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Abstract
Over the past two decades the mobile wireless communication systems has been
growing fast and continuously. Therefore, the standardization bodies together with
wireless researchers and mobile operators around the globe have been constantly
working on new technical specifications in order to meet the demand for this rapid
growth. The 3rd Generation Partnership Project (3GPP) one of the largest of such
standardization bodies, works on developing the current third generation (3G)
mobile telecommunication systems towards the future 4th generation.
Research towards meeting the higher demands for higher data rates was the main
reason for the birth of an evolution technology towards the 4th generation mobile
systems. This evolution to the current 3rd generation UMTS systems was given the
name E-UTRA/UTRAN Long Term Evolution (LTE) by the 3GPP.
This thesis research has been carried out at the Telecommunications Research
Center (ftw.) in Vienna. It was conducted in the framework of the C10 project
“Wireless Evolution Beyond 3G”. One of the fields of research within this project is
to have a special focus on the OFDM modulation schemes that are discussed under
the new evolution technology (LTE) of the UMTS mobile networks. Therefore, this
thesis focuses mainly in analyzing the new requirements, and evaluating them by
designing a low-complexity UMTS-LTE OFDM based transceiver. This thesis aims
mainly in studying the feasibility of this technology by means of simulation.
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Chapter 1

Introduction
1.1

Background

The high demand for higher data rates nowadays for mobile wireless communication
systems for supporting the wide range of multimedia, internet services has gained a
significant attraction around the globe from mobile researchers and industries. The
third Generation Partnership Project (3GPP) organization as an international
collaboration project includes a tremendous number of members, mainly from both
mobile industries and research institutes; it is dedicated to delivering a globally
applicable third generation (3G) mobile phone system specification [4]. It started on
December 1998 and it was based on the Global System for Mobile Communications
(GSM) specifications, 2nd generation mobile systems (2G), and it is known generally
now as Universal Mobile Telecommunications System (UMTS), 3rd generation (3G)
mobile systems. 3GPP is also working to improve the UMTS standard to cope with
the ever-evolving future requirements including efficiency improvement, lowering
costs, services enhancements, exploiting the new spectrum opportunities, and better
integration with other standards. Several complete-sets of technical specifications for
these systems are produced by 3GPP, like:
•
•
•
•

Release 98:
Release 99:
Release 4:
Release 5:

•
•

Release 6:
Release 7:

•

Release 8:

Earlier releases for GSM networks
Includes the specifications for the first UMTS 3G system
Originally called released 2000
This release included IP Multimedia Subsystem (IMS) and
High Speed Downlink Packet Access (HSDPA)
Integrated operation with WLAN with some enhancements
This release is in progress with main focus on decreasing
latency and improvements to real-time applications. It
includes Long Term Evolution “LTE”
In progress and under developed.
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1.1.1 UMTS-LTE
3GPP LTE (Long Term Evolution) is one of the 3GPP projects. The work on the
evolution of the 3G mobile systems started with the Radio Access Networks (RAN)
evolution work shop, 2-3 November 2004 in Toronto, Canada [1].
As a conclusion to the Toronto workshop, a feasibility study on the Universal
Terrestrial Radio Access & UMTS UTRA Network (UTRA & UTRAN) Long Term
Evolution was started. The main focus behind this evolution is to ensure a continued
competiveness for several years and to improve the UMTS standard to cope with
future requirements.
UMTS-LTE is currently under investigation and discussion in the 3GPP
organization and its full technical specifications is expected by the mid of this year,
2007. The new enhancements for UMTS-LTE is included, targets data rates up to
100 Mbps for Downlink (DL) and 50 Mbps for the Uplink (UL) over different
frequency bands from 1.25 MHz (as smallest) up to 20 MHz (as largest), which is
more spectrum flexibility than in the previous releases.
C10 (Wireless Evolution Beyond 3G) project at FTW where this thesis project is
conducted is currently working on 3G UMTS-LTE beside other projects also on
UMTS-LTE. System-level research is mainly used and aims to develop with
simulation methodologies.
Moreover, the evolution to radio side of the 3G releases includes: improvements in
latency, user throughput, spectral efficiency, simplification to the radio network, and
efficient support of packet based services. The evolutions to the network side
include: reduction to the operation costs, migrating core networks towards IP,
increasing the data rates in order to cope with the new service provisioning, easy
upgrading of the old generation systems, and reduction to the user costs.
The use of the Orthogonal Frequency Division Multiplexing (OFDM) on the
downlink enables UMTS-LTE to be more robust and flexible in its use of the new
proposed different spectrum allocations than the older 3G systems. OFDM has
gained a tremendous focus because of its robustness in the presence of severe
multipath channel conditions with simple equalization, robust against Intersymbol
Interference (ISI), multipath fading, and high spectral efficiency.

‐2‐

1.2

Thesis Motivation

LTE is an enhancement to the previous releases of the 3GPP and has received a
significant amount of focus and research among several research institutes and
mobile operators around the globe.
Conducting the proposed UMTS-LTE state-of-the-art technology study by 3GPP
with the new evolution system capabilities it indeed needs to be simulated first as a
starting point to assuring its performance and towards deploying the new evolution
system by mobile operators in the near future.
Therefore, this thesis project is focused on studying the feasibility of the UMTS-LTE
transceiver with the parameters in [1]. This physical layer aspect feasibility study has
been carried out by means of computer-based simulation using Matlab.
The implemented UMTS-LTE transceiver simulator currently operates over a 20
MHz frequency-band. However, it indeed can be changed and re-configured to be
used with the other configurations identified spectrum bands in [1]. In addition to
that, the simulation results are compared with the corresponding theoretical ones.
The aim is to develop a platform that can be reused outside of the C10 project.

1.3

Related Work

The increased demand for broadband services has triggered the standardization and
the academia nowadays for looking after new systems solutions to meet these
demands. Multiple-Input Multiple-Output (MIMO) is one of the key new
technologies towards supporting high data rates whilst achieving the required
bandwidth efficiencies. However, there is still ongoing intensive research and open
issues for finding out the suitable MIMO transceiver schemes. The implemented
UMTS-LTE transceiver currently operates as a Single-Input Single-Output (SISO)
system; however it can be extended to MIMO configurations.
This section is providing an overview about the milestones in the LTE
standardization system, while a complete description about the implemented UMTSLTE transceiver is handled in the following chapters.
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In [16] a research on Physical Random Access Channel (RACH), an analysis of the
proposed new air interface for the LTE UL with several channel models has been
studied. However, downlink is not considered. In [22] the choice of an appropriate
MIMO transceiver scheme is addressed. The choice of quasi-orthogonal matrix
modulation scheme with the configuration of 2x2 and 4x2 MIMO configurations
was proposed for 3G LTE. However, the choice of an optimal MIMO scheme is still
an open discussion in the standardizations bodies. [5], [9], [7], and [13] all deal with
the OFDM based systems but they did not consider the features and requirements of
LTE. All the technical requirements with the consideration of MIMO solution are
addressed in [10].
Finally, the implemented UMTS-LTE transceiver is an OFDM based system,
exploiting the new physical layer proposed parameters in [1], and over all a base
platform for MIMO systems with adaptable simulator configurations with lowcomplexity design.

