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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to optical networking, and more specifically to integrated framing func-
tionality; optical layer operations, administration, maintenance, and provisioning (OAM&P); forward error correction
(FEC); data encapsulation; and performance enhancement support in pluggable optical transceiver modules specified
by multi-source agreements (MSAs) such as, for example, XENPAK, XPAK, X2, XFP, XFP-E and SFP+.

BACKGROUND OF THE INVENTION

[0002] The 10 Gigabit per second (Gbps) data rate (e.g., 9.96 Gbps for SONET OC-192 and SDH STM-64, 10.3 Gbps
for GbE LAN PHY, and 10.5 Gbps for 10G Fiber Channel) is emerging as the most dominant interface rate between
servers, routers, Ethernet switches, multi-service provisioning platforms (MSPPs), cross-connects, etc. in core, regional,
metro, access, and enterprise networks. Pluggable transceivers configured to provide a 10 Gbps optical signal have
been adopted by equipment vendors as an effective way to decouple design and development of the physical optical
interface from the rest of the open systems interconnect (OSI) layer two and above functions on line cards (also known
as blades) in servers, routers, Ethernet switches, MSPPs, cross-connects, etc.
[0003] Pluggable transceivers are defined through multi-source agreements (MSAs). MSAs are agreements for spec-
ifications of pluggable transceivers agreed to by two or more vendors and promulgated for other vendors and network
operators to utilize. MSAs allow other vendors to design transceivers to the same specifications reducing risk for vendors
and operators, increasing flexibility, and accelerating the introduction of new technology. Six such MSAs include XFP,
XPAK, XENPAK, X2, XFP-E and SFP+. Additionally, new MSAs are emerging to address new services and advanced
technology. Each MSA defines the transceiver’s mechanical characteristics, management interfaces, electrical charac-
teristics, optical characteristics, and thermal requirements. Because of MSA specifications, MSA-compliant pluggable
transceivers are standardized among equipment vendors and network operators to support multiple sources for pluggable
transceivers and interoperability. As such, MSA-compliant pluggable transceivers have become the dominant form of
optical transmitters and receivers in the industry.
[0004] Advantageously, MSA-compliant pluggable transceivers ensure engineering re-use and compatibility between
various applications and the physical media dependent transceivers. Further, equipment vendors realize streamlined
manufacturing and inventory control by removing wavelength specific decisions from the manufacturing process. For
example, all line cards are manufactured the same, and the pluggable transceiver module with the desired wavelength
(e.g. 850 nm, 1310 nm, 1550 nm, coarse wave division multiplexed (CWDM), dense wave division multiplexed (DWDM),
etc.) is plugged in as a function of the specific application or development configuration. Network operators and service
providers have adopted pluggable transceivers to reduce sparing costs. Further, significant cost reductions are realized
by MSA standardization of pluggable transceivers because of multiple independent manufacturing sources.
[0005] The MSA specifications tightly define the mechanical characteristics, management interfaces, electrical char-
acteristics, optical characteristics, and thermal requirements of pluggable transceivers. Advantageously, this enables
interoperability among equipment vendors of pluggable transceivers, i.e. any MSA-compatible pluggable transceiver
can be used in any host system designed to the MSA specification; however, these tightly defined characteristics limit
the performance of pluggable transceivers since the MSA specifications were designed to maximize density and minimize
cost, and not to provide advanced optical performance. To date, pluggable transceivers such as XFP, XPAK, XENPAK,
X2, XFP-E, and SFP+ have been limited to short reach (less than 80km) point-to-point applications without the need for
high performance, extended reach, or advanced optical layer OAM&P. The MSA specifications have not addressed
performance enhancements to enable pluggable transceivers to extend reach beyond 80 km and to provide carrier-
grade optical management and performance. Where required to extend reach and to provide carrier-grade management
and performance, host devices are designed with external circuitry interfaced to pluggable transceivers or pluggable
transceivers are connected to optical transponders. As such, the use of pluggable transceivers to date has been limited
to intraoffice connections, short reach enterprise and metro networks (less than 80km), and connection to an optical
transponder capable of extended reach typically beyond 80 km.
[0006] Due to the low-cost, high-density, and widespread deployment of pluggable transceivers, both equipment
vendors and network operators recognize a need to extend the benefits of pluggable transceivers to metro, regional and
core network applications to enable carrier-grade wavelength division multiplexed (WDM) transport without the need for
additional equipment such as optical transponders or additional circuitry performance enhancements. Such a need also
must preserve the MSA mechanical characteristics, management interfaces, electrical characteristics, optical charac-
teristics, and thermal requirements to maintain interoperability with existing host systems.
[0007] Furthermore, document -TERADA K. ET AL.: ’Physical Layer OAM&P Signaling Method for 10 Gbit/S Ethernet
Transport over Optical Networks’ IEICE TRANSACTIONS ON COMMUNICATIONS vol. E88-B, no. 10, October 2005,
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pages 3952 - 3961, XP001234390- describes an optical transceiver defined by a multi-source agreement comprising
an integrated circuit configured to frame a signal with overhead for operations, administration, maintenance and provi-
sioning (OAM & P), functions necessary for optical transport networks (OTN) applications. The optical transceiver with
the integrated circuit preserves the specifications for the multi-source agreement defining the optical transceiver. A
communication mechanism is compliant to the multi-source agreement, wherein the communication mechanism is adapt-
ed to communicate the processed OAM&P data to a host system.

BRIEF SUMMARY OF THE INVENTION

[0008] In various exemplary embodiments, the present invention integrates framing in MSA-compliant pluggable optical
transceivers to extend the OTN framework into metro, regional, and core applications. Additionally, the present invention
integrates FEC and optical layer OAM&P features in MSA-compliant pluggable optical transceivers. This integration is
done with existing pluggable transceivers defined by MSAs such as, but not limited to, XFP, XPAK, XENPAK, X2, XFP-
E, and SFP+. Further, the present invention can be extended to new, emerging pluggable transceiver standards and
specifications. This invention provides for the integration of data encapsulation, framing, FEC, optical reach extension
and optical layer OAM&P in a manner that preserves the MSA specifications. This allows systems designed for existing
pluggable transceivers to realize carrier-grade, robust performance without additional equipment such as transponders
and without redesigning host systems such as the line card to support new specifications.
[0009] In one exemplary embodiment of the present invention, G.709 framing with overhead for optical layer OAM&P
and FEC is integrated into XFP, XPAK, XENPAK, X2, XFP-E, and SFP+ MSA specifications. This integration allows for
on-chip OAM&P access through a subset of the G.709 overhead bytes or access to the entire G.709 overhead bytes in
the pluggable transceiver. The OAM&P access is done through mechanisms fully compliant with the MSA specification.
[0010] The present invention extends the benefits of pluggable transceivers beyond the current application space of
short reach (less than 80km) and interconnect applications to IP/Ethernet/ATM/Frame Relay/Fiber Channel over WDM
applications, high density applications, high performance FEC applications, G.709 interconnection applications, and
applications requiring comprehensive optical layer OAM&P. As such, the present invention eliminates the need to add
additional equipment to support these applications such as transponders or the need to redesign existing hardware by
complying with existing MSA specifications.
[0011] In an exemplary embodiment of the present invention, a pluggable optical transceiver defined by a multi-source
agreement includes integrated circuitry configured to frame a signal with overhead for operations, administration, main-
tenance, & provisioning (OAM&P) functions necessary for optical transport networks (OTN) applications; wherein the
pluggable optical transceiver with the integrated circuitry preserves the specifications for the multi-source agreement
defining the pluggable optical transceiver. Optionally, the integrated circuitry is configured to frame the signal with a
G.709 frame and the overhead comprises G.709 management data. A subset of the G.709 management overhead is
accessible and terminated on the pluggable optical transceiver; and wherein the G.709 management data is communi-
cated through mechanisms fully supported by the multi-source agreement without requiring hardware re-design in the
host system. Additionally, the pluggable optical transceiver of the present invention is utilized in applications requiring
comprehensive operations, administration, maintenance, & provisioning support. Optionally, the overhead in the over-
head comprises forward error correction overhead for performance enhancement and reach extension and the integrated
circuitry is configured to correct errors in an optical signal utilizing the forward error correction overhead. Alternatively,
the multi-source agreement comprises any of XFP, XPAK, XENPAK, X2, XFP-E, and SFP+.
[0012] In another example a pluggable optical transceiver defined by a multi-source agreement includes integrated
forward error correction circuitry, the circuitry is configured to add forward error correction overhead to a transmitted
signal and to process forward error correction overhead on a received signal to correct errors; wherein the pluggable
optical transceiver with the integrated forward error correction circuitry preserves the specifications for the multi-source
agreement defining the pluggable optical transceiver. Optionally, the forward error correction circuitry is configured to
frame the optical signal with a G.709 frame, the G.709 frame comprises overhead for operations, administration, main-
tenance, & provisioning overhead and the forward error correction overhead. Alternatively, the multi-source agreement
comprises any of XFP, XPAK, XENPAK, X2, XFP-E, and SFP+.
[0013] In a third example a pluggable optical transceiver defined by one of the XPAK, XENPAK, or X2 multi-source
agreements includes G.709 framing circuitry integrated into the pluggable optical transceiver, the G.709 framing circuitry
is configured to: frame an incoming signal with a G.709 frame comprising G.709 management overhead and forward
error correction overhead and provide the signal in the G.709 frame to an optical transmitter; un-frame an incoming
G.709 signal from an optical receiver and provide the unframed signal to a XAUI-XFI transceiver; and process G.709
management overhead and forward error correction overhead on the incoming G.709 signal; wherein the pluggable
optical transceiver integrated with the framing circuitry preserves one of the XPAK, XENPAK, or X2 specifications.
Optionally, the G.709 framing circuitry is further configured to: terminate a subset of the G.709 management overhead
and pass the terminated overhead to a host system through mechanisms supported by one of the XPAK, XENPAK, or
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X2 specifications; and correct errors responsive to the forward error correction overhead and pass corrected error
statistics to the host system through mechanisms supported by one of the XPAK, XENPAK, or X2 specifications. Alter-
natively, the G.709 framing circuitry is further configured to pass the entire G.709 management overhead to a host
system through mechanisms supported by one of the XPAK, XENPAK, or X2 specifications; and correct errors responsive
to the forward error correction overhead and pass corrected error statistics to the host system through mechanisms
supported by one of the XPAK, XENPAK, or X2 specifications.
[0014] In yet another example a pluggable optical transceiver defined by one of the XFP, XFP-E, or SFP+ multi-source
agreements includes G.709 framing circuitry integrated into the pluggable optical transceiver, the G.709 framing circuitry
is configured to frame an incoming signal with a G.709 frame comprising G.709 management overhead and forward
error correction overhead and provide the signal in the G.709 frame to an optical transmitter; un-frame an incoming
G.709 signal from an optical receiver and provide the unframed signal to a host system; and process G.709 management
overhead and forward error correction overhead on the incoming G.709 signal; wherein the pluggable optical transceiver
integrated with the framing circuitry preserves the XFP, XFP-E, or SFP+ specifications.
[0015] In another example a method for designing a multi-source agreement pluggable transceiver for optical transport
network applications includes determining the mechanical characteristics, management interfaces, electrical character-
istics, optical characteristics, and thermal requirements of the multi-source agreement; and incorporating integrated
framing within the multi-source agreement pluggable transceiver; wherein the incorporating step preserves the mechan-
ical characteristics, management interfaces, electrical characteristics, optical characteristics, and thermal requirements
of the multi-source agreement. Optionally, a further step is included of incorporating operations, administration, main-
tenance, & provisioning (OAM&P) functions necessary for metro, regional, and core applications within the multi-source
agreement pluggable transceiver; wherein the incorporating OAM&P step preserves the mechanical characteristics,
management interfaces, electrical characteristics, optical characteristics, and thermal requirements of the multi-source
agreement. Alternatively, a further step is included of incorporating forward error correction for performance enhancement
and reach extension within the multi-source agreement pluggable transceiver, the forward error correction is configured
to correct errors in an optical signal; wherein the incorporating forward error correction step preserves the mechanical
characteristics, management interfaces, electrical characteristics, optical characteristics, and thermal requirements of
the multi-source agreement.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The present invention is illustrated and described herein with reference to the various drawings, in which like
reference numbers denote like method steps and/or system components, respectively, and in which:

