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Abstract

A New Logistic Map interleaving is the most common method for continuous phase modulation based
orthogonal frequency division multiplexing (CPM-OFDM) system over a fading channel. The selection of a
"good" interleaver having to express in order that the interleavers are weakly correlated. Interleaver doesn’t
involve massive memory to reserve it and a massive bandwidth to communicate in the midst of the transmitter
and the receiver, and need to be simple to produce. An efficient chaotic maps randomization (CMR) generates
scrambled uncorrelated randomized data can greatly improved the performance of CPM-OFDM system and
improved symbol error rate (SER) could be attained. In this study, advise a new one-dimensional chaotic map,
the "New Logistic Map (NLM)". Encryption is carried out with logistic map even as a chaotic logistic map
interleaving process is used to boost the immunity to noise and fading in communication channel. Furthermore,
a evaluation between NLM interleaving and random interleaving is performed in terms of bit error
rate(BER).Simulation results shows that the data transmission over wireless channel using propose NLM
interleaving is more immune to fading and noise and get better the performance of CPM-OFDM system.

Index Terms: Chaotic system, Logistic map, Interleaver, OFDM, constant envelope, Random Interleaving

© 2019 Published by MECS Publisher. Selection and/or peer review under responsibility of the Research
Association of Modern Education and Computer Science

1. Introduction

The demand of future and current wireless communication is high  quality services, improved
capacity ,require higher data rate transmission and to sustain wideband wireless services similar to high
definition (HD) TV, video conferencing, mobile videophones, and rapid internet access. Though there exist
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demanding situations for these systems like frequency selective channel that is received by multi-path
environment. The bandwidth of signal in broadband cellular wireless system is normally go beyond the
coherence bandwidth of the multipath channel. Therefore frequency selective fading results and leads to inter-
symbol interferences occurs that badly have an effect on system performance [1].

OFDM is taken an account of the most effective multicarrier transmission (MCT) techniques in favour of
mobile communications, as it gives a massive immunity in order to multipath fading as well as impulsive noise,
also removes the requirement for complex equalizers[2].

In spite of all of the advantages, there are some drawbacks of OFDM. The major limitations of OFDM
systems are high peak average power ratio (PAPR). As the number of subcarriers increases, PAPR of OFDM
signals increases.

Signals are transmitted over non-linear power amplifier because of high PAPR, harsh signal distortion will
happen. As a result, power backoff with linear power amplifier is required for OFDM systems [3].The system
undergo from spectral broadening, intermodulation distortion, without sufficient power backoff, and, therefore,
performance degradation. This issue might be decreased by increasing the backoff, but this cause to happen
decreased power amplifier (PA) efficiency. Due to limited power resources this is particularly an issue for
mobile battery-powered devices. Minimizing its effect fit in concern to both commercial and military
applications [4]

Several approach have already been planned to work out the PAPR difficulty like clipping and filtering,
Tone Injection (TI), coding, Tone Reservation, and also multiple signal representation techniques, for example
the Partial Transmit Sequence (PTS), the interleaving approach, and the selective mapping. These approaches
are used to solve the PAPR problems and increase the signal transmitted power, computational complexity and
achieve better bit error rate (BER). An another method to justifying the PAPR difficulty is based on signal
transformations [5]

In cellular communication, the idea of Continuous Phase Modulation is used due to it has a constant
envelope (CE) that has essential for effective power transmission and have the capability to take advantage of
the diversity of multipath channel resulting in upgrading the bit error rate. The benefit of the Phase Modulator
(PM) transforms one the transformed signal has the minimum attainable PAPR (i.e. 0 dB). These signals may
well be amplified along nominal power backoff, and that: 1) boost the effectiveness of power amplifier, along
with 2) probably increases scheme range, therefore, additional signal power is propagated toward the channel.
Phase modulation is drawing attention for wireless telecommunications due to the CE of your generated signals,
and that’s needed for efficient power transmitters, and has a capacity to take advantage of the diversity of your
multi-path channel, whichever is desirable to recover the Bit Error Rate performance.

In the era of Internet growing and multimedia for example video, audio signals and image are simply
transmitted from a service provider to a consumer, this offer an immense payoff for enhancement of
multimedia, E-commerce as well as entertainment industry that depend on the Internet. As consequences
surveillance plays an important part in the interest of content security to save multimedia content from an
unauthorized user. In the earlier days, encryption had been changed into a big tool for private media content.
Ever since the 1990s, a growing consideration had been dedicated to the use of chaotic functions to apply the
procedure for encryption. A number of researchers have observed that correlation among chaos and
cryptography [6]

A new interleaving proposal is proposed in this paper. In this system a chaotic map randomization for the
Continuous Phase Modulation-OFDM scheme. The projected method is utilize for efficient data transmission
over fading channel with OFDM and improve the bandwidth efficiency. An interesting comparative analysis
between propose method and random interleaving.

