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Background

10 The Sigma-Delia modulation technique is popularly used in analog-to-digital

- conversion (ADC) to provide high-resolution for narrow-band signals such as audio

signals. Using a sufficiently high over-sampling ratio, where the over-sampling ratio
is defined as the ratio between half the sampling frequency and the signal bandwidth,
a Sigma-Delta ADC is able to afford high digitisation resolution; a result that is too

15  costly and difficult to achieve using other types of ADC. Recent advances in Sigma-
Delta ADC technology have enabled the digitisation of signals with low power-
consumption and high resolution. A. Namdar, and B. H. Leung, "A 40-MHz, 12-bit,
18-mW, IF Digitizer with Mixer inside a sigma-Delta Modulator Loop ", IEEE
Journal of Solid-State Circuits, vol 34-12, pp 1765-1776, Dec. 1999 describes an

20 example of a Sigma-Delta ADC with 400MHz IF, 12-bit sampling resolution at a
40kHz bandwidth and dissipates 18mW of power. However, because its resolution
depends.on the over-sampling ratio, the Sigma-Delta ADC is rarely used to digitise
wide-band signals as such an ADC may result in unrealistically high sampling
frequencies.

25
A Sigma-Delta ADC cascades a Sigma-Delta modulator and a demodulator. Noise
shaping is performed by the modulator. The power spectrum of quantisation noise in
relation to the Sigma-Delta modulator is shaped in such a way that the noise power in
the wanted-signals frequency band, in this instance the base-band, is minimised,

30  thereby improving the signal-to-noise ratio (SNR) of the Sigma-Delta ADC.
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digital decimator 216 includes a lowpass filter 220 in series with a subsequent

15  downsampler module or decimator 222. In particular, the Sigma-Delta modulator
comprises an adder 224, which has an input sequence x[n] and a feedback input

‘ {(negative) from the 1-bit DAC 218. The output of the adder 224 is inpat to the

discrete integrator 210. The discrete integrator 210 comprises an adder 226 and a
delay element (Z) 228 in series. The output 212 of the delay 228 is provided via a

20  feedback path 210A to the adder 226 and to the 1-bit quantizer 214. The quantizer
214 produces output stream y[n] 204: the output stream y[n] 204 of the Sigma-Delta
modulator is provided as input to the digital decimator and fed back via the feedback
loop 202 containing 1-bit DAC 218 to the first adder 224.

25 A linear model is used for modelling the modulator for the purpose of analysis. In
this linear model, the feedback loop 202 forces the average value of the quantised
1-bit output stream at very high-rate 204 to track the narrow-band input analog signal
x[n] 206. Any persistent difference 208 between the input and ocutput signals 206,
204 accumulates in the integrator 210, which performs a self-correction function. The

30  1-bit output signal y[n} 204 is fed to the digital decimator 216 for demodulation.

" The system transfer function of the single-bit Sigma-Delta modulator is:
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quanti zer over-sampled single-bit quantised signal output 221 is decimated to a Nyquist rate

multi-bit output by the downsampler 222.

20 A higher-order Sigma-Delta ADC, e.g. a second order Sigma-Delta ADC, may be
used instead to provide more noise-shaping effect and hence provide better

digitisation resolution.

However, the foregoing Sigma-Delta ADC discussed above is disadvantageous in that

25  such an ADC is applicable only to narrow-band signals. Thus, a need clearly exists
for a Sigma-Delta ADC for digitising wide-band signals with high-resolution and in
particular wideband CDMA signals. |

Summary
30
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20
In accordance to the third aspect of the invention, a method of code division multiple-
-access reception, said method including the steps of digitising an analog bandpass
spread signal, with which a spreading code is associated, using a bandpass Sigma-
Delta modulator to form digital bandpass spread signal; and correlating said digital
25  quadrature spread signal fo provide a despread baseband signal, said orrelating step
including the steps of delaying said digital bandpass spread signal with a pre-selected
delay value in terms of number of digital samples; multiplying said delayed digital
bandpass spread signal with said associated spreading code to form a bandpass
product signal; digitally mixing down said bandpass product signal; and filtering said
30  mixed-down bandpass product signal to form said despread baseband signal at symbol

rate.
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Fig. 2 is a block diagram of a first-order Sigma-Delta ADC;
20
Figs. 3A and 3B are block diagrams of a baseband SD-CDMA receiver according to

an embodiment of the invention;

Figs. 4A and 4B are power spectral diagrams for analysing the despreading process
25  relating to the SD-CDMA receiver illustrated in Figs. 3A and 3B;

Fig. 5 is a block diagram of a conventional CDMA receiver;
Fig. 6 is a chart illustrating results of simulations of the baseband SD-CDMA receiver

30 of Fig. 3A and the conventional CDMA receiver of Fig. S in an Additive White
Gaussian Noise (AWGN) channel;
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conpari ng nbigs &0 spddtdkuiiagrad obe BAYEaecEREL o vWhEh tiebagbaddP@D-DMAFi g. 2 is a

bl ock di agr amigf & fii r%%- Oc{]%fr Si.gma-Delta ADC, 20 Figs. 3A and 3B are
bl ock di agr SYRVEO F15 2 B &3P ecei ver according to an enbodi ment
of the invention; Figs. 4A and 4B are power spectral diagrans for anal ysing

t he despreag}' ngl ior cess. 25 relating to:the SD-CDVA receiver illustrated in
Figs. 3A antigsh isgilgwerSpegtrumof g dyal-rode WofDMA/GSM Freeiven S8R CDMVA r ecei ver ;

15 according to a further application of the invention.

Detailed Description

Sigma-Delta CDMA (SD-CDMA) receivers and RAKE receivers according to

embodiments of the invention are described hereinafter. Such SD-CDMA receivers
20  have advantages of low complexity, low power consumptions, low over-sampling

ratio and high digitisation resolutions.

SD-CDMA Receivers
In CDMA transmissions, the base-band signals are spread o be wide-band and noise-

25 like. The spreading of signal spectrums is achieved using pseudo random signal-
spreading codes known as pseudo-noise (PN) sequences. Such codes are independent
of or uncorrelated to message bearing signals and are chosen to achieve near-
orthogonality between each other. The PN sequenées are used to spread, as well as
de-spread, the signal spectrums.

30
During despreading, a conventional CDMA receiver correlates a sampled multi-bit

signal received with a single-bit PN sequence. This requires a multi-bit
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the invention; .10 Fig, 10 C
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Sigma-Delta modulator enables a high Signal-to-Noise ratio to be achieved at the

15  despread data bandwidth, thus enabling high digitisation resolution to be achieved for
wideband CDMA signals by using a SD-CDMA receiver in accordance with the

embodiments of the mvention.

Fig. 3A is a block diagram of a SD-CDMA receiver 300a in accordance with an
20  embodiment of the invention, where the receiver 3002 comprises an IF down-

converter and 1-bit Sigma-Delta modulator module 301 and a 1-bit CDMA
despreader 302A. As shown in Fig. 3A, an input analog signal 303 is separated into I-
and Q-signal channels 307 and 308 by mixers 304a and 304b, respectively, in which
each mixer 304b uses a carrier which is 90° phase-shifted from the one for mixer

25 304a. A common carrier generator 305 is used {o generate the carriers and a phase-
shifter 306 is used to phase-shift one of the carriers.

