	Instructor: Hüseyin Arslan

University of South Florida,

Electrical Engineering Dept.,

4202 E. Fowler Ave., ENB118, Tampa, Fl, 33620,


	Office: ENB 361

Tel: (813) 974-3940

e-mail: arslan@eng.usf.edu


Prerequisites:

Basic knowledge of Fourier transforms and linear system analysis, digital signal processing, communication systems, and wireless communication systems are desirable, but not absolutely necessary. Students without any communications background should be prepared that certain portions of the course may be difficult to follow.

DETAILED DESCRIPTION

Today’s wireless services have come a long way since the rollout of the conventional voice-centric cellular systems.  The demand for wireless access in voice and high data rate multi-media applications has been increasing. New generation wireless communication systems are aimed at accommodating this demand through better resource management and improved transmission technologies. The interest in increasing the Spectrum Access and improving the Spectrum Efficiency combined with both the introduction of Software Defined Radios and the realization of the idea that machine learning can be applied to radios has created new intriguing possibilities for wireless radio researchers.  This course targets to discuss the cognitive radio, software defined radio, and adaptive radio concepts from several aspects. The scope will include the following:

· Application of SDR in advanced communication systems 

· Challenges and issues regarding the implementation of SDR 

· Adaptive wireless communication systems

· Parameter estimation for adaptation of wireless communication systems (learning  environment and other factors)

· SDR and cognitive radio architectures

· Spectrum efficiency and soft spectrum usage
· Multi-dimensional spectrum awareness

· Applications of cognitive radio (specifically for public safety)

· Cognitive features in the upcoming wireless standards (LTE, WiMAX, etc)

· Spectrum, network, context, environment, location awareness for cognitive radio

· Blind receiver design

· Femto-cells and relation to cognitive radio

· Cognitive OFDM(A)

· UWB and Cognitive radio (underlay and overlay)

· Interference awareness
· Signal analysis, signal awareness
· Vertical hand-off and network interoperability - network awareness, multi-tier networks
· Sampling and ADC/DAC issues in CR and SDR

· Multi-rate processing, sampling rate adjustments. Auto-rate detection and adjustments
· etc
GRADING: 

Grading will be based on class participation, homework, final project, and final exam. 

Class Participation: %20 (includes student presentations)

Homework: %30 (check blackboard for homework assignments)
Final project and report: %20 (see below for the details of the projects)

Final Exam: %30
Course Hours: Monday: 6:20 to 9:05 pm

Office hours: Monday 3:00 pm to 6:00 pm
E-mail interactions: Note that there will be a discussion group created for the students of this class, and beyond the office hours, we will use e-mail system for discussing the issues, problems, papers, etc.
BOOKS & REFERENCES

We will not be using a specific text book for the course. We will create a data base (http://wcsp.eng.usf.edu/cognitive_radio_links.html ) for including the related papers and documents, and these materials will be used for the course.  The related references will be provided by the instructor. The lecture slides will be provided to the students through myUsf (blackboard).
Tentative outline of the course:

· Cognitive radio: goals, benefits, definitions, architectures, relations with other radios, issues, enabling technologies, policies, interoperability/coexistence, etc.

· Spectrum

· Licensed, unlicensed, shared unlicensed, opportunistic unlicensed

· Current spectral usage and issues

· Regulations, regulation changes

· XG (soft spectrum usage, related to spectrum only), and relations with Cognitive radio

· Spectral awareness

· Spectrum adaptation, Dynamic frequency selection, 

· Spectrum Sharing (secondary users in licensed spectrum), priority allocation

· Adaptive bandwidth control

· Policies

· Adaptation and optimization
· link adaptation
· incremental redundancy
· Jointly adaptive source and channel coding
· water pouring and adaptive scheduling
· SDR

· Hardware limitations, A/D, filters, antennas, AGC, etc.

· Processing, programmability (flexibility) vs power consumption

· Digital signal processing role in SDR, and some examples

· FPGA/DSP and mixed programming platforms

· Sensing (internal and external) and awareness

· Spectral awareness

· Power efficiency, energy/battery awareness

· Device capability awareness, RF Awareness
· Interference/noise temperature

· channel (medium, radio channel)

· Time of day, day of week, ...

· Location (in 3D), Geolocation 

· End-user environment

· User profile, User needs and preferences
· User contents

· Radio Environment

· Network Environment

· etc

· Cross-layer optimization (adaptation)

· PHY, MAC, Network, source/channel joint coding, joint routing and link adaptation, routing/power adaptation, Efficiency measures and metrics, network and system aspects, etc.

