Agile Filterless Optical Networking

Christine Tremblay, Paul Littlewood, Michel P. Bélanger, Lena Wosinska and Jiajia Chen

Abstract—Filterless optical networks based on
broadcast-and-select nodes equipped with coherent transceivers
can be considered as very attractive solutions for cost-effective
and flexible capacity allocation in terrestrial and submarine
applications. In this paper, we present an overview of the research
on filterless optical networking in the last 10 years.

Index Terms—Optical networks, filterless optical networks,
coherent optical communication, gridless network architecture,
active photonic switching, broadcast-and-select, routing and
spectrum assignment (RSA), agile undersea optical networks.

I. INTRODUCTION

N the face of relentless capacity growth, the filterless optical

network concept was proposed initially as an attempt to
minimize additional capital cost required for network agility
without losing (or improving upon) the operational advantages
of an agile network [1]. The proposed architecture eliminates or
minimizes the active photonic reconfigurable component count
in the optical line system, thereby reducing the installed first
cost (IFC) of the network. Taking advantage of transmission
technology breakthroughs such as electronic impairment
compensation, tunable transmitters and coherent receivers, the
concept was based on the premise that agility could now be
achieved by wavelength tuning at the transmitter and
wavelength discrimination at the receiver, using field proven
processes similar to those in radio networks.

After ten years of research on the topic, what have we
learned on filterless optical networking? First, agility using this
broadcast-and select architecture can be realized but with some
trade-offs. Here agility is understood as ease in reconfiguring
the connectivity in the network. Secondly, this architecture is
considered as a promising approach for software defined
network (SDN) control techniques. Thirdly, the inherently
passive gridless architecture of filterless networks makes them
inherently suitable for elastic optical networking methods.
Filterless networks are now starting to be explored and
sometimes deployed by network operators as appealing
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commercial solutions for certain network applications. In fact,
filterless optical networks have been trialed and deployed in
Europe since 2012 [2-4].

The paper is organized as follows. The concept and
advantages of filterless networks are presented in Section II.
Section III looks at the performance and design trade-offs for
filterless networks. Solutions to overcome the challenges and
potential issues with filterless networks are discussed in
Section IV. Finally, Section V provides concluding remarks
and potential avenues for future work.

II. CONCEPTS AND ADVANTAGES

The concept of filterless optical networks, first introduced in
[1], leverages the breakthroughs of coherent transmission and
electronic impairment compensation technologies to offer
network agility and cost efficiency. Active switched (the
method currently deployed in most networks) and filterless
photonic networks are contrasted in Fig. 1. Instead of deploying
reconfigurable optical add-drop multiplexers (ROADMs)
based on wavelength selective switches (WSSs) at network
nodes, as in conventional active photonic networks, filterless
networks use passive optical splitters and combiners for fiber
interconnections and agile edge nodes equipped with coherent
transponders. The elimination of active switching and filtering
components creates a broadcast and select architecture in which
agility is provided at the edge terminals by tunable coherent
transceivers. Coherent technology is fundamental to terminal
and system agility by performing the selection of the desired
wavelength at the drop site.

Filterless optical networks exhibit several advantages
compared to active switching networks. The removal of active
(WSS) elements translates into simplified optical line systems,
lowering cost and footprint, reducing power consumption,
improving robustness and mean time between failures (MTBF),
and simplifying aspects of impairment-aware design. The
gridless architecture of filterless networks makes them
inherently suitable for elastic optical networking and gridless
innovations such as dynamic spectrum allocation. Moreover
the filterless design enables colorless node operation, as optical
terminals are able to access all DWDM channels and
send/receive wavelengths as specified. Therefore, the transition
from fixed grid to gridless operation can be achieved at
minimal cost. The fiber trees in filterless optical networks also
intrinsically support multicast traffic.  Other advantages
include easier network planning, and simpler and faster
connection establishment. The passive bypass and add-drop
functionality at intermediate nodes are key enablers for
multilayer networking, allowing the traffic from the Internet
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Fig. 1 Contrasting active photonic switching networks and filterless networks.

Protocol (IP) layer to be handled more cost-effectively at a
lower network layer without reconfiguring the intermediate
nodes. Simpler impairment-aware routing in filterless networks
makes SDN control more straightforward.

III. PERFORMANCE ANALYSIS AND DESIGN TRADE-OFFS
FOR FILTERLESS NETWORKS

A two-step approach has been used for filterless network
design [5]. In the first step, a genetic algorithm is applied to
construct sets of interconnected optical fiber links (referred to
as fiber trees), based on capacity demand and fiber topology.
The trees are constructed using passive optical splitters and
combiners at network junctions. Fiber tree design is subject to
network connectivity, laser loop avoidance and system reach
constraints. In the second step, static shortest-path routing over
the fiber tree is performed for each connection and wavelength
assignment is made using a tabu search metaheuristic for graph
coloring with the objective to minimize the number of
wavelengths.