1.4

Thesis Contribution

To have a full link between the feasibility study for LTE in the standardizations
bodies, academia, and industries for testing it, a simulation for the represented
physical layer parameters [1] of the LTE is needed to be validated and to prove the
promised features for the new technology.
This thesis project contributes to the both academia and industry a complete
transceiver platform for the promised technology towards 4th generation mobile
communication systems.

1.5

Outline of the Thesis

The remainder of this thesis is organized as follows. Chapter two presents a detailed
illustration of the OFDM based UMTS-LTE transmitter design structure with
comprehensive details for each implemented part. A detailed description of the
frequency-selective multipath channel models (ITU channel models), and the
Additive White Gaussian channel model is illustrated in chapter three.

‐4‐

The crucial part of the transceiver is the receiver part, the user terminal (UT) side; a
comprehensive description is given on chapter four. Chapter five presents the
implemented Matlab simulator for the UMTS-LTE transceiver and it discusses the
performance results under different scenarios.
Finally, chapter six discusses a conclusion to the work together with some
suggestions for extending the work in the future and emphasizing this thesis original
contribution.

‐5‐

This page intentionally contains only this sentence.

Chapter 2
Low-complexity OFDM Transmitter
Design Structure

2.1

Introduction

The main aim of this chapter is to provide a detailed description for the OFDM
UMTS-LTE transmitter structure design as illustrated in block diagram 2.1. In
particular this transmitter is based on conventional Orthogonal Frequency Division
Multiplexing (OFDM) system structure. Block diagram 2.1 shows the different parts
of the transmitter.
For proving the feasibility of the UMTS-LTE transmission chain, a 20 MHz
bandwidth, and the proposed different digital modulation defined in [1, table 7.1.11], have been used in this work.
The digital random data set is generated uniformly. These blocks of digital data set
have been paralleled and mapped into complex data blocks using different
modulation techniques. Each complex data block, also referred to as symbol, of data
is attached to an individual sub-carrier.
Since the spectrum width of the transmitted signal is less than the sampling rate of
the OFDM modulator, the unused frequency bands are padded with zeros. The
inverse DFT has been efficiently implemented by means of Inverse Fast Fourier
Transform (IFFT) in order to generate the time version of the transmitted signal.
The time domain signals corresponding to all sub-carriers are orthogonal to each
other; however, their frequency spectrums overlap.
One of the major impairments to the transmission of high-rate digital signals is the
inter-symbol interference and the noise distortion. Transmitting OFDM symbols
into parallel intervals allow signal duration to become larger enough to remove the
effect of the inter-symbol inference. Furthermore, to get rid of these problems
completely, the cyclic prefix is inserted in front of every transmitted OFDM symbol.
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Moreover, we did not consider any coding in this system and it has been left as a
future work.
This chapter gives a detailed description of all the above mentioned OFDM
transmitter parts assuming the case of single user model. Theoretical details with
some mathematical formulas have been presented to demonstrate the transmitter
parts.

Serial data
Source
Generator

Serial to
Parallel
Convert
er

Signal
Mappe
r
QPSK,
16QA
M, and
64QA
M

LTE
Pilot
Insertio
n

Zero
Padding

IFFT

Parallel
to Serial
Convert
er

Cyclic
Prefix
Insertion

Figure 2.1: Block-Diagram of the implemented
OFDM UMTS-LTE transmitter

2.2

Source Generation

Each transmitter in any communication system has a digital or analog (for the older
systems) source of data. In the UMTS-LTE transceiver simulator described here, the
data source was modeled by a random binary source generator with equiprobable
bits.

D = [d0, d1, d2, d3, d4… dn]

Where di = {0, 1}

The number of the generated random integers depends on the used modulation
scheme, through the number of bits per symbol (or constellation size) and the
number of sub-carriers (SCs). The data rate and the spectrum efficiency both
increase with the constellation size.

‐8‐

To Rx

2.3

Digital Modulation Methods

The output data stream from the source is first converted from serial to parallel and
then mapped into symbols one of the modulation schemes defined in [3]. QPSK,
16QAM, and 64QAM are used.
To achieve high bandwidth efficiencies, high data rates, and capacity for UMTSLTE, higher-order modulations, like 16QAM, and 64QAM are required and have
been employed into this LTE digital transceiver. QPSK is also implemented. Those
modulations are described in the following sections.

2.3.1

Quadrature phase-shift keying (QPSK)

QPSK is the simplest modulation scheme among the high order modulation schemes
implemented in this work. A pair of every two consecutive bits is converted from
serial to parallel and then mapped into its complex value constellation using the
QPSK modulator as shown on the transmitter diagram structure on figure 2.1 [3].
The transmitted symbol size consists of 2 bits/ symbol, 4 bits/ symbol, and 6 bits/
symbol for QPSK, 16QAM, and 64QAM respectively. In the case of QPSK, the
constellation diagram for this modulation scheme consists of four constellation
points, where each one of these points represents two data bits as shown in the
following diagram, Figure 2.2.
Q

I

Figure 2.2: Constellation diagram for QPSK
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2.3.2

16-Quadrature Amplitude Modulation (16QAM)

16QAM is higher order than QPSK, hence it is more bandwidth efficient, and
permits higher data rates than QPSK. Instead of 2 bits/symbol, as in the case of
QPSK, 16QAM uses 4 bits/symbol, hence it produce higher data rates. The
constellation diagram for 16QAM is shown below in figure 2.3.

Q

I

Figure 2.3: Constellation diagram for 16QAM

2.3.3

64-Quadrature Amplitude Modulation (64QAM)

The demand for higher data rates makes the use of higher-order modulation
necessary. 64QAM is one of these higher-order modulation schemes. It maps 6 bits
per symbol, which means that it has the capability to carry an amount of data rate
three times higher than QPSK modulation. This modulation scheme is in use in
systems like 802.11 a/g.
All the transmitted symbols energies are normalized only if the all of them are
equally likely. However, the same case for QPSK and 16QAM is applied.
The constellation diagram for the 64QAM is shown below in figure 2.4. This
constellation pattern consists of the 64 data symbols.

‐ 10 ‐

Q

I

Figure 2.4: Constellation diagram for 64QAM

2.4

UMTS-LTE Pilot Structure

One of the crucial problems in OFDM systems is how to track and estimate the
multipath propagation environments. For the UMTS-LTE transceiver system we
used a frequency-selective channel model, simulating a multipath propagation
environment. Many channel estimation techniques have been investigated recently
[23, 5, 18, 19, 12] which utilizes the pilot symbols to estimate different wireless
fading channel models.
In order to be able to properly decode the received symbols, estimation of the
instantaneous channel is necessary. This is achieved through the use of reference
symbols, known to both the transmitter and the receiver, and therefore carrying no
data, in the transmitted signal. The arrangement for these reference pilots’ symbols
is documented in the standard [1].
Figure 2.5 below shows the downlink reference signal structure, including the known
reference symbols, which we will use to estimate the channel.
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Figure 2.5: Basic downlink reference-signal structure [1]
There are three main general uses for this signal in the proposed LTE downlink
reference- signal [1]:
•
•
•

Measuring the channel quality
Channel estimation for different demodulation and detection at the end user
side
Initial acquisition and cell search

An efficient way of keeping track of the multipath channel is transmitting these pilot
symbols at instant time intervals at certain locations of the LTE downlink timefrequency lattice. Based on the working assumptions of [1, section 7.1.1.1.2.2],
neither all frequency bins nor all transmitted OFDM symbols contains pilots for
UMTS-LTE. However, for the implementation part we considered only the OFDM
symbols that contain pilot tones as shown in the time-frequency lattice figure 2.5.
More information about that is provided in chapter 5.
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2.5

•

Zero Padding, OFDM Modulation,
And Cyclic Prefix Insertion

Zero Padding

In order to simplify the realization of the analog filters used for transmission, the
sampling rate is higher than the bandwidth of the transmitted signal, and therefore
zero padding at the transmitter side is required for our design. It consists of
increasing the length of the spectrum of the signal with specific number of zeros.
However, the extended length should not be an integer multiple of the total length
of the signal. Extending the length of the signal is usually done either by extending
the time band limits or the frequency band limits of the signal. We used extension in
the time domain with zero’s to the transmitted signal.
This is demonstrated by Figure 2.6 below.

