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ABSTRACT: Multiple-input multiple-output orthogonal frequency division multiplexing (MIMO-OFDM) technology
is in order to increase the diversity gain and system capacity over the time variant frequency-selective channels. The
current work is proposed to design an efficient scheme for orthogonal frequency division multiplexing (OFDM) using
CCDF multiple input multiple output (MIMO). However, the major drawback of MIMO-OFDM system is the
transmitted signals on different exhibit high peak-to-average power ratio (PAPR). We mainly investigate the PAPR
reduction performance with PAPR reduction methods selective mapping (SLM) & improved SLM. The PAPR of
original OFDM is near about 5.14dB. By using SLM technique with original OFDM PAPR is reduced nearly about
1.56dB by using m-QAM in phase sequences and by using the modified SLM technique PAPR is reduced nearly about
3.91dB in comparison to original OFDM.Results are verified using MATLAB software.
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. INTRODUCTION

A capable modulation method that is increasingly being approved in the telecommunication field is Orthogonal
Frequency Division Multiplexing (OFDM).The Orthogonal Frequency Division Multiplexing (OFDM) is a Multi-
Carrier Modulation very important technique in which a single high rate data-stream is separated into multiple low rate
data-streams and is modulated using subcarriers which are orthogonal to each other [2]. OFDM is a “Multi-Carrier
Transmission Scheme.” ODFM is a good solution for high speed digital communications. The data to be transmitted is
speeded over a large number of orthogonal carriers, each being modulated at a low rate[3].The carriers can be made
orthogonal by appropriately choosing the frequency spacing between them. Orthogonal frequency division
multiplexing (OFDM) is a widely used modulation and multiplexing technology, which has become the basis of many
telecommunications fields. Therefore OFDM is an advanced modulation technique which is suitable for high-speed
data transmission due to its advantages in dealing with the multipath propagation problem, high data rate and
bandwidth efficiency. [4]

1. PROBLEM DEFINITION

Main problems emerging in OFDM systems are the so-called Peak to Average Power Ratio (PAPR) problem. High
PAPR will reduce BER performance of the system. If a signal has large PAPR, its average input power must be
reduced. The input symbol stream of the IFFT should possess a uniform power spectrum, but the output of the IFFT
may result in a non-uniform or spiky power spectrum. Most of transmission energy would be allocated for a few
instead of the majority subcarriers. This problem can be quantified as the PAPR measure. It causes many problems in
the OFDM system at the transmitting end.
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1. SYSTEM MODEL

PAPR & OFDM SYSTEM MODEL

Let A=[A0 Al --- AN—1] T signify an input symbol vector in the frequency domain, where A represents the complex
data of the k™ subcarrier and N is the number of subcarriers.

The input symbol vector is also called the input symbol sequence. The OFDM signal is created by summing all the N
modulated subcarriers each of which is separated by 1/N ts in the frequency domain, where ts is the sampling period.
Then, a continuous time baseband OFDM signal is defined as

N=1
l PO k : .
iy = ﬁ Z ;"15;(.'"} et £ i< ."‘"l'f:-_:.
k=0
The discrete time baseband OFDM signal an sampled at the Nyquist rate t = nts can be given as

N-=1
1 .
in=—= Y A =01, N =1
VS

Let a=[a0 al --- aN—1] T denote a discrete time OFDM signal vector. Then, a corresponds to the inverse fast Fourier
transform (IFFT) of A, that is, a = QA, where Q is the IFFT matrix. The block diagram of OFDM transmitter is
described in Fig. 1.
Let al = [a0,L al,L --- aLN-1,L] T be an oversampled discrete time OFDM signal vector where an,L is the
oversampled discrete time OFDM signal sampled at t = nts/L written as

. LN=1

1 ik

tnp=— Y A" n=0, 1. LN -1

Y k=0

where AK is

, Ak, 0<k<N-1,
“FTl0, N<k<LN-L
Continuous time baseband OFDM signals can be approximately represented by L times oversampled discrete time

baseband OFDM signals. It is shown in [10] that choosing L = 4 is sufficient to approximate the peak value of the
continuous time OFDM signals

Peak-to-Average Power Ratio

The PAPR of the discrete time baseband OFDM signal is de- fined as the ratio of the maximum peak power divided by
the average power of the OFDM signal [4], that is,

|'3

max |
PAPR(q,) £ 25258
{m } Hu-(l’inj 1
with
1 N=1
Pﬂu(ﬂ-n} = ? z E“”’nlz}
) n=I[

where E{-} denotes the expected value. For the uncoded OFDM system, we can assume that the input symbols are
identically and independently distributed, that is,

E{A,A%} =

F -
Te, 1=,

0, i#j.
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From Parseval’s theorem, the average power Pav(a) in (2) is 62. An alternative measure of the envelope variation of the

OFDM signals is the crest factor { which is the ratio of the maximum to the root mean square of the signal envelope,
defined as

max |a,|
A ICnCN=1

v/ Pav(an) ‘

The PAPR of the continuous time baseband OFDM signal at defined as the ratio of the maximum instantaneous power
divided by the average power of the OFDM signal, can be expressed as

C(ay,)

max |ui|2
Dt Ny

F..!“!LPH{H.:} é F—{ﬂ}
aw Mg

Where
Nt,

Poylag) E{|a:|* }dt.

