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Getting your network ready for 5G can seem like an impossible task, full of insurmountable obstacles.
But it doesn't have to be.

Fujitsu helps you understand your network’s needs and see the way forward, one step at a time,
from the big picture to the tiny details. We offer a comprehensive portfolio of hardware, software and
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Find out how our innovative solutions can shape your network:
m Network migration
m Network modernization
m 5G RAN evolution
m Open networks
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| recall that nearly as quickly as LTE emerged the industry was already
abuzz about 5G. Its promises are finally materializing, and the market-
ing blitz to consumers is well underway. During the final quarter of
2018, ads promoting 5G networks were prolific among mobile service
providers. Whether 5G services are available nationwide, however, is
certainly debatable.

What the general public doesn’t know about 5G from those ads, is that
it holds the key to what many are now preaching as the fourth indus-
trial revolution. Its potential impact, per some experts, stands to rival
earlier revolutions brought on by steam power, electricity and even the
computer itself. With such dramatic impact, it is only right to conclude
that 5G is about more than better streaming of the latest cat videos,
or improved voice quality on mobile devices. And if the impact is truly
that significant, it stands to reason that the impact of 5G on the ICT
industry, carrier networks specifically, is even more dramatic.

Contributors to this issue remind us of what is at stake. It's about man-
aging more data - LOTS more data. As the loT industry finally matures
in coming years, it is projected that the number of connected devices
worldwide will surpass 75 billion by 2025. The impact on backhaul,
fronthaul - what some are now referring to as “anyhaul” - is significant.
As you would expect, the repeated message from our contributors
is the importance of infrastructure. Fiber networks are critical for 5G
success.

Another theme emerged while reviewing content and conducting
research for this issue, which is the importance of innovation through
competition and partnership. As areas in the US wrestle with getting
access to Internet service that barely meets the federal definition of
broadband (minimum of 25 Mbps download and 3 Mbps upload -
really?), others enjoy access to download speeds in excess of 200Mbps.
That's a huge disparity with plenty of potential for the ICT industry to
fill. It is easy to imagine that legislation is having a tough time keeping
up with technology in ways that allow for competition to truly flourish.
As utilities, electric cooperatives, rural service providers, municipali-
ties and others can attest, their communities are ripe for competitive
broadband services.

Networks ready for 5G have distinct qualities, As Dr. Adeyemi notes in
his article on page 15, “network technologies like virtualized RAN, net-
work slicing and smart x-haul transport will be critical.” The flexibility
of these technologies, as well as their reliability in improved latency,
is critical with emergence of automated vehicles, remote surgery, and
Al advances. You simply can't afford a “buffering” message when your
self-driving car needs to change lanes, or when your surgeon is in the
middle of a procedure. Network synchronization takes on an entirely
new priority when considering 5G applications.

And, with the advent of 5G, perhaps virtualization is finally coming into
its own. It is easy to imagine that network upgrades can no longer be
dependent on truck rolls and physical equipment installs. 5G's flex-
ibility and agility are simply too nimble to rely on traditional modes of
network modernization. As Prayson Pate notes in his article on page
10, “Concepts like virtualization and network slicing are baked into the
5G architecture.”

Our hope is that you will read and share this issue as you consider
strategies for making your network 5G ready. How are you prepared
to manage the additional data? What do you need to know about
network automation? Is your network prepared to counter security
attacks? Is your fiber network 5G ready? Ready or not, 5G is here!l

=and Y Turner

Editor, Skinny Wire

Director, Marketing Communications
Walker and Associates
336-731-5246
randy.turner@walkerfirst.com
SWEditor@walkerfirst.com

Opinions expressed by contributors and commentators do not
necessarily reflect the views of Walker and Associates, Inc.
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5G - Driving the Right Conversations

By Alan Fitzpatrick
CEO
Open Broadband, LLC

| personally find the hype of 5th
Generation cellular service a bit annoy-
ing. The 5G term is a marketing one
that can mean just about anything you
want (see AT&T's announcement at the
end of 2018 as an example). The speeds
and wireless spectrum being used in the
planned 5G rollouts are already in use
today in advanced fixed-wireless imple-
mentation. Despite these annoyances,
| still value the hype about 5G. Why?
Because it is driving the right conversa-
tions.

Faster Speeds

When Google Fiber entered the Kansas
City market it was a game-changer. They
made “gigabit” part of the conversation
and they established a definition for
high-speed internet. Arguably there were
other providers already doing this (hello
Wilson NC and Salisbury NC), but having
the Google brand behind gigabit forced
a competitive reaction from the other
ISPs. Not only did AT&T and Spectrum
step up with their own gigabit offerings,
smaller ISPs in the Carolinas like North
State Communications, Comporium, and
my company Open Broadband offer it as
well. Consumers won.

