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Agenda

* Light Reading—Coherent Optics Overview
 CableLabs—Coherent Optical Technology Evolution
* Coherent Optics for P2P Connections

* Coherent Optics for P2MP Access Connections
 Explaining Coherent PON

* Key Enabling Technologies

e (CableLabs’ CPON Project

* Audience Q&A
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Full Duplex Coherent Optics
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Audience Poll |

If you are a service provider, how much aggregate capacity do you
need (1-3 years) for optical access/edge networks in support of
coax, fiber and mobile services?

e <=100G
e 200G

* 400G

e >400G
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Audience Poll Il

If you are a vendor, which PON technologies are part of your
product portfolio?

* ITU-T PON (GPON, XGS-PON...)

 |EEE PON (EPON, 10GEPON, 25GEPON...)
 both PONSs

* none of them
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Zhensheng (Steve) Jia

Ph.D. Distinguished Technologist
CableLabs
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Cablelabs

Coherent Optics

CablelLabs

Dr. Steve Jia | Distinguished Technologist
sS.jla@cablelabs.com

© CableLabs 2021.



Outline

» Coherent Optical Technology Evolution

« P2P Coherent Optics for Access Networks
* Access Environment Considerations

« P2MP Coherent Optics for Access Networks
« Coherent Passive Optical Network



Coherent Optics Technology Development

l l l

l

1 2 3 4

2010 2013/14 2015 2017

100G - 32GBaud QPSK 200G - 8QAM/16QAM 400G - Flex rate 600G - 64GBaud 64QAM
40nm CMOS
5 6 7/

2019/2020 2020/2021 2022/2023

800G - >90GBaud 400G Pluggable 800G Pluggable

7nm CMOS 5/3nm CMOS




Why Coherent Solves (almost) Everything?

Linear optical field conversion

Photodetector

N *’fz Direct Detection °
Laser
v o—O

Enabling modulation and detection for four
independent degrees of freedom with powerful
Digital Signal Processing

Coherent gain and inherent
wavelength tunability

Local Oscillator serving as a clean signal

Coherent Detection amplifier and synchronizing the desired
i.{( wavelength channel
Photodetector

0 No power fading and no powerful
information-less carrier



Coherent Optics Technology — DSP Flow

1 Correction

2 CD comp.

3 Timing recovery

16QAM 4§

4 Polarization Demux 5 Freq. offset comp.
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Coherent Optics Evolution

‘ High-End _
Coherent Optics

Higher spectral efficiency, higher modulation format,

RECESSH=AIE
m Moede: higher Baud rate (800G+ per wavelength)
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Coherent Dominant

o

Passive Optical Network -

‘. _, Metro
Network

- oot
Coherent Optics Coherent Moving to Access/Edge Networks (s Optics

Ultra-compact footprint, l: :. multi-vendor interoperability

ultra-low power consumption




Coherent Optics for P2P
Connections



Adaptation and Optimization of Coherent
Optics for Access Networks
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Signal Coexistence Over Fiber
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Full Duplex Coherent Optical System
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The 10G Converged Optical Network

Aggregation Node w/ Child Node Semvice &
Coherent Termination . RPD/RMD Amm,r:up
Device (CTD) Small Cell . HA TN

+ Terminates coherent « Remote OLT = —L_L)'\L_LA Coax

« Distributes Ethernet

links/services 10G _l_ ..... 1
nl:ln * Small Cell
g;g e 10/25G @ @) 2 AN
moo $ Y e A A Wireless
Hu o O
b P2P Coherent Link
. 1-2fibers Pon
”~N

* 100Gbps — 200Gbps =
+ typically < 80 km Distribution Link g4 Fiber
- DWDM compatible * <10km %ﬁ
« 10-25 Gbps s
« Grey optics
* Network provides high bandwidth Ethernet services deep into the field

» Supports numerous applications in addition to residential broadband over
coax, such as wireless xhaul, remote PON, P2P fiber services, etc.




