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Abstract. The subcarriers of an orthogonal frequency division multiplexing (OFDM) system are 

not identical in the time domain, and their spectra also overlap. As a result, the spectrum is being 

used effectively. Its effective use of frequency resources and capacity to combat channel fading 

have made it the de facto technical standard. In wireless communication, numerous pathways in 

the channel can lead to interference between symbols, known as inter-symbol interference (ISI). 

This research supplements OFDM systems with some safeguards to eliminate inter-symbol 

interference. Most traditionally, OFDM symbols have had their post-event sample points 

duplicated to their beginnings, a process known as Cyclic prefix (CP) padding in the protection 

interval. In order to further counteract ISI, a protection interval might be added to the beginning 

of each symbol. An OFDM system's bit error rate (BER) can be decreased by using cyclic 

prefixes to attenuate inter-code interference. This study explains how OFDM and CP-OFDM 

work and compares their performance. The primary topic of this study is a contrast between 

OFDM and CP-OFDM concerning the performance metrics of average symbol error rate (BER) 

and signal spectrum diagram (PSD). 

Keywords: orthogonal frequency division multiplexing (OFDM), cyclic prefix, bit error rate 

(BER), signal spectrum. 

1.  Introduction 

People can exchange and transmit information beyond the limits of space and time. The branches of 

communication that are developing quite fast are wireless mobile communication and the Internet. 

Wireless mobile communication technology has evolved from analog modulation to digital modulation 

techniques. Around 1990, FDMA and analog modulation for voice transmission were still dominant. 

The main drawbacks of such systems were low spectrum utilization and signal interference to voice 

services. However, since 1990, digital voice transmission has changed a lot. Second-generation cellular 

systems use digital modulations like TDMA (Time Division Multiple Access) or CDMA (Code Division 

Multiple Access) to increase the capacity and use separate signaling channels, significantly improving 

system performance. As society develops and the number of users grows, the frequency of resources 

becomes more and more limited. This means that third-generation mobile communication systems need 

to have more system capacity and better communication quality, meet multimedia communication needs, 

and adapt to how personalized communication is growing. 

TD-SCDMA is the third generation mobile communication system standard. It has the advantages 

of high spectrum utilization, large system capacity and low system cost. 
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The greatest amount of focus has been placed on the orthogonal frequency division multiplexing 

technology that was introduced in the fourth generation of mobile communication system technology 

(OFDM). Fourth-generation mobile communication is not just about increasing the number of users; it 

also needs to adapt to the needs of multimedia transmission, which, of course, includes the quality of 

communication. In general, the future mobile communication system must accommodate the vast 

number of subscribers in the market, improve the poor quality of communication, and meet the 

requirements of high-speed data transmission. 

Even though OFDM is a significant improvement over previous communication methods, 

interference problems will always happen. Therefore, many techniques will be used to enhance the 

interference immunity of OFDM. The most common one is CP-OFDM.  

This paper is organized as follows. In Section 2, the block diagram will be used to show the system 

model of the whole OFDM and the model of the OFDM system with protection spacing. In Section 3, a 

simulated OFDM system will be built using MATLAB, and simulations of the spectrograms and BER 

curves before and after adding the protection interval will be compared. In Section 4, the concluding 

remarks are given. 

2.  OFDM system and OFDM-CP system 

2.1.  Orthogonal frequency division multiplexing (OFDM) 

Since the sub-carriers in orthogonal frequency division multiplexing (OFDM) are orthogonal to one 

other, the modulated spread spectrum can overlap, which not only reduces the amount of interference 

between sub-carriers but also considerably enhances the efficiency of spectrum usage. Each of the N 

sub-carriers can be modulated and broadcast separately using the MCM method if the data stream is 

split into N lower-rate sub-streams. This is due to the fact that the sub-stream rate is 1/N, which results 

in a symbol period that is N times bigger than the maximum delay extension of the channel. Using 

OFDM, the selected sub-carriers are overlapping in frequency but orthogonal in time. From the 

perspective of the recipient, however, they can still be considered distinct. The modulation and 

demodulation steps utilized by an OFDM system are depicted in the block diagram below. 