It wasn't that long ago when carriers
were arguing about the FCC's 25 Mbps
by 3 Mbps definition of broadband, and
trying to get away with calling 10 Mbps
service “broadband”. With the speeds of
the 5th Generation cellular networks, this
low benchmark becomes as absurd as
someone saying DSL is fast internet. This
is a positive change to the conversation;
faster internet is needed and expecta-
tions need to be raised.

Urban vs Rural Access

Much has been written about the gap
between our urban and rural areas when
it comes to having high-speed access.
This gap is magnified when the urban
areas get even faster speeds with 5G
while rural areas continue to struggle
for better internet service. 5G requires
dense network deployment and ready
access to fiber. This is not as likely to be
found in rural areas. Left to profit-max-
imizing strategies, the large cell compa-
nies will go to the rural areas last, if at all.

The threat of being left behind on the
digital highway already is a topic of con-
versation in many of the rural counties
I've visited in the Carolinas. Amazingly
enough, one can live 15 minutes out-
side of Chapel Hill, home of one of the
nation's foremost universities, and only
have access to 3 Mb DSL. Even if you are
a Duke fan you'd realize that's just not
right (besides, the same issue exists in
north Durham County).

Counties and towns are taking action.
We see RFPs and RFIs from areas across
North Carolina where residents are not
going to accept being left behind. The
state of North Carolina is doing some-
thing about it by placing $10M in a grant
program for broadband in underserved
areas. The problem of high-speed inter-
net access is well recognized by our
political leaders, and 5G will increase the
level of conversation and positive action.

The Power of Wireless

We see a change in which technology is
hyped every couple of years. We've seen
mobility, data centers, cloud computing,
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fiber to the building, and now 5G each
take their turn as the end-all, be-all for
advancement. My personal take is all
of these technologies are valuable and
useful in the right situation. Having a
hammer doesn't mean every problem
requires a nail. It just might need a
Phillips tip screw, or a flat head screw, or
glue. Everything isn't fiber - wireless has
its place.

The conversation about 5G points out
the advancement of wireless technology.
If you strip away the marketing terminol-
ogy and look at the radio frequencies,
one can see that the 60 - 80 GHz fre-
quencies deliver gigabit speeds today.
Companies like Siklu and IgniteNet offer
fixed-wireless systems delivering giga-
bit speeds using the same 60mm wave
spectrum touted by 5G. These are in pro-
duction today and used by Wireless ISPs
across the county. We offer symmetrical
gigabit wireless at Open Broadband. It
has limits on distance and line-of-sight,
but being able to show wireless operat-
ing with better performance than cable
is pretty impressive. 5G is advancing the



conversation that wireless can be an
ideal high-speed internet solution in the
right situation.

Town and County Partnerships

The FCC seems to be doing everything
possible to help large cellular companies
advance their 5G networks. This includes
things like setting maximum fees a town
can charge for pole attachments, and
simplifying deployment processes so the
cell companies can do as they please.
Will this help speed up 5G deployment in

About the Author:

“It wasn't that long
ago when carriers
were arguing about
the FCC’s 25 Mbps
by 3 Mbps definition
of broadband, and
trying to get away
with calling 10 Mbps
service
‘broadband’.”

urban areas? You bet. Is it the right thing
for the town? The answer depends on
who you ask.

One positive development is that the
infrastructure deployment of 5G is
advancing the conversation on how ISPs
and government entities work together.
One way is through the regulatory pro-
cess and lobbyists influencing the FCC to
see things their way and mandate things
from a top-down approach. Another way
is for ISP and towns/counties to work
together in public-private partnerships,
determining the needs of the commu-
nity, and how the ISP can help solve
the high-speed internet access problem.
Positive conversations between ISPs and
towns/counties can yield positive results
for all parties.

Setting a Winning Expectation

Slow internet is just not acceptable to
anyone. We need a competitive spir-
it among the ISPs to increase speeds

across the board. It's been fun to read
the competitive banter about AT&T's “5G”
announcement at the end of 2018, and
the other carriers jockeying for position
for their network rollouts. | personally
liked seeing AT&T's announcement. For
me it's not whether it is “real” or not, it's
the fact that every major tech publica-
tion was talking about faster internet.
Faster internet access means entrepre-
neurs and innovators will be freed up to
develop the next generation of applica-
tions. When the conversation shifts to
high-speed internet being the expecta-
tion, we all win.

5G adds a new element to the conversa-
tion - once you have ultra high-speed
internet, what do you do with it? What are
the benefits? All the promised capabili-
ties of telehealth, online education, and
Ag Tech are in our grasp. loT information
can be collected in real-time, processed
in a Blockchain ledger, and accessed
from anywhere. Artificial Intelligence pro-
cesses information to give us exactly
what we want, when we want it. It's the
benefits from technology that are key,
not marketing hype or terminology. The
conversation is going in the right direc-
tion, let's take advantage of it.