Figures 1a - 1b are an illustration of pluggable transceivers of the prior art incorporated on devices for wavelength
division multiplexed transmission.

Figure 2 illustrates several MSA specifications for pluggable optical transceivers such as XENPAK, X2, and XFP.

Figures 3a - 3b illustrate functional block diagrams of XENPAK, XPAK, X2, and XFP pluggable optical transceivers.

Figure 4 is an exemplary block diagram of a pluggable transceiver for the XPAK, XENPAK, and X2 MSAs.

Figure 5 is an exemplary block diagram of an XAUI-XFI transceiver including an integrated G.709 framer with FEC.

Figure 6 is a block diagram of a pluggable transceiver for the XFP, XFP-E, and SFP+ MSAs.

Figure 7 is an example of a pluggable transceiver with an MDIO bridge for communicating to the MDIO from a
G.709 framer with FEC and from a XAUI serializer/de-serializer (SerDes).

Figure 8 illustrates an MDIO bridge for performing an address decode to split MDIO data between the G.709 framer
and the XAUI SerDes.

Figure 9 is an illustration of the optical layers in G.709.

Figures 10a - 10b illustrate examples for terminating frame overhead management data internally in a pluggable
transceiver or for passing the frame overhead management data to a host system.

Figure 11 illustrates the G.709 frame overhead bytes and an example of a sub-set of overhead bytes supported for
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termination internally to the pluggable transceiver that would be sufficient for carrier grade OAM&P functions.

Figures 12a - 12b illustrate an exemplary embodiment of frame error reporting in G.709 and network discovery and
connection management.

Figure 13 illustrates a graph of coding gain resulting from the Reed Solomon FEC code, RS (255, 239).

Figure 14 illustrates an exemplary application of pluggable transceivers of the present invention in a metro/core ring.

Figure 15 illustrates an exemplary application of pluggable transceivers of the present invention in a regional/core
DWDM system.

