
EP 0 392 723 SI Bacaoun oiheInetion oThe prespnt Invention reigte to
tooWniques for communicating primary and secondary data streams over *
omimflinotion channel. VOi      mdms end other d   transmission systems
often have the capability of transmitting so-cal- led wccn~dtry~a1Ain
additio to he  ailed prinary dat. Theprimarydatacontains user Informatin
co- NfiIV4IW  OeWo  uue  whilO the .4gndery date typiggily oarris
diagnostic and/or maintenance Informs- 0 4            *) J   tm tsf and not
usually passed on to the users. T'here ae twp prcipal Oye f commwuiloating
the secondary data. Thfitit of thW le eilhd 'oyt-of-bend approach. Here,
the secondary data Is transmitted In a channel secrete trorri tI~b whtIi
thg praflWy dfa Is transmitted - typically a frequency-divislon-multiplexed
chan- nel., *5      Ji.The iutaofrbond aproach, however, often Imposes
severe constraints upon the bandsplitting filter re- g9141d fl erstrng. ;
j-'Ilniry channel from a secondary channel. Such constraints occur In a
bandllmited envroet whon higher end hih  primary dat rtesar desired, and in
order to maintain satisfatory error pevfgrmnqe, s gprrpponditg Igrgan. In
the primary channel bandwidth Is necessary. As a consequence, the
bandidthuA$PYiaIe for the sio(4ry channal io agoordingly decreased. 2P
The abWv   nmion    i r-ndre the tseond, ONbv1d approach, more attractive
for many high speed QflhiQ atbF4 11a !PP4 unlik the dUt -of bsndW pproach,
requires both set; of prlmary and second- ary data to W    h in  within
sIngle frequency bend. The in-band" approach Is conventionally realized by
1qxpm      U . tie IIJ T  d  signal paints In the signal constellation and
2) adding one or moreseo- y dq:bit 1t  l  buoc pf dlVWry *   during ech
symbol interval. Such a communication system is 29 tboedi RAtO l9n l.Q I:;n
an. envir~onn'nt wher power is normally limited for transmission, this
expan- a 1i'    t 1w  r o  lGnal gJ9 ng.gaglly reWults In a loss of noise
Immunity In the signal transmission. SuLW     of the Inv   n so      Smch
prior at aorr~ngp.mat are not optimal if the rate at which secondary date
Is being generated Is sig- nificni*y l  thek        l t rnlssion rate. This
Is because the loss of noise Immunity occasioned by thq Qse Of VWP*II4*
mujtW m b endured even during symbol Intervals In which there Is no sec- T
~preamnt iiyantt~n broadly Qgnpappilshe, In a mannerto be described, not
only the minimiation of the 35    pf  lp lmnty in wuh p euatiOn . but aso
th achievemqent offail back speeds of non-standard bit rates. IsW 9.      t
th prsntieion, a pluroilty of signal pneUjns, which wre comprised of
various numb"   gf*11741                      tointare ihbIwily eleted In -
repetiti tteriwtion. A partcular signal point Is Identif led *f~figm It's
Seined ggnaIltlo' t represent the valu. of bits . bh. tr namitta. 5ach of
these signal constel- ,_,nS i~e vud b'Uwtqnt*q     f     sit at particular
incoming bit ra8t at a transmitter. Equivalently stated, EQ  esZof : t jil
sifpisi gw.gtei~tngrts Isa J d for transmiting a particular number of one
or more of bis taken In bythetuflitit 4    a( qymol Interval. Fgreajwptefl
w'eamntlnvmitlgn is Illustratively applied to minimize the aforementioned
noise-immunity pg   th tveraloh Of the primary and the secondary data using
the "in-band" approach. In Pmnlc's4 a #jg'goaqetIlb  i  uised. during
symbol Intervas In whIch a first number of bits containing only C5   cYmfl
4sk end t. be t .gu  ,jitsi. However, when a second greater number of bits
contarig both primary ON4 MO*W1 via$ to bi %n          l td aecond expanded
constellation which is comprised of more signal PQ4M4 is u*ed, 'Title
i0l*Wv9 aprgoh - alternating between the two constellations depending on
the pres- e    fo andydw 'mlln(tm    h overll averae power of the
transmitted signal and hence minimizes the los4 of nlg Iln4,ilty W s nd by
the IntrluIctlon of the secondary data. Illustratively, the primary FQ   Q
date th0 I~wsett einboldimea is trepumitted with and without the secondary
data In a repetitive fashion. Thwefore, a fht  d sgpn    snatine re
spondingly used In repetitive alternation. The p0relt IMentiow n $alo bo
advantageously applied to Implement faliback speeds of nonstandard boitr
by aver"ging1 fgr  plF, frvt and second Incoming bit rates at which bits
are taken In by the trans- mintter end thirpfwtran*Vtted. y using the 0scoa
first and second, differentconstellations In repetitive 40   a !njlp 



1 EP 0 392 723 BI Jriof Description of the Drawiup Fi. 119 q gta 01igrarm
of a datu communication transmitter embodying the principles of the
Invention; I; 2 iee ba c diaO  ogramf a data communication receiver
embodying the principles of the Invention; 5      P1.w ~$ lp a Woot,
dWkgran 4gpgriblng a detpiled connection between three components, I.e. a
trellis en- codirn clrgiltry, a bit qpnvqrtqr nd an 8D block encoder, made
part of the transmitter of FIG. 1. 1Pl., 4 i1s, biq*.dlgmrn athwing the
Concept ul operation of achannel codermade part of the transmitter ctF
ir.i5>  1r FPa  W 1ggnp-ffW IdntlJ mapping ttblqsoeted with a
first8-dimensional signal constelatlion used 10     tg ggpimijnjg
gniWyprimajy datago  between the transmitter of FIG. I and the receiver of
FIG. 2 In accor- d".rW with th rinvntLqn, PW. 9,n gm ane w lon of FIG. 5,
Is one of four Identical mapping tables associated with a second 81mnoiWI u
l          ,Ign used-to communicat secondary date as well as primary data
between the tlwnttpr   . P FIG.  end thp receiver of FIG. 2 In accordanc
with the Invention. f      Prlo3 7: Is gu * ,fgjr identighl mgpping tables
associated with a first, different 8-dimensional signal con- *I gn ul t"
gglpigniwe 40i at a fir$ Oit rate between the transmitter of FIG. I and the
receiver of WIG. Z I, igognpas *iM the lnvention. FI1G, 0. an o~p~ndd
vgoW.pn of FIl. 7, is one of four identical mapping tables associated with
a second, dJ4fwnt. 4panvArn sgalW iconsteflation used to communicate date
at a second higher bit rate than the s!0    ffrptg    t!i $            r gf
Fi. 1 and the receiver of FIG. 2 In accordance with the Invention. an~mnItW
10Qf lG. 1 Is iilwutrstively the transmitter section of a voiceband modem.
