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(57) Abstract

Proposed is a method of bi-directional data transmission over a two-wire line. I3igital data destined for transmission or reception,
&g. using discrete multitone modulation {DMT?), are modulated 6r demodulated as spriate and by time-division multiplexing.
The appropriate multiplex time frame is subdivided into & predetermined number N of fime slots and 2 number K of those time slots is
assigned exclusively to one direction, e.g. transmission, the remaining time slots (= N-K in number) being assigned exclusively to the other
direction (e.g. reception).

(57) Zusammenfassung

Verfahren zur bidirektionalen Datentibertragung fiber eine Zweidrahtieitmg, wob
z.B. mittels diskreter Mehrtonmodulation {DMT), moduliert bzw. demoduliert und die 3
Zeitmultiplexbetrieb getrennt werden, wobei der zugehtrige Multiplex-Zeitrahmen in
unterteilt wird, und davon eine Anzahl K von Zeltschlitzen ausschiieBlich einer
(N-K) von Zeitschlitzen ausschlieBlich der andeyen Ubertragu:

digitale Daten zum Senden oder Empfangen,
sendenden und zu empfangenden Dater durch
vorbestimmbare Anzaht N von Zeitschlitzen
igsrichtung, z.B. Senden, und die restliche Anzah)
ngstichtung, 2.B. Empfanggn, zugeordnet wird,




15 <carry out separation of the e.g. DMI-nodul ated data in frequency
division nultiplex operation (FDM, different frequency ranges being
defined for the two transni ssion di rections. Another possible

Separation option consists in the application of the echo cancelling

met hod (EC), wdorjeeoghi ch, by using adaptive filters, the i morsmewinf
the transm ssion section on the receiver is suppressed by adaptive
filters. O her separation nethods have not been used to date in this
connection in the prior art. During transm ssion, the FDM

nmet hod generates a 25 |ower and an upper lfrequency band corresponding to
t he two transm ssion directions. However, since the cable

attenuation is dopaRRlen zuf BidiFekfidRRIEY Da%ﬁﬁéﬂﬁhﬁﬁé fibdr eine ZwEih?ﬁltmt.gﬁ% ni n

obtaining the sane transm ssion quality for both transm ssion nel s;

in the majority of 30 cases, the transm ssion quality is better in one

di rec- t P8¢ Enfigdung,, betrifft in oV erfahen ape bidirektionglen o Patenibertragung  dherseinabl e

to be abl e t @weidrahtleittumg, wopeit digitale Daten Zuar Senden oder Bampdariges; 7 Blamitielsaliskfert

bot h channel Mehﬁ!éﬁﬁxh&\ﬂif%e(nm?{ modéifd bAG dRddddhiérPun@ dit 18 Jeh@at a5d o

capacity Is 3pred3sdh Pt Wo. k@ B BB Ripkkddidy DI Bk’ BRI sSiRing
(EC), getrennt werden.
Um stérende Beeinflussung von zu fibermitteltenden Daten zu beseitigen, filhren bekannte
Verfahren dieser Art die Trennung der zB. DMT-modulierten Daten im
Frequenzmultiplexbetrieb (FDM) durch, wobei unterschiedliche Frequenzbereiche fiir die
beiden Ubertragungsrichtungen festgelegt sind. Eine weitere Moglichkeit zur Trennung
besteht in der Anwendung des Echoausléschungsverfahrens {(EC), bei dem durch den Einsatz
adaptiver Filter der Einflu des Sendeteils auf den Empfinger durch adaptive Filter
unterdriickt wird. Andere Trennverfahren wurden im Stand der Technik in diesem
Zusammenhang bisher nicht verwendet.
Das FDM-Verfabren erzeugt bei der Ubertragung entsprechend den beiden
Ubertragungsrichtungen ein unteres und ein oberes Frequenzband. Da aber die
Kabelddmpfung frequenzabhiingig ist, bereitet es groBle Schwierigkeiten fir beide
Ubertragungskanile die gleiche Ubertragungsqualitiit zu erzielen, in den uberwiegenden
Fillen ist die Ubertragungsqualitdt in eine besser als in die andere Richtung. Generell ist es
aber erwinscht, eine moglichst gleiche Qualitat fiir beide Kanile anbieten zu kbnnen.
Weiters ist bei FDM die Variation der Ubertragungskapazitit mit erheblichem Aufwand
verbunden, da dafiir eine Anpassung der jeweils verwendgten Bandfilter erforderlich ist,
sodaf die Kanalbandbreite entsprechend erhtht oder erniedrigt werden kann.
Das weiters aus dem Stand der Technik bekannte Echoausltischungs-Verfahren weist ebenso

" wenn auch anders geartete Nachteile auf. So ist bei diesem Verfahren das Nah-

" Nebensprechen ¢in groBes technisches Problem, da der Sigpalabstand zwischen Sende- und
Empfangssignal sehr grof ist. Es miissen daher sehr hohe Anforderungen an die bei den
Sende- und Empfangsteilen vorgesehenen A/D-Wandler #xfilllt werden, da Sende- und
Empfangssignale gleichzeitig auftreten und diese entprechend gut getrennt werden miissen.
Die hohen Pegelunterschiede der Sende- und Empfangssignale erfordem eine
dementsprechend hohe Auflsung der A/D-Wandler, die wiederum hhere Produktkosten zur

. Folge hat.
Fiir die Durchfithrung dieser bekannten Trennmethoden FDM und Echoausléschung ist auch
. eine relativ hohe Rechnerleistung erforderlich, die die Kosten flir die Dateniibertragung stark

erhohen. Besonders bei Anwendung in Fillen, in denen wie etwa bei ADSL (Asymmetric
Digtal Subscriber Line) in einer Ubertragungsrichtung ("downstream) groBie Datenraten von
einer zentralen Datenanlage zu einem an der Periphere gelegenen Teilnehmer und
vergleichsweise geringe Datenraten in die andere Ubettragungsrichtung ("upstream™)



mat chi ng of the bandpass filters used in each case, so t hat the channel

bandwi dt h can be correspondi ngly I ncreased or reduced.

- 2- The echo cancelling nmethod that is disclosed,

furthernore, in the prior art also has di sadvant ages, al though of a
different najy #yore00ThUS, near - end crosstal k is a majpefzipelopigal
problemin this nethod, 5 since the signal distance between transmtted
and received signal is very large. It is therefore neces- sary to
satisfy very high requirenents made of the A/D converters provided in
the transm ssion and reception sectloﬁ% since transmtted and received

signal s occur
iibermittelt werden sollen, ist der bei diesen bekannten Dateniibertragungsverfahren

getriebene Aufwand nur einer schlechten Nutzung nnterworfen.

Ziel der Erfindung ist es, ein Verfahren anzugeben, das sich durch geringe Komplexheit
hinsichtlich Hardware-Einsatz bzw. Rechnerleistung auszeichnet, sodal die Durchfiihrung
auf einfache und kostengiinstige Weise erfolgen kann.

Weiters ist es Ziel der Erfindung, ein Verfahren zu schaffen, mit dem sich bei
Ubertragungen, die zu einem grofen Teil nur in einer der beiden Ubertragungsrichtungen vor
sich gehen, mit hoher Ubertragungsgeschwindigkeit durchfithren lassen.

Weitere Aufgabe der Erfindung ist es, eine sehr gute Ubertragungsqualitit mit relativ
geringem  technischen Aufwand 2zu erreichen, wobei eine Anderung der
Ubertragungskapazitit einfach und kostengfinstig méglich sein soll.

ErfindungsgemiB wird dies dadurch erreicht, da8 die zu sendenden und zu empfangenden
Daten durch Zeitmultiplexbetrieb (TDM) getrennt werden, wobei der zugehérige Multiplex-
Zeitrahmen in eine vorbestimmbare Anzahl N von Zeitschlitzen unterteilt wird, und davon
eine Anzahl K von Zeitschlitzen ausschlieBlich einer Ubertragungsrichtung, z.B. Senden, und
die restliche Anzahl (N-K) von Zeitschlitzen ausschlieBlich der anderen
Ubertragungsrichtung, z.B. Empfangen, zugeordnet wird.

Da beim erfindungsgemifien Verfahren entweder nur Sender- oder nur Empfiingerfunktionen
aktiv sind, wird weniger Prozessorleistung als bei herkémmlichen Verfahren benstigt, da
letztere einen sehr hohen internen Datenverkehr zu bewiltigen haben. Dadurch gelingt es,
eine nach dem erfindungsgemifien Verfahren durchgefiihrte Ubertragung sehr kostengiinstig
zu impiementieren,

Das erfindungsgem#fle Verfahren bietet weiters den Vorteil einer gleichen
Ubertragungsqualitiit in beiden Ubertragungsrichtungen, da Senden und Empfangen bei
TDM mit der gleichen Leitungsdimpfung erfolgt. Dadurch komnen beide
Ubertragungsrichtungen  mit  geringstmoglicher  Qualtititsminderung  im  gleichen
Frequenzbereich durchgefibrt werden. Ein weiterer Verteil des erfindungsgemsifien
Verfabrens ist die sehr einfache Veriinderung der ﬁbermagungskapazﬁat die durch die
entspechende Wahl der Anzahl der Zeitschlitze fir die jeweilige Ubertragungsrichtung
ermdbglicht wird.

Als besonders vorteilhaft bei asymmetrischer Dateniibertragung kann es sein, wenn in einer
Ubertragungsrichtung der GroBteil der Daten und in der anderen nur ein kleiner Rest
tibertragen wird. Dies ist dann gegeben, wenn die Anzah! N der Zeitschlitze sehr viel grofer
als die Anzahl K gewihit wird. Vorzugsweise ist diese Bedingung erflillt, wenn N gleich 30
und K gleich 1 ist.

