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Network Edge of the Smart City

Sensors Connectivity

- . /
Traffic & Parking Sensors T WiFi Hotspot
Environmental Detectors ——
/
/ \

Cellular RF (incl 10T)
Gun Shot Detector LoRa LPWA loT

Security Cameras Public Safety RF

Data Intake

City Services _ Device Services

Wireless Charging
—* USB Charging Ports
— " NFC (Transit Payment)
— > Beacon

Waste Management <

Advertising / Signage +——

Transit Information «—

AC or Digital Electricity J MA

“No wireless without wires!” IP Front/Backhaul via Fiber (optional RF-mmWave)
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Mobile/Wireless Bandwidth Demand

Data Usage per Superbowl (TB)
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US Bank Stadium .QUPER BOwWL SUPER BOWL

. E * IMA Wireless in-building solutions used for mobile traffic
Minneapolis, MN  sources
«  Data usage at Super Bowl 52 grows 48% as social media use skyrockets https://www.techrepublic.com/article/data-usage-at-super-bowl-52-grew-48-as-social-media-use-skyrockets/
Super Bowl 51 makes digital history with record-breaking data usage https://www.techrepublic.com/article/super-bowl-51-makes-digital-history-with-record-breaking-data-usage/
AT&T, Verizon and Sprint see a combined 50.2 TB of cellular traffic for Super Bowl 52 https://www.mobilesportsreport.com/2018/02/verizon-sees-18-8-th-of-cellular-data-used-at-super-bowl-52/

S
=

Super Bowl fans use a record 10TB of data on Levi’s Stadium WiFi network, up 63% from 2015 https://www.geekwire.com/2016/super-bowl|-data-usage/ g
© 2018 JMA Wireless. All Rights Reserved. 5



https://www.techrepublic.com/article/data-usage-at-super-bowl-52-grew-48-as-social-media-use-skyrockets/
https://www.techrepublic.com/article/super-bowl-51-makes-digital-history-with-record-breaking-data-usage/
https://www.mobilesportsreport.com/2018/02/verizon-sees-18-8-tb-of-cellular-data-used-at-super-bowl-52/
https://www.geekwire.com/2016/super-bowl-data-usage/

Smart and Safe Stadiums 5018

prove ope :;e ons 2

-5 S

ensuring safe

iy

@ HITACHI VISUALIZATION SUITE

San Francisco 45ers

\ ] CUSTOM DATA

B Bad Actor Event

8 Drone Event

@ Drone Remote Event

@ Facal Recognition Alerts
B Sensor Status

LAYERS

) 2 A g o P S gl ‘ ,,.‘ T S0
Event Date/Time: 2015-11-20 124743 % N : ! . Ve : ent \‘k ‘t.saF
, Hardware ID: 900387240490 X 4 / o 234 ; 3 : S e e
"' Sensor Name: sfpocs o = p




Driver: NG911 Location Accuracy

FC”The FCC estimates that a one

minute improvement in 9-1-1
dispatch time could save 10,000
lives each year”

www.saferbuildings.org
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Metro Area Neutral Host

Neutral Host -
Data Center Shared Services
Infrastructure

u — AT&T
= @
Sprint T--N Mobile-

1

(3) (8)
< g ©

Sprint T -Mobile- / 9
& Security loT & Services —

Public Safety Smart City
Citizen Services

& Advertising

X90 Cell Sites

™\
N

=
Verizon = ATST

© 2018 JMA Wireless. All Rights Reserved.
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City network edge efficiencies JMA
- data center mobile infrasfructure

o) 7N
[ +70% |
\ / RAN Utilizattion
SOFTWARE T
70% :
Tlmy & - Footprint

Power & Cooling

© 2018 JMA Wireless. All Rights Reserved.
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Internet of Life-Saving Things (IoLST)* o

