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Abstract. Communication systems are basic in the modern world. OFDM has been used for
noise abolition in LTE generation. In this paper, a simulation of OFDM system has been used
by MATLAB GUI. Four cases have been studied, simulated, and analyzed. According to the
type of noise in the channel, we used these parameters as an effect on the system. The effect of
three parameters has been used for each case. The parameters include the number of the
subcarrier in OFDM system, the number of samples on each subcarrier and the signal to noise
ratio. The simulation used in this paper according to the mathematical communication equations
gives accurate and fast results.
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1 Introduction

Communication systems were very similar in modulating a transmitted signal on a carrier in RF
using FM and dividing the users using FDMA regarding the mobile system AMPS (Advanced
Mobile) [1, 2, 3]. The most famous system was NMT (Nordic Mobile Telephone) in northern Europe
in 1981 as the first mobile system. In the United States AMPS was the first commercial mobile system
in 1983. TACS was developed in Britain in 1985 based on AMS.

All the above systems suffer from incompatibility in a different frequency range, different
operating systems, and different processing. Another important factor was the low capacity of the
system. The second generation was the multi-digital system. As a result of digital transmit of
communication systems and the need for transmitting voice information, fax, short message, and data
exchange on the internet. Second generation includes GSM, D-AMPS,CDMA and PDC.

The third generation called 2.5G or GPRS is a developed version of GSM by sending and
receiving internet pockets on a mobile network. The speed around 171.2 kbps. EDGE or 2.75G is a
developed version of GSM/GPRS with a transmission rate of 384 kbps with 8 PSK. Some of CDMA
2000 and EDGE protocols can be classified as the third generation. The fourth-generation main object
(4G or beyond 3G) is to enhance the QoS (quality of service) and maintain a high speed for data
transmission in addition to developing multimedia message service the video conversation, high-
resolution TV in any time and place[4, 5, 6].

It is characterized with high spectral efficiency i.e. increases the number of users who are able
to use specified frequency band in one area (measured in bit /sec/Hz/cell) and increases in network
capacity i.e. the number of users in the cell and the data rate of (100 Mbit/sec) when the user is
moving with high speed and (1 Gbit/ sec) for the reasonable stable user. Ensuring hand off easily
between different networks. Multimedia with very high resolution and reaching integrated system
which depend on IP completely i.e. the network depends completely on the transmission of pockets
only. The technique of baseband depends on OFDM, MIMO, and STC [7, 8, 9, 10, 11, 12].

OFDM [13, 14, 15, 16] is a special case of multi-carrier modulation MCM. This technique
increases the transmitted signal ability against the frequency selective fading and narrowband
interference. Figure 1 shows a comparison between single carrier modulation SCM & MCM with
regard to the frequency spectrum. OFDM parameters include the number of subcarriers NSC, guard
times, symbol duration, subcarrier spacing, carrier modulation techniques, and error correction
techniques used.
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Fig. 1. Comparison of SCM and MCM

MIMO (multiple inputs multiple outputs) system consists of an array for transmission (MT)
antennas and an array for reception (MR) antennas. For the Gaussian channel, the elements S will be
independent identically distributed i.i.d. S represents the elements of transmission antennas and the
transmission element from i antenna is Si [17, 18, 19, 20, 21, 22, 23].

2 Theoretical part

OFDM is regarded as an effective system in treating channels with Rayleigh fading with BER
very close to non-faded signals. Effective use of bandwidth and no need for frequency spacing. solve
the 1SI with no need to use equalization in the receiver to solve the inter-carrier interference (ICI)
problem.

The reduction in the signal to noise ratio because of the frequency drift is given by [7, 9, 13]:
D = ——([[Af)? . )

~ 3In10

Where Af = the frequency drift,

T = the inverse of subcarrier bandwidth,
% = The Signal to Noise Ratio.
In Figure 2 shows a decrease in SNR for three different values of SNR with three different
modulation methods:
1.64 QAM (Es/No =10dB)
2.16 QAM (Es/No =14.5dB)

3.QPSK (Es/No= 10.5dB)
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Fig. 2. Reduction of SNR following the frequency drifts for three modulation techniques.

There are three requirements for design of any system. The band width, the bit rate and the delay
spread.



3 Simulation using MATLAB with Results

MATLAB was used to design GUI that contains practical cases of OFDM system. This program
has the ability to choose the number of carriers, SNR in addition to choosing the number of
transmitted codes so one can make a comparison of results very easily.

