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Abstract - Selected mapping (SLM) is an effective
technique for addressing high peak-to-average power ratio
(PAPR) issues in orthogonal frequency division multiplexing
(OFDM) systems. However, the standard SLM approach
introduces additional data decoding challenges in the form
of side information (SI) transmission and estimation. In
general, SI transmission reduces data throughput and SI
estimation normally involves computationally complex
procedures, which can increase design costs. To eliminate
the need for both SI transmission and SI estimation, this
paper presents an investigation into the PAPR reduction and
BER performance of a new technique based on a modified
SLM approach and also implementing with MIMO
technology. It is shown that the proposed method simplifies
data decoding through SI cancellation without SI
transmission and by using MIMO channel capacity and
spectral efficiency is improved. Results show that the
proposed method produces similar PAPR reduction
performance and BER performance as standard SLM based
OFDM system, which presumes perfect SI estimation.
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1. INTRODUCTION

Orthogonal Frequency Division Multiplexing (OFDM) is a
digital multi-carrier modulation scheme that extends the
concept of single subcarrier modulation by using multiple
subcarriers within the same single channel. Rather than
transmit a high-rate stream of data with a single
subcarrier, OFDM makes use of a large number of closely
spaced orthogonal subcarriers that are transmitted in
parallel. Each subcarrier is modulated with a
conventional digital modulation scheme (such as QPSK,
16QAM, etc) at low symbol rate. However, the
combination of many subcarriers enables data rates
similar to conventional single-carrier modulation
schemes within equivalent bandwidths. OFDM is based on
the well-known technique of Frequency Division
Multiplexing (FDM).

The OFDM scheme differs from traditional FDM
in the following interrelated ways:

1. Multiple carriers (called subcarriers) carry the
information stream,
2. The subcarriers are orthogonal to each other,
and
3. A guard interval is added to each symbol to minimize
the channel delay spread and inter symbol interference.

Orthogonal frequency division multiplexing (OFDM) is
the adopted technology in high speed wireless broadband
communication systems including Long Term Evolution
(LTE), Digital Video Broadcast (DVB), Wi-Fi and IEEE
802.16 d/e standards, because it offers high data
transmission, but unfortunately, it suffers from the
problem of high peak-to-average power ratio (PAPR) [1]-
[3]- This high PAPR signals often occur at some time
instants when there is coherent summation of phases of
individual OFDM subcarriers, resulting in peak amplitude
signals [4].

High PAPR levels introduce signal distortion by forcing
non-linear operation of power amplifiers (PA) in OFDM
transmitters; this increases the bit-error-rate (BER) and
thus degrades system performance [5]-[7]. In theory, this
PA induced distortion may be eliminated by designing a
PA with a large linear region [8]. However, this is
impractical because PA’s with a large linear region are
expensive and often result in poor PA efficiency [9]. This
leads to increased power consumption and increased heat
dissipation, which reduces battery life of user equipment
(UE) terminals. In addition, high PAPR levels require
higher resolution specifications of digital-to-analogue
(D/A) and analogue-to-digital (A/D) devices, which
further increases design costs, and may also put additional
constraints on system design [10].

Amongst the PAPR reduction methods, selected
mapping (SLM) is widely considered the most effective
solution to the problem of large PAPR in OFDM systems
even though it introduces additional challenges in the
form of side information (SI) transmission and
estimation. SI is a data overhead while its transmission
wastes bandwidth, and may also result in reduced data
throughput. In SLM based pilot-assisted OFDM system,
studies in [11] and [12] have achieved SI estimation
without the need for SI transmission, using pilot-assisted
statistical decision criteria. However, since SLM is
occasionally implemented, then to perform SI estimation,
the receiver must know when SLM is implemented. This
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requires additional system resources and also introduces
additional implementation challenges. In general, SI
estimation are prone to errors, particularly in the
presence of severe fading channel conditions, and also
require highly computationally complex procedures.

