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(57) ABSTRACT

Methods and systems for optical communication in a subma-
rine network are provided. An input signal is received from a
terminal at a reconfigurable branching unit (BU), wherein the
BU enables bidirectional transmission between any two ter-
minals, and the input signal is demultiplexed into at least one
individual waveband or wavelength using at least one demul-
tiplexer. Each demultiplexed waveband is passed through
optical switches, with corresponding optical switches for the
same demultiplexed waveband provided for transmission in
the reverse direction. Independent per-waveband switching is
performed using a demultiplexer-switch-multiplexer (DSM)
architecture. Each demultiplexed waveband is multiplexed at
each output port using at least one multiplexer to combine
signals from different sources, and combined signals are
transmitted to a destination terminal.
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Receiving an input signal from a
terminal at a reconfigurable
branching unit {BU)

500

A 4
Demultiplexing the input signal
into at least one individual
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Passing each demultiplexed waveband
through two or more 2 x 2 optical switches,
with two or more corresponding 2 x 2
optical switches for the same
demultiplexed waveband provided for
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Performing independent per-
waveband switching using a
demultiplexer-switch-multiplexer
{DSM) architecture
506

Y

Multiplexing each demultiplexed
waveband at each output port using at
least one multiplexer to combine signals
from different sources, and transmitting
combined signals to a destination terminal
508
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Multiplexing each demultiplexed waveband using
at least one multiplexer to combine wavebands
from different sources into a wavelength division
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RECONFIGURABLE BRANCHING UNIT FOR
SUBMARINE OPTICAL COMMUNICATION
NETWORKS

RELATED APPLICATION INFORMATION

[0001] This application claims priority to provisional appli-
cation Ser. No. 61/618,910 filed on Apr. 2, 2012, the entirety
of'which is herein incorporated by reference. This application
is related to co-pending U.S. application Ser. No. [TBD]
(Attorney Docket No. 11117 (449-268)), which is filed con-
currently herewith and herein incorporated by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to submarine commu-

nication networks, and more particularly, to submarine opti-
cal communication networks with reconfigurable branching
units.

[0004] 2. Description of the Related Art

[0005] Submarine optical networks for the backbone of
global communication networks. They connect the telecom-
munication and data communication traffics among different
continents. Together with the terrestrial networks, the subma-
rine optical networks provide the pipeline for the users from
different locations in the world to communicate with one
another. Besides providing communication between conti-
nents, the submarine optical networks are also used to estab-
lish connection between islands or provide communication
among coastal cities (instead of laying fiber underground on
land and setting up terrestrial fiber links.)

[0006] Comparing with terrestrial optical networks, sub-
marine networks usually have higher capacity. Because there
are fewer resources (fewer fibers) in the submarine networks
due to higher equipment and deployment cost, more traffic is
aggregated into each fiber. This becomes more significant as
the global traffic demand creases exponentially as a result of
the growing Internet services. Submarine optical networks
usually consist of main trunks that connect the trunk termi-
nals, which are point-to-point cable links with in-line optical
amplifiers to boost the signal power, and branch path that
connect to other branch terminals. A branching unit (BU)is a
network element that splits the signal between the main trunk
and the branch path and vice versa. This allows the signals
from different paths to share the same fiber, instead of install-
ing dedicate fiber pairs for each link.

[0007] A drawback of using conventional BU’s in a sub-
marine network is that conventional BU’s employ a pre-
determined, fixed wavelength arrangement; and therefore no
reconfiguration is possible during normal use. As the subma-
rine network traffic becomes more dynamic, and Internet-
based traffic becomes more dominant, the pre-determined,
fixed wavelength assignment will not always be optimum.
Upgrades or reconfigurations may be required after deploy-
ment, and upgrades or reconfigurations are very difficult to
perform using conventional BU’s since the equipment is
under the sea. Another problem with upgrading or reconfig-
uring conventional BU’s in a submarine network is that long
periods of interruption to existing traffic will occur during any
upgrades or reconfigurations, which may affect an extremely
large amount of users across multiple continents.

[0008] One technique which attempts to reconfigure BU
architectures involves changing the fixed wavelength optical
filters in a BU to tunable filters. By changing the passband and
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stop band wavelengths, different amount of optical spectrum
can be passed to different terminals according to the require-
ment. However, a major disadvantage of the tunable based
BU is that tunable optical filters have fixed passband width;
therefore the amount of spectrum for each path is also fixed
and cannot be changed by tuning, even though the center of
the passband can be shifted. This significantly reduces the
reconfiguration capability. Tunable optical filters with the
tunability at both the center frequency and the passband width
have been proposed to increase the reconfiguration ability.
However, even though the passband width can be set dynami-
cally, the passband has to be contiguous, similar to all other
optical filters. This also limits the reconfigurability of the
spectrum usage among different paths.

[0009] Therefore, there is a need for the next generation of
submarine network BU’s to have reconfigurability in wave-
length assignments, with readily reconfigurable BU’s as akey
enabling element. This reconfigurability will also help to
maintain the submarine link at the optimal operation condi-
tion when the transmitted signal upgrades (such as increase
the channel data rate or using more advanced modulation
formats, which might require new channel spacing or mixed
channel widths). Furthermore, due to the physical location
and environment, the time and effort to repair damages in
submarine networks is much greater than in the terrestrial
network. Thus, there is a need for optical switches in the BU’s
to have a latching feature, which means that the switches will
maintain their switching setting even after the power is turned
off or cut. This latching feature also reduces the power con-
sumption in the BU, which is highly desirable.

SUMMARY

[0010] Inaccordance with the present principles, a method
for optical communication is provided, comprising: receiving
an input signal from a terminal at a reconfigurable branching
unit (BU); splitting the input signal into at least two parts,
with one part being associated with one or more trunk termi-
nals and another part being associated with one or more
branch terminals; selecting and individually switching each
of'one or more spectrum channels to one of a plurality of paths
using at least one wavelength selective switch (WSS), with
the at least one WSS being configured to transmit the one or
more spectrum channels to their respective target output port;
combining signals switched to a specific port into a wave-
length division multiplexing (WDM) signal using the WSS,
and sending the WDM signal to an output port; and filtering
out individual spectrum channels using at least one wave-
length blocker (WB).

[0011] Inaccordance with the present principles, a system
for optical communication is provided, comprising: a recon-
figurable branching unit (BU) configured to receive an input
signal from a terminal; a splitter configured to split the input
signal into at least two parts, with one part being associated
with one or more trunk terminals and another part being
associated with one or more branch terminals; at least one
wavelength selective switch (WSS) configured to select and
individually switch each of one or more spectrum channels to
one of a plurality of paths, wherein the at least one WSS is
configured to transmit the one or more spectrum channels to
their respective target output port, wherein the at least one
WSS is configured to combine signals switched to a specific
port into a wavelength division multiplexing (WDM) signal,
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and to send the WDM signal to an output port; and at least one
wavelength blocker (WB) configured to filter out individual
spectrum channels.

