; e3evgsbbcedeRg6gTgTdM 1 A CDVA RECEI VER 0 9 SEP 2002 BACKGROUND AND
FIELD OF THE | NVENTION 5 The present invention relates to a recei W SEBr2002
use with CDVA (code division nultiple access) communi cation. Direct
sequence code division nultiple access (DS-CDMA) is a technique for digital
comuni cations used particularly in 10 cellular nobile comunications. In
this technique, a data signal is conbined with a spreading waveformin the
formof a pseudo random noi se code (PN) to forma coded sign%ﬂ

transm ssion. The code has a frequency (the chip rate) which ﬂ%ﬂy

I e
of the frequency (the bit or synbgl e {é the data signal,, !Wllmﬂl/an
ef fect of conbination of the dat R GOm ReC I‘J@Reading wavef or m 1%6¢hat t he
bit period is divided into smaller chip periods. At the receiver, the

processed signal is conbined with the 20 sane spreadi ng waveformto extract

the data siggratGrJUND LREHNF BED POPVTAESTIRVANORodat a capacity by spreading
signal ene J J i bandwi dth utilization and
reduce the effects of narrow band interference. 25 DS-CDVA requires that
t he spreadi ng waveforns generated by transmtter and receiver are
synchronibzéthe Ifredeese itwention relates to a receiver for use with CDMA

(code division multiple access) communication.

Direct sequence code division multiple access (DS-CDMA) is
a technique for digital communications used particularly in
10 cellular mobile communications. In this technique, a data
signal is combined with a spreading waveform in the form of
a pseudo random noise code (PN) to form a coded signal for
transmission. The code has a frequency (the chip rate) which
is a multiple of the frequency (the bit or symbol rate) of
15 the data signal, so that an effect of combination of the data
signal and spreading waveform is that the bit period is

divided into smaller chip periods.

At the receiver, the processed signal is combined with the
20 same spreading waveform to extract the data signal. The
technique provides a high data capacity by spreading signal
energy over a wide bandwidth to increase bandwidth
utilization and reduce the effects of narrow band
interference.
25
DS-CDMA requires that the spreading waveforms generated by

transmitter and receiver are synchronized. If these two

T
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L! 209 SEP 2002 waveforns are out of synchronization by as little as one
_ chip period, reliable comunication cannot be achi eved. The probl@ﬁléﬁp 2002
synchroni zation is exacerbated by nultipath effects, since the wreless
channel from base station to 5 nobile station is conposed of several paths
of different tinme delays, which vary due to the novenent of the nobile
station or Doppler shift effects. A searcher fornmed by parallel correlators
or matched filters 10 is used to deal with rapid path changes caused
principally by novenent, while a plurality of Delay Locked Loops (DLL) are
used to deal with slight changes in the phase of the spreadi ng waveform
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signal. In current systens, the converter includes a clock having a

sanmpl i Ng 525ndiH Be Qft £ iHH ilsl BBRAPHRAACHE P& 0é £a [ GAHBCOS) dikEFeh Rl tupes
this clock as a basis to adjust and align the phase of its locally

gener at ed sgyleags hovhveveharmy dihe omehleeslovetemtobf theOm8bSER 2682i3n
advance or retardation of the DLL's spreading waveformis thus 1/8 of the

chip duraticon Bdmpledheneforeffeftshe DLL works under perfect control, the
timng error of each finger in tracking between the incomng and |ocally
generated 5 spreading waveforns is less than 1/16 Tc and the bit error rate
(BER) performance degradation due to this error is negligible. However, if
t he sanpli fy SSRECHHT trab iy PereddGde§OrFelrSORENCE Ba§rhaat fATRIR

i ncrease to the point ere reliable co ni cati on cannot be achieved. 10
In ordertC o OIS EPg}lealcélﬁééi R PRl Qfﬁbmarﬁw i %ﬂ?%daﬁﬁl‘-ﬂ%t??égé’,
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and power consunp since séveral 1nternal” nodul’es operate undér contro

of the cl Ofé;(nczr@réﬁii%%n YR @k ctBELELYHEBRI erﬁé}nipi@é/f deskerek ver

processi ng dppar at us ich alleviates this prob

15 or Doppler shift. Each path will have a corresponding
portion of the receiver apparatus termed a "finger" including
a DLL which keeps close track of phase fluctuations of the
received signal from that path and adjusts its respective
locally generated spreading waveform to follow the

20 fluctuations.

DS-CDMA systems need to use an analogue to digital converter
to sample and thus recover the received signal. 1In current
systems, the converter includes a clock having a sampliné
25 rate of eight times the chip rate (CHIP8CLK). Each DLL uses
this clock as a basis to adjust and align the phase of its

locally generated spreading waveform. The smallest step of



L f 4 SUMVARY OF THE ‘I NVENTION 0 9 SEP 2002 According to the invention

. there is provided a code division multiple access (CDVA) receiver) § GEP 2002
recei wi ng an encoded CDVA 5 signal, the receiver conprising an analog to
digital converter for sanpling the received signal and passing the thus
sanpled and digitized signal to CDVA decodi ng neans, the converter

recei ving a sanpling clock signal at a sanpling frequency, the phase of the
cl ock signal being adjustable. 10 Preferably, the decoding neans is
arranged to correlate the signal with spreadi ng waveforns of different

del ays, to generate an error signal fromthe correlated signals and to

generate a £ @Hde t Oradietstrdaite ophase ohet DELCLOGK rEiagidly ik USf slepengence
upon the error signal. The decodi ng neans nay conprise a plurality of sets
of correl atiinss 1he afr ahgeramip bebrg: soeh (Tbat ghkireForeqr ried atlpe pfLeach
set receives a spreading waveformof a different base delay and second and
third corretatis surafe e qeir ettt raogined s rheadiing nyaeefrorms £28awvhi £hnger
respectively lead and | ag the base delay of the first correlator and the
ar r angenentinmy 1€ ksueh gﬁéwean ekther Eiepmingomichedpchdd yeagtnecated
derived fromthe outputs of the correlators of each set, the conponents
fromal |l 5t ROERAGING vevelenpd 16 L6FM thaler/dd Jigraid bt PPLEefBBPY a

measure of the power of the output fromthe second correlator is subtracted
from a neaﬁﬂ%?ogBFﬁé POt orm cegdegradation due to this error 1s

negligible. However, if the sampling rate of the clock is
reduced, performance degradation will increase to the point
where reliable communication cannot be achieved.

