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" frequen r jon for sprea ectrum communi cation receiver (50),
sai d regé?é‘g%m?%ﬂo%gﬁnﬁg a r'é?]"gtg’ “t%g' despread a code 5 spread signal that

has been dowAfikrdrspeeadieg, th msullantsymbpl strdainris passid tica cantics phase pormotbrl?s ad tbewast
one desgsheest dabdulatr 782! Bt \doREhich &%@@&d_zqﬂvﬁcﬂ%ﬁdﬁhﬁi dEOIRRA TER4ED | N

THAT said nethqgd c rises fhe steps of: determning, a,frequency offset
by pr oc%ﬂﬁ"’%&f@g& Mﬁ%‘gs @?‘M ampuge,fhe H’&{‘H‘q‘é’f‘ iitpyindividyyl Channels
gende at andgf thesc orrespond to M vaie@ dramsissiod theymaydi conskatcdintvian ashldgiveicdsigasly of f set; and
i u~ ~ conbi NpGthiRPhdl S tRARRhE g | Id flrst daracrate W.th
said correctlon g%(l:]uen?g&obt’al neg rom ‘s'%?yd&g’g%%?éﬂg%f éfa{%amgﬁ";éﬁ%q 'srfg((/“lmn

sai d seEBtgdettibyer data rate to correct the deternined frequency offset. 15

2. The net Aockamplinglisisi) ol the Syiitiolsinplesanay bk Sipfessed BEhS fol6wifl eqhitios €7 i Ng t he
determ ned frequency offset.prior to the generation of a correction

sequence t heZedn(BhTA(N) CFNGIP na(We 4l HPui ()3 @MY et hod of claim 1,
whesgi n said . 1 N4 f cy of.fset .i ncludes the perfornmance
of gfdat e pr éiéé'gtgfa%h%&é%ﬁw %ﬁb‘r#‘%ﬁgﬂmﬁ% "&‘g’r“éﬁﬁ"a??%wméf‘ 1pggyfation phise
mat he bl G Rlragd e Recillgtor fiequensy pilset theangh aclineasly chasiing phab offstt@ond miibesk phase
conj ugadhiisafe Wm%oagmmmm&mg%ﬂ.gﬂ LR ahd @LETs akd 2 Mtsiod? it P2
AI\/ENDEDéQI%I;’Il;e- ?- 03-2002 ., r r " Z 0O APR 200 022217
P Qo).
' The frequency error detector 70 determines f.q(n) from incoming complex signal samplesZ,.,(n) using
30 the phase difference Qou(n) - Qott:(n-1) between two consecutive symbol samples Z.,.,;(n) and Z,,,(n-1). The
frequency offset f.r(n) is obtained by performing the following complex multiplication and argument operation:

Dot (1) = Pott (1= 1) + AQyg (1) + AP i (8) = 218 s (0) - Z iy (n D)
where ( )’ denotes a complex conjugate operation.
The differential modulation phase AQp.«(1t) contains one out of a st of m known values and is removed
35 by rotating the constellation point around zero origin 5o that the resulting vector has an angle value less than half
the smallest differential modulation phase. For (DYQPSK modulation this results in

Aq)oﬂs (l'l) + A(pnoise (ﬂ) = Qofts (n) = Pogss (ﬂ —1) + Aq’noisc: (Il)
= [(poﬂ‘s (n) =~ Qo (n 1)+ Awmod (n)+ A(pnoise (n)]mOd UIOg

4-



4. The nmethod of claim 1, wherein the comunication receiver (50) is a 5
-code diyision nultiple access comunication receiver (50) and whereif APRQ00,

frequencywor@rsoéss det ermined from consecutive synbal sanplgsras@niiie
frequency offset is corrected by nmultiplying received data by a correction

factor pri orwilohciespingptdsediffeteficc@illimgiiio S intkral DA 5,3 MIES < nRr-so & Mt hod of
claim lfre‘qm%§8i'sa said correction sequence is an up- . 1U’sarrpl ed conpl ex

correction sequence Z~o~~lc)> where Zo~{k) is equal to 1 x exp {j

Zo~r-s(k)} ere Zo~(k) reppas@ht s pAase, @)f set values at the first rate
whi ch are Im&)igméﬁﬁmmTﬂﬂ?ﬁ—a@er age phase difference at the
second rate. 6. A spread spectrum®dmruni cati on system (10) conprising a