[0012] In accordance with the present principles, a recon-
figurable branching unit for underwater optical communica-
tion is provided, comprising: a receiver configured to receive
a wavelength division multiplexed (WDM) signal from a
terminal; a splitter configured to split the input signal into at
least two parts, with one part being associated with one or
more trunk terminals and another part being associated with
one or more branch terminals; at least one wavelength selec-
tive switch (WSS) configured to select and individually
switch each of one or more spectrum channels to one of a
plurality of paths, wherein the at least one WSS is configured
to transmit the one or more spectrum channels to their respec-
tive target output port, wherein the at least one WSS is con-
figured to combine signals switched to a specific port into a
wavelength division multiplexing (WDM) signal, and to send
the WDM signal to an output port; at least one wavelength
blocker (WB) configured to filter out individual spectrum
channels; and at least one dual bidirectional fiber pair
between the branching unit and a branch terminal.

[0013] Inaccordance with the present principles, a method
for optical communication is provided, comprising: receiving
an input signal from a terminal at a reconfigurable branching
unit (BU), wherein the BU enables bidirectional transmission
between any two terminals; demultiplexing the input signal
into at least one individual waveband using at least one
demultiplexer; passing each demultiplexed waveband
through two or more 2x2 optical switches, with two or more
corresponding 2x2 optical switches for the same demulti-
plexed waveband provided for transmission in the reverse
direction, wherein the optical switches are interlinked, oper-
ate concurrently, and have the same switching state; perform-
ing independent per-waveband switching using a demulti-
plexer-switch-multiplexer ~ (DSM)  architecture; and
multiplexing each demultiplexed waveband at each output
port using at least one multiplexer to combine signals from
different sources, and transmitting combined signals to a
destination terminal.

[0014] In accordance with the present principles, a system
for optical communication is provided, comprising: a recon-
figurable branching unit (BU), configured to receive an input
signal from a terminal, wherein the BU enables bidirectional
transmission between any two terminals; at least one demul-
tiplexer configured to demultiplex the input signal into at least
one individual waveband; two or more 2x2 optical switches
configured to pass each demultiplexed waveband through the
two or more 2x2 optical switches, with two or more corre-
sponding 2x2 optical switches for the same demultiplexed
waveband provided for transmission in the reverse direction,
wherein the optical switches are interlinked, operate concur-
rently, and have the same switching state; a demultiplexer-
switch-multiplexer (DSM) architecture configured to per-
form independent per-waveband switching; and at least one
multiplexer configured to combine signals from different
sources by multiplexing each demultiplexed waveband at
each output port, and transmitting combined signals to a
destination terminal.

[0015] Inaccordance with the present principles, a method
for optical communication is provided, comprising: receiving
an input signal from a terminal at a reconfigurable branching
unit (BU); splitting the input signal into at least two paths
using atleast one 1:2 optical splitter; demultiplexing the input
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signal into at least one individual waveband using at least one
demultiplexer; selecting and filtering channels of interest of
the input signal using a waveband blocker (WB); passing
each demultiplexed waveband through at least one 1x2 opti-
cal switch, with at least one corresponding 1x2 optical switch
being provided for transmission of the same demultiplexed
waveband in the reverse direction; performing independent
per-waveband switching using a combined split-and-select
(S&S) and demultiplexer-switch-multiplexer (DSM) archi-
tecture; and multiplexing each demultiplexed waveband
using at least one multiplexer to combine wavebands from
different sources into a wavelength division multiplexed
(WDM) signal, and transmitting the WDM signal to a desti-
nation terminal.

[0016] Inaccordance with the present principles, a system
for optical communication is provided, comprising: a recon-
figurable branching unit (BU) configured to receive an input
signal from a terminal; at least one 1:2 optical splitter config-
ured to split the input signal into at least two paths; at least one
demultiplexer configured to demultiplex the input signal into
at least one individual waveband; a waveband blocker (WB)
configured to select and filter channels of interest of the input
signal; at least one 2x1 optical switch configured to pass each
demultiplexed waveband through, with at least one corre-
sponding 2x1 optical switch being provided for transmission
of'the same demultiplexed waveband in the reverse direction;
a combined split-and-select (S&S) and demultiplexer-
switch-multiplexer (DSM) architecture configured to per-
form independent per-waveband switching; and another mul-
tiplexer configured to multiplex each demultiplexed
waveband by combining wavebands from different sources
into a wavelength division multiplexed (WDM) signal, and
transmitting the WDM signal to a destination terminal.
[0017] These and other features and advantages will
become apparent from the following detailed description of
illustrative embodiments thereof, which is to be read in con-
nection with the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0018] The disclosure will provide details in the following
description of preferred embodiments with reference to the
following figures wherein:

[0019] FIG. 1 shows a wavelength-selective switch (WSS)
based reconfigurable branching unit (BU) system in accor-
dance with an embodiment of the present principles.

[0020] FIG. 2 shows a bidirectional demultiplexer-switch-
multiplexer (DSM) based reconfigurable branching unit (BU)
in accordance with an embodiment of the present principles.

[0021] FIG. 3 shows a split-and-select (S&S) and demulti-
plexer-switch-multiplexer (DSM) based reconfigurable
branching unit (BU) system in accordance with an embodi-
ment of the present principles.

[0022] FIG. 4 is a block/flow diagram of a system/method
for a wavelength-selective switch (WSS) based reconfig-
urable branching unit (BU) system in accordance with an
embodiment of the present principles.

[0023] FIG. 5 is a block/flow diagram of a system/method
for a bidirectional demultiplexer-switch-multiplexer (DSM)
based reconfigurable branching unit (BU) in accordance with
an embodiment of the present principles.

[0024] FIG. 6 is a block/flow diagram of a system/method
for a split-and-select (S&S) and demultiplexer-switch-multi-



US 2013/0259055 Al

plexer (DSM) based reconfigurable branching unit (BU) sys-
tem in accordance with an embodiment of the present prin-
ciples.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0025] Inaccordance with the present principles, a subma-
rine optical communication network with reconfigurable
branching units (BUs) is provided. The traffic in the global
submarine optical network is becoming more dynamic. As a
result, reconfigurability is desirable for the next generation
submarine network branching unit. Comparing to the recon-
figurable optical add/drop multiplexers used in the terrestrial
network, the branching unit for submarine network have addi-
tional requirements such as latching operation and amplifier
power balancing. While it is contemplated that various BU
architectures may be employed according to the present prin-
ciples, three (3) illustrative reconfigurable branching unit
architectures will be discussed herein.

[0026] The WSS-based reconfigurable BU architecture
offers the highest level of reconfigurability; but it does not
employ a latching feature. The other two architectures,
namely the bidirectional distributed shared memory (DSM)
architecture and the split-and-select (S&S)+DSM architec-
ture, can be constructed using commercially available latch-
ing components with mature technologies. They can be
implemented in the wavelength level with high reconfig-
urability with a relatively large footprint, or in the waveband
level with lower reconfigurability and a reduced footprint.
Besides improved reconfigurability compared to the existing
solutions, these architectures also offer unique features such
as flexible grid operation, reuse of wavelength in two “trunk
terminal to branch terminal” links, and multicasting capabil-
ity. These architectures greatly improve the switching flex-
ibility in next generation BU architectures for the increas-
ingly dynamic global submarine optical networks.