Alan Fitzpatrick is the CEO of Open Broadband, an ISP providing broadband internet service to underserved communities. Prior
to Open Broadband, Alan had 20-years management experience in the Telecommunications and Software industries, including
COO of DC74 Data Centers, COO of VoIP Services at ACN Inc., Sr. VP of Engineering for US LEC Corp, and founder and CEO of

two software companies.

Alan is a promoter of a gigabit internet infrastructure in North Carolina, and co-founded Charlotte Hearts Gigabit, widely
credited with attracting Google Fiber to Charlotte. He later joined as a co-founder of NC Hearts Gigabit. Alan is also an Adjunct
Professor and enjoys teaching entrepreneurship and technology courses for Central Michigan University and Johnson and Wales University.

Alan has an MBA from Vanderbilt University and a B.S. in Industrial Engineering from Purdue University.
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Five Key Ingredients for
a Successful 5G Roll-out

By Daniele Loffreda
Senior Advisor, Market Development,

State/Local Government and Education (SLED)

Ciena

We've seen a lot of hype over the past
few years about how 5G will replace all
previous generations of wireless technol-
ogy. The reality is that 5G will likely coex-
ist alongside 4G, and probably even 3G
and 2G in some locations.

Ask any user about how their smart
phone connects to the network. They will
likely only talk about the cellular or wire-
less technology. In fact, 5G Radio Access
Network (RAN) only makes up a small
portion of the total path data must travel
to provide connectivity.

If 5G RAN is to achieve its promised
speeds and capacity performance leaps,
the rest of the network—the wireline
network—must also adjust proportion-
ately to accommodate these changes. In
an interview for a Forbes article, AT&T
CEO Randall Stephenson put it quite
eloquently:

“The more wireless we become, the more
fixed-line dependent we become. Meaning, as
data requirements on these mobile networks
grow, you have to get a denser and denser
and denser cell site grid. Denser, denser, dens-
er means more cell sites. All of those cell sites
connected by fiber and Ethernet. Basically, all
you're doing is building this big massive fixed-
line network with wireless antennas hanging
on the end of it.”

Most migrations will likely entail install-
ing 5G New Radios (NRs) in sites already
housing 2G, 3G, and 4G radios and anten-
nas. This means the wireline network
needs to support multiple generations
of wireless technologies. To accomplish
this, operators should focus on five key
ingredients to their wireline network

upgrades:
(RRHs) to Centralized Baseband

Units (BBUs), where the base-

band processing takes place.

FRONTHAUL - This connects
multiple Remote Radio Heads

BBU processing signals are traditionally
located at the base of macro cell tow-
ers, connected to the radio heads at the

top by copper cables. Fiber
should replace copper con-
nections because fiber is
lighter and more power-
efficient, secure, and resil-
ient to the elements.

Fiber also supports far lon-
ger distances and much
higher transmission rates.
This enables operators to
centralize multiple geo-
graphically separated baseband units
from diverse towers into a single physi-
cal location.

Centralization unlocks multiple benefits
for service providers:
« Intelligent traffic coordination
between multiple remote radios
+ A single secure site to manage
+ Access to web-scale benefits from
centralizing the processing functions
@ user a massive amount of band-
width. On the RAN side, a 20MHz
5G MIMO antenna array can generate
upwards of 64 Gb/s of data, an exponen-
tial increase in fronthaul traffic This data

flood will need to be aggregated and
placed on wireline networks.

SCALABILITY - 5G promises
to make available to the end-

For backhaul, a 5G specifications model
can assume that 75 percent of users/
sites will get 500 Mb/s, 20 percent at 1
Gb/s, and 5 percent at 10 Gb/s. This cre-
ates an order of magnitude increase in
backhaul traffic to be aggregated and
delivered to the wireline network.

The fronthaul and backhaul bandwidth
increases will be passed along to the
metro, regional, and long-haul networks
all the way back to the data centers. The
requisite ingredient for this is fiber, and

lots of it.
typically serve a 20-30 km radius.

The faster 5G speeds, which tra-

verse the higher parts of the wireless fre-

DENSIFICATION - Today's 4G
macro cells are in big towers that
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quency spectrum, require smaller cells
that are closer to the end-users. These
should include ‘user-deployed’ indoor
cells—known as femto, micro, and pico
cells—as well as operator-deployed small
cells.

The capacity of these small cells is such
that each will require a fiber-based con-
nection. There'll be some radio-based
backhaul in cases where the network
operator cannot get right of way or it is
simply impractical. But fiber is always the
preferred option due to its inherent secu-
rity, capacity, and ability to scale.
04

custom networking appliances

to virtual applications run over
x86 server clusters. These clusters can
be moved around the mobile network,

depending on the type of application
required.

VIRTUALIZATION -Virtualization
allows operators to move from

For example, enhanced mobile broad-
band could have a cloud-evolved packet
core at a metro hub site, cloud RAN at
an aggregation site, and numerous sites
with IP/optical back to the access point,
which then feeds into the data center.

