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Technology Migration to the Edge of the Network

Edge Metro/DCI Metro Core Long Haul
History -
10Gbps 10Gbps
moves to the
edge DWDM

Smaller / Cheaper technology Higher capacity

Coherent 100Gbps 400Gbps 800Gbps 1.2T+

migration to
the edge

Today’s Topic
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Gen60C: Pluggable Coherent Success Story

400ZR: Designed to meet the need for a

low-cost, low-power DCI solution Pluggable 400Gbps Coherent Port Shipments
* Finally, real IP-over-DWDM

Extraordinary growth, primarily from
webscale operators

* The right technology at the right time

Multiple variants now in production to
expand the applications space

ZR+
nZR
* 400ZR, Enhanced FEC, OpenZR+, =0dBm
OpenROADM, 0dBm, QSFP-DD, CFP2, etc.
Forecast to ship over 190k modules in 2022
— - m N I

+ >50k per quarter by the end of the year

The success of 400ZR has changed the way Qtr2 Qtr3 Qtr4 Qr1 Q2 Qir3 Qtr4  Qtr
network operators think about coherent optics. 2020 2021 2022

www.cignal.ai




The Need for 100ZR

Millions of 10Gbps DWDM modules 100ZR Forecast (Modules Shipped)

deployed at the edge of the network

A simple, low-cost 100Gbps solution is
needed

Current options

* Direct Detect: Distance limited, not always
DWDM compatible, useful for single-
wavelength (and some DWDM) short reach

Scaled-down 400ZR: Higher power, higher
cost, potential applications in enterprise
networks

Cignal Al’s current forecast is based on -
existing solutions

2023 2024 2025 2026
An optimistic forecast assuming 10Gbps

m Optimistic Forecast m®mCurrent Forecast
DWDM replacement would be much larger P

www.cignal.ai
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Windstream National
Network

~150 Sites

~5000 Sites

~2000 Sites

Sites and Growing

1 Windstream’s Network presents a large opportunity for Open and Interoperable Coherent Transceivers
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Operator’s perspective of Coherent Transceiver Applications

Router Universal Optical Layer Link Path Characteristics

e Intermediate ROADM Cascades /
T AR Intermediate Distances /
Open ZR+ AR Highly Fragmented Links

(QSFP — DD, 0dBm)

=

>

>

High ROADM Cascade /
Intermediate High Long Distances /

Performance Ultra High-Capacity Point to Point Links
SLEDS SLEDS

100G/400G 100G/400G
Grey Optics Grey Optics

‘ ~ %Percentage Allocation

Desire: Extend IPOverDWDM Architecture to deep edge
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100 Gig Coherent has been around for many years So why is this time different?

100 Gig ZR — Application specific, focused coherent transceiver, utilizing latest technology
base significantly improves key metrics ........

Metric Form Power Interface Cost

Current / Previous Open ZR+ Power Interface Standards SSS
100 Gig Coherent (CFP-2, QSFP —DD) ~ 20— 25 Watts Various
Modern focused 100 Open ZR Power CMIS S i |
Gig Coherent (QSFP - 28) ~ 5 Watts Standard

which become critical in unlocking edge networking where ..........

Edge Networki o : : ium Si
R Capacity is Medium Large Number of Sites Small to Medium Sized IP
switch fabrics

medium sized traffic, large number of sites, small to medium
sized switch fabrics ARE key defining characteristics.
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Building Blocks - Relationship between Capacity, Host Devices and PHY interface support

