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PCT/ EP 98/ 05451 5 DATA TRANSM SSI ON SYSTEM W TH RELAY STATI ONS
BETWEEN A SOURCE STATI ON AND A TARCET STATION The invention relates to a
data transm ssion systemfor the digital transm ssion of data, including
voi ce data. 10 A decentralised data transm ssion network wi th nunerous dis-
tributed stations is known fromDE 33 37 648 C2, in which direct data
communi cation takes place only between nei ghbou- ring stations. The

transm ssion path froma source station to 15 a target station is
defi ned b}ﬂ¥i§£ﬁ§§ig§$§%ing system and the data are then transmtted from
station to station in both directions on different channels. In this
context, each of the stations transmits on a single channel, which is used

only for linking exactly two stations. This, however, requires a corre- 20
spondi ngl y aditle CRANSMISSTON FEHSERM mimtmt.zdatsmmmﬁmrba& ween the

stations of a data trangg d¥% the Internet. In
this case, data are groupe}z}%l ggbpac s an a]#1ese p%‘%f&g}e 25

transmtted separately via the nost favourable transm ssion path in each
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are at least equivalent to the tine require transm t ne packet
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a tele- 30 phone system The del ays woul d accumnul ate |n accordance with
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nm ni ni ses MdélgEtatiange %qma@mlssn.on path from a source station to
15 a target station is defined by a special routing system and
the data are then transmitted from station to station in both
directions on different channels. In this context, each of the
stations transmits on a single channel, which is used only for
linking exactly two stations. This, however, requires a corre-
20 spondingly adapted data rate.

Packet-oriented data transmission between the stations of a
data transmission network is also known from the Internet. In
this case, data are grouped in packets and these packets are
25 transmitted separately via the most favourable transmission
path in each case. This kind of packet transmission causes
considerable delays, which are at least equivalent to the time
required to transmit one packet. Due to the associated delays,
packet transmission of this kind is unfavourable for a teleé
30 phone system. The delays would accumulate in accordance with
the number of stations involved in transmission, particularly
in a decentralised data transmission network which uses sta-
tion-to-station transmission. |

35 The object of the invention is to design a decentralised digi-
tal data transmission system which enables the use of diffe-
rent transmission channels between two stations and greatly
minimises delays at the same time.



2 According to the invention, the obj.ect is solved by the featu- res
specified in Patent Claim1. The data transm ssion system according to the
i nvention is 5 characterised in that the signal s received at each
station are converted synbol - by-synbol fromthe reception channels to at

| east one different transm ssion channel” This neans that each synbol flow

g i RBeOrAgREnts Ahd AL doh S AR IokGRCkO LN Eat (BRSBY SERS el o.
Thi s=process I's S ar ormn ormaf1 on pac consi sting of
a single syepospecifiliedein hptent @h@bm h synbol is one bit. However, it
can also con- sist of a nunber of related bits, such as the eight bits re-
presenting a letter synbol. During a transm ssj.on, the nunber of bits, per

synbol posT??oﬁaﬁ§(ﬁﬁﬁﬂ%ﬂ&s%ﬁqmlﬁyﬁtgﬂbaGF&ﬁﬁépgJEP thendnygRfdPof i t s
per sgmbol chér&i@f:éflﬁde@tlﬁ hendegHyigignefl & reseives am, edenegﬁiaﬂgo@ natde

d d ft I t Synbol nmbol
Conver si orEABEREEERaF YRy~ BY AV AL AFON SAE H5 RS AIBUITANe 1 h B ¢ he
synbol fIoMeastrampudxﬁfgﬂenﬁuﬁraﬁsﬁmssloﬁTmhamMHlayThasrmbahsdthatt@mcmo
ot nat Lhesy RebyStohifooRal R NGUNdL hAMElm A% § Nomil ool

channel s i S normma onlsed certarn ma |ng
is reqU|reﬂh%etﬁabsmﬁésbgng@hﬂ@nglgnaThtanpb@CQ$an3ﬁ1$l@dlan 39n§¢wmmngmﬁth

