13 OCT 2005 Receiving Circuit *166166* BACKGROUND OF THE
Field of the Invention: The present invention relates to a redb?%ﬁﬁnhﬁy

circuit suitable for use in a nobile comunication apparatus, and

particularly to a receiving circuit using on Ml
Access). Description of the Rel@kggrygh%;a}w%df%61technlquemMﬁmm"@ﬂulwum

digital comunications, particularly Il e conmuni cati ons
cellular tel ephone. CDVA, particularly, DS-CDVA (Direct Sequence+eD)
makes it possible to bring an information signal into a broad band by use

of a spreadi ng code i ndepepderRicrRoun® o eE AiNENTEGal bandwi dth and use
a pseudo noi se sequence or an orthogonal code or the like for the -

spreadi ng catield® dbhetipdyInvemtigneously use the sane carrier frequency in
several information signal conmunications. Areceiving circuit of the

DS- CDVA system de- T4y qarkssent eQoramet Sognoeélausesgtad apreadingngode used in
a desired information signal in order to take.out or

circuit suitable for use in a mobile communication

apparatus, and particularly to a receiving circuit using

CDMA (Code Division Multiple Access).

Description of the Related Art:

CDMA is a technique used in digital communications,
partiéularly, mobile communications typifiea by a
cellular telephone. CDMA, particularly, DS-CDMA (Direct
Sequence CDMA) makes it possible to bring an information
signal into a broad band by use of a spreading code
independent of an information signal bandwidth and use a
pseudo noise sequence or an orthogonal code or the like
for the spreading code to thereby simultaneously use the
same carrier frequency in several information signal
communications.

A receiving circuit of the DS-CDMA system de-
spreads a receive signal using a spreading code used in a
desired information signal in order to take out or
extract an information signal.

On the other hand, when it is desiredito implement
a DS-CDMA type receiver according to digital signal
processing, it needs an A/D converter.

In the conventional voice communications or the
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extract an information signal. On the other hand, when it is 4&spffdpisO
i'npl ement a DS-CDMA type receiver according to digital signal processing,
it needs an A/D converter. In the conventional voice comrunications or the

1 *@00002* 1.3 OCT 20Q5.1i ke in which _the _anount of inforrmatiqn per unit
time, to bilgﬁaﬁgnwgﬂgafﬁ §cBTOERT 8| dRLoFTELARR REEr MR ot 18R AFD

t h t i ght ti t spreadi ng, band. However, in
Cocent  voi cBSERRURTELEEABrBEEs5Ha Len otl 61 REHPYLBGnRAECSE, 8RS or 't he

i ke such a iLon ictures, etc., the amount of informtion_per unit
tine incre%éggggngegegﬁr ﬁaiHﬁeﬁaﬁaﬁﬁEPheégggn5§m§50%33n585599?ng

Ther ef or e, p@ga the eight tinmes the spreading bandw dth is taken as the
sanpling rate as in the case of the conventional A/ D converter, this

causes an increaseHgﬂevggyeinrggggﬁgngg&geogo@?gﬁﬁg%giEga;%éﬁfg%ﬁgngnleads

to an increase in the cost of the receiving € nere

reducti on iﬁplﬂ@mééﬁﬁ!EBHmhﬁE@aQEonEhgrAQPSC?@%@rEﬁEh“QE'HOEQBHr

degradation in receiving performance evaluated by a receiving BER (Bit
Error Rate)piekutbe,! kke. , ThHE, alBAnRUbROSRFBEkmEREoAr Ba8NLiniAVERREON IS to

provide a receiving circuit which does not cause degradation in receiving
performanceinyakdabedaly & spreading bandwidth expands spontaneously.
Therefore, when the eight times the spreading bandwidth
is taken as the sampling rate as in the case of the
conventional A/D converter, this causes an increase in
power requirements of a receiving circuit and leads to an
increase in the cost of the receiving circuit.

However, the mere reduction in the sampling rate.of
the A/D converter would incur degradation in receiving
performance evaluated by a receiving BER (Bit Error Rate)
or the like.

Thus, the purpose of the present invention is to
provide a receiving circuit which does not cause
degradation in receiving performance evaluated by a

receiving BER or the like even if a sampling rate of an

A/D converter is reduced.

SUMMARY OF THE INVENTION
The present invention provides a circuit for
receiving a spectrum spread signal, comprising analog-to-

digital converting means for executing analog-to-digital
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More specifically, according to the invention, there

is provided a receiving circuit for receiving a spectrum

spreading signal, comprising:

A/D converter which converts a received signal to a

digital signal, based on a first sampling rate;
interpolation filter which samples said digital

signal, based on a second sampling rate which differs from

said first sampling rate;

a searcher arranged to detect a phase of said digital
signal prior to the sampling by said interpolation filter
to perform a synchronisation capture, the searcher being

arranged to output a timing signal;

a rake receiver arranged to receive the said timing
signal and being arranged to detect the synchronism of a
signal outputted from said interpolation filter, based on

the received timing signal; and

decoder which decodes a signal output from said

interpolation filter.

