US 20150341200A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2015/0341200 A1

bin Mohd Yussof et al.

43) Pub. Date: Nov. 26, 2015

(54)

(71)

(72)

(73)

@

(22)

DUAL RE-CONFIGURABLE LOGIC DEVICES
FOR MIMO-OFDM COMMUNICATION
SYSTEMS

Applicant: TELEKOM MALAYSIA BERHAD,
Kuala Lumpur (MY)

Zulkalnain bin Mohd Yussof, Puchong
Selangor Darul Ehsan (MY); Abdul Aziz
bin Abdl Rahman, Ulu Klang Kuala
Lumpur (MY); Ishak bin Suleiman,
Kajang Selangor Darul Ehsan (MY);
Ahmad Kamsani Samingan, Bandar
Baru Bangi Selangor Darul Ehsan (MY)

Inventors:

TELEKOM MALAYSIA BERHAD,
Kuala Lumpur (MY)

Assignee:

Publication Classification

(51) Int.CL
HO4L 27/26 (2006.01)
HO4L 27/36 (2006.01)
HO4B 7/04 (2006.01)
(52) US.CL
CPC ... HO4L 27/2628 (2013.01); H04B 7/0413
(2013.01); HO4L 27/362 (2013.01)
(57) ABSTRACT

An apparatus and method for dual re-configurable logic
devices for MIMO-OFDM communication systems. The
apparatus includes two FPGA devices, wherein the FPGA 1
has a centralized processing unit that manages the data flow
between both MIMO OFDM modem. The apparatus and
method support transmitting and receiving via a plurality of
dual-polarized antennas. The modulated transmitted from
FPGA 1 uses antenna 1 horizontal polarization to antenna N/2

Appl. No.: 14/286,050 horizontal polarization and the modulated transmitted from
FPGA 2 uses antenna N/2+1 vertical polarization to antenna
Filed: May 23, 2014 N vertical polarization.
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DUAL RE-CONFIGURABLE LOGIC DEVICES
FOR MIMO-OFDM COMMUNICATION
SYSTEMS

FIELD OF THE INVENTION

[0001] The present invention relates to MIMO-OFDM
communication systems and more particularly to a method of
using dual re-configurable logic devices for supporting wire-
less communication.

BACKGROUND OF THE INVENTION

[0002] Multiple Input Multiple Output-Orthogonal Fre-
quency Division Multiplexing (MIMO-OFDM) is a highly
spectral efficient technology used to transmit high-speed data
through radio channels with fast fading, both in frequency and
in time. Multiple-Input-Multiple-Output (MIMO) technol-
ogy has become important in the wireless communication
community due to its excellent characteristics. MIMO tech-
nology offers significant improvements either through Spa-
tial Multiplexing (SM) mode, or diversity mode. With SM
mode, the capacity of the communication channels grow lin-
early with respect to the number of supported parallel data
streams. However the maximum potential of MIMO technol-
ogy will only be realized in rich scattering conditions.

[0003] MIMO has always been proposed together with
another important wireless technology referred to as the
Orthogonal Frequency Division Multiplexing (OFDM). This
multi-carrier technology is essentially a Frequency Division
Multiplexing (FDM) scheme. However, contrary to ordinary
FDM, the OFDM approach employs a number of closely
spaced orthogonal sub-carriers to carry information data.
Each sub-carrier is modulated with a conventional modula-
tion scheme at a low symbol rate, hence maintaining total data
rates similar to the conventional single carrier modulation
schemes in the same bandwidth. OFDM is effective in com-
bating the dispersion effect due to multipath propagation
channel which leads to a relatively simple detection scheme.

[0004] In wireless communication systems that employ
OFDM, a transmitter transmits data to a receiver using many
sub-carriers in parallel. The frequencies of the sub-carriers
are orthogonal. Transmitting the data parallel allows symbols
containing the data to be of longer duration, which reduces
the effect of multipath fading. The orthogonality of the fre-
quencies allows the sub-carriers to be tightly spaced while
minimizing inter-carrier interference. At the transmitter, the
data is encoded, interleaved, and modulated to form data
symbols. Overhead information is added, including pilot
symbols, and the symbols (data plus overhead) are organized
into OFDM symbols. Each OFDM symbol typically uses 2"
frequencies. Each symbol is allocated to represent a compo-
nent of a different orthogonal frequency. An inverse Fast
Fourier Transform (IFFT) is applied to the OFDM symbol to
generate time samples of a signal. Cyclic extensions are
added to the signal and the signal is fed through to a digital to
analog converter. Finally the transmitter transmits the signal
to the receiver along a channel. When the receiver receives the
signal, the inverse operations are performed.

