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GREGORIO VAZQUEZ GRAU - 10

PRIOR SKILLS

Students are required to certify that they have previously followed an introductory course on communications with a similar content
as the undergraduate subject ‘Introduction to Communications’ (https://www.upc.edu/content/grau/guiadocent/pdf/ing/230018)
Basic concepts on signal and systems:

- Time domain and frequency domain analysis of deterministic and random signals and linear systems.

- Characterization of random signals (stochastic processes).

- Stationarity and Ergodicity.

- Real and complex Gaussian processes. Thermal noise.

- Power spectral density.

- Pass-band random signals. Base-band equivalent representation. In-phase and quadrature components.

Basic concepts on digital communications:

- Additive White Gaussian Noise (AWGN) channel.

- Matched filter and signal detection.

- Time and frequency domain Nyquist’s criterions.

- Band-limited pulse shaping. Nyquist’s pulses.

- Symbol and bit error probabilities in PAM modulations.

- Frequency selective channels and inter-symbol interferences.

DEGREE COMPETENCES TO WHICH THE SUBJECT CONTRIBUTES

Specific:
1. Ability to apply information theory methods, adaptive modulation and channel coding, as well as advanced techniques of digital
signal processing to communication and audiovisual systems.

Transversal:
2. EFFECTIVE USE OF INFORMATION RESOURCES: Managing the acquisition, structuring, analysis and display of data and information
in the chosen area of specialisation and critically assessing the results obtained.

3. FOREIGN LANGUAGE: Achieving a level of spoken and written proficiency in a foreign language, preferably English, that meets the
needs of the profession and the labour market.
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TEACHING METHODOLOGY

- Lectures

- Application classes

- Individual work (distance)
- Exercises

- Mid-Term Exam

- Final Exam

LEARNING OBJECTIVES OF THE SUBJECT

Learning objectives of the subject:

The objective of this course is to provide the fundamental concepts on advanced digital communications systems, including diversity
and coding techniques as methodologies to adapt the signal to the characteristics of the physical channel.

The course must habilitate students coming from heterogeneous different disciplines for being able to follow advanced studies in this
field.

In the first part of the subject, tools will be provided to understand the most sophisticated modulations based on the signal space
concept and on the MAP/ML optimal detection theory. As case of study, the most important band-pass modulations (ASK, PSK, QAM)
will be analysed when transmitted over an ideal and stationary channel with Additive White Gaussian Noise (AWGN).

In the second part of the course, the physical communication channel will be characterized in terms of the most important parameters
such as the delay spread, coherence time, Doppler spread and coherence bandwidth. In particular, temporal and spatial diversity
techniques will be presented as measures to face flat frequency fading channels.

Finally, in the third part of the subject, multi-carrier modulations will be presented, with emphasis on OFDM modulation as the most
suitable type of modulation for frequency-selective channels. Different multiple access techniques will be introduced.

Learning results of the subject:

- Ability to use and to understand a vectorial and matrix representation of signals and multidimensional modulations.

- Ability to characterize the physical channel and its influence on the design of a communications system.

- Ability to use diversity techniques and coding techniques appropriate to the physical channel.

- Ability to analyse the performance of communication systems with frequency, time and space multiplexing.

STUDY LOAD
Type Hours Percentage
Self study 86,0 68.80
Hours large group 39,0 31.20

Total learning time: 125 h

CONTENTS

1. Signal Space and Optimal Detection

Description:

1. Transmission in AWGN channels

- Signal Space

- Optimal MAP receiver

- Union Bound.

- Basic modulations (ASK, PSK, FSK, QAM).

Full-or-part-time: 45h
Theory classes: 15h
Self study : 30h
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2. Frequency Flat-Fading Channels

Description:

- Channel models. Bello’s model.

- Delay-spread and coherence-bandwidth. Doppler-spread and coherence-time.

- Rayleigh and Rice fading channels.

- Diversity concept. Case study: repetition code and the Maximum Ratio Combiner (MRC).
- Spatial Diversity: SIMO, MISO, MIMO. Diversity gain vs array gain.

- Temporal diversity: Interleaving, time-codes and maximum product distance.

- Case study: Rotational codes.

- Space-Time coding: Alamouti’s scheme.

Full-or-part-time: 57h
Theory classes: 15h
Self study : 42h

3. Frequency-Selective Channels: Orthogonal Frequency Division Multiplexing (OFDM)

Description:

- Bello's channel model and the channel matrix.

- Block transmission and SVD solution.

- OFDMA: Orthogonal Frequency Division Multiple Access.

Full-or-part-time: 23h
Theory classes: 9h
Self study : 14h

ACTIVITIES

EXERCISES

Description:
Exercises to strengthen the theoretical knowledge.

Full-or-part-time: 1h
Theory classes: 1h

EXTENDED ANSWER TEST (MID TERM EXAMINATION)

Description:
Mid term control.

Full-or-part-time: 1h
Theory classes: 1h

EXTENDED ANSWER TEST (FINAL EXAMINATION)

Description:
Final examination.

Full-or-part-time: 1h
Theory classes: 1h
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GRADING SYSTEM

Final examination: 40 %
Mid-Term examination: 60 %
Final Grade: The final grade is the maximum between the Final Exam mark and the weighted former mark.
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