( _ on a second sanpling rate which differs from
sﬁ?glﬁll' RY kakeebilgentPa?@ ansaaieligolaiamgedgnaldet ect a phase
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arranged to output a timng signal; a rake receiver arranged toﬁfgqﬁfv%mghe
said timng signal and being arranged to detect the synchronis J
signal outputted fromsaid interpolation filter, based on the received
timng signal; and decoder which decodes a signal output fromsaid
interpolation filter. 3 13 OCT 2005 In one enbodi nent the digital signal
has a first data fornmat at a sanpling rate corresponding to tw ce the
spreadi ng bandwi dth of the received signal. 5 In that enbodi nent, the
receiving ciraqyi tof@y ehiddigfentC OPRE | angmaqnaé.%éi oRbsend EREEES @@ anhi ch
converts said first data format of said digital signal to a second data

f or mat . ﬁ@nm$Qruﬁten%odﬁﬁ@?ﬂlnGhenﬁﬁﬁwﬂﬂﬂrﬁﬁﬂPQEﬂhmgangéd tyicget ke a
phase of | t Q%gl o] format to performa
synchronﬁigiggﬂ' 6%%}e I'n t%ﬁg §%% 88 ?ggﬂ%e interpolation filter
may be arranged to sanple said digital S|gnal having said second data

format at a sanpll % rate djfferent %%onlsald sanpl i, % rate of said A/ID
converter. 20 T%e:? Eei iMeui t they FRATHENS ofpEFee ta BRY o durahsE
whi ch derigilales dhe asiaa BHLANL chHOM r51ad £ 4 Ak © whE €8l VEnvBR EFsaida

DESCRI PTI ON"OF THE DRAW
first data format of said digital signal to a second data

format.
10
In that embodiment, the searcher may be arranged to
detect a phase of said digital signal having said second data
format to perform a synchronization capture.

15 In that embodiment, the interpolation filter may be
arranged to sample said digital signal having said second
déta format at a sampling rate different from said sampling
fate of said A/D cﬁnverter.

20 The receiving circuit may further comprise a demodulator

which demodulates the signal output from said rake receiver.

BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims
particularly pointing out and distinctly claiming the
subject matter which is regarded as the invention, it is
believed that the invention, the objects and features of
the invention and further objects, features &nd
advantages thereof will be better understood from the
following description taken in connection with the
accompanying drawings in which:
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VWil e the specification concludes with clains particularly poig%{ﬂ@Tqm&
and distinctly claimng the subject matter which is regarded a he
invention, it is believed that the invention, the objects and features of
the invention and further objects, features and advantages thereof will be
better understood fromthe follow ng description taken in connection with
the acconpanying drawings in which: 3a 1 3 OCT 2005 Fig. 1 is a block

di agram showi ng a configuration' of a receiving circuit of the present
invention; Fig. 2 is a block diagramshow ng a configuration of a rake
receiver of the receiving circuit of the present invention; Fig. 3 is a

bl ock di agram showrig. a1 coafa gp1atkoniaghkam Bhbogehgoh tbeafrigaeiatiiag Circuit
of the present invention; Fig. 4 is a timng diagramshow ng a sanpling
timng of apf AADreceyeihgrcotctihe prfesheat preventi dnveatdonkig. 5 is a

di agram showi ng the result of 3b 13 OCT 2005 sinul ation by the receiving
circuit. DETAI LED BESCR PT$ GN Ko dkiEd PREFERRERoEMBGDREVEMAEigErestiopr ef err ed
enbodi ment Receiving circuits according to preferred enbodi nents of the
present invefitaonakel febeivenabfethbereceiving circuit of the

present invention;

Fig. 3 is a block diagram showing a configuration
of a finger of the receiving circuit of the present
invention;

Fig. 4 is a timing diagram showing a éampling
timing of an A/D converter of the present invention; and

Fig. 5 is a diagram showing the result of

3b
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described in detail with reference to the acconpanying draw ngs. The
receiving circuits according to the enbodinments of the present i h3ebdT @ogs
can be provided in a wreless device on the nobile station side and an
apparatus on the fixed station side. Incidentally, elenents or conponents
respect i velginhahdtnigprt hey sare rdamictirmnscircwit. t he drawi ngs for descri bing
the receiving circuits according to the enbodi nents of the present
invention are identified by the same reference nunerals and their
repetitive description will therefore be omtted. Fig. 1 is a block

di agr am showi ngDETAEREPGDESCRERTION QFrEHEiPBﬁEEBFFBUEFBQPEHFHFﬁg to a
first enbodi nent of the present invention. The receiving circuit 10 of the
present invention conpriseFirsowrriaryed tapbqdimenti;  “an A/ D converter
12, an analog front-end interface (AFE 1F), 13, a DC offsef adjust 14, a
receive filter 15RefeisdditEiroig tHRIGREH I HI HFFH99E 17, a rake

i 18, and a chanpel decoder 19, The | filter 11 cuts a.
hi gh { r equERBPAXRRRIGHARE DI PTEtery TGt OB ERD PRI S 49 3 oo

200 M VELLA B0 002,200 UL S el Sl LA O b, Lo e
Sl S0, AL OUEL L S P el i 1Ll o1 anal
embodiments of the present invention can be provided in a
wireless device on the mobile station side aqd an
apparatus on the fixed station side. Incidentally,
elements or components respectively having the same
functions in all the drawings for describing the
receiving circuits according to the embodiments of the
present invention are identified by the same reference
numerals and their repetitive description will therefore
be omitted.
Fig. 1 is a block diagram showing a configuration
of a receiving circuit according to a first embodiment of
the present invention. The receiving circuiﬁ 10 of the
present invention comprises a low-pass filter (LPF) 11,
an A/D converter 12, an analog front-end interface (AFE
IF) 13, a DC offset adjust 14, a receive filter 15, a
searcher 16, an interpolation filter 17, a rake receiver
18, and a channel decoder 19. |