[0005] The method of using dual programmable logic
devices as one of mechanism of integrated circuit that can be
programmed to perform specified logic functions such as
MIMO-OFDM system. Another mechanism is ASICs fabri-
cations can similarly can be used as mentioned above. The
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most advantage of using programmable logic devices are fast
prototyping development and re-configurable option.

[0006] Since the current architecture only implemented in
the single chip/device which make it impractical to map the
larger design. The inventive step is to map the architecture
into multiple devices which can accommodate larger design.
The synchronization mechanism between devices are also
necessary to make sure the data can communicate with each
other accurately.

SUMMARY OF THE INVENTION

[0007] This summary is provided to introduce a selection of
concepts in a simplified form that are further described below
in the detailed description. This summary is not intended to
identify key features or essential features of the claimed sub-
ject matter.

[0008] The present invention provides a method and appa-
ratus for a MIMO OFDM wireless communication system,
which is re-configurable onto dual programmable logic
devices.

[0009] In one aspect, the present invention provides an
apparatus for supporting transmitting and receiving via a
plurality of dual-polarized antennas.

[0010] The transmitter of the MIMO-OFDM system of the
present invention comprises of:

[0011] a Forward Error Correcting (FEC) block that
serves to provide a means for error correction by adding
redundant error correcting codes to the information sig-
nal or input data;

[0012] an inter-leaver block that serves to provide a
means for enhancing the functionality of the FEC block
by redistributing the input data of the information signal
across several code words thereby creating a more uni-
form distribution of error in the event that these errors
are picked up in the receiver end of the MIMO-OFDM
communication system;

[0013] aSerial to Parallel conversion block that serves to
provide a means for parsing or in other words for con-
verting the continuous data into a series of parallel data
streams, the number of parallel data streams being equal
to the number of available transmitter antennas;

[0014] aplurality of QAM mapping blocks that map the
individual parallel data stream of bits on QAM symbols;

[0015] a plurality of OFDM modulators, each OFDM
modulator comprising of an Inverse Fast Fourier Trans-
form (IFFT) block and a cyclic prefix block, that further
serve to modulate the phase and amplitude of a sub-
carrier in accordance to the incoming data stream corre-
sponding to a spatial stream of a MIMO-OFDM transmit
antenna and further serves to add a cyclic prefix to the
resultant data to thus obtain a time domain OFDM sym-
bol;

[0016] apilot generator that serves to insert a plurality of
pilot tones in the space-time domain of the OFDM sym-
bols;

[0017] apreamble generator block, that generates a pre-
amble according to the requirements of the IEEE 802.
11n standard;

[0018] a plurality of multiplexer blocks that serve to add
in the time domain a preamble generated by the pre-
amble generator block to the obtained OFDM symbol
that is obtained from the OFDM modulator block for
each of the individual spatial streams of the MIMO-
OFDM transmitter;



US 2015/0341200 Al

[0019] a plurality of Digital Up Sampling blocks that
serve to increase the frequency or in other words up
sample the resultant spatial stream comprising of the
OFDM symbols before transmission to a MIMO-
OFDM receiver.

[0020] The receiver of the MIMO-OFDM communications
system of the present invention comprises of:

[0021] aplurality of digital down conversion blocks, that
serve to receive the transmitted OFDM symbols of the
transmitted MIMO-OFDM information packets to thus
down-convert these high frequency signals to interme-
diate frequency baseband signals;

[0022] atimingsynchronization block that serves to gen-
erate an index to denote the start of an information
packet;

[0023] a plurality of buffer blocks, to temporarily store
the down-converted, received MIMO-OFDM time
domain signals before timing synchronization;

[0024] a plurality of OFDM demodulator blocks, each
block comprising of a Prefix removal block and a Fast
Fourier Transform (FFT) block wherein the prefix
removal block serves to remove or discard the cyclic
prefix and the FFT block serves to demodulate the trans-
mitted MIMO-OFDM time domain symbols into
MIMO QAM frequency domain symbols;

