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Abstract—The employment of MIMO OFDM technique constitutes a cost-effective approach to high
throughput wireless communications. The system performance is sensitive to frequency offset which
increases with the Doppler spread and causes Intercarrier interference (ICI). ICI is a major concern in
the design as it can potentially cause a severe deterioration of quality of service (QoS) which
necessitates the need for high-speed data detection and decoding with ICI cancellation along with the
inter symbol interference (ISI) cancellation in MIMO OFDM communication systems. Iterative
parallel interference canceller (PIC) with joint detection and decoding is a promising approach which
is used in this work. The receiver consists of a two-stage interference canceller. The co channel
interference cancellation is performed based on Zero Forcing (ZF) Detection method used to suppress
the effect of ISI in the first stage. The latter stage consists of a simplified PIC scheme. High bit error
rates of the wireless communication system require employing forward error correction (FEC)
methods on the data transferred in order to avoid burst errors that occur in the physical channel. To
achieve high capacity with minimum error rate Low-Density Parity Check (LDPC) codes which have
recently drawn much attention because of their error correction performance is used in this system.
The system performance is analysed for two different values of normalized Doppler shift for varying
speeds. The bit error rate (BER) is shown to improve in every iteration due to the ICI cancellation.
The interference analysis with the use of ICI cancellation is examined for a range of normalized
Doppler shift which corresponds to mobile speeds varying from SKm/hr to 250Km/hr.

Index Terms—LDPC, Parallel Interference Canceller (PIC), QC LDPC, OFDM, STBC, Worldwide
Interoperability for Microwave Access (WiMAX), Zero Force Detection (ZFD)

I. INTRODUCTION

Wideband transmission with high spectral efficiency and high mobility is required for future mobile
radio communications. The key objectives are spectrum efficiency and robustness against multipath
propagation along with the implementation complexity. It is well reported in the literature that MIMO
physical layer techniques have the potential to significantly increase bandwidth efficiency in a rich
scattering environment. Orthogonal Frequency Division Multiplexing (OFDM) is a well-established
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technique for achieving low-cost broadband wireless connectivity as it converts a frequency selective
channel into narrow flat channels. As a result, the symbol duration is increased and the intersymbol
interference (ISI) caused by a multipath fading channel is alleviated. Thus it is well suited for high
data rate standards, including IEEE802.16d/e. The use of Space-time block coding (STBC) proposed
by Alamode as a MIMO technique which improves the link reliability of the system is thus used with
OFDM [1]. Moreover by employing FEC methods like RS, CC, LDPC or by concatenating them a
more efficient system with improved BER can be built.

In a MIMO-OFDM system, ISI caused by multipath propagation (time dispersion)can be eliminated
by adding a cyclic prefix (CP) between adjacent OFDM symbols. However, the CP offers no
resilience against frequency dispersion, where carrier frequency offset is introduced due to the
Doppler spread. This causes a loss of orthogonally between the subcarriers, and thus results in ICL
Due to the high demand for bandwidth, there is a trend toward using higher frequency bands. As a
result, the ICI effect becomes more severe as mobile speed, carrier frequency, and OFDM symbol
duration increases. If it is not compensated, the ICI will result in performance loss and an error floor
that increases with Doppler frequency. In some circumstances, the ICI effect may degrade the BER
performance significantly [2][4]. ISI and ICI are dual to each other occurring at different domains; one
in the time domain and the other in the frequency domain. However, ICI caused by time-varying
fading channels results in an error floor if it is not compensated for.

In literature, techniques have been proposed to reduce the effect of ICI in MIMO OFDM systems. A
low computational complexity diagonal zed zero force detection (DZFD) method is proposed in [5]
for STBC OFDM in a fast fading channel. The effect of ICI was first investigated in [6] and proposed
a method wherein the ICI effect is modelled as an additive Gaussian random process. Recently, the
PIC has been proposed to improve the MIMO OFDM system performance by removing the ICI effect

[718].

