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"EQUALI ZATI ON OBJECT OF THE I N\/EI\FI'I ON The present
invention refers to a data transmission/reception unit to ex- 5 change
data with a renote unit by neans of a channel zﬁ nodul a-
tion/ demodul ation treatment neans, for exanﬂ 2 g@ # nodul a-

t 1 on/ denodul ati on. STATE OF THE.ART The use of
frequency nodul ati on nethods, |ike that used in the European 10 standard

for wirel ess communication DECT, of the GFSK type, nakes the use of
frequency denodul ators, for exa | e by neans of di scrl m nat or s,

r ecomendabl e; in this wey . gESeesy 15 M BWILHT possi bI e by neans
of a sinple threshold detec- Wnthetm | ogi c

val ues "1" or "O0". oT ohl el ds of application of these _
met hods, this type o 15 cient due to the fact that the

maxi mum t enpor ary di JPerPEeSSAt hvention refogmin ajdata ransmission/eeentipn runitstor @it her
less than a Ssynmhhnwdatahﬂm@rerﬁob@umﬂbﬁﬁeeheaﬁa chgihneE Bing YWeRIhéar moduladue to
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traj ectori es of tondemeddation he effects of attenuation and reflection in the
20 propagation thermmm taken into account. Therefore, the use

of equalizers

degr ades the signal uaI [ ?W@?Lﬁmo\eﬁa&& &g@%&; X'k%?r?glugéé ﬁh&etémg’eﬁ?l ity
of error of #he ﬁ*%!lf’é(ﬁb@é&"@’?ﬁ%ﬁ?@"“m@“ﬂ IRECT; @éﬁ@rﬁFSK typesmabe% Rcisgrof
equal i zer is us ueﬁcysdemuaumfs R? eRsrhple 0§ medeRF terinaifaters| ﬁeaémmendaue

DECT t
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25, 1993, vol. tOl'tO degide Retwgen thedwe loaFr@i@s 7V.orf@l. t his article, an adapt ive
equal i zer of the wel lin kiavRelds ofa@ﬁ@héﬁ@ﬁh&b@ﬁeftﬁ@ﬂhﬁiﬁ qbdelRF )s durPe i s

used and whegse Lo dhg 1§ e }éctstbats %’ﬁ em%xljraum(i &8&5@6}} easmnef tﬂg%i?l llflhtﬁ DECT

are used as I Ni Sequenc ni-ng

ROM nenory and |rs°4um rathet lgsq than agymbeland, m\sﬁ tha interfegence (petwren symbols
correspondi ng t cddehe tie radibichghrebig haRiIkddtestsble/ed appears in the input

t her eof . Thi s ayqpi |bIe error a in the
det ector when the o gg%r ?%éhei%?g&gﬁ Hvé’efe Tatdg:r%vé@gé és ér%tgu%ngdjﬁ@gcefe are
fed back to the mdliple trejectofesiobthe-waves, thejeffects inf attenuation A0d refisstian insthe
produced fasjer . propagation thereof NdV@Ho bé fakbi Mo SdcolMdvhetbloR) HAABRMDS baldiigdts | S

e e AR SR o iy By el i Asiond o e SR e
erably enhancing the probability of error of the recovered symbols. For this reason,
soma kind of agualizer is used, as shown in the article “Adaptive equalization for
DECT systems operating in low time-dispersiva channels” by J. Fuhl and G.

25  Schultes, publishad in the magazine "Electronics Letters”, November 25, 1993, vol.
29, N 24, pages 2078-2077. In this article, an adaptive equalizer of the well-known
DFE (decision feedback equalizer) type is used and where 16 bits of burst syn-
chronization defined in the DECT are used as a training sequence. The training
sequence s stored in a ROM memory and is applied to the equalizer when the sig-
30 nal coiresponding to the training sequence received appears in the input thereof.
This avolds that the possible errors that are produced in the detector when the
coefficients of the filters are still unsultable are fed back to the equalizer and per-

mits that the convergence is produced faster.
When the type of modulation/demodulation is non-linear, even under ideal
35 propagation conditions the demodulated signal may be considerably distorted due
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t he convergence of the equal i zer may be inadequately produced, since
t he non-linear process to which the received signal is submtted is
not being duly taken into account. For exanple, the requency

modul ator and tfRe frequency discrimnator int rodutzg 91% stor-
tions given that the vol tage-frequency conversion on t he one
hand, and the frequency-voltage on the other, are not a constant as
in the ideal case. I\/bre specifically, the invention refers to
a transm ssion/ reclggt lon unit, di ng a bidirectional correct I on
device for the iIR1BP manfienad "ﬁ'ﬂ?ﬁ'ﬂ“@?’e”ﬂ%"ﬁ*rﬁ?ﬂdm“s- thefeBYRIBENSS °h

di rections of t hequalizeronaytainadequately preduced; sinee thd sortimeacprocess to wnch)fhelo

interferences i nrgivba $ha%d bndf s hOEOGY fuy BB ntd BEblS B BanBRUHe 20"

in the re- tlohﬁ hal n an
chai n. The obj ecf’F ngy "?qqt"éf%@" the frequency discrimipalor introdede pRryiinean Aistokt | on
function of the hmtmwaymoihbmoitanaefréqaammnhersibhe:haractenstsaumetho one hand,

{ransim ssi on/ r eCqR iaekDlriyhBidgd drifb el B S coRiafhlds PIARaakBlsb( °) Nt

ex- change nit evi ¢
i ncluding an equal i zZM°’E¥n§P°&'ﬁfﬂ' hagtheigengion rqursmamaﬂsm'sslwmmue!bd ment
" Adapt i ve channekluging @obidinagtibreal cpreection alevice forLthe draérsymbilicointerferenc\actifigUANG

t al., blish t
To0a, Vol a0 Nl i SRERGNG ha-hdehd EAUINGE ThE WeGEs permE e Btbctdrror |
pr obl em It [néartesnchs L poth diseplans pkie Aetaoules insiuding seequakzes inyiee e
phase nodul ati onceptidn chain and a pldtistorter i th@ tratsmissior! dhain. The!bibjective bhicorpo-