[0027] WSS and/or WB have been used in terrestrial recon-
figurable optical add/drop multiplexer (ROADM) nodes,
which perform similar add/drop function as the submarine
network BU. However there are several key differences
between the WSS-based terrestrial network ROADM and the
present invention. For example, in one embodiment accord-
ing to the present principles, the BU architecture offers reuse
of wavelength/spectrum between the two bidirectional
“Trunk Terminal to Branch Terminal” paths by employing
double fiber pairs between the BU and the Branch Terminal.
The present principles allow dummy light for amplifier power
balancing, which is not provided by a terrestrial ROADM
network. Furthermore, there may be differences in the func-
tion and emphasis between the Trunk Terminals and the
Branch Terminals in the submarine network according to the
present principles, whereas all nodes in the terrestrial
ROADM network are treated equally. Another difference is
that in terrestrial ROADM, the add/drop operations are pro-
cessed locally and the transponders are located near the
ROADM node. However, in submarine network according to
the present principles, add/drop signals may be sent to a
Branch Terminal that is on land while the BU is located
undersea. Therefore the transponders are far away from the
BU, and as such, amplified optical paths are employed
between them and power balancing issues may arise. Besides
that, the requirement of compact size, low power consump-
tion, high reliability (due to difficulty in underwater fault
detection and repair), etc. are unique to submarine BU, and
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the submarine optical communication networks with recon-
figurable BUs according to the present principles addresses
these unique needs.

[0028] Embodiments described herein may be entirely
hardware, entirely software or including both hardware and
software elements. In a preferred embodiment, the present
invention is implemented in software, which includes but is
not limited to firmware, resident software, microcode, etc.

[0029] Embodiments may include a computer program
product accessible from a computer-usable or computer-
readable medium providing program code for use by or in
connection with a computer or any instruction execution sys-
tem. A computer-usable or computer readable medium may
include any apparatus that stores, communicates, propagates,
or transports the program for use by or in connection with the
instruction execution system, apparatus, or device. The
medium can be magnetic, optical, electronic, electromag-
netic, infrared, or semiconductor system (or apparatus or
device) or a propagation medium. The medium may include a
computer-readable storage medium such as a semiconductor
or solid state memory, magnetic tape, a removable computer
diskette, a random access memory (RAM), a read-only
memory (ROM), a rigid magnetic disk and an optical disk,
etc.

[0030] A dataprocessing system suitable for storing and/or
executing program code may include at least one processor
coupled directly or indirectly to memory elements through a
system bus. The memory elements can include local memory
employed during actual execution of the program code, bulk
storage, and cache memories which provide temporary stor-
age of at least some program code to reduce the number of
times code is retrieved from bulk storage during execution.
Input/output or I/O devices (including but not limited to key-
boards, displays, pointing devices, etc.) may be coupled to the
system either directly or through intervening I/O controllers.

[0031] Network adapters may also be coupled to the system
to enable the data processing system to become coupled to
other data processing systems or remote printers or storage
devices through intervening private or public networks.
Modems, cable modem and Ethernet cards are just a few of
the currently available types of network adapters.

[0032] Referring now to the drawings in which like numer-
als represent the same or similar elements and initially to FIG.
1, a reconfigurable BU based architecture 150 which includes
a wavelength-selective switch (WSS) and wavelength
blocker (WB) is illustratively shown in one embodiment
according to the present principles.

[0033] A WSS is an optical device that integrates demulti-
plexing, switching and multiplexing functions within a
monolithic unit. An input wavelength division multiplexing
(WDM) signal may be dispersed along the wavelength (fre-
quency) axis by a dispersive device such as optical grating
and hit an array of optical switches. Each WDM channel (or
wavelength slot) may have a dedicated switch. The switch
may be controlled, and employed to send the respective chan-
nel (or wavelength slot) to its target output port. At the device
output, the signals switched to this port may be combined by
another dispersive device into a WDM signal and sent to an
output port. A IxN WSS can also be operated in the reverse
direction to act as an Nx1 WSS. When N=1, the WSS is
known as a wavelength blocker. Furthermore, besides switch-
ing and blocking functions, WSS and WB also may provide
attenuation functions for each optical channel.
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[0034] In one embodiment, a WSS-based reconfigurable
BU 100 is employed according to the present principles. In
one embodiment, a signal is represented by the spectrum 102,
with each bar representing one channel (A-B signals 101
represent the channels between Trunk Terminals A and B;
A-C signals 103 represent the channels between Trunk Ter-
minal A and Branch Terminal C; and B-C signals 105 repre-
sent channels between Trunk Terminal B and Branch Termi-
nal C. When the signal 102 from Trunk Terminal A 106 enters
the BU 100, it may be split into two paths by an optical splitter
108. One path is sent to the Branch Terminal C 110 through a
branch path 112. At the input of the Branch Terminal C 110,
awavelength blocker (WB) 114 may be employed to filter out
the channels from Trunk Terminal A 106 that should not be
dropped to the branch (such as those represented by spectra
116 and 142). The other path is sent to Input 1 of a 2x1 WSS
118 inside the BU 100. The signals at Input 2 of the WSS 118
come from Branch Terminal C 110 through path 120. They
contain the signals to be sent to destination Trunk Terminal B
122, and dummy lights 124. The WSS 118 filters out the
unnecessary dummy lights 124, selects the appropriate chan-
nels from Trunk Terminal A 106 and from Branch Terminal C
110, respectively, and sends the combined WDM signal 104
to Trunk Terminal B 122 through the main trunk path 126.
The WSS 118 may also perform optical power equalization
among the WDM channels.

[0035] Similarly, in one embodiment according to the
present principles, the input signal 128 from Trunk Terminal
B 122 is split first by a splitter 130. One path is sent to Branch
Terminal C 110 through path 132 and may be received after
selection by a WB 134, and the other path is combined with
the “Terminal C to Terminal A” signal (arriving from path 136
through a 2x1 WSS 138 inside the BU 100 to form the WDM
signal 140 for the destination Trunk Terminal A 106. In one
embodiment, at Branch Terminal C 110, corresponding
return channels (e.g., A-C, B-C, etc.) are combined with some
dummy light to form signals (e.g., spectra 144 and 146), and
are sent back to the BU 100. The dummy light may be
employed to maintain the same total power in the fiber and
may be filtered out at the BU 100 and combined with the
returned channels (e.g., A-B) from Trunk Terminal B 122 and
sent back to Trunk Terminal A 106. The signals in reverse
paths operate at the similar way. While the above architecture
is illustratively shown, it is contemplated that other sorts of
hardware and configurations may also be employed accord-
ing to the present principles.

