie 3 s tling SR e ping ghanne
td“éﬂbhﬁ?é(?[enc?%elé'diﬁeﬁédg??@afﬁfelSySt em according to

any one clains 18 to wherein said at |east one
transmtter further conpri ses a second

ggpveﬁhgr“%c?}% &e ét@ﬁ?%cﬁ@kﬁnigé gg?gfnea&ﬂclgﬁ‘héh 2 4 and 6 to

quenc or conver spread si ghafl

fIV,OWhereﬁlasaidlalleastcnrmtransmltserscmmpmsesequence 22. A
transcei ver system accor

in one ,of
5 “and 5 ¢ 8t RSt aReroraedar r spreadiod Soriata paskehnaving one or
I y f
FEBISGE (7 3R R Sedendoloradand e B o =
ppeet sigmalnsaidrapreaderdiaving m\ input andraarowrunded

signal, said se t by .
T LRSS R BBIAPA A LE B aing o

g?é(ﬁat@@ﬁlh@& n@ﬁwbb?atﬁt clRipR &Preafean f &tehBEQagiraadssighal, said
xtended signal to derive a spread sequence for each

stqueiiae beRden being reeuripd et thegeatputs &f dtheprepsprder, said

SBtthe Ce g nBlHe 2R PhbEdhy SRR o Sequence

extender; @nslise shaper coupled to the output of said sequence extender.

19. The transceiver system according to claim 18, wherein said at least
one transmitter comprises an interleaver for interleaving one or more
modulated input signals from one or more users to produce an interleaved
signal, said interleaver having an output coupled to an input of said at least

one spreader.

20. The transceiver system according to claim 19, wherein said at least
one transmitter further comprises a first converter for converting the
interleaved signal from a serial sequence to a parallel sequence, the first
converter having an output coupled to the input of said at least one spreader
and an input connected to said output of said interleaver.

21. The transceiver system according to any one of claims 18 to 20,

wherein said at least one transmitter further comprises a second converter



a pul se shaper coupled to the output of said spreader
to provide a transmtter output signal. 23. A

WO p@smeseyer system according to claim 22, whePEl/BGHAH/000021

at least one transmtter further conprises a first
converter for converting the incomng signal froma
serial sequence to a parallel sequence, the first
converter having an output c@®led to the input of
sai d sequence extender. 24. A transceiver system
according to claim 23, wherein said at |east one
transmtter further conprises an interleaver for
ESG@%W FStwRBR Hid BiréafBF ahat S5ld! SiitilentiedBAehdEF 60 BRverting
or re users, said interleaver having an out put
saigpdprdad sigmal fropua pefralielisgatiense te arsasial sequence.A
transcei ver system according to any one of clains 22
to 24, wherein said at |east one transmtter further

©ONPI iASRSNSEchRF YVt ANRIOrihg 18 \driidoRd of tRHnsCHUB| &l 5 to 17,
to the output of "said spreader for converting the

gihgnein said pliepsbans HiansspieneRMprisesh a paral | el

hout nd SenBrBeiplteRet Bt PREGYnE EadP 57 A nfifREFId Biocks in an
sivapsing sidhal Asingagreideesrniied ematsaroofdehigs tto famy amextended

of clarnms 22 to 24, wherein said pul se shaper nmatches )
slgnali said segrencs axigndesdavinghan Qideit,and ap7inpyt, RAIG fpoming
f Li i 'gﬂ@é i et hod conprising the

s nﬁlegﬁiﬁéﬁpeﬁg(ﬁ%&, byaa<'?11iaS e(g(s,e?]sone spreader, a data
packetat heastngheospread eroioe dpreadingt saidemiteeded sigreddo derive a

sequenpce for each of said bl ogcks an o forma spread .
SPOpad SegyPacsi iS4 fssacRIoHExieritE 2 caal; Signal, said
%?L%aedéqu{éﬂﬁng BnSRipdt SAHEL R SuphR! saigi RBUR of sai% sdpreader being

termned nunber of chips to forman extende
spupked teisgichbutpsibptisajst sequericgraitendem@ndecei ved from

2ot P e Bl o tos SR D R RiSRHep 18 brovide o

$Rindmitter output signal.

