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Abstract
An apparatus for managing optical subsea communications system may include a
plurality of fiber interface modules (FIM), wherein a given FIM comprises a receive
part, and a transmit part. The transmit part may include two normally closed switches,
wherein a first switch of the two normally closed switches is coupled to a line
monitoring equipment (LME) TX port, and wherein a second switch of the two

normally closed switches is coupled to a line terminating equipment (LTE) TX port.
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TERMINAL LINE INTERFACE MODULE FOR UNDERSEA OPEN CABLE
SYSTEM ACCESS

Related Applications

[0001] This application claims priority to U.S. Provisional application serial
number 63/138,650, entitled TERMINAL LINE INTERFACE MODULE FOR UNDERSEA
OPEN CABLE SYSTEM ACCESS, filed January 18,2021, and U.S. Provisional application
serial number 63/134,814, entitted TERMINAL LINE INTERFACE MODULE FOR
UNDERSEA OPEN CABLE SYSTEM ACCESS , filed January 7, 2021, both of which

applications are incorporated by reference herein in their entirety.

Background
Field of the Invention
[0002] Embodiments of the present disclosure relate to the field of optical
communication systems. More particularly, the present disclosure relates to a terminal line

interface module for at least undersea open cable system access.

Discussion of Related Art

[0003] Long-haul optical communication systems, such as submarine optical
communication systems, may include numerous interconnected optical cables to facilitate the
communication of data and information. The optical cables may be trunk cables and may
include bi-directional trunk fiber pairs.

[0004] Undersea optical communication systems may include “wet plant” and “dry
plant” portions. The wet plant portion of the system may include everything that may be
underwater, such as the submarine cable, submerged repeaters or amplifiers, branching units,
etc. The dry plant portion may include equipment that may be deployed in cable landing
stations, such as submarine line terminal equipment (SLTE), power feed equipment (PFE),
line monitoring
Brief Summary

[0005] In one embodiment, an apparatus is provided for managing optical subsea

communications system. The apparatus may include a plurality of fiber interface modules

1
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(FIM), wherein a given FIM comprises a receive part, and a transmit part. The transmit part
may include two normally closed switches, wherein a first switch of the two normally closed
switches is coupled to a line monitoring equipment (LME) TX port, and wherein a second
switch of the two normally closed switches is coupled to a line terminating equipment (LTE)
TX port.

[0006] In another embodiment, a subsea communications system is provided,
including a wet plant; and an interface module assembly, coupled to the wet plant. The
interface module assembly may include a plurality of fiber interface modules (FIM), wherein
a given FIM comprises a receive part; and a transmit part, wherein the transmit part comprises
two normally closed switches. As such a first switch of the two normally closed switches
may be coupled to a line monitoring equipment (LME) TX port, and wherein a second switch
of the two normally closed switches is coupled to a line terminating equipment (LTE) TX port

[0007] In another embodiment, a subsea communications system is provided,
including a wet plant; and an interface module assembly, coupled to the wet plant. The
interface module assembly may include a plurality of fiber interface modules (FIM), wherein
a given FIM comprises a receive part; and a transmit part. The transmit part may have two
normally closed switches, wherein a first switch of the two normally closed switches is
coupled to a line monitoring equipment (LME) TX port, and wherein a second switch of the
two normally closed switches is coupled to a line terminating equipment (LTE) TX port. The
given FIM may also include at least one amplifier, coupled between to a port of the given

FIM.

Brief Description of the Drawings

[0008] FIG. 1 illustrates an example optical communication system.

[0009] FIG. 2 illustrates a first example optical interconnection with a wet plant.

[0010] FIG. 3 illustrates a second example optical interconnection with a wet plant.

[0011] FIG. 4A illustrates a first example open cable fiber pair (FP) line interface
module.

[0012] FIG. 4B illustrates a second example open cable fiber pair (FP) line

interface module.
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[0013] FIG. 4C illustrates a third example open cable fiber pair (FP) line interface

module.

[0014] FIG. 4D illustrates a fourth example open cable fiber pair (FP) line interface
module.