The paper is organized as follows. CPM-OFDM system model is described in Section Il. Random
interleaving and the proposed new logistic interleaving methods are described in section Ill. The equalizer
designs explain in section 1V. In section V Phase demodulator structure. In Section V1 spectral efficiency of the
Continuous Phase Modulation systems. Computer simulation results in Section VII. Finally, the conclusion in
Section VIII.



Performance Analysis of NLM Interleaving Scheme for CPM OFDM System 13

2. Cpm-ofdm Model

Another way to deal with the PAPR issue is depending on transformations of the signal. In this method,
before amplification, a signal transformation has performed after that an inverse transformation is performed
just before to demodulation at the receiver.

Here [1], a PM transformation was regarded as to produce signals with Continuous Phase Modulation. This
system is suitable in favor of wireless communications due to the constant envelope (CE) of your generated
signals (i.e. 0dB PAPR), that’s desired for power resourceful transmitters, which had to get better the Bit Error
Rate performance. CPM-OFDM model shares some of the similar functional blocks by means of a
conventional OFDM structure. Then the present OFDM structure ready to given that an additional CPM-
OFDM approach, simply.

Figure:1. Show the block diagram of the CPM-OFDM system Let X (k) indicate the data symbols after
mapping, x(n) be the NDFT-points IDFT of data symbols X(k).For the duration each T-seconds, blocks
interval, the time samples x(n) is generated sequence from OFDM passes through a PM to attain 0dB PAPR
sequences s(n), n=0,1...... Nprr — 1.The CE sequence which is offered by PM s(n) = exp(jCx(n)), wherever C
denote scaling constant. Later that PM, a chaotic interleaving is applied and that rearrange the phase modulated
symbols in keeping with randomization approach explain in section Ill. The obtained sequence s;(n) is used to
refer to chaotic interleaving. Then, N cyclic prefix is added between blocks to alleviate inter-block interference
effect. The O/P sequences are s;(n), n = =N, ...0 ...,. Nppr — 1.

The continuous-time signal s (t) is propagated at the output (O/P) of the digital-to-analog converter. This
Continuous Phase Modulation signal could be expressed as follows in according to [7-8]

s(t) = Aef?® = fe/lmhm®OI6] T << T (1)

Where A signify signal amplitude,

6 denote arbitrary phase offset utilize to attain CPM,

T, denote the guard period,

h denote modulation index,

T denote block period and

m(t) denote real-valued OFDM message signal comprised of K subcarriers given as [1]

m(t) = Co L=y L () @

Where I, are M-ary the real-valued the Pulse amplitude modulation data symbols,l;, € {£1,+2,...,+(M —
1)}, M is the constellation points, the orthogonal subcarriers are g, (t), the normalization constant is C,,. The
real-valued data symbol, I, could be written as

(RO}, k<K/2
e = {—S{X(k —K/2)}, k>K/2 ®)

Where as R{X(k)} are the real and I{X (k)} imaginary part of {X(k)}, respectively, g, (t)denote orthogonal
subcarriers can be written as follows:

2mkt K
w@=1" (El;m =3 @
sin (T), k > 7
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Using equation (3), (4), and (2) can be rewritten as:

K12 QX (k) cos (222) -

m(t) = Cn _
YK /201 S{X ()} sin (M)

)

The transmit signal s, (t) pass throughout the multi path channel. The channel impulse response (CIR) for L
discrete path is expressed as:

h(t) = XiZg h(DS(t — 7)) (6)
where h(l) is the channel gain,

7, is the delay of the Ith path
The continuous-time received signal can be written as:

r(6) = XiZg h(Ds(t — 1) + n(t) @)

Where n(t) is a complex AGWN with single-sided power spectral density No.
The output (O/P) is sampled by digital-to- analog converter where t=iT (JK) is the over-sampling factor is
discarded, afterward the Cyclic Prefix. The ith (0,1, ...JK-1) sample of the received signal r;(t) is expressed:

N _ wlj-1 . ,
1 (D) =Xz h(M)s@i —n) +n() ®)
Input QAM X[k] | OFT |x[n] Phase s[n]| ChacticNLM | s5/[n]| CP N DA |5[t]| PA
Data [P Mapping v *  Modulator P Interleaving L I To Mulfipath
(a) Transmitter
ap [l ce || o B chaoicnim Il phase  |FIn] mrr JlJ QAMDe- Output
nt] g - De-Interleaving ’ Demodulator ’ mapping Data

Fig.1. The CPM-OFDM system model with chaotic interleaving

The received signal r;(i) is transformed into the frequency domain by using the NDFT-point Discrete
Fourier Transform (DFT), defining Nper = JK.

