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Maximum likelihood sequence detection & the Viterbi Algorithm

When we transmit a sequence of symbols in a communication system, we usually detect them at the receiver symbol by symbol (i.e. independently). This is not always optimal and so we need to detect the sequence as a whole. This is usually done using what is called Maximum Likelihood Sequence Detection in AWGN Channels, with the aid of what is called the Viterbi Algorithm.
Alternative representation of the Q function 
Most of the probability of error results that we will get will be in terms of the Q function. Recently, a new representation of the Q function (as a definite integral) has been used and it has been shown to be very useful in evaluating the probability of error performance for various modulation schemes. You are to study this new representation and use it to evaluate the performance of some modulation system.

S. Alouini and M. Simon, ‘A Unified Approach to the Performance Analysis of Digital Communication over Generalized Fading Channels’, Proceedings of IEEE, pp. 1860-1879, 1998. 
Evaluating the Bit Error Rate of M-QAM over the AWGN Channel
As we will show in the class, it will be straightforward to evaluate the symbol error probability of QAM constellations. However, we eventually need to calculate the bit error probability. You are to calculate the bit error probability of QAM constellations. The following references could be of help: 

J. Lu; K. B. Letaief; C.-I Chuang; M. L. Liou; “M-PSK and M-QAM BER computation using signal-space concepts”, IEEE Transactions on Communications, vol. 47,  no. 2, pp. 181-184, Feb. 1999. 

D. Yoon; K. Cho; J. Lee, “Bit error probability of M-ary quadrature amplitude modulation” Vehicular Technology Conference, Sept. 2000. 
Evaluating the Bit Error Rate for M-PSK
In the class, we will also calculate the symbol error rate for M-PSK. You are to calculate the bit error rate for this modulation scheme

J.W. Craig,  “A new, simple and exact result for calculating the probability of error for two dimensional signal constellations”  IEEE MILCOM Conference 1991.
J. Lassing, Erik G Strom, Erik Agrell, and Toy Ottosson, “Computation of the exact Bit Error Rate of Coherent M-ary PSK with Gray Code Bit Mapping”, IEEE Transactions on Communications, vol.51, no.11, pp. 1758-1760, Nov. 2003.
J. Lu, K. B. Lataief, J.C-I Chuang and M.L. Liou, “M-PSK and M-QAM BER Computation Using Signal Space concepts”  IEEE Transactions on Communications, vol. 47, no. 2, pp. 181-184, Feb.1999.
Studying Polarizing Codes
Channel capacity is the ultimate rate that one can transmit at with vanishing probability of error. Researchers have been struggling to design codes that achieve capacity. In the past two years, a new class of codes called polarizing codes have been shown to achieve the symmetric capacity of arbitrary binary-input discrete memoryless channels. Your are to study these new types of codes.

Performance Analysis of Outage Models

In wireless communications, one usually employs outage models where the system performance is unacceptable whenever the signal to interference plus noise level is below a certain threshold. In this project, you are to study the bit or symbol error probability of outage models.

1. A. Annamalai, C. Tellambura, and V. K. Bhargava, .Simple and accurate methods for outage analysis in cellular mobile radio systems-a uni_ed approach,. IEEE Trans. Commun., vol. 49, pp. 303-316, Feb. 2001.

2. D. Dardari, V. Tralli, and R. Verdone, .On the capacity of slotted Aloha with Rayleigh fading: the role played by the number of interferers,. IEEE Commun. Lett., vol. 4, pp. 155-157, May 2000.

3. K. A. Hamdi, . Exact probability of error of BPSK communication links subjected to asynchronous interference in Rayleigh fading environment,. IEEE Trans. Commun., vol. 50, pp. 1577 - 1579, Oct. 2002
Bit Interleaved Coded Modulation