Da das erfindungsgemiBe Verfahren zur Datenitbertragung tiber Telephonleitungen
eingesetzt werden kann, kann es zB. durch die Nummernwahl auf der Leitung zu
impulsartigen Strungen kommen, die einen Ubertragungsfehier bewirken, der unbedingt
korrigiert werden muB. Die Datenlibertragung muB aber micht iiber Telephonleitungen
erfolgen, sie kann im Rahmen der Erfindung fiber jede dafiir geeignete Zweidrahtieitung



10 simultaneously and they nust be appropriately well separ at ed.
The high level differences of the transnit- ted and received signals
requi re a correspondingly high resolution of the A/ D converters,
which, in turn, results in higher product costs. 15 The

.1 npl ement at i oo sab1ddese known separation met hods FDM BOT/ATS6#$112
cancelling also requires a rel a- tively high conputer power, which
greatly increase [sic] the costs for the data transm ssion.
Particularly when being enpl oyed in cgses where, such as in the case 20
of ADSL (Asymmetric Digital Subscribe Line), for I nstance, high
data rates are to be conmunicated in one transm ssion direction

(" downst r eangesclichen) Gemaaind kéﬂmen die dnterschitdlichsten elkitomaghetisthdneStohagah,csuchs
part of the g %&hme m ly low data rates 25

(" Gpst ESmC) sﬁb ARR, Eﬁetwa%f ra”s S'tf%q*wmr S it 2 Eebleekreskpg
met hqds is silibichenweiss spsingesetzt, da Q@gqubﬁtragung auch bei belicligen Stommpen ahfder
i nvention i sLéimngpfehletfyeicbleibt, asbei3der Daiendurtisari jeldchosirs bsinksh Rarnp\adeigr ee
of conpl exi tipterhaft iibertragenes Datenpaket solange wiederhoit wird, bis es fehlerfrei empfangen
wird.
In weiterer Ausbildung der Erfindung kann daher vorgeschen sein, da im Multiplex-
Zeitrahmen der Dateniibertragung im Zeitmittel eine vorbestimmbare Anzahl von
Zeitschlitzen fir ARQ (Autornatic Repeat Request)-Ubertragungswiederholungen
vorgesehen sind.
Bei dieser Ausfithrungsform steht somit stindig Ubertragungs-Uberkapazitit zur Verfiigung.
Wird ein Datenblock fehlerhaft empfangen, fordert der Empfinger nur so oft eine
Wiederholung an, wie es im Rahmen der im Zeitmifiel zur Verfiigung stehenden
Uberkapazitit moglich ist, soda unbeeinfluBt durch die {bertragungswiederholungen der
nominelle Datendurchsatz konstant gehalten werden kann. Im fehlerfreien Ubertragungsfall
wird ein hher redundantes Signal {ibermittelt. Die Dauer der Zeitspanne, tiber dic die
Zeitmittelung erfolgt, ist im wesentlichen durch die Speicherkapazitit des eingesetzten ARQ-
Puffers begrenzt.
Nach einer anderen Variante der Erfindung kann vorgesghen sein, daB bei fehlerhafter
Ubertragung die Daten, zB. mittels eines Rechenalgorithmus, modifiziert iibertragen
werden.
Dadurch kann der bei der Ubertragung auftretende Fehler, der durch das Abschneiden eines
Teils der Amplitude bei Sende-Ubersteverung hervorgerufen wird, korrigiert werden.
In besonders bevorzugter Weise kann dabei vorgesehen sein, daB die Daten durch logische
Inversion modifiziert werden.
Diese Inversionsoperation stellt einen-sehr einfach berechenbaren Algorithmus dar, der ohne
grofen Aufwand realisierbar ist.
Weiters kann vorgeschen sein, dafl die Schaltfrequenz einer Stdrquelle, z.B. ein Netzteil, mit
einer der Tragerfrequenzen der diskreten Mehrtonmodulation synchronisiert wird.
Dadurch kann das auf frequenzselektive Stérungen empfindliche DMT-Verfahren gegen
bekannte Storquellen gesichcn werden. Bei Synchronisation der Schaltfrequenz der

. Storquelle auf eine der Trigerfrequenzen der DMT-Modulation wirkt sich die Storung nur
auf diese Tragerfrequenz und deren Vielfache aus, sodaB sie durch einen adaptiven
. Algorithmus kompensiert werden kénnen.

Bei mehreren nebeneinander gefiihrten Zwexdra.htlettungen auf denen jeweils Daten
tibertragen werden, ergibt sich iiblicherweise ein Ubersprechen, weiches auf die Ubertragung
naturgemdB storend wirkt.

Gem#A einer anderen Ausfiihrungsform des erﬁndungsgemﬁﬁen Verfahrens, bei welchem
Daten #ber 2zwei oder mehr Zweidrahtleitungen, ﬂ:e zumindest teilweise in



with regard to hardware use or conputer power, so that It can be

‘inplenmented in a sinple and cost-effective manner .

Furthernore, the aimof the invention is to 35 provide a nethod which
enabl es transm ssions which proceed to a great extent only in one of
the two transyoomsgessi on directions to be carried out at arduANYAHNIINS-

m ssion rate. A further object of the inventionis to
achi eve a very good transmission quality with relatively little
technical outlay, the intention being that, a change in the transm ssion

capacity will be possible in a sinple 4

Ubersprechabstand gefithrt sind, #ibertragen werden, kann vorgeschen sein, daB der
Zeitmultiplex-Betrieb (TDM) auf allen Zweidrahtleitingen synchron durchgefiihrt wird,
soda8 auf allen Zweidrahtleitungen gleichzeitig entweder gesendet oder empfangen wird.
Dadurch wird immer zur gleichen Zeit entweder gesendet oder empfangen, sodaB eine
storende Beeinflussung der einzelnen Empfinger durch nicht direkt verbundene Sender
vermieden werden kann.

Im folgenden wird die Erfindung anhand eines in den Zeichnungen dargestellten
Ausfiihrungsbeispieles niher erl4utert.

Es zeigt dabei:

Fig.1 ein Blockschaltbild zur Durchfiihrung einer Ausfithrungsform des erfindungsgemi4fen
Verfahrens und

Fig.2 eine schematische Darstellung eines erfindungsgemifien Zeitrahmens.

Eine bidirektionale Datentibertragung von digitalen Daten geméf dem in Fig.1 dargestellten
Blockschaltbild wird durchgefiihrt, indem beim Senden die aus einer Datenquelle 1.4
kommenden digitalen Daten im Sendeteil 50 zu einem analogen Sendesignal umgewandelt
und {iber einen Leitungs{ibertrager 13 einer Zweidrahtleitung 100 an einen am Ende dieser
Leitung 100 gelegenen Teilnehmer iibertragen werden. Demgegenilber wird ein auf der
Zweidrahtleitong 100 ankommendes Signal {ber den Leitungsiibertrager 13 als
Empfangssignal an den Eingang eines Empfangteils 51 gefiihrt und dort in digitale Daten
umgewandelt. Da beim erfindungsgemiBen Verfahren nic gleichzeitig gesendet und
empfangen wird, kann an Stelle einer sonst iiblichen Gabelschaltung der Leitungsiibertrager
13 verwendet werden, wodurch die oft problematische Anpassung der Gabelschaltung an die
Leitungsimpedanz von vornherein wegfillt. Ein durch eine Gabelschaltung bedingtes
stirendes Ubersprechen, durch welches Signalreste vom Sender zum Empfiinger derselben
Teilnehmerseite gelangen, scheidet somit als Stérquelle filr dieses Verfahren aus.

In dem in Fig.1 gezeigten Ausfithrungsbeispiel ist der Sende- und Empfangsteil 50, 51
sowohl einer zentralen Datenstelle'C (CENTRAL) alsauch einer peripheren Datenstelle R
(REMOTE) in einem einzigen Blockschaltbild dargestellt, svelches so zu verstehen ist, daB
die zentrale Datenstelle C iiber den Ubertrager 13, die Zweidrahtleitung 100 und einen
weiteren Ubertrager 13 mit der Datenstelle R verbunden ist. Jene Funktionseinheiten, die nur
zur Datenstelle C bzw. R zugehdrig sind, sind mit "ATU-C only" bzw. "ATU-R only"
gekennzeichnet,

Ohme Beschréinkung der allgemeinen Anwendbarkeit des erfindungsgemiBen Verfahrens sei
als Ausfihrungsbeispiel einer asymmetrischen Datenitbertragung ein Heimvideosystem
beschrieben, bei welchem in der zentralen Datenstelle C die Videoinformation verschiedener
Videos in einem GroBrechner als Daten in komprimierter ¥orm gespeichert und iiber eine
periphere Datenstelle R abrufbar ist. Uber einen bidirektionalen Steuerkanal wird die
Stenerinformation zwischen den Datenstelien C und R ausgetauscht, wobei eine Datenrate
von 64 kbit/s festgelegt ist. Diese Steuerinformation km sich auf verschiedene vom
Teilnehmer auszugebende Befehle, wie etwa PLAY, REWIND o.4, wie sie von einem



5 and cost-effective manner. According to the invention, this
is achi eved by virtue of the fact that the data to be transmtted and
the data to be received are separated by tine division mul ti pl ex
operation (TDM, the associated nultiplex 10 tine frane bei ng subdivi ded
into a predetgbsroshd e nunber N of time slots, and of tkemaTss/oomzber K
af time sl ots being assigned exclusively to one transm ssion

direction, for exanple transmt, and the remaining nunber (N-K) of tine
sl ots being assigned exclusively 15 to the other transm ssion
direction, for exanple receive. 5 Since either only
transmtter functions or only receiver functions are active in the

net hod accor digatecorder bekddde sind VGWAL ixRéine SESFkALRAGRTE BEzieMahd fsm'imbmagé/en-
i gh-i nt er ng nef “@%@5@% e Re RUOHE oot Vo' 8l S i Doty PO SscRactEl Y
transmi ssi onB nf%m@&PF’l dig lguyvesentﬁdm; dig, ' lﬂﬂmemﬁﬁ tdie mit einer
i nvention t oDhmﬂbqniagungsrate yomr, 648 Mbités nueinyeiner RichiingaoniC/a Ripaserdet wirg.
Furt her nor e, piehRniitdIO Daftifa@indkdhtled fodbdlefiir W48 Rrfindungsgemsfie Verfahren aber auch
ginzlich anders, z.B. viel hoher gewdhit werden, wobei fiir die pur in eine Richtung zu
{ibermittelnde Breitbandinformation auch eine Datenrate von etwa 50 Mbit/s bis 150 Mbit/s
zur Verfigung gestellt werden kann. Die #tbertragene Information kann dabei jede Art von
Sprach-, Bild- oder Dateninformation darstellen. Ebenso ist eine andere Rate fiir den
bidirektionalen Steuerkanal ausfiihrbar, der aber nicht nur Steuerfunktionen sondern alle
mdglichen Datentibertragungsfunktionen erfiillen kann.
Am eingangsseitigen Teil des Sendeteils 50 sind fiir die Datenstelle C zwei verschiedene
Dateneingsinge und fiir die Datenstelle R nur ein Dateneingang ausgebildet. An den ersten
Eingang, der fiir C und R gleich ist, gelangt der Datenstrom aus der Datenquelle 1, die z.B.
im wesentlichen Steuerbefehle aussendet, die iiber einen nachfolgenden Verwiirfler 2 in
einen diesem nachfolgenden Sendepuffer 3 gelangen, wobei die dus der Datenquelle 1
kommenden Daten im Verwiirfler 2 nach einem vorbestimmbaren Algorithmus gewandelt
werden, Dadurch wird ein linger andavernder, konstanter legischer Zustand verhindert und
eine ausgeglichene statistische Verteilung der bindren Zustinde erreicht. AnschlieBend daran
erfolgt im Sendepuffer 3 eine Zwischenspeicherung der verwiirfelten Signale. In der
Datenstelle R sind die aus dem Sendepuffer 3 austretenden Daten iiber eine Vorrichtung
MUX mit anderen Daten, die im ARQ-Puffer 24 erzeugt werden und Wiederholanweisungen
enthiaiten, gemultiplext.
Am zweiten Eingang des Sendeteils 50, der nur fiir die Datenstelle C ausgefiihrt ist, kommt
der Datenstrom aus der Datenquelle 4, die die Breitbandinformation generiert, iiber einen
" nachfolgenden Verwiirfler 5 und tiber einen ARQ (Automatic Request)-Puffer 6, der einen
CRC-Generator enthilt, itber den eine Fehlerkorrekturkodigrung erfolgt, an den zweiten -
Eingang des Sendeteiles 50. Die im Verwiirfler 5 umgewangelten Daten werden im ARQ-
Puffer 6 zwischengespeichert und bei fehlerhafter Ubertragung wiederholt. Eine besondere.
erfindungsgemiBe ARQ-Ubertragungstechnik wird weiter unten noch beschrieben.
Die tiber die Eingénge des Sendeteils 50 seriell eintreffenden Daten werden im Kodierer 7
zum Herabsetzen der Datenrate in vorbestimmbarer Linge zusammengefafit und anhand

