- 1 PROCEDURE FOR SI MULTANEOQUS TRANSM SSION I N TI ME AND FREQUENCY OF
MULTI PLE COVMUNI CATI ONS OF DATA BY MEANS OF OFDM MODULATIONS 5 OBJECT OF
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that of data communications in any transmission medium,
and its main advantage is that it allows equipment to be
capable of correctly receiving signals from its own
network while ignoring signals of lesser power reaching
it from other networks, without any need to carry out a
post-processing on reception. Thanks to this, the
inventive procedure permits the reutilisation of the
channel in time and frequency for different
communications by means of modifications in the starting
symbols, in such a way that the rest of the
communications are indistinguishable from the background
noise for a given communication. The transmission
capacity is thereby increased due to not having to use
mechanisms for sharing the channel among the different
communications. |
PRIOR ART OF THE INVENTION
In the majority of telecommunications systems, a

situation can occuxy in which many different
communications are transmitting at the same time via the
same channel. This can happen voluntarily, in order to
try to transmit a greater amount of informatiom, or
because there exist different data networks whose
communications cross in the same moment.

In the state of the art, the procedure for

distinguishing the right communication consists of

to
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2 addressing the comruni cations by neans of incorporating a destination
address in the information being transmtted. |In order to use this nethod,
the receiver needs to denodulate the signal so that it can then accept it
or 5reject it, in the event that it does not contain the right address.
Anot her possibility is to coordinate the networks using co-existence
procedures for sharing out the tine or range of frequencies of the
comuni cati ons channel anong the different comunications. 10 One possible
solution is described in patent WO 98/09381, titled "Hi gh Capacity Wrel ess
Communi cation Using Spatial Subchannels"™ in which the comunications
channel is arated i.nto a ser.ies .of igggpendent subchannel s for each one
r
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i nvention nsj of .a al l.y: di f procedure in_ _which.no additiona
processindﬁ?s%kﬁé edEPorﬁgéhi%%%%gI&ﬁﬁgﬁﬁo-5%%stgﬁ§ lg?rcdﬂ%%%?céF?ons in a
si ngl e chameldulzzaAnohdesitoam ofo ctralyi by cum miben phecaptess tar t he

channel 1S fedise;£0de,di vhal o dl LERREXING (6B q IhisnclPLgd,d equi T es
Wi deni ng the transm ssion bandw dth, and_ so a nmuch broader bandwdth is
used than Bt ne@dedss or ANeaReYi MPssulitlidveohfruhPcaooslinpte pgittecedure of

the 25 i nupitydiikd MIEOMES ddeeffisiencyrsbnagrbhe fanduhdi-hngf odthe signal
is not wwdened. ,In either of these nmethods of the state of the art, it is

necessary T c&tFy OFft IARERsSEnG TGHYESS ot i FhSorRIMUry Gad@ R t he
correct i nfieinradll efindrigo e el 30 cepH P rdmbglndidig t o the same network. The

i nventjve procedure avoids having,to carry, out . hroni sation with the
slonatl of Feoltis hERBEtkiE: VIHIIPLOR chhe oRaitae TRt ef o ¢ here
is no needa/ @338y attlady “pigicessipegiay retepless, Gimomiducisirgnal s from
ot her Using Spatial Subchannels” in which the communications
channel 1is separated into a series of independent
subchannels for each one of the communications. In that
15 procedure, an array of antennas is used for carrying out
the spatial seﬁaration of the subchannels. The present
invention consists of a totally different procedure in
which no additional processing is needed for achieving
the co-existence of communications in a single channel.
20 Another form of carrying out multiple access to the
channel is to use code division multiplexing (CDMA). This
method requires widening the transmission bandwidth, and
so a much broader bandwidth is used than that needed for
carrying out the communication. The procedure of the
25 invention improves the efficiency since the bandwidth of
the signal is not widened.

