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ABSTRACT

The Geometric Mean Decomposition (GMD) based
transceiver design has gained huge attention in the recent past
as it provides an optimal solution in terms of BER and
capacity. GMD technique has been widely adopted for the
joint transceiver design as it converts the MIMO channel into
identical and parallel SISO channels hence avoiding the
necessity for bit loading and also achieves minimized bit error
rates (BER). In this paper, we have explored the possibility of
utilizing these positives of GMD for MIMO-OFDM
transceiver designs, which is unavailable in the current
literature. This paper considers the design of a linear Precoder
and a DFE under perfect CSIT and CSIR. Using GMD, both
MMSE and ZF based transceiver designs are proposed for
MIMO-OFDM system. The performance of the proposed
systems has been compared with other types of transceiver
designs based on SVD and QR decomposition. The robustness
of these proposed systems against the channel imperfections
have also been analyzed.

General Terms
MIMO-OFDM transceiver design

Keywords
Decision Feedback Equalizer (DFE), Geometric Mean
Decomposition (GMD), MIMO-OFDM transceiver

1. INTRODUCTION

Orthogonal Frequency Division Multiplexing (OFDM) is an
efficient multicarrier technique that converts frequency
selective channels to parallel narrowband flat fading channels
hence suppressing Inter Symbol Interference (ISI) to a greater
extent. The orthogonal subcarriers attributes to the increased
spectral efficiency [1]. It has been adopted in digital audio
broadcasting (DAB), digital video broadcasting (DVB-T), the
IEEE 802.11a local area network (LAN) [14] standard and the
IEEE 802.16a metropolitan area network (MAN) [15]
standard. On the other-hand, Multiple Input Multiple Output
(MIMO) systems have proven to be the nonpareil solution for
the present requisites in Wireless Communication because it
provides high data rate, spectral efficiency through spatial
multiplexing and high capacity. This has been evident from
the adoption of MIMO system in the IEEE 802.11n (Wi-Fi),
IEEE 802.16e (WiMAX) standards and in 4G, LTE, 3GPP.

MIMO systems are predominantly affected by frequency
selective fading. An apparent solution for this problem is to
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incorporate OFDM into the MIMO systems which helps in
mitigating the inter symbol interference (ISI) [2]. Thus,
MIMO-OFDM has found wide application in IEEE 802.11n
WLAN and in the fourth generation mobile cellular wireless
systems. These positives of MIMO-OFDM have made the
transceiver design to capture attention worldwide.

Channel state information at the transmitter (CSIT) and the
channel state information at the receiver (CSIR) play a
significant role in the design of precoder and equalizer
matrices. In this paper, we assume that the CSIT is available
at the transmitter through feedback or time division duplex
(TDD) scheme.

GMD based transceiver design for MIMO system has proven
to be the benchmark of all the generalized triangular
decomposition (GTD) [5] based transceiver designs as it
converts the MIMO channels into identical and parallel SISO
channels and achieves optimal capacity and minimizes bit
error rate [8]. The major advantage of GMD over other
decomposition techniques such as SVD is that it does not
require bit allocation hence avoiding the necessity for
complex decoders at the receiver. In the past and current
literatures, these positives of GMD have not been utilized for
MIMO-OFDM transceiver designs. So, we have extended the
available GMD based MIMO transceiver design [5], [3], [11]
to MIMO-OFDM transceivers.

The sections in the paper are structured as follows. In section
I, an overview on channel state information and on
Geometric Mean Decomposition as a special case of GTD is
detailed. Section Ill gives an overview on the MIMO-OFDM
channel. Section IV is devoted to the system model in which
mathematical formulation of GMD based MIMO-OFDM
transceiver designs is brought out. Finally in section V, the
analysis of the systems proposed in section 1V is performed
and results are given graphically. Concluding remarks are
given in section V1.

2. THEORY ON GMD BASED
TRANSCEIVERS FOR MIMO OFDM

SYSTEMS

Channel State Information (CSI) plays a vital role in MIMO-
OFDM transceiver design [10]. Its availability and accuracy
directly affects the overall performance of MIMO-OFDM
systems. The CSI known at the transmitter can be labelled as
perfect when there are no channel estimation errors or no
feedback errors and if there are errors, it is said to be
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imperfect in nature [6]. Among the available categories of
CSlI, known channel state information gives better system [12]
performance compared to the rest as it will help to process the
signal more precisely and thus helps in obtaining an optimal
transceiver design. The generalized triangular decomposition
(GTD) mentioned in [3], [7], results in a set of solutions for
the power minimization problem with the bit allocation
varying from one solution to other. The linear transceiver
design based on SVD with optimal bit allocation, GMD based
DFE transceiver with no bit allocation are the members of the
GTD family. The QR-based system used in VBLAST is yet
another member of the optimal family and is particularly well-
suited when limited feedback is allowed from receiver to
transmitter [3].

