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Transport of 64G Fibre Channel
over OTN/DWDM Networks

This application note details the architecture and deployment of the PacketLight
PL-2000FC, a dedicated 1U transponder designed to map 4x64G Fibre Channel
services into 4x100G OTU4 uplinks over routers and switches?

Executive Summary

As enterprise Storage Area Networks (SANs) evolve toward 64G Fibre Channel to support NVMe
All-Flash Arrays and emerging Al and machine learning workloads, network architects face a
fundamental physical-layer limitation.

NVMe is a high-performance storage protocol designed to maximize the speed and parallelism of
flash storage, enabling very low latency and high throughput in modern data centers.

Although 64G Fibre Channel doubles the bandwidth of previous generations, its native reach over
multimode fiber is limited to approximately 100 meters, preventing direct extension across metro
distances or Data Center Interconnect (DCI) environments.

This application note details the architecture and deployment of the PacketLight PL-2000FC, a
dedicated 1U transponder designed to map 4x64G Fibre Channel services into 4x100G OTU4
uplinks.

This document provides a comprehensive technical overview of the transition from NRZ to PAM-
4 signaling, the engineering requirements for transporting these signals over optical transport
networks (OTN), and the specific capabilities of the PL-2000FC platform.
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Technical Evolution: From 1G to 64G (Gen 7)

For engineers integrating Gen 7 of the Fibre Channel standard into existing OTN architectures, it
is important to understand that 64G FC represents a fundamental shift in modulation technology
compared to Generations 1 through 6 (1G to 32G, respectively).

The Shift from NRZ to PAM-4

From 1G (1997) through 32G (Gen 6), Fibre Channel utilized Non-Return-to-Zero (NRZ) signaling,
where one symbol represented one bit of data. To achieve 64G speeds without doubling the
frequency (and encountering severe signal integrity issues), Gen 7 adopts Pulse Amplitude
Modulation-4 (PAM-4).

PAM-4 uses four distinct voltage levels to transmit two bits per symbol, which allows 64G FC to
deliver a throughput of 6,400 MB/s (full duplex) while maintaining a baud rate of 28.9 Gbaud.
Nearly identical to the 28.05 Gbaud rate of 32G FC.
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Forward Error Correction (FEC) and Gray Coding

The trade-off for PAM-4's density is a reduced Signal-to-Noise Ratio (SNR), meaning that error
correction is no longer optional.
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Mandatory FEC Gray Coding
64G FC mandates the use of Reed- To mitigate errors between adjacent
Solomon (544, 514) Forward Error voltage levels, Gen 7 employs
Correction algorithm, which enables Gray coding, which ensures that
the correction of up to 15 symbol if a symbol error occurs between
errors per codeword, improving the neighbor levels, it results in only
Bit Error Rate (BER) from 10-4 (pre- a single bit error rather than a
FEC) to better than 10-15 (post-FEC). multi-bit burst, optimizing the FEC's
effectiveness.
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Drivers: Al Workloads and NVMe Integration

The deployment of the PL-2000FC is typically driven by specific application requirements that

exceed the capabilities of TCP/IP-based storage or legacy 32G FC.

Al training clusters often
experience “data starvation”
where expensive GPUs sit
idle waiting for storage

I/0. 64G FC provides the
deterministic, lossless
delivery required to maintain
high utilization rates during
checkpointing and massive
dataset ingestion.
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Al and Machine NVMe over Fibre
Learning Channel (FC-NVMe)

The PL-2000FC supports
the transport of native
NVMe commands over
Fibre Channel. This protocol
reduction (bypassing SCSI
translation) delivers up

to 50% more IOPS and

30% lower latency, crucial
for real-time financial
trading and high-frequency
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Boot Storm
Mitigation

In Virtual Desktop
Infrastructure (VDI)
environments 64G FC
delivers storage data

fast enough to prevent
bottlenecks, showing up
to a 50% reduction in
virtual machine boot times
compared to earlier Fibre
Channel generations.
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Product Technical Deep Dive: PacketLight PL-2000FC

The PL-2000FC is a purpose-built 1TU modular device that serves as a demarcation point between
the client SAN and the optical transport network.

