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Abstract—We propose a PON solution to reach 32 Gbps over a 

traditional high loss downstream splitter-based optical 
distribution network (ODN) without using multiple wavelengths 
at the OLT side nor massive digital signal processing at the ONU 
side. The achieved 32 Gbps capacity is not too far from the 40 
Gbps given by a 4-wavelengths TWDM-PON but completely 
avoids the handling of multiple wavelengths thanks to a higher 
electrical spectral efficiency and some system optimization.  
 

Index Terms— Passive Optical Network, FDMA, NG-PON2. 

I. INTRODUCTION 
HE next generation standard for PONs is currently under 
ratification by ITU-T under Recommendations G.989.x 

[1], usually indicated as NG-PON2. In order to reach its initial 
target of delivering 40 Gbps downstream (DS), G.989 will be 
based on four wavelengths DS transmission (called TWDM-
PON or Time and Wavelength Division Multiplexed PON), 
where each wavelength will carry 10 Gbps with the same 
characteristics as the previous XG-PON standard [2]. TWDM-
PON will introduce a “revolution” in PONs, since it will 
require, for the first time, the handling of several dense WDM 
(DWDM) lasers (the grid will likely be the usual 100 GHz 
ITU-T grid). These lasers (and the related optical filters) must 
have a few GHz accuracy, while all lasers used in PONs so far 
had a very large spectral tolerance masks of the order of 
several nanometers. The future TWDM-PON lasers will thus 
have basically the same technical requirements as long-haul 
100 GHz grid lasers in terms of wavelength accuracy, but their 
cost (in terms of both CAPEX and OPEX) should be much 
smaller to be successfully used in the ultra-low cost PON 
market. As clearly pointed out in [3], this is for the moment a 
tremendous engineering task, for which the technological 
solution is not yet available, since the CAPEX should be 
reduced by at least one order of magnitude compared to 
DWDM long-haul lasers [3]. The ITU-T rationale towards 
using WDM in PONs was strictly connected to the key 
decision of sticking with the traditional binary On-Off Keying 
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(OOK) modulation with direct-detection, for which it is today 
well known that the 10 Gbps is a sort of “natural barrier” if the 
system has to work up to 20-40 km of uncompensated SMF 
(another must in ITU-T PONs), due to the joint effects of 
chromatic dispersion and electrical bandwidth limitations of 
low cost optoelectronic transceivers. In these systems, the 
available electrical-to-electrical 6 dB bandwidth is hardly 
above 7-8 GHz, so that sticking with OOK it is really difficult 
to go above 10 Gbps, also considering the high Optical 
Distribution Network (ODN) loss requirements, such as the 31 
dB or more specified for the highest ITU-T PON classes [2]. 
In this work we had achieved a solution that largely beat this 
“10 Gbps per wavelength” barrier using a frequency division 
multiple access (FDMA) approach considered inside the EU 
project FABULOUS [4] and the Italian project ROAD-NGN, 
whose architecture is described in detail in [5],[6].  
In particular, this paper shows the transmission of 32 Gbps 
over a PON DS link with the following characteristics: 
• single wavelength transmission: this is the key point of 

the proposal in this paper. Our benchmark is the TWDM-
PON capacity: we show a capacity that are not too far (32 
Gbps vs. 40 Gbps) but using only one wavelength in DS; 

• available electrical-to-electrical 6 dB bandwidth of less 
than 7 GHz (using standard optoelectronic components 
that are currently used for 10 Gbps OOK); 

• ITU-T ODN compliant up to very high ODN loss (34dB); 
• multiplexing based on FDMA, where each electrical 

subcarrier is 16-QAM modulated and dedicated to an 
Optical Network Unit (ONU); 

• digital signal processing (DSP) is required for both  the 
OLT and the ONU, to handle the proposed transmission 
format but, as clearly shown in [6] and in [7], the ONU 
requires to detect only a sub-band of the received signal, 
so that the required ONU DSP (and the related analog-to-
digital ADC) can run below 1 Gsample/s. Interestingly, 
the ONU DSP is identical to the one required in the area 
of the “Wireless USB”, whose chipsets, using the UWB 
technology, are extremely cheap and thus completely 
compliant with the ONU costs [7]. For what concerns the 
OLT side, a detailed comparisons of FDMA  and TWDM 
in terms of the techno-economics pros and cons is very 
complex, and is currently under study. 