In either of these methods of the state of the art,
it is necessary to carry out processing on reception in
order to recover the correct information £from the

30 equipment belonging to the same network. The inventive
procedure avoids having to carry out synchronisation with
the signals of lesser power arriving from other networks,
and therefore there 1s no need to carry out any
processing on reception, since the signals from other

35 networks become merged with the background noise of the



35 networks beconme nerged with the background noise of the 3 - channel. It
can be pointed out that the Spanish patent referring to "Access procedure
to transm ssion nmeans of nultiple communications nodes on el ectric network"
with 5 nunber ES2221803, belonging to the sane patent hol der as the present
i nvention, describes a procedure in which a transmssion starting signal is
used. The inventive .procedure can be used on this signal in order to solve
the problens of interference produced mnong 10 comuni cati ons nodes using
the sane technol ogy but belonging to different networks using the sanme
comuni cati ons channel. DESCRI PTION OF THE I NVENTION I n order to achieve the
obj ectives and avoid the 15 drawbacks nentioned above, the invention
consistS(ﬁh%Pn%;ocedure for sinultaneous transmission in time and

frequency of muiti plah c@EURdaited@ns ook dahatbytReanspehisFDM r@aul ati ons,
wher e nultigée connugicq ions: of data, are being carried out at the same
time on tHeE SHE 2D ERanASCoRTd RTPSHHEIT at St &rePRGLSEIAR M tfsed in t he
transm ssimonl oipldecbmaneicebapast erddesd om thattirtic cwmgwdrdes wbehfying the
startipg si f 1 S8 f _each muuni_cati.on .b ns of altering
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rest of theheopnaaeoat iiowentdionsi dlanriibas ne andceflnequemcywhiidth aespect to
a given Commleald i, argarepl dedibialt A8 Beldg, nane- Fack,copuni cati on
is characterised by the use of @ common set of starting signals wth

certai n diRfeeREULrBOCRRakACtEFESt PR thiematEglesinoPrale dohmemi @t i on.
There exi sthaany ghdfrmant ways of jaedikxragckhe phanaekari stagen®f the

starti%g signal which can be _used to formthe set of distjnct
connu&icat? gn%ﬁﬁp%quongodes using the same technoclogy but

belonging to different networks using the gsame
communications channel.
DESCRIPTION OF THE INVENTION

In order to achieve the objectives and avoid the

15 drawbacks mentiocned above, the invention consists of a
procedure for simultaneous transmission in time and
frequency of multiple communications of data by means of
OFDM modulations, where multiple communications of data
are being carried out at the same time on the same

20 channel and in which a starting signal is used in the
transmission of the frame, characterised in that it
comprises modifying the starting signal for transmission
of each communication by means of altering at least one
parameter constituting that signal in such a way that the

25 rest of the communications coinciding in time and
frequency with respect to a given communication are
regarded by it as being noise. |

Each communication is characterised by the use of a
common set of starting signals with certain distinct

30 characteristics from the rest of the communication.

There exist many different ways of modifying the
characteristics of the starting signal which can be used
to form the set of distinct communications, and the one
chosen by the invention is the alteration of the

35 parameters constituting said signal. Standing out among




chosen by the invention is the alteration of the 35 paraneters constituting
said signal. Standing out anong 4 these alterations is the frequency shift
of that signal, tinme shift, alteration of the symmetry characteristics of
the signal, of the duration of each repetition of the base signals formng
the stating signal, of the phase and 5 anplitude ratios between the carriers
of the starting signal or alteration of the nunber of repetitions of the
base signals formng the starting signal- A conbination of these
alterations could al so be used. In the particular case of using a frequency
shift in 10 order to nodify the starting signal, said shift will be equal
to a fraction of the separation between carriers of the OFDM nodul ati on.
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equal to a fraction of the separation between carriers of
the OFDM modulation.
Below, in order to facilitate a better understanding
of thisg descriptive specification and forming an integral
15 part thereocf, some figures are attached in which, on an
illustrative rather than limiting basis, the object of
the invention has been represented.
BRIEF DESCRIPTION OF THE FIGURES
Figure 1.- - Represents two master slave networks

20 in which the communications within each network interfere
with the communications of the other network.

