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signal. The despreader doubles as a Sigma-Delta demodulator and hence eliminates a separate stage of Sigma-Delta demodulation.
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mul ti pl e- aceiasls.(CEvVE: s@¥iclesiiydigh 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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Fig. 1144 u%fo%ﬁa%ﬁﬂertlﬂﬁiuw&%gcimator 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  ieedback 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:




Spectrum of PCM ADC 104 is constant across the bandw dth f&1MoaP2888 er
than the Noise Spectrumof Sigma-Delta ADC 102 within the frequency band
fb of the inband signal 106. 10 Fig. 2 is a block diagramof a first-order
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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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signal to provide a despread baseband signal, said correlating step-

I ncl udi ng the steps of delaying said digital quadrature spread signal with

a pre- selected delay value in terns of nunmber of digital sanples; and
despr eadi nép gefosdange kanthsseckingi aspbctqpfidlely fvemteons proedel dsiisjom muliflérasassd

associ at ed di ng .code to f 10,.sai d despread bgseband signal at a
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15 quadrature spread signal; and at least one correlator, each including a delay element

for delaying said digital quadrature spread signal with a pre-selected delay value in

terms of number of digital samples; and a despreader for despreading said delayed

digital quadrature spread signal with said associated spreading code to form a |

despread baseband signal at a symbol rate.

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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PCM ADC;

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;

4a




Enbodi ments of the inventions are described hereinafter widhNPEMReERLRSt o
the followng drawings, in which: 15 Fig. 1 is a spectral diagram
conparing noi se spectruns of a Signa-Delta ADC and a PCM ADC, Fig. 2 is a
bl ock di agr@@kesasof i rst-order Sigma-Delta ADC, 20 Figs. ppsififlooiln are

bl ock di agrans of a baseband SD- CDVA receiver according to an enbodi nent
of the invention; Figs. 4A and 4B are power spectral diagrams for analysing

t he desprea S reI t |IJustrated in
Figs. 3A angﬂlé;;;glé){:% @u "gt ‘"'lot'?fl‘?\c’ég‘é’ %ﬁ?f{eﬁfw CEVE r ecei ver;

Fig. 6 is aoflFg. Bmdnumdoavenﬁgnmmsecaﬁemfm aiih Maki-gHth ddderwaneband

SD- CDVA recej ver 30 of Fig. 3A and the conventional CDMA receiver of Fig.

5 in an Addif4P&\Wite Gaussian Noise (AWEN) channel ; 4a 25 Novenber 2005

WO 02/ 095972 PCT/ SG01100103 Fig. 7,is a chart illustrating results of

si mul ati gns _of _t he band SD- receiver, of Fig. 3A and the

convent i naIF%BW]Pl@a%‘S 6‘? B%\@‘chl‘f?r’ﬁﬁmc h the bps AMEPMAhannel ; 5
Fig. 8 is arhkRekordi@ds/an®sB & 4ppida; r ecei ver, to which the baseband SD- CDVA
receiver of Figs. 3A'and 3B is applied, Figs. 9A and 9B are bl ock diagrans

of a bandpass SD- CDVA Receiver in accor dance with anot her enbodi nent of

the inventi @fg g0 art B1dcB El-la'l@ Vedancd O Which
t he baseband{ég[} %rece(]!ﬂvgf?1 él ggdnﬁg%g 3§ |s app fnga oo F ig. 11
is a Power Spbenethencobodimpubefthaideenti:lGDMAI GSM recei ver stati on

according to a further application of the invention. Detailed Descrl ption

C)

Fig. 10 is a block diagram of a RAKE receiver, to which the baseband SD-CDMA
receiver of Figs. 9A and 9B is applied; and

Fig. 11 is a Power Spectrum of a dual-mode W-CDMA/GSM receiver station
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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using Signa-Delta nodul ation, however, a SD-CDVA receiver in accordance
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wi deband CDMA Signal s by usin receiver in accordance wth the
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 |



enbodi nents of the invention. Fig. 3Ais a block diagram 0%5 '§°“§|53t{ﬁ5|§ﬂ05
recei ver 300a in accordance with an 20 enbodi nent of the invention, where
the receiver 300a conprises an | F down converter and 1 -bit Sigma Delta
nmodul at or nodukessskl and a 1-bit CDVA despreader 302A. Aspcaisuniodits Fi g. 3A,
an i nput analog signal 303 is separated into 1- and Q signal channels 307
and 308 by m xers 304a and 304b, respectively, in which each m xer 304b

uses a car T ixgfroithiafl i iIRRR0S BiAd £5b7 L Rd BAmpRE b Bladatth 25 304a. A

common carrier generator 305 is uSed to generate t rirers and a phase-
shi fter 306 HoseygEgcivslyphase-shift one of the carriers. The separated | and
Q signal 307 and 308 are then each digitised and nodul ated by a respective
one of a pair of first-order 1-bit Sigma Delta nodul ators 309 operating at
30 over - sanpihiserehitchusof theSD-THM A necpirers30Da therefdrealpewsra GHMSAL ngl e- bi t