Bits to be trans- 26   mittqd vsr~ rqivediby the transmitterfrom primary
data soums 101 and collected In groups of twenty-eight ' gr~  bthntrh lsod4
intp an 8-dimensional channel symbol selected from a predetermined signal
gWlutl.n, Wggi 8mnalanu symbi trinamittsd over a transmission, or
communication, channel 15 w four th'*tnhI 4gij4 q el4sbdquadrture crrier
(O$S-QO) pulses in the course offour successive bow  n     leba of dwt  1 u
1/27i42,50 sc. Thus, the bits are communicated at a rate of T14 = so
50i.79d2 84IQna gi~neJ tynrie,, rond, yielding a primary or "useCr data
transmission rate of 19.2 Kbps. AMt  umVew w*nUIsy dt frgm ae_ ndary d*
source 102 Is transmitted, along with the primary aK   .j atMfhh  Wp 1,
d, in a= mpnner to be described. Secondary data source 102, which say ,.,
fcr.sampit, .mniprwu.or~based subsystem of the modem of which transmitter
10 Isa part, gen- SIWI vrtQM ~ONO  Wt/i-JfltMFl.ignaS  which are to be
conveyed to, for example, a correspond- as  Il"w unitW'1*irI #mg~m of0
rwhlp r gevrp'f FIGl. 2 described hereinbelow, I a part. The output of
secondary date  a    ta te.;pjvF !gn tgntg In~dividual sfacondery data
words, each of which, in this illustrative em- bodlmnt 89m~r11w  aingis do.
t1 Theo iph sepndary data word Is denoted Si. In1 st4win     wish the
lnvgntt, each tranittm 8-dimensional symbol Is taken from one of a
plurality oue  h,         In Ihe   t                      -embdiment, In
particular, first and second B-dimenslonal signal con- do  ethllstg w ~a*si
fgrtrmnqnfiitijg.  1) prl-mry djaonly and 2) both primary and secondary
date, respectively. This prgggp iW 1t P
nd1r 1  fdaay hesncnbellw. T~qjwfl~s 1Q mai ;flgiflg0g1iy Lngu4gs wembler
104,8,-dimensional (8D) symbol group synchronizer 100, dffFn1jgl qogA   y
119, agc qqb 111, Ohannel coder 132, DSB-QC modulator 141, controller 145
Wn    oey   Ih$'ngl ayncbrnrl o. 0       i,.e, 1Q4 ryf   : tr     of
primary data from primary date source 101 which may be, for ex- a|mp1~
adigJtpJ S~mw,$~ gsmbl 1Q4 whichh Is of Wventlonal 4esign,
pseudo-randomizes the primary data ii owan .pabnti    g e     gy pu the
atru. um of the DS-QC signal ultimately to be generated by mo~     ' :141,
Th# gg$.          W14 Is a 0ri4al bit stream which Is applied to 8D symbol
group syn- .P     80; erkQ! group gYn!shr q" r 1Q satemblas the scrambled
bits Into twenty-eight-bit groups which are 



tha ipp ilad gdftipiencr 110 a th' aforementioned symbol rate of
685.71421sec. (In the general Mtis ' tI* fzp On g   Vilr ai wnti s the
gmblht  bits Intogroups of p x q/2 bits, where p Is the dimen- u1Dnlihty of
t   S4ig tmipe and g is the.nums of Input bits coded In each 2-dimenslonal
DSB-QC pulse Wuiy iv4prS.Ln" L1U' lf  Nl. Ilngtlvely, p u 8.and q r 7.)
D!fffaWti                 lea 110, wllh i of gonventignal design, processes
each successive group of twenty- ei4ht: Wbe wrIdd by6 tu S symbol group
synchronizer to generate a differentially encoded twenty- eight- bit; Wn
lgn with  n gnal praptige, the differential encoding performed by
differential encoder 11Q l ,h
ct tW     racinrZ2lo  the trcnmnitted dat corretly, notwithstanding
possible symbol 3    BP 0 392 723 B1 conaWtatL ro "rQan en the remit, for
example, of phase hits In the transmission channel. The output of dIf*rti
enggdv 11'Q, . tWty4ight-blt word, or signal set, Is applied to source
coder 111. Ab1urtherqh2wo In FIG. 1, eouo ctder 111 Includes trelIs
encoding circuitry 115, bit converter 122 and SQ bilqg c."Wer 1   PIFr
tetalls Qf g      r 111 are shown in FIG. 3. In particular, the output word
o   oF diftl~"I  e=-OTr 1.1p, rprlsd .of bits sl-, Is applied to trellis
encoding circuitry 115. All twenty- gigilt; ot    B~jth , pbt tro.l, onging
cWi gtry 118 to become bits bl-b28 applied to bit converter 12. in Awitin,
-tre l lis en  g.n o, tty 11? includW trellis encoder I1S which generates a
twenty-ninth out- F bX t;, # io  ,RI)IJ b@  Qn*ry1 put  1b   011. 0W fltw
v.0 .14flrltZJ Trqljlq ,i.qggr 1..1injrq p#rtlpglgyy, p IlluypVi.vely a
systematic 3/4, sixty-four-state encoder of con- IQ Ma vetgp .pg wor
iiitr*  rtdynuncy lrttp the signal set to allow the use of maximum
likelihood de- coding tplinig at r.,e~yr , T.A r*,*vnncy Histrstlvely te
the form of the aforementioned twenty- nnth bit j wlfclgh     _ p.    !ay
tiis .modar  l in rponse to bits a2-428. In exchange for this re- uI59n$y,
tl trellis qple im0iement iw trtl engoder 116 will, if properly designed,
provide the signal tvwwvIggig~ayf wth ggW '~ggog gai' whl  mrifets Itself
In the form of enhanced immunity to 'X  suoh    071fl  t mpq~nw, n pn~
*gd:itlv~e ncatp. *LritM~rpntqwkretIae       st4ein treis coding
arrangements generally, the signal points of the hiraJ       en 0n'elt
Ii$ign.npd Imp g f in this embodiment, more particularly, there are sixteen
ObaWt fp 4qe0gfd im flurther dOfU hereinbeow1, four bits of the output word
of trellis encoding circuitry 110 nO j   f9   -0 -Itpjfy ge nr u qtpe frpm
which the signal point to be ultimately selected by *o  chmnagi qg*:r I1 :
i&9 Q'l whle Qth.4l'  twenty-five bits, Le. b -b25, are used to identify a
particular A' WALI~np~tgv, i   h 9gdiwwnsonsl channel symbol is transmitted
over channel 15 asfour2-dimen- *noJ  O@       Wimp. In, proqpjr. the
generaion of the 2-dimensional DSB-QC pulses is carried out using * gpt W
giapping tale, Wh tliPng tJ, to ua4W tg. Identify a respective pair of
pulse components repre- so   stn by emir one of the 2hdimenional DM-QC
pulses. Since there are four such palrs of pulse coin- ytM ih?