Using GMD, a matrix can be decomposed as [4]
H = QRPH ()

where R is a K X K upper triangular matrix and Q isa M X K
matrix and P is N X K matrix where Q and P are unitary
matrices.

Ry, the diagonal entries of the R matrix, all are identical and
is equal to the geometric mean of the singular values of the
channel matrix H.

Rie = (T¥=o on i)™ 2

3. CHANNEL MODEL FOR MIMO-

OFDM

For a general SISO OFDM system, the channel impulse
response can be modeled in the form of a matrix [9] as

h() hl h2 hﬂ 0 0
p=| O ho ke hf‘ 0 3)

where h[n] denotes the filter impulse response of the
multipath SISO channel with 0 < n < p.Hence for SISO
system, the output of the channel can be denoted by

y=Hx+n 4)

The output vector y is of size N X 1 where, N denotes the
number of subcarriers utilized for OFDM modulation.

Y= N1 YNz e e v e Yol ®)

The input vector denoted as x is appended with cyclic prefix
of length u hence has a size (N + u) X 1.Cyclic prefix of
length u is added to the input vector in order to combat ISI,
where the u is same as the tap size of channel impulse
response.

nx_y] (6)

The last u symbols of the input vector x corresponds to the
cyclic prefix. It is evident that

X = [xN_l XN—2 sevorermnnnnne Xg X1 X2 oev e

X_ 1 = XAN—1, X2 = XN_2) eer on ...,X_M = xN_Il (7)

A typical MIMO channel is expressed by a matrix of size
Ny X Np with rank M, where Ny corresponds to the number of
transmitting antennas and N corresponds to the number of
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receiving antennas. Hence a MIMO-OFDM channel can be
given by (8), where each element of a MIMO channel matrix
is replaced by a SISO OFDM channel hence resulting in a
channel matrix H of size N, X (N + p)Nr . Hence with the
help of MIMO OFDM systems the effect of frequency
selective fading is reduced by converting the wideband
channel into many narrowband channels. This channel model
applies for a multipath fading MIMO channel. In the case of
flat fading MIMO channels, the channel has the normal form
of Ny X Ny. Hence an input vector x to the channel will be of
size (N + w)Nr X 1and the output vector from the channel
will be of size NN X 1 for a MIMO-OFDM channel.

4. SYSTEM MODEL
4.1 General MIMO-OFDM Transceiver
with DFE

The model proposed in this paper assumes a low rate feedback
system, which ensures the channel state information available
at both the transmitter and receiver. In this paper, we consider
a multipath, frequency selective fading channel. Hence, the
channel model can be given by (8), here H is the NNz X (N +
WwNy channel matrix of rank NM whose elements are
Rayleigh iid. The system model depicted in Fig.1.

The transmitter comprises of a precoder that precodes the
channel matrix in frequency domain, an interleaver and Ny
OFDM transmitters. The output from the transmitter side x is
an (N + u)Ny X 1 vector where Ny denotes the number of
transmitting antennas, N denotes the number of subcarriers for
OFDM modulation and u denotes the channel FIR filter
length which is chosen same as the cyclic prefix length.

The noise vector n is a NNy X1 zero mean circularly
symmetric complex Gaussian noise. y is a NNy X 1 received
vector where Ny denotes the number of receiving antennas.

The input symbols a of size MN X 1 is precoded with the help
of precoding matrix F of size NNy X NM which is block
diagonal is obtained from the frequency domain channel
matrix corresponding to N orthogonal frequencies, resulting
in a precoded vector of size NNy X 1. Hence these precoded
vectors must be interleaved in order to form Ny sets of input
symbols each of length N which will act as input to the
Nrparallel IFFT blocks. Output from each of these Ny
parallel IFFT blocks are prepended with cyclic prefixes of
length p resulting in a transmitted vector x of size (N +
WNy X 1.

