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BAND-EFFICIENT METHOD AND SYSTEM FOR
TRANSMITTING/RECEIVING A COMMUNICATION SIGNAL
USING A CHANNEL BAND

FIELD OF THE INVENTION
The present invention relates to the field of the
telecommunication systems. More in ©particular, the
present invention relates to the methods and the systems
for efficiently transmitting/receiving a communication

signal using a channel band.

BACKGROUND OF THE INVENTION

In a telecommunication system user data are
converted into signals suited to be transmitted over a
channel, which may comprise a copper wire, an optical
fiber, a free space channel, etc. Depending on physical
characteristics, the channel has a frequency band, also
known as channel band, or band, in which signals can be
effectively transmitted.

Based on the channel and on the channel band,
signals, which usually are electromagnetic signals, are
generated so as to optimize the telecommunication system
throughput, that 1is the amount of data effectively
transmitted by all the users of the telecommunication
system. Of course, more than one telecommunication
system may access the channel.

The generation of the signals comprises two main

operations: a modulation operation, including mapping
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the user data on changes of physical quantities of the
electromagnetic signal, such as a carrier ©phase,
frequency and/or amplitude; a multiplexing operation,
including sharing the channel band among independent
users, that is among their data flows.

Besides advanced modulation schemes, such as Phase
Shift Keying (PSK), Binary Phase Shift Keying (BPSK),
Quadrature Phase Shift Keying (QPSK), Quadrature
Amplitude Modulation (QAM), etc., several multiplexing
techniques have been proposed in order to maximise the
channel band exploitation.

Generally, in known telecommunication systems, the
band is not used in an efficient manner. In fact, each
user of the telecommunication systems exploiting the
channel is statically given a portion of the band,
hereinafter referred to as subband, centred around a
subband central frequency, which is typically the
frequency of a corresponding subcarrier. The subband is
used Just when the user effectively transmits data,
being unused when the user is silent. In such a way, the
occupation, meant as effective utilization, of each
subband and, consequently, of the overall band, depends
on the behaviour of the users. Since not all the users
transmit all the time, partial inactivity periods occur,
leading to a low spectral efficiency, meant as the ratio
between an amplitude of a range of frequencies carrying
information and the overall channel bandwidth, because

each subband is dedicated to a single user and cannot be



WO 2009/100761 PCT/EP2008/051761

shared among different users.

Users may belong to different telecommunication
systems, exploiting different modulation and/or
multiplexing techniques. Generally, each
telecommunication system accessing the channel makes use
of a predetermined portion of the channel band. In any
case, from a practical point of view, the less the users
transmit, the lower is the overall spectral efficiency.

Furthermore, from a temporal point of wview, the
channel band is composed by a set of used subbands,
occupied by signals emitted by users effectively
transmitting, alternated with free frequency gaps,
corresponding to subbands dedicated to users not
transmitting. Of course, since user Dbehaviour (to
transmit or not) wvaries 1in time, the band occupation
varies accordingly.

Besides spectral inefficiency, such a band
occupation provides for high costs for those users who
need to transmit just in a short time range. In fact,
generally users have to pay for their subbands,
irrespective of the effective time of use.

As an example, institutional organizations, such as
Rescue Team or Fire Brigade, are badly affected by such
a kind of band allocation, since they have to pay for a
dedicated subband which, in practice, is used just for a
small amount of time, that is when emergencies occur.
These emergencies being rare, the dedicated subband

stays unused nearly all the time.
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Begsides these commercial aspects, from a technical
point of view the spectral efficiency is further reduced
by the necessity of keeping as low as possible the
interference between adjacent subbands. In fact, since
the spectrum of the signals transmitted in the subbands
is not limited in frequency, each signal spectrum has
queues extending beyond the frequency boundaries of the
respective subband, thus interfering with signals
transmitted in adjacent subbands. In order to keep
interferences under control, guard bands are introduced
between adjacent subbands. From a practical point of
view, these guard bands comprise unused portions of the
band, that is free frequency gaps alternating with the
subbands used by the users of the telecommunication
systems accessing the channel.

In such a way, the interference is reduced, because
just the reduced parts of the spectrum queues overlap
with other transmitted signals. Unfortunately, the
overall band occupation is reduced, entailing a further
spectral efficiency reduction.