Super posi {100 of (kg v BelokASR BRLARA Rt of e IHBEAHGRC FRHERRLS G e

interference effec ra ect
whi ch hinders a siﬂ"ﬂF’F@%!’@'FW’I’M'&&I"HE&&Pdﬁd”qeﬁhﬁﬁﬁﬁ offhe other unit(s) that ex-
transm ssi on/ recehﬁngerdawwithsaid unit. I f the non-linear effects do not permt

the effectivgscorrecthqy ?e of s g@&eﬁxdﬁéﬁﬁg%' ua1|zer ah&’taeﬁéﬁi‘é&‘:ﬂ&e id g:?whl

received signal, _an jnperfect I stort

worse than not ufPMghe Apcumant ‘?PBY% FQ%‘““FR!?"EW&WB? gersqrﬁéc?r@tagm‘:@wgﬁt@ for
updat i ng . thw. aqtumNGzetral S patilibhesd in tesmagukirie TElgatraritsSiiattets® rSeptanitfer dEent S

for each transm 1994, vol, 36'f9%r;?‘a539t15f611$ﬁr[)r|0ﬂs% Eﬂrﬂeﬁﬁ?&lﬁﬁon%b%@broﬁi@ﬂ:“ence

to assess the channél
CHARACTER! ZATI mOUrﬂﬂmwmwwwm Is proposadiiis banarhase Brogeiaiafe present

i nvention is200 propoOFiss imitatidn s81the result of thdl supérpositg dfane umﬁne%eéﬁms and

communi cat1 ons s4a! il SAREALirhtherdhed eHd W e WAlre valocorsl 3 wigihvades 2

bi directional correctl vice er-s
The i nvention i sWAisPINnE@rs: & bigractionatiequalization” ‘%Gﬂ'ﬂ?@? “@%@P‘éﬁ?ﬂ/(ﬁ%""‘m unit
As a result, a ditthe homiisdr afectndo actpénni thel effdctivd adrrettichointpe interadymbuolid h a

interference in the received signal, an imperfect predistortion results, which may be
25  worse than not using this predistortion. Furthermore, the requirements for updating
the equalizer coefficients and the predistorter coefficients for each transmis-
sion/recaption period using a short signal sequence to assess the channe! status
have to be taken into account.
HA TION OF INVENTIO
30 One objective of the present invention is to propose a transmis-
sion/reception unit for a communications system operating in a non-inear mode,
that includes a bidirectional correction device for the inter-symbolic interference.
The invention is applied to the DECT system, but not exclusively.
As a result, a data transmission/raception unit that exchanges data with a
35 remote unit by means of a channel using distributed modulation/demodulation
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nodul ati on/ denpdul ati on

-3 - treatment neans distributed between said data

transm ssion/reception unit and said renote unit, said

transm ssion/reception unit including equalization neans to equal i ze
a first signal received fromsaid renote un|3t an nmeans to
predistort a second signal transmtted to said rcej102 02 r5

i s.characterized accord- 5 ing to the invention Ln th (a) -the

nodul ati on/ denodul ati on treat nent nmeans work according to a
non-|inear node amdm@dn) mdadne distiiiuted) betwades said data (thAnsmivsiansacapticst omit and

| nformati on whi ClaldSreb @Rl GHE34R"YalEmBLioRri8Had dthading odaSilon means
sai d nodul ati on/ e a Ion treatnent nean I nes a non-| 1 near

reference and 10 W“Q‘BE)’ firsk sigral receiyed feam éﬂﬁd‘?’ﬂ?‘ﬁt‘f'@@"ﬁéﬁﬂ@‘@@@? Meangi? s
accordi ng to the psedistedt arseeond slgnateimmﬁchorsntdhembtermﬁtelstm'amcanzbdsadcdrd-.
representative i gﬁ@mﬁa éﬂgntnomﬁﬂ-\%@—tﬂ@%dulahonl@é?ﬁé&ta ﬂﬂ Swaig! g

transmtted to s stortion eore oth in the
equal i zer and in ﬁ@ﬁﬂéﬂ?%’b‘ﬁ@fm%ﬂé“%@r‘@ﬁf’[“bﬁd&fest he

inter-synbolic i nt(Bi)fmeamae state informiatich whith isvépresentativiel of af nonHinearedistortion
non-1inear distorg n%d\%?ioﬁlﬁéﬂdb&%&%pfﬁegmsémﬂw ﬂ% R WHRARHAG! 4 RBn-i ar
Accordlngtoaflrst e ransm ssion/reception unit 1s charac-
terized in that tR@e¢fd8dnent means are cal cul ati on neans nininizing an

error si gnal (b2) Hrivans @adjust @udlizationanéans @deffikionts REcdrdingl tathetighahg- t 0

sai d signal recei FJQ?I rom {he el QWOWGEIBQH? tsﬁud%b&s@r%veqnfo%ogt %%rmeﬁtﬂmwe

menti oned represen
second enbodi nentadiystpd @efﬁe@m@ﬁmr\@amﬂem sqifpredistortion means. . npans to
sanpl e said first sigTabrefore dioteid the equaliter ane inthe pratistorteq the tormection of the

quency which is hhﬂpgy{mﬂohé‘g\(éfef'édﬁ?‘f?%ﬁeé)autj p@ésp@na}/,ﬁg%& A8 HRALiAbS ideor. t he

re- ceived sj I ne set each one defined by
a sanpl e phasb‘ Aion resulting from moguigtion/dgmediationat ¢ sai d representati ve
information with eachAsosrdiof th adirst embodinent, ths dassniésidrirecentign ahit isscwiraced

fromthe renote qgﬁéed lh Qh%rtﬂg rafifugttn%% ﬂ{em'l?%ré”‘@?l&bat{on m@éﬁsoﬁgln‘ﬂﬂﬁé r;Hr’gn%’impl €

set,
opti mum sanpl e seﬁ'Q"a' in th%?ﬁl—'aﬂ%?ﬁ'ﬁ" greansion '@%?ﬂﬂ hangd aceording toeaid ﬂ?“‘?' é'ﬁplé’éﬁl ve
sanpl e phases neaton thet lamofOunitSanip be thehather, 6f theahehtianed irepresentdtiveninforsarpl e

set, the selegtedgaet being the one t hat produces the srral | est
equal i zation error signal with respect to a sequence of gl c synbol s,
and ccording to a second embodiment, the adjustment means mclu

