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(54) Combined OFDM and wavelet multi- �carrier transceiver

(57) A multi-�carrier transmitter and receiver for per-
forming data transmission. The multicarrier transmitter
and receiver comprise a first inverse fast Fourier trans-
former for performing an Inverse Fast Fourier Transform
(IFFT) on a parallel input data signal, an imaginary com-
ponent filter for filtering out the imaginary component of
an output signal of the first inverse fast Fourier transform-
er and a real component filter for filtering out the real
component of the output signal of the, first inverse fast
Fourier transformer. The multicarrier transmitter and re-
ceiver also comprise a first prototype filter comprising a

polyphase filter having real coefficients. The first proto-
type filter accepts output data from the imaginary com-
ponent filter. The multicarrier transmitter and receiver al-
so comprise a second prototype filter comprising a poly-
phase filter having real coefficients which are selected
by taking the real coefficients of the first prototype filter
and inverting the sign of each odd-�numbered real coef-
ficient. The second prototype filter accepts output data
from said real component filter. A combined OFDM and
Wavelet multi-�carrier transceiver is proposed sharing an
IFFT block.
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Description

�[0001] The present invention is directed to the implementation of a reconfigurable multimode multi-�carrier transceiver
using shared resources.
�[0002] There is a trend in multi-�carrier mobile communication consumer equipment towards the provision of multimode
wireless services using various standards which are continuously being updated. As the demand for personalised ap-
plications suited to diverse needs continues to grow, there is an increasing need for multimode terminals which can
provide seamless connectivity between different multi-�carrier modes and which can be upgraded according to user needs.
�[0003] One widely used mode of implementing multi-�carrier communications is the use of Orthogonal Frequency
Division Multiplexing (OFDM). OFDM is a spread spectrum modulation technique which distributes data over a large
number of carriers which are spaced apart at precise frequencies. Because of the fact that OFDM subcarrier pulses are
chosen to be rectangular, the task of pulse forming and modulation can be performed by a simple Inverse Discrete
Fourier Transform (IDFT) which can be efficiently implemented using an Inverse Fast Fourier Transform (IFFT) block.
In the wireless domain, OFDM is used in the newer forms of IEEE 802.11 wireless LAN (WLAN) designs and in the IEEE
802.16-2004 (WiMAX) specifications for metropolitan area networking. It has also recently been proposed as the basis
for successors to 3G cellular communication systems. In the wired area, OFDM is referred to as discrete multi-�tone
(DMT) and is the basis for the ADSL standard.
�[0004] Another multi-�carrier communication mode which is being considered for future standards is the Digital Wavelet
Multi- �Carrier (DWMC) system. Although more costly to implement, DWMC does provide several advantages over OFDM,
specifically in regard to Additive White Gaussian Noise channel performance, Raleigh fading channel performance and
Signal to Noise Ratios (SNR). Pulse forming and modulation in DWMC systems is performed using the Inverse Wavelet
Transform (IWT).
�[0005] IWT and IFFT based systems each have their own advantages and disadvantages. IFFT systems are inex-
pensive and have grown into an industry standard, while IWT based systems show better performance in most situations.
This has created a need for a multimode transceiver design which can be used for future Inverse Wavelet Transform
(IWT) based systems as well as legacy systems based on the Inverse Fast Fourier Transform (IFFT). The industry has
responded to this need by producing multimode transceiver terminals which can support both IFFT and IWT mode
operation.
�[0006] However, conventional multimode terminals employ fixed Application Specific Integrated Circuits (ASICs) for
each mode. This implementation is not cost effective in that at least one dedicated ASIC needs to be designed for each
of the IFFT and IWT modes. Also, the presence of multiple dedicated ASICs increases the size of the transceivers.
Furthermore, due to design rigidity, ASICs based multimode transceivers cannot be upgraded or reconfigured.
�[0007] Thus, because of the current progressive shift in certain areas of wireless services from IFFT based to IWT
based systems and the bulkiness and high cost of current multimode systems, there is a clear need for a multi-�mode
transceiver design which uses shared resources to implement both IFFT and IWT based communication modes.
�[0008] The present invention solves the problems of the prior art by providing a multi-�carrier transmitter for performing
data transmission, said multi- �carrier transmitter comprises: �

