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Abstract: This Project work evaluates the performance 

of LTE downlink with MIMO techniques. MIMO 

technology involves the use of multiple antennas at the 

transmitter, receiver or both. There are different 

combinations of array configuration and polarization, 

transmission and detection schemes that can be 

implemented to achieve different purposes in functional 

and performance terms. In terms of array configuration 

and polarization, there exists single polarized array and 

cross polarized array (which could be compact or 

detached); transmission schemes include diversity 

schemes particularly transmit diversity and spatial 

multiplexing; detection schemes such as Zero Forcing 

(ZF) and Soft Sphere Decoding (SSD). The 

performance metrics considered are throughput and 

BER and these are used to evaluate the performance of 

LTE in flat-fading and International 

Telecommunications Union B (ITU-B) Pedestrian 

channel with zero forcing and soft sphere decoding for 

Single Input Single Output (SISO), transmit diversity 

and spatial multiplexing. The granular analysis and 

evaluation of the performance 3GPP LTE is imperative 

and this project implements this on the downlink side. 

A thorough analysis and performance evaluation of the 

LTE downlink with MIMO antennas is thus the focal 

point and the results demonstrate that the design goals 

and requirements of 3GPP LTE can be met with a great 

deal of reliability and certainty. The simulations show 

that the performance of MIMO is better than SISO. 

When high order modulation is utilized, performance in 

the flat-fading channel model is better than ITU 

pedestrian B channel at low SNR regions. Spatial 

multiplexing is ideal for achieving very high peak rates, 

while transmit diversity is a valuable scheme to 

minimize the rate of bit error occurrence thereby 

improving signal quality. 

 

Keywords: 3GPP LTE, 16QAM, 64QAM, EPS, ITU-

B, MIMO, OFDM, OFDMA, SCFDMA, SSD, UMTS, 

ZF  

 

1.   Introduction 

The demand for high speed and widespread network 

access in mobile communications increases everyday as 

the number of users‟ increases and applications are 

constantly developed with greater demand for network 

resources. As a result of this trend, mobile 

communications has experienced significant 

developments within the last two decades which is the 

result of tremendous research that have been carried 

out.  

     The 3GPP Long Term Evolution (LTE) is the 

system that marks the evolutionary move from third 

generation of mobile communication (UMTS) to fourth 

generation mobile technology. The first work on LTE 

began in release 7 of the 3GPP UMTS specifications 

involving the completion of its feasibility studies. This 

release also included further improvements on High 

Speed Packet Access (HSPA). Specification of LTE 

and SAE (System Architecture Evolution) constitutes 

the main work done in release 8 of the 3GPP UMTS 

specifications. As at the time of writing, work is 

currently in progress for the enhancement of LTE 

which is featured in release 10 of the 3GPP Universal 

Mobile Telecommunications System (UMTS) 

specifications and named LTE-Advanced (LTE-A).  

 

1.1 Enabling technologies for LTE 

The design goals or targets for the LTE standard can be 

met with a great deal of certainty and reliability because 

this standard leverages on certain technologies that 

enable it to meet and possibly surpass the above 

mentioned targets. Some of the enabling technologies 

are briefly described below:  

a) Orthogonal Frequency Division Multiplexing 

(OFDM): LTE employs OFDM for downlink data 

transmission, the available bandwidth is divided into 

many narrower subcarriers and the data is transmitted 

in parallel streams. Varying levels of QAM modulation 

(e.g. QPSK, 16QAM, 64QAM) is employed for the 

modulation of each of the subcarriers. There are two 

remarkable advantages of OFDM: First, it eliminates 

ISI by preceding each OFDM symbol by a cyclic 

prefix. Second, it efficiently utilizes bandwidth because 

there are tight spacings between its subcarriers and yet 

there is virtually no interference among adjacent 

subcarriers [1].  

b) Single Carrier Frequency Division Multiple Access 

(SCFDMA): SCFDMA as its name implies utilizes 

single carrier modulation, Discrete Fourier Transform 

(DFT) spread orthogonal frequency multiplexing, and 

frequency domain equalization. It has been adopted as 

the uplink multiple access scheme for 3GPP LTE. The 
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main advantage of SC-FDMA is the low peak-average-

power ratio (PAPR) of the transmit signal which 

enhances the performance of the power amplifier of the 

user terminal thereby resulting in higher efficiency. 