eiMagh:"Jengo1naI symbol. fI..r sijh mqpping. tples are used. (The four
mapping tables need not W all-5,Iffure f.,meqaph 91rT; I~ndwd in .th Rreflt
e staiment, as wUIl be seen, the four mapping tables 'P4
wp pnp   four 1   qppLng t*.gJes Illustratively used for transmitting only
primary data, 30  14. _w.i :..th*lrgt inpnfgnai .sinaj c   jnflhaign ls
usd. This mapping table Includes a plurality of 2-di- wtnaignar mapplng
qintrn, e#poh ,as,   w. ith a particulpr one of a number of different
possible 2-dimen- ektnuj Q9p-QQin. ; Th    .p tg sEph mappng Points--one
fronm esch mapping table-- have been Wen- V-fIld.- fy entre poruilyblte Of
fgy t-Aivtnjgn all Q9-QQ p    reprsenting an 8-dimensional symbol to be 35
;      p         en:a>ST)" ; ford the qd knate assoolatd, with each mapping
pointin the mapping table respectively iden- Pytly  h      ~ '  thw aWOr
-'O  vw (Q) j.mptiyes of the pair of pulse components to be represented b#
qi~QmP!l9'slnl 8BQQ pgf- W T'$ rr'mMnr 4nt Nviit pa jprtlq.yr EnaVO   paint
s Identified In a particular mapping table Involves the dl- v@J.QrI gf
thewRping jai9 s , ,t pyrtit.N  In FIG.w 5, In particular, the mapping
points are divided Into four 



40    Oii pe i,. 9end Q. As shown In FIG. 5, each of the sixteen central
points Is labled to indicate .19 wch -ps..  ,b. N qipg'm'e  of the remining
mapping points to a particular partition follows e f p thefgrenpn      u
ntgib subsets of the signal oonstellation is characterized by particular
com- tihotigi, %tu-W  maping pp90r1lttos -. one from each of the four
mapping tables which, as noted above, 4         )u ' l  W Qo. anaOh!er .i
thi embondiment, For exa.mple, one such set of combinations for a
particular 9e fl at  sifie s -8R ,u~.t,,, napnely gs t #0, Incqtes the
following' slxten combinations: AAM   CVV   ARAB  CDCJ) M-   OCM D  ARBA
CDDC IMA  QXRC  MBW  DCC 'R ')'fQ  RARAW. A  DCDC 5ao4h f eo qth.er flftpun
qubets similarly contains. signal points characterized by a respective set
of sixteen glgiongt.lgn  f MrpIng. R,910 P-artlS, W9JWn. Tlgfindgnflf.0tigp
Wa cOgrtJpiarnombInatIon of four mapping point partitions associated with
the Identifled 4    a EP 0 392 723 1 w0w.* i0 vqi.frnu4 by bit gonverter
1Z2. In particular, bit converter 122 processes bits bl-b29, which as noted
s0ewy inoiJudn qgng Ilgtgn-subet identifying bits b26-b29 and outputs a
twenty-nine-bit output word corn- purgpeI gf kit, gtgg. Etigt Wits g thiq
gytpjut ward, namely c2-20 id Ientify the particular combination of four
Amno g uvln;pctn? jzeg.-W Th   rirtnlng outwt bit.e L., c1-oi, identify a
particular mapping point In each of *   t#   raspfllv fgjr M1ppongtebip.%
fnA thea a particular point In the Identified subset Th1fjiw, gf liontfyi.
P partlptWr mapping point In each mapping table Is achieved by 8D block en-
OF    .  l  ppwg pgln% e-q. qh0wn In FiG. 5, Is represented by two
hexadecimal digits or eight bits. Thu..      thit!!Y4y  i4p tg igrvtify an
ensemble of four mapping points from the respective four mapping bl ,D blo2
t     j1394gnifla qpqrWcular such ensemble In response to Its Inputs and
provides chan- w   mel c* r S at wit!, ltw .,rtycto b~its. namey c 1-d$
which Identify that particular ensemble. In gw| mL p inaptly gpmmislng a
pmrfioular combination of four individual mapping points Is formed i,
uimesgrtq wgiFtl'e gs20ng    , T,. The :Oging scheme used in this
embodiment is described hereinbelow. YIhg gperswtlg gf Q bi.cic encoder 120
and channel coder 132 are orchestrated by first and second al- gorthins
repipq ,n cpWtro   145 whlig may bze, for example, a microcomputer. These
first and second algo- If  ~lt~wq Wlt id ftr p. in t~rqamknlting 1) only
pimary data and 2) secondary as well as primary data re- pgegtjvtiy. Theo,
4. fn gr q   _pqrupr one of thes1e two algorithms Is Initiated by secondary
channel syn- q*wnt~r 1"9 vt4 .inJln tp gp jr 145. 'Phi 1 t~wlqgmlsfrv,
ec4vftotiw    only .rmry dtae Is transmitted, directs 8D block encoder 126
to take Only W-a g1i  pl4pi$ ?9'~  Tggz q'gaji#,m, qp~tive. d, when not
only primary, but also secondary data is transmitted, directs Qpbl"g* engow
'f"tg Is p   puit not only bite cl-cZO, but also one secondary data bit SI.
i4 cU ,  FA #         g q2 f fogr identighl mapping tables Illustratively
used for transmitting second- an a jPWil  _rm~ryV 4$., l,. yhn the ssQn4d
$-dimensional signal constellation Is used. Ao'gaatg _rp~jth$ iF9.9 W gAn
pKpsda4 version of FIG. 5, I.e. every mapping polnt in FIG. 5 being N
vsI FJ4 mi, 0qng. It wn 0be.en shown that every channel symbol in the first
8-dimensional signal 'IW Fi.~ |11 thj  al9o Included in the second
8-dimenslonal signal constellation as- Aaqfs WPl, ohwna :cdr 132 maps,
using the mapping tables, the four mapping points Identifled as haadeqlpj
tlt ar by S? iWgd eQqncr a12 lnto fur corresponding pairs of in-phase and
quadrature- 9 "ltug -0tu410   gfthp pil, iqgmppnents tQ bte represented by
four 2-dimensional DSB-QC pulses. The umsrflig'~q4 flrj 4 spgeq4 gjlthms
;lthrna _pily apply FIG. 5 and FIG. 6 respectively as the mapping tW." M"OU
by qN~Pl clh' 1fr U2 ajfinally, channp.l coder 132 generates on four palrs
of cables, namely 



cable 133 trig 13, O"s1a       fq   cables 137 and 138, and qables 139 and
140, four sets of digital m    ntatla  i U  inhe #l' gtpwg-phqe amplitudes.
These in-phase and quadrature-phase 85  cgmp.nhi~t meiry ely 4esnp  ' gla#
Q;4m, lm+1 ado Qm+1, lm+2 and Qm'2, and Im+3 and Qm+3, respec- tWflly
v,,'Cd ,firihi   m+1%yt'jd, .and m1Prd baud Intervals. Fgrxgnple. gimonuel
oodarlfl ggngrsjgu In-cngs e and quofdrature-phase amplitudes of values
(1,1), (- 1,1)k (k1t'l) triO (I^1) gs4Ingt~ mqpplng ppints 00,01,02 and 03
respectively in accordance with FIG. 40      "l>eQg'4vt gf Q1wr.n! gpoer fl
bs applied to modulator 141, which generatsfourOSE-QO signals whose lrptlg
20  'd.r         e grp hayv (Im, Qrn), (lm+1, Qm+1), (lm+2, Qm -2)and
(1m+3, Qm+3) as *rlgih J'W Ji5 * 1, m    m+2 and m+3 baud Intervals so that
the so-called carrier 'state" -- maw' thrig mote gIag'p~grl~tl of the
carrier signal which are Information-bearIng--is fixed for the duratIon of
:te twlgn. 9f Ow gimar pulp In question. The DSB-QC signal thus generated,
after conventional is apaotJuI flplrig, to ap1pted @p a 4'Inp~hjgn, or
ogmmuni atlon, channel as signal xzt). - egg   y gpWnfl synghrgnkifr 100
rfialntpins synchronization of secondary data source 102 and as miWod Wfr,
iYnJ  th, gaflpn of the first and second algorithms which separately
orchestrate the gQWAtj -f plOD  bigot fe r 139 end channel coder 132.
