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In WLAN systems as well as in other spread spectrum communication systems, the signal on its way from the
20  transmitter to the receiver experiences several distortions. A frequency error may result from a frequency offset of

the radio frequency oscillators at the transmitter and the receiver.

Assuming s(f) to be the transmitted signal
s(t) = A(1)- /"
where o is the carrier frequency, the received signal can be described as

25 r(t) =B(1)- ej[(a"*‘a’e)”‘(oe (’)]

where @, is the oscillator frequency difference between receiver and transmitter, and ¢, is the difference in

oscillator phase between the receiver and the transmitter.

Turning now to FIG. 1, an error correction arrangement is schematically shown consisting of a frequency error
correction unit 100 and a phase error correction unit 110. The frequency error correction unit 100 is used to

30  compensate for the frequency difference, and the phase error correction unit 110 will then compensate for the
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30 compensate for the frequency difference, and the phase e%g% mﬁfrectl on -
unit 110 will then conpensate for the 1 31 MAR 2006 WD 03/1 %
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out put signal of the correction nodule 200 and tries to generate the error
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phase difference between the ideal and the received constellation point is
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deternin ase erence To generate the error signal as precise as
possi 5‘?“9“’“‘239@[3@9“ x(k), x(k 1), x(k - 2).... be the real parts of the
recei ved data sanples, and y(k), y(k - 1) y(k - 2),... the respective

i magi nary parts, and 'B t Jye. ra)-jdN0 1 |M¢g(t)|e?ﬁg(u)3 of the ideal

constel l ati on point be ngen by XA and y respectively, the phase error
can then be cal cul ated according to Arse (1) = arctan(yA) - arctan(y(t)} t
=15 T, whdrg @317) is the durréht estithdtd ofdzphase error. The error correction module 200 is controlled by means of

an error signal received from the measurement module 210, The measurement module 210 measures the phase
error of the output signal of the correction module 200 and tries to generate the error signal so as to minimize the

phase difference @, (1) — @, (¢).

Turning now to FIG. 3, the state diagram (or constellation diagram) for a BPSK (Binary Phase Shift Keying)
20  system is shown. The diagram has been rotated for explanatory reasons. In the diagram, the hollow symbols
represent the "ideal” signal points whereas the cross mark represents the signal point of the received signal which
is phase offset. The current phase difference between the ideal and the received constellation peint is given by

AP, (¢). 1tis the task of the error measurement module 210 to determine this phase difference to generate the

error signal as precise as possible.

25  Let x(k),x(k-1),x(k—2),... be the real parts of the received data samples, and
y(k),y(k —1),y(k —2),... the respective imaginary parts, and let the real and imaginary parts of the ideal

constellation point be given by x, and y,, respectively, the phase error can then be calculated according to

()

0 t={T,2T,3T,...} T= Y MHz

Ap, (1) = arctan(———) arctan(
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sai d despreader conprises a Barker matc npl enent-ary
Code R@g?eﬁﬂﬁ“dﬁ*&f“l?f‘fé’ﬂﬁ‘Ff’TsPré"rde’dé'ﬁ&g'& sel ection unit connected to said Barker

mat ched filter and said CCK nmatched filter, wherein said selection unit is
adapt nd firperembaigtencaid dopresiaiith B¢ (Complensdnaityatddd Kdyingy madhet flai. d CCK mat ched
filter to

In a further embodiment said CCK matched filter is implemented using a Walsh tree.

25  Ina further embodiment said CCK matched filter comprises a CCK decorrelator to provide a phase output of said

CCK decorrelator to said phase error correction unit.

In a further embodiment said despreader comprises a Barker matched filter; a CCK (Complementary Code
Keying) matched filter; and a selection unit connected to said Barker matched filter and said CCK matched filter,
wherein said selection unit is adapted to select one of said Barker matched filter and said CCK matched filter to

30  provide an output of the selected filter to said phase error correction unit.

In a further embodiment said selection unit is connected to receive a selection signal indicating which one of said
Barker matched filter and said CCK matched filter is to be selected.

In a further embodiment the receiver further comprises a controller adapted to generate said selection signal
dependent on a data transfer mode relating to a signal currently received by said receiver.
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30 provide an output of the selected filter to said phase error correction’
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per f oemedingF8Sendent on t he despr ead data signal. In still a further aspect
of the invention, there is provided a nethod of operating a receiver in a
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In a further embodiment correcting the phase error comprises generating an error signal based on said despread

data signal, the error signal being indicative of the current phase error; and generating a corrected output signal

based on said error signal.

