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Wireless vs. Fiber: Different Starting Points for Coding

Wireless (channel‐limited) Fiber (implementation‐limited)

Channel characteristics
– time‐varying, fading, interference
– strong uncertainty at the receiver
– limited bandwidth

Coding consequence
– robustness is primary goal
– adaptation and flexibility are key

Channel characteristics
– guided, predictable channel
– comparatively stable channel law
– large bandwidth

Coding consequence
– high code rates (low redundancy)
– throughput and power dominate
– limited need for fast adaptation

In wireless we fight the channel — in fiber we fight the hardware.

Huawei public 3



Scaling Optical Links: Why FEC Became Central

With increasing data rates
■ bandwidth limits, dispersion⇒ ISI
■ nonlinearities
■ amplifier noise (ASE)
■ errors: rare but correlated

System impact
■ shrinking margin
■ more DSP required
■ FEC becomes essential

IM‐DD + opti‐
cal compensation

electronic equalization

DSP‐enabled systems

coherent systems + full DSP

As systems scale, margin disappears and FEC becomes a central part of the design.
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Optical Communications: Applications and Market

Applications
■ Access (PON)

■ last‐mile connectivity
■ cost‐driven, massive deployment

■ Datacom (DCN / DCI)
■ intra‐DC (DCN), inter‐DC (DCI)
■ AI‐driven scale, extreme throughput

■ Telecom (metro / long‐haul)
■ operator networks
■ reach and spectral efficiency
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Telecom Datacom Access
Source: 2021–2024: Omdia Optical Components Market Update; 2025: Cignal
AI & LightCounting estimates

AI‐driven datacom dominates (>70%) and increasingly defines system requirements.
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System Constraints Across Applications

Requirement Access (PON) Datacom (DCN/DCI) Telecom
Data rate 10–50G 400G–1.6T 100G–800G+
Latency moderate very low moderate
Power constraint moderate very strict less critical
Implementation cost‐driven throughput & power limited performance‐driven
Decoder throughput low very high high
Coding gain moderate constrained very high
Code rate moderate high moderate/high
Block length moderate* moderate very high
Error floor moderate low ultra‐low

*burst mode

Constraints differ fundamentally across applications — there is no universal FEC.
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Dominant Constraints in FEC Design

Access
Constraint

■ burst‐mode operation
■ heterogeneous users

Implication
■ worst‐case design
■ short blocks

Datacom
Constraint

■ massive scale
■ strict power budget
■ very low latency

Implication
■ throughput‐driven
■ low‐complexity FEC

Telecom
Constraint

■ long, noisy links
■ high throughput

Implication
■ high coding gain
■ low error floor

The dominant bottleneck differs by domain and therefore different codes.
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Evolution of FEC Across Optical Applications

time
1995 2000 2005 2010 2015 2020 2025

Core
Networks*

Data Centers
LR (≤10 km)

Access
PON

RS
(255, 239)

G.709

Enhanced FEC
(concatenations)

G.975.1

Staircase
(hard)

JLT/Cortina

→ Staircase
(hard)

G.709.2

C‐FEC

OIF 400ZR

O‐FEC

OpenROADM
OIF 800ZR
G.709.3

PCS, TE

RS (528, 514)
KR4

IEEE 802.3

RS (544, 514)
KP4

IEEE 802.3

KP4+
Hamming

802.3df proposal

KP4+BCH

OIF 800LR IA

RS (255, 239)

G.984 / 802.3ah

RS (248, 232)
RS (248, 216)

G.987 / G.9807 / G.989

LDPC→

IEEE 802.3ca

LDPC
(flexible)

ITU‐T G.9804

* many proprietary solutions

Milestones only

Huawei public 8



Access Networks



PON Today and Beyond: System Context for FEC

Today (50G‐PON)
■ IM/DD, OOK,∼50 GBd per wavelength
■ downstream broadcast, upstream burst‐mode TDMA
■ single modulation + FEC for all users

Reality: heterogeneous channels
■ large variation in optical path loss
■ different user conditions (distance, split, hardware)
■ system designed for worst‐case user

Towards next generation (100G / 200G)
■ higher rates⇒ reduced margin
■ stronger DSP / possibly coherent
■ opportunistic use of available margins

FEC must cope with heterogeneous users and worst‐case design constraints.
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Current PON FEC: QC‐LDPC Code Family

Code family
■ mother code: QC‐LDPC(17664, 14592)
■ base matrix: 12× 69, lifting Z = 256

Default 50G‐PON code
(N, K) = (17280, 14592), Rc = 0.8444

Decoding
■ layered BP decoding
■ up to 15 iterations
■ throughput via parallelism

Latency & Complexity
■ RS (255, 223): ∼ 0.3–2 µs
■ LDPC (15 iter): ∼ 5–6 µs
■ LDPC complexity: ∼ 8× to 20× RS