For ultra reliability and low latency, how-
ever, network operators could move net-
work functions closer to the radios. A
shorter path to process the data over
less network equipment produces lower
latency and higher reliability. This combi-
nation opens a whole new range of pos-
sible use cases.

NETWORK SLICING - Many of
9 the use cases for 5G will use the

network in very different ways.



“If 5G RAN is to achieve its promised
speeds and capacity performance leaps,
the rest of the network—the wireline
network—must also adjust proportionately
to accommodate these changes.”

For example:
+ Streaming very high-definition video
over mobile broadband
* Telemedicine applications connect-
ing to @ mobile network using WiFi
* loT devices with low capacity and
periodic access

Each application will require distinct and
guaranteed Service Level Agreements
(SLAs), and each will need to be orches-
trated from end to end. Providing dif-
ferent network attributes to different
applications requires network operators
to perform what's known as network
slicing. There are different approaches
to network slicing on the wireline infra-
structure.

* Hard slicing - A specific network
instance (such as wavelength,
Optical Transport Network [OTN],
or FlexE channel) is dedicated to a
specific application or customer. For
example, a network operator may
dedicate an OTN channel to a fire
department, so it can be guaranteed
the same performance, availability,

and reliability it has from a private
cellular network.

Soft slicing - This uses technologies
such as segment routing, Ethernet
VPN, and IP VPNs, combined with
stat muxing technologies to share
resources. Some resource conten-
tion is expected with this approach,
but it is ideal for less-demanding
applications and would be less
expensive than hard slicing.

Flex slicing - This combines hard
and soft slicing by sharing dedicated
resources among users, includ-

ing hard-sliced network segments,
provided SLA guarantees are main-
tained.

.

.

The migration to 5G will be a multi-
year journey fraught with challenges and
opportunities. Legacy static, atomistic
networks will give way to an adaptive
network that leverages automation and
analytics while being built upon a highly
programmable infrastructure.

1 “AT&T's Big Call: Randall Stephenson on the iPhone, His Wireless
Ambitions And The Next Big Thing, Forbes, jan 2, 2013

Daniele Loffreda is Senior
Industry Advisor, State/
Local Government,
Education and Healthcare
market development. In
this role he leads Ciena’s
initiatives to apply
hardware, software and
services technologies to help these sectors
ensure that their networks have the capac-
ity to support their digital transformation,
optimize their cloud strategies, consolidate
infrastructure and improve data security.

Daniele has more than 20 years of expe-
rience helping the public sector lever-

age Information, Communications and
Technology solutions provide greater value
to their constituents, improve their opera-
tions and generate higher returns on public
funds.

Fiber Solutions for FTTx Deployment

By Randy Turner
Director, Marketing Communications
Walker and Associates

To better support new fiber cable stocking initiatives, Walker
and Associates maintains a fiber cable yard at its Winston-
Salem, NC Distribution Center. This resource, dedicated to
stocking large fiber reels, enables Walker to support customer
fiber cable demands. In addition to stocking the cable, Walker's
investment in equipment to cut cable to customer specified
orders provides expanded opportunities to meet the growing
demand for fiber cable.

Walker currently stocks bulk cable from manufacturers such as
CommScope and Corning, in addition to the fiber equipment
necessary for FTTx projects, central office redesigns and more.
Walker provides a single source for customer needs, offering
products as well as a range of services. Through their engi-
neering staff, Walker assists customers with network design.
Their expansive range of logistics services provides customers
with worry-free supply chain management. Additional services

include managed services such as monitoring, remote support,
Network Operations Center (NOC) services, Security Operations
Center (SOC) services, and more.

Fiber cutting, re-spooling and maintaining and inventory of bulk
fiber cable has positioned Walker to support customer needs
in even greater capacities. Walker is uniquely poised to provide
not only fiber cable, but also the associated equipment and
services that matter to anyone involved in designing, building
and maintaining networks.

As operators upgrade and modernize their networks to keep
pace with growing demands from new technologies such as
5G, partnerships with trusted professionals is essential. Now in
its 49" year, Walker remains the partner of choice for network
professionals. When more than distribution matters, contact
Walker and Associates.
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The 5G evolution is well underway, with enormous implications
for the broadband industry and society as a whole. 5G promises
a wide range of new services, from its support of Internet of
Things to enhanced broadband and mission critical applications.
In this new world of 5G densification, the macrocell environment
will increase by 100x or more, millions of microcells will be
required, and fiber will be key to enabling it all.

adtran.com/5G
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Fast Forward to
the Future with

5G Networks

By Morgan Kurk

Executive Vice President/Chief Operating Officer

CommScope

With a lot of fanfare, excitement and
speculation, 5G is slowly making the
transition from general idea to network
implementation. Network operators are
already scheduling 5G network trials and
test beds to sort out how the 5G vision
will be realized. 5G networks promise to
support new services, more video, and
cloud connectivity. There are three main
case uses driving the 5G revolution:

1. Enhanced mobile broadband. With
the promise of 10 Gbps connec-
tivity and latency of less than five
milliseconds, it's no surprise the
ongoing surge in demand for mobile
connectivity will accelerate dramati-
cally. The industry estimates this
increased speed will result in a 10-
to 100-fold increase in the number
of 5G-connected devices over the
number of 4G devices.