The low-pass filter 11 cuts a high-frequency

component of a receive signal S0 captured by an
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twi ce the spreading bandwi dth of the receive signal SO The anahggogr2m5
front-end interface 13 converts a format of the digital signal S2 to a
format to be used in the DC offset adjust 14 provided at a stage
subsequent thereto and outputs a signal S3 therefrom For instance, when
the data fenikhlustraneddagteahasagdabusputs ene'ignednplletrbverre fanoch .when t he
data format to be processed by the DC'offset adjust 14 is two's
conpl enent , Thielawaragsf fbhterndli noughdvesedectnver destimeddat a f or mat of
the digital signal S2 to two' s conplenment. Described _specifically, when
the di git al SBFgAdLngbpadyhdth Exap| Bhentecedye” sigpRé &Ral og front - end
interface 13 converts[%} to two's conplenent "1011". The_DC of f set "adj ust
14 conpensates forlR2e Y BrFRYeresr the SPRKartsstpsr shgndicRlatPero point)
and outputs.a .gi?nal S4lth refrom Thf,receive filter 15 extracts only a
recei ving PaflcRfoft IR s$€n3F~§Asﬁﬁ8 o pLRESacOFgREPORE IPHe & rom ~ The
receive fiIEer 15 ég galleg.a "éiléerakﬁr %eggivin - .band.li 'tg ion". The
searcher 16-H&F8cHRS S RPPRAHAPLBAU- A cRE] eiﬁegﬁé¥8iﬁﬂgﬁ h&" phase of
t he signal S5, penﬁ 5 ég§ T 2005 nehronj zation captur
(acquisition) of t }gé g%%%‘fg O%T %%tjpﬁgérfﬁges%gp?g%‘éggg g gﬁ’éfnaﬁs a
tining signat §e gf, i?&lcgﬁﬁﬁﬁesz?% gegémsg L8 BLf 88E3 3 the D
sum of - products operation o e signa and a predetérm ned spreadi ng

offset adjust 14 provided at a stage subsequent thereto

and outputs a signal S3 therefrom. For instance, when the

data format of the digital signal S2 is one’s complement

and when the data format to be processed by the DC offset

adjust 14 is two’'s complement, the analog front-end

interface 13 converts the data format of the'digital

signal S2 to two’'s complement. Described specifically,

when the digital signal S2 is one’s complement “1010”,

the analog front-end interface 13 converts it to two’s

complement “1011”.

The DC offset adjust 14 compensates for a DC offset
of the signal S3 (bring back a zero point) and outputs a
signal S4 therefrom.
The receive filter 15 extracts only a receiving

band from the signal S4 and outputs a signal S5 therefrom.

The receive filter 15 is called a “filter fo; receiving-

band limitation”.

The searcher 16 detects a spreading code which is

in phase with the phase of the signal S5, performs a



code in order to determne correl ati on power, and conpares the f tﬁﬁﬁ?@gd
correlation power with a predeterm ned threshold value. The searcher
performs the sum of-products operation and the conparison operation using
the new correl ation power and the new correlation power until the

correl ati orsyoslerorkzatiient haptuneeshotdisarien) VEntRdeSEGRR2 LI i on powver
exceeds the threshold value, the searcher 16 detects, a, spreadi ng code at

the time thandtoetporsethei 8p-poreesaad sxeBadedst ActipkReshd¥grtaPlie, and
perfornms synchroni zation capture on _the signal S5. Here, %he spreadi ng
code at theTeihe €PRFTetRe EBPr EPAFFBATpoRePLR8StEXReBURTCT R PHIEEROI d
val ue, correspongds to the sp[eading code which.is in.gh&se with, the phase
of the sigrePeBBtiReORNtBRpBEIRRONSPi PREr 21PX PHEFEEEERCT hEPERABI g
frequency of the,signgl S5, and t hen genera;eg.a siﬁnag %Gd As the
i nt er pol at i A9 FRePTEFE FReFECEFBIRAOGATFFaProHR BRES  suti®as one using a
Lagrange's nethod, o sing a_Si.nc function, etc, he i nterpolation
filter usin@oTﬂﬁrfﬁgEgﬁggete%@%HSS 0 o Sté§8|8?H85F§§€ha% exanpl e. The
signal S5 corresponding .t n_{nput.skgnal 4 rfdEns
interpolati%ﬁeg?ﬁ?gplﬁgdighgg?bﬁgé géiggl 3@%in§%§f§?§%gég ég\h, and t he
signal S6 correspanding, 1a,aR08LRYL L 18h0AAkL LhedebhBadiasnP(x). In doing
so, the func %o%aofg t%g ?Htefpo?at?on Piler 17 using t he Lagrange's net hod

operation using the new correlation power and the new

correlation power until the correlation power exceeds the

threshold value. When the correlation power exceeds the

threshold value, the searcher 16 detects a spreading code

at the time that the correlation power has exceeded the

threshold value, and performs synchronization capture on

the signal S5. Here, the spreading code at the time that

the correlation power has exceeded the threshold value,

corresponds to the spreading code which is in phase with

the phase of the signal S5.

The interpolation filter 17 increases the sampling

frequency of the signal S5, and then generates a signal

S6. As the interpolation filter 17, there are known

various ones such as one using a Lagrange's method, one

using a Sinc function, etc. Here, the interpolation

filter using the Lagrange’s method will be explained as

an example.

The signal S5 corresponding to an input signal at

an Xn point of the interpolation filter 17 is defined as



can be represented by the follow ng equation (1): N N P (X)
(XN-xk)) Yn (1) n=0 k=0 k!=n When the sanpling frequency i
the interpolation filter 17, Nis substituted the nuneral

that a sanple interval of an input supplied to the interpo

“ SI L,

s four tine
"4"  for. \When
lation filter 17

is 1, the ogi{pnl signal akfxihecabghel de6ccobedspyndnngnter pol avsppdl ynomi al

equation given by the follow ng equation (2): x(x-1)(x-2)

(x+1) (x-1) (x-2)

(x+1) X(X- 2) s{grtd) x{ x-ApfiRedxas =P Ix}. Y2+ Bing o, (thg fumgtiom)of-1) (-2)

2(-1) 2*3 1 (- (x3-3x2+2x) yo + 3(X3 -2 X2 -x+2) yl-3 (x3-x

2-2x) y2+ (x3-xl

Y31 6 1 _tle(ivoeByalse3fkBet3yd- 6yingyhr2kagzpnosey $+B¥LNd) x+6y11 .