- means to sample said first signal received from the remote unit to a fre-
quency which is higher than a frequency of Jogic symbols assaciated to the re-
ceived signals and to define sets of samples, each one defined by a sample phase,

25 - means to comrelate said reprasentative information with each one of the
sample sets of tha signal received from the remote unit, in order to datermine an a
priori optimum sample set,

- means to select a sample set between said a priori optimum sample set
and some of said sample sets defined by respective sample phases near to the

30 sample phase of said a priori optimum sample set, the selected set being the one
that produces the smallest equalization error signal with respect to a sequence of
logic symbals, and

- calculation means to minimize an error signal in the equalization means
according. on the one hand, to said signal received from the remote unit when it is

35 sampled with the sample phase of the selected sample set, and on the other hand,
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according, on the one hand, to said signal received fromthe renote unit
when it is 35 sanpled with the sanple phase of the sel ected sanple set,
and on the other hand,

-4 - to said |ogic synbol sequence. BRI EF DESCRI PTI ON OF THE
FI GURES A nore detail ed expl anat ion of this invention is given
in the foll ow ng de- scription based off “the at i n which:
5 - Figure 1 shows a block diagramof at 1$}QN2 Sptlon
unit operating according to a phase predistort

Figure 2 shows a tblsodkoghmm(qheﬂcetransm ssion/reception unit operati ng
according to a prgges e ’cll“" i n quadrat ure;

- Figure 3 shows a blaQc r.an Equati zer according to the state of
10 the art; ? éxﬂlagﬁtmsoféhlsuwﬂm Bivem B1the fllowingtdeof

the reception chascriptyin baked on the attechesifigeres dnwhizhept i on unit according to
the preferred gnbodi ng L on: .and .
Rig ufé‘?]gﬁ&g éjgiga?dla%fam n%“ C}Hanuﬁ lom&@hﬁo%rhqutaopteﬁézng 5

- Fi gure 5 shows an orit a secon according to
i nventi on. :953@531"3 PragistprionRopden The present
invention, in a prefer Ffuliriem‘shmvsrmblbck diagrﬁﬂ[ﬂflaaﬁnmlsaaompﬁdn&:mto oratihg ON

for adlgltal corggdgpd dstoﬁ t sed |nthe ur o-
pean digital system o % nge ess ecom‘rum"g%t ?@gm ‘Bg%?"}rg Thi s base
station ex- 20 changéf'gd'éﬂ ﬁsﬁﬁ"i‘%aé'%ﬁﬁﬂ@fmﬁﬂnw izas,agrqitiag do ther state af |
usi ng a dupl e ndheathy division in tine. In figure 1, the

base station includes_ e chai The
Cransm o5i on chai n i nof THRCe SR b Bibek Gfgfhef 8o SAFESAS Pbepton rifcy

data 10, a Gauss 'PAnFmission/teception Yititeagreading tg he am&reduesmdtr@em 1'Ba¢mnce
circuits 1l4a and vith thd ledtion; sipar ati on of the conponents in quadrature, a

| ow pass filter 15 ang bre 5 ﬁl]ao\%ls %Kaéiéynm(iv?@}’ ?rste%nqggmbémecrﬁ%g}dmggtﬁﬁg ch

s connected to an ante ion C n %t ed
in cascade, al RF”‘FPP‘E’Er 20 a frequency reducer 21,

limter/discrim mw and a digital system 24. The
g:;lzst ‘;' lotee;ent n f 3 %ﬂggmﬂnt'smeﬁ%rmr%lpfﬁefédee&c% g tnrgptbgge? nﬁ;gd
to denodul at e t hdicg ,fgr%plgw@gmo@alqtppns system with GFSK modulntlon used in the Euro-
pean digital system of wireless telecommunications (DECT). This base station ex-
20  changes data with a remote unit, for example a terminal, using a duplex mode by
division in time.

In figure 1, the base station includes a transmission chain and a reception
chain. The transmission chain includes, connected in cascade, a source of binary
data 10, a Gauss filter 11, an integrator 12, a predistorter 13, two circuits 14a and

25 14b for separation of the components in quadrature, a low pass filter 15 and an
elevator converter 18, the output of which is connacted to an antenna. The recep-
tion ehain inciudes, connected in cascade, an RF filter 20, a frequency reducer 21,
a limiter/discriminator 22, an equalizer 23 and a digital system 24. The Gauss fliter
11 and the integrator 12 are used to modulate the binary data to be sent in fre-

30 quency and the limiter/discriminator 22 is used to demodulate the signal received in
fraquency. :

Figure 2 shows the pradistorter including two predistortion circuits 13a and
13b. Each one predistorts a signal corresponding to a component in phase and in
quadrature. In this embodiment, the integrator 12 output is applied to the two cir-