 

Figure 1. Block Diagram of OFDM system modulation and demodulation. (Photo credit: Original). 
OFDM modulation is the modulation of data symbols obtained by mapping data bits through 

constellations onto a number of mutually orthogonal subcarriers. OFDM demodulation is to acquire the 

data symbols carried on the subcarriers and then change the symbols to serial. 

If 𝑁 is the number of subchannels, 𝑇 denotes the width of symbol, 𝑑𝑘  is the data symbol that is 

assigned to each subchannel, here the value of k is from 0 to N-1, and 𝑓𝑐 is the carrier frequency of the 
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0th subcarrier, then an OFDM system will have 𝑁 subchannels, 𝑇 subcarriers, and 𝑁 − 1 data symbols, 

and 𝑟𝑒𝑐𝑡(𝑡)  is a rectangular function with 𝑟𝑒𝑐𝑡(𝑡) = 1, |𝑡| ≤
𝑇

2
, after that, the OFDM symbols, 

beginning with 𝑡 = 𝑡𝑠 can be expressed as: 

𝑠(𝑡) = {𝑅𝑒 {∑ 𝑑𝑘𝑟𝑒𝑐𝑡 (𝑡 − 𝑡𝑠 −
𝑇

2
)𝑁−1

𝑘=0 exp [𝑗2𝜋 (𝑓𝑐 +
𝑘

𝑇
) (𝑡 − 𝑡𝑠)]}} 𝐹𝑜𝑟 𝑡𝑠 ≤ 𝑡 ≤ 𝑡𝑠 + 𝑇 

𝑠(𝑡) = 0  𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒    (2.1) 

The signal produced by OFDM is typically described in terms of its complex equivalent baseband 

signal, which is:  

𝑠(𝑡) = {∑ 𝑑𝑘𝑟𝑒𝑐𝑡(𝑡 − 𝑡𝑠 −
𝑇

2
)𝑁−1

𝑘=0 𝑒𝑥𝑝[𝑗2𝜋(𝑓𝑐 +
𝑘

𝑇
)(𝑡 − 𝑡𝑠)]} 𝐹𝑜𝑟 𝑡𝑠 ≤ 𝑡 ≤ 𝑡𝑠 + 𝑇 

𝑠(𝑡) = 0  𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒   (2.2) 

In place of the in-phase and orthogonal OFDM symbol components, the real and imaginary parts can 

be multiplied by the cosine and sine of the corresponding subcarriers to provide the final subchannel 

signal and the synthesized OFDM signal, respectively. 

Above figure 1 is a diagram of an OFDM system model, which shows how N serial complex 

sequences are converted to parallel at the transmitter and then modulated with N subcarriers in order to 

perform frequency division multiplexing. N coherent demodulators are needed at the receiving end. Due 

to the orthogonality of the subcarriers, the coherent demodulator can effectively separate the data 

modulated in each subcarrier, allowing for the recovery of the same complex sequence that was present 

in the transmitter. 

OFDM modulation and demodulation, as well as cyclic prefix addition and removal, constellation 

mapping, data and analog-to-digital conversion, transmit and receive filtering, up conversion and down 

conversion, codec and interleaving, etc. are all components of the actual OFDM system transceiver 

architecture. The binary input data is first forward error-corrected, and then interleaved with bits, so as 

to counteract the effects of random noise (coded data) and burst noise (interleaved coded data). An 

OFDM symbol is the N sample point values acquired following IFFT processing. After pulse shaping, 

IQ modulation, and up conversion, the signal is input to the front-end amplifier before being transmitted 

out through the transmitter. Inter-symbol interference (ISI), which is brought on by multipath fading, 

can be mitigated through the implementation of this strategy. 

