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What is faster than Nyquist/

More bits per second per Hertz, 1.e., higher spectral efficiency
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Why fast (-er than Nyquist)/

Running up against the Shannon Limit
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Why fast (-er than Nyquist)/

Global IP traffic in PB per month
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Why fast (-er than Nyquist)/
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Why fast (-er than Nyquist)/
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Figure 2: Backhaul capacity requirements per base station for
operators at two different stages of maohile broadband evolution
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Faster-than-Nyquist transmission for
wireless and optical fibre communication
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Nyquist Signalling

s(t) = %: aln]h(t —nT)

AWGN, matched filter |
r(t) = aln|g(t —nT) +w(t) -

L

Sampling Nyquist pulse .

r[n] = a[n] 4+ w(n] S
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Nyquist Signalling
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Observation: rate Is
iIndependent of pulse shape
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*complex baseband signal
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Not Nyquist Signalling

Achievable rate™
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H(HP/T  —
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*complex baseband signal

a place of mind | Electrical and

THE UNIVERSITY OF BRITISH COLUMBIA ecCe | Computer
- Engineering




Faster-than-Nyquist Signalling

s(t) =) alnlh(t —ntT) 0<7<1

n

Rate Increases by a factor 7

. 2
Power Is scaled: P — :_%
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raster-than-Nyc

uist Capacity

1/(27T) P 00 L 2
Crrn = f  logy |1+ 1 X H (f+75)| | df
—1/(27T) f=—00
T=1/WT *
> Oy T
T=1/WT " CrrN
— C % 7 ={0.7,0.8,0.9, 1}_
£ _
Observation:
capacity increases

with decreasing t
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raster-than-Nyc

1/(27T)

uist Capacity

o
P k|2
Crrn = f  logy |1+ 1 X H (f+75)| | df
—1/(27T) k=—o0
T=1/W'T r
> CN T 1
T=1/WT ” C
— C Q r=1{0.7,0.8,0.9,1}
= CN
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Observation:
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with decreasing t
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-aster-than-Nyquist Distance
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Tur Feuu Sveren Tecnvican Joornsan
Vel 54, Neo 8 fetnber 1ViS
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Faster-Than-Nyquist Signaling

By J. E. MAZQ
(Manuscript received March 27, 1975)

The degradation suffered when pulses satisfying the Nyguist crilerion
arc wsecd o transnil binary dala tn notse al supraconveniiona! ratcs is
studied. Optemum nrocessing of the reéceived wavefornis 18 assumed, and

t/T —
Observation: loss In eye opening ...
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-aster-than-Nyquist Distance
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raster-than-Nyquist Mazo Limit

8

Since dmin does not o I8PAM/6;1QAM
change, spectral q | :
efficiency Increases T :?T-' )
for fixed Ex/No ™ °l HAM/160AM dl: - =
N st o 8-~ t
beyond Mazo limit, = e
trade-off between w4 o7
spectral and power = | o, 4OAM 5
efficiency < G
T % 2 dB
—>

SNR = E,/Ny —

*absolute numbers need to be verified
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Faster-than-Nyquist transmission for
wireless and optical fibre communication

. Concept of FITIN

I Pragmatic approaches

Ill. Two case studies: some numerical results
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Faster-than-Nyquist [S|
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-aster-than-Nyaquist Equalization
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-aster-than-Nyaquist Equalization

Method Pro Con

. complexity polynomial in constellation

bl performance optimal size and exponential in L
RSSE close to optimal performance

B ool i il with reduced complexity

relatively high complexity

DFE complexity independent of
constellation size and about

Linear linear in L

performance 10ss

FDE reduce complexity further

through filtering via FFT possibly use of cyclic prefix

Relaxed complexity independent of block based and complexity
combinatorial constellation size and polynomial in block size,
optimization polynomial in L requires random trials
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Faster-than-Nyquist Coding

s ~

FEC ( FIN
encoder transmission
\_ Y, \_ ) v
4 ™
Channel

soft output g )
a ) ~ ™
FEC FTN .
| decoder kequahz:monj

Turbo equalization
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~aster-than-Nyquist Prequalization

: Transmitter :
Dataln | FEC I | QAM |2 FTN r DAC RRC Pulse shape | S |
Encoder Interleaver : “| Mapper ”| Pre-equalizer h(t) : ‘
I tT-Sampling -IE AWGN
| ! X |
Data Out 4 ;<
<« FEC De-interleaver |l Soft 1 3 WE <— Rx Ma‘iched Filter < l
Decoder | |Demapper F(z) h*(=t) I
[ Receiver [

Tomlison-Harashima Precoding

Linear Precoding

© M. Jana, A. Mehdra, L. Lampe, J. Mitra "Pre-equalized Faster-than-Nyquist Transmission," |[EEE
Transactions on Communications, vol. 65, no. 10, pp. 4406-44 18, October 2017,
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-aster-than-Nyaquist Equalization

Method Pro Con

complexity polynomial in constellation

MLSE ' . o
performance optimal size and exponential in L
RSSE close to optimal performance elativelv hiah comolexit
M-algorithm with reduced complexity yhig Prexity
DFE Complexﬁy mqlependent of berformance loss
constellation size and about
Linear inear in L
reduce complexity further . . .
FDE L .
through filtering via FFT possibly use of cyclic prefix
Relaxed complexity independent of block based and complexity
combinatorial constellation size and polynomial in block size,
optimization polynomial in L requires random trials
Precoding low complexity, high application tQ limited FTN
performance acceleration range
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Faster-than-Nyquist Complications