In this paper, the ICI cancellation is performed in two stages using Zero force equalization parallel
interference cancellation for a MIMO OFDM based WiMAX specifications system. In the first stage,
the ICI term is modelled as noise and later stage the PIC with iterative cancellation is used. The
iterative cancellation makes use of the previous estimate of the detected signal to cancel the
interference from the current received signal. As STBC does not provide a coding gain so in order to
enhance the performance of the system, LDPC codes are used for forwarding error correction.
Moreover, to avoid the problem of short cycle, the Quasi Cyclic (QC) LDPC as channel coding
method is incorporated in the system.

The paper is organized as follows:

Initially a brief under-standing of ICI and broad methods to mitigate its effects are presented. Then the
system model for MIMO OFDM with LDPC is explained. It is followed by the ICI suppression
method used in this paper. Finally, the results and observations for the system are presented.

II. TECHNIQUES TO REDUCE ICI

Irrespective of the factors leading to ICI, Both ICI and ISI can result in considerable performance
degradation in many systems and must be combated. A wide range of techniques has been developed
in recent years and can be classified based on the parameter being addressed to reduce the ICI
component.
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* Optimum selection of carrier spacing and OFDM symbol length: This technique does not require any
structural changes in either the transmitter or receiver. A similar approach is to modify the basic pulse
shape for the signalling of the subcarriers.

* Self-interference cancellation techniques: The method modulates the information not just onto a
single subcarrier but onto a group of them, which leads to a significant reduction in interference. This
comes with a compromise on the spectral efficiency of the system.

* Temporal equalizers: The equalization in the time domain, before the FFT at the receiver was
proposed [10][11].

* Techniques that depend on the presence of unused subcarriers: The concept is to introduce
redundancy in the approach frequency domain by having more carriers than is strictly necessary [12].

 Forward-error correction (FEC) [13]: The use of any FEC code can be used to eliminate the errors
caused by the ICI.

In [14]-[16] research was focused on self-cancellation techniques

Most of ICI Self cancellation techniques can effectively mitigate the ICI when OFDM suffers a
moderate level of carrier frequency offset (CFO).To enhance the tolerance of the CFO for the ICI self-
cancellation scheme, in [17] a CFO estimation algorithm for time dispersive OFDM systems was
proposed. In spite of all factors, the ICI self-cancellation schemes have a major drawback of
bandwidth efficiency. To overcome the above scarcity, Andreas in [9], demonstrated that the use of
serial interference cancellation (SIC) or parallel interference cancellation (PIC) reduces the error floor
caused due to ICI without compromising on bandwidth efficiency. The basic idea behind PIC-based
ICI cancellation is that the decisions of the symbols on the subcarriers are improved iteratively. These
improvements are due to the determination and subtraction of the interference of all the other
subcarriers, based on the decisions of the previous iteration. A proper initialization has to be done
before entering the iteration loop.

In this paper the ICI cancellation using Zero force equalization parallel interference cancellation for a
MIMO OFDM based WiMAX specifications system.

is a process which applies the FIR filter that provides an approximate inverse of channel frequency
response on the received signal. The process thus enhances the performance of communication against
the IST and ICI. The equalizer applies the inverse of the channel to the received signal, this restores the
received signal. It thus brings down the ISI to zero. This can be justified mathematically, for a channel
with frequency response F(f) the zero forcing equalizer C(f) is constructed such that C(f) = 1 F(f). .
Effectively the combination of channel and equalizer aims to give a flat frequency response and linear
phase For simplicity let us consider a 2x2 MIMO system, the received signal on the first receive
antenna is,

yl =hl,1x1 + hl,ox +nl (1)
The received signal on the second receive antenna is,

y2 =h2,1x1 + h2,20 + n2 (2)
where y1, y2 are the received symbol on the first and second antenna respectively, hi,j is the channel
from transmit antenna i to receive antenna |
x1, x2 are the transmitted symbols
nl, n2 is the noise on the receive antennas

