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Abstract— In order to achieve data transmission without 

InterCarrier Interference (ICI) the Constant Envelop 

Minimum Shift Keying Orthogonal Frequency Division 

Multiplexing (CE-MSK-OFDM) technique is proposed in 

this paper. The amplitude doesn’t vary during modulation in 

the carrier wave so it maintains Peak to Average Power 

Ratio(PAPR) and using Minimum Shift Keying can produce 

Constant Envelop(CE) due to its smooth phase transitions. 

The conventional Orthogonal Frequency Division 

Multiplexing (OFDM) system capable of counteracting fiber 

nonlinearity, excellent resistance to chromatic dispersion 

and reduce PAPR. Normally, OFDM uses Quadrature Phase 

Shift Keying (QPSK) modulation technique it decrease 

PAPR but when there is a abrupt amplitude variations the 

higher order terms of phase modulated signal, then the data 

will spread over multiple subcarrier results in inducing a 

large ICI. In QPSK, the modulated signal cannot be of 

continuous phase and it provides slow roll off side lobe 

spectrum which decays asymptotically. The concept 

proposed here attenuate the downside of Constant Envelop 

Quadrature Phase Shift Keying Orthogonal Frequency 

Division Multiplexing (CE-QPSK-OFDM). 

Key words: Average received optical power, constant 

envelop(CE), intercarrier interference  (ICI), minimum-shift 

keying(MSK), orthogonal frequency division multiplexing 

(OFDM), peak-to-average power ratio (PAPR), quadrature 

phase shift keying (QPSK) 

I. INTRODUCTION 

Orthogonal frequency division multiplexing (OFDM) is 

used broadly in broadband wired and wireless 

communication systems  because  it  is  an  effective 

solution   to   intersymbol interference (ISI) caused by a 

dispersive channel[1]. It is a particular case of multicarrier 

transmission in which a single information-bearing stream is 

transmitted    over many lower rate sub-channels. Optical 

OFDM [1] shows an admirable resistance to chromatic 

dispersion (CD) and polarization mode dispersion (PMD). It 

also fully exploits the compensation of fast Fourier 

transform (FFT)    and inverse fast Fourier transform (IFFT). 

All of these advantages make optical OFDM gain more 

large interest.  

To improve the transmission capacity, narrower 

channel spacing is pursued and novel modulation formats 

are investigated. OFDM offers excellent spectral efficiency 

and efficient elimination of sub channel and symbol 

interference using the Fast Fourier transform (FFT) for 

modulation and Demodulation, which does not require any 

equalization [2]. A major shortcoming of OFDM system is 

the large Peak-to average power ratio of the transmitted 

signal. Therefore high peak-to-average power ratio highly 

control the development of optical OFDM. Several 

techniques have been proposed to eliminate PAPR problem 

in OFDM systems such as Clipping [3], Coding [4,5], 

Predistortion scheme [6], Probability scheme [7] and Signal 

transformation [8]. Clipping technique is the easiest 

technique but it causes additional Clipping noise which 

degrades the system performance. Coding schemes pretty, 

but to date there is no good coding solutions are known 

which can continue a reasonable coding rate for arbitrary 

numbers of subcarriers [9]. Recently, Constant envelop 

orthogonal frequency-division multiplexing (CE-OFDM) 

[10] is proposed to alleviate the problem of PAPR problem 

in OFDM system. CE-OFDM is implemented through the 

transformed signal by a phase modulator, thus the 

transformed signal has a constant envelop. Theoretically, 

CE-OFDM can decrease PAPR efficiently, and it also 

having the ability to counteract the fiber non-linearity. And 

due to some modulation technique such as QPSK whenever 

there is a abrupt modify in the amplitude the higher order 

terms of the phase modulated signal, will make each data to 

spread over multiple subcarrier and it induces a large ICI in 

CE-OFDM [11].Thus a technique is required to mitigate the 

ICI problem in CE-OFDM communication system. In order 

to decrease ICI in OFDM, Minimum Shift Keying (MSK), a 

continuous phase modulation scheme [12], is proposed 

[13,14]. Comparing with using Quadrature Phase Shift 

keying (QPSK) scheme [15],   MSK can produce a fast roll-

off side- lobe spectrum and decrease the carrier frequency 

offset (CFO). MSK-OFDM produces a fast roll-off side lobe 

spectrum decaying asymptotically as    while QPSK-OFDM 

produces  a slow roll-off-side-lobe spectrum decaying 

asymptotically as   [16].when compared with correlative 

coding scheme, MSK-OFDM has a greatly larger PAPR 

inherently than irrelative coding scheme [17], such as 

QPSK-OFDM. so a technique is required to counteract 

PAPR problem in MSK-OFDM communication system. 