Secondary channel synchronizer 150 Is a simple mocipig n qgynWqr
mgnitgrin,; thp nWnbr of 8-dimensIonal channel symbols transmitted, where n
Is defined 99  bi'prtp bet*qrw.iPW   InUjs.strav ,embodiment, both
secondarychannel synchronizer 150 intrans- mittgr 19 ;nO "gw~ ry g~a~nn~el
sync~hronizer 260 In receiver 20 are reset at the beginning of the training
of aatw/4q        irW 3n resir 20. Other aynchronjz;i jon techniques, for
example, the frame synchron- i.ption 4lggfgge4 In !;Ir gtgnt i4,541,37
Ip~~IuOed Feb. 3, 1.47 to L. Wel, may be utilized. Th0 bit-eo o aIt qpry
osa.ta, idlgn.sted RZ, o  be engineered by multiplexing with every L
8-dimen- p    *lsanl g g !-no    repl.gnng onlyprimryn dt one 8-dimensional
channel symbol representing one sQngory tt  t in Lo.   ft  ft  pdmgy
data.gqlrding to the foillowing formulae: ntL  1.  (1) R2 lIn(RI),  (2) B
EP 0 392 723 B1 whp .n is the mgoufus of the aforementioned cogunter
serving as secondary channel synchronizer 150 and iR:1 iw .th
',4~nenffigl!w 9Al3jnel s~ym,!ol it*., In thWq emoqdinentt, IIiststively,
I, 1, RI .685.7142 baud (supra). Hence n = 2 and the secondary data bit
ratp |? is  2-,8,,571 bs, as otated above. 5 IWpd    .,fujOTt tg OV.jnq*
thv prWsOng of reiveor 20, we herein describe the aforemen- t~gi'iit Wlwrig
t    uge' fin tiue pres~iit op Jimqnt. This coing scheme Is well-known In
the art ~pe~ti auSly, Whyfl gjiy primary ~tB I;.i tr g$i, ap mantloX ,ned
bffore, ensembles or. combinations of fgur' n   ,,l~n,9Ifl .w .r* i~gntlf~
;by #.$. Oc* qnqd r 120 from the respective four mapping tables Identical
tg Ft(%' ~. F1f3 I  FJgp~nw~q~of 1 w7j inJ p .(i's.) e1n.cld In a solid
cruciform box and 32 (26) outer V    pplntf (o,'g6 enc4io9   tn MPtngular
shtpd ho". The coilng scheme requires that the combination of four mappkng
?1n,~4qted .1 , sz, s3 ends4 tqkn fram the respe-ctive mapping tables
denoted 1,2,3 and 4 consist 4 Iaa#  t jt p ljmur W   l. TrgWYAP In fjve
olewS of combinations. TABLE I below shows these five o~a ~f .~ -  the
reyItir ,,n~x tr-c     the . iSmwed individual combinations of mapping
points O         ~ftiubys.'Q, ~%gajn2 gh PArtji   Mb ion of four mapping
points Identifies a particular set of four 15  pefrs t*pMi    *1!Ia,,ti
.raprephrns~e a- mpiitydos of pulse components to be represented by four
respective :20  i.1gi'1 tl .P3^C: pulqa ese fqur frpuls~es represent a
particular 8-dimensional channel symbol. In 9iNrIg~@n opqn gJfgW nmWping
point; -niquely represents a particular 8dimensional N             A
B ,.. . ' .ip~   ~1  .2  i~  .4           #allowW individual mapping point
vo :  -   :  cns (or #8-dimensional 



channel symbol representations) ..   _7  __ .........................7
717-26 o .,:    I  E     i' i    i  '  25272727U226 2t    ' j    ' fO.  i
i  '    '      2,72 2727.226 dQ~~ 1       ;Xm  o   -n rr *  5   i  i  O
iU                   27272  27w228 :. 5 n          i   i       g     _
th         2 {Q ~~~~~~~~~~~~~~~~~~~~~. 2  2  2. AQ~~lli~l ie Iqcay ,.apln
~~nt s1 ta .esaasgnment of an outer pohnt of mapping table 1, and
Wp~ping''nto iZ Q and * tpk~e .ajs..l~gnmonts of lnner points of mapping
tables 2,3 and 4 respectively (I.e., ?1 X.Qs s ! a an. .l n,4d-l. Slice. s1
can a-usure 25 possible outer point values and s2, 93 and 94 can w    t~h
Z4u~y..,swu, me 't7 ,oXslk* re or  ,n~t. 01wu>, th tner of psible Indiviual
rcombinations of s1, eS. eg  Ji0$   wtIn tljo first  las 1.220. v Wmlarly
In cas Z th aMssignment of s1 3 i, 82 m O. s3 = i and 54 a I yteldj @    i
[S    i lndjvi~hgei mappn9 pplnt combinatIons; in class 3, the assignment
of s1 = i, s2 a i, ;S Zw .q and 4  [g I y $e~aa t1IJJ~ 2M PAWIW. maggipg
point cobinations; In ciass 4, the assignment of s1 R    EP 0 392 723 B1 O,
Q P i, a w I and ,4 w o yields a fourth 228 possible combinations; finally
in class 5, the assignment of s1 I st  - I!. Q3 = i, and s4= i yields the
last 228 possible combinations. Hence, the five classes of combinations
yOWl a t9tOa Qf 2;9 popible Individual mapping point combInatIons. *Tii
pombiknIng 'of manpping points in this partlcular manner, even though they
were arbitrarily labeled as invwwrrIter w.,u aqpmpllshos In Identifying 228
6-dimenainal channel symbol representations fortwenty- Wine W.1"       a
,dr    pm pjimry doa. T    i jng  h lem~ smlarlyrIestrict the combination
of mapping points denoted 81', s2', 93' and s4' from Wr"  Ot ve. rnat tbles
d notd 1'1, 2', 3' snd 4' when secondary as well as primary data Is
transmitted. 4 ,n.,gtvd~w 9bve, 8.h",eg fWrmappIng taooles are identica O
FIG. 6 In this illustrative embodiment. FIG. 6 l com- w   p.a4^ ISMi-0r' nt
elQaI in a qold .cr!Qiform boy and 64(20) outer points enclosed In
rectangular 4whet ba- t. T      lg q "I~ng Ocieme requires th oombinatlon
of s', s2', 83' and s4' to indude at least two Inner *'9. ~his rJesut
In-nin classes of omionations. TABLE 11 below shows these nine classes of
combinations 1100, 914WrIa9.1n%,gy r V, Ol1,-q Indiyl0u4l oqmbqnatlons of
the mapping points formed thereby. _________TABLE u A  .-.B
C :  - -si' .2'- 33' s4'          #allowed individual mapping point
Combiations (or #8-dimensional channel symbol representations) 1X       i
i  i  i                     27 27 27 27     228 , 2      9   iI i i
26 27 2727 =227 , ::               _ -          ....... S a;     i  0   i
i                    27262727 227 45          . i  . n   i                2
27 26 27 =227 7        .  0   1.  Q        . .        ......... 272......