23. A transceiver system according to claim 22, wherein said at least one
transmitter further comprises a first converter for converting the incoming
signal from a serial sequence to a parallel sequence, the first converter having

an output coupled to the input of said sequence extender.

24. A transceiver system according to claim 23, wherein said at least one
transmitter further comprises an interleaver for receiving one or more
modulated input signals from one or more users, said interleaver having an

output coupled to an input of said first converter.

25. A transceiver system according to any one of claims 22 to 24, wherein
said at least one transmitter further comprises a second converter having an
input coupled to the output of said spreader for converting the signal output



sequence extender, said extended spread signal. 28.
The method of claim27, further conprising the step of

WO pa0s0b%s2yi ng, in at | east one interl eaver, onNRCDEGINO#/@00021
nodul ated i nput signals fromone or nore users to form
an interl eaved signal, before the spreading step. 29.
The nmethod of claim 28, further conprising converting,
inafirst converter, the ingerleaved signal froma
serial sequence to a parallel sequence, before the
spreadi ng step. 30. The nethod of any one of clains 27
to 29, further conprising converting said spread

' | | ’
T3l RS BRI A PP SEFAELoARSENER socond
soraestat haivitg an ongdut,cosipled! toedrhbut ofrpaidspuige shapst. eps

of : extendi ng, by a sequence extender, each of a nunber
of blocks in an incom ng signal using a predeterm ned

HEITOER i LLRS s?%térﬁfd&c@ﬁi@?ﬁf%?%r’f‘é enalaims @20to 24, wherein

rncom ng si gnal npri si ng eaSt one data packet;
sqid gatienshaper matdhesdhedilter spsaidddleasi aing eeebitiied
signal received froman output of said sequence
extender to derive a spread sequence for each of said

by 0CKA hetHR! for #raPBHRRIAgTighas,; st insthegicomprising the steps of:
pul se shaper, said spread signal received fro&%ea i
tg'lavmg one or

output of SBreRding.| waatleariory pREERSIET 1 dBFHR?
t i ; | < _ ’
PRI AR RERanBtped B, SR BE AT o o

giS??@éd Sigpal;a serial sequence to a parallel sequence
be

ore the extending step. 33. The nethod, of. an ne . .
of ol aims SXEIANGY AFATHENCEHIFNdET 53PN ol Higfls in said

| i Lnbeld ' ehip3PfcLform an extended
%@'@%ﬁa%'ggé! H%E@ éi %r%gileg&ﬁg%i Zﬁienq%ér}nﬁ%r elﬁggfer sort o form
gpreadt sighahvamid sspyead , sigmal dreing reheived tfeomi agpieager output of
said at least one spreader; and

shaping, by a pulse shaper coupled to an output of said

sequence extender, said extended spread signal.

28. The method of claim 27, further comprising the step of interleaving, in
at least one interleaver, one or more modulated input signals from one or

more users to form an interleaved signal, before the spreading step.

29. The method of claim 28, further comprising converting, in a first
converter, the interleaved signal from a serial sequence to a parallel

sequence, before the spreading step.
30. The method of any one of claims 27 to 29, further comprising
converting said spread signal from a parallel sequence to a serial sequence

before the extending step.