Z e r o ’s

A c tu a l le n g th o f th e s ig n a l

Z e r o ’s

Figure 2.6: Zero padding in the time domain

•

OFDM Modulation

One of the key elements of any OFDM system is the existence of the Fast Fourier
transform (FFT). The basic idea behind the OFDM modulation technique is to
divide the total transmitted amount of data into many low-bit-rate streams. All these
streams are carried out on different sub-carriers [20, 23]. For this reason, many
wireless and wire-line applications selected OFDM as an efficient modulation
technique.

‐ 13 ‐

The transmitter complexity can be reduced by the use of the inverse Fast Fourier
Transform (IFFT). In addition to that, at the receiver part the OFDM de-modulation
is implemented. Similarly, the Discrete Fourier Transform (DFT) required at the
received to demodulate the data implemented as the low-complexity Fast Fourier
Transform (FFT).
As mentioned above, the transmitted data are carried out into low-bit-rate streams in
order to achieve higher data rates. However, these low-rate streams are subject to
individual flat fading due to their transmission over the frequency selective channel
model. Suppose we have Nsc sub-carriers, and that the transmitted OFDM symbols
are
X (1), X (2), X (3), X (4)… X (N)
After normalizing all the OFDM IFFT symbols, the mathematical discrete-time
representation for these symbols is:
N–1

1
x(k) =
N

∑

2 πj

X(n) × e

kn
N

x(k)

Where k = 0… N-1 Eq.2.2

n=0

At the receiver side, the received OFDM data symbols converted to the time domain
by using the FFT:

Y(n) =

•

N–1

kn
1
− 2 πj
N Y(n)
∑ y(k)e
Nk = 0

Where n = 0… N-1 Eq.2.3

Cyclic prefix

One of the major and challenging problems in wireless communications is the effect
of the transmission of the signals in a time-varying multipath propagation
environment. Inter-symbol interference and inter-carrier interference are the two
major consequences of the transmission over such time-varying frequency selective
channels. Since UMTS-LTE transceiver is an OFDM based system with cyclic prefix,
the influence of the inter-symbol interference is reduced.
Cyclic prefix is a copy of the last part of the transmitted OFDM symbol which is
appended in front of the same symbol for each OFDM symbol. Figure 2.7 below
illustrates the description of cyclic prefix over one OFDM symbol.
‐ 14 ‐

The length of the cyclic prefix that appended to the transmitted signal must in
general be adapted to the channel delay spread. UMTS-LTE can operate with two
cyclic prefix lengths (short and long). Both cyclic prefix lengths, as described in [1],
and have been implemented in this transceiver.
The length of the cyclic prefix must be at least the same or longer than the length of
the channel impulse response, in order to prevent the occurrence of interference.

COPY

OFDM SYMBOL

Total length of the OFDM symbol including cyclic prefix

Figure 2.7: The cyclic prefix addition to the transmitted OFDM symbol
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Chapter 3
UMTS-LTE Channel Models

In mobile communication channels the propagation of the radio frequencies is
carried out throughout the atmosphere. Efficient simulation of a wireless
communications system requires a good description of the propagation of the
electromagnetic waves through the wireless channel. The simplest form of these
channels is the Additive White Gaussian Noise channel model (AWGN). A more
complicated but more realistic model, the frequency-selective channel model,
includes the typical “echo” effect of real world propagation of the radio frequencies.
These kinds of models are usually very helpful to investigate the effects of real
channels on the performance of communications systems, while remaining easy to
implement with the available computer simulation tools. Matlab is one of the
powerful tools that used in simulating such models.
Throughout this chapter we will go with more details about these two kinds of
channel models, since both were used to simulate and test the feasibility of the
UMTS-LTE transceiver.

3.1

AWGN Channel Model

The additive white Gaussian noise is the simplest form of a wireless channel models.
It simplicity comes from the fact that the only impairment with this wireless channel
model is the addition of white noise.
White noise is characterized by a random signal with a flat power spectral density.
White Gaussian noise is obtained by independent random samples from a Gaussian
distribution. The AWGN channel model does not consider any kind of fading,
dispersion, or even the interference. Instead it is a simple mathematical model which
represents the effect of thermal noise or shot noise. Despite the fact that it
constitutes a very simplified representation of a wireless channel, the AWGN
channel model is widely used for its simplicity and easy theoretical analysis.
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We used this model throughout this work. The following figure 3.1 shows the
transmitter and receiver parts in addition to the AWGN channel model that was
used first as a purpose of proving the feasibility of the UMTS-LTE under the
AWGN channel model.

Tx Signal
s(t)

Transmitter
Additive White
Gaussian Noise - h(t)

+

Receiver
Rx Signal
r(t)

Figure 3.1: AWGN channel model

3.2

Frequency Selective Fading
Channel Model

In real mobile communication world, normally the transmission of the signal from
the source to the destination is carrying out among several paths. The main reason
for that is the existence of the buildings, vehicles, and other obstacles which can
reflect and scatter the transmitted signal. Therefore, the communication between the
base station (BS) and the user terminal (UT) takes place over several paths. The
received signal is a summation of all these signals from different paths. Figure 3.2
below demonstrate such behavior.
Each of these paths experiences a different Doppler shift, attenuation. The
frequency response is the representation in the frequency domain of the
superposition of all these paths. With the multipath scenario, where the transmitted
signals take place over different paths, the signals received from each path will add
up at the terminal side.
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The power of the received signal may vary because it depends on the distribution of
the carrier’s phases, depending on the constructive or destructive addition of the
phase values.
The fluctuation of the signal carrier’s power is also called fading. If the power is
varying randomly with Rayleigh distribution then it is called Rayleigh fading. The
fading caused by a multipath propagation is known as a frequency-selective fading
since different frequencies experience different gains at a given point in time.
This kind of fading typically occurs if the transmitted signal arrives at the receiver
terminal by multiple different paths with multiple signal components each with a
different spreading delay due to the multipath phenomena.

