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A Brief Introduction to 5G

* Market / Motivations
o The Winds of Change: Global User Shifts = Network Processing Shifts

Mobile broadband subscriptions by region (billion)
8

4X growth in mobile
broadband subscriptions
in Middle East and Africa
between 2015 and 2021

. Latin America

@ North America

@ Asia Pacific

@ Middle East and Africa

@ Central and Eastern Europe
@ Western Europe

2011 2012 2013 2014 2015 2016 2017 2018 2018 2020 2021

IMAGE CREDIT: "Ericsson Mobility Report," Ericsson, June 2016.
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A Brief Introduction to 5G

* Market / Motivations
o The Winds of Change: Global User Shifts = Network Processing Shifts

@ s Middle East and Africa will 90 percent of subscriptions
@ wcoma/Hsea see a dramatic shift from in Western Europe and
@ GSM/EDGE-only 2G to a market where almost 95 percent in North America
@ TD-sCOMA 80 percent of subscriptions will be for LTE/SG by 2021
@ CDMA-only will be for 3G/4G
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i OPEN E' ~ A B X IMAGE CREDIT: "Ericsson Mobility Report," Ericsson, June 2016.
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A Brief Introduction to 5G
* Why 5G?

o The Perfect Storm

= Software-Defined Networking (SDN) / Network Function Virtualization (NFV) / Software-Defined Radio (SDR)
= cm- & mm-wave Bands with Lots of Bandwidth (BW)

= Massive Multi-Input Multi Output (mMIMO) / Beamforming
= Consumer-Driven Hunger for Cheap, Fast Data

= Hot-Spot Density

* |ntelligent Power Management (IPM)

y
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A Brief Introduction to 5G
* Why 5G?

o The Benefits Speak for Themselves

100 Mbps

whenever needed

>10 Gbps

peak data rates

10 000

¥ more traffic

10-100

% more devices
<1 ms

M2M

ultra low cost

Massive Critical
machine machine
communication communication

10 years Ultra

on battery

Figure 2_Heterogeneous use cases - diverse requirements
> O B B m IMAGE CREDIT: "5G masterplan - 5 keys to create the new communications era.," Nokia, 2016.
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A Brief Introduction to 5G
What is 5G?

Everyone Has Their Own Definition

The journey
to 5G

e

IMAGE CREDIT: "5G: 5 keys for creating the new communications era," Nokia, 2016.
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A Brief Introduction to 5G
* What is 5G?

o Everyone Has Their Own Definition

= Jury is still out and will be until 2020.
= South Korea 2018 Winter Olympics
= Japan 2020 Summer Olympics 19 - 20 Timeframe.

o EXAMPLE: EU 5GPPP’s “Roadmap” to 5G e :

204 205 2006 207 2018 209 2020 202 2022 2023 2024~

56 n 36PP M s RIS oy @ &
B wRes s

U §

o GO
ECSGPPP ( S6PPPserup ) 5GPPPre @) SGPPPre @) SGPPPRe @)
SON/NFV ONF, Open Daylight, OPNFV, Open Stack..

 Winter Dlympics n Sowth Horea Note :Orher Region events under etaboration
o FIFAWorld Cupin Russia ' Sumee Dlympics in Japan IMAGE CREDIT: "The 5G Infrastructure
Mobile Network Public Private Partnership: the next
VODIIE INETWOrKS Radio experiments Trils 56 Deployment and commercialisation generation of communication networks

and services.," 5G Infrastructure

™ 20485 - by ands @ 2 YEATS-Dntaled reseaeh andopiztion . 26485 - Experimentaton an s ati :
2 - QPEN E Exploratory phasg and specification i o Expa Association, February 2015,
o —EVV“B"—TJ
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A Brief Introduction to 5G
* What is bG?

o In a Nutshell Energy harvesting
Recycling

Cloud-access
Critical P4 network

infrastructures

Software-defined networ
(hyper-cellular network)

Machine-to-machine Small cells, millimeter waves

™  IMAGE CREDIT: A. Mammela, "Energy efficiency in 5G networks," IFIP Networking 2015, Toulouse, France, May 20, 2015.
-OPERN
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A Brief Introduction to 5G

* Heterogeneous Networks (HetNets)

o Small Cells . Hyper-dense — =150 per square kilometer . Medium dense —4-25 small cells per square kilometer

. Dense — 26-150 small cells per square kilometer - MNon-dense — |-3 small cells per square kilometer
2020
2019
2018
2017
2016
2015
2014
2013

0 20 40 60 80 100
% of cells
Figure 3. Percentage of small cells deployed in various levels of density 2013-2020

™
E!. A A BX IMAGE CREDIT: "Crossing the Chasm: Small Cells Industry November 2015," Smart Cell Forum, November 2015.
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A Brief Introduction to 5G

* Disaggregation
o Enables Densification
o Commodity Where You Need It
o Optimize, Optimize, Optimize

* Mobile Edge Computing (MEC)

o Bringing Compute to the Edge
o Buffering Common / Bandwidth Intensive Loads (i.e. - Video Streaming)

* Lots of Cool RF Stuff (outside scope for today)
o Mmm-wave
o mMMIMO
o SDR
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A Brief Introduction to SDN/NFV

* The Software-Defined Data Center

o Pretty self—explanatory, right?
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A Brief Introduction to SDN/NFV

* The Software-Defined Data Center

o Ok, a little more realistically.

