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Abstract: A single-fiber full-duplex hybrid TDM/WDM-PON is dwonstrated to operate at
2.5/1.25 Gbps rates, with RSOA ONU. It achieveshhigwer budget (GPON compliant) at a

distances higher than 20km, and serves up to 188&.u
OCIS codes:(060.4510) Optical communications, (060.4250) Gpthetworks.

1. Introduction

Access Passive Optical Networks (PONs) have emeagedffective platforms to deploy bandwidth demagdi
advanced services. Thus, next generation PONs toaselve several challenges, including high bitdedvering
and Wavelength Division Multiplexing (WDM). A mantbay specification is the use of a single fiber foth)
upstream and downstream transmission, to reducsizbeof the external plant and the complexity hef Optical
Network Unit (ONU). Another interesting featuretie use of the same wavelength for upstream andhstosam
senses, unrestricting the wavelength'’s use, amtingao the use of reflective colourless ONUSs.

In the past, some advanced designs which avoidgtreration of light at the ONU by using different
modulation schemes for downlink and uplink transmis have been demonstrated [1-2]. However, thesthods
may not be low-cost, due to the components neeslethédulation and detection of the up/downstreagnads. A
more cost-effective solution can be the use oftecatrier multiplex (SCM) technique [3-4]. Using ghtechnique
upstream and downstream spectrums are not ovedappd the system becomes more tolerant in froRayleigh
backscattering.

In this paper, for the first time, we demonstrat@akm full duplex PON operating at a rate of 2.6p&
downstream and 1.25 Gbps upstream using the SCivhitaee, giving service to a maximum of 1280 usAimsing
to reach the user with single fiber-scheme, theréoice against Rayleigh backscattering ratiosis evaluated.

2. Experiments and discussion

The Optical Line Terminal (OLT) and ONU schemeddst are depicted in Fig. 1. For the 2.5 Gbps dtneam
signal we used a Mach-Zehnder Modulator (MZM) pdexkby a laser (operating at 1550.12 nm), and@tbby
an EDFA. Please not that all the cost of the OLBhared among all the users, thus giving to theaipethe
freedom to use several expensive techniques @tfeside. A Pseudo-Random Bit Sequence (PRBS) hitbth
of 2°.1 was used as downstream signal. Once differgntimlecoded inside the downstream Pulse Pattern
Generator (PPG1), it was mixed with a 5 GHz eleatroscillator (not synchronized with the PPG1 k)po@and the
resulting signal was driven to the MZM. At the atexal side of the ONU receiver, after the 70/3Qicad coupler
and the APD, a delay-and-multiply scheme was impletied using standard electrical mixers. This 7@/ftcal
coupling ratio was found optimum in order to edusite upstream and downstream power budgets, $iad@SOA
gain was found to be of 20 dB and the back-to-temksitivity of the proposed SCM receiver was of.228Bm
(using no optical coupler). For the 1.25 Gbps gastr signal, we used anothef-2 PRBS from a second pulse
pattern generator (PPG2), driving an RSOA in thd JON

Based on those ONU/OLT designs, three different P&@Bnarios were tested, trying to keep a minimum
system margin of 3 dB: first a pure TDM networkiwiow coverage (8 users) used as a referencendican
standard medium hybrid TDM/WDM PON covering 160mssand finally an optimized network capable toveer
1280 users.

The first scenario was assembled as a 25 km fesgmtanl, followed by a 1:8 power splitter and a 22 #rop
spool; in a single-fiber configuration. This is shoin Fig. 2. It was intended as an access netfarla large
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coverage area and low density of users, capaldertee up to 8 users. Thus, a pure TDM configuratias tested
and saved as a reference.
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Fig. 1. Left: ONU and OLT schematic. nght Elec#tlipower spectrums at the receiver side: (a) rbdfitering at the
ONU, (b) after filtering at the ONU; (c) beforetéiting at the OLT, and (d) after filtering at the

2.4 km L4 2.2km

1x40 Power

25 km 1:8 AWG = splitter
2.2km

Power
oLT W ONU

Fig. 2. Schematics for scenario 1 (left) and sdera(right).