IP Routers Pluggable Modules Shelf / Modules ICON — Edge Platform
Modern I I
High Capacity X 400G Con QSFP Mux / Regen ical
IP Routers \ DCI / Grey Box Optical Layer
. I 100G Coh I\ ROADM CDC Flex
\\ \\ (Layer 0)
\ 400G G \
\ rey \
Modern ‘\ ‘\
Small to Medium 100G Grey . . . e
o Routers"” % \‘ \\~ Adding application specific Transponders/
\ ] = 100 Glg ZR Coherent with Muxponders
\ 1 10G Grey
AN modern technology base to (Layer 1)
‘\ | 1G Grey portfolio of building blocks
“ || — unlocks many
Legacy [ possibilities!
Small to Medium - 1 1
IP Routers ~ 1\
\\ 1 \\
\“\ AN Today’s Problems
\ ‘\ \\ Modern High-Capacity Routers are overkill and expensive for widespread edge
‘\ \ deployment
N
Sy, Smaller to Medium sized IP routers do not support 400 Gig DD
pluggable ports / modules - Capacity per port, power, thermals
etc.....
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Application Set — Unlocking the Edge
400 Gig Links
. Modern. I 400G Coh I 400G Coh I Modern
ngh Ca pBCIty Universal Optical Layer Infrastructure ﬁ ngh Capacity

IP Routers
400G Coh IP Routers

100 Gig Links
Modern 400 Gi
Small to Medium 100G Coh k i '8
IP Routers ~ Up Link
~
N
SN
N
Modern 100G Coh
Small to Medium 100G Coh Iq. -
IP Routers S~ 100G Coh
o QSFP Mux / Regen
DCI / Grey Box I 400G Coh
Small to Medium I 100G Coh I"
IP Routers 100G Coh
4
’
R
s’ . .
Modern s’ Extending IPOverDWDM, High Performance,
Sm:i\lpl ;o Medium I 100G Coh F opica Layer High Capacity 100 Gig Coherent to the edge and
outers nfrastructure HHH H<H H
a utilizing existing infrastructure
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Application Set — Unlocking the Edge

Modern Cut-Trough / Hairpin Do
Small to Medium 100G Coh I - -I | Bk e S it eenge)
IP Routers v * ooy
- DCI/ Cloud Services
Modern o
Small to Medium I 100G Coh I‘.
IP Routers S
Modern 100G Coh 400 Gig
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IP Routers . o Upllnk
Optical Switching 100G Coh
QSFP Mux / Regen
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Modern - (Layer 0)
Small to Medium 100G Coh I" —
IP Routers - 100G Coh
-
-
Unlocking High Performance,
Madern - High Capacity 100 Gig Coherent to the edge and still
Small to Medium 100G Coh . L . . . -
IP Routers maintaining a multi-service optical switching transport
network.
Universal Optical Layer Infrastructure
Modern _: Access new Edge topologies such a Multi-Point to
5’“72 tRO '\:e‘j'”m I 100G Coh I<' ——— Point and Cut-Through / Hairpin
outers

o
Multi-Point to Point Nl
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Application Set — Unlocking the Edge

400 Gig

Upllnk

Access new Edge topologies
such a Multi-Point to Point,
Multi-Point to Multi-Point
and Cut-Through / Hairpin

400 Gig
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Open and Interoperable Standards — Learn from the past and do it a little bit better next

400 Gig ZR+ — First real attempt at Open and Interoperable Standards —

(Thank you to the collaborative efforts of various standards bodies)

Open and Interoperable can be deemed a success with various field
trials results reported, however many things were learned throughout
the process

Application specific 100 Gig ZR category class will greatly benefit from
“Holistic” Open and Interoperable Standards

Holistic = more than just FEC and modulations scheme. Holistic means
the standardization and agreement on additional items such as the

following items:

/ g
—
‘o

R S NV =
AN A S AN DA<\

¢ S A4

Host Interface Standards
Application code Standards
Mechanics

Power

Thermals

Diagnostics

Optimized Interoperability




Optimize for Edge Deployment

ICON + ICONedge ’C Edge

v WINDSTREAM S av
,’ Edge represents largest number of nodes

e 5 l, and physical locations
. /
Many Edge nodes are not easily

accessible / limited hours of access

Many more field personal required to
cover Edge all with varying knowledge of
DSP / Coherent Transceivers

Zero Touch Provisioning

4
/]
I
1
\
\
\
\
\
\
\
\
1
]

), Remote Coherent Transceiver
/ management

4
p70000000000000000000000\ g, o
SEP7/000000000000000080080080N St g (e et

i . . | Remote diagnostics, (Temp, CD, PMD,
Universal Optical Layer SNR, OSNR, PDL, etc.)

