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New requirements are driven by more and more data and Edge expansion

T Sonar &\

A city of one \
7 million will

generate 200
q million

/ .{_:‘._ . *g. 3 g ‘.g -y o, ‘ Ulgdf_‘:y'&,’b U! 0
TR SO TR Y e . ! o
N o i g T data per day O
~2° 4°MB/S o —.| ﬁ, ° .1.0'7°MB/5 v -

'Y by 2020 '

Autonomous Cars: 4 TB of Data per Da

=

- -




New applications drive expansion to the edge and densification
of networks
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Hub and Spoke Distributed Cloud and Edge

User to App ~ 103 km ~ 102 km ~ 101 km
Distance ~ 101sec ~102sec ~ 103 sec



5G Characteristics and Use Cases
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Key technologies behind 5G

New Spectrum and mmWave Massive MIMO
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Small Cells and Dense Fiber Beamforming and Beamsteering

* Focused, narrow radio
beams ( ~10 degrees)

* High efficiency and low

A interference

D ‘A * Digitally focused and

tracking using MIMO

e Small Cells (radius < 500
meters)

Cloud and Virtualized Radio
Access Network

* Dense deployment

* Fiber to each cell




Edge Infrastructure and Technology Drivers
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Massive densification of Radio Access
Network

Disaggregation of Radio Access Network —
Cloud and Virtual RAN

Virtualization of Mobile Core —
Virtualized Packet Core

Multi-access Edge Computing (MEC)

Need for dense fiber infrastructure

Need for infrastructure at the edge

Small Cell deployments. Increase of
spectral efficiency from Bit/Sec/Hz to
Bit/Sec/Hz/km?

C/V-RAN requires aggregation and
compute resources

Baseband functionality is Virtualized
Network Function

VEPC requires Private/Public Cloud
compute and network infrastructure

Ultra Reliable and Low latency (UR/LL) loT
services, Virtual/Augmented Reality
(VR/AR) will require MEC

Small Cell, Fronthaul and Data Center
connectivity

Micro Edge Data Centers



High performance comes at a price — decreased transmission range

Friis Transmission Equation '

(reverse relationship between frequency and received radio energy)
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mmWave Path Loss Model — 5G NR Cell radius < 150 m
(mix of Line of Sight (LOS) and Non-Line of Sight (NLOS) propagation)



Capacity requirements drive further densification
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Radio site density is further increased
_ Due to the need to plan for 3D coverage
1 Are Heterogeneous Cloud-Based Radio Access Networks Cost A
Beamforming

Effective? Vinay Suryaprakash, Member, IEEE, Peter Rost, Senior
Member, IEEE, and Gerhard Fettweis, Fellow, IEEE.

To maintain high spectrum efficiency (i.e., to deliver 100s of Mbps per user), \:
given expected user densities of 150 — 200 users/km?, the model yields : , L
radio site densities on the order of 50 — 100 sites/km? |

Source: Infovista 5GNR Planning Webinar



New Architectures (Core and RAN ) will be required for Ubiquitous Edge
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5G deployment introduces new radio
infrastructure in dense urban environments

deployed in urban settings

* Next Gen applications will require compute,
storage and interconnection resources co-
located with 5G aggregation

100 sq.km

Fronthaul/Midhaul Fiber
Micro Edge Data Centers
Packet optical network
Virtualization and Orchestration

5G infrastructure requires multiple aggregation
locations (edge data centers) that will need to be




Micro Edge Data Center Design Requirements

g s

System design Shell, cooling, power delivery

Power to equipment High efficiency power delivery
platform

Resiliency/Availability Edge sites will be supporting
critical telco/wireless

infrastructure
Shared Multiple Network Providers
infrastructure/Tenancy Multiple Cloud Providers and

Enterprises

Fiber termination Fronthaul from cell sites
MNO Transport for external
connectivity
d

Networking Optical/DWDM/DF

Packet/IP
# External X-connects
CRAN'Cabs Security Access, Surveillance
vEPC/UPF Cabs CSP Monitoring Unmanned/Centrally /
NE—

Regionally

MEC Cabs



Key sustainability and efficiency design principles for urban Micro Edge Data Center

Build and placement
Flexibility

Shared and cost effective
Builds for multiple players

Courtesy: David Hall, Equinix

Efficient systems design Environmental and sustainable

Courtesy: David Hall, Equinix




New Efficient Bare Metal Cloud Design — Openl1S

Hardware Platform (Open19 V1)
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Openl19 V2 Changes (Proposed)
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Ubiquitous Metro Edge Architecture
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Facilitating Ubiquitous Edge — Akraino PCE| Release 5(+) Overview
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Who Is Equinix

Equal access, neutrality and interconnection

DESTINATION STRENGTH FORTRESS PERSPECTIVE CONNECTION

e © P W




History of Equinix

At the center of digital transformation for over 20 years

Networks Exchanges Clouds Enterprises
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Equinix Data Centers

Micro Edge DC Macro Edge DC




Equinix by the Numbers

Global infrastructure and exchange platform for digital business
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e 2,000* Networks

* 650" Media & Entertainment

e 1,250* Financial Services

e 3,000*Cloud & IT

e 3,000* Enterprises (50%+ of Fortune 500)

*  Network Edge (NFV)
* Bare Metal (BMaaS)

e Equinix Fabric (SDN-enabled)
* Internet Exchange (12.6* Thps)




Equinix Sustainability Report

$2.5B*

Inaugural green bonds issued
to drive investments in
projects in six categories?

>90%
O
Renewable
Scaled renewable energy

purchasing to keep pace
with growth

$14M

Investment and launch
of global Energy Efficiency
Center of Excellence

2030

EU Climate-Neutral

Joined the EU Climate-Neutral
Data Centre Operator Pact

Emhandiodd
cmpoaqgaieg
Carbon
Studies

Completed whole-building life
cycle analyses of embodied
carbon in core, shell and

roof materials

1.95M

mtCO_e

Avoided the equivalent of
400,000 cars” worth of
carbon emissions through
the purchasing of renewables

32MW

demand savings

Result of $130M in energy
efficiency projects since 20N

17.7M

square feet green certified

Green certifications
for 69% of global data
conter footprint

Decreased Power Usage
Effectiveness from
1.61in 2015

https://sustainability.equinix.com/
Wp-
content/uploads/2021/05/Sustain
ability-Report-Highlights-
FY2020.pdf



https://sustainability.equinix.com/wp-content/uploads/2021/05/Sustainability-Report-Highlights-FY2020.pdf

Inter-related grid of requirements and benefits
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Conclusions

* Population distribution/density/clustering and next generation edge and
communications infrastructure clustering are directly related

* Infrastructure that supports ubiquitous edge and networks (5G and
beyond) must be an integral part of a sustainable design

e Applications making use of the integrated infrastructure will further
enhance the utility of that infrastructure to the users by enabling higher
levels of information awareness, coordinated processing and efficiency in
delivering services ranging from critical to helpful to entertaining