N-1
X, 0(8) = ) (xn€/?™) ,—u<t<Ts
1=0

%,9() = x,9(t+Ts),—u<t<0 9)

Here x,, ; is the input symbol to the IFFT block and x,,7(t) is
the n" OFDM symbol, and [, Af, N and Tg denotes the
subcarrier index, the subcarrier spacing, the number of
subcarriers and the OFDM symbol duration respectively. u
denotes the cyclic prefix duration which is same as the
channel filter tap length.

The receiver is made up of N OFDM receivers, a de-
interleaver and a decision feedback equalizer. At the receiver
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Fig.1. System Model for GMD based MIMO OFDM transceiver

end, the received vector y of size NN, X 1 is grouped into Ng
sub vectors of length N each. Each of these vectors is then
passed parallely on to Np FFT blocks resulting in a vector of
size NNy X 1. This vector is then de-interleaved in order to
enable these vectors for equalization in frequency domain
using the feedforward matrix G and the feedback matrix B.

The feedforward matrix and the feedback matrix are block
diagonal matrices of size NM X NN, and NM X NM. Hence
the output symbols a’ of size NM X 1 are obtained using the
equalization process. It is also assumed that there is no error
propagation in the feedback loop.

4.2 GMD ZF based MIMO-OFDM

Transceiver

In order to obtain the precoder and equalizer matrices for
GMD ZF based transceiver, the time domain MIMO-OFDM
channel matrix H is first converted to equivalent frequency
domain block diagonal channel matrix Hy of size NN X NNy
where each of the block diagonal entries represents the
MIMO channel matrix corresponding to each of the N
subcarrier frequencies. This time domain matrix is converted
to frequency domain matrix by taking N point DFT of each
w length CIR in the MIMO OFDM matrix.

Hy = diag{H; (1), H;(2), ... ..., Hr(N)} (10)

In general, for a MIMO system, these matrices are obtained
using the time domain channel matrix but in case of MIMO
OFDM design the frequency domain channel matrices using
which the precoder and equalizer matrices are designed for
each of the N subcarriers.

Using GMD we can decompose the each of the Np X Np
frequency domain channel matrices corresponding to each
subcarrier frequency, Hf(k),l < k < N into three matrices:
P (k) of size Ny X M, R(k) of size M X M and Q (k) of size
M X Np.

Hy (k) = Q)R (k)P™ (k) (1)

The matrices P(k) and Q(k) are unitary matrices as
mentioned before and R (k) is an upper triangular matrix with
the diagonal elements as the geometric mean of the singular
values of the channel matrix Hf(k) and it is represented using

@

The Precoder matrix F(k) is unitary in nature and is defined
as

F(k) = aP(k) (12)

The factor a is selected to achieve the transmitting power
constraint [5] and is given by

a= 2/P/M%Z (13)

where = (tr(E (x(k)x" (k)) , M is the rank of the matrix and
a2 is the variance of the input symbol.

Next feedforward matrix G (k) and feedback matrix B (k)
corresponding to all the N frequencies are formulated as
follows based on the zero forcing constraint GHF — I = B [3]
given by

G(k) = a' (Dr(K))™! [Q(K)]" (14)
Dg(k) = (diag(R(k)) (15)
B(k) = (Dg(k) )"'R(k) — Iy (16)

Once the precoder matrix F (k), feedforward matrix G (k) and
the feedback matrix B(k), where 1 < k < N, corresponding
to all the frequencies have been determined, the overall
precoder matrix F, feedforward matrix G and feedback matrix
B can be determined as

F = diag{F(1),F(2), ... .., F(N)} 17
G = diag{G(1),G(2), ..., G(N)} (18)
B = diag{B(1),B(2), ... ..., B(N)} (19)

After determining the matrices for the precoder, feed forward
and feedback matrices F, G and B, the OFDM transmitter and
receiver can be appended to the system. The OFDM
transmitter consists of IFFT block followed by the addition of
cyclic prefix. At the receiver end, FFT is performed on the
OFDM symbols in order to recover the original symbols
which are then equalized with the help of MMSE DFE.

The input symbols of size MNX 1 are precoded and
converted to symbols of size NNp X 1. These precoded
symbols are then interleaved and are then IFFT modulated. N
point IFFT is performed on each of the N symbols and are
prepended with cyclic prefix of length u to form the
transmitted signal x = {x!,x?,......... ,xNTY,

@) =xW" 1<q<NT1<I<N (20)
where W is the twiddle factor matrix.