the ipansm $gbLRatiién- pr&@k%tsThééan$@¥ngh%‘fevgr siny 18 N 1' N IRY aghé Ce,
it anpbunts 25 to roughly one to two sy 03|t|ons de] ays of the

i ndi vi dual Sélf‘%&?%hsca%%unﬁl SYBoohsig %%ulP%tof PWRVEF ni #‘alcml ayS@atC¥RAThH
i ndi vi dual ssgatbena hbfbeesult kegatedalbidel ayueh tde ﬁrfea@igrﬁslmspaféu S

sl acceplablees 39 a 146E0L LpLP. HREELSL o0 SO0EL AL om0 n{hiSer
of bits per symbol position is constant within a sub-channel.
15 The number of bits per symbol is defined at the beginning of
transmission, depending on the required or desired degree of
transmission quality. Symbol-by-symbol conversion means that
only a delay equivalent to one symbol position of the symbol
flow is required at each station. This delay is related to the
20 fact that the symbol string on the_incoming'channels and the
outgoing channels is normally not synchronised, meaning that
a certain waiting time is required before the outgoing signal
can -be transmitted in synchrony with the transmission chan-
nels. This delay, however, is minimal. In practice, it amounts
25 to roughly one to two symbol positions. The delays of the
individual stations accumulate. As a result of the minimal
delay at each individual station, the resulting total delay of

the transmission path is still acceptable.

30 According to a preferred configuration of the invention, the
transmission channels are divided into sub-channels, each of
which is suitable for transmitting a symbol flow and where the
symbols of all sub-channels of a transmission channel are
transmitted synchronously. This means that each station can

35 receive incoming signals on all channels. The outgoing sub-
channels can be transmitted in concentrated fashion on a sing-
le channel or a few selected ones. The symbol positions of all
sub-channels are transmitted synchronously on each channel,



transm ssi on channel s are divided int.o sub-channels, each of which is
sui'table for transmtting a synbol flow and where the synbols of al
sub-channel s of a transm ssion channel are transmtted synchronously. This
neans that each station can 35 = receivg inconmng signals on all channels.
The outgoi ng sub- channels can be transnitted in concentrated fashion on a
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Preferably, allocation for transmitting envisaged channels
occurs at a station in such a way that all transmitting sub-
channels of this station are located within just a few chan-
20 nels. This considerably reduces the number of channels to be
used. In this context, it must be borne in mind that, if a
station is transmitting on a channel, this channel cannot be
used by neighbouring stations, in order to avoid interference
or other disturbances. Even if a station uses only one sub-
25 channel of a channel, the entire channel is reserved for this
station. Therefore, all connections which run through a speci-
fic station are preferably distributed over sub-channels all
contained in the same channel.

30 In a preferred configuration of the invention, appropriate
error correction bits are added to the contents of the syn-
chronously transmitted symbol positions of the sub-channels of
a channel, and error correction is carried out at the recei-
ving station, in order to reduce the probability of error in

35 the data link. Known methods can be used for error correction,
such as the FEC method (Forward Error Correction) or the ARQ
method (Automatic Re-transmission Request). The special featu-
re in the present case is that the contents of the synchro-



station js transmtting on a channel, this channel cannot be used by
nei:ghbouring stations, -in order to avoid interference or other

di sturbances. Even if a station uses only one sub- 25 channel of a
channel, the entire channel is reserved Eor this station. Therefore, al
connections which run through a speci- fic station are preferably
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Error detection of this kind can be provided by a redundant