[0015] FIG. 4E illustrates a fifth example open cable fiber pair (FP) line interface
module.

[0016] FIG. 5 illustrates an example cage for multiple FP line interface modules.

Description of Embodiments

[0017] The present embodiments is directed to at least a terminal line interface
module for undersea open cable system access. According to embodiments and as will be
further described in detail below, each module may service one fiber pair and may contain at
least two highly reliable and normally closed switches. For example, the switching capability
may accommodate both dark and lit fiber pair reconfiguration and allow for optical time-
domain reflectometer (OTDR) measurements once a fiber pair is lit.

[0018] The present embodiments will now be described more fully hereinafter with
reference to the accompanying drawings, in which various embodiments are shown. The
subject matter of this disclosure, however, may be embodied in many different forms and
should not be construed as limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be thorough and complete, and will
fully convey the scope of the inventive concept to those skilled in the art. In the drawings,
like numbers refer to like elements throughout.

[0019] Referring to the drawings, FIG. 1 illustrates an exemplary bi-directional
optical communication system, simply termed an optical communication system 101, which
system may use high-bandwidth fiber optics to transmit vast amounts of data over long
distances. Bi-directional data transmission may be implemented by constructing pairs of
optical fibers within the optical cable and transmitting one or more channels, e.g., wavelength
division multiplexed channels, per fiber pair.

[0020] As shown, the optical communication system 101 may include terminals

103 and 105 connected by two unidirectional optical paths 111, 121, which together form a
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bi-directional optical fiber pair. Optical path 111 may transmit information in one direction
(e.g., to the right) from a transmitter 113 at terminal 103 to a receiver 115 at terminal 105.
Optical path 121 may transmit information in the other direction (e.g., to the left) from a
transmitter 125 at terminal 105 to a receiver 123 at terminal 103.

[0021] With respect to terminal 103, the optical path 111 is an outbound path and
the optical path 121 is an inbound path. The optical path 111 may include optical fibers 117-1
to 117-n and optical amplifiers 119-1 to 119-n, and the optical path 121 may include optical
fibers 127-1 to 127-n and optical amplifiers 129-1 to 129-n. The one or more of the optical
amplifiers 119-1 to 119-n and 129-1 to 129-n may be EDFAs. It may be understood that, in
some examples, transmitter 113 and receiver 123 may be housed together as a transponder at
terminal 103, and similarly, transmitter 115 and receiver 125 may also be housed together as a
transponder at terminal 105.

[0022] The optical path pair (e.g., optical paths 111, 121) may be configured as a
set of amplifier pairs 119-1 to 119-n and 129-1 to 129-n within repeaters 131-1 to 131-n
connected by pairs of optical fibers 117-1to 117-n and 127-1 to 127-n, which may be
included in an optical fiber cable together with fibers supporting additional path pairs. Each
repeater 131 may include a pair of amplifiers 119, 129 for each path pair and may include
additional amplifiers for additional path pairs. The optical amplifiers 119, 129 may utilize
EDFAs or other rare earth doped fiber amplifiers, Raman amplifiers, or semiconductor optical
amplifiers (SOAs). A coupling path 133-1 to 133-n may be coupled between optical paths
111, 121, for example, in one or more of the repeaters 131-1 to 131-n. It may be understood
that the term “couple” or “coupled,” as used herein, broadly refers to any connection,
connecting, coupling, link, or linking, either a direct or indirect or a wired or wireless
connection and does not necessarily imply that the coupled components or elements are
directly connected to each other.

[0023] Although an exemplary embodiment of the optical communication system
101 is shown and described, variations of the optical communication system 101 are within
the scope of the present disclosure. The optical communication system 101 may include, for
example, more optical path pairs and more or fewer repeaters. Alternatively, the optical

communication system 101 may not include any optical amplifiers or may include, instead of
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optical amplifiers, optical pump power sources suitable for implementing optical gain by
Raman amplification within optical fibers connecting repeaters.