2. Thelnternet of Things (1oT). Thanks
to 5G's virtualized, radio technology-
agnostic core, published predictions
estimate as many as 20 billion loT
connections by 2020—connections
that will drive smart buildings and
smart cities. CommScope anticipates
5G will offer 1,000 times the band-
width of 4G, and up to five times the
density, making room for all those
“things” on the network.

3. High-reliability, low-latency net-
works. Beyond just doing what 4G
does better and faster, 5G speeds
open new doors to allow driverless
cars to coordinate over the network,
enable augmented reality and virtual
reality, and expand the horizons of
remote surgery and other applica-
tions that can fulfill their promise
only on a network with such ultra-
low latency times as 5G's five-milli-
second threshold.

With these case uses in mind as the tem-
plate for a real-world 5G rollout, it makes
sense to also consider what can be done
to make these applications possible. For
operators, that plan boils down to three
key strategies.

The first of these is densification, or the
practice of increasing capacity in a given
area through more antennas, small cell
sites or other measures. Upgrading to
MIMO and sector- splitting technologies
also falls under this strategy. The sec-
ond is virtualization, shifting the work of
physical equipment to virtualized envi-
ronments operating in centralized data
centers. This strategy's inherent efficien-
cy can reduce costs by as much as 70 per-
cent. The third strategy is optimization
of existing assets and processes, includ-
ing—but not limited to— repurposing
earlier-generation wireless and TV spec-
trum and moving computing resources
closer to the edge. Throughout the con-
verged network, efficiency will be a criti-
cal design requirement for all aspects of
5G.

Getting ready for 5G is as important as
knowing how it will be used. CommScope
has made an extensive study of the pre-
5G and coming 5G landscape, and we
are excited to share what we know. To
participate in a 5G workshop, learn more
about CommScope's solutions, request a
quote or begin a new partnership, visit
commscope.com or contact us anytime.
Powered by experience and focused on
progress, CommScope can't wait to help
you unlock the power and potential of 5G
networks.

Learn more at www.commscope.com/5g
or click here is viewing PDF version.

“Throughout

the converged
network,
efficiency will be
a critical design
requirement for
all aspects of 5G.”
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NFV, Edge Cloud and 5G

By Prayson Pate
CTO, Ensemble Division
ADVA Optical Networking

5G is a constant in the tech news, and
now operators are touting the technol-
ogy in their wireless networks. But 5G
is not just a new radio technology. 5G
brings an entirely new way of building
networks and providing ubiquitous high-
speed applications. That means change
ahead for service providers.

For end users, the biggest impact of 5G
will be wider availability of high-speed
access, including fixed wireless access.
In addition, new applications like aug-
mented reality (AR), virtual reality (VR),
location-based services and internet of
things (loT) will drive demand for 5G. But
will they drive revenue for service provid-
ers - and more importantly, profits?
Paying for innovation

Successful 5G rollouts will require many
more access points than 4G, and each
will require higher speed connections
back into the network. In particular,
bandwidth for video is growing quickly.
Ericsson reports that mobile video traffic
is forecast to grow by around 50% annu-
ally through 2023, accounting for 75% of
all mobile data traffic. That's a lot of cat
videos. In addition, Cisco reports that
mobile business internet traffic is pro-
jected to increase at a compound annual
growth rate of 41% through 2021. All that
data will require a lot of new equipment
and fiber, and it all has to be paid for.

At the same time, end users have come
to expect continuing reductions in what
they pay for services. The clash between
cost and revenue has already gotten to
the point that CIMI Corporation said 2017
was the first year when the cost-per-
bit surpassed revenue-per-bit for many
operators.

Supporting these 5G applications profit-
ably means reducing costs, increasing
flexibility and sharing resources. Service
providers must leave behind today’s
closed, static and single-purpose wire-
less infrastructure. Network functions
virtualization (NFV) and edge cloud are
essential tools for building the network
for 5G.