DETAILED DESCRIPTION OF THE INVENTION

[0017] In various exemplary embodiments, the present invention integrates framing in MSA-compliant pluggable optical
transceivers to extend the OTN framework into metro, regional, and core applications. Additionally, the present invention
integrates FEC and optical layer OAM&P features in MSA-compliant pluggable optical transceivers. This integration is
done with existing pluggable transceivers defined by MSAs such as, but not limited to, XFP, XPAK, XENPAK, X2, XFP-
E, and SFP+. Further, the present invention can be extended to new, emerging pluggable transceiver standards and
specifications. This invention provides for the integration of data encapsulation, framing, FEC, optical reach extension
and optical layer OAM&P in a manner that preserves the MSA specifications. This allows systems designed for existing
pluggable transceivers to realize carrier-grade, robust performance without additional equipment such as transponders
and without redesigning host systems such as the line card to support new specifications.
[0018] In one example , G.709 framing with overhead for optical layer OAM&P and FEC is integrated into XFP, XPAK,
XENPAK, X2, XFP-E, and SFP+ MSA specifications. This integration allows for on-chip OAM&P access through a subset
of the G.709 overhead bytes or access to the entire G.709 overhead bytes in the pluggable transceiver. The OAM&P
access is done through mechanisms fully compliant with the MSA specification. Additionally, G.709 FEC is added on
the pluggable transceiver to extend optical reach, provide carrier-grade performance, and provide an additional layer of
optical OAM&P through corrected error counts.
[0019] The present invention extends the benefits of pluggable transceivers beyond the current application space of
short reach (less than 80km) and interconnect applications to IP/Ethernet/ATM/Frame Relay/Fiber Channel over WDM
applications, high density applications, high performance FEC applications, G.709 interconnection applications, and
applications requiring comprehensive optical layer OAM&P. As such, the present invention eliminates the need to add
additional equipment to support these applications such as transponders or the need to redesign existing hardware by
preserving existing MSA specifications.
[0020] Referring to Figures 1a - 1b, pluggable transceivers 110,160 can be included on devices 101,151 for wavelength
division multiplexed (WDM) transmission into a multiplexer 130 and an amplifier 140. The devices 101,151 can include
servers, routers, Ethernet switches, multi-service provisioning platforms (MSPPs), optical cross-connects, or any other
device with requirements for optical transmission. The pluggable transceivers 110,160 are configured to plug into a line
card, blade, or other device in the devices 101,151 to provide an optical signal for transmission. The pluggable transceivers
110,160 are designed to specifications such that they can be installed in any device 101,151 designed to host a pluggable
transceiver 110,160. These specifications allow the design of the devices 101,151 to be de-coupled from the design of
pluggable transceivers 110,160.
[0021] Figure 1a illustrates the prior art with the device 101 equipped with pluggable transceivers 110 where the
transceivers 110 are designed to support native optical line rates such as 9.96 Gbps for SONET OC-192 and SDH STM-
64, 10.3 Gbps for GbE LAN PHY, and 10.5 Gbps for 10G Fiber Channel. Further, the transceivers 110 do not support
G.709 wrappers, FEC, and optical layer OAM&P integrated within the transceiver 110. The transceivers 110 are con-
figured to accept an electrical signal and to convert it to an optical signal without additional functions such as adding
G.709 overhead, processing G.709 management bytes, encoding FEC overhead, etc. As such, devices 101 equipped
with transceivers 110 require transponders such as G.709 transponders 120 to offer G.709 wrappers, FEC, and OAM&P.
The transceivers 110 typically provide optical reach up to 80km with no transparency and optical layer OAM&P.
[0022] Figure 1b illustrates an example with the device 151 equipped with pluggable transceivers 160 where the
transceivers 160 include integrated G.709 wrapper, FEC, and OAM&P functionality. The transceivers 160 remove the
need for external transponders to support G.709, FEC, and OAM&P by incorporating these functions internal to the
transceiver 160 while maintaining the same interface to the device 151 as the transceiver 110 does with the device 101.
This is done by adding the G.709 wrapper, FEC, and OAM&P within the specifications of the transceiver 110.
[0023] Transceivers 160 extend the OTN framework benefits for seamless interconnection applications and for OAM&P
functions necessary for metro, regional, and core applications. Further, the transceivers 160 are configured to transpar-
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ently transport asynchronous traffic such as IEEE 802.3 10 Gigabit Ethernet (10GbE), 10 Gbps Fiber Channel traffic,
or any 10 Gbps constant bit-rate (CBR) traffic seamlessly and efficiently across multiple networks using the OTN frame-
work. This removes the need to sacrifice bandwidth utilization such as in SONET concatenation or the need to introduce
another layer of adaptation such as generic framing procedure (GFP).
[0024] ITU-T Recommendation G.709 (Interface for the optical transport network (OTN)) is an example of a framing
and data encapsulation technique. G.709 is a standardized method for managing optical wavelengths in an optical
network. G.709 allows for transparency in wavelength services, improvement in optical link performance through out-
of-band forward error correction (FEC), improved management through full transparency, and interoperability with other
G.709 clients. G.709 defines a wrapper in which a client signal (e.g. OC-48, STM-16, OC-192, STM-64, 10GbE, etc.) is
encapsulated. The G.709 wrapper includes overhead bytes for optical layer OAM&P and FEC overhead for error cor-
rection. Traditionally, G.709 signals are used in a carrier-grade network to provide robust performance and OAM&P
while transporting client signals with full transparency. Currently, MSA specifications such as XFP, XPAK, XENPAK,
X2, XFP-E, and SFP+ do not address integration of G.709 within the pluggable transceiver.
[0025] Referring to Figure 2, several MSA specifications currently exist for pluggable optical transceivers including
XENPAK 202, X2 204, and XFP 206. Power and space is limited in each of the specifications in Figure 2. The pluggable
MSAs were developed with intent to maximize port density; hence the power and foot-print constraints. The intent of the
MSA specifications was to have framing, G.709, FEC, and OAM&P reside outside the pluggable transceiver. The XFP
MSA, for example, states that the XFP transceiver must accept data input up to 11.1 Gbps FEC rate but not that the
functions must be carried out inside the XFP due to the limited space and power available inside the XFP. However,
these MSAs do not prevent the addition of additional functions such as G.709, FEC, and OAM&P internal to the pluggable
transceiver. The present invention provides a system to integrate these functions while maintaining the MSA specifications
through use of unused communication ports for OAM&P access and circuitry designed to fit within the space and power
constraints of the MSA specification.
[0026] The XENPAK 202 MSA supports the proposed 802.3ae IEEE 10 Gigabit Ethernet (10GbE) standard, and
specifies a uniform form factor, size, connector type and electrical pin-outs. XENPAK 202 simplifies management of
architecture shifts and integration, minimizes system costs, ensures multiple vendors for market supply, and guarantees
thermal performance for high density 10GbE ports. XENPAK 202 requires power dissipation of no more than 6 W for
1310 nm and 850 nm wavelengths and power dissipation of no more than 10 W for 1550 nm wavelengths. The XENPAK
202 MSA is available at www.xenpak.org/MSA.asp.
[0027] The X2 204 MSA defines a small form-factor 10 Gbps pluggable fiber optic transceiver optimized for 802.3ae
Ethernet, ANSI/ITUT OC192/STM- 64 SONET/SDH interfaces, ITU-T G.709, OIF OC192 VSR, INCITS/ANSI 10GFC
(10 Gigabit Fiber Channel) and other 10 Gigabit applications. X2 204 is physically smaller than XENPAK 202 but maintains
the same electrical I/O specification defined by the XENPAK 202 MSA and continues to provide robust thermal perform-
ance and electromagnetic shielding. X2 204 uses the same 70-pin electrical connectors as XENPAK 202 supporting
four wire XAUI (10-gigabit attachment unit interface). X2 204 supports an input signal of G.709, but does not support
framing a non-G.709 signal internal to the pluggable transceiver and also does not support FEC and optical layer OAM&P.
The X2 204 MSA is available at www.x2msa.org/MSA.asp.
[0028] The XFP (10 Gigabit Small Form Factor Pluggable) 206 is a hot-swappable, protocol independent optical
transceiver, typically operating at 1310 nm or 1550 nm, for 10 Gigabit SONET/SDH, Fiber Channel, Gigabit Ethernet
and other applications. The XFP 206 MSA is available from www.xfpmsa.org. The XFP 206 MSA defines a specification
for a module, cage hardware, and IC interfaces for a 10 Gbps hot pluggable module converting serial electrical signals
to external serial optical or electrical signals. The technology is intended to be flexible enough to support bit rates between
9.95 Gbps and 11.1 Gbps for services such as OC-192/STM-64, 10G Fiber Channel, G.709, and 10G Ethernet. XFP
206 supports native G.709 signals, but does not support the ability to frame a non-G.709 signal into a G.709 wrapper
with FEC and OAM&P internal to the XFP 206 module. Currently, these features are done external to the XFP 206
module and a G.709 signal is sent to the XFP 206 module for optical transmission. XFP-E (not shown in Figure 2) is an
extension of the XFP 206 MSA for ultra-long haul DWDM applications and tunable optical transmitters.
[0029] XPAK (not shown in Figure 2) is a reduced-size, pluggable 10 Gigabit Ethernet (GbE) module customized for
enterprise, storage area network (SAN), and switching center market segment applications. The XPAK specifications
define mechanical, thermal, and electromagnetic interference (EMI) mitigation features of the form factor, as well as
reference 10-GbE optical and XENPAK 202 MSA electrical specifications. XPAK offers higher density and better power
efficiency than XENPAK 202 and offers 10GbE links up to 10km and eventually 40km.
[0030] The SFP+ (not shown in Figure 2) MSA is a specification for a pluggable, hot-swappable optical interface for
SONET/SDH, Fiber Channel, Gigabit Ethernet, and other applications. SFP+ is designed for up to 80km reach and
supports a full-range of applications including DWDM. SFP+ is similar in size and power with the XFP 206 specification,
and similarly accepts a serial electrical input.
[0031] The XFP, XPAK, XENPAK, X2, XFP-E, and SFP+ MSAs all share similar design constraints in power and
space. Some of these MSAs have been designed to accept G.709 framed signals (i.e. 10.7 Gbps and 11.1 Gbps), but
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the MSAs do not disclose integrated G.709 framing, optical layer OAM&P, and FEC internal to the pluggable transceivers.
MSAs define input signal interfaces, mechanical, thermal, and software management interfaces. The present invention
introduces G.709 framing, OAM&P, and FEC without changing any of the MSA interfaces or mechanical characteristics.
[0032] Referring to Figures 3a - 3b, existing pluggable transceivers do not include circuitry for data encapsulation,
integrated G.709 framing, OAM&P, and FEC. Figure 3a illustrates a functional block diagram of a XENPAK, XPAK, and
X2 pluggable transceiver 300, and Figure 3b illustrates a functional block diagram of an XFP, XFP-E, and SFP+ pluggable
transceiver 350.
[0033] In Figure 3a, the XENPAK, XPAK, and X2 pluggable transceiver 300 includes an optical module 310 connected
to a clock and data recovery (CDR) 306 module which is connected to a XAUI-XFI transceiver 304. The XAUI-XFI
transceiver 304 is configured to connect to a host device with an XAUI interface 302. The host device includes a socket
in which the pluggable transceiver 300 plugs into to connect to the host 302. XAUI is a 4 x 3.125 Gbps electrical connection
compliant with the IEEE 802.3ae 10GbE specification. XFI is a standard interface for connecting 10 Gig Ethernet MAC
devices to an optical interface. The XAUI-XFI transceiver 304 includes multiplexer/demultiplexer functions and encod-
ing/decoding functions to perform 8B/10B and 64B/66B coding. XAUI provides four lanes running at 3.125 Gbps using
8B/10B encoding and XFI provides a single lane running at 10.3125 Gbps using 64B/66B encoding.
[0034] The XAUI-XFI transceiver 304 accepts the XAUI signal and converts it into a serial connection such as a 10.3125
Gbps XFI signal for transmission by the optical module 310. The optical module 310 includes a transmitter (TX) 312 and
a receiver (RX) 314. The TX/RX 312,314 can include 850 nm, 1310 nm, 1550 nm, DWDM, CWDM, and gray wavelengths
depending on the application requirements. The TX/RX 312,314 connect to the CDR 306 module where a clock is
generated by retrieving the phase information of an input signal and retiming occurs on an output signal. In some
embodiments, the functionality of the CDR 306 is included in the XAUI-XFI transceiver 304. While the pluggable trans-
ceiver 300 provides functionality to convert between XAUI and XFI, the transceiver 300 does not include integrated
G.709 framing, optical layer OAM&P, and FEC functionality.
[0035] Additionally, the pluggable transceiver 300 includes management data input/output (MDIO) 316 and digital
optical monitoring (DOM) 318 for communications and performance monitoring between the transceiver 300 and the
host 302. MDIO 316 is a standard-driven, dedicated-bus approach that is specified by IEEE workgroup 802.3. The MDIO
316 interface is implemented by two pins, an MDIO pin and a Management Data Clock (MDC) pin. The MDIO 316
interface is defined in relationship to the accessing and modification of various registers within physical-layer (PHY)
devices, and how they relate to connecting to media access controllers (MACs) in 1- and 10-Gbit/s Ethernet solutions.
One MDIO 316 interface can access up to 32 registers, in 32 different devices. A device driving an MDIO 316 bus is
called a station management entity (STA), and the device being managed by the STA is called the MDIO Manageable
Device (MMD). The STA drives the MDC line. It initiates a command using an MDIO frame and provides the target
register address. During a write command, the STA also provides the data. In the case of a read command, the MMD
takes over the bus and supplies the STA with the data. DOM 318 is an optical monitoring scheme utilized by each MSA
specification for performance monitoring on the pluggable transceiver. For example, the DOM 318 can provide perform-
ance monitoring data such as optical output power, optical input power, laser bias current, etc. While DOM 318 provides
some performance monitoring capabilities, it does not provide optical layer OAM&P capable of operating carrier-grade
networks. DOM 318 provides component level performance monitoring information and DOM 318 does not provide
optical link layer OAM&P.