This being the typical band occupation of a
physical channel, the signals sent within the subbands
may be modulated and multiplexed in several known
manners. Furthermore, signals in different subbands are
generally managed by different telecommunication
systems, exploiting different modulations and
multiplexing techniques. In particular, one of the most

important multiplexing techniques is Orthogonal
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Frequency Division Multiplexing (OFDM) .

In an OFDM system the overall channel band
available to the system itself is divided into a large
number of subcarriers closely-spaced in freguency and
arranged within the channel band so as to be orthogonal
to each other. Each subcarrier corresponds to a
respective subband and is modulated with a conventional
modulation scheme (PSK, OAM, etc.) at a low bit rate,
maintaining data rates similar to those of a
conventional single-carrier modulation scheme operating
in the same subband.

From a practical point of view, OFDM signals are
generated and received by using the Fast Fourier
Transform (FFT) algorithm.

The OFDM technique makes a transmission more
resilient with respect to harsh channel conditions, such
as high frequency attenuation in a long copper wire,
narrowband interferences, frequency-selective fading due
to multipath, etc., without the need for complex signal
processing techniques, such as channel equalization. For
example, in ODFM systems, the channel equalization may
be accomplished in a simplified manner, because the OFDM
signal may be regarded as a number of slowly-modulated
narrowband signals, rather than one rapidly-modulated
wideband signal.

OBJECT AND SUMMARY OF THE INVENTION
The aim of the present invention is to solve at

least in part the drawbacks of the prior art.
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According to the invention, a method and a system
for transmitting/receiving a communication signal using
a channel band are provided, according to claim 1 and,
respectively, claim 13.

DESCRIPTION OF THE FIGURES

For the understanding of the present invention, a
preferred embodiment is now described, purely as a non-
limitative example, with reference to the enclosed
drawings, wherein:

- Figure 1 shows a Dblock scheme of an OFDM
transceiver;

- Figure 2 shows an illustrative scheme of a band
occupation;

- Figure 3 shows an illustrative example of an
efficient band occupation;

- Figures 4, 5 and 6 show the band occupation of
Fig. 2 in subsequent steps of the present
method.

DETATILED DESCRIPTION OF THE INVENTION

Figure 1 shows an OFDM telecommunication system 1,
comprising a transmitting part 2 and a receiving part 4,
connected to a channel 3. The channel 3 is shared with
existing telecommunication systems 53, 53, .., 5.. The
OFDM telecommunication system 1 and the existing
telecommunication systems 53, 53, .., 5, are wireless
(such as WiMAX or satellite), or wired.

The illustrated OFDM telecommunication system 1

makes use of a Code Division Multiple Access (CDMA)
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technique. Accordingly, the transmitting part 2
comprises a modulator CC which receives a data stream
CN, formed by signals issued by source and channel
coding blocks (not shown in Figure 1) known to the man
skilled in the art. The modulator CC may be a BPSK
modulator, a QPSK modulator, a 8-PSK modulator, or any
known modulator, and, in a per se known manner, outputs
a modulated symbol stream MN formed by a plurality of
symbols, a symbol being the smallest amount of data
transmitted together Dby the OFDM telecommunication
system 1. The modulated symbol stream MN is inputted to
a repetition coder CR, which generates a repeated symbol
stream VK wherein each input symbol of the modulated
input stream MN is repeated a number of times equal to
the length L of a CDMA code DK. Therefore, for each
input symbol of the modulated input stream MN the
repetition coder CR generates a corresponding seguence
of L samples, all of them equal to the input symbol. The
time duration of each sequence corresponding to a single
input symbol is equal to the time duration of the input
symbol itself, that 1is the L samples, hereinafter
referred to as chips, have a time duration 1L times
shorter than the time duration of an input symbol.
Equivalently, the chips have a frequency L times greater
than the input symbol fregquency.

The repeated symbol stream VK outputted by the
repetition coder CR is further multiplied by the CDMA

code DK, that is a code having a length of L chips,
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generated in a per se known manner by a spreader GC at a
frequency equal to the frequency of the chips, and made
up of a sequence of *1. This multiplication is known as
“spreading” and characterizes the CDMA technique,
allowing to obtain a spread sequence WK having a power
spectral density in a band which is L time larger than
the band of the signal object of the spreading, that is
the modulated symbol stream MN. Because of the content
of the CDMA code DK, that is the *1 chips, the spread
sequence WK has the same power as the modulated symbol
stream MN and a band which is L times larger than the
band of the modulated symbol stream MN, thus its power
spectral density 1s L times lower than the power
spectral density of the modulated symbol stream MN.