. . .......    .........7=27 -   5    0  i  i   0                .2627.27
26  227 S   -   s   i: :s?  {                 ~~~~~~~~~26 27 26 27 _226 9
.     .      0 i  :   i Q  .       27 262  27. 2  226 87; o i  i  o26272726
=226 :9   i  a   o. i0,-7  6 26 27  226 7 



EP 0 392 723 i31 "Thp nina isa of combinations, as shown In TABLE II, yield
a total of 230 possible Individual mapping point gro'ttbttwqn grQ2Prdim
ilgnechjrnnel symboi representations forthirty bits, cl-c29 plus Si,
derivedfrom rimary m~nd, 9*Qg~ond.ary ez~ta Th, Vremrnitionosj slyrlixit)
generated bytransmitterlO is corrupted in channel 15 bysuch impairments g"
l~p; ngle cliettq% ,f9rguqency o~ff.et and intersymbol Interference. As
shown In FIG. 2, the received qogrruWm p   mnu1 x'(t.)I Jegpi Y within the
receiver to analog Interface 207 which includes an antlaliasing filter Od
g     -n g0gngp .(A    gierc.ylt. rThe resulting signal Is then applied to
converter 209. The resulting 4Z3tpi bld Ip i,,tras fitr/phpae spiittpr 214.
The latter provides two outputs on cables 215 ff t          I        ul
b'wiiti.9re~d version of the ND converter output and the Hilbert transform
W qi Qwpe, !45l9,. ,h ^g*.I 1. or'  "s5t and 216 a.reappiled to
equalizer/demodulator221. Foreach baud interval, the L:  pi".4   4 L
'uny p es ':fl and 223 a pair of baseband equalizer outputs which
respectively $-tm,,Fv,t,*,Qf theo tn. plp and quaodra~ture-phas~e
components of the received 2-dimensional carrier et$wrry qin~p pyse(1,r .
5e!ypeY for .exampie, the equalizer cannot perfectly compensate forali
chan- is     L% Pipj     Uw1   4 *We  W  It .JA    rt. wh? inteers.
Therefore, it remains to be determined from the cuqwtu of q rarnwfr ff1: f
nh-e t likely transmitted values were. T'l fl "O, #0 Urhi ro
..synahrcnler 230 collects four pairs o the equalizer/demodulator outputs
to I riQ irnofrI.WO  4 nI symbol gqupe The output of-8D symbol group
synchronizer 230 feeds Viterbi 4bQP0Ut4wiugh, i gp ntifl  fphtN *rmine and
outputs the most likely sequence of 8-dimensional Lo  eymiol vaiupfzmaJ
Wth.ilgilfl  YVItarbl dW        dar 234 provides its output to the Input of
channel 8'gnysry-ghartnat efyrighwnlr 2t7 In remelver 20 Is structurally
Identical to secondary channel syn- DhohniJF 10Q rin s'7wDp IQ, >t
fuij0,flonelly It maintains the synchronization of secondary data sink 272
1IiIa e' pt ly.tin of anguJir two algorithms residing In controller 260
which may be, for example, an- 8   gtuv ilgFgo uts Tlu* two lgrlhnu s~
earapely orchestrate the operations of 8D block decoder 251 qtW Xlnnl Msg
Aj &A4epoendlng on whether 1) only primary data Is received or 2) secondary
data as well The oparqti0' ghjnn.0I epder 2*4 invoives- performing the
inverse function to channel coder 132 of ttrmnfiqttr IQ >y vtdng at its o,
putthe digital word corresponding to tho set of fur in-phase and quadra- X
IurpthW  e t     oJ pl  qnnts  sk td with the 8-dimensional symbol sequence
Just deter- inhw  t'y fli fl4 C~ha~nnel daoqdv $G  nvWrn U outpjt tp the
Input of 8-D block decoder 251. The operation of the latter tnvgivge"
pgrfgng u Bl~yef on tn 8-Q bloQk encoder 126 of transmitter 10 and outputs
a twenty-eight- bit dtaJi         dor tg t4 dMwnvqrter 2$,.gend one
seCondary data bit directly to secondary data sink f onlay Whon teR *, mn
0nl oeoyntol reeived alec contains secondary channel Information. The
tWqhty"ipht3$41 timey tj!p  i~d BI;bit dvpnv.et, differentla~ly docoded and
descrambled respectively by bilt (1eggjwflr ;3$. 4ffpqefljaj 4egowlerZ pnd
0sc'ramblerM2, the output of the latter Is applied to primary (l 0*  VI
Whi0;h majy OA., forparwle, g Qosn putr terminal. The         I m       9
of  trIng two 8-dimensional signal constellations for transmitting re- *0
8flly 1) y griny tt ed 2) emQndry datp as well as the primary data Is in
effect switohing from a bit 'qfS gil 12.2rtp 1when tronaritting only
primary data to a higher bit rate of (19.2 + 0.686) - 19.886 Kbps when t
ganw~tt~ng both grfimryw .nd ge~gndary aft. Therefore, an average bit rate
of 19.543 Kbps Is achieved. qnr thi    *r n, thy in general, various
faliback speeds can be achieved by averaging a plur- silty of dasRit rW
Va~in the erranpentent disclosed above, this averaging scheme
advantageously entails *   onlyq ghe  t -In the Wing. Qf the (eta. ymbols,
rather than the system hardware, In achieving these various fltaagk gns.e
Fgr pgmpia, with the same circuitry disclosed above, an average user data
rat of 16.8 Kbps can be ach- Icvad tWy atw"nSuIn anoher two 4-dimensilonal
signal constellations. 



4palfloy, dwlng. gn* symWol lntrval, a first 8-dimensional channel symbol
selected from a first, dif- *'  flpit bdimuialgu slgnri ggngljoatign Is
trarnamittod a four 2-dimensional DSB-QC pulses over channel 1I  Til* flJr
S4inspign  gipngl 8ymbl freprswnts a group of twenty-four user data bits
plus one trellis p$dlng bit.- t~wnty-fivp Wt In tgtel. The fQMr cafl of
In-phase and quadrature-phase amplitudes of pulse corn- lefq tW Oe. rrpntd
y thie, ftMkr DEW-QG puses are identified similarly as before from
respective four maPPin tabkles.kI Ts rmkapping te  r       uand FlQ. e71
the mapping table used in this illustrative 55   gt'todimgvt RI% 71, is :
qnj~p gf "18(?) ijnir pgintp and 16 (24) outer points. Applying the
aforementioned Ogding    m  sw gf g lng Innerpoints and oter points as
outlined in TABLE I parts A& B, a t tl Ef  InP y.y,p riapbing pgint
snationeis reali.ed. This corresponds to 226 first 8-dimensional channel
akI  rpMew     oni fgr the above-mentloned twenty-five bits. Q    EP 0 392
723 i31 Pjping ngther symjol interval, a s.econd 8-dlmensIonal channel
symbol selected frm a second, different K!      041mnulonal signal
constellatlon Is transmitted. This second 8-dimensional channel symbol
represents a proup of hwi yifix itr dta bte and Qrn trill odnq bit --
twenty-six bits In total. The four mapping tables qed In lthiqr o. ire
a,,n, Ie, .ndtioa! and PIG. 8 i. the mapping table illustratively used.