To eliminate these two challenges i.e. SI transmission
and SI estimation, this paper presents a modified SLM
approach that facilitate joint PAPR reduction and data
decoding without the need for both SI transmission and SI
estimation, in a pilot-assisted OFDM system. Simulations
will show that the proposed method produces comparable
PAPR reduction and BER performance as the conventional
SLM-OFDM method, which presumes perfect SI estimation
at the receiver.

The rest of this paper is structured as follows. The slm
with and without si based on the pilot-assisted ofdm
system are described in Section 2. Section 3 explains the
proposed approach and Section 4 shows the simulation
results. Finally, a conclusion along with future scope
draws in Section 5.

2. SLM WITH AND WITHOUT SI BASED ON THE
PILOT-ASSISTED OFDM SYSTEM

In this section the outline structure of the standard SLM
based on the pilot assisted OFDM system. In pilot-assisted
OFDM, the pilot symbol phase is coded with that of the
data symbols and the data recovered through reverse
operation at the receiver side. In this section the
comparison between standard SLM and SLM without SI is
mentioned to eliminate the need for SI transmission and SI
estimation. At the transmitter side, consider an OFDM
sequence X consisting of Nv subcarriers. Assuming a pilot-
assisted OFDM, this OFDM sequence X may consists of Nd
data and Np pilot components such that Nv = Nd + Np. For
0 s n s N -1 where N represents the length of a time-
domain OFDM signal x[n], expressed by

j2mnK

x[n] = ZNYG" XJexp(Zm) (1)

By using length of a time-domain OFDM signal
calculate PAPR by using equation 3.
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Fig -1: SLM in Pilot-assisted OFDM

Fig. 1 shows a block diagram representation of an SLM
based pilot-assisted OFDM (SLMOFDM) system. Let Buc|[l]
= Bu[k] represent a set of SLM phase rotation sequences
foru=1, 2,... Uwhere U is the number of SLM sequence
vectors and ‘I’ and ‘c’ represent the arbitrary phase indices
and ‘K’ is the subcarrier symbol . SLM creates U alternative
OFDM signals from which one of the modified signals with
the lowest PAPR value is selected for transmission [13].

At the receiver side, consider an OFDM transmission
over a multipath fading channel with frequency response
H[k]. After the implementation of SLM, the received OFDM
sequence is Y [k] and V [k] represent a complex-valued
additive white Gaussian noise (AWGN) component. Let "u
represent an SI estimate, then in the case of perfect SI
estimation i.e. "u = "u. The initial stage of the data decoding
process in an SLM based OFDM receiver normally involves
using the value of “u for sequence de-mapping. Assuming a

true flat (frequency non-selective) fading channel
condition where
Hc(ld] = Hc[lp] = Hc (2)

In the SI detection, the difference between the two
blocks is calculated. Channel estimation is mainly used for
improving channel capacity. Channel equalization can be
achieved through a subcarrier level (i.e. element by
element) division procedure. This division process cancels
out the phase term, without the need for the receiver to
know its value. Therefore, SI cancellation is possible
because the modulating phase component is common to
all subcarriers in each cluster; thus successful data
recovery is achieved without SI estimation at the receiver
or separate Sl transmission Therefore, Even though
channel estimation (through interpolation) is not required
since the considered channel is frequency non-selective, SI
estimation is however still necessary, to enable successful
data reception in this channel condition.

3. PROPOSED METHOD

In the above section, overview of SLM without SI based
pilot-assisted OFDM system model is given. In the
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proposed technique, we propose that the peak bit rate is
further improved by smart antenna arrays for multiple-
input multiple-output (MIMO) communications Multiple-
input multiple-output (MIMO) wireless technology. In
MIMO-OFDM system, a number of antennas are placed at
the transmitting and receiving ends and the distances are
separated far enough.

The idea is to use spatial multiplexing and data pipes
by developing space dimensions which are created by
multi transmitting and receiving antennas. The bandwidth
of the transmitted signal is so narrow that its frequency
response can be assumed as being flat. The signaling
schemes used in MIMO systems can be roughly grouped
into spatial multiplexed, which realizes the capacity gain
and space time coding which improves link reliability
through diversity gain. An STBC is usually represented by
a matrix. Each row represents a time slot and each column
represents one antenna's transmissions over time.

