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Faster-than-Nyquist transmission for 
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What is faster than Nyquist?What is faster than Nyquist?

More bits per second per Hertz, i.e., higher spectral efficiency



Why fast (-er than Nyquist)?
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Why fast (-er than Nyquist)?

Cisco Visual Networking Index: 
Forecast and Methodology, 2016–2021
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CAGR 24%
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Why fast (-er than Nyquist)?

VNI Mobile Forecast Highlights, 2016-2021 IEEE Signal Processing Magazine, 2014



Why fast (-er than Nyquist)?

© Ericsson, “Microwave towards 2020,” White paper, September 2015 

. © Huawei, “From today to tomorrow,” White paper, February 2016.



Faster-than-Nyquist transmission for 
wireless and optical fibre communication

I. Concept of FTN

II. Pragmatic approaches

III. Two case studies: some numerical results



Nyquist Signalling 

s(t) =
P
n
a[n]h(t� nT )
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Sampling Nyquist pulse



Achievable rate*: 

*complex baseband signal

CN =

1
T log2
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Observation: rate is
independent of pulse shape

Nyquist Signalling 



Achievable rate*: 
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s(t) =
P
n
a[n]h(t� n⌧T ) 0 < ⌧  1

Rate increases by a factor ⌧

P = �2
a

⌧T
Power is scaled:

Faster-than-Nyquist Signalling 
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Faster-than-Nyquist Capacity 
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t/T �!

… but minimum distance retained 
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Faster-than-Nyquist ISI 
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Faster-than-Nyquist Equalization 
a[n]

r[n]

E.g. binary 
transmission, L=3

g1 g2 gL�1 gL



Faster-than-Nyquist Equalization 
Method Pro Con

MLSE performance optimal complexity polynomial in constellation 
size and exponential in L

RSSE
M-algorithm

close to optimal performance 
with reduced complexity relatively high complexity

DFE complexity independent of 
constellation size and about 

linear in L

performance loss 

Linear

FDE reduce complexity further 
through filtering via FFT possibly use of cyclic prefix

Relaxed 
combinatorial 
optimization

complexity independent of 
constellation size and 

polynomial in L

block based and complexity 
polynomial in block size, 

requires random trials



Faster-than-Nyquist Coding 

FEC 
encoder

FTN
transmission

FTN
equalization

FEC 
decoder

Turbo equalization

Channel
soft output



Faster-than-Nyquist Prequalization LD
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Faster-than-Nyquist Equalization 
Method Pro Con

MLSE performance optimal complexity polynomial in constellation 
size and exponential in L

RSSE
M-algorithm

close to optimal performance 
with reduced complexity relatively high complexity

DFE complexity independent of 
constellation size and about 

linear in L

performance loss 
Linear

FDE reduce complexity further 
through filtering via FFT possibly use of cyclic prefix

Relaxed 
combinatorial 
optimization

complexity independent of 
constellation size and 

polynomial in L

block based and complexity 
polynomial in block size, 

requires random trials

Precoding low complexity, high 
performance

application to limited FTN 
acceleration range



Faster-than-Nyquist Complications 

Synchronization
No excess bandwidth for timing synchronization 

Varying signal amplitude complicates carrier-phase 
estimation

Channel 
estimation

Effective constellation changes due to FTN signalling 
is a challenge for pilot-based and blind channel 

estimation

Peak-to-average 
power ratio Generally increases
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Optical Fibre Communication
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Microwave Communication
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Modulation Schemes,” IEEE SPAWC 2018.
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Dual-polarized FTN transmission over microwave channel 
with phase noise, spectral efficiency (SE)
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Faster-than-Nyquist Extension
2D (time-frequency packing)

𝜏T

𝜍𝛥f

a good number of works …

Faster-Than-Nyquist Signal Design for 
Multiuser Multicell Indoor Visible Light 
Communications, IEEE Photonics Journal, 
2016

Faster-Than-Nyquist Precoded CAP 
Modulation Visible Light Communication 
System Based on Nonlinear Weighted 
Look-Up Table Predistortion, IEEE 
Photonics Journal, 2018

Polar coding for faster-than-Nyquist 
signaling, IEEE/CIC International 
Conference on Communications in 
China (ICCC), 2017

Application domain



Makes use of excess bandwidth to transmit data
Improves rate in non-(modulation-interference) limited systems
Alternative/complement to larger constellation sizes

Requires equalization, changes to synchronization, channel 
estimation etc
Pre-filtering is akin to pulse-shaping and partial-response 
transmission

Faster-than-Nyquist Transmission


