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Abstract---The technology and the implementation of
digital systems have increased the data rate to unmatched
levels to convey the information between two entities, the
architectural model of orthogonal frequency division
multiplexing  (OFDM)  has come up innovative
orthogonality principle to meet the requirements with high
data rates. The OFDM too suffers from drawbacks and the
most underrated problem which has a huge impact on the
overall system performance is the time varying channel
usage, its usage can can introduce inter carrier
interference (ICI). The ICI is the resultant outcome of the
loss of orthogonality in OFDM and the usage of the time
varying channels is the reason behind it. The proposed
method introduced the linear time varying channels in
place of traditional time varying channels to fetch low
complexity while the traditional time varying channels
records high complexity which makes them unused in real
time. The complexity level has reached to OK’ to OK which
makes the proposed method to yield better results than the
state-of-art methods in terms of both performance and
accuracy, the proposed method reduces the ICI to
unprecedented levels and in experimental results its been
proved.
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1. INTRODUCTION

Communication industry has grown enormously in the past
six decades and supports various applications belong to
different research fields. Wireless communication is a
major constituent of communication industry which has
75% of total market share. Wireless communication takes
the communication domain to the next level in terms of
reliability and performance. Mobile data transmission is
considered as a 21st century system which offers higher
data rate but suffers from complexity. It is well known that
there is unmanageable growth of users in
telecommunication industry. So the user’s requirements
become high for ubiquitous access, high data rate.
Therefore, energy consumption in wireless communication

has been increasing. As a result, CO2 is emitted which
makes the atmosphere polluted and become an obstacle in
the development of wireless communication. According to
Survey, ITU has submitted that the ICT industry produces
2% - 2.5% of total greenhouse gas emission. That includes
PC 40%, data centers 23%, telecommunication 24% and
printers 6%. So, out of all we are concentrating on
telecommunication to reduce emission of CO2. So to
overcome this emission in telecommunication, energy
efficiency has become a global trend in future wireless
telecommunication networks.

Orthogonal frequency division multiplexing (OFDM) is
used in most current and upcoming mobile communication
systems. Such systems perform well when the channel is
not varying during the duration of one OFDM symbol.
However, mobile scenarios in which the channel is varying
rapidly are becoming more and more important for
intelligent traffic systems or high speed trains. If the
channel is not constant during the transmission of one
OFDM symbol, inter-carrier interference (ICI) occurs and
the performance of the system is degraded. Therefore,
there is a need to introduce receivers that combat ICI. The
ICI for single input single output (SISO) and multiple input
multiple output (MIMO) transmissions is analyzed. Pilot
symbols located at adjacent subcarriers in order to estimate
the ICI. This approach is in contradiction to the common
agreement that scattered pilot symbols are optimal.
Nevertheless, such an approach would be suitable for ICI
estimation in the case of a SISO system. In the case of a
MIMO system, such a pilot symbol pattern results in a
huge overhead. The ICI estimation and mitigation assume
that the channel is varying linearly in the time domain. We
can use polynomials for channel estimation in MIMO.
However, their estimator works only with a limited order
of the polynomials. Numerous different equalization
algorithms are proposed in which the authors assume
perfect channel knowledge for each signal sample.
However, this information is not available at the receiver
and algorithms cannot estimate the time-variant channel
impulse response at sample level precisely enough at high
Doppler spreads.

In this paper, we propose a low-complexity ICI mitigation
algorithm in MIMO systems based on similar channel
model. The method is based on no assumption but linear
time-varying (LTV) channel, which is a good
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approximation when the normalized Doppler frequency is
up to 0.2. It exploits the structure of ICI in MIMO systems
and decouples the symbols and the ICIs on each subcarrier.
At the same time, it remains low complexity. Simulation
shows that the algorithm outperforms the conventional
equalizer based on time-invariant channel assumption by
about 2 dB when the uncoded bit error rate is 10—3. The
proposed method works perfectly when there are more
receive units than transmit ones. The methodology implied
in the low-complexity MIMO ICI mitigation is to divide
the equalization process according to the structure of ICI
contribution in linear time-varying channels, and
demodulate the symbols independently on each subcarrier.

