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Enabling the 5G Communications Eco-System
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Wireline Internet Infrastructure

Core Network Data Center
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Trends and Challenges — Bandwidth, Power, Cost, Size

Spectral efficiency of copper not exhausted: Move to more complex modulation schemes.
Challenges: Signal integrity and latency.
Leverage from data center networking.

Spectral efficiency can be improved.
Challenges: Forward Error Correction. Direct detection limited by signal integrity.
Leverage from telecom long haul transport.

Spectral efficiency out-optimized.
Challenges: Further bandwidth increase w/o fiber deployments.

Network slicing demands multiple network architectures.
Challenges: High bandwidth at tough environmental conditions. Latency requirements.
Leverage from data center, telecom and wireless.
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Conclusions

A pool of technology building blocks exist that can solve the challenges in all infrastructure segments.
Industry needs to leverage available technology. No fundamental roadblock exists.

Today’s engineers need to be multi-discipline.
Need to understanding wireline & wireless, electrical & optical, Physical layer & protocol.
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Wireline Internet Infrastructure

Core Network Data Center

I Server I
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Requirements on Server Performance

Cyber Security Financial Acceleration Genomics

KEYSIGHT

TECHNOLOGIES




m m E‘
Server Architecture Evolution —
DISAGGREGATION AND ACCELERATION
T T
IDDR PCle/GenZ/CCIX/CXL 90%
PCle/GenZ/CCIX/CXL PCle/GenZ/CCIX/CXL of compute happens off CPU

IPCIe/GenZ I PCle

Improve memory utilization by

30%

https://www.microsoft.com/en-us/research/uploads/prod/2018/04/0i2018 final.pdf
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https://www.microsoft.com/en-us/research/uploads/prod/2018/04/oi2018_final.pdf

Dis-aggregation Drives BW

&CiIX Ol s=NY7

Raw Baud Total x16 Modulation
Rate/Lane Bandwidth

2003 PCle 1.x 2.5GT/s 32Gh/s NRZ

2006 PCle 2.x 5.0GT/s 64Gb/s NRZ

2010 PCle 3.x 8.0GT/s 126Ghb/s NRZ

2017 PCle 4.x 16.0GT/s ~252Gh/s NRZ

2019 PCle 5.x 32.0GT/s ~504Gb/s NRZ

20227 PCle 6.x 64.0GT/s? ~1000Gb/s? PAM4?
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End-to-End Automated Test Solutions & ]
for High-Speed 1/O

/ Physical Layer \ / Physical Layer

Interconnect Design

PCIy
Physical Layer T AAs KEYSIGHT
Transmitter Test Receiver Test 'SIG

\ 4

Standards document

ADS Design Software

\N5227B PNA w/ PLTS

/

(/erify PCle 5.0 Compliant ]

Channels; Verify Return Loss

Compliance; capture break-out
\channel S-Params

L

We enable next generations high-speed I/O by working with market makers, standard bodies, open communities

KEYSIGHT . .
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Wireline Internet Infrastructure

Core Network Data Center

CORE
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Intra-DC
Network
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100G in the Cloud Network Sy

< 10-120km

100G-DCO )
Colorz

<1000m (10km) 64 port 32 port

100G 400G
100G-LR4

< 500m (2km)

100G-CWDM4 ,
100G-PSM4

< 20m

100G-AOC

<3m r
ZSG_CR:L BEFTRSNAL| GEFERTRAL [@FTITTAY| GETTTTAL @ETITTAY| @ETTTTRAY SEETETIA] SETTIIGA [SETTUCUA] [SEUTUTUA (SETTUIGAI [SETTUIGAL PCIe4/DDR4
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400G in the Cloud Network R -

R H
TOMAHAWK2 Tomahawk3

64 port 32 port

Router1 | 100G 400G

< 10-120km

400G-DCO

<1000m (10km)

400G-LR4

< 500m (2km)

400G-FR4
400G-DR4

< 20m

400G-AOC
400G-SR8

<3m
400G-CRS8

50G-CR

PCle5/DDR5

KEYSIGHT Source: Brad Booth, Tom Issenhuth, Microsoft, IEEE 802bs Keysight World 2019 14
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Silicon Switch Evolution Sy T

THE POWER BRICK-WALL FOR PLUGGABLES

400Gbps/port 800Gbps/port
100Gbps/port QSFP56DD EOSFP

QSFP28 E0OSFP .