Simplicity and next level automation are highly desirable from both the
pluggable and host platform vendors
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Thank you
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Coherent in Cable Access
Enabling a Multi-Service Converged Network
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Today’s Cable Access Network

» Electrical RF signals generated at Hub facility (analog or digital video, data via DOCSIS® technology)
and carried via coax

» Converted from electrical to optical and transmitted over fiber (analog optics)

» At Fiber Node, converted back to electrical signal over coax

» Tree and branch architecture with taps to connect to homes and amplifiers to extend signal as needed
« Same happens in reverse for return path

» Enables a variety of IP based services via DOCSIS technology

Today’s Analog HFC Architecture

Coax | o oo e Residential Services via
7?¢T }A’?{?T }’?ﬁT}\ - DOCSIS (HFC)
/

Business Services via
- DOCSIS (HFC)

Existing fiber

Analog Optics I I A 5
(10km-80km) Analog HFC N ? i? s }“ »? i? g )‘L ’ ? i? W }‘

Hub Fiber Node

CMTS
Routers
Switches

Xhaul Services via
- DOCSIS (HFC)



Transition to Distributed Access Architecture

« Many operators are transitioning to a Distributed Access Architecture (DAA)
« Often in combination with pushing fiber deeper by splitting existing Fiber Node into smaller serving groups

« With DAA, RF generation is moved into the field (Remote PHY or Remote MAC/PHY Device),
which is connected to Hub via Ethernet
» 10G colored optics with DWDM using existing fiber and short extensions
« Each end device (child node) gets a separate 10G wavelength

In Progress Distributed Access Architecture (DAA) Deployments

¥:DOCSIS
c\N DWDM 10/25 GE (RPD/RMD)

h i
o
T

-

Residential Services via

Mobile T 0 - DOCSIS (HFC), FTTX, Fixed Wireless
: Xhaul i D
vCore Existing fiber ¥ ETTX \E T Business Services via
Ffl?i?éil:s DWDM 10/25 GE (R-OLT) £ - DOCSlS (HFC), FTTB, Fixed Wireless,
(10km-80km) Aggregation o o B m EE P2P Fiber (Ethernet)
Hub Node Wireless ,4{ R} . .
_ o Xhaul Services via
P2 e - DOCSIS (HFC), FTTX, P2P Fiber
(Ethernet)

i (Ethernet)



Drivers for DAA

Significantly reduces equipment required at Hub facility
 Better ability to scale services, add new equipment for new services, and/or consolidate facilities

Improves SNR over coax network via digital optics and reduced noise and signal loss

Ability to use lower-cost digital optics with reduced maintenance

Ability to support other devices and services directly via fiber network

In Progress Distributed Access Architecture (DAA) Deployments

¥:DOCSIS
c\N DWDM 10/25 GE (RPD/RMD)

Residential Services via

Mobile T 0 - DOCSIS (HFC), FTTX, Fixed Wireless
) Xhaul i D
vCore Existing fiber ¥ ETTX \£"— T Business Services via
Fi?il:;ifass DWDM 10/25 GE (R-OLT) £ - DOCSlS (HFC), FTTB, Fixed Wireless,
(10km-80km) Aggregation o o B m EE P2P Fiber (Ethernet)
Hub Node Wireless ,4{ e . .
_ - o Xhaul Services via
P2P Fiber - DOCSIS (HFC), FTTX, P2P Fiber
(Ethernet) il

(Ethernet)



