11 April 2006 -1 Low Power Code Division Miultiple Access Receiver Field of
the Invention This invention relates to w rel ess comruni cati ons systens,
and in particular to 5 wireless comunications signal receivers suitable
for use in direct-sequence spread spectrum systens sucHladPtihé®® enpl oyi ng
code division nultiple access (CDMA) techni ques. Background of the
Invention 10 In a standard CDVA receiver, digital correlation techniques
are conventionally enployed, involving an -anal og-to-digital converter
(ADC) that operates at typically four tinmes the chip rate. In currently
proposed third-generation communi cation systens that rate may be in the
region of 16V |n s4MlIpaRekTalE isioR MIIBE deicdid ReGeivept I ai sed
cosine filter is also required on e receiver side to obtain optinal
performance. If 15 this filter is inplenented by digital neans, it would

also typically operate at four tinmes the chip rate. One of the primary
appl i cati onﬁwﬁﬁmni cations systems are in cellular

t el econmruni cat i ogs, r LV ey [ IS .J roQLated 4 e
handset or ¢ he 200l ey S5k & Wildlel cifplicd i PAERL Sthd th BaRlla? 1)
of the pért aldcksé apdsminications Ssighead i readivers 4uitablei Fors eseciin cdirdet-gequienceeispreadhat
Is as power efficient as possible. It iis therefore.desirable for t
handset ci r SRFCHTHGL SYSi@RS Sch A thoge (qrapleying fedee fivision t‘B'?]B‘EFeI GFH @&MN
consurrptiontechgag May in which power consunption can be reduced is to
reduce the rate of operation of processing conponents such as

anal og-to-digital converters and the like. 25 Summary of the Invention
According tQ the present_invention, there is provided a code division
multiple aSREFEOUNERNANC BNRIObCej ver incl udi ng:

10 In a standard CDMA receiver, digital correlation techniques are conventionally

employed, involving an analog-to-digital converter (ADC) that operates at typically four
times the chip rate. In currently proposed third-generation communication systems that
rate may be in the region of 16MHz. In addition to the ADC, a high-order square-root
raised cosine filter is also required on the receiver side to obtain optimal performance. If
15 this filter is implemented by digital means, it would also typically operate at four times the

chip rate.

One of the primary applications for CDMA communications systems are in cellular
telecommunications, where receiver circuitry is incorporated in a portable handset or the
20 like. In order to extend the battery life for operation of the portable handset, it is desirable
to utilise circuitry therein that is as power efficient as possible. It is therefore desirable for
the handset circuitry, such as that in the CDMA receiver, to be low in power consumption.
One way in which power consumption can be reduced is to reduce the rate of operation of |
processing components such as analog-to-digital converters and the like.
25
Summary of the Invention
According to the present invention, there is provided a code division multiple
access (CDMA) RAKE receiver including: | SR
a plurality of receivers; .
30 amplifying and filtering circuitry for obtaining a direct sequence spread spectrum ”

received signal;



a plurality of receivers; 30 anplifying and filtering circuitry for
obtaining a direct sequence spread spectrum received signal; 11 April 2006
-2 a spreadi ng code signal generator circuit for generating an_anal ogue
spreadi ng code signal; anal ogue correl ati on detection cﬂﬂcgpﬂ¥9m¥%r
~detecting correlation between said received signal and said spreadi ng code
signal to produce an anal ogue correlation signal; 5 and anal ogue to
digital conversion circuitry for generating2a digital data signal from
sai d anal ogue correl ation signal. The present invention also provides a

met hod for receiving and decoding a direct 10 sequence spread spectrum

signal in a code diyreddMy cBdetsigilal g@feeReBcitdatiNby géRMNg HAnaRBe SISARMR Edtle
which a digital data signal having a baseband frequency is conbined wth a
digital spreadgn®§ code sequence and nodul ated for transmission at a

Cequence Spread SRR EraicR Tbikhe Bty ' Bloril SRR Challekfhid
signal correspesididggia) ahll Saidr sppcadiriStoae si%ﬂ: eafiodice aflansleguessrtslation signal;
e

per form ng_anal ogue correl ati on detection ween the received signal and
t he sprea@li n'ﬁldcode signal to obtain a correlation signal; and applying

| to diartal LT _ : : _ : U
of " 20 the i gi ol “ASEa 3 Mfefs? chifferfBh oy flr NelBBlint B BB S olgBH 415
code di vi si orsaitldrtalqgne conreletdion 2864, recei ver including a plurality of

recei vers, wherein each receiver includes: anplifying and filtering
circuitry for obtaining a direct sequence spread spectrum

The present invention also provides a method for receiving and decoding a direct
10 sequence spread spectrum signal in a code division multiple access (CDMA)
communications system in which a digital data signal having a baseband frequency is
combined with a digital spreading code sequence and modulated for transmission at a
carrier frequency, comprising:
amplifying and filtering a received direct sequence spread spectrum signal;
15 . generating an analogue spreading code signal corresponding to the transmission
spreading code sequence;
performing analogue correlation detection between the received signal and the
spreading code signal to obtain a correlation signal; and
applying analog to digital conversion to the correlation signal to obtain a replica of
20 the digital data signal.

The present invention further provides a code division multiple access RAKE
receiver including a plurality of receivers, wherein each receiver includes:
amplifying and filtering circuitry for obtaining a direct sequence spread spectrum
25 received signal;
a spreading code signal generator circuit for generating an analogue spreading code

signal;




25 received signal; a spreading code signal generator circuit for
generating an anal ogue spreadi ng code signal; 11 April 2006 - 2A anal ogue
correlation detection circuitry for detecting correlation betwen said
recei ved signal and said spreading code signal to produdd AarhAdtogue
correlation signal; and analogue to digital conversion circuitry for
generating a digital data signal from 5 said anal ogue correl ation signal
and wherein the outputs fromthe plurality2#-receivers are conbined to
generate a single digital data signal output, and wherein tine del ay

el ements are arranged to delay the passage of the anal ogue spreadi ng code

signal to the anal fglRue UonRlatioh Ofett@ioRC birQfitry Cfof %técﬁhég f krefhtibh Shétiben said
recei vers. 10 Enbodi ments of the present invention as disclosed in detail
her ei nbel ow, TepRivesbigigaal andwaidospresding cadscignakbto prodhea arc angleguendartelatioplsignsl;
anal ogue corra%l ation, with the inplication that the ADCs operate at the
synbol rate instead of the chip rate as required in convention receiver

structures. |n 3rngRigeé ab iddstad X6heiFios RiredithyNor foafdratise WRlifieal 2ht Siohal iffom
enpl oyed, and in the case of faour tines over-sanpling the A in the new

rﬁcei ver ar c‘ﬁi‘t}@@h&uéc@’@@lﬂﬁoﬂﬁéméf@?de operate at 111024th (256 x 4) of tlhe
. - . . . .
chip rate. In thi ZW@%‘EME%E roﬁ%%ﬁp%m%?%eo ﬁlrﬁg?lg? rerxlegeglb%g a?@%ﬁm%ﬂ}edntgcg §1%Eéa y

need to take plac e nd "and Co ion requency={o

RF frequency singletigital dute sigaaldexm, andGwvlirelh ltiid delay éleinsnts Qie HREREE & Jeldyothe
correlate the received signal using_.a digital chip sequence. The, .
correl ati on 13§38 fafepanalegus,snrewling éﬁgff \signah tto t the ranalogpegj qozrelagign pdetection

seauerce el SPURIERENL e pe-T1|Lering Using 8 sauare- ool
as any all@rnate digital filter for that purpose) nmay be

Embodiments of the present invention as disclosed in detail hereinbelow, include a

new low-power receiver architecture which employs analogue correlation, with the

implication that the ADCs operate at the symbol rate instead of the chip rate as required in

convention receiver structures. In 3™ generation systems spreading factors up to 256 are

15 employed, and in the case of four times over-sampling the ADCs in the new receiver

architecture could therefore operate at 1/1024™ (256 x 4) of the chip rate.