a first inverse fast Fourier transformer for performing an Inverse Fast Fourier Transform (IFFT) on a parallel input
data signal;
an imaginary component filter for filtering out the imaginary component of an output signal of the first inverse fast
Fourier transformer;
a real component filter for filtering out the real component of the output signal of the first inverse fast Fourier
transformer;
a first prototype filter comprising a polyphase filter having real coefficients, said first prototype filter accepting output
data from said imaginary component filter;
a second prototype filter comprising a polyphase filter having real coefficients which are selected by taking the real
coefficients of the first prototype filter and inverting the sign of each odd-�numbered real coefficient, said second
prototype filter accepting output data from said real component filter;
a modulator for performing Single Side Band (SSB) modulation by using the output from said first prototype filter as
an in-�phase signal of complex information and the output from the second prototype filter as an orthogonal signal
of complex information.

�[0009] Preferably, the multi-�carrier transmitter further comprises:�

a first parallel- �to-�serial converter for converting the output of the first prototype filter from a parallel to a serial data
signal; and
a second parallel-�to-�serial converter for converting the output of the second prototype filter from a parallel to a serial
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data signal.

�[0010] Preferably, the multi-�carrier transmitter further comprises:�

a third parallel- �to-�serial converter for converting the output of the first inverse fast Fourier transformer from a parallel
to a serial data signal.

�[0011] Preferably, the multi-�carrier transmitter further comprises:�

a channel selector for selecting a signal which is to be sent to the modulator, wherein the channel selector is arranged
to select either,
the output of the first parallel-�to-�serial converter and the output of the second parallel-�to-�serial converter, or
the output of the third parallel-�to-�serial converter.

�[0012] Preferably, the multi-�carrier transmitter further comprises:�

a second inverse fast Fourier transformer for performing an Inverse Fast Fourier Transform (IFFT) on a parallel
input data signal.
a fourth parallel-�to-�serial converter for converting the output of the second inverse fast Fourier transformer from a
parallel to a serial data signal.

�[0013] Preferably, the channel selector for selecting a signal which is to be sent to said modulator is arranged to select
either,�
the output of the first parallel- �to-�serial converter and the output of the second parallel-�to-�serial converter, �
the output of the third parallel- �to-�serial converter, or
the output of the fourth parallel- �to- �serial converter. �
Preferably, the multi-�carrier transmitter further comprises: �

a first serial- �to-�parallel converter for performing serial to parallel conversion on a serial input data signal, wherein
the output of the first serial-�to- �parallel converter is input into the first inverse fast Fourier transformer; and
a second serial-�to-�parallel converter for performing serial to parallel conversion on a serial input data signal, wherein
the output from the second serial-�to-�parallel converter is input into the second inverse fast Fourier transformer.

�[0014] Preferably, the multi-�carrier transmitter further comprises:�

a multiplexer for controlling the path of the serial input data signal towards either the first serial- �to-�parallel converter
or to the second serial- �to-�parallel converter.

�[0015] Preferably, the first inverse fast Fourier transformer, the second inverse fast Fourier transformer, the imaginary
component filter, the real component filter, the first prototype filter, the second prototype filter, the first parallel- �to-�serial
converter, the second parallel-�to-�serial converter, the third parallel- �to- �serial converter, the fourth parallel-�to-�serial con-
verter and the multiplexer are all of variable size.
�[0016] Preferably, the multi-�carrier transmitter further comprises:�

configuration means arranged to independently configure the size of each variable sized component.

�[0017] Preferably, the configuration means are also arranged to configure the real coefficients of the first prototype
filter and the second prototype filter.
�[0018] Preferably, the configuration means are also arranged to control the multiplexer and the channel selector.
�[0019] The present invention also provides a multi-�carrier receiver for performing data reception, said multi-�carrier
receiver comprises:�

a demodulator for performing Single Side Band (SSB) demodulation on a received data signal;
a first serial-�to-�parallel converter for serial to parallel converting a serial data signal output from the demodulator
into a parallel input data signal;
a first fast Fourier transformer for performing a Fast Fourier Transform (FFT) on a parallel input data signal;
an imaginary component filter for filtering out the imaginary component of an output signal of the first fast Fourier
transformer;
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a real component filter for filtering out the real component of the output signal of the first fast Fourier transformer;
a first prototype filter comprising a polyphase filter having real coefficients, said first prototype filter accepting output
data from said imaginary component filter;
a second prototype filter comprising a polyphase filter having real coefficients which are selected by taking the real
coefficients of the first prototype filter and inverting the sign of each odd-�numbered real coefficient, said second
prototype filter accepting output data from said real component filter.