10
In order to obtain higher capacity and support multimedia
applications, systems using wide band code division multiple
access (WCDMA) have been proposed. Such systems use a
relatively wider band than the systems discussed above.

15 However, operating in a wide band environment requires a
corresponding increase in chip rate. This in turn requires
a correspondingly faster sampling clock, which considerably
increases cost and power consumption, since several internal
modules operate under control of the clock.

20
It is an object of the invention to provide signal processing

apparatus which alleviates this problem.



. signal conponent, the phase of the clock signal being advanced

0 9 SEP 2002 of the output of the third correlator to provide thgge £FO12002

t he error
signal is positive and retarded if the error signal is negative. Preferably
t he phase of the clock 5 signal is adjusted only when the magnitude of the
error signal exceeds a first threshold. The base delay may be adjustable
and preferably the base delay is adjustable towards the dom nant power of
the outputs 10 fromthe correlators of the set. ' Mre preferably, the base
delay.is not adjusted when a neasure of the power of the output fromthe
first correlator is larger than a nmeasure of the power of the outputs of 15
ei ther the SSRRBRY SF tHily INGINBI@N ors by nore than a second threshold. |f
t he neasure of the power of the output fromthe first correlator is snaller
than the larger of the neasures of the powers of the outputs of the second
and third correlators by nore than a third threshold Then if the 20 neasure
of the powdCCHEIY S&t phe N VERE 198cERELEorPePaPBLAPE Rafeee FhuhsinR
nmeasure of t wer o of . the fhird correl at or,

, f th t th h f
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then if the phase of the clock signal IS to be retarded, then the phase of

the base d@@%é&&dVﬁé@@ﬂvﬁh?eat Ramphasgy od1ddie 9@?§a§e|a%y d SsdbliRg

unchanged. If the neasure of the power of the outpuf fromthe first

correl ator firsqueineldies ghade tde died geTo®k dNgndpasei e &fjtseapowers of
the outputs of the second and third correlators by nore than the third

t hresholld and if the nmeasure of the power of the output of the third
correlator 10 is larger than the nmeasure of the power of the output of the
second cor Peledftearaktihgn tilfe tdeec qiase fanhel £l ackasjemhat o | ot e betadvlaaced,
then the phase of the base delay is retarded el se the phase of the base
delay is | eftgnadchaa§Bd. sireteram| yavied osdsondf arfti i rent hdedholsds &Pe t he
sanme. 15 The descri bed enbodi nent of the invention provides sjgnal

processi ng IEHSHEUSL WA TPl T Rk Her U et P Tk teAndt 97a) § ratfierRy,

for exanple twice the chip rate (CH P2CLK), while _stjll providin ,
acceptablegﬁﬂﬁﬁﬁHQxﬁiﬁﬁgnﬁélF&b?gﬂpfﬁ %heZQhGFSePftBhEoﬁg%ﬁgafbggﬁ} ¥trors
derived.fromthe | ower sanpling rate, firstly adjustpnents are made to the
phase o%gt@EHﬁQ§ﬁP%ﬁgﬂ@ﬁnf%besgﬁﬁpfnfﬁQQF ECe?bsdd?FﬁﬁéPgaﬁ§%&%d%%¥y a
new al gorit i | ] -adj ust f clo S] by
each DLL fé?ﬂ}éﬁggggihgqf%gl?gcgf_%%ggﬁﬁgggﬁﬁglﬁgggﬁdrn?h?réfggﬁgéﬁﬁﬁ%xt,
adj ustment yafs PNASEeERS CANEJ ddierPOSIdd 082 Ok abhie deradidie silas of the
cl ock waveform” It does not nean change o requency of that

spreading waveform of a different base delay and second and

third correlators of each set receive spreading waveforms
20 which respectively lead and lag the base delay of the first
correlator and the arrangement may be such that an error
signal component for each set is derived from the outputs of
the correlators of each set, the components from all the sets
being summed to form the error signal.
25
Preferably a measure of the power of the output from the

second correlator is subtracted from a measure of the power



0 9 SEP 2002 7 waveform which can be realized by automatic frequency
control (AFC). Wth these adjustnents, a preferred sanpling poirt§ f&&P 2062
recei ved signal may be established. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS An
enbodi nent of the invention will now be described by way of exanple, wth
reference to the acconpanyi ng drawings, in which: 10 Figure 1 is a bl ock
diagramillustrating an enbodi nent of a recei ver of the invention, for
receiving a transmtted data signal; 15 Figure 2 is a schematic bl ock
diagramsimlar to Figure 1 showing the parallel correlator and DLL control
structure (of the digital signal processing nodule) in nore detail; Figure

3 is a schematlde Hagham ot | tREr 8hi P BocRENBLAKOR O e idedWR Zrfdgure 4
is a schematic diagram of part of the DLL control structure of Fig. 2

recei ving isnpwiy f cefpeaenel at ens IpMsd- BRandnht Lcapdkprovishng b1y and
Power outputs; 25 Figure 5 1s a schematic diagramof part of the DLL
control st adétamcedofi fRicher er2owhsthnpilotessesitbecBindrrotdpiedoff the~ 0 9

SEP 2002
error signal is negative. Preferably the phase of the clock
5 signal is adjusted only when the magnitude of the error

signal exceeds a first threshold.

The base delay may be adjustable and preferably the base
delay is adjustable towards the dominant power of the outputs

10 from the correlators of the set.

More preferably, the base delay is not adjusted when a
measure of the power of the output from the first correlator
is larger than a measure of the power of the outputs of
15 either the second or third correlators by more than a second
threshold. If the measure of the power of the output from
the first correlator is smaller than the larger of the
measures of the powers of the outputs of the second and third
correlators by more than a third threshold then if the
20 measure of the power of the output of the second correlator
is larger than the measure of the power of the output of the
third correlator, the phase of the base delay is advanced
else the phase is retarded. If the measure of the power of
the output from the first correlator is not smaller than the
25 larger of the measures of the powers of the outputs of the
second and third correlators by more than the third threshold

and if the measure of the power of the output of the second



8 Figure 4; Figure 6'is a schematic diagramof part of the DLL cqurggp 2002
structure of Figure 2 which processes the Power output of 5 Figure 4 and

