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Abstract: A reconfigurable splitter for O- to L-band operation is demonstrated for analogue
64QAM-OFDM radio-over-fiber transmission. 10-ms burst switching and coarse spectral

monitoring of lighted channels is facilitated through optical energy transmission at a -10dBm feed.
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1. Introduction

The introduction of the 5G wireless paradigm with an anticipated ~100-fold increase in delivered mobile bandwidth
sheds light on optical access and aggregation networks [1]. Densified radio networks demand a flexible and sliceable
optical infrastructure. Such a virtualizable network builds on reconfigurable components, as they are widely
deployed in metro and core networks. However, in case of optical access functionality concerning network
flexibility is mostly implemented in the electrical domain, while “dumb” optical pipes remain at the physical layer.
The reason behind can be found in the stringent requirement for a passive outside fiber plant to guarantee low capital
and operational expenditures. As a possible solution reconfigurable nodes based on energy harvesting mechanisms
for the purpose of electro-optical switching [2,3] and power monitoring [4] have been recently proven feasible.

In this work we experimentally demonstrate a node featuring reconfigurability in its split dimension and
integrated spectral monitoring. Reception penalties of <l dB have been found for analogue 64QAM-OFDM radio-
over-fiber transmission. Energy harvesting at a low feed of -10 dBm enables operation through a centralized supply.

2. Reconfigurable “Semi-Passive” Node for Flexible Power-, Coarse or Dense Wavelength Split

Figure 1 presents the node architecture of the flexible power/wavelength split together with the experimental test-
bed. The node can be programmed by virtue of integrated optical switches among a colorless 1:16 split, colored
CWDM and DWDM modes. The CWDM mode is intended for WDM point-to-point overlay for which the channels
of 1310, 1530, 1550 and 1570 nm are assigned to the four output branches. In the case of DWDM each of the drop
branches is fed by a pair of 100G and 400G spaced channels at 1550 and 1530 nm, similar as in NG-PON2.
Physical-layer reconfigurability is enabled through two latching 2x2 switches (S1,S2) based on micro-opto-electro-
mechanic system technology (MOEMS). A low-power node controller and an energy harvester are providing a
control plane interface and an energy-self sufficient layout of the node. The respective scavenging system includes
two 22 and 10 mF charge reservoirs for actuating the MOEMS switches. The opto-electronic energy feed is
harvested by a 1x6 PIN stack in photo-voltaic mode and boost converters [3]. At a feed of -10 dBm a supply rail at
>4V can be generated after 26 min. Self-discharge depletes the reservoir by ~4% after a period of 1 hour. Four
MOEMS operations can be performed until the reservoir voltage drops to the operational threshold of 4V.
Recharging is then required and takes about 7 min. The auxiliary management and control channel (AMCC) at 1610
nm instructs and also feeds the node at the aforementioned level of -10 dBm. Fixed WDM filters, a red/blue (R/B)
waveband filter and 4x4 star couplers provide filtering and signal distribution within the node. The splitter node is
laid out to perform resiliency switching through its dual feeder port, of which just one was used for the experiment.
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Fig. 1. (a) Test-bed and (b) architecture of the reconfigurable 1:16 splitting node featuring power split, CWDM and DWDM operation.
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The two WDM modes of the node offer lower pass-through losses: In the case of CWDM operation at a 3-dB
passband width of 17.6 nm for the CWDM channels the loss amounts to 9.3 to 9.8 dB, including the insertion loss of
two MOEMS switches, a R/B filter and a 1:4 power split. In DWDM mode each of the four drop branches receives a
pair of C-band wavelengths as shown in the inset in Fig. 2, e.g., 1533.86 and 1547.72 nm in case of drop branch 1
(m). While the 100G DWDM channel around 1550 nm will be later used for wavelength-stabilized downstream
transmission, the 400G channel around 1530 nm suits upstream transmission tolerant to wavelength drift. The
insertion loss of the node in DWDM mode is 9.7 to 10.5 dB. It shall be noted that the DWDM filters used for this
node do not offer broadband rejection towards the O-band (m,e, A ,¢ in Fig. 2).