In this structure, the analogue correlation does not necessarily need to take place at
base-band and correlation at an IF frequency (or at RF frequency itself) is considered.
20 Similarly, it is not necessary to correlate the received signal using a digital chip sequence.
The correlation signal can be an analogue equivalent to the digital chip sequence that may
not even require pre-filtering using a square-root raised cosine filter. Using this method,
the receiver RRC filter (as well as any alternate digital filter for that purpose) may be
removed.
25
Applications for the Ilow-power receiver architecture include portable
telecommunications devices. The architecture may be used as front-end structure for

multi-mode receivers.




removed. 25 Applications for the | ow power receiver architecture include
portable tel econmunications devices. The architecture nay be used as
front-end structure for multi-node receivers. 11 April 2006 -2B Bri ef
Description of the Drawi ngs The invention is described ild épéhi@¥5detal
hereinafter, by way of exanple only, and with reference to enbodi nents

t her eof iIIustrated in the acconpanying drawings, 5 wherein: Figure 1 is a
bl ock di agram of a standard CDVA receiver;-2Bgure 2 is a block diagramof a
correlator ("finger") of a RAKE receiver; -3 11 April 2006 Figure 3 is a

bl ock di agram of a conventional receiver structure showi ng three fingers

of the RAKE receiver; Figure 4 is a block diagram of a receiver constructed
according to an enbodi ment of the present invention; Figure 5 is a block
di agram i | | usBrief mnbhmofmedmawvgg_ nodul ati on and spr eadl ng of a

comruni cati ons Si at the.t ansnltter si d 6 |s nor e
detai | ed bl ock di gg&%?ﬁ"@“% fsedaspribad ’E‘oﬁ%t%g?téﬁ%ﬁ yvgy example only,

enbodi ment  of 3Gl £3G8kcel fbV&ﬂBbcﬁﬂlenf%h@l\é‘l'eBg ifliReed | h{‘ﬁﬁer gccdnpalfinRAttwvings,
Det ai | ed Description of the Preferred Enbodinents In order to provide a

t hor ough uhdewb¢raimdi ng of the present invention, its operation and

advantages, the co t .and. oper.ation t rd COMA receiver is first
described herei nbgﬂg&%’!) %\B@B]f) %af%gﬁ@argwrecewer,

Figure 2 is a block diagram of a correlator ("finger") of a RAKE receiver;




A conventional CDVA receiver circuit 10 is shown in block diagramformin
Figure 1, which obtains a received signal (r(t)) froman antenna 12. The
antenna 12 is coupled to pass the receivqd signal to a |ow noise anpllfler
(LNA) 14, having its output coupled to an” input of a fildst\pr 20 circuit
16. The flrst m xer circuit 16 mxes the anplified received signal wth a
signal derived fi | ocal cillator LO 1, and the output is passed
to a | owpass f‘{gtgm gi%a E’Ff’r‘fg dg"’lﬁr?)‘ﬂtO?.BfWPY@UPBW&%@Wf strueturg shaveing thups Guigers
the input aff thaRAKE giteiviet; gain control (AGC) circuit 20, which in turn
provides input to a second mixer circuit 22. At the second nixer 22, the
signal is dom-E’ﬁHU‘éf‘ﬂ%G blaskixtisgrataofch tcyemw@dmgtrmﬁdla@cor&ﬁg%ﬂnE%@meem of
osci | | at org, grk[l 21%%) and split into in-phase (1) and quadrature (Q
corrponents g’spectlvely passed to | owpass filters 24. The

out puts of fil tRigares s 8lo n i tal, converte
(ADCs) 26, Wmchgare in turcgqg%grfﬁlgépgc}fﬁgﬁﬁ %38% c@lerﬁ%gﬂ?t Md.snreading %e
response (qﬁF‘F@mﬂW{O@F@gBBl atThmtrmstrptleﬁldieran&ed fromthe FIR filters 28 are

t hen provided t receiy he operagion of the conventional CDVA
receiver 10 is lfj)'gscrl W?fed%‘*g"’é?groﬂ‘b‘& ‘if"gfaﬁ’e? qureceiyer Egnsmpxcteld #200@ling to an
CGeneral |y, ermtkmelnﬁergrm&kher ﬁ@@dn‘{ﬂﬁeﬁﬁ&{ngh{?\% ;@gﬁ}gﬁg{nﬁ.{s 8 ﬁ_g at the

antenna 12 is corrupted by noise endat or t he purposes
of explanation, let the received signal be represented by r(t) = s(t) +

n(t), "‘herl?etﬁféd)gés&tn : Ot a2 0 cnte and n(t) refers to the

Additive N Is made up fromthernmal

noi se due to ﬂh@rd@qalpfﬁvld@m res ent
di scussi on I s acceptabl e to | gnor e tﬁaﬂdﬁiﬁf % g&ﬂnve?h

enter st nah clumjasesgihe r@nmthartdh@pegatg:mf i standridoBDMA friddiesrag fﬁg‘ddescnbed

beconmes baggkidy [g\{, 13 nit is split into in-phase and
quadrat ur e- phasee eF rrwéi aklg’g{g ré‘fat istics of the noise contained in the

I n- phase and quadr at ur e- phase signals remain orthogonal to one anot her and
retain AWGN properties. The received signal r(t) is first anplified by the
| ow noi se anpl ¥ F‘B}Ve{lﬁ_ip\mal CDDMdnreceiver circuit 10 is shown in block diagram form in Figure

1, which obtains a received signal (r(t)) from an antenna 12. The antenna 12 is coupled to

pass the received signal to a low-noise amplifier (LNA) 14, having its output coupled to an

input of a first mixer circuit 16. ‘The first mixer circuit 16 mixes the amplified received si ignal
with a 51gnal derived from a first local oscillator LO1, and the output is passed to a lowpass
filter 18. The output of the lowpass filter 18 is coupled to the input of an automatic gain

control (AGC) circuit 20, which in turn provides input to a second mixer circuit 22

At the second mixer 22, the signal is down-converted to base-band by mixing with a
second local oscillator signal (LO2) and split into in-phase (§) and quadrature (Q)
components, which are respectively passed to lowpass filters 24, The outputs of filters 24 are
coupled to respectwe analog-dlgltal converters (ADCs) 26, which are in turn connected to

respective 48-tap ﬁmte impulse response (F IR) filters 28. The outputs derived from the FIR
filters 28 are then provided to a RAKE receiver 30

The operation of the conventional CDMA receiver 10 is described in greater detail
below. '




outpuf, to the first mxing stage 16. The noise figure of the receiver tells
us how nuch the thermal noise will deteriorate the incomng signal. Since
the overall noise figure of the systemig greatly contributed ba/ the first
conponent, it is essential that the LNA 1§'have very | dw Aerikeo6
characteristics (typically between | and 4 dB). At the input of the first
m xer 16, the rgceived signal is analogue and is at a carrier frequency of
we = 27rfc. Thi ‘?‘?eéalﬁiw%ﬂamlﬁewad fromi the communidativas clignnebattthe afitefisd 12 is

i nt er medi adc@rupfed c is derived fromthe |ocal .
oscillator ;&pi) Eﬁpr%giéﬂr?g&% %gasj%&l%%éggt ?éf?é’em%ﬁ‘?ﬁf’?ﬁ’éﬁlf“}ﬁmpekﬂ the received
r () =cos (gDl by spreseated byirey & 54 t)nd)swhbre s sibalch hd
arbitrary tBQ@is §l | a .thféer m xi.ng, )\fve obtsglwn X ( ?&)ﬂgﬁﬁc%%‘?%@&ﬂdﬁ??‘?ﬁs
+) cos((w - ?‘f‘ “X?%(‘{ Ie GaussipQISsA WG  ThesAWGN i9made up frons thethal hoise
4' (t) + ) .due2d theh@edil f kon (2)., above, is.a high_ frequenc
termand is _subseqﬁénfﬁorﬁﬁr{&?g’r%@]‘{éﬁ feﬁ?"%h@f ﬁ_!ﬁp%fsiﬂ# 5139%%51 git lwcypt@hlé
second t ertfgnare the AWQMisompbhantt he received signal down-converted to col,
remains and i s passed to the next stage. 11 April 2006 An Autonmatic Gain
Control (AGC) stage 20 after the lowpass filter 18 is used to increase the
si gnal anpl it udmeafgd I Jed.after the first. mxer. |n second
and thi r% genes;gt L{gnmgo%ﬁﬂﬁlﬁt?ast%gﬁgg‘%#ﬁ%eﬂ%?g it 5 sig ‘ﬁéﬂﬁ&ﬂlﬁfsﬁﬂ?rsﬂ ande
ACC is typreeanespanddmiveti Finaly,tvisennio 1esplifaas -8Rkt anafqub, )| |

I n-phase Q%Q Sépq. 3u(§drat ur.e %Q) . Si_gnal SI,)I Thesegal goarni t%ln@%glgggg%#ﬁ%m’
performed by 4 DASe g BI85 camtauied Ha| the riswhsssoand Tiedretugerphasessigidn remain

pr esent ed orthogora® 0dHe dFi ' : at. down-coverts the signal to
base- band andgbal SO splﬁgﬁ?#?%h%ﬁpﬁg&'@sand guadr at ure conponents.
Thus, the signal is orthogonalized. The second m xi ng frequency w2 is at
w, and is deri \1-?‘? fromthe | oial oscillator LO2. From Equation (2), after
the | ow pass fi It dr-eAYR Hepaleytlds firstiameplified dndthedomnaise mplifier (LNA) 14 and

output to the first mixing stage 16. The noise figure of the receiver tells us how much the

thermal noise will deteriorate the incoming signal. Since the overall noise figure of the

system is greatly contributed by the first component, it is essential that the LNA 14 have very
low noise characteristics (typically between 1 and 4 dB).