Al D- CONTRCL out put of Figure 5; Figure 7 is a flow chart illustrating the
operation of the finger logic of Figure 6; and 10 Figure 8 is a timng
diagramillustrating operation of the enbodi ment of the invention. Figure 9
is atimng diagramillustrating a gener@al case for the enbodi nent of the
present invention. 15 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT W't h
reference to Figure 1, a block diagramillustrating a CDVA receiver, for
receiving a transmtted data signal is 20 shown. An original WDVA

transnmitt e@ogaea adiognals | saegebdeébaandheodidaied® el ngheuaeraturcd P e
Shift Key (QPSK) nodul ation prior to RF transmi ssion and is received b

antenna 2 WHtENtpadskBet halsd rRrrelator disvef AhghPBASEORA %w:elrce%ktyhe
RF si |t .eband I i I d 2 t ti

(s phace) S9A030 (Gad drtr B THEtes . daban st BRaboodR O SIE PASSET A ¥nal og
t Digital .Co t . D t 6 i i f act i t A/ D
0% SEP 2088 SHCBATERHerEhHuILE | 888SPor Sttt wiiiror AEARd ohd FEREthe o
‘Q’a"Ef or m, %%%ﬁ%@%dt.h%f' AR, Q. data st gnal %fotw%f SFPERL! XSEShQ' Ebnsignal s

y sanpling the data Signals at a Sanpling Trequency Which are passed to a

| ow pass Fizhirke | gppkaes PoPesnonage( Rty shapica . | Lher 13 .ohonclyeles

two filter modul es for the | ‘and signals respectively of standard

constructi g \ire} Brovhdesode shaped NI Ak badenal sEhendi ghal Ny whi ch
receives a timng input at the sanpling frequency to provide filtered

out puts Rz -andeRRtork0 e nddd efesh ogthrut Shar@ RATSEHANA aamdralfl ethe
correlator structure 300 in which the outputs are correlated wth spreading

wavef or s akadivfifeeresmttitel Bonder t Of pth¥i datearr elfatté@ awtiput scdiorelawotises :
firstly, user reception, via 15 RAKE Conbi ner 400 which realises the tine
diversil§ dfs diefrberenhapaths ardscorbphieshehpowerref atled outpot sof erher
correction coding 500 and voi ce decodi ng 600 nodul es and, secondly, for
i nput to aseicgindalcoyingiatpr odessi hf Rbdubbageoohhitdle wrlovikdesi Sk cher and
Del ay Locked Loop control i
to be advanced, then the phase of the base delay is retarded
else the phase of the base delay 1is 1left unchanged.
Preferably the second and third thresholds are the same.
15
The described embodiment of the invention provides signal
processing apparatus which allows the use of a lower sampling
frequency, for example twice the chip rate (CHIP2CLK), while
still providing acceptable communication reliability. In
20 order to compensate for errors derived from the lower
sampling rate, firstly adjustments are made to the phase of
the clock signal for sampling the received signal and
secondly a new algorithm is applied to adjust the phase of
the clock signal used by each DLL for generating its local
25 spreading waveform. In this context, adjustment of phase

means change in the position of the leading edge of the clock

waveform. It does not mean change of frequency of that



20 processing and whi'ch outputs timng control signals to control the
generation of the spreading waveforms and cl ock signals by cl ock %2 98P 2002
spreadi ng wavef orm generator 800 to be input to the A/D converter 6, filter
8 and parallel correlator structure 300. The correl ated outputs are used 25
for user reception and digital signal processing simultaneously. 0 9 SEP
200Z 10 Figure 2 illustrates the CDVA receiver of Figure 1 with particul ar
reference to those portions of the nodules of Figure 1 concerned with Del ay
Locked Loop (DLL) control, which the described enbodi nent concerns. In this
respect, 5 the part 9 of the parallel correlator structure 300 used for DLL
and the DLwaommfiami, swhicthur eaB2 Ipar tresflitdes dibgi t ahtsmghat pfoegssnaoyg
nodul e 500 are shown in nore detail. Synchronization of the WCDVA signal is
perfor med towndnur € AET )t.hatlithe thegei adfusiygaak s, wai ehe fer fod neampi i ag
plurality of signals of different delays, is correctly correlated with the
| ocal | y gemeridtted Spridii rRFSeNRd ovrgna e prie esstaiglishe@rfornmed in two
nodes. In the first, initial search node, the parallel correlator structure
9 is used to determine the 15 strong signal paths and associ ated del ays. In
a subsqueng ' gorrelator structure 9 acts to
correct Porheifikg CHanges s phase~ gl the existing found strong signa
pat hs. The description below illustrates the fine-tuning adjustnment of the
found signal paths using the 20 DLL control structure 22 and clock and
spreadi ng vef - r.24,. i | S tihat LStin i, gna
pat hs havewg]l feérg%{}l lgrg%ﬁ{ Zés atb}fel S%Ae\ée,rp&n h\'gl %ﬁ%? %O%Q?ﬂle%%% Ez)a}lf ?w §¥5 The
parallel c :ﬁﬁﬁg t r.uctur Lo | i S :

correl ator gﬁegéc eltes’hav%/hf%lﬂé L1".—??1]§r9eee cor rif:ﬁkgef ?%@nﬁ%{%&g b@fﬁgﬁ?%f t lerr1 r:,
E and L. A.ggtcipf correlators o s sEP Zooz n is provided for each found
strong signal path (finger). In Figure 2, two sets of correlators, for
Finger 1g | abelled 10,12,14 and for Finger N | abelled 16, 18,20 are shown.
The outputs fromthe sets of correlators (each set has six 5 outputs, | and
Q for each fNlgureand L} ar elpassedid@ranDillaentaelngt muctamis Pidnevti cof
supplies inputs to the clock and spreadi ng wavef orm generator 24 for
control li ng ChelAphaseigkrt b thedkhnwEgnas, dod speeading aavedonsmstfed each

set of correlators ( Finger 1 Control - Finger N Control ) and for the
data signal;

15 Figure 2 is a schematic block diagram similar to Figure 1
showing the parallel correlator and DLL control structure (of

the digital signal processing module) in more detail;

Figure 3 is a schematic diagram illustrating a correlator of

20 Figure 2;

Figure 4 is a schematic diagram of part of the DLL control
structure of Fig. 2 receiving inputs from correlators 1-M,
1-E and 1-L and providing Error and Power outputs;