- Nt P

And the PAPR of the continuous time passband OFDM signal gt is also defined as
max |g;|?
Ot Nt g

Pﬂv(.qtj

The discrete time baseband OFDM signals, which constitute the output of the IFFT block, are transformed to
continuous time baseband OFDM signals by a low-pass filter called DAC, where the peak power can be increased
while maintaining a constant average power. Usually, the PAPR of the continuous time baseband OFDM signals is
larger than that of the discrete time baseband OFDM signals by 0.5~1.0 dB [1]. Mixing the continuous time baseband
OFDM signal with the radio frequency generates the continuous time pass band OFDM signal. It does not change the
peak power but the average power of the baseband OFDM signal is half the average power of the continuous time
baseband OFDM signal. Thus, the PAPR of the continuous time passband signal is generally larger than that of the
continuous time baseband OFDM signal by 3 dB. Then, the relationship between PAPRs is given as PAPR(an) <
PAPR(at) < PAPR(gt).

In some literature on coding schemes, the peak-to-mean envelope power ratio (PMEPR) also denotes the PAPR of the
continuous time baseband OFDM signals [12]. For a code Q and any code word A € Q with the probability p(A), the
mean envelope power of the continuous time baseband OFDM signals is expressed as

(
Z [IAI[*p(A
AEI"

whereat is the continuous time baseband OFDM signal corresponding to the code word A and ||Al| denotes the vector
norm of A. Then, based on the above definition, the PMEPR of the codeword A can be defined as

2
max |a|”

PAPR(g:) =

Paulay) 2 P.(A) =

PMEPR(A) & 255
A= =P &)
The PMEPR of a code Q is also defined as
¥
max ||
. 0y & . Ot N,
PMEPR() I:ule%—PEE{Aj
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V. PROPOSED METHOD

To do the PAPR analysis and to evaluate performance of the pre and post non-linear polynomial function based OFDM
systems, the proposed algorithm is implemented using MATLAB by undertaking the following steps:

1. To do the PAPR analysis of OFDM system with the proposed non-linear polynomial based function, firstly binary
data is generated randomly.

2. The generated binary data is then converted into symbols and is then modulated by M-QAM (where M=4, 16).

3. The serial data is then converted into parallel data and IFFT is performed as normal in OFDM procedure.

4. The parallel signal is then converted to serial data and a non-linear polynomial function is applied to reduce the
PAPR. The PAPR is then calculated and the serial OFDM signal is then passed through a multipath channel with
AWGN noise added.

5. The received signal is again passed through the post non-linear polynomial to recover the original signal. This signal
is then converted from serial to parallel data. The final demodulated signal is parallel data, which is then converted into
serial data. The serial data is then demodulated to retrieve back the signal. The BER is calculated by taking the
difference of the demodulated data and the input data.

PAPR is a random variable . Therefore PAPR can be measured using Complementary Cumulative Distribution Function
(CCDF).It is defined as Probability that PAPR greater than the threshold value (PAPRo). CCDF=Pr(PAPR>PAPRO0)

Modified SLM Technique

Selective mapping is considered as a promising technique for PAPR reduction [3,4] because it does not produce
distortion yet maintain the system performance to a great extent. In this scheme, data blocks are firstly converted into
several independent blocks and the block with lower PAPR is sent, in which converting process involves multiplying
data sequences to random phase sequences generated.

The selected index is called side-information index which must also be transmitted to allow recovery of the data block
at the receiver side. SLM leads to the reduction in data rate. In this method, main complexity occurs in recovering the
side information.

In selected mapping method[5], firstly M statistically independent sequences which represent the same information are
generated and next the resulting M statistically independent data block m=[#m,0,4m,1,...,#m,N-1]T,3=1,2,...,5 are then
forwarded into IFFT operation simultaneously.

Finally, at the receiving end, OFDM symbols xm =[x1,x2....xN]T in discrete time-domain are acquired, and then the
PAPR of these M vectors are calculated separately.

Eventually, the sequences with the smallest PAPR will be elected for final serial transmission. The key point of
selected mapping (SLM) method lies in how to generate multiple OFDM signals when the information is same. Fig. 2
shows the detailed block diagram of SLM technique

— f@
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conversiol

IFFT

IFFT
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Select one with Minimum
PAPR

Data source

IFFT

Figure 1: SLM techniques

CCDF OF PAPR

The cumulative distribution function (CDF) is one of the most regularly used parameters, which is used to measure the
efficiency of any PAPR Technique. The cumulative distributed function (CDF) of the signal is

F(z)=1-exp(z)
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The complementary cumulative distributed function (CCDF) is used instead of CDF which helps us to measure the
probability that the PAPR of a certain data block exceeds the given threshold.