The novelty of our papers can be summarized as follows: 
• compared to previous works inside the same project, such 

as [6], we found ways to greatly improve the maximum 

Single-Wavelength Downstream FDMA-PON at 
32 Gbps and 34 dB ODN Loss  

S. Straullu, J. Chang, R. Cigliutti Member, IEEE, V. Ferrero, A. Nespola, A. Vinci,  S. Abrate 
Member, IEEE and R. Gaudino Senior Member, IEEE 

T



> 
 

• 

Th
sy
in 
th

In
ca
an
 
A.

A

Th
de
ca
co
16
we
all
1.
co
oc
Th
of
su
ele
(in
m
wa
Se
cli
in 
th
ch
am
am
(M
its
lin
va
de

REPLACE TH

achievable 
34 dB in th
compared t
PON, we 
pros of bei
requiremen
splitter-bas
reasonable 

he paper is or
ystem setup an
 Sect. III we 
at were imple

II. 
n this Section w
arried out usin
n installed met

 Experimenta

Fig. 1 Experimen
Meter, EDFA: E

Attenuator, APD: 

he experiment
eliver 1 Gbps 
apacity of 32 
omb was gene
6-QAM modu
e considered 
l the data sequ
1 Gbps and th

osine (SRRC) 
ccupied electr
he 32 subcarri
f 302.5 MHz
ubcarriers wit
ectrical signa
ncluding an u

most spurious 
as then power
ect. III. The 
ipped applyin
 [8]. As show
e Tektronix 70

haracterized by
mplitude resol
mplified befor
MZM) RF inp
s electro-opti
nearity of the m
alues were jo
escribed in [8]

HIS LINE WI

ODN loss (fr
his paper); 
to the many o
believe our d
ing compliant

nts (such as 
ed, high OD
complexity an

rganized as fol
nd present the
describe in de
mented to reac

EXPERIMENTA

we present th
ng commercial
tropolitan fibe

l Setup 

ntal setup (ABC: 
Erbium-Doped Fi
Avalanche Photo

tal setup is sh
per user to 3
Gbps. To thi

erated in a DS
ulated with a 1
a 10% overhe
uences were g

hen they were 
filter with a 1

rical bandwdt
iers were mult
, accounting
thout any e

al resulted to 
unused band a
back reflectio
r equalized (in
resulting FD

ng the optimum
wn in Fig. 1, th
0001A Arbitra
y a sampling 
ution. The gen

re to be fed in
ut. The MZM
ic characteris
modulator tran

ointly optimiz
]. As a result, 

ITH YOUR PA

rom less than 

other existing
downstream a
t with the ge
having simil

DN loss comp
nd thus potent
llows: in Sect

e main experim
etails all the s
ch these result

AL SETUP AND R

e off-line proc
l optoelectron

er testbed. 

Automatic Bias C
iber Amplifier, VO
o-Diode, RTO: Re

hown in Fig. 1
32 different u
is end, a 32 e
SP. Each elect
1 Gbps net da
ead for signal
generated with
shaped with a

10% roll-off f
th of 302.5 M
tiplexed with 

g for the sp
extra guard-b

have a band
around DC o
ons are fallin
n DSP), for r
MA signal a
m clipping fac
he resulting s
ary Waveform
rate of 50 GS
nerated electr
nto the Mach-

M was biased a
stic, to obta
nsfer function
zed, according
the maximum

APER IDENT

28 dB in [6]

g works on FD
architecture h
eneral ITU-T 
lar capacity, 
patible) and a
tial cost. 
t. II we descri
mental results
system optimi
ts. 