In a further embodiment generating the error signal comprises integrating said despread data signal over time.
25  Ina further embodiment said data signal is a signal generated by correcting the phase error of said input signal.

In a further embodiment despreading the data signal comprises operating a Barker matched filter.

In a further embodiment despreading the data signal comprises operating a CCK (Complementary Code Keying)
matched filter.

In a further embodiment said CCK matched filter is implemented using a Walsh tree.

30  In a further embodiment said CCK matched filter comprises 2 CCK decorrelator to provide a phase output of said

CCK decorrelator, the phase error correction being performed dependent on said phase output.
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Bricef Description of Drawings

The accompanying drawings are incorporated into and form a part of the specification for the purpose of
explaining the principles of the invention. The drawings are not to be construed as limiting the invention to only
the illustrated and described examples of how the invention can be made and used. Further features and
25  advantages will become apparent from the following and more particular description of the invention, as illustrated

in the accompanying drawings, wherein:

FIG. 1 is a schematic block diagram illustrating components in a conventional receiver, used for correcting a

frequency and phase error;
FIG. 2 illustrates the main components of a conventional phase error correction unit;
30  FIG. 3 is a phase constellation diagram showing ideal and received signal points;

FIG. 4 is‘a block diagram of a phase error correction arrangement according to a first embodiment;
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di agram of a phase error correction arrangenent according to a third
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| NVentyiéas of @arryink Bad theinvd@oenDOdi ment s of the present invention will be
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struc lj. cat e like refer e nu OTurm now_tothe
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WLAN mberein likgelemguieand siragres ge indicateddy likariferdicermmibersa phase error correction
unit 200, 400 is provided including an error correction nodule 200 and a
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bihas 6 SSPIGE o SR SMGHEEnE § AT FEF FOTR SO S ovErd BRI 4 SED1 GRFURR
accor diotkge 2¢0 tridas fheasigé¢meptrinodlle#00t Tie wdasuiremant rhodule B0 isfes fah GrorZsigablttoithe 1S t O
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because t he measuremant nod I S conn récelve an ou
t he BH#F¥SPISTHANIHE AcoPiing & theyfixst emabgdimens is sirpilar tghas of RiGehut fitiigIbe “@Gb‘hﬁé’@ds to
bé5 adapisedménd mgdnfeatD@ ingy betdiffereat. rihis iSieid theaasuRMe aBide mb id ofneclarp ket dat a
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Bar ker recei ves g| nary
par t sthefrerggnal endhq bastiof the sespreaddafysignal Iha‘es °“§P(Jtt®°mali*ﬁd§ﬁ(1@l) matqlh‘eﬁlBaﬂlQer mat ched
filter 410 will generate the following output: a(t) = -1x(t-107)b(t) = -1

y (t - 1A55hming Xaf thOFarked mtétied Hitck 4101nsdeivesAitdtimke dyffehdetirbal dnll iskédimary Dhrtslof Yetrecdivel
data sample, i.e. x(f) and y(f), the Barker matched filter 410 will generate the following output:

a(f)= -1-x(t-107) b(f)= -1-(t-107)
-1-x(t-97) -1.(¢-97)
-1-x(t-87) ~15/t-87)
+1-x(+-77) +1.y(t-17)
+1-x(t-67) +19(t-67).
+1.x(¢-57) +1:9(t-57)
-1-x(t-47) -1-4(1-47)
-1-x(t-37) ~19(t-37)
+1-x(£-27) +1.(t-27)
+1-x(¢-17) +1(2-17)
-1-x(f) ' 1905