. . (2) 6 Wen the interpolation filter using the Sinc fu
appl i ed to tae bateepoeaenbadf byt Ehe 170l peangafIRPRICR At
Response) filter for inpemanting, the interpolation filter
| east si xt een t apsP (x Honew efI1 (xt xQa{xpexiipienent ed by four

nction is
é | npul se
17 needs at
shi f¢l)r egi sters

and el even taps in the casekef.ktire above equation (2). An exanple of an

internal configurahen ghetldonpikey fLeQhYREY18Bsf BbuECELinks
got by the equation (2) and receiving the signal S7 fromt

ngnt bResi gnal S6
he

interpolation filter 17, N is substituted the numeral “4”

for. When that a sample interval of an input supplied to

the interpolation filter 17 is 1, the output signal P(x)

can be described by an interpolate polynomial eqguation

given by the following equation (2):
x(x-1) (x-2) (x+1) (x-1) (x-2) (x+1)x(x-2) (x+1)x(

x-1)

P(x) = 1" Y2 3"
(-1) (-2) (-3) (-1) (-2} : 2(-1) 2*3

1

p

=" - (xP-3x%+2x) yo + 3(x*-2x%-x+2)y1-3 (33-x2-2%) yor (x*-x]y3]

6 .

1

=TT [ (—yot3y1-3ya+ys) X2+ (3yo-6y1+3ya) X*+ (~2yo-3y1+6y2-y3) x+6y1l . .
6

When the interpolation filter using the S

function is applied to the interpolation filter

(2)
inc

17, then

an FIR (Finite Inpulse Response) filter for implementing

the interpolation filter 17 needs at least sixteen taps.

However, it can be implemented by four shift registers

and eleven taps in the case of the above equation (2).

An example of an internal configuration of the rake

receiver 18 for receiving the signal S6 got by the

equation (2) and receiving the signal S7 from the

searcher 16 is given as shown in Fig. 2.

In Fig. 2, the rake receiver 18 includes

M (where M



searcher 16 is given as shown in Fig. 2. In Fig. 2, the rake recej yaCT1805
i'ncludes M (where M7 1 3 OCT 2005 is natural nunber greater than or equal
to 2) fingers 201, 202, ..., and a conbiner 21. The respective fingers
201, 202, ... are denodulator circuits having internal configurations
substantially identical to one another and respectively denodul ate the
recei ve si gnal ng8umiatlh raimbegeigreagiqmdihart iqn reguaiditeat2dd fiypaers fgnal S7
supplied fromthe searcher 16. The conbi ner 21 serves as a portion for
combi ni ng 8i0gnal-s -FOar% GugerENInRR RAltted from the respective fingers

201, 202, ... with one another and outputting a signal S8 therefrom The
mul ti pass groups r&bei ¥espasd iyemfdiioarsd 24, 2RE .r espe@ieve fingers 201
202, ... are conbined into one by the conbiner.  21. An internal

confi gur at i fMeRUdaTP o impatitisdreinpontegrl configuraficitht ed as shown
in Fig. 3. Since the fingers 20,202, ... are substantially .identical to
one anot her SHRSERAEIRALYe gy &P %%?s‘torqﬁt?éﬂ V& SP& ch‘éé’cri ption
of the internaISﬁﬁrfig ration of the fingﬁ{ 201 will be‘put forward with
its internaeMOGY ARG AT WENG P pard Yy SHbvh IFE'E 9K Fig. 3,

the finger 203 1eliydes A JeUy R Ahnat P45 o Y e
searcher 16.

The combiner 21 serves as a portion for combining
signals F0O through FM outputted from the respective
fingers 201, 202, ... with one another and outputting a
signal S8 therefrom.

The multipass groups received and demodulated by
the respective fingers 201, 202, ... are combined into
one by the combiner 21.

An internal configuration of each of the fingers
201, 202, ... is represented as shown in Fig. 3. Since
the fingers 201, 202, ... are substantially identical to
one another in internal configuration as deécribed above,
the description of the internal configuration of the
finger 201 will be put forward with its internal
configuration being principally shown in Fig. 3.

In Fig. 3, the finger 201 includes a decimator 30,
a correlator early 31, a correlator late 32; data
demodulator 33 and a DLL (Delay Lock Loop) unit 34.

The decimater 30 lets a signal S6 latch, based on a

cycle of a decimation timing information signal DS output



demodul ator 33 and a DLL (Delay Lock Loop) unit 34. The deci mater 3@ {ef @
signal S6 latch, based on a cycle of a decimation timng information
signal DS output 8 13 OCT 2005 fromthe DLL unit 34, and outputs as the
signal DS. Accordingly, the signal DRis represented in.the formof a
si gnal seqifeioae thlet MiMedindy 3, nrindy coutputise as g sg8@nala®f-a sanpling
frequency is lower than the signal S6. Wen the searcher 16 perfor s
synchr oni zaldoordicgityr ehencd.gned AR st wepraspriedAn dfredamy Sode
generators built in the correlator early 31 and the correlator late 32
respect i velay sjemerlatsegmresdiont adavrss by tihigmine 4l e ¢ i lyetler at ed
phase corresponding to the signal S7. However, the spreadin ode
g_e?ﬁrat or 3 amgl I(at hﬁamliﬂhglg dorealency iearigven e resSena): %a% ng code
Wi a phase (phase advanced by At, for exanple ich.sli

fromthe phase of Wyga ghgngeag#le\%&ﬁeg@rtfﬁggp Y rr?jlls B o bt

built in the corr i gener at or
gﬁgazle 22: ag%ﬂﬁjﬁ% falf_} %&g@%n%a’iﬁeﬁ%f@ {%aﬁg%%%dsﬁ?ﬁcﬂ 2 Shgggsgf
e Sol oy TR P SR o gy TRl et ety o1 o0
(corr espondi T Lt 1660 Th PRFAT L BTt o AR Bedegositions

with or according to the generated phase corresponding to

the signal S7.