. Buildings £o T >
Personal Devices burglar/fire alarms, 6, a.g : %{
Fitbit, health : - Z:|i§ Vehicles
: : —— video surveillance, ‘ HES @ telematics. cars
monitors, insulin “=es intrusion detection etc. = EHES ’ ’
pumps, heart — trucks, UAS/UAV,

monitors, health
apps, PulsePoint

’ watercraft g

@. FirstNet““ o Resp?dnder; X
Bt
biomonitors, wearables

EMS Devices, Apps
AED, portable EKG,
EPCR, ER tech

(and other networks)

-

Control & Analysis
. ~ systems, software

www.saferbuildings.org



Spectrum Diversity on the Path to 5G

Shared &
Unlicensed

- CBRS, 5G, LAA, WIFi -

Internet of Things
- NB-loT, CAT-M, LoRa

@NB-I;DT LoRa
-~ LoRa
LTE-ii =

Mobile Cellular
- Multiple Carriers -

Verron = ATAT

Sprint - -Mobile-

Public Safety
- FirstNet, LMR -

(i)
JMA 12
! E © 2019 JMA Wireless. All Rights Reserved.
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Multiple Dimensions of 5G

s ™
Communication services
(voice, text, internet) 4G NEtwork
.' @ Back haul I“I - Ill I"I ”I ||| “| - ||| “| - |||
"" Front haul [I_--_1) (i - 0] L - ] f— ] 0] W)
II" - I|I lm - “I EE 11 T 1 T 11|
| Centralized :Core network I Data center : Internet
. v,
~ ~
Moaobile Broadband >1Gbps 5G NEtWDrk @
|
[ —
Massive loT -200,000/Km? o .
A e “ .
)/ P &
Mission Critical loT - 1ms ]
|
J
Source: Intel

JMA
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Low-e Glass

6 mm Glass Pane =-0.8 dB @ 900 MHz

www.saferbuildings.org

Double Glazing w/ 2 coated Glass Pane =-23 dB @ 900 MHz

Shielding effect / dB

Material Source 900 MHz 1800 MHz 3 GHz
Glass pane 6 mm [8] -0.8 -1.3 -1.9
Double glazing
=0 . - -
g 4 mm/air 12 mm/5mm 5] 0.5 Ll L
2] . " ™ s -
5 Double g,l;su:mgz with -.,mpmen.ml low-e (5] 306 6.8 27
4 mm coated/air 12 mm/5mm
Double glazing with 2 coated glass [2] -23 -30 -36
Double glazing with square pattern (4 %) low-¢ coating ; 13 13 19
o 4 mm coated/air 12 mm/Smm (measured) 3] o o o
= E ) | f ¥ . [1] r 03 )
= Double t,lzsl.‘-_ullht with lnarngle pattern (2 fu}_'ﬂ“ e coating This work 2.0/2.0 93422 4.0/-3.9
50 O 4 mm coated/air 12 mm/5mm (measured/simulated)
-E a2 4 ¥ 4 ¥ 3 0y o . -
E E Double g]ﬂ?.llrlg: with trianhlc [:-ja.ucrn (2 %) low-e coating This work By, 232 15
o E 4 mm coated/air 8 mm/Smm (simulated)
0, s . . a _ .
Double glazing with triangle pattern (2 %) low-e coating This work 18 1 4 7]

4 mm coated/air 16 mm/5mm (simulated)

Source: Bouvard, Olivia & Lanini, Matteo & Burnier, Luc & Witte, Reiner & Cuttat, Bernard & Salvade, Andrea & Schiiler, Andreas. (2017). Mobile communication through
insulating windows: a new type of low emissivity coating. Energy Procedia. 122. 781-786. 10.1016/j.egypro.2017.07.396.