· Radiation Pattern Control, Directional Antennas, smart antennas, MIMO

· Power control

· Current cellular cognitive features 

· Hand-off

· Channel allocation, cellular network design

· Link adaptation, incremental redundancy

· Interference avoidance, detection, and cancellation

· Power control

· Femto cells and relation to cognitive radio
· 2.5G/3G/4G cognitive features (case study WIMAX & LTE) 

· Multi-carrier system adaptation (OFDM(A) adaptive features)
· Adaptive CP, adaptive number of carriers, sub-band adaptive modulation, pre-compensation, adaptive PAPR reduction, link adaptation, etc.
· Collaboration and cooperation in wireless devices, networks, and systems
· Interference awareness
· Multi-dimensional channel variation and dispersion - relation with adaptive radio
· Applications of CR into public safety and  other applications of CR
· Vertical hand-off and network interoperability - network awareness, multi-tier networks
· Biologically inspired cognitive features (like Bats, Ants, human being, etc)
· Blind receiver design for cognitive radio (blind modulation identification, blind synchronization)
· Signal analysis, signal awareness
· 802.22, IEEE 802.11y, IEEE 802.16h,  IEEE SCC 41

· Voice, sound recognition, use of advanced voice techniques for CR
· Location awareness in cognitive radio
· Environment awareness in cognitive radio

· Role of cognitive radio for communication in irregular and harsh environments

· Spectrum fragmentation. Whole or dispersed spectrum usage? advantages and disadvantages. Suitable technology? etc. 
· UWB and Cognitive radio (underlay and overlay)

· Application of CR and cognitive networks to harsh communication  channels like underwater acoustic and powerline communication channels

· Context awareness and user awareness in CR

· Sampling, ADC issues in CR 

· Multi-rate processing, sampling rate adjustments. Auto-rate detection and adjustments
· Wireless MAC, hidden node & exposed node, CSMA/CD, relations for cognitive radio

Note: In the event of an emergency, it may be necessary for USF to suspend normal operations.  During this time, USF may opt to continue delivery of instruction through methods that include but are not limited to: Blackboard, Elluminate, Skype, and email messaging and/or an alternate schedule. It’s the responsibility of the student to monitor Blackboard site for each class for course specific communication, and the main USF, College, and department websites, emails, and MoBull messages for important general information. 
Information regarding to course projects:
Each student should pick a project which is independent from others.  A one page project proposal is due on September 14th. The project proposal should include a fairly detailed description of what you plan to do (i.e. a clear description of the specific problem you plan to investigate) and how you plan to do it (i.e. a description of your approach and the expected results). Do not propose to do something that cannot be completed within the semester. Your proposal should also list 2-3 relevant references. 

In-class presentations of the projects and final project report are required.   The final report should follow one of the formatting styles in IEEE Transactions/Journal/Magazine/Letters. The report should demonstrate in-depth understanding of the topic addressed and present key technical considerations in the issues involved. It must include an abstract describing your main work;  An introduction describing the problem being addressed;  In-depth technical descriptions including problem modeling and solutions, systems design considerations and trade offs, application range, and current implementation status quo and future work;  Final summary; Reference citations.

Some suggested project topics:

1. CR for public safety 
2. Collaboration and cooperation in wireless devices, networks, and systems (Collaborative radio resource, spectrum, power management, resource optimization)

3. Cognitive features in the upcoming standards (like 802.16m, LTE advanced, 802.11n, adaptive frequency hopping in Bluetooth) and in the 3G (2.5G) standards

4. 802.22 detailed study and simulation

5. Study of the  IEEE 802.11y, IEEE 802.16h, IEEE 802.22, IEEE SCC 41 standard ad relations

6. Voice, sound recognition, use of advanced voice techniques for CR

7. Detailed study of WiMAX, LTE, and LTE-advanced

8. Vertical hand-off and network interoperability - network awareness, multi-tier networks

9. Context awareness and user awareness in CR

10. FM transmitters for mp3 players, improvement of these with CR, extension to TV bands, extensions to ISM bands. Wireless lab project extension

11. Adaptive and intelligent scheduling techniques in OFDMA and CR

12. MIMO and beamforming for cognitive radio

13. Cross-layer design issues in CR

14. Anti-jamming and security issues in CR

15. MAC, routing and transport protocols for cognitive radio  networks 

16. Synchronization and channel estimation for cognitive radio 

17. Military cognitive radio and network 

18. Spectrum sensing, signal detection, cooperative detection 

19. Cognitive access and interference management strategies 

20. Location-aided optimization of communication networks 

21. Interference management, avoidance and alignment 

22. Cooperative and coordinated multiuser communications 

23. CR-enabled communications in vehicular and transportation environments. CR enhanced Vehicle-to-Vehicle (V2V) and Vehicle-to-Infrastructure (V2I) communications,- Vehicle-to-Vehicle (V2V) and Vehicle-to-Infrastructure (V2I) 

24. Biological-inspired networking for CR

25. Profiles of user applications, elements, learning user preferences