25
Figure 5 is a schematic diagram of part of the DLL control

structure of Figure 2 which processes the Error output of



10 A/D convertert and filter 8 (A/D Control). The generator providgg SrF R
clock signals to A/D converter 6 and filter 8 and clock signals and
spreadi ng wavefornms to correlators 10-20. The cl ock generator generates a
cl ock signal, anobngst other things, for the A/ID converter 6, at tw ce the
chip rate 15 (CH P2CLK), rather than eight tines the chip rate (CH PBCLK)
as in the prior art, but adjusts the pha&e of the clock signal to provide a
nmeasure of conpensation as will be hereinafter described. 20 The structure
of each correlator is shown in Figure 3. Each correlator perfornms conpl ex
conjugate addition of the product of RI and RQ and respective locally
gener at ed IFigkeQ 4pr eadi ng waveforms, to denodul ate the signals and
de-spread the incom ng spread spectrumsignals. Thus, four multipliers 25
152,4,6,8 are provided. Multiplier 152 nmultiplies signal Rl with locally

ted I_, di , f PN- 1, [tipli 154 [ tipli i |
R P e B B e L i diahit Al Rt R S0patt 108 hbar BETy PRABEOL
Siml ly, [ tipli 56.mul ti i . R ith PN d [ tipli 158
o o L g R et SRl iR R E R EreS BRE ey P itattr ot added

at summ Rpg £l enent, 160 t ut fr | tiplier.156 is subtracted
fronlthe%SIg %ﬁﬁ %ﬁa%%ﬁ$?%l¢§¥fgé§ %%tggglggc%%gﬁrglghent 162. The outputs

fromelenents 160, 162 are fed to respective sum and dunp (E/ D) nodul es
164, 166. Each sum and dunp nodul e perforns a sanpling of its input 10

si gnal at tﬂg;mpvrﬁgea ¥3HN9 R aldeming & 9%k ifputh CHIROLE 5 Jhe, sappLes

are sumed over the bit (synbol) duration using a further timng clock

i nput SYMCLHK ridet Meodid d5YPD@LYer@f€ah@ provide a bit rate output signal
15 Each set of correlators M E, L receive | and Q spreadi ng waveforns and

cl ock signals SYMCLK and CH PCLK whi ch are subject to a different base
del ay determ ned by generator 24. Wthin each set, the delays of each
correl aflér Ergumh f§ eient, timing diagram illustrating operation of the

embodiment of the invention.

Figure 9 is a timing diagram illustrating a general case for
the embodiment of the present invention.
15

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

With reference to Figure 1, a block diagram illustrating a
CDMA receiver, for receiving a transmitted data signal is
20 shown. An original WCDMA transmitted data signal is encoded
and modulated wusing Quadrature Phase Shift Key (QPSK)
modulation prior to RF transmission and is received by
antenna 2 which passes the signal to a receiver 4 which down
converts the RF signal to a baseband analog signal and
25 extracts respective I (In-phase) and Q (Quadrature Phase)
data signals which are passed to Analog to Digital Converter

6. A/D converter 6 (which in fact comprises two A/D



but based upon the base delay. The correlators M (e.g 20 correlatog 1&§pf
Finger 1) have a delay corresponding to the base delay, the correl 8o @mz
(e. g. correlator 12 of Finger 1) have a delay of the base delay m nus half
the chip period Tc/2 and the correlators L (E.g. correlator 14 of Finger 1)
have a del ay of the base delay plus half the chip period 25 Tc/2. Thus in
each set, correlators Mhave a Mddle debay, correlators E have a Tc/2
Earlier delay and correlators L have a Tc/2 Later del ay. o s sEP 2002 13
The outputs fromall the correlators (Cl-MI & Q..CNL-1 & Q are fed to
DLL control structure 22 where outputs are initially processed as shown in
Fi gure 4 wWiGH SHews toeukont rone sfeuctue el fvrvehersedndforer feratbes? in
this case 5 Finger 1. Coherent accunul ators 40, 42, 44, 46, 48 and 50 sum
the I and OPRRER) of CRKBIMG Ehgnd 2Rdr Refater $ 1t t¥er§SPFREIEAM
periods for, 6 all coherent_ accunul at the sane and are chosen in

rs ar ,

accordanceQ&Q%Fﬁﬁw?%ﬁ%%%%ebyeéémpiﬁﬁﬁt§%q|¢ﬁ%%t%%ﬂﬂ%%st%ﬁn@n?ﬁmﬁélﬂﬁe

effect of radio 10 frequency erraor. ggewggtguts fromea ir of
0

[ d
accunul at or'’s" &FE1 el P61 "M2E aRa°E®| al % aP#30 PﬂEﬂﬁgz?%%B,s 6 by
Calculat%nq{ ﬁ%gmkEgRﬁhghggﬁggegiﬁ l8?Qﬁiéﬁf%ﬂ%@ﬁ&ﬁ%éxﬂgfgagggglque

is preferre 0 suhm'n hé''s al les since

compl exity denrediced, 19 4hit eapar f@géy@@?ﬂggg%gg@tﬁ%ehgt e’bo% Stopubigant-

However squaring neans coul np e “accur

estimation dsy deagded ofunk ek PeByvEaBET ANt rAGUMHALNS Sfrfife §2 LhHEN

determ ne 20 the average power outputs for t%% correlators M™E and L. The

sum per i odss iafnd heananwedher enécaresubatiang i, 1 9Puend 62 e eshfg1$age and
are chosen based on the sum period of the coherent accumul ators and total

system perfﬂrer@m@c[)w el p EERIYS fiiﬁ‘ef@éﬂsoxﬁg@ﬁﬁ& idnd R desirable for the
phase 25 of the A/ D sanpling clock and CH PCLK and SYMCLK of each finger to
be adjusted only once in a preferred tine interval. 0 9 SEP 200z

The filtered outputs are passed to a parallel correlator
structure 300 in which the outputs are correlated with
spreading waveforms of different delays, to provide
correlated outputs for two uses: firstly, user reception, via
15 RAKE Combiner 400 which realises the time diversity of
different paths and combines the correlated outputs, error
correction coding 500 and voice decoding 600 modules and,
secondly, for input to a digital signal processing module 700
which provides Searcher and Delay Locked Loop control
20 processing and which outputs timing control signals to
control the generation of the spreading waveforms and clock
signals by clock and spreading waveform generator 800 to be
input to the A/D converter 6, filter 8 and parallel
correlator structure 300. The correlated outputs are used
25 for user reception and digital signal processing

simultaneously.