The spread sequence WK 1is sent to a serial to
parallel converter S/P tx having two input ports and a
number n out of output ports, equal to the number of
OFDM subcarriers employed by the OFDM telecommunication
system 1. As explained in more detail hereinafter, the
chips of the spread sequence WK inputted to the serial
to parallel converter S/P tx are outputted on just n
(with n<n out) output ports (shown in Figurel) of the
serial to ©parallel converter S/P tx itself, which
parallelizes the spread sequence WK into so-called OFDM
symbols, that is groups of n chips. From an operative
point of wview, one input port of the serial to parallel
converter S/P tx 1is connected to a controller 10, in

turn connected to a sensing block 12, as discussed in
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more detail later on. The n output ports of the serial
to parallel converter S/P tx are connected to n input
ports of an Inverse Fast Fourier Transform block IFFT,
having m input ports in total, with m 2 n. The m-n ports
of the Inverse Fast Fourier Transform block IFFT not
connected to the n output ports of the serial to
parallel converter S/P tx are fed with zeros.

The Inverse Fast Fourier Transform block IFFT
performs an Inverse Fast Fourier transform of the OFDM
symbol, outputting m IFFT output samples on the m output
ports of the Inverse Fast Fourier Transform block IFFT.

According to the OFDM technique, each input port of
the Inverse Fast Fourier Transform block IFFT
corresponds to a subcarrier of the OFDM
telecommunication system 1; therefore, when an output
port (e.g., output port 20) of the serial to parallel
converter S/P tx 1is connected to an input port of the
Inverse Fast Fourier Transform block IFFT, the symbols
coming out from output port 20 are transmitted using the
subcarrier associated with the connected input port of
the Inverse Fast Fourier Transform block IFFT.

The Inverse Fast Fourier Transform block IFFT is
connected to a parallel to serial converter P/S tx,
having s input ports and one output port, with s greater
than m. In practice, the m output ports of the Inverse
Fast Fourier Transform block IFFT are connected to the
last m input ports of the parallel to serial converter

P/S tx, whereas the first s-m input ports of the
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parallel to serial converter P/S TX are fed with copies
of the last s-m IFFT output samples, so as to preserve
the intelligibility of the OFDM symbol. The s-m copies
of the last s-m IFFT output samples form a so-called
guard interval.

The output of the parallel to serial converter
P/S tx 1is connected to the channel 3, eventually by
means of a proper transmitter, such as an antenna, an
optical source or the like (not shown in Figure 1).

Oon the receiving part 4 of the OFDM
telecommunication system 1, operations inverse to those
done at the transmitting part 2 are performed. 1In
particular, incoming signals are firstly parallelized by
a serial to parallel converter S/P_rx, so as to
reproduce the OFDM symbols and, at the same time, remove
the guard intervals. Afterwards, the OFDM symbols
undergo a Fast Fourier Transform operation, performed by
a Fast Fourier Transform block FFT. In particular the
Fast Fourier Transform block FFT outputs a set of chips
which, after the removal of the zeros inserted 1in
transmission, are serialized by a parallel to serial
converter P/S_rx, outputting a sequence WK RX. The
serialized chips of the sequence WK RX are multiplied by
the CDMA code DK, this operation being known as
“despreading”, and the sequence VK RX so obtained 1is
inputted to a repetition decoder DR, which integrates L
chips of the sequence VK RX so as to get a replica MN RX

of the original modulated input stream MN. Finally, a
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constellation decoder DC demodulates the replica MN RX
to recover the data stream CN.