3. Interleaving Mechanism

Fading and other channel errors like burst errors affect the data transmitted all the way through the wireless
channel. To offer a protection to the data transmitted throughout wireless channels numerous error correction
codes has previously been used that is valuable corrective random errors because of the wireless channels and
the drawbacks of wireless channel are that one they causes bursty channel errors. The burst error can be known
as a contiguous sequence of error symbols where it can define either in one dimensional (1-D) form or in multi
dimensional form [9]. Interleaving is a process to rearranging input symbols based on predefined rule such that
consecutive data are divided between different blocks. On the receiver end, the original sequences are restored
in accordance to reverse rule by the de-interleaver. Interleaving is used to alleviate the effect of burst errors and
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multiple access interference (MAI) at the receiver. Burst error means excessive error exists in a single
codeword. Therefore, interleaving is process which is used to randomize the burst of errors which are because
of multipath fading environment and also enhance the behaviour of the error correcting codes [10]

There exist two most popular of interleaver, namely random and chaotic interleaver. First we explain the
basics of random interleaver and then we review the proposed New Logistic map interleaving mechanism.

A. Random Interleaving Mechanism

Random Interleavers are use to generate independently and randomly. By using random interleaver, the
different user’s data scramble by means of the different pattern. Scrambling patterns of the user data are
generated randomly. By reason of the scrambling of data, randomized channel burst error at the receiver side.
By using permuter indices the arriving data is rearranged. For a specified memory address a device generates
pseudo-random permutation, such device can be referred as a permuter. A lot of memory required for the
reason of user separation at the transmitter and receiver ends for the use of their storage space if random
interleaver is utilized. For broadcast of all these interleaver, a large quantity of bandwidth will be consumed.
Also, computational complexity automatically boost at receiver ends. Usually, the interleaving techniques are
defined as an efficient anti-burst error technique. The random interleaving method cannot fight the 2D bursts of
errors. The base station has to consume an enormous quantity of memory on the way to save the random
patterns of interleaved that may create severe interest of storage in case of the massive user [11]. But some
limiting factors motivate for further research. These limiting factors are computational complexity, the memory
requirement for the storage of the interleaving pattern and detection at the receiver.

B. Proposed Chaotic logistic Interleaving Mechanism

In prior subsection, the random interleaver isn’t proficient with two-dimensional bursts error. Consequently,
there is a requirement for advanced interleaver for this assignment. The signals are rearranged in a two-
dimensional format, after Phase Modulation and then New chaotic Logistic map (NLM) used to randomized
separately. By using chaotic randomization step that generates permuted sequences with lower correlation
among their samples. Furthermore the NLM includes a quantity of encryption to the transmitted signal.

(a) Chaotic system

New rapid development of communication system such as mobile communication and internet have
extensive the domain information broadcast there exist challenge for protecting information from unauthorized
users. Chaotic is simplified version of chaos. Chaotic systems are sensitive to initial condition and minor
changes in initial conditions gives a great change in its output. Chaotic idea is very useful in mathematics and
has a numerous applications in, economics, meteorology, philosophy etc. Researchers notice that an interesting
relationship between cryptosystem and chaos. The chaotic cryptography is gaining great attention than others
as a consequence of its lower mathematical complexity & better security. The properties like sensitivity to
initial conditions, ergodicity, mixing property, deterministic dynamics are the features of chaotic system’s and
structural complexity could be careful comparable to the confusion, diffusion having a small change within one
block of the plaintext, diffusion by means of small change in secret key/plaintext, deterministic pseudo
randomness which make them robust against the statistical attacks [12]

(b) New Logistic Map (NLM)

The logistic population model is very popular to understand chaos. The New logistic map is extremely easy
statistical model generally utilized to explain the biological population’s growth. Due to its statistical ease, this
representation is still helpful in chaos theory in addition to demand of chaos in cryptography [12]. Lately, the
logistic MAP has been obtained heightened attention because of its significance for generating a pseudorandom
helpful numbers in several forms of application, similar to numerical analysis, simulation, sampling, spread
spectrum, synchronization, etc.
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Definition 1: The logistic map is given as:

f(xn) = Xpy1 =T X0 (1 — xy) 9)

where, r is growth rate of population and an important parameter to discuss. Here parameter r is elaborated for
different value ranges.

For the range 0 <r <4.

Proposition: For the above range logistic map sends [0, 1] to itself.