[0024] Moreover, it may be understood that the transmitters, receivers,
transponders containing the transmitters and receivers, or any other suitable device for
transmitting and receiving data, may be include at least one memory and one or more
processors (e.g., CPU, ASIC, FGPA, any conventional processor, etc.) to execute instructions
stored in memory. It may further be understood that the above-described optical paths may be
powered via power conductor(s) of the optical cables. Moreover, multiple optical
communication systems, such as optical communication system 101, may be interconnected
via interconnect cables and branching units.

[0025] Note that Line Monitoring Equipment (LME) and Command Response
Equipment (CRE) were formerly designed or configured assuming Terminal Line Amplifiers
(TLAs) were always available at the interface to the wet plant for lit fiber pairs. Equipment
such as a Monitor Interface Passive Device Pack (MI-PDP), and more recently the Common
Optics Unit (COU), may be examples of passive optical packs that provide all the optical
interconnections for the LME and CRE with each fiber pair so that LME and CRE signals can
access the wet plant fiber pair(s). It may be understood that a “dark” fiber or dark fiber
pair(s), as used herein, broadly refers to unused optical fiber(s) available for use in an optical
communication system. Conversely, it may be understood that a “lit” fiber or lit fiber pair, as
used herein, broadly refers to optical fiber(s) in use and may be actively sending or receiving
data via light or light wavelengths.

[0026] In examples, for lit fiber pairs, (i) a generic terminal equipment may connect
to the Submarine Line Terminating Equipment (SLTE) side of the MI-PDP or COU, (ii) the
LME and CRE may connect to LME and CRE optical ports, and (iii) two terminal optical
amplifiers may be connected to appropriate ports of the MI-PDP or COU. For instance, this
arrangement provides the desired gain for both SLTE data channels and the inbound and
outbound LME and CRE signals.

[0027] FIG. 2 illustrates an example optical interconnection 200 with a wet plant.
The optical interconnection 200 may be a typical optical configuration for SLTE, LME and

CRE optical interconnection with the wet plant, where the terminal amplifiers may provide
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anywhere between 14.5 and 23.5 dB of gain. As shown in FIG. 2, a first generic terminal
(1llustrated top terminal) may be coupled to a transmission or transmitter (“TX”) section of
the COU and a second generic terminal (illustrated bottom terminal) may be coupled to a
receiving or receiver (“RX”) section of the COU.

[0028] In some instance, when a fiber pair is dark and the generic terminal
amplifier is not present or available, a different optical configuration may be required to
enable higher launch power levels of the LME and CRE. FIG. 3, which figure illustrates an
optical configuration 300, may be an example of this configuration.

[0029] FIG. 3 illustrates the example optical configuration 300 with a wet plant.
As shown, the configuration 300 includes at least a COU, an LME coupled to one or more
ports of the COU, and a CRE coupled to one or more ports of the COU.

[0030] In open cable systems, existing optical methods or configurations of
bringing-up of generic terminal equipment on a fiber pair by connecting LME and CRE with
the wet plant fiber pairs may be undesirable in some instances. It may be understood that an
open cable system broadly refers to any system deployed without any terminal equipment
except for COU, LME, and CRE.

[0031] For example, users or customers may prefer a clean demarcation point
between an equipment provider or manufacturer (or service provider) generic SLTE
equipment and the open cable equipment (COU, MI-PDP, LME, CRE). The users or
customers may not want to run fibers back and forth between bay line ups that may exist in
different terminal station locations. Further, the users or customers may not want to modify
an initial dark fiber set-up to get a lit fiber configuration or change configurations for special
LME measurements, such as Optical Time Domain Reflectometer (OTDR) measurements.

[0032] Suggestions for the clean demarcation may include either equipping the
primary terminal line amplifiers with the Open Cable equipment (COU, MI-PDP, LME, CRE)
and drawing a clean demarcation point on the SLTE side of the COU (or MI PDP) or finding
a way to have LME and CRE access to the fiber pair without using the generic terminal
equipment amplifiers (e.g., in effect accessing the fiber pair through couplers close to the wet

plant).
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[0033] A new concept is described herein that implements a different set of optics
at the wet plant interface and a redesign of both the LME and CRE to better manage power
level differences that may or will exist without using the generic terminal amplifiers that
would be provided by a user or customer.