The separated I and Q signal 307 and 308 are then each digitised and modulated by a
respective one of a pair of first-order 1-bit Sigma-Delta modulators 309 operating at

30  over-sampled frequencies. The oufputs from the pair of single-bit Sigma-Delta ADCs
309 are hence a pair of over-sampled single-bit data streams 310 and 311 |
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single-bit Sigma-Delta ADC output for despreadi ng, hence enabling the 5

i npl ementation of the despreading with sinple logic gates. By integrating

the despr eadipgsdtafdosithy m&%&gﬁgﬁmw%&% &ﬁq%ggkg u%(ﬁgeﬁjoy cally,

i npl ementing the despreadi ng function between the TBelta “modul at or

and denodul 08 Epeet¥ElYenbodi ments of the invention, the oversanpling 10
rati o can be kept low. This is because, upon nultiplying with the spread
sequence, the uncorrelated quantisation noise introduced by the

Si gna- Del t a Thitarchitednreiofiths STIREDMW desbirerB002 therefozelaliivgreaCDMAMAI NS | ow i n

power , il i |- ise ratio in the ata bandw dth is increased
by "The <o el dies bRl TmeEbY filshod G o ple FARARIEDMG, o' Dol ¢ o
nmodul at or erabhgse-NOR gytes 31 2mand 31 2b Mahsdespraiden3(2a, heomobidged at the 15
despread data_bandw t hus enabling.high digitisatiqQn resgJution to be
achi eved for° m&ﬁ%g%n\é%ﬁgﬂmﬁﬁr@ﬁ’ﬁ&“ﬂ@‘@%ﬁ H‘B’ﬂﬁ’%%s RREROEEER T i n
Spcordanc;a Whhlgrérkb&mphﬂﬁﬁgbﬂﬁﬁgﬁs&%athbmAﬂd\BgmhieQ‘éﬂtoEihrgspe@tﬁrfgﬁpﬂr}gpleCk Cof
iagramo ' receiyer in corgdance w, an 0 enbodi ment o
thegi nvent i g‘ﬂ;“?@%@%&%@ﬁ@@%&%%ﬁbﬁ‘ﬂﬂ?§&“%ﬂg‘F"daé\l\%lscf%%rter and 1
-bit Sigoe B dther BRptbRREH dd@ﬂi#h@ex%ﬁ&ivé‘-‘&@l@%&eﬁizh abPMDLASS @ g 302A. As
shown in Fig. 3A an _input_ana Og.i:ﬁsgl gnal 303 is separated into 1-- and

Q si gnal ch&ﬁ%@}%“%@ﬂe‘"&ﬁﬂ Blgs e xedas313gupy basa o nalisegyeaestanzel y, in
whi ch eaChc@&Kﬁﬁﬁoﬁ%Qﬂh@%ﬁaﬁeﬁéﬁé& 40 sihe %eﬂs&a&@ﬁ@%@ﬁlﬁfs shifted fromthe

one for m xer 25 304a. A“conmoh carrier generator used to generate
the carriers and a phase- shifter 306 is used to phase-shift one of the

carriers. T - -Sj " .308 e then each digitised
and nodul at gga g’gﬁg{&ﬁb@%g I vé& ﬁlg%g?ﬁ’atﬁ%%is%@%ﬁ IF {@Wa‘g?ylf- bit Signa
Del ta mb2lul sextended dDiDclodecomplexspadading wherin thaomppues3 [0 2d 3¢ b Gogsthe gdie out put s

fromthe paife.Qf .sihgle-hit Si -Delta Al 09 hence, a ir of
over - sanpl eafsslglr?@ eeiLgHOd@Q{‘)és @?qf%ﬁ t%Q PALLs Of exg uf”@'%lﬁﬁ'i‘?%%{?é‘ﬁgOOS WO
02/ 095972 PETISAdckiddspreading code generator 313 js used to generate a pair of real 313a

and imaginary 313b PN sequences (PNg and PNy). The despreading logic gates 312

are not limited to exclusive-NOR gates, but may be replaced by alternative

20  combination of simple logic gates. The outputs of the exclusive-NOR gate 312alwith
PNr as an input and the exclusive-NOR gate 312b1 with PNj as an input are summed
by adder 318a. Similarly, the outputs of the exclusive-NOR gate 312a2 with PNy as
an input and the exclusive-NOR gate 312b2 with PN as an input are summed by a
second adder 318b.

25
The outputs of the dual-input exclusive-NOR gates 312a and 312b in Fig. 3A or the
output of the adders 318a and 318b in Fig. 3B are fed respectively to the inputs of a
pair of integrators 314a and 314b or its equivalent-. The integrators 314a and 314b
then output a pair of multi-bit samples consisting of I- and Q-signals 316 and 317,

30 respectively, at the base-band symbol rate via a pair of downsamplers 315, The pair
of integrators 314 and downsamplers 315 effectively serve as a pair of Sigma-Delta




representative of the pair of analog signals 307 and 308 0205r ?vaetmebt?rg?%
quanti sation noise, respectively. This architecture of the SD CDVA -
recei ver 300a therefore allows a COMA 5 despreadi ng process to be
per f or med bwotokressiznpl e use of a pair of dual -i nput excl wpginseodbigat es
312a and 312b in the despreader 302A, as opposed to conventional CDVA
receivers that use nmulti-bit nmultipliers 512 as shown in Fig. 5. The

over - sanpl eddehdtBilidtord) Hendbalihimti od t respective

i nput of dual -input exé%ﬁ%?%%@ﬁ ﬁﬁgg%@h§€§§ﬁ§#ﬁ%%ﬁﬁ%ggﬁﬁ%?§ a spreadi ng
code 313 is f@roduiation t he ot her input of each dual -i nput excl usi ve- NOR gat e
312a and 312b for despreading and channel selection. The spreadi ng code
313 may be an orthogonal sequence or a conbination of orthogonal sequence
and sone ot h&he desprgading prgcasoetaployed im the $D-GBM e rebeidér360d arsllB00misi n Fi g. 3B,

t he despr adh'ﬂ}g_,s j : t dto inclu C | ex

spr eadi ngsavvner I %%ﬁ%@%ﬁ%%@gﬁ%ﬁgg@@%g{% Sb%ﬁ”?m%g S-%@- Delta
nodul at or s af® Avdssumption efm{faint whitd quaniddation NeseNEPERiigus@lda and 312b. A
conpl ex spreadi code gener 313 is used to generate ir of real
313a and i %”E@P&“@i@'ﬁ*@ﬁ@@%@ﬁ%"?ﬁ(‘iﬂnﬁ@%ﬁﬁﬁwﬂm 18 %ﬂﬁ%@ﬁ%am ng | ogic
gates 312 aBennatt cdnditioheste EQisBC WIRI BEmMORSRBAELSE quiitizedB¥ndd®, BAP! aced by
alternative 20 ?inati of _ si Ielogic gates. The outputs of the

excl usi ve- NCésb;[t% -39 3%k %Pﬂr M%’I&Jéﬂyéﬁ Brilstrribegfhesesanditions ShapgBNOR gat e
312b1 wi 10h RiNdseasndifionsapdiot ﬁfeﬁn%&ﬂﬁg‘%%es Riye égﬁgﬁoﬁ%gﬁ‘rﬁfoﬁh@ﬂi@” y, the