RESULTS 
cessing experi

nic component

Controller, PM: P
OA: Variable Opt
eal Time Oscillos

1: our target w
sers, for a tot
electrical subc
trical subcarrie
ata rate, over 
ling and FEC
h a gross bit r
a square-root-r
factor, giving 

MHz per subc
a frequency sp
pectral roll-o
band. The F
dwidth of 9.8

of 120 MHz, 
ng). Each sub
reasons explai
amplitude was
ctor (CdB) des
ignal was loa

m Generator (A
Sample/s and 
rical signal wa
-Zehnder mod
at the 3 dB po
ain the max

n. The Vin,max an
g to the proc

m amplitude us

TIFICATION N

 up to 

DMA-
has the 

recent 
being 

a very 

ibe the 
. Then 
ization 

iments 
ts over 

 
Power 
tical 

scope). 

was to 
tal DS 
carrier 
er was 
which 
. Thus 
rate of 
raised-
a total 

carrier. 
pacing 
off of 
FDMA 
8 GHz  
where 
carrier 
ned in 
s then 
scribed 
aded in 
AWG), 

10-bit 
as then 
dulator 
oint of 
ximum 
nd CdB 
cedure 
sed for 

the 
(i.e.
The
and
Sec
EDF
atten
the 
with
testb
the
spli
aval
0.7
GH
resu
drop
sign
com
dete
gain
rang
osci
pap
is p
chip
proc
sign
sam
blin
pha
and 
syst
 
B. E

Afte
freq
wer
pow
with
EVM
Fig.

Fig. 

P
FI

B
E

R
 [d

B
m

]

NUMBER (D

electrical sign
. approximatel
e TX continuo
d without dith

t. III. The M
FA to +17 dB
nuator (VOA)
range from +

h 37 km of ins
bed in Turin, 
ODN loss be
tter. The dir
lanche photo
A/W, an aval
z and an inp

ulting end-to-
pping over the
nal (see Fig. 7
mb was introd
ected electrica
n amplifier to
ge. In our exp
illoscope (RT
er [7] that a lo
possible, eve
psets. In our
cessed with 
nal was first 

mpled to 2 sam
nd equalization
se estimator. F

d Bit Error R
tem performan

Experimental R

er having set t
quency pre-em
re performed a
wer. We start
hout dithering
M contour plo
. 2.  

2 EVM contour p

9

10

10

1

11

12

13
25 26 27

8

9

10

11

12

13

14

15

16

17

DOUBLE-CLIC

nal sent to the
ly the full amp

ous wave (CW
hering, for rea
MZM optical 
Bm, which was
) to adjust the 

+8 dBm to +1
stalled and bur

Italy), follow
etween 25 dB 
rect detection
odiode (APD
lanche gain of
put referred n
-end system 
e 9.8 GHz ban
7), a frequenc
duced, as des
al signal was 
o fitits amplitu
periment, we h
O) as ADC, b
ow-rate proce

en using com
r case, the 
Matlab® DSP

down-conve
mples per symb
n stage and fin
Finally, both E

Rate (BER) w
nce. 

Results 

the optimal TX
mphasis, the E
as a function 
ted by evalu
g the CW las
ots vs. ODN 

plots vs. PFIBER an

11

11

12

12

13

13

14

14

15 16 17

ODN
28 29 30

CK HERE TO

e MZM input 
plitude of the 

W) laser was o
asons that wil
output was a
s followed by
fiber launched
7 dBm. The O
ried fiber (Fas

wed by a VOA
and 36 dB, a

n RX was 
D) having a 
f 7, a 3 dB O/
noise of 11 pA

bandwidth 
ndwidth occup
cy pre-empha
scribed in Sec
then passed t

ude into the A
have used a hig
but it was alre
ssing after RF

mmercially av
acquired sig

P algorithms 
erted to base
bol, then was 
nally passed t
Error Vector M

were computed

X parameters C
EVM and BE
of the ODN 
ating the sys
er. The result
loss and PFIB

nd ODN loss (no d

3
14

14

15

15
16

16
17

17

18

18

NLOSS [dB]
0 31 32 3

O EDIT) < 

was Vin,max=3
MZM, Vπ=3.7

operated both 
ll be explaine
amplified from
y a variable op
d power, PFIBE
ODN was real
stweb metropo
A, used to ch
and a 1x16 op
realized with

responsivity
/E bandwidth 
A/√Hz. Since
was significa

pied by the FD
sis on the FD
c. III. The ph
through a vari
ADC quantiza
gh speed real 
eady shown in
F down conver
vailable low 
gnal was off