[0025] achannel estimation block having its inputs con-
nected to the respective outputs of the plurality of
OFDM demodulator blocks and its output fed in addi-
tion to the output of the plurality of demodulator blocks
into a MIMO spatial detector block wherein the channel
estimation block performs channel estimation by com-
paring the received sets of N pilot symbol and received
sets of long training field symbols with pilot symbol and
long training field symbols known to be transmitted by
the transmitter;

[0026] aMultiple Input Multiple Output (MIMO) spatial
detector block that serves to detect the plurality of spatial
streams transmitted which further compensates the
effect of channel impairment which has been estimated
by the channel estimator block;

[0027] a plurality of QAM de-mapper blocks that con-
vert the frequency domain output of the FFT block into
time domain information signals by means of demodu-
lation;

[0028] a Parallel to Serial data conversion block, that
converts the plurality of parallel spatial streams into a
serial stream of data bits;

[0029] a de-interleaver block; and
[0030] a Forward Error Correction (FEC) decoder.
[0031] In another aspect of the present invention, central-

ized processing unit is managing data flow between first and
second programmable logic devices. Besides controlling
both MIMO OFDM modem for transmitting and receiving
processes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 is a block diagram of MIMO-OFDM trans-
mitter system;
[0033] FIG. 2 is a block diagram of a MIMO-OFDM

receiver system,

[0034] FIG. 3 is a block diagram of a dual re-configurable
logic devices for MIMO-OFDM wireless communication
systems; and

Nov. 26, 2015

[0035] FIG. 4 is diagram illustrating the process for per-
forming centralized processing unit for data management
between the first and the second MIMO-OFDM modem.

DETAILED DESCRIPTION OF THE INVENTION

[0036] The detailed description set forth below in connec-
tion with the appended drawings is intended as a description
of exemplary embodiments and is not intended to represent
the only forms in which these embodiments may be con-
structed and/or utilized. The description sets forth the func-
tions and the sequence for constructing the exemplary
embodiments. However, it is to be understood that the same or
equivalent functions and sequences may be accomplished by
different embodiments that are also intended to be encom-
passed within the scope of this disclosure.

[0037] InMIMO-OFDM systems, the transmitter transmits
data through more than one transmitting antenna and the
receiver receives data through more than one receiving
antenna. The binary datais usually divided between the trans-
mitting antennae, although the same data may be transmitted
through each transmitting antenna if spatial diversity is
required.

[0038] Each receiving antenna receives data from all the
transmitting antennae, so if there are M transmitting antennae
and N receiving antennae, the signal will propagate over
MxN channels, each of which has its own channel response.
[0039] The MIMO-OFDM transmitter 100 of the MIMO-
OFDM communications system of the present invention will
now be described with reference to FIG. 1. Generally, a
MIMO-OFDM transmitter can have a plurality of parallel
data streams corresponding to the number of transmit anten-
nas that are available on the transmitter. In a preferable
embodiment of the present invention, the number of parallel
data streams is constrained to two. The description to follow
will thus be based on a MIMO-OFDM transmitter and
receiver with a 2x2 channel wherein the transmitter has two
antennas and the receiver has two reception antennas.
[0040] The MIMO-OFDM transmitter 100 of the present
invention comprises of a Forward Error Correction (FEC)
block 101, an inter-leaver block 102, a Serial to Parallel
converter block 103, a first Quadrature Amplitude Modula-
tion (QAM) mapping block 104, a second QAM mapping
block 110, a first OFDM modulator block 105 that includes a
first Inverse Fast Fourier Transform (IFFT) block 106 and a
first cyclic prefix block 107, a second OFDM modulator
block 111 that includes a second IFFT block 112 and a second
cyclic prefix block 113, a first multiplexer block 108 and a
second multiplexer block 114, a first Digital Up-Sampling
(DUC) block 109 and a second Digital Up-Sampling block
115, a pilot generator block 116 and a preamble generator
block 117.