2014 [hos 2015

SERDES Speed
100Gb/s

SERDES Speed
50Gb/s

SERDES Speed Power consumption
25Gb/s wall for pluggable

® SERDES Speed optics
25Gb/s

® SERDES Speed
25Gb/s
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https://www.laserfocusworld.com/articles/print/volume-54/issue-10/features/photonics-for-datacenters-integrated-optics-permeate-datacenter-networks.html

Data Center Networking Choices ==

100G or 400G

Coherent or
Direct Detection

Pluggable or
Source: Ethernet Alliance CO - p aC k ag e

https://www.laserfocusworld.com/articles/print/volume-54/issue-10/features/photonics-for-datacenters-integrated-optics-permeate-datacenter-networks.htmi
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https://www.laserfocusworld.com/articles/print/volume-54/issue-10/features/photonics-for-datacenters-integrated-optics-permeate-datacenter-networks.html

100G vs. 200G/400G —

100GDbE Forecast faCEbOOk i1nOOHC; g(\)/XSMA demand increase

$5,000 2x200GbE deployments have started

GO @ gle demand will peak in 2022

transition to 2x400GbE in 2022

am azon 4x100GbE DR4 (400G-DR4)
P —

B 2 B 2 (Z Deployment 100G in 2017;
Alibaba com 400G planned for 2019

$4,000

$3,000

=
&
0
<
@©
n

$2,000

: Deployment 100G started (2017-2021)
Tenceni &R 400G planned for end 2019

$1,000
Deployment 100G in 2017

..0.
$0 Bai@ﬁﬁ 400G planned for 2021

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Source: LightCounting > 13 companies showed 400G readiness at OFC 2019
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Characterizing Error Mechanisms

Layer 2, 64B — 14,000B frames

Symbol Errors per Frame

(FEC) Interoperability

FEC symbol errors

-
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Symbol Errors per Frame

Protocol
—I Error Map
3
lanes decode 2
:
Physical stress 0
Error Position
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End-to-End Automated Test Solutions for =

Direct Detection

/{ =3 \

PAM-4 End-to-End PAM-4 Transmitter
Link Simulation /\

Characterization
Simulation

Analyzation of the Data
test results Analytics Channel Test
7 - ] . Receiver/-

s PAM-4 Receiver ;
Characterization

Transmitter

\

Channel

e wnd

R&D

Keysight partners with key players in the optical component and transceiver industry and OIF, IEEE, OCP, ODCC
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L2/3 testing

Up the Stack
QSFP-DD / OSFP
56Ghit/s PAM4

l Multi-Speed

Translating standa o2 oo
Test Automation

PAM-4 Transceiver
Manufacturing
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Wireline Internet Infrastructure

Core Network Data Center

g €3
<> G B (a3
Longhaul/undersea Metro-Telecom Metro-DCI
Network
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Different Challenges for Long-Haul and Metro/DCI
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Coherent DSP Silicon for 400G, 600G and 800G =g

2018/2019 DSP INTRODUCTIONS

Infinera ICE5
Stopped

Speed-classes

Availability
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Acacia Pico

100G-600G

Second half
2018,
commercial

100G-600G

Second half
2018,
commercial

Nokia PSE-3

100G-600G

Second half
2018, internal

Coriant 600G
offering

100G-600G

Second half 2018,
internal

Infinera
ICE6

800G

OFC
announcement

Ciena Wavelogic

Ai

100G-400G

2017, licensed to
Lumentum, Oclaro,
NeoPhotonics

Ciena
Wavelogic 5

800G

OFC
announcement

Inphi M200
LightSpeed-llI

100/200G

2018,
commercial



Different Challenges for Long-Haul and Metro/DCI
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Subsea Cable Deployment