[0036] Due to the flexible channel selection in the WSS
(118, 138) and the WB (114, 134), the WDM spectrum in
these paths can be dynamically allocated for different links
(i.e.,A-B,A-C, and B-C) according to the traffic demands and
network requirements. There is no restriction which requires
employing contiguous channels in the same path. For
example, in one embodiment according to the present prin-
ciples, the quantity of the channel allocation combination can
be 2% where k is the number of WDM channels in the system,
which can be from 40 to 160 or even higher. This is signifi-
cantly larger than the 16 (or even 128) configurations achiev-
able by conventional BU architectures. In fact, 2% is the maxi-
mum number of configurations achievable on this system
without considering multicasting. In an example of a typical
WDM system, there are 80 channels with 50 GHz spacing
within the C-band spectrum. This architecture can deliver
>1.2x10** different configurations, which is much higher
than ~16 in conventional BU architectures.
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[0037] In one embodiment according to the present prin-
ciples, this architecture may be categorized as a split-and-
select (S&S) architecture because of the usage of a splitter
(108,130), and as such, WB and/or WSS multicasting may be
easily achieved. For example, the same channel may be sent
to both atrunk path (e.g., 126) and a branch path (e.g., 112) by
controlling and directing a WB (e.g., 114) and a WSS (e.g.,
118) to pass through a channel simultaneously. When consid-
ering multicasting cases, even more channel allocation com-
binations may be obtained than when multicasting is not
employed.

[0038] In one embodiment according to the present prin-
ciples no latching is necessary when employing WSS and/or
WB architecture. It is possible to build a subsystem using
array of 2x1 latching optical switches to deliver latching 2x1
WSS-like function, however this would employ a large foot-
print, high fiber count and relatively high optical loss. Mono-
lithic solutions such as WSS and WB are preferred to latching
products in this embodiment. In this architecture, the latching
feature in the WB is not critical, because the WB’s are located
at the terminal site and not in the submerged BU, and there-
fore may be serviced more easily and can more easily have a
sufficient power supply. Since the required port count of the
WS S in this architecture is only 2x1, the device size can be
small, and commercially available WSS devices (including
twin devices, where two WSS devices are packaged inside
one unit, further reducing the hardware size), may be
employed according to the present principles. It is noted that
the physical size of the WB may be even smaller than the
physical size of the WSS devices.

[0039] In one embodiment according to the present prin-
ciples, WSS and WB devices may be employed; and there-
fore, each channel may be switched individually to any path,
thereby significantly improving the number of configurations
that may be achieved in a BU. Furthermore, in one embodi-
ment, the BU is flexible grid operation ready, and it also
supports the reuse of wavelength/spectrum between the
“Trunk Terminal to Branch Terminal” paths. A flexible grid
network (also called gridless network or elastic network)
removes the restriction of 100 GHz or 50 GHz channel grid in
ITU-T standard and allows flexible assignment of spectra to
each channel according to the individual need, which may
also be changed over time. This feature helps to improve the
spectrum resource usage and allows better operation of the
system. Having this flexibility also ensures that the network is
future proof, as the spectrum requirement for the WDM chan-
nel might be changed due to the progress in transmission
technologies, such as having advanced modulation tech-
niques or multiplexing schemes.

[0040] For example, in one embodiment, the flexible grid
function may be implemented by employing one of the vari-
ous WSS switching technologies which are currently com-
mercially available. WSS switching technologies which
achieve flexible grid operation preferably employ small pix-
els on the switching plane, which can be easily reconfigured
to customize each passband width. Liquid crystal-based
WSS/WB may also be employed to reduce the grid size and
deliver finer grid operation according to one embodiment.
Due to the increasing complexity when the channel grid reso-
Iution becomes too small, a fine grid system rather than a truly
flexible grid system may be advantageously employed. Thus,
liquid crystal-based WSS/WB can also be used for the flex-
ible grid reconfigurable BU.
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[0041] Aside from the basic add/drop operations, addi-
tional functions (e.g., optical power monitoring and equaliza-
tion), may be achieved using the present principles by adding
relevant devices. This architecture may also be reconfigured
to add redundant components for protection purpose, or be
reconfigured for BU with higher port count (i.e., connecting
to more branch terminals). Other features according to vari-
ous embodiments of the present principles include employing
dual bidirectional fiber pairs between the BU and the Branch
Terminal; employing independent switching on individual
channels (no need to be contiguous), therefore offering a very
high level of reconfigurability; reusing the wavelength/spec-
trum between the bidirectional paths between Trunk Termi-
nals and Branch Terminals; providing power balancing for
amplifiers; multicasting of signals; and performing optical
power equalization through WSS and WB.

[0042] Referring now to FIG. 2, a demultiplexer-switch-
multiplexer (DSM) architecture 250 is illustratively shown in
one embodiment according to the present principles.
Employment of DSM architecture enables independent per-
wavelength or per-waveband switching, and therefore offers
reconfigurability at a level much higher than conventional
architectures. This architecture may be constructed by
employing latching or static devices for the BU, thus enabling
latching features in the BU. Through the intelligent connec-
tion between bidirectional paths, dummy light may be reused
for amplified power balancing. Furthermore, waveband may
be employed, which reduces the hardware quantity and foot-
print while concurrently enabling flexible grid operation.

[0043] In one embodiment according to the present prin-
ciples, aninput optical signal 202 may arrive ata BU 200 from
Trunk Terminal A 206. The signal 202 may then be demulti-
plexed into individual channels or wavebands by employing a
fixed wavelength/waveband demultiplexer 208. Correspond-
ing wavelength/waveband multiplexers 210, 212, 214, 216
may be employed at each output port to combine signals from
different sources. Corresponding demultiplexers 238, 240,
and 252 may also be employed. Because of limitations in
hardware size in the BU 202, it is desirable to employ wave-
band instead of wavelength to reduce the demultiplexer port
count and the quantity of optical switches. As such, we will
discuss only the waveband switching option hereinafter for
simplicity, unless otherwise stated. However, it is contem-
plated that the present principles advantageously apply to
both waveband level and wavelength level operations.

[0044] In one embodiment according to the present prin-
ciples, for example, when employing the waveband option,
the optical signals within the same band may be switched
together and are not treated individually until reaching the
destination terminal. The channels at each waveband may be
assigned contiguously or in periodic fashion, and non-uni-
form wavebands may also be used to improve aggregation
efficiency, as long as other waveband multiplexers/demulti-
plexers in the BU 200 have the same waveband assignment
configuration. Using waveband also provides the potential for
flexible grid network operation. Even though the waveband
demultiplexer/multiplexer is a passive static device with a
fixed, pre-determined wavelength (waveband demultiplexer/
multiplexer with flexible waveband assignment can be con-
structed using similar technology as flexible grid WSS, but
they are very costly and not mature, therefore we will not
discuss them here), the channels within the waveband may be
flexibly arranged according to the present principles. For
example, if a waveband contains 400 GHz spectrum, it may
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include 8 channels at 50 GHz spacing, or 12 channels at 33
GHz spacing, or 4 channels at 100 GHz spacing, or 1 channel
at 150 GHz spacing plus 3 channels at 33 GHz spacing plus 3
channels at 50 GHz spacing, etc. Therefore the reconfigurable
BU is flexible grid ready.

