
 
Copyright © 2017 Wessam Mostafa et al. This is an open access article distributed under the Creative Commons Attribution License, which 

permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 
 

 

International Journal of Engineering & Technology, 6 (4) (2017) 116-123 
 

International Journal of Engineering & Technology 
 

Website: www.sciencepubco.com/index.php/IJET  
doi: 10.14419/ijet.v6i4.7876 

Research paper 
 

 

 

 

Software implementation of LTE-advanced using  

matlab Simulink 
 

Wessam Mostafa 1*, Eman Mohamed 2, Abdelhalim Zekry 3 

 
1 Instructor at Electronics and Communication department, Modern Academy for Engineering and Technology, Cairo, Egypt  

2 Doctor and Lecturer at Electronics and Communication department, Modern Academy for Engineering and Technology, Cairo, Egypt  
3 Professor Doctor at Electronics and Communication department, Ain Shams University, Cairo, Egypt  

*Corresponding author E-mail: Wessam.Mostafa.A@hotmail.com  
 

Abstract 
 

Long Term Evolution Advanced (LTE-A) is the evolution of the LTE that developed by 3rd Generation Partnership Project (3GPP).LTE-

A exceeded International Telecommunication Union (ITU) requirements for 4th Generation (4G) known as International Mobile Tele-

communications (IMT-Advanced). It is formally introduced in October 2009. This paper presents a study and an implementation of the 

LTE-A downlink physical layer based on 3GPP release 10 standards using Matlab simulink. In addition, it provides the LTE-A perfor-

mance in terms of Bit Error Rate (BER) against Signal to Noise Ratio (SNR) for different modulation and channel coding schemes. 

Moreover, different scenarios of Carrier Aggregation (CA) are modeled and implemented. The Simulink model developed for the LTE-A 

transceiver can be translated into digital signal processor DSP code or VHDL on FPGA code. 

 
Keywords: Carrier Aggregation (CA); Component Carrier (CC); Long Term Evolution (LTE); Long Term Evolution-Advanced (LTE-A); Orthogonal 

Frequency Division Multiplexing (OFDM). 

 

1. Introduction 

The results of the feasibility study for the LTE-A are published in 

3GPP Technical Report 36.912 [1]. This technical report showed 

that the LTE-A met the IMT requirement. LTE-A deals with the 

higher data rate, which used over wide transmission bandwidth. 

The 3GPP standard publications of LTE-A provided that the peak 

data rate is 3 Gigabits per second (Gbps) in the downlink and 1.5 

Gbps in the uplink over a scalable bandwidth ranges from 20 MHz 

to 100 MHz 1]. LTE-A met IMT requirements by adding new 

techniques to LTE release 8.These techniques become a part of 

LTE-A Release 10. A briefly description of these techniques are 

provided in. The performance analysis of LTE-A is described in. 

This analysis included the LTE downlink physical layer block 

diagram and focused on the Orthogonal Frequency Division Mul-

tiplexing (OFDM). The results from this analysis achieved 74 

Mbps in the downlink. In order to increase data rate compared to 

that achieved in [5], a non-continuous four Component Carriers 

(CCs) is implemented using Matlab software code in. This imple-

mentation achieved 1.6 Gbps downlink data rate over a bandwidth 

of 100 MHz. 

 

The contribution of this paper is to implement a complete LTE-A 

downlink physical layer by using Matlab R2010a simulink soft-

ware. In addition the turbo coder provides an enhancement over a 

convolutional coder in terms of the processing gain. This paper 

achieves high data rate over a transmission bandwidth of 100 MHz 

by implementing five different CA scenarios. One of these scenar-

ios is the aggregation of five Asymmetric CCs, which represents 

the maximum number of CCs in release 10. This Simulink imple-

mentation can be considered as a first step for the software defined 

radio implementation of the LTE-A transceiver system 

 

This paper arranged as follows: Section 2 introduces an overview 

of LTE-A. An implementation of LTE-A down link physical layer 

including OFDM system description and 3GPP LTE standard 

parameters are introduced in section 3.Section4, contains a discus-

sion of the LTE-A CA including its types implementation. The 

simulation results are presented in section 5. Finally, section 6 

concludes the paper. 