There is no efficient schemes for decreasing PAPR 

and mitigating ICI jointly has been proposed. Generally 

decreasing PAPR and mitigating ICI are not incompatible in 

OFDM system. In this paper, the proposed Constant 

Envelop MSK-OFDM modulation scheme can eliminate 

their inherent shortages of Constant Envelop QPSK-OFDM 

system and MSK-OFDM system together. As a result of 

theoretical analysis and experiments shows that there is an 

improvement  in decreasing ICI and PAPR of the proposed 

CE-MSK-OFDM coherent optical communication system. 

In this experiments, CE-MSK-OFDM signal and CE-QPSK-

OFDM signal are successfully transported over a 100 km. 

Compared  with  CE -QPSK-OFDM, the proposed schemes 

CE-MSK-OFDM achieves better performance. Therefore 

proposed system CE-MSK-OFDM can greatly eliminate ICI 

and enormously decrease PAPR. And also it proved that the 

proposed scheme CE-MSK-OFDM is an apt scheme for 

long haul optical transmission. 

The organization of this paper is as follows. In 

Section II, it demonstrates   the principle of CE-PSK-

OFDM,MSK-OFDM and CE-MSK-OFDM. The inherent 

advantages and drawbacks of CE-QPSK-OFDM and MSK-

OFDM are given through their principles.  Advantages of 
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the proposed system CE-MSK-OFDM modulation   scheme 

are also discussed in this section. In Section III, it  

demonstrate a CE-MSK-OFDM optical coherent 

communication system and give out our experimental 

results. 

II. PRINCIPLE 

A. Principle of MSK-OFDM 

Another significant factor contributing to the performance of 

OFDM communication system is the modulation format. 

Traditionally, we modulate the input source data in the 

course of QPSK modulation format. The primary drawback 

of QPSK format is a discontinuous phase. It produces a slow 

roll-off side-lobe spectrum decaying asymptotically as f-2. 

This slow roll-off side-lobe spectrum to a certain extent 

contributes to the ICI problem existing in   CE-QPSK-

OFDM However extension of CE-QPSK-OFDM in 

frequency domain is unavoidable, we can decrease the 

higher-order terms to alleviate ICI problem. For that reason, 

modulation format with a fast roll-off side-lobe spectrum 

can be a good candidate. In fact, MSK modulation scheme 

can alleviate this problem. It enjoys a fast roll-off side-lobe 

spectrum decaying asymptotically as f-4 Generally, 

baseband MSK signal can be shown as follow, (1) Where, 

represents a cumulative phase, αn denotes the input source 

data,   is the initial phase,T is the MSK symbol period, and h 

denotes the MSK modulation index. clearly, the baseband 

MSK signal has a constant envelop as it adopts a frequency 

shift keying format The phase trellis of MSK signal, is 

continuous during a MSK symbol interval. It is also 

continuous at the sampling time t=NT. Hence, MSK is a 

continuous phase format, and thus it can enjoy a fast roll-off 

side-lobe spectrum. Based on this advantage of MSK, MSK-

OFDM is proposed to tackle ICI problem. For convenience, 

is supposed to be 0, and then the baseband MSK-OFDM 

signal can be represented as, 

𝑠(𝑡) = ∑ exp{𝑗(𝜃𝑘,𝑛

𝑁−1

𝑘=0

+ 𝛼𝑘,𝑛
𝜋ℎ

𝑇
𝑡)} 

. exp {𝑗
2𝜋𝑘𝑡

𝑇
} ,0 ≤ 𝑡 ≤ 𝑇      (2) 

Where T=NTb is the OFDM symbol period, N denotes the 

number of subcarriers, Tb is the sampling period, and k 

denotes k-th subcarrier of OFDM symbol. 