[0036] In Figure 3b, the XFP, XFP-E, and SFP+ pluggable transceiver 350 includes a clock and data recovery (CDR)
354 module configured to accept a serial input from a host with a 10G serial interface 352. The CDR 354 module
generates a clock by retrieving the phase information of an input signal and retiming occurs on an output signal. The
CDR 354 module connects to an optical module 360 which includes a transmitter (TX) 362 and a receiver (RX) 364.
The TX/RX 362,364 can include 850 nm, 1310 nm, 1550 nm, DWDM, CWDM, and gray wavelengths depending on the
application requirements. Additionally, the pluggable transceiver 350 includes an inter-integrated circuit (I2C) 370 serial
bus. I2C is a serial communications bus through which a pluggable transceiver 350, such as XFP, XFP-E, and SFP+,
communicates to the host system. The pluggable transceiver 350 provides no multiplexer/demultiplexer or encoding/de-
coding functionality and solely provides an electrical to optical conversion of a signal. Similar to the XENPAK, XPAK,
and X2 pluggable transceiver 300, the XFP, XFP-E, and SFP+ pluggable transceiver 350 provides no G.709 framing,
OAM&P, and FEC functionality. In contrast to the XENPAK, XPAK, and X2 transceiver 300, the XFP, XFP-E, and SFP+
transceiver 350 utilizes less space and power.
[0037] Referring to Figures 4a - 4b, in one example of the present invention, XENPAK, X2, and XPAK pluggable
transceivers 400,450 include integrated circuitry to perform G.709 framing, optical layer OAM&P, and FEC internal to
the pluggable transceiver 400,450 while preserving the power, space, and communication specifications of the XENPAK,
X2, and XPAK MSAs. Figure 4a illustrates a pluggable transceiver 400 with G.709 framing circuitry external to a XAUI-
XFI transceiver 304. Figure 4b illustrates a pluggable transceiver 450 with G.709 framing circuitry integrated within a
XAUI-XFI transceiver 460. Optionally, both pluggable transceivers 400,450 can also include an electrical dispersion
compensation 408 module.
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[0038] In Figure 4a, the pluggable transceiver 400 includes the same functionality as the pluggable transceiver 300
in Figure 3a with a XAUI-XFI transceiver 304, a CDR 306 module, an optical module 310, MDIO 316, and DOM 318.
Additionally, the pluggable transceiver 400 includes a G.709 framer with FEC 404 which is configured to frame an input
signal to the transceiver 400 with a G.709 compliant frame. Further, the G.709 framer 404 is configured to provide optical
layer OAM&P on the G.709 frame and to provide FEC through the G.709 frame.
[0039] The pluggable transceiver 400 includes two multiplexers/de-multiplexers 402,406 connected to the G.709 framer
with FEC 404. The input and output from the XAUI-XFI transceiver 304 is a 10 Gbps XFI signal. The multiplexer/de-
multiplexer 402 is configured to adapt the input and output from the XAUI-XFI transceiver 304 to an appropriate rate for
the G.709 framer with FEC 404 to operate on the signal to perform framing, OAM&P, and FEC. The input and output to
the CDR 306 is a 10 Gbps XFI signal. The multiplexer/de-multiplexer 406 is configured to adapt the input and output
from the G.709 framer with FEC 404 back to the XFI rate for input and output to the CDR 306.
[0040] In the example of Figure 4, the G.709 framer with FEC 404 is configured to accept an unframed signal such
as a 10GbE or 10G FC signal from the XAUI-XFI transceiver 304 and to pass a G.709 framed signal to the CDR 306.
The G.709 framer with FEC 404 includes integrated circuitry to add a G.709 frame to the unframed signal including
G.709 OAM&P and FEC and to pass the framed signal to the CDR 306. Further, the G.709 framer with FEC 404 includes
integrated circuitry to remove a G.709 frame including processing the G.709 OAM&P and FEC and to pass the unframed
signal to the XAUI-XFI transceiver 304. The G.709 frame includes overhead bytes for OAM&P and FEC data.
[0041] The G.709 framer with FEC 404 is configured to pass overhead to the host 302 either through the MDIO 316
or through a direct connection. Using the MDIO 316, the pluggable transceiver 400 utilizes unused MDIO 316 registers
to communicate overhead data in a manner fully supported by the MSA specifications. For example, the XENPAK,
XPAK, and X2 MSAs include unused registers which can be used to implement advanced features such as passing
management overhead externally from the pluggable transceiver 400. These registers can be used both for passing
G.709 OAM&P and FEC information when the overhead is terminated on the transceiver 400. In the case of terminating
the overhead on the transceiver 400, a subset of G.709 overhead is terminated due to limitations in the MDIO 316
access. The present invention provides a subset of G.709 OAM&P to comply with the communication requirements in
the MSAs. Additionally, the G.709 framer with FEC 404 can be configured to pass the entire G.709 overhead to the host
302 through a direct connection.
[0042] The G.709 framer with FEC 404 is an integrated circuit such as a custom built application specific integrated
circuit (ASIC). The design of G.709 framer with FEC 404 is such to minimize power dissipation and each device is
designed for less than 1.5 W of power consumption to ensure the pluggable transceiver 400 meets or exceeds the XPAK,
XENPAK, and X2 MSA specifications.
[0043] Additionally, the G.709 framer with FEC 404 is configured to add/remove and process FEC overhead on an
optical signal. The addition of FEC in the pluggable transceiver 400 provides an additional 6 to 9 dB of coding gain that
can provide improved link budgets, higher system margins for robust connections, relaxed specifications on the optical
components, real time monitoring of the link health status and historical BER data, and real-time monitoring of link
degradation without affecting the quality of the link. In one exemplary embodiment, the FEC is Reed-Solomon (255,
239) code as defined in G.709 and is capable of correcting eight symbol errors per block. Additionally, the present
invention can be modified by one skilled in the art to enable other framing and FEC techniques on pluggable transceivers
400.
[0044] In Figure 4b, the pluggable transceiver 450 includes the same functionality as the pluggable transceiver 300
in Figure 3a with a XAUI-XFI transceiver including an integrated G.709 framer with FEC 460, a CDR 306 module, an
optical module 310, MDIO 316, and DOM 318. The pluggable transceiver 450 includes G.709 framing, OAM&P, and
FEC within the XAUI-XFI transceiver 460. The XAUI-XFI transceiver 460 includes the same functionality as the compo-
nents 304,402,404,406 in Figure 4a in a single module. For example, the XAUI-XFI transceiver 460 can include a single
ASIC combining the XAUI-XFI transceiver functionality with multiplexer/demultiplexer, G.709 framing, OAM&P, and FEC
functionality. Additionally, the XAUI-XFI transceiver 460 can include the CDR 406 functionality, removing the need for
a separate module.
[0045] Optionally, the pluggable transceivers 400,450 can include an electronic dispersion compensating (EDC) 408
circuit configured to electronically compensate for the optical fiber chromatic and/or polarization mode dispersion on the
TX 312 and RX 314. The EDC 408 circuit removes the requirement to include dispersion compensating elements such
as dispersion compensating fiber (DCF) in-line with the pluggable transceivers 400,450. Such DCF modules increase
system cost and reduce system performance. Additionally, the EDC 408 can include the functionality of the CDR 306,
removing the need to have a separate CDR 306 circuit.
[0046] Referring to Figure 5, an example of a XAUI-XFI transceiver 500 including integrated G.709 framing and FEC
includes integrated circuitry to multiplex/de-multiplex, encode/decode, frame/un-frame, and process overhead and FEC.
XAUI clock and data recover (CDR) 505 inputs are configured to accept four 3.125 Gbps signals from a host system,
to retime, recover the clock, and pass the four 3.125 Gbps signals to a PHY XS 8B/10B decoder 515. The decoder 515
is configured to de-multiplex four XAUI signals running at 3.125 Gbps using 8B/10B encoding and pass the output to a
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physical coding sub-layer (PCS) 525 module. The PCS 525 module performs 64B/66B encoding to provide a single lane
XFI signal running at 10.3125 Gbps and PCS scrambling. The PCS 525 module outputs to a G.709 framer 535.
[0047] The G.709 framer 535 accepts an output from the PCS 525 module and de-multiplexes it to an appropriate
rate for the G.709 framer 535 to operate on the signal. The G.709 framer 535 is configured to provide G.709 framing,
G.709 scrambling, FEC encoding, and G.709 overhead processing. The G.709 framer 535 is configured to communicate
with the MDIO 550 utilizing unused registers to communicate overhead to the host system or to communicate through
a direct connection to receive G.709 overhead from the host system. Further, the G.709 framer 535 multiplexes the
framed signal to input the signal to an optical transmitter off the transceiver 500.
[0048] A receiver (RX) clock and data recovery circuit 545 is configured to accept an input from an optical receiver
external to the transceiver 500 and to retime, recover the clock, and pass the inputted signal to a G.709 de-framer 540.
The G.709 de-framer 540 de-multiplexes the signal to an appropriate rate for the G.709 de-framer 540 to operate on
the signal. The G.709 de-framer 540 is configured to provide G.709 de-framing, G.709 de-scrambling, FEC decoding,
and G.709 overhead processing. The G.709 de-framer 540 is configured to communicate with the MDIO 550 utilizing
unused registers to communicate overhead to the host system or to communicate through a direct connection to pass
G.709 overhead to the host system. Further, the G.709 de-framer 540 provides an unframed signal to a PCS 530 module.
[0049] The PCS 530 module performs 64B/66B decoding and PCS de-scrambling. The PCS 530 module outputs to
a PHY XS 8B/10B encoder 520. The encode 520 is configured to de-multiplex an XFI signal into four XAUI signals
running at 3.125 Gbps using 8B/10B encoding and pass the output to four XAUI drivers 510. The XAUI drivers 510
provide four 3.125 Gbps signals to the host system. Additionally, the XAUI-XFI transceiver 500 includes a serial packet
interface (SPI) and I2C interface 555 for communications to the host system. The MDIO 550 interface is utilized to
provide standard MSA-compliant communications to the host system. Additionally, the present invention utilizes the
MDIO 550 to communicate a subset of OAM&P and FEC overhead to the host system from the G.709 framer 535 and
G.709 de-framer 540. through unused MDIO registers.
[0050] Referring to Figure 6, in another example a pluggable transceiver 600 for the XFP, XFP-E, and SFP+ MSAs
includes a G.709 framer with FEC 604 integrated within the transceiver 600. The pluggable transceiver 600 includes
the same functionality as the pluggable transceiver 350 in Figure 3b with a CDR 354 module, an optical module 360,
and an I2C 670. Additionally, the pluggable transceiver 600 includes a G.709 framer with FEC 604 which is configured
to frame an input signal to the transceiver 600 with a G.709 compliant frame. Further, the G.709 framer 604 is configured
to provide optical layer OAM&P on the G.709 frame and to provide FEC through the G.709 frame.
[0051] The pluggable transceiver 600 includes two multiplexers/de-multiplexers 602,606 connected to the G.709 framer
with FEC 604. The input and output from the CDR 354 is a 10 Gbps serial signal. The multiplexer/de-multiplexer 602 is
configured to adapt the input and output from a host with a 10 Gbps serial interface 352 to an appropriate rate for the
G.709 framer with FEC 604 to operate on the signal to perform framing, OAM&P, and FEC. The input and output to the
CDR 354 is a 10 Gbps serial signal. The multiplexer/de-multiplexer 606 is configured to adapt the input and output from
the G.709 framer with FEC 604 back to the 10 Gbps rate for input and output from the CDR 354.
[0052] In the example of Figure 6, the G.709 framer with FEC 604 is configured to accept an unframed signal such
as a 10GbE or 10G FC signal or a framed signal such as an OC-192 or STM-64 from the host 352 and to pass a G.709
framed signal to the CDR 354. The G.709 framer with FEC 604 includes integrated circuitry to add a G.709 frame to the
unframed signal including G.709 OAM&P and FEC and to pass the framed signal to the CDR 406. Further, the G.709
framer with FEC 604 includes integrated circuitry to remove a G.709 frame including processing the G.709 OAM&P and
FEC and to pass the unframed signal to the host 352. The G.709 frame includes overhead bytes for OAM&P and FEC data.
[0053] The G.709 framer with FEC 604 is configured to pass overhead to the host 352 either through the I2C 370 or
through a direct connection. Using the I2C 37-, the pluggable transceiver 600 communicates overhead data in a manner
fully supported by the MSA specifications. In the case of terminating the overhead on the transceiver 600, a subset of
G.709 overhead is terminated due to limitations in the I2C 370 access. The present invention provides a subset of G.709
OAM&P to comply with the communication requirements in the MSAs. Additionally, the G.709 framer with FEC 604 can
be configured to pass the entire G.709 overhead to the host 352 through a direct connection.
[0054] The G.709 framer with FEC 604 is an integrated circuit such as a custom built application specific integrated
circuit (ASIC). The design of G.709 framer with FEC 604 is such to minimize power dissipation and each device is
designed for less than 1.5 W of power consumption to ensure the pluggable transceiver 600 meets or exceeds the XFP,
XFP-E, and SFP+ MSA specifications. Further, the functionality of the multiplexer/de-multiplexer 602,606 and the CDR
354 can be integrated within the G.709 framer with FEC 604 in a single ASIC.
[0055] Additionally, the G.709 framer with FEC 604 is configured to add/remove and process FEC overhead on an
optical signal. The addition of FEC in the pluggable transceiver 600 provides an additional 6 to 9 dB of coding gain that
can provide improved link budgets, higher system margins for robust connections, relaxed specifications on the optical
components, real time monitoring of the link health status and historical BER data, and real-time monitoring of link
degradation without affecting the quality of the link. In one exemplary embodiment, the FEC is Reed-Solomon (255,
239) code as defined in G.709 and is capable of correcting eight symbol errors per block. Additionally, the present
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invention can be modified by one skilled in the art to enable other framing and FEC techniques on pluggable transceivers
600.
[0056] Optionally, the pluggable transceiver 600 can include an electronic dispersion compensating (EDC) 608 circuit
configured to electronically compensate for the optical fiber chromatic and/or polarization mode dispersion on the TX
362 and RX 364. The EDC 608 circuit removes the requirement to include dispersion compensating elements such as
dispersion compensating fiber (DCF) in-line with the pluggable transceiver 600. Such DCF modules increase system
cost and reduce system performance. Additionally, the EDC 608 can include the functionality of the CDR 354, removing