NFV: Bringing the power of the cloud
to telcos

Service providers created NFV because
they saw the power and benefits of cloud
technologies, and wanted to apply them

“Ericsson reports that mobile video
traffic is forecast to grow by around 50%
annually through 2023, accounting for
75% of all mobile data traffic. That's a
lot of cat videos.”

to the telco network. Specifically, with
cloudification they wanted:

* Open, multivendor implementations
of network functions such as rout-
ers and firewalls

* Replacement of closed single-ven-
dor appliances with low-cost stan-
dard servers

+ The ability to share resources and
scale applications as needed

* New commercial models such as
usage-based and success-based
payments

+ The ability to move quickly to
deliver new services and respond to
customer requirements using new
development methods like agile and
DevOps

+ A framework for giving end users
dynamic control over their services

With NFV, service providers can reach
those goals. They can replace stacks of
network appliances with a single serv-
er hosting software functions delivered
from the cloud, as shown in the illustra-
tion below.

And, because with NFV they are using
cloud-centric technologies, they can go
even further and offer their customers
services like micro-clouds and office-in-a-
box solutions using the same infrastruc-
ture.

Why NFV for 5G?

5G is being designed from the ground
up to use the latest technologies - and
not just on the wireless side. Concepts
like virtualization and network slicing are
baked into the 5G architecture.

With virtualization, networking functions
like evolved packet core (EPC), IP multi-
media subsystem (IMS), and virtual radio
access networks (VRAN) are being built
as portable, scalable software packages.
Network slicing means being able to
allow applications such as emergency
networks to have a dedicated portion of
share infrastructure.

Where does edge cloud come in?
Both virtualization and network slicing
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have a clear need for an NFV base. On
the other hand, l1oT, AR and VR drive the
need for a distributed and shared edge
cloud infrastructure. So how do we bring
these together?

My view is that edge cloud and NFV are
two sides of the same coin. NFV is about
using generic compute infrastructure to
provide networking services, while edge
cloud is about using the same resources
to meet the needs of new services like
loT, AR, and VR. But what are those
needs?
* Low latency for proper functioning
of applications like AR and VR
* Local processing to reduce the
amount of data that must be back-
hauled to the central cloud
+ Location-based services require
local processing to maximize the
precision and value of services
+ Efficient IoT implementations
require local gateways for buffer-
ing chatty protocols and mediating
intermittent connections

With edge cloud deployments, service
providers can meet these requirements
and position themselves to maximize the
return on their network investments.

3GPP

Recommendations: It's all about the
cloud ... and partners

5G will require significant investments in
new towers, micro-cells and fiber - but
that's just the start. Successful and profit-
able implementations of 5G will require
an innovative approach to network infra-
structure. That means applying the les-
sons of the cloud to the telco: using
standard compute servers throughout
the network, layering on NFV for ser-
vices, and treating the infrastructure as
an edge extension of today's cloud. In
addition, security must be designed in
at all layers, not added on. Finally, telcos
will need to flatten their silos and work
cross-functionally to get all the benefits
of cloudification.

For most operators, that means ramp-
ing up the cloud skills of their teams.
It also means establishing relationships
with pure-play cloud providers to enable
delivery of bundled cloud and connect
services. Many telcos will also need to
partner with forward-looking suppliers
as well as working with sophisticated dis-
tributors such as Walker and Associates,
who can provide valuable integration and
fulfillment services optimized for cloud-
centric operators.

5G /5G NR

By taking those steps, service providers
can maximize the flexibility, revenues
and profitability of their 5G rollouts.

Prayson Pate is ADVA
Optical Networking's
chief technology officer
for the Ensemble
division and is an
evangelist for network
functions virtualization
(NFV). He speaks
& at industry events
™= and writes posts
and articles to inform, educate and
entertain, mostly about NFV with plenty
of innovation for good measure. These
include The Real CTOs of NFV series.

Prayson received a master’s degree in
electrical and computer engineering
from North Carolina State University
and a bachelor’s degree in electrical
engineering from Duke University.
Prayson has contributed to standards
bodies such as the MEF and IETF. He is
a named inventor on nine patents.

The group responsible for developing international cellular
standards. Short for 3rd Generation Partnership Project, this
group has worked to harmonize 3G, 4G, and 5G specifications
for the past two decades.

3G

Third-generation cellular communications technologies, which

were used in most mobile phones sold from 2007 through
2011-2012, unifying most (but not all) countries’ phones under
a global standard.

4G LTE

Fourth-generation cellular communications technologies, used
in most phones sold from 2011-2012 through 2018. The 4G
“Long-Term Evolution” (LTE) standard noticeably boosted data
speeds over 3G, and became significantly faster over time.

Fifth-generation cellular communications, the late 2018/early
2019 follow-up to 4G. The 5G standard uses “New Radio” (NR)
as a suffix, distinguishing this generation from 4G LTE.

5G TF

A pre-standard version of 5G developed by Verizon so that it
could debut an early next-generation network. In October 2018,
Verizon launched this version of 5G in four U.S. cities, but has
said it will replace 5G TF devices with standards-compliant 5G
NR hardware in late 2018 and early 2019.