[0045] In one embodiment, the DSM reconfigurable BU
architecture employs a bidirectional BU, which enables bidi-
rectional transmission between any two terminals (such as A
<> B, A<> C, and B<> C), and ensures optical power balanc-
ing on all fiber paths. At the output of the demultiplexer 208
from Trunk Terminal A 206, each demultiplexed waveband
may pass through two 2x2 optical switches in cascade (e.g.,
218/220, and 222/224). There may also be two corresponding
2x2 optical switches for the same waveband in the reverse
direction (e.g., 219/221, and 223/225). In one embodiment,
these four 2x2 optical switches for each waveband (e.g.,
218/220/222/224 for the first waveband, and 219/221/223/
225 for the last waveband) operate concurrently and have the
same switching state. While the above architecture and switch
configuration is illustratively shown, it is contemplated that
other sorts of hardware, architectures, and configurations
may also be employed according to the present principles.
[0046] In one embodiment according to the present prin-
ciples, when a set of four 2x2 optical switches for one demul-
tiplexed waveband are all switched to the bar state (i.e., the
through state), the corresponding waveband communicates
between the two Trunk Terminals 206, 230. This operation is
illustrated on the first waveband on FIG. 2. Here, the demul-
tiplexed input waveband 228 (i.e., the first band) from Trunk
Terminal A is switched by the first 2x2 optical switch 218 to
the second 2x2 optical switch 220 along the path indicated by
the arrows, and the second 2x2 optical switch 220 in turn
switches the signal to the waveband multiplexer 210 at the
output of the reconfigurable BU 200, which combines it with
other signals for Trunk Terminal B 230 and sends the signal
204 to the destination Trunk Terminal B 230. On the reverse
path (from B to A), a similar operation may be performed. The
demultiplexed waveband 226 from Trunk Terminal B 230 is
switched by the two reserve path 2x2 optical switches 219,
221 at the bar state to the waveband multiplexer 212 for Trunk
Terminal A 206 along the path indicated by dotted arrows, and
is then a signal 205 may be sent to destination Trunk Terminal
A 206.

[0047] In the above embodiment, since the above-men-
tioned waveband is used for communication between the two
Trunk Terminals 206, 230, it is no longer available for com-
munication between the Trunk Terminals 206, 230 and the
Branch Terminal. Therefore dummy lights 234, 236 may be
employed at the corresponding waveband from the transmit-
ters in the Branch Terminal C 232. After demultiplexing by
the waveband demultiplexer 238 for the first input from
Branch Terminal C, the dummy light 234 from the “C to A”
transmitter is switched by a reverse path 2x2 optical switch
221 to the corresponding transmitted path 2x2 optical switch
218, which then switches the dummy signal to the waveband
multiplexer 214 for the first output to the Branch Terminal C
232, as indicated by the path using dashed arrows. The mul-
tiplexer combines it with other signals for Branch Terminal C
232 and returns it to Branch Terminal C 232. By doing this,
the amplifier power level is maintained. In one embodiment,
the dummy light 234, 236 for the “branch terminal to BU”
path may be reused in the “BU to branch terminal” path.
[0048] In one embodiment, a similar operation may be
performed between Branch Terminal C 232 and Trunk Ter-
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minal B 230 through the other bidirectional fiber pair. After
being demultiplexed at a demultiplexer 240, the dummy sig-
nal 236 may travel along the path indicated by the dash-dot
arrows through two 2x2 optical switches 220 and 219 and
may return to the Branch Terminal C 232 after multiplexing
by a multiplexer 216. In this switching operation, each signal
may pass through the demultiplexer 240 and the multiplexer
216 once, and may pass through the optical switches 220 and
219 twice. Since the dummy light is only used for power level
balancing in this embodiment, only one light source is needed
for each waveband, even if the waveband normally contains
multiple WDM channels. The combined power of this
dummy light source is similar to the total power of all WDM
channels within the waveband. While the above architecture
and switch configuration is illustratively shown, it is contem-
plated that other sorts of hardware, architectures, and con-
figurations may also be employed according to the present
principles.

[0049] In another embodiment according to the present
principles, when a particular waveband is used to communi-
cate between a trunk terminal and the branch terminal (such
as A<> C), a set of four corresponding 2x2 optical switches
(e.g., 222, 223, 224, 225) are set to a cross state. The same
waveband may also be employed to communicate between
the Branch Terminal C 232 and the other Trunk Terminal
(e.g., Trunk Terminal B 230, such that B<> C), which is a
feature enabled by having double fiber pairs between the BU
200 and the Branch Terminal C 232. This is illustrated by the
last wavebands (i.e., the right-most wavebands, 242 and 244)
at Trunk Terminals A 200 and C 232, and the last wavebands
(i.e., the right-most wavebands, 246 and 248) at Trunk Ter-
minals B 230 and C 232.

[0050] For the communication between Trunk Terminal A
206 and Branch Terminal C 232, the input from Trunk Ter-
minal A 206 may be firstly demultiplexed by a demultiplexer
208, and then the waveband of interest (242 in this example)
may be switched by the 2x2 optical switch 222 to a multi-
plexer 214 to go to the first output fiber to the Branch Terminal
C 232. This is indicated by the solid arrows. The correspond-
ing reverse signal 244 from Branch Terminal C 232 to Trunk
Terminal A 206 may also be demultiplexed and then switched
by a reverse direction 2x2 optical switch 225 to the multi-
plexer to go to the trunk path for Trunk Terminal A, as indi-
cated by dashed arrows. In this switching operation according
to one embodiment, each signal passes through the demulti-
plexer 208 and the multiplexer 214 once, and passes through
the optical switch only once (compared to twice for the com-
munication between trunk terminals). The difference in one
optical switch stage will not cause much insertion loss difter-
ence, since the insertion loss of a 2x2 optical switch is typi-
cally, for example, only 0.5 dB~1 dB.

[0051] For the communication between Trunk Terminal B
230 and Branch Terminal C 232, the input from Trunk Ter-
minal B 230 may be firstly demultiplexed by a demultiplexer
252, and then the waveband of interest (246 in this example)
may be switched by the 2x2 optical switch 223 to a multi-
plexer 216 to go to the second output fiber to the Branch
Terminal C 232. The corresponding reverse signal 248 from
Branch Terminal C 232 to Trunk Terminal B 230 may also be
demultiplexed and then switched by a reverse direction 2x2
optical switch 224 to the multiplexer to go to the trunk path for
Trunk Terminal B, as indicated by dashed dot arrows. In this
switching operation according to one embodiment, each sig-
nal passes through the demultiplexer 252 and the multiplexer
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216 once, and passes through the optical switch only once
(compared to twice for the communication between trunk
terminals). The difference in one optical switch stage will not
cause much insertion loss difference, since the insertion loss
of a 2x2 optical switch is typically, for example, only 0.5
dB~1 dB.

[0052] Inone embodiment, this operation employs a set of
four corresponding switches (e.g., 222, 223, 224, 225) for the
waveband, and also sets up a close fiber loop. No signal is
transmitted in this empty loop. If the same waveband is used
for both bidirectional A<>C and B<>C links, then no
dummy light 234, 236 is needed for this waveband because all
four fibers pairs contain useful signals. If only one directional
link contains useful signal, a dummy light 234, 236 may be
employed in the two fiber pairs for the other bidirectional link.
While the above architecture is illustratively shown, it is
contemplated that other sorts of hardware, architectures, and
configurations may also be employed according to the present
principles.

