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Abstract— Long-term evolution (LTE) represents an emerging 

and promising technology for providing broadband ubiquitous 

Internet access. In order to evaluate the performance of new mobile 

network technologies, system level simulations are crucial. For this 

reason, several research groups are trying to optimize its 

performance. In this paper, we introduce a Matlab based LTE 

downlink physical-layer simulator according to 3GPP specifications 

(Release 10) and other related proposals. The simulation is carried 

out for the single downlink, from one E-UTRAN (eNodeB) to one 

User Equipment (UE). Analysis of Bit Error Rate has been done for 

this system under different system settings. 
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I.  INTRODUCTION  

The Long Term Evolution (LTE) standard, specified by the 

3rd Generation Partnership Project (3GPP) in Release 8, 

defines the next evolutionary step in 3G technology [1]. LTE 

offers significant improvements over previous technologies 

such as Universal Mobile Telecommunications System 

(UMTS) and High-Speed Packet Access (HSPA) by 

introducing a novel physical layer and reforming the core 

network. The main reasons for these changes in the Radio 

Access Network system design are the need to provide higher 

spectral efficiency, lower delay, and more multi-user flexibility 

than the currently deployed networks. In the development and 

standardization of LTE, as well as the implementation process 

of equipment manufacturers, simulations are necessary to test 

and optimize algorithms and procedures. This has to be 

performed on both, the physical layer (link-level) and in the 

network (system-level) context [2]. 

LTE is based mainly on three technologies, Turbo Coding 

which is used as the primary error detection and correction 

mechanism, Orthogonal Frequency Division Multiple Access 

(OFDMA) is used as the downlink scheduling scheme and 

OFDM along with Multiple Input and Multiple Output 

(MIMO) antennas are used to give enhanced data rates. These 

various aspects have been included in our Matlab based 

simulator for the physical layer of a LTE system to check its 

performance parameters. 

II. SIMULATOR OVERVIEW 

This section presents the scope of the paper and also 

describes in detail the structure of the simulator along with the 

requirements and some constraints on the implementation of 

the LTE system. 

The implementation is based on LTE release 10 of the 3GPP 

specification. And the platform used is Matlab. 

In the simulation data transmission between only one eNodeB 

and one user equipment is considered. The focus mainly being 

on the Physical Downlink Layer. Only PDSCH (Physical 

Downlink Shared Channels) are considered, control channels 

have not been considered. Only FDD(Frequency Division 

Duplex) is considered [3]. Thus this simulation mainly focuses 

on implementing the transmitter and receiver of a LTE system. 

The simulation is currently based on Matlab files and we plan 

to move this to a simulink work in the future. The 

implementation using Matlab helps understand and improve 

the algorithms employed at different areas of the system. 

 

Fig 1 Physical Layer block Diagram 
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Fig 1 represents a block wise representation of the various 

steps involved in an LTE physical layer. The LTE PHY 

specification is designed to accommodate bandwidths from 

1.25 MHz to 20 MHz. OFDM was selected as the basic 

modulation scheme because of its robustness in the presence of 

severe multipath fading. Downlink multiple

accomplished via OFDMA.

Firstly the input data sequence is scrambled and then 

undergoes channel encoding. Here the bit sequence is encoded 

using turbo encoder and then it is interleav

done as per 3GPP Release 10 specifications. This data is then 

modulated according to a scheme which is most suitable for the 

current channel response. This mapping is done in the 

modulation mapper and the various schemes used are QPSK, 

QAM and MSK. Once done the data is divided into orthogonal 

carriers for OFDM transmission and the MIMO antennas are 

used to transmit this bit stream. MIMO combined with OFDM 

allows the LTE system to achieve a much greater transmission 

rate and robustness as compared to any other mobile 

communication technique. 

A. Transmitter 

The first section of transmission involves channel coding

multiplexing and interleaving [1]. 

The CRC code is generated using the generator polynomial,
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After CRC bits are added to the incoming bit stream the 

data undergoes channel coding. A turbo code as per 3GPP 

specifications has been used [4][5]. Turbo codes are parallel 

concatenated convolutional codes. The generator sequence is 

represented by the equation, 

G�D� �  �1, ����������
�                                                                   

 

Where, 

g��D� � 1 
 D� 
 D�                                                           

g��D� � 1 
 D 
 D�                                                              

 
The initial value of the shift registers of the 8

encoders shall be all zeros when starting to encode the

bits. 
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After CRC bits are added to the incoming bit stream the 

data undergoes channel coding. A turbo code as per 3GPP 
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The generator sequence is 
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The initial value of the shift registers of the 8-state constituent 

encoders shall be all zeros when starting to encode the input 

The turbo code inter leaver is used to 

to add further resilience to the system.

turbo code internal inter leaver are denoted by

where K is the number of input bits. The bits output from the 

turbo code internal inter leaver are de

The relationship between the input and output bits is as 

follows: 

c�, � c ���, i=0, 1, …., k-1                                                  (5)     

The parameters !� and !� depend on the block size 

summarized in Table 1. 

Table 1

Depending on the channel conditions, QPSK, 16

64-QAM modulation schemes are then used to modulate the 

signal. This signal is multiplexed using OFDM. 

MIMO antenna has been modeled for Transmission and 

reception [6]. 
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leaver is used to interleave the coded data 

to add further resilience to the system. The bits input to the 

leaver are denoted by c�, c�,….,$%&� , 

is the number of input bits. The bits output from the 

leaver are denoted as c�' , c�, , … , c()�, . 

The relationship between the input and output bits is as 

1                                                  (5)      

depend on the block size K and are 

 

Table 1 

 

Depending on the channel conditions, QPSK, 16-QAM and 

modulation schemes are then used to modulate the 

signal. This signal is multiplexed using OFDM. A 2 X 2 

MIMO antenna has been modeled for Transmission and 
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B. Channel 

An AWGN (Additive White Gaussian Noise) channel has 

been considered in the simulation. 

C. Receiver 

The UE receives the signal transmitted by the eNodeB and 

performs the reverse physical layer processing of the 

transmitter. The demodulation and soft decision decoding of 

the OFDM signal takes place [7]. The obtained output is then 

checked for error. The BER (Bit Error Rate) of the signal for 

varying values of Eb/N0 is calculated so as to estimate the 

performance of the system.  

III.  IMPLEMENTATION STATUS 

Currently the simulation of the signal processing aspects of the 

physical downlink layer between one user equipment and a 

eNodeB has been completed with the above mentioned 

constraints. Desired levels of BER have been observed, 

demonstrating the robustness of a LTE system. 

IV.    RESULTS 

The BER results for a LTE system was obtained as shown 

below in figure 2. 

 
Figure 2: Results 

By using a 4 X 2 or 4 x 4 MIMO antenna configuration and/or 

a more robust modulation scheme it is possible to further 

improve the performance of the system in terms of BER and 

ultimately the throughput while also saving on the transmission 

bandwidth. 
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