Si gma- Delct a . i { over-sanmpled. sjngle-bit data
streams 310 dgrpf’gEﬁé‘iﬂ%ﬁ"@%ﬁ@%ﬁ%ﬁf’ﬁe@&s@egw‘fﬂff sEEeH 0%6?5’ 1100103
repr esent at iexclugive-NOR gates 8124 and 3420 the duapremieBIR A aslofdd8ednor r upt ed by
guanti sati on,_ _noj.se ect.ive Thig.architectyre of the Dg:DIVA
recei ver 30(5’311‘{6%?%4 8]? @E“E’fef"w&“ atﬁwlﬁ%'gﬁé@hﬂpg 3&% W@@é%g’tgo ‘be

per formed byrhtbecrssaimipleé sivgle-bixfdats spirh 300 andBal aleFlio ¥PebiBicBnRGR gat es

312a and 312b .i.n t he despreader 2A, opposed tg@ conventional CDVA
receivers tﬁﬁ‘?l'lﬂglg e?‘ﬁ}'!‘sf‘ieip%é gﬁiﬁlﬁ?ﬁ)?@éﬁi‘*’sﬂ@"&@%ﬁ%@ﬁ 3t gfedto  The

over - saip! edhedthdifubbfeasipdidl SpheARNu NI Rl 28 bR § £ fBP(ilffs‘pI’é ctive

i nput of dual -input exclusive-NOR gate 312a and 312b, while a spreading
code 313 i s rdehappel sgdeqtinn. Thegpreadimg sodedl3araytbe @u arthogepalisequentamiave- NOR gat e

3122 and 318mbRbidRBARAhAGeq A £AIBAELNSRLERbRTate SPreading code

313 may be an orthogonal “"sequehce or a conbinatio ort hogonal sequence
and sone ot her scranbling code. In a further enbodi nent shown in Fig. 3B,

L. despr cafl avBLEUEEIGN SV VT, 18 SELSHAER SNSIERT o
modul at % s gxtended ¢ inplnde ¢omplexasprending weherein the mepdOR (paid Sd 1 Sbaathepdr 312b. A
giggl ex spr gggi'grrﬁg-lfe?tg To ﬁg’&);sagrg {'ed?fnlt% tv!vg paltju%%g e}Ec?usﬁI%-%é tggte:? 3 Z%Iagld of real
312b. A complex spreading code generator 313 is used fo 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




and i magi nary 313b PN sequences (PNR and PNl1}. The despreaz&m%vq%bgelrgoggt es
312 are not limted to exclusive-NOR gates, but nmay be replaced by -
alternative 20 conbination of sinple logic gates. The outputs of the

excl usi ve- N@Rogesse72312al with  PNR as an input and the ex@crsicepsiNER gat e
312b1 with PN1 as an input are sutmmed by adder 318a. Simlarly, the

out puts of the exclusive-NOR gate 312a2 with PNr as an input and the

excl usi ve- NOFergstufatord, Hece Mitdhalthihe Siediol MfrheNife SHEBRI I @ Second adder
318b. 25 The outputs of the dt?a{ﬂﬁihnput gxc Usi ve- M@??yﬁua and 312b in

Fig. 3A or tHgno Bt 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
equi valent. The integrators 314a and 314b then output a pair of nulti-bit
sanpl es consiat ¢aspreading praerss uppypdan e SDECBIMA Btdyer300s eul380h isvel y, at the

base- ban sy%gls { | -1 D@k ) lers 315. The.pal f
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Delta 7 25 eAh@ssugpion VidnfAmDObidy ghamiShtiH(A0ided0 pépalalgmesibnt or s, hence