[0034] In various embodiments, an interface apparatus may include a plurality of
fiber interface modules (FIM) that couple to respective optical fiber pairs of a subsea optical
communications system, where each FIM includes a pair of normally closed switches. In
various additional embodiments, in addition to the interface apparatus, an optical
communications system may include a line monitoring equipment receive EDFA, as well as
CRE transmit EDFA, as detailed herein below.

[0035] The new concept for connecting the modified LME and CRE to each open
cable fiber pair is shown in and described with respect to at least the following figures. The
interface module described herein preserves all the necessary functionality of the CRE and
LME while advantageously solving one of the bigger issues present with making OTDR
measurements once a fiber pair is lit.

[0036] FIG. 4A illustrates an example open cable fiber pair (FP) line interface
module (FIM) according to one or more embodiments. As will be further described below,
the open cable FP line interface module, termed interface module 400, may be one of 12 or
more fiber pair interface modules contained or included in a powered shelf. In a given FP line
interface module according to the embodiment of FIG. 4A, a transmit part includes lines LME
Tx line, LTE Tx line, and CRE Tx line, while a receive part includes lines LME Rx line, LTE
Rx line, and CRE Tx line, where each of these lines in connected to a respective port (not
separately shown), such as CRE Tx port, LME receive (Rx) port, and so forth.

[0037] In embodiments, each module may service one fiber pair and may contains
two high-reliably, normally closed switches, shown as SW1 and SW2, as illustrated. The
switch SW1 is coupled to the LME TX line, while the switch SW2 is coupled to the LTE TX
line. A circulator CR1 and circulator CR2 may be provided as shown. A receive coupler,
namely a CRE TX coupler CP1, is coupled to the switch SW1 and to a LME TX coupler CP2.
The provided switching capability may at least accommodate both dark and lit fiber pair
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reconfiguration, and for making out-of-service OTDR measurements with an optimal LME-
generated loading spectrum once a fiber pair is lit with the generic SLTE equipment.

[0038] The at least two switches allow at least load management in the dark fiber
configuration where the output loss to the wet plant must be minimized. When a customer or
user connects generic terminal equipment (and also no longer need LME loading), the module
may be switched to connect LME to the wet plant through a coupler (e.g., 10 dB coupler).

[0039] Since LME and CRE may be redesigned for the interface module 400, no
optical jumper changes may be needed. Further, there are no fiber jumpers going back and
forth from the interface optics and the generic terminal amplifiers. Thus, a single demarcation
point exits as shown in FIG. 4A.

[0040] In an alternate example, it may be understood that the alternate
configuration would locate the CRE TX coupler between a circulator and outbound LME TX
coupler so that the LTE TX outbound path may have less insertion loss.

[0041] For example, when a cable break occurs on a lit fiber pair, the optical
switches in the interface module 400 may be automatically switched to block traffic (e.g.,
LTE traffic) while allowing the LME to provide the optimal loading power spectrum for the
out of service OTDR measurement. Accordingly, and advantageously, users or customers no
longer will have to reconfigure fibers for any LME measurements with the interface module
400 as shown and described above.

[0042] FIGS. 4B and 4C illustrate further examples of open cable fiber pair line
interface modules, shown as interface module 420 and interface module 440 according to one
or more embodiments. As shown, the various components and/or elements of the interface
module 420 and interface module 440 may be configured or designed differently than the
interface module 400 of FIG. 4A, while being able to achieve similar effects or functionalities
of the interface module 400. As further shown, the interface module 420 and interface
module 440 may also include or contain at least two switches similar to interface module 400.
In the embodiment of FIG. 4B, in addition to the circulator CR1 and circulator CR2, a
circulator CR3 is provided on the CRE Tx line, directly connected to the coupler CP1. In the
embodiment of FIG. 4C, in addition to the circulator CR1 and circulator CR2, and circulator

CR3, a coupler CP3 is provided between circulator CR2, circulator CR3, and the coupler CP1.
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It may be understood that other various configurations of the internal components etc. of the
interface module 420 and interface module 440 are contemplated and not solely limited to just
the design or configurations shown in FIGS. 4B and 4C.

