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[1]	  F.	  Rusek	  and	  J.	  B.	  Anderson,	  “The	  two	  dimensional	  Mazo	  limit,”	  in	  Proc.	  IEEE	  InternaRonal	  Symp.	  Inform.	  Theory,	  Sept.	  2005	  
[2]	  G.	  Colavolpe,	  T.	  Foggi,	  A.	  Modenini,	  and	  A.	  Piemontese,	  “Faster-‐than-‐Nyquist	  and	  beyond:	  how	  to	  improve	  spectral	  efficiency	  by	  
accepRng	  interference,”	  OSA	  Opt.	  Express,	  vol.	  19,	  pp.	  26600-‐26609,	  December	  2011.	  
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Channel	  	  
with	  memory	  

X	   y	  

InformaRon	  rate:	  I	  (x,y)	  
SE=	  I	  (x,y)/FT	  

FT 

I 

1/FT 

SE 

Here we want to work! 

SE 

F=	  frequency	  spacing	  
T=Rme	  spacing	  (symbol	  Rme)	  
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›  At	  the	  Tx	  the	  carriers	  are	  LDPC	  encoded,	  narrow	  filtered	  and	  
ultra-‐densely	  spaced	  in	  frequency	  

›  At	  the	  Rx,	  a	  convenRonal	  coherent	  front	  end	  is	  followed	  by	  an	  

equalizer,	  a	  trellis	  BCJR	  decoder	  and	  a	  LDPC	  decoder	  

›  BCJR	  and	  LDPC	  blocks	  iteraRvely	  exchange	  informaRon	  unRl	  

the	  correct	  bit	  sequence	  is	  detected	  

›  A	  light	  outer	  FEC	  can	  easily	  compensate	  for	  LDPC	  error	  floors	  

convenRonal	  orthogonal	  QPSK	  transmission	   Rme	  packed	  non-‐orthogonal	  signaling	  

8	  
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40	  Gbaud	  
data	  

IQ	  
modulator	  

link	  

coherent	  
receiver	  

A/D	   DSP	  
LPF	  
LPF	   LPF	  

LPF	  
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• 	  Set	  the	  desired	  input	  constellaRon	  (e.g.,	  QPSK)	  and	  detector	  complexity	  

• Find	  the	  opRmum	  Rme	  and	  frequency	  spacing	  which	  provides	  the	  
maximum	  achievable	  SE	  

• Select	  	  a	  proper	  code	  to	  	  approach	  as	  close	  as	  desired	  the	  achievable	  SE	  	  
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[3]	  arXiv:1411.6892	  

Experimental	  setup	  

Experimental	  back-‐to-‐back	  
performances	  of	  the	  TFP	  system	  :	  
BER	  40	  GBd	  DP-‐QPSK	  

Experimental	  back-‐to-‐back	  
performances	  of	  the	  TFP	  system	  :	  
Achieved	  SE	  with	  40	  GBd,	  35	  GBd	  
and	  30	  GBd	  DPQPSK	  

Experimentally	  achieved	  	  
SE	  	  vs	  reached	  distance	  
with	  40	  GBd,	  35	  GBd	  and	  
30	  GBd	  DPQPSK	  
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developed	  by	  CNIT,	  Scuola	  Superiore	  Sant’Anna,	  and	  Ericsson	  [3-‐4]	  

•  Long	  reach	  combined	  with	  high	  spectral	  efficiency	  

•  Highly	  modular	  architecture	  enabling	  energy	  efficient	  aggregaRon	  of	  parallel	  data	  flows	  
–  More	  spectral	  efficient	  and	  simpler	  than	  OFDM	  (no	  phase	  synch,	  less	  overhead,	  simple	  ADC)	  	  

•  Ultra	  Long	  Haul	  
–  >	  5000	  km	  demonstrated	  in	  lab	  with	  SMF,	  not	  achievable	  with	  16QAM	  

•  SW	  adaptable	  line	  rate	  for	  easy	  traffic	  planning	  and	  protecRon	  
–  62%	  distance	  increase	  (5200	  km)	  possible	  with	  15%	  reduced	  line	  rate	  –	  demonstrated	  in	  lab	  

[3]	  L.	  Poo,	  G.	  Meloni,	  G.	  Berrepni,	  F.	  Fresi,	  M.	  Secondini,	  T.	  Foggi,	  G.	  Colavolpe,	  E.	  ForesReri,	  A.	  D’Errico,	  F.	  Cavaliere,	  R.	  Sabella,	  G.	  PraR,	  “CasRng	  1	  Tb/s	  DP-‐
QPSK	  CommunicaRon	  into	  200	  GHz	  Bandwidth”,	  ECOC	  2012,	  June	  2012,	  Amsterdam.	  
[4]	  G.	  Colavolpe,	  T.	  Foggi,	  A.	  Modenini,	  and	  A.	  Piemontese,	  “Faster-‐than-‐Nyquist	  and	  beyond:	  how	  to	  improve	  spectral	  efficiency	  by	  accepRng	  interference,”	  
OSA	  Opt.	  Express,	  vol.	  19,	  pp.	  26600-‐26609,	  December	  2011.	  
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› No	  penalty	  up	  to	  170	  ps	  addiRonal	  DGD	  
› 5%	  SE	  drop	  with	  200	  ps	  
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•  Three	  adjacent	  channels	  
–  P/ch=	  1dBm	  
–  OSNR=	  14.6	  dB	  