2. ORTHOGONAL FREQUENCY
D1viSION MULTIPLEXING (OFDM)

Orthogonal frequency division multiplexing (OFDM) and
compatible usage in wireless standards like DVB,
WIMAX, IEEE802.11a and LTE has been gained interest
from worldwide research organizations. Recently an
international meeting has conducted in order to discuss
importance of orthogonal frequency division multiplexing
(OFDM) and its usage in advance wireless standards
makes Orthogonal frequency division multiplexing
(OFDM) as an emerging technology to meet the
requirements in practical scenario. Orthogonal frequency
division multiplexing (OFDM) has high data rates
compared to traditional communications systems and it
suited well for frequency selective channels. Large delay
spreads is a drawback which commonly occurs in the high
speed wireless communication system and orthogonal
frequency division multiplexing (OFDM) modulation
scheme has ability to transform the wide frequency
selective channel to narrow ones which creates the robust
environment to resists against occurrence of the large delay
spreads and preserves the Orthogonality in a perfect way in
the frequency domain. Orthogonal frequency division
multiplexing (OFDM) has one more unique advantage to
reduce the complexity in the system by introducing the
cyclic prefix at the transmitter end and performing scalar
equalization at the receiver end in the wireless standards
like WIFI and WIMAX.

In 21* century, the role of the technology to offer high data
rates and mobility is crucial and the technology is changing
its face every other because of immense research work
carried out on the advance wireless communications.
Actually the research on parallel data transmission is traced
out in the mid 1960’s but it takes 25 long years to make it

compatible to real time applications. The OFDM gradually
seen its presence in the various application and now
various international standards consider it as promising
modulation scheme which initially supports wireless
standards like WIFI, WIMAX, LTE etc. The two important
parameters required better transmission of data from one
entity to another are data rate and the modulation scheme
should support different channel conditions to obtain better
spectral efficiency.

The evolution of the third Generation Partnership Project
(3GPP) development based on the Long term evolution
(LTE) supports two networks namely Radio access
network (RAN) and core network. The transformation of
the 3G to 4G observes the changes in terms of data rate and
spectral efficiency. International Telecommunication
Union Radio communication Sector (ITU-R) initialized a
set of requirements for the 4™ generation cellular system
and requirement of the high data rate is specified by
International Mobile Telecommunications Advanced
project (IMT-Advanced) for 4G. OFDM is a modulation
scheme which is one of the techniques employed in LTE to
enhance the data stream.

3. PROPOSED METHODOLOGY

3.1 SYSTEM MODEL

In this section, MIMO-OFDM transmission model in linear
time-varying channels is introduced. The MIMO TDS-
OFDM frame structure is also introduced as one of the
possible frame structures that could be applied in our
proposed approach for it can easily estimate linear time-
varying channels.

A. MIMO-OFDM in Linear Time-Varying Channels

For MIMO-OFDM, denote the number of transmitters and
receivers to be M and N, and the OFDM symbol length to
be K. Denote the I-th channel tap between the m-th
®) 1=

Lm,n>

0, 1,..., L — 1, where L is the channel length. Therefore, for

transmitter and the n-th receiver at time slot t by h

h(f) —

linear time-varying channel model in one frame h;,, , =

_INi4k—1 @) .
Ry t0e—10 > Where Ry, —;thl himn is the

timeinvariant part and al,m,n is the time-varying factor of

its I-th channel tap. §; = é—% Indicates the time

varying step.

In [18] and [19], the input-output relationship of SISO-
OFDM in linear time-varying channels has been
introduced. For MIMO-OFDM, by regarding each pair of
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transmitter m and receiver n as a SISO-OFDM link, and by
similar approach in [18] and [19], the time domain signal
received at the nth receiver from the m‘" transmitter could
be represented as

Ymn = (Hm,n + Am,nB)xm (1)

where X, is the time domain sequence transmitted from
the m-th transmitter, H,, ,, is a K x K circulant matrix with
the first column to be [hgpmn)Aimars s A1, MmN, 0, -
, 0] 7Am,n is a K x K circulant matrix with the first
column to be[@qmn, X1mnr**» X —1mn 0,0+ +,0]7, Bis a
diagonal matrix such that B =
Diag([8y, 81, ..., 6r_1]").Convert the signals to frequency
domain,

Ym,n = (Hm,n + Am,nB)Xm (2)

Where Y, ,= FKy,,, , and X, ,= FK x,,, ,are the received
and transmitted frequency domain symbol vectors. H,, ,,=

FKH,, , Fii= Diag({Hni},_, )and

K . K
A n=FK({Hp ik, ) Fé= Diag({An},_, Jare
diagonal matrices according to the property of circulant
matrix. {Hm,n‘k};i: 1and{Am,n‘k}II§: ,represent the K-point
DFT of
[hO,m,nthl.m.nJ' o 'hL—1: m,n, 0;' t
, 0] 7and, [@Omn, almn, - - -, al—1mn O, - - -,
0] Ztespectively. B = FABF A/ is a precalculated matrix.