2. LTE-A overview 

LTE-A release-10 is the first 4G release, which enhanced the ca-

pability and performance of LTE by offering high spectrum effi-

ciency, lower latency, higher data rate and improved mobility. It 

has features summarized in this paper, like Multi Input Multi Out-

put transmission (MIMO), Coordinated Multi-Point transmission 

and reception (COMP) and Relaying. One of the most important 

LTE-A features described and implemented in this paper is the 

Carrier Aggregation CA.  

2.1. Carrier aggregation CA 

CA is commercially started in Korea in 2013. It is one of the most 

important features introduced in LTE-A as it increases transmitted 

data rate by increasing transmission bandwidth. CA is used to 

combine two or more LTE CC for single user to support wider 

transmission bandwidth that is not supported in release 8 or 9 [1]. 

http://creativecommons.org/licenses/by/3.0/
http://www.sciencepubco.com/index.php/IJET
mailto:Wessam.Mostafa.A@hotmail.com


International Journal of Engineering & Technology 117 

 
2.2. Multi input multi output (MIMO) 

The multiple transmit and multiple receive antennas is another 

technique used to increase the capacity of the LTE system. LTE 

release 8 supports MIMO with a maximum 4x4 configuration in 

the downlink and 1x2 configurations in the uplink. LTE-A im-

proves average data rate, cell edge performance and gain spectrum 

efficiency by extended MIMO scheme. LTE-A supports MIMO 

configuration up to 8x8 in the downlink and up to 4x4 in the up-

link [1]. 

2.3. Coordinated Multi-Point Transmission and Recep-

tion (COMP) 

COMP is a technique that improved LTE-A system throughput, 

cell edge performance, and data rate. The frequency reused in each 

cell causes a capacity decrease due to other cell interference. 

COMP turns this interference into a useful signaling. This desired 

dynamic coordinated transmission includes joint transmission, 

from multiple geographically separate points and joint received 

signals at multiple separated points [1], [3], [13]. 

2.4. Relaying 

Relaying is a technique that is introduced in LTE-A to enhance the 

performance of LTE in term of throughput and coverage. In the 

basic relay scheme, the User Equipment (UE) connects to the 

Relay Node (RN), while Relaying is a technique that is introduced 

in LTE-A to enhance the performance the relay connects to a do-

nor cell of a donor enhanced Node B (eNB). RN can communicate 

with eNB in two ways: inband or outband. Inband communication 

uses the same band that eNB uses to communicate with UEs. In 

outband communication, different bands are used [4], [13]. 

3. LTE-A downlink physical layer implemen-

tation system model 

Downlink provides a communication from the eNB to UE. The 

function of LTE physical layer is to encode the binary digit into 

signals and to transmit and receive these signals across the com-

munication media [5]. In this section, the model of the LTE-A 

downlink physical layer will be described and implemented. The 

function of each block and its parameter will be presented. The 

transmission structure of LTE-A has the same format as LTE. 

LTE has different transmission bandwidth of 1.4, 3, 5, 10, and 

20MHz. All building blocks are implemented in this section for 

the bandwidth of 10 MHz. Fig.1 depicts the implemented block 

diagram of LTE downlink physical layer based on 3GPP specifi-

cation standards. Table 1 shows the implemented system model 

parameters selected in this section. 

 
Table 1: The Implemented System Model Parameters 

Simulated input data 1200-bits 

Turbo coder rate 1/3 

Selected mapper order 64-QAM 

Sub-carrier number 600 

IFFT size 1024 

OFDM symbols number 1-Symbol 

 

 
Fig. 1: The Basic LTE Downlink Physical Layer Block Diagram using 

Matlab Simulink 

3.1. Data generator 

Referring to fig.1, the first block in the system is the data genera-

tor. The function of this block is to generate the simulated input 

data. This block is implemented using Matlab simulink Bernoulli 

binary generator block, which is based on specified transmission 

bandwidth (BW) and sampling frequency (Fs). Table 2 depicts 

LTE BW standards and their corresponding sampling frequency. 

 
Table 2: The Transmission Bandwidth of LTE Standards and its corre-

sponding Sampling Frequency 

BW (MHz) 1.4 3 5 10 20 

Fs (MHz) 30.72 15.36 7.68 3.84 1.92 

3.2. Turbo encoder 

The turbo coder is one of the developed forward error correction 

channel coding. This concatenated Convolutional Encoder en-

codes L bits data stream information into a code word of (3*L) 

bits. It achieves high coding gain thanks to its concatenating two 

or more component codes [14]. Fig. 2 presents the implemented 

block diagram of LTE turbo encoder. This turbo encoder consists 

of a Parallel concatenating rate of 1/3 separated by random inter-

leaver.  