In order to understand the present method, please
refer to Figure 2, showing an illustrative example of a
band occupation of the channel 3 at a given time instant
t0. In particular, B1, B2 and B3 represent used
subbands, that 1is subbands dedicated to users of the
telecommunication systems 51, 53, .., 5, accessing the
channel 3 at the time instant t0, therefore effectively
transmitting at the time instant t0. The
telecommunication systems 5;, 5, .., 5, manage the
communications of their users exploiting any modulation
and multiplexing techniques. Gl1-G4 are free subbands,
that is both guard bands and dedicated subbands assigned
to users of telecommunication systems 5;, 5, .., 5, not
transmitting at the considered time instant t0, these
dedicated subbands assigned to telecommunication systems
51, 5, .., 5y, not transmitting in the considered time
instant becoming used subbands at time instants at which
their respective users transmit. It is clear that the
definitions “free subbands” and “used subbands” are
referred to a given time instant, the dedicated subbands
assigned to users not transmitting in the considered
time instant having to be considered as free subbands.

In order to efficiently exploit the available band,
it is important to rationally occupy all the subbands,
making use also of the free subbands, which, in known

telecommunication systems, stay unused.
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Furthermore, a full band exploitation has to be
accomplished without affecting signals transmitted in
the used subbands, that is the signals transmitted in
the dedicated subbands by the telecommunication systems
accessing the channel 3 at the time instant t0. It has
to be noted that signals in the used subbands can be
transmitted by exploiting whatever modulation and/or
multiplexing technique. For the present method, used
subbands are simply subbands not available for
transmission.

Figure 3 shows how it 1is possible to achieve a
full exploitation of the free subbands. In particular,
given a physical channel 3 having its predetermined
subband allocation scheme, meant as predetermined number
of telecommunication systems 5:, 5, .., b5, accessing the
channel 3 and corresponding assignment of the dedicated
subbands, let's suppose that a further signal, not
provided at the time instant t0 and having a band
Bsignal, 1is to be transmitted later, at a time instant
tl. The further signal can be transmitted and received
by dividing its band Bsignal into a suitable number of
parts such as to fill the free subbands, transmitting
it, and then reconstructing it, simply by reconstructing
its spectrum, as explained in more detail below.

For the sake of simplicity, the following
description refers to the case of Jjust one further
signal, but the present method can be directly extended

to the case of more further signals. The transmission of
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the further signal 1is obtained by exploiting the OFDM
technique, which provides for a subdivision of the
overall band of the physical channel 3 into subbands
whose subcarrier central frequencies are orthogonal to
each other. In fact, given a period Ts, equal to the
time duration of each symbol transmitted in a OFDM
system, the subcarriers of a OFDM system have
frequencies multiple of a fundamental frequency equal to
the inverse of the period Ts. Because of trigonometric
properties, integrating any two subcarriers over a
period Ts leads to zero.

Orthogonal subcarriers are independent one another
and can be turned on or off independently, therefore it
is possible to decide  whether to use specific
subcarriers, according to the user needs. Consequently,
when wusing a OFDM technique, a signal occupying a
certain band Bsignal does not have to be transmitted
over a single subband whose amplitude is equal to the
signal bandwidth, but it can be transmitted over non-
adjacent subbands, provided that the overall wused
bandwidth is equal to the width of the band Bsignal.

More 1in detail, the transmission of the further
signal in the free subbands is accomplished by the OFDM
telecommunication system 1 shown in Figure 1. 1In
particular, the sensing block 12 detects the n free
subcarriers and generates corresponding signals fed to
the controller 10. The sensing block 12 also calculates

the available free band length, that is the sum of the
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free subband lengths, and provides it to the spreader
GC, which uses the available free band width to
determine the length L of the CDMA code DK.

The controller 10 causes the spread sequence WK to
be sent to the n output ports of the serial to parallel
converter S/P tx and onto the inputs of the Inverse Fast
Fourier Transform block IFFT corresponding to free
subcarriers. The inputs of the Inverse Fast Fourier
Transform block IFFT corresponding to the used
subcarriers, as well as any m-n input ports of Inverse
Fast Fourier Transform block IFFT are fed with zeros.