At the input of the first mixer 16, the received signal is analogue and is at a carrier
frequency of w, = 2nf.. This is mixed with w;; = W, - w;, where w, is the first intermediate

frequency (IF) and where wro; is derived from the local oscillator LO1.

Expressing these opéfations mathematically: : :
letr(r) = cas(wct + @) + 9, | | | (1)
where ¢(1) is thg modulation phase and ¢is any arbitrai‘y phase delay. |

After mixing, we obtain | : |
*() = cos(we + (1) + & - cos((we-w)y) .

x(t) = 0.5 cos(wc- wpt + §(t) + & + 0.5 cos(wyt + ¢() + O, (2)

Thc first term of Equation (2), above, is a high frequency term and is subsequently
filtered off by the lowpass filter 18. Only the second term, which is basically the received

signal down-converted to ¢ 1, femains and is passed to the next stage.




obtained as: y(t) = 0.5cos(cojt+4,(t)+O (3) This is mxed wth coscoit to
obtain the -in-phase. conponent and with sinwit for the quadrature
conponent. The resulting orthogonal conpogents can be expressed as: zf(t)
0.25cos(2wjt + 4(t) + O + 0.25cos($(t) + 6 (4) and zQt) 4Pl K n(20)tt
ON+.) - 0.25 sin(j(t) + O (5) The respective in-phase and quadrature

| owpass filters,24, renmove the 2wt termfrom the conponents represented
above, and onl yA? Hedtgrmate éﬁ’l‘ﬂ%@l G estagec efier tieglomipasssfilterel Biinaskd to

Aft er the ihtreaserthe i - receiyed.signal .is digitized by
t he respel'gl_t i ve anallgcl)lg{]gmg?ﬂgfia? g@ ng%@%@gfgp?l%ﬁ#erfge tfgfto‘lné?‘eﬁei Rgesend anded
by respectthiyé gsseration cemmunidation ssyR8mpy @ eonRl nchbhnism! 2Pt AGEYs SR
(RRO) profdebg %h% t Qi rdo‘geneléat i on rsysft ens currently proposed, the _
chip-rate of the o8l §ifaPoVe measuremenicof the demedulatas imnphase <1), anchqueizatpiei (@)

t t ' ' h i | ... Typigally, th
288 st shynall Theaedlobthit kb SphRI gl ol ARpedh80 3 crial YBAA B bisen e

ADC sanples are at -four tines t chi'p rat )

bits per sanple. The purpose of the FIRfilter is to band-limt the noise
to the sane baig1 wi. dt .aﬁEt hat of the signal, and to give a raised cosine
transfer functi W@ﬂ‘ npresentad; iond serend maixen{complex) 22 that dewniceeerts the

| der edignall ' , : ' h th IR filter, th
GOt t | seq | aneist-bakDRi As0 SPLBTERT Hs WbEE dnd Afadrafise comBorents, aThusethe
for despr é’@@ﬁﬁl@ optrogorRbieEd. r The second miRkimgRAIgRe LA} )88 au&)'? bhd s(ﬁfnw& HOREEP!

of "tinme gl AN combi ne signals that have been del aye ue to

vari ous ?)(?ft\éﬁé&g!a%‘%e%(ﬁzt he transmtter and the receiver. It has a nunber of
correlators or "fingers", and each finger is used to despread one of the
pat hs. Typical _RAKE receiver designs use 3, 4 "or 5 fingers to deal with
signal s that h&vemdguatigatd), efemthe dowpassiRersaaMA GOERIes the SROMY fefin Bk REX
di agram f%ﬁldeﬁ aE:I gure 2. ' -

YO =05cospr+d)+y). - S 3)

+

This is mixed with cosem;t to obtain the in—phase component and with sinw,t for the
quadrature component, The resulting orthogonél components can be expressed as:
zi(t) = 0.25cos 2wt + dt) + & + 0.25cos(pr)y +& (4)

and

2o(t) = 0.25sin(2wt + (t) + & — 0.25 s}n(¢(r) +§ | )

The respective in-phase and quadrature lowpass filters 24 remove the 2w; term from
the components represented. above, and only the base band part of the received signal is
retained. After the filtering, the base-band analbgue received signal is digiﬁzed by the
respective analogue-djgital conyerters (ADCs) 26 before being filtered by respective 48-tai3
FIR filters 28 programmed with a root-raised cosine (RRC) profile. |

| In third generation systems currently proposed, the chip-rate of the signal is 3.84
Meps. As stated by Nyquist, the sampling rate must be at least twice the bandwidth of the
signal. Typically, the ADC samples are at four times the chip rate and the output signal is 4-8
bits per sample. The purpose of the FIR filter is to band-limit thc\noiserto the same

ban_dwidth as that of the signal, and to give a raised cosine transfer function when the path
from the transmitter to the receiver is considered. |




Figure 2 is a representation of a typical single finger 32 of a RAKE
receiver. The digitised signal in the formof | and Q conponents nust be
correlated in order to achieve despreading so as to y|eId t he desired
information bits fol | owing signal processéng. The | and llQ\sibHIo
conponents are nultiplied (34) with an exact replica of the conplex OVF +
scranbl i ng code signal (represented in conplex formas pni and pnqg, and
correlation is perfornmed via the integrator 35. The integrator 35 is
constructed fro an adder ggdhand del a el ement (.38) with a particul ar
time delay. D t HATEFiPassiag theey FFWFE&% igitized or-phasemnd qiliarhrammr corhpuhents

si ghal i s offtgig SS
r egonst ruct ed llgﬂrﬁ‘mgﬁcn%‘??gﬁe gla l’t g&ﬁﬁaﬁfn%%%&é’%g’%efg%m}% receiypputilizes
operation the eoncgpt oL Ftéme didrsiyye' toocomlsing %@atshﬁatdgmr g&qy aa E-Eh&esfogﬂﬁilt 5

processi n% %’;m%m% il lusgrated represents all of the processes t

i nvol ved f0 © U2pFRitien apd the reseiness héqlalarmmuay of amorekitors or "fingers",
ori gi nal | ¥ind e2&ihSfiH ont ext of the KE
receiver, this V\Dglﬁ %%sﬁ%liﬁgés‘f;%ﬁh’béﬁr? Il{%cfgea@bs ‘i?lllmé?‘i?w& Aeyigns use §A
correcti ofif’ [ﬁﬂg@aéh dédlvgdr sipfials that RAKEmlEEEth \Binpohdifts.” ORE 5¥@iTted R%hoks in
correl at eg %E%I s Cﬁ_gbl ngd scranbl i ng and O\/SF codes. Thi's sequence
is terned {opnl :g inkjguge 2o assume that the (pni + j. png) is

ti me-synchroni sed with the transmtter to result in denodul ati on.
Expressed mat hematlcally, the output fromthe correlator can be given as:

255 (14 Q . Fg‘}mn?qys a @peSentation of L, ppicaiQingle finpet 82 R a*RARE) )ecél%r Lhe
Apri | ZOOQgﬁs% F@ﬁg fog?n tIeket e real part to arrive at the fina
despread Si gnafp 8§f g FeEmpensals,apstt heneparelated dn oeddr tp achievd
each si gndéSpmﬂldg%o%mﬁlcﬂﬁ{eQﬁEﬂré’d ﬁ?orﬂ'fa'ﬁbx %n?%ollo hﬁg ];fglqgll prgc?e%E}EE a‘?‘h«eS [t |

i n what |a known as a non-coherent rece
signal components are multiplied (34) W1th an exact replica of the complex OVF +

scrambling code signal (represented in complex form as pni and png, and correlation is
performed via the integrator 35. The integrator 35 is constructed from an adder (36) and
delay element (38) with a particular time delay D that is estimated from baseband algorithms.
The correlated signal is then subjected to signal processing (40) to obtain the reconstructed
information bits. Other RAKE fingers perform the same operatioﬁ with different delays to
'achiev_e the despreading. The signal processing block (40) illustrated representé all of the
processes that are involved following the correlation process required to reconstruct the
originally transmitted data sequence. In the immediate context of the RAKE receiver, this

would include a channel-decoder for forward-érro'r correction.