_plurality 15cafbe dapied iadtiesangd 50) for receiving transmitted signals,
CHARACTERI ZED I N THAT each receiver (50) conprises: an RF signal receiver
f or sgenecafingfan apal Qg _dtgnal fromthe received RF signal; an analog to
.digital l@rté‘f’ (58F f4)1r‘y9‘onverti ng said analog signal into a ~~ s~~ a
down converter (6~ for down converting the digital signal; 20 a digital

si gnal despr¥tides beitghe symbol dyrdiva sqiahig the codedength imesahib chipgivaionhavi ng a first

dat te tambinai biJdchhinsd Al Gl ©
ata rate t oAmpibeiequency 38R lkdicicdhingd, ¢ ndr@t%’ hiifhed ﬂrﬁzgfée’:{’fég%gﬁogmdm

sand sen%'%[_]g ggtga rc%te rin Iovx%ﬁt han said firs )
frequency. Correersor T -qﬁaf”‘iﬂg estimpices ihe, filleg S2iperfopms the,followioe AVENDED SHEET
1, 5- 03-ope@ions ~ysoo 22~~ -wherein. said Frequency corrector (70-74)

conprises a feedbackel o kncludi ng a frequency offset detector (70) for
obtgi ni ﬁ&‘ﬁa(ﬁasu?bl{%ﬁ@%r@!ﬁ‘gﬂcy of fset fromsaid despread digital signal

and a frequency eoy{ﬁ;,&t(meﬂ)gémr atay+f (20n £ Dy+ fgengr-agyngla frequency
connection fromthe frequency of(fse{ 5°.zg%nd2); tg"(')sﬁg{ ne)lr' (‘14) for conbi ni ng

said frequency correction wth said code spread signal to correct said
freuency of fibefilter Boefficiohts Spuiag dagmin heMofko T3 baiMd(OibowyPilidd FedrPifer di ng
to cl aicghﬁm rEubbrs@hd fiequency offset detector (70) conprises a data
processor for performng | O a mathematical operation of determning the

mat hemat i c alm&%&ﬁéﬁﬂ“&’fy offsct estimtehe atmypirsymipl dumlioh Tha sypraxidid ¢ thé sunieriallynal
Mulisi pleomsiliddyosdilhaeor TDigibating 6OV g PhEsc Qhangdlof (HEEBHLDI edi Bbetrihe Of
sai d dGRRLEALE Hl ol or i PHAY cantba v7\oS ??ﬂnq%?ec?ﬁﬁg%sﬁ%% 3 genersics da up. |
(10) according to A m y alor ncy offset. The oscillator 72 generates an up-

-sampled complex correction sequence

Z oy () =1+ xp{j o ()}
where the chip rate phase values Qons(k) are linearly in(etpoiatcd from the avenigc phase differences per
20  symbol duration AQurfu(n) = Topm' fumn(n). :
To close the feedback loop, the multipl_icr 74 performs a complex multiplication, multiplying the
incoming erroncous samples Zjp,om(k) by the complex conjugate of the constructed correction cnvelope Ziw,(k):

Zesip (K) = Zaip,ot ) Zogs (K)
Initially, a frequency ofiset will not have been detected and hence the multiplication factorZ (k) at all
25  chip sampling instances k in the first symbol is set 10 (1 + jO) and Zus(K) is equal 10 Zeyson(k).

The above frequency correction system does not require the presence of an extra pilot signal for
providing the desired oscillator frequency offset estimation and correction. Frequency offset estimation is
performed using encrgy in the modulated and spread data symbols only. In principle, however, such an
arrangement could be applied to a pilot signal system.

30 It will be further understood by those skilled in the art that the foregoing description pertains to a
preferred embodiment of the discloécd system and that various changes and modifications may be made in the
invention without departing from the spirit and scope thereof.

.5.



1#}%\/2 p in said frequency connector. '(70-74) includes a multiplier 4
@ ?I ng ' said code-spread signal by a correction factor prior 0022217

" di spreadi*ng. sai d code-spread signal 9. A spread spectrum conmuni cat| on
system (10) according to claim6 20 whergin said frequency correction -
generator (72J conprises an interpolator for calculating phase-offset
val ues for said code-spread signat from an average phase difference
cal cul ated from sanpl es of said despread signal) DE0O002 HRW Ctains 14 Match
2002 AVENDEELgWfsT 15-03 2002 _. . 9 Z 0 APR 2U04 US0022217 10. A
receiver (50) for spread spectrum comuni cation system(10), CHARACTERI ZED
I N THAT said receiver (50) conprises: an RF signal receiver for generating
an anal og signal, $om d RF, signal; 5 an analog to digital converter
. (5~ for convertllng sdgdn?}ﬁ%‘i @gmpwg ﬁnq'@usycgneqnoa & spread tspectfuib} f or
down converting the digital signal; a digital signal desprealder (68) for

processi ng comEmmication eeadivei (50)] smd\necq;vérl(sej being arriirfpied tbQedpread 2 éddespread
digital signal having a second data rate, said second data 10 rate being

| over & han spﬁhdsgtﬁl%aﬁﬂs%eé@ﬁéwn%ﬂv&tédmﬁg Oop Rhte 4 Gr éﬂ,ﬁﬁaf‘her ein

said frequency corrector (70-74) conprises a te

frequency ( t ai ni sure ency of f set
fromsaid gespreagéhl gl %;&%g@ﬁnﬁ% ‘Qﬂ%‘&f‘f% %m%&erat or
(72) for g ng,a f uenc rrectign fromthe frequency of fset and a
conbi ner (we‘ﬁ?‘ﬁf% ‘#ﬂ“ﬂ*@"@&lﬁas?"ﬁ % correction with said code spread
signal to correg)t sai d frequenc offset DE0O002 HRW Ol asns 14 March 2002 -
AVENDED SHEET Al Edptgrmining 2 m%ﬁpm&@g&}uccesﬁvs samples of

zt nhc” XS] cal] ca] ca] cRaU] cal] caU] caU] caU] cal] cal] ca] cal] caU] caU] cal] cal] cal
caU] cal] ca] cal] sapespetadadatedifmakU] ca) cal] ca] caw c.wfcY ~ | 11!