[0043] Note that in accordance with some embodiments, the aforementioned FIM
modules may be implemented in an optical communication system in conjunction with the
removal of terminal line amplifiers. For example, a for a G4 LME, a second “Receive”
amplifier, such as an EDFA, may be added after the LME RX port selector switch to
overcome the lack of RX power (e.g., arising from lack of RX TLA). Likewise, for the CRE,
a “Transmit” amplifier, such as an EDFA, may be added in order to boost the TX signal
power. FIG. 4D provides one such configuration, according to embodiments of the
disclosure, where the interface module of FIG. 4A is supplemented in interface module 460
with a Receive amplifier, such as an EDFA (shown as LMEA),coupled between a LME
receive port (not shown, but to the left in the figure) and an LME receive coupler in the
receive part, shown on line LME Rx. Similarly, the CRE Tx line is coupled to a transmit
amplifier or EDFA (shown as CREA).

[0044] In additional embodiments of the disclosure, additional amplification or
gain may be provided in or in conjunction with a fiber interface module. In some
embodiments, an Rx side gain is added both for CRE Rx and LME Rx in alternate
configurations, to address circumstances where more Rx side gain for returning LME or CRE
signals is needed. When adding Rx EDFA in the CRE Rx path, a receive filter, shown as the
single channel CRE Rx filter, may be situated after the inbound CRE RX EDFA. FIG. 4E
illustrates one variant of this latter embodiment, where an open cable fiber pair (FP) line
interface module, shown as interface module 480, is arranged as follows. An optical fiber
exits the interface module 480, and couples to a CRE Rx EDFA, with a fiber then returning
from the CRE Rx EDFA into the interface module 480 through the single channel CRE Filter,
and the fiber then exiting the interface module 480 to a CRE Rx connection.

[0045] FIG. 5 illustrates an example powered cage or powered shelf 500 for
multiple FP line interface modules or fiber interface modules (FIMs) according to one or

more embodiments. For example, each of the interface modules may be configured similarly
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or identically to the interface module 400 of FIG. 4A, the interface module 420 of FIG. 4B,
and/or the open cable FP line interface module 440 of FIB. 4C.

[0046] As shown, FIG. 5 is a physical realization of the FIMs by configuring, for
example, a three or four rack unit (RU) tall 19-inch wide shelf for mounting in a standard 19-
inch bay. The shelf may be powered and, while powered, does not dissipate significant heat
since the switches need little power to operate.

[0047] Moreover, fans may not be needed. And modularity of the powered cage or
shelf 500 may allow a single FIM to be equipped based on user/customer need or swapped out
without taking out all fiber pairs in the event of a single FIM failure.

[0048] According to further embodiments, the FIMs may have a small backplane
electrical connector allowing power and control pin connections. Moreover, a hot swappable
power module may also be used or implanted with or in the cage or shelf 500, as also shown
(as swappable control module) on the right side of FIG. 5. It may be understood that the
configuration of FIG. 5 is not limiting and other physical packaging concepts, configurations,
designs, etc. may be considered.

[0049] It may be understood that the above-described embodiments and examples,
which may be implemented or included in an optical communication system, can be arranged
in various and different arrangements and not be limited to any particular arrangement or in
any other manner.

[0050] Herein, a novel and inventive techniques for a terminal line interface
module for undersea open cable system access are disclosed. The present disclosure is not to
be limited in scope by the specific embodiments described herein. Indeed, other various
embodiments of and modifications to the present disclosure, in addition to those described
herein, will be apparent to those of ordinary skill in the art from the foregoing description and
accompanying drawings. In particular, the present embodiments may specifically include: an
apparatus, a module, a method, a system, an optical communication system component, at
least one controller, at least one processor, at least one controller circuitry, and/or at least one
non-transitory computer readable medium comprising one or more of the embodiments,
features, examples, descriptions, etc. described above and herein and/or shown or illustrated

in the Figures.