The ICI components reside inA,, ,, and the time invariant
components reside in H,, ,. For SISO-OFDM where M =
N = 1, low complexity ICI compensation in linear time-
varying channel model could be achieved by exploiting the
frequency domain input-output relationship (2): with both
H,, y,and A, ,being diagonal, and with B easily calculated
by FFT, matrix inversion approximation by power series
representation tremendously reduces the complexity in
calculating the equalized symbols of Y, , [18], [19]. For
MIMO-OFDM, however, the problem gets much more
complicated because the signal from one transmitter
encounters interference from other transmitters. With the
contribution from multiple transmitters, the ICI
components could not be directly decoupled as in SISO-
OFDM scenarios. Therefore, in order to pursuit new
strategies to compensate ICI for MIMO-OFDM, we need
to derive the input-output relationship considering all
transmitters as follows.

The received signal at the n-th receiver is the superposition
of the received signals from different transmitters,
contaminated by noise,

M M
Vo= D Yun = ) (o + A) Xo
m=1 m=1
+1 ®)

V, is the frequency domain noise vector at the n-th
receiver. Assume it follows Gaussian distribution
V,, ~N(Oyxj, 6%1gxk). Vectorize all received signals,
transmitted signals and the frequency domain noise

vectors,
Y =YY YT O
X = [XIx? . X5 (5)
V=iVl . Vi (6)
Then
Hiy Hy o Higy
y=|Ha Hyp Hua|x 4 v %)
Hl N Hé,N HM N
With

H;n,n = Hm,n + Am,nB
B. Introduction of MIMO TDS-OFDM TDS-OFDM

adopts known sequences as the guard interval, serving the
purpose of both channel estimation and synchronization
[25]. MIMO TDS-OFDM uses pseudo-noise (PN)
sequences as the guard interval. In time-varying channels,
the channel estimation results from the PN sequences prior
to and posteriori to the OFDM data block are put to
estimate the channel variation model. In Fig. 1 and Fig. 2,
the frame structure and receiver structure of MIMO TDS-
OFDM using the proposed ICI mitigation algorithm are
illustrated.

III. PROPOSED ALGORITHM

In the proposed method, firstly rewrite (7) as
Y = (H+AB)X +V = [HA] [é]x+v
o X
=(H+AX+V =[HA] [X] +V, (8

Where
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Hyy Hzio o Hyy [Allk Appg AM,l,k]
H= H?,z 1"12,2 HIt/I,Z O) |A12k 42,2,1( Anx{,z,kl (16)
Hyy Han Hy,n lAine Aowi A
Ay Az Aya And
A A . A _ — _
e i (10) Ve =[He A 1Xi + Vi 17)
Ay Aoy Ay This is a standard flat-fading MIMO system transfer
B expression with the transmitted symbol vector X, and
5= B (11) received vectorYy. Therefore, traditional OFDM equalizer
with 2M transmitters and N receivers could be used to
B

o 11y _[X1_1[X
x=[glx=lgd =1yl @2
In (12), the original transmitted symbols compose the

vector X. Then what does the vector X stand for?
Actually, X =BX and it is multiplied by A to construct the

ICI. As X= {Xnk} e 1—[X1T,X2T o XETT, X is similarly

formed as X' = {Xnk} =x{, X% ... X" In

=1k=1
correspondence with X, , which denotes the transmitted
symbol at the k-th subcarrier from the n-th transmitter, the
component n,k in X' stands for the interference at the k-th
subcarrier ‘from’ the n-th transmitter. It’s noted that the
interference among different subcarriers is handled by B ,
o) X,'l_k is the interference only on subcarrier k. Therefore,
Matrix H represents the channel time-invariant part and
describes the signal transfer without interference. Matrix A
represents the channel time-varying part and describes the
interference transfer itself. Regard the system transfer
function in (8) as a 2M-transmitter N-receiver MIMO-
OFDM with K subcarriers. As mentioned above, there is
no inter-carrier interference any more in the equivalent
system, therefore the equalizer can be parallelized on each
subcarrier.

For subcarrier k,
_ T
Ve = [YiYie - Yuul »  (13)

= ' ’ ' T
X = [XupXop oo Xorgo X0 pXage - Xarie| (14)

[H1 ik Hae - HM,l,k]
i, = = | H1 2k Hapr o Huok | (15)
lHl vi Hong - HM,N,kJ

equalize the transmitted symbols on subcarrier k [23], [24].
When a linear MMSE (LMMSE) equalizer is used,
) 27 . 27 o
X~ Cy, [A’;,] ([Hk A 1Cy, [AZ] + 51) Y, (18)
k k

The vector X contains the estimation of the transmitted
symbols. To achieve better estimation performance, X is
estimated as

_ pH ~
—[I BY] [£ 51 % 9
with the matrix

E = CygCyz"