15 - error control element (e.g. parity bit), this error control

element being added to the synchronously transmitted symbol

positions of all sub-channels of a channel. It is alternative-

ly or additionally possible, after each transmission of a pre-

~defined number of symbol positions of a sub-channel, to gene-

20 rate an error detection bit for each sub-channel, which corre-
sponds to the consecutive information contents of this sub-

channel, error detection being carried out at the receiving

station.
\VFS A practical example of the invention is described in more
detail below based on the drawings.
The drawings show the following:
30 Fig. 1 A diagram of part of the data transmission system
showing the distributed stations,
Fig. 2 An example'of a connection from a source station to
a target station,
35

Fig. 3 A coupling matrix for frequency conversion at each
station,



Error detection of this kind can be provided by a redundant 15 error
control elenment (e.g. parity bit), this error control el enent being added
"to the synchronously transmtted synbol positions of all sub-channels of a
chanmel . It is alternative- |y or additignally possible, after each

transm ssion of a pre- defined nunber of~ synbol positions of a sub-channel,
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error detection bei nbl%rmﬁl"éﬁl?é&hwntm Figei Vi n@n@t ation. A
practical exanple of the invention is described in nore deta|I bel ow based
on the dramings The draw ngs show the follow,ng: 30 A di agram
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Fig. 8 An exanple aiamn@pnmﬁsml@ﬂréf%@ﬁré@w@@ Bies | &fdterot adeeéc-
station, 35 Fig. 3 tl ﬂbgllng matri x for frequency conversion at each
station, 5 Fig. 4 %hple of data flows running through the coup-
ling matrix shown in Fig. 3, and Fig. 5 A di agram of the consecutive
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ment. Two frequency bands of 12.8 MHz each are available for
_ radio transmission of the data. The two frequency bands are
N\ separated from one another by duplex spacing. One frequency

band is designated as the uplink and the other as the down-
15 link. In order to establish a connection,” a channel in the
uplink is used for the connection in the one direction and a
channel in the downlink for the connection in the other direc-
tion, so that the two directions are completely decoupled from

one another in terms of frequency.

20
In this practical example, the two frequency bands of 12.8 MHz
bandwidth each are divided into a total of 1,280 channels with
a width of 20 kHz. Some of these channels are used as informa-
tion channels for establishing a connection and for other
\,}5 purposes. Each station can receive on any of the available

channels and transmit on any of the available channels.

In Fig. 1, it is assumed that a connection is to be establis-
hed between a source station S61 and a target station S65.

30 This connection runs via stations S60 and S63, which act as
relay stations. In addition, a connection from station S62 to
Station S64 is relayed by station S60.

In the example of an established connection shown in Fig. 2,
35 data transmission from S61 takes place on channel Cl, data
transmission from S60 to S63 on channel C25 and data trans-
mission from S63 to target station S65 on channel Cl12. Station
560, which is given special consideration in this example,



ment. Two frequency bands of 12.8 MHz each are available for radio

transm ssion of the data. The two frequency bands are separated from one
another by dupl ex spacing. One frequency band is designated as the uplink
and the other as the down- 15 l'i nk. Ig order to establish a connecti on,

a channel in the uplink is used for the onnection in the one direction and
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In addition, a connection fromstation-S62 to Station S64 is relayed by

station S60. In the exanple of an established connection shown in Fig. 2,
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- Each station contains a channel register CR-1l...CR-n for every
15 channel Cl...Cn. Channel register CR-1 contains eight informa-
tion symbol positions 1...8, where each of the symbol posi-
tions corresponds to one sub-channel SC. Thus, channel Cl is
divided into eight sub-channels 1...8. Each sub-channel has a
bandwidth of 20 kHz, where the frequencies of all sub-channels
20 1-8 are consecutive. A unidirectional data link can be estab-
lished over one sub-channel SC.

Figure 3 shows the time-slot patterns for sub-channels 4 and

5 of channel Cl, in which symbols are transmitted to channel

25 register 1. Transmission takes place at a frequency of 20 kHz
Y in a continuous symbol flow.