Figure 2.- Shows the alteration to the starting
signal «consisting of the frequency shift of the
communication carriers using the inventive procedure.

25 Figure 3.- . Shows an example of the problem it is
intended to avoid: confusing a starting signal receilved
from another network with the starting signal of one’s
own network.

Figure 4.- Represents an example of embodiment

30 in which the alteration of the starting signal consists
of modifying the duration of the repetitions of the base
signals forming that signal.

Figure 5.- Represents an example of embodiment
in which the alteration of the starting signal consists

35 of using a different number of repetitions of the base



Figure 5. - Represents an exanple of enbodinent in which the alteration of
the starting signal consists 35 of using a different nunber of repetitions
of the base 5 - signals form ng that signal. DESCRIPTI ON OF VARI QUS EXAMPLES
OF EMBODI MENT OF THE | NVENTION A description is now going to be given of
various 5 exanples of enbodi nent of the invention, wth reference to the
nunberi ng adopted in the figures. Figure 1 shows a typical exanple in which
the inventive procedure can be used fpr_increasing the transm ssion '
capacity when there exist two conmunications 10 fromdifferent networks
using the sanme channel. In this exanple, two independent master-slave

networks are represented, the first network conprising nmaster equi pnent
(1) and y%%ﬂ?ﬂ%ﬁhﬁ%ﬁﬁﬁnqZﬁh%ﬁuF%Qﬂ?%econd networ k master equi pnent (4) and
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of what hﬁgfens 30 when 'equi pnent (14) receives a starting signal for a

franelPromiHe SthePreui PRENPTRA USd NGt et sRpR Cgpnel.” In This
example, two independent master-slave networks are
represented, the first network comprising master i

equipment (1) and slave equipment (2) and the second
network master equipment {(4) and slave equipment (5). The |
15 proximity between the two networks means that the !
communications (3) made in the first network and the
communications (6) made in the second network can be
received by the opposite netwo'rk, though presumably with
less power than that sent by the equipment in the
20 communications network itself. Due to using the same
communications technology, the messages sent by the other
network will be received, demodulated and finally
rejected {(due to not belonging to the equipment of the
network itgelf) with all the cost that this entails. This
25 problem can occur in communication (7) between masters
and in communication (8) between slaves and even 1in
crossed communication (9) arid {10) between the masters
and slaves of opposing networks.
In figure 3 an example can be seen of what happens
30 when equipment (14} receives a starting signal for a
frame from the other equipment in its own network (15)
and from the other eguipment of the other network (16)
using similar technology. Although the starting signal
(17) received from the other network arrives with less
35 power than the starting signal (18) of the network



and fromthe other equipnent of the other network (16) wusing siml
technol ogy. Al though the starting signal (17) received fromthe ot
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phase/amplitude ratio between carriers, or the total
duration of the signal. By minimally modifying the
properties of the starting signal for the frame it is
possible to prevent detection by the receivers looking
exactly for that property, in such a way that wvarious
sets of possible tuned transmitters and receivers will be
achieved which would be capable of continuing with their

own communications while merging the communications from

the other sets with the background noise. This
constitutes the main advantage of the inventive
procedure. Given that the communications from the other
systems come to form part of the background noise and
this can imply an increase in that noise, the performance
of each individual system can find itself reduced, but,
by being able to transmit several sets simultaneously,
the aggregate performance of them all can be greater.
Although there exist many different means for
achieving this effect, by modifying the characteristics
of the starting signal, in this specific example of
embodiment, a frequency shift is performed between the
carriers making up the starting signal for the two
communications in such a way that the carriers have

sufficient separation so that a receiver that is not

y, the
i st many



of the starting signal, in this specific exanple of enbodinent, a frequency
shift is perforned between the carriers nmaking up the starting signal for
the two comrunications in such a way that the carriers have 35 sufficient
separation so that a receiver that is not 7 synchronised with the correct
position of the carriers is incapable of obtaining the information
transmtted in the shifted carriers. In figure 2, the shift of carriers can
be observed 5 between the two systens in the exanple of enbodinment. In