el im nating ngrsﬂg%g fOF £ rWr St%?%y%{& Si migglflg enpdul ation. The
desloreagi ng gr Cess gﬂ%’ %iﬁ'&lﬂtﬁﬂw gf%‘“@ j LS u; o B eI‘Sogb is 5
anal ysed i n Bemat’econditioas hre wé . W RIB&Eet, ¥SpebiRfe quantized Sgh-ATEB&NOWN | N
Figs. 4A and 4TL} };]A\I} ass tio 1Il upiform%\%jte q‘{Jant isation noise is
popul ar 'y useHtfgFD: a?@f gﬂ%ﬁé“gﬁg Y1848 dgparihps these pyndinnseFhough processes,
whi ch i s10 I Uitesitbiditibigrire R Ri3EH nSanG QRAL, theP RS Rn Sfhlifhh §iie W R Bennet
"Spectra of quanti,zed ,signal s", Be?l . é_s_t. Tech., J., vol. 27, pp. 446-472,
July 1948, ahenqisris Bsuallyvapdg fopgmpieibu Jike validityof the emydiptionolss are not
net in many Gases; Wg;n' f ' ' | ' noise is
usual Iy made for ?ﬁ%@?y T%HSéI%?%%@%%&gggﬁﬁp itt%e?\&%fg%t hen
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ot hon vert T4 uaps RReRel f sl o it iertos Rt ddb i | wi th rof e ence
to Figs.136 and 7. is

Fig. 4A illustrates the power spectrum 402 of each over-sampled single-bit data

stream 310 or 311 representative of received wide-band analog signal 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 £, .




Fig. 4Aillustrates the power spectrum 402 of each over-sarrpll\'m()ergt?erﬁg e bit

data stream 310 or 311 representative of received w de-band anal og signal
307 or 308 at the output of each single-bit Sigma-Delta nodul ator 309. The
power spectwomA®dra s corrupted by quantization noi se 40¢hembgaol he use
of a |lower over-sanpling ratio 20 (OSR =fs I1(2 fG where f is the sanpling
frequency and f is the spreading chip rate) Sigma-Delta nodul ator 309 for
practical reasons. As shown in Fig. 4B, the despreading processing
following the Sigma-Delta nodul ator 309 restores a base-band data signal
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PCT/ 5G01/ OOﬂﬁﬁaEb@en%nﬂlﬁm-iﬁtbbegwGdeaﬂ{ﬁgb&{veﬂud‘dam‘ﬁ REater GRYA recei ver
500, whi ch |s ali separat ed into |- and channel s 503A and 503B,

respect i vel § -Esedicofng (RAC) fiters SAQ usediin thaicompmtionab€BMAer 500, t he
SD- CDVA g eci%béi%r 580% fdes n@ce@dgﬁezﬁﬂ%% %8351@]9 ”Eecé{{?% 3@@ DaGd AGCN tecture.

The single-bit Sigm-Delta nodul ator use recei ver 300a
and 300b coPR%li@1@@51@@98@%#‘{@@!65{Smﬁcﬁm@fﬁotdomthefsgﬂdhacﬂforhnmcxis shown in

Fig. 2, whi S l.hgat ed and consunes | ess power than a
conventlon @Q bf(?l?@%ﬁ&%@%@g used in the conventional CDVA receiver 500.
A pair of root-raised-cosine (RRC) filters 510 used in the conventional
CDVA 10 recg] not a_necessary. e SD recei ver 300
because sugﬁ&\éﬁedﬁgﬁﬁdﬁgﬁﬂ@ gied’oﬁ‘ée@g ‘?‘{i’b&ﬁm&“ ‘S/Stogluﬁ‘?ﬂr? #t effects on
the syst®m mempmmmmdcm fedpectRiBlyCDMAh¢ eheinead, i3 @R SDFADMARcsteaPr eadi ng

process, th vent g;g\‘/A qiecei ver O uses nulti_bit 15 nultipliers
512 and 51 B%rf‘i‘ ?‘Sﬁe apd, gveg SRRl streags g Hrad3 1 Epfgsinglscei ver

blt data streams. This allows dual-input exclusive-NOR gates 312 alone or with
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.




300, the spreading code 313, and over-sanpl ed data streang>dNayeskgr 3405 ar e
single- bit data streans. This allows dual -i nput excl usive-NOR gates 312
alone or with adders 318 to be used to performthe di spreadi ng process.
The SD- CDMRyh a6@isy¥sr 300 therefore has significant advapgages,fyar the
conventi onal receiver 500 in 20 terns of |ower caonplexity and power
consunption. Performances of the SD-CDVA recei ver 300 and' conventional CDVA
recei ver 500 are conpared hereinafter in greater detail with reference to
Figs. 6 and 7. The performances of both the SD-CDVA receiver 300 and
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t heoreti gal Oéﬁ "Crof a quadrature phase-shift keying (QPSK)
receiver. The performance of the QPSK receiver provides a |ower bound for

that of a ceive nd henc as the f n The in reason
for the overiispaicounet e SoBMOR=4iF 2T b AR A & 6. bit Anc
i's sufficienkhietddra telt@ petvRintd tARthat PR dopeatioRl COMA teigetBiowdthnear to

t heoretical performance 10 of a SK receiver. The BER curvg{eéé elating to
t he SD- CDVA dfawehitAPCronespprding i - Hthegthe QSR s dnercagise

perfor mance JefBhndnbdbs (R SHItOMARGNE FRAS infhtbed! Get the DSRU: Mibfne @ four
bi t Ang?or esponding to Brlg'lgjcurve B. When the OSR i s increased, t;Jhe BER

additional E, /N required by the SD-CDMA receiver 300 to achieve the same

performance as the conventional CDMA receiver 500 with a 32-bit ADC is less 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