For this baseband MSK-OFDM signal, its envelop is defined 

as, 

      𝑣(𝑡) = |∑ exp{𝑗(𝜃𝑘,𝑛 + 𝛼𝑘,𝑛
𝑁−1
𝑘=0 

𝜋ℎ

𝑁𝑇𝑏
)}. exp{𝑗

2𝜋𝑘𝑡

𝑁𝑇𝑏
}|(3) 

When  N=2,  h=1/2,  𝜃0,𝑛 = 0,  𝜃1,𝑛 = 0, 

𝛼0,𝑛 = 1, and    𝛼1,𝑛 = 1 , 

𝑣(𝑡) = |exp {𝑗
𝜋𝑡

4𝑇𝑏
} + exp {𝑗

𝜋𝑡

4𝑇𝑏
} . exp{𝑗

𝜋𝑡

𝑇𝑏
}|       

        = |1 + exp{𝑗
𝜋𝑡

𝑇𝑏
}|                                             (4) 

v(t) is determined by t , and it is not a constant. 

Thus, MSK-OFDM signal does not enjoy a constant 

envelop, and thus it can not counteract PAPR inherently. 

Also, as a correlative coding scheme, it sustains a larger 

PAPR than irrelative coding scheme such as QPSK-OFDM 

does, so large PAPR becomes a severe problem to be solved 

in MSK-OFDM optical communication system 

MSK-OFDM signal can be engendered by 

modulating input source data through N MSK modulators, 

but this modulation method is too complex. In this paper, we 

utilize a simple enhanced method to get MSK-OFDM signal 

[9]. 

MSK-OFDM symbol taking advantages of IFFT can be 

shown as, 

𝑠(𝑡)′ = ∑ 𝑈𝑣,𝑛
2𝑁−1
𝑣=0  . exp{𝑗

2𝜋𝑣𝑡

2𝑁𝑇𝑏
}                      (5) 

Where  

𝑈𝑣,𝑛 = {𝑒
𝑗𝜃𝑘,𝑛

′

0
,

𝑣 = 𝑘′

𝑣 ≠ 𝑘′
 

And  𝑘′ = 2𝑘 = ℎ(1 + 𝛼𝑘,𝑛), 𝜃𝑘,𝑛
′ = 𝜃𝑘,𝑛 + ℎ𝜋𝑛. 

The advantage of the normalized spectrum of MSK 

decays much faster than that of QPSK does, and thus the 

MSK-OFDM modulation schemes can develop a better 

performance in decreasing ICI. 

 
Fig. 1: Block diagram of CE-MSK-OFDM 

B. Principle Of CE- MSK-OFDM 

From the analysis based on II A, MSK-OFDM helps to 

remove its PAPR, and MSK can help CE-QPSK-OFDM to 

decrease its higher-order terms. Thus, CE-MSK-OFDM 

scheme is proposed in this paper. We modulate the input 

data by MSK-OFDM scheme and then transmit the 

baseband MSK-OFDM signal through an optical phase 

modulator, 

𝑠𝑐𝑚(𝑡) = 𝐴exp{𝑗[2𝜋𝑓𝑐 𝑡 + 𝛼. 𝑠(𝑡)′ + 𝜑             (6) 

Where s(t)’ is a MSK-OFDM signal 

CE-MSK-OFDM scm(t) signal has a constant 

envelop A and a fast roll-off side-lobe spectrum. The 

proposed method fully exploits the advantages of CE and 

MSK. The proposed method also overcomes the inherent 

drawbacks of CE-QPSK-OFDM and MSK-OFDM. 

As a result, CE-MSK-OFDM signal has a good 

performance in resulting PAPR and decreasing ICI. 