this case, the shift is 1/ that of the7distance between carriers; though
other fractions of this value could be wused, such as 1/ or ' with simlar
results. In that figure the situation in frequency of the carriers (11) of

the 10 fir nd t-he carrlers 2) of, the ond network  can be
seen. Lik %&n %ﬁgééldﬂ}%hs?&ﬁw CHe ééﬁ%%h %ff%h?l%§r%%$ﬁ%éﬁsthe
carriers (J;Lrlqammleg 1%y abtaheingwthaeimboksatAnot heanexbnpée df epbodi nent
can be Squ?ifﬁ1dgng%l 4 in which the alteration of the starting signal

consi sts anging t duration of the repetitions of the base signal
formng the stafti fﬂgg'él'@nalf. tReprduidiit eelf | parhaersf cg@r &at areethmd dur ati on
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second 20 network. On receiving a startin ion (22) of
each repetFf13DnCpgedi fher shifly obf t He tdlﬁtatQ%nth(EZP)l%@IDé@ deetiweame act ual
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S
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can be seen. Likewise, the figure shows the frequency
shift (13) between the carriers (11) and (12) of the two
networks.

Another example of embodiment can be seen in figure .

15 4 in which the alteration of the starting signal consists }
of changing the duration of the repetitions of the base
signal forming the starting signal. Represented in that
figure 4 are the duration (21) of each repetition in the
first network and the duration (22) in the second

20 network. On receiving a starting signal, if the duration
(22) of each repetition is different from the duration

(21) selected in the actual network, then the receiver
will ignore that signal. The starting signal can also be
altered by modifving the number of repetitions of the

25 Dbase signals forming the starting signal. This example of
embodiment can be seen in figure 5, where one network
functions with a starting signal having seven repetitions

(23} and the other network functions with a starting
signal having three repetitions (24). If the receiver

30 does not hear the number of repetitions selected in its

network, it ignores the starting signal and waits until
it receives a starting signal with the right number of

repetitions.




30 does not hear the nunber of repetitions selected in its network, it

I gnores the starting signal and waits until it receives a starting signal
with the right nunber of repetitions. 8 - CLAIMS 1.- PROCEDURE FOR

SI MULTANEQUS TRANSM SSI ON I N TI ME AND FREQUENCY OF MULTI PLE COVMUNI CATI ONS
OF DATA BY MEANS 5 OF OFDM MODULATIONS, in which nmultiple comunications of
data are nmade at the sane tinme on a single channel, and in which a starting
signal is used in the transm ssion of gthe frame; characterised in that it
conprises nodifying the properties of the starting signal for transm ssion
of 10 each communi cation by neans of altering at |east one of the
constituent paraneters of said starting signal so that the rest of the
comuni cations coincident intime and frequency with respect to a given
comuni cation are regarded by sai dCLAmMSNi cation as being noise. 15 2.-

o CAT! s o R R s Ralebot e SR SET NI gt U L
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FREQUENCY drtam e AREdeORVUNEEAREONS TERISATA BYSWEANS abRngEIM MIBULATI ONS,

accordi ng i:p N2, s il e diged i dhad :Ltrhed?é t&ré{gr&%é)ﬂ‘ A her starting
signal consists of 25 a frequency shift. 4.- PROCEDURE FOR SI MJLTANEQUS