No excess bandwidth for timing synchronization
S\l e g P2 Varying signal amplitude complicates carrier-phase
estimation

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

Channel

estimation

Peak-to-average

power ratio Generally increases
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Faster-than-Nyquist transmission for
wireless and optical fibre communication

. Concept of FITIN

I Pragmatic approaches

Ill. Two case studies: some numerical results
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QPSK, roll-off 0.3, optical comms setting, fixed baud rate
7=0.85

—B— Nyquist (7 = 1)
—©—THP FTN

—HB— THP FTN demapper
—&-- MAP, 10 iterations E

BER —

8 8.5 9 9.5 10 10.5 11 11.5 12 12.5 13

OSNR —
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QPSK, roll-off 0.3, optical comms setting, fixed baud rate
7=0.80

BER —
=

|

‘ f —&— Nyquist (7 = 1) -

105 —©—THP FTN .
; —B—THP FTN demapper :

—{>-- MAP, 10 iterations

—k— Linear pre-filtering

10-6 | | | | | |
8 9 10 11 12 13 14 15

OSNR —
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Microwave Communication

H-Antenna
o
FEC QAM | %1 RRC Pulse shape S o |
—> Interl | DAC |— ® 9
Encoder -)| nterieaver = Mapper p(t) > E  Z
q TN o < % V-Antenna
FEC QAM 2 ulse shape| | 2 ?
> DAC > < e
~”|Encoder 4)|Interleaver ) Mapper p(t) g 2
I Rx DSP !
TT-Sampling| I
De-interleaver
Rx Matched Filter| \Z/\ : n :> QAM | n —>
.= p*(—t) U ~ Demapper
S = 11 |5 & o0 ool FEC Decoder
= 2 WL EPl= Ei
§ § TT-Sampling | §:8 * R § cm*e s |,
2 & —— LIS 2 JEEP] &l
& pfRx Ma:fc ed k1 terﬂﬂ_l_) N OAM De-interleaver
p (_t) Uy AN l} > I —>
l I [Demapper
i | FEC Decoder
l I
o e e e e e e - - I

M. Jana, L. Lampe, |. Mitra "Dual-polarized Faster-than-Nyquist Transmission Using Higher-order
Modulation Schemes,” [EEE SPAWC 2018.
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Dual-polarized FTN transmission over microwave channel
with phase noise, roll-off 0.4, =0.80

—— Nyq (t=1), w/o PN
—A— Nyq (t=1), IPNT
—7— Nyq (t=1), CPNT
| -O-FTN, w/o PN

| A= FTN, IPNT

< FTN, CPNT

oL fﬁﬁﬁﬁﬁfﬁfEZﬁﬁi‘.fﬁfﬁfﬁZfﬁf]fCF’ﬁNﬁTZZVﬁSl'fﬁiﬁNTﬁfﬁﬁffﬁfﬁﬁffff

° oy oy L 82081

L iﬁﬁiﬁﬁﬁiﬁﬁf!fﬁﬁ_l:fﬁfﬁffﬁﬁiﬁﬁiﬁfﬁﬁiﬁﬁfﬁiiﬁﬁfﬁiﬁﬁfﬁﬁiﬁﬁiﬁﬁfﬁﬁiﬁﬁfﬁfﬁﬁfﬁfﬁ
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M. Jana, L. Lampe, |. Mitra "Dual-polarized Faster-than-Nyquist Transmission Using Higher-order
Modulation Schemes,” [EEE SPAWC 2018.
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Dual-polarized FTN transmission over microwave channel
with phase noise, spectral efficiency (SE)

12 . . . . .
= Shannon bound, w/o PN and XPI | [3 - 04
+ Nyquist (t = 1) | B

¢{ DFE-FTN p=0.3 |
107 O LPE-FTN o '
p=0 ‘ ‘

=8 |

8 | |

N 256Qp=0.3,t=08 |

2 | | 0 w *

86  p=0257=08N\ S sioq |
256Q /' | 256Q p=0.25 1024Q
=025 K  B=04 | B =04

| / | 1=0.8 | |
256Q | |
p=04 |
52 24 26 28 30 32 33
SNR in dB

M. Jana, L. Lampe, |. Mitra "Dual-polarized Faster-than-Nyquist Transmission Using Higher-order
Modulation Schemes,” [EEE SPAWC 2018.
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-aster-than-Nyquist Extension

2D (time-frequency packing) Application domain

) @
X XX & X0 X & Faster- Than-Nyquist Signal Design for

Multiuser Multicell Indoor Visible Light

X X X X X X X Communications, IEEE Photonics Journal,
@ @ @ B @ 2016

X X X X X X X
Faster- Than-Nyquist Precoded CAP

R X®x & XxXO® x & Modulation Visible Light Communication
cA fI System Based on Nonlinear Weighted

Look- | |

XX XX g htpm e

@ B @ @ @ '
Polar coding for faster-than-Nyquist

Tl signaling, IEEE/CIC International
Conference on Communications In
a good number of works ... China (ICCC), 2017

a place of mind | Electrical and
THE UNIVERSITY OF BRITISH COLUMBIA e€Ce | Computer

- Engineering




raster-than-Nyquist [ransmission

Alternative/complement to

Makes use of excess bandwidth to transmit data

mproves rate in non-(modulation-interference) limited systems

arger constellation sizes

Requires equalization, changes to synchronization, channel

estimation etc

transmission
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