Furthermore SC-FDMA still possesses similar 

performance and complexity as OFDMA [2].  

c) Multiple input Multiple output (MIMO) Antennas: 

This is a very important technology that the LTE 

system leverages on to achieve its design goals. MIMO 

technologies use multiple antennas at both the 

transmitter and receiver to improve communication 

performance by offering significant increases in data 

throughput and link range without additional bandwidth 

or transmit power  

 

2. The 3GPP LTE Physical Layer and Air 

Interface 

 

2.1 Basic Concept 

The main role of the LTE physical layer is to translate 

data into reliable signal for transmission across a radio 

interface between the eNodeB (enhanced NodeB) and 

the user equipment. It involves basic modulation, 

protection against transmission errors (using cyclic 

redundancy checks), multiplexing schemes as well as 

the antenna technology that are utilized. Multiplexing is 

a technique for sending multiple signals or streams of 

information on a carrier at the same time. The antenna 

technology involves the different configurations, 

schemes and techniques that can be incorporated into 

antenna systems to fulfill recommended requirements 

or to achieve desired goals. 

        SC-FDMA is the multiplexing scheme used for 

uplink transmission in LTE as already explained in 

Chapter one and OFDMA has been discovered to be a 

beneficial multiplexing scheme for LTE downlink with 

many advantages such as improved spectral efficiency, 

less complex equalization at the receiver, flexible 

bandwidth adaptation, etc. With respect to antenna 

technology, MIMO antennas play a significant role in 

the attainment of the performance goals of 3GPP LTE.  

        The LTE air interface consists of physical 

channels and signals. Physical channels carry data from 

higher layers including control, scheduling and user 

payload (data) while the physical signals are used for 

system cell identification, radio channel estimation and 

system synchronization. The LTE air interface is 

designed for deployment in paired (FDD Mode) and 

unpaired (TDD mode) spectrum bands [3]. This thesis 

work is targeted or primarily based on LTE downlink 

transmission, therefore the bulk of the work is on the 

physical layer with focus on OFDMA and MIMO. The 

next section provides further details about these 

technologies 

 

2.2 The 3GPP LTE System Description 

 
Figure 2.1.  LTE-eNodeB Transmitter 

 

 
Figure 2.2.  LTE-eNodeB Receiver 

 

2.3 Orthogonal Frequency Division Multiplexing  

In OFDM systems, the available bandwidth is broken 

into many narrower subcarriers and the data is divided 

into parallel streams, one for each subcarrier each of 

which is then modulated using varying levels of QAM 

modulation e.g. QPSK, 16QAM, 64QAM or higher 

orders as required by the desired signal quality. The 

linear combination of the instantaneous signals on each 

of the subcarriers constitutes the OFDM symbols. The 

spectrum of OFDM is depicted in fig.2-2. Each of the 

OFDM symbol is preceded by a cyclic prefix (CP) 

which is effectively used to eliminate Inter-symbol 

Interference (ISI) and the subcarriers are also very 

tightly spaced for efficient utilization of the available 

bandwidth.

 

Figure 2.3.  OFDM Spectrum 

 

2.3.1 Orthogonal Frequency Division Multiple Access 

Based on the various advantages that have been 

mentioned in the preceding sections, OFDMA is 

considered as an excellent multiple access scheme for 

the 3GPP LTE downlink. OFDMA uses multiple 

orthogonal subcarriers each of which is modulated 

separately. OFDMA distributes subcarriers to different 

users at the same time so that multiple users can be 

scheduled to receive data simultaneously; each of these 

is referred to as a physical resource block (PRB) in the 
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LTE specification. 