out puts of the exclusi,ve-NOR gate 12aZ with PNr as an i nput and the

ga 2ac W . g e
excl usi ve- NCRagieRonaaisis uply mage fas simplicityp fihe xplidigrofithedssygaption isecond adder
318b. 25 Themeniypiehiy Aificl By Statbi PH; | NO gé@ and 312b in
Fig. 3A or the ou%%t of tgque agger gﬂgﬁ%&%@nﬁ@b u‘?gigﬁ;‘gﬁe gs“rge fed
respect i vel ywilyrefarence ipFigs 48 finddb. (Bhievalidity of thepssumption Bilen wriflediyib or its
equi val ent. Jhe.i / %1& : hen_output. a pair of multi-bit
sanpl es conssi s?ﬁn%ﬁsgygc?x%gdn %?S%%?%"g%i}%ﬂs‘%"&qﬂ‘ﬁ?- %BFESpecti vely, at the
base- band synbol rate via a pair of downsanplers 315. The pair of
i ntegrators a anplers 315 fect.ively serve as . a_pair of Sigma
Delta 7 25 %é%@lﬁs%%gﬁiﬁﬁ?%ﬁ %"ff’%ﬁ?lﬁﬁ%flg?ors, hence
el i m nati ng strtham 8¢@or 31d rrem@esbkatiRRIT rédeed witfe-van @ B ldeR¥idnal 307 or 308 at
the output of each single-bit Sigma-Delta modulator 309. The power spectrum 402 is
corrupted by quantization noise 404 due to the use of a lower over-sampling ratio
20 (OSR= f,/(2f,) where; is the sampling frequency and f; is the spreading chip rate)
Sigma-Delta modulator 309 for practical reasons.

As shown in Fig, 4B, the despreading processing following the Sigma-Delta
modulator 309 restores a base-band data signal with a bandwidih of 7, at the output
25  of each downsampler 315. Based on the assumption of uniform white quantisation
noise, no additional quantization noise is therefore introduced by the despreading
process into the signal band (- f;, < £ < £,). The power spectrum 406 of the
despread base-band data signal together with the same quaniization noise spectrum
404 is shown in Fig. 4B. Since most of the quantization noise power lies outside the

30  desired signal band (— £, < f < f;), the base-band data signal can be extracted at

very high resolution using low-pass filtering with cut-off frequency at £, .




denodul ati on. The despreadi ng process enployed in the SD O\fee"(]:beelerQPSSOOa

and 300b is 5 analysed in greater detail with reference to spectral

di agrams shown in Figs. 4A and 4B. An assunption of uniformwhite

guanti sat i oworeige7a s popul arly used for anal ysi ng anal ag=risgogogoi al (Al D)
conversi on processes, which is true only when Bennet's conditions are
satisfied. WR Bennet, "Spectra of quantized signals", Bell Syst. Tech.
J., vol. 27, pp. 446-472, July 1948, describes these conditions. Though 10
these conditions are not nmet in many cases, the assunption of uniformwhite
quant i sat i oHigndskavsiasblopkubdgram nfal@niartiosl QmMﬁlreopweﬂ'm whichiidlgp of the
assunption

Thus used t SRk Sl 1 Gl EenaipiffSons & ot e s Vet BRI Val a1y

of the assuapthventidnal CORIA xeecivdrisoo] ﬂlinSD-ﬂmﬂﬂAaédeﬁBﬁmlﬂﬁ@é nfellmbie gr eat er

Spect runt 40 EICURR By etlisni B sfei 3t ettt oo HbRed oG 11

repr esent at tneesmCmecme& mdm&wﬂ‘ﬁlcc&@@is%oﬂyﬁ@ﬁi 13ADC 2388 at  the

out put of e ma- Del.t a podul ator 309, The power spectrum 402
is corrupt geadh"ffﬁf‘ E%Bﬁ?? 1p K1 & vhichyip Jesgjepsnplisated and cosusmes desy RS

over - sanp! | dgn aa@nvene&lah@@ﬁ_m ABCIs0GudePin 086 R chtidrt] EPRLERRRId:3G0.1 T equency
and f is thg Wgadl ng chip rate Si Del ta nodul ator 309 for practical

reasons. rqofrTgigeg-cosipe gty ﬂ%W%%P@%@Q@WbCDMA owi ng t he
Si gma- Deg t arecao&wbeﬁsol{otéﬁ&egs%ﬂfesﬁg i 3BECHRNdata 3999,%&?%‘%}“06‘

bandwi dth of fb at the out put each downsanp n the
assunpt i on AT ARG ThOWnes ot bunervetysignifisant ofifsits en theaysteld peifomahceqfant i zat i on

noi se is thﬁgsb%wel; %361 by the despreading process into the signal

band (- e power spectrum 406 of the despread base band
data signal together with the same quantization noise spectrum 404 is

shown in Fl nge f t he qu ion n l.i es outside
the 30 desi ré&ﬁsﬁleé?? ?‘ﬁ'b%i?{a"&fs Gfogve @Ptgiﬁ&rel"ﬁ‘é'e”o@?é‘s‘%éﬁﬁéagta si gnal can
be extrbtt emultipliery 81 aridisgh, xreqmmm mtueomérﬂaﬁayqﬂﬁﬁssﬁ-cbmtea&thh cut - of f
frequency g@?f@ie ﬂﬁﬁ? Novgrrg 2005 /095972 PCT/5CG01/ 00103 Fig. 5
shows a bl Sefeaingtods SLt s Aver&ean tegpe B iRndsdd aredingddy i s al so
separ ated vt dutd stre@el ‘This BRARIuAI-ARAAxAfVINOR pafB IPLEbAYGwith Conpared with
suc

adders 318 to be used to perform the dispreading process. The SD-CDMA receiver

300 therefore has significant advantages over the conventional CDMA receiver 500 in

20  terms of lower complexity and power consumption.

Performances of the SD-CDMA receiver 300 and conventional CDMA receiver 500
are compared hereinafter in greater detail with reference to Figs. 6 and 7. The
performances of both the SD-CDMA receiver 300 and conventional CDMA receiver
25 500 are compared using results from simulations carried out using Signal Processing
Worksystem (SPW) from Cadence Design Systems, Inc. The communication channel
models used in the simulations are Additive White Gaussian Noise (AWGN), and
multi-path with AWGN channels. For simulations of the conventional CDMA
| receiver 500, the OSR is fixed at 2 while multi-bit ADC’s with different resolutions
30  areused. On the other hand, for simulations of the SD-CDMA receiver 300, only a
- single-bit ADC is used while the OSR is varied. Simulation results from SPW are
shown in Figs. 6 and 7.




a conventional CDVA receiver 500, the SD-CDVA receiver 30@5HNeyeRba{E?0or e
5 efficient and conpact architecture. The single-bit Signma-Delta nodul ator
309 used in the SD-CDVA receiver 300a and 300b consists of only a

singl e-bi t OPepask,2 feedback loop as shown in Fig. 2, $oir&Boifb1ds€Ss
conplicated and consunes | ess power than a conventional multi-bit ADC 509
used in the conventional CDMA receiver 500. A pair of root-raised-cosine
(RRC) filters 510 used in the conventional CDVA 10 receiver 500 is not a
necessary feature in the SD- CDVA recei ver 300 because such a pair of RRCs
Sﬁo gc[fs --nOtFiQ&'JV@mp&i’e%glgibﬂEfrﬁﬂ ;@%r(sggj ﬁ@thhgmes dftige S CONTARedehar BENCe or

t he CDMA r ecei ver . For the despreadin rocess,. t conventi ona
CDMA r ecei venddsropgationg ChMAyraceiyey Wﬁlni ?D;M@%BEGW anbe ﬁﬁﬁ,"“‘?’ ectively.
On the ot heryh Fdatidgto QoD enEMMPCOREL kabBiker 580 Vithlsiht-BRhaBSH-Big code 313,

and over-sarﬁlaed data streans 310 and 311 are single- bit data, streans.