In each finger of the RAKE receiver, the received sxgnal is correlated against the
combined scramblmg and OVSF codes. This sequence is termed (pni + j pnq) Here, we

assume that the (pni + jpng) is tlme-synchromsed with the transmitter to result in
demodulatlon :

Expressed mathematically, the output from the correlator can be given as:

%ﬁ + 70)-(pni = jpng)

255 '
E;((I-anQ-pn4)+j(Q-pni+I-pnq)) - (6)



In a coherent receiver, the pilot code determ nes the anplifier gain and
these anplifiers, placed after the correlator, -.can anplify both the real
and imaginary parts of the correlated signal. Used t ypi caIIy i'n COVA, the
pilot code helps to obtain a formof wei-ghting based ordlt el ty of the
despread signal (also the SNR). This helps to provide an optinmumsignal to
t he subsequent stages of the receiver. A detailed diagram of the
conventional receiver showing the RAKE (with three forgers) is presented

Figure 3. The a?oveédesqugﬁ receiver structure is comonly used in
current CDVA re fuatio theyyealpastdo arriveras the ijmlslasmbamggnﬂt &he, aftee

ADCs (26), cARRARE Pﬂ% IRfilte nvol ved

t he power ?:onsurrpt |%%a|e% eg{)ﬁ%gﬁé]r}:ﬁmgﬁjp “&g&tﬁ'ﬁf sk ?SHTBWérdr“ES‘:I%Wi"Bﬁt
i s one of thedinshdesprdad ajgniahinzving is Re®viY 85 a A6EBOHS&T Ys@PveanNd the present
trends in receiver design are towards | ow power architectures. A | ow power

receiver may be the distinguishing feature in a successful product.

Accordingly, a peyw b&Y&raRV\EEe&SPeMe 1lotsct:t§ g? Eﬁﬂfng%gtlSd 2] Eb(%aherug;q%d If:(s:eh

enpl oys anal ogue correlation wth'th

operate at amhleﬁ@?,rpimedraftee ther sdreeldtos] c@hﬂnﬁlmyﬂ)dﬂ@% re'ar‘ atd) hhﬁ’glﬂﬁgﬁj’a?t%'o? the
systens Wnerg read g(éggctors up, to 256 afe enpl oyed
the ADCs ceIFOey sfemak LGl ine EDMAe dhe milpt code dxylpshtos obtaiuat form, of

t he anal ogweickh [

base- band an cogr fséeslagto?g}r}g Qtﬁagg%tfﬁﬂfggs?&rqcslyg"(agfﬁﬁ} ﬁ’ﬁéﬁﬁ%qﬁt’ﬁgﬁ‘?lﬂsttg e¥ids s
possi bl e. arspEpfimem signalt toi thenaitbsepeas SAaRYs b o réRhate Ah&t&ll%ﬁe&i‘ééﬂuf bf R
using a di nce. The correlation signal can be an anal ogue

sequence t ntR’g’?téongl %F‘@’i"?aﬁ omﬁaﬂ@éﬁ% #ithibree fagershisipreseotedRigure®
pre-filtering using the square-root raised cosine filter. Using this
nmethod, the receiver RRC filter (as well as any alternate digital filter

for that pliepebeye deseribed remmreﬁrudtﬂretﬂéeccﬁ@ﬁé{ﬂyd@s%ﬁrinOEﬁHEhtOEDM‘R receivers.
i.t. was nentioned that the use of digit

conventio CDVA r ecei
correl ati gﬁ&f“&‘?ﬁh AR qu% high sampling raje 06 thee ARG @6eandathef siaer artd npesatidge
-8 11 Apr | Spe@DBFthe FIR filters involved, the power consumption is relatively high. Reduction of

power consumption is one of the ways of optimizing receiver architectures and the present
trends in receiver design are towards low power architectures. A low-power receiver may be
the distinguishing feature in a successful product. Accordingly, a new low power receiver
structure is disclosed herein which employs analogue correlation with the implication that the
ADCs can operate at the symbol rate instead of the chip rate. In third generation systems

where spreading factors up to 256 are employed this means that the ADCs can operate at 256
times less frequency.

Using this structure, the analogue con'e]ation.does not necessarily need'to take place
at base-band and correlation at an IF frequency (or at RF frequency itself) is possible.
Similarly, it is not necessary to correlate the received signal using a digital chip sequence.
The correlation signal can be an analogue sequence that is a digital chip sequence that may
not even require pre-filtering using the square-root raised cosine filter. Using this method,

the receiver RRC filter (as well as a.ny alternate digital filter for that purpose) may be
removed.

In the above description of the conventional CDMA receiver, it was mentioned that

the use of digital correlation techniques requires sampling to be performed at four times the



chip rate, and subsequent digital circuits have to operate at this rate
until the synbol is despread. This high rate inplies the usage of nuch
power. A block diagramof a receiver circuit 100 constructed according to
an embodi ment of the present invention i%-shown in Fi gdleABOI Y cjrcuit
100 resenbl es the conventional receiver circuit in sone respects, although
in this case nost of the elenents enployed therein operate in the anal ogue

rat her t h&hipdra, taad sibsequent Higital eirbuitsepaves®Nbperate @ MisdR@ingr tl) §ikbol i
circujt of the present invention, illustrat’ing t%e

di agr am of recei ve

generatiorqe%ﬁgatdhgﬁ”‘d@gbfgﬁamﬁ g yerasof myphqowes. assuned to be

ti me-synchronised to the transm ssion source. The structure of the receiver
circuit 100 shown in Figure 4 is as follows. An antenna 102 is provided to

obtain a recei yeblogk diagtan 6f » redeien cirsuip 100 ceigtrubRd ActRFUMBab 38 MPBdirhdnebf
(LNA) ci r?ﬁé:{) 10nz{1.. Th«?. arrgl'fied, signal is output fromthe LNA 104 to a
bandpass 111 P&re dBYentippd t?gﬂﬂ'ﬂa%sF‘BPF'E dr Tbe cirsuit d§0i ressinbles thd canventomal
i ncom ng RceBledfiaduitl i e . | s, ptended for the stem
and ar chi t ect ure. ] nlﬂtsﬁgﬁgg@gg{oéf ﬁglyO\kktéggrggl%g&th&tosapt?%ieg%n%? ?’PB‘g’e‘éegé’E?&%s
(VWCDVR)  s9Rereimin theranaloguprahertthen digdiel dehaiba Wi 6 repiegdtits b YRir6 abtadedRod
60MHz baaﬁl 'ag‘;h 2 tween 2110MHz and 2170MHz. The function of the bandpass
filter is # r ejog ﬁe THGIVen FIGUH PLsthg Paesent ipveptionailugieating iihe @esertivs of dhs
or other odespda S8l i {Dat?% | Istics. of t.he bandpass
filter are | owﬂlﬂ%ss?@?n@%\’iswn}agnﬁﬁ%sg?@éﬁ?n @“%ggé‘@’g‘%’ggedgtﬂéﬁegﬁswﬁfﬁl?qw €.

characteristics. The output fromthe bandpass filter 106 is provided to

respective in-ﬁ;ggge ?nd, uadrature analog mxer circuits 108, 110. At the
i n-phase ni xer - &% PRLAYTE PE&S TrseiverGirqpil 00shga in Figuredia anifoliows An.aplorse

conponent 10 i aided @ ' [0 - .. sequence A(t i | st
at nﬁ1 xer é{ Ols??{g [eceig\?g%mg Pgﬁ%’fﬁ?&s%{@%ﬁ \;% Egéscglg%&e ttgrae °<§‘6H8A%ﬁémp%8ff
t he anal o Etni@4e dibe aswplifier segnl is)outptit Groatithe AN 0980 & BendPalefiBer 1086,

} &

110 are e ctive apal og integrator_circuits 112, 114 where
i nt egr at igfgyg%ngﬂ stg(hrlfﬂ;g@ﬁ V@u‘r?Fr'S?eﬁl?% HeemingRE signalde the fequengy i that
period t dsyntehdedt foe thensyRRaSshdPdiehikéads 2 3PN Saivikhese .
signals are caonbi ned tr)kg an anal og1 suméﬁ %"S{h?iggﬁjﬁ‘fgﬁ%ﬁbai“g?%%ﬁ?‘ﬁlﬂ“o‘?i“m%h
i s coupl ¥°£% (WeDMAlsysiem, dor enaaipie-thé grctiabr bakivedth efightPBically Be o BEMHzZ
out put of . ' ' :

P batBidk Betieen 21 10MHz and 2170MHz. The function of the bandpass filter is to reject

out-of-band signals, which may be spurious emissions or other unwanted signals. The

preferable characteristics of the bandpass filter are low-loss, minimum ripple in the passband

and good roll-off characteristics.