�[0020] Preferably, the multi-�carrier receiver further comprises: �

a first parallel- �to-�serial converter for converting the output of the first prototype filter from a parallel to a serial data
signal; and
a second parallel-�to-�serial converter for converting the output of the second prototype filter from a parallel to a serial
data signal.

�[0021] Preferably, the multi-�carrier receiver further comprises: �

a third parallel-�to-�serial converter for converting the output of the first fast Fourier transformer from a parallel to a
serial data signal.

�[0022] Preferably, the multi-�carrier receiver further comprises: �

a channel selector for selecting a signal which is to be received, wherein the channel selector is arranged to select
either,
the output of the first parallel-�to-�serial converter and the output of the second parallel-�to-�serial converter, or
the output of the third parallel-�to-�serial converter.

Preferably, the multi-�carrier receiver further comprises: �

a second fast Fourier transformer for performing a Fast Fourier Transform (FFT) on a parallel input data signal.
a fourth parallel- �to- �serial converter for converting the output of the second fast Fourier transformer from a parallel
to a serial data signal.

�[0023] Preferably, the channel selector for selecting a signal which is to be received is arranged to select either,�
the output of the first parallel- �to-�serial converter and the output of the second parallel-�to-�serial converter, �
the output of the third parallel- �to-�serial converter, or
the output of the fourth parallel- �to- �serial converter. �
Preferably, the multi-�carrier receiver further comprises: �

a first serial- �to-�parallel converter for performing serial to parallel conversion on a serial input data signal, wherein
the output of the first serial-�to- �parallel converter is input into the first fast Fourier transformer; and
a second serial-�to-�parallel converter for performing serial to parallel conversion on a serial input data signal, wherein
the output from the second serial-�to-�parallel converter is input into the second fast Fourier transformer.

�[0024] Preferably, the multi-�carrier receiver further comprises: �

a multiplexer for controlling the path of the received data signal toward either the first serial-�to-�parallel converter or
to the second serial-�to-�parallel converter.

�[0025] Preferably, the first fast Fourier transformer, the second fast Fourier transformer, the imaginary component
filter, the real component filter, the first prototype filter, the second prototype filter, the first parallel-�to-�serial converter,
the second parallel-�to-�serial converter, the third parallel-�to- �serial converter, the fourth parallel- �to-�serial converter and
the multiplexer are all of variable size.
�[0026] Preferably, the multi-�carrier receiver further comprises: �

configuration means arranged to independently configure the size of each variable bit sized component.

�[0027] Preferably, the configuration means are also arranged to configure the real coefficients of the first prototype
filter and the second prototype filter.
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�[0028] Preferably, the configuration means are also arranged to control the multiplexer and the channel selector.

In the figures:

�[0029]

Figure 1 is a block diagram of a multi-�carrier wavelet transmitter according to the prior art.
Figure 2a is a block diagram of the inverse wavelet transform module IWT1 of figure 1 according to the prior art.
Figure 2b is a block diagram of the inverse wavelet transform module IWT2 of figure 1 according to the prior art.
Figure 3a is a representation of the structure of the prototype filter 1 of figure 2a according to the prior art.
Figure 3b is a representation of the structure of the prototype filter 2 of figure 2b according to the prior art.
Figure 4 is a block diagram of a Wavelet multi-�carrier transmitter implementation according to the present invention.
Figure 5 is a block diagram of an Orthogonal Frequency Division Multiplexed and Wavelet multi-�carrier transmitter
according to the present invention.
Figure 6 is a block diagram of a reconfigurable multimode multi-�carrier transmitter according to the present invention.
Figure 7 is a block diagram of a reconfigurable multimode multi-�carrier receiver according to the present invention.
Figure 8 is a table showing the control signal structure of both the transmitter of figure 6 and the receiver of figure 7.