P (PAPR>z)=1-P (PAPR <z)

=1-F(z)N

=l-(1—-exp(-z)) N

AWGN

The parallel signal is then converted to serial data and a non-linear polynomial function is applied to reduce the PAPR.
The PAPR is then calculated and the serial OFDM signal is then passed through a multipath channel with AWGN noise
added.

In order to evaluate the performance of the proposed method with SLM, simulations have been performed as per
parameters shown in Table 1.

Table 1 Parameters used in SLM algorithm

Parameters Values used
Number of sub-carriers | 128

(N)

Oversampling factor | 8

(OF)

Modulation scheme QPSK,BPSK

Route numbers used in | 2,4,8
SLM method (M)
Number of sub-blocks | 3
used in SLM methods
(u)
Total number of 256
combinations or IFFT
for weighting factor 1
and 2
Number of generated 100000
OFDM signal

Table 1 show the parameters of OFDM signal which is used for PAPR reduction. Here, the number of sub-carriers used
are N=64, 128 and the pseudo-random partition scheme is applied for each carrier, adopting QPSK constellation
mapping, weighting factor being bve [£1, %j]. The flow chart used for PAPR reduction technique is given in Figure 3.

V. RESULT ANALYSIS

Now discussed the simulation result proposed SLM technique, there are varying parameters which impact the PAPR
reduction performance these are:

1) The number of sub-blocks V, which influences the complexity strongly;

2) The number of possible phase value W, which impacts the complexity; and

3) The sub-block partition schemes. Here, only one parameter is considered that is sub-block size V.

SLM algorithms are typical non-distortion techniques for reduction of PAPR in OFDM system with CCDF [2]-[6].
SLM method [5] applies scrambling rotation to all sub-carriers independently.

In our proposed flow chart, we first start the simulation with Initialization of parameters, branch number etc. for SLM
scheme.

= Generate OFDM symbols for QPSK modulation scheme for each sub carriers and set weights for SLM
technique.

L] Generate all possible combinations for given weight factors for SLM approach.

L] Apply SLM technique along with different encoding schemes separately with 1000 generated symbols.

L] Calculation corresponding PAPR and empirical cumulative distribution function.

Calculate and plotting of complementary distribution function for different PAPR values.
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Initialize related parameters Generate OFDM symbols with QPSK
Start (Branch number K in SLM modulation for each sub-carriers
methad, Sub-block numbers Y and set weighting factor used for
etc.) SLM.
Applying SLM algorithm separately with the Generate all possible combinations
number of generated OFDM symbols equals to of weighting factor set in SLM
1000 ‘ method

l

Calculate corresponding PAPR

Caleulate and plot complementary £nd 1
cumulative distribution function =}o |
(CCDF| of different PAPR.

complementary cumulative
distribution function (CCDF) values.

Figure 2:Proposed flow chart

Create a 64-QAM modulator and an OFDM modulator. The QAM modulated signal will be evaluated by itself and
evaluated again after OFDM modulation is applied.

Fig. 1 shows the different phase sequence against PAPR phase sequences, from this figure PAPR reduction with
random phase sequence outperforms the other types and hence this type of phase sequence is applied in the following
simulations.

B Figure t [E=SE_N =S
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Figure 1: Different phase sequence against PAPR

Fig. 2 shows a comparison of CCDF of the proposed method SLM. It can be observed that the PAPR reduction for the
proposed SLM scheme degrades slightly, even though complexity is improved as shown in Table 1.
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Figure 2: CCDF measurement of SLM & modified SLM in PAPR
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Determine the average signal power, the peak signal power, and the PAPR ratios for the two signals. The two signals
being evaluated must be the same length so the first 1000 symbols are evaluated.
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Figure 3: Sum of all phase sequence level amplitude w.r.t time

From the simulation results, it is clear that proposed technique can achieve more PAPR reduction when compared to
base SLM, Iterative flipping and New SLM techniques. Moreover, the performance of proposed technique becomes
better & better as the number of sub-blocks increase.

VI CONCLUSION

The explanation and research of several techniques of PAPR reduction was discussed and Proposed SLM technique
which is the best solution for PAPR. The selected technique provides us with a good range in performance to reduce
PAPR problem. SLM technigue which is proposed will reduce the PAPR with respect to CCDF transmission subcarrier
is much better as compare to SLM but PAPR reduction is high for initial users with same Total number of
combinations or IFFT for weighting factor 1 and 2 in M-QAM modulation.

This research will continue in directions Firstly, PAPR reduction concepts will be expanded for distortion less
transmission and identifying the best alternatives in terms of performance increase Secondly, PAPR reduction
technique will be develop for low data rate loss and efficient use of channel. A study of the complexity issues of the
PAPR reduction technique is required, especially looking at ways of further reducing the complexity of the sphere
decoder
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