35 cuits 14a and 14b for separation of the components in phase and in quadrature.
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‘predi stortion circuits 13a and 13b. Each one predistorts a signal
corresponding to a conponent in phase and in guadrature. In this
embodi ment, the integrator 12 output is applied (o the two cifg 35 cuits
14a and 14b for separation of the conponents intﬁgaﬁ z aadrature.
-5 - The outputs of these two cirguits d\E48= g
respectively applied to the two predi stortion circuits 13a and 13b.
In figure 1, a coefficient transfer output of the : equalizer 23 is
applied to a coefficient updating . input of the predistorter 13. In fig-
ure 2 a coeffici B outRuly et &P‘%H‘Ppﬁ%’“ 145,and it are Jespestivelysapplisd ta-thetwo 5
coefficient up- predistodiah @ircuils Uildaaindekddbhirofiguref, & lreefivient(trandies botpui oithe

circuits 13a an : A qp&gl t t he
reception chai ndalcﬁ%%?&gss ls_acpg H?\de%’tae(fh Emaeﬁtrqug%@sca g@wg&d&%ﬁ?@ Y@aﬁtgé
source, a predi i8Rt & Foefficient fransien quirut of thewaunlizae23:is applied to @ cogficispt up-
converter. § ddate igput of Eaeh greculitise WotprédiskSrtién-tifduits ) 3nandt 8. pr edi st ortion
circuits 13a and 13 : i | el ' '
I nputs with a t(ral ansf qeg(rq E#@ﬁ&%\:ooéggg‘;"ﬁgé%rhgffEE&B%;&%%&??&%\Z%%E?SB
i nt erference duent@seENe. NG prce, a predistorier, a CRUgR s, 8 FRow a
first preferred siedagsticomvrtenf the invention. Figure 4 shows t he
limter/discrimnator Pk laDenQf : ' iQcl ud-
ing an anplitude Ii mﬁhé%’%"é‘?&g%?ﬁ@r lli)rﬁq‘ nr&‘aﬁc%r%'g‘g%ogtﬁpdﬁ é’?ﬁggvagﬂésd ?lﬂ?'tégr
222. 15 10 mqify the,signal sereiyed imibeir inputsayitros transerfinction gempensating e, so
that at its out pnter-tymbolic interfergiice due & the rddieciaangeal i s al ways constant.
This allows its denogy ' r f ] |
resort to automatic aLﬁééc%%?érgf%jﬁ%td%@m&dgg‘?ﬁaggmwaé‘{/%@é?ﬁ%ﬁ"
frequency nodul d@%%ﬁ“'tﬂﬂﬁ@%ﬂa@h%f’ﬂbé recgption g\alnt &fthe, gagengtation inclyd-j nred
si gnal agai n wi tiAg an amplitadsnimiter 20, fa @stimmRiori22h land a IMepasstARer222. si gnal with
const ant anpfs - - g dufioh BPtheiFRE! 24H1s Wi e idlaiio thdt e A8.061RKS |
normal |y a nul ti§nelijdegiithesignal is 3iways constant. ThisAllowd i dermedulation |t9 PR PGf-ng
]E he si gnaljI L o bgfodmwdwhm ehvihy teunedohtets Adtortdticl gairt Beritrol methadier b_v;enbifizg am t he
ormer and besi S r t -
crimnator 221 i%gtsegﬁm o%%%%v’ﬁ%g?gwial% e?ol'l‘%(fg{ %ﬂ%ﬁl%ﬁng{%@gn@&e,
especial ly rimmed sl agrin with ap intermediats, freauensy fillertwe ebial - sigegtaitng,

since as we kovihe shme informatioeas that reteived baethisitime with drhalwayd cotistant adpli-
frequency dermd%g&or is of the parabolic t ype.

The frequency discriminator 221 is normally a multiplier which is a non-
linear component, multiplying the signal to be demodulated by another which is that
derived from the former and besides dephased 90°. The output signal of the dis-

25 criminator 221 Is sent to the low pass filter 222 which eliminates noise, especially
that of higher frequencies whose effact is more damaging, since as we know, the
spectral noise density at the output of a frequency demodulator is of the parabolic
type.

Finally, the output signal of the aforementioned low pass filter 222 is sent,

30 by means of the equalizer 23, to a symbol detector 24a that belongs to the digital
system 24. This detector 24a is, in the simplest case, a comparator with a refer-
ence level corresponding to that provided by the demodulator in absence of a
modulated signal; that is, when only the carrier is received. In this circumstance,
the values above the reference level are equivalent to a logic value and the values

35 below are equivalent to another logic vaiue. Obviously, much more complex detec-
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sent , 30 by nmeans of the equalizer to a synbol detector 24a that

bel ongs to the digital system 24. Th| s detector 24a is, in the

si npl est case, a conparator with a refer- ence | evel correspondi ng to
t hat provided by the denodul ator in absence of a ulategd signal;

that is, when only the carrier is received..In t1 Zggﬂé 5 t he
val ues above the reference | evel are eqU|vaFent e and the
val ues 35 bel ow are equi val ent to another |ogic value. Cbviously, much
nore conpl ex detec-

-6 - t or dorg gan he usaxbwhisthohtain aiowenprababilitysaf eproofoathe|same nofseeondly  f or

the same noi se cQER, butthis dobk Rikfeltthe bhjodt of M8 SRl feCt the. object of
the invention. ug[} T? renote. term ansm ssi on chain