Application

.. — Provision
"
Self-Service fr—
Portal /API S

O [ =
ombute ' Storage
edule Scheduler
i LN B —--—. 1/O

These resource a O
“hypervisors” operate

on each compute -
element

F W 3

Attach — b - —

=
~ Pool
B B IMAGE CREDIT: Dave Cohen, "Software Defined Data Center: The Intersection of Networking and Storage," EMC World 2013, 2013.
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A Brief Introduction to SDN/NFV
» Software-Defined Networking (SDN)

Resource
Type

- 1 1

Ccompute ! i Storage
' :

i Networking

Resource Unit

Logical resource units C tel t ,1 virtual i virtual
' ' ' " i
provisioned by the end-user. o puteinstance :5 Ethernet :i block
Each instance of a resource unit H

w device i device
il L)

-

is disaggregated from the
underlying hardware that @ volume lnstance

produces it

(compute instance attaches to volume)

@ Network Instance

(compute instance attaches to network)

Appears as Infinite capacity to the end-user Resource Pools
(Physical Infrastructure) _ .

IMAGE CREDIT: Dave Cohen, "Software Defined Data Center: The Intersection of Networking and Storage," EMC World 2013, 2013.
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A Brief Introduction to SDN/NFV

* Network Function Virtualization (NFV)

Network Function Virtualization (NFV) Higher Level NFV (HL-NFV)
Partitioning Firewall
PO Discqverv Load Balancing
*‘)‘\C‘- Naming «ag®™Wan Optimization
Forwarding ot
i etc

== router @ @ ﬁ LoadBalancer-

Network Components

ﬁp\,‘f-‘” Network Function ] s WAN Optimizer

Firewall

Q-e switch
Fabric Components
\,‘ff‘ Connectivity ]
Qe
Host Components
é,o\}%e’ Applications ] Tempatspass Tompabebers  Tempate hecs Tempite bora Teopitakers  Tempoate kora Terpilskars “nmpitsfiate  TAMEIR Rate
_E

IMAGE CREDIT: Dave Cohen, "Software Defined Data Center: The Intersection of Networking and Storage," EMC World 2013, 2013.
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A Brief Introduction to SDN/NFV

* 5G Application: Nice or Necessity?

o An Absolute Necessity
o Seamless Sharing Across Base Stations & Networks

o Network Slicing = Network-as-a-Service (NaaS) ( CN Controller
o Software-Defined Radio (SDR) —voiceservices tt)

B Best effort services AT Service Flow Table
o Service-Based Optimization m— Online video services %

OPEN M IMAGE CREDIT: http://fi.ee.tsinghua.edu.cn/~liyong/
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The Telco Data Center

* Differentiation from Typical Data Center

o DC Distribution

o Back-up Power (i.e. - Uptime)

o Network Equipment - Building System OR NEBS Requirements (i.e. - More Ruggedized
HW)

* Where are the watts being consumed?

o Intelligent Power Management (IPM)
o ...more on this later.

* Base station, data center, or both?

™
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The Telco Data Center

* Really Simplified Version

*

LAN Bandwidth from 100 Mbps, 1Gbps to 10Gbps

™ Figura 5-3 Mapping of virtualized small cell to enterprise 3-tier network
E!. A ‘ ix IMAGES CREDIT: "Network aspects of virtualized small cells,” Smart Cell Forum, June 2015.
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The Telco Data Center

* Really Simplified Version

WAN WAN
Fire Edge Edge WAN Distri-
' G : Access
PME wall Core Distri- Aggre edge bution
bution gation
L T J
Internet Edge Typically
<100 Mbps
YA LAN Bandwidth from 100 Mbps
LAN Randwidth from 100 Mbps, 1Ghps ta 10Ghps bandwidth to 1Gbps
e = > = 3
Enterprise HQ Enterprise Branch
Network WAN Network
Figure 5-4 WAN service connectivity to enterprise remote branch network

IMAGES CREDIT: "Network aspects of virtualized small cells," Smart Cell Forum, June 2015.
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5G is Changing the Landscape
* 4G-LTE Has Already Brought SDN/NFV to Telco Networks

* Small Cells

o Cell Network Virtualization?!? (i.e. - Bunch of Small Cells Become a Giant HetNet)
o Network Slicing

* MEC Shifts Utilization

o Buffering at the Edge...more on this in a moment.
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A Power Play

* MEC Potential for Massive Power Savings

o Base Station Caching
o Tricking the Consumer Into Footing the Bill
o EXAMPLE: Is Grandma okay?

“Don’t worry, I'm
Oh wait, oram | ?2!?”

L I'VE FALLEN
HELP! AND I CAN'T GET UP! )

™ IMAGE CREDIT: http://sciencepole.com/ive-fallen-cant-get/
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A Power Play

* Small Cells Yield Energy Independence
o Microgrids
o Fault-Tolerance
o Energy Harvesting

* Disaggregation Simplifies Optimal Utilization
o Bringing Steady-State to Dynamic Load Schemes
o Put Stuff to Sleep

™
© oren PRy

e L
{4 ALL INFORMATION SHALL BE CONSIDERED POWERROX LLC PROPERTY UNLESS OTHERWISE SUPERSEDED BY ANOTHER DOCUMENT. © POWERROX LLC 2017 23



CONCLUSIONS

* There is a lot of agreement on what 5G should be, but not as
much on what it is and when it will fully come to fruition.

* The base station is becoming the data center.
* |IPM is the key to enabling 5G!

* SDx / Vx is an integral part of the 5G data center / network and
is here to stay.

* Architectural & operational shifts to the telco network will yield
many paradigm shifts in power utilization.
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Q&A

Thanks for your attention!!!

Questions/Comments???
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