[0053] For example, in one embodiment according to the
present principles, the bidirectional DSM reconfigurable BU
employs four units of waveband/wavelength demultiplexers
and another four multiplexers. If the WDM signals are
divided into M wavebands (or wavelengths), the BU will
require 4xM units of 2x2 optical switches. The insertion loss
of'the signal induced by these components is typically 8 dB or
less. This is comparable to the conventional fixed BU using
filters and couplers. Therefore no additional optical amplifi-
cation is required. These two main optical components,
namely the multiplexer/demultiplexer and the 2x2 optical
switch, are commercially available, and each of them can be
constructed using various types of mature technologies.
[0054] For the wavelength demultiplexer/multiplexer, a
common technology is to use arrayed waveguide grating
(AWQ), which is based on PLC technology. The same tech-
nology can be used to make waveband demultiplexer/multi-
plexer. However since a waveband demultiplexer/multiplexer
has much fewer output ports, it can be constructed using
cascaded fixed waveband filters. Waveband filters with dif-
ferent channel grids, such as 50 GHz, 100 GHz and 200 GHz,
and different configurations, such as 2-skip-0, 4-skip-0, and
8-skip-0, are commercially available (an x-skip-y filter means
that the filter passband covers x channels, and y channels on
each side of the passband are not used due to the slope of the
passband edge). They offer wide and flat-top passband pro-
files, making it suitable for the waveband demultiplexer/mul-
tiplexer application. Regardless of the technology employed
to construct a demultiplexer/multiplexer, the demultiplexer/
multiplexer is passive when employed according to the
present principles, and therefore is always capable of “latch-
ing”.

[0055] In one embodiment according to the present prin-
ciples, for the 2x2 optical switch, commercial products based
on many technologies are available, including stepper motor,
prism, MEMS, MOM (miniature opto-mechanical), mag-
neto-optic, electro-optic solid state, electro-optic LiNbO;,
thereto-optic, PLZT (polarized lead zirconium titanate,
acousto-optic, and so on. Among them, several technologies
can provide latching features, which are mainly based on
mechanical switching, such as the stepper motor, MOM and
prism switches. The insertion loss figures of these switches
are typically from, for example, 0.5 dB to 1 dB, and the PDL.
values are typically <0.1 dB. The crosstalk is typically greater
than 60 dB, and repeatability is typically £0.02 dB. The
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switching times are 10 ms or less. Most of these switches have
durability of greater than 10 million cycles, making them
suitable for application in submarine networks. As such, the
bidirectional DSM reconfigurable BU architecture according
to the present principles may be constructed using commer-
cially available components, and can deliver latching perfor-
mance. While the above device configurations are illustra-
tively shown, it is contemplated that other device
configurations may be employed according to the present
principles.

[0056] In one embodiment according to the present prin-
ciples, although the BU requires 4xM units of 2x2 optical
switches, the number of electrical controller circuitry can by
only M. This is because the four switches for each waveband
(e.g., 222,223, 224, 225) are operated concurrently (e.g., all
bar state or all cross state), and as such, a common controller
can be used to drive all the four of them. This feature also
reduces the cost of the electrical hardware. Besides basic
reconfigurable optical add/drop multiplexer (ROADM)
operations, additional functions, such as optical power moni-
toring and equalization can be performed by adding relevant
devices. This architecture can also be reconfigured to add
redundant components for protection purpose, or be recon-
figured for a BU with higher port count (i.e., capable of
connecting to more branch terminals).

[0057] In one embodiment, the available combination of
switching configuration may be 2*. If it operates at the per-
wavelength level on a k-channel WDM system, then M is the
same as k, and this architecture will offer the same switching
capability as the WSS-based BU architecture, which is the
maximum level. As discussed earlier, employing waveband
level architectures may reduce the hardware component
quantity and thus the cost and size of the BU. It may also post
some restriction on wavelength routing, because all channels
within the same waveband need to be switched together. An
efficient routing and wavelength/waveband assignment
scheme helps to relax this restriction, reduce blocking, and
provide better network throughput. Such algorithms or
schemes have been studied extensively for the terrestrial hier-
archical multi-granular (fiber, waveband, wavelength granu-
larities) networks. Since the submarine network is typically
simpler than the terrestrial network (fewer nodes in the net-
work, fewer degrees per node), the existing schemes can be
applied effectively according to the present principles.
[0058] Referring now to FIG. 3, a split-and-select (S&S)
DSM architecture 350 is illustratively shown in one embodi-
ment according to the present principles. In one embodiment
according to the present principles, a reconfigurable BU
architecture uses a split-and-select architecture, similar to the
WSS-based architecture. However it does not employ WSS in
the BU 300, and it can be constructed using commercially
available latching devices. It also has a DSM configuration,
similar to the bidirectional DSM architecture, but it requires
fewer components in the BU 300 and has lower optical loss
for the signal passing through the BU 300.

[0059] In one embodiment according to the present prin-
ciples, options of waveband operation or wavelength opera-
tion are both supported. Because of the limitation in the
hardware size in the BU 300, it may be desirable to employ
waveband instead of wavelength to reduce the demultiplexer
port count and the quantity of optical switches. As such, we
will discuss only the waveband switching option hereinafter
for simplicity, unless otherwise stated. However, itis contem-
plated that the present principles advantageously apply to
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both waveband level and wavelength level operations. Wave-
length/waveband demultiplexers/multiplexers with the same
wavelength/waveband assignment may be employed at
appropriate output ports to separate or combine signals from/
to different sources. In the waveband option, the optical sig-
nals within the same band may be switched together and may
not be treated individually until reaching the destination ter-
minal. The channels at each waveband may be assigned con-
tiguously or in periodic fashion. Non-uniform wavebands
may also be used to improve aggregation efficiency, as long as
all waveband demultiplexers in the BU have the same wave-
band assignment configuration.

[0060] Inoneembodiment, the present principles also offer
a high level of flexibility (e.g., 1024 available configurations)
as compared with conventional BU architectures (e.g., ~16
configurations). The present principles also employ a highly
desirable latching feature using commercially available
mature components, and therefore may be easily imple-
mented. Multicasting operations may also be performed
through this BU, and the architecture according to the present
principles is also future proof for flexible grid WDM network
operation.

[0061] In one embodiment according to the present prin-
ciples, the S&S+DSM reconfigurable BU architecture 350
includes a BU 300, an input signal 302 arrives from Trunk
Terminal A 306 may first be split by a 1:2 optical splitter 304
into two paths. One path 308 exits the BU 300 and is sent to
Branch Terminal C 310 through a branch path 312. At Branch
Terminal C 310, a waveband/wavelength blocker 314 may be
employed to select only the channels of interest 316 (e.g.,
particular wavebands in a spectrum). The waveband blocker
314 has a similar function as a wavelength blocker (not
shown), except that a waveband operates on a waveband
granularity, and therefore employs fewer switching/blocking
elements.