Thi s al | dws PGS eimephovedapyificthe hepseical RER surye & of jagpadrafurg phase-shiffiger s 318 to
be used to REhREbSfediRPraRYbAGARGAT Y, OFIESD COMN IS e Ryar 300

t herefore has™si I'cant advant ages over the conventional CDVA receiver

n

500 in 20 t éwound for thabefer ClRMiyeesiver poiipicpera ps thoreferansei Bie miereeeimances of

t he SD- CDVA Lver & g e ﬁp@_ tﬁ:% r eceilvan conpar ed

her ei naft er f?ﬁﬁg?‘\éeg'tag%qgaett al %é)\nég%{% re érgarllce & ﬁggﬂ%éﬁgu@{eﬁhe

per f or mancesoothe batventione! (FIMBDREKiver 660 toechi8Ghearid theoretiesl pedoraian@DVA

receiver, .25 L}O%z{ con ared using results fromsinulations carried out
B ST H

2
usi ng Siignal * Wor ksystem (SPW from Cadence Design Systens, |nc.
The communi cati on channel nodel s used in the sinulations are Additive

Wi t e Gaussi.gn ise ( , .and i-path wth, annel s. For

si mul ati ons %F%{e"%égﬁ\t?"‘gﬁ%ﬁe %%M%%&?‘%%@U@%ﬁ& fixed at 2
whil e nul ti -RBhievebaBefier\Wettbrnfihéd MLkt F @RUotidnttitl EOMM eecivedb00&@itht he ot her
hand, for sinmnulations of the _SD CDVA receiver 300, only a si n%l(ﬁ{ bit ADC

is used whi laouniit ABR cogespandingfo BRER e BoWher g QSR s igeaspsyjhe shown in
Figs. 6 @nd serfodnaiee HAKETBRIIDMAQSceWEr S i9 inféved P USRAL0R 16]tBe 6

conpares the bit error rate (BER) perfornmances of the SD-CDVA receiver 300
and t he conadditionaldf, /Gl\equired by Wher SIEODM A regaivan\ 3G te ichinyethe siiie BER curves E

and F relating to the conventjonal CP.3 receiver _500 w eight-bit and
32-bit pegfomanceasthe conventional%DMA recl\éﬁ\rer EOO with a 32-bit Aﬁéi@ tess than 1

dB.

20  Because multi-path is an important characteristic of the wireless communication
channel, Fig. 7 compares the BER performances of the SD-CDMA receiver 300 and
the conventional CDMA receiver 500 in a multi-path with AWGN channel. The BER
curves F and G relating to the conventional CDMA receiver 500 with eight-bit and
32-bit ADCs overlap. This shows that even in a multi-path channel, using an ADC

25  with more than 8 bits in the conventional CDMA receiver 500 does nof provide any

' advantage. As shown in Fig. 7, the performance of the SD-CDMA receiver 300
improves when the OSR is increased as shown in BER curves B, C, and E. At the
- same BER, the difference of E, / N, between the SD-CDMA receiver 300 with the

OSR set at 16 and the conventional CDMA receiver 500 with a 32-bit ADC is less
30  than 0.5dB.

10




5 ADCs al nost overlap with the theoretical BER curve G of 20 QUSHOS GP&°
phase-shift keying (QPSK) receiver. The performance of the QPSK receiver
provi des a | ower bound for that of a CDVA receiver and hence used as the
reference. Wwaei®bsr reason for the overlap is that in thgralesensige of
multi-path fading, an 8-bit ADC is sufficient for the conventional CDVA
receiver 500 to achieve near to theoretical performance 10 of a QPSK
receiver. T

']ﬁgﬁt D- recei.ver 300 with the OSR
set at 8 ac fgggg%ggée/eﬁgi%&é%t‘dor mﬁ%gﬁiéﬁ%@?%cetwg%%nventional CDVA
recei ver 50embpdiments of the invientionADBerefnre esifiod tly the sintlBoR réxitiysholn ivhen t he

o oved. W R SeHS 7oA e Bl RN e FERA R 30 IR e by ¢ he
SD- CDVA 1 ec edhieve peffimiancaehsetothd dvavanioral GDMA esbecsawhiidygomamyent | onal
CDVA rec%ei ver s 00.wi th 32 [F)%tc ADC *:s | ess than | dB. 20 Because

mul ti-path FSTHIRSTRSpmdpaver plicispies, Futherinprovementip the nesermaassqohi cat i on

channel , Fi the SD-CDNDEReSei¥eh 1P bEdbRivEOH R IR S5 ShifR ol SEMADRE el ver 300

and the co%ggti?ﬁ%ll I%)MA receiver 500 in a nulti-path wth AWGN channel .

The BER cu g emrzoyraenh of noiserdithering technigmenin dieID-COVRA raseideyer 500 with

ei ght-bit apgb, 'ﬁa’deemcﬁﬁﬁﬁs&\ﬁide%&wte%@mg%gemm%&yo%ri na nulti-path
an

channel , usjng an ADC i e conventional CDVA

5 with nore its In

2
recei ver 50%H taiion. Sheilarkcbassdyon difierem hagwaremfficienoymnd dynEinip- 7, the

per f or mencerafe fe oM, { Vel ' I R is increased
as shown in PTR Qﬁfveg’B, gS%g@ﬁgﬁo%?&%éﬁog@%ﬂ%gﬁﬁference of E.

I Na bet weeReaeiver @D bepmplayed cExamples 00which inchide usifiiRuRichit ADCIBAGRE t he
convention ' 00, W . A ADC is | ess Q than 0.SdB. 10
25 mvemef@%@%%’@éﬁ%%ﬁﬁﬁ%ﬁéﬁ& m%—s&a@g PHPPPO8HBpt of the

SD- CDVA r ecstiiglesta@) Bigher axderpand bamipast SigmiiTelta aiddeldtorent s of the invention

is therefore verified by the simulation results shown in Figs 6 and 7.
Wth OSRs set relatively Iow, the SD-CDVA receiver 300 is able to achieve

per f or ninc ela pattioslar, tie: lft@aigaion Bahd-pae SigeldPeltatefiiM@ition Wor pabk | € providing 5
mor e har dwar e apdﬁgoo r efficiencies. Further inprovement to the
per f or rrancem'i?fefs IS SS%‘%%M&“%@@ vEth Gepfiswations preshewn i Figs. PAandse of
hi gher - or degB. i@ BlodRadidgharns are similar to those described with reference to Figs. 3A and
3B.