The output from the bandpass filter 106 is provided to respective in-phase and
quadrature analog mixer circuits 108, 110. At the ih—phase mixer circuit 108 the received
signal is mixed with an in-phase component of an analog replica of the spreading code
sequence A(%), whilst at mixer 110 the received signal is mixed with a quadrature component
of the analog spreading code sequence B(i). The outputs from the mixers 108, 110 are
coupled to respective analog integrator circuits 112, 114 where integration of the respective
mixed signals takes place over a symbol périod to yield the in-phase and quadrature despread
signals, These signals are combined by an analog summing circuit 116, the output of which
is coupled to the input of an analog-digital converter (ADC) 118. -The output of ADC 118 is
coupled to signal processing circuitry 120 which provides the decoded data signal. The

signal processing circuitry 120 may perform processing 6perations in a similar manner to the



coupled to signal processing circuitry 120 which provides the decoded data
signal. The signal processing circuitry 120 may perform processi ng
operations in a simlar manner to the -9- 11 April 2006 ﬁi nal & ocessi ng
performed in connection with a conventioﬁg' recei ver ar dfi {88t H such as
that shown and described in relation to Figures 1-3. It is apparent that
one of the_differences in the receiver circuit 100 as conpared to the
circuit stVEA AreCesHng pertemmercint qopnestionewith waroniventidnal récbiveF hhiitduiz@rsacay €

been renoveggdt ﬂfowﬁ!an%%s&weuq%Eégﬁgo#;ﬂ)‘ég'ifesm possi ble due to the fact

that correlation is ne 1n in rather than the digital

domai n. This al so neans that correl ation does not necessarily have to be
done at base-band. Correlation can thus be carried out at any internediate
frequency or e\a/fgrlf YParank theh ppg ef theidiffereness.in Vit teceiersgitcuitrl istdompared to the

correl ati odirchgl R nal ogue, dopmai d the fact that FIR
filter has been ﬂ?gﬂﬁnge\”/ﬁeg f ro%{,%}ﬁfggg feﬁ%tvﬁgg,th?%ggﬁgﬁﬂf%% tyscbesn remeved from
recei ver the siguiture] Olhis §s amtie abssible Wiuk Qo The TR that RotrbISHi &S %Vﬁéﬁek%@l: analogue

e i S

receiver cdor caui t rcEi tglc;blr_e 10. _Functionally, however, t
new recei ver ¢t factﬁ?rtt eghigital fomajny  Thispsilse meanstbat coymebation rdvee nof ndcBbRarily

system aha@PROMRAdéR: 3t BliRhe the chip rate required of the ADCs in
the conventional recei verghggil#aglhi t.%f()g?g‘ﬁoflh g “fﬁ’@ ??gﬁﬁipubfatmsmpegmedlatc

i ncr eased fraquensy arewen ef the carties fregedridye, the power consuned will be | ower
due to the drastic reduction in the speed of operation (to the order of
the spreading factor of the system). In order to illustrate that the

correl ati on of WHE ek Y, ] e acc | i,shed at _ any .internediate
frequency j ncl udi ng Fﬁgioéggrtﬁgggﬁ%%gﬁgnb%%g Pfﬁgor;g’r‘?flilpégf)ra%l@g%e gpmain and the
transni ssifét thatoFofilier ins been seroveel el SidteMHeChtRR Al SN Moeive
referencecggui I%hnlpl e bIIock diagramof the transmtter-end circuitry Fdwn
in Figure b. i §uAckuadly dyite sivaitani togthey easentionabrecsivarecirdujt archae@ure 10,

dat a- noduFahetibnally Phdady re al so.split into jn-phase and
quadr at ur e corrpon}énts bg?’c}%%Igigpgenﬁ%‘?ﬁcﬁﬁeé&lmﬁﬁ lbﬂé“? ablsHasamply atythand

quadr at ur &B9lgptecafihe vysteros = drposebgon aluligsiel of BeadHYp 410 r@q?ﬂ%& of thé ¥bts in
Once the g Ledifs,aPes0: slpr.ead iﬁ this manner, it is transmtt eg.]

Lo al recelver circuit.  Even though the number of ADCs is increased in the new

circut structure, the power consumed will be lower due to the drastic reduction in the speed

of operation (to the order of the spreading factor of the system).

In order to illustrate that the correlation of the received signal can be accomplished at
any mtermediate frequency including the carrier frequency, the entire process of transmission

to correlation is briefly explained hereinbelow, having reference to a simple block diagram of
the transmitter-end circuitry shown in Figure 5.

In Figure 5, the incoming symbolrs represénted by ay, are data-modulated (typically by
QPSK) and are also split into in-phase and quadrature components before they are multiplied

by the in-phase (¢) and quadrature (¢,) code vectors (orthogonalised scrambling codes +
OVF). Once the signal has been. spread in this manner, it is tranémitted.

As mentioned earlier, the transmitted signal passes through the' communications
channel and is corrupted by noise (the treatment of which is not dealt with in this context)

and also undergoes phase delays and attenuation.




As mentioned earlier, the transmtted signal passes through the :
communi cations channel and is corrupted by noise (the treatnment of which
is not dealt with in this context) and also undergoes phase ,ﬁel ays and
attenuation. _10- 11 April 2006 At the trifnsmitter ant eddaPiiheé?® gnal may
be represented-as: s(t) = a"41lcos(wd) + an'lq sin(coct) (7) where an
represents the incomng synbols, 4,, 4 the spreading sequence el enents. At
the receiver sifdfdhe iragsmigterantenhashesighabingp bk remysenedragpr esented as r(t) =

a" **; -cos(c =t O+ a’ 49 sin(co,t + 0) (8) where i; stands for the
delay in phasgﬁ}( and ’rfé'?@‘éo# %y fr’}q S8 incurred during the tran€d ssion

as nent i orvderabmeprestrts tHedftorhBe GhbYR gtm i hé i , anal ogue
correlation with a tine- synchrgnl?sed ’c%% d olf s@ﬁ%&réggge&‘ﬁ%&p%ér'g%%fed and the
integration is done over-a synbol period. Figure 6 is a bl ock diagram of

t he | ow power GV Lver circuit 100 according to the present

i nvention, illdst ra{eggfge%ﬁg?’gfbe ]E?Bﬂ\‘/ﬁ‘hﬁrﬁ Yenal maaychsrepeseiedhetes and

i ncl udi ng thrge=RBAKE b £ LI euht ring to Figure 6, thegcode
replicas are p?)s(;dugeglﬁglE asmgngog%?qqﬁg@rﬁcg%?f?e signals to be corrzq)at ed with
the i ncon™§ress gands for thetdslaydn phaser(aed theamror gnphata) mcohendeing thé eassitkdibn be
nore than,one E&I)\J\e(&oa% and the circuit size will increase, however the

si npl e case oF RS n§I’% data channel is considered herein. The digital code
sequences lcodel and QQ & are input to respective digital-anal og _
converters (DACs) 130, 132. The resulting anal og signals are subjected to

| owpass fil t er fh@rdarnicodesive syapbelsaf frome this isignal, tanak@de cbalatiBy Witk iangme!

t hose sig ; ed f.requenc si-gnal,s cos(w,t) and sin(co~t), the
anal og-t nearHieel BBy BEIE ot BhePEbed BafBiinisamian is daneghace smepl peiod
guadrature elenents A ,,(t), Bl,,(t), A ,g(t), B,,g(t) (where the nunerical
subscript dengtes the RAKE finger for which the code replica signals are

desi gnat ed) . SFHe$ is dddodhiliagrannof the Idvgpdvedr CIDME reckivet tiesuinl00 SRoiRABY

In the ang) @8YseARIntion, illustrating analog conversion of the code sequences and including
three RAKE finger circuits. Referring to Figure 6, the code replicas are produced as
analogue quadrature signals to be correlated with the incoming signal. If there is more than
one data channel, there will be more than one PN code and the circuit size will increase,

however the simple case of a single data channel is considered herein.