Up 1o the fnput 1o t hENSygh the ramal el waessionuch o B B B 6 RUT ¢ he
si gnal passes t hibolgdtector 24a efithe basp statior, the signaispassed thrdligh (iffdrentsogipad

non-linearly, -\Ahlnshm%is@o thé Big H&urrgﬁu.nmgtaﬂﬁa{laﬂe%?mg,{nﬂaﬂaftaken into WR&R

equal i zi ng and pl‘“%el stort| n acco he state art described in
t he docunentheRGIHRIRIE HQFE?@“’ RGAMANG ¥ he prteLd iy artdescibrdintherns”
by W ZHUANloemmerit ‘Adpptiviei sirepriel preichdingrefora persend! Etanrhunications”L by twr s",
Sept enber 15, I

t his reason, accor | Wet gp pﬁ?s#gﬁg?%enﬁgﬁﬁen%%%gé% Lfé ﬁc%epcrn%beé 1\/\Iave
shaper 230 whi ch 1P 0 ?T ‘ai ni ng sequence TS formed of bits
with | ogioc st at eEoHﬂﬂs rmsdn ‘detordingits theduueatiore tHeequalizat 2y insludesalwave t he

base st ation and shiper 230 wngeg%w@s B P AU SRfbndYTS RimbE BPb it

termnal. The wa
representative o ogie ﬂﬁ S 1508 Ty Thls reaencedt oAl SteRE N Hechase station and is
nodul at i on/ denodidestitabito aseqsenchiselt tyrthe tradte itdrminat Thetwave shbiesr 23a3tores

station and Iﬁf&ﬁ\a'ilwrﬁ’ch}ﬁr F@gﬂ%kntﬁﬁveuﬂf h- nt':-w:ﬂn%alJ Hfsf&f‘tmt bfofﬁedﬁé]d -fHear 2

non-1i near reference,.

nen I'n
transfer funchti oﬂ‘qgf“'af'?fgd%‘?)‘@"aé'ﬁ‘ég&a"%'ﬂ“c“ are %\?‘Eb"t?%Pe'@’ﬁﬁﬂﬂT'E‘e bage, statien
renote term nal tandiseressdite terpinal or thib Thiscinfodruatni desfines a noGdinear fefdréree. and

the frequency noeybab@poridits thl&arﬁht% a{cS&ﬁmn'tﬂé‘ dé r tHctb 6 RERve bRk e293q]e

tion, the anplitude lJolmter g uency scrimnator 221
| ow pass fi@f%r ﬁfﬁamﬂ'ﬁe'“s B‘\gcyeg]qt% efpunal (MRR$TISYoR PRRo e RremagHiaieyn of
the wave shaper ZB@ss fiiter and thedrasuedcytrhakiatarizaidin therpespton pardbf thadasests nal

L anomi 951 on AN2gn 440 s BiRar 20, e kRl Eeindlioz2a Podbl Bapdh C

i nduce non-1i near z%c Ch"@
case for DECT is F‘Ffee ? speciglist ¢A5 lmittie f@pster functios of dhe wayve; shapgr 239 te:
circuit 231. For semelof hs€H chain stmpanenB@fi el t@enind! trahsmisgorpératrearidthp repced.

fhis training PhaaR chainRgraH Bade WaRBn Wien' habdd! Adh-EAH BiRécks. Fra"Rlhing S4. O
quence TS, which in this case for DECT is the hurst training sequence, is stored in

25  a logic circuit 231. For each DECT burst, an equalizer training phase is produced.
This tralning phase is produced when the training sequence transmitted by the re-
mote terminal is received in an input of a first FFF filter of the equalizer 23 of the
base station. In this moment, the stored TS sequence is applied to an input of a
second FBF filter by means of the wave shaper 230 by & switch 232. .

30 As shown in figures 3 and 4, the equalizer 23 includes, according to a
known embodiment, the linear filter with fead FFF (Feed Forward Filter) and the
linear filter with feedback FBF (FeedBack Filter), both defined by a delay “T" and
coefficients CO which are ¢, ¢4, Co, ¢4 and ¢, and also a calculation module 233.
According to the invention, the equalizer 23 also includes the logic circuit 231

35  which stores the burst synchronism sequence TS and the wave shaper 230 whose
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equal i zer 23 of the base station. In this nbonment, the stored TS
sequence is applied to an input of a second FBF fil terﬂ gans of the

wave shaper 230_by a switch 232. 30 V\ngom 3 and 4,

t he equalizer 23 includes, according to a kno t he |inear
filter wth feed FFF (Feed Forward Filter)-&nd the | i near fllter wth
f eedback FBF (FeedBack Filter), both defined by a delay "T" and
coefficients COwhich are cferr], cl[err], c[err], c[err] and c[err] and

| | cul at
Zngl ?zg? gg :I Iso | ncI uﬁ?m&[%% al"(? ultpéﬁ gﬁg'gu ('gﬁ%%t%g‘? Arﬁ%ﬁﬁﬁi@?t o?pwgtcﬁe
bur st synchroni sﬁP%‘E@]%ﬁ%é"PFS%ﬂ'G symbol,detectemdse throagh amgdder whose second
-7 - | Niglut k&oﬁm@ﬁ m:u: filter euﬁawbuﬁﬁg mbemhrw Q‘iﬁbfﬁuldhtpa%f An
D e ot Uil Whcer 230 o A b dPr0 pie s, B R R gp e, %
filter -outputs? DQMPHbOftUI'%SMI M@@DWSE aPP'Wd toae pBE fitgrinpuz.  t he wave
;haper t230t i Sf aPE' i ed DQ’IWE%{J&"ZH ﬁilnlhﬁﬁiﬁﬁsel, Eﬂﬁdcﬁﬁnt ﬁﬁ#"stlgf’éli ithé calkaiaon t he
out put o ed to_an

Duri ng ltohe equal i‘ggﬂi%él%iﬁéﬁ:ﬁ%@:%ﬁfg%g?ﬁ&%@g% E&?VS}E" t?ﬂﬁ?%\t i on

dul e 233 ch thersco SEnanere ¢ wave I ves
gﬁd?ﬁ[eer rl) Co? n? e frdihing 86quence ITstEiEeai i & ®igho aﬁ:];n.t'bgts smImr %[h %ainblrgﬁ;%c]ed

e wave 'S Ly N

Stored in a g sopfiiton e Bubd i abpios oy, ad Bt b Bl fialES Wi inge”
produced at t he Setwisen thase dua glanalsuioase reeant squareyalueasymptoticgivitendstol zero.