Destin
ation

Source

Des
tinat
ion

Des
tinat
ion

Figure 3.2: Multipath channel model

There are two types of fading based on multipath: when the length of the delay
spread is less than the symbol period, or the signal bandwidth is less than the
coherence bandwidth, all frequencies experience the same fading at a given point in
time. This situation is called flat fading.
When the length of the delay spread is greater than the symbol period, or the signal
bandwidth is greater than the coherence bandwidth, the channel is denoted a
frequency-selective channel. The latter model is also used throughout this work.
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Figure 3.3: Frequency-selective channel model

Figure 3.3 illustrates the frequency-selective channel model where the transmitted
signal is divided into many frequencies and each is experiences a different effect due
to the multi-path effect.

3.2.1 ITU channel models
The frequency-selective, time-variant channel models that used for designing the
UMTS-LTE transceiver are the ITU channel A and B models for both Vehicular and
Pedestrian environments [11]. These channel models have been chosen due to the
requirements of the new LTE technology towards 4th mobile generation. The higher
demand for the robustness of the communication system at higher speeds was one
of the reasons to use these channel models for our design.
The ITU channel models are divided into two categories, Pedestrian and Vehicular.
They are further divided between Pedestrian-A at 3km/h (“PA3”), and Pedestrian-B
at 3km/h (“PB3”). Similarly, the Vehicular model is broken into 3 different models
[21]: Vehicular-A at 30km.h (“VA30”), Vehicular-A at 120km.h (“VA120”), and
Vehicular-A 350km/h. The last model with speed 350 km/h is considered in this
work, because it is expected to be added to the 3GPP specification in order to deal
with situations such as high speed trains.
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Each of these channel models has different number of delay taps which represents
the respective delay and power of each signal path. This referred to as the channel
power delay profile
These channel models are suitable for describing different propagation
environments. The ITU power delay profiles for the previous mentioned channel
models are shown below in a form of tables [21].
1

ITU Pedestrian-A (“PA3”)

Relative delay and power profiles for this channel are given in the following
table:
Relative Delay
[ns]
Relative Mean
Power [dB]

0

110

190

410

0

-9.7

-19.2

-22.8

Table 3.1 - ITU Pedestrian-A channel model
2

ITU Pedestrian-B (“PB3”)

Relative delay and power profiles for this channel is given in the following table:
Relative Delay
[ns]
Relative Mean
Power [dB]

0

200

800

1200

2300

3700

0

-0.9

-4.9

-8.0

-7.8

-23.9

Table 3.2 - ITU Pedestrian-B channel model
3

ITU Vehicular-A (“VA30”), (“VA120”), and (“VA350”)

Relative delay and power profiles for these channels is given in the following table:
Relative Delay
[ns]
Relative Mean
Power [dB]

0

310

710

1090

1730

2510

0

-1.0

-9.0

-10.0

-15.0

-20.0

Table 3.3 - ITU Vehicular-A channel models
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3.2.2 Doppler shift and delay spread
Due to the propagation of the electromagnetic waves along several different paths,
each path exhibits a different Doppler shift. The Doppler shift basically occurs due
the movement of either the transmitter or the receiver. All the frequency
components of the transmitted signal are affected by shifting in the frequency
domain. Such frequency shift is called the Doppler shift effect.
In this work we consider received signal over the ITU multi-path channel models.
The maximum Doppler shift effect can be calculated by the following equation:

cos

Eq. 3.2.2

Where fd is the Doppler shift, fc is the carrier frequency, v is the speed of the
antenna, c is the velocity of light, and α is the angle of arrival of the received signal.
However the maximum Doppler shift occurs for the signal that arrived from the
opposite direction as the direction the antenna is moving to. The maximum Doppler
frequency shift is:
max

•

Eq.3.2.3

Delay spread

Different copies of the transmitted signal received at the receiver side at different
instants due to the time difference between the first signal echo and the last one. The
maximum time difference between the first and the last observed path is called delay
spread.
If the delay spread length is less than the symbol period, the channel is considered as
a flat fading. If the delay spread length is greater than the symbol period length, the
channel is frequency selective.

‐ 22 ‐

Chapter 4
OFDM UMTS-LTE Receiver
Design Structure

4.1

Receiver Structure Motivation

An important part of our design for the UMTS-LTS transceiver is the receiver part
which is considered at the user-terminal (UT) side. Since the mobile receivers are
pretty small and have stringent power consumption constraints, the design should
meet specific requirements to assure low complexity and low costs at the same time.
The basic operation idea of the OFDM UMTS-LTE receiver side is contrarily to the
transmitter side with some additional operations. The received signal is originates
from the convolution of the multi-path channel impulse-response h(t) and the
transmitted signal s(t).
In the first step, the receiver has to remove the guard period introduced in the
transmitter part from the received signal. This operation is normally so called decyclic prefix. It is the inverse operation to the one in the transmitter side. This is
followed by the Fast Fourier Transform (FFT) operation. The role of the FFT is to
recover the modulated symbol values for all sub-carriers and to convert the
transmitted signal into the frequency-domain.
To deal with the effect of the multi-path channel, a suitable channel-estimator is
identified and implemented. Since UMTS-LTE is an OFDM based system, the
proposed Minimum Mean-Square Error (MMSE) channel-estimator in [12] has been
implemented in this design. All the received signal sub-carriers experience a complex
gain, amplitude and phase distortion, due to the multi-path fading channel. To
counteract such influence of the channel, a simple frequency-domain equalizer
(FDE), the LMMSE equalizer is employed. Afterwards, soft or hard QAM demapping schemes are employed.
According to the previous work assumptions, this system is an un-coded system;
however, the coding part has been left as a future work. Moreover, it is also assumed
as a fully synchronized OFDM transceiver system.
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The aforementioned UMTS-LTE receiver parts are discussed in more details
throughout this chapter. Figure 4.1 below shows the different parts of the UMTSLTE implemented receiver.
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To Serial
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, and
64QAM
Demap
per

FDEZero
Forcing
Equa.

MMSE
Channel
Estimation

FFT

Serial to
Parallel
Con.

Cyclic
Prefix
Extraction

Figure 4.1: Block-Diagram of the Implemented
OFDM UMTS-LTE Receiver

4.2

OFDM Demodulation

At the receiver part the received signal is obtained by the multiplication of the data
sequence by the channel frequency response and then added the white Gaussian
noise. Thus, the received signal is distorted by the AWGN and the multi-path effect.
After passing the time-domain signal through the multi-path channel, it is converted
back into the parallel symbols and the cyclic prefix is simply discarded. Basically the
received signal is the convolution of the multi-path channel impulse-response h(t)
and the transmitted signal s(t). The portion appended of the last part of every
OFDM transmitted symbol to the beginning of every OFDM transmitted symbol,
does not affect the actual transmitted data at the front portion of the every next
symbol. The extraction of the cyclic prefix removes the effect of the inter-OFDM
symbol interference (SI).
The received time-domain signal is converted back to the frequency-domain by the
Fast Fourier Transform (FFT), see Figure (4.2). This is also so called OFDM demodulation. It is one of the key elements of any OFDM system. Equation 2.2
illustrates the mathematical representation of the FFT algorithm. The FFT
demodulates all N transmitted sub-carriers of the OFDM signal. The complex
output signal does contain N different complex QAM symbols.
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Signa
l

Due to the orthogonality between OFDM sub-carriers, the demodulation of the subcarriers is carried out by multiplying it by the carrier of the same frequency and then
integrating the results. However, due to the sampling of the signals at the receiver
side, the integration becomes a process of summation. The wide availability and the
low-complexity operations of the FFT made it very popular for wide band systems.