Filterless solutions have been proposed for terrestrial and
submarine network topologies. The first studies were focused
on regional and core network applications [6-10].
Unsurprisingly, comparative cost analyses in terrestrial
networks have shown significant savings are achievable in the
filterless network solutions due to replacement of switching
and filtering elements by simple fiber couplers. As shown in
Fig. 2, filterless networks can be deployed at a fraction of the
cost of ROADM-based networks. Fiber trees offer a number of
alternate paths for protection but additional paths likely need to
be constructed to ensure 1+1 protection for all wavelength or
spectrum channels. Filterless solutions have been proposed
recently for real-world application by a network operator using
evolutionary and deterministic algorithms [11].

Similar studies carried out on submarine networks have
shown that the filterless technology can reduce the terminal
cost by 30-44% and the line equipment cost by 11-12% when
compared to conventional submarine networks where
ROADMSs can be deployed only at the cable landing stations
[12-15].

Wavelength or spectrum consumption in filterless networks
has been studied extensively [6-10,12-14]. Typical
performance results are illustrated in Fig. 3. Depending on the
physical topology and traffic, fixed-grid filterless network
solutions can consume 10-50% more wavelengths or spectrum
than their ROADM-based counterparts.

Filterless optical networks suffer from wavelength or
spectrum channel propagation along all branches in the fiber
tree beyond the destination node. The presence of these
unfiltered signals magnifies wavelength or spectrum
consumption, as the spectral resources occupied by these
channels cannot be reused for other connections. The addition
of wavelength blockers (or colored fixed passive filters) in
algorithmically determined locations between fiber trees
reduces unfiltered channel propagation and provides extra
capacity and connectivity alternatives between nodes. These
hybrid solutions are referred to as semi-filterless networks [8].

The results show that filterless solutions are good for
networks with small numbers of nodes (< 10-12) and size (with
respect to system transmission reach), as well as good
connectivity (= 0.8) and high average nodal degree (> 3.0).
Additional 20-30% savings in spectrum consumption are
possible through flex-grid operation which can be achieved at
minimal upgrade cost in filterless networks [9,10].
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Fig. 2 Comparative cost analysis of conventional and filterless
network solutions [8].
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Elastic filterless case: results at 16 Tb/s of traffic [6,10,13,14].

A programmable filterless network architecture based on
optical white boxes (or spatial switches) has also been proposed
to reduce the spectrum consumption in filterless networks at a
lower cost than ROADM-based approaches [16].

Finally, a dynamic network resource allocation scheme and
algorithm have been proposed to leverage the agility of a
filterless multi-span submarine network experiencing daily
non-synchronous traffic variations between nodal pairs. The
results show that filterless networks can enable significant
transceiver and spectrum savings in long haul networks with
time-varying traffic load [15].

IV. CHALLENGES WITH FILTERLESS OPTICAL NETWORKS

The study of filterless networks has shown that they can
definitely offer cost-effective solutions. At high utilization
rates they do exhibit capacity limitations compared to active
photonic switching solutions, but these limitations can be
compensated at least partially through flex-grid operation or the
employment of wavelength blocking techniques.

Some other aspects can be considered as potential issues with
filterless networks. First, a global network view is needed to
understand blocking from unfiltered channels. This problem is
conveniently solved by using an external (SDN/PCE) control
scheme [17]. The removal of per channel power adjustment in
WSS can cause optical power management problems and
potentially limit fiber tree size and optical reach. This power
balancing problem can be mitigated by adjusting individual
channel launch power levels. Some other physical aspects need
to be managed in filterless networks. Optical loops must be
avoided in creating the fiber trees to prevent laser effects. Noise

funneling due to the absence of filtering needs to be taken into
account in determining receiver penalty [18,19].

Security can also be considered as a concern in filterless
networks due to its broadcast nature making channels available
to receivers beyond their destinations. These concerns can be
addressed by using data encryption with deciphering key
exchange. Digital signal processing (DSP)-assisted modems
also provide an additional barrier against eavesdropping
through dynamic distribution of propagation impairment
compensation between transceiver pairs making recovery
difficult at geographically disparate sites.

V. CONCLUSION

Table 1 summarizes the main findings of these studies
between active and filterless networks according to different
performance criteria (from cost to agility). The results show
that filterless network solutions perform relatively well in
metropolitan, regional, and core application areas when the
demand is relatively low compared to the network capacity. In
core mesh networks, filterless networks cost significantly less
than ROADM-based networks and their functionalities are
equivalent. However, their capacity is constrained compared to
active photonic switching networks.

The economics of submarine filterless networks are also
promising; however, further practical evaluation is needed
before conclusions can be drawn on the applicability of this
approach in undersea applications.

Based on the cost and spectrum consumption results, we can
conclude that filterless networks can be considered as a
valuable network technology in metropolitan and aggregation
networks.
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Table 1 Suitability of filterless and active photonic switching solutions in different network applications.
Legend: green = good, white = acceptable, yellow = poor, red = unacceptable.
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