At the other end, before multiplying with G, the signal is
demodulated using the FFT, de-interleaved and the result after
the FFT is given by

¥ =21 (xI(OH +ni() 1)

where g is the transmitted antenna. x9(l) is the transmitted
OFDM symbol .H is the channel matrix and n9(l) is the
noise added which is given by the following expression.

.2mn
n(m) 2 \/LN N gni(mg +n)e” v (22)

NMX 1



4.3 GMD MMSE based MIMO-OFDM

Transceiver

For the design of the GMD based system we consider that the
channel matrix time domain channel matrix H is known at the
transmitter and at the receiver. Using perfectly known Hy we
determine the NNy X NM precoding matrix F, MN X NNy
feed forward matrix G and NM X NM feedback matrix B. The
procedure to be followed in order to design the MMSE based
transceiver is as follows.

Firstly, Singular Value Decomposition (SVD) of each Hf (k)
is performed

H; (k) = U(K)Z(k)V'T (k) (23)

where U and V are the unitary matrices , that is UH (k)U(k) =
Iy and VE(R)V(K) = Iy.

Z(k) = diag{ a1(k), o (k) ... 0, (K)} (24)
here a; (k) is the i'" singular value of H(k)

These matrices U(k) and V (k) are used for the construction
of block diagonal matrices U and V where

U = diag{U(1),U(2), ......., U(N)} (25)
V = diag{V(1),V(2), ......, V(N)} (26)

Next, the power loading matrix, which is a block diagonal
matrix of size NM X NM, is given by

5 = diag{Er(1), % (2), e o, £ (N)} 7

Each of the Z¢ (k) matrices are obtained by the water filling
algorithm as mentioned below.

2 (k) = diag{op (k), 052 (k) .. op ()} (28)

where afzi (k) are determined by the water-filling algorithm
[11].

Here, we have used an iterative algorithm to determine the
power loading matrix, which is described below.

Algorithm for Power Loading:

Step 1: Compute

2 _ (1 1
o = (% - ;) YiZ Yo (29)

where y, denotes the SNR of the i'"" subchannel.

Step2: Calculate the threshold value y,, using

LGo-)=% (30)

where M is the number of singular values that are above
threshold value

Step3: If y; =y, forall values of i, then go to step 5.

Step4: Discard the channels for which y; <y, and goto step
2.

Step5: Calculate the elements of power loading matrix using
stepl

Next to determine NM x NM matrix R and P, we first
construct the NM x NM block diagonal matrix @ such that

@ = diag { 8(1),B(2), ..., B(N)} 31)
Bk) = Iy + % 22 (k) 5P (k) 32)
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where, R(k) and P(k) can be obtained by GMD of @ (k)
B(k) = QU)R (k)P (k) (33)

where P(k) and Q(k) are unitary matrices and R(k) is an
M x M upper triangular matrix with (k) on its diagonal. The
elements of r(k) are given by

r(k) = a. = (I B0 (34)
Hence R and P are obtained as
R = diag{R(1),R(2), ... ..., R(N)} (35)
P =diag { P(1),P(2), ......,P(N)} (36)
Then, the NM x NM matrix feedback matrix B is obtained as
B = diag{B(1),B(2),........ ,B(N)} (37)
B(k) = Dr(k)"'R(k) — In (38)

where Dp(k) = diag(r(k)) and r(k) isasin (34).

The NM x NM diagonal matrix 4 in G can be obtained by
A = diag{A(1),A(2),.....,A(N)}

-1
A(k) = X ()X (k) (:—Vzvl + 22 (k) 2} (k)> (39)

Once these matrices are obtained the precoder matrix F and
the feedforward matrix G is obtained as

F=V5P (40)
G = (Iyx + B)PH AUH (41)
5. RESULTS AND DISCUSSION

This section is devoted for the performance analysis of the
proposed systems. The proposed system’s performance has
been studied under various scenarios. The impact of the
number of subcarriers as well as the antenna configurations on
the system have also been analyzed with the help of SNR vs
BER plots. The effect of channel imperfections on the
system’s performance has also been studied. The simulation
parameters for the plots in this section are tabulated in table 1.