However, the spreading code generator:built in the

correlator early 31 generates a spreading code with a

phase (phase advanced by At, for example) which slightly

leads from the phase of the signal S7, whereas the

spreading code generator built in the correlator late 32

geﬁerates a spreading code with a phase (phase delayed by

At, for example) which slightly lags from the phase of

the signal S7.

The spreading code generator in the correlator

early 31 and the spreading code generator in the

correlator late 32 may respectively be implemented so as

to take out spreading codes from different bit positions

(corresponding to the lead and lag of each spreading

code) in the same shift registers (corresponding to main

bodies of spreading code generators).

The correlator early 31 performs a sum-of-products

operation using both a spreading code whose phase 1is



code) in the sanme shift registers (corresponding to main

OCT 2005 slightly advanced as conpared with that of the si

LS therein outputs a signal DS according to the error ggtme

ES and LS. The DLonuthé 8dharshandeonthel §OEKSAGESTi nefhe

of spreading codes fromthe spreadi ng code generat
corr el at or aecanty oS tpanducis @@ﬁﬁéﬁé@@?”ﬁépg'%§¥ﬁb%§g%§§%y

: bodi
spreadi ng code generators). The correlator early 31 perforns ;es 5 0cT m0s

sum of - products operation using both a spreadi ng code whose phase is 9 1 3
si gnal DR gaighew pstisahbedr asutbmphregewathoshas af §h§n§gg%g;séﬂ ?Rg
other hand, the correlator late 32 performs a sum of-products operation
usi ng bot hagdsar eaghay DRJeandhosepphas&hes reEvdht Pf @BF&FE °Fs Eoffpar ed
with that of the signal S7 and a signal, DR and outputs the result of
conput ati ogigAad BBgnal LS. The DLL unit 34 receiving these signals ES and

G REFAPEN S has
Ng. i h
3{%%22¥%%$, in

order to perform synchroni zati i i
Y Lot KA TS NANOES i U Shange

shift speedhokeembRsenhist sliggitded

e ' cyclic speed of each

spreadi ng code. The data denodul ataor .33 i j i i
output fr oﬁi’ltehél&?@iln'éﬂorango,a ﬁ‘égfn&a'rr?%(a a\Mﬁurg ee[p}rgrﬁegéeﬂdé/%rr%dd% aot%: %gal

operation, and then gets a basngqusignal as a signal S8.

computation as a signa

The DLL unit 34 receiving these signals ES and LS

therein outputs a signal DS according to the error

between the signals ES and LS. The DLL unit 34 also

controls changes in the generated phases of spreading

codes from the spreading code generators lying in the

correlator early 31 and the correlator late 32, based on

the error, in order to perform synchronization tracking.

The changes is to a change in shift speed of each shift

register or a change in cyclic speed of each spreading

code.

The data demodulator 33 which is received the

signal DR output from the decimator 30, performs a

predetermined demodulating operation, and then gets a

baseband signal as a signal S8.

Therefore, when a cellular phone wherein its

receiving unit is equipped with the receiving circuit 10

using the CDMA system is moved, the rake receiver 18 can

continue outputting the signal S8 which is enabled good

communication.
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Therefore, when a cellular phone wherein its receivi unit | i
_ , en ! _ elving unit I1s e ;
with the receiving circuit 10 wusing the CDVA systemi g noved, thglalrsg‘lzgvI 20
receiver 18 can continue outputting the signal S8 which is enabled good

comuni cation. 10 1 3 OCT 2006 The channel decoder 19 which is received the

éignal S8, perfornms a predeterm ned decoding operatipn, .and
signal S9. The deThei ciganpel adeordenriesyohtd 1D HeTBHTRY Q%%egg%ﬁg%s :
executed on the transmtting side and naqrnall, [

i_nclu an -d [
process, aB8er perfoumsest brgAeprEREEST é?EPd?ﬁg 888F3g§§ﬁ’oﬁﬁ?Lgrprg;gﬁzIng
enbodi ment having the above-described configuration will be described
bel ow. ThgoAﬁDuéénﬁeﬁﬂéﬂélZSganples a receive signal S1 in the form of
twice (chip2) the spreading bandmﬁdthb erfo 08,8302 99zt godi gist al
ggpxg{5|?n ?Rd oy?ﬁ@f@eFﬁ@lngi@HﬁFaEE.nTE8r£ﬁé |H?er#ac% 13 converts the

o] e signal S2 to _a desired._q . : i j
;ogrgzzﬁtg??ﬁ?ft&OBC56?E§§Fdopnt%besgﬁﬁ%%nggg iﬁe%ﬁg§%?@5§ﬁFf?§Pg%g oﬁ?puts
) a _band restrictiaqn, n I3 roldduitrice

the DC of f‘é’@tl“gdisu&" ff.mfhéi%tﬁeﬁet?%& ?i%%%s%i’l el sre;%gbl ing out pﬂtfsrgm

signal S6 of which Qgghfrequency is four tinmes (chip 8 as nuch as the

si gnal SS.Qﬁaﬁﬁiﬁ'ng an i nterpolation
The operation of the present embodiment having the

above-described configuration will be described below.

The A/D converter 12 samples a receive signal Sl in
the form of twice (chip2) the spreading bandwidth,
perfornms analog-to-digital conversion and outputs the
signal S2. The AFE interface 13 converts the format of
the signal S2 to a desired one, and the DC offset adjust
14 compensates for a DC offset of the signalgs2.

The receive filter 15 outputs a signal S5 with a
band restriction, based on a signal S4 outputted from the
DC offset adjust 14.

The interpolation filter 17 sampling outputs a
signal S6 of which the frequency igs four times (chip 8)
as much as the signal S5. Preparing an interpolation
filter 17 having a configuration of such a type that N=4
is substituted in N of the above equation (1) makes it
possible to produce the signal S6. .