http://www.saferbuildings.org/

5G Goals and Opportunity

= 5G Goals breakdown boundaries eMBB

56
and constraints of 4G Enhanced Mobile Broadband

Gigabytes ——

= Most goals are backward neseend L @P

compatible to 4G to some extent

= 5G is by design interoperable with
4G and other connectivity

= Goals can enable solutions, smar: Home/
applications and opportunity but silmim

are “tfrapped” until both networks

available and users deploy.
Smart City smart

Visitor

mloT

Massive loT Type
Communications

JMA

30 Video, UHD Screen

YVoice

Work & Play in the Cloud

AugmentedVirtual Reality

Industrial /Facility
Autamation
Seamless User Experience

Mission Critical
Application, =.g., e-Health,
Public Safety & Security

Self Driving Car

URLLC
Ultra Reliable & Low Latency
Communications

© 2019 JMA Wireless. All Rights Reserved.
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5G Objectives

e
10000 X more traffic 5 f?
10 - 100 X more devices

User vs. Edge vs. Core

Not just about speed and scale
= Energy/Power
= Availability/Reliability ' _fﬂl Latency

= Cost e
Energy
consumption

= Ease of Deployment

Different users will value different
objectives

3 1 millisecond latency

Capacity
10 Years M2V battery life

IﬂT ultra low cost

90 % less network energy usage

[ ] 10 Gbit/s peak datarates

Builds on 4G infrastructure
100 Mbit/s wherever needed

5-9s availability/reliability

Other fechnology and busmes§ Network Off the Shelf Data Cenfer Software
shifts are concurrently happening Virtualization Hardware and Edge Defined

J MA © 2019 JMA Wireless. All Rights Reserved. 17




Why 5G
Differs From
Existing
Cellular
Networks

TODAY’'S 4G NETWORK

This sketch (which does not depict an actual
city) shows the range of a single 4G macro cell
at the center of the circle. Such a small cell,
served by fiber, can potentially serve 10 square
miles. The white square shows one square
mile.

FUTURE 5G NETWORK

This sketch, showing one square mile, provides one
estimate of how many 5G cells would be needed:
60, each covering a 750-foot diameter area. These
small cells could require about eight miles of fiber.

The sketch is conceptual. Actual deployments would
be customized for local conditions and demand, and
might need additional or fewer 5G cells.*



Spectrum Utilization for 5G

Source: Qualcomm

—
5&"'Er <1GHz 3GHz — 4GHz 5GHz ———24-28GHz 37-40GHz—64-71GHz

24.25-24 45GHz 37-37.6GHz
24.75-25.25G 37.6-40GHz

&E  600MHz (2x35MHz) 25GHz (LTEB41) 35537 GHz 3.74.2GHz 5.9-71GHz P S 64-71GHz

(%)  600MHz (2x35MHz) 275-28 35GHz e e 64-71GHz

| Public Mobile T Mobile T CBRS WiFi Less Penetration

‘g Safety  Low Mid Less Coverage

LPWA WiFi
- Less Latency

—

More Capacity
More Antennas
More Radios
Smaller Antennas

JVA
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5G Gift Basket of Technology

\ Topology:
\ Spectrum:
Massive MIMO, Beam Forming

\ Edge Computing:

=
& > Security:

Low Power, Low Latency, NB-loT, CAT-M

/ Radio:
/ Network:

Path from 4G (NSA), Coexist with 4G (SA)

II/

“Its all good but you don’t have to eat everything JMA

20



Building Smart City Infrastructure

RESULTS

ANALYZE

AGGREGATE

COLLECT

CONNECT

<€

USERS & CONSUMERS

Transform user and customer
f ' experience with engaging, enhanced

H and autonomous services
ANALYTICS & INTELLIGENCE

Transform data into insight, action and
OM knowledge. Integrate into business and
|||.|||| operational processes.

DATA FLOW & DEVICE CONTROL

I —_I Collect data and manage devices on the
2 network. Use edge computing and

el
3321?0 gateways prior to sending to the cloud.
o110

DEVICES & SENSORS

— (TEL] — Deploy devices and sensors to measure
= =  existing and new data sets. Inventory
- 11 ™ assets that are not measured today.

CONNECTIVITY & ACCESS

(( )) Build a network foundation for
T connectivity and access for more

bandwidth, device types & mobility.

ﬁ

JMA