14 The out put POWER-1 from accunul ator 58 is a power neasure for tgg SEPd202
correlator M1 of Finger 1. The outputs from accunul ators 60, 62 are fed to
a difference nodule 69 at which the power of the late L correlator of
Finger 1 is 5 subtracted fromthe power of the early E correlator of Finger
1. This is snoothed by a loop filter 66, the output of which, error signal
conponent ERROR-1, is the contribution q@ff Finger 1 for constructing a phase
| ocked | oop S-curve for controlling the A/D sanpling clock. The ERROR
outputs from10 all Fingers 1 - N are fed to a sunm ng el enent |10, as
shown in Figure 5, to provide a control signal TOTAL-ERROR which is fed to
A/ D | ogi ¢ Fizune p?ovildagtimsteont tbe IDRal rec®OOATROL shogmrén 1IFiglutle 2 to
change the phase of the A/D sanpling clock and thus obtain the best
sanpl i ng pFamtiforlars raéerepepvd® stmee . PPHE L phas e fof thie madD lesnppf ng
clock is advanced or retarded by generator 24 in Tc/8 increnments in

accor dance BARH & hk FRNGE LGRS RepagoNmriied AbePPodildld1 Xk Fetns a

conpari son between TOJAL- ERROR and 20 a threshold ~3 (~i>0Q). p is chosen
enpiricall?RFé: HQV%ﬁgé§%El ?ﬁnﬁmbﬁéEﬂ@ﬁﬁWﬁ@EC?ﬁﬁﬁcatﬂﬁb'q LeeheRe in

;Pgﬁff‘a?ﬁﬂf%t Fg i Boléﬁb‘sf”ﬁa%%ﬁiEaLEP%%?SEQf?ﬁﬁrﬁgfg%gi ADPREsFS: {3 ng
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descri bed above, the enbodi nent of the invention also acts to control the
phase of the clock signals 10 CH PCLK and SYMCLK and the phase of the

|l ocal |y gemsimaitatrdization of the WCDMA signal is performed to ensure
10 that the received signal, which is formed of a plurality of
signals of different delays, is correctly correlated with the
locally generated spreading waveforms. The processing is
performed in two modes. In the first, initial search mode,
the parallel correlator structure 9 is used to determine the

15 strong signal paths and associated delays. In a subsequent,
tracking mode, the parallel correlator structure 9 acts to
correct for slight changes in the phase of the existing found
strong signal paths. The description below illustrates the
fine-tuning adjustment of the found signal paths using the

20 DLL control structure 22 and clock and spreading waveform
generator 24, it being assumed that the existing signal paths
have already been established, in the manner known in the

art.

25 The parallel correlator structure 9 comprises a plurality of
sets of correlators each set having three correlators

identified by the letter M, E and L. A set of correlators



and Q spreadi ng wavefiorns for the set of correlators of each fi ng?r é-N as
now expl ained with reference to Figures 6 and 7, in which Finger P PL?QQZd
as an exanple, although it will be appreciated that the sane technique is
used for every 15 finger. As shown in Figure 6, the three power signals
PONER-1, EARLY PONER-1 and LATE POWNER-1, together with the control signal
A/ D- CONTRCL are input to a finger |ogicldodule 120 which 20 perfornms the

| ogi cal operations illustrated in the flowhart of Figure 7. Essentially,
the logic nodule attenpts to change the m ddl e phase of the finger towards
that of the dom nant power of the three input power signals, provided a

t hreshol d VS PHRIEL dledfe B aathi E0unt ety | $1gReH pat25(piegent - t henphase
bei ng chan%e_d when_t he powers are about_the 0 9 5EP 2002 16 sane

i ndi cating

At 2 c| 598nESE St PlarcOpEe haReF evefOrAF is0ey Joo taeekbigdal s

i d t 202_if th i P -1 i t th th
o ger ot | itk o 2 R AR 3L Sl L9 A e e s nanthS thi s
i ndi cat t hat PONER-1 is,_the don t , th h f the b
frequancy G YRHiger TEOs FAT1 Shechanbed CEaha Tt S| GRAFAR MERT GO ERL=0)

If not, at 6,1 h i.gnal R-1 is,;less an .t e t he
signal s EAI@{F% R-I_L %B&aﬁd%E%T%aﬁgcl\)‘éﬁ- 1%@%?2 F%gn%ﬁsg:%td ie%gdéet gfl"%”l ned
at step 20 i ]!.:dbﬁhY] Rirki : Sy r Y
PONER- 1 is%dﬁﬂgfe\ttrl, _Q{%e p arséeac%%E t}#eagg%ﬁgé{;uenc L}%# éf?\lEg}g?Cilél)éka vanced
by Te/2 (copidlassidnaly HNGEREENERL 21) 2okl CbATERONER inbsphaggess the
phase of the base frequency 15 of finger 1 is retarded by Tc/2 (control
signal FI NGgER GONIROLsidhalkf aald A 206hg thgvstgrms POVERREH Ssdwtofkess
than the larger of the signals EARLY PONER-1 and LATE POVNER-1 by nore 20

t han ~, | ndicxadd Ingrdihaat ( tiryesd gnabatane abbitigd hael Same rsilzeandt fog the
determ ned at step 214 which of EARLY PONER-1 and LATE PONER-1 is |arger.
| f EARLYOPAMER- tonseclraegerandit f8fleépr21% i(R/Ds Caterod ned Thie tdhensirgbat A/ D
CONTROL is -1 indicating that the phase of the A/D Converter sanpling clock
is to be 2pnwtidaduigut Hkotk 3¥gmeals heo phaBec@ivehiee baseand efjubbey of
finger 1 is advanced by Tc/2 (control signal FINCERLCONTROL=1) at step 222.
1 f not, thd pFidechbPckheignass apdgsgepapdoy waveforms to correlators

10-20. The clock generator generates a clock signal, amongst
other things, for the A/D converter 6, at twice the chip rate
15 (CHIP2CLK), rather than eight times the chip rate (CHIP8CLK)
as in the prior art, but adjusts the phase of the clock
signal to provide a measure of compensation as will be

hereinafter described.