obt ai ned bet weegt hb nE of e sjuditr 23 WARKR ;m%a@ xﬁguaéaatml diorithm de-
asynptotically te ual i zer 23

trai ni ng phase, ggeac{l‘gﬁ’eaﬁ?%ﬂgﬁ' 5’8?’?"? g aseﬁ%zen s0 “\72?‘8 ﬁgﬁ&?ﬁmf gé' Cu1. Co, 1
cal cul ati on m)dulﬂéd zg caltwated iy both £EFt angt FBF Biters of thecdquplizer 2B are nainddieed: | |

clerr], cl[errnp constatdnti[tes bhd 68thé BLAL 6Orak@r. Richrdng o dinkdHioh, thb Rb&tAOf
the equalizer 23c@{1§ {Eﬁdrﬁﬂﬂtr{ﬁ eﬂéofcﬁﬁg%%@gﬁ#[s‘é bl H?\%m gté?gb.{gr%d%&’kéi or

raster. Accordi ng e i nventIon "ned at the
end of the trai nilAFIBhA 13aand 13 EHGt Dethe %ammemcemsmmes#to equaliza the F| G

1) or 13a and 13RQataFeteived) durhiaca mu&paﬁénr%ﬁat Wwhigh SeriS@avily %oiR@Y 3hé 8- t he

d dd
the sor ' quonldRrSTe TP g, iR i dod e deal B Biinel ot
signal transrptt dwoymh the meoaglasmmnehmn ah e baseostationaiThe oredistarte includes dhe on.

The predistorter sarﬁe IFFeEmdIFEF filters (n@rrsa dsthose ek tﬁBEqﬁmizéneE@u( FhiSrestits fhs
t hose of the equ i n e i}orte E ting

with the sane co %r' %'J"’zf?rﬁuﬁ%ggﬁg}etw @GW&PP‘?@F%

transm ssion ti nﬂuﬁ'ﬂﬁ%ﬁ‘%ﬁmlmdﬂ tealintarvah definedavth respechio mewppﬁmnme inber-
inter- val with a delay equal to that defined in the Time Duplex mode of the DECT.

25 Figure 5 shows a second embodiment of the invention. In this embodiment,

the output of the discriminator 221 is applied to an analogic/digital converter A/D

input. This converter samples the signal received from the remote unit with a higher

sample fraquency than the frequency of the logic symbols associated to the re-

ceived signal. These logic symbols are tha bils to which the modula-

50  tion/demodulation is applied. Hence, sets of N samples are defined {p(k, T)}, where

N is an integer, delimited by respective windows offset by a pitch of M samples,

where M for example is equal to 1. A set of samples is defined by a same sample

phase (between 0 and 2x) of the received signal. In the notation {p(k, T)}, k indi-

catas tha range of the first sample of the set and T indicates the bit period separat-

35  ing two consecutive samples of this set. A comelator COR correlates a sequence {I}
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25 . Figure 5 shows a second enbodi nent of the invention. In this
enbodi nment , the output of the discrimnator 221 is applied to an
anal ogic/digital converter A/ID input. This converter sanpl es the
signal received-<fromthe renote unit with a high requency
than the frequency of the |ogic synbols assQC|at61 !5 cei ved
signal . These logic synbols are the bits t0 which the nDduIa-

tion/denodul ation is applied. Hence, sets of N sanples are defined {(p(k,
T)}, where Nis an integer, delimted by respective w ndows offset by
a pitch of M sanplitasaach one ofittey Gbthink® satpiaets? to defrduan atpiod opﬁmﬁmtsa@fof

sanpl es is defingg aTanAf 3(';@(3”?{ Wﬁgﬁﬁlng{? ’?W cSPQLH&e\F&I& g &?H&a) ‘d

the received sign atlon
range of the fi r§i°'%%f?pl°@'ﬂ?'°t‘mé@-ﬂ MamPeryy in éé@@ﬁleﬁlﬁé hiti freguancyd of a

separat- 35 i ng pratanked)s&ftidhée Rcaidsd tPsughf thé WaRsrigiion £ha&iR Tof Sle oot Tt
correl ates a §eque

‘s | o (49 35 freSption shain pLihg Basg siaton. Henss, the.gesuencs (s repeesanter
priori optinum sé‘t’e 6f the non-lingargisterions Ep the modklatipp/demadulatisnrmeansnaistribried
correl ati onI vgl ue:etv?aaﬁ tﬁecbueéleﬁm&n knd the remo‘ié Girihal mhaepfad%f 8d Isgq@enBEM
nmenor inclu es e |ne sequence
recei zed t hr ough %'?‘Br‘n"’?‘?%% sga%gg’ﬂ‘:%ytfa"?'ﬁgg? g\rﬁ)a[cg Dﬁﬁdra r- andqt he
reception chain of th€°Bﬁ§K’"§i’féf‘¥ saualiperRQU, thea H@Qtﬁﬁﬁ@ﬁ"‘{ﬁ#ﬂpﬁ%ﬁt&‘e{ke‘@bnt a-
EZII v? OL :hg nRN- lig Eﬂﬁi’edchrfdtﬂﬁd wneof[qt:(klze mRdg KI1I qw q!@(lr;)v};lt Afpl KW, lnma_ﬁd

IStripute Se . S 1.oON erm,na e
pr edef i ned sequer{‘g@i o7 o' tng cséal"fpye 5°t§y‘?aﬁw SFﬁ fgﬁng g%éﬁ&&ﬂﬁ’& sample
transmitted in eavbﬁsq;E@ar fodhe eample phase of the a prioTiptimuinaemplecsett The esyalizer zer
EQU, the a pri oriccaprédc@ivas, Soi e foraciant H(Mﬁ: Eymbol Geqliénca i sBfkdaRth RICRP