 

 
Fig. 2: Turbo Encoder Block Diagram. 

 

“Bit Selection” Matlab simulink function is used to combine the 

output from the convolutional encoders. The output of the code 

stream denoted as SL, is the Systematic bits, which includes a copy 

of the data stream. The second part of the code stream is the parity 

bits, which is produced by the first encoder and denoted as PL. The 

last part is the interleaved parity bits, which are denoted as P′L . 

This part is the parity bits, which produced after interleaved input 

data stream and then applied to the second encoder. Fig.3.a shows 

the result of the Matlab simulink of a part of the input bit stream 

of length = 100 bit to the turbo encoder. Fig.3.b shows the turbo 

encoder output consisting of 300 bits stream with the bit or-

der SL, PL and P′L . “Bit to integer converter” block and “To frame” 

block are used to match between turbo encoder output and the 

mapper input. 
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a. Turbo encoder input. 

 
b. Turbo encoder output 

 
Fig. 3: a. The Input Bit Stream of Length 100 Bit which Applied to Turbo 
Encoder. b. The Output Bit Stream of Length 300 Bit. 

3.3. Rate match 

The turbo encoder output is fed to the rate match block. This block 

provides the desired output bit stream needed by the mapper block. 

By adding zero bits if needed [17]. 

3.4. Mapper 

The bandwidth efficiency of communication systems is increased 

by modulating the coded bit stream into symbols. LTE downlink 

supports different mapping schemes like Quadrature Phase Shift 

Keying (QPSK), 16 Quadrature Amplitude Modulation (16-QAM) 

and 64 QAM with two, four and six bits per mapped symbol 

respectively. Higher modulation 256 QAM is also proposed. Fig.4 

shows the constellation diagram of these mapper techniques.  

 

 
a. QPSK constellation diagram. 

 
b. 16QAM constellation diagram. 

 
 

c. 64QAM constellation diagram 

 
Fig. 4: The Constellation Diagram of Different Mapper Order Used in 

LTE A. QPSK B. 16-QAM C. 64-QAM 
 

 

 
 

 

LTE allows eNB to choose modulation scheme according to the 

channel condition. As the mapper order increased, the 

transmission bandwidth efficiency is increased, at the price of 

increasing the BER for the same SNR.So 16-QAM or 64-QAM 

mapper order are used in case of good channel conditions and 

QPSK mapper order is used in case of poor channel coditions. 

3.5. OFDM symbol generator 

Orthogonal Frequency Division Multiplexing is the main 

technology of LTE and LTE-A. It is a multicarrier modulation 

technique, that is used to increase the transmission data rate and 

bandwidth efficiency by dividing the avaliable bandwidth into a 

number of overlapped sub-carriers. To avoid Inter-Carrier 

Interferance (ICI) problem, all sub-carriers are made orthogonal to 

each other [5], [19]. The simulink implementation of OFDM sym-

bol generator is illustrated in fig.5. 

 

 
Fig. 5: The Simulink Implemented OFDM Symbol Generator. 

 

In the implemented OFDM symbol generator, the “Reshape” 

block or serial to parallel converter is used to convert serial input 

symbols stream into parallel form. This form is suitable for In-

verse Fast Fourier Transform (IFFT) requirement. The output 

from the reshape block is fed to “Select Rows” block. This block 

is used as a channel selector in order to distribute its input into a 

number of sub-channels. The IFFT block inputs are NFFT mapped 

symbols, which are consisting of (600 data + 375 zeros +49 pilots). 

These inputs are combined using Matlab simulink block “Matrix 

concatenation”. The output samples of IFFT are combined to con-

struct a single OFDM symbol at time domain with length equal 

NFFTT, where T is the sampling period. FFT block is used on the 

receiver side to reconstruct the original mapped symbols [17].The 

“Add Cyclic Prefix (CP)”block is used to reduce Inter-Symbol 

Interference (ISI) and ICI by copying the last part of the OFDM 

symbol and inserting it at the beginning of the OFDM symbol as 

shown in fig.6. The useful symbol time is denoted by Tu and CP 

time is denoted by TCP. Therefore, the total OFDM symbol time 

after CP insertion is equal to (Tu+TCP) [19]. 