FIG. 8 Is comprised |   o~f4A .U inne~r   4~nb en, 32 (2') outer points.
Applying the aforementioned coding scheme and tochnique of tlninq thw.
lnnpr ppis and. gtr Poin,.tosas outline~d in SITABLE 11 parts.A& B, a total
of 22W individual mapping ppintgojm~jant!qrp ls p.,alld. ThJs corregponds
to 2;P scond S-dimensional channel symbol representations We sr#venwr.tww
trnntrslxbit,t~S. *a' go~t 13 f9regoing ;rr~nsgement, by miltiplqexing the
two user data Inputs of sizes twenty-four and 9  t!gp~en~tyrfiyq ltgs an4
ettrnqting thgir oolated two signal constellations correspondingly, various
fallback WP~ts are aflidp in #g9 w~i~t~h the following formula: F G RI 24 u
+ 25 (1 - ul  (3) jiu PRi , fqifzppk speed or an average user data rate In
bits per second; RI Is the 8-dimensional symbol rgte and u itthe rW ytoei
f lti 9dimesnal ohanne symbols are multiplexed with second 8-dimensional 1,
mlo.ta,, .l.r.IR p 645,71.42 baud (supa) and u - 0.5 (I.e., first
S-dimensiona channel symbols are trans rItM$e hlf the -one). Thm,
egve-tased faliback speed of 16.8 Kbps is thus achieved. Yk, frwqgglng
mnerely llu~s~tr~a~tse principles of the Invention, some variations of
which Include selection Of 4ftpr~t,#-ap ,lfggf nynrqjyn4bsls Induding
dJfferent In-phs ,eand quadrature-phase component ? Vluot Win Osry t.
prlrnry, PegWOary orfallbactepeed data, as well as the possibility of
encoding secondary daa wo   Oft grta         bittegg  th  Itn Wowppliga ble
to virtually any type of constellation ge- Inclulng qnp titlonswIqwb are
nwr thep rectiine.ar (e.g. cirmular), constellations whose data sym- ~qi~
hs^g 'x qrq ttap~' , tlnwbnjns, to a4tio~ntke Inventlon qqn:be used equaly
well in block, convolutional grgthrtyp  o#   nwsRpitons wj q with various
typos of modulation including, for example, QAM, 85   ghpgo ;hlft Jqy~pg,
*g. ,Fu rmora, the a.,p~plcatiaon cuse different secondary channel
synchronization sohsw.  uPob          gynphron. etc. 1aqih of 0w ~rigjji
'poswi  ppprnphus N will hovo its own set of advantages and disadvantages,
as will be ppetqntfrqqifl f.aregoirngdieweejonn  0ilthie particulsr
embodimentofthe inventIon used fora particular asqhlisn a!Zchfl o f oggaj,
*,,e g~ippW bd4i Qflon the .requirements and characteristics of that
application. 1.  Dta mQQMnigaWtgn apparatus cqmprbsing: 'mairts (1Q4.1?0)
for receiving a streamn of data bits; ,ns (1:11,13) rg"ppgnslve to one or
more of said data bIts for applying to a communication chan- ogi go
ire,,,~,wl- QD nqhel s~ym.  of a #pt of channel symbols; CHARACTERISED By
*itrlmpn (lrtpt1UO f4ore.qjl5ng ,intdivlcsJ sets fro  a predetermined
plurality of sets of chan- nej symbols Ip repetiZive oloarpeodn. Z
A.pjp.aWuspi5m14: ln claim I wkerein anesetofsaid predetermined
pluralityofsetsofchannel symbols 



onpninop avp'xy 41 t     #l  symtq of onpgthper one or more of said sets.
*.' A^'pppros .,s; gpln4 in cIsim  1 or.caim 2 whorein the applying means
Includes means (11 5)for encoding sU *1%? .oi   wm   f gjd dt4o bits In
asrdenqe with a trelli code. 4   A'psrfl p glm  In ..y if the, pregdlng
gqims whqrein: t' cgge~lelll mgn   onestiv for riving dat. bits at a
plurality of bit rates; -ho a    olypn- Mi   Is arrnged. to apply to the
communicatIon channel a channel symbol of a set whg liu, uig#$   ith fte Oi
rote at whic 00ld dta b1s are currently being received; and b q.:  " gueos
Is, ra.ng1 e  operu  the reegiving means to receive said data bits at
Individual 'o o ~tf -J p0lurlty Sf: Wt ra*n IQ repttv altenastion. 4,
Appijp pg gcipjpn  In any J te prpglng qjglms comprising - mO (12} Xr
i~r~o-,,uop,the rseivei 4$, bl- In.s Wdatta words of at least first and
second aizes .^s i. r0,Re>,. *,. ....t....ra^t.r g6,,, w6, i.....6y Xty  n
~p,.rse n      p 6  O&~PiAin mea s compie meAM (1tOf.l) fir 4sfloinp an Ii
wJiOAR on t Qf a preoetermined plurality of sets of channel O tOlm  ,esng
at awit j  pOrWqjjg gpp gf "W   la,,t  first and second sines of the data
word .   .   *  *   .                                      .~~~~    EP 0
392 723 B1          11!   11111 111111111111111 Dyring another symbol
Interval, a second 8-dimensional channel symbol selected from a second,
different 8-dimensional signal constellation is transmitted. This second
8-dimensional channel symbol represents a grop Qf twqntyeflve u~swer daa.