v einer Kodiertabelle einem entsprechenden Symbol zur weiteren Verarbeitung zugeordnet.
Weiters wird dieses kodierte Signal in dem nachfolgenden DMT (Discrete Multi Tone)-
s Modulator 8 nach diesem bekannten Verfahren moduliert und iiber ein HochpaB-Filter 9

geleitet, welches zur Vermeidung von Storeinfliissen im wesentlichen das
Sprachfrequenzband unterdriickt. Das digitale Ausgangssignal dieses HochpaB-Filters 9 wird
tiber einen Digital-Analog-Wandler 10 in ein analoges Signal gewandelt, welches iiber ein
Bandpaf-Filter 11 und anschlieSend Uber einen Verstirker 12 zum Wandler 13 gelangt. Das
Bandpafl-Filter 11 erfiillt einerseits nochmals die Funktion des Hochpasses 11 und



tion affords the advantage of an identical transm ssion quality in both

transm ssion directions, since trans- m ssion and reception take place
with the sane |ine attenuation in TDM As a result, both

transm ssion 30 directions can be inplenented with the | east possible

qual ity reductwgemnmed he sane frequency range. A fur- t heeTrashsmpitage of
t.he met hod according to the invention I's the very sinple changing of

t he transm ssion capacity, which is enabled by correspondi ng sel ection
35 of the nunber of tinme slots for the respective trans- m ssi on

di rection. In the event of asy tric data transm ssion, It
may be particularly advantageous if the vast majority of the data is

transmtted igdersseity abkdeidesi €& die durch den Amalog-Digital-Wandler 10 hervorgerufenen

TH'S SHEET H'Aﬁac%%ten Spannungsspitzen ab. Die Frequenz der Analog-Digital-Wandlung ist zur
Erfillung des Abtasttheorems so gew4hit, daB fiir die hdchsten vorkommenden Frequenzen
mindestens zweimal eine Abtastung durch den Analog-Digital-Wandler 10 erfolgt.
Der Sendeteil 50 und der Empfangsteil 51 sind durch eine TDM (Time Division Multiplex)-
Einheit 30 gesteuert, sodaB erfindungsgemiB die zu sendenden und die zu empfangenden
Daten durch Zeitmultiplexbetriecb getrennt werden, wobei der zugehtrige Multiplex-
Zeitrahmen in eine vorbestimmbare Anzahl N von Zeitschlitzen unterteilt wird, und davon
eine Anzahl K von Zeitschlitzen des Zeitrahmens auschlieBlich einer Ubertragungsrichtung,
z.B. Senden, und die restliche Anzahl N-K von Zeitschlitzen ausschliellich der anderen
Ubertragungsrichutng, z.B. Empfangen, zugeordnet wird, Dazu steuert die TDM-Einheit den
Sendeteil 50 und den Empfangsteil 51, indem sie zur gagebenen Zeit diese aktiviert. Der
Sendeteil 50 und der Empfangsteil 51 sind dabei nie gleic_h;zeitig in Betrieb, wodurch die fiir
die Steuerung benbtigte Prozessorleistung entsprechend nipdrig ansgelegt werden kann. Da
dadurch auch eine Beeinflussung des eigenen Senders auf den Empfinger ausgeschlosssen
ist, ist fiir den Analog-Digital-Wandler 16 des Empfiingexteils nur ¢ine geringe Aufldsung
erforderlich. Dieser Vorteil wirkt sich infolge der direkten Proportionalitit von AuflGsung
und Preis bei Analog-Digital-Wandlern sehr kostengiinstig gus.
Das erfindungsgemiBe Verfahren hat den Vorteil eines relativ geringen Bandbreitenbedarfes
und einer sechr geringen Komplexheit, die sich bei der Hardware bzw. bei der benGtigten
Rechnerleistung zeigt. Bei herkdmmlichen Verfabren sur Trenpung von Senden und
Empfangen geht ein betriichtlicher Teil der Rechnerleistpng fiir interne Kommunikation
verloren, wihrend beim erfindungsgemiiien Verfahrern diese Rechner-Hilfskapazitit sehr
gering gehalten werden kann.
Das erfindungsgemiiBe Verfahren hat dort seine Grenze, wo sich der Anteil des Sendens und
Empfangens der 50%-Prozentgrenze nihert, da dann andere Verfahren etwa wie Echo-
Cancelling 0.4. mit gleichgroBem oder kleinerem Aufwand gurchgefiihrt werden kénnen.
In Fig2 ist der in Zeitschlitze unterteilte Zeitrahmen, wie er im erfindungsgemafen
Verfahren zur Anwendung gelangt, dargestellt. Die beidpn Ubertragungsrichtungen sind
durch die Ausdriicke "upstream” und "downstream" gekemgzeichnet. Der ganze Zeitrahmen
ist in diesem Beispiel 20,625 ms lang und in verschiedene Schlitze zu 625 us aufgeteilt,
wobei die Mehrzahl der Daten in downstream-Richtung tibertragen wird. Diese Aufteilung
ist besonders dann von Vorteil, wenn in einer Ubertragungsrichtung ein bidirektionaler Kanal
mit geringer und ein unidirektionaler Kanal mit hoher Datenrate benétigt wird. In dem
dargestellten Ausfithrungsbeispiel werden iiber den bidirektionalen Kanal durch die mit
CONTROL bezeichneten Zeitschlitze in downstream- und ypstream-Richtung Steuerbefehie
und Gber den unidirektionalen Kanal durch die mit VIDEQ bezeichneten 30 downstream-
Zeitschlitze mit im Zeitmitte] einem Hilfsschlitz Videoinforgnation ibertragen. Diese Art der
Ubertragung kann fiir beliebige Informationen erfolgen.



- 4 - direction and only a small remainder is transmtted in t he
other transm ssion direction. This is provided when t he nunber N of
time slots is selected to be very nuch greater than the nunber K. This
condition is preferably 5 fulfilled when Nis equal to 30 and K is equal

to 1. gmsmﬁoﬁ‘ce the method according to the inventi geraaveeerrz be
enpl oyed for data transm ssion via tel ephone |ines, pul se-1i ke

i nterference nmay occur on the line as a result of the nunber dialling,
for exanple, the inter- 10 ference effecting a transm ssion error which
absol utely must be corrected. However7 the data transm ssi on does

not have to be carried out via tel ephone lines; within the scope of the

i nvention, t | S5 |5 | A | | he
B il i g emssios i s e
el ectt omagnetWa! e"APﬁ’?‘E gfe‘f?éﬁ?é“g% wasteaam- feftschl %{P@#‘?‘F&lBGE sich fadeggdene m,
may i nfl uencéuslasunged akanna disséss Siethdltnis automatisch enfprechendwient\ RRueNert Beaaifc
Repeat RequegbgestifRinf Wbrden. Die festgelegten Sende- und Empfangszeiten haben gegentiber einer
Frequenzmultiplex-Ubertragung den Vorteil, daB nicht gleichzeitiz empfangene und zu
sendende Daten verarbeitet werden miissen, wodurch die Rechnerleistung bzw. der
Hardware-Aufwand entsprechend niedrig ausgelegt werden kann. In jedem DMT-Schlitz
wird eine codierte und DMT-modulierte Dateneinheit iiberiragen.
Fir ARQ-Ubertragungswiederholungen wird gemiB einer erfindungsgemafien
Ausfiihrungsform im Multiplex-Zeitrahmen der Dateniibertragung im Zeitmittel eine
vorbestimmbare Anzahl von Zeitschlitzen fiir ARQ-Ubertragungswiederholungen
vorgesechen sind. Dazu werden beim Senden der Daten diese stindig in den ARQ-
Sendepuffer 6 eingeschricben und von diesem wieder an den Kodierer 7 weitergegeben.
Dabei werden dic vom Puffer 6 abgehenden Daten schneller tibertragen als dieser gefiillt
wird. In der dabei entstehenden Liicke wird erneut jeweils der letzte Datenblock eingetragen,
dieser wird jedoch empfiingerseitig als wiederholter Block erkannt und automatisch beseitigt.
Somit wird im fehlerfreien Ubertragungsfall stindig mit Uberkapazitit gesendet, ohne daB
der bertragene Informationsgehalt gréfier ist.
Sobald ein Ubertragungsfehler aufiritt, erkennt der Empfinger in der peripheren Datenstelle
R den Fehler mittels seiner CRC- Fehlererkennung in der ARQ-Einheit 24 und gibt darauf
den Befehl iiber den Multiplexer des Sendepuffers 3 zur Datenwiederholung weiter, der dann
als Steuerinformation iiber den bidirektionalen Kanal gesendet wird. In der zentralen
Datenstelle C wird diese Information nach Durchlaufen des Empfingerteils 51 im
Empfingerpuffer 27 gedemultiplext und ein Steverbefehl an den ARQ-Puffer 6 gegeben, die
fehlerhafte Ubertragung zu wiederholen.
Dafiir steht in diesem Ausfithrungsbeispiel im Zeitmittel nur ein Hilfsschlitz zur Verfiigung,
was einer Uberkapazitit von 3,33% entspricht. Dauer und Anzahl der Hilfsschlitze sind in
diesem Zusammenhang keiner Einschrinkung unterworfén und kénmen innerhalb des
technisch Realisierbaren beliebig den jeweiligen Verh#itnissen angepaft werden.
Nach einer Fehlibertragung wird nun im  darauffolgenden Zeitrahmen, die
Wiederholungsiibertragung durchgefithrt, die sich iiber mehrere nacheinanderfolgende
Zeitschlitze erstrecken kann. Gemittelt siber die Zeit sollte in diesem Beispiel nur ein

. Zeitschiitz pro Rahmen fuir die Wiederholungen benutzt werden.
Die Zeitspanne, iiber die dabei das Zeitmittel berechmet wird, ist durch die Grifie des ARQ-
. Pufferspeichers festgelegt. Sobald dieser mit Information voligeschrieben ist, kénnen keine

weiteren Wiederholungen durchgefithrt werden und der fehlerhafte Datenblock muB als
transparent ausgegeben werden.