F F T /IF F T

Figure 4.2: DFT converting from Time-domain to Frequency-domain
and Vice-versa

4.3

Channel Estimation

In this part we will present the channel estimation technique used to estimate the
realization of the multi-path channel effect. Due to the multi-path channel effect,
each sub-band is perturbated by a channel of different random phase and amplitude.
Tracking the effect of the multi-path channel is one of the challenging problems in
wideband receivers. We have considered in our design that the cyclic prefix length
used is longer than the channel impulse response in order to ensure that no inter
OFDM-symbol interference is present.
In general the multipath channel estimation can be carried out by using either
additional pilot symbols into all sub-carriers of the OFDM symbols at instant time
intervals, or by appending pilots into every transmitted OFDM symbol [17].
Moreover, pilot symbols can be either defined in the time-domain, or as a training
sequence through the frequency-domain. In the OFDM context the former are
called pilot symbols, and the latter are called pilot tones.
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We are going to use the syntax pilot tones since we are considering transmitting
pilots in the frequency-domain. These pilot tones are known to the transmitter and
the receiver part. Our channel estimation is based on the pilots that transmitted at a
certain positions in the time-frequency grid of the OFDM signal as shown in Figure
(2.5).
Pilot tones, defined in [1] and used in our design, are transmitted together with the
data symbols. Such considerations make the design of the UMTS-LTE transceiver
more robust against the fading effect of the channel.
Based on the assumptions of [1] section 7.1.1.2.2, neither all frequency carriers nor
all OFDM symbols, in the transmitter part, contain pilot tones. Therefore, we only
considered the OFDM symbols that contain pilot tones in the implementation of the
channel estimator.
There are different channel estimators which can exploit the pilot tones frequencies
to estimate the effect of the channel. Among these estimators are Least Square (LS),
Minimum Mean-Square (MMSE), and Least Mean-Square (LMS).
In [12] both Minimum Mean-Square, and Least Square (LS) channel estimators have
been presented and implemented over a multipath faded channel. However, with
UMTS-LTE transceiver design we implemented the Minimum Mean-Square
(MMSE) channel estimators, the modified one presented in [12]. The general channel
estimator structure [12] is shown in Figure (4.3).

h0

Y0

X

IDFT

Q

DFT

YN-1

hN-1

X

Figure 4.3: General channel estimator structure [12]

Once more, the modified version of the proposed MMSE channel estimator in [12]
is providing high performance than the general form. And it is also shows better
performance than the other proposed (LS). Moreover, to achieve low-complexity
and better performance to the UMTS-LTE transceiver system, the modified version
of the MMSE estimator, provided in eq. (14) in [12] has been selected for this
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XN-!

X0

OFDM transceiver design and implemented too. Figure 4.4 below shows the
modified MMSE channel estimator. Mathematical representations together with the
performance of the estimator are provided in chapter 5.

Figure 4.4: Modified MMSE estimator structure [12]

4.4

LMMSE Channel Equalization

The time-domain convolution over the multi-path channel will cause a multiplication
of the OFDM signal spectrum in the frequency-domain. That leads to the
appearance of multiplicative complex channel coefficients on each sub-carrier.
The received sub-carriers, therefore, will have a distortion on their amplitudes and
shift to their phases due to the multipath channel effect. A frequency-domain
equalizer (FDE) has been implemented to cope with the multiplicative effect
introduced by the multi-path channel. Frequency-domain equalizers are normally
much simpler than their time-domain counterparts. This will also lead to a lowcomplexity design for the receiver part.
In OFDM systems the transmitted signal is split up into many streams. After the
multipath channel, each of its sub-carriers experiences a flat fading. We will refer to
the received signal by Y(n), for sub-carrier n, H(n) is the corresponding channel
response, X(n) is the frequency-domain transmitted symbol, and N(n) is the additive
noise. Then we have:
Y (n) = X (n) * H (n) + N (n)

Eq. 4.1
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First, LMMSE channel estimation is performed on the received signal. Afterwards,
the frequency-domain equalization is performed for each sub-carrier using the
estimated channel, as described in chapter 5.

4.5

Soft and Hard De-mapping

Improving the spectral efficiency and increasing the bit-rate by using Quadrature
Amplitude Mapping (QAM) is the main purpose behind these mapping schemes and
their use in our design. The bits at the transmitter part are mapped using different
QAM mappings defined in [1]. At the receiver part, the opposite operation on the
received signal has to be done. Soft and hard de-mapping are implemented but only
the hard de-mapping is used to de-map the received signal. Since we assuming uncoded OFDM system, the soft de-mapping is left as a future work. However, the
following paragraph illustrates it. The soft de-mapping is simply computed using the
Log-likelihood ratios (LLR).

Figure 4.5: The QAM De-mapping block diagram

Figure 4.6 illustrates the QAM de-mapping on the received signal. However,
equation 4.2 describes the log-likelihood ratios (LLR) operation on the received
signal Qrec (x). Bit-by-bit probability estimation for every bit in the received signal
Qrec (x) has been measured by equation 4.2. “Z” represents the value of the
corresponding received particular bits on the received signal before the de–mapping,
see figure 4.9.

λ Q

x

log

Q

Z

Q

Z

Eq. 4.2
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The soft detection of the received QAM symbols on the receiver part is handled by
the LLR performed bit by bit processing. The range of the LLR values is [- ∞, ∞].

1

Quadrature phase-shift keying (QPSK)

For the case of QPSK, the received symbols are de-mapped to bits. The hard demapping of the complex values to bits for the QPSK is achieved using the QPSK
de-mapper function in our design. The hard de-mapper function is simply splitting
the received equalized signal into two parts. Each part is de-mapped by using the inphase and Quadrature carriers. The two output streams are then multiplexed to
reconstruct the original binary signal.

2 16-Quadrature Amplitude Modulation (16QAM)
In case of 16QAM de-mapper, the in-phase and in-quadrature components are
demodulated separately. It is also uses the two different de-mapping methods, soft
and hard de-mapping. However, for the hard de-mapping case, these two bit streams
are de-mapped by using 4 Amplitude Phase Shift Keying (4ASK) in-phase and 4ASK
Quadrature carriers. For the soft de-mapping, log-likelihood ratios are used instead.