[0041] Upon receipt of a suitable information signal to be
transmitted, this signal is fed to the input of the FEC encoder
block 101. The FEC encoder block 101 is the first stage of the
transmitter 100. The FEC encoder 101 provides a means for
error correction by adding redundant error correcting codes to
the information signal or input data. The thus processed sig-
nal is then subsequently fed to the inter-leaver block 102 in
which the input data and error correction codes of the pro-
cessed information signal is redistributed across several code
words thereby creating a more uniform distribution of error in
the event that these errors occur and, are picked up in the
receiver end of the MIMO-OFDM communications system of
the present invention.
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[0042] The input data which, at this point consist of a serial
stream of data bits is then broken-up into a two parallel spatial
streams in accordance with the number of transmit antennae
available on the transmitter which, in the embodiment of the
present invention described herein is two. The serial input
data stream is converted to a plurality of parallel data streams
in accordance with the number of available transmit antennae
by a serial to parallel converter block 103. The two parallel
data streams output from the serial to parallel converter block
103 are then respectively fed to a first and second QAM
mapping blocks respectively 104, 110 which serve to encode
the first and second parallel data streams into predetermined
complex-valued points in a constellation. These complex val-
ued points each represent discrete phase and amplitude values
that form a sequence of frequency domain sub-symbols that
represent the data.

[0043] The outputs of the respective first and second QAM
mapping blocks 104, 110 are then fed to the respective first
and second Orthogonal Frequency Division Multiplexing
modulator blocks 105, 111. Each OFDM modulator block
consists of an Inverse Fast Fourier Transform (IFFT) block
106, 112 and a cyclic prefix block 107,113. The pilot genera-
tor block 116 serves to generate a plurality of pilot tones that
are modulated and hence inserted into the MIMO-OFDM
frame structure. Consequently the output of the pilot genera-
tor 116 is fed respectively to the first and second IFFT blocks
106, 112. The respective outputs of the first and second IFFT
106, 112 blocks are then correspondingly fed to a first and
second cyclic prefix blocks 107, 113. The resulting output of
the OFDM modulator blocks 105, 111 are respectively fed to
afirst and second multiplexer 108, 114 wherein a preamble as
per the requirements of the IEEE 802.11n is added to the
OFDM symbol outputs of the first and second OFDM modu-
lators 105, 111. The respective MIMO-OFDM transmission
frames output from the first and second multiplexer blocks
108, 114 are then up-converted by the first and second up-
converting blocks 109, 115 to increase the frequency of the
transmission frames before transmission to the MIMO-
OFDM receiver 200.

[0044] With reference to FIG. 2, the MIMO-OFDM
receiver 200 will now be described. When a signal is trans-
mitted from the MIMO-OFDM transmitter and is received by
the receiver, the transmitted signal will first have to undergo
analog to digital conversion. The MIMO-OFDM receiver of
the present invention comprises of a first Digital Down Con-
version block 201, a second Digital Down Conversion block
209, a first buffer block 202, a second buffer block 210, a
timing synchronization block 215, a first OFDM demodulator
block 204 that includes a first prefix removal block 203 and a
first Fast Fourier Transform (FFT) block 205, a second
OFDM demodulator block 212 that includes a second prefix
removal block 211 and a second Fast Fourier Transform
(FFT) block 213, a channel estimation block 216, a spatial
detector block 206 and a first and second QAM de-mapping
blocks 207, 214, a parallel to serial converter block 208, a
de-interleaver block 217 and a FEC decoder block 218.

[0045] The MIMO-OFDM receiver of the present inven-
tion includes a first and a second OFDM demodulator 204,
212 (although in general there will be N OFDM components
i.e., OFDM demodulators 204, 212, one for each receiving
antenna). In the MIMO-OFDM receiver described herein,
there are two receiving antennae, and hence two received
signals. Each receiver antenna will receive transmitted sig-
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nals from both the previously mentioned transmitter antennae
of the MIMO-OFDM transmitter described herein.

[0046] Upon receipt of a plurality of MIMO-OFDM trans-
mission signals, the plurality of received signals are con-
verted to digital signals via an analogue to digital converter
(not shown).

[0047] The two received signals as previously mentioned
are initially converted to digital signals with the aid of an
analogue to digital converter. Upon conversion to digital data,
the two digital data streams are stored in a first and second
buffer block 202, 209 to make allowance for timing synchro-
nization. The digital down converted signals i.e. the two digi-
tal data streams received are also fed to a timing synchroni-
zation block 215, to enable a comparison to be made by the
timing synchronization circuitry of the timing synchroniza-
tion block 215 to thus synchronize the timing of the digital
data stored in the buffer blocks 202, 210. Once synchroniza-
tion of the signals has been completed, the two digital data
streams are transmitted to the first and second OFDM
demodulator blocks 204, 212 respectively. The OFDM
demodulator blocks first remove the cyclic prefix that was
appended to the individual data transmission frames in the
MIMO-OFDM transmitter.