3.1Casel

In this case, the effect of white noise imposed on the signal is studied and the role of OFDM in
cancelling this effect. Figure 3 below shows the case of OFDM with 64 QAM. The diagram consists
of:
Data source: information signal is a random signal.
1Q MAPPER: QAM with 64 levels.
OFDM modulation: modulation of OFDM where samples are inputted & carried by 16
subcarriers.
AWGN: where Gaussian noise is applied. IQ DEMAPPER: detection of QAM.
Data sink: here we get the output signal in Rx
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Fig. 3. Effect of WGN on the signal and the OFDM role in cancelling the effect

When this applied, we get 6 signals as shown in Figure 4 :
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Fig. 4. input signal is a random signal.

It can be noticed that the signal is modulated on 16 subcarriers with different frequencies
for each as shown in Figure 5 which shows QAM-64 signal. Figure 6 Shows OFDM signal



modulated on 16 subcarriers for each a different frequency. Figure 7 shows OFDM signal with

Gaussian noise.
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Fig. 7. OFDM signal with Gaussian noise

Fig. 8. The signal after the DEMAPPER

From Figure 6 and Figure 7 there is a small difference before and after adding the noise to the signal

shown in Figure 8.

3.2 Case Il

In this case, a study of the effect of Raleigh noise on the signal and the effect of OFDM system
in removing it. Figure 9 shows a block diagram of OFDM with 64 QAM.
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Fig. 9. Effect of Rayleigh fading on the signal and OFDM role in cancelling the effect.



The diagram in Figure 9 differs from the previous diagram Figure 3 only with the type of noise
in the channel. It is noticed that the random signal shown in figure 10 suffers from distortion at the
end of the channel because of the Rayleigh effect as shown in Figure 11 and Figure 12.
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Fig.10. The input random signal. . . .
Fig.11. The signal before Rayleigh effect
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Fig.12. The signal after the Rayleigh effect.

3.3 Case Il

In this case, the effect of three parameters on the system is studied:
1. Number of subcarriers in OFDM system.
2. The signal to noise ratio Eb/No.
3. Number of samples on each subcarrier.

3.4.1 Case Il A.

The following parameters have been chosen for OFDM system (designed by Matlab) as shown
in Figure 13 No. of sub carriers=16, Eb/No =0.510, No. of symbols=20, with the 16 subcarriers as
shown in Figure 14, Figure 15 shows that the theoretical signal is better than simulated signal, so
the number of subcarriers is increased to 32 as shown in Figure 16.
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Fig.16. OFDM with 32 subcarriers.

Figure 17 shows better results because of the increase in the number of subcarriers to 64 as

shown in Figure 18.

All these analyses show that an increase of subcarriers gives a better identical agreement of
theoretical and simulated results, So the number of subcarriers increased to 64 as shown in Figure
18, almost identical agreement of theoretical and simulated results as shown In Figure 19.
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Fig. 18. OFDM with 64 sub carriers
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Fig. 19. A comparison of the theoretical and simulated BER and signal to noise ratio.

3.4.2 Case 11 B.

In this part, the signal to noise ratio is increased to show its effect as shown in Figure 20 that
shows the effect of changing signal to noise ratio Eb/No in OFDM system when it has 16
subcarriers as shown in Figure 21.
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Fig.20: OFDM with 16 sub carriers results of the signal to noise ratio and BER.

3.5 Case IV
First application:

In the first application the average bit error rate BER is drawn against the signal to noise ratio SNR
for three different value of QAM with AWGN channel as shown in Figure 22.
Second application:

In the second application, the average bit error rate BER is drawn against the signal to noise ratio
SNR for three different values of QAM with Rayleigh channel as shown in Figure 23.
Third application:

In the third application system the average BER against SNR for 4QAM system with different
diversity order for Rayleigh channel as shown in Figure 24 :

Diversity order=2, Diversity order=4.
Fourth application:

In the fourth application as shown in Fig.26, the average bit error rate BER is drawn against the signal
to noise ratio SNR for 4-QAM and 16-QAM for different diversity order as shown in Figure 25 ;
4-QAM diversity order = 2, 4-QAM diversity order =4
16-QAM diversity order = 2, 16-QAM diversity order = 4
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CONCLUSIONS

In this paper, four simulated case studies have been performed using MATLAB that enables us
to have accurate results to compare communication systems loaded with noise. Gaussian and
Rayleigh noise distributions were used to represent the channel. From the results given in the practical
part that include the number of subcarriers, the number of samples on each subcarrier, the signal to
noise ratio and their effect on the system were analyzed. A Comparison of theoretical and practical
results were addressed. For the fourth case study, the BER concerning the SNR for different channels
and different diversity orders were also ilustrated.
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