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Abstract - Single Carrier Frequency Division Multiple
Access (SC-FDMA) is currently accepted as a perfect
alternative to Orthogonal Frequency Division Multiple
Access (OFDMA). Due to the low peak to average power ratio
they have offered, the system performance is drastically
increased for SC-FDMA systems. Interference is a challenging
factor for wireless communication. An interference self
cancellation method have been specified which is less
complex and effective. A detailed analysis of the specified
interference cancellation scheme and its MATLAB simulation
is being considered here. The simulation result shows that
the system performance increases as the degree of
modulation increases.
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1.INTRODUCTION ( Size 11, cambria font)

The multicarrier communication can improve the Bit Error
Rate (BER) performance of a communication system. If the
features of multiple access techniques are also added means
the system performance can be increased to a great extent.
To obtain better speed, higher data rate, and distortion less
communication we prefer multicarrier transmission along
with orthogonal signals. A widely used multicarrier access
system is orthogonal frequency division multiple access
(OFDMA) technique. It has proved to be a promising
technology for future generation communication. However,
high Peak-to average power ratio (PAPR) is a major
drawback, which should be concerned.

As the transmission rate increased, the wireless channel
became more and more frequency selective. At the same
time the Inter Symbol Interference (ISI) introduced due to
various delayed multipath signals became a serious issue to
be concerned. Hence in ISI channels we started using
multicarrier transmission.

Single carrier transmission technique posses lower PAPR
compared to orthogonal transmission. Hence LTE uses
single carrier frequency division multiple access (SC-FDMA)
technique in uplink. Even though it is a single carrier
technique, it can be referred as DFT pre-coded OFDM. Hence
the low PAPR advantage as well as the robustness offered by
orthogonal signals can be achieved.

Wireless transmission faces various major and minor issues
commonly. The main transmission issue faced by cellular
communication is Inter Symbol interference (ISI). At the
receiver various components of a signal representing a
particular symbol of duration T seconds may reach with
longer delays than desired one. There for these symbols get
interfere with adjacent signals representing other symbols.
This is known as Inter Symbol interference (ISI). Impact of
ISI on transmission systems will increase with channel
impulse response duration.

Many schemes have been proposed to reduce the
interferences challenging SC-FDMA systems. The objective of
this thesis is to analyse a proposed interference cancellation
method for SC-FDMA system called self interference
cancellation method. A plan to analyze the scheme
thoroughly and make a comparative study with different
modulation schemes for interference cancellation is also
considered.

1.1RELATED WORKS

For the few decades the researches has been going on to
improve the wireless communication performance. Various
drastic changes have been carried out in those years to
increase the spectral efficiency. Various studies and
discussions were carried out to improve the transmission
efficiency. To improve the bandwidth and power efficiency
4th generation started using SC-FDMA technique in uplink
channel since they possess lower PAPR compared to OFDMA
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signals. Worldwide research program is being going on to
improve the performance with Sc-FDMA in uplink.
Interference is a major issue degrading the performance of
SC-FDMA systems. Many schemes have been proposed for
last few decades since SC-FDMA is considered as a promising
technique for future generations.

Hyung G. Myung and David ]. Goodman [1] published a book
describing SC-FDMA. Book describes the frequency division
modulation technique schemes used in wireless systems and
its features. A comparison of SC-FDMA system with other
techniques like frequency domain equalization, orthogonal
frequency division modulation and orthogonal FDMA is also
given. The time domain as well as frequency domain
operation of SC-FDMA as well as signal processing is given in
detail. The details regarding implementing SC-FDMA in 3GPP
LTE like implementation standards are also mentioned.

Meng Ma [2] in his letter to IEEE mentioned a new
interference self cancellation scheme for SC-FDMA signals.
The objective was to reduce the ISI caused by frequency
offset and Doppler shift in SC-FDMA signals. They have
considered only the localised SC-FDMA signals. The author
concluded like the first symbol that we are transmitting will
cause a major interference and distortion for adjacent
symbols. So to mitigate the interference the solution was to
suppress the first symbol and use that free space for
transmitting other symbols for synchronization or error
correction. . With little bandwidth sacrifice the proposed
scheme has improved the system performance to a very high
extent. Also the system robustness against frequency offset.

K. Raghunath and A. Chockalingam [3] conducted a detailed
comparative study of SC-FDMA and OFDMA signals on
sensitivity to CFO and TO is done by the author. He has
concluded with the following ideas.

1) Considering zero CFO and TO, SC-FDMA with
frequency domain equalizer is having a better BER
performance than that of OFDMA.

2) In presence of large CFO and TO performance of
SC-FDMA gets worse than that of OFDMA system.

In zero CFO and timing offset the SC-FDMA is having better
performance that the inherent frequency diversity is
possible with SC-FDMA. If low complexity interference
cancellation technique is used along with MMSE equalizer,
the SC-FDMA performance can be further improved. In
presence of large CFO and TO, critical multiuser interference
will get introduced. And hence the SC-FDMA performance
gets degrade.

Hyung G. Myung [4] analyzed analytically and numerically
the peak power characteristics of SC-FDMA signals. It also
proposed a peak power reduction method that uses symbol
amplitude clipping technique. The subcarrier mapping
scheme and pulse shaping are significant factors that may
affect the power characteristics. The symbol amplitude
clipping method is an effective way to reduce the peak
power without compromising with the link performance.