20  The measurement module 400 will then generate the error signal according to:

8) fort=n-11 T, n=integer, T= /1MHz

A, (- 1) otherwise

arctan(—-) arctan(
X4

A (1) =
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+1- X(t-6T)+1 y(t-67)_ +1x(t-57)+1 y(t-57) -1x(t-47)-1 y(t-47) -1x(t-37)-1
y(t-37) +1 x(t 27)+1 y(t-27) +1 x(t-1T)+1 y(t-17) -1. x(t) 1 WMARYIBO The
measur en®¥? 0398##8e 400 will then generate the error si gna’ICTaIsoma:lsmg t o:

eke (t)t is to B ot akeh) ompuﬁéf(ﬂie%ﬁ@(rﬁe)tc)hecfﬁlfe;“ﬁ%lﬂée end at Ay TR GEY on thered 2N
ey T o et alll e
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phase 5 error correction conpared with conventional, sanple-based schenes.
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si nce Bark tched filter 410 is usual al rea resent 1 n
recei g’ﬁ‘?ﬁa % \WF FRjaceq with asCCK matehed ilter e%béﬂf“ﬁ'é‘ﬁ'ﬁed pove, ICCH dt 3 meduelatiqnn at
di ffertechfun@mnblheenfedmsthe EERFORD2 BNndtanidand fohaMo“mdgeiamBaésmrs srand ¢ herbsf i1he e:CK410 is

o o dulthon b feherthy BRAGIRE den hdlincadPye v Bl (HRGRARYiE igithp] pbe
al | owi As a4 "é?mPlﬁ’f §?’§‘b6‘f5t“EF“5e akhe CEx th‘f?éPgY atlqws forpultighanpsl pezationonnd employgthser al | y

be desamé Mgdatasmdapcomat sfhh;ﬁai 1ho$0201 B cddbbpda fubdtiohO COR@hn Hé%elldsia&}d ﬁa%ag I on
using . S St ruct ur echnol ogy all ows for
nul ti- c&gag)ﬁ%fic%ﬁdt}rm;d@a n@ﬂ Wﬁ‘?{%g““ Syduee @%W%‘Jgésﬁﬁ'gé‘ré&“é"s ‘g pect rum shape
as the 802.11 Barker code spread functrons CCK can be considered as a form
of M amys ¥ilsdhiofret crbedimeat ysesrp Rorler watehedfiltst 4101apdhis dgrsford byt giited o consetidg thies

c hids e iphise lerrdré anN|Ni1s &brﬁplhantm sydink, €or i @ of 2 ¥ilps %b&cbf %E:nhb Lé%ﬂﬁxaﬂt WEAKGF

mat ch fore best C
phase%e%rﬂp%r’gh% ec%ﬁgﬁem‘ma |anfn Wt}fﬁ"% n‘gayq’SF’ S@Q@ﬁ@? r‘ﬁ%eés of
802. 1I°58Q2dhl’m°malmtm§w$recer vers, the technique of the second enbodi nent
shown in FIG 5 may be best used in 5.5 and 11 Mops nodes of 802.1 Ib

conpl mat:cxeraeheden@r 51'<Flﬂey mﬁplmkxﬁmgmé h'vrta%ﬁ uéelonwarsia%eé R ShEnbedcagi ng a
al shcg con orrel ator_and a CCK

h
conparat e?a%r ang g:c\éacm .’r""l‘" a“g S\a’{ “5885"?‘5‘1? %ﬁ'r°“r?€3€ﬁ“ﬂﬁrlﬁk1’l'?‘%‘gldf°ﬁ B8 HE CUUPRY S The
c@fpanmgsd éfr ﬁfidsthezbcah gﬁe’dmm i thelpresns einbadimientrthiz idespraad signaltvihizh iy avtpenty theBCKli nent
t he demRhQAXHerSICHAR broVilld§dthd SeaiddnRBtmolMe 50695 frPhase output of a CCK decorrelator.

It is to be noted that the arrangement of the second embodiment may achieve the same advantages as the first
embodiment. That is, the Gaussian noise will be suppressed because by using a despread signal, the signal is
raised from the noise floor. By avoiding a sample-based phase error correction, the measurement of the phase
25  difference as well as the correction of the phase error may be performed more precisely. This reduces

demodulation errors and leads to a better overall performance of the WLAN receiver.

Turning now to FIG. 6, a third embodiment is illustrated that may achieve the above advantages in any possible
data transfer mode of the receiver. A multiplexer 610 is provided acting as a selection unit for selecting one of the
Barker matched filter 410 and the CCK matched filter 510 dependent on the current transfer mode, i.e. on the data
30 rate. The multiplexer 610 receives a selection signal from a controller 620 which keeps track of the modes so that

the arrangement can switch from one filter to the other in case the data rate changes, e.g. from 2to 5.5 Mbps.