TRANSM SSIT¢ | NFFMRE CARPPERESLEREY 16F WAL PEECGGQIVBNIGQAT‘I‘@:@WQDATA BY
MEANS  OF tBRDMMAARATEONT: tﬂc@@ﬁhmﬂg) £l gaidam Zﬁoﬁtw@cg@rg@qql dm that the
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the constituent parameters o¢f said starting signal so

that the rest of the communications coincident in time
and frequency with respect to a given communication are
regarded by said communication as being noise.
15 2.- PROCEDURE FOR SIMULTANEOUS TRANSMISSION IN TIME
AND FREQUENCY OF MULTIPLE COMMUNICATIONS OF DATA BY MEANS
OF OFDM MODULATIONS, according to claim 1, characterised
in that each communication uses a common set of starting
signals with at least one parameter different from the
20 rest of the communications.
3.- PROCEDURE FOR SIMULTANEOUS TRANSMISSION IN TIME
AND FREQUENCY OF MULTIPLE COMMUNICATIONS OF DATA BY MEANS
OF OFDM MODULATIONS, according to claim 2, characterised
in that the alteration of the starting signal consists of
25 a frequency shift.
4 .- PROCEDURE FOR SIMULTANEOUS TRANSMISSION IN TIME
AND FREQUENCY OF MULTIPLE COMMUNICATIONS OF DATA BY MEANS
OF OFDM MODULATIONS, according to claim 2, characterised
in that the alteration of the starting signal consists of
30 a time shift.
5.- PROCEDURE FOR SIMULTANEOUS TRANSMISSION IN TIME
AND FREQUENCY OF MULTIPLE COMMUNICATIONS OF DATA BY MEANS
OF OFDM MODULATIONS, according to claim 2, characterised
in that the alteration of the starting signal consists of
35 a change in the symmetry characteristics of the signal.




AND FREQUENCY OF MULTI PLE COVMUNI CATI ONS OF DATA BY MEANS OF OFDM

MODULATI ONS, according to claim?2, characterised in that the alteration of
the starting signal consists of 35 a change in the symetry characteristics
of the signal. 9 6.- PROCEDURE FOR SI MULTANEQUS TRANSM SSION IN TI ME AND
FREQUENCY OF MULTI PLE COVMUNI CATI ONS OF DATA BY MEANS OF OFDM MODULATI ONS,
according to claim2, characterised in that the alteration of the starting
signal consists of 5 a change in the duration of the base signals form ng
the starting signal. 7.- PROCEDURE FCGR -SI MULTANEQUS TRANSM SSION I N Tl MVE
AND FREQUENCY OF MULTI PLE COVMUNI CATI ONS OF DATA BY MEANS OF OFDM

MODULATI ONS, according to claim2, characterised 10 in that the alteration
of the startin # con5|st of,__a change in the ratios of phases and
ampl i tudes. bet CER0RE T EP TBHEARRAPS TERNeMTReTOR TRBEDURE FOR
SI MUL TANEQLI®Y m@nm @F INIFTILE AtddnRRE¢APSONOOMBbATLOLEY GEMAWSN CATI ONS

OF DATA BY. MODUL AT ONS, di I
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accor di ng s'axtHan Bigwhbr acterised in that the frequency shift is equal to;

a fraction of the SREOGEPERENFOR! WRADLEANEDBES TANSMY SITM ¢ LAl On.
AND FREQUENCY OF MULTIPLE COMMUNICATIONS OF DATA BY MEANS
OF OFDM MODULATIONS, according to claim 2, characterised
10 in that the alteration of the starting signal consists of
a change in the ratics of phases and amplitudes between
the carriers of the starting signal.
8.- PROCEDURE FOR SIMULTANEQOUS TRANSMISSION IN TIME
AND FREQUENCY OF MULTIPLE COMMUNICATIONS OF DATA BY MEANS
15 OF OFDM MODULATIONS, according to claim 2, characterised
in that the alteration of the starting signal consists of
using a different number of repetitions of the base
signals forming the starting signal.
9.- PROCEDURE FOR SIMULTANEOUS TRANSMISSION IN TIME
20 AND FREQUENCY OF MULTIPLE COMMUNICATIONS OF DATA BY MEANS
OF OFDM MODULATIONS, according to claim 3, characterised
in that the frequency shift is equal to a fraction of the

separation between carriers of the OFDM modulation.
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