. Thereafter,
eband and do

filtered throu
through the ca
Magnitude (EV
d to evaluate

CdB, Vin,max and
ER measurem
loss and laun
stem perform
ts in terms of

BER are reporte

dithering on CW l

8

18

33 34 35

2

3.9 V 
7 V). 
with 

ed in 
m an 
ptical 
ER, in 
lized 

olitan 
hange 
ptical 
h an 
y of 

of 7 
e the 
antly 

DMA 
DMA 
hoto-
iable 
ation 
time 

n the 
rsion 
cost 

f-line 
, the 
own-
ugh a 
arrier 
VM) 

e the 

d the 
ments 
nched 
mance 

f the 
ed in 

 
laser). 

36



> 
 

F

F

F

In
EV
ab
no
th
sig
ef
a 
In
th

P
FI

B
E

R
 [d

B
m

]
P

[d
B

]
REPLACE TH

Fig. 3 EVM conto

Fig. 4 BER contou

Fig. 5 EVM conto

n this first situ
VM from the  
bout +12 dBm
ot correspond 
e nonlinear ef
gnal, mainly d
ffect. Focusing
16-QAM), the

n order to miti
e dithering o

8

8

9
10

11

12
13

1

FI
B

E
R

[
]

 
25 26 2

8

9

10

11

12

13

14

15

16

17

8

8

9

9
10

11

12
13

P
FI

B
E

R
 [d

B
m

]

 
25 26

8

9

10

11

12

13

14

15

16

17

HIS LINE WI

our plots vs. PFIBER

ur plots vs. PFIBER

our plots vs. PFIBE

usin

uation, we obs
ODNLOSS and

m. A further in
to a system 

ffects started 
due to the stim
g on a target E
e ODN loss re
igate the effec
option of the

8

9
10

11

12

13

14

14

15
16
17

OD
27 28 29

8

9

9

10

11
12
13

14
15
16

O
27 28 29

ITH YOUR PA

R and ODN loss (d

R and ODN loss (d

R and ODN loss (
ng SMF. 

 
served alinear
d PFIBER up to a
ncrease of the 

performance 
to be relevant

mulated Brillou
EVM=11% (i.
esulted to be l
ct of such no
 CW laser w

9

10

11

12
13

14

14

15

1

16
17

18 19

DNLOSS [dB]
30 31 32

10

10

11

12
13

14
15
16

17
18

1

DNLOSS [dB]
30 31 32

APER IDENT

dithering on CW 

dithering on CW l

(dithering on CW 

r dependence
a launched po
launched pow
improvement,
t on the trans
uin scattering 
e. a BER≈2·1

limited up to 2
nlinear pheno

was then acti

12
13

4

14

15

1

16

1

17

18

1

19

19

33 34 35

EVM [%], Dith MO

12

13

14
15
16

17

18 19

1919

33 34 35

EVM [%], Dith M

TIFICATION N

 
laser). 

 
laser). 

laser) 

of the 
wer of 

wer did 
, since 
mitted 
(SBS) 
0-3 for 
28 dB. 
omena, 
ivated, 

achi
dep
laun
this 
valu
thre
Fig.
loss
supp
“Ex
T fo
the 
nov
per 
spli
with
thes
syst
(50

III

The
para
para
•
•

•
The
high
exp
by i
opti
we 
opti
SBS
wav
SBS
FM
imp
A s
equ
func
mos
Eve
of th
non
part
proc
subc
by 
rela
pow
of t
to 
intro
TX.
step

4
15
16
17

18

 

36

OD

14
15

16

17
18

 