Since the sampling rate of the A/D converter 12 is
twice as much as the spreading bandwidth, a gap between a

sampling timing of the A/D converter and a desired timing

11



E]

filter 17 having a configuration of such a type that N=4 is subs#yig gbedpsgn
N of the above equation (1) makes it possible to produce the signal S6
Since the sanpling rate of the A/D converter 12 is tw ce as much as the
spreadi ng bandwi dth, a gap between a sanpling timng of the A/D converter
and a desired timng 11 13 OCT 2005 P1 (see Fig. 4) of the receiving

circuit haglt heel/ #igchish WEXitHEM: cHRd aliay e iopariat iters il 4o/ descri bed
with Fig. 4. Tinme passes in the direction indicated by the arrow TD. When
the sum of zprigdueksn@per ati on perforned by the searcher 16 indicates a
correlation peak in chip CHL and when the sanpling rate of the A/D
converter 12 is gsukf aboeert bpetriagh.ont he. 1tli e aygigechmittie Fdgtr & at i on
peak results is Pl indicated by a dashed line in Figs. 4(A) through 4(CQ).
The chip CHlimes parssesf iohitse @iiﬁ&wsiorofif&@m‘}%d(lPYe‘?h%kﬁ”fJ%?We%%h
constituting a spreading code. Fig. 4(B) jllustrates% e case of the chip8
referred tohatowhe svh-RifrpradCts |QRITRE BN (PRY EasBedf Ytﬂéechi p2. In the

case of the chip8, the sanpling of the A D converter ;5 i S ﬁ{ré & out at
time intersarchey ddchnbraaigio ! FRFIDLIN " PErkel %i?’hpe ual ?o one-
eighth of a tinme width TGl of the cpi CI—% In thee Eg]_seizoisthe chi p2, the
sanpl i ng owhete thD RSB EAE |} tg’é?f {ReCRYST AR Thtefval s TC2 each
CorreSponm;E%gféfgntly high, the time position of the correlation

peak results is Pl indicated by a dashed line in Figs.

4(A) through 4(C). The chip CHl is one of chips of lots

of symbols (i.e. chips) each constituting a spreading

code.

Fig. 4(B) illustrates the case of the chip8

referred to above, and Fig. 4(C) illustrates the case of

the chip2. In the case of the chip8, the sampling of the

A/D converter 12 is carried out at ﬁime intervals TC8

each corresponding to only a time width equal to one-

eighth of a time width TCl of the chip CH1. In the case

of the chip2, the sampling of the A/D converter 12 is

performed at time intervals TC2 each corresponding to a

time width equivalent to one-half of the tiﬁe width TC1

of the chip CHI.

A description will next be made of the case where
the difference between the time position of each
correlation peak and the time position Pl of the sampling

timing reaches the maximum, using Fig. 4.

Since the time position of a correlation peak is

12



time wdth equivalent to one-half of the time width TC1 of the cRhigp 0CHL2000A
description will next be nade of the case where the difference between the
time position of each <correlation peak and the tine position Pl of the
sanpling timng reaches the maxi mum using Fig. 4. Since the time position
of a correlgibegheeel Ps1l20# BBP) GIn@06atbAOLghs totPBA LdnePBR) Figdi cat ed
by a dotted line in Fig. 4(B) in the case of the chip8, the tinme width

t hereof resybjsihntheecasst eéntheofhipe, t the widehwidthanbereofconsi dered
to have little effect on the characteristic of the receiving circuit,. On
the other hasgulssnte dhe-sireeepbbi 6fohhef tameowidtbht TGh Eégklﬁs gi ven as
PCL (or PC2) indicated by a dotted line in Fig. 4(C) in the case of the
chi p2, the dohbideneé bethewa Littieneffeskt ponthadcharectpkidspdsi fifon P1
results in one-fourth of the time wdth TClL. Assumi ng fhat the detection
of each cortbearpomivpagkcahendtef Qhethe nethesiRarm FALRGe (Ehe eStRted by
1+] and the detection of each_correlation peak after the tinme B sition P1
i s represenpedib§oRr- pf pheorreiatinRePBeknéENIIVRE AENEBCHodPEi B 3f t he
correspondi ng correl ation peak _.in,the, case of gh

1Y G . i p2_and the ti position
Pl reaches inmAicgreghbyTe1dgttefelin®i dinfif -t ACLadE Sgecﬁﬁﬁf.g%et's next

& sthir pBybRr s FAS P EUEE L e el 2ER' YEs" LThAIpbRL LRl bl - O
the time position Pl results in one-fourth of the time
width TCL.
Assuming that the detection of each correlation
peak ahead of the time position Pl is represented by F+J
and the detection of each correlation peak after the time
position Pl is represented by [-], the difference between
the time positioh of the corresponding correiation peak

in the case of chip2 and the time position Pl reaches

+1/4 of the TCl at the maximum in the case of chip2.

Let’'s next assume that the difference between the
receive timing information, i.e., signal S7 supplied from
the searcher 16 to the rake receiver 18 and the time
position Pl falls within *1/2chip and the pull-in width
of the DLL unit 34 is given as *1/2chip. Even when the

sampling timing of the A/D converter 12 has.a maximum

shift here, the rake receiver 18 is capableiof pulling in
a desired receive signal timing (i.e., the time position
P1) from the output signal S6 corresponding to the chip8,

of the interpolation filter 17 through the use of the DLL

13



1

t he searcher 16 to the rake receiver 18 and the tine osition P1

within 1/2chip and the pull-in width of the DLL unit 24 i's given 1;381|UC$ 2005
1/ 2chi p. Even when the sanpling tinmng of the A/D converter 12 has a

