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Course Description

This course deals with the fundamental and practical aspects in the analysis and design of cellular mobile radio and satellite communications systems. Topics include cellular system design, frequency reuse and channel assignment, radio propagation characteristics including path loss, fading and multipath. Signal design principles including spectrum-efficient modulation technique and spread spectrum are presented in detail. Transceiver architectures including multiple access, acquisition and synchronization, equalization and diversity techniques are also presented.  Link budget analysis will be used throughout the course. The course will also present a thorough survey of standards for wireless systems such as AMPS, IS-95, GSM and 3G systems. 

Prerequisite by Topic

Students taking this course should have senior or graduate standing in electrical engineering.  Specifically students should be familiar with Probability, Random Variables and Random Processes (ECE650) and Digital Communications (ECE561). Homeworks and projects that require familiarity with simulation tools such as MATLAB, System View or C/C++ are assigned.  

Text & References

Required Texts:

· Introduction to Wireless Systems, by P. Shankar, John Wiley, 2002

· Satellite Communications, 2nd edition, T. Pratt, John Wiley, 2002 

References:

· Wireless Communications, 2nd edition, T. Rappaport, Prentice Hall, 2002

· Satellite Communications Systems Engineering, W. Pritchard, Prentice Hall 


Course Objectives – 

After completing this course the students should be able to:

1. Describe the fundamental features and basic building blocks of mobile radio and satellite communications systems

2. Identify and model propagation characteristics of cellular radio and satellite channels including free space path loss, short and long term fading, flat and selective frequency fading, Doppler spread, coherence bandwidth, ISI, fade margins, etc…  

3. Perform link budget analysis including the calculation of the received signal and noise powers, detailed apportionment of transmission and reception resources, identifying noise sources, signal amplifiers and attenuators, interference sources, etc… Through the link budget analysis, the student should be able to understand several aspects in system design and performance measures such as BER, Eb/No, SNR, etc.. and perform trade-off analysis. 


4. Understand the fundamentals of cellular system design including the cell concept, frequency reuse, cell splitting and Sectorization, channel allocation and handoff strategies. Using trunking theory (Erlang B & C models), students will be able to evaluate cell capacity, GoS, cell coverage and conduct trade-off analysis.   

5. Simulate and evaluate different hand-off strategies

6. Simulate the co-channel interference, CCI, for different deployment environment such as urban, suburban and rural.

7. Analize the performance of several spectrum-efficient modulation techniques used in cellular mobile systems such as GMSK, (/4-QPSK and power-efficient modulation techniques such as QPSK, OQPSK and QAM.   

8. Understand the advantages of using spread spectrum techniques including Direct Sequence and Frequency Hopping in mitigating interference and multi-path conditions

9. Identify different techniques used in the design of the transmitter and receiver in mobile and satellite communications systems. Examples include channel coding (block and convolution), diversity (time, frequency and space), bit and carrier synchronization (coherent, partial coherent, non-coherent), equalization and rake receivers 

10. Understand and compare different multiple access technologies including FDMA, TDMA and CDMA along with some random access technologies. Evaluate system capacity based on the above techniques. 

11. Model satellite up/down/cross links and identify the required on-board processing. Both linear and non-linear transponder models will be developed including front-end analysis.  

12. Identify and compare different standards for cellular mobile radio systems including AMPS, IS-95 and GSM along with proposed 3rd generation systems

13. Identify and compare different satellite constellations including LEO, MEO and GEO systems and conduct performance/cost trade-off analysis of such systems. 

Topics Covered/Course Outline

1. Introduction to cellular mobile and satellite communications systems.

2. Modeling of radio propagation channels including path-loss models, Lognormal shadowing, fading and multipath. Link budget analysis including antenna fundamentals, radiation intensity, system parameters, gain, noise sources, noise figures, fade margin, ISI, etc…

3. Principles of cellular system design including cell structure, frequency reuse, channel allocation, cell Sectorization and splitting, power control and handoff strategies. Trunking theory, GoS, blocking, cell/system capacity and coverage area 

4. Modulation techniques for mobile radio and satellite communications systems including GMSK, (/4-QPSK, QAM and OFDM. Performance comparison using BER/SER

5. Spread spectrum technology including DSSS and FHSS

6. Multiple access technologies including FDMA, TDMA and CDMA

7. Transceiver processing including channel encoding and decoding (block and convolution), diversity (selection, maximum-ratio combining, equal-gain combining), equalization (linear, maximum-likelihood and decision-feedback) and carrier/clock synchronization (PLL, Costas loops, early-late loops, etc…)

8. Basic properties of satellite communications, modulation formats, satellite links (link budget, channel effects, frequency bands, etc..). Transponder models, including linear and non-linear, front-end processing. Performance tradeoffs

9. Survey of standards for wireless mobile systems such as AMPS, IS-95, GSM and 3rd generation systems. Comparison and evaluation

10. Survey of satellite constellations including LEO, MEO, GEO and mobile satellite systems. Trade-off comparisons.  

Relationship to Program Outcomes

This supports the  achievement of the following outcomes:

a)    Ability to apply knowledge of advanced principles to the analysis of electrical and

        computer engineering problems.

b)    Ability to apply knowledge of advanced techniques to the design of electrical and 

        computer engineering systems.

c)    Ability to apply the appropriate industry practices, emerging technologies, state-of-

        the-art design techniques, software tools, and research methods of solving electrical

        and computer engineering problems.

d)    Ability to use the appropriate state-of-the-art engineering references and resources, 

        including IEEE research journals and industry publications, needed to find the best 

        solutions to electrical and computer engineering problems.

e)    Ability to communicate clearly and use the appropriate medium, including written,

        oral, and electronic communication methods.

f)     Ability to maintain life-long learning and continue to be motivated to learn new

        subject.

g)    Ability to learn new subjects that are required to solve problems in industry without 

Being dependent on a classroom environment.

h)    Ability to be competitive in the engineering job market or be admitted to an

        excellent Ph.D. program.
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