Jiayi Zhang [5] in his phd thesis shown that the OFDM is
capable of reducing the effects of ISI with the aid of the CP.
But OFDM signals results in high PAPR which is not desirable.
But SC-FDMA is capable of eliminating PAPR problem. Hence
they are suitable for high-rate uplink transmissions. IFDMA is
capable of achieving maximum attainable frequency-diversity
in multipath fading channels and LFDMA to achieve multi-
user diversity.

1.2 METHODOLOGY

CODING MODULATION ?

SERIAL TO PARELLEL
CONVERTIOIN

IFFT MAPPING DFT

Fig -1: Overview of the Research

The massage symbols to be transmitted are generated in
binary form. Serial to parallel conversion before or after
modulation can be done. Four types of modulation schemes
are being used here. The further processing is being carried
out in frequency domain to maintain the orthogonal
characteristics of signals. A total of 16 subchannels are used
for mapping the available information.For error correction at
the receiver part the cyclic prefixes are being added. Starting
as well as ending prefixes will be further removed at the
receiving side.The modulated signal is transmitted through
additive white Gaussian channel. Rayleigh fading is assumed
with a maximum shift of 100.

Atthereceiver side the same process is carried outin reverse
order.
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2. OPTIMIZATION AND INTERFERENCE
CANCELLATION

Interference self cancellation method for localized SC-FDMA
signals are being considered here. A group of 512 symbols
are considered at a time for simulation. The previous studies
indicate that the first symbol being transmitted will cause
maximum interference for other massage signals in
neighboring resource blocks. The first symboli.e., S exhibits
some different characteristics than other symbols. This
variation in characteristics causes interference for adjacent
symbols. The studies conclude that So is the major
interference contributor. Hence if the first symbol is
suppressed to zero amplitude the interfering effect can be
reduced. At the same time a new thought arise that the
vacant first symbol space can be utilized for transmitting
some useful characters.

If the transmitter is having a normalized frequency offset ¢,
the interference on I subcarrier can be calculated as,
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Where x is the frequency domain signal and « is the inter-
carrier interference coefficient between kt* and [t
subcarriers. And is defined as
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It is shown that Q(k; E} slowly varies with k ie,
alk +1,2) ¥ alk,<). Hence we can say I(Lg) also varies

slowly with I. A slowly varying interference in frequency
domain is characterized as an interference pulse at first
symbol in time domain. And hence it is clear that the first
symbol in time domain can be an interfering symbol. It may
cause maximum disturbance for adjacent carriers and also it
may suffer the more from others.

If we are considering N-1 symbols, it can be grouped as,

S =[0,51, 5 e eeres Syyosl

These information symbols are transmitted then. The
compensation signal on the [*" subcarrier can be yield as,
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Interference self cancellation method cancels the

interference caused by the side lobes of compensation signal.

The optimal So value can be calculated based on
least- square criterion as,
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where @is the set of subcarriers.

If we substitute equations (1) and (3) in equation (4) the
optimal Sy can be obtained as,
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Since the optimal value weakly depends on € a wide
range of € can be used. Also as the number of subcarriers
increases and frequency offset € decreases interference
coefficient can be approximated to
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If we substitute for {k — I, £) in equation (5) we

may obtain the optimal S as follows
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The final equation shows the optimal value is almost
independent of the frequency offset. Hence one can calculate
the optimal So value even if the information regarding
frequency offset is given.

3. RESULTS AND GRAPHS

The thesis is dealing with the performance evaluation of
interference self cancellation method for various modulation
methods. A comparative study among them to verify the
performance of proposed self interference scheme was
considered as the main objective. Four modulation schemes
were considered, binary PSK modulation is the considered
basic scheme. Till 64QAM modulation the results were
verified. A total of 512 symbols are being transmitted from
the SC-FDMA transmitter after cyclic prefix addition. Bit Error
Rate was a subject of study. The BER performance for those
considered schemes are studied and the results are verified.
Along with BER performance, throughput analysis,
probability of error is also plotted.
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Fig -2: SC-FDMA signal IFFT output

The plot shows the first symbol is having different
characteristics from other symbols. Hence this symbol is
used for sending a cyclic prefix. The cyclic prefix is the exact
replica of last symbol.
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Fig -3: BER performance comparison

The SC-FDMA signals at receiver are first demapped using
IFFT operation after cyclic prefix removal. The interference
as well as channel state estimation are done for AWGN
channel with Rayleigh fading.

The BER performance comparison for various modulation
schemes are shown in Figure 3. It’s been observed that BPSK
and QPSK signals obtained almost same bit error rate, while
the QAM signal performance was drastically increased.
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Fig- 4: Probability of Error for various modulation
schemes

Same for the probability of error plot. Figure 4 shows the
plot for probability of error for various modulation schemes.
64-QAM signal has the lowest probability of error among all.
From above two plots it's been concluded that as the degree
of modulation increases, the SC-FDMA performance also
increases. Also the interference self cancellation method,
which is the subject of study, has also improved the
performance for higher degree of modulations.

4. CONCLUSIONS

The proposed self interference cancellation method
has been implemented using MATLAB successfully. The BER
as well as probability of error for various modulation
schemes are compared. Higher the degree of modulation
performance of system improves. 64-QAM signal has the
lowest probability of error among all. From the studies it’s
been concluded that as the degree of modulation increases,
the SC-FDMA performance also Also the
interference self cancellation method, which is the subject of
study, has improved the performance for higher degree of
modulation schemes.

increases.
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