15 performance of the SD-CDMA receiver 300 is inproved. WAHVPYRE8ER%ER: at
16, the -additional E. I No required by the SD CDVA receiver 300 to achieve
the sane performance as the conventional CDVA receiver 500 with a 32 bit
ADC i s | esswbhamesh72dB. 20 Because nulti-path is an inpor tghiscobagigct eri stic
of the wireless conmunication channel, Fig. 7 conpares the BER
performances of the SD-CDVA receiver 300 and the conventional CDVA
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t he enpl oy nieneiver candiesapliived cExangples of which iretude nsingauEEbiCANE/DACeE ver  300.
Tradeoffs ¢ e e I R and hi gher - or.der

i npl ement at | ro\&e'&é(? trﬁﬁﬁdgér;%g,n@%%%eﬁ&&@@?‘éﬁfmﬁ%%ﬁﬁf&@ﬁéﬁency and
dynam c- 1Csinglerglegs, bigher @dendnd buak-paasiSighadidigwoduiapas of the proposed

Si gma-Del ta CDMA Recei ver can be enpl oyed. Exanpl es of which include using
multi bit ADC/ DAC as opposed to the aforenentioned single-bit ADC DAC,

nul ti- sISiatg eln@m;in}ﬂaf; siedadt @arigtion Pasd-54s8 SRmaDIRVonRgiRion iPex&and- pass
Sigma-Del ta u ors. .. ,
grma-. nterest to%ltxose %axmhar inthe att. Such configurations are shown in Figs. 9A and
9B. The block diagrams 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




15 In particular, the last variation, band-pass Sigma-Del 22 Nayafibgu28?3 on
Is of great interest to those famliar in the art. Such configurations are
shown in Figs. 9A and 9B. The block diagrans are simlar to those

descri bed rence to Figs. 3A and 3B. 20 Wth ref Fig. 9A
an analogug&bﬁy@g%ﬁ 303 is input to a bandpass Si gma- ﬁgﬁﬁgﬁﬁ%@ﬁlator
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spreadi ng CQﬁﬁlePMﬂ d@aﬂyﬁﬁchﬁé o@éﬁﬂlﬁ&h@%ﬁﬁ%?&ﬁm %@@sﬂl@eﬂc&ﬁ‘i@rl negi nary

part of a conplex spreadi ng code PN ap Iled to its _renaining |nput The

out put of t Herodyeed hyipheserpiRe215e Bhepyipuisof miveys 33 and 9¢3cseg provaded i xer s

903a and 90?%9@3}!3&90&110%3%mﬁ@@fﬂb@ﬁ%%ﬁd‘%ﬁ@w%ﬁx&%@a%@&ﬁz is 10 -
provided to anot herdﬂplalr m xers 903c -and 903 m xers 903a and 903d

mx a car riafder§fic. dinteatheonpws efisdden 36 and 30b sropetidedid rgpativer x a phase

shifted b ratof Ao H%ﬂ% h {FPF,} f mxers
903a an 90§ %’?é’gg‘r 03) tep%/?’omaﬁﬁgd‘%“gg@éwgrg e %{h%%ﬂ?ﬁeps‘% r%féxers 903b
and 903d ar ergvideditd esdpectivadesawsamplers315 to produce I channel 316 and Q channel 317

baseband signal.

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
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|

adder 903c. In turn the outputs of adders 906a and 906b ar%® NPGARE40PD
respective 15 integrators/low pass filters 314. The out puts of
integrators/low pass filters 314 are provided to respective

downsanpl erg3%3/04s972Pr oduce | channel 316 and Q channel 3
signal . The key changes of the foregoing enbodi nents mcl%jge tﬁe use of a
bandpass Sigma: 20 Delta nmodul ator 901 in Figs. 9A and 9B in place of a