In simplified form it can be written as

Dr.S. Tamil Page 89



International Journal on Recent Researches in Science, Engineering and Technology, Vol.4, Issue 12,December 2016.
ISSN (Print) 2347-6729; ISSN (Online) 2348-3105

y=Hr+n

(3

)

To solve for @, The Zero Forcing (ZF) linear detector for
meeling the constraint WH = I, is given by,

W= (HYH)"tg"

can be obtained as,

III. SYSTEM MODEL

(4

(5

)

Thus the estimate of the two transmitted symbols xy, ra,

)

A Representation of the block scheme of a typical structure of the MIMO system is shown in fig 1 and
2. The system combines Space Time Block Coding (STBC) with MIMO OFDM enabled WiMAX
system.The channel coding method used is LDPC as it is more performance efficient. The Block
diagram represents the whole system model or the signal chain at base band. The system flow is

explained concisely.
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Fig. 1: MIMO OFDM Transmitter Model
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Fig. 2: MIMO OFDM Receiver Model

IV. SIMULATION RESULTS

The simulation proceeds in the flow as represented by the system model. The PHY parameters
considered for simulation are depicted in the table. The Simulation model was implemented in
MATLAB. Since the speed of the moving vehicle is the main cause of doppler shift which causes ICI,
the system was analyzed for two different values speed ie 100Km/hr and 200Km/hr which correspond
to doppler frequency of 324Km/hr and 628Km/hr. Perfect synchronization and perfect channel
estimation is assumed at the receiver side.
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Parameter Value

Parameter Value
FFT size 128
Modulation Schemes 16QAM
Carrier Frequency/Bandwidth 3.5GHz/20 MHz
Number of transmit/Receive antenna 2/1.2
H matrix row weight 6
H matrix column weight 3
H matrix size 396 x 792
Code Rate %
Mobile Speed 100 Knvh and 200 Knvh
Normalized Doppler Frequency 0.01 and 0.03

V. CONCLUSION

A coded modulation scheme for the WiMAX PHY layer with ICI canceller was presented. The MIMO
OFDM system suffers two types of interference namely co channel and inter channel interference. The
ZFD method which can effectively suppress the effect of co channel interference is used in the initial
stage of cancellation. This is then followed by a parallel interference cancellation stage which
estimates and cancels the ICI from the received symbol. Thus a more optimized estimate of the
received data is performed. The algorithm detects the transmitted data iteratively, by jointly dealing
with channel fading effects, AWGN noise and interferences in the time domain, frequency domain
and space domain. With the insertion of cyclic prefix, the time domain ISI can be avoided. With
MIMO detector, the space domain inter- antenna interference can be suppressed and with the aid of
PIC, the frequency domain ICI can be cancelled. The reliability of the system thus improves
significantly.

With the mobile speed and hence the Doppler Effect into consideration the performance was analyzed.
It was shown that the performance deteriorates in terms of BER for higher mobile speed due to
Doppler shift. This was then effectively improved through the use of two-stage interference
cancellation. The first stage zero-forcing cancels the maximum interference. The second stage of
iterative cancellation

REFERENCES

[IT S. M Alamouti,”A simple transmitter diversity scheme for wireless communications”, IEEE
Journal of Selected Areas in Communications, pp.14511458,vol.16, 1998.

[2] M. Russell, G. L. Stuber, ” Interchannel interference analysis of OFDM in a mobile
environment,” IEEE Vehicular Technology Conference , pp. 820-824, vol. 2, July 1995.

[3] K. Sathananthan , C. Tellambura, ” Probability of error calculation of OFDM systems with
frequency offset,” IEEE Transactions on Communications , vol. 49, no. 11, pp. 1884-1888,
Nov. 2001.

[4] T. Pollet, M. Van Bladel, M. Moeneclaey, ” BER sensitivity of OFDM systems to carrier
frequency offset and Wiener phase noise,” IEEE Transactions on Communications, vol. 43,
no. 234, pp. 191-193, Feb. 1995.