Sll 512 SlnT
521 522 SZnT
STl STZ STnT

Fig -2: code matrix of STBC coding

Here, sij the modulated symbol to be transmitted in
time slot i’ from antenna ‘j’. There are to be ‘T’ time slots
and ‘nr’ transmit antennas as well as ‘ng’ receive antennas.
This block is usually considered to be of 'length'T.
The code rate of an STBC measures how many symbols per
time slot it transmits on average over the course of one

block. If a block encodes ‘k’ symbols, the code-rate isr = ;

The main advantage of using MIMO-OFDM system
include high power spectral efficiency, robustness to
channel fading, immunity to impulse interference, uniform
average spectral density, capability of handling very
strong echoes, lesser nonlinear distortion and use of small
guard intervals.

A.PEAK-TO-AVERAGE POWER RATIO

Sometimes, the peak power exceeds the system average
power value is termed as Peak To Average Power Ratio.
Mathematically PAPR can be given as:

max|x(n)2 |

PAPR = )]

(3)

Where |x(n)?| the peak is signal power and
E[|x(n)?|] is the average signal power. The average
power is calculated using the formula:

Sum of magnitude of all the symbols

Average power= (4)

No.of symbols

The Complementary Cumulative Distribution Function
(CCDF) of the PAPR is one of the most frequently used
method to check how often the PAPR exceed the threshold
values. Graph is plotted among threshold and CCDF values.
The CCDF can be calculated by the relation
P (PAPR>X) =1-P (PAPR<X).

The formula for calculating the threshold value is:

0:(Maximum PAPR —Minimum PAPR)
Maximum PAPR:Minimum PAPR

Threshold =

(5)

Reducing the peaks in the OFDM signal also helps to
reduce the transmitted average power. High PAPR implies
that except when some form of transformation is applied,
it will be impossible to contain all the signal within the
dynamic range of the transmitter, without lower/upper
level clipping. On the other hand, operating the
transmitter into its saturation region to accommodate all
the signal swing is highly undesirable. This will result in
spectral growth in the form of intermodulation among
subcarriers and consequently, error performance
degradation. The pilot-assisted PAPR reduction technique
results in higher reduction in PAPR for high order
constellations than the classical SLM [14].

4. SIMULATION RESULTS

In this section, results are compared between standard
SLM and SLM without SI in OFDM system for PAPR
reduction and BER, MIMO-OFDM system for PAPR
reduction. MATLAB simulation was performed. The
simulation parameters are:

Input is a randomly generated and also randomly
generated phase sequence, and modulation technique is
16-psk modulation. The PAPR is measured by evaluating
the well-known complementary cumulative distribution
function (CCDF).

Chart-1 shows that the PAPR of the SLM without SI is
somewhat better than the standard SLM and these two are
far better than the original (OFDM i.e., without any PAPR
technique) system. Chart-2 shows that even though SI
estimation is avoided it is giving better performance than
the standard SLM. Chart-3 shows that the proposed
method is having similar PAPR reduction for the SLM and
SLM without SI.
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Chart-1: Plot for comparison between SLM ,SLM without
Sl and OFDM system.
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Chart-3: PAPR comparison for the proposed method.

5. CONCLUSIONS AND FUTURE SCOPE

In this paper, we introduced a modified SLM-OFDM
approach, which facilitates joint PAPR reduction and data
decoding (over a flat fading channel), without the need for
SI estimation or SI transmission, thereby resulting in a
significant reduction in the complexity of OFDM receivers.
By implementing in the MIMO method, the channel
capacity is increased. The proposed method achieves
comparable PAPR reduction performance as SLM. In
addition, the proposed method produces similar BER
performance when compared to standard SLM based
OFDM system, which presumes perfect SI.

The future work may be, the proposed can be extended
to the receiver side, BER can be analysed by using
different modulation techniques. Though proposed
approach assumed a flat fading channel condition, it may
be extended to enable data decoding in the presence of
frequency selective fading channel.
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