Signal-Space Coding for the Collision Channel:

Collision Resistant Modulation

G. Caire, E. Leonardi, E. Viterbo Dipartimento di Elettronica, Politecnico di Torino, Italy

name@polito.it

In this talk we propose a new class of signal-space codes combined with time-frequency hopping for wireless mobile communication. These schemes are designed to operate over a Multiple Access Channel with slotted random access protocols, where transmission is impaired by collisions, fading and additive noise. Examples of construction of such signal sets are provided and numerical results, based on closed-form error probability analysis show that our schemes achieve a significant reduction of the information loss probability with respect to standard modulation formats. Unlike standard forward error correcting codes, our schemes do not reduce the spectral efficiency of transmission.

Keywords: Signal-space codes, multiple-access channels, slotted ALOHA, wireless communications.

References

[1] J. L. Massey and P. Mathys, “The Collision Channel Without Feedback,” IEEE Trans. on Information Theory, pp. 192–206, vol. 31, no. 2, March 1985.

[2] J. C. Arnbak and W. van Blitterswijk, “Capacity of Slotted ALOHA in Rayleigh-Fading Channels,” IEEE J. on Selected Areas in Communications, pp. 261–269, vol. SAC-5, no. 2, Feb. 1987.

[3] I. M. I. Habbab, M. Kavehrad, and C. W. Sundberg, “ALOHA with Capture Over Slow and Fast Fading Radio Channels with Coding and Diversity,” IEEE J. on Selected Areas in Communications, pp. 79–88, vol. SAC-7, no. 1, Jan. 1989.

[4] S. W. Kim, “Coding, Processing Gain, and Modulation in Frequency-Hopped Multiple Access Communications: Tradeoff Considerations,” Proceedings of the 1994 IEEE International Symposium on Information Theory, p. 223, Trondheim, Norway, June 27 – July 1, 1994.

[5] R. M. Alrumaih and P. Mathys, “The ALOHA Multiple Access System with Coding,” Proceedings of the 1994 IEEE International Symposium on Information Theory, p. 291, Trondheim, Norway, June 27 – July 1, 1994.

[6] S. Laufer and J. Snyders, “Short Coding for the Collision Channel Without Feedback,” Proceedings of the 1994 IEEE International Symposium on Information Theory, p. 292, Trondheim, Norway, June 27 – July 1, 1994.

[7] R. M. Alrumaih, “(L, K) CDMA/ALOHA Multiple Access System,” Proceedings of the 1997 IEEE International Symposium on Information Theory, p. 53, Ulm, Germany, June 29 – July 4, 1997.

[8] L. Wilhelmsson and K. S. Zigangirov, “Analysys of Frequency-Hopped Spread-Spectrum Multiple- Access with M -ary FSK over Rayleigh Fading Channel,” Proceedings of the 1997 IEEE International Symposium on Information Theory, p. 236, Ulm, Germany, June 29 – July 4, 1997.

[9] D. M. Arnold, C. Schlegel and L. C. Perez, “Iterative Multiuser Detection of a Multiple Access FSK System,” Proceedings of the 1997 IEEE International Symposium on Information Theory, p. 319, Ulm, Germany, June 29 – July 4, 1997.

[10] J. Boutros, E. Viterbo, C. Rastello, and J.

C. Belfiore, “Good lattice constellations for both Rayleigh fading and Gaussian channel,” IEEE Trans. on Information Theory, pp. 502–518, vol. 42, no. 2, March 1996.

[11] J. Boutros and E. Viterbo, “Rotated multidimensional constellations for Rayleigh fading channels,” 1996 IEEE Information Theory Workshop, Haifa, Israel, June 9-13, 1996.

[12] J. Boutros and E. Viterbo, “Signal Space Diversity: a new power and bandwidth efficient diversity technique for the fading channel,” submitted to IEEE Transactions on Information Theory, April 1996.

[13] G. Taricco and E. Viterbo, “Performance of High Diversity Multidimensional Constellations,” IEEE International Symposium on Information Theory, Ulm, Germany, 29th June – 4th July 1997.

[14] E. Biglieri, S. Benedetto, and V. Castellani, Digital Transmission Theory, Prentice-Hall Inc., 1987.

[15] T. Rappaport, Wireless Communications. Englewood Cliffs, NJ: Prentice-Hall, 1996.