Testing and Interoperability of 10GBASE-LRM Optical Interfaces

Introduction
This article will discuss some of the issues in testing T0GBASE-LRM optical interfaces over multimode fiber, and
will outline a methodology for doing so. The article will also describe test results from a recent multi-vendor

interoperability test demonstrating the feasibility and robustness of the LRM interface.

Background

Multimode fiber comprises the majority of the installed base of fiber plant for data communications. Older
multimode fibers installed in the early 1990s exhibit large amounts of modal dispersion, making for a challenging
transmission channel, particularly at 10 Gb/s data rates, and limiting the transmission distance significantly. For
instance, 10 Gigabit Ethernet 850 nm devices for multimode fiber (10GBASE-SR) are guaranteed to operate up to
only 26 m on worst-case 62.5-um multimode fiber. 10GBASE-LRM is a new cost-effective and small form factor
compatible optical link solution for extended reach on multimode fiber. LRM has been specifically designed for
vertical riser applications in building backbones, which require longer transmission distances and where new fiber
pulls are cumbersome and costly, to enable the upgrade to 10 Gigabit Ethernet of existing optical links between
datacenter switches and workgroup switches. LRM is standardized in the |IEEE Std. 802.3aq"'"-2006 serial optical

interface standard, published in November 2006. LRM is a 10G serial interface that uses long wavelength (1310
nm) optics and a receiver with an adaptive electronic equalizer IC in the receive chain in order to transmit up to
220 meters on legacy multimode fiber. The adaptive equalization, known as EDC, is used to compensate for the

differential modal dispersion (DMD) present in legacy fiber channels.

Issues with LRM testing over multimode fiber and main parameters definitions

The most direct way to validate LRM optical interfaces is simply to test over actual multimode fiber, as this is most
representative of the actual application and is the only way to demonstrate interoperability between two optical
transceivers. However, there are two significant difficulties in repeatably and reliably testing transmission over

multimode fiber.

First, multimode fibers vary widely in bandwidth and differential mode delay (DMD) profiles, so that signal quality
and transmission results will also vary widely from one fiber to another (see Figure 1, below). In the process of
producing the LRM standard, the IEEE LRM Task Force took a statistical approach, modelling and testing a
number of fibers to define transmit and receiver parameters that would result in error free transmission over 99%

of 220m long fibers in the field (the majority of deployed fibers are considerably shorter than this).
Two test parameters in particular relate to the modelled fiber transmission channel and are below defined.

— Transmitter Waveform Dispersion Penalty (TWDP). This penalty is defined as the difference (in dB)
between a reference signal to noise ratio (SNR) and the equivalent SNR at the slicer input of a reference
equalizer receiver for the measured waveform after propagation through a simulated channel.

Measuring TWDP involves capturing a transmitter waveform and processing it using code to calculate the
penalty of that waveform on a reference equalizer (detailed reference about definitions and processing).
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