Proposition: For the value of r < 1, fixed and stable point is 0. For the value r > 1 it is unstable. One more
point is stable i.e. x = 1 — (1/r), but only for 0 < r < 3 and unstable for r > 3.

Proof: If we solve the equation rx (1-x) = x, the fixed point yields x; = 0 and x, = 1 — (1/r) and from the
derivative of equation i.e. f/(x) = r (1- 2x) we get f°(0) = r. Hence 0 is stable point for the specified range.
Similarly second point is also stable for above said range.

Proposition: The logistic map has 2 cycles for r > 3 and stable if . 61+<r

Proof: In 2 cycle, logistic map has set of points such that u #v € [0,1] and f (u) = v and f (v) = u and hence f
2(u) = u and f 2(v) = v. Now solving the equation f 2(x) = r2u (1-x)[1-rx(1- x)] = x yields four solutions and
these solutions proves that the map forms 2-cycles if r > 3.

Now another interesting property is yet to be discussed i.e. sensitivity on initial conditions, which is a much
needed requirement for a spread spectrum system to be chaotic

Definition: Let a,be initial condition and consider the orbit of a nearly point a, + 6, where 8, is very small.
Let is the separation in two orbits after n iterations. If , |6,,| = |6,]e™ then 4 is called the Liapunov exponent.
A positive value of it shows dependency on initial condition.

Above discussion shows that as the value of r increases, the stability coefficients of the fixed points
decreases and at r = 3, a stable 2-cycle formed. So this value of r is popularly known as period doubling
bifurcation. For higher values of r, again 2-cycle has also become unstable but simultaneously a stable 4-cycle
started at r = 3.4494897.

1.0

0.8 —

0.6

04

0.2

00 +—T—T—T—T7T T T T T T T

Fig.2. Bifurcation diagram[13]

In Fig.2, the entire discussions can be pictorially depicted that for r < 4 an orbit eventually converges to the
stable fixed point. In Fig.1, the situation is completely different at r = 4 i.e. it may be considered as chaotic. At
this value of r the stable point becomes unstable. In spread spectrum communication chaos gives plenty of
advantages in addition a variety of opportunities for farther improvement. The nature of chaotic system are
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sensitivity to initial conditions and random nature might be helpful to produce high amount of uncorrelated,
random-like, yet deterministic and reproducible signals or sequences. Several For the generation of chaotic
sequences chaotic maps are helpful and these sequences could be utilized at the interleaving sequences and p-
n codes [13]

4. Equalizer Design

Frequency domain equalizer is discussed in this section. FDE depend upon the subsistence of a Cyclic Prefix
guard interval in the midst of consecutive data blocks. The FDE benefits is the comparatively low complexity.
On the other hand, the Frequency Domain Equalizers (FDE) requires a Cyclic Prefix overhead. Let the O/P of
FDE is Si as shown in Figure.3

1

- ZNDFT—1 X(m)R, (m)ejZHmn/NDFT (10)
DFT

m=0

§(n) =

where n=0,1,...... Nppr — 1,R;(m) denote the DFT of r;(t),X(m) denotes the equalizer correction terms,
that is computed in accordance with the type of the Frequency Domain Equalizer. In this study, three types of
Frequency Domain Equalizer as follows:

1) The zero-forcing (ZF) equalizer:

X(m) = ﬁ (11)

2)  Minimum mean square error (MMSE) equalizer:

_ H*(m)
X(m) = [H(m)[2+(Ep/Ng)~1 (12)

3)  The regularized zero forcing (RZF) equalizer:

_ wm)
X0m) = s (13)

Where f denote regularization parameter RZF equalizer explained in (13) and (.)* represent complex
conjugate avoid the issue associate by means of the Minimum mean square error equalizer, for instance,
measurement of your noise power and signal power, that isn’t accessible just before equalization. Furthermore,
the Regularized Zero Forcing (ZF) equalizer avoids the noise development due to the ZF equalizer which is
introduced by means of § regularization parameter interested in the equalization process.

In defining the Zero Forcing Frequency Domain Equalizer(ZF) as given in (11), shows the completely
reverse outcome of the channel without the presence of noise because in case of noise it will suffer from noise
enhancement.In contrast, the Minimum Mean Square Error equalizer in (12) that notices the signal-to-noise
ratio creation best possible trade-off in the middle of the noise enhancement and channel inversion.

To reduce the error stuck in the midst of the estimated signal, the equalizer coefficients are selected, s(n)
and 5;(n) is the original signal.