36

OD

NUMBER (D

ieving the res
endence on th
nched power o

condition (Fi
ue effectively 
eshold of 2.17·
. 4 is the main
s of at least 3
porting, with 

xtended-1” (E1
or XG-PON a
bit rate per 

velty of our pa
wavelength P

tter-based PO
hout any activ
se results in t
tem was also 
km), obtainin

I. THEORETIC
T

e transmission
agraph has req
ameters that w

The SBS sup
The frequen
acting on the
The TX clipp

e delivery of 
h launch pow
eriments, it w
introducing a 
imizing the di
found that a 

ical frequency
S, that remain
velength. For 
S was not suff
-AM convers

pact the quality
second fundam
alization: th
ction has a sig
stly due to th
en the optical 
he overall freq

nlinear interact
ticularly at t
cess was thu
carriers. The 
the product o

ative subcarrie
wer, PFIBER. Th
the system, th
equalize the
oduction of a
. In our experi
ps. In a first 

DOUBLE-CLIC

sults shown in
he ODN loss a
of +17 dBm. T
ig. 4), verifyin
corresponded

·10-3 (as requir
n result of thi
34 dB is reach
some margin

1) optical path
and TWDM-P

wavelength. 
aper, allowing
PON that are

ON at some of 
ve device alon
terms of resil
tested using a

ng similar perf

CAL ANALYSIS
TRANSMISSION

n experiments 
quired a caref

will  be discuss
ppression thank
ncy-domain eq
e modulation in
ping and ampl
32 Gb/s over

wers if a high
was fundament

dithering tech
ithering param
dithering sign
y deviation w
ed almost neg
Δfopt significa

ficiently suppr
sion due to c
y of the FDM 
mental optimiz
he overall e
gnificant drop

he RX photod
fiber span can
quency transfe
tion between d
the highest p
us used to e
subcarrier BE

of the subcarr
er signal am

hus, while PFIB
e modulation 
 BER amon

a subcarrier p
iments, this op
step, we equa

CK HERE TO

n Fig. 3, wher
and PFIBER has 
The BER was
ng that the OD
d to a BER lo
red by G.795.
is paper, show
hable with st

n, the 33 dB r
h loss class, re
PON, but exte

This figure 
g to envision 
 fully compli
the highest IT
ng the ODN. 
lience to SBS
a longer span

formance, as sh

S ON POWER BU
N IMPAIRMENT

 results show
ful optimizatio
sed in this Sec
ks to laser dith
qualization us
ndex of each s
litude optimiza
r a single wa

h ODN loss i
al to increase 
hnique [9] on

meters. After a
nal generating
was capable o
gligible even u
antly lower th
ressed, while f
chromatic disp
subcarriers. 
zation was rel
electrical-to-e
p towards the 
diode and the 
n contribute to
er function, du
dispersion and
power level. 
equalize the 

ER is governed
rier modulatio

mplitude) and 
BER determines
index can ind

ng the subc
pre-emphasis i
ptimization wa
alize the perf

O EDIT) < 

re the EVM li
allowed to rea

s also evaluate
DN loss maxim
ower than the 
1–I.4). 

wing that an O
tandard FEC,
requirement of
ecently set by I
ending to 32 G

is also the m
future multi-G
iant with stan
TU-T ODN lo

To double c
S effect, the s
n of standard S
hown in Fig. 5

UDGET AND MA
TS 
wn in the prev
on of some sy
ction. In partic
hering; 
sing pre-emph
subcarrier; 
ation. 
avelength requ
s a target. In
the SBS thres

n the TX laser
a careful anal
 a Δfopt=500 M

of highly supp
up to +17 dBm
han 500 MHz
for higher Δfop
persion starte

lated to frequ
electrical tran

higher freque
DAC/ADC p

o the modifica
ue to the comb
d Kerr effects 

An optimiza
performance

d to a first de
on index (i.e.

the total lau
s the average B
dividually be 
arriers, with 
in the DSP at
as achieved in
formances of 

3

inear 
ach a 
ed in 
mum 
FEC 

ODN 
thus 

f the  
ITU-
Gbps 
main 
Gbps 
ndard 
osses, 
heck 
same 
SMF 
5. 