the need to have a separate CDR 354 circuit.
[0057] The G.709 framer with FEC 404,604 and XAUI-XFI transceiver including integrated G.709 framer with FEC
460 in Figures 4a, 4b, and 6 can be added to any pluggable transceiver. These include currently defined MSAs such as
XENPAK, X2, XPAK, XFP, XFP-E, and SFP+ as well as new and emerging specifications which do not incorporate
framing integrated with the pluggable transceiver.
[0058] Referring to Figure 7, an example of a pluggable transceiver 700 with an MDIO bridge provides a mechanism
in the present invention to communicate to the MDIO from a G.709 framer with FEC 708 and from a XAUI serializer/de-
serializer (SerDes) 710. The MDIO bridge preserves the standard MDIO functionality found in MSA specifications such
as XENPAK, XPAK, and X2 and allows the G.709 framer with FEC 708 to communicate utilizing the same MDIO. As
such, a host system configured to communicate with a pluggable transceiver can operate with a pluggable transceiver
700 with an integrated G.709 framer. The host system can be modified in software only to receive MDIO communications
from the MDIO bridge.
[0059] The pluggable transceiver 700 includes a transmitter (TX) 702 and a receiver (RX) 704 connected at 10 Gbps
to an SFI-4 SerDes 706. SFI-4 is SerDes Framer Interface standard level 4 from the Optical Internetworking Forum
(OIF). SIF-4 is one example of an interface to the G.709 framer 708. Other interfaces to the G.709 frame can include
XGMII, XFI, and XAUI. The SFI-4 SerDes 706 connects to the G.709 framer 708 with an SFI 4.1 signal. The G.709
framer 708 connects at 10 Gbps to the XAUI SerDes 710 which in turn connects to a host device.
[0060] The MDIO bridge includes a control field programmable gate array (FPGA) 716 which is configured to bridge
the MDIO interface between the G.709 framer 708 and the XAUI SerDes 710. The FPGA 716 connects to the G.709
framer 708 and to the XAUI SerDes 710 and provides a single external MDIO 720 interface to the host device. This
external MDIO interface 720 includes data from both the XAUI SerDes 710 and the G.709 framer 708. The FPGA 716
connects to the XAUI SerDes 710 through a XAUI MDIO 718 connection and to the G.709 framer 708 through a parallel
microprocessor bus 712. Additionally, the FPGA 716 provides discrete control and status 714 to the SFI-4 SerDes 706.
The FPGA 716 has a serial packet interface (SPI) to a processor 724 which in turn has a 2-wire input/output (I/O)
connection 726 to the XAUI SerDes 710 and a SPI interface to another processor 722.
[0061] The FPGA 716 is configured to decode MDIO addresses and pass MDIO data between both the G.709 framer
708 and the XAUI SerDes 710. Also, the FPGA 716 is configured to combine MDIO data from both the G.709 framer
708 and the XAUI SerDes 710 to the external MDIO 720. As such, the MDIO bridge provides a mechanism for a single,
MSA-compliant MDIO interface to operate with the additional circuitry of the G.709 framer with FEC 708.
[0062] Referring to Figure 8, the MDIO bridge performs an address decode 802 to split MDIO data between the G.709
framer and the XAUI SerDes. The address decode 802 receives/transmits MDIO data to/from the host device and checks
the MDIO address. If the MDIO is a specific address, then the address decode sends it to decode 804. If not, then the
address decode 802 sends it to the XAUI SerDes. For example, if the MDIO address is 31, then the address is sent to
decode 804. If the address is not 31, then it sends the data to the XAUI SerDes. The address corresponds to the register
in the MDIO, and register 31 can be undefined in some of the MSA specifications allowing register 31 to be used to pass
overhead between the G.709 framer and the host system. Any other register in the MDIO which is undefined can be
used to pass overhead. The decode 804 determines whether the data with address 31 should go to the parallel micro-
processor bus to the G.709 framer or to the SFI-4 SerDes for discrete status and control.
[0063] Referring to Figure 9, ITU-T Recommendation G.709 defines a layered approach to management and monitoring
of sections in an optical network 900. G.709 provides for transparency in wavelength services, improvement in optical
link performance through out-of-band forward error correction (FEC), improved management through full transparency,
and interoperability with other G.709 clients. G.709 defines a wrapper in which a client signal is encapsulated. The G.709
wrapper includes overhead bytes for optical layer OAM&P and FEC overhead for error correction.
[0064] The optical network 900 includes client devices 930,980 each equipped with one or more pluggable transceivers
160 of the present invention. The pluggable transceivers 160 of the client device 930 are connected to an optical terminal
940, an optical transport unit (OTU) regen 950, an in-line line amplifier (ILA) 960, and a second optical terminal 970
which is connected to the pluggable transceivers 160 of the second client device 980. The optical channel data unit
(ODU) 910 layer is between optical client elements. In the example of Figure 9, the ODU 910 layer is between each
pluggable transceiver 160 of the first client device 930 and each pluggable transceiver 160 of the second client device
980. The ODU 910 layer is similar to the line layer in the SONET standard. The optical transport unit (OTU) 920 is
between the OTU regen 950 and each of the pluggable transceivers 160 of the client devices 930,980 similar to the
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SONET section layer.
[0065] In an exemplary embodiment of the present invention, G.709 framing is integrated into pluggable transceivers
specified by MSAs such as XFP, XPAK, XENPAK, X2, XFP-E, and SFP+. The G.709 framing in the pluggable transceivers
provides the ability to monitor OAM&P associated with the G.709 ODU 910 and OTU 920 layers to enable optical layer
OAM&P functions necessary for metro, regional and core applications direct from pluggable transceivers. The monitoring
of the ODU 910 and OTU 920 layers allows isolation of OAM&P and error monitoring between optical sections of the
pluggable transceivers. Further, the pluggable transceivers are capable of being monitored by industry-compliant network
management systems (NMS) such as CORBA and TL-1. The pluggable transceivers of the present invention can support
any framing method capable of OAM&P at the optical layer in addition to G.709.
[0066] Referring to Figures 10a - 10b, the present invention terminates frame overhead management data internally
in a pluggable transceiver or passes the frame overhead management data to a host system. In Figure 10a, the MDIO
or I2C 1020 is configured for on-chip OAM&P access in a pluggable transceiver 1000. The pluggable transceiver 1000
includes circuitry to frame an incoming signal, to add FEC to the signal, and to manage the optical output signal through
OAM&P mechanisms. For example, the pluggable transceiver 1000 can include a XENPAK, XPAK, or X2 MSA type
transceiver configured to accept XAUI inputs and provide an XFI output with the framing circuitry configured to provide
a G.709 optical signal with the XFI signal encapsulated.
[0067] The pluggable transceiver 1000 includes circuitry configured to manage OAM&P through the frame overhead.
In an example embodiment, the framing technique is G.709 and the pluggable transceiver 1000 is configured to terminate
selected overhead bytes from the G.709 overhead to provide for optical layer OAM&P. The data terminated from these
bytes can be provided to the host system (i.e. line card, blade) through unused MDIO registers in the MSA specification.
For example, XENPAK, XPAK, and X2 include unused MDIO registers reserved for future use. OAM&P access can be
implemented on these registers while maintaining compliance with the MSA specification. Pluggable transceiver 1000
provides access to a subset of G.709 management overhead similar to WAN PHY in that it does not terminate all OAM&P
on G.709 due to power, space, and host communication constraints, but it does allow for carrier grade OAM&P on the
transceiver 1000 without the extra features not current defined or commonly used. From a hardware perspective, the
host system is designed to read the MDIO according to the MSA specification. The host system can be modified through
software only to read and process the OAM&P data received on the MDIO registers.
[0068] With regards to XFP, XFP-E, and SFP+, the OAM&P data access is done through the inter-integrated circuit
(I2C) serial bus. I2C is a serial communications bus through which a pluggable transceiver, such as XFP, XFP-E, and
SFP+, communicates to the host system. DOM 1010 is an optical monitoring scheme utilized by each MSA specification
for performance monitoring on the pluggable transceiver. For example, the DOM 1010 can provide PMs such as optical
output power, optical input power, laser bias current, etc.
[0069] In Figure 10b, the frame overhead is configured to pass the frame overhead off-chip in a pluggable transceiver
1050 to a field programmable gate assembly (FPGA) 1060 for terminating the entire frame overhead. The pluggable
transceiver 1050 includes circuitry to frame an incoming signal, to add FEC to the signal, and to manage the optical
output signal through OAM&P mechanisms. For example, the pluggable transceiver 1050 can include a XENPAK, XPAK,
or X2 MSA type transceiver configured to accept XAUI inputs and provide an XFI output with the framing circuitry
configured to provide a G.709 optical signal with the XFI signal encapsulated. The pluggable transceiver 1050 includes
circuitry configured to manage OAM&P through the frame overhead. In an example embodiment, the framing technique
is G.709 and the pluggable transceiver 1050 is configured to terminate selected overhead bytes from the G.709 overhead
to provide for optical layer OAM&P. The data terminated from these bytes can be provided to the host system (i.e. line
card, blade) through the FPGA 1060. The host system can be modified to receive and process all of the OAM&P from
the FPGA 1060. Additionally, Figures 10a - 10b can include an XFI 10G serial input to both the pluggable transceiver
1000, 1050 instead of a XAUI interface.
[0070] Referring to Figure 11, the G.709 overhead 1100 is partitioned into OTU frame alignment bytes in row 1, columns
1-7; ODU overhead bytes in rows 2-4, columns 1-14; OTU overhead bytes in row 1, columns 8-14; and OPU overhead
in rows 1-4, columns 15-16. Further, the G.709 overhead 1100 includes FEC data (not shown) in the frame. As discussed
in Figures 10a - 10b, the present invention discloses a method of terminating frame management overhead by terminating
a subset of the overhead in the pluggable transceiver. In an exemplary embodiment of the present invention, Figure 11
depicts an example of the subset of G.709 overhead that is terminated on-chip in the pluggable transceiver.
[0071] The subset of G.709 overhead terminated on chip includes the frame alignment signal (FAS) bytes and the
multi-frame alignment signal (MFAS) which are the OTU frame alignment bytes. Also, the subset of G.709 overhead
includes the section monitoring (SM) bytes and the path monitoring (PM) bytes to provide optical layer error management
between optical section and path in G.709. The SM bytes include dedicated BIP-8 monitoring to cover the payload signal,
and these are accessible at each pluggable transceiver. The first byte of the SM used for Trail Trace Identifier (TTI)
which is a 64-byte character string similar to a section trace in SONET. The PM bytes include dedicated BIP-8 monitoring
to cover the payload signal, and these are accessible at each pluggable transceiver. The first byte of the PM is used for
TTI which is similar to path trace in SONET. The general communication channel 0 (GCC0) bytes provide a communi-
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cations channel between adjacent G.709 nodes.
[0072] Additionally, the subset of G.709 overhead terminated on chip includes the payload signal identifier (PSI),
justification control (JC), and negative justification opportunity (NJO). For asynchronous clients such as 10GbE and 10G
FC, NJO and PJO are used as stuff bytes similar to PDH. If the client rate is lower than OPU rate, then extra stuffing
bytes may be inserted to fill out the OPU. Similarly, if the incoming signal to the pluggable transceiver is slightly higher
than the OPU rate, NJO and PJO bytes may be replaced with signal information, i.e. the OPU payload capacity is
increased slightly to accommodate the extra traffic on the pluggable transceiver, and the JC bytes reflect whether NJO
and PJO are data or stuff bytes the JC bytes are used at the off-ramp to correctly de-map the signal. The PSI provides
an identification of the payload signal.
[0073] Because the current MSA specifications were never envisioned to carry full OAM&P overhead data on and off
a pluggable transceiver, the present invention provides a subset of OAM&P access to minimize power, space, cost, and
host communications in the circuitry on the pluggable transceiver to fit within the MSA specification and to continue
offering the benefits of pluggable transceivers such as low cost. However, this subset of OAM&P still allows network
operators to realize carrier-grade optical layer performance monitoring directly off pluggable transceivers without addi-
tional hardware. Further, the above exemplary embodiment with G.709 OAM&P can be utilized in any framing technique
on a pluggable transceiver. The subset of G.709 overhead terminated in Figure 11 can be modified depending on the
application requirements.
[0074] Referring to Figures 12a - 12b, an example of frame error reporting in G.709 is depicted in Figure 12a and an
exemplary embodiment of network discovery and connection management is depicted in Figure 12b. Figure 12a includes
a table 1200 illustrating local faults 1 such as a BIP-8 error, fault (loss-of-signal, loss-of-frame, alarm indication signal,
etc.), and framing error along with the corresponding backward status 2. Network element 1210 is equipped with a
pluggable transceiver 160 equipped with a TX and RX and configured to provide overhead and framing internal to the
transceiver 160. The local fault 1 is seen on the RX side of transceiver 160 and the corresponding backward status 2 is
transmitted over the overhead. In an exemplary embodiment, the MDIO reports OTU BIP-8 error counts for the near
end (NE) and far end (FE) in a 16-bit register, ODU BIP-8 error counts for the NE and FE in a 16-bit register, and the
corrected FEC error count for the NE in a 32-bit register.
[0075] Figure 12b includes a table 1250 illustrating a TTI byte used for connection management and network discovery.
The pluggable transceiver of the present invention includes OTU and ODU trail trace identifier (TTI) support through,
for example, the 64-byte G.709 standard implementation which includes a 16-byte SAPI/DAPI, and a 32-byte user
specific field. This implementation is backward compatible with 16-byte 10GbE WAN PHY implementations. Further,
the pluggable transceiver supports a TTI mismatch alarm.
[0076] In an example providing G.709 framing support in a pluggable transceiver, the pluggable transceiver can be
configured to provide support of G.709 standardized alarms for fault isolation including:

