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ROADMS AND NETWORK EVOLUTION

Mai Abou-Shaban, Product Specialist

As bandwidth demands for broadband and packet-based services on the transport network continue to grow, so does the network
operator's need for network capacity. Today's network operators and service providers are forced to converge their networks at all
layers in order to support both data and wavelength services, along with traditional circuit services, on the least amount of
infrastructure. Additionally, network operators are also challenged to reduce operational expenses (OPEX) and capital
expenditures (CAPEX) and drive faster returns on investment (ROI).

Network Convergence

As mentioned above, the network convergence challenges faced by network operators affect their networks at all layers, including
application, service and transport (see Figure 1 below):

Figure 1. Network convergence highlights the challenges faced by network operators
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Reconfigurable Optical Add/Drop Multiplexers

Due to unpredictable timing, rates and types of services, the network must be scalable and flexible enough to address varying delivery
requirements on demand. As a result, network operators are deploying reconfigurable optical add/drop multiplexers (ROADMs) to
enable an automated optical layer with dynamic multipoint connectivity, independent wavelength add/drop, remote-management
bandwidth allocation and enhanced power management capabilities in dense wavelength-division multiplexing (DWDM) networks. In
the process, ROADMs are eliminating the intermediate regeneration points and unnecessary O-E-O transitions, resulting in lower
installation costs, simplified network management and real-time service provisioning. ROADMs are also helping network operators
support a variety of network topologies and provide protocol transparency, enabling SONET/SDH, Ethernet, storage-area networks
(SANs) and other services to coexist on the same network.

Optical Transport Network

Another technology—complementary to ROADM technology—driving the evolution to higher-bandwidth networks is the optical transport
network (OTN) standard, also known as the digital wrapper or the ITU G.709 standard. ITU-T G.709 is one of the latest
recommendations developed to meet the transmission needs of today’s wide range of services and to improve network performance.
Many of the concepts in ITU-T G.709 have their roots in SONET/SDH, including layered structure, in-service performance monitoring,
protection and other management functions. However, some key elements have been added to continue the cycle of improved
performance and reduced cost; among these key elements, the ITU-T G.709 provides a standardized way for managing the optical
channels in the optical domain (eliminating electrical conversion) and forward error correction (FEC) to improve error performance and
enable longer optical spans.

ITU-T G.709 defines standard interfaces and rates based on the existing SONET/SDH rates. When taking into consideration the
additional G.709 overhead and FEC information, the resulting interfaces operate at line rates roughly 7% higher than corresponding
SONET/SDH interfaces. Table 1 below lists the G.709 line rates and their corresponding SONET/SDH interfaces:

G.709 Interface Line Rate SOCI\?E.?/SSngdEgte Line Rate
OTuU1 2.666 Gbit/s OC-48/STM-16 2.488 Gbit/s
OoTu2 10.709 Gbit/s OC-192/STM-64 9.953 Gbit/s
OoTu3 43.018 Gbit/s OC-768/STM-256 39.813 Gbit/s
Table 1. G.709 defined interfaces
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Forward Error Correction

Forward error correction (FEC) is a major feature of OTN. It uses a Reed-Solomon RS (255/239) algorithm code to produce redundant
information that is concatenated with the transmitted signal and is then used at the receive interface to identify and correct transmission
errors. An OTU frame is divided into four rows, and each row is broken down into 16 sub-rows containing 255 bytes each. This means
that 239 bytes are required to compute a 16-byte parity check. The FEC can correct up to eight (bytes) errors per sub-row (codeword)
or detect up to 16 byte errors without correcting any; this makes the FEC more resilient to error burst, where up to 128 consecutive
bytes can be corrected per OTU frame row. Consequently, FEC has been proven to be effective in optical signal-to-noise ratio (OSNR)
and dispersion-limited systems. It also enables wavelength-division multiplexing (WDM) systems to support higher channel counts per
fiber, higher bit-rate signals on each wavelength and extended distances between regenerators.

Conclusion

ROADM technology is being driven by service-provider applications, cost savings and network flexibility requirements. Combined with
ITU-T G.709 OTN technology, ROADM technology improves administration, maintenance and provisioning operations on DWDM
networks—and ultimately provides superior transmission. Today's service providers can differentiate themselves and reliably carry a wide
variety of services to meet the needs of their customers.
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