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AFC ., Automatic Frequency Control

AML ..o Approximate Maximum-Likelihood
AWGN ... Additive White Gaussian Noise

BER ..o Bit Error Rate

BLUE ... Best Linear Unbiased Estimation
BPSK .o Binary Phase Shift Keying

CFO .o, Carrier Frequency Offset

CMFB ..o Cosine Modulated Filter Bank

CP oo Cyclic Prefix

CPE .. Common Phase Error

CTF o, Channel Transfer Function

CWT e Continuous Wavelet Transform

DA Data-Aided

DAB ..o Digital Audio Broadcasting

DAC ... Digital to Analog Convertor

DFT Discrete Fourier Transform

DQPSK ... Differential Quadrature Phase Shift Keying
DSL o Digital Subscriber Lines

DVB ..o Digital Video Broadcasting
DVB-RCT ..o, Terrestrial return channel of DVB
DVB-T .o Terrestrial Digital Video Broadcasting
DWMT ..o Discrete Wavelet Multi-tone

DWT o, Discrete Wavelet Transform
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ELT o, Extended Lapped Transform
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FBMC ..., Filter Bank Multi Carrier

FDM e Frequency Division Multiplexing

FEC ..o Forward Error Correction

FEQ .o, Frequency-domain Equalizer

FFT o, Fast Fourier Transform
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FMT oo Filtered Multi-tone

GSM . Global System for Mobile communications
HDSL ..., High-bit-rate Digital Subscriber Lines

HFE High Frequency

HPF High Pass Filter
Lo In-phase

ICl Inter Carrier Interference

ICWT o Inverse Continuous Wavelet Transform
IDFT o Inverse Discrete Fourier Transform
IDWPT ..o, Inverse Discrete Wavelet Packet Transform
IDWT o Inverse Discrete Wavelet Transform

IEEE ... . The Institute of Electrical and Electronics Engineers
IFFT oo Inverse Fast Fourier Transform

IST Inter Symbol Interference

LAN oo Local Area Network

LPF o, Low Pass Filter

LS Least Squares

MC Multi Carrier

MCM . Multi Carrier Modulation
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ML Maximum-Likelihood

MLS o Modified LS

MLT o Modulated Lapped Transform

MRA Multi-Resolution Analysis
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OFDM ..o, Orthogonal Frequency Division Multiplexing
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OWDM .....ooiiiiiiiiiiiienn, Orthogonal Wavelet Division Multiplexing
PAM . Pulse Amplitude Modulation
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PR Perfect Reconstruction

PSD .o Power Spectral Density

PSK o Phase Shift Keying

PSTN i Public Switch Telephone Network

Q Quadrature

QAM .. Quadrature Amplitude Modulation

OMF Quadrature Mirror Filters

QPSK Quadrature Phase Shift Keying

RE o Radio Frequency

RFT oo Radio Frequency Interference

RMSE ..o Root Mean Square Error

RRC ..o, Root Raised Cosine

SC o Single Carrier

SMFB .. i Sine Modulated Filter Bank

SNR Signal to Noise Ratio
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STO i, Symbol Time Offset

3GPP .o Third-Generation Partnership Project

TED oo Timing Error Detector

TMUX i TransMUItiplexer

UTRAN ..., Universal Terrestrial Radio Access Network
VDSL/VHDSL ............cceeae.l. Very High—speed Digital Subscriber Lines
Wi-Fi o Wireless fidelity

WIi-MAX Worldwide Interoperability for Microwave Access
WLAN Wireless Local Area Network

WPM Wavelet Packet Modulation
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Abstract :

Performance Evaluation and Improvement of Synchronization Techniques in
Wavelet-Based Multi-carrier Communication Systems

Hedyeh Aqabarar Jobjarkoli

| n the recent years, several research have been made to replace the wavelet transform and filter-bank

instead of the Fourier transform in multicarrier systems. The results of the research show the
qualitative superiority of the DWT-OFDM (OWDM) and Filter-bank Multicarrier (FBMC) systems
due to their spectral constraints.

Each multicarrier receiver must perform at least two synchronization operations because of symbol
timing and carrier frequency offset before multicarriers detection. Different synchronization errors
including symbol timing offset, carrier frequency offset and phase noise lead to the ISI, ICI,
attenuation and phase rotation of the demodulated symbols. Hence, the sensitivity to these errors is the
disadvantage of the multicarrier systems in comparison to the single carrier systems.

This thesis evaluates different synchronization algorithms for OWDM and FBMC systems over
multipath fading channels to minimize the effects of synchronization offsets. The BER performance of
different synchronization estimators are considered via computer simulations and compared with
OFDM synchronizers. It is demonstrated by the result that the carrier frequency and symbol timing
estimators for FBMC systems outperform the OFDM estimators over multipath fading channels. Also,
the synchronization algorithms for OWDM and OFDM systems perform quite similar in the presence
of phase noise over multipath fading channels.

Keywords : Synchronization, MultiCarrier Modulation, Wavelet, Filter-bank.
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