3 64-Quadrature Amplitude Modulation (16QAM)
The same procedure mentioned before for the case of 16QAM de-mapping has been
also used and implemented with the case of 64QAM de-mapping. The difference
here is that the two bit streams are de-mapped by using 8ASK Amplitude Phase Shift
keying (8ASK) for in-phase and 8ASK for the Quadrature carriers.
The soft de-mapping done for 64QAM case with the LLR computation, same with
eq. (4.3).
With the LLR computations, the location of the bits inside every OFDM symbol
together with the other bits of the other OFDM symbols locations in the different
QAM constellation has to be taken under consideration. For both, 16QAM [3] and
64QAM [6] de-mapping, the gray coding have been used and implemented in order
to map and de-map the QAM symbols, at the transmitter and receiver part
respectively.
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Figure 4.7 and 4.8 represents the different gray-mapped symbols for the 16QAM and
64QAM. Figure 4.9 demonstrate the operation of the LLR on the 16QAM
constellation symbols.
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Figure 4.6: The implemented 16QAM Constellations
with Gray-Mapping

Figure 4.7: The implemented 64QAM Constellations
with Gray-Mapping
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Chapter 5
Matlab Simulator Implementation
And Results
5.1

Motivation and Simulator
Assumptions

UMTS-LTE transceiver design based on orthogonal division multiplexing (OFDM)
was the main goal behind this work. OFDM, due to its attractive characteristics, e.g.
robustness against inter-symbol interference (ISI) imposed by the different fading
channels, and exploitation of the available spectrum in an efficient manner, has
gained a significant attention from the mobile communication researchers around the
globe. This thesis research is mainly focused on the design of an OFDM transceiver
for the next generation of mobile communications systems, the 4th generation
Universal Mobile Telecommunication System - Long term evolution, (UMTS-LTE).
The main motivation behind this design is to prove the UMTS-LTE transmission
feasibility over 20 MHz bandwidth (BW) with the associated parameters defined in
[1, table 7.1.1-1] using a low-complexity design.
Transmission
BW
Sub-frame
duration
Sub-carrier
spacing
Sampling
frequency
FFT size
Number of
occupied
sub-carriers
Number of
OFDM symbols
per sub frame
(Short/Long CP)
CP
Short
length
(μs/sam
ples)
Long

1.25 MHz

2.5 MHz

5 MHz

10 MHz

15 MHz

20 MHz

0.5 ms
15 kHz
1.92 MHz
(1/2 × 3.84
MHz)
128

3.84 MHz

76

256

7.68 MHz
(2 × 3.84
MHz)
512

15.36 MHz
(4 × 3.84
MHz)
1024

23.04 MHz
(6 × 3.84
MHz)
1536

30.72 MHz
(8 × 3.84
MHz)
2048

151

301

601

901

1201

(4.69/72) ×
6,
(5.21/80) ×
1
(16.67/256)

(4.69/108)
× 6,
(5.21/120)
×1
(16.67/384)

(4.69/144)
× 6,
(5.21/160)
×1
(16.67/512)

7/6

(4.69/9) ×
6,
(5.21/10) ×
1*
(16.67/32)

(4.69/18) ×
6,
(5.21/20) ×
1
(16.67/64)

(4.69/36) ×
6,
(5.21/40) ×
1
(16.67/128)

Table 5.1: UMTS-LTE parameters for the Downlink Transmission
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Table 5.1 contains the basic transmission parameters and holds different
transmission bandwidths for the UMTS-LTE downlink transmission scheme.
The UMTS-LTE transceiver design was modeled using computer-based simulation.
Matlab is a powerful programming language, used to model and test the transceiver
with the selected transmission parameters. The performance of the UMTS-LTE
transceiver was evaluated under different multipath fading channel models. In
addition to that, a perfect synchronization of transmitter and receiver is assumed.
The main criterion was used to assess the performance and evaluate it, through the
achieved symbol-error-rate among the different proposed, see [1], QAM mapping
schemes and under different ITU channel propagations models, see chapter 3,
section 3.2.1. Figure 5.1 depicts the block diagram for our Matlab implementation.
This chapter explains how the UMTS-LTE transceiver is implemented in Matlab and
provides a brief description about it. For the sake of brevity, the representation by
matrices and vectors will be used to represent the different part of the transceiver.
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Figure 5.1: Full-structure for the Implemented
UMTS-LTE Transceiver
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The performance of an un-coded M-QAM OFDM system with total number of Nsc
sub-carriers is evaluated.
The Matlab simulation code was divided into some parts for efficiency, ease of
debugging and modification for the future work, adjustable to work with future
standardizations modifications in the pre-identified transmission parameters. The
main code can be found in the file lte.m, whereas load_lte_parameters.m contains all
different parameters for the whole UMTS-LTE transceiver design.

5.2

OFDM Transmitter Part

5.2.1 Source Generation
The data sets generated by the transmitter source generator are bits. Eq. 2.2 describes
these data block sets. The length of each transmitted block depends on the used
modulation pattern according to the relation below.
Nd = K * Nsc

Eq. 5.1

Where K = log2 (M)
Nd represents the total number of bits generated independently and equi-probably
using the Matlab function randint; Nsc is the total number of the sub-carriers, K is the
number of bits per symbol for each constellation, and M is the constellation size of
the M-QAM modulations. The M-QAM modulator produces Nsc complex data
symbols. However, these complex symbols are multiplexed to Nsc sub-carriers. The
produced data blocks referred as D in our simulator. The output vector dimension
depends on the modulation scheme used. The data streams generated by the random
source generator can be described by D(m) ∈ {0, 1}1xNd with randomly generated
0’s and 1’s. However, m represents the data symbol index, and Nd is the total
number of transmitted data bits.
The generated data blocks are then grouped into blocks of data. These data blocks
are then fed into the M-QAM modulator which maps them into complex symbols
with the required constellation, e.g. 2 bits/symbol for case of QPSK, 4 bits/symbol
for 16QAM, and 6 bits/symbol for 64QAM. Afterwards, each symbol is assigned to
one of the transmitted carriers.
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5.2.2 UMTS-LTE Downlink Pilot Structure
And Zero Padding
Measuring the multi-path channel quality, estimating the frequency-selective channel
for the used coherent mapping/de-mapping techniques, in addition to the initial
acquisition and cell search, are main uses for the pilot-tones as depicted in figure 2.5
[1].
Tracking the variations of the OFDM transmitted signal over the multi-path fading
channel requires to transmit pilot-symbols. After mapping the binary data blocks into
complex symbols, the insertion of the pilot-tones at certain locations in the
frequency-time lattice as shown in figure 2.5, has been implemented.
The pilot-tones insertion process in the UMTS-LTE basically involves replacing
some of the transmitted data symbols by known symbols. Note that neither all
frequency-bins in figure 2.5, nor all transmitted OFDM symbols have pilot-tones.
This information is strongly required in order to use a suitable channel estimator.
The basic pilot-tones, also called reference symbols [1], parameters extracted from
figure 2.5 is that, the pilot-tones are found only every six symbols in the frequencydomain. In addition to that, the pilot-tones are found only in OFDM symbols
number one and Nsc - 2 in the time-domain (where Nsc = 6, 7, 8, or 9) according to
table 5.1 and 7.1.1-2 in [1], respectively. Since the process of adding the pilot-tones
to the transmitted signal is in the frequency-domain for the design of the UMTSLTE transceiver, therefore, we are using the earlier one. The LTE pilot-tones are
generated randomly with the Matlab function randn.
The unused sub-carriers are padded with zeros. Using zero padding in the frequencydomain is usually to simplify the realization of the electronic transmit filters. In
contrary, the insertion of zeros in the time-domain is to avoid ISI. Figure 2.6
illustrates this extension.
The length of the transmitted signal X(N) in equation 2.2 was less than N.
Therefore, to maintain symmetry of the spectrum, see fig. 2.6, same number of zeros
have been padded to the signal with the length up to the length N in order to adapt
the length of the sequence when calculating the corresponding DFT and converting
it from frequency-domain to the time-domain.
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5.2.3

OFDM Modulator

The heart element of any OFDM system is the use of Inverse Discrete Fourier
Transform (IDFT) and DFT at the transmitter and the receiver parts respectively.
Dividing the transmitted signal spectrum into smaller streams by OFDM allows it to
be converted easily to its time-domain representation and to preserve the
orthogonality of the sub-carriers. The frequency-domain symbols are transformed
into their time-domain equivalent using IFFT as depicted in equation 2.2. The
resultant base-band signal consists of all orthogonal sub-carrier sets, but not all these
sub-carriers are used for data due to zero padding, see section 5.2.2.