AIN 

vious 
ystem 
ular: 

hasis 

uires 
n our 
shold 
r and 
lysis, 
MHz 
press 

m per 
z, the 
pt the 
ed to 

uency 
nsfer 
ency, 
pairs. 
ation 
bined 
[10], 
ation 
s of 

egree 
, the 
unch 
BER 
used 

the 
t the 

n two 
each 



> 
 

su
em
se
m
(in
th
on
of
ha
re
18
10
Fi
em
tim
su
re
ca
sy
op
RF
sig
im
m
sc
up
vs
co
 

F

Fi

REPLACE TH

ubcarrier find
mphasis that l
econd step, w

modulation vol
ndicted as Vin,
en iterated, if 

ne chosen in t
f the first equa
aving the sam
ceived EVM 

8.8%. Applyin
0% was achiev
ig. 6). The equ
mphasizing the
mes the lowe
ubcarriers in 
ceived signal 

an be seen in 
ystem with a 
ptical launchin
F modulation 
gnificant clipp

mplemented by
middle of the F
canning this p
p to 4 dB (seve
s. Vin,max and C
ontour plot ind

Fig. 6 EVM vs su
fiber span of 3

ig. 7 Received FD
emphasis (25 d

HIS LINE WI

ding the appr
leads to a flat
we optimize t
ltage and clip
,max and CdB in

f the resulting 
the first optim
alization proce

me modulation 
was unaccep

ng our equaliz
ved for all sub
ualized EVM w
e modulation 

er subcarriers 
the FDM sp
spectra with 
Fig. 7. This e
25 dB ODN

ng power set 
voltage of ab

ping. The sec
y measuring t
FDM signal a
arameter from
ere clipping). 
CdB is reported
dicates the cho

ubcarrier number a
7km) before and 

DM signal spectru
dB ODN loss incl

ITH YOUR PA

ropriate mod
t received FD
the operating
pping factor o
n Section II). 
operating poi

mization step. F
ess. When tran
n index (blue l
ptably varying
zation procedu
bcarriers (blue
was achieved 
index respect
and up to 4.

pectrum (Fig. 
and without e
equalization w

N loss (includ
to PFIBER = +1

bout Vin,max=3.
cond optimiza
the EVM of th
as a function 

m 14 dB (i.e. 
The resulting 
d in Fig. 8. T

osen optimal o

at 25 dB ODN los
after modulation 

um (a) without pre
luding an optical f

APER IDENT

dulation index
DMA spectrum
g point for th
of the FDM 
The two steps
int was far fro
Fig. 6 shows r
nsmitting subc
line with star
g from 5.6% 
ure, an EVM a
e line with circ
de-emphasizin
tively down to
.5 times the 

6, red line)
equalization p
was performed
ding the SMF
10 dBm and u
5 Vpp, witho
ation step wa
he subcarrier 
of Vin,max an

almost no clip
EVM contou

The red bullet 
operating point

ss (including an o
index optimizatio

e-emphasis, (b) w
fiber span of 37km

TIFICATION N

x pre-
m. In a 
he RF 
signal 

s were 
om the 
results 
arriers 

rs), the 
up to 

around 
cles in 
ng and 
o 0.47 
higher 
). The 

process 
d on a 
F), an 

using a 
ut any 

as then 
in the 
d CdB, 
pping) 

ur plots 
in the 

t. 

 
optical 
on. 

 
with pre-

m). 