[0048] Subsequently, the two digital data streams are
respectively fed to the first and second FFT blocks 205, 213 of
the first and second OFDM demodulators 204, 212 respec-
tively. The two data streams are respectively converted to the
frequency domain by the respective first and second FFT
blocks 205, 213. The resultant frequency domain MIMO-
OFDM symbols thus obtained at the output of the respective
OFDM demodulators 204, 212 are fed to a channel estimation
block 216. In the channel estimation block 216 of the present
invention, channel estimation to recover the original trans-
mitted signals is carried out based on a method that utilizes
the Long Training Field (LTF) portion of the MIMO-OFDM
transmission frame, the pilot symbols interspersed in
between the data symbols of a MIMO-OFDM data symbol of
a MIMO-OFDM transmission frame and a weighting factor
that is calculated based on the channel responses of the Long
Training Field (LTF) symbols and pilot symbols in the
MIMO-OFDM data symbol of the MIMO-OFDM transmis-
sion frame.

[0049] Upon completion of the channel estimation, the
results of the channel estimation are fed to a MIMO-spatial
detector block 206, to isolate the individual spatial data
streams. The isolated data streams are then fed to a first and
second QAM de-mapping block 207, 214 respectively. The
QAM de-mapping blocks 207, 214 convert the complex-
valued QAM symbols into their corresponding binary
streams. The resulting parallel data streams are then fed to a
Parallel to serial converter block 208 that thus serves to com-
bine the parallel data streams into one serial data stream.
[0050] Subsequently the resulting serial data stream output
from the parallel to serial block 208 is fed to a de-interleaver
block 217 to de-interleave the data stream and forward error
correction codes are then subsequently decoded in the FEC
decoder block 218 to thus reproduce the transmitted signal at
the output of the MIMO-OFDM receiver 200 of the present
invention.

[0051] With reference to FIG. 3, the two MIMO-OFDM
modem 303 and 313 are being implemented onto two; re-
configurable programmable logic device one 301 and re-
configurable programmable logic device two 312 called as
FPGA 1and FPGA 2 respectively. The centralized processing
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unit 302 manages the data flow between both MIMO OFDM
modem. Modulated MIMO OFDM signal out from the PFGA
1 is sent to digital to analogue converter one 305 to analogue
converter N/2 309. Similar with modulated MIMO OFDM
signal out from FPGA 2 is sent to digital to analogue con-
verter N/2+1 315 to analogue converter N 319. Signal out
from respected digital to analogue converter is sent to radio
frequency transceiver 1 306 to radio frequency transceiver
N/2 310 and radio frequency transceiver N/2+1 316 to radio
frequency transceiver N 320. Thus, the modulated transmit-
ted from FPGA 1 uses antenna 1 horizontal polarization 307
to antenna N/2 horizontal polarization 311 and the modulated
transmitted from FPGA 2 uses antenna N/2+1 vertical polar-
ization 317 to antenna N vertical polarization 321. Thus,
transmitting process is completed. During receiving process,
radio frequency signal source receive from antenna 1 307 to
antenna N/2 311, and antenna N/2+1 317 to antenna N 317 are
converted to baseband signal using radio frequency trans-
ceiver 1 306 to radio frequency transceiver N/2 310 and radio
frequency transceiver N/2+1 316 to radio frequency trans-
ceiver N 320. Then, ADC 1 304 to ADC N/2 308, and ADC
N/2+1 314 to ADC N/2 318 translate analogue signal into
digital signal. MIMO OFDM receiver 303, 313 demodulate
signal into decoded data. The decoded data is managed by
CPU 302 for further process.

[0052] The description to follow is based on a MIMO-
OFDM transmitter 100 and receiver 200 with a NxN channel
wherein the transmitter 100 has N antennas and the receiver
has N reception antennas and that is further operating in the
20 MHz mode with each MIMO OFDM data symbol utilizing
52 data subcarriers, 4 pilot subcarriers and 8 null subcarriers.

[0053] The method to perform MIMO-OFDM channel
estimation according to the present invention is embodied as
an algorithm that resides in the channel estimator 216 of the
MIMO OFDM receiver 200.