Gegenilber einem herkSmmlichen ARQ-Verfahren ist die fiir die Datenwiederholungen
festgelegte Zeitspanne im Zeitmittel fixiert. Dadurch kann €s nichrt passieren, daB aufgrund
einer linger andavernden Storung die Obertragung solange wiederholt wird bis sie fehlerfrei



I's usually enployed for the purpose of error correction 20 in such a way

‘that the data transm ssion remains free fromerrors even in the event

of arbitrary interference on the line, in which case, however, the data
t hr ough- put may decrease considerably since an erroneously

transmitted O@igepasset is repeated until it is 25 recei vepowATIeosr12any
errors. In a further design of the invention, there- fore,
It may be provided that a predeterninabl e nunber of time slots for ARQ
(Automati ¢ Repeat Request) transnlsS|3n repeats are provided on average
over time 30 in the nultiplex tinme frame®of the data transm ssion.

Consequently, transm ssion overcapacity is con- stantly available in
this enbodi nRhimd damat cﬂamemagﬁ%szen mémmcahmdmma@bem Anq-vamﬂreﬁer
55" over capaditl i‘%Pa finn Sianet slafec Ve A 4
enabl i ng t hefehisgR S"W 0 ﬂ‘b‘g‘t‘? Eqatz %’Mﬁ W%l’%?d
such that i tdireh dmfcﬁtedlhedcapgmﬁthdxe zwmdhemﬁsmdsi@%;wamgmuiss abér mvigeheh 3 und
cont ai ni ng 1 43ty SnVerfindunBipBaleA rEIARRAW Bb&RAFMI MRS WikdetRIENRN s iff
error- Rahmen der Uberkapazitit moglich ist, um den nominellen Datendurchsatz aufrecht zu
erhalten. Kann bei mehreren aufeinanderfolgenden falschen Datenblécken einer nicht mehr
wiederholt und richtig empfangen werden, wird er transparent ausgegeben.
Bei einem durch die diskrete Mehrtonmodulation (DMT) modulierten Signal ist das
Verhiltnis von Spitzenwert zu Mittelwert sehr groB, sodal ein Abkappen ("Clipping") der
Signalspitze eine hdufige Fehlerquelle darstellt. Um diesen Fehler auf einfache Weise zu
korrigieren, kann nach einer fehlerhaften Datentibertragung die digitale Bitfolge beim
Wiederholvorgang im Sender z.B. durch einen Rechenalgarithmus, modifiziert werden und
dann erneut fibertragen werden. Im Empflinger wird der. verwendete Rechenalgorithmus
entsprechend in Umkehrnung angewendet und die Daten wiedergewonnen. Dadurch kann
dieser Ubertragungsfehler sehr effektiv ausgeschaltet werden. Im besonderen ist es
schaltungs- oder rechentechnisch auf einfache Weise durchfiihrbar, die fehlerhaften Daten in
invertierter Form zu ibertragen
Eine weitere Stdrquelle beim DMT-Verfahren ergibt sish aus der Schaltfrequenz der
eingesetzten Spannungsversorgung, z.B. des Netzeils, da diese Schaltfrequenz im
Ubertragungsbereich liegt und somit als frequenzselektive Storung ihre Auswirkung zeigt.
Hinzu kommt die Abhéngigkeit dieser Strungen von angeren EinfluBgroBen, etwa die
gerade am Netzteil vorliegende Last. Diese Art von StSrungen konnen verringert werden,
indem die Schaltfrequenz des Netzteils auf eine der Triigerfipquenzen der DMT-Modulation
synchronisiert wird. Damit wirkt sich diese StSrung nur auf diese Trdgerfrequenz und jhre
" Vielfache aus, sodaB sie sehr leicht durch einen adaptiven Algorithmus kompensiert werden
kénnen.
In Fig.1 ist weiters der dem Sendeteil 50 entsprechende Empfangsteil 51 dargestelit. Die iiber
die Zweidrahtleitung 100 und den Ubertrager 13 von:der anderen Teilnehmerseite
einlangenden Signale werden iiber einen Bandpafl 14 und {iher eine AGC (Automatic Gain
Control}-Einheit, die unabhéingig von den momentanen Signalverhiltnissen auf der Leitung
ein annihernd amplitudenkonstantes Signal erzeugt, an den Eingang eines zum Empfangsteil
51 gehorigen Analog-Digital-Wandlers 16 gefiihrt, dessen Ausgang mit einem HochpaB-
Filter 17 verbunden ist. Das am Eingang des Hochpasses 17 anliegende Signal wird iiber
einen AGC-Regelkreis 18 als Stellgréfie zur AGC-Einheit 15 glickgefiihrt.
Nach dem HochpaB 17 erfolgt die Demodulation des Sighals, aus welchem nur in der
peripheren Datenstelle R der mitlibertragene Pilotton einer Pjlot-AGC-Einheit 20 zugefiihrt
wird, woraus in der Taktgewinnungseinheit 21 ein Referenzsignal fir die
Takterzeugungseinheit 31 der peripheren Datenstelle R gewonnen wird. Diese
Takterzengungseinheit 31 geperiert filr die TDM-Einheit 30 und fiir den Systemtakt die




-5- free transm ssion. The duration of the tinme interval over

Which the tine averagi ng takes place is essen- tially limted by the
storage capacity of the ARQ buffer used. 5 According to

dnot her variant of the invention, it may be provided that in the event
of erroneous woozkigdsm ssion, the data are retransmtted aPCEATHGOO1IY)
been nodified, for exanple by neans of a conputing algorithm 10
This makes it possible to correct the error whi ch occurs during
transm ssion and is caused by the cIi%Ping of part of the anplitude
in the event of

Zeitbasis. Die Datenstelle C benitigt keine Taktgewinnungseinheit, da hier eine unabhingige
, Zeitbasis vorgesehen ist.
Die durch die Ubertragungsstrecke bewirkten linearen Verzerrungen werden in einem an den
DMT-Demodulator 19 anschlieBenden Entzerrer 22 mit update-Funktion beseitigt. Daran
anschliefend findet in einem Dekodierer 23 das Umschliisseln entsprechend einer
Dekodiertabelle statt, woraufhin am Ausgang des Dekodieres 23 wieder ein serieller
Bitstrom vorliegt, der {iber zwei Ausgéinge gefiihrt wird. Der fiir Datenstelle C und R gleich
ausgefiihrte erste Ausgang besteht aus einem Empfangs-Puffer 27 fiir Steuerinformation,
einem nachfolgenden Entwiirfler 28, in welchem die Daten in ihrer richtigen Reihenfolge
wiederhergestellt werden und der Datensenke 29, die die gesendeten Steuerdaten empfingt.
Der zweite Ausgang des Empfangsteils 51, welcher nur fiir die Datenstelle R vorgesehen ist,
ist mit einem ARQ-Puffer 24 verbunden, der die iibertragene Breitbandinformation aus der
Datenstelle C zwischenspeichert, verifiziert und bei Bedarf tiber eine im ARQ-Puffer 24
integrierte Steuereinheit den Befehl zum nochmaligen Senden der fehlerhaft iibertragenen
Daten an den Multiplex-Eingang des Sendepuffers 3 gibt, der zur Datenstelle C
riickiibertragen wird. Am Ausgang des ARQ-Puffers 24 ist ein Entwiirfler 25 und daran
anschliefend eine Datensenke 26 zur Ubernahme der Breitbandinformation angeschlossen.
Werden Daten fiber zwei oder mehr Zweidrahtleitungen, die zumindest teifweise in
Ubersprechabstand gefithrt sind, tibertragen, kann es gescheben, daB durch die gegenseitige
induktive Beeinflussung der Zweidrahtleitungen es zum Ubgrsprechen kommt. Besonders in
einer zentralen Datenanlage, in der viele abgehende Zweidrahtleitungen nebeneinander
gefiihrt werden, kann es zu dieser unerwiinschten Stérung kommen.
Bei einer Ausfilhrungsform des erfindungsgemiéfien Verfahvens wird diese Art der StSrung
vermieden, indem der Zeitmultiplex-Betriecb auf allen Zweidrahtleitungen synchron
durchgeftthrt wird. Dies bedeutet, da8 gleichzeitig iiber alle Zweidrahtleitungen entweder
" gesendet oder empfangen wird, sodaB keine Beeinflussung mehr méglich ist.



transm ssi on overnodul ati on. In a particularly preferred
‘manner, it may be 15 provided in this case that the data are nodified by

| ogi ¢ i nversion. This inversion operation represents an al go-
rithmwhich can be cal cul ated very sinply and can be realized without a

hi gh degree ofwgonmbexity. 20 Furthernore, it mayrchaTIsponyi ded
that the sw tching frequency of an interference source, for

exanpl e a power supply unit, is synchronized with one of the carrier
frequencies of the discrete nultitone nodul ation. 25 As a
result, the DMI nethod, which is sensitivel® to frequency-sel ective

I nterference, can be protected agai nst known interference sources. \Wen
t he switching frequency of the interference source is synchronized
with one of the carrier frequencies o?,#&&@{l}u e0 nodul ati on, the
Interference acts only on this carrie equency and nul tipl es thereof,
with the result that t hey can be conpensated for by an adaptive

al gorithm Crosstal k, which, by its nature, has an inter-

1.  Verfahren zur bidirektionalen Dateniibertragung tiher eine Zweidrahtleitung, wobei
digitale Daten zum Senden oder Empfangen, z.B. mittels diskreter Mehrtonmodulation
(DMT), moduliert bzw. demoduliert und die zu sendenden und zn empfangenden
Daten, zB. durch Frequenzmuitiplexbetricb (FDM) oder Echoausléschung (EC),
getrennt werden, dadurch gekennzeichnet, da die zu sendenden und zu
empfangenden Daten durch Zeitmultiplexbetricb (TDM) getrennt werden, wobei der
zugehdrige Multiplex-Zeitrahmen in eine vorbestimmbare Anzahl N von Zeitschlitzen
unterteilt wird, und davon eine Anzahl K von Zeitschlitzen ausschlieBlich einer
Ubertragungsrichtung, z.B. Senden, und die restliche Anzahl (N-K) von Zeitschlitzen
ausschlieBlich der anderen Ubertragungsrichtung, z.B. Empfangen, zugeordnet wird.

2.  Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB N gieich 30 und K gleich
11ist,

3. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, da im Multiplex-
Zeitrahmen der Datenitbertragung im Zeitmitte] einme vorbestimmbare Anzahl von
Zeitschlitzen fir ARQ (Automatic Repeat Request)-Ubertragungswiederholungen
vorgesehen sind.

4,  Verfahren nach Anspruch 1, 2 oder 3, dadurch gekennzeichnet, daB bei fehlerhafter
Ubertragung die Daten, z.B. mittels eines Rechenalgorithmus, modifiziert wiederholt
iibertragen werden.