�[0030] In reference to figure 1, a Digital Wavelet Multi Carrier (DWMC) transmitter 1, in accordance with the prior art,
is shown. The DWMC transmitter 1 performs data transmission by way of digital modulation using a real coefficient
wavelet filter bank. Known DWMC systems perform digital modulation/�demodulation using a real coefficient wavelet
filter bank that is based on a multi-�carrier modulation system. These communication systems synthesize a plurality of
digitally modulated waves to generate a send signal by way of a real coefficient wavelet filter bank. The system then
uses standard pulse-�amplitude modulation (PAM) to modulate each sub-�carrier.
�[0031] A serial bit-�stream of data which is to be transmitted using the DWMC transmitter of figure 1 is first sent to a
serial-�to- �parallel converter 2. Then, the data is processed in parallel by a first Inverse Wavelet Transform (IWT) block 3
and a second Inverse Wavelet Transform block 4 producing In-�phase (I) and Quadrature-�phase (Q) signals which are
up-�converted by an IF/RF modulator block 5 for transmission.
�[0032] Now, in reference to figures 2a and 2b, the detailed implementations of the first IWT block 3 and the second
IWT block 4 will now be described.
�[0033] In figure 2a, parallel data is processed by a Discrete Cosine Transform (DCT) block 6 followed by a first prototype
filter block 8 and finally by a first parallel-�to-�serial converter 10 to produce the in- �phase (I) signal. In figure 2b, the parallel
data is processed by a Discrete Sine Transform (DST) block 7 followed by a second prototype filter block 9 and finally
by a second parallel- �to-�serial converter 11 to produce the quadrature phase (Q) signal.
�[0034] Figures 3a and 3b show the structure of the first prototype filter 8 and the second prototype filter 9. Both filters
are identical except for the change in sign in the filter coefficients.
�[0035] Traditionally, wavelet transmitter and receiver filters have had identical finite impulse responses and have been
implemented digitally as multi-�rate filter banks using poly-�phase filtering techniques which significantly reduce compu-
tational requirements. As seen from the prior art, wavelet transform based systems require dedicated processing blocks
like DSTs and DCTs that are not used by other legacy standards, thus cannot be shared while in this mode of operation.
�[0036] However, for one dimensional signals, the DCT block 6 can be mathematically represented by the following
equations, where N is the length of the DCT filter: 
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�[0037] As can be seen from these equations, the Discrete Cosine Transform has a frequency of length 2N DFT (as
opposed to N DFT). Thus, a real signal, the real part of the DFT is similar to the DCT. Moreover, the real part of a double-
length FFT is the same as the DCT, but for the half-�sample phase shift in the sinusoidal basis functions and a negligible
scaling factor of 2. Consequently, the DCT can be implemented using the same basic efficiency techniques as the FFT.
�[0038] But for a constant scaling factor, forward and backward (inverse) transforms have identical transformation
kernels. The basis vectors are sampled cosines which have phase shifts that are not given by an alternating 0 and Π/ �2
pattern as in the sines and cosines of a DFT. The DCT basis vectors are: 

�[0039] The fast computation procedure consists of extending the input block of N samples to a 2N-�block with even
symmetry, taking a 2N point DFT, and saving N terms in it. The DFT of a real and symmetric sequence contains only
real coefficients corresponding to the cosine of the series.
�[0040] The extension can defined as: 

�[0041] The 2N-�DFT of x’ �(n) is: 

�[0042] By comparing it with y �(k), it can be shown that: 