A= E|5(n) — s(m)|? (14)

The FDE signals are followed by chaotic deinterleaved and also applied to the phase demodulator to attain
the estimated dataX(n).
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5. Phase Modulator

The design of the phase modulator (PM) is talked about in this part. Figure.3 shows the phase demodulator
block diagram. The performance of the phase demodulator is improved by using the impulse response filter as
it rejects the out-of-band noise. With the help of the windowing technique, the filter is designed. If filter
response has a length Ly and frequency fr,orco<f,,,<1) 1S the normalized cut-off frequency given below:

sin(21rfm,-,~<n—Lf2_1
g(n) = n(n_Lf—l)

2

)>, 0<n<L -1 (15)

InEq. (15), if n = Ly — 1/2, g(n) = 2mfror/m. In0Ur study fr,o = 0.2 and Ly = 11 are used. After getting
a filtered signal, use phase extraction step for the calculation of the phase of its argument. At last the signal we
get is unaffected by phase offset, so that the receiver is insensitive to this and minimizes the effect of phase
ambiguities due to channel and memory term. PM is followed up matched filters to get soft estimated data
symbol (k).

FIRFilter || arg() | Ehase i[n]
nwrapper

,21‘
=

Fig.3. Phase Modulator[7]
6. Multipath Diversity and Spectral Efficiency of Cpm Signal

The spectral efficiency are essential qualities metrical for a modulation system while it quantifies what
percentage of information bits/second could be weighted per unit of the accessible bandwidth. To get estimated
signal spectral efficiency, bandwidth must be determined. The Continuous Phase Modulation signal describe in
Eqg. (1), Using Taylor expansion when & = 0, can be rewritten as:

s(0) = AeP™® = gy [T n () = A[1+ jzmha(t) - Zx2() - (@) + | (16)

The frequencies of subcarriers are centred at Hz, i = 1, 2... K/2.The message signal x (t) have an effective
double-side bandwidth. It is defined as W = K/T Hz. In accordance to Eq. (4.16), Only the first two terms of the
summation are consider, W is the bandwidth of s(t). Depending upon the modulation index rate, the resourceful
bandwidth could be larger than W [14]

BW =max (2rnh, 1) W Hz a7
As given away in Eq. (17), the bandwidth of signal grows by way of 2z4 that minimize spectral efficiency.

In view of the fact that the bit rate is R = K (log2 M)/T bps, the Continuous Phase Modulation signal spectral
efficiency #, can be written as:
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_ L _ log, M
n= BW max(2mh,1) BpS/HZ (18)

With the help of two parameters, the spectral efficiency of the Continuous Phase Modulation signal is
controlled by M and 2zh. Conversely OFDM signal has spectral efficiency is l1og2M, that depends only on M.
The CPM signal does not provide frequency spreading for the higher-order terms. As a result, the signal of
Continuous Phase Modulation does not have the potential to utilize the frequency diversity of the channel.

7. Simulation Results and Discussion

In this Section, a new technique which is based on Chaotic New Logistic Map (NLM) is proposed for timing
offset estimation in an OFDM system. The proposed method used a NLM interleaving scheme for CPM-
OFDM system. The simulation results show that chaotic NLM interleaving with CPM-OFDM gives a good
trade-off stuck between bandwidth efficiency and performance, while it attain an efficient consumption of the
frequency diversity and sustain the high bandwidth. A chaotic New Logistic Map (NLM) interleaving scheme
proposed for the CPM-OFDM system. On comparing simulation results as shown in Figure 4 to 7, for the
different data length, it is clear that the proposed scheme improves BER performance more effectively than
both CPM-OFDM and Chaotic Interleaving CPM OFDM system. After analysis of complete results, | have
been observed that Chaotic NLM Interleaving is best suitable technique for upcoming 5G communication and
future radio communication So we can say that NLM interleaving improves the spectral efficiency when utilize
with CPM-OFDM system, it gives an efficient usage of the frequency diversity and maintain the high
bandwidth. When a number of users are large and at high SNR, we find better results. It is more efficient with
the higher number of users.
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Fig.4. BER vs. SNR comparison of CPM-OFDM and chaotic interleaving CPM-OFDM for Data length=1024
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Fig.5. BER vs. SNR comparison of CPM-OFDM and chaotic interleaving CPM-OFDM for Data length=2048
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8. Conclusions

A new efficient technique which is based on Chaotic New Logistic Map (NLM) is proposed for timing offset
estimation in an OFDM system. The proposed scheme improved BER more effectively than CPM-OFDM. The
simulation results show that chaotic NLM interleaving with CPM-OFDM gives a good trade-off stuck between
bandwidth efficiency and performance, while it attain an efficient consumption of the frequency diversity and

sustain the high bandwidth.
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