• Cyclic Prefix Insertion
Before transmission of the OFDM symbol, a cyclic prefix has to be added to the
transmitted signal in order to prevent the effect of the frequency-selective channel.
For the case of the LTE two types of cyclic prefixes have been identified by the
standardization as shown in table 5.1. Every 10 ms radio frame transmitted is divided
into 20 equally sized sub-frames, each with length of 500 μs [1]. Each sub-frame it
itself comprised of 7, 6 OFDM symbols for short and long cyclic prefix respectively.
A cyclic prefix with lengths 4.7 μs, and 16.7 μs in time-domain for both short cyclic
prefix (CP) and long CP, respectively, have been implemented. The equivalent
lengths of these CP’s in the frequency-domain are 144 and 512 OFDM chips for
both short and long CP’s respectively.
Moreover, the identified [1] short cyclic prefix length is suitable for handling the
delay spread for most small-cell scenarios, while the long cyclic prefix length [1],
large cells with 120 km cell radius or less together with large time dispersion can be
handled [20, 8].
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5.3

Channel Models

5.3.1 Frequency-Selective Channel Models
The propagation of the transmitted signal in real world is subject to corruption due
to the reflections and scattering (on buildings, cars, etc.).
This results in a multi-path propagation channel. However, due to the unknown
number of the paths for the reflected signal, a fixed number of paths are normally
considered for the channel model. A variety of channel models are available in order
to simulate the signal propagation in a multi-path environment. For the GSM
systems, Typical Urban channel models are considered as a fair choice for simulating
the signals propagation under the system specifications [1]. However, for UMTS/EUTRA including LTE, the ITU channel models are used to simulate the propagation
of the waves considering the new requirements, including high speed scenarios in
order to ensure the robustness over high speeds, e.g. in fast trains.
The implemented ITU channel models the following: Pedestrian-A at 3 km/h
(“PA3”), Pedestrian-B at 3km/h (“PB3”) and Vehicular-A at 30km.h (“VA30”),
Vehicular-A at 120km.h (“VA120”) [12], in addition to Vehicular-A 350km/h as an
expected new model considered, e.g. high-train speeds. More information about the
ITU channel models power-delay profiles is provided in chapter 3, section 3.2.

5.3.2 AWGN Channel
Usually transmission over AWGN channel model is a traditional method for testing
the performance for any wireless system. However, AWGN channel models don’t
have any fading effect over the transmitted signal; instead due to its practical and
easy theoretical analysis it considered to model the existence of noise (such as
thermal noise or interference from other devices) in the real world. The AWGN
channel considered in the design of the UMTS is the same for the serial systems.
Figure 3.1 illustrates the AWGN.
The additive white Gaussian noise channel is implemented with normal distribution
with zero mean and a variance computed from the signal-to-noise ratio (SNR).
However, the SNR is computed with the additive white Gaussian noise is averaging
over all transmitted sub-carriers. The transmitted signal power is normalized to one.
The received signal can be described by the following equation:

y_out = hn + nn

Eq. 5.2
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Where hn represents the channel impulse response over the whole sub-carriers, and

nn is the additive white noise. Moreover, test evaluation to the UMTS-LTE
transceiver is carried over the AWGN with different M-QAM modulation schemes
and the results are provided in section 5.5.

5.4

OFDM Receiver Part

5.4.1 OFDM Demodulator

Before performing the OFDM demodulation on the received signal, the cyclic prefix
with both; short and long length is removed. Afterwards, the OFDM demodulation,
FFT, is performed over the received signal to retrieve the frequency-domain OFDM
data symbols Yout. The channel impulse response is assumed to be time-variant for
the duration of each OFDM symbol.
Based on these assumptions the corresponding frequency-domain transfer function
can be obtained by performing the FFT on the received channel impulse responses.
Hence, the received OFDM data symbols can be illustrated by the following formula:

Yout = Hfft + Nn

Eq. 5.3

5.4.2 Channel Estimation

The estimation of the multipath channel realizations (i.e. amplitude and phase shifts)
for the UMTS-LTE transceiver has been carried out by using a LMMSE channel.
The reference frequencies, i.e. pilot tones, placed at a certain positions in the timefrequency grid as shown in figure 2.5, are used to track the multipath channel effects.
Section 5.2.2 describes the locations of the proposed pilot-tones on the LTE
transmitted signal. A detailed description for the implemented channel estimator is
provided in the coming paragraphs.
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Let Nr denote the number of reference (or pilot) symbols per OFDM symbol. Let
Nd denote the number of data symbols per OFDM symbol. Let N denote the total
number of sub-carriers, i.e. the DFT size.
Let the scalar xr (i) denote the ith pilot symbol (in the frequency domain), i = 1...Nr.
Let tr (i) denote the index of the sub-band carrying the ith reference symbol.
Let the scalar xd (i) denote the ith data symbol (in the frequency domain), i =1...Nd.
Let td (i) denote the index of the sub-band carrying the ith data symbols.

F

Let

,

,

Eq. 5.4
,

,

denote denotethe
matrixrepresentingthe N x N matrix representing the Npoint DFT transform linear operator.
The general form of the OFDM transmission can be written as
y = XFh + n

Eq. 5.5

where y is the received signal in the time domain, X is a diagonal matrix whose
diagonal coefficients are either reference or data symbols, or zeros, h is the channel
impulse response (to be estimated), and n is white Gaussian noise. See [12] for
details.
Two remarks about the above equation:
•

•

If we know a priori that h has delay spread at most L, we can consider only
the first L columns of F since the others would be multiplied by zero. Let h′
denote the first L coefficients of h.
Since X is diagonal, we can consider only the rows corresponding to the
reference symbols, since there is no interference from the data sub-carriers.