The Case for Coherent

 Alternate to 10G DWDM: P2P Coherent Optics

» P2P coherent optics at 100G or 200G per wavelength from Hub to Coherent Termination Device (CTD) at
Aggregation Node

» CTD connected to child nodes via low-cost grey optics at 10G or 25G
» CTD forwards using Layer-2 (switching) or Layer-3 (routing)

 Anticipated advantages:
* Reduced cost with larger numbers of child nodes
* Increased capacity/scalability/flexibility to support wider range of services

Future DAA Deployments using P2P Coherent Optics — Reducing cost and improving capacity/scalability/flexibility

¥ DOCSIS
cN “Grey Optics” 10/25 GE (RPD/RMD) Residential Services via
(1km-3km) Mobile *’I‘ |:| |:| - DOCSIS (HFC), FTTX, Fixed Wireless
- e fiber Xhaul A ‘ _ _ _
vCore Existing fiber ¥ FTTX :_t T Business Services via
sFiE’i‘t’é‘E?s DWDM 10/25 GE (R-OLT) i - DOCSIS (HFC), FTTB, Fixed Wireless,
(10km-80km) RS - vl m et P2P Fiber (Ethernet)
Hub Node Wireless ,*& el

Xhaul Services via

Péf]’”bif i - DOCSIS (HFC), FTTX, P2P Fiber
(Ethernet) <2 (Ethernet)



Economic Case

« 10G DWDM has low initial cost but scales

linearly
« P2P Coherent has higher initial cost, but 10G DWDM vs. Coherent Costs
scales more slowly '
+ Initial cost for coherent modules and CTD Where is this point and can
« Small incremental cost for low-cost grey optics we lower it?

- Crossover point location critical to viability
and scale of coherent deployments in this
application

+ If too high, only suitable for very dense
deployments

Relative, Cost

Example

Onl
* As crossover drops, becomes more interesting Y
for wider range of deployments _ _
« Driven by cost of optics and CTD 1 2 3 forchNedegendeop g g9 10 11 12
« CableLabs key objective: lower crossover —10G DWDM =——P2P Coherent

point by promoting interoperability, scale,
competition



Unique Aspects of Cable Access Deployments

« One coherent endpoint is outdoors, introducing unique device requirements
 |-Temp, weather hardened devices
* No optical amplifiers in field (impacts OSNR and therefore reach)
* CTD only needs 1-2 coherent links with 12-16 10/25G links

« Coherent signals need to coexist with other wavelengths
« 10G DWDM signals, other coherent wavelengths, even analog signals

Future DAA Deployments using P2P Coherent Optics — Reducing cost and improving capacity/scalability/flexibility

w:pocsls @i 1
ciN “Grey Optics” 10/25 (RPD/RMD) Residential Services via
GE Mobile T [] - DOCSIS (HFC), FTTX, Fixed Wireless
(km 3y~ Xhau 4. S0
vCore Existing fiber e ¥ ETTX :5‘_2 | T Business Services via . _
SRO.“‘f]rS pwoMm 10/25 Ge fjLT€rmination Device (R-OLT) ;% -DOCSIS (HFC), FTTB, Fixed Wireless,
witches (10km-80km) Aggregation e " E‘ - '-_ P2P Eiber (Ethernet)
Hub Node Wireless ,L |

_ - Xhaul Services via
Pé;’ F'bif - DOCSIS (HFC), FTTX, P2P Fiber
(Ethernet) <2 (Ethernet)



CableLabs Activities Promoting
Interoperability and Adoption

* Developed specifications promote interoperability, scale, and competition in
order to enable this market

 Architecture Specification

* Physical Layer Specifications (PHYv1.0 for 100G, PHYv2.0 for 200G)
« CTD Requirements Specification

« CTD OSSI Specification

« Hosted multiple interoperability events
» Opportunity for manufacturers to meet on neutral ground

 Validated multi-vendor (and multi-chipset) interoperability at 100G and 200G per
wavelength

