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Abstract 
Bit error rate BER is a parameter which gives an excellent 

indication of the performance of a data link such as radio. 

As one of the main parameters of interest in any data link is 

the number of errors that occur, the bit error rate is a key 

parameter. The Knowledge of the BER also enables other 

features of the link such as the power and bandwidth to be 

tailored to enable the required performance to be obtained. 

The aims of this paper is to analyze a Bit Error Rate (BER) 

for 802.16 OFDM Physical down link channel in the 3GPP 

Long Term Evolution (LTE) standard which influence the 

performance of LTE network system .We perform 

Simulation using MATLAB software program for different 

type of fading channel with different Band width BW, and 

different Signal to Noise ratio SNR. The results were 

obtained in terms of graphs for Bit error rate versus signal 

to noise ratio. 

Keywords: BER, SNR, LTE, IEEE802.16, Simulation. 

I. Introduction 

           The evolution of human being needs, desires 

and applications necessitated the development of the 

telecommunications infrastructure. It became 

mandatary for high speed for data transmission to be 

with high efficiency and small BER rates compared 

to previous revolution of wireless or mobile 

communications. Internet did not become as it is in 

the past few years, but has become a platform for a 

tremendous amount of applications - Internet of 

things -which requires high-performance efficiency. 

This will be the trend in the development of future 

generations of mobile networks - raising the 

efficiency of the systems - high speeds or throughput 

with less BER rates - less delay and latency. 

         In September 2007 the 3GPP family was 

extended with another member, the Evolved UTRAN 

(E-UTRAN). The work with creating the concept was 

officially started in the summer of 2006 when the 

study phase was successfully completed and the 

3GPP work item “3G Long Term Evolution – 

Evolved Packet System RAN” (LTE) commenced 

with standard IEEE802.16 [1]. More than 50 

companies and research institutes are participating in 

the largest joint standardization effort ever to specify 

the new world wide radio access and the evolved core 

network technology. The standard development in 

3GPP is grouped into two work items, where Long 

Term Evolution (LTE) targets the radio network 

evolution and System Architecture Evolution (SAE) 

targets the evolution of the packet core network. 

Common to both LTE and SAE is that only a Packet 

Switched (PS) domain will be specified. The result of 

these work items are the Evolved UTRAN 

(EUTRAN) and the Evolved Packet Core (EPC). 

These together (EUTRAN+ EPC) builds the Evolved 

Packet System (EPS). LTE/SAE is specified from 

3GPP Release 8. Note that LTE and SAE refer to the 

work items in 3GPP. The name of the actual Radio 

Access Network (RAN) is E-UTRAN and the name 

of the Core Network (CN) is EPC [2]. The 

architecture of LTE network is depicted in fig (1) 

below: 
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Figure 1: LTE Network Architecture 

           

3GPP’s answer the demanding situation is 3G 

LTE or Super 3G, which could dramatically 

boost the capabilities of 3G networks and make 

it par with the other technologies [3]. 

    The aims of this paper are to study, analyze, 

simulate the performance analysis of LTE 

network in term of bit error rate versus signal to 

noise ratio for different type of fading.  

II. Descriptive Analysis 

          Figure (2) shows the general receiver 

structure for generalized multicarrier (GMC) 

signals. The first element is a FFT operation, 

followed by a selector (or sampler) if necessary, 

and an equalizing frequency domain filter .For 

coded OFDM, the function of the equalizing 

filter can be subsumed within the soft decision 

decoding effort. The job of the equalizing filter 

is to scale each frequency component in 

amplitude and phase, either to completely 

compensate for the channel's frequency 

selectivity (as in the case of linear equalization), 

or to partially compensate for it (as for decision 

feedback equalization) [4], [5], [6] . The linear 

operation after channel equalization depends on 

the transmitter's pre-matrix operation detection 

and decoding for OFDM or OFDMA, a 

correlation operation for MC-CDMA, IFFT for 

serial modulation, etc. All the basic forms of 

(GMC) systems offer an overall (transmitter plus 

receiver) signal processing complexity which is 

approximately proportional to the logarithm of 

the maximum channel impulse response length. 
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 Figure 2: The General Receiver Structure for Generalized Multicarrier (GMC) Signals 

 

The information data stream is parallelized and 

spread across the sub-carriers for transmission. The 

process of modulating data symbols and combining 

them is equivalent to an Inverse Fourier Transform 

operation (IFFT) in DL. An M-point inverse DFT 

(IDFT) transforms the subcarrier amplitudes to a 

complex time domain signal. Each then modulates a 

single frequency carrier and all the modulated 

symbols are transmitted sequentially [7]. OFDM and 

OFDMA typically make use of powerful BICM (bit 

interleaved coded modulation) schemes [8] that 

exploit estimated  knowledge of the signal to noise 

ratio at each frequency component. OFDM and 

OFDMA transmitters can also “adaptively load” 

subcarriers; i.e. to optimize the allocation of coded 

bits and power to each subcarrier, according to its 

channel gain or signal to interference plus noise ratio 

(SINR)[9].This results in an OFDM symbol of 

duration Tu which is termed 'useful symbol length'. 