Therefore, we define
,

,

T

Eq. 5.6
,

,

The truncated version of F where only the first L columns and the rows
corresponding to the reference symbols are kept, and Xr = diag (xr (1)... xr (Nr)) and
Xd = diag (xd (1)... xd (Nd)).
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We obtain
yr= Xr Tr h′ + n′

Eq. 5.7

Where Xr has the reference symbols on its diagonal, and n′ is the truncated version
of n, and therefore is also white Gaussian noise.
The corresponding covariance matrices are:
R

X T E hh
X T T HX

H

H

T HX
σ

H

E nn

H

I

Eq. 5.8
Eq. 5.9

And
Rh yr

E hh
T HX

H

Tr Xr H

H

Eq. 5.10
Eq. 5.11

We can compute the LMMSE estimate (in the frequency domain) of h′:
h

R

R

yr

Eq. 5.12

5.4.3 LMMSE Equalization
Once the received OFDM signal is estimated and the ISI effect of the multipath
channel is suppressed, the effect of the time-domain convolution on the transmitted
signal that cause a multiplicative complex channel coefficients in the frequency
domain on each subcarrier still needs to be eliminated. In essence, due to these
multiplicative coefficients, the symbols carried by all subcarriers are subjected to
distortion on their amplitudes in addition to phase rotation i.e. complex gain, but
without any interaction between them.
A per-subcarrier frequency-domain equalizer (FDE) was implemented in this
simulation, in the form of a linear MMSE equalizer. In the case of OFDM
modulation, the implementation of a FDE is much simpler than a time-domain
equalizer.
The simplicity of the implemented frequency-domain equalizer leads to cheap
hardware implementation because it is a low-complexity design.
Afterwards the equalized signal is then transmitted to the M-QAM demodulator
block to retrieve the binary information.
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Similarly to eq. (5.7), the transmission of the data symbols can similarly be rewritten
as:
y

X T h

n

Eq. 5.13

With Xd a diagonal matrix containing the data symbols
,

,

T

Eq. 5.14
,

,

Eq. 5.13 can again be separated into individual rows since Xd is diagonal. We have
for the ith data carrier
yd (i) = xd (i) cd (i) + n′′(i)
Where cd (i) is the ith element of

Td h

Eq. 5.15

Td h

From this we deduce the LMMSE estimate of xd (i):
Eq. 5.16

5.5

Simulation Scenarios and Results

The designed UMTS-LTE transceiver is considered operating with a bandwidth of
20MHz. The full block diagram for the implemented transceiver is shown in figure
5.1. With the transceiver structure in figure 5.1 the different parts of the system are
easily configurable and adaptable for lower bandwidths and parameters changes. The
performance of the UMTS-LTE transceiver is evaluated over different channel
models having different mobile speeds including high speeds i.e. 350 km/h for the
case of the evolution, see section 3.2.1, in addition to three different modulations
schemes, see section 2.3.
The Matlab simulator is constructed using a main programme holding all functions
that call all parts including the channel models, whereas all the parameters are located
in a different m file.
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The main simulator file called lte.m where the parameters file called lte_parameters.m.
All the parameters are loaded by the time the simulator is started.
The method used for the simulation is to set up the different required parameters
with a fixed number of OFDM frames and to select the required channel model for
the simulation once at a time.
However, the largest the number of generated frames, the more accurately
performance can be evaluated. The transceiver operates under the assumption of a
SISO link, and assuming perfect synchronization.
In order to plot the BER and SER vs. SNR for different scenarios, firstly, the bit
stream is generated randomly as an input to the simulator and then it is transmitted
through the implemented system. Afterwards, at the end of the simulator we
compute the BER and SER for all scenarios. This operation has been repeated
several times over different values of SNR.
The achieved plotted performance is compared with the theoretical performance in
order to verify the correctness of the system results. Figures 5.3, 5.5, and 5.7 show
the SER curves for all channel models used for each modulation scheme i.e. QPSK,
16QAM, and 64QAM compared with the AWGN-only (non-fading) channel model.

•

Performance using QPSK modulation
Over the estimated multipath channels

Figures 5.2 and 5.3 respectively below show the transceiver performance in terms of
bit error rate (BER) and symbol error rate (SER) versus SNR after running the
simulator using QPSK modulation scheme. The simulation has been carried over the
AWGN channel model in addition to the multipath channel models. For the case of
the AWGN channel the figure shows a good performance comparing to the
theoretical one for both SER and BER.
From figures 5.2, and 5.3 below its obvious that at lower SNR values the errors is
increased, however, as the signal to noise ratio (SNR) increased, the bit and symbol
errors are decreasing accordingly. Among of all M-ary QAM schemes, QPSK is
always has better performance in terms of SER, but each symbol carries less data
that higher-order modulations does.
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Figure 5.2: The UMTS-LTE transceiver performance in terms of Bit-error-rate
(BER) versus SNR, using QPSK modulation scheme different
Channel models

Figure 5.3: The UMTS-LTE performance in terms of Symbol error rate (SER) versus
SNR, using QPSK modulation scheme over different Channel models
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•

Using 16QAM modulation
Over the estimated multipath channels

For the case of 16QAM, comparing the performance over the AWGN channel
model (blue curve, Figure 5.4) to the other curves representing frequency selective
channels, we observe that by increasing the speed of the user terminal, a higher
signal to noise ratio is needed in order to maintain the amount of the errors having
high data rates. Figure 5.4 illustrates the performance of system in terms of different
plotted curves representing BER vs. SNR over different channel models. For higher
modulation schemes the achieved data rates are always better but the SNR required
for adequate operation is higher than for QPSK. The achieved SER performance is
shown in figure 5.5 below.

Figure 5.4: The UMTS-LTE transceiver performance in terms of Bit-error-rate
(BER) versus SNR, using 16QAM modulation scheme over different
Channel models
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Figure 5.5: The UMTS-LTE transceiver performance in terms of Symbol-error-rate
(SER) versus SNR, using 16QAM modulation scheme over different
Channel models

•

Using 64QAM modulation
Over the estimated multipath channels

Figures 5.6, and 5.7 show the BER and SER vs. SNR respectively, for the UMTSLTE transceiver performance using 64QAM modulation scheme. One realization
from the achieved plotted curves is that when using 64QAM modulation with
increasing the speed, even higher SNR is required than for 16QAM in order to
achieve a target BER. Using 64QAM will yield higher data rates.
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Figure 5.6: The UMTS-LTE transceiver performance in terms of Symbol-error-rate
(BER) versus SNR, using 64QAM modulation scheme over different
Channel models

Figure 5.7: The UMTS-LTE transceiver performance in terms of Symbol-error-rate
(SER) versus SNR, using 64QAM modulation scheme over different
Channel models
‐ 47 ‐

This page intentionally contains only this sentence.

Chapter 6

Conclusion and Future Work

The increasing demand for higher data rates and service provisioning nowadays,
required opening new doors of research, in both industry and academia, in the field
of mobile communication systems in order to meet the future requirements. The
proposed Long-term-evolution (LTE), for UMTS network, study by 3GPP towards
4th generation systems was one of the significant and important new trend toward
meeting these requirements. OFDM is shown to be an adequate modulation
technique for the future generation systems. Hence LTE based on OFDM is
expected to pave the road for higher-speed services and will be deployed by many
mobile operators in the near future.
Studying the feasibility of the promising new technology LTE by means of
simulations was the main aim behind this work. This study was involving analyzing
the new requirements addressed by this study by implementing an OFDM based
transceiver for the UMTS-LTE. It also highlights, investigated, and discussed the
different parts of the implemented transceiver chain together with implementation
results based on Matlab.
Since this work is conducted with project C10 at FTW, the other aim of this work is
to develop a platform that can be reused outside this project. The overall
performance of the implemented transceiver was given by evaluating the achieved
SER and BER with the theoretical one.
For the future, the implemented Matlab simulator is adjustable and can be easily
reconfigured for future research, for instance by considering other transmission
parameters and working on other frequency spectrums. The modifications can easily
take place inside the implemented simulator and to evaluate the performance of the
UMTS-LTE over different spectrum allocations.
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