 

2.4 Multiple In Multiple Out (MIMO) Antenna 

MIMO antenna technology is one of the key 

technologies leveraged on by LTE. It is a technology in 

which multiple antennas are used at both the transmitter 

and at the receiver for enhanced communication: The 

use of additional antenna elements at either the base 

station (eNodeB) or User Equipment side (on the 

uplink and/or downlink) opens an extra spatial 

dimension to signal precoding and detection. 

Depending on the availability of these antennas at the 

transmitter and/or receiver, the following classifications 

exist.  

Single-Input Multiple-Output (SIMO): A simple 

scenario of this is an uplink transmission whereby a 

multi-antenna base station (eNodeB) communicates 

with a single antenna User Equipment (UE).  

Multiple-Input Single-Output (MISO): A downlink 

transmission whereby a multi-antenna base station 

communicates with a single antenna User Equipment 

(UE) is a scenario.  

Single-User MIMO (SU-MIMO): This is a point-to-

point multiple antenna link between a base station and 

one UE.  

Multi-User MIMO (MU-MIMO): This features 

several UE‟s communicating simultaneously with a 

common base station using the same frequency- and 

time-domain resources.  

As a result of the requirements on coverage, capacity 

and data rates, integration of MIMO as part of the LTE 

physical layer is highly imperative since it necessitates 

the incorporation of transmission schemes like transmit 

diversity, spatial multiplexing and beam forming. 

 

2.4 Physical Layer Parameters for LTE  

In the downlink of LTE, a normal subcarrier spacing of 

15 kHz is used with a normal cyclic prefix (CP) length 

of 5µs. This value of the subcarrier spacing suitably 

allows for high mobility and avoidance of the need for 

closed-loop frequency adjustments. The CP can also be 

extended to a length of 17 us which ensures that the 

delay spread is accommodated within the CP even in 

large urban and rural cells. A compatible sampling 

frequency for the above parameterizations is 30.72 

MHz, therefore in LTE specifications, the basic unit of 

time is Ts = 1/30.72µs, and all other time periods are 

multiples of this value. The number of Fast Fourier 

Transform (FFT) points varies with the bandwidth, for 

example, a 20MHz system bandwidth can employ 2048 

FFT points for efficient operation. The table gives 

detailed information about the physical layer 

parameters and their corresponding values. 

 

2.5 Modulation  

One of the main design goals of LTE is to achieve high 

peak rates, and many multiple methods are employed in 

order to meet this goal, a sophisticated way is by 

utilizing adaptive modulation. This is the ability to 

adjust modulation schemes based on signal quality. 

Adaptive modulation provides a trade-off between 

delivered bit rate and the robustness of the digital 

encoding, so as to balance throughput with error 

resilience. In 3GPP LTE, QPSK, 16QAM and 64QAM 

are supported modulation schemes. High order 

modulation like 64QAM work best with strong signals 

which is usually achieved near the base station while 

low order modulation like QPSK possess better signal 

recovery in poor signal quality areas. Adaptive 

modulation is therefore essential in LTE because it 

provides benefits to users on both high and low signal 

strength areas. 

 

Figure 2.4.  High Order Modulation Technique Work 

Best Near the Base Station 

 

2.6 Channel Coding  

The current 3G systems use turbo coding scheme, but 

due to the high peak data rates supported by LTE, it 

becomes imperative to know if this same turbo coding 

scheme can scale to high data rates while maintaining 

reasonable decoding complexity. It is currently debated 

that turbo coding has a particular drawback that it is not 

amenable to parallel implementations which limit the 

achievable decoding speeds. The underlying reason 

behind this issue is the contention for memory 

resources among parallel processors which occurs as a 

result of the turbo code internal interleaver. On the 

other hand, it is argued that turbo codes can also 

employ parallel implementations if turbo internal 

interleavers can be made contention-free.  