–  BW/ch=18	  GHz	  
–  SE=	  4.7	  
–  total	  BW=	  60	  GHz	  
–  code	  rate=	  2/3	  
–  rate=	  35	  GBaud	  
–  informaRon	  rate=	  	  280	  Gb/s	  
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•  Time-‐Frequency-‐Packing	  has	  been	  introduced	  	  
•  1Tbit/s	  field	  trial	  transmission	  over	  995	  km	  

•  sub-‐channel	  SE	  between	  6	  and	  6.5	  have	  been	  measured	  for	  all	  8	  
channels	  

•  a	  total	  minimum	  informaRon	  rate	  of	  1.0084	  Tb/s	  within	  194.3	  GHz	  
have	  been	  transmiqed	  

•  nonlinear	  propagaRon	  effects	  have	  been	  minimized	  

•  PMD	  tolerance	  up	  to	  170	  ps	  verified	  

•  compaNbility	  with	  exisRng	  40	  and	  100	  Gb/s	  channel	  confirmed	  
•  long	  term	  stability	  evaluated	  within	  12	  hours	  

•  loopback	  measures	  (1990km)	  single	  sub-‐channel	  and	  three	  
interfering	  sub-‐channels	  SE=	  4.7,	  informaRon	  rate=280	  Gb/s	  over	  
18GHz	  
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Field	  trial	  Milano-‐Finkenstein	  loop	  back	  ~	  643x2	  km	  starNng	  half	  of	  January	  	  
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• 	  Spectra	  of	  NWDM	  and	  TFP	  over	  link	  with	  8×100	  Gb/s	  commercial	  
Coriant	  QPSK	  	  	  

InformaRonrate	  =	  40Gbaud	  *	  2quadratures	  *	  2Pol	  *	  8	  carriers/(1+OH)	  ≈	  1.28	  Tb/s	  
OH	  =	  28%	  taking	  into	  account	  FEC,	  pilot,	  framer	  synchronizaRon	  
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TFP	  (QPSK,	  40	  Gbaud,	  8	  subcarriers)	  

Measure	  on	  the	  central	  
sub-‐channel	  out	  of	  

three	  

NWDN	  (16QAM,	  32	  Gbaud,	  5	  subcarriers)	  
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TFP: 8 sub-channels (28% OH) 
NWDM: 5 sub-channels (28% OH) 

TFP:	  performance	  in	  Spectral	  efficiency	  as	  
funcRon	  of	  distance	  and	  spectral	  occupancy	  

TFP	  (QPSK,	  40	  Gbaud,	  8	  subcarriers)	  

BW = 200 GHz, 
SE = 5 bit/s/Hz 

BW = 187.5 GHz,  
SE	  =	  5	  bit/s/Hz 
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•  Experiment	  carried	  out	  at	  Munich	  at	  CORIANT	  labs.	  	  
•  NWDM	  based	  PM-‐16QAM	  and	  PM-‐QPSK	  transmission	  with	  Coriant	  

TX	  and	  CNIT	  /	  Ericsson	  coherent	  RX	  
•  ObjecRve:	  demonstrate	  a	  first	  level	  of	  transmission	  interoperability	  

at	  pre-‐FEC	  (BER	  <	  BERTH	  )	  with	  BERTH	  =	  3.4×10-‐2	  

S-‐BVT	  TX	  
Coriant	  

S-‐BVT	  RX	  
CNIT/Ericsson	  

•  Successfully	  demonstrated	  in	  b2b	  and	  over	  link,	  although	  we	  
some	  lost	  in	  performance	  

Coriant	  
system	  
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TX	  Coriant	  32GBaud	  PM-‐16-‐QAM	  over	  Coriant	  system,	  received	  by	  CNIT	  /	  
Ericsson	  RX	  
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1	  Tb/s	  	  
Bandwidth	  	  

[GHz]	  
#	  slots	  	  

(12.5	  GHz)	  
distance	  	  
[km]	  

200	   16	   2000	  

187.5	   15	   1800	  

175	   14	   1500	  

162.5	   13	   800	  

150	   12	   ?	  

100	   8	   ??	  

single-‐user	  receiver	  

mulR-‐user	  receiver	  