» Deployed coherent optics technology in our 10G multi-service lab
» Excited to see and support new developments in this space



Cablelabs

Coherent in Cable Access
CableLabs

Matt Schmitt
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The coherent optical edge
A paradigm shift for scaling aggregation networks

September 2022



Unprecedented market dynamics at the edge

Digital transformation accelerated by pandemic /‘
/

/
U.S. federal stimulus legislation I/
FCC's rural digital opportunity fund (RDOF) h‘

\
5G rollouts and deployments \
\

\
@ Upgrade cycle driven by hybrid working environments \\’

Dramatic
bandwidth
growth at the
converged edge

Investment cycle drives new requirements and convergence

31  © 2022 ADVA. All rights reserved. Y oY B A TS



Line speeds at the optical edge

Network element evolution

MSAN OLT RPD-HUB BBU or DU CSG PE aggregator
10G 100G 400G 10G 100G 400G 10G 100G 400G 10G 100G 400G
,'-\dtrcn DAA architecture E.g. ~ ADVA

with coherent Nokia's AirScale talaadb
TA5000 termination device radio access FSP 150 series
SDX series

G.metro solutions

100G (QSFP28) is going to be the dominant feeder port at the optical edge

32 © 2022 ADVA. Allrights reserved.



Coherent optical interface evolution

Economics of coherent WDM interfaces B Cost per port
[[] Cost per bit

 During the last decade every new generation of 400G
coherent interface came with an increased data rate Traditional 200G
« Assuming a 100% utilization of the interface bandwidth 100G
this results in a strong reduction of cost per bit
Edge applications do not benefit from
further increase of interface bandwidth Industry
2010- 2015- 2020- )
design cycle
00 00 0000
%60° Format
00 % 0000
s ADVA

33  © 2022 ADVA. Allrights reserved.



A new breed of coherent optics for the edge

7/nm DSP technology, simple modulation, low baudrates B Cost per port

[ Cost per bit

400G

« Millions of access tails at 10GE (SFP+) need Traditional 200G c‘;g;;:'t

high-speed upgrades 100G

E P

* 100GE (QSFP28) ports will dominate QSFP28
* 100ZR plug needs optimized price- r

performance to substitute WDM 10G in

volume deployments 2010- 20;5' ozc;)ioc; 0203

. o0 00 0000
Modulation format 0, ~0
0 © 0000 00

State of the art technologies to reduce power and cost

34  © 2022 ADVA. All rights reserved. P o VB A TS o



Just imagine what you could do with ...
100ZR coherent technology in a 5 Watts power envelope

* 100GBASE-ZR compliant with IEEE Std 802.3ct™-2021
» QSFP28 form factor and power envelope

* OTN OTU4 and Ethernet 100GE host interface options
* 300km amplified reach (chromatic dispersion)

* 100GHz/50GHz/Flexgrid resolution

* Fully tunable (remote tuning)

* Versions for cTEMP and iTEMP

Radically new DSP innovation creates industry’s lowest-power coherent 100ZR plug

ADVA

35  © 2022 ADVA. All rights reserved. Y oY B A TS



ADVA - open edge networking transceivers

1.6eT

800G

400G . MicroMux™ Quattro

200G

100G Coherent 100ZR

50G ="
X MicroMux™ Edge BiDi

25G - e ADVA IP client I/F

.
(% g™ vicrovu Nano -
1G
100m Tkm 10km 100km 1000km » Reach
Client Network edge Network core
36 ©2022 ADVA. Al rights reserved. s ADVA



Coherent 100ZR
A paradigm shift for the optical edge

W e — —

@H ODN FITH ::’-
Broadband ere— = 100zR 1
access e " - .
e 100zR m Open line system —_—

CCAP

Business services IP =5__» — ]
Router 100ZR gue
= () Fronthaul —
Mobile access 5
Qwa \E

—_— v ::‘__

oy 100ZR

<100G (direct-detect) 100G (coherent) 400G (coherent)

Legend: m ADVA's FSP 3000 or third-party open line system (OLS)

ADVA's FSP 3000 or third-party open terminals and OLS

100ZR QSFP28 enables seamless introduction of 100G coherent waves at the edge

s ADVA

37 © 2022 ADVA. Allrights reserved.
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IMPORTANT NOTICE

The content of this presentation is strictly confidential. ADVA is the exclusive owner or licensee of the content, material, and information in this presentation. Any reproduction, publication or reprint, in whole or in part, is strictly prohibited.