 

 
Fig. 6: CP Insertion [19]. 
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“Spectrum Scope” is a Matlab simulink built in block, which is 

used to display output spectrum. Fig.7.a shows the Matlab sim-

ulink output symbol from IFFT in the frequency domain, before 

inserting CP for 10 MHz bandwidth. Fig.7.b shows the IFFT out-

put symbol after added long CP. one sees that the bandwidth of 

the signal has been increased by adding the cyclic prefix. 

 
 

a. The input spectrum of “Add Cyclic Prefix” block. 

 

 
 

b. The Output Spectrum of “Add Cyclic Prefix” Block. 

 
Fig. 7: a. CP Input Spectrum b. CP Output Spectrum. 

3.5.1. OFDM parameters selection for LTE downlink physical 

resources 

In OFDM system implementation, there are a number of basic 

parameters that must be considered, such as the number of data 

sub-carriers Nsc , CP length Ncp , FFT size NFFT  and sampling 

frequency Fs [19], [20]. 

In LTE downlink physical layer, OFDM sub-carrier spacing ∆F is 

equal to 15 KHz. In Multicast/Broadcast over Single Frequency 

Network (MBSFN), LTE-A has reduced sub-carrier spacing to 7.5 

kHz [19]. 

Resource Blocks RBs are another important parameter that must 

be considered in the LTE implementation. It is consisted of 12 

consecutive sub-carriers in the frequency domain. Therefore, the 

resource block bandwidth is equal to 180 kHz. The total number 

of LTE downlink resource block (NRB) is ranging from 6 to more 

than 100 resource blocks. 

All the parameters must be chosen to be compatible with each 

other. For example, if LTE transmission bandwidth is 10 MHz, the 

total number of resource blocks can be 50 resource blocks. There-

fore, the total number of sub-carriers is equal to 600 sub-carriers. 

Then the suitable FFT size has been chosen as 1024 with sam-

pling frequency is equal to  ∆f x NFFT = 15 kHz x 1024 = 

15.36MHz. Table 3 presents the 3GPP LTE standard parameters 

for different transmission bandwidths. 

 
Table 3: The 3gpp Lte Downlink ofdm Standard Parameters [19], [23] 

20 10 5 3 1.4 Transmission  BW (MHz) 

15 15 15 15 15 ∆f (KHz) 

100 50 25 15 6 NRB 

1200 600 300 180 77 Nsc 

2048 1024 512 256 128 NFFT 

30.72 15.36 7.68 3.84 1.92 Fs, MHz 

144 72 36 18 9 Short Ncp 

512 256 128 64 32 Long Ncp 

 

 

 

 

 

In the time domain, LTE frame duration is 10 ms, each frame is 

divided into 10 sub-frames. Each sub-frame consists of two-time 

slots with time duration equal to 0.5 ms. One time slot contains 

either 7 or 6 OFDM symbols, corresponding to short (normal) or 

long (extended) cyclic prefix, respectively. Fig.8 shows LTE ge-

neric frame structure. Each time slot is consisted of 1 RB. In the 

case of extended (long) cyclic prefix each resource block consist 

of 12 sub-carrier x 6 OFDM symbol =72 Resource Element RE. In 

the case of normal (short) cyclic prefix each resource block consist 

of 12 sub-carrier x 7 OFDM symbol = 84 RE. Resource Element 

(RE) is the smallest LTE downlink transmission time-frequency 

unit [12], [22], as depicted in fig.9. 

 
Fig. 8: LTE Generic Frame Structure [24]. 

 

 
Fig. 9: LTE Downlink Resource Block for Normal Cyclic Prefix [22] 

 

4. LTE-A Carrier Aggregation CA. 

CA is one of the LTE-A new techniques introduced and defined in 

release 10. CA technique is used to aggregate two or more LTE 

carrier components CCs over the available spectrum; each CC has 

a bandwidth of 1.4, 3, 5, 10, 15, or 20 MHz to verify backward 

compatibility with release-8 as shown in fig.10. This technique 

increases the peak data rate over wider transmission bandwidth. 

