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Plan

0 Scarce radio spectrum ressources?
e Improving spectral efficiency with faster-than-Nyquist (FTN)
e Reaching the gap between complexity and performance

e Towards practical implementations
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Scarce radio spectrum ressources?

a Scarce radio spectrum ressources?
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Challenges in wireless communications

High level trade-off in digital communications

@ Transmitted power

@ Error probability Pe
@ Bitrate R,

@ Bandwidth B

@ Decoding complexity
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Challenges in wireless communications

High level trade-off in digital communications

@ Transmitted power

@ Error probability Pe

@ Bit rate Rb _ Ry _ logoM
e Bandwidth B B B
@ Decoding complexity

How to increase spectral efficiency at constant bandwidth?
@ Increase of constellation size M 1 — | dsym — 1 Pe

@ Decrease of symbol spacing Ts | — introduction of interference
that can be modeled and removed with a more complex receiver.
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Modelling interference

%ELT—»# )

n(t) (AWGN)

400
s()= > xIklg(t—KTs), x[k]€A, |Al=M (1)
k=—o00
Noiseless discrete equivalent channel
@ h[l]=(g+3g"UTs), 1€]0,...,L—1]

Interference characterization [3]
o lf %S < B, the system can achieve h[l] = 6o, (Nyquist)
o If L > B, inevitably h{] # do; (Mazo) [2]
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Improving spectral efficiency with faster-than-Nyquist (FTN)
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Improving spectral efficiency with faster-than-Nyquist (FTN)

Faster-than-Nyquist system

Introduction of non-linear processing: turbo equalization
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Figure: Block diagram of the faster-than-Nyquist system [4]
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Improving spectral efficiency with faster-than-Nyquist (FTN)

Turbo equalizer structure

Turbo equalization [5]: iterative exchange [1] between two blocks

@ Equalizer: two approaches considering h[f], /€ {0,...,L—1}

@ Minimum Mean Square Error (MMSE) (complexity in O(ML))
e Maximum a Posteriori (MAP) (complexity in O(M"))

@ Decoder: we use LDPC codes from DVB-S2 standard
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Figure: Turbo equalizer
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Reaching the gap between complexity and performance
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Performance and complexity

Contribution

@ Evaluation of MAP performance with short-length channel
response models (truncated channels)

@ Comparison between truncated (length ') MAP equalization and
(length L) MMSE equalization
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Performance and complexity

Contribution

@ Evaluation of MAP performance with short-length channel
response models (truncated channels)

@ Comparison between truncated (length ') MAP equalization and
(length L) MMSE equalization

Can MAP outperform MMSE while keeping reasonable complexity?
Consider a truncated channel of length L’ < L such that

L1

ST AmIE <8, Belo]. @)

m=0
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FTN MMSE-LDPC performance
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Figure: FTN MMSE-LDPC performance with L =9, T‘B =14
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FTN MAP-LDPC performance
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Figure: FTN MAP-LDPC performance with T:B =14
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Towards practical implementations

° Towards practical implementations
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Summary

What do we achieve with faster-than-Nyquist?

@ Spectral efficiency gain in wireless communications systems;

@ Truncated MAP can outperform MMSE while keeping reasonable
complexity (provided 2 < M < 4).
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Summary

What do we achieve with faster-than-Nyquist?

@ Spectral efficiency gain in wireless communications systems;

@ Truncated MAP can outperform MMSE while keeping reasonable
complexity (provided 2 < M < 4).

What are the main challenges?

@ Trade-off between complexity and performance;
© Real-time implementation: study on synchronization needed.
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Summary

Thank you for your attention

Do you have any questions?

Albert Abell6 (Eutelsat and ISAE-SUPAERO) Faster-than-Nyquist



References |

Joachim Hagenauer.

The EXIT chart - introduction to extrinsic information transfer in iterative processing.
In Proc. 12th Europ. Signal Proc. Conf (EUSIPCO, pages 1541-1548, 2004.

E. Mazo.

Faster-than-Nyquist signaling.
Bell. Syst. Tech. Journal, 54:1451-1462, Oct. 1975.

H. Nyquist.

Certain topics in telegraph transmission theory.
American Institute of Electrical Engineers, Transactions of the, 47(2):617-644, 1928.

N. Pham, J.B. Anderson, F. Rusek, J.M. Freixe, and A. Bonnaud.

Exploring faster-than-Nyquist for satellite direct broadcasting.

AIAA International Communications Satellite Systems Conference, pages 16—26, 2013.
M. Tichler and A.C. Singer.

Turbo equalization: An overview.
Information Theory, IEEE Transactions on, 57(2):920-952, 2011.

Albert Abell6 (Eutelsat and ISAE-SUPAERO) Faster-than-Nyquist



	Scarce radio spectrum ressources?
	Improving spectral efficiency with faster-than-Nyquist (FTN)
	Reaching the gap between complexity and performance
	Towards practical implementations