3. Reconfigurability, Burst Switching and Transmission Performance

Reconfigurability has been demonstrated by alternating the node function (Fig. 3). Shown are the optical signal
spectra at drop branch 4 (Fig. 3b-d) and at the CO receiver (e-g). The initially set 1:N mode broadcasts all CO
channels (Fig. 3a, 3b), while the upstream of all 4 drop branches (¢) is collected (Fig. 3e). Rayleigh backscattering
(RB) of downstream ({) and upstream (o) channels can also be observed. The node is then instructed at time instance
T, to offer DWDM functionality. It does so by toggling its MOEMS switch S; (Fig. 3c,f). In this mode a single
downstream wavelength (y) is forwarded to the drop segments, while all 4 upstream signals from all four drop
branches are relayed to the CO receiver (0). At time T, the node is remotely commanded to switch to its CWDM
mode, which is obtained by flipping MOEMS switch S, (Fig. 3d,g). This new mode forwards the WDM overlay at
1570 nm (B) in downstream direction. In upstream direction the 1530 nm DWDM channels are in principle rejected.
However, since drop port 2 is assigned to the 1530 nm CWDM channel, a single upstream channel () is partially
received by the CO as it falls on the CWDM filter edge at 1540.16 nm for the given CO seed spectrum. Finally, the
node configuration is reverted at T3 to a 1:N split by resetting MOEMS switch S;. These four switching operations
deplete the energy reservoir by 3%. The subsequent re-charge procedure takes 6.8 min.

While this circuit-oriented reconfiguration can be slow, agile switching of short data bursts is demonstrated by
instructing the splitter node to alternate between DWDM and CWDM modes. With this resiliency or traffic
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Fig. 3. Switching of splitter configuration as instructed by the control plane. Measurements are shown at drop branch 4.
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Fig. 4. (a) Dynamic burst switching. (b) Radio-over-fiber BLER performance. (¢) Spectral monitoring with the integrated OSM.

dynamics can be addressed, e.g., when WDM overlay is temporarily required at certain segments. Figure 4a shows a
burst switching procedure and the monitored signals at drop branch 4. A 10-ms burst has been inserted in this drop
branch on a WDM overlay wavelength. The control channel at Ac = 1610 nm (A) first instructs the node. The current
DWDM setting (A = 1550.12nm) is then changed to CWDM (A, = 1574.54nm) by toggling MOEMS switch S, (B).
After the burst passed, the node is reset to DWDM operation (C). The switching time between modes is ~200 ps.

The data transmission performance over the node was evaluated in terms of real-time block error ratio (BLER)
measurements. Analogue radio-over-fiber transmission has been conducted in combination with the NI USRP-
2953R software-defined radio (SDR). A pair of bidirectionally transmitted DWDM wavelengths transport 72 Mb/s
64QAM-OFDM signals modulated on carriers at 2.437 (downlink) and 2.457 GHz (uplink). The OFDM signals had
52 sub-carriers and occupied a bandwidth of 20 MHz. The code rate was 3/4 and the block size used for BLER
measurement was 9024 bits. The optical transceivers comprised LiNbO3 Mach-Zehnder modulators (MZM) and
EDFA+PIN-based detectors. Figure 4b shows the BLER for back-to-back transmission and over PON. A low BLER
of 1073 can be obtained in all cases, as evidenced by the 64QAM constellations. In case of PON transmission a
penalty of <1 dB is experienced at a BLER of 102. This confirms that no crosstalk effects are arising at the node.
The obtained sensitivity of -27 dBm suit a GPON class B+ budget of 28 dB for typical launch levels of 3 dBm.

4. Network-Integrated Monitoring of Lighted Channels

Finally, spectral monitoring capabilities of the node have been evaluated. Figure 1 includes the setup of the optical
spectrum monitor (OSM). The drop-side signal is coupled to a grating (G) with 300 lines/mm. The diffracted light is
then filtered by a liquid-crystal based spatial amplitude-only light modulator (SLM) with a resolution of 128x64
pixels. Through the SLM the node controller is able to determine the spectral slice that is detected by the PIN
detector of the OSM, similar as for modern wavelength-selective switches [5]. The acquired spectral information is
then backhauled to the CO through a VCSEL-based burst transmitter operated at a low-drive of 2.3 mA. Since no
VCSEL device in the 1550 nm region was available, a short back-to-back multi-mode link at 810 nm was used in
parallel with the signal feeder fiber for this first demonstration. The SLM had a low power consumption of 240 pA
at 3.3V, which is low enough for operation based on energy harvesting: A full sweep including acquisition and
backhauling depletes the energy reservoir by 10%. Figure 4c presents a spectrogram acquired by the OSM of the
node (@) together with an acquisition of an optical spectrum analyzer having a resolution bandwidth of 0.1 nm (A).
As can be seen the actual spectrum of the lighted CWDM channels is resembled by the OSM with good agreement.
The spectral resolution of the OSM is limited by the characteristics for grating, SLM and the lightpath of 14 cm in
between these elements. These also affect the acquisition when a channel falls in between spectral bins of the OSM,
as in case of the 1530 nm channel (A), for which the power is spread to two adjacent spectral bins (e).

5. Conclusion

A spectrally reconfigurable wideband splitter was demonstrated. Virtual passive operation was obtained by means of
energy scavenging at feed of -10 dBm, which enables, amongst other functions, switching of short 10-ms bursts. For
the first time spectrally coarse monitoring of lighted channels was integrated in such a semi-passive node.
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