baseband Si gma- Del ul ator_ 309 i.n Figs nd 3B, and the use of a
digital IF g?&%%&@@%ﬁ&%’ﬂ ﬁﬁ&éﬁ%?@%ﬁ%‘éﬁ%@&ésbﬂa@feﬁ!ePan% 305. The
bandpass Si gi@ehiahics wilidhd éﬁ&&n%ﬁ?sho%ﬂﬂ?fg%%ﬁlﬂﬁ ﬁl%g%@u&ﬁa@é gnal 303
into single-bit data streamrepresentative of orfginal input signal

added with W|WWﬁelm|1§%0u®@wre§h@'qﬁgwubgn@am$ Beqgiversar med wi t h
il e excl ilokfindiRudl EmBdimetbBr pbioh shgaHl tant signal is then
separated into | and Q channels by digita y m xi ng with an oversanpl ed

si nusoi d&l carrier 904 at the IF frequency. The integrators 314 perform

Si gma Del t ayg ﬁﬁ%ﬁ n | noi se.

RAKE Recei vers %éﬁ‘fs {éﬁ&b&nve cﬁlgﬁé) esgerg#%%dl (’%ﬁ%lﬁgp “et er ence to
Figs. 3A an&@Bmﬂ@ﬁerﬁﬂbsThmmhdftﬁBhﬂmvmﬁrﬁﬂ BQZisifiliareil by RAMpascei vers. I n

t | i 8 bl 0 WO 02/ 095972
D sy 00 Fi e S Thendarisd BlferafofiRu NEUETRE G303 AIPREd B RLRTST | e
baseband SDiGBMAccabowillatr 805 ummedmmwm&ertoh@uei@bﬁﬁmdmm aSfFown i n

Figs. 34, angd..3 10 il KE recej ver 1000 utilising
ei t her g? ﬁg &Qﬁgﬁ@%@ ) W’éﬁgﬁ’fg&; Srppy SHRAT t he

enbodi nment samplifidr §67 is Mdnasnsht BB d&vﬂ%h%ﬂee&ﬁmg@amu&ﬁdmﬁm dein RAKE

recei ver 800 i nclude n antenna 8Q1 coupled to a_ Ilinear anplifier 802.

The out put HeordgReeWifhdhs eabadimentsof Figso3Aand 3B.¢ Apdl fisqueaciheaemioss filter
803. The  baguig ssuplddth fie@nA bk b RUuIR 01 | hle ap bplaid x20 Wit

carrier froma local oscillator 805 using a m xer m xer output is
provi ded t oowputs ¢f G_@Wﬂmﬂ@?ﬂ%e@d@é’f%ﬁ@ pethey provsied as input tbideler anpl i fi er

807. Thgs Ouél%ﬂént@{ 2t he d@e%r agg%la cilérqg%(%%@lb%e{e&@ 'ﬁle sﬂ-BHéesttp%w%r down

converter a Si tor
received multlpaths and thelr corresponding path delays. The path delays are input to

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
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accordance with the enbodi nents of Figs. 3A and 3B. An | F 35hepgamey 2005
generator 808 is coupled to the down converter and nodul ator 301. The |
and Q channel outputs of the down converter nodul ator 301 are then

provi ded asyh@pihseh0 delay 15 elenents 1, 2, ..., L 809. pprRebied@ar cher
modul e 810 detects the strongest power received nultipaths and their
correspondi ng path del ays. The path delays are input to the delay nodul-es
809 to align,the receiyve (i%gb

d 0] S.wWi.th e locally generated spreading
code. 20 Th&“BUHSHEENTH @@%@&Y‘%%@FQ@“@PM&% §935P&upl ed to
cor respondi being estticRadEhecontifuritednl dfelemarnits sbheseiemmgagend 1 drk inged can be
ei ther a si I; ﬂ{aspreader 302a of Fig.. 3A or a conpl ex despreader 302b of

Fig. 3B. Ef equipyt of IearamplifeA0d,in Eigr Khiaproyided aeingutie phendpass11 i s

coupled to ga@ﬁ_patat,ﬂ&mm%gaﬂﬁgsl@wa/b. The generator 811 has N bits
where N equals 1 for sinple spreading code generation 25 and 2 for conpl ex

despread?ng. The two outputs of each despreader 302a/b are input to a

| i near conbirgebupRhie %@gssgig%@{agemmaﬁdl 6%%2&@15%0 BHEIQ;P{:;%%@%; each

despreader 302a and 30 de a conpl ex Si gna at its
out put wi t h80%i math ssircherinode Bl is elsmauipted tGpih deliymofide 86%iang pr ovi des an

I mpl enent at | : | \er. | | of- i ts of Figs.