III. EXPERIMENT 

A. Experimental Setup 

Fig. 1 shows the experimental setup for the proposed  CE-

MSK-OFDM system. In an OFDM system, each channel 

will be broken into various subcarriers. The use of 

subcarriers makes optimal use of the frequency spectrum but 

also requires additional processing by the transmitter and 

receiver. This additional processing is necessary to convert 

an serial bit stream into several bit stream to be divided 

among the individual carriers. The Signal Mapper is used to 

select the symbol with lowest PAPR and then mapped. Then 

that mapped symbol will be sent into the MSK modulator. In 

MSK modulation there is no amplitude fluctuation due to 
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the continuous waveform in the signal. Then the signal from 

the MSK modulator is sent to the Inverse Fast Fourier 

transform (IFFT) block. IFFT in OFDM is used to convert 

the signal from frequency domain to time domain. And here 

the transmitter accepts a stream of data and then converts 

them into symbols using modulation technique. It is the 

stage of summing all the subcarriers and combining them 

into one signal. 

Therefore all subcarriers are generated perfectly 

simultaneous. Then combined signal will be transmitted into 

the next block Cyclic Prefix (CP)  which is used to reduce 

InterCarrier Intereference (ICI). And Guard Interval (GI) is 

present inside the CP which is used to reduce the 

InterSymbol Interference(ISI). Then the incoming analog 

signal will be converted into digital signal and using the 

Low Pass filter, it passes the low frequency signals and 

attenuates signal with frequencies higher than the cutoff 

frequency. 

Using Up converter one form of signal will be 

converted into another form that is before sending signal 

into the Optical Fiber cable the electrical signal from the 

transmitter is converted into light signal. In receiver part, 

each block will perform the reverse process of transmitter. 

Cyclic Prefix is added to every OFDM symbol, if any linear 

distortion occurs means that can be equalized by 1 tab 

equalizer. 

Fig. 2 explains that the Pseudo Bit Random 

Sequence Generator (PRBS) generates bit randomly 

according to alternate modes of operation.The above 

experiment is done by using OPTISYSTEM. Fig. 2 shows 

the layout of CE-MSK-OFDM using OPTISYSTEM. Fig. 2 

explains that the Pseudo Bit Random Sequence Generator 

(PRBS) generates bit randomly according to alternate modes 

of operation. 

B. Experimental Result 

 
Fig. 2: CE-MSK-OFDM layout 

The PRBS output port will be connected into Fork 1×2 

which consists of all signal types. The Fork 1×2 is used to 

split the input signal into two output signals. One of the 

output port from the Fork 1×2 is connected to the MSK 

modulator and another one is connected into the NRZ-

reference input port. In MSK modulator having the Signal 

Mapper which is used to select the lowest PAPR symbol and 

then performs the Mapping function. Due to the continuous 

waveform in the MSK modulator it having Constant 

Envelop that is the amplitude of the carrier signal will not be 

modulated. As a result it greatly reduces InterCarrier 

Interference (ICI). The subsystem is used to connect the 

MSK modulator and OFDM modulator. From the output 

port of the subsystem the representation of electrical signal 

can be visualized. And also the modulated electrical signal 

also can be visualized by Electrical Constellation diagram. 

Fig. 3 shows the modulated MSK signal. Here the x axis 

represents the amplitude of the signal in In-phase and y axis 

represents the amplitude of the signal in Quadrature phase. 

From the output port of the OFDM modulator with 512 

subcarrier and with 0 prefix points can be connected with 

two Low Pass Cosine roll off filter to filter the unwanted 

signals and it also having power loss of 0.5 dB. Two 

Electrical gain block is added to two output port of the filter 

inorder to amplify the electrical signal. 

After amplication process , checking of any 

distortion occur in the signal can be analysed by RF 

spectrum Analyzer. That is visualized by Fig 4. RF  

Spectrum Analyzer. Using this electrical power can be 

measured. From the Electrical gain the output signal will 

splitted into two signals and that signal is connected to two 

Fork 1×2. After splitting the signal it is connected to two 

Lithium Niobate (LiNb) Mach  Zehnder modulator for 

converting electrical signal into optical signal. For that X 

coupler is used to split the optical signal in two  signals and 

that signal is connected into LiNb Mach Zehnder Modulator. 