bit; and one trellis coding bit - twenty-six bits In total. The four
mapping tables used In this case are. again, Identical and FIG. 8 Is the
mapping table Illustratively used. FIG. 8 Is comprised 5   of 64 (26) Inner
points and 32 (25) outer points. Applying the aforementioned coding scheme
and technique of combining the Inner points and outer points as outlined In
TABLE 11 parts A& B, a total of 229 Individual mapping point combinatiQ1n
Is realized. This corresponds to 229 second 8-dimensional channel symbol
representations fqr thhq abov9-mentIgned twenty-six bits. pasod on the
foregoing arrangement by multiplexing the two user data Inputs of sizes
twenty-four and 1o  twenty-five bits and ajternating their a soclated two
signal constellations correspondingly, various fullback iseds re achleved
in acwordance with the following formulae F = RI [24 u + 25 (1 - u) (3)
where  iss a fallback speed or an average user data rate In bits per
second; RI Is the 8-dimensional symbol rate and y is the rate at which
first 8-dimensional channel symbols are multiplexed with second
8-dimensional 15  qhannel symbol;. In particular, RI = 685.7142 baud
(supra) and u - 0.5 (i.e., first 8-dimensional channel symbols are trans-
mrtted half the time). The above-stated fallback speed of 16.8 Kbps Is thus
achieved. The foregoing merely illustrates the principles of the Invention,
some variations of which Include selection o0gf different, ;nd. a different
numberof. symbols, inquding different in-phase and quadrature-phase
component ?  valufs, to carry the primary secondary orfallback speed data,
as well as the possibility of encoding secondary data w.ords of mare than
nn bWit, M9Megxer, the itnvention Is applicable to virtually any type of
constellation ge- ormtry, Including constellations which are other than
rectilinear (e.g. circular), constellations whose data sym- bols have more
thpn two dimensions. In addition, the Invention can be used equally well in
block, convolutional gr Qther types of goding ppIlc tlQns as well as with
various types of modulation Including, for example, QAM, 25   phgase shift
keying, et, Furthermore, the application can use different secondary
channel synchronization am.h es, such as blind synchronization. etc. Each
Qf the various posoible appracheas will have Its own set of advantages and
disadvantages, as will be apparont from the foregoing discussion, and the
particular embodiment of the Invention used for a particular appIlc,,tln
should, of cour e, be ghospn based on the requirements and characteristics
of that application. (!Iuims 



1. IDate communication apparatus comprising: 35            means (104,126)
for receiving a stream of data bits; means (I11.132) responsive to one or
more of said data bits for applying to a communication chan- nel an
individual one channel symbol of a set of channel symbols; CHARACTERISED BY
cqntrql means (145.150) for selecting individual sets from a predetermined
plurality of sets of chan- nel symbols in repetitive alternation. 4o0 2,
Apparatus. as claimed in claim I wherein one set of sald predetermined
pluralityof sets of channel symbols cQmpri~ees eyqry different channel
symbol of another one or more of said sets. 3. Apparatus as claimed In
claim 1 or claim 2 wherein the applying means Includes means (115) for
encoding ;ald one or mar; of said d t9 bits in accordance with a trellis
code. 4.  Apparatys e~s glgimld in any of the preceding claims wherein: the
reivolng moans is operative for reC-eving data bits at a plurality of bit
rates; the applying meqans Is arranged to apply to the communication
channel a channel symbol of a set which is asgcplated with the bit rat at
which s.aId data bits are currently being received; and the gontrol means
is arranged to operate the receiving means to receive said data bits at
individual qnee of acid plurality qf bit rates in reppeitive alt.rnatlon.
5.  Apppratus aq claimed in any of the preceding claims comprising meart (1
2) fqr grouping the received data bits Into data words of at least first
and second sizes 55      in repetitive alternation, and wherein th-e
applying means comprises means (126,132) fordefining an individual one set
of a predetermined plurality of sets of channel symbols being as;ciatep
With a p rtoglar Qine Qf saLd at peat first and second sizes of the data
word 9    * C   L   M   S * whiih Is QcPmprised of the data bits being
currently received, and mqan; _(13.141) for applying to the communication
channel an individual one channel symbol of salW IndIvIdual one set of
channel sym     I d    n  hannel symbo beng assoclated with the v "Wyp V
4 4,*AW   yword whoph Is comprised of sald data bts being currently
received. &.A OtWS 9n9mvMniWS~qrn me.1hod comprising: ' 1lyn in rsporie e
to one or mor of sald data bits, to a communication channel an Individual
q- th~nnqi ey: s-a seat of channel symbols; CHARACTERISED BY ,'
stnjdvkb#ais from a predetermined plurality of sets of channel symbols In
repetitive al- ?! AnJ'.hg4gsi~md Sin teim P wherein one setof said
predetermined pluralityof sets of channel symbols Y 4 1,*  Qb.W.n9eJ symbol
of another one or more of said sets. &i4tuqtha~ us cmeti~ In 5alsm   or
claIm 7 further comprising the step of encoding said one or more of -s
law, ~i1p i      , with a trellis code. t   A mstg piaimeH In any o cla~ms
8 to a, wherein the data bits are admittd at a plurality of bit rates :.in;
,rgp !tqe jrn.iontand A ,each selcted, set Is associated with the bit rate
at which the data bits are ? wr Wqtiy qtng a  d 0,A nijthNO pclaim, d In
an, of laims 6 to 9 comprising grouping the received data bits into data
words V at ies, fbtend second sizes In repetitivoe alternation, and wherein
each selected set of channel sym- W   is I'qciatedw,,i~th ,th~e
otw,,rsr~entsi~ze of 4ata. word. .  DPatendr bertraaungseinrichtung mit 04U
ttO) psm pEmpang sines Stroms von Datenbits, army ,nyiqjtjng (11, l), dJ
vantgr.Ansprechen auf ein oder mehrere der Datenbits sln Individuelies 1V(p
s *pI. ms a     av ..K neymbojn an elnen Obertragungskanal anlegt, -0eln
Ptwepere>,inrhun  (145, 150) zur Auswahl Individueller Satze von
Kanalsymbolen aus slner vorbe- 



U              9~mo~vV~eimhl ao1-hr 8 I;e in sach wlederholender
Abwechslung. -   Einriaohng ngpl Anqproucf 1, togJ a4pr pj11,044
4rvhormtlmntm n Vieixahl von KanaisymbolsatzonJedes unterachhedliche
Kanalsymbol nIgs endreARn oder mehrlrer anderer Satz enthalt. I, Ii.~~~l
n*oh 1V:b~~sp114h 1 oSi~er 2,. ~ei cepr 41  nrilJit~ung ajum Ansgeon sines
Kanalsymrbols sine Einrichtung (115) zur Codlerung des oder or tt    gph,4
,qlow  Trliip.-Qoe enth Sit, IF * 4   %InruigMt  n ,Ih 'elnem
4qrvprhergehendn Anspr0ohe,. be! der die Empfsngseinrichtung Datenbits mit
4iq plorjgEfl, n$ ,n,  Agigg-.uej  Keanplsym4Iols an den Obertragungskanal
ein Kanalsymbol sines Sat- 7g *nlest   der o itot gpgeordnet at, mit der:lm
Augenblick Datenbits empfangen werden, und &P* tx~ue    4~e
,npfan.r,,gste,,inVrihtung so betrobt, daB ale die Datenbits mit jewells
elner indi- *       vS-!*ii   @ m #dM Y, shi voi Bi3r1 eltn In slich
weiedqrhoiender Abwechslung empfAngt' t   ajicvlit'tmgnagh ,L~ '45
vorhergehengen AnsprGlche mit sinerEinrlchtung (126) zur Grupplerung der
ppnita  ~gp3rr~r    p             soiner wrn und einer zweiten GrO~e in
slch wieder- hImotsffle Abaoyup ~bs' ~,ie ,in t&-n~Iurn Anlegen sines
Kanadsymbols sins Einrichtung (126, 132) zur Definition sines ln. tIi4pqi!n
ees. itenervqrbes tlmmen Vislzahl von Kanalsymbolsitzsn aufwest, die eher
bestlmm- - . rOwq d, wenirtns ersIten un ,d zweiteIn GPie von DatenwOrte rn
zugeordnet ist, welche die Im Au- PWgm   stM "pfpnrQn88nflss0entq4!, sn
.EJnrichtung (132,141) aufweist, die an den Ober- 10    EP
1 392 723 B111111  1     M   ! i t.,ugngzkqnal eOn Ind  duollas Kanalsymbol
des Individuellen Satzes von Kanalsymbolen anlegt, wobel dn lkno1ys0y9ifty
KaqqaIsm-oI9! dam Wart des Datenwortes zugeordnet Ist, des die Im
Augenblick empfan- n. 91! 00~n tbs.umw~afft % eP,~ngbeyu'vqg rfahren mit
den Sohrittbn: e~'p.n     ln  rees vxon Patenbits, Mflr Anepr.eche ,if sin
oder mehrere der Datenbits, Anlegen elnes Individuellen Kanalsymbols elnes
*u  Yw~  ,I~~y.m. ynlon qn ,shlefl Q~baertrqqngskanal, grn0Ipqhfla$'urq.h
n Socitt 19                                -yfjhiM lndivldueller Sltze von
Kanalsymbolen aus elnervorbestimmten Vieizahl von Sltzen solcher
$hyrn,,,olie l*fll w"serh *rAkwssMelung, 7.  ,~rfphrn nsoh Anmphu.h 6, ~ui.