In the receiver, the reverse operation is applied to the 

OFDM symbol to retrieve the data stream--which is 

equivalent to a Fast Fourier Transform operation 

(FFT) in UL [10] .The GMC architecture provides a 

general framework for air interface technologies that 

are applicable to next generation wireless systems. It 

also suggests a modular signal processing 

architecture which can be exploited to allow 

modulation and multiple access schemes to be 

changed dynamically in response to user 

requirements and the radio environment. The 

structure envisages data being transmitted in blocks 

separated by cyclic prefixes. The organization of data 

into blocks is carried out by the serial to parallel 

converter (S/P). Following the parallel to serial 

converter (P/S) after the inverse FFT, time-

windowing may be applied to reduce the side lobes of 

the transmitted spectrum [11,12]. 

The inverse FFT block is specialized and other 

frequency domain-based modulation and multiple 

access schemes. Recognition of this generalized 

structure can be found in [10], [13], 

The logarithm of LTE operation is presented in fig 

(3) below: 
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Figure 3: Logarithm of LTE Operation          

The random data  source for the user had been 

modulated with the addition of cyclic prefix and 

starting with a signal to noise ratio 0 sequentially 

to10 stepped with 2 , then the data will be encoded 

using OFDM , then the OFDM signal will be 

transmitted after amplification and the signal will be 

non linear. At the channel side the kinds of the 

multipath fading was (No Fading then it was changed 

into flat fading and at last it was chosen selective 

fading) and the Additive White Gaussian Noise 

(AWGN) was added. Then in the receiver side the 

OFDM signal transmitted will be demodulated and 

decoded, and the gain and phase will be compared, 

then the signal will be demodulated and returned 

back to its main form. The returned signal will be 

compared with the transmitted signal to calculate the 

bit error rate.               

III. Mathematical Models 

           Bit error rate, BER is a key parameter that is 

used in assessing systems that transmit digital data 

from one location to another. When data is 

transmitted over a data link, there is a possibility of 

errors being introduced into the system. If errors are 

introduced into the data, then the integrity of the 

system may be compromised. As a result, it is 

necessary to assess the performance of the system 

and bit error rate BER provides an ideal way in 
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which this can be achieved. BER assesses the full end 

to end performance of a system including the 

transmitter, receiver and the medium between the 

two. In this way, bit error rate, BER enables the 

actual performance of a system in operation to be 

tested, rather than testing the component parts and 

hoping that they will operate satisfactorily when in 

place. A bit error rate is defined as the rate at which 

errors occur in a transmission system. This can be 

directly translated into the number of errors that 

occur in a string of a stated number of bits. The 

definition of bit error rate can be translated into a 

simple formula: 

Bit Error Rate BER = Number of errors/Total 

Number of bits sent 

IV. Computer Model 
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V. Implementation 

         The computer model implemented with 

MATLAB software program which characterize with 

a library function for transmitters module and 

channel and receiver which is powerful for 

communication, and it has built LTE system module 

using the following parameters:  

 

Parameter Value 

Signal to noise Ratio SNR (dB) 0,2,4,6,8,10 

Bandwidth (MHz) 10 

Number of symbols per burst 2 

Cyclic Prefix 1/8 

Fading Mode Small (No Fading, Flat Fading, Selective Fading) 

Large (Rayleigh fading , Rician fading) 

Channel Coding Technique With and Without STBC 

Maximum Doppler Shift (Hz) 0.5 

K Factor 4 

VI. Results and Discussions 

After execution of simulator the results were obtained in terms of tables and graphs for different type of fading, with 

CP = 1/8, with and without Space Time Block Code (STBC) as shown below  
 

Table 1: BW=10MHz, CP=1/8 

 

SNR BER_No Fading BER_Flat Fading BER_Selective Fading 

0 0.1924 0.1895 0.198 

2 0.01418 0.01259 0.0143 

4 0.0001761 0.0001562 0.0001306 

8 0.000451 0.0003315 0.0006372 

10 0 0 0 

 
 

 
Figure 4: BER Vs SNR For different type of fading without STBC 
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Table 2: BW=10MHz, CP=1/8 

 

SNR BER_Rayleigh Fading BER_Rician Fading 

0 0.346 0.35 

2 0.0719 0.0646 

4 0.001649 0.001407 

8 0.004632 0.003514 

10 0 0 

 
 

 
Figure 5: BER Vs SNR For different type of fading with STBC 

 
    
From Table (1) and fig.(4) shows the BER 

performance for different type of fading without 

STBC with Cyclic prefix =1/8 and BW=10MHz . We 

observe that as SNR increase , the BER decreased 

and the performance evaluation of BER of Flat 

fading is the best one when compared with other type 

of fading. 

BER approach to zero at SNR of 10dB. 

      From Table (2) and fig(5) shows the BER 

performance for different type of fading with STBC 

with Cyclic prefix =1/8 and BW=10MHz.We observe 

that as SNR increase , the BER decreased and the 

performance evaluation of BER of Rician fading is 

the best when compared with Rayleigh fading. 

BER approach to zero at SNR of 10dB. 

VII. Conclusion 

        The BER performance analysis for different type 

of fading in large scale (Rayleigh and Rician fading) 

and small scale (No fading ,Flat fading and Selective 

Fading) with and without STBC have been done 

using MATLAB software program for Cyclic 

Prefix=1/8 and Band Width=10MHz. 
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