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What is the Middle Mile Network? 

In the context of the 
end-to-end network

Middle Mile Network 
as Physical Backhaul Middle Mile Network



Middle Mile Network from a New Perspective

Current 

Segmentation

Segmentation from 
an IP Perspective

Coherent Optical Modules
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Why 400G in the middle mile?
Factors that influence middle mile network

1. The applications that drive bandwidth demand
2.Number of households in the service area
3.Business/enterprise service opportunities
4.Average usage rates (Off Peak and Peak)
5.Yearly growth rate
6.Broadband service penetration rate
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Aligned with

Voice Internet 3play

Gen3 Gen4 Gen5 Gen6Gen1 Gen2

4K, gaming VR cloud, SME Fiber for everything

• POTS,
• NBB

• DSL • VDSL • GPON
• Wi-Fi

• XGS-PON
• Wi-Fi 6
• Automation

• 25G, 50G, 100G PON
• Wi-Fi 7
• Autonomous 
• Network slicing
• Sub ms latency 

Aligned with

The shift to new generation broadband
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Broadband subscriber demand
Estimates for off peak and peak demand

Bounding uncertainties and 
regional differences

“heavy” demand scenario for 
(conservative) network planning.

“moderate” demand scenario, probably more likely

Middle-Mile Networks Capacity Requirements for Fixed Broadband
Peter Fetterolf, Ph.D for ACG Research
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A view into bandwidth demand, market penetration and growth
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Aggregation in the Middle Mile

O
L
T

(s)

O
L
T

(s)

...

...

...

1:m Split

1:m Split

1:m Split

1:m Split

1:m Split

1:m Split

n xPON 
Lines

n xPON 
Lines

n xPON 
Lines

Aggregation 
Network

Metro 
Network

Cloud 
Network(s)

Internet

Local 
Servers

O
L
T

(s)



400G Coherent Optics 
and the Middle Mile
Tim Doiron, VP Solution Marketing

August 7, 2023
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The Broadband Network and the Middle Mile

PON

Optical transport connects broadband access 
to the Core/Internet via the Middle Mile

ONT

BROADBAND ACCESS MIDDLE MILE

© 2023 Infinera. All rights reserved. Company Confidential.

400G+

Internet

800G+

CORE

vBNG

100G/400G

OLT
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BENEFIT

Embedded or Pluggables? In Optical Gear or Routers? Yes!

BENEFIT

BENEFIT

BENEFIT

SR/LR SR/LR SR/LR SR/LR

SR/LR SR/LR SR/LR SR/LR

Reduce Power, Space with Pluggables, Reduce Cost/Bit/Km with Embedded 

>80 Tb/s C+L

25.6 Tb/s

25.6 Tb/s

400G / 600G/ 800G / 1.2T
Sled/Embedded

E M B E D D E D

400G ZR+/XR
CFP2/QSFP-DD

400G ZR+/XR
CFP2/QSFP-DD

P L U G G A B L E

400G ZR/ZR+/XR
QSFP-DD

400G ZR/ZR+/XR
QSFP-DD

P L U G G A B L E
I P o D W D M

400G / 600G/ 800G / 1.2T
Sled/Embedded

BENEFIT

BENEFIT

BROADBAND ACCESS

BROADBAND ACCESS

BROADBAND ACCESS

© 2023 Infinera. All rights reserved. Company Confidential.
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Modular, Building Block Design Strategy 

ADVANCED  
PACKAGING

ANALOG OPTICS DIGITAL SIGNAL PROCESSING

MODULATOR TIAs

RX 
PASSIVE

LASER

DRIVERS PHOTO 
DETECTORS

ADVANCED 
ALGORITHMS

DSP DESIGN 
CENTER

EMBEDDED
(Sled Based)

PLUGGABLES 
CFP-2, QSFP-DD

C O ST  E F F EC T I V E LY  B U I L D  M O R E  C O H E R E N T  
O P T I C A L  E N G I N ES  FO R  M O R E  A P P L I C AT I O N S

DSPTROSA

© 2023 Infinera. All rights reserved. Company Confidential.