C

K-2, T
PO DU P2 e Etost Bl el et g, o e
sanpl e Bhasther ﬁ*@aﬁ the m‘%a‘?ﬁﬁjl{@(}‘p&a@b {ofK-1 nBalgdk. h{‘Pﬁﬁ'ﬂl M’k e
set. The equal i zg§K+2, T)}. EQU recei ves, on the one hand, a |ogic synbol

TS stored i cT
Lo b6 training. sequonis Mz £ay fRARL oA et ot sy %@E’ﬁaﬁ@ B ™
{(p(K-2, T)}, {(msfH2)forengh °’{°(‘¥36h6 sample sety fa(21 T Tpl-heTdl, folk, T} (@D T) ).
The equal i zer EQEnd {eM42£¥)).90 sEILESF cHoo8dRihe [san le(.bﬁa%é for{wﬁ*éﬂ e éahanzauon

K t t
05 el o B R e TR
A sel ect or choos ase Kselfonthe sample of the signaliredeivedds olfeined.zati on 20 error
signal [err](K-2), [ ehﬂér(ﬂﬁrs@yncﬂr@ﬁnéﬂtﬁﬁ)anaﬁ n'idn@ |6l‘ié§e %"&I&Jﬁbbi %’aak ih She

fg‘gle! \e/ Zé i SHe(r;(l;te a| zgrt éHH rE'eﬁmzes theD equa izer coefﬂclents mm?migf%%e emIr s1gngl asclcgr%a

ing to on the one hand, said signal received from the remote unit when sampled
25 with the sample phase of the selected sample set and, on the other, a training se-
quence TS.
These coefficients are transmittad to the predistdrter to pradistort the signal
to be transmitted.
In another possible alternative to this second embodiment, an interpoiation
30 algorithm to define the sample sets ({p(K-2, T} {p(K-1, T} {p(K+1, T)} and
{¢(K+2, T)}) which are defined by respective sample phases near to the sample
phase of the a priori optimum sample set can be used. This solution permits the
reduction of the sample fraquency of the A/D converter.
In the DECT system, for the embodiments described above, the coefficients
35  used in the equalization means to equalize the signal during a reception time inter-
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equalizer EQU defines the equalizer coefficients mnimzing the error
si gnal accord- ing to, on the one hand, said signal received fromthe

renote unit when sanpled 25 with the sanple phase of the gelgcted sanple
set and, on the other, a training se- guenc : 23 These
coefficients are transmtted to the predi sggftermngac&t tet he signal
to be transmtted. I n anot her possible alternative to this
second enbodi nent, an interpolation 30 algorithmto define the sanple
sets ({(p(K-2, T)}, {(p(K-1, T)}, {p(K+l, T)} and {(p(K+2, T)}) which

aL e defined by resbwettranemistadx theppradistoriacRl prédistol ehé SgRAl Riuring theohtkﬁﬂn@f

the a priori opti ; a sged. S ; e
reduction of the @%’?‘?W?@EE@%’&’@ g‘fegﬁg Iﬁ?ﬂsg@ﬁ\@'@rrﬁ%‘? 't &%&Wew 'Rauéﬁsna t he
DECT system for SYRRAIAaHCR fRqyRaCey ad@ininscpauenseand thrtransavissiop; andirecepon
used i n the equalchamrieisin temysungry doplexXimale.ze t he signal during a reception
time inter- : ‘ . : 9

val are transhitted t& ?rﬁgr tBr"gﬁriog?_(t)hret %urahftyoof&ee_%ﬁe dipigried piqnaly p sRESrLEOMRY ¢t he
f ol | owi ng t °40 SfaeRled o the predigloredq sional; Fhipspsctrat ¢antrakmay e inythedemer
successively i nclofideautomatic gaipyoontislpwhichlis appiise &) ERCredidtofté R siBhAImPESIMENCE

and the transm sgj channel s in tenporary dupl ex node.
5 In or E'B?H{tgr}lgrr‘r%%\?gw%'qual ity of the predistorted signal, a

spectral control Apgthenxay, spimnseyve: thetduality ot dhe; pradistatted sigral corists of
spectral contwol stuayingehe conbditerice ofpradistorthly o Ao The pRUisforigRis achriidd When

W itadhh gt ; startihg of . .
Constant envel optid riRSneirP bl e Tl doHBP S 185 inen, 2 RSRhee Jovdt e
predistorted si g} ohenkang thepredigtorter is apt activeled whenthminendtneaty degree of

predi storting or thentignal leeeipédid igidatrititdn this retefehydlessl, When t he
non-linearity degree of the received signal is less than a reference |evel.
On the other hand, the predistorter is not activated when the
non-linearity degree of the signal received is greater than this

reference | evel .
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exchange data with a renpte unit through a channel using neans
nodul ati on/ denodul ation treatnment distributed between 5 sai d dat a

transm ssion/re nit and said renmpte unit, said transm s-
si on/ re Ilmm“jﬁﬂ@ udi ng equalization nmeans (23) to equalize a first
si gnal rom said renote um#o and pred| stortion neans (13;
13a, 13b) to predi stort a second signal tr d renote
unit, characterized in that (a) - tﬁi (Qoz 5