Seat of Okhotsk '

Mongolia

United States

North
Pacific
Ocean
North
Pacific Gulf of Mexico
Ocean
/_—’/,
| | | | |
Content Provider Investments
Content providers Content providers M Consortium Member B Major Capacity Customer Sole Owner
used will used Junior Dunant
100

new cables 54% 80% Hawaiki

Amazon
between 2016 of subsea of subsea AECL
and 2020 bandwidth in bandwidth by Microsof
2018 2027
GTT Express
Microsoft
2015
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Different Challenges for Long-Haul and Metro/DCI

Terrestrial Long Distance
— ' —
-) -»}/

!
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Capamty Crunch in Long-Distance/Metro
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Different Challenges for Long-Haul and Metro/DCI

—|@28°°G:@|—

400G 1OOG
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Coherent Optical Standards Activities

« 100G OTN over * Project 400ZR * Project 802.3ct * 100G full duplex « 100G, 200G,
up to 450 km - 400G Ethernetover .« 100G & 400G coherent for cable 300G, 400G for
using DP-DQPSK up to 80 km using Ethernet over up access networks metro applications
DP-16QAM to 80 km

Speed-class Direct-detection

400G (2019+) > 10 km <10 km

600G/800G (2023+) > 2 km <2 km
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Server . )
Coherent QAM = 17 218 20r19 20r20 — unknown —->
E!ectripal : 2500 i =
Server \\ Signaling q;, 5 PAM-4 FRESCO
Download S
Fiber O 2000
.. Uplinks =
: / Fiber g
> Downlinks ‘6_ 1500
O
+ i
(Vs
< i
é 500 |
6.4 12.8 25.6 51.2 102.4

Switch ASIC Capacity (Tbps)

—8— Total Power FRESCO  —8— Total Power PAM-4
—&@— Total Power NRZ —A— switch ASIC Power

B® \icrosoft BAREFOOT Stanford A KEYSIGHT

NETVICRKS University TECHNOLOGIES

UCSB N NORTHERN
Yale ARIZONA :
o UNIVERSITY & Photonics
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Integrated Photonics Requires On-Wafer Test

Electrical and Optical
RF Measurement Wafer Probing and Alignment _ _
Keysight partnering

with FormFactor /
Cascade Micro

Time-Domain
Measurement — ' L e Fiber Probing

Optical and DC Electro-Optical
Measurement

Control FC

s
Sy .1

Tunabile Laver

=

“\ DC Probing
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Wireline Internet Infrastructure

Core Network Ky Edge ;c' Data Center
T A4 o o S )%‘%
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Fiberization of Planet Earth

564 million Fiber-km in 2018

.

760 round trips




- | o | |
Applications and Latency Requirements B

HIGH-BANDWIDTH AND LOW LATENCY

106s | 360 Video 360° PoinOfView VR/AR
O @ 360° VR/AR
1 Gbps
‘ Autonomous|Vehicles
100 Mbps VRIAR .
= P Realtime Gaming
O 10 Mbps
Z
S wmps | PeOple/Things @ D video All Control
aa)
100 kbps comms
‘ High-Frequency Trading
10 kbps
© sensors Electric Grid Control
1 kbps
10s 1s 100 ms 10 ms 1ms 100 us 10 us

Latency
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NW Slicing, RAN Functional Split and Interfaces —

Front-/ Mid-haul Mid- / Back-haul Back-haul

URLLC

4G LTE
(C-RAN)

Slices

Access Node Access Cloud Edge Cloud Core Cloud
(Sub-layer) (Cell Site) (Hub / CO) (COIMTSO)

> @)
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T —
o o n'd

EEE%%ISGIE Modified after: [L. Cai, 2017] Keysight World 2018
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Data Center and Optical Network Innovation

Test can be seen as a cost.

Test can be seen as competitive advantage.

Keysight can accelerate your innovation throughout the whole communication infrastructure.

Test enables and accelerates innovation. Keysight is here to make test your competitive advantage.
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