�[0043] Thus, as has been appreciated by the applicant, the DST transform is similar to the DCT except for the sin
term in the equation. It follows that the Discrete Sine Transform needed for a Inverse Wavelet Transform can also be
generated from the Discrete Fourier Transform. Accordingly, the present invention uses a shared IFFT block to implement
a Wavelet Transceiver system as well as a legacy OFDM system.
�[0044] Figure 4 shows a transmitter according to a first embodiment of the present invention where an equivalent
transmitter to the one shown in figure 1 and 2 is implemented using an IFFT block 12. The real part of the complex IFFT
is equivalent to a DST, and the Imaginary part of the FFT is equivalent to a DCT. The real filter block 13 filters out the
imaginary component of the signal and the imaginary filter block 14 filters out the real part of the signal. Both the first
prototype filter 15 and the second prototype filter 16 are the same as in the prior art.
�[0045] Figure 5 shows a reconfigurable multi-�mode transmitter 23 according to a second embodiment of the present
invention. A parallel input data signal is passed through an IFFT block 12 , the output of which is used to generate the
IWT signal for multimode operation, as described in the previous embodiment. The output of the IFFT block 12 is also
sent to a parallel-�to- �serial converter 19, the output of which is sent to a channel selector 20 for use in OFDM mode
operation.
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�[0046] The embodiment shown in figure 5 allows for the update of the filter coefficients and the selection of modes
using a controller 22. In the system of figure 5, the controller 22 is used to configure the configuration registers 21 in
order to set the values of signals s1, s2 and s3. A configuration register file is used to store the configuration control
words which permit the selection of a particular configuration. The configuration control registers 21 provide control bits
for multiplexers, registers and memories. The configurations register file has a size of M (number of stored configurations)
x N (configurations bits). Thus, multiple configurations can be stored in the configuration registers 21. After filing the
configuration registers 21, in normal operation mode, rapid switches between configurations can be performed. The
configuration registers 21 can be reconfigured by changing the control signals output from the controller 22.
�[0047] The value of signal s1 will determine the filter coefficients for the first prototype filter 15 and that of signal s2
will determine the filter coefficients for the second prototype filter 16. The value of signal s3 will determine whether the
channel selector uses the I and Q signals output from parallel-�to-�serial blocks 17 and 18, for IWT mode operation, or
the I and Q signal output from the parallel- �to- �serial block 19, for OFDM mode operation.
�[0048] Figures 6 and 7 show a reconfigurable multi-�mode transmitter 24 and receiver 25 respectively. As will be
apparent to the skilled reader, except for the IFFT and FFT blocks, the components in the transmitter are the same as
those in the receiver. Also, the operation of the receiver can be viewed as the mirror image of that of the transmitter. In
this embodiment, second IFFT/FFT blocks 29 and 50 are introduced to allow implementation of various FFT block sizes
and to allow dynamic FFT block reconfiguration. Through the use of configuration registers 32 and 55, controllers 33
and 56 can dynamically reconfigure the mode and implementation parameters of the transmitter/�receiver through signals
s1 to s8. Figure 8 shows the control signal structure for the embodiment of figures 6 and 7.
�[0049] With reference to figure 6 and figure 8, the operation of the reconfigurable multi-�mode transmitter 24 will now
be described. Serial data enters a multiplexer 26 that is controlled by signal s1, output from the configuration registers
32 to determine the path of the data to either the first serial-�to-�parallel converter 27 or the second serial to parallel
converter 28.
�[0050] If s2 is set to "1", the path to the first serial-�to-�parallel converter 27 will be chosen, where M is the number of
parallel signals. The size of the first serial-�to- �parallel converter 27 is configures by control signal s2. The M parallel signal
are then processed by the IFFTM block 12, whose size is configured by control signal s5. The IFFTM block 12 can, as
described in previous embodiment, produce a second OFDM signal as well as IWT I&Q signals, all of which are sent to
channel selector 31.
�[0051] If s1 is set to "0", the path to the second serial-�to-�parallel converter 28 will be chosen, where L is the number
of parallel signals. The size of the second serial-�to-�parallel converter 28 is configures by control signal s3. The L parallel
signals are then processed by IFFT block 29, whose size is configured by control signal s4 to accommodate different
quantisation requirement for FFT processing from, for example, 64 samples in WLAN to up to 2048 samples and DVB.
Finally, the I&Q OFDM signal is produced by parallel-�to-�serial block 30 and sent to the channel selector 31.
�[0052] Figure 7 shows a reconfigurable multi-�mode receiver 25, where the reverse operations are implemented. The
multiplexer 54 and channel selector 41 can be configured to select individual channel modes or simultaneous reception.
The other control signals are used as in the transmitter 24.
�[0053] While operating in one of the modes selected by the multiplexer 54, using control signal s1, the controller 56
can dynamically reconfigure the other signal path blocks by changing the serial-�to-�parallel and FFT sizes without stopping
the operation of the receiver 25. The channel selector 41 selects the mode of operation required using control signals
s1 and s8, and a scanning unit 40 can monitor the signal paths being introduced into the channel selector 41 using
signals m1, m2, and m3, thereby scanning for other available modes in order for the controller 56 to dynamically switch
to another mode if required.