[0054] With reference to FIG. 4, the CPU manages data
flow between MIMO OFDM modem 303 and MIMO OFDM
modem 313 is executed by the flow chart 400 of the present
invention will now be described. This description is started by
CPU will determine which operation will be executed either
transmit or receive mode 402. Then, decision will be made in
403. If the transmit operation 403 is decided as Yes 404, the
CPU manages to read data from memory 405. Next process is
to sub-divide data into two areas 406, Data A and Data B. Data
A is sent to MIMO OFDM modem 1 303 and Data B is sent
to MIMO OFDM modem 2 313. Thus, it will back 408 to
operation mode 402. The second option in 402 is receive
operation mode. If the transmit operation 403 is decided as
No 409, The CPU in 410 processes the receive data A and
receive data B to the respected MIMO OFDM modem 1 303
and MIMO OFDM modem 2 313. Then, follow to combine
receive Data A and Data B in 411. The combined receive data
will be stored in memory data in 412. It will end the receive
operation and start again in 402. The process is repeated.

Having described the invention, the following is claimed:

1. A physical layer of MIMO OFDM wireless communi-
cation system is configured using two (2) FPGA devices. The
physical layer block is a double MIMO OFDM modem for
supporting transmitting and receiving via a plurality of dual-
polarized antennas. The FPGA 1 manages communication
between MIMO OFDM Modem 1 and MIMO OFDM
Modem 2 via centralized-processing unit (CPU) or any other
controller.
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2. A device, according to claim 1, comprising a program-
mable logic device, using FPCA communication system,
characterized in that;

the receiver includes a channel estimator block that
implements a channel estimation algorithm that is
based on:

a plurality of LTF symbols as outlined in the IEEE
802.11n draft;

a plurality of pilot symbols as outlined in the IEEE
802.11n draft; and

a Forward Error Correcting (FEC) block;

an inter-leaver block;

a Serial to Parallel conversion block;

a plurality of QAM mapping blocks that map the indi-
vidual parallel data stream of bits onto QAM sym-
bols;

a plurality of OFDM modulators;

a pilot generator that serves to insert a plurality of pilot
tones in the space-time domain of the OFDM sym-
bols;

a preamble generator block, that generates a preamble
according to the requirements of the IEEE 802.11n
standard;

a plurality of multiplexer blocks that serve to add in the
time domain a preamble generated by the preamble
generator block to the obtained OFDM symbols that
are obtained from the plurality of OFDM modulator
blocks for each of the individual spatial streams of the
MIMO-OFDM transmitter; and

a plurality of Digital Up Sampling blocks.

3. A MIMO-OFDM communication system according to

claim 1, characterised in that:

the plurality of OFDM modulators include:

aplurality of Inverse Fast Fourier Transform (IFFT) blocks
that serve to modulate the phase and amplitude of a
sub-carrier in accordance to the incoming data stream
corresponding to a spatial stream of a MIMO-OFDM
transmit antenna; and

a plurality of cyclic prefix blocks that serve to add a cyclic
prefix to the resultant data of the plurality of Inverse Fast
Fourier Transform (IFFT) blocks to thus obtain a time
domain OFDM symbol.

4. A MIMO-OFDM communication system according to

claim 3, wherein the receiver comprises:

a plurality of digital down conversion blocks;

a timing synchronization block that serves to generate an
index to denote the start of an information packet;

a plurality of buffer blocks;

a plurality of OFDM demodulator blocks;

a channel estimation block having its inputs connected to
the respective outputs of the plurality of OFDM
demodulator blocks and its output fed in addition to the
output of the plurality of demodulator blocks into a
MIMO spatial detector block;

a Multiple Input Multiple Output (MIMO) spatial detector
block that serves to detect a plurality of spatial streams
transmitted which further compensates the effect of
channel impairment which has been estimated by the
channel estimator block;

a plurality of QAM de-mapper blocks that respectively
convert a plurality complex-valued QAM symbols into
corresponding binary data sequences
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a parallel to serial data conversion block, that converts the
plurality of parallel spatial streams into a serial stream of
data bits;

a de-interleaver block; and

a Forward Error Correction (FEC) decoder.

5. A MIMO-OFDM communication system according to
claim 1, wherein the plurality of OFDM demodulators
include:

a Prefix removal block that serves to remove or discard the
cyclic prefix from the transmitted MIMO-OFDM time
domain symbols; and

a Fast Fourier Transform (FFT) block that serves to
demodulate the transmitted MIMO-OFDM time domain
symbols into MIMO QAM frequency domain symbols.

#* #* #* #* #*
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