CablelLabs’ P2P Coherent Optics Specifications

Access Focused Specifications

Incorporated Full Duplex Coherent Opfics info specs

OB OO0

Architecture 100G 200G OSSI

pplication Scenarios DP-DQPSK, SD-FEC DP-QPSK, open FEC Management & Control

2 successful Interops for 100G (December 4-6, 2018, April 23-25, 2019)




Coherent Optics for P2ZMP
Access Connections



Evolution to 100G TDM-PON

Max DS Data Rates (Gbps)

100

-
o

100G PON
Coherent PON

® IEEE 802.3 ]
NG-PON2 HSP-PON
ITU-T $G15 10G per A Twom-poN voeron  somoe I 210G per A
4\, 10/10G 802.3ca G.Hsp.x I
10G-EPON XG-PON  C-989 xGs-pon 505506 @
100G 10/2.5G 10/10G A I
802.3av  G.987.x G.9807.1  25/25G
o 1
<10G per A 1
GPON I
2.5/1.256 EPON
B-PON Gosax 111G
622/155M N 802.3ah I
G.983.x _° I

i



What is Coherent PON?

 Coherent PON is like traditional PON:

» Passive optical distribution network
 Point-to-multipoint topology

* Yet, Coherent PON is different:

« Uses coherent modulation and detection instead of IM-DD

» Optimizes optical power distribution

* Provides longer reach & higher split ratio with improved power budget
« Enables 100 Gbps and beyond data rate (per lambda)



PON Technology Reach Increases

% of fiber links
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B Deployed ™ Future
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Traditional PON won’t
reach ~50% of homes
from cable hub without
intermediate active
component...



Extended PON Application Scenarios

 R-PHY/RMP Connectivity & Backhaul

I DAA/PON o .
Bus_in_ess/ Aggregation _g Mobile Backhaul

- * Mobile Fronthaul
- Nme * Remote OLTs
Mobile oLT onu] \ / . .
Transport / < WiFI BaCkhaUI

* Fixed Wireless Backhaul
* Residential/FTTH MDU

* Residential/FTTH SFU

u u * Deep Diversity (Equipment and Path)
« Edge Computing
* Network as a Platform
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Key Enabling Technologies



Transmitter Burst Frame Structure

Pol. X

Pol. Y




Recelver Burst Processing

Burst Waveform Sync. Peaks Detected
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Rate-Flexible Symmetric 100G Coherent PON

Flexible Data/Bandwidth Allocations

Subcarriers from OLT * 100G Continuous Signal in DS
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Digital subcarrier multiplexing in both time and frequency domain over a single
optical wavelength, enabling 25G, 50G, 75G, and 100G flexible data rate.



CableLabs’ CPON Project



Project Objectives

* Develop specifications for Coherent Passive Optical networks
and devices that:
« Are multi-vendor interoperable
« Can be developed and deployed at scale at reasonable cost

« Support a wide range of applications and use cases, including cable
operators and others such as mobile operators, telcos, etc.

» Coexist with existing infrastructure

=
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CPON Specifications

~~~_  ARCHITECTURE (ARCH) _~~_  PHYSICAL LAYER (PHY) . MEDIA ACCESS CONTROL (MAC)
Use Cases and General Both Downstream {CM) and Transmission Scheduling, Quality of
R Requirements. - Upstream {(BM) - Service, Auto-Discovery.
e |\\ MANAGEMENT (0OSSI) o |\ SECURITY (SEC)
° Fault/Configuration/Performance fr— Authentication, Access Control, Data
S |/ Management. N, |/ Integrity.
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Audience Q & A

Alan Breznick Zhensheng (Steve) Jia
Cable/Video Practice Leader Ph.D. Distinguished
Light Reading Technologist
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Next Months Webinar

How to Test the Next-Gen Cable Network

11/18/202111:00 am New York / 8:00 am Los Angeles

This educational series is a member benefit in partnership with LightReading. SCTE’s
LiveLearning Webinars™ for Professionals is a series of live, interactive, web-based
seminars that occur the third Thursday of every month.

Register for next month’s webinar, the 2021 webinar series or access previously recorded
sessions at www.scte.org/LivelLearning.
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THANK YOU!

LiveLearning Webinars'™ For
Professional$

ENVISIONING THE FUTURE OF CONNECTIVITY, TODAY.
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Thank you for attending!

Upcoming Light Reading webinars
www.lightreading.com/webinars.asp
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