1L

Although inversion of a large matrix is involved in (19),
the calculation of matrix E is determined only by M, N and
K, thus it’s irrelevant to channel realization. Therefore E is
a pre calculated matrix and acts like a predesigned linear

B BB” 20)

filter, the complexity is limited to filtering itself. Cg, in
(18) is the covariance matrix of the transmitted symbol
vector. The inversion of the Cy, can also be pre-calculated
because the matrix is a 2M x 2M sub-matrix composing of
the elements at the k-th, K + k-th, ... and 2M — 1)K + k-th
rows and columns of the matrix Cyy

In comparison, the conventional LMMSE equalizer in
MIMO-OFDM also works subcarrier by subcarrier. The
only difference is that the subsystem transfer function in
each subcarrier does not contain the time varying matrix
Ay,

Yk =ij(l(+‘7k (21)
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So the demodulation in LTI channels is

10° ;i
= . =y -1 GRS Sttt Sttt S & A
~ = = = = LTV-10H.
Xk ~ CXka (HkCXka + 61) Yk (22) - LTV—‘IOD:Z
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Fig.4.9 BER performance for both LTI and LTV channels
having two transmitters and 8 receivers, modulation is
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Fig.4.10 MSE performance for both LTI and LTV channels
having two transmitters and 8 receivers, modulation is
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Fig.4.11 BER performance for both LTI and LTV
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Fig.4.12 MSE performance for both LTI and LTV channels
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Fig.4.13 BER performance for both LTI and LTV
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modulation is QPSK FOR EXTENSION(USING SUI
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Fig.4.14 MSE performance for both LTI and LTV
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5. CONCLUSION

The proposed methodology proposes a novel low
complexity based linear time varying channel based
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OFDM system for controlling the ICI in an exceptional
manner. The traditional time varying channels such as LTI
assumption has fetched better performance, but at the cost
of high complexity and the simulation result of the
proposed methodology outperform the LTI assumption by
2dB SNR when the relative Doppler effect is 0.1
respectively. The time varying channel path is flexible
enough to mitigate the ICI in OFDM system and the
proposed methodology has a good estimation scheme in
terms of accuracy and reliability.

REFERENCES

[1] B. Muquet, Z. Wang, G. B. Giannakis, M. De
Courville, and P. Duhamel, “Cyclic prefixing or zero
padding for wireless multicarrier transmissions?” IEEE
Trans. Commun., vol. 50, no. 12, pp. 2136-2148, Dec.
2002.

[2] L. Hanzo, M. Munster, B. J. Choi, and T. Keller,
OFDM and MC-CDMA for Broadband Multi-User
Communications, WLANSs, and Broadcasting. Chichester,
U.K.: Wiley, 2003.

[3] L. Dai, Z. Wang, and Z. Yang, “Next-generation digital
television  terrestrial ~ broadcasting  systems: Key
technologies and research trends,” IEEE Commun. Mag.,
vol. 50, no. 6, pp. 150—158, Jun. 2012.

[4] J. Armstrong, “Analysis of new and existing methods
of reducing intercarrier interference due to carrier
frequency offset in OFDM,” IEEE Trans. Commun., vol.
47, no. 3, pp. 365-369, Mar. 1999.

[5] H.-C. Wu, “Analysis and characterization of
intercarrier and interblock interferences for wireless mobile
OFDM systems,” IEEE Trans. Broadcast., vol. 52, no. 2,
pp. 203-210, Jun. 2006.

[6] B. Li et al., “MIMO-OFDM for high-rate underwater
acoustic communications,” IEEE J. Ocean. Eng., vol. 34,
no. 4, pp. 634-644, Oct. 2009.

[7] J. Huang, S. Zhou, and Z. Wang, “Performance results
of two iterative receivers for distributed MIMO OFDM
with large Doppler deviations,” IEEE J. Ocean. Eng., vol.
38, no. 2, pp. 347-357, Apr. 2013.

[8] L. Dai, Z. Wang, J. Wang, and Z. Yang, “Joint time-
frequency channel estimation for time domain synchronous
OFDM systems,” IEEE Trans. Broadcast., vol. 59, no. 1,
pp. 168—173, Mar. 2013.

[9] W. Ding, F. Yang, C. Pan, L. Dai, and J. Song,
“Compressive sensing based channel estimation for OFDM
systems under long delay channels,” IEEE Trans.
Broadcast., vol. 60, no. 2, pp. 313-321, Jun. 2014.

[10] D. Du, J. Wang, K. Gong, and J. Song, “A transmit
diversity scheme for TDS-OFDM system,” IEEE Trans.
Broadcast., vol. 54, no. 3, pp. 482—-488, Sep. 2008

Available online: https://edupediapublications.org/journals/index.php/lJR/

Page | 3763