Table 1: Simulation Parameters

Different . Different |Imperfect
. Different
Parameters transceiver . antenna |channel
. subcarriers | . ..
designs pairs prediction
Number of 16,64,128,
subcarriers(N) 256 256 256 256
Cyclic - prefix| ., 4,12,16,32 (32 32
length
Length of
OFDM 288 20,76,144, 1558 288
288
symbol
Channel tap| ., 4,12,16,32 |32 32
length
Frequency- |Frequency-|Frequency [Frequency
Channel tvoe selective  [selective |[-selective |-selective
P rayleigh rayleigh  [rayleigh [rayleigh
channel channel channel |channel

5.1 Examplel
In this example, the SNR vs BER plots for the proposed
transceiver designs namely GMD-ZFE and GMD-MMSE

10




have been analyzed. The analysis has been performed for a
2x2 MIMO OFDM configuration with 256 subcarriers for
QPSK constellation. The simulation parameters are listed in
Table 1.

Fig. 2 depicts the plot for this example. The designs have also
been compared with benchmark techniques like linear SVD-
ZFE transceivers and non-linear QR-ZFE transceivers. The
advantage of GMD systems over other systems has been
highlighted with the help of this plot. At an SNR of 8 dB,
GMD-ZFE provides a BER nearly 10e-5 where as QR and
SVD ZFE gives a BER of approximately 10e-4. The
advantage of GMD-MMSE is more visible in the low SNR
regime. At an SNR of 2 dB it is observed that GMD-MMSE
outperforms all other systems. To achieve a BER of 10e-5
GMD-ZFE MIMO-OFDM system requires 8dB while other
systems require an increase of 1 dB in SNR to achieve the
same BER.

5.2 Example Il
This example portrays the effect of number of subcarriers on
the system’s performance.

The number of subcarriers utilized for OFDM transmission
plays a vital role in determining the performance of the

SNR vs BER for 2x2 MIMO OFDM systems with 256 subcarriers for different transceiver designs
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system. The variation in BER for different subcarriers for
GMD-ZFE system has been simulated which is depicted in
Fig. 3. The modulation scheme chosen was 64-QAM. At low
range SNR, the system portrays same SNR for different
number of subcarriers. Beyond 2 dB, a huge variation in the
BER is observed for different subcarriers. At an SNR of 7 dB,
the BER observed for 16 subcarriers is close to 10e-5 whereas
that observed for 64 subcarriers is nearly 10e-3. With 128 and
256 subcarriers it results in a BER only close to 10e-2 for the
same SNR. Hence it is inferred that as the number of
subcarriers increases, the BER increases.

The Fig. 4 gives the result for GMD-MMSE system with
different subcarriers in the plot between SNR vs BER. QPSK
is the modulation scheme that was deployed for this plot. It is
observed that for the same modulation technique, system with
16 subcarriers shows better performance when compared to
higher number of subcarriers. Hence it is inferred that as the
number of subcarriers increase, the performance of the system
degrades. At 9 dB SNR, the BER value for 256 subcarriers is
approximately 10e-3 whereas for 128 subcarriers and 64
subcarriers it is in the range of 10e-4. The system with 16
subcarriers behaves the best when compared to the rest and
gives a BER of approximately 10e-5.

BER

—e—SVD
o e QR g
| ---GMD-ZFE L o
[ | =e-GMD-MMSE . ]
5 : :
10 1 | 1 | 1 1 1
0 1 2 3 5 6 7 8 9

SNR

Fig. 2 BER performance of various decomposition techniques for 2x2 MIMO-OFDM transceiver
o SINR vs BER plot for different subcarriers with 4 X 4 antenna pair for GMD-ZF MIMO-OFDM transceiver design

10 ¢ T T T T

T

T T T T E

BER

H —&-16 subcarriers |-
H —& - 64 subcarriers |

_s|| —*+—256 subcarriers

10 T I | I

L oo 138 SUBEATTIRTS [ oo oo L

10 8 6 4 2

Fig. 3 BER performance of the 4X4 GMD-ZFE MIMO OFDM design for different subcarrier
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5.3 Example Il

The number of transmitting and receiving antennas plays a vital
role in the system’s performance. Hence as a part of our analysis
in this section, we analyze the characteristics of both GMD-ZFE
and GMD-MMSE systems.

The performance of GMD-ZFE has also been analyzed for
different antenna pairs such as 2X2, 3X3, 3X4 and 4X4. The
simulation parameters are shown in Table.1 and the modulation
scheme used is 64-QAM. From the Fig. 5, it is observed that for
the same number of subcarriers, different antenna systems shows
similar performance in terms of BER of value close to 10e-1 in
the negative SNR region. The variation is observed from 0 dB. It
is seen that as the number of transmitters and receivers increase,
the performance degrades. From the analysis performed, 2x2
shows better performance when compared to 3x3, 3x4 and 4x4.
At 9 dB, 2x2 system gives a BER slightly greater than 10e-3, 3x3
shows a BER nearing to 10e-3, 3x4 gives a value close to 10e-3
and 4x4 gives BER close to 10e-2. The worst case BER is given
by 4x4 antenna system till 9 dB SNR.