       A coding scheme that possesses inherent 

parallelism and therefore offers high decoding speeds is 

the Low density Parity Check (LPDC) code which is 

currently increasing in availability. LPDC potential 

offers opportunities to achieve very high throughput 

which is made possible as a result of its inherent 

parallelism of the decoding algorithm while 

maintaining good error-correcting performance and low 

decoding complexity. 

 

2.6.1 Channel Coding in LTE  
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The preferred channel coding for LTE is turbo coding. 

This selection in favour of turbo coding is based on few 

reasons:  

• UMTS release 6 HSPA also uses turbo code.  

• For backward compatibility reasons, dual-

mode LTE terminals will need to implement 

turbo code therefore some decoding hardware 

can be reused.  

• To avoid increased implementation complexity 

as the terminals have to support two different 

coding schemes.  

 

There are some major channel coding schemes used in 

the LTE system : 

• Turbo coding: chiefly used for large data 

packets which common occurrence in 

downlink and uplink data transmission, paging 

and broadcast multicast (MBMS) 

transmissions. In other words, for Uplink 

shared channel (UL-SCH), downlink shared 

channel (DL-SCH), Paging Channel (PCH) and 

Multicast Channel MCH . 

• Rate 1/3 tail biting convolutional coding 

mainly used for downlink control and uplink 

control as well as broadcast control channel  

 

3. MIMO Transmission Schemes 

MIMO technology consists of different transmission 

schemes each with its own peculiar features, 

advantages and drawbacks. The transmission schemes 

for consideration in this thesis are diversity schemes 

and spatial multiplexing.  

 

3.1 Diversity Schemes  

There are various diversity schemes that can be used 

which include time-diversity, frequency-diversity, 

receive diversity and transmit diversity. Transmit 

diversity is the focus of this thesis. It provides a means 

of averaging out the channel variation for operation at 

higher UE speeds or for delay sensitive services at both 

low and high UE speeds. Transmit diversity can be 

further sub-divided into Block-codes-based, Cyclic 

delay diversity, Frequency shift transmit diversity, and 

Time shift transmit diversity. This project considers a 

very popular technique under block-codes-based 

category called the space block time codes (SBTC). A 

very simple way of realizing this for a 2 Tx –antenna 

system was developed by Alamouti and is popularly 

known as the Alamouti scheme. In this technique, 

typically the same user data is sent on both transmits 

channels with a slight modification to the data stream 

for improving the probability of successfully 

recovering the desired data. A simplified example is 

shown below. During the first symbol period, the first 

symbol in a sequence. So, is transmitted from the upper 

antenna while the second symbol, S1, is simultaneously 

transmitted from the lower antenna. During next 

symbol period, the complex conjugate of the same two 

symbols, -S1* and S0*, are transmitted form the upper 

and lower antennas. This symbol repetition and 

transmission improves the total system performance by 

giving the receiver two opportunities to recover each 

data symbol. Complex valued STBC‟s can be described 

by the matrix. 

 

 
wheren is the STBC length and s is the number of 

transmit antennas.  

The well-known Alamouti code can therefore be 

presented by an STBC matrix B shown below. 

 

 
where S0, S1 are the information symbols and S0*, S1* 

are their complex conjugates. 

 

 
Figure 3.1. Simplified Transmit Diversity scheme 

 

Cyclic Delay Diversity is yet another type of STBC 

which can be applied with an arbitrary number of Tx-

antennas without requiring modification at the receiver. 