Release 15

Also known as 3GPP's Release 15, this refers to the initially final-
ized version of the global 5G standard. 3GPP continues to hold
meetings to advance its standards; there were seven separate
4G releases that evolved LTE to “LTE-Advanced Pro” before the
launch of 5G.




Concerned about 5G Densification?

We've Got Connections.

Corning products and solutions will enable
5G networks that offer:
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By Lisa R. Youngers
President and CEO
Fiber Broadband Association

5G is the next generation of mobile net-
works that is expected to provide gigabit
speeds, sub one-millisecond latency, and
the capacity to connect an astonishing
2.5 million devices per square mile. It
will enable the connected devices of
the future at exceptional scales, but will
also place enormous demands on fixed-
wireline networks. Making 5G a reality
will require not only access to spectrum
that enables high throughput service, but
also connections to dense, high capacity
fiber networks.

5G will use much higher radio frequen-
cies than today's cellular networks do.
While these higher frequencies carry larg-
er amounts of data, they also have very
short ranges. For 5G to work well, many
additional small radios or “cells” must
be installed close together—as close as
200 feet apart. To provide multi-gigabit
service to many users and applications,
these small cells will need to be con-
nected to hundreds of thousands—per-
haps millions—of miles of new fiber optic
cable. In fact, providing full 5G service to
just the top 25 metropolitan areas in the
United States will require an estimated
1.4 million miles of fiber cable, accord-
ing to research by the Fiber Broadband
Association. Likewise, Deloitte Consulting
recently reported that the United States
will require an estimated $130 billion to
$150 billion in fiber investment over the
next five to seven years to adequately
support future network technologies
such as 5G.

R0 3G 1s

It is also important to note that 5G will
not replace fiber connections to build-
ings. Even with very large investments in
fronthaul and backhaul network capac-
ity and small cells, bandwidth demand
will continue to outstrip supply, as it
has done in the past. Home network
connections, which may need to sup-
port multiple 4K and 8K video streams,
hundreds of in-home internet-connected
things, and multiple AR and VR users, will
require much higher bandwidths than
can be delivered by 5G under current
development standards.

While 5G will not replace fiber to the
home, it is the future of wireless technol-
ogy. Its enormous potential is matched
only by the scale of the demands 5G will
place on fixed-wireline networks. 5G will
depend on densification: a significant
number of small cells must be installed
close together and be connected by miles
of new fiber optic cabling. Fiber infra-
structure, with its ability to offer nearly
limitless bandwidth between fixed loca-
tions, will be the key to unlocking 5G's
potential. Policymakers can help put the
required fiber infrastructure in place by
making it easier for fiber providers to get
much-needed public and private rights of
way—poles, ducts, and conduits—and to
access commercial and residential build-
ings. Ultimately, the road to 5G is paved
with fiber; if we want to start transition-
ing towards 5G, we have to be able to lay
down the fiber necessary to get there.

Pavel TR

The Fiber Broadband Association esti-
mates that 1,390,816 MILES OF FIBER
CABLE would be required to provide
full 5G service to just the TOP 25 metro-
politan land areas in the United States,
assuming all of those 5G cells were
served by fiber connections.

The most demanding 5G applications
will require fiber to each small cell, but
the exact fiber cable requirements for
each deployment will differ based on
local geography and expected demand.

While 5G WILL TRANSFORM MOBILE
CONNECTIVITY, it is not an easy
replacement for wired connections to
homes and businesses because com-
mon building materials substantially
block high-frequency 5G signals.

Using 5G technologies to reach build-
ing interiors can be achieved using
antennas on the outside of the building
and a wire to carry the signal inside the
building, incurring additional costs and
energy usage. Direct fiber connections
will always be superior, except where
fiber installation is not feasible.

Download the full FBA whitepaper “The
Road To 5G Is Paved With Fiber” at
https://www.fiberbroadband.org/p/do/
sd/topic=121&sid=2356
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By Dr. Olufemi Adeyemi
Chief Solutions Architect, Wireless
Fujitsu Networks Communications, Inc.

5G will revolutionize economies and
societies through hyper-connectivity,
enabling innovations in the automo-
tive, manufacturing, energy, utilities
and healthcare sectors, among others.
However, designing and deploying a 5G
network presents a variety of complex
issues for service providers to address.
In addition to having to ‘overlay’ 5G onto
a 4G network, service providers must
ensure the network can support many
different use cases, each with different
technical requirements, under one larger
network.

The main 5G use cases are Massive
Machine Type Communications (MMTC);
Enhanced Mobile Broadband (eMBB)
and Ultra-Reliable and Low Latency
Communications (URLLCQ). mMTC
involves automated wireless connectivity
to tens of billions of machine type termi-
nals, each requiring long battery life but
without low latency needs. eMBB enables
applications requiring high data rates
and moderate latency across a wide cov-
erage area. URLLC includes applications
like autonomous driving, characterized
by low data rates, low latencies and very
high mobility.