The information in this presentation may not be accurate, complete or up to date, and is provided without warranties or representations of any kind, either express or implied. ADVA shall not be responsible for and disclaims any liability for any loss or damages, including without limitation,
direct, indirect, incidental, consequential and special damages, alleged to have been caused by or in connection with using and/or relying on the information contained in this presentation.

Copyright © for the entire content of this presentation: ADVA.
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100GBASE-ZR QSFP28-DCO

Time for coherent at the edge of the network

September 8", 2022

Matthias Berger
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100G coherent ZR QSFP28 — What is it?

= Digital Coherent Optics module, QSFP28 form factor

= |EEE 100G Ethernet (CAUI-4) or ITU-T 100G OTN (OTL4.4) compliant host interface -, ™

= 100G DP-DQPSK line side modulation with: v
e Standardized FEC’s according to IEEE 802.3ct and ITU-T G.709.2

e  Additionally very low latency FEC per ITU-T G.709 4
=  Transmission reach up to 80km unamplified, 120km amplified g Vv
e >22dB loss budget (unamplified) %

e  Optional extended reach up to 300km amplified
=  Full C-band tunable
e  Optional Flextune™® automatic wavelength configuration, as well as remote digital diagnostics
= Versions for standard and hardened environment
= Typical module power dissipation < 5W
=  Controlled latency through module to support IEEE 1588v2 Precision Time Protocol applications — Class C
= Management interfaces:
e CMIS5.1/OIF-C-CMIS-01.2 to enable rich feature set
e SFF-8636 to support legacy hosts, with reduced feature set

Low cost, low power, small form factor standardized coherent pluggable for Access and Metro applications

c@H ERENT Copyright 2022, Coherent. All rights reserved.




Application scenarios for 100G coherent

ROADM

4 Metro-WDM rings
Switch / v v Switch / = .
Rauter N Router without transponders using
oonder NN ponder . .
high power version

Multiple ptp link
5;;:‘;2[/ S;;i:i:r/ scenarios with and
without amplification

Switch / Switch /
Router Router

Edge
Router

100GZR 100GZR

100GZR

; . Edge
Switch / Switch / 80+km Ehen

Router Router
300+km

100GZR 100GZR

Metro-Edge aggregation networks with Mux-

switch / Switch / ponders or aggregation routers

Router Router
|

Application space aligned with network operators needs, ease of use engineering due to coherent detection
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Comparison of tunable WDM pluggables

~15km (chromatic dispersion)

= High loss budget due to coherent detection
y {J.-;'f = Chromatic dispersion limit only dependent
9 ﬁ" on DSP build-in filters
= High enough data rate for efficient use in
Metro-WDM applications

| £y

10G/25G tunables 100G coherent ZR 400G coherent ZR
-
Form factor: SFP+ Form fac.to.r: Q.SFPZS
Power dissipation: ~2 W Power dissipation: ~5 W y
Cost: Cost: $$ - $6$ v
% *
(0] e,
.UE; = Limited to Access applications )
- only 5 Form factor: QSFP-DD
o = Too low data rate for cost < Power dissipation: ~18 W
Qv efficient Metro-WDM T 4 ) ) '
% = 25G direct detect limited to @\. 4 Cost: 5335 - 555555
[a

Optimized for larger capacity

Power dissipation requires QSFP-DD
(or larger) form factor (even if used

at lower data rates)