The digital code sequences leozes and Qeoger are input to respective digital-analog
converters (DACs) 130, 132. The resulting analog signals are subjected to lowpass filtering
through lowpass filter circuits 134, 136. By mixing of those signals with selected frequency
signals cos(w) and sin(w.), the analog the code replicaé are generated as orthogonal in-

phase and quadrature elements 4 110, Bist), A;oft), B oft) (wheré the numerical subscript
denotes the RAKE finger for which the code replica signals are designated).

Since a code-shift in the digital domain implies a time-delay in the analogue domain,
analogue time-delay circuits (D, D;) are used to provide the shifted codes for the other
RAKE fingers. This reduces the number of mixers and DACs used in code replica
generation. Moreover, the provision of analogue time-delays is feasible even at very high

frequencies, wherein transmission lines can be used to provide the necessary time-delays.



anal ogue tine-delay circuits (Di, D2) are used to provide the shifted codes
for the other RAKE fingers. This reduces the nunber of m xers and DACs
used in code replica generation. Mreover, the prOV|S|on of analogue
time-del ays is feasible even at very higH - frequenci es, lhepa} #0006

transm ssion li.nes can be used to provide the necessary time-del ays. -11 11
April 2006 Assum ng accurate tinme-synchronisation, the code replicas are
generated as oﬁxstshmgtmedccurateplma&esyaaldoﬂluﬂﬂfnat thee cecﬂﬁfle?lﬁ@s hrd ngﬁbrﬁB@' SIS
bel ow, theosrﬁﬁner %rlh n %&e i n- phase cade, el epent. on is showmn. In a

similar faShiogHa Y%ﬂeﬁ&% In thyaya)ysischelp vaﬁb%g%ragenef&le@a
Expr essed ﬁmﬁmteléﬁ@énk )zSanr 1§\§ﬁaw§0§ﬁ‘é’s§xﬂ11%rf€sh§(rf Yhe ‘? %)S'cﬂngc(ﬁgig k?% $fé‘?%F yphis

stage, the received signal from Equation I's mul

i nt egr at ec*B¢lsp bg gegarpted. period to yield the in-phase despread si gnal and
simlarly with B(t) to yield the quadrature despread signal. Considering
the i n-phase portion of the despreading yields: T |I=j[rp, coswt}[a"

4, cos(w.t+4}+01$dprt(swd,rhatﬂémitlidally(9) OT 1 =J[{ 0, cos((Ox} }{a"

, (cosw, ,tcos4 - %/ n4)}+ 0 {~ cos(w-t}}{a" O, (sinw tcos~-coswsinl;}}
}dt (10) Int (9) and (10) above, correlation is done with 4;
cos(nj) argdthe recei ved si gnal has been expanded using cos(A + B) and
sin(A + B) trlBgonomatrlc identities.

(1) = sm{wct)
After this stage, the received signal from Egquation (8) is muitiplied by 4(¥) and
integrated over a symbol period to yield the in-phase despread signal and similarly with B(t)

to yield the quadrature despread signal.

Considering the in-phase portion of the despreading yields:

OQ___.H

[¢ coscor [c: {¢icos(mct+§)+¢qsin(coct+§)}]dt‘ ‘ _ 9

= ﬂ{ 9, -cas(toct)-' }a, 9, (coswct-aosé -sinmc-t'-sin‘g’)}+

0

{o, - cos{w )} {a,, - ¢,{sinw_t-cosE& - COS@ - sin",‘ )} % : k] 0)-

In the Equations (9) and (10) above, correlation is done with ¢icos(wct) and the

received signal has been expanded using cos(4 + B} and sinf4 + 'B) ﬁ"igonometric identities.

Splitting the whole integral into four parts, it can be seen that only one term
containing the ¢ along with a squared cosine will yield a high correlation value, while the

other terms will be close to zero given the orthogonality between the in-phase and quadrature
components of the code replicas.

Expressing the above statement mathematically:
_[cos(coct)-sin(a)ct)dt;' 0 and J'd),. 9,d =0
0 0

the required term is given by



Splitting the whole integral into four parts, it can be seen that only one
term containing the 2 along with a-squared cosine will yield a high
correlation value, while the other terns will be close to zero given the
orthogonal i ty between the in-phase and-guadrature conpdiefiP8l HU% he code
replicas. Expressing the above statement mathematically: r T
Jcos(wet)sin(wet)dt = 0 and JO, rbQdt = 0 O the required termis given by
-12 11 April 2006 T |I=for . a, cos2COt-Cos ; dt (11) O The terns in the

above expressien ¢,.’Qx;;ccm,2mgndog§owt are constants over a synbol,peri od.
Therefore, the iontegral is much sinplified and it can be seen cqgarly t hat
this ter g{el ds h'(g,h correl atjpon value that gives the i n- phase despread
symbol : | 25 .%w‘?izf? SiEHPICETIOR: 1) o aeosbare cprRtANtTOVEE a Sirmbolgesodied si gnal
is done with 4;sin(uw,t), the final termleft after correlation would be:
Qa". Ksi ni; (11?"121 . So, according to the value of the phase-error g, either
the in-phase ofharefereyielirtaraleis rehohnsmplifiéd bl it0RE HeeRen T1AAR ! that this term

domi nat e. i . EFquatigns (12) and (13) along w th other

cor r espondi rﬁgﬁﬁr%ﬁgﬁéﬁvg@g&#? ESe PR EtPreas symbpld the final despread
signal. From Ihanab;ou@s%nal ysis, it can inferred that correl at i@g in the
described receiver architecture need not necessarily occur at( se- band.

It can occur at any internediate (IF)
Similarly, if the correlation of the received signal is done with ¢;-sin(w.2), the final

term left after correlation would be:

O=a, K-sin& - . o (13)

- So, according to the value of the phase-error £, either the in-phase or the quadrature
element of the despread signal will dominate. 7 and Q from Equations (12) and (13) along

ﬁth other corresponding correlation results can be summed to yield the final despread signal.

From the above analysis, it can inferred that correlation in the described receiver
architecture need not necessarily occur at base-band. It can occur at any intermediate (IF)

frequency including the carrier frequency as has been shown in the Equations (7} - (1 3).

The fingers of the RAKE (Figure 6) are made of code replica generators and the
analogue time-delays. The multiple paths with different delays and phase-errors are resolved
by use of these branches. Effective multipath resolution (multipath diversity) is obtained by
properly combining the resulting de:spread signal. A detailed diagram of the recejver

| structure 100 is illustrated in Figure 6 showing three fingers of the RAKE along with the

novel way of reducing complexity of the code-replica generation.

After correlation, the despread signal is digitised by an ADC (118) before it is passed
for further signal processing. As mentioned above, an advantage in this structure is the
removal of the FIR filters that were previously working at four times the chip rate and
consumihg considerab]e power. Also, the architecture of a DAC is much simpler than that of
an ADC and this makes the overall structure simpler. The use of such architecture therefore

reduces the power consumption of the receiver to a great extent. Finally, the ADC operates at




frequency including the carrier frequency as has been shown in the
Equations (7).- (13). The fingers of the RAKE (Figure 6) are nade of code
replica generators and the anal ogue tinme-delays. The nultiple gaths W th
di fferent delays and phase-errors are resolved by use dfl Apese0Hr anches.