Alarms Description

LOS Loss of Signal

LOF Loss of Frame

OOF Out of Frame

OOM Out of Multi Frame

OTU-AIS Alarm Indication Signal

OTU-IAE Incoming Alignment Error

OTU-BDI Backward Defect Indicator

ODU-AIS Alarm Indication Signal

ODU-OCI Open Connection indicator

ODU-LCK Locked

ODU-BDI Backward Error indicator.

FAS Frame Alignment Error

MFAS Multi Frame Alignment Error

OTU TTI-M OTU TTI Mismatch

ODU TTI-M ODU TTI Mismatch
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[0077] Further, the MDIO interface provides full control support of the pluggable transceiver including:

[0078] Further, the pluggable transceiver module status and error registers include the following:

[0079] Referring to Figure 13, the Reed Solomon FEC code, RS (255, 239), provides 6dB or more of coding gain to
an optical signal. FEC codes operate by encoding additional overhead on a signal at the transmit stage and decoding
at the receive stage to utilize the additional overhead to correct errors in the received signal. In optical systems, FEC
has been utilized to increase optical margin, to increase transmission distances, lower cost, and relax component
specifications in design. The pluggable transceivers of the present invention are configured to implement FEC internally
in a pluggable transceiver by encoding FEC overhead on a signal and decoding at the receive stage. In an exemplary
embodiment of the present invention, the pluggable transceiver is configured to implement RS (255, 239) as specified
by the G.709 standards. The present invention is also applicable to utilize any other FEC algorithm capable of imple-
mentation within the confines of power, space, and line-rate associated with the pluggable transceiver MSA specifications.
Graph 1300 illustrate bit-error rate (BER) vs. signal quality Q and shows an input BER (BER in) versus the output BER
(BER out) after the FEC is processed and errors corrected in the pluggable transceiver. As shown in Figure 13, a FEC
code such as RS (255, 239) provides 6dB or more coding gain for a BER of 10e-12. This coding gain can be utilized in
pluggable transceivers to extend the reach beyond 80km, to loosen component specifications in the transceiver, and to
provide robust carrier-grade performance.
[0080] Referring to Figure 14, an exemplary application of the present invention includes a metro/core ring 1400
including optical terminals 1410 and an optical add-drop multiplexer (OADM) 1420. The optical terminals 1410 include
network elements with line cards or blades configured with optical pluggable transceivers 160 of the present invention.
The pluggable transceivers 160 support framing, optical layer OAM&P, and FEC directly without the need for additional
equipment such as transponders. Examples of optical terminals 1410 include routers, Ethernet switches, servers, MSPPs,
SONET add-drop multiplexers, DWDM terminals, and cross-connects. The metro/core ring 1400 includes multiple optical
terminals 1410 in a ring topology with each optical link including an east and west transceiver 160. Additionally, a single
OADM 1420 is including in the metro/core ring 1400 where no transceivers 160 are equipped.
[0081] The pluggable transceivers 160 of the present invention support robust, carrier-grade features directly, allowing
the application space for pluggable transceivers to move beyond short, interconnect applications. In metro/core ring
1400, the pluggable transceivers 160 of the present invention reduce the amount of amplifiers required, enable more