Cost structure / capacity not always
matching needs in network access

\ 4

Cost / Data Rate

A commercially attractive product solution covering a wide application range
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The ‘secret sauce’

QSFP28
Steelerton DSP T

DA
| Pavioad Lol gy nsp e
Processing C
SerDes |

e Pavioad Lot bsp << apc [« OSA
Processing

- CPU Clocking

Sub-System < >

—_ Power Supply

Purpose built
low power
DSP with

embedded control
functionality

A/

Highly integrated

SiP transceiver
PIC with ‘simple’
low cost packaging

Three main building blocks only:

= DSP Purpose built
=  Tunable laser tunable laser,
=  SiP transceiver chip size and power

optimized

All main building blocks designed in II-VI with common targets: low cost, low power and small form factor
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Design for QSFP28 form factor
| item | 400GbasedHW* | | IVIQSFP28 = 400G numbers estimated™

S e :&%i ;%%i (e = 100G mode in 400§ HW a.Iready .
assumes power optimization of optics

DSP 8.0 W 4.5 W 20W and RF IC’s

Tunable laser 25W 2.0W 1.2 W

Optics 0.2 W 0.2 W 0.1W = Low power enabler for QSFP28

RFIC’s 5.5W 2.0W 1.2 W * DSP

misc 20W 10W 0.5 W o Power optimized ADC/DAC

— ~8W  ~10W ~g W o Innovative DSP architecture

o Simpler arithmetic with HD-FEC
Commercial 400G DSP* 11-VI 100G DSP ° Purpose bu||d drlver and TlA
ji’:ri:ar:';trg:l's (aligned with optics)
reducing cost but * Power optimized in-house tunable
allows for a small laser
o package

Purpose build components utilizing leading edge technology addressing lowest possible power and size enabling QSFP28
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W

== e
X | chafnel 1
“lmitial??
- Near-end “Initial” Scan o
L& QsFP28

QSFP28 QSFPZS
QSFP28
QSFP28 - QSFP28
cha Ccha

Far-end Wavelength

| asre2s Y | asrras | QsFP28

_ LINK ESTABLISHED! _

= 4

-tr *
| asre2g |
| asFp2s |
| asrp2s |
| asFp2s |
| asFp2g |
| asFp2g |
| asFp2s |

Wavelength auto-tune for reduced provisioning effort

In-situ fiber and performance monitoring
accessible through standardized CMIS
management interface

Host

®

Module Latency Boundaries

1
'Module

mart functionality for ease of use (examples only)

[TVariableTatency.

Ffixed static delay

1

Tx Ingress 1

— Known (fixed) 1
Bl Static Delay 1
1 _ Rx Egress |

| Variable latency 1 1

fixed static delay |
1

Built-in latency management

QSFP28

Steelerton DSP
> Pavioad ol gl bsp [ DAC >—>
: cessi

| SerDes 111 ]
) "ay'°a_a\<- Rx-DsP <-< ADC [

Processing
- CPU Clocking
| Sub-System < >

Power Supply

Multiple loop back functions for
installation and fault isolation

Build-in intelligence simplifying operational effort and cost
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Summary & outlook

= WDM architectures in network access are widely used with hundreds of thousands of ports installed
per year

* Todate 10G and 25G tunable modules using direct detection techniques are state of the art but can’t
cope with increasing demand in capacity and in addition face engineering challenges

= Transitioning to coherent detection schemes remove those engineering challenges and enable growth
for many years

= Cost, power and size challenges of coherent detection schemes can be overcome by purpose build, co-
developed building blocks - specifically the DSP itself plays the most important role

= Combining the DSP with different optical assets allows for extending the application space even further
(grey, Metro-WDM, ...)

= The evolution of e.g. CMOS technologies will help driving power / size further down while enabling
even higher data rates in the future

What technologies and architectures and how much time is needed to move this into a SFP112?
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