After RF signal has been down converted and IQ sampled to obtain discrete sample points, timing 

processing is used to determine where the OFDM symbols begin, the cyclic prefix portion is removed, 

the remaining OFDM signal is exchanged using an N-point FFT, and finally, parallel-serial conversion 

is used to evaluate the demodulation of PSK or QAM. After demodulation, the data is interleaved and 

decoded using forward error correction to go back to the original data received by the source, which 

requires estimation of the channel parameters if coherent demodulation is utilized. 
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Figure 2. OFDM Carrier Frequency Magnitude. (Photo credit: Original) 

 

Figure 3. OFDM Carrier Phase. (Photo credit: Original) 

2.2.  Cyclic prefix orthogonal frequency division multiplexing  

In 1980, Peled and Ruiz proposed using a cyclic prefix (CP) to preserve OFDM symbols; this means 

that the final portion of an OFDM symbol would be replicated before the symbol itself. The primary 

benefit of cyclic prefixes is that they immediately generate the cyclic convolution of OFDM symbols 

and channel response without the composition of cyclic reconstruction by directly superimposing the 

time delay extension of CP in the protection interval on the data block. Coarse time synchronization, 

however, is a fundamental approach of CP-OFDM that can be leveraged from the cyclic structure of 

CP-OFDM. 

Proceedings of the 3rd International Conference on Signal Processing and Machine Learning
DOI: 10.54254/2755-2721/6/20230807

249



 
 
 
 
 
 

 

 

Figure 4. Block Diagram for OFDM system with CP. (Photo credit: Original) 

When CP-OFDM is being utilized, the timing position of the FFT receive window needs to be after 

the multipath time delay expansion of the channel in the protection interval. This is done to ensure that 

the signal that is being translated to the frequency domain is a cyclic convolution of the data that is being 

transmitted and the channel. The timing position To satisfy: 

𝜏𝑚𝑎𝑥 ≤ 𝑇𝑜 ≤ 𝑇𝐺1       (2.3) 

where τ_max is the maximum multipath delay expansion; T_G1 is the length of the protection interval. 

Based on the literature this research referenced, they indicated that in the model of the PSD they studied, 

there are limitations in the performance of the OFDM system with the coexistence of existing CP-OFDM 

systems. 
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3.  Comparison with OFDM system and OFDM with Cyclic Prefix system 

3.1.  Signal spectrum 

 

Figure 5. OFDM signal spectrum. (Photo credit: Original) 

 

Figure 6. OFDM-CP signal spectrum. (Photo credit: Original) 

From the figures, the PSD of the OFDM system without CP is -10dB in figure 5. Figure 6 shows that 

the OFDM system with CP has a PSD of  less than -40dB. 
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3.2.  Bite error rate 

 

Figure 7. CP impact curve on BER under multipath fading channel. (Photo credit: Original) 

Bit error rate of 10−5 and OFDM signal-to-noise ratio of 30 dB are depicted in the figure for ODFM 

modulation with OFDM multiplexing. The OFDM-CP system has a signal-to-noise ratio of 23 dB and 

a bit error rate of 10−5. The BER curves of the system with and for adding CP under multipath fading 

channel are given in Figure 7, which shows that adding CP can effectively improve the system against 

multipath fading interference. When the SNR is low, adding CP has a minimal impact on the 

performance of the system. This is most likely due to the fact that the interference caused by the system 

is predominately caused by Gaussian white noise when the SNR is low. However, when the SNR is 

increased, the interference caused by the system changes to multipath fading interference, and adding 

CP then clearly improves the performance of the system. 

4.  Conclusion 

This paper looks at how the OFDM and OFDM systems with cyclic prefixes differ. By comparing the 

signal spectrum and the variation curve of bit error rate with the signal noise ratio, systems with cyclic 

prefixes for orthogonal frequency division multiplexing have better noise immunity. It can be concluded 

that the OFDM-CP system provides strong performance and suitable bandwidth for the wireless 

communication system and is effective. 
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