 

 
Fig. 10: CA Bandwidth Extension [26]. 
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In 3GPP Release 10, the maximum number of CCs can be aggre-

gated is five, to provide maximum aggregated bandwidth equals to 

100 MHz. 3GPP Release-13 tries to increase the number of aggre-

gated CCs to 32 CCs [11]. 

4.1. Carrier aggregation types 

There are three types of CA technique for LTE-A: 

• Intra-band continuous carrier aggregation is the combina-

tion of adjacent CC in the same frequency band with spac-

ing between center frequencies equal to multiple of 300 

KHz that satisfy compatibility with LTE release 8, 9 and 

saving 15 KHz sub-carrier spacing orthogonally [6], [11], as 

shown in fig. 11. a. It is easier to implement continuous CA 

than non-continuous CA implementation without making 

many changes in the physical layer. However, it is difficult 

to allocate 100 MHz continuously, due to the spectrum allo-

cation policies.  

• Intra-band non-continuous carrier aggregation is the combi-

nation of non-adjacent CC over the same frequency band as 

shown in fig.11.b. Non-continuous CA is more complicated 

than the continuous type because it requires more advanced 

User Equipment (UE) transceiver .However, it solves the 

problem of continuous 100 MHz allocation so that the non-

continuous CA implementation is more practical [6], [11], 

[27].  

• Inter-band non-continuous carrier aggregation is the combi-

nation of the non-adjacent component carrier over different 

frequency bands as shown in fig.11.C. With this CA type, 

mobility robustness may be enhanced by profiteering differ-

ent bands propagation characteristics [6], [11]. 

 

 

 
a. Intra-Band Continuous CA 

 

 
b. Intra-band non-continuous CA. 

 
c. Inter-band non-continuous CA 

 
Fig. 11: Types of CA (A) Intra-Band Continuous CA (B) Intra-Band Non-Continuous CA (C) Inter-Band CA [27] Carrier Aggregation Implementation. 
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4.2. Carrier Aggregation implementation 

There are multi possible options for CA implementation. Fig.12 

shows the first and simplest continuous intra-band CA implemen-

tation. This implementation consists of “Concatenation” block 

which combines and rearranges user frames, single IFFT, “Fre-

quency Shift” block that makes frequency offset with center fre-

quency (FC) and single Radio Frequency-Power Amplifier (RF-

PA). This implementation verifies the backward compatibility 

with LTE [6], [27], [30]. 

 

 
Fig. 12: The Implemented Block Diagram of Downlink Transmitter Con-
tinuous CA. 

 

Continuous and non-continuous intra-band downlink transmitter 

Matlab simulink implementation is shown in fig.13. There are 

multiple of baseband LTE transmitters. Each of them is applied to 

frequency shift block. Then the output of all frequency shifts is 

combined using Matlab simulink block “Concatenation”. Then the 

concatenation output is fed to signal radio frequency power ampli-

fier RF- PA [6], [27]. 

 

 
Fig. 13: The Simulink Implemented Block Diagram of Continuous and 
Non-Continuous Intra-Band CA Downlink Transmitter. 

 

Fig.14 shows the Inter-band CA implementation. There is fre-

quency up converter and PA for each component carrier before 

combining them. Note that, there are other possible implementa-

tions [27], [30]. 

 

 
Fig. 14: The Simulink Implemented Block Diagram of Non-Continuous 
Inter-Band CA Downlink Transmitter. 

5. Simulation results 

In this section, we will introduce the results of the simulation of 

the modeled and implemented LTE-A with the parameters intro-

duced in the previous sections. The implementation of LTE-A is 

executed using Matlab Simulink R2010a based on 3GPP standards 

parameters. 

6. The BER performance of LTE-A 

The first performance parameter of the implemented LTE-A sys-

tem is the bit error rate as a function of the energy per bit to noise 

density ratio (Eb/N0). Fig.15 shows the tradeoff between the BER 

and the energy bit/Noise energy (Eb/N0) at different mapper order 

for LTE-A turbo coder of 10 MHz band, and the theoretical con-

volutional coder. This figure demonstrates that BER decreases by 

increasing Eb/N0 . On the other hand, lower modulation order 

gives better BER performance for the sameEb/N0. Also, Turbo 

coder provides an enhancement over convolutional coder in terms 

of the processing gain as apparent from Table 4. 

 

 
Fig. 15: BER Performance for LTE-A Turbo Coder and Theoretical Con-
volutional Coder at Different Mapper Order. 