SA and 35, S0CROY P B BT 6T Dhs B b Rep it M BRBRRGERO P UL

I(;_‘or r eigon_cli_ihwgéwuttq atito_klsspoacgielgr_éfp:gi;n;gd @w:ﬂcr?gm%é?gam{t;\ggég%imggz%nber s in
ig. S | gn, of Like venber

Pt sao1d 00ThEHsti 8 R mepyc & & simplg Of 2 Eopl - AopRTeRAR gpd fowiy, o

o ol nEnt o BT 07 L n B D e e Tt o I near

_ S - | S. S : ut pu i
Sl 1 er a9 damsegrertmpfs 07T o gt e sarcesins SO0 ErpAgES IGhgrra. Del t a
nodul at or  9Bik. ®fs doiygled thQactof HideBptesidt addf dovRoRARENAS Sl s3 YIRADeI e

nodul ator 901 is coupled to L delay nodules = 809. A path searcher nodul e

810 is al SOO‘EB‘Efﬂfé%thdSSPé‘éé% zad dayn reserte nugyle 992A/Rjs ke coledip £h ref er ence
to Fig.18. en@W1DWhichProvidi8 168POQREIMYE 898! Fihs "REMoRRr BABodiment of

the RAKE receiver is disclosed.

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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are input to a correspondi ng despreader and down convert e25ddrvgmber BPQp 9A
or 902b 10 of Fig. 9B. That is, the nodule can be a sinple or a conplex
depsreader and down <converter. An |IF frequency generator 808 provi des an
input to e e despreader and down converter nodu . Agai n,
t he spr ead%ﬁgog%aﬁeﬁgener ator 811 of Fig. 8 is coupled t%ﬁ@g@ﬁﬁ@éﬁt he
despreader and down converter nodul es 902A/B. The output of each
despreader and down converter nodule 902A/B is, al so coupled to a 15 summer
812 whi ch prusprtridnterfggpceds wprivaddy shawideband maceivers tAfigr Sigmer Dedi®hodi ment  of
the RAKE I §6&iuYaion) Mol bPthb §ififsatif ndisd iks'olGide M ekirdilchHihel SiGwldiyention is
hi ghly suited for Software 'Radio type of receivers. A pre-domnant feature
of a Sof t weheeausgef the nhersntawiseishapingmatispparfornsibvibe Gigms-Béltgh dynani ¢ range.

PCM ADC wi t i Lo GROGS ¢ L E L Cl . ;s high in
power thus &?%Jralllldpgé} i %n?ﬁ%msl npr gc %g‘?ugt%‘f%%%lﬁg%ﬁlﬂgﬁga}eﬂg%ﬁg&%g a ADC is
-~ al so notd a typod-ofbanderantsatiosnaigeis atanitehandshd digitised (GIM sigaalcemband  si gnal s
for reason ' earli.er. As such, the above described SD CDVA
receiver, ﬂ%r%&wlb@:ﬁc ér%{oéﬁng’fl‘ digitising a Wdeband Signal at |ow
oversanpling ratio 25 is a good choice as it is lowin conplexity and | ow
in power. An exanple of such a system would be a dual - node W CDVA and GSM
receiver station. Despreading of the WCDMVA signal has been described and
proven ear I @fe foreBoig s ntAiia/8ismi-DeBLmedil#oa T Aaedtiverasd RKH he narrowband
GSM si glgal by. sui ta$| e.30 noi§§ sha i&% usi ng}\ t he samp SD- CDMA nodul at or as
i |1 ust '8t edC9eH °FS 5% fescribed aggor gﬁolfflﬁaq_ cai§Qf the &pventionyianpprangihe cova
modul at or  RBiveRfons} EHMA rectiPM, AMMBRGI onlP£mBEEd: BFemidUiddiRe i N Fig. 11, the
desired GSM channel together with a |arge 14 25 Novenber 2005 WO 02/ 095972
PC | SG01100#gmsediritl bs poparangiorane eliled mghqaé@éiwfﬁbas fliselogyreidiand r ecei ver .

After Sigmagphield.@ Ifﬁggg%%} 168 bod d-r@ﬂ%ﬁlﬁja | i es outside
t he desi rrerg C aonn(e: . _bandwi d%&ﬁ@gﬁgg%wﬁwnﬁgﬁm ol sgfeshapi ng nature
performed Bgopetaad Shigheftheyventiosodul at or. By | owpass filtering the nodul at ed
si gnal 15t he interference, together with 5 the out-of -band quantisation °

noi se i'S attenuated and the digitised GSM signal can be restored with
hi gh-resol ution.
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receivers are described according to enbodi nents of the invention for