In the above embodiments, the measurement modules 400, 500, 600 may be adapted to integrate the phase

difference to achieve an estimate of the current phase error:
Pe()=a-P,(1-D+b-AG, (D)

35  where a and b are constants. Integration may be done using a low-pass filter, and the term integration as used

herein may include any smoothing algorithm that averages over a given period of time, or calculates a
7



mat ched filter 510 and provided to the nmeasurenent nodul e 500, is the phase
out put of a CCK decorrelator. It is to be noted that the arth H@%Hﬂ ht of the
second eMSOWWEHE may achi eve the sane advant ages as t he HQW/E303/06xiodi ment . -
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si gnal, Jepgn ahﬂn‘%whnemlsgal sed fromthe noise floor. By avoiding a

sanple ased phase error correction, the neasurenent of the phase 25
difference as well as the correction of the phase error may be perforned
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val ue and a current va ese techni gues may even nore Suppress an
influencing additive white noise. Turning to nowto FIG 7, a flowhart is
shown The PSSt gk feloging [9ae Aathe, Barkes datched filter ALY and theyCEHy é‘a‘&}r’qdafmjéﬁ@n‘!‘ dheghirgyn e
0f15t hembdaient id slwen K6 8e Eﬂmnﬂlsommb SontrblRRr &Dﬁaexi’nﬂu@s thet daa rdte€ aeis thextkchelkéddin &by nal
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filter 510 at an preadi n

denod §Vighi t dhe Badenh Anighsd ﬁ#ﬁy‘“P i(#pi20e B ig 5@@“%’@ ssep gﬂaﬂmh@yl asmissign is

despr gatbriad if thetsI3er UESPHs@RAE thetiidplexé 61@WillRINedIb GROTK hdichbd itk S8 MG . The
despregagl signal is then integrated in step 710, and an error signal is
generated in step 720. It is to be noted that instead of integrating the
despread signal and generating the error signal based thereon, an error
si2§nalAs arpprepidrompheboye discustiponyi RIAK GTorLoneiiandeshnigye jsproxigedihat isrppeliceble in MBARoOver |
in ane,tstaelrs aendues ipiRa tspecthhecoﬁamnﬁeansasgyh&hls aRhA mPimprdit BGRRMIAGN iRy hos,

u5|ng enera ed error.sian e error correctjon | erforned
o 0D e B B Ot WP s o AR B RRDIES @ bt @ T
cor r edtef évpapiseler w3020 b ¢°91pﬁaetsyst@15t e r@@s@ne@ﬂeﬁpeﬁ Tencagling teciitimesAppiE. 68 siatof

sel ecmenanbemem nda} QcHRRE KRS meRforddCslivintabdsein KRER aivtint PR CBlin MRy dodsk! t er

> 59 rbuaglgmre se Shlft Keying) and other schemes including DQPSK (Differential QPSK).

Industrial Applicability

Evidently, the present invention may advantageously be applied in computer components and may therefore be
implemented in industrial processes and products.
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15 enbodinent is showmn in FIG 8. In step 800, the controller 620

determ nes the data rate. It is then checked in step 810 whether data
transm ssion is performed in the 1 or 2 Mips node, and if so, the

mul tiplexer 610 is instructed to switch to the Barker nat §heqART006t er 410
(step 820). If it is determned in step 830 that data transm ssion is
performed in the 5.5 or 11 Mops node, the nmultiplexer 610 will switched to
the CCK matched filter 510 in step 840. 20 As apparent fromthe above

di scussion, a phase error correction technique is provided that is
applicable in WLAN systens and ot her spread spectrum conmuni cati ons
systems and that may inprove denodufhffh reliability and settling time by
suppressing the influence of additive noise in the received data sanpl es.
The techhi queAmasivipa a spreeddpectpampigekiens systam, S0 priting:b conpl i ant systens. No
restriction with respect to encoding techniques apply, so that the

enbodi ment s nBEphaRehRor@vie:clidi@nin[R0U,400,500j60BFoaREEDE fcdive aBBRIEsigll Mahya Phase