Control Description

Loop back Loop back towards client

Loop back Loop back towards line

Low Power Low Power mode

Reset Reset

PRBS31 enable PRBS payload test pattern

Test Pattern Selection Square Wave or Mixed Frequency

Status Description

Fault Fault Yes/No

Link Status Link Up or Down

PMs Registers

OTU BIP NE OTU BIP Errors -Near End

OTU BIP FE OTU BIP Errors - Far End

ODU BIP NE ODU BIP Errors - Near End

ODU BIP FE ODU BIP Errors - Far End

OTU FEC Corrected OTU FEC Corrected

OTU Uncorrected errors OTU Uncorrected errors

BER Bit Error Rate
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flexible routing options for wavelengths, and provide overall more design flexibility. Existing pluggable transceivers are
generally limited to less than 80km (20dB or less) and offer no optical layer OAM&P. The present invention extends the
benefits of pluggable transceivers into metro, regional, and core applications.
[0082] Referring to Figure 15, a regional/core DWDM system 1500 includes a terminal 1510 equipped with multiple
pluggable transceivers 160 connected to an optical terminal 1520, multiple inline line amps (ILA) 1530, and another
optical terminal 1520 and terminal 1510. The terminals 1510 can include DWDM terminals, MSPPs, SONET ADMs,
routers, switches, and cross-connects. Traditionally, terminals 1510 included pluggable transceivers for short, intercon-
nect applications to another device such as a transponder. The pluggable transceiver 160 of the present invention
eliminates the need for transponders by supporting framing, optical layer OAM&P, and FEC internally to the transceiver
160. The present invention supports a greater than 2.5 times distance increase over traditional pluggable transceivers.
For example, distances up to 800km with ILAs 1530 can be achieved with the present invention. Further, the pluggable
transceiver 160 supports any optical wavelength type including DWDM wavelengths, eliminating the requirement for
transponders to convert to a DWDM wavelength.
[0083] The present invention, by incorporating framing such as G.709 and FEC in pluggable transceivers specified
by MSAs, significantly enhances performance and OAM&P functions. This allows pluggable transceivers to be used in
IP/Ethernet/ATM/Frame Relay/Fiber Channel over WDM, high density/high performance applications, G.709 intercon-
nection applications, and applications requiring comprehensive optical OAM&P. Traditionally, pluggable transceivers
have accorded benefits to equipment vendors and network operators such as engineering re-use, streamlined manu-
facturing and sparing, low cost and multiple manufacturing sources. The present invention builds upon the existing
benefits of pluggable transceivers by increasing the application space of pluggable transceivers from short, interconnect
applications to metro, regional, and core network applications requiring carrier-grade, robust monitoring and performance.
[0084] Although the present invention has been illustrated and described herein with reference to preferred embodi-
ments and specific examples thereof, it will be readily apparent to those of ordinary skill in the art that other embodiments
and examples may perform similar functions and/or achieve like results.

Claims

1. A pluggable optical transceiver (160, 400, 450, 600) defined by a multi-source agreement, the pluggable optical
transceiver (160, 400, 450, 600) comprising
integrated circuitry (404, 460, 500, 604, 700) configured to frame a signal with overhead (1100) for operations,
administration, maintenance, & provisioning, OAM&P, functions necessary for optical transport networks, OTN,
applications and to process OAM&P data within the pluggable optical transceiver, wherein the integrated circuitry
(404, 460, 500, 604, 700) is configured to frame the signal with a G.709 frame and the overhead (1100) comprises
G.709 management data; and
a communication mechanism (316, 550, 555, 370, 800) compliant to the multi-source agreement, wherein the
communication mechanism (316, 550, 555, 370, 800) is adapted to communicate the processed OAM&P data to a
host system (151);
wherein the pluggable optical transceiver (160, 400, 450, 600) with the integrated circuitry (404, 460, 500, 604, 700)
and the communication mechanism (316, 550, 555, 370, 800) preserves the specifications for the multi-source
agreement defining the pluggable optical transceiver (160, 400, 450, 600); wherein a subset of the G.709 manage-
ment data is accessible and terminated on the pluggable optical transceiver (160, 400, 450, 600); wherein the subset
is selected responsive to limitations in the communication mechanism of the multi-source agreement; and wherein
the G.709 management data is communicated through mechanisms fully supported by the multi-source agreement
with only software re-design in the host system (151).

2. The pluggable optical transceiver of claim 1, wherein the pluggable optical transceiver (160, 400, 450, 600)is utilized
in any of Internet Protocol over wavelength division multiplexing, asynchronous transfer mode over wavelength
division multiplexing, Ethernet over wavelength division multiplexing, frame relay over wavelength division multi-
plexing, and fiber channel over wavelength division multiplexing applications.

3. The pluggable optical transceiver of claim 1, wherein the pluggable optical transceiver (160, 400, 450, 600) is utilized
in high-density, input-output applications.

4. The pluggable optical transceiver of claim 1, wherein the pluggable optical transceiver (160, 400, 450, 600) is utilized
in G.709 interconnection applications.

5. The pluggable optical transceiver of claim 1, wherein the pluggable optical transceiver (160, 400, 450, 600) is utilized
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in applications requiring comprehensive operations, administration, maintenance, & provisioning support.

6. A system comprising:

a host system (151);
a pluggable optical transceiver (160, 400, 450, 600) defined by a multi-source agreement comprising integrated
circuitry configured to frame a signal with overhead (1100) for operations, administration, maintenance, & pro-
visioning, OAM&P, functions necessary for optical transport networks, OTN, applications and to process OAM&P
data within the pluggable optical transceiver, wherein the integrated circuitry is configured to frame the signal
with a G.709 frame and the overhead (1100) comprises G.709 management data; and
a communication mechanism (316, 550, 555, 370, 800) compliant to the multi-source agreement, wherein the
communication mechanism (316, 550, 555, 370, 800) is adapted to communicate the processed OAM&P data
to the host system (151);
wherein the pluggable optical transceiver (160, 400, 450, 600) with the integrated circuitry and the communication
mechanism (316, 550, 555, 370, 800) preserves the specifications for the multi-source agreement defining the
pluggable optical transceiver (160, 400, 450, 600);
wherein a subset of the G.709 management data is accessible and terminated on the pluggable optical trans-
ceiver (160, 400, 450, 600); wherein the subset is selected responsive to limitations in the communication
mechanism (316, 550, 555, 370, 800) of the multi-source agreement; and wherein the G.709 management data
is communicated through mechanisms fully supported by the multi-source agreement with only software re-
design in the host system (151).

7. The system of claim 6, wherein the pluggable optical transceiver (160, 400, 450, 600) is utilized in any of Internet
Protocol over wavelength division multiplexing, asynchronous transfer mode over wavelength division multiplexing,
Ethernet over wavelength division multiplexing, frame relay over wavelength division multiplexing, and fiber channel
over wavelength division multiplexing applications.

8. The system of claim 6, wherein the pluggable optical transceiver (160, 400, 450, 600) is utilized in high-density,
input-output applications and in G.709 interconnection applications.

9. The system of claim 8, wherein the pluggable optical transceiver (160, 400, 450, 600) is utilized in G.709 intercon-
nection applications.

10. The system of claim 6, wherein the pluggable optical transceiver (160, 400, 450, 600) is utilized in applications
requiring comprehensive operations, administration, maintenance, & provisioning support.

Patentansprüche

1. Einsteckbarer optischer Transceiver (160,400,450,600), der durch ein Multi-Source-Agreement definiert ist, wobei
der einsteckbare optische Transceiver (160,400,450,600) aufweist:

eine integrierte Schaltung (404,460,500,604,700), die konfiguriert ist zum Framing eines Signals mit Overhead
(1100) für Operations-, Administrations-, Wartungs- und Bereitstellungs-Funktionen, OAM&P, die für Netzwerke
zum optischen Transport erforderlich sind, und OTN-Anwendungen, und zum Verarbeiten von OAM&P-Daten
in dem einsteckbaren optischen Transceiver, wobei die integrierte Schaltung (404,460, 500,604,700) zum Fra-
ming des Signals mit einem G.709-Rahmen konfiguriert ist und wobei das Overhead (1100) G.709-Management-
Daten aufweist; und
einen Kommunikationsmechanismus (316,550,555,370,800), der mit dem Multi-Source-Agreement konform
ist, wobei der Kommunikationsmechanismus (316,550,555,370,800) zum Übermitteln der verarbeiteten
OAM&P-Daten an ein Host-System (151) ausgelegt ist;
wobei der einsteckbare optische Transceiver (160,400,450,600) mit der integrierten Schaltung
(404,460,500,604,700) und dem Kommunikationsmechanismus (316,550,555,370,800) die Spezifikationen für
das den einsteckbaren optischen Transceiver (160,400,450,600) definierende Multi-Source-Agreement be-
wahrt;
wobei ein Subset der G.709-Management-Daten an dem einsteckbaren optischen Transceiver
(160,400,450,600) zugänglich und abgeschlossen ist; wobei das Subset unter Berücksichtigung von Limitatio-
nen in dem Kommunikationsmechanismus des Multi-Source-Agreement gewählt ist; und wobei die G.709-



EP 2 078 361 B1

16

5

10

15

20

25

30

35

40

45

50

55

Management-Daten durch Mechanismen übermittelt werden, die von dem Multi-Source-Agreement vollständig
gestützt werden, wobei lediglich ein Software-Neudesign in dem Host-System (151) vorgenommen wird.

