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PREFACE

The Orthogonal Frequency-Division Multiplexing (OFDM) digital
transmission technique has several advantages in broadcast and mobile
communications applications. Therefore, the German Research Foundation
(DFG) funded a so-called priority program “Techniques, Algorithms, and
Concepts for Future OFDM Systems” (TakeOFDM), which started in 2004.
The main objective of this research program is to study the specific research
topics in a collaborative work between experts and young scientists from
different universities. In broadcast applications like Digital Audio Broadcast
(DAB), Digital Video broadcast (DVB-T), Digital Radio Mondiale (DRM), and
single-cell WLAN systems, the OFDM transmission technique is already
mature and operational for several years. However, in wireless and wireline
communications there is still need for further research and optimization. The
OFDM transmission technique has gained a lot of attention in research, and
it has proven to be a suitable choice in the design of digital transmission
concepts for mobile applications, such as the Long Term Evolution (LTE)
standard, which is the system proposal for the fourth generation (4G) of
mobile communication systems. The OFDM transmission method, specific
medium access techniques, cellular networks with full coverage, and multiple
antenna systems have been playing an important and ever-growing role in
the 4G development. This book summarizes the main results and gives an
overview of the combined research efforts which have been undertaken in the
past years for the development of the communication systems.

25 K. Riyazuddin
25 Bepar Abdul Rahim
&5 Fahimuddin Shaik






CONTENTS

Page. No
CHAPTER 1: INTRODUCTION .....coiimiermsmssmsnssmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssnsss 1
1.1 THE IMPORTANCE OF MOBILE COMMUNICATION SYSTEMS......cccceemmmmmmmmnnnnnnnnnnnnnnnnneneenenennnnnnnnes 1
1.2 FUNDAMENTALS OF LONG TERM EVOLUTION (LTE) ....eeerriiurreriisneenssssuensssesssssssnesssssanessssssnesnns 3
1.3 PROBLEM IDENTIFICATION ....ccceeuueeeueiennnnnnninniniiiininnneeeeeeeeaassssssssssssssmemmsmsmsssssssssssssssssssssssssssssnns 3
1.4 L0 - 1 1 Y 4
CHAPTER 2: HISTORY OF OFDM AND LTE....coioirimnmsmsssssssssmsssssssssssssssssssssssssssssssssssssssnsss 5
2.1 BACKGROUND OF OFDM ......cccuuuuuuuuuununnnniiinieeeeeennesmsmeemsssssssmissiemsmsssssssssssssssssssssssssssmessssssssss 5
2.2 L L 10 3 0 T I I N 6
2.3 EVOLUTION OF MOBILE CELLULAR NETWORKS .....coittetuuiiiiiiinmnniiiiiiiiiniennnniiiniiieenieeeeeeees 7
23.1 OGWIRELESS TECHNOLOGY ..ottt e e e 7
2.3.2 1G ANALOG CELLULAR NETWORKS.....cettiiiitiieteee ettt 7
233 2G: THE SECOND GENERATION DIGITAL NETWORKS.....cooiiiiiiiiiiiieeeeeeee e 8
2350 275 = EDGE .oeiiiiiiitit ittt 8
2.3.6 3G: HIGH SPEED IP DATA NETWORKS ...ooiiiiiiiiiiiiiiiiiciiiic e 8
2.3.7 4G: GROWTH OF MOBILE BROADBAND......ccccuttiiiiiieiiiiiccirtic et 9
CHAPTER 3: CONCEPTS OF OFDM AND LTE.....snsssmsssssssssssssssssssssssssssssanas 11
3.1 INTRODUCTION ....cceeeeeeeeinnnnnnnniinniiitttttaseseeeeaaassssssssssssssimssmssmsssssssssssssssssssssssssssssssssssssssssssssnss 11
3.1.1 OVERVIEW OF OFDM ....ctiiiiiiiiiiiiiiiiiiiiccciec et 12
3.1.2 ADVANTAGES & DISADVANTAGES .....coiiiiiiieiieeeiee ettt 12
3.1.3 CONCEPT OF ORTHOGONALITY L.oittiiiiiiiiiiiiieiiieceniicceeie e e 13
3.14 OFDM MODULATION AND DEMODULATION......cuvtiiiiiiiiiiiiieiirec e 14
3.1.5 CYCLIC PREFIX CONCEPT ...ttt ettt ettt st e e naee e e e 17
3.1.6 CONCEPT OF BER OF OFDIM ...ceiiiiiiiiiietiee ettt 19
3.1.7 OFDM SIGNAL GENERATION ...cotiiiiiiiiieetee ettt 20
3.1.8 OFDM BLOCK DIAGRAM ...ttt ettt e s e e e 21
3.2 MULTIPLE ACCESS SCHEMES USED IN OFDM ........ccccuuuuuumnnnnnnnnnnnnnnnneennnneenennnnnnnsssssssssssmmesssssssses 22
3.3 LONG TERM EVOLUTION ....ccceuuuuuuunnnnnnninniieiieeessessesssessssssssssssssmemsssssssssssssssssssssssssssssssssssssss 24
331 INTRODUCTION .oeiiiiiiiiiiiiiiiis ittt s 24
3.3.2 LTE-ADVANTAGES ...ooiiiiiiiiii ittt s abe e 25
3.3.3 LTE DISADVANTAGES ....oiiiiiiiiiiiiiiiiciti e 26
334 CHARACTERISTICS OF LTE..ciiitiiiiiiiiiiiiiieinitie ettt srae e e 26
335 TYPES OF LTE FRAME STRUCTURES ....c.ovutuirireineeseiseieese e sssessenes 28
CHAPTER 4: CONCEPTS OF ADAPTIVE MODULATION ....ccocusmnemsmsmmsmssssmssssesssssssssnsassens 31
4.1 INTRODUCTION ....ccceueeeeenunnnnninniininiiinnitnnneeneeeaaessasssssssssssimsmsmmssssssssssssssssssssssssssssssssssssssssssssssssss 31
4.1.1 QUADRATURE AMPLITUDE MODULATION ...ciiiiiiiiiiiiiiiiiiicircc e 31
4.2 CONCEPT OF CONSTELLATION DIAGRAM........cccitiiiiiiiiiiiiiiiniiiniiiinsmssmesmmeeees 35
4.3 M-PSK AND M-QAM ...ccoummmuunnnnnnnnnniiiieieteesesssssessssssssssssssssimetssssssssssssssssssssssssssssssesssssssssssses 36
4.4 QAM RECEIVER ....uutiiiiiiiiiiiiiiiiiiiiiniisisiiniisssnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 37



CHAPTER 5: CONCLUSION AND FUTURE SCOPE ... 37

REFERENCES ...
APPENDICES: SIMULATION RESULTS AND ANALYSIS