5.  Verfahren nach Anspruch 4, dadurch gekennzeichnet, daB die Daten durch logische
Inversion modifiziert werden.

6. Verfahren nach Anspruch 1 bis 5, dadurch gekennzeichnet, dafl die Schaltfrequenz
einer Stérquelle, zB. ein Netzteil, mit einer der Triigerfrequenzen der diskreten
Mehrtonmodulation synchronisiert wird.

7. Verfalren nach Anspruch 1 bis 6, wobei Daten {ber zwei oder mehr
Zweidrahtleitungen, die zumindest teilweise in Ubersprechabstand gefithrt sind,
iibertragen werden, dadurch gekennzeichnet, daB der Zeitmultiplex-Betrieb (TDM)
auf allen Zweidrahtieitungen synchron durchgefhrt wird, sodafl auf allen
Zweidrahtieitungen gleichzeitig entweder gesendet oder empfangen wird.




fering effect on the transmssion, is usually produced 35 when a plurality
ol two-wire |ines, on each of which data are transmtted, are routed
next to one anot her. Accordi ng to anot her enbodi ment of the

met hod a0 BT/839%0® t he i nvention,—ih which data aPET/ARRE6/00112nitted
via two or nore two-wire'lines which are routed

- 6- at least partially at_crosstal k distance, it may be provi ded
that the tinme divi sMefhedi fopl biddpectirpal dataThppnsmisgioned out

synchronously on all of the tWipia a td-SwiddcBingM th the result that
either transm ssion or 5 reception is perforned sinultaneously on all of

t he two-wire |ines.
5 The invention relates to a method for bidirec-

tional data transmission via a two-wire line, digital
data being modulated or demodulated for transmission or
reception, for example by means of discrete multitone
modulation (DMT)}, and the data to be transmitted and
10 the data to be received being separated, for example by
frequency division multiplex operation (FDM) or echo
cancelling (EC). '
In order to eliminate interfering influences of
data to be communicated, known methods of this type
15 carry out separation of the e.g. DMT-modulated data in
frequency division multiplex operation (FDM), different
frequency ranges being defined for the two transmission
directions. Another possible separation option consists
in the application of the echo cancelling method (EC},
20 in which, by using adaptive filters, the influence of
the transmission section on the receiver is suppressed
by adaptive filters. Other séparation methods have not
. been used to date in this connection in the prior art.
During transmission, the FDM method generates a
25 lower and an upper frequency band corresponding to the
two transmission directions. However, since the cable
attenuation is dependent on frequency, major difficul-
ties arise in obtaining the same transmission gquality
for both transmission channels; in the majority of
30 cases, the transmission quality is better in one direc-
tion than in the other. In general, however, it is
desirable to be able to offer quality that is as far as
possible identical for both channels. Furthermore, in
FDM the wvariation of the transmission capacity is
35 associated with considerable effort, since it requires
matching of the bandpass filters used in each case, so
that the channel bandwidth can ‘be correspondingly
increased or reduced.
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As a r'esult, either transm ssion or reception I's al ways perforned at
the sane tine, thereby naking it possible to prevent the individual
receivers frombeing 10 influenced in an interfering manner by
transmtters that are not directly cbnnected. The invention
is explained in nore detail bel ow usi ng an exenpl ary enbodi nent which
is illustrated in  Theheedhawicdgselling methodthas f-i/%uﬁé§01osedr

Figure 1 shows, @ Hefdeedi aﬂﬁaﬁfhéor fﬂ&la@tealso weedt a&saavahta@es,
enmbodi nrent of _the nethod _accor he i nventi

Figure 2 shows i yr affat id |F5I1%§@F§P| ton %?t‘ér%t) ﬁ”ri'bs'fraﬁﬁaﬁc@BFldl ng to
the inventiorrosstalk is aBmdybeCﬂ:Ie@ﬂ’mhcdat q:ﬁdbﬂjmn:&slﬂmsf mditpbdal data

out it At Bhe ent 74T androtantdy BRERER Nt ararpar tadi asBm ng

froma data smgedeell 2bgnal ade cmperlaadgent ﬁtaasanathe)gef¢msnesssun

90 et o 6 SPRELEL e BE°hIGR FoILAR Y AR LSkl n70
converters provided in the transmission and reception
sections, since transmitted and received signals occur

10 simultaneously and they must be appropriately well
separated. The high level differences of the transmit-
ted and received signals require a correspondingly high

- resolution of the A/D converters, which, in- turn,
results in higher product costs.

15 The implementation o©f these known separation
methods FDM and echo cancelling also requires a rela-
tively high computer power, which greatly increase
[sic] the costs for the data transmission. Particularly
when being employed in cases where, such as in the case

20 of ADSL (Asymmetric Digital Subscriber Line), for
instance, high data rates are to be communicated in one
transmission direction (“downstream”) from a central
data station to a subscriber located as part of the
peripheral equipment and comparatively low data rates

25 are to be communicated in the other transmission direc-
tion (“upstream”), the complexity c¢reated in these
known data transmission methods is subject to poor
utilization.

The aim of the invention is to specify a method

30 which is distinguished by a low degree of complexity
with regard to hardware use or computer power, so that
it can be implemented in a simple and cost-effective
manner.

Furthermore, the aim of the invention is to

35 provide a method which enables tramsmissions which
proceed to a great extent only in one of the two trans-
mission directions to be carried out at a high trans-
mission rate. -
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| otated at the end of this line 100. By &@gmwsamm
arriving on the two-wire line 100 is 30 passed as rec

line transforner 13 to the input of A reception seﬂ“‘ﬁﬁlﬂ“

converted into digital data. Since transm ssion and on ar
performed sinultaneously in the met hod according to the inventio
line transforner 35 Blfuzihege obdedti ofi & dmventidnnm dis hke achbene
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the transmission capacity will be possible in a simple
and cost-effective manner.

According to the invention, this is achieved by
virtue of the fact that the data to be transmitted and
the data to be received are separated by time division
multiplex operation (TDM), the associated multiplex
time frame being subdivided into a predeterminable
number N of time slots, and of these a number K of time
slots being assigned exclusively to one transmission
direction, for example transmit, and the remaining
nummber (N-K) of time slots being assigned exclusively
to the other transmission direction, for example
receive.

Since either only transmitter functions or only
receiver functions are active in the method according
to the invention, less processor power than in conven-
tional methods is required, since the latter have to
manage a very high internal data traffic. As a result,
it is possible for a transmission which is carried out
by the method according to the invention to be imple-
mented in a very cost-effective manner.

Furthermore, the method according to the inven-
tion affords the advantage of an identical transmission
quality in both transmission directions, since trans-
mission and reception take place with the same 1line
attenuation in TDM. As a result, bbth transmission
directions can be implemented with the least possible
guality reduction in the same frequency range. A fur-
ther advantage of the method according to the invention
is the very simple changing of the transmission
capacity, which is enabled by corresponding selection
of the number of time slots for the respective trans-
mission direction. '

In the event of asymmetric data transmission,
it may be particularly advantageous if the vast
majority of the data is transmitted in one transmission
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resi dues pass fromthe transmtter to the receiver of hetﬁaerchﬁlaced

subscri ber end is consequently precluded as an interf for
t hi s met hod. In the exenpla{% enbodi ment sho 5
the transm ssion and reception sections 50, 51 both of a centra
station C (CENTRAL) and of a peri pheral data station R ( REMOTE) are

il lustrated diargcting end omlyck amadlaremaingersHasul trarsihieedt 6d such

that the t?x%mort?‘ﬂerdactz%n%&ﬁts'él%ncdlsrééﬁmﬁ?t eﬁufé) wepﬂa&fdéaa&heﬂ 10 R
via the transfornmer 13, the twp-wire |ine 100 _and g further transforner

13. Those fuﬁéﬁléﬁﬂbQansPQWﬁ%WP Sloﬁﬁel§s§8& R P& YRCY hBught a
station C or gReater thandend fmﬂdae&y KATm&:Cé ofdrydiion Aﬂé}&eﬂéyably
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result of the number dialling, for example, the inter-

10 ference effecting a transmission error which absoclutely
must be corrected. However, the data transmission does
not have to be carried out via telephone lines; within
the scope of the invention, the data transmission can
take place via any two-wire line suitable for this

15 purpose. Equally, extremely varied electromagnetic
interference, even such that is external to the system,
may influence the data transmission.

The known ARQ {(Automatic Repeat Request) method
is usually employed for the purpose of error correction

20 in such a way that the data transmission remains free
from errors even in the event of arbitrary interference
on the line, in which case, however, the data through-
put may decrease considerably since an erroneously
transmitted data packet 1s repeated wuntil it is

25 received without any errors. _

In a further design of the invention, there-
fore, it may be provided that a predeterminable number
of time slots for ARQ (Automatic Repeat Request)
transmission repeats are provided on average over time

30 in the multiplex time frame of the data transmission.

Consequently, transmission overcapacity is con-
stantly available in this embodiment. If a data block
is received with érrors, the receiver requests a repeat
only as often as is possible within the scope of the

35 overcapacity which is available on average over time,
thereby enabling the nominal data throﬁghput to be kept
constant in a manner such that it is unaffected by the
transmission repeats. A signal containing relatively
high redundancy is communicated in the event of error-
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the data stations C and R via a bidirectional control channel, a data

rate of 64 kbit/s being stipulated. This control information may refer
to various commands 25 to be issued by_the_subscriber, such as, for

I nstance, PLAY, REWND or the |ike, as are known by a video

recorder, as well as internal control commands, and is conparatively
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information 49 he GuuY) caffd Qalth idre retransmitted after having
been modified, for example by means of a computing
algorithm.

10 This makes it possible to correct the error
which occurs during transmission and is caused by the
clipping of part of the amplitude in the event of
transmission overmodulation.

In a particularly preferred manner, it may be

15 provided in this case that the data are modified by
logic inversion.

This inversion operation represents an algo-
rithm which can be calculated very simply and can be
realized without a high degree of complexity.

20 Furthermore, it may be provided that the
switching frequency of an interference source, for
example a power supply unit, is synchronized with one
of the carrier frequencies of the discrete multitone
modulation.

25 As a result, the DMT method, which is sensitive
to frequency-selective interference, c¢an be protected
against known interference sources. When the switching
frequency of the interference source is synchronized
with one of the carrier frequencies of the DMT

30 modulation, the interference acts only on this carriei
frequency and multiples thereof, with the result that
they can be compensated for by an adaptive algorithm.

Crosstalk, which, by its nature, has an inter-
fering effect on the transmission, is usually produced

35 when a plurality of two-wire lines, on each of which
data are transmitted, are routed next te one another.