Continuous Waveform (CW) laser is used as a source which 

is having frequency in the range of 193.1Hz for the x 

coupler to generate the optical signal. Optical Null is used to 

create zero optical signal. Fig. 5 shows the Optical Spectrum 

Analyzer (OSA), Optical signal in the frequency domain can 

be visualized by using OSA. This OSA can be connected to 

the power combiner. The output port of the Optical 

amplifier is connected to the Loop control block within the 

loop the signal from the transmitter is transmitted in to the 

Optical fiber cable and unwanted signal can be filtered out 

by using Optical Filter which is connected to the Optical 

fiber cable. Then output port of the Loop Control is 

connected to Optical Time domain visualizer and Optical 

Spectrum Analyzer 

 
Fig. 3: Constellation Visualizer 
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Fig. 4: RF Spectrum Analyzer 

 
Fig. 5: optical Spectrum Analyzer 

 
Fig. 6: Optical Time Domain Visualizer 

 
Fig. 7: Optical Spectrum analyser 

 
Fig. 8: Electrical constellation Visualizer 

inorder to visualize the optical signal  in the form of time 

domain and frequency domain . 

Figs. 6 and 7 shows  the optical signal in the form 

of time and frequency domain. From the loop control the 

signal from the Optical filter will be transmitted into the 

coherent detection for static transmission of the signal and 

local oscillator act as a detector connected with one of the 

input port of the coherent detection. Then one of the output 

port  is connected with OFDM demodulator and again 

subsystem is used here to combine the OFDM demodulator 

and MSK decoder. The reverse process of OFDM modulator 

and MSK modulator will be take place in the receiver.  

Fig. 8 shows the signal from the OFDM 

demodulator can be visualized by using Electrical 

Constellation visualizer from the output port of the 

subsystem in the receiver side. M-ary sequence visualizer is 

connected to the one of the output port of the subsystem for 

visualize the binary signal of the OFDM demodulator. 

Then the output port of the subsystem is connected 

to the MSK decoder and here the reverse process of 

transmitter will be take place and the signal from the MSK 

decoder is connected with NRZ pulse generator for 

generating the electrical signal from the MSK decoder and 

the output signal of the NRZ pulse generator for high speed 

transmission, NRZ reference for reference purpose and for 

calculate Bit Error Rate, PRBS is  connected to BER 

analyzer. 

Fig. 9 shows the Bit Error Rate of the received 

signal. Fig. 10 shows the Eye pattern through the eye 

opening the BER is found to decrease. 

 
Fig. 9: BER Analyzer 

The theoretical analysis proves that when the BER 

decreases the system is stable. By varying the length of the 

fiber, the Q factors are obtained. They are tabulated as 

follows. 
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Fig. 10: Eye Pattern 

Fiber Length (km) Q-Factor BER 

10 3.15E-02 0.487444 

30 3.52E-02 0.485948 

40 3.71E-02 0.485222 

80 3.93E-01 0.347272 

Table 1. Fiber Length Versus 

Ber 

 
Fig. 11: Experimental result on BER performance of 

CE-MSK-OFDM 

Table 1 represents that the length of the fiber 

increases Q-factor value is also automatically increased. 

And Fig. 11 represents that the length of the fiber increases 

the BER is found to be decreased. 

The BER can be calculated by using the formula, 

𝐵𝐸𝑅 = (
1

2
) 𝑒𝑟𝑓𝑐

𝑄

2
                                       (12) 

Where Q represents quality factor erfc represents 

complementary error function 

IV. CONCLUSION 

In this paper, CE-MSK-OFDM is proposed to mitigate the 

inherent drawbacks of CE-QPSK-OFDM and transmitting 

the data without causing ICI problem. Therefore the choice 

of Optical Fiber as transmission medium for long haul 

optical transmission allows guaranteeing longevity of the 

network during the coming years. The fact of using the 

proposed scheme CE-MSK-OFDM enables the possibility to 

transmit the signal without occurring Intercarrier 

Interference. From the results, it can be concluded that  CE-

MSK-OFDM, exhibits better performance when compared 

to the other techniques , because at large fiber length the Q 

factor  obtained was highest  which means low bit error rate, 

though  in general the BER decreased with increase in 

length. Therefore CE-MSK-OFDM technique is apt for 

using long haul Optical transmission. 
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