"#$ysngal UOU] cal] caU] cal] caU] cal] caU] cal] ca] ca] ca] cal] cal] cal] caU] cal] ca]

caU] dau] caU] caUpxaUl &i&ﬁﬁl@l gakdreedtion w‘g@h&ec?]&hf / 0i 011
26_7n77899% 6: %I g :{upj e_ZTU] cal] ca] cal] ca w{ilj ca%a%%%a] caUl c
a] caU] cal] cay caﬂ&a&,{hcaU} cal] cal] ca] ca] ca] cal] cay] cal] cal] cal] cal] cal] ca:

; E<<<<<<<O=" = :::::::::::::>>>>>>yt ni cAXSU] c] cal] ca] cal] ca] caUl] ca] ca] c”*a]
caU ca] caU] ca] ¢ ca Nal c al) ca ca] ca] ca] cal] cal] cau
] C;J% Caloogo#ol/@ﬁﬁﬂ L&[ﬁﬁﬁ)ﬁg%ﬁa JP eaH] ClgnLaJlga o saﬂ %rsl da$ 1 L{I Y
?2@p???3AVAgAAAABBB DLDDDE7F>FKF}wr | ga[ VU] ] ca] cal] cal] ca] caU] ca] caU] cay
caU] ca] caU] caU] ohtpmed ) fxerm) said ] sigtfil chdving Jjsaid] caUl] ca
] cal] caKFMFUFcFI FF GG—I?H I #IK: KZKK Kx K~KKKKKLLL;

M>MVM Nt N{ vl gafefendsdeyver: @}Q@]M]@&]hsadewﬂrmﬂﬁaimbyﬁmlﬂ c

a] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca! t NwiNNN, O40O0000P
qPPPRPQIQQVQRY

RRRRUSSS6TzTT* U{ vl gb] Xa] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c$a

2] ca Ca] ca] o) ca] oh - UL OMUVUVNMVAAN s o STRRE T 5B A g 1 1 gty

1] cal codaabinid auhoaksab el ool b ek gkcgl&mgga;equ;cal ca] cal

cal] cal] ca] cal] ca] ca] ca] ca] ca] ca
therefrom to reduce noise therein.

20 3. The method of claim 1, wherein said step of determining a frequency
ofiset includes the performance of a date "processing operation compnsmg the
calculation of the mathematical argument of a complex sample multiplied by the

complex conjugate of a preceding complex sample.
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signal receiver for generatmg an analog signal from the recelved RF
signal; _
| | an analog to digital converter (56) for converting said analog 51gnal into a
digital signal; |
a down converter (66) for down converting the digital signal;
20 a digital signal despreader (68) for processing a code-spread signal having a
first data rate to obtain a despread digital signal having a second data rate, said second
data rate bring lower than said first data rate; and

a frequency corrector (70-74),
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frequency offset from said despread digital sxgnal and a frequency correction

generator (72) for generating a frequency correction from the frequency offset |
5. and a combiner (74) for combining said frequency correction with said code-

spread signal to correct said frequency offset.

7. A spread speotrum communication system (10) according to claim 6
| wherein said frequency bﬂ'set detector (70) conipn'scs a data procéssor for performing
10 a mathematxcal operation of determlmng the mathematical argument of a complex
| sample of said dwpread digital 51gna1 multiplied by the complex conjugate of an |

| immediately preceding sample of sa:d despread digital signal.
| 8. A épfead spectrum communication system (10) according to claim 6
15 wherein said frequency corrector (70-74) includes a multiplier (74) for multiplying
said code-spread signal by a correction factor pnor to dlspreadmg said code-spread

signal.

9. | A spread spectrum communication system (10) according to claim 6

20 wherein said frequency correction generator (72) comprises an interpolator for

calculating phase offset values for said code-spread signal from an average phase
difference calculated from samples of said despread signal. |
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5 an analog to digital converter (56) for converting said analog signal into a
digital signal; |
adown mﬂveﬁer (66) for down converting the digital signal;

a digital signal despreader (68) for processing a code-spread signal having first
- data rate to obtamadespreaddlgltalmgnalhawngaseconddatarate, saldseconddata
10. rate being lower than said first data rate; and
a frequency corrector (70-74),
wherein said frequency corrector (70-74) comprises a foedback loop
~ including a frequency offset detector (70) for' obtaining a measure of
ﬁ_*eqﬁency offset from said despread digital signal and a frequency correction
| 15 _generator (72) for gencratiﬁg_l_ a Eequency correction from the frequency offset
and a combiner (74) for combining saxd frequency conecg_ion with said code-

spread signal to correct said frequency offset.
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