Claims

1. A multi-�carrier transmitter (24) for performing data transmission, said multi-�carrier transmitter comprising:�

a first inverse fast Fourier transformer (12) for performing an Inverse Fast Fourier Transform (IFFT) on a parallel
input data signal;
an imaginary component filter (13) for filtering out the imaginary component of an output signal of the first inverse
fast Fourier transformer;
a real component filter (16) for filtering out the real component of the output signal of the first inverse fast Fourier
transformer;
a first prototype filter (15) comprising a polyphase filter having real coefficients, said first prototype filter accepting
output data from said imaginary component filter;
a second prototype filter (16) comprising a polyphase filter having real coefficients which are selected by taking
the real coefficients of the first prototype filter and inverting the sign of each odd-�numbered real coefficient, said
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second prototype filter accepting output data from said real component filter;
a modulator (5) for performing Single Side Band (SSB) modulation by using the output from said first prototype
filter as an in-�phase signal of complex information and the output from the second prototype filter as an orthogonal
signal of complex information.

2. The multi-�carrier transmitter (24) of claim 1, further comprising:�

a first parallel-�to- �serial converter (17) for converting the output of the first prototype filter (15) from a parallel to
a serial data signal; and
a second parallel-�to-�serial converter (18) for converting the output of the second prototype filter (16) from a
parallel to a serial data signal.

3. The multi-�carrier transmitter (24) of claim 2, further comprising:�

a third parallel- �to-�serial converter (19) for converting the output of the first inverse fast Fourier transformer (12)
from a parallel to a serial data signal.

4. The multi-�carrier transmitter (24) of claim 3, further comprising:�

a channel selector (31) for selecting a signal which is to be sent to the modulator (5), wherein the channel
selector is arranged to select either,
the output of the first parallel- �to-�serial converter (17) and the output of the second parallel- �to-�serial converter
(18), or
the output of the third parallel-�to-�serial converter (19).

5. The multi-�carrier transmitter (24) of any of claims 3 to 4, further comprising:�

a second inverse fast Fourier transformer (29) for performing an Inverse Fast Fourier Transform (IFFT) on a
parallel input data signal.
a fourth parallel-�to-�serial converter (30) for converting the output of the second inverse fast Fourier transformer
from a parallel to a serial data signal.

6. The multi-�carrier transmitter (24) of claim 5, wherein
the channel selector (31) for selecting a signal which is to be sent to said modulator (5) is arranged to select either,�
the output of the first parallel- �to-�serial converter (17) and the output of the second parallel-�to-�serial converter (18),�
the output of the third parallel-�to-�serial converter (19), or
the output of the fourth parallel- �to-�serial converter (30).

7. The multi-�carrier transmitter (24) of any of claims 5 to 6, further comprising:�

a first serial-�to-�parallel converter (27) for performing serial to parallel conversion on a serial input data signal,
wherein the output of the first serial- �to-�parallel converter is input into the first inverse fast Fourier transformer
(12); and
a second serial-�to-�parallel converter (28) for performing serial to parallel conversion on a serial input data signal,
wherein the output from the second serial-�to- �parallel converter is input into the second inverse fast Fourier
transformer (29).

8. The multi-�carrier transmitter of claim 7, further comprising:�

a multiplexer (26) for controlling the path of the serial input data signal towards either the first serial-�to-�parallel
converter (27) or to the second serial-�to-�parallel converter (28).

9. The multi-�carrier transmitter of claim 8, wherein,�
the first inverse fast Fourier transformer (12), the second inverse fast Fourier transformer (29), the imaginary com-
ponent filter (13), the real component filter (14), the first prototype filter (15), the second prototype filter (16), the first
parallel-�to-�serial converter (17), the second parallel-�to- �serial converter (18), the third parallel- �to-�serial converter
(19), the fourth parallel-�to-�serial converter (30) and the multiplexer (26) are all of variable size.
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10. The multi-�carrier transmitter of claim 9, further comprising:�

configuration means (32) arranged to independently configure the size of each variable sized component.

11. The multi-�carrier transmitter of claim 10, wherein, �
the configuration means (32) are also arranged to configure the real coefficients of the first prototype filter (15) and
the second prototype filter (26).

12. The multi-�carrier transmitter of any of claims 10 to 11, wherein,�
the configuration means (32) are also arranged to control the multiplexer (26) and the channel selector (31).