In this first case, total network losses were mesbto be 16 dB. The ONU input power was of -16 ¢Bmd
its output power was measured to be of +1 dBm, megathat the ONU net gain was of 17 dB and the RSfaik
was of 20.5 dB. 0 dBm were injected from the OLdl the feeder fiber, generating a measured Rayleigh
Backscattering (RB) of -33.5 dBm (having a 17.5afBupstream optical Signal to Rayleigh-backscattgiRatio,
0SRR). Under these conditions, upstream and dogarsttransmission curves were measured. Resulshaven in
Fig. 3. For the downstream we found a sensitivity20.1 dBm, while for the upstream the sensitifdynd was of
-18.4 dBm, both for a BER of 18 This means that we achieved a downstream poudget of 20.1 dB (system
margin of 4.1 dB) and an upstream power budge®of @B (system margin of 3.4 dB).
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Fig. 3. Downstream sensitivity curves for the thadéerent scenarios (left), Upstream sensitivitywes for the three
scenarios (right)

The second test-bed was composed of a 16 km fapdet, followed by a 1:40 AWG demultiplexer. Negatit,

a 2.4 km distribution spool was preceding a 1:4 gosplitter and a 2.2 km drop spool. This is shawirig. 2
(right). This scenario was for an area with medaensity of users, capable to serve up to 160 users.

Total network losses were measured to be 16.4 4B8.aNU input power was -16.4 dBm, and its outpwgro
was measured to be of +0.8 dBm, meaning that th@AR&in was of 20.7 dB. Also, 0 dBm were injecterin the
OLT to the feeder fiber, generating a RB of -33Bng and having a 17.5 dB of upstream oSRR, too.if\ga
upstream and downstream transmission curves weasured. Results are shown in Fig. 3. For the doeast we
found a sensitivity of -20.6 dBm, while for the tqgam the sensitivity found was of -19 dBm, both d0BER of
10™. This means that we achieved a downstream powegdi of 20.6 dB (system margin of 4.2 dB) and an
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upstream power budget of 19.8 dB (system margh4fiB).

Finally, an upgraded third test-bed was assembiiethis case, a double fiber feeder is proposedthedRB
amount generated was very low; only due to deiligion and drop stages. Now a couple of 16 km deegpools
were implementing a double fiber path from the OioTthe AWG. Next to it, a 2.4 km distribution sposhs
preceding the 1:32 power splitter and a 2.2 km dqmgmol. This is shown in Fig. 6. Also, an opticedgmp was used
for upstream detection, since there was no RB ditioih, and OLT costs are shared among all useiis. Stienario
was intended as an improved access network, c@vasnmany users as possible (up to 1280).
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Fig. 6. Scheme for scenario 3

Now, total network losses were measured to be @B8.6The ONU input power was of -16.6 dBm, and its
output power was measured to be of +0.8 dBm, ashén second scenario. Please note that the Rayleigh
backscattered signal was negligible, and the OLIpwiupower could be increased to +10 dBm. Undesehe
optimized conditions, upstream and downstream mnggon curves were measured. Results are showigin3.

For the downstream we found a sensitivity of -1@B88n, while for the upstream the sensitivity foundswof -28.8
dBm, both for a BER of I¥. This means that we achieved a symmetrical powdgét of 29.6 dB (system margin
of 4 dB). Table 1 shows a summary comparison betwlee three scenarios.

Tab. 1. Summary for the 3 scenarios

Power Budget System margin
Upstream Downstream
Scenario 1 20.1dB 19.4 dB 3.4dB
Scenario 2 19.8dB 20.6 dB 3.4dB
Scenario 3 29.6 dB 29.6 dB 4 dB
Conclusions

An advanced hybrid TDM/WDM access solution has b&tadied and experimentally demonstrated. It i:bas
on the transmission of 2.5 Gbps SCM downstreamla?isl Gbps upstream using colourless reflective ONU.

Three scenarios were evaluated: Large coverageas@dow density of users; area with medium density
users; and improved access network, covering ashnusers as possible. In the first and second t;b
transmission experiments have shown a network pbweget of 20 dB, for a single fiber configuratimombined
with the capacity to serve up to 160 users. Fertltird one, the power budget could be increasetb g9 dB,
matching clearly the typical values of GPON deplewts, and serving up to 1280 users. In all thescagainimum
system margin of 3 dB was achieved.
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