The synchronously received symbols (in this case: bits) of the
sub-channels of a channel enter a receiving register ER1...ERn
30 and are transmitted from there to the respective channel regi-
ster CR-1...CR-n with a delay of two symbol durations. Channel
registers CR-1 ...CR-n are each associated with the columns of
the coupling matrix. The coupling matrix has n rows and m
columns, where each row and each column is assigned to a dif-
35 ferent sub-channel and a different frequency. The,rows of
coupling matrix KM each correspond to one sub-channel or
transmitting frequency. Each channel has one channel register
CR-1...CR-n, which contains one symbol position for each sub-



connection is to be established, and selection of the channels 5 are
handl ed by way of a dial ogue conducted between the parti- cipating
stations. Routing (path-finding) and establishnment of the connection are
not the object of the present invention._Figure 3 shows a coupling matrix
KM which is contained in 10 each sta?lon For reasons of sinplicity,
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each §Ub- pmatrix, so that the bit located in position No. 1 of receiving
channel'register CR-1 is transmitted to position No. 2 of
transmitting channel register CR-25 for channel C25.

In the same way, the signals received on sub-channel No. 4 of
20 channel C2 are transmitted to sub-channel No. 6 of channel C25
and sent out on this channel.

Figure 4 shows an example of the timing of signals received on
the sub-channels of channels C1, C2 and C3. At the associated

25 station, such as station S60 in Figs. 1 and 2, the signals
received there and intended for relaying are converted to
channel C25. For station S60, a dialogue with the neighbouring
stations previously determined that channel C25 is available
for data transmission.

30 _
As Fig. 2 shows for the selected practical example, station
560 receives the data from station S61 on channel Cl which it
is supposed to relay to station S63. Consequently, these data
are converted to channel C25 at station S60. At station S63,

35 the same data are converted to another channel, such as Cl2,
and transmitted to target station S65.

In the selected example, station S60 considered here receives
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7 channe] 1...8. The synbol positjons of all transm ssion-side channel
fegi§ters are associated with the rows of coupling matrix KM Each
transm ssi on-si de channel register CR-1...CRn is assigned a transm ssion
register SR ...SRn. 5 Coupling matrix KM is of integrated circuit design,
mhere_correspondlng control S|gnals can 8onnect the nodes to the
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channel C25. In the signals received on sub-chann
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sent out on this channel. Figure 4 shows an exanple of the tim ng of
signal s received on the sub-channels of channels Cl, C2 and C3. At t he
associ ated 25 station, such as station S60 in Figs. 1 and 2, the signals
recei ved tlﬁ'eglerané i sttergl etthéorcanslemys irom aoﬁ theveldtal a6 Gt@Eviein R0, For
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2 shows fo¢2th%h%%¢ ed2ey @racw@mr’eadmmegh@mml oP25, but to different
sub-channels. In this context, the time axis is designated as
— "t" in each case. The top line of Fig. 4 shows that the symbol
positions transmitted on channels Cl, €2 and C3 are delayed
15 relative to one another by a maximum of the duration of one
Symbol position. For this reason, the data are retained in
channel register CR-1...CR-n (Fig. 3) until the associated
symbol position has been received for all channels. Conversion
to the outgoing channels is then carried out simultaneously in

20 coupling matrix KM.

In addition to the symbol positions of sub-channels 1...8,
which transmit the information, three other bit positions have
been added to each channel for error correction bits A, B, C.

25 ~ The contents of these additional bit positions are analysed in
receiving register ERl...ERn and used to correct errors in the
information bits received simultaneously on one channel. Only
the corrected information bits are entered in the correspon-
ding channel register CR-1...CR-n.

30
In transmission registers SR1...SRn, error detection bits A,
B, C are added to the eight information symbols of a channel,
before the entire bit volume is transmitted. These error de-
tection bits are generated by an error detection algorithm in
35 accordance with the contents of the information symbol posi-

tions. After receiving the entire signal, error correction is
performed in the same way using the algorithm.