The described relationships between the serial to
parallel converter S/P_tx, the Inverse Fast Fourier
Transform block IFFT and the subcarriers of the OFDM
telecommunication system 1 allow to transmit the further
signal in the free subbands. The input ports of the
Inverse Fast Fourier Transform block IFFT connected to
zeros 1indicate that the corresponding subcarriers are
not used for transmission by the OFDM telecommunication
system 1, because they correspond to used subbands, that
is dedicated subbands in wuse by the wusers of the
telecommunication systems 5, 5,, ey 5, effectively
transmitting. More in detail, the illustrative
representation of the OFDM telecommunication system 1 in
Figure 1 refers to the band occupation illustrated in
Figure 4, which shows the band occupation at a time
instant t0, analogously to Figure 2, as well as the

arrangement of the OFDM subcarriers in the subbands. The
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correspondence between subcarriers and input ports of
the Inverse Fast Fourier Transform block IFFT shown in
Figure 1 may be appreciated considering the known
frequency shift characterizing the Inverse Fast Fourier
transform and the addition, with respect to the
subcarrier arrangement shown in Figure 4, of four
lateral subcarriers, that is two lateral subcarriers per
side of the channel band, set to zero. In Figure 4, the
subcarriers used by the OFDM telecommunication system 1
are shown by arrows, while the unused subcarriers are
shown by crosses. It is important to note that in the
OFDM telecommunication system 1 the subdivision of the
overall band in subbands is accomplished independently
from the effective band occupation, thus prior to any
sensing of the channel 3. When the OFDM
telecommunication system 1 receives a request of
transmission of a further signal, it senses all the
subcarriers so as to detect the guard bands and the
subcarriers unused by the telecommunication systems b5y,
55, .., 5,. Afterwards, the OFDM telecommunication system
1 turns on all the subcarriers corresponding to the free
subbands.

In known OFDM systems, subcarriers are turned on
and off in case the channel is selective in frequency:
signals are transmitted Jjust over subbands with low
losses, s0 as to preserve the transmission quality,
turning off subcarriers experiencing a high degradation

along the channel.
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According to the present method, the further signal
is transmitted using the free subbands, that is in free
frequency ranges, so as not to overlap it with other
already established communications exploiting the
dedicated subbands, therefore transmitting the further
signal transparently to the users of the
telecommunication systems 51, 5, .., 5,7 in fact, the
dedicated subbands used by the users of the
telecommunication systems 53, 53, .., 5, are unchanged, so
the users do not experience any communication
degradation.

The described method may be easily implemented on a
terminal capable of sensing the channel 3 by using known
means and techniques, so as to determine the subcarrier
frequency, as well as if the subcarriers are in use or
not, irrespective of whether free subcarriers correspond
to dedicated subbands assigned to users silent in the
considered instant, or to guard bands.

For example, assuming that, as shown in Figure 4,
the overall band is virtually divided into 25 OFDM
subcarriers, it is possible to transmit a further signal
by using the subcarriers n. 1, 8, 9, 14, 15, 16, 17, 24
and 25, that is the subcarriers corresponding to the GI1,
G2, G3 and G4 free subbands, and turning off the other
subcarriers.

Since the guard bands and the originally unused
dedicated subbands are now used by the OFDM

telecommunication system 1 to carry the further signal,
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the interference, due to the overlapping between the
queues of the further signal spectrum and the spectra of
the signals transmitted by the telecommunication systems
51, 52, .., 54, 1s no more mitigated by free frequency
gaps. In order to overcome this problem, the data stream
corresponding to the further signal is managed according
to the CDMA technique.

As said before, according to this technique, the
further signal data stream is multiplied with a CDMA
code made up of a sequence of *1, this code length being
equal to L. By performing this operation, the power
spectral density of the further signal is spread over a
band which is L times larger than the further signal
original bandwidth, that is the band strictly necessary
to transmit the further signal. Since the CDMA code
contribution to a power spectral density is unitary, the
further signal power is unchanged and, consequently, its
power spectral density is reduced by L times.

Therefore, the transmission of the further signal
causes an 1interference with the communications of the
telecommunication systems 5, 5,, ey 5., but this
interference is in the order of the thermal noise, thus
not damaging significantly the users of the
telecommunication systems 5., 5, .., 5,. In any case,
possible transmission errors can be managed in known
manners (e.g. by means of Forward Error Correction
codes) .

As apparent from the above description, the CDMA
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technique helps keep as low as possible the interference
induced by the further signal transmitted in the free
subbands on the signals transmitted by the
telecommunication systems 53, 53, .., 5, according to the
subband allocation scheme of the channel 3.