maxi mim Shlf.t here, the rake receiver 18 is capable of pulling in a
desired regrive3dignal timng (i.e., the time position Pl) fromthe output
signal S6 corresponding to the chip8, of the interpqglation filter 17
through the use ofnthbeDbtheg hagdoCthgogssudits o4 SHTYRELGFerPYhand, the
results of simulations by the receiving circuit with respect to vari ohs
cases in whechethdwaguss retisamiithggspess O (1AW RS 8t 12 and

the presence o absence of the interpolation filter 17 i f h i
Fig. 5. |Inwbich thenypdiiesn®f SAMPHAG 3G scif[gﬁgfe kesgoﬁ{sveergt;e%g4ﬁmsl "

a spreadi ng _code uses 3. 84 ‘ '
o o el T S S S B o
And the  hoALESH 4 SN aaeR LB M Ao TTe & EBITE |1 ndi cates the
hove ¢hat SuRLIERTRG L U QRNR Miine B VAT T
given as the sptrie%i@l%gctcjcﬁan Jokes Qe S & LAsfaperddyby padhcat e
or channel makes use of a Rayleigh fading channel of
245Hz per path. Further, white noise was applied to the
channel.
In Fig. 5, the vertical axis indicates BER, and the
horiiontal axis indicates Eb/Nt[dB]. Here, Eb/Nt
indicates the ratio of total noise power to signal power
per bit.
Further, a curve Cl shows that the sampling rate is
give as chip8 and the sampling timing is given as the
time position Pl. Curves C2 and C4 respectively indicate
that the sampling rate is given as chip2 and the sampling
timing is placed in a position shifted by oné—fourth of
the TCl as viewed from the time position Pl. However, the
curve C2 shows a state in which information about chip8
is reproduced from information sampled at chip2 through
the use of an interpolation filter, and data at the
timing of the time position Pl is pulled in.. A curve C3

indicates that the sampling rate is given as chip4, and

the sampling timing is placed in a position shifted by

14



1

that the sanpling rate is given as chip2 and the sanpling tim ng 13 0Qirazesl
i-n a position shifted by one-fourth of the TCl as viewed fromthe tinme
position P1. However, the curve C2 shows a state in which information
about chip8 is reproduced frominformation sanpled at chip2 through the

use of an ié‘ﬁ&@?%;ﬁ&hoaff'thé%ela&g dabReat bR theNt DgeOposheibhMel .
position Pl is pufled in. Acurve C3 indicates that the sanpling rate is

given as chip4, anghethersedntinacdidhdcd mikaces wde aoposhéi on shifted by
14 1 3 OCT 2005 one-eighth of the TCl as viewed fromthe tinme position

P1l. The cuiyesrfdiaEloandiCdepbke, n@huseasf ohlg theecpolat Conmékeser 17,
whereas only the curve C2 nmakes use of the interpolation filter 17. Here,
a curve corigspendtng iatthpolectbui Afltekrtdit 10 according to the present
enbodi nent is given as the curve C2. As is apparent fromFig. 5 there is
a tendency that wierecoapatisensonrespandiagong the cecebeimy, C2 and C4,
BER decreases with an increase in sanpling rate of an A/ D converter
(correspondthgctibtt hé AtBordmugr ter thelpreeentoxampbdjmpntt he gavess of
Eb/Nt are identical to each other, and thereby the quality of reception is
i mproved. Hesetbe, cuh¥eclve C2 corresponding to the present enbodi ment
indicates a fairly good result that it_,is close to the curvg Cl of chip8
even though the shsplsngeparentsirew Fike enj ppere is a tendency

that when comparisons are made among the curves Cl, C2
and C4, BER decreases with an increase in sampling rate
of an A/D converter (corresponding to the A/D converter
11, for example) if the values of Eb/Nt are identical to
each other, and thereby the quality of reception is
improved. However, the curve C2 corresponding to the
present embodiment indicates a fairly good result that it
is close to the curve Cl of chip8 even though the
sampling rate is low like chip2.

Further, the receive quality of the curve C2 is
evidently high even as compared with the curve C3 in
which the sampling rate of the A/D converter is given as
chip4.

According to the present embodiment, while a
smaller sampling rate is being used, degradation in
performance due to the influénce of each sampling timing
of an A/D converter is reduced and the accurécy is
maintained, whereby high communication quality can be

obtained.
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1

Further, the receive quality of the curve C2 is evidently high evej
conpared with the curve G in which the sanpling rate of the A/D cogagg 205
is given as chip4. According to the present enbodinent, while a smaller
sanpling rate is being used, degradation in perfornmance due to the

i nfluence of each sanpling timng of an A/D converter is reduced and the

accuracy is mai nggjgedeyuheraby Rudh iseaTanicoaiiver cqudlonsy stath e
obtained. 15 1 3 OCT 2005 Thus, even when nul ti medi a conmuni cati ons such as

Noti on pi ChUkESn Phierudicd,SeRRAr bad Ruppdyidetl ommbiilmtions, a receiving
circuit can be provided which is reduced in power consunption and |ow in
cost. |Inci depinahliyat\Woinlsg bheeﬂéﬂvﬁﬁyndﬂruﬂiuudnnﬂbﬁnnrovﬁdﬁ@e®m1¢%ed, as
an exanple, the case in which the receiving unit of the cellular telephone
i s equi pped swireluciede ime geiweirn g omisnonygitti cre cordi Iy tin t¢rs hr esent
enbodi ment, the receiving circuit of the present invention can be used
even for other apphtt¢denoadlyThehideeithieng fonemant ismachemRtidfnt nvention
can also be applied to receive-only communication, equipnent, for exanple.
Further, thespdesentibedvents am cxanm apdihedase aln Wtk urke
spreadi ng-signal receiving circuit other than the rgeceivi circujt.
receiving unit of the cellular telephone is equ{gbe wyéh
the receiving circuit according to the present embodiment,
the receiving circuit of the present invention can be
used even for other applications.
The receiving circuit of the present invention can
also be applied to receive-only communication equipment,
for example.
Further, the present invention can be applied to a
spectrum spreading-signal receiving circuit other than
the receiving circuit.
Furthermore, the transfer of communication
equipment provided with the spectrum spreading-signal
receiving circuit of the present invention is not an
essential condition for the present invention. Even when,
for example, the spectrum spreading-signal receiving
circuit is installed in a fixed station and the party to
communicate therewith is moved, the present invention is
applicable.
While many numeric values are shown in the

aforementioned embodiment, they are merely shown by way

of example. Therefore, the scope of application of the
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1