20 The structure of each correlator is shown in Figure 3. Each
correlator performs complex conjugate addition of the product
of R; and R, and respective locally generated I and Q
spreading waveforms, to demodulate the signals and de-spread
the incoming spread spectrum signals. Thus, four multipliers
25 152,4,6,8 are provided. Multiplier 152 multiplies signal R;
with locally generated I spreading waveform PN-I, multiplier

154 multiplies signal R, with locally generated Q spreading



frequency of finger 1 is left unchanged (control signal FINGERl-QEgEﬁ@LﬂQQ
at step 220. If LATE PONER-1 is larger, at step 218 it is determ i f the

signal A/D CONTROL is +1 indicating that the phase of the A/D Converter
sanpling clock 5 is to be advanced. If this is true, the phase of the base
frequency of finger 1 is retarded by Tc/2 (control signal

FI NGER1- CONTROL=-1) at step 224. |f not,l12t he phase of the base frequency of
finger 1 is left unchanged (control signal FINGER - CONTROL=0) at step 226.
10 The effect of this enbodi nent of the invention will now be expl ai ned
with reference to Figures 8 and 9. Wth the A/D sanpling clock sanpling at
a speed of YawekormePN-H chiSpridies LyCHNRP2CLKL leirn S comvenipbres Rysiem the
phase of the A/ D sanpling clock would be fixed. Thus, if the distance

bet ween anyPNw g F ldrio lian i198eudt ipdAigsaRe with FAtHs cBhAacPuepuLsh t he
rising edge_of the A/D sanpling clock, as shown in Fig. 8 (1#, (3) and (4),
there is not Pt MRS 90 di%5 ngnéed RREQIHRR iatg SHT8ERS PAGMENSC K °8t
twice the chi te CH P or a sanplin ck at eight ti the chip
rate CHTPBAK iﬁﬁe?&FPuﬁf%ngtWHjﬁégi%egofhgtléoi ¢i§QHq4F?ﬁ@mrF§an
edge of | P as.sh 11 .Fig. (2) an 4), .a_l arge BER.degradation

w il occ r.oé§%¢% $Eenﬁﬁg§gEGQQﬂ%§§rﬁ#ﬂ?ugﬁéaéﬁégg Sﬁgpﬁg%cﬂfgg sig E
input to t ter i Kk fixe ut i . SEP_200 18 5
adj ust abl e%%%oﬁly&ﬁ heglecngen trssor!L Odgiq‘(%tzdeasf)((:g’r ?Egdttgbgsgpgggtlr§§cﬁa§ gnd
preferred qﬁgmgi [ Thys he; phase of the clock signal of A/D
converter 6 1S ag?ﬂg$éﬂé?$%%$F}%§'8%%?'to Fig. 8 (5), to track the paths
shown in Fig. 8(2). As further provided in the enbodi nent described above,
t he phase of the clocks and spreadi ng wavef orm of each finger may be

adj ust ed byealed 2sumdapendentd neduldiepphasemof at Bampliael sdgnatsoinphe A/ D
converter 6, so that nine different 10 relative adjustnents of the phase of
each fin@ersignal & the chip rate, using a timing clock input CHIPCLK.

The samples are summed over the bit (symbol) duration using
a further timing clock input SYMCLK at the bit (symbol) rate

to provide a bit rate output signal.

15 Each set of correlators M, E, L receive I and Q spreading
waveforms and clock signals SYMCLK and CHIPCLK which are
subject to a different base delay determined by generator 24.
Within each set, the delays of each correlator are different,
but based upon the base delay. The correlators M (e.g

20 correlator 10 of Finger 1) have a delay corresponding to the
base delay, the correlators E (e.g. <correlator 12 of Finger
1) have a delay of the base delay minus half the chip period
Tc/2 and the correlators L (E.g. correlator 14 of Finger 1)
have a delay of the base delay plus half the chip period

25 Tc/2. Thus in each set, correlators M have a Middle delay,
correlators E have a Tc¢/2 Earlier delay and correlators L

have a Tc/2 Later delay.



20 preferred tine interval can be made as foll ows: 9 2002
A/ D- CONTROLFI NGER- CONTROLOPERATI ONO1Advance 1/2 TcO-1Retard 1/2 ‘P 8':\%
ChangellAdvance( 1/ 2+1/8) Tcl- 1Retard(1/2-1/8) Tc10Advance 1/8

Tc- 11Advance(1/2-1/8) Tc-1- 1Retard( 1/ 2+1/8) Tc- 10Retard 1/8 Tc 0 9 SEP 2~2
19 The inventors have eval uated BER perfornmance for the described

enbodi nent by conducting sinulations usil3g different sanpling clocks

CHI PBCLK and CHI P2CLK, the phase of which is kept fixed and for CHI P2CLK,

t he phase of which 5 is adjusted in the manner descri bed above. The general
case illustrated in Figure 9 is considered, where the distance between any
two paths rElye cpubpythofroe @flatheocenrelptessofCTcM2l W Qh.aClylbdl &(bit)
rate of 32 Ksps, a chip rate of 4.096 Mps, roll-off factor of 0.22 for the
Nyqui st 10 ShapP#a§ ffuqdf o Phe egnsrehcétepctoye S% o frat petprEtsharsanme

aver age power, the performance degradation due to the different A/D
sanpl i ng e SRS ENAR PSREEPEE Wi d ah?WQednpﬁgéenéH|§B@@& mpIPHY Ehck

Ch PoCLK” FI S8 Bt R PHASEPRRSERAT USFEDIRD < BST XEREvo: CF BRBES cass” *°
ST E%Efﬁl%h%‘ég@?&%%&i SR B O 'B.g%‘frgﬁ*sé‘%f%%’sagg?@ sep
2002 20 T i [ ' i.0 ive. F

xanpl o, { N"Aa el ronCae oot RE ThaSe O AT Shplt notal ok RRACL RS ERases.

of the CH PQLGe ML and, sDeAtbup; YAYCEOEM: of £30D: EhOOSENANEbecE

shown used 5 t'oget However, the adjustment of the phase of .
sanpl i ng cloaskt HBY sBReMBAE Qrd tehdh fthessPdsncd heit RCPBL-GB@MESice

applicable for use with any other clock frequency, for exanple four tines
the chip rateqi it , ihopabt atnlbhet termsyshepeperéoenanee. o¥Oradio
10 frequency error. The outputs from each I and Q pair of
accumulators are fed to a M, E and L power calculation block
52, 54, 56 by calculating and summing the I and Q signal
absolute values. This technique is preferred to summing the
squared values I%*+Q? since the hardware complexity is reduced
15 while performance degradation is not significant. However

squaring means could be employed if a more accurate power

estimation is needed.

Further non-coherent accumulators 58, 60, 62 then determine
20 the average power outputs for the correlators M, E and L. The
sum periods of the non-coherent accumulators 58, 60 and 62
are the same and are chosen based on the sum period of the
coherent accumulators and total system performance
requirements. In this respect, it is desirable for the phase
25 of the A/D sampling clock and CHIPCLK and SYMCLK of each

finger to be adjusted only once in a preferred time interval.