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

enbodi nent swenewesgizscl osed, it will be apparent to one skidnisedrosiex he art
in view of this disclosure that numerous changes and/or nodifications can
be made wi thout departing fromthe scope and spirit of the invention. 15
15 25 Novenber 2005 WO 02/ 095972 PCT/ SG01/ 00103 W Claim % 1. A nmethod of
code division nultiple-access reception, said nethod including the steps
of 5 digitisVeglaim: anal og quadrature spread signal, with-which a spreading

de’i i ' i - . rodul . .
gl quad at of o e BESedE Blibn Byt Beeg e Byl el R il 7 o ur o

spread si gnahe depspf:ovi de a despread baseband signal, said correlating step
including the steps of 10 delaying said digital quadrature spread signal
with a pbe- sel ecdigilisthglan ynalopduadrature dpesadsigod], withiriviich afspading aide sanpl es; and

despreadi ng _sai. | ayed di gLt al adrature spread.signal . with sajd

Gohe at ed- P SMES baltoB ieBn A igRitof A RrEE S Aotk o <ybo
rate. 15 2. sipha; amdt hod according to claim1l, wherein the Sigma-Delta

nodul ators are single-bi.t Siagma-Pelta nodul ators. 3. The t hod accordi ng
to claim i, V\her‘écirﬁg‘i"ﬂ 8 Glﬁﬁiglﬂé‘f‘ UGS HgRGEL t%“g?ag reggast a first
order Si gmabiebind signelbad edrrelating IBEinBRNMG thedtpebfli Ng to claim 1, wherein

t he despreadi ng step i% carried out _using-single bit logic gates. 25 5.
The net H8d accor di ng debymesaidhdigital ghadratvre spagad signalgrith apre-selepiddelpat es

i ncl ude at value in terms of number of digital samples; and
despreading said delayed digital quadrature spread signal with said
associated spreading code to form said despread baseband signal at a symbol

:r

1ate.
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



|

| east dual -i nput excl usi ve- NOR gates. 6. The method accor dPl{PYEBEN 499R 1,
wherein said despreadi ng step involves conplex despreading and said
associ at ed spreading code is a conpl ex spreading code. 30 7. The net hod
accordi ng twoehsseel, wherein said delaying step is carr ipggs@bieoddSi Ng a
delay el ement. 16 25 Novenber 2005 WO 02/ 095972 PCTI SG01/ 00103 8. A code
division nultiple-access receiver, including: a pair of Signma-Delta

nodul ators for digitising an anal og quadrature spread signal, with which a
spreading code is associated, to forma digital quadrature spread 5

si gnal ; andd.at |Aesk dividorcianltipleaicedss reeéieds, incladitigt ng: a del ay el enent for
del aying said digital quadrature spread signal with a pre-selected del ay
\d/al ue i 3 terns praﬁ:aﬂ&gfnd a?cltﬂingjidmtorﬁﬁmgﬂﬁmgaﬂdnﬂog:kﬁﬁﬁfaaﬁd%ﬂeaﬁoL .
espreading_sa el,aye i gital  quadr at al wth sai
associ at ed SHR Lé{"d'?‘ gm%?qﬁqéaﬁ%‘é‘ﬁ?‘tgﬂtsﬁﬁggﬁﬁgq Lﬂﬁ sprepd 3 symbol
rate. 9.5 Tmigﬂag@mver according to claim8, wherein the Si gma-Delta

nodul ators are le-bit Sig ta nodul ators. 15 10. The receiver
according to cl 51" OHW@%%“’S P& Delta nodul ators are at |east a
first order Sigma- Dehhélaﬁa&%ﬁtf&fdela%ﬁg sﬁiﬁ%gitﬁﬁﬁﬂa&%ﬁr@ﬁ&ﬁ%gﬂﬁvhﬁl claim 8,

wherei n the despreader includes single-b logic gates. 12. The

recei ver accordlal'lﬁe‘ﬁe@C@ﬂdPWI@“emcﬁﬂ%bﬂ% alﬁpkssla@él c gates include

at | east dual -input gx }J}Q% cording to
claim 8, wherein salg Eiééﬁzrléégo I's a cglrc}p la%gﬂ%%lmﬂﬁﬁ% gé]rgﬁi;al d

associ aled spre&tﬂlﬂgﬂ‘éxﬁdldaswcatedamhtbngs#ﬁ@aﬁmgdcmdbwbauﬁSmmahod of code
di vision mul ti p'aFa%?rﬁ:%fFaté eception, said nmethod including

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




the steps of 30 digitising an anal og bandpass spread si gnﬁ,”%‘em%ﬁ)% a
spreadi ng code is associated, using a bandpass Sigma-Delta nodul ator to
form di gital bandpass spread signal; and 17 25 Novenber 2005 WO 021095972