dqf wp.  t~r,,v~o~r~stimmt,,en Vie,,kahl von Kanaleymbolslatzenjades
unterschiedliche Kanalsym- 1F       tgf      :- Mn  qr~qrr    r Ie. u*W
-0.9.  ," :~i        - .~i V Yarfurqo ngt, Anapruch 6 oder 7,. mit ftaer
dem Schritt: Q9d'p  la      ar qwbvr tM r QiWtnbits ,entpreohmnd einern
Trellis-Code. &   Yrrn  nch. .einem dOr Ansp rfche 6 bis 8, qlw dtIl~e.
jnlts mnit milne~r Voizahi von Bitraten In sich wiederholender Abwechiung
zugelasen Mt yjt~brg   Ihia  4erjenigan .trate. zugasordnet lot mit welcher
die Datenbits Im Augenblick IA  'Vhren nac eloem der Anspyflche 6 bs 9, mIt
dern Schritt w   .9ruppempiange.nmnD>t~esnbilte In
Datenw~rerwsnlgateneelnrersten undzweiten Grfoe In elch wL4990D4      erA"p
.qllnqg, w*,i jaJdsrpVlt Bzvon Kanaleymbolen dir augenblokiilohen GrEge pe
Itf def transmimson de donnees comprenant: un. r;yMR (iQ4D R mqgYQLr w"
train de bits de donn6es; -  mp. yan (111,ti?) rpondant a un oy plusieurs
des bits de donndes pour appliquer A un canal 40.e twslwpgn utvn' symbqle.
e di canal individual appartenant & un ensemble de symboles de canal; ca- 



qn mpyern 0pmmnda(145 1:O) pourselectionnerdes ensembles individuals parn
uns plurailte ...dtzwj 0 'et jLpde. a sywbmotes de canal salon une
altarnance rhpetitive. 40   &   D2,eggaf Ig.n  rp ypndPjqeVtiQn 1, dans.
liquel un ensemble de la pluraflte pred6terminia d'ensembles 4*.
y!,.b,.9sde*   coajoqmpMn"d tous 1e, symbo.es *id canal qulsontdiff6rents
d'un autre ou de plusleurs 4t  wi5pgif ,en I a rv yeR Coydltjpn  o .u Ia
revendcirtion 2, dens lequel le moyen d'applicatlon comporte un o~yin (11f)
ppu, coder un ou plueleurs di cee bits de donnees par utilisation d'un code
A treillis. 4   ~iwtt~lp.!Qn i'unql quelcoique, des reve.ndlcatons
pr6cesdentes, 4ans lIquel: . It~oypn de1'qeptlin a, pour fonolon de.
roev.olrdegs bite de don~neesavec une plurallt6 de dibits; Je aqy'n
4'a.pplicatl on et adspf .a Oppiiqyr. au -canal di transmission un symbole
de canal ap- OP, . .-4,f 4i0n  iblu qu east aesoc61 au dqbit binaire avec
auquel us. bits de donnees sont regus; et l: i !YIQYWI. e -* Qp ndac ,d~e
se~s~t: ,adpap~tF M  f0aire fgjictlqnner le mayen de r6ception pour qu'il
regolva in : it    s I n gr'C *   .. gnt4,p ,Ia puraJit di ,d,,ebs bin-.,
salon una 4lternance rMp.6titive. ,  3       ifflsen l'yn~e q   qnqie 4es.
r,.evendlca~tioni prickdentes, comprenant: w- rp (P) )pgqw repr~ou  per es,
bts. Od dqnn es regu.e en mots de donn6es 'ayant au moins wt~it'.w~rik'ieZ
xdelxl~metsilles eelQn une aiternance repetltve, at dane lequel le moyen
d'appllca- :.'yn mqyen (126132) pour d6finir un ensemble individual parmi
une pluralte prddtenrminda d'en- *                    4~~~~~11    EP OM392
723 B1            1 11111 111111 1111 1  i Il iii o .symboles de canal
assocles A I'une particullere d'au molns Ia premlire taille et la deuxilme
qJu- nt de d. nn, .qu at constltuO do bits de donn6es reguJ; et W. n-ysii
(1$2,141) pOjAr appliquer au canal de transmission un symbol. de canal
Individuel ap- p        .n :nme. tn-IydunCL d.e symb.ls de cnal le symbole
de canal Individuel 6tant assocle 4  ),*  vl~r u ,mQt- .dgnne qul est
,onstitub: doe bits de donnees recus. M IfdFrwnsml.,lonl de. donn6es
comprenant: iW DR*pOtin dOuntrain d*e bits do donnees; 'aRQ ionQn, en rpns.
& un oi pisleurs cdes bits de donn6es, A un canal do transmission, d'un 1,>
bol* deicarl jinlvlduoIl appairtenant A un ensemble de symboles de canal;
caracterie par: .:    $laeo ton dnsemblos Ind  duels parmi uneo plulltr
predetermin~e d'ensembeos de symbolos ,S)gn GOP9 W' 41tR'WV r4fjtWv~ 7, P'
i sj.ln i; rey*noalplqn 6, dons leclquel un ensemble aspartenant A la
pluraIIt6 prid6termiIne d'en- , ~ ;yi"st~d~e; cnan, nl .p .i mp-ro... Ui
lap symoes de canal qul sont diffirents d'un autro ou * pbRaer~ te 9Agwgg
We, t   I r.oqA selon Ia reviendication 6 ou la revendication 7, comprenant
on outre I'etape consistant A coder .I,' gq   Jours,,l~f 0  bl# de ~dRqnriW
'4rustilie., tion d'un code a treills. XQ    t   .6^:s qei n
l'une.,quoconque des revendications. 6 a 8 dans lequel les bits de donn6es
sont admis A .un, piurit dp ob t: 8.elon .un ,e, altrnAnce r6ep6titive, et
dans loquel chaque ensemble seloctbonne est - pp~J$ pu^.   cI*blt  l~
ls.quql   bits do donnAos sont admis. 19, lI~righc, eqw~n l'urt9 qyolconqua
des revondlcatlons 8 a 9, comprenant le rogroupomont dos bits do don- au
-nX, reguso en motp do donnees: ,ayant au mons uno premliroe t une deuxibme
tailles soon une alter- jnsen  rptltlve, et oean. loue l chaqoe oensmble
s*iceonnh do sy mbol. de canal est assocle A la tailue ,or~f dbA, tph  t d;
dionn~o. .99grp .1 12    