Ef fective multipath resol ution (nultipagg3giversity) I s obtained by
properly conmbining the resulting despread”signal. A detailed diagramof the
receiver structure 100 is illustrated in Figure 6 showing three fingers of
t he RAKE a ith the, novel way of reducing conplexity of the

code-repl i g]%n 8’\#@ Yy Bﬁt.he/if’{‘@?““&‘a’#%% systcah Whithels peapsholowves rajn than irequired of
digitised e ADCARGHE tdBlenhiel RtGividcilcsitRAGtgd, for further signal
processi ng. As nentioned above, an advantage I1n this structure is the
renoval of the FIRfilters that were previously working at four tinmes the

AP e S, SEPREGIED AR B BT, e
structure §¢’lm§l_lrercan;l'l’oehainqaliﬂe_dsbphomttﬁﬁg' 1RE hed T&eﬁﬁﬁﬁfcﬁ?\lzér@%’ﬁﬁﬁg%g&d
power consymption.of the receiver to a great extent. Finally, the

oper at es a_?‘ %?P?&b‘ﬂ”?a loypppgs gﬁi’@ ey ?ﬂﬁ’@lnel”ail“é“@ﬁtutﬂe flewibteuinitioatenserthat the
system whigie c6mBord&Ncdr0Be inédth&rateld 48 goﬁgfé{if)r?(ﬁag)fto lgehSOﬁ%DCﬁ?{Ir g%%rg%ﬁ?rf%/ be

convention receiver circuit structure. nce correlation Ca

achi eved aPPE#PnSnt ended frequency, the receiver structure can be
simplified by omtting the need for down-converting m xers and
correspondi ng | owpass filters. However, the new architecture is flexible

i n the sengke tekeivert drehitesame acoRIINs &N érBbdt@Aets of ﬂﬁ_‘lﬁr&@ﬁﬁh@&ﬁioﬁ eﬁ%l%se%e%r%f)n
has to be ggﬂ}g‘ aft&r het er odyni n operations. . The recelver architecture

accor di ng RS AT YADIREES & compareg)ta samventionab rckiver creatitye inchetiray: al
significant advantages as conpared to conventional receiver circuitry,
including: j. _In third generation nobile communication systens, spreading
factors of pt 8inbsgengration meatile cBhinsunidation lsysterg Rpreadiag fidisrs APGS tb D56 b

T equency of T ooy cieihe s 886 Atfcs i fuesccpiser of Sarinsention would operat
: at 1/1024™ of the operating frequency of the conventional method that uses four-times
over-sampling as mentioned earlier. Accordingly, the power consumed by the ADCs in

the new architecture is lower when compared to that of the standard architecture.
il. As mentioned earlier, the rate at which the ADCs in the new architecture work (symbol
rate) is much lower than the rate at which their counterparts in the standard structure
work (four times chip rate). Thus, it could be possible fo employ an analogue

multiplexer and utilise a single ADC for more than one RAKE finger and route the
signals accordingly.

iii. The use of DACs in the new architecture does not increase the complexity of the overall
structure, as the DACs are structufally simpler and consume lesser power compared the
ADCs.

iv. The method of using analogue time-delays to génerate code-shifts in code replica
'generatidn reduces the number of DACs and mixers in the process.r This technique is
advantageous provided the delay spread is in the range of a few micro-seconds. Large
delay spread reduces the advantage of utilising this technigue.

v. Digital techniques typically involve usage of more power compared to.analogue
techniques. Thus, the use of analogue correlators decreases the power consumption of
the structure and justifies the use of the technique.



over-sanpling as nentioned earlier. Accordingly, the power consunmed by the
ADCs in the new architecture is | ower when conpared to that of the -
standard architecture. ii. As nmentioned earlier, the rate at which the ADCs
in the new architecture work (symbol rate) is rmuch | owdd 8aEh2@0%e rate at
which their counterparts in the standa;§4$tructure work (four tinmes chip
rate). Thus, it could be possible to enpl'oy an anal ogue nultiplexer and
utilise a single ADC for nore than one RAKE finger and route the signals
accordi ngly. ih%. TQF use. of, %Ags i.n.the new architecture does not increase
the conplexity 0 foregomg Jetpije ety af thes inveetiomdes prieciples, uarteratiah | and
si npl er arthbodinsdnee Hae IReH e F i V... Th t hod .o

m - o v Y cousrapplf s, dnf fron el & be

usi ng anal ogue tine:-del ays to generate”code- n code
generatioﬁoﬂ%ﬁﬁ?£ggﬁﬁétﬂ syension Ba\dsfinerd dn thexsppanded claligs, pr ocess. Thi's
technique is advantageous provided the delay spread is in the range of a
few m cro-seconds. Large delay spread reduces the advantage of utilising
this technique. v. Digital techniques typically involve usage of nore power
conpared to anal ogue techniques. Thus, the use of anal ogue correl ators
decreases the power consunption of the structure and justifies the use of
the technique. 11 April 2006 -14 The foregoing detail ed description of the
invention, its principles, operation and enbodinents, has been presented
by way of exanple only, and is not intended to be - considered limting to
the invention as defined in the appended clains. 11 April 2006 - 15 C ains
1. A code division nultiple access (CDMA) RAKE receiver including: a
plurality of receivers; : : : ‘ ‘ -



5 anplifying and filtering circuitry for obtaining a direct sequence spread
spectrum received signal; a spreading code signal generator circuit for
generati ng an anal ogue spreadi ng code signal; anal ogue correlation
detection circuitry for detecting correlation between sdildApld2¢@&rei ved
signal and said spreadi ng code signal to produce an anal ogue correl ation
signal; and analogue to digital conversion circuitry for generating a
digital data signal from said anal ogue corrgelation signal. 15 2. A CDVA
RAKE receiver as clainmed in claim1, wherein the spreading code generator
circuit includes a digital to anal ogue converter (DAC) for converting a
digital spreagifg code sequence into a correspondi ng anal ogue signal. 3. A
CDVMA RAKE recerver as claimed in claim2, wherein the spreading code 20
generator circuit includes a signal m xer arranged to m x the output from

said DAC with,a frequyency.signal .to gen t ai_d anal ogue, spreadi ng code
signal. 4. A Eowva ﬁﬁ%ée Bl—%%?‘%/&"ﬁ%e %chﬁsr{g'{ﬁriﬁ) ?I@E%f@?lvlehlﬂcm% two signal
m xers generati ngagﬁl},ﬂgggppéceﬁ&@! ogue spreadi ng code signals. 25 5. A CDVA
RAKE receiver as clainmed in claim4, wherein two spreadi ng code generator
circuits afe proviamplifying ang fikerrgodiionitro fartobgainiak asdireh dequgnoosireatspeemuas
as input. 30re‘§e' 1%}CDI\/A RAKE receiver as clained in claiml1, wherein the
anal ogue corre 4V ﬂgmﬂet ection circuitry includes a mxer for mxing the
recei ved signal Wi §kpréfiBn@bcdeQuil denefitds dircdBQ8r pfratRb@A%thIR @giﬁe?ﬁiixgg‘@d
and an anal ogue integrator that generates said correl ation signal romthe
out put of sai Xer .

analogue correlation detection circuitry for detecting correlation between said

10 received signal and said spreading code signal to produce an analogue correlation signal;
and |

analogue to digital conversion circuitry for generating a digital data signal from

said analogue correlation signal.

15 2. A CDMA RAKE receiver as claimed in claim 1, wherein the spreading code
generator circuit includes a digital to analogue converter (DAC) for converting a digital

spreading code sequence into a corresponding analogue signal.

3. A CDMA RAKE receiver as claimed in claim 2, wherein the spreading code
20  generator circuit includes a signal mixer arranged to mix the output from said DAC with a

frequency signal to generate said analogue spreading code signal.

4. A CDMA RAKE receiver as claimed in claim 3, including two signal mixers
generating orthogonal analogue spreading code signals.

25
5. A CDMA RAKE receiver as claimed in claim 4, wherein two spreading code
generator circuits are provided having respective orthogonal spreading code sequences as

input.