The application of this scheme to OFDM system 

operates in such a way that delayed versions of the 

same OFDM symbol are transmitted from multiple 

antennas as illustrated in fig.3.1 where S arbitrary 

antennas are assumed. If the sequence of modulation 

symbols at the input of the IFFT are x0, x1,….., x(N-1), 

then the sequence of samples at the output of the IFFT 

can be z0,z1, …. , z(N-1), and can therefore be 

mathematically expressed as 

 

 
n = 0, 1,- - - -, (N – 1) 

The sequence of samples at the output of the IFFT z0, 

z1, - - -, z(N-1) is cyclically shifted before transmission 

from different antennas. Cyclic delays of 0, 1, 2… (S – 

1) samples from transmissions on antenna 0, 1, 2… (S – 

--- 3.1 

---- 3.2 

---- 3.3 
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1) are added respectively and they are added before the 

cyclic prefix (CP) as depicted in below Fig. This 

minimizes the impact of multipath on the transmitted 

signal. 

 

 
Figure 3.2. Cyclic Delay Diversity (CDD) Schemes 

 

 

3.2 Spatial Multiplexing  

This scheme can provide a linear increase in data 

transmission rate with the same bandwidth and power 

by transmitting multiple independent data streams 

unlike transmission diversity where a single data 

stream is always transmitted independently. There exist 

a linear relation between the number of 

transmit/receive antenna pairs in a MIMO and the 

theoretical increase in capacity.  

     The concept of the operation of spatial multiplexing 

system is explained with the aid of fig.3.2 During the 

first symbol time, the first data symbol, So , is 

transmitted from the upper transmit antenna, Tx0, and 

the second data symbol, s1, is transmitted from the 

lower transmit antenna, Tx1, this occurs 

simultaneously. The data rate is therefore doubled as 

alternate symbols are transmitted from each antenna 

and each symbol is only transmitted once unlike STBC 

where redundant data symbols are sent to give the 

receiver a fair chance of recovering the transmitted 

data. The transmission of the signal from the transmit 

antenna Tx0 to the receive antennas Rx0 and Rx1 takes 

place over wireless channels with a complex 

coefficients h00 and h10. Similarly, there exist wireless 

channels with complex coefficients h01 and h11 between 

the transmit antenna Tx1 to the two receive antennas, 

Rx0 and Rx1. With proper placement of these antennas 

it can be assumed that these channel coefficients are 

potentially unique. 

 

 

Figure 3.3. Operation of Spatial Multiplexing 

 

At the receiving end of the transmission, the received 

signal at the upper receive antenna, Rx0, denoted by r0, 

as measured by the receiver as a combination of the s0 

and s1 including channel effects, h00 and h01. Similarly, 

the received signal at the lower antenna, Rx1, denoted 

by r1, is measured by the receiver as a combination of s0 

and s1 modified by the channel effects, h10 and h11 

respectively.  

The following therefore adequately represents 

equations for r0 and r1, respectively: 

r0 = h00s0 + h01s1------3.4 

r1 = h10s0 + h11s1-------3.5 

 

Spatial multiplexing transforms the disadvantage of 

multipath effects into an advantage. In fact, spatial 

multiplexing can only increase transmission rates when 

the wireless environment is very rich in multipath since 

this situation results in low correlations between the 

channels enabling the efficient recovery of transmitted 

data at the receiver. On the other hand, when the 

correlation between the channels is high then there is a 

rapid degradation of the performance of spatial 

multiplexing. Mathematically, equation (3.5) and (3.6) 

can be re-expressed in matrix form as, 

 

 
For accurate recovery of the data symbols, s0 and s1 . 

We can perform inverse matrix mathematics as 

expressed in equation (3.7)  

 

[S] = [H]
-1

 [R] -------- 3.7 

 

In a situation whereby the channel coefficients are 

highly correlated, it becomes difficult to perform the 

inversion of the channel coefficient matrix [H]; when 

this happens the matrix is said to be “ill-conditioned” 

The downlink of LTE system is OFDM based and this 

is so for good reason. OFDM possesses a 

remarkablecharacteristic of being able to be adapted in 

a straightforward manner to operate in different channel 

bandwidthsaccording to spectrum availability. Another 

advantage of OFDM is the low complexity in the 

design of the receiver. 