The new 5G networks will need greater
scalability, reliability and performance —
from the first mile through the last, and
to the edge — in order to meet the vary-
ing speed, latency and density require-
ments of these diverse and demanding
use cases. Consequently, network tech-
nologies like virtualized RAN, network
slicing and smart x-haul transport will be
critical.

Evolution to Virtualized RAN, Network
Slicing and Smart x-Haul Transport
Next-generation networks will require
denser RAN architectures with distrib-
uted intelligence, virtualization, network-
ing slicing and smart x-haul transport.
This higher densification means more
advanced topologies will be deployed in
the access part of the transport network,
such as mesh or ring configurations,
as well as evolved fronthaul and back-
haul interfaces. In addition to connecting
physical radio sites, tomorrow's mobile
networks need to support virtual net-
work overlays in order to enable network
slicing and connect subscribers to cloud-
based applications.

Unlike any other technologies in radio
access network history, 5G deployment
success will be measured by how well
the industry embraces network virtual-
ization, network slicing and x-haul trans-
port.

Network virtualization will enable ser-
vice providers to dynamically support a
range of use cases with varying demands
using SDN control and orchestration.
Moreover, by running the baseband
units (BBUs) as virtualized network func-
tions (VNFs) on open hardware platforms
and interfaces, service providers can be
free of vendor constraints and lock-in,
helping to keep both OpEx and Capex
costs in check. Therefore, a key benefit
of this new ecosystem is the opportunity
to disaggregate the entire RAN network
end-to-end.

Network Slicing, which allows multi-
ple logical networks to run on top of

i 5G Network
Building

- Not a
Skinny Task

a shared physical network infrastruc-
ture, will potentially be most relevant in
5G. In addition to connecting physical
radio sites, tomorrow’s mobile networks
must support virtual network overlays
in order to enable network slicing of the
access, transport and core functionality.
Imagine a scenario where a single mobile
operator network is able to support pub-
lic safety emergency services, loT mas-
sive connectivity, industry machine-to-
machine communications, autonomous
driverless vehicles and mission critical
use cases. This is only possible when
these applications are running as dedi-
cated end-to-end virtual slices of a larger
network but each meeting their own
unique latency, bandwidth, throughput
and security requirements.

Finally, smart x-haul (programmable
fronthaul, midhaul and backhaul archi-
tectures) will be key to delivering faster
end-to-end network services, while sim-
plifying the mobile operator's network
for future expansion. In this way, the 5G
network can adaptively handle multiple
open radio interfaces, network latencies
and virtual infrastructures to support
a plethora of devices and applications,
delivering the full 5G experience.

Smart, disaggregated transport solutions
will also allow service providers to quickly
realize returns on their 5G investments
with use cases they can monetize imme-
diately, and fuel growth well into the
future. Contact Fujitsu to discuss how
we can help you deliver on the promise
of 5G.
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5G: Opportunity, Threat or Hype?

Each of the

major wireless
companies has its
own take on 5G.

By Sean Buckley
Associate Editor
Broadband Communities

Promising theoretical speeds of up to
1 Gbps, wireless operators will move
forward with 5G deployments using mil-
limeter-wave and other spectrum bands
in 2019.

Wireless operators will garner the major-
ity of 5G revenues from business cus-
tomers, followed by consumers, online
apps and government agencies. Wireless
industry association GSMA forecasts that
4G connections will continue to be viable
through 2025.

Still, the potential for 5G remains great.
A recent Strategy Analytics study fore-
cast global 5G smartphone shipments to
grow from 2 million units in 2019 to 1.5
billion in 2025.

Unsurprisingly, no two of the top opera-
tors are looking at 5G the same way.
Having laid a mobile 5G play founda-
tion, AT&T plans to reach at least 19 cit-
ies in early 2019. It built its 5G network
foundation with 5G Evolution (which is
not, strictly speaking, 5G) and Long-Term
Evolution-Licensed Assisted Access (LTE-
LAA).

“It is a mobile-centric offering, and I'm
a huge believer in mobility. Will there
be fixed-line substitute applications
here? Absolutely,” Randall Stephenson,
CEO and chairman of AT&T, said during
the UBS 46th Annual Global Media &
Communication Conference. “I do think
the path Verizon is pursuing [with fixed
mobile] is going to be a really good ser-
vice. That's not our priority.”

Meanwhile, Verizon advocates a mobile
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and in-home broadband approach as a
wireless competitor to cable outside its
wireline markets.

Verizon deployed 5G in four markets
using its 5G Technical Forum (5GTF) pro-
prietary technology, with plans to expand
deployments in 2019. It plans to migrate
to a full commercial launch on the emerg-
ing 5G New Radio (NR) standard technol-
ogy. New 5G Home customers will pay
$70 a month, and existing customers will
pay $50 a month.

Ronan Dunne, EVP of Verizon and presi-
dent of Verizon Wireless, told investor