30 6. A CDMA RAKE receiver as claimed in claim 1, wherein the analogue correlation

detection circuitry includes a mixer for mixing the received signal with the analogue




7. A CDVA RAKE receiver as clainmed in claim4, wherein the anal ogue

correlation 5 detection circuitry includes, for each of the orthogonal

anal ogue spreadi ng code signals, a mxer for m xing the received signa

wi th the anal ogue spreadi ng code signal and an analoguéliﬁPﬁbggﬁ%r, t he

anal ogue correlation detection circuitry further including an anal ogue

summ ng circuit that generates said correlation signal fromthe outputs of

said mxers. 10 8. A CDVA RAKE receiver asijglained in claiml1l, wherein the

anal ogue to digital conversion circuitry operates at the synbol frequency

of said digital data signal. 9. A CDVA RAKE receiver as clained in any one
I n. the 5 _out

ar e conbi ned TCilieFade Sghdl apd dn AR shePd alpetefit e cob e fghal

receiver as cfrain"héloutpucdfeaid Mixer.ncl uding tine delay el ements arranged to
del ay the passage of the anal ogue spreadi ng code signal to the anal ogue
correlation 20 detection circuitry for different receivers.' 11. A nethod

for receivingyand ¢ BMW%%%QH%&F& LR, %Hﬁ%fﬂﬂk@aﬁ%%%cgﬁelﬂion

code division multipl'é access ommuni cat1 ons’ system i n
di gital data deegival cikaitiyngcmdes Jebeach of tiegoringpnalsanaingoe spréading leode signgls,al
spr eadi ng code_segrgenc_e_ Zﬁ_ﬁeand .nodu] at ed . f or traPsm' ssi on. at carrier

frequency, compFSrsiongnixingyihier preiyechsgnal Pithy the pnglogue spirading; Gade signa far Ao
spread spect ! 4@ hograldf ik A aifbuR o GHAARA oS IGA UirEihr§ OftthS? GAhding an

corresponding to nsii ssion spreadi ng code sequence! perform ng

anal ogue cor r aakiguersutdehiag tdironit ikdtvgeeeratel saidecmrelatibnssi goed [ fromm dhet datput3 @f said
spreadi ng code.signal to obtain a correlation signal; and 11 April 2006 -17
appl yi ng anal 9D digital conversion to the correlation signal to obtain a
replica ofjg

8. A CDMA RAKE receiver as claimed in claim 1, wherein the analogue to digital
conversion circuitry operates at the symbol frequency of said digital data signal.

9 A CDMA RAKE receiver as claimed in any one of claims 1 to 8, wherein the
15 outputs from the plurality of receivers are combined to generate a single digital data signal
output.

10. A RAKE receiver as claimed in claim 9, including time delay elements arranged to
delay the passage of the analogue spreading code signal to the analogue correlation

20 detection circuitry for different receivers.*

11. A method for receiving and decoding a direct sequence spread spectrum signal in a
code division multiple access (CDMA) communications system in which a digital data
signal having a baseband frequency is combined with a digital spreading code sequence
25 and modulated for transmission at a carrier frequency, comprising:

amplifying and filtering a received direct sequence spread spectrum signal;

generating an analogue spreading code signal corresponding to the transmission
spreading code sequence;

performing analogue correlation detection between the received signal and the

30 spreading code signal to obtain a correlation signal; and



the digital data signal. 12. A nethod as clained in claim1ll, wherein the
anal ogue spreading code signal is 5 nodulated at said carrier frequency
and the anal ogue correlation detection is performed at the carrier
frequency. 13. A nethod as clainmed in claim 11, wherein thépahdPegue
spreadi ng code signal is nodulated at internedi ate frequency, the nethod

I ncl udi ng downm xi ng the received 10 direct sequence spread spectrum signal
to said internedi ate frequency and perforniqg.the analogue correlation
detection at said internediate frequency. 14. A nethod as clainmed in claim
11, wherein the anal ogue to digital conversion of the «correlation signal
Is perforned at said.,baseband.freguency. 15 1 A nethod.as.cl alned in,.
clalm 11, wherei n PPRDERFAgEL OEMMEAR erolopsa tos GrEFIac BRI SRR uisBlien of
i n-phase and gh¢atigitdl dat sigaponents for correlation detection with
correspondi ng conponents of the received signal in the anal ogue domai n,
with the resulting correlation signals conbined before application of the

anal ogue to di4gital Ver.si t S | [0 ' ol i
wherein gener% i onAo?l% g%gr?z %ﬁgg"g%a?%a F%epeglgé% %‘l%‘%qﬁsﬁﬁéc &?e@dg]isg})én[agfs
to anal ogué cmwodalariden saitl datrier dieguély apf thaailggueadereitigh deretior’ s perforrded at
nmet hod as clainmed |n_claim16, wherein generation of the anal ogue spreadi ng
code signal i WEICATEE T9GUINCYti on thereof at an internediate frequency or the
carrier frequency. 18. A nethod as clainmed in claim 16 or 17, wherein
generation of the anal ogue 30 spreading code signal includes application
of a tinme del B thArmtthot el eiamed én chimdild wherein cheainabopud espeszatdingncodt kighal id
FZ)PS? al Il? ylg]'c @pﬁ@%&aﬁdatalsntgr}naeldg?ed frlegugnlc?,l rtﬂelgietlllor?ic %n%ﬂid?r?g %%Qr%ﬁn"i‘:tcihg nthg fre((:’jlei\f'ed

10  direct sequence spread spectrum signal to said intermediate frequency and performing the

analogue correlation detection at said intermediate frequency.

14. A method as claimed in claim 11, wherein the analogue to digital conversion of the
correlation signal is performed at said baseband frequency.

15
15. A method as claimed in claim 11, wherein the analogue spreading code signal
includes orthogonal in-phase and quadrature components for correlation detection with
corresponding components of the received signal in the analogue domain, with the
resulting correlation signals combined before application of the analogue to digital

20 conversion.

16. A method as claimed in claim 11, wherein generation of the analogue spreading

code signal includes digital to analogue conversion of the digital spreading code sequence.

25 17. A method as claimed in claim 16, wherein generation of the analogue spreading
code signal includes modulation thereof at an intermediate frequency or the carrier

frequency.

18. A method as claimed in claim 16 or 17, wherein generation of the analogue
30 spreading code signal includes application of a time delay thereto before use in said

correlation detection.



del ayed anal ogue spreadi ng code signals, and wherein said anal ogue
correlation detection and anal ogue to digital conversion steps are
performed separately with each spreading 5 code signal on the formof a
RAKE receiver. 20. A nethod as clained in claim19, inplBméwriédi9t a
portabl e tel ecommuni cati ons device. 1021. A code division nmultiple access
communi cations systemincluding a receiver as clained in any one of clains
1 to 10. 22. A portable tel ecommunications. ggevice incorporating a receiver
as claimed in any one of clains 1 to 10. 15 23. A code division nultiple
access RAKE receiver including a plurality of receivers, wherein each
receiver includes: anplifying and filtering circuitry for obtaining a

di rect sequence spread spectrum received signal; 20 a spreadi ng code

si gnal generat®ir CcAr figtliodf &y clgign&l &t iclimalB, anecludidigegsieratiodi 6fa qiutelitysofytiade;
anal ogue correlation detection circuitry for detecting correlation between

said recei vedelayedanalogrg sprrding spds siEns.cE ovharein Spid; analneyg serelation Aeteciinie

correlation sj : -.ain | git SR | Uk dch Yenbehi
generating a di g?lkaé?g%r;l{té) agl |t§ng¢%§gorﬁt &ggsl} glleaﬁée{f-oguges(r:c@é@{eépgt ilglné ngeraI ; e
and wher ei A t tmalecignalioss tHerform bfie RAKIE edceivgr.of recei vers are conbined to

generate a single digital data signal output, and wherein tine del ay
el enents are arranged to delay the passage of the anal ogue spreadi ng code

nggﬁlveﬁ g t hea@nal ROHEMBE"E RlAhE@h ERIR A9 RiplerEntel if Wi pditibleatledbhihRBlions
' device.

21. A code division multiple access communications system including a receiver as

claimed in any one of claims 1 to 10.

22. A portable telecommunications device incorporating a receiver as claimed in any

one of claims 1 to 10.

23. A code division multiple access RAKE receiver including a plurality of receivers,
wherein each receiver includes:

amplifying and filtering circuitry for obtaining a direct sequence spread spectrum
received signal;

a spreading code signal generator circuit for generating an analogue spreading code
signal;

analogue correlation detection circuitry for detecting correlation between said
received signal and said spreading code signal to produce an analogue correlation signal;
and

analogue to digital conversion circuitry for generating a digital data signal from
said analogue correlation signal; and

wherein the outputs from the plurality of receivers are combined to generate a
single digital data signal output, and wherein time delay elements are arranged to delay the
passage of the analogue spreading code signal to the analogue correlation detection

circuitry for different receivers.