860 recelves the data fromstation S61 on channel Cl which it is supposed
to relay to station S63. Consequently, these data are converted to channel
C25 at station S60. At station S63, 35 the sane data are converted to
anot her channel, such as Cl12, and transn;tted to target station S65. In the
sel ected exanple station S60 consi dered”here receives 8 signals from
station S nn C2. These signal e rela d t o .st.ati on, S64.
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S60 transm tsgfrgao%g% nbec?i é{'}% ”%L%nsgﬁﬂxéi ? F Erglé‘%tg ng Ehghﬁféﬁéggl:i %ﬁ%%84
shows the t@pveranpploihave @bﬁéeé@ngtéx¢@weE5@esioIn Fidmi ch, werequereyved
by ststions SdracSan W@ h@iatawét@ln&rbsa@lﬁat 8raffa tORYREEET 1O

channel b b to different sub-chanpels. his context, the tinme axis
i s desi gnated g Teg. qrﬁogac?P]E’é%%th"hebﬂ-BpRoisr’réWSFlpg' ﬂrsﬁo&a“t%a?e?%e
synbol posaddedsts reimsnlisedsab-channel s(&lanf@l ang" €3 are del ayed 15
relative to one another by a maxi mum of the duration of one synbol

position. For this reason, the data are retained in channel register
CR-1...CRn(Fhg. PS‘)&C[!r-mclall térampbocshven dpnifdlg.posi t aonokad keereigei ved

for gl C@&E@ééut@é‘vﬁﬁrﬁbe'i‘st Q. h&QUEHQhﬂglcQ%“gftflééeé h?ﬂe syr‘r%&{ij out

S|nultaneously I n coupling trix KM In ad ron to
posi ti ons oFORAb- Wﬂﬂe&osytlceﬁ RehWéHi oy §e8%Rdnsha pPArdErabibnfor heaeh

ot her bit m&nmhamabesmsadaeévbg %@ehéﬂi@a&@ J0TeFdPOrdEQES€L£4H ON

bi 2 The tents of these . a ional .bit positions are
?Pe aéhltlon oéx¥%e error detectlon Ets and theqerror correc-

ysed|
tion bits, and the analysis of these bits on the basis of the
15 “information content, are carried out. separately for each
transmission link. These additional bits are not involved in

frequency conversion.

As an alternative to the practical example described above, in

20 which the assignment of the sub-channels to the frequencies is
fixed, the assignment of the sub-channels to the frequencies
can be changed after each symbol step. This makes it possible
to ensure that a disturbance cannot permanently interfere with
a sub-channel.
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recei Vi ng regi ster ERL...ERn and ,used to correct errors in the information
bk ts, recei ved S|nultaneously on one channel . Only the corrected information

bits are entered in the correspon- di ng channel reg!ster CR-T bﬁ-ﬁ‘d38 {n

transm ssion registers SRL...SRn, error detection :’ ﬂ: ed to

the eight information synbols of a chanrﬁa, bef ore E!mmmiﬂ“ ‘mm unme i s

transmtted. These error de- tectiggﬁggiaﬁﬁ%f¥generated by an" er¥ or*

detection algorithmin 35 accor ththe contents of the

i nformati on synbol posi tions After receiving the entlrﬁ si gnal , error
correctionyis r 4BV I, u

shows a chénnePﬁé{Q %Q?o p03|$?%€§ ?EEFS a§|oﬁ:3t%9ﬁﬁ¢élf

where the nunbe¥iigh csnr@néy ?69@5@|Mﬁ(ﬂﬂﬂQQHnﬂaﬁﬁﬂﬂﬂmmnnnQatmgnamdth
represent sub- ché éurirﬁl@SQtﬁ%QbﬁQarkﬂﬁl §efﬂa&eaﬁ&éf ec&%rHsﬂfs%%%ﬁ%ﬁén