2. Einsteckbarer optischer Transceiver nach Anspruch 1, wobei der einsteckbare optische Transceiver
(160,400,450,600) verwendbar ist in jeder der folgenden Anwendungen: Internet-Protokoll über Wellenlängen-Mul-
tiplexing, asynchroner Übertragungsmodus über Wellenlängen-Multiplexing, Ethernet über Wellenlängen-Multiple-
xing, Rahmen-Relay über Wellenlängen-Multiplexing, und Faserkanal über Wellenlängen-Multiplexing.

3. Einsteckbarer optischer Transceiver nach Anspruch 1, wobei der einsteckbare optische Transceiver
(160,400,450,600) in hochdichten Eingabe-/ Ausgabe-Anwendungen verwendet wird.

4. Einsteckbarer optischer Transceiver nach Anspruch 1, wobei der einsteckbare optische Transceiver
(160,400,450,600) in G.709-Verbindungs-Anwendungen verwendet wird.

5. Einsteckbarer optischer Transceiver nach Anspruch 1, wobei der einsteckbare optische Transceiver
(160,400,450,600) in Anwendungen verwendet wird, die eine umfassende Operations-, Administrations-, Wartungs-
und Bereitstellungs-Unterstützung erfordern.

6. System mit:

einem Host-System (151);
einem durch ein Multi-Source-Agreement definierten einsteckbaren optischen Transceiver (160,400,450,600)
mit
einer integrierten Schaltung, die konfiguriert ist zum Framing eines Signals mit Overhead (1100) für Operations-,
Administrations-, Wartungs- und Bereitstellungs-Funktionen, OAM&P, die für Netzwerke zum optischen Trans-
port erforderlich sind, und OTN-Anwendungen, und zum Verarbeiten von OAM&P-Daten in dem einsteckbaren
optischen Transceiver, wobei die integrierte Schaltung zum Framing des Signals mit einem G.709-Rahmen
konfiguriert ist und wobei das Overhead (1100) G.709-Management-Daten aufweist; und
einem Kommunikationsmechanismus (316,550,555,370,800), der mit dem Multi-Source-Agreement konform
ist, wobei der Kommunikationsmechanismus (316,550,555,370,800) zum Übermitteln der verarbeiteten
OAM&P-Daten an das Host-System (151) ausgelegt ist;
wobei der einsteckbare optische Transceiver (160,400,450,600) mit der integrierten Schaltung und dem Kom-
munikationsmechanismus (316,550, 555,370,800) die Spezifikationen für das den einsteckbaren optischen
Transceiver (160,400,450,600) definierende Multi-Source-Agreement bewahrt;
wobei ein Subset der G.709-Management-Daten an dem einsteckbaren optischen Transceiver
(160,400,450,600) zugänglich und abgeschlossen ist; wobei das Subset unter Berücksichtigung von Limitatio-
nen in dem Kommunikationsmechanismus (316,550,555,370,800) des Multi-Source-Agreement gewählt ist;
und wobei die G.709-Management-Daten durch Mechanismen übermittelt werden, die von dem Multi-Source-
Agreement vollständig gestützt werden, wobei lediglich ein Software-Neudesign in dem Host-System (151)
vorgenommen wird.

7. System nach Anspruch 6, bei dem der einsteckbare optische Transceiver (160,400,450,600) verwendbar ist in jeder
der folgenden Anwendungen: Internet-Protokoll über Wellenlängen-Multiplexing, asynchroner Übertragungsmodus
über Wellenlängen-Multiplexing, Ethernet über Wellenlängen-Multiplexing, Rahmen-Relay über Wellenlängen-Mul-
tiplexing, und Faserkanal über Wellenlängen-Multiplexing.

8. System nach Anspruch 6, bei dem der einsteckbare optische Transceiver (160,400,450,600) in hochdichten Ein-
gabe-/Ausgabe-Anwendungen und in G.709-Verbindungs-Anwendungen verwendet wird.

9. System nach Anspruch 6, bei dem der einsteckbare optische Transceiver (160,400,450,600) in G.709-Verbindungs-
Anwendungen verwendet wird.

10. System nach Anspruch 6, bei dem der einsteckbare optische Transceiver (160,400,450,600) in Anwendungen
verwendet wird, die eine umfassende Operations-, Administrations-, Wartungs- und Bereitstellungs-Unterstützung
erfordern.
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Revendications

1. Émetteur-récepteur optique enfichable (160, 400, 450, 600) défini par un accord multi-source, l’émetteur-récepteur
optique enfichable (160, 400, 450, 600) comprenant
un circuit intégré (404, 460, 500, 604, 700) configuré pour encadrer un signal ayant une partie annexe (1100) pour
des fonctions d’opérations, administration, maintenance et provisionnement, OAM&P, nécessaires à des applica-
tions de réseaux de transport optiques, OTN, et pour traiter des données OAM&P dans l’émetteur-récepteur optique
enfichable, dans lequel le circuit intégré (404, 460, 500, 604, 700) est configuré pour encadrer le signal avec une
trame G.709 et la partie annexe (1100) comprend des données de gestion G.709 ; et
un mécanisme de communication (316, 550, 555, 370, 800) conforme à l’accord multi-source, dans lequel le mé-
canisme de communication (316, 550, 555, 370, 800) est adapté pour communiquer les données OAM&P traitées
à un système hôte (151) ;
dans lequel l’émetteur-récepteur optique enfichable (160, 400, 450, 600) avec le circuit intégré (404, 460, 500, 604,
700) et le mécanisme de communication (316, 550, 555, 370, 800) préserve les spécifications pour l’accord multi-
source définissant l’émetteur-récepteur optique enfichable (160, 400, 450, 600) ;
dans lequel
un sous-ensemble des données de gestion G.709 est accessible et terminé sur l’émetteur-récepteur optique enfi-
chable (160, 400, 450, 600) ; dans lequel le sous-ensemble est sélectionné en réponse à des limitations dans le
mécanisme de communication de l’accord multi-source ; et dans lequel les données de gestion G.709 sont com-
muniquées par l’intermédiaire de mécanismes entièrement supportés par l’accord multi-source avec seulement une
reconception logicielle dans le système hôte (151).

2. Émetteur-récepteur optique enfichable selon la revendication 1, dans lequel l’émetteur-récepteur optique enfichable
(160, 400, 450, 600) est utilisé dans l’une quelconque des applications de Protocole Internet par multiplexage par
répartition en longueur d’onde, mode de transfert asynchrone par multiplexage par répartition en longueur d’onde,
Ethernet par multiplexage par répartition en longueur d’onde, relais de trames par multiplexage par répartition en
longueur d’onde et canal de fibre par multiplexage par répartition en longueur d’onde.

3. Émetteur-récepteur optique enfichable selon la revendication 1, dans lequel l’émetteur-récepteur optique enfichable
(160, 400, 450, 600) est utilisé dans des applications d’entrée-sortie à haute densité.

4. Émetteur-récepteur optique enfichable selon la revendication 1, dans lequel l’émetteur-récepteur optique enfichable
(160, 400, 450, 600) est utilisé dans des applications d’interconnexion G.709.

5. Émetteur-récepteur optique enfichable selon la revendication 1, dans lequel l’émetteur-récepteur optique enfichable
(160, 400, 450, 600) est utilisé dans des applications nécessitant un support global d’opérations, administration,
maintenance et provisionnement.

6. Système comprenant :

un système hôte (151) ;
un émetteur-récepteur optique enfichable (160, 400, 450, 600) défini par un accord multi-source comprenant
un circuit intégré configuré pour encadrer un signal ayant une partie annexe (1100) pour des fonctions d’opé-
rations, administration, maintenance et provisionnement, OAM&P, nécessaires à des applications de réseaux
de transport optiques, OTN, et pour traiter des données OAM&P dans l’émetteur-récepteur optique enfichable,
dans lequel le circuit intégré est configuré pour encadrer le signal avec une trame G.709 et la partie annexe
(1100) comprend des données de gestion G.709 ; et
un mécanisme de communication (316, 550, 555, 370, 800) conforme à l’accord multi-source, dans lequel le
mécanisme de communication (316, 550, 555, 370, 800) est adapté pour communiquer les données OAM&P
traitées au système hôte (151) ;
dans lequel l’émetteur-récepteur optique enfichable (160, 400, 450, 600) avec le circuit intégré et le mécanisme
de communication (316, 550, 555, 370, 800) préserve les spécifications pour l’accord multi-source définissant
l’émetteur-récepteur optique enfichable (160, 400, 450, 600) ;
dans lequel un sous-ensemble des données de gestion G.709 est accessible et terminé sur l’émetteur-récepteur
optique enfichable (160, 400, 450, 600) ; dans lequel le sous-ensemble est sélectionné en réponse à des
limitations dans le mécanisme de communication (316, 550, 555, 370, 800) de l’accord multi-source ; et dans
lequel les données de gestion G.709 sont communiquées par l’intermédiaire de mécanismes entièrement sup-
portés par l’accord multi-source avec seulement une reconception logicielle dans le système hôte (151).
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7. Système selon la revendication 6, dans lequel l’émetteur-récepteur optique enfichable (160, 400, 450, 600) est
utilisé dans l’une quelconque des applications de Protocole Internet par multiplexage par répartition en longueur
d’onde, mode de transfert asynchrone par multiplexage par répartition en longueur d’onde, Ethernet par multiplexage
par répartition en longueur d’onde, relais de trames par multiplexage par répartition en longueur d’onde et canal de
fibre par multiplexage par répartition en longueur d’onde.

8. Système selon la revendication 6, dans lequel l’émetteur-récepteur optique enfichable (160, 400, 450, 600) est
utilisé dans des applications d’entrée-sortie à haute densité et dans des applications d’interconnexion G.709.

9. Système selon la revendication 8, dans lequel l’émetteur-récepteur optique enfichable (160, 400, 450, 600) est
utilisé dans des applications d’interconnexion G.709.

10. Système selon la revendication 6, dans lequel l’émetteur-récepteur optique enfichable (160, 400, 450, 600) est
utilisé dans des applications nécessitant un support global d’opérations, administration, maintenance et provision-
nement.
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