20  With reference to Fig. 9A, an analogue IF signal 303 is input fo a bandpass Sigma-
| Delta modulator 901. The output of the Sigma-Delta modulator 901 is provided to the

1-bit despreader and IF down converter 902a, and in particular is provided to an
exclusive NOR gate 312. The other input of the exclusive NOR gate 3 15. is the
spreading code 313. The output of the exclusive NOR gate 312 is fed to mixers 903a

25  and 903b, respectively. The I component is mixed with carrier 904, and the Q
component is mixed with a phase shifted carrier (by phase shifter 905). The output of
the two mixers 903a and903b are provided to respective integrator/low pass filter
modules 314a and 314b. The outputs of the integrﬁtors/low pass filters 314a and 314b

are provided to respective downsamplers 315 to produce the I channel 316 and the Q
30 chamnel 317,

1t




ADC and the enployment of noise-dithering techniques in tR28NsEpembrRA2005
receiver 300. Tradeoffs can thus be nmade between a | ower OSR and

hi gher-order inplenentation. Simlarly, based on different hardware
efficiency m c- 10 range requirenent, various conf Lons of the
pr oposed Si‘gﬁg%’%?"?a CDMA Receiver can be errpl oyed. Exaq’ Irggblzlim‘\%hi ch

i nclude using nmulti bit ADC/DAC as opposed to the aforenentioned
single-bit D C, nulti-stage as opposed to _single- sta&eﬂ hj her order,

and band- pas¥ T&I¢REnqsdP p Qurthsrembqdiment shosvnip Fig, 018, the, pugogue Bvari ati on,

band- pass Slig IDpAobﬂe&mﬁé%ﬁﬁésg ngmaa)énangﬁﬁﬁ{or 90%&6@%&111@8(0%{@9@6 fam liar
in the art. Such configurations are shown in Figs he bl ock

di agrans ar elodhgi-bise complex dessrendep ang Tidowncenverier¥Bb: Thegugpt oBA and  3B.
20 Wth ref eﬂh@@fgﬁnatlﬁ’elﬁ' uF&rQ@f‘bsg:T@Jndéﬁ‘ﬂ@oﬂeF tgf‘@ %Qﬁg’véNbﬁ% to a

bandpass SI gna- Delta rm e out
modul at or? oilzbefomwu@u Tlee athas input ¢fithe mbpweh@gm%ﬁmmedonverter

, and h
ot het i mput S PREALbE of e Bl Bltalifle Qe T THELE ERRENOR I, 3" e

out put of thﬁZb&basubemgmﬁﬁm&tdagdrﬁplczss;twﬂg@odnRI&ra@plﬁ&ﬂ&thS and 903D,
respectivel Vg nent d. wi r,.904,. and t he

conmponent is mxeén\ﬁ“? §8?t§ Q?‘EH'%%%?%F k%ﬁ} lf)hrgglge tf:fl“h‘l’t:'”él’;’P 905). The
out put of trhixets\@03nand@03b, gmmemaom@xauﬁve-wm dafe 31@BPRCt i ve
integratgr/l ow.pass filter, dule 314 nd_314Db. Th ot s.of the

i nt egr at or s/P7Y 8§§°tif“7rlpf”é?go %Pgﬂr Tléer%“‘ﬁ?sc?\() gﬁgémﬂ%“pect ive
downsanpl er scafikb 900dipscay bsEthé b@eﬂmﬁ&@mﬂi and D03k 4 Pis€3hifRA cefiegnnel317. 11
25 Novenber 2005 WD 02/ 095972 PCT/ SGO /00103 With reference tqo_ a further

enbodi ment  SRESAACA LY PhEge sbifier 4058 Thequipyiso! prxess YRajandpFPe areprenidadn provi ded
to the bandnaaﬁaﬁegma%&autap@umﬁ@fsgaﬂﬂ—aﬁa%%%e%ﬁ&a%9 Yesigd to the |

-bit CDMA conpl ex despreader  and down converter 902b. The out put of the

Si gma- Del t a ad8er903¢. o twp the @m&ﬁfnad@% Q%a@ma%ﬁhpmprovld@d/to respestivisi ve NOR
ates 5 2 h NCR gat e
ngb 1 ilgslplr}%tvﬁ%g{c’?nggpqh%he ?’rl-ejiaI%h'g)&nf'I #ﬂpﬁg a%% X Spr eac}lwr‘a{fg codg PNR.

The ot her e.>m¢\u@d\xerdmugadmsaﬁﬂbﬁ3}5ae ptddecd Irmgmehinﬁ aud Q chafineh3 onpl ex

spreading c . lied to its remaining input. The output of the
excl usi ve- N%g\seb%wm%bl I's provided to a pair of

(5]

The key changes of the foregoing embodiments include the use of a bandpass Sigma-

20 Delta modulator 901 in Figs. 9A and 9B in place of a baseband Sigma-Delta
modulator 309 in Figs. 3A and 3B, and the use of a digital IF oscillator 904 as
opposed to an analogue IF oscillator 305. The bandpass Sigma-Delta modulator 309
converts the analogue IF signal 303 into single-bit data siream representative of the
original input signal added with quantisation noise. Despreading is similarly

25  performed with simple exclusive-NOR gate 312. The 1-bit resultant signal is then
separated into I and Q channels by digitally mixing with an oversampled sinusoidal
carrier 904 at the IF frequency. The integraiors 314 perform Sigma-Delta

demodulation and remove the out-of-band quanﬁéation noise.

30 RAKE Receivers
The embodiments of the invention described with reference to Figs. 3A and 3B and

Figs. 9A and 9B have application in RAKE receivers. In particular, Fig. 8 is a block

12




|

mi xers 903a and 903b. The output of the other exclusive- NGR Nexebe{ 2895 s
10 provided to another pair of mxers 903c and 903d. The m xers 903a and
903d mix a carrier 904 directly and the other m xers 903b and 903d m x a
phase shift ,er (produced by phase shifter 905). of
m xers 903aﬁg# 5%*0 are provided to an adder 906a. Theﬁgﬁﬁgﬂygﬂgf m xers
903b and 903d are provided to a second adder 903c. In turn the outputs of
adders 906a .and 906 rovided to respective 15 inteqgrators/low pass
filters 314%12gRm ?f&tqﬁ‘g’r%gr%ﬂwrﬁo@g‘#gﬁsﬁ &ihenof thalasehand SPrGQDRIAresivers pr oy ded

to respecti uPadderinss WthSadtodtnenPSRUMGE Flgs CPocie. 348 1anfhdaehannel 317

baseband signal. The key changes of the foregoing enbodi ments I nclude the
use of a baAeRihERAKBregeiverd 0pdwtilisingsitherof Sie baudpass SIECIMA ggetyans 9B i n pl ace
of a basebanshofiliRuiBethé SudRibl Ofria09ala Baos. 3A and 3B, and the use of
a digital IF oscillator 904 as oppoSed to an anal ogue |IF oscillator 305.
The band%ass Si gma- Del ta nodul at or 309 converts the anal ogue I F signal 303
i nto singl ey (0= 1 f -at Iue . e ' t_signal
added with &ﬁfﬁnﬁeﬁﬁég?? %rﬁ%gpg%%@sﬁr%ela is‘égm.%ﬁudééfa% ﬁ%@h@sﬁr@?ﬁmd Wit h
si npl e excl buéay enpiffier §02. cTigkRtpuTokthd litdat amplifiek 80is fltexpd dly aibandpaen

separated i a hanpel s. b I gi tall 1 X Wi t over sanpl ed

si nusoi dal H&%}rép Sl %%g%ﬁss ﬁrfl%eq ﬁi‘}/‘?‘%@%@ﬁ%ﬁﬁ%éogﬁ%ﬁ?%ﬁécﬂﬁf perform

Si gma Del t afromradoksl edeillator 80Slusingomexet 8G2. Ollic nsikerldandt i peovided & a0 noi se. 30
RAEE Re (?iv S 'Bg q%odirrrenli? { tr?e I.nvent, o dggcls?fb d.with reference to
Figs. 3 anﬁt%rg ﬁﬁt%r Neich sy Oaﬁbuw&fsrg@p&%@ﬂ@&ﬁ” BRRE receivers. In
particul ar, afplifier 807 18 fidentihae o aldbwitcobltRIREY 2 RPRB DM BRERBREIA in