Fi 5, frequen increases_ fromleft to right I ncreasi ng
Ol’gl nal numnber. %’41% t‘ﬁl?%%ee"i‘r%Ym%l‘ %l:‘PW&be?%s%gt?%rféomﬁe@tUﬁa%ﬂﬂ‘been

added to the IabﬁlsubschaahehléebamVia"Eﬂé chanhbe Bﬁ%ﬂWHéﬁe‘%%§E&§h§h0““
in Fig. 5 a tof consecuti v %égbol i n . the channel

of ;e
fol | owed by anzé%ﬁte? %%5W93§nﬁ5|sﬁ%§F?.8ﬁ cﬁnﬁﬁqﬁfﬁifﬁﬁF%ﬁnblt
for each sub-chtunetiemais afsbay estvaisidms, purpose of error detection. The
addi {pon of the error detection bits and the error correc- tion bits, and
the analysis of these bits on the basis of the 15 i nformati on content,
are carried out€ s’ép?ar%t%l‘il ¥R Rakiste ghsm SBi oh hidkt These additional
bits are not involved in frequency conversion. As an alternative to the

[ described above, in
pract i cal exanple sfgna ] recegved at each station (S) are converted

from the respective reception channel to a different

15 transmission channel, the conversion of the symbol flow
arriving on the receptioh channel to the transmission
channel taking place symbol-by-symbol.

2. Data transmission system as per Claim 1, characterised in

20 that the transmission channels are divided into sub-chan-

nels (SC), each of which is suitable for transmitting a

symbol flow, and that the symbols of all sub-channels

(SCl...SC8) of a transmission channel are transmitted
synchronously.

3. Data transmission system as per Claim 2, characterised in
that bits (A, B, C) are added to the synchronously trans-
mitted symbol positions of the sub-channels (SC1...8C8)
of a channel based on the information contents of these

30 symbol positions, where error detection and/or error
correction is carried out at the receiving station.

4. Data transmission system as per Claim 2 or 3, characteri-
sed in that error detection and/or error correction is,=”
35 ' carried out on each individual sub-channel via a Bre—
defined number of symbol positions.
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characterised in that

15 the conversion of the symbol flow arriving on the recep-
tion channel to the transmission channel taking place
symbol-by-symbol.

2. Data transmission channel as per Claim 1, characterised

20 in that the symbolipositions received'with time shift on
the individual reception channels are retained before the
conversion as long as the associated symbol position has

been received for all reception channels.

25 3. Data transmission system as per Claim 1 or 2, characteri-
& sed in that the transmission channels are divided into
sub-channels (SC),'each of which is suitable for trans-
mitting a symbol flow, and that the symbols of all sub-
channels (SCl...SC8) of a transmission channel are trans-
30 mitted synchronously énd are transmitted in a station
parallel, symbol-by-symbol from one or several reception

channels to one or several transmission channels.

4. Data transmission system as per Claim 3, characterised in

35 that bits (A, B, C) are added to the synchronously trans-
mitted symbol positions of the sub-channels (SCl...SC8)

of a channel based on the information contents of these

symbol positions, where error detection and/or error



channels (SC1...SC8) of a transm ssion channel are trans-
synchronousl'y, and are transmtted in a station oarallp PLﬁgt%yﬂ%gﬁEET
fromone or several reception channels to one or severa

channel s. 4. Data transm ssion system as pe ! ﬂ iﬁﬂi rlsed in 35
that bits (A B, C are added to the synchron d synbol

posi tions of the sub-channel s (SCL. . SC85 of a channel based on the
information contents of these synhol, positions, where Qrror tect ion

and/or error  CPFTEGEAER: i&n CRETI& | % ti@ EFE SIS §'§f5}|on 5.
Data transm ssion systemas per Caim3 or 4, characteri- sed in that error

detection %nd/og %rr%Faﬁgﬁ gg&re_ ggFgm %Sn%%% #ﬁ ﬁgg% ORL K %?%Qterl—

i ndi vi dual “sub anne ‘bositions
sed in that error detection and/or error correction is

5 carried out on each individual sub-channel via a pre-

defined number of symbol positions.
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