Functional Architecture

The device functions as a muxponder, encapsulating 4x64G Fibre Channel client services directly

into 4x100G OTU4 uplinks.

Client Side

Uses SFP56 SR (Short Reach) pluggable
modules, which handle the PAM-4

N
Line Side

Uses QSFP28 or QSFP28-DCO (Digital

Coherent Optics) pluggable modules, allowing
the 64G payload to be carried over standard
OTU4 100G wavelengths, leveraging coherent
detection for long-haul transmission without

dispersion compensation modules (DCMs).
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signaling from the switch.




NNNNNNNN

Integrated Photonic Layer

The deployment of the PL-2000FC is typically driven by specific application requirements that
exceed the capabilities of TCP/IP-based storage or legacy 32G FC.
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Amplification Multiplexing Protection
Up to two Erbium-Doped 4-channel mux/demux. Optical Switch (OSW) for
Fiber Amplifiers (EDFAs) - 1+1 facility protection,
booster and pre-amp. ensuring fiber path
redundancy.
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Network Management and Diagnostics

The deployment of the PL-2000FC is typically driven by specific application requirements that
exceed the capabilities of TCP/IP-based storage or legacy 32G FC.

For OTN engineers, visibility is paramount. The system provides:

* Performance Monitoring: Comprehensive monitoring of both the FC service layer (code
violations, CRC errors) and the OTN line layer.

* Bandwidth Predictability: Supports OSC OTDR SFP modules, enabling TDR (Time Domain
Reflectometry) testing over the Optical Supervisory Channel (OSC) to locate fiber cuts or
degradation remotely.
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Deployment Scenarios
Scenario A: Transport over Dark Fiber (Metro/DCI)

In this topology, the PL-2000FC acts as a standalone terminal.
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Configuration Application
The device connects directly to the Ideal for synchronous mirroring
dark fiber pair. The integrated mux between two data centers.

combines the 4x OTU4 wavelengths,
and the onboard EDFAs boost the
signal for transmission distances
typical of metro networks (up to
~120km depending on span loss, or
further with ILA).

4x100G OTU4 4x100G OTU4
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Deployment Scenarios
Scenario B: Transport over OTN Backbone

In this topology, the PL-2000FC acts as a standalone terminal.

4x100G OTU4
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Configuration
The PL-2000FC acts as a feeder. It
accepts 64G FC from the SAN and hands
off a standard, grey, or colored OTU4
signal to a 3rd-party OTN core switch or
carrier demarcation device.
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4x100G OTU4
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Application

Used when the SAN traffic must traverse
a managed service provider network or a
global backbone.

3th Party OTN Chassis

4x100G OTU4

3th Party OTN Chassis

4x100G OTU4
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Conclusion

The PacketLight PL-2000FC bridges the gap between the high-speed, short-reach requirements
of 64G PAM-4 Fibre Channel and the long-haul requirements of OTN. By encapsulating Gen 7
traffic into standard OTU4 containers and integrating essential photonic components into a 1U

form factor, it offers network engineers a scalable, secure, and standards-based solution for next-
generation SAN transport.

4 Not an engineer and would like to understand 64G transport?
Transporting 64G Fibre Channel is like moving a Formula 1 car (the data).

On the racetrack (the Data Center), it relies on specialized tires and aerodynamics
(PAM-4 modulation) to move incredibly fast over short distances. However, you cannot
drive a Formula 1 car on a cross-country highway (the WAN), as the road conditions
(attenuation/dispersion) would destroy it.

The PL-2000FC acts as the enclosed race-transporter truck. It securely loads the car
(encapsulation into OTU4), protects it from the elements (FEC), and drives it across
standard highways (OTN/Dark Fiber) to the next track, where it can immediately roll off
and race again.