But∼ 2.5 dB coding gain

Latency ↔ parallelism trade‐off
■ more parallelism⇒ lower latency
■ but higher area and power

Powell: Latency & complexity for various 25/50/100G EPON FEC code
proposals
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PON FEC: Open Problems and Outlook

Key challenges at higher data rates
■ more challenging links (higher reach, split ratio, impairments)
■ latency must remain comparable
■ user equipment complexity/power must stay low

Main research directions
■ rate flexibility: rate‐compatible codes, MODCOD adaptation, shaping
■ longer codes: increase block length in bits while keeping buffer time
■ new code families: e.g., turbo product codes, but how to reuse hardware?
■ closer FEC–DSP integration: joint equalization and decoding

The challenge is to exploit margin without increasing cost, latency, or power.
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Datacom FEC Today for 200G/lane PAM4

Baseline

Chip (KP4) electr. Module
optic.

Module electr. Chip (KP4)

Stronger architecture

Chip (KP4) electr. Module (inner FEC)
optic.

Module (inner FEC) electr. Chip (KP4)

Outer FEC (host)
■ RS(544,514), KP4, Rc = 0.945

■ end‐to‐end protection (electrical and
optical)

Inner FEC (module)
■ Hamming (128, 120), Rc = 0.938

■ BCH (126, 110), Rc = 0.873

■ localized protection (optical)

KP4 is the workhorse – inner FEC is added only when the optical link becomes limiting.
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400G/lane: Electrical Channel as Bottleneck

What changes
■ bandwidth‐limited electrical C2M link
■ strong ISI, reflections, crosstalk
■ electrical link becomes the

bottleneck

FEC “wishlist” unchanged
■ low latency/ power/ complexity
■ burst error tolerance

But in addition we need
■ higher coding gain
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400G/lane: Path 1 — PAM4 + RS

Approach
■ improve channel (connectors,

packaging)
■ keep PAM4 signaling
■ KP4 sufficient only for short links

For harder channels
■ replace KP4 by stronger FEC
■ limited gain at high code rates

Example: RS (560,514)
■ rate: Rc = 0.918

■ bandwidth: 1.04× KP4
■ coding gain: ∼0.6 dB
■ latency: ∼2× KP4
■ complexity: ∼5× KP4

Small gains come at disproportionate cost in bandwidth, latency, and complexity.
Alternatives?
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400G/lane: Path 2 — PAM6

Approach
■ higher order modulation (PAM6)
■ relax bandwidth limits

Challenge
■ SNR gap∼3–4 dB (vs PAM4)

FEC implications
■ stronger FEC
■ multi‐level coding
■ FEC cannot close the gap

(complexity)

Example: RS + inner code
■ split 2d PAM6 into 5 bit streams
■ stronger FEC on 1 bit level only
■ sub‐constellation with improved dmin
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Transport Networks: OFEC for Shorter Reach

Where OFEC is used
■ coherent pluggables / DCI:≳10 km
■ 400ZR:∼80–120 km
■ OpenZR+: ∼120–500+ km
■ OpenROADM:∼80–1000 km

Beyond that
■ very long‐haul / submarine channels require higher overhead
■ typically proprietary or non‐interoperable solutions

Why OFEC?
■ strong performance at practical complexity
■ gap to capacity: ∼1.1 dB
■ efficient soft‐decision decoding
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OFEC Code Structure

Code parameters
■ extended (256, 239) BCH component codes
■ each bit is protected by two component codes
■ overall rate: Rc = 0.867

Structure
■ braided / spatially coupled array
■ sliding window structure with memory
■ block size 2B× B, B = 16

Interleaving
■ internal edge interleaver
■ line interleaver on top

Memory:
40960 bits

2B
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OFEC Decoding and Outlook

Decoding today
■ iterative soft decoding (Chase‐Pyndiah)
■ followed by hard‐decision iterations
■ baseline: 3 soft + 2 hard iterations
■ window decoding (∼ 170k bits)

Research directions
■ more efficient soft component decoding
■ fewer soft iterations
■ shorter memory / window size
■ lower‐rate variants (Rc ≈ 2/3)

Constraints
■ must maintain:

■ very high throughput
■ low complexity / power
■ near‐capacity performance

Key challenges
■ higher error floors for shorter codes

and/or for fewer soft iterations
■ at lower rates, approaching capacity

with manageable complexity
becomes much harder
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Summary



Takeaways

Coding evolved from

no coding RS HD concat. SD‐FEC

Optical FEC is fundamentally constrained by
■ throughput, latency, and especially power

There is no universal FEC solution
■ RS, LDPC, product‐like designs — each fits a regime

FEC continues evolving
■ new code architectures (beyond today’s product‐like designs)

In the end, the best code is not the one we design — but the one we can implement
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Thank you
Questions?
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