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Why are transport 
network standards 
important?
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Interoperability

Multi-source 
components

Multi-
vendor 

networks

Multi-
operator 
services

• Service networks are interconnected 
over transport networks

• Transport network standards enable 
services to be carried over multi-
operator networks

• Transport network standards enable 
operators to build multi-vendor 
networks

• Transport network standards enable 
vendors to multi-source components
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Technologies that enable Beyond-400G transport
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Main organizations developing optical transport 
standards

• ITU-T SG15 – Optical Transport Network (OTN)

• Specifies transport network architecture, digital formats for 
OTN, optical parameters, fiber

• Includes metro and long-haul applications, with a focus on 
transparent multi-client support and networking (non-p2p) 
applications

ITU-T 
SG15

OIF
IEEE 

802.3
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• OIF

• “ZR” interfaces supporting p2p DCI interconnect of 
Ethernet over DWDM at 400G and 800G rates 

• IEEE 802.3 – Ethernet 

• Specifies Ethernet Physical layer (inherently p2p)

• 802.1 defines Ethernet networking

• Other MSAs drive specific projects

• OpenROADM, OpenZR+, Ethernet Technology Consortium,  
etc.

Physical layer
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• 800G PMDs up to 2 km based on 100G/lane IMDD (P802.3df), reusing PMDs from 802.3ck and 802.3cu

• 800G PMDs up to 10 km based on 200G/lane IMDD (P802.3dj), single-fiber and multi-fiber PMDs

• 800G single-lane coherent PMDs at 10 km and 40 km (P802.3dj)

IEEE 802.3 800G Ethernet

• 800LR provides a ‘campus reach’ interface (non-DWDM) with lower latency and lighter weight FEC

• 800ZR serves the same application as 400ZR: < 120 km point-to-point DCI over DWDM

• Both provide sub-rate multiplexing capabilities

OIF 800G Coherent interfaces

• Formalizes 800G OTN interfaces based on extension of existing specifications

• Adds Ethernet-optimized format (without OTN overhead)

• Supports sub-rate multiplexing 

ITU-T SG15 FlexO extensions (G.709.x series revisions)

Current standards work for 800G interfaces
Significant collaboration across the main SDOs

Reuses (part of) specification

Can be transported over
Public

IEEE 802.3 800G Ethernet
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Current standards work for 1.6T interfaces

• Multi-fiber PMDs up to 2 km based on 200G/lane IMDD signalling over multiple 
single-mode fibers (P802.3dj)

• Potential to add additional 1.6T interfaces (longer reach, single fiber) in 
subsequent projects

IEEE 802.3 1.6T Ethernet

• Analogous to 800ZR, provides p2p DCI interfaces at 1.6T with subrating

OIF 1600ZR project

• Ongoing discussion about beyond-800G OTN formats

ITU-T SG15

Can be transported over
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IEEE 802.3 1.6T Ethernet
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Future standardization topics
Probabilistic Constellation Shaping (PCS)

• Problems to be solved:

• Inefficient use of bandwidth due to discrete steps 
between xQAM modulation constellations 

• Higher order modulation (beyond 16QAM) requires 
complex receiver designs to overcome OSNR, 
particularly at the outer constellation points

• PCS allows finer grained tuning between reach and 
bandwidth than what is possible with discrete 
constellations

• Proprietary solutions available now

• Discussion of potential standard solutions well 
underway in OpenROADM, beginning in ITU-T SG15

2-dimensional Gaussian probability
distribution of how frequently different
symbol values are used decreases average
bits represented per symbol

Using the outer (highest power) constellation 
points less frequently improves OSNR
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Future standardization 
topicsSpace Division Multiplexing (SDM)

Public

Uncoupled-Core Multicore Fibers

(UC-MCF)

7-core

1
2
5
m
m

Hollow-Core Fibers 

(HCF)

Air core

Nested anti-resonantPhotonic bandgap

Coupled-Core Multicore Fibers 

(CC-MCF)

7-core 19 -core3-core

1
2
5
m
m

Optical mux/demux
coupled into each core

• Problem statement: Increasing bit rate 
without increasing spectral efficiency 
doesn’t increase capacity per fiber

• SDM is effectively parallel reuse of the 
same spectrum within a single fiber

• Requires new multi-core fibers and 
greater integration within components to 
take advantage of the new fiber types

• Standardization activities are in the very 
early stages, and will focus primarily on 
the fiber and components initially

• New management/control models will 
also be required
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Future standardization topics

Will coherent transmission be required for all reaches?

• Unclear that IMDD is viable beyond 200 Gb/s signaling rates

• Unclear that more than 4 wavelengths of CWDM would work even with 200 Gb/s 
signaling
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1.6T and beyond – many technical challenges

Is 16QAM single carrier transmission still viable?

• Going to multiple carriers or larger channel bandwidth with higher baud rate 
requires additional spectrum

• Going to higher order modulation has its own complexities

Are higher coding gain FECs needed?
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Copyright and confidentiality
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The contents of this document are proprietary 
and confidential property of Nokia. This document 
is provided subject to confidentiality obligations of 
the applicable agreement(s). 

This document is intended for use by Nokia’s 
customers and collaborators only for the purpose 
for which this document is submitted by Nokia. No 
part of this document may be reproduced or made 
available to the public or to any third party in any 
form or means without the prior written permission 
of Nokia. This document is to be used by properly 
trained professional personnel. Any use of the 
contents in this document is limited strictly to the 
use(s) specifically created in the applicable 
agreement(s) under which the document is 
submitted. The user of this document may 
voluntarily provide suggestions, comments or 
other feedback to Nokia in respect of the 
contents of this document ("Feedback"). 

Such Feedback may be used in Nokia products 
and related specifications or other documentation. 
Accordingly, if the user of this document gives 
Nokia Feedback on the contents of this document, 
Nokia may freely use, disclose, reproduce, license, 
distribute and otherwise commercialize the 
feedback in any Nokia product, technology, 
service, specification or other documentation. 

Nokia operates a policy of ongoing development. 
Nokia reserves the right to make changes and 
improvements to any of the products and/or 
services described in this document or withdraw 
this document at any time without prior notice. 

The contents of this document are provided 
"as is". Except as required by applicable law, no 
warranties of any kind, either express or implied, 
including, but not limited to, the implied warranties 
of merchantability and fitness for a particular 

purpose, are made in relation to the accuracy, 
reliability or contents of this document. NOKIA 
SHALL NOT BE RESPONSIBLE IN ANY EVENT FOR 
ERRORS IN THIS DOCUMENT or for any loss of 
data or income or any special, incidental, 
consequential, indirect or direct damages 
howsoever caused, that might arise from the use of 
this document or any contents of this document. 

This document and the product(s) it describes
are protected by copyright according to the
applicable laws. 

Nokia is a registered trademark of Nokia 
Corporation. Other product and company names 
mentioned herein may be trademarks or trade 
names of their respective owners.