PCT/ SG01/ 00193 di ag&&r&}éf a RAKE receiver 800 utilising either of the
baseband SDMEPHdNGEIER; the.rrabodiments offighs A4 andBB nAnJE fiegnsael sREAIAIOS hown i n

Fi gS. 3A angosiBeodpidd to & dobh U8iveRbOhd ntARIRF 50 RASE 1188€) # 000 uti | i sing

either of the banéﬂass SD- CDMA receivers in accordance Wt t he
enbodi ment soWputEplfge dopn eopsertppmoduigior B0k ar¢ ther prowided agingut tg delahe RAKE

recei vefs 800eha6s HEES FrgcANt i [ | fier 802.
The out put o? _Ekﬁge %a.ne’ar am‘:ﬁ |<§r &@@%ﬁﬂ%ﬁ%&%ﬁﬁgﬁﬁ pé&ss filter
803. The baNtaginssoniliipatisrand theirtopurespondingipath delayst Mhe path deidys e mpuigd with a
carrier the delay modules 809 to align the received symbols with the locally generated

spreading code.

20  The outputs of the respective delay elements 809 are coupled to corresponding
despreaders. In particular, the despreader utilized can be either a simple despreader
302a of Fig. 3A or a complex despreader 302b of Fig. 3B. Either a simple ora
complex spreading code generator 811 is coupled to each of the despreaders 302a/b. -
The generator 811 has N bits where N equals 1 for simple spreading code generation

25  and 2 for complex despreading. The two outputs of each despreader 302a/b are input
to a linear combiner module 812, which combines all complex outputs of each
despreader 302a and 302b to provide a complex baseband signal 813 at its output with
higher Signal-to-Noise Ratio (SNR). The foregoing provides an implementation of a
RAKE receiver using cither of the embodiments of Figs. 3A and 3B.

30
A further RAKE receiver 1000 is shown in Fig. 10. Elements corresponding with like

elements in Fig. 8 have corresponding numbers in Fig. 10. The description of like

13




froma local oscillator 805 using a nixer 804. The nixer ctieMember gPeYi ded
toan IF 10 filter 806 before being input to a linear anplifier 807. The
output of the linear anplifier 807 is then input to a down converter and a
Si gma- Del t gyagshysehbor 301 in  accordance with the enbodi @g@ﬁséoﬂfmd:si gs. 3A
and 3B. An | requency generator 808 is coupled to the down converter and
nodul at or 301. The | and Q channel outputs of the down converter nodul ator

301 are then, provi. i nput to.delay.15 elenents_1, 2, ..., I 809. A
path sear chglrcgﬁﬂtamdﬁ%%s B@f&%ﬂ?@&%ﬁ@féﬁ&%@%ﬁ%ﬂ* 18- B SR &1 0¥l ti pat hs
and their cotihgsspenibueg Thedonfigehtedhsof clEhentd 801 881 ANGes8 Gnd 1PME O  the

del ay nodul es 809 to al ‘iatﬂn the received_synbols with the locally generated

spreadi ng c&d8e iy optwt of jinstragupdfiet §0d ip BighHbis proxided paippwd te abmdpas09 ar e

coupled to g;%.{@ﬁﬁ&r}%dﬁgtor@gﬁgfﬁgﬂm S. In particular, the despreader
utilized_can be either a sinple despreader 302a of Fig. 3A or a conpl ex

despread%r 302b of Fig. 3B. Either a sinple or a conplex spreading code

gener at of ke bitpclBlendsa Ry ke HEalRSRIR 0S5l A2 R hay mifge0Sner 2t O

811 has N hits or sinple spreadi neration 25 and
2 for conpl &¥-déppheerichsymodide 810 alse cppied totach delay dodpe 88%@s 302a/ b are

I nput to agld . ' I | | | GO ex outputs
of each deg%ércgg%re‘?uﬁ%%g&g%{?r@g%b%}hg%p g@?%@:%&@%%%@eiaﬁgg%%as%@b signal 813
at its out peteigput o 2 dormgspendis desptead@ atddea deatvérter QENRF Figl BA of B02bg0i Ng

rovi deg, an _japl tation of, .a KE.receiver ysi ei ther of the

Erbodi mih: bRt ctably B wol cathea vt Ry Sl FHeBrdERABE s shown i n
Fig. 10. El enwotta. ¢arlF dependy Sgettdri8od plseidescdndnmin teedch ofihg despreadore

correspondin unbers in Figq. . .The description of |ike 13 25 Novenber
2005 WD 02/ ﬁﬁﬁ‘ﬁ@wﬁ‘gm%%- . dbg %Hpepﬁl'agc‘i gererggt Sllfeat ed in

vi ew of t heFges Grdofiledto caéh dfithh deBprelefdndlddwa \ehwirteDabdiles BPRIE, tTRUS. The

configuration of elements 801 - 7 in Figs. 8 and 10 are the sane. The

8

output of | PYBHOL gaehdpspreedorgind dovn pryerteraqdyle 90344 glsa soinigdie 2t o a

bandpasgs SkiifEer88b bai '&fsm@@%hﬁﬁmﬁws. 13{%3, t&ﬁﬁe?%@&%mfﬁtoi‘he
0 ed to L de ul es

bandpass Si gma-Delta nodul ator 9 I's coupl ay no 809. A

pat h sear chtie Fefiitegeigerds disclefedo coupl ed to each del ay nodul e 809, as

As a further application, the invention is highly suited for Sofiware Radio type of
receivers. A pre-dominant feature of a Software Radio receiver is a wideband ADC
20 with high dynamic range. PCM ADC with high dynamic range is difficult to
implement and is high in power thus rendering them impractical. A conventional
Sigma-Delta ADC is also not a good choice as its application is limited to narrowband
signals for reasons discussed earlier. As such, the above described SD-CDMA
receiver, which is capable of digitising 8 Wideband Signal at low oversampling ratio

‘25  is a good choice as it is low in complexity and low in power.

An example of such a system would be a dual-mode W-CDMA and GSM receiver
station. Despreading of the W-CDMA signal has been described and proven earlier;
high dynamic range can also be achieved for the narrowband GSM signal by suitable
30  noise shaping using the same SD-CDMA modulator as illustrated in Figure 11, Asa
further addition, a bandpass SD-CDMA. modulator may be used for GSM channel
selection. As shown in Fig.r 11, the desired GSM channel together with a large
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described with reference to Fig. 8. The outputs of the reZfdbaverdeydPly
nodul es 809 are input to a correspondi ng despreader and down converter
902a of Fig. 9A or 902b 10 of Fig. 9B. That is, the nodule can be a sinple
or a conpl ader and down converter. An IF frequ ator 808
provi des a§§?ﬂ%§§&ﬁo each of the despreader and down co%@géﬁgﬁﬁﬁ%dules
902A/ B. Again, the spreading code generator 811 of Fig. 8 is coupled to
each of the despreader and down converter nodul es 902A/B. The output of
each despr &&pt ofintedergpeedsieodyaddy thpwideland oeaiver. jAftes Piggnaddelifl ed to a 15

summer. 812 nibHuEdtioRI ANt dffhe bufARchtith GHRIMRloatsfit Phe dEBHR ch¥iflel G
e RAK| d I d. As a fu