Furthermore, the CDMA technique helps 1limit the
interference that signals transmitted by the users of
the telecommunication systems 5:;, 5;, .., 5, according to
the subband allocation scheme induce on the further
signal transmitted in the free subbands. In fact, in
reception, in order to recover the further signal,
another multiplication with the same CDMA code used in
transmission is accomplished. This operation reduces the
band of the received signal to the original band Bsignal
of the further signal, and spreads all the interfering
signals, because these latter signals experience Jjust
one multiplication with the CDMA code, which reduces
their impact on the further signal to a level in the
order of the thermal noise.

Besides these advantages in terms of resilience to
the interference, by employing the CDMA technique and
the OFDM technigque, it 1is ©possible to practically
implement the division of the band Bsignal of the
further signal into the free subbands, as well as to
manage more than one further signal. 1In fact, the
presence of more than one further signal is managed
simply by assigning different CDMA codes to different

signals, corresponding to different users of the OFDM
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telecommunication system 1. In reception, the
multiplication with the same CDMA codes allows to
understand which user 1is associated with the received
further signal.

Concerning the division of the band of the further
signal, in order to spread the further signal Band
Bsignal over all the free subbands, the transmitting
part 2 calculates a length L of the CDMA code, as a
function of the overall free band (sum of all the free
subbands) and the band Bsignal of the further signal.
Then, the assignment of the further signal to each free
subcarrier 1is accomplished by the OFDM technique, by
connecting the outputs of the serial to parallel
converter S/P tx to all the input ports of the Inverse
Fast Fourier Transform block IFFT corresponding to the
free subcarriers.

From a practical point of view, the present method
dynamically controls, instant by instant, the
subcarriers turned on or off, that is the subbands used
or not by the telecommunication systems 5:, 53, .., 55. In
fact, in real telecommunication systems users initiate
and conclude transmissions, respectively setting free or
occupying their dedicated subbands. Furthermore, the
transmission of the further signal occurs in a finite
time, thus leading to continuous changes in the band
occupation. In both cases the present method tracks the
changes in the subband allocation scheme. Thanks to the

ease of controlling the subcarriers (turned on or off)
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within an OFDM system, the present method provides for
adapting to the instant band occupation. Of course, this
result may be achieved provided that both the
transmitter and the receiver can be configured while in
use; for example, they could be Software Radio
terminals.

The present method can be implemented by CDMA over
OFDM terminals capable of sensing the channel 3 not only
before setting up the transmission, but also during the
transmission itself, so as to promptly respond to
changes in the use of the subbands. Figure 5 shows an
illustrative example of the band occupation in a time
instant t2>tl, and shows, if compared with Figure 4, the
time evolution of the band occupation, supposing that
the user who, at the time instant t0, was transmitting
in the dedicated subband B2 has concluded  the
transmission at the time instant t2. The subcarriers
overlapping with the dedicated subband B2, that 1is
subcarriers n. 10, 11, 12 and 13, can be turned on to
transmit the further signal.

On the contrary, let's assume that in a time
instant t3 the user to whom the G3 band (please refer to
Figure 4 and Figure 6) 1is dedicated, previously silent,
decides to start a communication. In such a situation,
the OFDM telecommunication system 1 realizes that the G3
subband is no more available for transmission, therefore
it turns off the subcarriers n. 14, 15, 16 and 17,

overlapping with the G3 subband, and modifies the length
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L of the CDMA code, so as to transmit the further signal
using the available subcarriers n. 1, 8, 9, 24, 25. This
leads to the overall band occupation shown in Figure 6,
wherein B4 indicates the former subband G3.
Alternatively, instead of modifying the 1length of the
CDMA code, the OFDM telecommunication system 1 may
reduce the number of users who can transmit at the same
time, as explained in more detail below. In any case,
before the turning off of the subcarriers corresponding
to the B4 subband, there 1s a small amount of time
during which the further signal and the signals
transmitted by the telecommunication systems 5i, 53, ..,
5, coexist within the same subband BR4. That occurs
because the OFDM telecommunication system 1 reacts to
changes in the band occupation in a finite time. In any
case, the CDMA technigue, which enlarges the bandwidth
of the further signal, guarantees good transmission
performances, because the interference is in the order
of the thermal noise.