According to another embodiment of the method
according to the invention, in which data are trans-
mitted via two or more two-wire lines which are routed
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ohe direction. The transmtted information can
tenstitute every type of voice, inmage or data infornma- tion. Equally,
different rate can be inplenented for the bidirectional control
channel , which, however, can 5 fulfil hot only control functions but al
of the pos- si-bl e data transmi ssion functions. At the i nput
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As a result, either transmission or reception
is always performed at the same time, thereby making it
possible to prevent the individual receivers from being
influenced in an interfering manner by transmitters
that are not directly connected.

The invention is explained in more detail below
using an exemplary embodiment which is illustrated in
the drawings.

In the figures:

Figure 1 shows a block diagram for the imple-
mentation of one embodiment of the method according to
the invention, and

Figure 2 shows a diagrammatic illustration of a
time frame according to the invention.

Bidirectional data transmission of digital data
in accordance with the block diagram illustrated in
Figure 1 is carried out in that, in the event of trans-
mission, the digital data coming from a data source 1,
4 are converted into an analog transmission signal in
the transmission section 50 and are transmitted via a
line transformer 13 of a two-wire line 100 to a sub-
scriber located at the end of this 1ine 100. By
contrast, a signal arriving on the two-wire line 100 is
passed as received signal via the line transformer 13
to the input of a reception section 51, where it is
converted into digital data. Since transmission and
reception are never performed simultaneously in the
method according to the invention, the line transformer
13 can be used instead of a hybrid that is otherwise
customary, as a result of which the often problematic
matching of the hybrid to the 1line impedance is
obviated from the outset. Interfering crosstalk which
is caused by a hybrid and as a result of which signal

ansn1 |on buffer 3 dqf@stﬁganhof the

a



converted according to a predeterminable algorithmin

t he scranbl er 2.
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central data station C is connected to the data station
R via the transformer 13, the two-wire line 100 and a
further transformer 13. Those functional units which
are associated only with the data station C or R are
identified by “ATU-C only” or “ATU-R only”.

Without restricting the general applicability
of the method according to the invention, a home wvideo
system will be described as an exemplary embodiment of
asymmetric data transmission, in which system the wvideo
information of different videos are stored as data in
compressed form in a mainframe in the central data
station C and can be called up via a peripheral data
station R. The control information is exchanged between
the data stations C and R via a bidirectional control
channel, a data rate of 64 kbit/s being stipulated.
This control information may refer to various commands
to be issued by the subscriber, such as, for instance,
PLAY, REWIND or the like, as are known by a video
recorder, as well as intefnal control'commands, and is
comparatively modest in terms of its quantity compared
with the broadband information which is sent from the
central data station C and essentially comprises the
video information which is transmitted at a data trans-
mission rate of 2.048 Mbit/s only in one direction from
C to R. |

However, the data rates cited may alternatively
be selected such that they are completely different,
for example a great deal higher, for the method accord-
ing to the invention, in which case even a data rate of
about 50 Mbit/s to 150 Mbit/s can be made available for
the broadband information to be communicated only in

t$eCh nbRdti BRe®wi 11 be
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bel ow.’ The data arriving serially via the inputs of t he
trransm ssion section 50 are conbined in a predeter-

-9- m nable I ength in the encoder _74in order to reduce the dat a
rate and, using an encoding table, are assigned to a correspondi ng
synbol for the purpose of further pro- cessing. Furthernore, this

encoded si gnd§s MKARIRP- 5 T4 he AL EERSA DVENESTREERR MIISER Tone)
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hLanpass 1480 % p SRR 58 G g BRI
si gnal of thitheénilghdpasstional control channel, which, however, can
5 fulfil not only control functions but all of the pos-
sible data transmission functions.
At the input part of the transmission section
50, two different data inputs are constructed for the
data station C and only one data input for the data

10 station R. The data stream from the data source 1
passes to the first input, which is identical for C and
R, the data source transmitting e.g. essehtially
control commands which pass via a downstream scrambler
2 into a transmission buffer 3 downstream of the

15 latter, the data coming from the data source 1 being
converted according to a predeterminable algorithm in
the scrambler 2. This prevents a relatively 1lengthy,
constant logic state and achieves balanced, random
distribution of the binary states. Afterwards, the

20 scrambled signals are buffer-stored in the transmission
buffer 3. In the data station R, the data issuing from
the transmission buffer 3 are multiplexed by means of a
device MUX with other data, which are generated in the
ARQ buffer 24 and contain repeat instructions.

25 ‘The data stream from the data source 4, which
generates the broadband information, reaches the second
input of the transmission section 50, which is designed
only for the data station C, the data stream reaching
the second input of the transmission section 50 via a

30 downstream scrambler 5 and via an ARQ (Automatic
Request) buffer 6, which contains a CRC generator by
means of which error correction coding is carried out.
The data converted in the scrambler 5 are buffer-stored
in the ARQ buffer 6 and repeated in the event of

35 erronecus transmission. A special ARQ transmission
technique according to the invention will be described
below.

The data arriving serially wvia the inputs of
the transmission section 50 are combined in a predeter~-



10 filter"9 is converted into an anal og signal by neans of a

di-gi tal -to-anal og converter 10, which anal og signal passes via a
bandpass filter 11 and then via ang - anplifier 12 to the
transfornmer 13. On the one hand, t he bandpass filter 11 again perforns
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time frane beinglasatcgsedTaecldigiivelly dutparte dignslneEf this high-pass
10 filter 9 is converted into an analog signal by means of
a digital-to-analog converter 10, which analog signal
passes via a bandpass filter 11 and then via an
amplifier 12 to the transformer 13. On- the one hand,
the bandpass filter 11 again performs the function of
15 the high-pass filter 11 [sic] and, on the other hand,
it clips the high-frequency voltage spikes caused by
the analog-to-digital {sic] converter 10. The frequency
of the analog-to-digital [sic] conversion is selected
to satisfy the sampling theorem such that sampling by
20 the analog-to-digital [sic] converter 10 is effected at
least twice for the highest frequencies that occur.

The transmission section 50 and the reception
section 51 are controlled by a TDM (Time Division
Multiplex} unit 30, with the result that, according to

25 the invention, the data to be transmitted and the data
to be received are separated by time division multiplex
operation, the associated multiplex time frame being
subdivided into a predeterminable number N of time
slots, and of these a number K of time slots of the

30 time frame being assigned exclusively to one transmis-
sion direction, for example transmit, whefeas the
remaining number N-K of time slots being assigned
exclusively to the other transmission direction, for
example receive. For this purpose, the TDM unit

35 controls the transmission section 50 and the reception
section 51 by activating them at the given time. In
this case, the transmission section 50 and the recep-
tion section 51 are never in operation at the same
time, as a result of which the processor power required



sion direction, for exanple transmt, whereas the remai ni ng nunber N-K
of- tinme slots being assigned exclusively to the other transm ssion
direction, for exanpl e receive. For Bth pur pose, the TDM unit 35
controls the transmi ssion section 50 and the reception section 51 by
activating themat the given tine. In_ , this case, the transnission
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5 verter 16 of the receiver section. This advantage is
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highly cost-effective on account of the direct propor-
tionality of resclution and price in the case of
analog-to-digital converters. .
The method according to the invention has the
10 advantage of a relatively low bandwidth requirement and
a very low degree of complexity, which is reflected in
the hardware and in the requisite computer power. In
conventional methods for separating transmission and
reception, a considerable part of the computer power is
15 lost on internal communication, whereas in the method
according to the invention, this auxiliary computer
capacity can be kept very low. : '
The limit of the method according to the inven-
tion is where the proportion of transmission and
20 reception approaches the 50% limit, since other methods
such as echo cancelling or the like can then be imple-
mented with the same or less complexity.
Figure 2 illustrates the time frame subdivided
into time slots which is of the kind used in the method
25 according to the invention. The two transmission
directions are identified by the expressions “upstream”
and “downstream”. In this example, the total time frame
is 20.625 ms long and is subdivided into various slots
of 625 us, the majority of the data being transmitted
30 in the downstream direction. This division is particu-
larly advantageous when a bidirectional channel having
a low data rate and a unidirectional éhannel having a
high data rate are required in one transmission direc-
tion. In the exemplary embodiment illustrated, control
35 commands are transmitted via the bidirectional channel
by the time slots designated by CONTROL in the down-
stream and upstream directions and video information is
transmitted wvia the unidirectional channel by the 30
downstream time slots designated by VIDEO together with
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Figure 2 illustrates the tinme frame subdivide into tine slo ich is

of the kind usedtif FRR2FREHo4tilization, this ratio can be matched
automatically in accordance with the current require-

10 ment. The defined transmission and feception times have
the advantage over frequency division multiplex trans-
mission that data to be received and data to be'trans-
mitted do not have to be processed simultaneously, as a
result of which the computer power or the hardware

15 outlay can be designed to bé correspondingly low. One
encoded and DMT-modulated data unit is transmitted in
each DMT slot. _

For ARQ transmission repéats, a predeterminable
number of time slots for ARQ transmission repeats are

20 provided on average over time in the multiplex time
frame of the data transmission according to one embodi-
ment'according to the invention. For this purpose, when
the data are transmitted, they are continually written
to the ARQ transmission buffer 6 and forwarded again

25 from the latter to the encoder 7. In this case, the
data leaving the buffer 6 are transmitted more rapidly
than said buffer is filled. The last data block is in
each case entered anew into the resulting gap, said
data block, however, being identified as a repeated

30 block at the receiver end and being automatically
eliminated. Consequently, in the event of error-free
transmission, transmission is constantly performed with
overcapacity, without the transmitted information
content being greater.

35 As soon as a transmission error occurs, the
receiver in the peripheral data station R detects the
error by means of its CRC error detéction in the ARQ
unit 24 and then forwards the command for data repeti-
tion via the multiplexer of the transmission buffer 3,



25 according to the invention. The two transm ssion directions are

dentified by the expressions "upstreant and "downstreanf. In this
exanple, the total time frane is 20,825 nms long and is subdivided into
various slots of 625 [err]s, the majority of the data being transmtted
30 in the downstreamdirection. This division is particu- larly.
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wth the erroneous transmission is passed to the ARQ buffer

6. _

In this exemplary embodiment, only one auxi-
liary slot is available, on average owver time, for this

10 purpose, which corresponds to an overcapacity of 3.33%.
The duration and number of the auxiliary slots are not
subject to any restriction in this connection and can
be adapted to the respective conditions as desired
within the bands of what is technically feasible.

15 After an erroneous transmission, the repeat
transmission is then carried out in the subsequent time
frame, which repeat transmission may extend over a
plurality of successive time slots. Averaged over time,
only one time slot per frame should be used for the

20 repeats in this example.

The time interval over which the time average
is calculated is defined by the size of the ARQ buffer
store. As soon as the latter is filled to capacity with
information, no further repeats can be carried out and

25 the erroneous data block must be output as transparent.