enbodi nent of th AKE recelver 1s disclosed. _ t her appl i cation
t he i nvent itgpausgofihg ihgreginoisechdping isbfre prafosmblbly e Sigpw-étta recei vers. A
pr e- dom nany, 48484 f: Or i i j DC 20 with
hi gh dynam’r}%0 ruangeﬁﬁ%)%@événgﬁﬁeﬁ?g é@n%%gg lﬂ}rég{lltafg&f%e\é\flog%?%&ﬁ %hAt o]
i npl emerdt  diiodtoibaehqiantisatioenoitetisisttoneatetibandrilse digitisadi GRM aignalean be A

conventi on J | is also not a good choice as its application
IS Iinitedq%%m%ggﬁg%ggﬂﬁgﬂ§$%%als for reasons discussed earlier. As such,
t he above described SD-CDVA receiver, which is capable of digitising a
W deband Signal at | ow oversanpling ratio 25 is a good choice as it is | ow
in conplexity and low in power. An exanple of such a systemwould be a
dual - rode v Giabregsidg GatvhdrSSighy-Belta Gbadlation COMARERARI@d RAKIe W CDVA

signal has been desc¢ri hed and_proven earlier;  high dynam c range canal so
be achilgveﬂeqeﬁ’r"rst"‘l’ﬁ%gfﬁﬁ‘? @W@‘ﬁ“&ﬂsﬁt}@&?‘i%%ﬂ”e&l’g’@lﬂ%%m%hapi ng

usi ng the %aﬂ%nﬁ&a@@mﬂwmt@ﬂm@ﬁ%ﬂddwﬁlﬁﬁﬁe%f&ﬁboﬁhﬂeﬂsenél- As a further
addition, a_bandpass_SD- CDVA nodul at or ‘'may be used for GSM channel

sel ect i on. disslosebiirivill e pprprent tp one pleillefkiathecart insigveefdhin discloggeter with a
I 14 2 QH%&F %ﬁﬁ@gﬁﬁg} f
i ﬁ'[ g(raf eren?gmlgl'\sﬁ%r ecelve 5Utg)y P%gé%%ggéérﬁ%dggﬁé@% Al t I téhr‘rag- Delta

nmodul at i on scopgsind sifirit ¢fdheimventiosat i on noi se |ies outside the desired channel
bandw dth because of the inherent noise-shaping nature perforned by the
Sigma-Delta nodulator. By | owass filtering the nodul ated signal, the
interference, together with 5 the out-of-band quantisation noise is
attenuated and the digitised GSM signal can be restored with

hi gh-resol ution. In the foregoing manner, Sigma-Delta nodul ati on CDVA
receivers and RAKE - '
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10 receivers are described according to enbodi nents of trm?quﬁﬁﬂqg5ﬁ09%r

i nproving the conventional CDVA receiver. Although only a nunber of

enbodi ments are disclosed, it will be apparent to one skilled in the art
in view of whiogwstvrcl osure that nunerous changes and/ or pmichi/entd ons can
be made wi thout departing fromthe scope and spirit of the invention. 15
15 25 Novenber 2005 WO 02/ 095972 PCT/ S@1/00103 W Caim % 1. A nethod of
code division nultiple-access reception, said nethod including the steps
of 5 d|g|t|S|n% an anal og quadrature spread signal, with which a spreading
code is as¥ellai using a pair of Sigma-Delta nDduIators to forma

di gi tal quadrat ur, i cor S | .guadrat ure
spread S|gng[ toAgﬁg@#ﬁgggP é@“@@%&ﬁﬂﬁﬁz% &;a§= ﬂﬁhsﬁdggﬁg%. 3%%3 tlng step
i ncl udi ng t e stapep§ of 10 delaylng said digital quadrature spread signa
with a pre-selected delay value in terns of nunber of digital sanples; and
despreadibng sai ddigiisingeu avticg quatiratprespreat uitgaals\pitlewﬂichiagpmhdmg dode Bai d

associ at ed code. t for ai d read base nal a synbol
arer 15, B Uk rirs? e RIS logb AR o rmr LR Ausc et 2
nodul at or s aigeal; &idngl e- bi t Slgna Delta nDduIators 3. The met hod according
to claim1, wherein,the m a nodul at.o are at 20 least a first
order Sigma Del t‘éorﬂﬁ?ﬂgﬁ’?‘!(lﬁlgﬁﬂ UG SPIg ﬁ‘lai ideedespreai m 1, wherein

t he despr eadagabandtsiinal, m@wﬁd@ﬂgﬁ%mﬂ&h@ﬂm@téﬂgbﬁ bi t Iogl c gat es. 25 5.
The met hod accordi ng ? cIa|n14 erein said single-bit ﬁgg ?ates
i nclude 8t 1east dudiclaymgsai |pdratupgarresd sigaal vgth amre-seledtiedgielayc cor di ng

to claiml, V\/her@dlﬁbiﬁ%rﬂlsggﬁlgﬁlﬁggfﬁ ta?&ﬁfblésnm ves conpl ex despreadi ng and
sai d associ ated spreading code Is a co ex spreadi ng code.
despreading said delayed dlgltal quadrature spread signal with said

associated spreading code to form said despread baseband signal at a symbol
rate,
15
2. The method according fo claim 1, wherein the Sigma-Delta modulators are
single-bit Sigma-Delta modulators.

. 3. The method according to claim 1, wherein the Sigma-Delta modulators are at
20  least a first order Sigma-Delta modulator.

4. The method according to claim 1, wherein the despreading step is carried out

using single-bit logic gates.

25 5. The method according to claim 4, wherein said single-bit logic gates include at

least dual-input exclusive-NOR gates.

6. The method according to claim 1, wherein said despreading step involves

complex despreading and said associated spreading code is a complex spreading code.
30

7. The method according to claim 1, wherein said delaying step is carried out

using a delay element.

16




|

30 7. The method according to claim31, wherein said del ayiZ?dVQegper ¢005
carried out wusing a delay elenent. 16 25 Novenber 2005 WO 02/ 095972
PCTI S&01/ 00103 8. A code division rultiple-access receiver, including: a

pair of Siogaoidséa nodul ators for digitising an anal og q.@@g@@;,m@, spread
signal, with which a spreadr ng code is associated, to forma digital

quadrature spread 5 signal; and at |east one correI ator, each including: a
del ay el ement for del aying said di gital quadrature spread signal with a
pre-sel ected delay value in terns of nunber of digital sanples; and a

despreader $.or desqkdivisiipnsiipl-adedsayeedvaigtlidibg:quadrature spread 10 signal
Wi th said associ ated spreadi ng code to forma despread baseband signal at

a synbol rate. Q paif eSigmadatea modaRidfondigitiong Iaﬁ.iaaml@g quah@nﬁé $préade
Signe-Delta.modulatgrs are .single:bit ors 5 10. The
recei ver acs(’:%:}ag @“fq'éc Sprepdias oggdeds @sls?r"‘gﬁg t‘Sfol}Prﬁ d?%ﬁgf s are at

| east a i rsignaQiag®r Si gma-Delta nodul ator. 11. The receiver accordi ng to

claim 8, wherein the despr ader |nc des single-bit 20 logic gates. 12.
The receiver acé‘l‘ai"&i tARE gapre °§1??‘F11E1° ‘\%H’é’r ein sai d single-bit |ogic gates

include at |east duglielhyelehe s déflyHe <N dra%?es’p%eadmﬁ IMAge! ver
according to claim@8, wherein said desprea er Is a con@é) q despr eader and
PIEBREC

sai d associ at ed @m@émreﬁgle@wéureltanwﬁmke@ﬁm&sn@ 14. A nethod of

code division nmultiplg dﬁ&{;ﬁ the steps
of 30 di gr tising an !anea @%g%ﬁﬂ’;ﬁs s%r 2133‘@1 gna%lmaru.ri g%h&ha spreadi ng
code i sl0 associ a@d“ﬂt!nsﬁaﬁglswcmﬁddp@s@n&wEahadem@hdlbas@m&mﬂabr m di gi t al
bandpass spread atféy%ﬁ:@irate‘?md 17

9. The receiver according to claim 8, wherein the Sigma-Delta modulators are
single-bit Sigma-Delta modulators.

15
10.  The receiver according to claim 8, wherein the Sigma-Delta modulators are at

least a first order Sigma-Delta modulator.