 
Table 4: Turbo Coder Performance Enhancement for BER=10−5 

Mapper 

order 

Turbo coder 

Eb/N0 

Convolutional coder 

Eb/N0 

Saving 

Eb/N0 

64-QAM 9.8 dB 13 dB 3.8 dB 

16-QAM 6.8 dB 9 dB 2.2 dB 

QPSK 3.8 dB 4.8 dB 1 dB 

 

6.1. Implementation of different CA scenarios in LTE-

A  

The simulation results of different implemented CA Scenarios 

using Matlab simulink are presented in this subsection. 

6.1.1. Scenario A 

Scenario A presents two CCs symmetric non-continuous 30 MHz 

CA as shown in fig.16. Each CC has 10 MHz bandwidth which is 

denoted as symmetric CA. The first CC has a center frequency at 

15 MHz and the second CC has a center frequency at 36 MHz. So, 

the center frequency spacing is 21 MHz which realizes the re-

quired multiple of 300 KHz 

. 

 
Fig. 16: Two CCs Non-Continuous Symmetric CA 30 MHz 
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6.1.2. Scenario B 

Scenario B presents Two CCs Asymmetric non-continuous 60 

MHz CA as shown in fig.17. The first CC has 10 MHz bandwidth 

with center frequency at 15 MHz. While as the second CC has 20 

MHz bandwidth with center frequency at 60 MHz. So, the center 

frequency spacing is 45 MHz. This implemented CA is denoted as 

Asymmetric CA. 

 

 
Fig. 17: Two CCs Non-Continuous Asymmetric CA 60 Mhz Bandwidth. 

6.1.3. Scenario C 

In order to increase the throughput of the system, scenario C pre-

sents Asymmetric intra-band non-continuous 60 MHz CA by us-

ing three CCs as shown in fig.18. The first two CCs have 10 MHz 

bandwidths with 15 MHz center frequency spacing. The third CC 

has 20 MHz bandwidth with center frequency at 60 MHz. 

 

 
Fig. 18: Three CCs Non-Continuous Asymmetric CA 60 MHz Bandwidth. 

6.1.4. Scenario D 

Fig.19 shows the 100 MHz CA LTE-A spectrum bandwidth with 

four CCs, each one has 20 MHz bandwidth. The center frequency 

for the first CC is at 20 MHz, the second CC at 47 MHz, the third 

CC at 74 MHz and the fourth CC at 101MHz. 

 

 
Fig. 19: Non-Continuous Symmetric CA 100 MHz Bandwidth. 

6.1.5. Scenario E 

Fig.20 shows the 100 MHz CA LTE-A spectrum bandwidth with 

asymmetric five CCs, four of them have 20 MHz bandwidth and 

the last one has 10 MHz bandwidth. The center frequency for the 

first CC is at 20 MHz, the second CC at 42 MHz, the third CC at 

63 MHz, the fourth CC at 87MHz and the last CC at 105 MHz. 

The center frequency spacing between CC’s satisfies the required 

multiple of 300 KHz. 

 
Fig. 20: Non-Continuous Asymmetric CA 100 MHz Bandwidth Using 5 
CCs. 

 

So, the simulation results achieved the LTE-A requirements by 

using five CCs that expanded LTE band to 100 MHz. 

7. Conclusion 

This paper gives a description of LTE-A downlink physical layer. 

It contains a complete description of LTE-A block diagram con-

sisting of channel coding, mapping and OFDM generator with the 

basic 3GPP OFDM parameter. The paper emphasizes the LTE-A 

CA with its different types. Therefore, different CA scenarios are 

implemented and tested. The first scenario is 30 MHz symmetric 

CA using two CCs. The second scenario non-continuous Asym-

metric CA 60MHz using two CCs. The third scenario is non-

continuous Asymmetric CA 60MHz bandwidth using three CCs. 

The fourth scenario is non-continuous symmetric CA 100MHz by 

using four CCs. The fifth scenario is non-continuous Asymmetric 

CA 100 MHz by using five CCs that achieve the LTE-A require-

ment of band expansion with maximum number of CCs. This 

Simulink implementation can be considered as a first step for the 

software defined radio implementation of the LTE-A transceiver 

system. Such Simulink model can be converted into a digital sig-

nal processor code or VHDL code. 
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