In contrast to a conventional ARQ method, the
time interval which is defined for the data repeats is
fixed on average over time. As a result, it is not pos-
sible for the situation to arise where, on account of a

30 relatively lengthy interference, the transmission is
repeated until it is free from errors and, as a result,
the transmission time is greatly increased. The known
ARQ method causes the data transmission to be repeated
even in the event of arbitrary interference until it is

35 received without any errors, as a result of which,
however, the data throughput decreases to a very great
extent. In contrast, the fixed overcapacity lying
between 2 and 10%, but preferably between 3 and 5%, in
the method according to the invention causes the trans-

i



one auxiliary slot on average over tinme. This type of transm ssi on can
be effected for any desired inforna- tion itens. The
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correspondi ng encoded an data“unit
transnittedjaﬁ transpar<Nd. sl ot . For ARQ transm ssion repeats,
a predeterm nabl e In the case of a signal which is modulated by

discrete multitone modulation (DMT)}, the ratio of peak
value to average value is very large, with the result

10 that clipping of the signal peak represents a frequent
error source. In order to correct this error in a
simple manner, after erroneous data transmission, the
digital bit train can be modified during the -repeat
operation in the transmitter, for example by a comput-

15 ing algorithm, and then retransmitted. In the receiver,
the computing algorithm used is correspondingly applied
inversely and the data are recovered. As a result, this
transmission error can be eliminated very effectively.
In particular, transmission of the sesrroneous data in

20 inverted form can be implemented in a simple manner in
terms of circuitry or computation.

A further interference source in the DMT method
results from the switching frequency of the voltage
supply used, for example of the power supply unit,

25 since this switching frequency lies in the transmission
range and, consequently, manifests its effect as
frequency-selective interference. Added to this is the
dependence of this interference on o¢ther influencing
variables, for instance the load currently present on

30 the power supply unit. This type of ihterfe;ence can be
reduced by synchronizing the switching frequency of the
power supply unit with one of the carrier frequencies
of the DMT modulation. As a result, this interference
acts only on this carrier frequency and its multiples,

35 with the result that they can be compensated for very
easily by an adaptive algorithm.-

Figure 1 furthermore illustrates the reception
section 51 corresponding to the transmission section

50. The signals arriving from the other subscriber end
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the command fasytradt a isepeppnectedt  ba @ a highpAsy plfdddierof ’he The
transm ssi on YAl present at the input of the high-pass filter 17
10 is fed back as manipulated variable to the AGC unit 15
via an AGC control circuit 18. .

The high-pass filter 17 is followed by
demodulation of the signal, from which, only in the
peripheral data station R, the concomitantly transmit-

15 ted pilot tone is fed to a pilot AGC unit 20, from
which a reference signal for the clock generation unit
31 of the peripheral data station R is obtained in the
clock recovery unit 31. This clock generation unit 31
generates the time base for the TDM unit 30 and for the

20 system clock. The data station C does not require a
clock recovery unit since an independent time base is
provided there.

The linear distortion effected by the trans-
mission path is eliminated in an equalizer 22 which

25 follows the DMT demodulator 19 and has an update func-
tion. Afterwards, decoding in accordance with a decod-
ing table takes place in a decoder 23, whereupon a
serial bit stream is again present at the output of the
decoder 23, which bit stream is passedfvia two outputs.
30 The first output, which is constructed identically for
data station C and R, comprises a reception buffer 27
for control information, a downstream descrambler 28,
in which the data are re-established in their correct
order, and the data sink 29, which receives the trans-
35 mitted control data. The second output of the reception
section 51, which is provided only for the data station
R, is connected to an ARQ buffer 24, which buffer-
stores and verifies the transmitted broadband informa-
tion from the data station C and, if required, passes



- 12 - * which command is then transnmtted as control i nfor- mat i on

viia the bidirectional channel. In the central data station C, this
information is demultiplexed in t he;gecei ver buffer 27 after passing
through the 5 receiver section 51, and a control connand to repeat t he

erroneous transm ssion is passed to the ARQ buffer In
this exenpl aFpeeRBBBRRENEOToFEREHSE éﬁﬁnsmlSSHQQﬂ%ﬁsﬂhﬁ SETeRRPYEBY e, on

e ol e S ey SIS, S0 o
are nolto yéﬁgj g’&’%%ﬁo § &ty F_stPfcd %l%@b‘ﬁﬂ@ét |tg‘r‘? a‘?‘l’EF 1d-
sion buffer 3, which command is transmitted back to the
5 data station C. Connected to the output of the ARQ
buffer 24 is a descrambler 25 and, following the
latter, a data sink 26 for accepting the broadband
information. i
If data are transmitted via two or more two-
10 wire 1lines which are routed at least partially at
crosstalk distance, it can happen that crosstalk occurs
as a result of the mutual inductive influence-of the
two-wire lines. This undesirable interference may occur
particularly in a central data station in which a large
15 number of outgoing two-wire lines are routed next to
one another.

In one embodiment of the method according to
the invention, this type of interference is avoided by
carrying out the time division multiplex operation

20 synchronously on all of the two-wire lines. This means
that either transmission or reception 1is performed
simultaneously wvia all of the two-wire lines, with the
result that influencing is not possible.



e T This Sheet Has Been Replaced _ o

be-adapted'to the respefiil ns as desired Wi thin the bands of
what is technically feaalﬂnﬁlnﬁﬂlm ll After an erroneous
transm ssion, the rep ission is then carried out in the
subsequent tine frame, which repeat transm ssion may extend over a

plurality of WQc8@401960tine slots. Averhged over tine, PCT/ATO6400EL2ti me
sl ot per franme should be used for the 20 repeats in this exanple.

The tine interval over which the tine average i's calculated is defined
by the size of the ARQ buffer Pagent £laimsn as the latter is filled to
capacity with i nformation, no further repeats can be carried out and 25

t he erroneous_data bl ock st _be out puyt .. as transparent. .. In
contrast to alconventeoﬁﬁgﬂﬁﬁb Fhofldiggctiongl AR o READSPL THLOR

defined fa& theadat atwepebts iline, digkeabndavar @img/emoﬁiu\a[ﬁteﬁs &
result, it is : I le for. the situation to ari ere n
account of a %88892?5 ?9e §§Igﬁﬁgﬁ%n%%1%ﬁf%#eﬁgg?p%%ﬁg’t%%ﬁﬂﬁ%ﬁﬁp ° s
repeated untibyi maans reé fdignmatreorguihitons aodisldttion (DMER, and
transm ssion $hg8egh8adi2ie) AU EANGEd Tk kPRUNgata £BQUBLIOL fAuses the

data transm ssion to be repeated L
being separated, for example by frequency division

10 multiplex operation (FDM) or echo cancelling (EC),
wherein the data to be transmitted and the data to be
received are separated by time division multiplex
operation (TDM), the associated multiplex time frame
being subdivided into a predeterminagble number N of

15 time slots, and of these a nﬁmber K of time slots being
assigned exclusively to one transmission direction, for
example transmit, and the remaining number (N-K) of
time slots being assigned exclusively to the other
transmission direction, for example receive.

20 2. The method as claimed in claim 1, wherein N is
equal to 30 and K is equal to 1.

3. The method as claimed in claim 1 or 2, wherein
a predeterminable number of time ' slots for ARQ
(Automatic Repeat Request) transmission repeats are

25 provided on average over time in the multiplex time
frame of the data transmission.

4. The method as claimed in c¢laim 1, 2 or 3,
wherein in the event of erroneous transmission, the
data are retransmitted after having been modified, for

30 example by means of a computing algorithm.

5. The method as claimed in claim 4, wherein the
data are modified by logic inversion.

6. The method as claimed in claims 1 to 5, wherein
the switching frequency of an interfefence source, for

35 example a power supply unit, is syncﬁ:onized with one
of the carrier frequencies of the discrete multitone
modulation. -
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even in the event of arbitrary interference until it is 35 received without
any errors, as a result of which, homever, the data throughput
decreases to a very great extent. ggfontrast, the fixed overcapacity

| yi ng between 2 and 10% but prefer y between 3 and 5% in t he
met hod according to the invention causes the trans-

- 13 - m ssi on tBheemespedt aab oflgimedofitencdaimg podsl bbe datap thin

the scope of Eéﬁl@veﬁﬁ@ﬁgtwd krﬂaort%r 610 more "BkBLAL Bet NenaaMyWIalcHlat a
t hroughput. If one of 8 urali successive incorrect, data bl ocks
geaﬁl*ed £ e%%’f

can no 5 |orffef BEUte A§tr SeRLbor Adct FROSFtatk Qisfancer as

transparent. wherein the time division multiplex operation (TDM} is
| 5 carried out synchronously on all of the two-wire lines,
with the result that either transmission or reception
is performed simultaneously on all of the two-wire

lines.
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Ih the case of a signal which is nodul ated by di screte nultitone

-nodul ation (DMI), the ratio of peak 1ﬂ?lue to average value is very
large, with the result 10 that clipping of the-signal peak represents a
frequent error source. In order to correct this error in a si npl e
manner, after erroneous data tra”S”iSSEQﬂ<>the digital bit train can be
nodi fi ed during the repeat operati pm™@ the transmtter, for e4§gple by
a conmput- 15 ing algorithm and thesr—et+rgnsmtted. In the receiver; ,

the conputing al gorithmused is cojrema#ndi ngly applied I nver sgIfy and
the data are recovered. s S [——transnisskon euror c be
elimnated very effegcti Y. Mrparticul ar, trandm gsi omof th
erroneous data in verfed formcan be inplenentea iy a sinple manner in
terms of circuitry nput ati on. A furtt rTter f erence source
in the DMI' net hod results fromthe switching fre of the voltage

supply used, for exanpl e of the power supply unit, 2% stmceg ¢ hi ng
frequency lies in thetTamsmn ssion range and, co thy, nmanifeésts
its effect as FTqugpcv-selective interference. Added to this is the
E ...—L.q—-
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dependence ‘of this interference on other influenci ng vari abl es, for
instance the load currently present on 30 the power supply unit. This type
of interference can be reduced by syncly®ni zing the sw tching frequency
of the power supply unit with one of the carrier frequencies ~of the
DMI nodul ation. As a result, this interference acts only on this
carrier frequency and its nultiples, 35 with the result that they can be
conpensated for very easily by, ap adaptive al gorithm Fi gure
1 furthernore illustrates _ecqptr}on spetion 51 corresponding to the
transm ssi on section . ge gighals arriying fromthe other subscriber
end Qo - 14 -
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via the two-wire line 100 and the transforner 13 are passed via a

bandpass filter 14 and via an AGC (Automatic Gain Control) unit, which
génerates a signal of approxinately_cqngtant anplitude irrespective of
the 5 instantaneous signal conditions on"the line, to the i nput of an

anal og-to-digital co [l e 6, whi | S, . ssociated with the reception
sectign 51 agd V\hoseweetﬁ%{]t%?ﬁw&gg’éﬁﬁﬁﬁ?ﬁﬂft%aﬁa h?ﬁ?ﬁffﬁ’s%?*?’l‘ter 17. The
signal present at the input of théahhghwpawira Ntiee 17 10 is fed back as
mani pul ated variable to the AGC unit 15 via an AGC control circuit 18.
The high-pass filter 17 is followed by denpdul ation of the
signal, fromwhich, W©atyipWephéon redatieshdraladaethetatfioon b dies-

concom tantl y ¢16A8M datd  d:athaihd d1d@Neris f£d difb Arfild ot AR Uiyl 20
from which,a reference signal for the clock generation unit 1 of
t he peripheraJd%E&%Pﬁta?FBntR %?(Hﬁ%ﬂﬁﬂ%?qqﬁt thecpagktpdc fagpy tmi t

31. This cl ockbgenecali-ed mﬁhgsheparagﬁwr%peﬁiﬁxaedjtimiaasemi‘lttriﬁl@c TDM
Unit 30, and ol 0 PHOKETRSACE s allRa e S B G R e
being subdivided into a predeterminable number N of
10 time slots, and of these a predeterminable number K of
time slots being assigned exclusively to one transmis-
sion direction, for example transmit, and the remaining
number (N-K) of time slots being assigned exclusivély
to the other transmission direction, for example
15 receive.