Img to

nodul ati on/ denodul ation treat- 10 ment operate accord non- | i near
node and (b) - tIGLAIMSt incl udes (bl) - neans (230, 231; 1) to store
information which is representative of a non- | i near di stortlon of

sai d nodul ati on/ de ul ati qn.,treat nent ans, and whi ch de- nes a
non-1inear referen E%%?IH gEmission/recepsion ““E?& grchangeaatawih amtet‘-@'téréﬂ"d@la
coefficients (COgchamel lusing uemns fart modulstfon/denedulationPdatraert distitiged Betaen

si gnal receivad féapmggie CO%%M%& ﬂ%ﬂd | fhd’ SRECremate duftenéa"i‘é icﬁﬁsmis-

information, said, a ust Lclents e|n transmitte
pr edi st or - 3 aﬂ% upit ciuding eqyaization mea"’2(23) o aquaizes 3ifisi/sianakiet i on
unit according t ceivbairombaidramotecinitand eiedistotibmimebhe(18p13%, 13b) to predistort a

transm ssion/rec h said renbte unit using a
%a&a(@m it FarfRiRR10 8 At dle Uik

dupl ex 20 node b drvisio sdi d adjusted coefficients (CO
are used in the Berasterized Hhin?ééﬂs thg reeans| fPQE“’E‘é!P'dP"NWdU!?Pgthﬁ'
during a receypt i onert nnwaieraceardab taa don-linear mode andi(b) AtHetued irciudesi d

predi stortion neags Iﬂegﬁseébétﬁ1t I)Sﬁﬁ s@ar@ﬁ-ﬁ&@‘; %@lln |sdv‘éé Q&btatwe of 8 6hon-

follown transmssmntwre | nt ransm s receptlon "uni t
accor di ng to cl ai'ffar,distertion, of %‘?“i’ E!?(S‘“PH”I"I’R&'P“{“W&”&H“%"* [rgansrand which 98- ar e

cal cul ati on neandiné$88pn-iisac referendaygae an error signal (ES) in t he

I t 2 C d
equal Ivzg i on ”??3?32? %ﬁ%aerrﬁm @38:¢ dd:ﬁﬂ tse:é:)qa ara[lﬁt %ﬁ&@ﬂf&%gﬂn i d&ﬂéhzauon
representati Vi@ i PN aqcordmg o !f‘e siorjah FRepived F@ﬁ/th%éﬂmtﬁéﬁ't@ﬁﬁtsaﬂdéﬂ‘ﬁdl ng

to claim 2, char aentativezisfdmatichhsdid &djested coetfitiErtssheimy transitledné 34id predistor-
modul at i on/ dermd%gmegns 1r3e%4'rqglg are frequency nodul a- 30
tion/ denodul ation trea s) 5 - Transm ssion/reception unit

according to cl a@m@"’“@l‘lﬁﬁ‘%@?ﬂ“ﬁ@&"* ACROFFiRG t9flgim jn characterizeddn thap theedata
stati on of a raditansoissionfrecaptionnmitsaxahagasidata Withe s410 bérheéte UINNBgos dopiex

(7% 1 "Cars, S8 the vt e Sl aabAN BB Wb SB6R IO 1
equal zatlon means to equallze said first signal during a recaption time interval and
are transmitted to said predistortion means to predistort said second signal during
the following transmission tima interval.

3 - Transmission/reception unit according to claim 1, characterized in that the ad-
25  justment means are calculation means (233) which minimize an error signal (ES) in

the equalization means (233) according to, on the one hand, said signal received

from the remote unit and, on the other hand, said representative information.

4 - Transmission/reception unit according to claim 2, characterized in that the

means for non-linear modulation/demodulation treatment are frequency modula-
30 ton/demodulation treatment means.

5 - Transmission/reception unit according to claim 3, characterized in that said unit

is a base station of a radio communications system with the mobile phones accord-

ing to the DECT standard.

8 - Transmission/reception unit according to claim 1, characterized in that the ad-
35  justment means include;
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from-the renbte unit to a hi gher frequency than a frecuency of logic
synbol s associated to the signal re- ceived and to define sanpl e sets

({(p(k, _T)}), each one defined by a sanple phase 1”2ﬁ zel

- rreanH, M”ruﬂg ate said representative info n{ ) &JO each
one EM sets ({(p(k T)}) ofuthe signal received fromthe
renot e unlt to"'dehne the a priori optinumsanple set ({(p(k, T))),

- nmeans to seI ect a sanple set between said a priori optinmm sarrpl e set
k, T and sonme of said sanple sets K- 2

(bK<, T} and 10 { RORRANDT phmalsrsaiLisiAtRabmspusd o e remte kol i

sanpl e phase of igher frequedney ithan a frecyincyrofricgizngymtholsedssotilted te ltiee kigralsret

bei ng the set prodygy Eﬂ@o FJ‘@eﬁﬁQ@EJn tsag}%lﬁlt "TIh, each o’n@tdeﬂﬁboew QVsar%'oﬂ%'asé/‘" th -

respect to a logic sy sequenc at'ion
means to minini z&e$ERCWENor i gnal in the equalization neans,
accordi ng, on st he one- means (JOR)36 cotretatg said rép?esﬁnmdeinfmﬁdsre({l})etﬂwam ome t

e T8 1S, St b Foc Phnd Al APl il

and, on the other @Pé‘ sequence
Transni ssi on/ recé@ﬁ?&@ﬂﬂﬂ““&tﬁﬂ% ®him 5, characterized in that the

means for non-linear rarahsitd ﬁléd@rmtﬂaﬁdtmtwd’eaéﬁa@aﬂpnm optimuan sample set

f +

T ansm s4i onf ecadty o At qg“gq’“%“'*%f’“ﬁi"taﬂﬁﬂ“ez TR I o
said unit 4‘9%"'365@})5‘!3&[‘? Ry s3mBle phages neghio he sampls phiass ok \"’-,ﬁ‘ﬂ PPN ¢ he
nmobi | e phones acptifium sample <ag, the sélbctedDbétberigathe 3erproducing the smaliest equall-

zation error signal with respect to a logic symbol sequence (TS}, and
- caleulation means to minimize an error signal in the equalization means,
according, on the one hand, to said signal received from the remote unit when it is
15 sampled with the sample phase of the selected sample set and, on the other, to
said logic symbol sequence (TS).
7 - Transmission/raception unit according to claim 5, characterized in that the
means for non-linear modulation/demodulation treatment are means for frequency
modulation/demodulation treatment.
20 8 - Transmission/reception unit according to claim 6, characterized in that said unit
is a base station of a radio communications system with the mobile phones accord-
ing to the DECT standard.
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