[0062] In one embodiment, a second path 318 from an
optical splitter 304 may enter a waveband/wavelength demul-
tiplexer 320 and may be separated into different wavebands
(or individual wavelengths). Each waveband may then enter a
respective 2x 1 optical switch 322, 324. The other input of the
2x1 optical switch may be the demultiplexed signal from the
Branch Terminal 310, and may be demultiplexed by a wave-
band demultiplexer 326 at an input from the Branch Terminal
310; and it may also contain the same waveband. The 2x1
optical switch 322, 324 selects which signal will be transmit-
ted to the destination trunk terminal 328. At the BU output for
the trunk terminal, all wavebands may be combined, using a
waveband multiplexer 330, into a WDM signal 332 and may
then exit the BU 300. In essence, the 2x1 optical switches
322, 324 in this architecture according to the present prin-
ciples decide whether the respective waveband will be used
for “trunk terminal to trunk terminal” connections or for
“trunk terminals to branch terminal” connections.

[0063] In one embodiment, a similar setup may be
employed for the reverse direction path in which an input
signal 303 arrives from Trunk Terminal B 328, and the input
signal 303 may first be split by a 1:2 optical splitter 305 into
two paths. One path 309 exits the BU 300 and is sent to
Branch Terminal C 310 through a branch path 313. At Branch
Terminal C 310, a waveband/wavelength blocker 315 may be
employed to select only the channels of interest 317 (e.g.,
particular wavebands in a spectrum). The waveband blocker
315 has a similar function as a wavelength blocker (not
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shown), except that a waveband operates on a waveband
granularity, and therefore employs fewer switching/blocking
elements.

[0064] In one embodiment, a second path 319 from an
optical splitter 305 may enter a waveband/wavelength demul-
tiplexer 321 and may be separated into different wavebands
(or individual wavelengths). Each waveband may then enter a
respective 2x1 optical switch 323, 325. The other input of the
2x1 optical switch may be the demultiplexed signal from the
Branch Terminal 310, and may be demultiplexed by a wave-
band demultiplexer 327 at an input from the Branch Terminal
310; and it may also contain the same waveband. The 2x1
optical switch 323, 325 selects which signal will be transmit-
ted to the destination trunk terminal 306. At the BU output for
the trunk terminal, all wavebands may be combined, using a
waveband multiplexer 331, into a WDM signal 333 and may
then exit the BU 300.

[0065] Inone embodiment, commercial products based on
different technologies are available for use as the 2x1 optical
switches 322, 324; including stepper motors, prisms, micro-
electromechanical systems (MEMS), miniature opto-me-
chanical (MOM) systems, magneto-optic, electro-optic solid
state, electro-optic LiNbO;, thermo-optic, polarized lead zir-
conium titanate (PLZT) systems, acousto-optic systems, etc.
Among these systems, several technologies can provide
latching features, which are mainly based on mechanical
switching, such as, for example, the stepper motor, MOM and
prism switches. The insertion loss figures of these switches
are typically, for example, from 0.3 dB to 0.6 dB, and the PDL.
values are typically <0.1 dB. The crosstalk is typically greater
than 60 dB, and repeatability is typically £0.02 dB. The
switching times are 10 ms or less, and most of these switches
have durability of greater than 10 million cycles, which
makes them suitable for application in submarine networks.
While the above switching systems and configurations are
illustratively shown, it is contemplated that other sorts of
switching systems and configurations may be employed
according to the present principles.

[0066] In one embodiment according to the present prin-
ciples, the S&S and DSM reconfigurable BU architecture
advantageously allows the reuse of the same wavelength/
waveband in the two fiber pairs between the BU and the
branch terminal for connections between the two trunk ter-
minals to the branch terminal. For example, having equal
power among all waveband/wavelength across the spectrum
in the fiber exiting the BU is important to keep amplifier
power balance (the power balance of the signal entering the
BU is taken care of at the terminal, so it is not required to be
handled by the BU). In this architecture, the output power is
naturally balanced. For the two fiber paths from the BU to the
branch terminal, since the signal directly comes from the
optical splitter, there is no switching or channel add/drop by
the BU, and therefore the equalized property of the signal
from the respective trunk terminal is also present. For the two
fiber paths from the BU to the trunk terminals, each waveband
may be passed through an optical splitter, a waveband demul-
tiplexer, a 2x1 optical switch, and a waveband multiplexer,
and therefore, they experience the same amount of loss. As
such, the output power remains uniform. Depending on the
system design and amplifier requirement, the split ratio of the
2:1 splitters may advantageously be set to deliver the opti-
mum levels between the two paths.

[0067] Due to the S&S configuration in one embodiment, a
multicasting feature is available. The same channels from the
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trunk terminal may be switched to both the branch terminal
and the destination trunk terminal simultaneously by control-
ling the respective band in the waveband blocker and the
respective 2x1 optical switch. If the multicasting feature is
not used, the two corresponding 2x1 optical switches in the
forward path and the reverse path in the BU may be controlled
concurrently through a common controller. However if mul-
ticasting operation is performed, these two switches may
have different switching states at the same time, therefore a
separate controller may be employed. When employing this
embodiment of the architecture, the available combination of
switching configuration is 2% without considering multicast-
ing. If it operates at the per-wavelength level on a k-channel
WDM system, then M is the same as k, and this architecture
will offer the same full switching capability as the WSS-
based BU architecture. When the multicasting function is
allowed, the number of available configurations will be even
higher.

[0068] In one embodiment, besides the basic ROADM
operations, additional functions, such as optical power moni-
toring and equalization can be performed by adding relevant
devices. This architecture can also be reconfigured to add
redundant components for protection purpose, or be recon-
figured for BU with higher port count (connecting to more
branch terminals). Although the architecture in this embodi-
ment also offers bidirectional ROADM function, there is no
connection required between the forward direction optics and
the reverse direction optics in this embodiment (as compared
to the bidirectional DSM architecture discussed above, where
the each 2x2 optical switches may be employed for both
forward and reverse direction traffic). While the above archi-
tecture and configuration is illustratively shown, it is contem-
plated that other sorts of architectures and configurations may
be employed according to the present principles.

[0069] Referring now to FIG. 4, a block/flow diagram of a
system/method for a wavelength-selective switch (WSS)
based reconfigurable branching unit (BU) is illustratively
shown in accordance with an embodiment of the present
principles. An input signal from a terminal at a reconfigurable
branching unit (BU) in block 400. The input signal is splitinto
at least two parts in block 402, with one part being associated
with one or more trunk terminals and another part being
associated with one or more branch terminals. In block 404,
each of one or more spectrum channels are selected and
individually switched to one of a plurality of paths using at
least one wavelength selective switch (WSS), with the at least
one WSS being configured to transmit the one or more spec-
trum channels to their respective target output port. In block
406, signals switched to a specific port are combined into a
wavelength division multiplexing (WDM) signal using the
WSS, and the WDM signal is sent to an output port. In block
408, at least one wavelength blocker (WB) filters out indi-
vidual spectrum channels. While the above method and archi-
tecture is illustratively shown according to the present prin-
ciples, it is contemplated that other methods and architectures
may also be employed according to the present principles.