       By the principle of operation of OFDM system, a 

high-rate stream of data symbols in first serial-to-

parallelconverted for modulation onto M parallel 

subcarriers as shown in fig.3.4. 

 

--- 3.5 

----- 3.6 
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Figure 3.4. Serial to Parallel Conversion of OFDM 

 

The signal to be transmitted is defined in the frequency 

domain, a serial-to-parallel (S/P) converter collects 

serialdata symbols into a data block Sk of dimension 

M. Sk is given as, 

 

Sk = [ Sk [0], Sk [1], ….. Sk [M-1] ]T------- 3.8 

 

The subscript k is an index for the OFDM symbol, with 

ranging values based on the number of subcarriers, 

M.Each of the M parallel data streams are modulated 

independently using different modulations like 

QPSK,16QAM, 64QAM on each carrier which results 

in complex vector Xk. Xk [0] is given as, 

 

Xk [0] = [ Xk [0], Xk [1], ….., Xk [M - 1] ]T --- 3.9 

 

This vector of data symbols Xk passes through an 

Inverse FFT (IFFT) which results in a set of N complex 

timedomainof samples given as, 

 

xk [0] = [ xk [0], ……,xk [N -1] ]T------- 3.10 

 

Next, a cyclic prefix is added at the beginning of the 

symbol xk to eliminate the impact of  

intersymbolinterference (ISI) caused by multipath in 

the propagation environment. Then, a time domain 

OFDM symbol isgenerated 

 

xk [N - G],…, xk [N – 1], xk [0],…, xk [0],… xk [N - 

1]]
T
------------- 3.11 

 

where G = CP length. 

 

In order to demodulate the OFDM signal at the receiver 

end, the CP is removed and all the above operations in 

the generation of the OFDM signal are performed in 

reverse. 

 

4. Calculation 

 

From 3GPP specification: 

1 radio frame = 10 sub-frame 

1 sub-frame = 2 time slot 

1 time slot = 7 modulation (at normal cp rate) 

1 modulation symbols = 6 bits 

1 Resource block (RB) = 12 subcarriers 

Peak Data rate calculation formula = 

 [no.of RB * no. of subcarriers * no of time slot * no. of 

modulation * no. of bits] 

Throughput Calculation Using frequency = 

frequency*no. of bits / 100 

[4.]Formula For Calculating No. Of RB on given 

Channel Bandwidth (64 QAM) 

RB= Channel Bandwidth in MHz- Guard Band 

                              180 KHZ 

Let, 

[1] Channel Bandwidth = 20 MHz 

Guard Band = 10% of Channel Bandwidth = 2 MHz 

RB =   (20 - 2) x 106  = 100 RB 

180 x 10
3 

[2] Channel Bandwidth = 15 MHz 

Guard Band = 1.5 MHz 

RB =  13.5 x 10
6
 = 75 RB 

           180 x 103 

[3] Channel Bandwidth = 10 MHz 

Guard Band = 1 MHz 

RB=   9 x106 = 50 RB 

          180 x 103 

[4] Channel Bandwidth = 5 MHz 

Guard Band = 0.5 MHz 

RB =     4.5 x 106 =  25 RB 

              180 x 10
3
 

[5] Channel Bandwidth = 2.5 MHz 

Guard Band = 0.25 MHz 

RB = 2.25 x 10
6
 = 12.5 RB 

        180 x 10
3
 

[6] Channel Bandwidth = 1.25 MHz 

Guard Band = 0.125 MHz 

RB =   1.125  = 6.25 RB 

         180 x103  

Table 4.1. Resource Block Vs Channel Bandwidth 

Channel 

Bandwidth 

(MHz) 

1.25 2.5 5 10 15 20 

Resource 

Block 

6.25 12.5 25 50 75 100 
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Peak Data Rate If 64 QAM Used as Modulation 

