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Abstract:- Orthogonal Frequency Division Multiplexing (OFDM) is a ideal candidate for next generation
wireless communication systems. In OFDM the frequency offset distort the orthogonality between the
subcarriers resulting intercarrier interference (ICI). SC-OFDM suffers significant performance degradation
resulting from intercarrier interference (ICI) in high mobility environments. In this paper, the effect of ICI on an
SC-OFDM system is analyzed and proposes a novel modulation scheme. The proposed Magnitude- Keyed
Modulation (MKM) modulation provides SC-OFDM system immunity to ICI and with an easy implementation
it significantly outperforms OFDM, SC-OFDM and MC-CDMA systems with Phase Shift Keying (PSK)
modulation and Quadrature Amplitude Modulation (QAM) in severe ICI environment.
Keywords:- intercarrier interference, multicarrier, OFDM, magnitude keyed modulation, frequency offset.

I.

INTRODUCTION

Orthogonal Frequency Division Multiplexing is a promising technique in the broadband wireless
communication systems due to high spectral efficiency and robustness. In multicarrier communication systems
OFDM is vulnerable to the phase noise and frequency offset. OFDM become popular due to its high data rate
streams. In high speed aerial vehicle communication multicarrier transmission is adopted to improve the
spectrum efficiency[1].
In multi-carrier technologies like OFDM it is difficult to maintain orthogonality between the
subcarriers and it leads to performance degradation and intercarrier interference (ICI) will occur. In high
mobility environment multicarrier technologies experience severe ICI due to Doppler shift between transmitter
and receiver. Degrading BER performance of OFDM and MCCDMA systems have been studied and improved
by reducing ICI [2],[3] and by estimating carrier frequency offset(CFO)[11]-[13]. Transmitter and Receiver
should be in same speed to estimate CFO but its quite impossible in high mobility environment .It require more
number of training symbols to aid the receiver about the channel estimation thereby increasing the complexity.
Single carrier OFDM[14] is a alternative transmission technique to traditional OFDM due to better performance
in multipath fading channel. This technique combine the benefits of multi-carrier transmission along with single
carrier transmission.
In this paper ,SC-OFDM with ICI has been analyzed and it show a unique diagonal property. Due to
this property ICI effect is concentrated entirely on phase offset not in the magnitude. Novel modulation scheme
has been designed and it carries digital data on the signal magnitude. This technique outperforms the other
modulation technique. Compared to other CFO estimation schemes , this technique need not sacrifice data rate
via employing training sequence and the system is totally immune to the ICI .The proposed system has low
complexity and is easily implemented.
The paper is organised as follows: In section II SC-OFDM system model is provided, analysis and diagonal
property of SC-OFDM is given in section III, simulation results given in section IV and conclusion is given in
section V.

II.

SYSTEM MODEL

A. TRANSMITTER:
SC-OFDM transmitter is shown in fig 1.In transmitter first constellation mapping for modulation is
done by magnitude keyed modulation .After the serial data symbols are converted to parallel . In OFDM many
different symbols are transmit by subcarriers but in similar symbol is transmitted by different subcarriers. it
convert high data rate stream into low rate symbol stream. Each parallel data is distributed to subcarriers
according to phase rotated spreading by using walsh codes. The spreading code set corresponds to the
normalized DFT matrix with the k th data symbol being spread to the i th subcarrier employing spreading code .
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Fig 1(a) SC-OFDM symbol spectral spreading

Fig .1(b) SC-OFDM spread symbol combining
Fig 1. SC-OFDM transmitter
The transmitted SC-OFDM symbol is given as
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(1)

where xk is the kth data symbol; ∆𝑓 is the spacing between subcarriers and 𝑝(𝑡)
is a rectangular pulse shape
,0<t<T. SC-OFDM is similar to MCCDMA and it is implemented with appropriate spreading code. It uses same
bandwidth as that of oter multicarrier technologies.cyclic prefix is added between OFDM symbols
B. RECEIVER:
SC-OFDM receiver is shown in fig The signal is passed through AWGN channel and cyclic prefix is
removed.
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Fig 2. SC-OFDM receiver
The received signal is given as
𝑟 𝑡 =
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(2)
SC-OFDM demodulator detects the kth data symbol by :
1)
Decomposing the received signal r(t) into N orthogonal subcarriers (via application of an FFT, and
perfect timing estimation is assumed),
2)
Applying the kth symbol’s spreading code,
3)
Combining the N results with an appropriate combining scheme [22], denoted by the “Combiner” block
in Fig.2,
4)
Decision of each symbol will be made based on the result from the “Combiner”, denoted by the block
“Decision Device”.
With ICI present and non-zero NCFO ,the received signal is given as
1
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where 𝑙 = 0,1, … . . , 𝑁 − 1
where 𝑤𝑖 represents the combining and equal gain combining is assumed.

III.

ANALYSIS OF SC-OFDM

The received signal has two component one is desired component and undesired component it is ICI coefficient.
the received signal vector is given as
𝑦 = 𝑟𝐹 𝐻 = 𝑥 𝐹𝐻𝑆𝐹 𝐻 + 𝑛𝐹 𝐻
(5)
It is noted that the ICI effect on SC-OFDM data symbols x is simply a (different) phase offset on each
and every data symbol xk. Compared with an OFDM system under similar ICI conditions, SC-OFDM provides
significantly better performance. This is due to the received OFDM signal vectors in being a combination of
subcarrier data symbols and shifted responses thereof, while the subcarrier data symbols in the SC-OFDM
signal vector given by only experience a phase offset–this is why we observe zero ICR for all ε and realize the
benefit of SC-OFDM.

IV.

SIMULATION RESULTS

The ICI coefficient has been analyzed for various values of ԑ and results is shown in fig 3.From the
graph the energy is distributed among all subcarriers.if ԑ is increased the ICI coefficient get decreased.
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Fig 3. example of ICI coefficient
Carrier To Interference ratio is calculated and simulated for standard OFDM systems and ICI theoryand
given in fig 4.In fig 5 the SC-OFDM for various values of epsilon it remains small and desired component is
unaffected by ICI.

Fig 4. CIR vs ԑ for standard OFDM systems.

Fig 5 ICR comparison for OFDM and SC-OFDM systems using N=16 subcarriers with ICI present
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The BER performance of the proposed SC-OFDM system with MKM modulation is first examined.
Specifically, we compare performance of SC-OFDM with binary MKM versus OFDM/SC-OFDM/MC-CDMA
with BPSK modulation, The stop criterion for simulations is the number of bit errors is larger than 1000.

Fig. 6. AWGN channel: BER vs. SNR for OFDM & SC-OFDM with binary
modulations, N = 64 subcarriers, and ε = 0.3.
Fig. 6 shows simulated BER versus SNR for OFDM, SCOFDM and MC-CDMA systems with binary
modulation, N = 64 subcarriers, and AWGN channel conditions. These results were generated for normalized
CFO of ε = 0.3. With high NCFO ε = 0.3, OFDM/SC-OFDM/MC-CDMA systems with BPSK modulation break
down, and the proposed system outperforms these benchmarks significantly when SNR is high (≥ 4dB).

V.

CONCLUSION

The effect of ICI on SC-OFDM is analyzed and novel modulation scheme is proposed .the received
SC-OFDM signal is simply a phase offset on each and every data symbol. By transmitting digital information
only on signal magnitude modulation scheme is proposed and is better than other transmission technologies. the
proposed scheme has low complexity and low PAPR. The simulation results shows that there is no degradation
in performance.
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