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TWDM-PON-compatible 10 Gbps Burst-mode 
coherent reflective ONU achieving 31 dB 
ODN loss using DFB lasers
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The final NG-PON2 standard (ITU-T Recommendation 
G.989.1) is based on Time-and-Wavelength-Division-Multi-
plexing approach: the CW signal generated at the OLT side is reflected, 

amplified and modulated using a reflective 
modulator

Experiments used an off-line processing approach
To obtain stable BER values, we estimate and average it over a large 
number of packets (approx. 1800 packets for each BER estimation)

better sensitivity than direct detection -> achievement 
of higher ODN losses 
much larger resilience to spurious back reflections 
thanks to an optimized electrical and digital high-pass 
filter (HPF) and 8B/10B coding
its higher cost is affordable since it is placed at the OLT side

one dedicated wavelength per user does not offer 
enough granularity and is likely too expensive
a coherent receiver per single user is likely too expensive, 
even inside the central office
burst-mode transmission can be realized by a SOA and 
R-EAM combination
burst-mode coherence detection is based on a fast 
convergence DSP algorithm (~100 bits sync pattern)

The proposed solution has basically the same physical layer 
performance as ITU-T TWDM-PON, and the following pros 
(and cons) in terms of costs:

For a typical PON with 64 users, the attenuation due 
to the splitter alone is around 19-20 dB
The system power budget should also take into  
account system margin, fiber loss, penalties due 
to dispersion, reflections, ageing, etc.
Typically, most PON transceivers should cope with 
ODN-loss values greater than or equal to 28 dB 
without any optical amplification along the link
Providing each ONU with a tunable laser and 
a tunable filter, required for US and DS 
wavelength separation, is a very flexible but also 
very expensive solution

TWDM-coherent and reflective PON architecture

System setup: upstream transmissionreflective onu
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Coherent detection on the upstream 
reflectively-modulated signal

Burst-mode transmission and coherent 
burst-mode detection

conclusions
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PROs
CONs Limited ODN power budget due to several spurious 

effects, including:

At least four wavelengths
Each wavelength carries 10 Gbit/s downstream, 
2.5 Gbit/s upstream
Up to 40 km reach, up to 35 dB power budget

self- 
coherent 
receiver

λ1

λNλ

Received 
Signals

1x NONU 
SPLITTER

Optical 
circulator

OLT

ODN

NONU >> Nλ

Bank of 
CW lasers

P1
RX PNλRXP1

LO PNλLO

self- 
coherent 
receiver

ONUi

TUNABLE
optical

FILTER

REFLECTIVE
modular

λm

...100101...

ONUj

TUNABLE
optical

FILTER

REFLECTIVE
modular

λm

...100101...

ONUk

TUNABLE
optical

FILTER

REFLECTIVE
modular

λp

...100101...

No need for tunable laser at ONU

Rayleigh Back-Scattering (RBS) and concentrated reflections
Limited optical power at the receiver side
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Semiconductor optical amplifier reflective electro
absorption modulator
(Modulation bandwidth up to 6-7 GHz)

•	Amplification (20 dB per single pass)
•	Gating on the packets (2-3ns raising time)
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At the ONU side:

Guard-time=25ns

Payload: 4500 bits 
@ 10Gbps

Synch+Header 
127 bits
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Dummy Sync Interfering bursts

An optical tunable filter
A SOA+REAM structure
No tunable lasers

At the OLT side:
A set of DFB lasers on a 100 GHz grid
A coherent receiver per each up-
stream wavelength

Local
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