Schemes 

Case 1 

When Bandwidth = 20 MHz 

And Transmitted RB= 100 

Peak Data Rate (SISO) = 100 x 12 x 2 x 7 x 6 = 100800 

bits [ref 3] 

=100.8 Mbps 

If 2x2 MIMO is Used Then The Peak Data Rate = 2 x 

Peak Data Rate of SISO x Guard Band 

As par 3GPP Specification Guard Band = 0.75 

So, 

Peak Data Rate For 2 x 2 MOMO =2 x 100.8 x 0.75 = 

151.2 Mbps 

If 4 x 4 MIMO is Used Then The Peak Data Rates = 

4x100.8x0.75 

= 302.4 Mbps 

Case 2 

When Bandwidth = 15 MHz 

RB= 75 

Peak Data Rates (SISO) = 75 x 12 x 2 x 7 x 6 = 75600 

bits 

= 75.6 Mbps 

Peak Data Rates (2x2 MIMO)= 2 x 75.6 x 0.75 = 113.4 

Mbps 

Peak Data Rates (4x4 MIMO)= 4 x 75.6 x 0.75 = 226.8 

Mbps 

Case 3 

When Bandwidth = 10 MHz 

RB = 50 

Peak Data Rates (SISO) = 50 x 12 x 2 x 7 x 6 = 50400 

bits 

= 50.4 Mbps 

Peak data Rates (2 x 2 MIMO) = 2 x 50.4 x 0.75 = 75.6 

Mbps 

Peak Data Rates (4 x 4 MIMO) = 4 x 50.4 x 0.75 = 

151.2 Mbps 

Case 4 

When Bandwidth = 5 MHz 

RB = 25 

Peak Data Rates (SISO) = 25 x 12 x 2 x 7 x 6 = 25200 

bits 

= 25.2 Mbps 

Peak Data Rates (2 x 2 MIMO) = 2 x 25.2 x 0.75 = 37.8 

Mbps 

Peak Data Rates (4 x 4 MIMO) = 4 x 25.2 x 0.75 = 75.6 

Mbps 

Case 5 

When Bandwidth = 2.5 MHz 

RB = 12.5 

Peak Data Rates (SISO) = 12.5 x 12 x 2 x 7 x 6 = 

12600 bits 

= 12.6 Mbps 

Peak Data Rates (2 x 2 MIMO) = 2 x 12.6 x 0.75 = 18.9 

Mbps 

Peak Data Rates (4 x 4 MIMO) = 4 x 12.6 x 0.75 = 37.8 

Mbps 

Case 6 

When Bandwidth = 1.25 MHz 

RB = 6.25 

Peak Data Rates (SISO) = 6.25 x 12 x 2 x 7 x 6 = 6300 

bits 

= 6.3 Mbps 

Peak Data Rates (2 x 2 MIMO) = 2 x 6.3 x 0.75 = 9.45 

Mbps 

Peak Data Rates (4 x 4 MIMO) = 4 x 6.3 x 0.75 = 18.9 

Mbps 

5. Simulation 

 

System Model Layout 

In this project, the performance of LTE Downlink with 

MIMO techniques is studied in terms of the Bit Error 

Rate (BER) and Throughput for two major LTE 

channel models namely the flat-fading channel and the 

ITU Pedestrian channel. The OFDMA-based LTE 

Downlink is modelled and simulated using MATLAB 

for different MIMO techniques. A brief description of 

the designed simulation models is provided in the 

following subsection. The scenario includes one flat-

fading channel and one multipath channel (ITU 

Pedestrian).The flat fading channel is generated 

randomly whereas the ITU pedestrian channel is 

tabulated below 

Table 5.1. ITU Channel Model Pedestrian Test 

Environment 

 

Tap Number 1 2 3 4 5 6 

Relative 

Delay(ns) 

0 200 800 1200 2300 3700 

Relative 

mean 

0 -0.9 -4.9 -8 -7.8 -23.9 
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power(dB) 