13. A multi-�carrier receiver (25) for performing data reception, said multi-�carrier receiver comprising:�

a demodulator for performing Single Side Band (SSB) demodulation on a received data signal;
a first serial-�to-�parallel converter (53) for serial to parallel converting a serial data signal output from the de-
modulator into a parallel input data signal;
a first fast Fourier transformer (52) for performing a Fast Fourier Transform (FFT) on a parallel input data signal;
an imaginary component filter (49) for filtering out the imaginary component of an output signal of the first fast
Fourier transformer;
a real component filter (48) for filtering out the real component of the output signal of the first fast Fourier
transformer;
a first prototype filter (46) comprising a polyphase filter having real coefficients, said first prototype filter accepting
output data from said imaginary component filter;
a second prototype filter (47) comprising a polyphase filter having real coefficients which are selected by taking
the real coefficients of the first prototype filter and inverting the sign of each odd-�numbered real coefficient, said
second prototype filter accepting output data from said real component filter.

14. The multi-�carrier receiver (25) of claim 13, further comprising:�

a first parallel- �to-�serial converter (43) for converting the output of the first prototype filter from a parallel to a
serial data signal; and
a second parallel-�to-�serial converter (44) for converting the output of the second prototype filter from a parallel
to a serial data signal.

15. The multi-�carrier receiver (25) of claim 14, further comprising:�

a third parallel-�to-�serial converter (45) for converting the output of the first fast Fourier transformer (52) from a
parallel to a serial data signal.

16. The multi-�carrier receiver (25) of claim 15, further comprising:�

a channel selector (41) for selecting a signal which is to be received, wherein the channel selector is arranged
to select either,
the output of the first parallel- �to-�serial converter (43) and the output of the second parallel- �to-�serial converter
(44), or
the output of the third parallel-�to-�serial converter (45).

17. The multi-�carrier receiver (25) of any of claims 15 to 16, further comprising:�

a second fast Fourier transformer (50) for performing a Fast Fourier Transform (FFT) on a parallel input data
signal.
a fourth parallel-�to-�serial converter (42) for converting the output of the second fast Fourier transformer from a
parallel to a serial data signal.

18. The multi-�carrier receiver (25) of claim 17, wherein
the channel selector (41) for selecting a signal which is to be received is arranged to select either,�
the output of the first parallel- �to-�serial converter (43) and the output of the second parallel-�to-�serial converter (44),�
the output of the third parallel-�to-�serial converter (45), or
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the output of the fourth parallel- �to-�serial converter (42).

19. The multi-�carrier receiver (25) of any of claims 17 or 18, further comprising: �

a first serial-�to-�parallel converter (53) for performing serial to parallel conversion on a serial input data signal,
wherein the output of the first serial-�to- �parallel converter is input into the first fast Fourier transformer (52); and
a second serial-�to-�parallel converter (51) for performing serial to parallel conversion on a serial input data signal,
wherein the output from the second serial-�to-�parallel converter is input into the second fast Fourier transformer
(50).

20. The multi-�carrier receiver (25) of claim 19, further comprising:�

a multiplexer (54) for controlling the path of the received data signal toward either the first serial-�to-�parallel
converter (53) or to the second serial-�to-�parallel converter (51).

21. The multi-�carrier receiver (25) of claim 20, wherein,�
the first fast Fourier transformer (52), the second fast Fourier transformer (50), the imaginary component filter (49),
the real component filter (48), the first prototype filter (46), the second prototype filter (47), the first parallel- �to-�serial
converter (43), the second parallel- �to-�serial converter (44), the third parallel- �to- �serial converter (45), the fourth
parallel-�to-�serial converter (42) and the multiplexer (54) are all of variable size.

22. The multi-�carrier receiver (25) of claim 21, further comprising:�

configuration means (55) arranged to independently configure the size of each variable bit sized component.

23. The multi-�carrier receiver (25) of claim 22, wherein,�
the configuration means (55) are also arranged to configure the real coefficients of the first prototype filter (46) and
the second prototype filter (47).

24. The multi-�carrier receiver (25) of any of claims 22 to 23, wherein,�
the configuration means (55) are also arranged to control the multiplexer (54) and the channel selector (41).
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