Shi ft Keyi ng) SK adrature ase,Shift Keyi.n and of her schenes
- incl udi ng Dqﬂg'kgg’fi’rf"?‘ﬁa%%"(r‘n%" PSR ?ﬁ%%?‘?’i“%‘r °°R6%"Fipg“)§%?‘1°f’€’§/dt Evi dent |y,
the present invention m advantageousl be applied in conputer conponents
and may t her et 4pReeafss (10310 (ifadinid ¢ desarsaadatasigsdh processes and products. 30
8 31 MAR 2006 CLAIM5S A receiver in a spread spectrum conmuni cations
system conprWsiemgaid desprraderds connegied te epid rhast prom camétion (RAOprdGE, the5iBPre80)
connected tO &RGREYR sAllplaRHb: S:@R@ wmitavi ng @ phase error and adapted to
generate an out put signal having a corrected phase error; and a despreader
(410, 510, 610)adapted fo.desproad,a data slgnal . whereln sal ddespr eader
is connected t0 sald pnase error carrectioneunirt to provide the despread
data signal tdsspsead detasdemdlanérror correction unit, said phase error
correction unit is arranged for correcting the phase error dependent on
said despr eawdidgbbsenst @netion v congpaited phase error correction unit conprises:
an error measurenent nodul e (400,500, 600) connected to receive said
despread data si gRahordRsbusaPharlicl(400360) 600RlBneBtEY 18 FebdiVe sSill Bigtbadiamisli cat i ve of
the current phase errors ang an error_corr c%ion g&dule %égq%quqnected to
recei ve said error St gifapl H’gé‘é?éab"taéa“?fé‘gmg‘@ @PYoa e A B ES &% nal . 2.
The receiver of claim11l, wherein said despreader is a CCK matched filter
(510). 3. The recdP & cggrection mpdnle 200 prapestedto seasive seid preny signabaad pdapfedte nodul e i s
adapt ed to i ntegr ae®rafahid output signal.

2. The receiver of claim 1, wherein said despreader is a CCK matched filter (510).

3. The receiver of claim 2, wherein said error measurement module is adapted to integrate said

despreéd data signal over time to generate said error signal.

4. The receiver of claim 1, wherein said despreader is connected to said phase error correction unit to

receive said output signal as said data signal.
5. The receiver of claim 1, wherein said despreader is a Barker matched filter (410).

6. The receiver of claim 1, further comprising: a frequency error correction unit (100) adapted to
correct a frequency error in a received signal; wherein said input signal of said phase error
correction unit is a signal having a corrected frequency error.

7. The receiver of claim 1, being IEEE 802.1 Ib compliant.

8. - An integrated circuit chip for processing spread spectrum data signals, comprising a receiver
according to any one of the preceding claims. .



despread data signal over tinme to generate said error signal. 4. The
receiver of claiml1, wherein said despreader is connected to said phase
error correction unit to receive said output signal as s H@%NQ@& si gnal
5. The receiver of claiml1l, wherein said despreader is a Barker matched
filter (410). 6. The receiver of claim1l, finther conprising: a frequency
error correction unit (100) adapted to <correct a frequency error in a
received signal; wherein said input signal of said phase error correction
unit is a signal having a corrected frequency error. 7. The receiver of
clai m 1,0 bei ngmditclEbr pekating a kddeic@ M lsprad bpectfun DRmiMMaG@E 841646 teine@bd t chip for
processi ng spread. spectrum data signals, conprising a receiver according
to any one of “tHé&™Preceding clains. . 9 31 MAR 2006 9. A method of
operating a receiver in a spread spect(unlconnunications-syspenl t he net hod
conprising: COFFEE(T12RGP 7pipscramin 2p ipayLNmalapd gsperqtipe WU sigtel @yiggml  and
generati ng anromudkPphhsesh@@al having a corrected phase error; and
despreadi ng (700) a data signal; wherein the phase error correction is
performed depegdesl (A8) {46 sgasPread data signal; wherein the despread data
signal is provided to a phase’error correction unit; wherein said phase
error correction unit conprises:. an error suyr epent dul e (400, 500, 600)
connect ed to“?ggéﬁﬁgmgﬁF ‘H@%’?%%%HHEF%&E?%%@?H%ﬁgggag%géﬁmio generate an
error signal indicative of the current phase error; and an error
correction mydErrRthe dupryed dymrigatipRiovidsd fod@adss aroE orEctigh 8y sj gnal  and adapt ed
to generate said output signal. 10

wherein said phase error correction unit comprises: an error measurement module (400,500, 600)

connected to receive said despread data signal and adapted to generate an error signal indicative of

the current phase error; and an error correction module (200) connected to receive said error signal

and adapted to generate said output signal.
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