Furthernore, the transfer of comunication equipnment provided with {fgcy 2005
spectrum spreadi ng-signal receiving circuit of the present invention i

not an essential condition for the present invention. Even when, for
exanpl e, the spectrum spreadi ng-signal receiving circuit is installed in a

fixed Stat'B@e@@gttﬁﬁvﬁﬁﬁﬁﬁnIQS ST AG 2lll EQEEQW%%hnhﬁeQQEe@ath% present
invention is applicable. I'e many nunmeric values are shown in the

af orenent i oned enbgdbaeaingtB@ytaéesgeeekmmsng@aayn@aylgﬁalexanple
Therefore, the scope of application of the 16 1 3 OC T 2005 present

invention i gepelivihgi teechy tt bES eheupkeisentaling@ent iAacasdideg ctra bekie
spectrum spreadi ng-signal receiving circuit of the present invention as

descri bed above, its fecelivimg perfotfmance can be kept high while a
sanpling frequency of'analog-to-digital converting nmeans is being reduced.
Thus, a receambddngi feequetay bé pnaliodedowndiightiad cbawernipowerans
consunption and cost by conparison with its communication quality. Wile

t he present ienbeangomedaseldeen described with reference to the
illustrative enbodi nents, this description is not intended to be construed
inalimting senthusvapi saseivingi carruht oanthe prpuidedtwhéch is

enbodi ments, as well as other enbodiments of the invention, wll be

appar ent toiprgg PRIVEre§ONS W RE 19t and cost by comparison with its

communication quality.

While the present invention has been described with
reference to the illustrative embodiments, this
description is not intended to be construed in a limiting
sense. Various modifications of the illustrative
embodiments, as well as other embodiments of the
invéntion, will be apﬁarent to those skilled in the art
on reference to this description. It is therefore
contemplated that the appended claims will cover any such
modifications or embodiments as fall within the true

scope of the invention.
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on reference to this description. It is therefore contenplated thp4 U?I?e 005
appended clains will cover any such nodifications or enbodi nents as aI:F
within the true scope of the invention. 17 1 3 OCT 2005 Wat is clainmed
is: 1. Areceiving circuit for receiving a spectrum spreadi ng signal,
conprising: 5 A/D converter which converts a received signal to a digital
signal, based on a first sanpling rate; interpolation filter which sanples
sai d di giWhat is ghaimeddssed on a second sanpling rate which differs from
said first sanpling rate; a searcher arranged to detect a phase of said
digital signal prior to the io sanpling by said interpolation filter to
performa synchronisation capture, the searcher being arranged to output a

timng signal;1.a rakpedenifd CREuiRFSrTBEEING a 566&F hQidridii ng si gnal
and being arranged to detgect lt"he synchlrngﬁ? s?n oflyrg ig?lgﬁbg%lédﬂted from

said int ton filter, based on the received timng signal; and is
decoder ﬁ?ﬁﬁ{%y “odes a signal output fromsaid interpolation filter. 2. A

receiying cirgyit _accarding to clajml, wherein the digital sjgnal has a
fi rst\gdat a fo tco&veﬁeg%@qq Ayvestsa E%ﬁ%%ﬂ[)%}ﬂa?ﬁg% 8'9&?} 'E'S"aL %@Sgﬁr‘)@adi ng
bandw dth of the received signal. 20 3. A receiving circuit according to
claim2, furtRdirskeamPIRY fean anal og front-end interface which converts

said first data format of said digital signal to a second data format. 18
interpolation filter which samples said digital signal, based on a second

sampling rate which differs from said first sampling rate;
a searcher arranged to detect a phase of said digital signal prior to the
10  sampling by said interpolation filter to perform a synchronisation capture, the
searcher being arranged to output a timing signal;
a rake receiver arranged to receive the said timing signal and being
arranged to detect the synchronism of a signal outputted from said interpolation
filter, based on the received timing signal; and

15 decoder which decodes a signal output from said interpolation filter.

2. A receiving circuit according to claim 1, wherein
the digital signal has a first data format at a sampling rate corresponding to twice
the spreading bandwidth of the received signal.
20
3. A receiving circuit according to claim 2, further comprising an analog
front-end interface which converts said first data format of said digital signal to a

second data format.

18



1 3 OCT 2005 4. A receiving circuit according to claim3, wherei n3te&l 200
searcher is arranged to detect a phase of said digital signal having said
second data format to performa synchronization capture. 5 5. A receivVving
circuit according to claim3 or 4, wherein the interpolation filter is
arranged to sanple said digital signal having said second data format at a
sanpling rate different fromsaid sanpling rate of said A/D converter. 6. A
receiving circhit afdeceiving Q"@U&rﬁﬂcﬁ;gn@ﬂo tlaémpt, adwrpingthel sgiangherlis f urt her
conprising a denodul ator whi ch denodul ates the signal output fromsaid

rake receawvanged® detect a phase of said digital signal having said second data format to

perform a synchronization capture.

5 5. A receiving circuit according to claim 3 or 4, wherein the interpolation
filter is arranged to sample said digital signal having said second data format at a

sampling rate different from said sampling rate of said A/D converter.

6. A receiving circuit according to any one of the praceding claims,
10 further comprising a demodulator which demodulates the signal output from said

rake receiver.
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