31. A method for transmitting signals, said method comprising the steps of:



34. The nethod of any one of clainms 31 to 33, further
conprising converting said spread signal, received

w0 e@sweresl spreader, froma parallel sequence POI/&G2004/000021
serial sequence, prior to the pulse shaping step. 35.
The nethod of any one of clainms 31 to 34, further
conprising shaping said signal using a pulse shaper
whi ch nmatches a input filter 3af at | east one receiver
36. A nethod for processing a received signa
conprising the steps of: receiving one or nore signals
fromone or nore transmtters, said one or nore
recei ved sj ' ' j t e
el oct i ng. BTGBy BbecRasride, EQLR of & fumber of blooks
impwt insbed Signaimusing aepredetetningd alsmber wbvihigs t rform an
at | east ,one sequence, extensi on renove

BeAEeR SIENAL S HEDEPNG EANBLCATBRSIY 4t lerit ogedata pecket
predet erm Qﬁ%&ﬁﬁgt Hﬁnapfleé_@ti bricePresdes 848l exterfdedmsignal

a nodified signha espreading, in at |east one
decgivesbdem  anai dutped edl @dics isgegience aextepdpoltor dedve a spread

said s ol _rate bej | ess .t han sai [ at
RfERaE iR eneBut e BbghES R Bieda SRIBY et ng

recei ved byhggirfy, 18 eEhWISE shiaber, it @peéad BRynspressived from an
rate to the synbol rate being the processing gain of

output of eaidat eastione spreagerito psevide astransiaitier oytRis sjgnal.
domai n equal i zer, a frequency equalized signal from

said nodified signal. 37. A nmethod according to claim

36, Wraeahsthead of Dlaim 81, fuetheyicoonsrdding tlee st ef converting the
extension is before said dea&geadi 2% st eﬁ) and after h
ingamisgg| 2gndlntrom & sesgl sRAUeRFR dO 2 ralielgSey RN cs; Refore the
%?(ten el gl said despreading step is before said step

of 're ng' sai d sequence extension and after said

sel ecting

33. The method of any one of claims 31 and 32, further comprising
interleaving, in at least one interleaver, said one or more modulated input
signals from one or more users to form an interleaved signal, prior to the

extending step.

34. The method of any one of claims 31 to 33, further comprising
converting said spread signal, received from said spreader, from a parallel

sequence to a serial sequence, prior to the pulse shaping step.

35. The method of any one of claims 31 to 34, further comprising shaping
said signal using a pulse shaper which matches a input filter of at least one

receiver.

36. A method for processing a received signal comprising the steps of:
receiving one or more signals from one or more transmitters,

said one or more received signals having an associated chip rate;,



step. 39. A nethod according to claim 38, wherein the
step of renoving said sequence extension is before
w@aiodoetsep of formng, in at |east one frequenegT/SEIRI/N00021
equal i zer, a frequency equalized signal and after said
despreadi ng step. 40." A nethod according to cl ai m 37,
wherein the despreading step is before the step of
form ng the frequency equali z3 signal.41. A nethod
according to any one of clainms 36 to 40, further
conprising converting the nodified signal froma
serial sequence to a parallel sequence after the

sel ecting A2 t [ ;
oo 52 Sty PpEIO8L RPN O LA iR A0, Snal o
frepmmived signals;zed signal froma parallel sequence to

a serial sequ . 43. . Th t hod of cl ai 6, . '
the step off F&m’n{j‘_ i &5 qBB(ﬁ)cﬁgg‘i%%%lsim e%%ﬁ_ﬁffegrté\/er, a
g?é'@é‘tbﬂairﬁeophﬁﬁ%?fdﬂd?ﬁs’s RPPR 18AstChh® prédsterthieddpbsition of

enoting a cyclic prefix and/or a cyclic postfix. 44.
$hid resehadl sifinal tei formé modiftasksigaalimpr i si ng

transformng in an ortho I j :
s e A0S Y38, obS AR AIcR, 95l 138k signal to
i SY1Abol ratd, saiosmBeINEite behef (ose thae sdi¢hid rater af which said
said frequency equalized signal. 45. The nethod o

teeeined siondevas FPERAdIPHorIesPRINE TREEYPEPYC Hegglyer, the ratio
p i i .
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wQ%ieén @m{: dft r anﬂ]or m ng (sjt ep conpri sesft ransform ng

sal d signha romthe tot .

o . 47, oNREGNR RbIFa8T 0B diesegcy CarAIR L agR & FRpuency

BRI sigfl o BSiaShsaifieh signal.