On reception, the receiving part 4 of the OFDM
telecommunication system 1 implementing the present
method reconstructs the band Bsignal of the further
signal based on the symbols carried by the subcarriers
used on the transmitting part 2 to transmit the further
signal itself. In order to understand which subcarriers
effectively ©carry information associated with the
further signal, the receiving part 4, like the

transmitting part 2, periodically senses the channel 3



10

15

20

25

WO 2009/100761 PCT/EP2008/051761

22

so as to understand the used subbands and the free
subbands. For example, referring to Figure 4, showing
the Dband occupation at the time instant t0, the
receiving part realizes that the subcarriers n. 1, 8, 9,
14, 15, 1e, 17, 24 and 25 correspond to free subbands.
Assuming that the transmission of the further signal
over the channel 3 starts at the time instant tl, and
assuming that the time required for a signal to pass
through the channel 3 is negligible, at the time instant
tl the receiving part 4 realizes that the subcarriers
n. 1, 8, 9, 14, 15, 16, 17, 24 and 25, free at the time
instant tO, are occupied at the time instant t1,
therefore the receiving part 4 understands that the
further signal is being transmitted on the subcarriers
n. 1, 8, 9, 14, 15, 16, 17, 24 and 25. From a practical
point of wview, the receiving part 4 reconstructs the
further signal based on the information (symbols)
carried by the subcarriers detected as free at the time
instant t0. The receiving part 4 keeps track of the
subcarriers detected as free at the time instant tO
until a next sensing of the channel 3, e.g. performed at
a time instant t4. The receiving part 4 senses the
channel 3 and keeps track of the subcarriers detected by
means of known techniques, implemented by known blocks
not shown in Figure 1.

From an operative point of view, it has to be noted
that, when the telecommunication systems 5;, 53, .., 54

not using the subbands effectively begin to transmit
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data, and thus begin to effectively use their dedicated
subbands, the present method has less subcarriers
available, because of the turning off of the subcarriers
corresponding to said dedicated subbands. Nevertheless,
according to the present method, the wusers of OFDM
telecommunication system 1 do not reduce their
throughput: they can keep constant their transmission
bit-rates, as far as these Dbit-rates are 1low with
respect to the maximum bit-rate permitted to each user
of the OFDM telecommunication system 1, this maximum
bit-rate being equal to 1/T,, where T, is the OFDM symbol
time. For example, transmission bit-rates may be in the
range 30 Kb/s - 300 Kb/s.

In fact, when dedicated subbands are turned on by
the users of the telecommunication systems 5i, 5;, ..,
5., the number of users of the OFDM telecommunication
system 1 is reduced, but the throughput of the users
effectively transmitting stays unchanged.

More in detail, assuming that B is the overall band
available and N is the number of the OFDM subcarriers,
each subcarrier has a corresponding subband equal to
B/N. Furthermore, if a certain band W is shared by Ny
users communicating with a CDMA technique employing a
code whose length is equal to L, each user is given a
useful Dband whose bandwidth is equal to W/ (L*Ny).
According to the present method, each user of the OFDM
telecommunication system 1 avails of a band equal to

B/ (N*L*Ny). Therefore, 1f the number N of subcarriers
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decreases, it 1is still possible to keep constant the
band accorded to each user by dynamically varying either
the CDMA code length L, as previously described, or the
number Ny of users who can transmit at the same time
(that 1s the number of further signals which can be
transmitted at the same time), allowing to keep constant
the transmission quality for the users transmitting.
Therefore, the present system and method allow to
increase the exploitation of the band of a channel 3,
transparently to the users having dedicated subbands.
Given an existing channel 3 having a band shared among a
plurality of existing telecommunication systems 5;, b5z,
w.;y 5n, 1t 1is possible to manage more communications,
thus providing more services, without affecting the pre-
existing communications. More in particular, it 1is no
more necessary to assign dedicated subbands to users
rarely transmitting: when users intend to transmit, the
present technique allows to use previously unused
subbands, transparently to said users and to the users
of the telecommunication systems 5:, 5, .., 5i.
Furthermore, the present technique allows to manage
a particular situation which, in real wireless systems,
is likely to occur. In particular, in case a user having
his dedicated subband needs more bandwidth to transmit,
it is no more necessary to rearrange all the subband
allocation scheme to assign to the user one or more
subbands adjacent to his dedicated subband. By using the

present method, the user is given an additional subband,
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even not adjacent to his dedicated subband. The same
happens in case the user requiring more bandwidth does
not use an existing telecommunication system 5i, 53, ..,
5n.