10° :
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The Fig. 6 depicts the SNR vs BER for GMD-MMSE system
with different number of antenna pairs. The simulation
parameters are listed in the table.l. From the graph, it is
inferred that 2X2 system shows better performance when
compared to higher configuration systems. 3x3 system provides
higher BER value of 10e-2 at 10 dB when compared to 3x4
system with BER nearly 10e-3 At 9 dB, 3x3 and 4x4 systems
behaves almost the same whereas 3x4 gives improvised BER of
10e-2.

5.4 Example IV

The first and the foremost assumption involved in the proposed
transceiver design is that the channel is perfectly known at the
transmitter and at the receiver. Channel imperfections that evolve
from estimation errors has a huge impact on the system’s
performance. An analysis of the system would be incomplete
without studying the effect of channel imperfection on the
system’s behavior. In this example we analyze the robustness of
transceiver designs with respect to channel variations.

SNR vs BER for GMD-MMSE based 2x2 MIMO OFDM system with different subcarriers

[ —*—16 subcarriers
s|| =@ 64 subcarriers
E —&-128 subcarriers |
F @256 subcarriers [

10

0 1 2

Fig. 4 BER performance of the 2X2 GMD-MMSE MIMO OFDM design for different subcarriers

SNR VS BER of ZF-DFE for different antenna system

BER

Fig. 5 BER performance of the GMD-ZFE MIMO OFDM design with 256 subcarriers and different antenna pairs
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SNT vs BER for different antenna pairs for GMD-MMSE based MIMO OFDM transceiver with 256 subcarriers

BER

Fig. 6 BER performance of the GMD-MMSE MIMO OFDM design with 256 subcarriers and different antenna pairs

SNR vs BER for GMD-ZFE based 2x2 MIMO-OFDM transceiver with 256 subcarriers with Imperfect Channel

—+—Perfect Channel
l| —=-10% imperfection
- 50% imperfection

0 1 2

Fig. 7 BER performance of the 2X2 GMD-ZFE MIMO OFDM design with 256 subcarriers and imperfect channel estimation

NR vs BER for GMD MNMSE based 2x2 MIMO-OFDM transceivers with 256 subcarriers with Imperfect Channel
P
10 == T P T T T T T T T g

BER

—+-Perfect Channe R
f@10% Channel Imperfection

10,5 —e—50% Channel Imperfection
0 1 2 3

Fig. 8 BER performance of the 2X2 GMD-MMSE MIMO OFDM design with 256 subcarriers and imperfect channel
estimation
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Fig. 7 shows the SNR vs BER plot for GMD-ZFE system with
channel imperfections. It is observed that for 10% variation in
the channel, the performance of the system with respect to the
system where the estimation is perfect is almost same. As the
imperfections increase, the GMD-ZFE system becomes
vulnerable to errors. At an SNR of 8 dB, 50% imperfection
gives a BER nearly equal to 10e-2 whereas in actual the system
designed with perfect channel prediction gives a BER of in the
range of 10e-3 to 10e-4.

Next, analyzing the GMD-MMSE system for its robustness, it is
observed that there is less variation in the performance of the
system even for 50% variation in the channel estimation. Fig. 8
substantiates this statement. At an SNR of 8 dB, the system
with exact estimation and the one with 10%, 50% variation
gives an BER nearly equal to 10e-3. Hence, using above
examples the performance of the proposed systems in various
dimensions has been analyzed.

6. CONCLUSIONS

In this paper, we have proposed the transceiver design for the
GMD based MIMO OFDM system with the ZF DFE and
MMSE DFE. The performance analysis of these systems, using
the SNR vs BER plots, proves that GMD performs better than
the SVD and QR based transceiver designs. The GMD based
systems are also evaluated for variable subcarriers in the OFDM
modulation scheme and different antenna pairs. The results are
lucidly summarized in the paper. The examination on the
robustness of the system is done by introducing perturbations in
the channel matrix, and it also entails the need for improving
the system design by incorporating techniques to counter the
imperfections in the channel.
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