37. A method according to claim 36, wherein said step of removing said
sequence extension is before said despreading step and after said selecting

step.

38. A method according to claim 36, wherein said despreading step is
before said step of removing said sequence extension and after said selecting

step.

39. A method according to claim 38, wherein the step of removing said
sequence extension is before said step of forming, in at least one frequency
domain equalizer, a frequency equalized signal and after said despreading

step.

40. A method according to claim 37, wherein the despreading step is

before the step of forming the frequency equalized signal.



form ng a frequency equalized signal, applying an
i nverse orthogonal transformation to said signal for

W e@s®6wse3n ng said signal froma second donmai NnPEDSG2004/000021
first domain.48. The nethod of claim47, wherein the
step of applying an inverse orthogonal transformation
conprises applying an Inverse Fast Fourier Transform
process. 49. The met hod of ang3one of clains 47 or 48,
wherein the step of applying an inverse orthogonal
transformati on conprises transform ng the signal from
the tinme donain to the frequency donmain. 50. The

gt Nody @heRBY r@hgtbBAF orié diidiths G'Vté by further comprising
g

conpri sing mat chi ng east one I'ter
puhyerthrigatbienmanﬁiemsilgniahfram acesial BeqmencElto almraﬁelrmmence
E % f clLains 47 to 49, further conprising

Gaeh iR PE Hg S80-d i nverse orthogonal I'y transforned

signal to select one or nore predeterm ned signals
corresponding to predeterm ned users to forma

dei nt meth@g agapriding tezanyrpee raftaiaimsod6 ¢ &ilmfedher comprising

EPREthe 15, e lekty el Jond SRERCR B ERe flhoe to @ soria

fsadjueeicehannel to a non- frequency sel ective fading
channel. 53. A code division nultiple access (CDWVA)
system conprising at |east one transceiver system.
4dcor di ey methad yolgiainy 86¢ Mdierginthestep of s@moaing said sequence

AT MR A e——

denoting a cyclic prefix and/or a cyclic postfix.

44. The method of claim 36, further comprising transforming in an
orthogonal transform block said signal from a first domain to form a
transformed signal in a second domain, before the step of forming said
frequency equalized signal.

45. The method of claim 44, wherein said transforming step comprises

applying a Fast Fourier Transform process to said signal.

46. The method of any one of claims 44 or 45, wherein said transforming
step comprises transforming said signal from the time domain to the
frequency domain.

47. The method of claim 36, further comprising applying, after the step of
forming a frequency equalized signal, applying an inverse orthogonal
transformation to said signal for transforming said signal from a second
domain to a first domain.
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48. The method of claim 47, wherein the step of applying an inverse
orthogonal transformation comprises applying an Inverse Fast Fourier
Transform process.

49. The method of any one of claims 47 or 48, wherein the step of applying
an inverse orthogonal transformation comprises transforming the signal from

the time domain to the frequency domain.

50. The method of any one of claims 36 to 49, further comprising matching

said at least one filter to a pulse shaping network in a transmitter.

51. The method of any one of claims 47 to 49, further comprising
deinterleaving said inverse orthogonally transformed signal to select one or
more predetermined signals corresponding to predetermined users to form a
deinterleaved signal.

52. The method of claim 36, wherein the step of forming a frequency
equalized signal comprises equalizing a frequency-selective fading channel to
a non-frequency selective fading channel.

53. A code division multiple access (CDMA) system comprising at least

one transceiver system according to any one of claims 1 to 26.

54.  An ultrawide band (UWB) system comprising at least one transceiver
system according to any one of claims 1 to 26.