0 9 SEP 2002 21 'CLAINB 1. A code division multiple access (CDVA) receiver
for receiving an encoded CDVA signal, the receiver conprising an Eh&iE6g200d
digital converter s for sanpling the received signal and passing the
sanpled and digitized signal to CDVA decodi ng neans, the converter
receiving a sanpling clock signal at a sanpling frequency, the phase of the
cl ock signal being adjustable,wherein thé decoding neans is arranged to
correlate the digitized signal with spreadi ng waveforns of different del ays
to provide a plurality of correlated signals, an to error signal being
generated fromthe correlated signals and a signal to adjust the phase of

t he cl ock §ihgnahtpeitngOyERel af romiacclapehaieoed igenat pewerrneasupaafor2. A
receiver as claimed in claim1 wherein the decoding neans conprises is a
plurality éhesgtkddke coprsransps, Mtle af r Bhgeaientl .bei Rgesoeii Pt Bromr st
correlator of each set receives a spreading waveformof a different base
del ay and SECHRIRTPEMi ¢Y c6er Airst ofFed of Cedc ke renes veodpleadidng@t
wavef orms whi.ch respectively lead and | ag the base del ay of . the first
correlatorWhééﬁé.tﬁgrB@@F&eﬁxéstE?aﬁﬁéﬁ %h EPAF QFOFhé%%réhﬂ%%ﬁeﬂt bRi ng

such tha rrof, . s I nponent for, .ea t s deriy fr f he
output s B Sk rened Seors EBFTRRIRE cof o S e a et S B o P R
bei ng sunmad tPTBgEmisJ‘esr%éPr‘ie&' gualy 1?§%9f§§‘€e%0 22tfle BULPR VEE 23S
claimed in"claim3 wherein a neasure of power “of " t'he
which, error signal component ERROR-1, is the contribution
of Finger 1 for constructing a phase locked loop S-curve for
controlling the A/D sampling clock. The ERROR outputs from
10 all Fingers 1 - N are fed to a summing element 110, as shown
in Figure 5, to provide a control signal TOTAL-ERROR which
is fed to A/D logic 112 to provide the control signal A/D-
CONTROL shown in Figure 2 to change the phase of the A/D
sampling clock and thus obtain the best sampling point for
15 the received signal. The phase of the A/D sampling clock is

advanced or retarded by generator 24 in Tc/8 increments in

accordance with the value of signal A/D-CONTROL.

A/D logic 112 performs a comparison between TOTAL-ERROR and
20 a threshold p (p>0). f is chosen empirically to prevent the
signal A/D-CONTROL indicating that a change in the phase of
the A/D sampling clock is needed when the total error is not
great, indicating closeness to the optimum, as indicated in
the following table. The actual values of the control signal

25 A/D CONTROL are shown in brackets.



out put fromthe 'second correlator is subtracted froma neasure of 3t BEP [2002er
of the output of the third correlator to provide the error signal

conponent. s 5. A receiver as clained in claim4 wherein the phase of the
clock signal is advanced if the error signal is positive and retarded if
the error signal is negative. 6. A receiver as clainmed in claim5 wherein

t he phase of the clock signal is to adjusted only when the nagnitude of the
error signal exceeds a first threshold. 7. A receiver as clainmed in any one
of claimse 3 to 6 wherein the base delay is adjustable. is 8 A receiver as
claimed in claim7, wherein the base delay is not adjusted when a neasure
of the power of the output fromthe first correlator is larger than a

nmeasur e of
by nore a nd threshol d. 20 9 as cla
rein if t g%%%hgﬁﬁgﬁ%f t he poyper of the ouﬁgﬁfh¥ﬁ%n1the fir

correl ators
Correl at or : S Sﬁ&! ! ef—t hran thC ! e n'F tha nnaciir s n'F +ho DOVEE-S

claim8 wh
LAY LA A% T"A 1] LIIB Ff AALAYAEE> \JI

out puts of |the secondloard thiinr ¢ correl at ors by Rdwenthamcdst hilnd thre
then if thel nmeasure of the power of the output of the second 09S
2002 23 corjrel at.or |s t han e neasure o he p he out gut of
the third dorrel®®%%, Qﬁ% E 55@ 6fé he base del §E agmgﬁcgdlélse t he

phase is r i i
measure &f |the power oftherwise No Change (0)

din
t
t

he
ol d

In addition to controlling the phase of the A/D sampling
clock in the manner described above, the embodiment of the
invention also acts to control the phase of the clock signals
10 CHIPCLK and SYMCLK and the phase of the locally generated I
and Q spreading waveforms for the set of correlators of each
finger 1-N, as now explained with reference to Figures 6 and
7, in which Finger 1 is used as an example, although it will
be appreciated that the same technique is used for every

15 finger.

As shown in Figure 6, the three power signals POWER-1, EARLY
POWER-1 and LATE POWER-1, together with the control signal
A/D-CONTROL are input to a finger logic module 120 which
20 performs the logical operations illustrated in the flowchart
of Figure 7. Essentially, the logic module attempts to
change the middle phase of the finger towards that of the
dominant power of the three input power signals, provided a
threshold ¥ 1s not exceeded. This threshold is used to

25 prevent the phase being changed when the powers are about the



s the output fromthe first correlator is not smaller than the | aggggr @002
the nmeasures of the powers of the outputs of the second and third
correlators by nore than the third threshold and if the neasure of the
power of the output of the second correlator is |larger than the neasure of
the power of the output of the third correlator then if the phase of the
clock signal is to be retarded, then thelfphase to of the base delay is
advanced el se the phase of the base delay is |left unchanged. 11. A receiver
as claimed in claim9 or claim110 wherein if the measure of the power of
the output fromthe first correlator is not smaller than the larger of is
t he measur e8aBe,t hBdpeRELBJoFUEHENSUCHAESNEE St he Socopd lawem tlsived .
correlators by nore than the third threshold and if the neasure of the
power of the output of the third correlator is larger than the neasure of

the power of the ou t of the second correlator then if the ase of the
cl ock signafti §°€B %Bgaagﬁnééa?a ReAIfh&esRi¥edopn hétb§§§pd@$ Lfg the

ded el h f the b del is lef h d.
Focai ver asSePAFod T Riry tReOGPSEPR te (641 RREPE 1 heh e oo
third threshehds asfibe Sarars QesER 2002,24 13,0 A 1 858 VeL a5, Gl med

A
inclaim ereint ay iI's adjus e"t owar ds the “dom nant power

oo U EOTLE £8T LG Uik sEL s ch phase of the base
. A3. A9. Au3. ABefuaréyAb A kiAGetYO! "HE1DRft unchanged (control signal
FINGER1-CONTROL=0) . If not, at step 206, if the signal

POWER-1 is less than the larger of the signals EARLY POWER-1

10 and LATE POWER-1 by more than y, it is determined at step 208

which of EARLY POWER-1 and LATE POWER-~1 is larger. If EARLY

POWER-1 is larger, the phase of the base frequency of finger

1 is advanced by Tc/2 (control signal FINGER1-CONTROL=1).