Fi
v

Afte
little
nece
step
opti
intro

We
PON
sust
mul
elec
subc
dem
can 
 

[1]

[2]

[3]

[4]
[5]

[6]

[7]

[8]

[9]

[10]

NUMBER (D

ig. 8 EVM on the 
voltage at 25 dB O

er this second
e adjustment o
essary. This in

ps, the system
ical receiver
oduced at the 

IV.
have demons

Ns with a si
taining very h
ltiplexing 32 
ctrical FDM 
carrier was us

modulation at t
be equipped w

ITU-T Recomm
optical networks
ITU-T Recomm
optical network
specification.” 
K. Grobe, M.H
Based on Tunab
vol.32, no.16, pp
Project web site
S. Abrate et. 
FABULOUS Eu
Communication
January 4, 2013
B. Charbonnier,
Ben Bakir, "Sili
IEEE/OSA Jour
no.9, pp.A29-A3
B. Charbonnie
Requirements fo
J. Chang, V. Fe
Abrate, “Down
architectures: R
Conference on 
12-14 May 2014
M. Kelly, “Con
Agilent Technol
A.V.T. Cartaxo,
on the Fiber Tra
IEEE/OSA Jour
1813, Oct, 1999

DOUBLE-CLIC

subcarrier #16 vs
ODN loss (includ

d step, it was v
on the modula
ndicates that, 
m performanc

noise, whi
transmitter ha

DISCUSSION A

strated the fea
ingle wavelen
high ODN lo
subcarriers o
signal. A re

sed, which is t
the ONU side
with ADC run

REFER

mendation G.989.1
s (NG-PON2).” 

mendation G.987.2
ks (XG-PON): Ph

H. Eiselt, S. Pach
ble Lasers," IEEE/
p.2815-2823, Aug
: www.fabulous-p

al., “FDMA-P
uropean Project”
 Technologies V
. 
, S. Menezo, P. 
icon photonics fo
rnal of Optical C
37, Sept. 2012. 
er, A. Lebreto
or FDMA PON”, 
errero, R. Gaudin
nstream transmi
Results from the
Photonics Techn

4.. 
ntrolling SBS in M
logies Application
, B. Wedding, W
ansfer Function: T
rnal of Lightwav
9. 

CK HERE TO

s. Clipping Factor
ding the optical fib

verified that o
ation indexes 
after the first

ce was main
ile the nonl
ad a limited im

AND CONCLUS

asibility of 32 
ngth approach
osses. These r
of 1 Gbps net
elatively low 
the key to allo
e. In fact, the 
nning at less th

RENCES 
1 (03/2013) “40-G

2 (10/2010) “10-G
hysical media de

hnicke, J.-P. Elbe
/OSA Journal of L
g.15, 2014. 
project.eu 
PON architectur
” Proc. SPIE 864
VII, San Franci

O'Brien, A. Lebr
or next generation

Communications a

on, “Demonstra
ECOC 2014, P7.

no, S. Straullu, A
ssion dimension
e EU project “
nologies, Fotonic

Measurements of
n Notes 5988-956
. Idler, "Influence

Theoretical and E
ve Technology, vo

O EDIT) < 

r and RF modulat
ber span of 37km

only a further 
pre-emphasis

t two optimiza
nly dominated
linear distort

mpact. 

SIONS 
Gbps DS link

h and capabl
result is achi
t data in a si
symbol rate

ow low speed 
ONU DS rece

han 1 GSample

Gigabit-capable pa

Gigabit-capable pa
ependent (PMD) 

ers, "Access Netw
Lightwave Techno

re according to
45, Broadband A
sco, California, 

reton, J. M. Fede
n FDM/FDMA P
and Networking, 

ation of Low 
4, Cannes, France
. Nespola, P. Sav
ning in FDMA
“FABULOUS”, 
ca 2014, Napoli, 

f Optical Fiber P
63EN, May,06 20
e of Fiber Nonlin
xperimental Anal
ol.17, no.10, pp.

4

 
tion 

m). 

very 
s was 
ation 
d by 
tions 

k for 
le of 
ieved 
ingle 
 per 
DSP 
eiver 
e/s. 

assive 

assive 
layer 

works 
ology, 

o the 
Access 

USA 

eli, B. 
PON," 
vol.4, 

DSP 
e. 
vio, S. 

A-PON 
AEIT 
Italy, 

Paths”, 
003. 
nearity 
lysis," 
.1806-



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 
 

5

 