[5] CM. Li, LT. Tang, G.W. Li, ” Performance Comparison of the STBCOFDM Decoders in a
Fast Fading Channel, IEEE 2nd International Symposium on Intelligent Information
Technology Application,pp.791- 795,2008.

[6] M. Russell, G. L. Stuber,” Inter-channel interference analysis of OFDM in a mobile
environment, [IEEE Vehicular Technology Conference, pp. 820-824, 1995.

Dr.S. Tamil Page 91



International Journal on Recent Researches in Science, Engineering and Technology, Vol.4, Issue 12,December 2016.

[7]
[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]

[19]

ISSN (Print) 2347-6729; ISSN (Online) 2348-3105

Hardjawana W, Li R, Vucetic B, Li Y,” A new iterative channel estimation for high mobility
MIMO-OFDM systems, IEEE Vehicular Technology Conference, pp. 15, 2010.
Aboutorb Neda, A New Iterative Doppler Assisted Channel Estimation Joint with Parallel ICI
Cancellation For High Mobility MIMOOFDM System, IEEE Transaction on Communication,
vol. 61, pp.1577- 1589,2012.
Andreas F. Molisch, Martin Toeltsch, Sameer Vermani, ” Iterative Methods for Cancellation
of Intercarrier Interference in OFDM Systems, IEEE Transaction on Vehicular Technology,
vol. 56, No 4,July 2007.
S.ChenandT.Yao, ” Low complexity ICI cancellation for OFDM systems in doubly-selective
fading channels, Proc. IEEE International Conference on Communications , 2004, pp.
25352538.

A.  Stamoulis, S. N. Diggavi,N. Al-Dhahir, Intercarrier interference in MIMO OFDM,

IEEE Transaction on Signal Processing, vol. 50, no. 10, pp. 24512464, Oct. 2002.

S. Trautmann, T. Karp, N. J. Fliege, Frequency domain equalization of DMT/OFDM systems
with insufficient guard interval,” Proc. IEEE International Conference on Communications,
2002, pp. 16461650.
K. Sathananathan , C. Tellambura, ” Forward error correction codes to reduce intercarrier
interference in OFDM, Proc. IEEE International Symposium on Circuits Systems, 2001, pp.
566569.
Zhao, S. Haggman, ” Intercarrier interference self cancellation scheme for OFDM mobile
communication systems,” IEEE Transactions on Communications, vol. 49, pp. 1185 1191,
July 2001
X. Cai, G. B. Giannakis, ” Bounding performance and suppressing intercarrier interference in
wireless mobile OFDM ,” IEEE Transaction on Communications, vol. 51, no. 12, pp. 2047-
2056, Dec. 2003.
Y. Mostofi , D. C. Cox ,”ICI mitigation for pilot-aided OFDM mobile systems,” IEEE
Transaction on Wireless Communications, vol. 4, no. 2, pp. 765-774, Mar. 2005.
Yung-Yi Wang ,”A Subspace-Based CFO Estimation Algorithm for General ICI Self
Cancellation Precoded OFDM Systems ,” IEEE Transaction on Wireless Communications,
vol. 12, no.8, August 2013.
S. Myung, K. Yang and J. Kim, ”Quasi-cyclic LDPC codes for fast encoding,” IEEE
Transactions on Information Theory, Vol. 51, no.8, pp. 2894- 2900, Aug. 2004.
T. J. Richardson, R. L. Urbanke”Efficient encoding of low-density parity- check codes, IEEE
Transactions on Information Theory, Vol. 47, no. 2, pp. 638- 656, Feb. 2001.
M. P. C. Fossorier. "Quasi-cyclic low-density parity-check codes from circulant permutation
matrices,” IEEE Transactions on Information Theory, Vol. 50, no. 8, pp. 1788-1794, Aug.
2004. 536

Dr.S. Tamil Page 92