If LATE POWER-1 is larger, the phase of the base frequency

15 of finger 1 is retarded by Tc/2 (control signal FINGER1-

CONTROL=-1) .

If at step 206, the signal POWER-1 is not less than the
larger of the signals EARLY POWER-1 and LATE POWER-1 by more
20 than y, indicating that the signals are about the same size,
it is determined at step 214 which of EARLY POWER-1 and LATE
POWER-1 is larger. If EARLY POWER-1 is larger, at step 216
it is determined if the signal A/D CONTROL is ~1 indicating
that the phase of the A/D Converter sampling clock is to be
25 retarded. If this is true, the phase of the base frequency
of finger 1 is advanced by Tc/2 (control signal FINGER1-

CONTROL=1) at step 222. If not, the phase of the base
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shown in Fig. 8 (1), (3) and (4), there is no performance
20 difference between using a sampling clock at twice the chip
rate CHIP2CLK or a sampling clock at eight times the chip
rate CHIP8CLK. However, if all the paths do not coincide
with the rising edge of CHIP2CLK as shown in Fig. 8 (2) and
(4), a large BER degradation will occur.
25
In the present embodiment, the phase of the clock signal

input to the A/D converter 6 1is not kept fixed but is
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adjustable by Tc/8 by the control logic described above to
track a preferred sampling point. Thus, the phase of the
clock signal of A/D converter 6 is adjusted from Fig. 8(4)

to Fig. 8 (5), to track the paths shown in Fig. 8(2).

As further provided in the embodiment described above, the
phase of the clocks and spreading waveform of each finger may
be adjusted by Tc/2 independently of the phase of the clock
signal of the A/D converter 6, so that nine different
10 relative adjustments of the phase of each finger in a

preferred time interval can be made as follows:

A/D-CONTROL FINGER-CONTROL OPERATION
0 1 Advance 1/2 Tc
0 -1 Retard 1/2 Tc
15 0 0 No Change
1 1 Advance (1/2+1/8)Tc
1 -1 Retard(1/2-1/8)Tc
1 0 Advance 1/8 Tc
-1 1 Advance (1/2-1/8)Tc
20 -1 -1 Retard(1/2+1/8)Tc
-1 0 Retard 1/8 Tc
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109578 () - @flgﬁgh %‘ m%&%? 5{%@9()-?!2%%‘&'%9 phase of which
(lo%y&f(hia§§&&&%@@@@@CiﬁothéQKgﬁﬁéﬁ "dese A& {dsve. The general case

illustrated in Figure 9 is considered, where the distance
between any two paths may or may not be equal to multiples
of Tc/2. With a symbol (bit) rate of 32 Ksps, a chip rate
of 4.096 Mcps, roll-off factor of 0.22 for the Nyquist
10 shaping filter, the existence of four strong paths of the
same average power, the performance degradation due to the
different A/D sampling clocks when compared with a fixed
phase CHIP8CLK sampling clock under a plurality of AWGN or

Rayleigh fading channels is as follows:

15
CHIP2CLK FIXED CHIP2CLK PHASE
PHASE ADJUSTED
Worst Best Case Worst Best Case
Case Case
AWGN ~1.1dB -0.0dB -0.3dB -0.0dB
80 Hz Rayleigh
Fading -0.8dB -0.0dB -0.2dB ~0.0dB
20 160 Hz Rayleigh
Fading -0.8dB -0.0dB -0.2dB -0.0dB
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5 together. However, the adjustment of the phase of the A/D
sampling cloack may be made on its own. Futhermore, the
technique 1is applicable for wuse with any other clock
frequency, for example four times the chip rate (CHIP4CLK),
to obtain better system performance.
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JI>KyKKK' LAEf S4 A code division multi})Ie access (CDMA) receiver for receivin% an
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5 for sampling the received signal and passing the sampled and digitized signal
to CDMA decoding means, the converter receiving a sampling clock signal at a
sampling frequency, the phase of the clock signal being adjustable,wherein the
decoding means is arranged to correlate the digitized signal with spreading
waveforms of different delays to provide a plurality of correlated signals, an

10 error signal being generated from the correlated signals and a signal to adjust
the phase of the clock signal being generated in dependence upon the error

signal.

2. A receiver as claimed in claim 1 wherein the decoding means comprises
15 a plurality of sets of correlators, the arrangement being such that a first
correlator of each set receives a spreading waveform of a different base delay
and second and third correlators of each set receive spreading waveforms

which respectively lead and lag the base delay of the first correlator.

20 3. A receiver as claimed in claim 2, the arrangement being such that an
error signal component for each set is derived from the outputs of the
correlators of each set, the components from all the sets being summed to form

the error signal.
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5 5. A receiver as claimed in claim 4 wherein the phase of the clock signal is
advanced if the error signal is positive and retarded if the error signal is

negative.

6. A receiver as claimed in claim 5 wherein the phase of the clock signal is

10 adjusted only when the magnitude of the error signal exceeds a first threshold.

7. A receiver as claimed in any one of claims 3 to 6 wherein the base delay

is adjustable.

15 8. A receiver as claimed in claim 7, wherein the base delay is not adjusted
when a measure of the power of the output from the first correlator is larger
than a measure of the power of the outputs of either the second or third

correlators by more than a second threshold.

20 9. A receiver as claimed in claim 8 wherein if the measure of the power of
the output from the first correlator is smaller than the larger of the measures of
the powers of the outputs of the second and third correlators by more than a

third threshold then if the measure of the power of the output of the second
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12. A receiver as claimed in any one of claims 9 to 11 wherein the second

and third thresholds are the same.
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13. A receiver as claimed in claim 7 wherein the base delay is adjustable

towards the dominant power of the outputs from the correlators of the set