10
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[0051] Thus, such other embodiments and modifications are intended to fall within
the scope of the present disclosure. Further, although the present disclosure has been
described herein in the context of a particular implementation in a particular environment for
a particular purpose, those of ordinary skill in the art will recognize that its usefulness is not
limited thereto and that the present disclosure may be beneficially implemented in any
number of environments for any number of purposes. Accordingly, the claims set forth below
should be construed in view of the full breadth and spirit of the present disclosure as

described herein.

11
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Claims

1. An apparatus for managing optical subsea communications system, comprising:
a plurality of fiber interface modules (FIM), wherein a given FIM comprises:
a receive part; and
a transmit part, wherein the transmit part comprises two normally closed
switches, wherein a first switch of the two normally closed switches is coupled to a line
monitoring equipment (LME) TX port, and wherein a second switch of the two normally

closed switches is coupled to a line terminating equipment (LTE) TX port.

2. The apparatus of claim 1, further comprising:
a receive amplifier, coupled between a LME receive port and an LME receive
coupler in the receive part; and
a transmit amplifier, coupled to a command response equipment (CRE) port in

the transmit part.

3. The apparatus of claim 1, further comprising: a CRE TX coupler, coupled to the
second switch and to a LME TX coupler.

4. The apparatus of claim 3, further comprising a first circulator and a second
circulator, coupled on opposite sides of the first switch, and a third circulator,

coupled between the CRE TX coupler and a CRE TX port.

5. The apparatus of claim 4, further comprising a third coupler, disposed between the
second circulator, the third circulator, and the CRE TX coupler.

6. The apparatus of claim 1, further comprising at least one hot swappable power

module.

12
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7. A subsea communications system, comprising:
a wet plant; and
an interface module assembly, coupled to the wet plant, the interface module assembly
comprising:
a plurality of fiber interface modules (FIM), wherein a given FIM comprises:
a receive part; and
a transmit part, wherein the transmit part comprises two normally closed
switches,
wherein a first switch of the two normally closed switches is coupled to a
line monitoring equipment (LME) TX port, and wherein a second switch of the two

normally closed switches is coupled to a line terminating equipment (LTE) TX port.

8. The subsea communications system of claim 7, further comprising:
a receive amplifier, coupled between a LME receive port and LME receive
coupler in the receive part; and
a transmit amplifier, coupled to a command response equipment (CRE) TX port

in the transmit part.

9. The subsea communications system of claim 7, further comprising: a CRE TX

coupler, coupled to the second switch and to a LME TX coupler.

10.  The subsea communications system of claim 8, further comprising a first circulator
and a second circulator, coupled on opposite sides of the first switch, and a third
circulator, coupled between the CRE TX coupler and the CRE TX port.

11.  The subsea communications system of claim 10, further comprising a third coupler,

disposed between the second circulator, the third circulator, and the CRE TX

coupler.

13
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12. The subsea communications system of claim 7, wherein the an interface module

assembly comprises at least one hot swappable power module.

13. A subsea communications system, comprising:
a wet plant;
an interface module assembly, coupled to the wet plant, the interface module assembly
comprising:
a plurality of fiber interface modules (FIM), wherein a given FIM comprises:
a receive part;
a transmit part, wherein the transmit part comprises two normally closed
switches,
wherein a first switch of the two normally closed switches is coupled to a
line monitoring equipment (LME) TX port, and wherein a second switch of the two
normally closed switches is coupled to a line terminating equipment (LTE) TX port;
and

at least one amplifier, coupled between to a port of the given FIM.

14.  The subsea communications system of claim 13, wherein the at least one amplifier
comprises a receive amplifier, coupled between a LME receive port and an LME
receive coupler in the receive part, and further comprises a transmit amplifier,

coupled to a command response equipment (CRE) port in the transmit part.

15.  The subsea communications system of claim 13, wherein the at least one amplifier
comprises a CRE Rx EDFA, coupled between a receive coupler and receive filter in

the receive part.

14
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