[0070] Referring now to FIG. 5, a block/flow diagram of a
system/method for a bidirectional demultiplexer-switch-mul-
tiplexer (DSM) based reconfigurable branching unit (BU) is
illustratively shown in accordance with an embodiment of the
present principles. In block 500, an input signal is received
from a terminal at a reconfigurable branching unit, wherein
the BU enables bidirectional transmission between any two
terminals. In block 502, the input signal is demultiplexed into
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at least one individual waveband using at least one demulti-
plexer; passing each demultiplexed waveband through two or
more 2x2 optical switches, with two or more corresponding
2x2 optical switches for the same demultiplexed waveband
provided for transmission in the reverse direction, wherein
the optical switches are interlinked, operate concurrently, and
have the same switching state. In block 506, independent
per-waveband switching is performed using a demultiplexer-
switch-multiplexer (DSM) architecture. In block 508, each
demultiplexed waveband is multiplexed at each output port
using at least one multiplexer to combine signals from differ-
ent sources, and the combined signals are transmitted to a
destination terminal. While the above method and architec-
ture is illustratively shown according to the present prin-
ciples, it is contemplated that other methods and architectures
may also be employed according to the present principles.

[0071] Referring now to FIG. 6, a block/flow diagram of a
system/method for a split-and-select (S&S) and demulti-
plexer-switch-multiplexer (DSM) based reconfigurable
branching unit (BU) system is illustratively shown in accor-
dance with an embodiment of the present principles. In block
600, an input signal is received from a terminal at a reconfig-
urable branching unit (BU). In block 602, the input signal is
split into at least two paths using at least one 1:2 optical
splitter. The input signal is then demultiplexed in block 604
into at least one individual waveband using at least one
demultiplexer. Channels of interest of the input signal are
selected in filtered in block 606 using a waveband blocker
(WB). In block 608, each demultiplexed waveband is passed
through at least one 1x2 optical switch, with at least one
corresponding 1x2 optical switch being provided for trans-
mission of the same demultiplexed waveband in the reverse
direction. Independent per-waveband switching is performed
in block 610 using a combined split-and-select (S&S) and
demultiplexer-switch-multiplexer (DSM) architecture. In
block 612, each demultiplexed waveband is multiplexed
using at least one multiplexer to combine wavebands from
different sources into a wavelength division multiplexed
(WDM) signal, and transmitting the WDM signal to a desti-
nation terminal. While the above method and architecture is
illustratively shown according to the present principles, it is
contemplated that other methods and architectures may also
be employed according to the present principles.

[0072] It should be recognized that the present principles
are not limited to the particular embodiments described
above. Rather, numerous other embodiments of submarine
optical communication networks with reconfigurable BUs
may also be employed in accordance with the present prin-
ciples.

[0073] Having described preferred embodiments of a sys-
tem and method for providing mobile computing services
(which are intended to be illustrative and not limiting), it is
noted that modifications and variations can be made by per-
sons skilled in the art in light of the above teachings. It is
therefore to be understood that changes may be made in the
particular embodiments disclosed which are within the scope
of the invention as outlined by the appended claims. Having
thus described aspects of the invention, with the details and
particularity required by the patent laws, what is claimed and
desired protected by Letters Patent is set forth in the appended
claims.
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What is claimed is:

1. A method for optical communication comprising:

receiving an input signal from a terminal at a reconfig-
urable branching unit (BU), wherein the BU enables
bidirectional transmission between any two terminals;

demultiplexing the input signal into at least one individual
waveband using at least one demultiplexer;

passing each demultiplexed waveband through two or
more 2x2 optical switches, with two or more corre-
sponding 2x2 optical switches for the same demulti-
plexed waveband provided for transmission in the
reverse direction, wherein the optical switches are inter-
linked, operate concurrently, and have the same switch-
ing state;

performing independent per-waveband switching using a
demultiplexer-switch-multiplexer (DSM) architecture;
and

multiplexing each demultiplexed waveband at each output
port using at least one multiplexer to combine signals
from different sources, and transmitting combined sig-
nals to a destination terminal.

2. The method of claim 1, wherein an optical network is a

submarine optical network.

3. The method of claim 1, wherein the two or more 2x2
optical switches are employed to achieve latching.

4. The method of claim 1, wherein each signal passes
through each of the at least one demultiplexer, the at least one
multiplexer, and the two or more 2x2 optical switches at least
once.

5. The method of claim 1, wherein the input signal is
demultiplexed into at least one individual wavelength using
the at least one demultiplexer.

6. A system for optical communication comprising:

a reconfigurable branching unit (BU), configured to
receive an input signal from a terminal, wherein the BU
enables bidirectional transmission between any two ter-
minals;

at least one demultiplexer configured to demultiplex the
input signal into at least one individual waveband;

two or more 2x2 optical switches configured to pass each
demultiplexed waveband through the two or more 2x2
optical switches, with two or more corresponding 2x2
optical switches for the same demultiplexed waveband
provided for transmission in the reverse direction,
wherein the optical switches are interlinked, operate
concurrently, and have the same switching state;

a demultiplexer-switch-multiplexer (DSM) architecture
configured to perform independent per-waveband
switching; and

atleast one multiplexer configured to combine signals from
different sources by multiplexing each demultiplexed
waveband at each output port, and transmitting com-
bined signals to a destination terminal.

7. The system of claim 6, wherein an optical network is a

submarine optical network.

8. The system of claim 6, wherein the two or more 2x2
optical switches are employed to achieve latching.

9. The system of claim 6, wherein each of the at least one
demultiplexer, at least one multiplexer, and the two or more
2x2 optical switches pass each signal through at least once.

10. The system of claim 6, wherein the at least one demul-
tiplexer demultiplexes the input signal into at least one indi-
vidual wavelength.
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11. A method for optical communication comprising:

receiving an input signal from a terminal at a reconfig-

urable branching unit (BU);

splitting the input signal into at least two paths using at

least one 1:2 optical splitter;

demultiplexing the input signal into at least one individual

waveband using at least one demultiplexer;

selecting and filtering channels of interest of the input

signal using a waveband blocker (WB);

passing each demultiplexed waveband through at least one

1x2 optical switch, with at least one corresponding 1x2
optical switch being provided for transmission of the
same demultiplexed waveband in the reverse direction;
performing independent per-waveband switching using a
combined split-and-select (S&S) and demultiplexer-
switch-multiplexer (DSM) architecture; and

multiplexing each demultiplexed waveband using at least
one multiplexer to combine wavebands from different
sources into a wavelength division multiplexed (WDM)
signal, and transmitting the WDM signal to a destination
terminal.

12. The method of claim 11, wherein an optical network is
a submarine optical network.

13. The method of claim 11, wherein latching is achieved
by employing at least one passive, static multiplexer and at
least one passive, static demultiplexer.

14. The method of claim 11, wherein one or more latching
1x2 optical switch is employed to achieve latching.

15. The method of claim 11, wherein the input signal is
demultiplexed into at least one individual wavelength using
the at least one demultiplexer.

#* #* #* #* #*