11.  The receiver according to claim 8, wherein the despreader includes single-bit

20 logic gates.

12.  The receiver according to claim 11, wherein said single-bit logic gates include

at least dual-input exclusive-NOR gates.

25 13.  Thereceiver according to claim 8, wherein said despreader is a complex

despreader and said associated spreading code is a complex spreading code.

14. A method of code division multiple-access reception, said method including
the steps of:

30 digitising an analog bandpass spread signal, with which a spreading code is
associated, using a bandpass Sigma-Delta modulator to form digital bandpass spread

- signal; and

17




25 Novenber 2005 WD 021095972 PC s/ SGOL/ 00103 corr el at i ng 2A/yeqibgr £39°
quadrature spread signal to provide a despread baseband signal, said
correlating step including the steps of delaying said digital bandpass

spread si gngh oWhdsbp@ pre-selected delay value in terms QrRégD&N0:Of
digital sanples; multiplying said del ayed digital bandpass spread signal
Wi th said associated spreading code to forma bandpass product signal;

digitally mxing dow. sai.d bandpass, produc¢t. signal; and filtering said
m xed- down bandpﬁ%rge\fm sl fhgétfﬂéﬁ%q?a'i"%spﬁﬁ iggal Ip Prgwdp derBdseband si gnal

at synbol r ah®baniGightl, sl bR Step RGRIIM: Mk skps6f al m 14, wherein the

bandpass Sigma-Delta _nodulator .is a single-bit bandpass Signma-Delta

nodul ator. 16. The neddrymesald digfphbpndpnse spivadhsignal wighet B welesied dadaydpass

Sigma-Delta 15 gRERELRLRE of Surier bPASHKal Sarffibsst Or der bandpass Sigma-Del ta
nmodul ator. 17. The nethod according to cl'aim 14, wherein the nultiplying

step is earried out meliiplyingispigdelayadidigitahbandpass spreadaigneBwitirssid net hod
according to claj #y&gf}ﬁ ' rﬁfﬁ&g' ifng code is a conplex
spreadi ng code aﬁb&s%?d mu th?‘%ladr)lgos ep F v%ﬁ\c}gl?t% npl ex mul tiplication.
19. The net hod accor dligitplly oohgdowri $id bendpass produit digealpagide- bit | ogi ¢ gat es

i ncludes 25 at |east ual - pput excl usiver .20, The met hod
according to claim 1@%?%‘?%”5a'?ingﬁﬁdg?ssé’f(gdB%&%gﬁs%%t using a

- low pass filter despmadbastband sipwal at SthballrateA code di vi si on mul tipl e-access

recei vei0 i ncludi ng: 18 25 Novenber 2005 WO 02/ 095972 PCT/ SGO1/ 00103 a
bandpass™ Si gnma- Del ta nodul ator for digitising an anal og bandpass spread

signal, witbs.whi The Bethq Rasttiing teeltien 14 wheRpOthebadpask SighrDeIgi gi t al

bandpass spre signal ; d at | east one correlator, each including:
p. pmoglgjlatorl %s%gle—baitnbandpass Sigma-Delta modulator. J

16.  Themethod according to claim 14, wherein the bandpass Sigma-Delta
15  modulator is at least a first order bandpass Sigma-Delta modulator.

17.  The method according to claim 14, wherein the multiplying step is carried out
using single-bit logic gates.

20 18.  Themethod according to claim 14, wherein said associated spreading code is a

complex spreading code and said multiplying step involves complex multiplication.

19.  The method according to claim 18, wherein said single-bit logic gates includes
25  at least two dual-input exclusive-NOR gates,

20.  The method according to claim 14, wherein said filter step is carried out using

a low-pass filter or an integrator.

30 21. A code division multiple-access receiver, including:

18




5 a delay el enent for delaying said digital bandpass spreatP SPYRRREGOPR a
pre-sel ected delay value in terns of nunber of digital sanples; a

mul tiplier for multiplying said delayed digital bandpass spread signal

with said ageQckhebsd spreading code to forma bandpass pr%gﬁd al; a
digital mxer tfor mxing down said bandpass product signal; an f afilter
for filtering said m xed-down bandpass product signal to forma despread
baseband si gnal agaéégnb | rate. 22. The receiver according to claim21,
wher ei n the bandp @Fg}@a@ﬁlﬁaé‘mdﬁ%@ﬂf%tﬂ@u%@@ﬂﬁ@b@@a&s spraripass Si gna
Del t a nodul sipeil, wiltbwRidh a & dﬁx%%' I | tO-CF Al rein the
bandpass Si ggnngelta nodul at or Pzﬁﬁﬁﬁg{gﬂ’ﬁbg&ﬂﬁ%tﬂgﬂp %%B%%\%f)ass

Si gma- Del t a&hAt or . 24. The receiver according to claim21, wherein the
mul tiplier conpri ' = I Lc gates. 25. The receiver according
to claim 21, mhergfhﬁto?g?g&bgastg%%cgtl%gldg%; eadi ng code is a conplex spreading
code and® the nul ti pl iddelayglemenidopdalaying shididigitabband@iss ffead Migmal witieh ver

according to cl gimdast | 0 Sl -bict.. L.ogi c _gates includes at

| east two dual - ﬁirfput eidé\#g{gi ve9%&gﬁsa‘#ggl%?ffdﬁgl%gg?’ver according to

claim 21, wherein the miltipler for sndtiplyinmg midsdeldyed tigltalGandpass spibadl Blgggr at or . 19
with said associated spreading code to form a bandpass product signal;

a digital mixer for mixing down said bandpass product signal; and
10 a filter for filtering said mixed-down bandpass product signal to form a
despread baseband signal at symbol rate.

22.  Thereceiver according to claim 21, wherein the bandpass Sigma-Delta
modulator is a single-bit bandpass Sigma-Delta modulator.

15
23.  Thereceiver according to claim 21, wherein the bandpass Sigma-Delta
modulator is at least a first order bandpass Sigma-Delta modulator.

24.  Thereceiver according to claim 21, wherein the multiplier comprises single-
20 it logic gates.

25.  Thereceiver according to claim 21, wherein said associated spreading code is

a complex spreading code and the multiplier is a complex multiplier.

25
26.  The receiver according to claim 25, wherein said single-bit logic gates
includes at least two dual-input exclusive-NOR gates.
27.  Thereceiver according to claim 21, wherein the filter is a low-pass filter or an
30  integrator.
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