 

Table 5.2. Simulation Parameter 

 

Bandwidth 5 MHz, 10 MHz 

Modulation  QPSK, 16 QAM, 64 QAM 

Cyclic Prefix  Normal 

IFFT Size 2048 

Channel estimation  Perfect 

Channel type  EPA 

 EVA 

Receiver decoder type ZF, SD 

Channel coding Turbo 

No of iteration  100 

No. of Rx antenna 2, 4 

No. of Tx antenna 2, 4 

No. of user 1 

Transmission mode SISO/Transmission 

Diversity  

/Spatial Diversity 

Counter register 2 

SNR Db 18 

 

 

6. Results 

 

Throughput Calculation using 64QAM Modulation 

 

 
 

Figure 6.1. Throughput Calculation of LTE n/w (64 

QAM) 

Fig 6.1 shows the comparison between three techniques 

used in Long Term Evolution known as SISO, 2 x2 

MIMO and 4 x 4 MIMO. When SISO used in LTE with 

64 QAM it produce max data rate up-to 100 Mbps, 

when 2 x2 MIMO will used in same network it  provide 

maximum data rate up-to 151.2 Mbps and when 4 x 4 

MIMO is used it provide data rate up-to 302.2 Mbps.  

BER Calculation Using 64 QAM Modulation 

 

Figure 6.2.  BER Performance of SISO Vs 2x2 Vs 4x4 

(64 QAM Flat Fading Vs ITU Pedestrian B with SSD) 

In Fig.6.2, it is clearly obvious that when there is need 

of transmitting more bits, extra SNR is required. Here 

in 64QAM, in a similar way just as obtained in 

16QAM, transmit diversity has the lowest BER for any 

given SNR point and its roll-off margin with SISO and 

open loop spatial multiplexing widens as the SNR value 

increases due to fast decay rate of the transmit diversity 

in the range of 10 -20 dB. Following in the same trend, 

open loop spatial multiplexing (SM) performs better 

than SISO at high SNR values up to the 23dB mark 

after which SM gradually starts to exhibit an 

increasingly better performance. These observations are 

for both channel conditions (ITU Pedestrian B and flat-

fading) 

7. Conclusion 

In this project work, an effective study, analysis and 

evaluation of the LTE downlink performance with 

different MIMO techniques. The performance is 

evaluated with respect to two definitive metrics namely 

throughput and BER, considering the use of different 

decoders at the receiver (soft sphere and zero forcing 

decoders) in two different channel models, namely flat 

fading and ITU pedestrian channel. In both receivers, 

for higher order of modulation (16QAM and 64QAM), 

the flat-fading channel performs better for the low SNR 

regions (up to 4, 9, 12 dB) for transmit diversity, SISO 

and spatial multiplexing respectively. However, for low 

order of modulation, QPSK in this instance, 

performance in the ITU pedestrian channel is better at 

the low SNR region. In rich multipath environments 

like ITU pedestrian channel, performance for users far 

away from the base station is low due to losses caused 

by the presence of many scatters, but for the flat-fading 

channel, performance is better in these low SNR areas 

particularly when SSD is used, however, additional 

SNR is required in the case of zero forcing decoder.  
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Analysis of the results obtained reveal that the 

performance of MIMO is better than SISO in both 

channel models particularly when SSD is employed. 

When high order modulation is utilized, performance in 

the flat-fading channel model is better than ITU 

pedestrian channel at low SNR regions. Spatial 

multiplexing is ideal for achieving very high peak rates, 

while transmit diversity is a valuable scheme to 

minimize the rate of bit error occurrence thereby 

improving signal quality. The vision of LTE is 

therefore nothing less than an actual possibility and a 

true reality as this evaluation has demonstrated that the 

design goals and targets of LTE can be met with a high 

degree of reliability and certainty. This performance 

evaluation also provides useful information on LTE 

downlink planning, design and optimization for 

deployment. 
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