Finally, it 1is clear that numerous variations and
modifications may be made to the system and method
described and illustrated herein, all falling within the
scope of the invention as defined in the attached
claims.

In particular, even 1if the OFDM telecommunication
system 1 has been described in terms of hardware
components, all the described functionalities may be
implemented by software modules.

In addition, the allocation of the further signal
on the available free subbands may be different from the
described one. For example, the further signal may be
allocated onto one or more free subbands, depending on
the bandwidth of the further signal and the bandwidth of
the free subbands, so as to minimize the number of used
free subbands. In the alternative, any other spreading
algorithm may be used, intermediate between a complete
spreading of the one or more further signals onto all
the free subbands described above and the minimum
subband allocation.

Furthermore, the method may use as free subbands
only the guard bands, even 1if in this case the

efficiency is lowered.
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CLATIMS
1. A method for transmitting a further signal on a
channel having a transmission band comprising a
plurality of wused subbands occupied by transmission
signals, characterized by:
- detecting the presence of free subbands not occupied
by said transmission signals; and
- transmitting the further signal using the free
subbands.
2. A method according to c¢laim 1, wherein, at each
time instant, the transmission band comprises dedicated
subbands assigned to external systems and guard bands,
said used subbands comprising dedicated subbands used by
said external systems at said time instant and said
free subbands comprising guard bands and/or dedicated
subbands not used by said external systems at said time
instant.
3. A method according to claim 1 or 2, wherein the
further signal is transmitted on OFDM subcarriers having
frequencies within the free subbands.
4, A method according to claim 3, wherein the further
signal is multiplexed by using a CDMA code.
5. A method according to claim 4, wherein the further
signal has a signal band, comprising spreading the
signal band over all the free subbands by controlling
the length L of the CDMA code.
6. A method according to claim 4, wherein the further

signal has a signal band, comprising allocating the
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signal band in a subset of the free subbands.

7. A method according to c¢laim 5 or 6, comprising
detecting a plurality of further signals, wherein each
further signal is multiplied by a respective CDMA code.
8. A method according to claim 7, further comprising
the wvarying the length L of the CDMA codes, thereby
spreading the further signal on the free subbands.

9. A method according to claim 7, further comprising
the steps of detecting wvariations in the number of the
free subbands and varying the numbers of further signals
which are transmitted at a same time.

10. A method according to any of the preceding claims,
comprising repeating the steps of detecting the presence
of free subbands and transmitting the further signal and
any further signal using the free subbands.

11. A method for receiving a further signal transmitted
on a channel using the method according to any of claims
1-10, characterized by:

- detecting first subbands which are free on the
transmission channel at a first time instant;

- detecting if the first subbands are occupied at a
second time instant;

- if at the second time instant the first subbands
are occupied, extracting a received signal from the
first subbands.

12. A method for receiving according to claim 11,
comprising repeating the steps of detecting first

subbands, detecting if the first subbands are occupied
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and extracting.

13. A transmission system for transmitting a further
signal on a channel having a transmission band
comprising a plurality of used subbands occupied by
transmission signals, characterized by:

- means for detecting the presence of free subbands
not occupied by said transmission signals; and

- means for transmitting the further signal using the
free subbands.

14. A transmission system according to claim 13,
comprising means for transmitting the further signal on
OFDM subcarriers having frequencies within the free
subbands.

15. A transmission system according to claim 13 or 14,
further comprising a CDMA coder multiplexing the further
signal using a CDMA code.

16. A transmission system according to claim 15,
comprising means for calculating an available free band
from said free subbands, wherein the further signal has
a signal band, and the CDMA coder spreads the signal
band over said available free band by controlling the
length L of the CDMA code.

17. A transmission system according to claim 15,
comprising means for calculating an available free band
from said free subbands, wherein the further signal has
a signal band, and the CDMA coder spreads the signal
band over a portion of said available free band.

18. A transmission system according to any of claims
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13-17, comprising a receiving part including means for
detecting the presence of said free subbands in a first
time instant, means for detecting the presence of said
free subbands in a second time instant, and means for
detecting the transmission of said further signal from a
comparison of free subbands detected in the first and in

the second time instant.
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