PC s/ SGOL/ QQ4QBeskehr €l ating said digital quadrature spreggyiice
provide a despread baseband signal, said correlating step inc |ng t he

steps of del aying said d| gi tal bandpass spread signal with a pre-selected
delay value in ter nber di gital | es;. mul tiplying said

del ayed di gital B‘éFFF%‘Q @g&g@%“#@%ﬁspwﬂﬁ %Pmﬁ'é[%?)@?s&feéé spreadi ng code
to forma bandpass d@ﬁpgﬂ@éor&[aﬁﬁgl;tep Hic lthe/stdps ¥F Ng down sai d bandpass
product signal; filtering. said m xed-down bandpass product signal to

formsaid despread iskwing said Siggiakbandpass sprend signalivaith a pre-selectyhdelatit hod

according to cl abﬂhé]ﬂtﬂﬂ@%fﬁjﬁbﬂi‘@?dl@i@d?gﬁﬁﬁés Sigma-Delta nodulator is a
si ngl e- b|t bandpass Si ta nmodul ator. 16. The method according to

claim 1439 wherein théﬂgﬁﬁ&@ﬁs‘)@d@@@-@mﬁihﬁnﬁgs pyendl signel witssaid | east a

first order band Fggalgg duk t hod according to
claim 14, wherein t eﬁn% tirp b‘?‘%g s%mp I sa%asgﬁ cflilgig{m’ usi ng single-bit

| ogi c gates. 20 18. 'ﬁigtaﬂanUgMWHb@dpaaspﬂodum@al adder ei n sai d

associ ated spreadi ng S X cOo nd said multiplying
step invol ves conpl exfﬁ%ugﬁ%%‘p I|m(?(a :ﬁgﬁm% P ﬁ’éo r"‘}ﬁw cfalg?%?“ﬁg to claim18,
- wherein said si n@ﬁsprehibaséhagdmggﬁhﬁymbnmawdes 25 at | east two dual -input

excl usi ﬁNCR gates. 20. The nethod according to claim 14, wherein said
filter ep is carried out using a lowpass filter or an integrator. 30

21. A code d@5.vi sThwmethdd depdréing € €ltion 14 hieRY the bah@pasd Sipgia-Délta

modulator 1s a single-bit bandpass Sigma-Delta modulator.

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




25 Novenber 2005 WD 02/ 095972 PCT/ SGOL/ 00103 a bandpass Styhavasar£00o
nodul ator for digitising an anal og bandpass spread signal, with which a
spreading code is associated, to formdigital bandpass spread signal; and
at | east onggGRhé@ator, each including: 5 a delay ele ayi ng
said di gitgﬁ’ bandsgass spread signal with a pre-selected e{%c@ﬁlgﬂﬁgue in
terms of nunber of digital sanples; a nultiplier for nultiplying said
del ayed digital b@{lnggas%&snpread signal _with_said associ ated spreadi ng code
to forma bandpad B aljclia sodulgton o5 diglising apapalpg bandpses spreatbwn sai d
bandpass pr sighil!wigi @hieh a sBinkode fslabsoihted 85 £ ikl ' ] xed- down
bandpass pro_dug_t si gnal t% formoa Sdessprea’g Ease‘%%%ﬁ%dg%ggmg%d(synbol rate.
22. The rec# andccor di ng to claim21l, wherein the bandpass Sigma-Delta
nmodul ator is a sjinak€mRickrlaNdBARSuchl Del ta nodul ator. 15 23. The
receiver_according to clca]irm 21, V\,hecfﬁlel "t he bandpass Sigma-Delta nodul ator
is at |east a first drdstay elomenifandelayBigpaid-diwitat bandprisibrreadrsignatwitl e r ecei ver
according to cl ajm I [pl.Ler . ri ses single- 20 bit

P8 doted iRy Halle %mﬁr F‘HI rt}‘éh:?%ércqf g}gﬁ?l%imp

| ogi c gates. 25." The recelver acco erein said
associ at ed spr eadi ng agewtplies for anuliiphyihgsaidsdelayad dighalbasipaanprdali gighall ti plier

is a conplex nult..pl.i 26. The recelver .according tqQ claim25, wherein
sai d single-bit gg%agfggsg%cgagwspﬁﬁ%%‘é@eg? bf‘@&é’fm(ﬁ’@ﬁ Lfiglit excl usi ve- NOR
gates. 27. The recei adigiabmixertfonmiting dval sidblmdpebyrediet sip@ilfanlit er is a

| ow pasg, filter or agﬁlt%rofol-ﬁltte rat.qr..

despread baseband signal at symbol rate.

19
erig said mixed-down bandpass product signal to form a

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.

19