US-A 4 796 255 has disclosed a telecommunica-
tions system in which the transmission time on the
transmission path between two stations that transmit
and/or receive data is subdivided into time slots of

20 predeterminable duration. In this case, a specific
number of time slots of the time frame may be assigned
to one transmission direction and the remaining number
to the opposite transmission direction.

The aim of the invention is to specify a method

25 which is distinguished by a low degree of complexity
with regard to hardware use or computer power, go that
it can be implemented'in a simple and cost-effective
manner.

Furthermore, the aim of the invention is to

30 provide a method which enables transmissions which
proceed to a great extent only in one of the two trans-
mission directions to be carried out at a high trans-
mission rate.

A further object of the invention is to achieve

35 a very good transmission quality with relatively little
technical outlay, the intention being that a change in

AMENDED SHEET
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provi ded there. The linear distortion effected by the trans-

m ssion path is elimnated in an equalizer 22 which 25 follows the DMI
denodul ator 19 and has an update func- _ ., tion. Afterwards, decoding in
accordance with a decod- ing table ta%es pl ace in a decoder 23,

wh L al _bi I_S.: [ {. t put _.of th

docoder 23 wnPef brinsRrbaibhe 2ipaladyli 058 g it i8R 't

out put, which asdccostreffedtivennagaetry for ~data station C and R,

compri ses a reception RUILERsZT co cha! 1698hEQbnl NEALIALON A JANISly eam
I C e da their co

descranbl er 28, in ta are re-established i n rect
order, and thevintresPfikthe, fastcihalecihesdigbtaladstazzreninqditlaisid r ol

data. The secogdgodbRdlulhtble ieGRMnPof digesbtaNmalt iWineh degurpvi ded
only for the data s R, is connected to an ARQ buffer 24, which

zﬁﬁlon
buf f er - st bteR Tberifies the transm tted broadband i nfornma- tion
fromthe data station thaddgderf tocelimidatpadiseerfering influences of

data to be communicated, known methods carry out
separation of the DMT-modulated aata in frequency
10 division multiplex operation (FDM), different frequency
ranges being defined for the two transmission direc-
tions. Another possible separation option consists.in
the application of the echo cancelling method (EC), in
which, by using adaptive filters, the influence of the
15 transmission section on the receiver is suppressed by
adaptive filters. Other separation methods have not
been used to date in this connection in the prior art.
During transmission, the FDM method generates a
lower and an upper frequency band corresponding to the
20 two transmission directions. However, since the cable
attenuation is dependent on frequency, major difficul-
ties arise in obtaining the same transmission quality
for both transmission channels; in the majority of
cases, the transmission quality is better in one direc-
25 tion than in the other. In general, however, it is
desirable to be able to offer quality that is as far as
possible identical for both channels. Furthermore, in
FDM the variation of the transmigsion capacity is
asgociated with considerable effort, since it requires
30 matching of the bandpass filters used in each case, so
that the channel bandwidth can be cofrespbndingly
increased or reduced. _ '
The echo cancelling method that is disclosed,
furthermore, in the prior art also has disadvantages,
35 although of a different nature, Thus, near-end
crosstalk is a major technical problem in this method,
since the signal distance between transmitted and
AMENDED SHEET
IPEA/EP



the command for renewed transm ssion of the erroneously transmtted

data via a control unit integrated in the ARQ buffer 24 to the

mil tiplex input of the transnis- sion_ buffer 3, which command is
transmtted back to the 5 data station C~ Connected to the ortput of tget
A buffer_24 i descranb] er 25 and, follow ng the atter, a data
s:qgk 26 for acfgﬁﬁ"?{ﬁgt e dbanderY 3785 et oﬁg therefore necemta are

transnmitted vi aaryotor samesﬂw\meﬂ;ﬁ) vl gle keqtﬁsrwﬂeﬁ?ﬁa{r@déowfted:l}% Agast
tially at I e appen at craqssta occurs
ggralfesﬁlt ofc?ﬂeégég%gl ?gein %ﬂﬁ %@é%h%$ﬁﬁ AETLHIMRs.
Thi s undesirabﬁ@ctﬁ©asieﬁem©snﬂganammnted apdr receligelly sigraleenseabr dat a
station in gwhi ghnmg1lan88udPyNUghE" %eQUtIQQéE'g kgg\o_é(f)ﬂfoﬂffgéef};e WP ed

o]
next t separated. The high level differences of the transmit-

ted and received signals require a correspondingly high
resolution of the A/D converters( which, in turn,
results in higher product costs.

10 The implementation of these known separation
methods FDM and echo cancelling also requires a rela-
tively high computer power, which greatly increase
[sic] the costs for the data transmission. Particularly
when being employed in cases where, such as in the case

15 of ADSL (Asymmetric Digital Subscriber Line), for
instance, high data rates are to be communicated in one
transmission direction (“downstream”) from 'a central
data station to a subscriber located as part of the
peripheral equipment and comparatively low data rates

20 are to be communicated in the other transmission direc-
tion (“upstream”}, the complexity created in these
known data transmission methods is subject to poor
utilization.

Since either only transmitter functions or only

25 receiver functions are active in the method according
to the invention, less processor power than in conven-
tional methods is required, since the latter have to
manage a very high internal data traffic. As a result,
it is possible for a transmission which is carried out

30 by the method according to the invention to be imple-
mented in a very cost-effective manner. '

Furthermore, the method according to the inven-
tion affords the advantage of an identical transmission
quality in both transmission directions, since trans-

35 mission and reception take place with the same 1line
attenuation in TDM. As a result, both transmission
directions can be implemented with the least possible

AMENDED SHEET
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one anot her. I n one enbodi nent of the method according to

the invéntion, this type of interference is avoi ded by carrying out the
time division nultiplex operation 20 synchfonously on all of the two-wire
| ines. This neans that either transm ssion or reception is performned

P L aneous! Y otedth) Al dOnt U 5 MhAGSEy ranhETUd T
PCT/ AT96/ 00112ther advantage of the methodPaimrirdiisi Mo the invention
is the very simple changing of the transmission
capacity, which is enabled by corresponding selection
5 of the number of time slots for the respective trans-

mission direction.

In the event of asymmetric data transmission,
it may be particularly advantageous if the vast
majority of the data is transmitted.in one transmission

10 direction .and only a small remainder is transmitted in
the other transmission direction. This is provided when
the number N of time slots is selected to be very much
greater than the number K. This condition is preferably
fulfilled when N is equal to 30 and K is equal to 1.

15 Since the method according to the invention can
be employed for data transmission via telephone lines,
pulse-like interference may occur on the 1line as a
result of the number dialling,'fdr example, the inter-
ference effecting a transmission error which absolutely

20 must be corrected. However, the data transmission does

| not have to be carried out via telephone lines; within
the scope of the invention, the data transmission can
take place via any two-wire line suitable for this
purpose.

25
{(Continues on page 4 of the original description)
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1. . Amnmethod for bidirectional data transmssion 5 via a tw-wre
li.ne, digital data being nodul ated or denodul ated for transm ssion or

reception, for_exanple by nmeans of discrete multitone nodul ati on (DM),
and the daR®: tH‘bﬁén’PFan’%ﬁ‘ﬁ%te&PBHHc%wfdé’Fafb'B e/ 103d&i vedl4775wei ng
separ at ed, forAppaiphrtbyEffieguencxudtyiaiag 10 multiplex operation

(FDM or echo cancelling (EQ, wherein the data to be transmtted
and the data to be received are separated by tinme division nultiplex
operation (TDM, the associ ated rgEWi PAEENT i QRATM abe bei ng subdi vi ded
into a predeterm nable nunber N of 15 tinme slots, and of these a nunber K
of tinme slots being assi gned exclusively to one transm ssion direction,
for exanpl -t ransndt eilPd h&ozenbildilngchiobel (dak3 dfransmissiors| ot s

bei ng assi gnedvgécauw@seméuihe Ofthgr dlgltta&a'a%ﬂas%oo'béj'éxea%{ﬁ]n&“ccé@r -

exanpl e receive. gerreto as claimed in cl in Nis
equal to 30 anﬁn‘?( Fgeef?&glltf’ flata to be reqpivad: hedngs sepata@d byl ai m

1 or 2, whereibime ddvipiedetraildijside opefReionOf(TOM)Mans! ehe dddo- ARQ

10 ciated multiplex time frame being  subdivided into a
predeterminable number N of time slots, and of these a
predeterminable number K of time slots being assigned
exclusively to one transmission direction, for example
transmit, and the remaining number (N- K) of tlme slots

15 being assigned exclusively to the other transmission
direction, for example receive, wherein the digital
data are modulated and demoduiated by means of discrete
multitone modulation (DMT).

20 The original patent claims 2 to 7 are retained
unchanged.
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i nver si on.
the switching frequency of an interference source,
supply unit, is synchronized with one

di screte multitone

as

cl ai ned

in

claim1,
t he

frane of the data transm ssion. )
wherein in the event
data are retransmtted after

2

or 3,

f or

35

4

havi ng been
The

f or vaD97/e1snpl e by neans of a conputing al gorit hmpCr/AT96/00112
nethod as clainmed in claim4, wherein the data are nodified by logic
6. The nmethod as claingt2 in clains 1 to 5, wherein

(Automati c Repeat Request) transm ssion repeats are 25 provided on average
over time in the nultiplex tinme
The net hod
of erroneous transmission,
nodi fi ed,

exanpl e a power
of the carrier frequencies of the

nodul ati on. o
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- 17 - 7. The nethod as clainmed in clains 1 to 6, data bei ng

transmtted via two or nore two-wire |ines which are routed at | east
partially at crosstal k di stance, wherein the tinme division nultiplex
operation (TDM is 5 carried out synchronously on all of the two-wire
l'ines, Wi t o d¥deBsul t that either transm ssion or receptpiCTATI6N0132
performed simultaneously on all of the two-wire i nes.
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