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The work presented by Mr. Jiři BLUMENSTEIN in his PHD dissertation has been completed at 
the department of Radio Electronics of the Faculty of Electrical Engineering and Communication, 
Brno University of Technology. 

1. Aim and topicality of the thesis 

The dissertation is devoted to the analysis, improvement, simulation, and performance 
evaluation of a wireless access scheme named VSF-OFCDM (Variable spreading factor - 
Orthogonal Code Frequency division Multiplex) originally proposed by NTT-DoCoMo in 2002. 
The VSF-OFCDM approach combines OFDM and CDMA, achieving two dimensional signal 
spreading, in order to improve throughput and error rate performance of wireless systems with 
mobile fading channels. The work of Mr. Blumenstein is applied to the downlink part of LTE, one 
of the newest and more advanced wireless broadband technologies. This is an important and up-to-
date topic studied by many laboratories and institutions all over the world. Mr. Blumenstein 
participates to the international projects in this area.  

2. Detailed comments and remarks 

The doctoral dissertation (76 pages long) is written in English. It is structured in 2 parts. The 
first one is dedicated to the state of the art and the second one to Mr. Blumenstein’s own work.  

The first part contains 3 mains chapters: chapters 2, 3 and 4.  

Chapter 2 is a short introduction to the main characteristics of mobile wireless channels: multi-paths 
and Doppler effect and to the resulting interferences ISI (inter symbol interference) and ICI (inter 
carrier interference). It also presents one feature of transmitted signals, the PAPR (Peak to Average 
Power Ratio), that influences greatly the efficiency and linearity of transmitters. I have 2 remarks 
on this chapter. Firstly, the acronym PAPR means “Peak to Average Power Ratio” not “Peak to 
Power Ratio” as written in the document. Secondly, the explanation given (pages 18/19 and 
repeated pages 42/43) for the origin of large PAPR for OFDM signals is not correct.It speaks of the 
IFFT of a rectangular pulse and of sinc function with peak in the time domain. But for OFDM, the 
sinc function is in the frequency domain and the large PAPR in the time domain is due to the 
summation of several random signals (different sub-carriers) leading to a quasi-gaussian baseband 
complex signal with a Rayleigh amplitude resulting in high PAPR. 

 Chapter 3 briefly presents the principles of OFDM and CDMA. Chapter 4 is a quick description of 
the physical layer of 3GPP LTE standard.  



 

This first part is very synthetic. It would have been interesting to complete it with a presentation and 
a comparison of the different methods of association of OFDM and CDMA that have been proposed 
in the literature, e.g. MC-CDMA, MC-DS-CDMA… 

The second part of the thesis starts with chapter 5 that details the aims of the thesis. 

Chapter 6 is devoted to VSF-OFCDMA. 

It gives the principle of the technique of two dimensional spreading in time and frequency that 
allows diversity in time and frequency. It explains the transmitter and receiver signal processing. 
The general ideas are clearly presented but some explanations are sometimes not enough detailed 
and therefore difficult to read. Also, the acronyms should be defined when they are first used. 

Then Mr. Blumenstein presents his own work on 2D spreading based systems: channel estimation, 
PAPR minimization, analysis of the influence of power amplifier non-linearities, implementation 
using USRP (Universal Software Radio Peripheral) boards form Ettus Research company. He has 
proposed a code based channel estimation technique and compared it with a pilot aided approach 
adapted to 2D spreading based systems. This original and intersting work has led to 1 publication in 
an international journal. He has studied interleaving methods for PAPR minimization and analyzed 
the separate effects of time and frequency spreading. This pertinent work has also led to 1 
publication in an international journal. He has analyzed the effect of power amplifer (PA) non-
linearity on VSF-OFCDM using a Saleh’s model for the PA. But this analysis is too superficial: e.g. 
in figure 6.c the amplitude takes negative values while it represents the positive magnitude of 
signals, in figure 6.a and 6.b it can be seen that the PA has been simulated at a non-realistic 
operating point with a too small output backoff given the signal PAPR.  

The different proposals presented in chapter 6 have been analyzed using a Matlab/Simulink 
simulator developped by Mr. J. Blumenstein. This simulator is another contributions of the thesis. 
Furthermore, a hardware testbench has been realized with USRP board interfaced to the simulator. 
It would have been interesting to explain why the spectrum shown in figure 6.19 are so narrow-
band. 

Chapter 7 presents Mr. Blumenstein’s work on an LTE link level simulator and on the application 
of VSF-OFCDMA to LTE donwnlink. Mr. Blumenstein has cooperated with the institute of 
telecommunications of the Vienna University of Technology to the realization of an LTE link level 
simulator. He has developped the uplink link level simulation and he has integrated the VSF-
OFCDM approach in the simulator. Using this simulator, he has evaluated the interest of VSF-
OFCDMA for LTE donwlink communications for different models of channels and compared it 
with standard LTE donwlink. he has shown that VSF-OFCDMA is superior to the standard LTE 
OFDMA downlink approach with a throughput improvement comprized between a few percent to 
25% depending on the channel without requiring extra bandwidth. This significant contribution on  
on two dimensional signal spreading in UMTS LTE has been accepted for publication in an 
international journal. This chapter is synthetic and well written. 

3. Conclusion 

The doctoral dissertation is well structured and well written even if the state of the art could 
have been more developped. It contains small number of typing errors, mistakes and inaccuracies 
but they do not lower the quality of the document. 

The presented work is very good. It includes original theoretical contributions with experimental 
validation by simulation as well as the development of a simulator and of a real time test-bench. 



 

The thesis work has led to 3 publications in international journals (2 already published and 1 
accepted for publication), 6 communications in international conferences and a simulator for VSF-
OFCDM. 

Mr. Blumenstein has demonstrated that he masters scientific methods and current techniques of 
digital communications and signal processing. 

The doctoral dissertation fulfills the conditions of an independent creative scientific research 
and contains original results published by the author at an appropriate level in international journals 
and conferences. In my opinion, the thesis clearly meets the standard generally required for the 
awarding of the doctoral degree. Therefore, I recommend the submitted doctoral dissertation for 
defence. 
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