TROSA = Transmit Receive Optical Subassembly
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O p e n  X R  F o r u m

400G XR

P 2 P,  P 2 M P,  S F W

2 5 G - 4 0 0 G

Building a Better Coherent DWDM Pluggable

PERFORMANCE PROGRAMMABILITY MANAGEABILITY

1 2 3
Maximize capacity-reach Adapt to diverse environments 

like single-fiber working
Host-independent management,  

dual management

O I F - D e f i n e d

400ZR

E t h e r n e t  o n l y

4 0 0 G  o n l y

4 0 k m  –  1 2 0 k m

O p e n R O A D M ,  
O p e n Z R + ,  M o r e

400G ZR+

P 2 P

1 0 0 G - 4 0 0 G

5 0 0 k m +  1 , 0 0 0  k m +

Categories

P2P = Point-to-Point
P2MP = Point-to-Multipoint
SFW = Single-Fiber Working

© 2023 Infinera. All rights reserved. Company Confidential.
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400G TRANSPORT EXTENSION INTO MIDDLE-MILE NETWORKS
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Better Symmetry More bandwidth Lower latency Great QoEHigh Availability

Sustainability Ubiquity Affordability

+

Evolving and New Residential Broadband Requirements
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The challenges are moving from the access to the Middle-Mile

.

.

.

XGS-PON 25GS-PON

.

.

.

x64

125Mbps

125Mbps

125Mbps

315 Mb/s

315 Mb/s

315 Mb/s

x64

With service provider deploying XGS-PON with an easy evolution to 25GS-PON the access will be 
able to support the existing and future application for years 

What about the Middle Mille?

8Gbps
20Gbps

15.000 HH
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Legacy Middle Mille 

IP Peering

Dedicated 
GPON/XGS-
PON Chassis 

BNG

Aggregation 
Switch

Internet

Cloud

ONUResidence

Broadband Access 
NMS

Ethernet Aggregation 
NMS

Optical Network
NMS

IP Network
NMS

Core 
Aggregation

DWDM System with
100G to 400G per 
channel

Cost Complexity FlexibilityAutomation

TranspondersT ransponders

DSLAM
xDSL 

Modem

Twisted 

Pair
Residence

Middle MileAccess Core

Layer 2
Packet Optical

Layer 3

100% of the traffic
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Evolution of the Middle Mille 

Middle MileAccess Core

ONUResidence

vBNG 
User Plane

Edge 
Computing

Caching

IP 
Aggregation

IP and Optical Convergence with
400G up to 1.6Tb per channel

Internet

Cloud

vBNG 
Control 
Plane400G/800G 

Coherent 
Pluggables

Coherent 
Pluggables

XGS-PON
Pluggables

400G/800G 
Coherent 

Pluggables
Coherent 

Pluggables

Enterprise

xHaul

xHaul

Multi-Layer
Domain Controller

Cost Complexity FlexibilityAutomation

Most of the traffic Some traffic (content update & live)

Minimum traffic

Layer 3
IP & Optical Convergence Layer 3
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Key Considerations for Middle Mile

• Adding IP intelligence to the access enabling local breakout

• Adopting the virtualization and disaggregation of the BNG with CUPS (Control 
and User Plane Separation) model, moving the user plane to the edge.  

• Utilization of 400G Coherent Pluggable in routers for scalability, cost efficiency 
and flexibility. An open line system may be needed for amplification and fiber 
capacity expansion

• Adoption of a more modern and optimized IP stack (SR) to accommodate the 
need for more  and smaller IP nodes without multiplying complexity 

• Adoption of a single multi-layer domain controller from the access to the core 
to reduce the operational complexity and cost while optimizing the network 
resources and reliability 


