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Today’'s Learning Objectives

= Understand the evolving landscape of
wireless technologies and their
applications in airports

= Use best practices and strategies for
addressing the increasing demands for
high-speed connectivity services
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American Association of Airport Executives (AAAE)

1.0 Continuing Education Units (CEUSs)
are available to Accredited Airport
Executives (A.A.E.)

Report your CEUs:
WwWw.aaae.org/ceu
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http://www.aaae.org/ceu

AICP Credit Information

1.5 American Institute of Certified Planners
Certification Maintenance Credits

You must attend the entire webinar

Log into the American Planning Association
website to claim your credits

Contact AICP, not TRB, with questions
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Questions and Answers

File View Help @@~ _Ooex
Please type your questions into e

your webinar control panel

Microphone (USE Audic Device) L

We WiII read your queStions OUt Speakers (USB Audio Device) e

loud, and answer as many as
.
time allows : -

[Enter a question for staff]

#TRBwebinar

Updating Webinar Images
Webinar ID: 922-070-995
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= Lead Quality Engineer for
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Participated in many
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including ACRP 03-57

Systems Engineer with a
Masters in Aeronautics
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Aeronautical University
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Transformation in Wireless
Connectivity: Guide to Prepare
Airports

Antonio Correas Uson, Skymantics, LLC
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About Skymantics, LLC skymantics

Small Business Administration (SBA) 8(a)
certified minority-owned business

= Contract vehicles

& Federal Aviation

; e Ad trati
ministration Qoﬁ 8§§2pqtial
(65457'

Consortium.

= Areas of expertise
= Digitaltransformation
= Mission critical architectures
= Mapping,routing and geospatialintelligence
= Artificial Intelligence and synthetic data
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Antonio Correas Uson

Principal Investigator

= Co-founder and Chief
Product Officer, Skymantics

= Telecommunications
Engmeer with MBA 1n
Aviation by Embry-Riddle

> 15 year’s experience in
wireless technologies and
aviation
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Problem statement

Emerging wireless technologies potentially
support airport use cases

Wireless provides flexible growth but
introduces complexity

Goal: create a reference manual for airport
decision-makers

> Amenu of wireless architecture options for specific use cases

> Methods and metrics to optimize investment
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Methodology

1. Create a taxonomy of wireless technology
standards and architectures

2. ldentify wireless use cases in airports

3. Define KPIs and practical aspects

=~ Technical

> Operational Inputs _a“d
validations

=~ Financial

Airport authorities

Technology providers
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Research results

Taxonomy of wireless technology standards

Mobile user communications IoT applications

Throughput Throughput

Scalability N, o~ Coverage o Coverage
e— Wi-Fi B
Cellular L
Battery life lat::; e [J-LPW AN
= = [ MR iy
= = RFID
: AceroMACS
Location . e
. Mobili
accuracy :_—:—," obility accuracy N ty
Reliability Reliability
and and
security security
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Research results

Taxonomy of wireless use cases

= Passenger experience and commercial service
- Airport/airline operations

- Safety, security and surveillance

> Autonomous vehicles and robotics

> Incident response and recovery
> Travel health
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Research results

Wireless architecture options

Neutral host runs
enterprise or venue-
owned network

PRIVATE
NETWORK

Mobile operator
running private network
for enterprise or venue owner

~ Mobile operator
sharing network as
a neutral host

MOBILE OPERATOR’S
PUBLIC ACCESS
NETWORK
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Putting results into practice

Step-by-step checklist

= Select your use cases
= Determine your wireless transition scenario
= Current stage
* Where you want to be (goals, and business model)
= Quantify your investment and ROI
7 Create your wireless transition plan
> Deploy the system

= Manage and maintain
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Putting results into practice

The architecture choice: what type of airport

do | want to be?

Ownership of
wireless and
data assets

Control

Responsibility of
service quality

Participation in
revenue and cost

Private Network

HIGH (controls
network
configuration and
data)

HIGH (full
responsibility of
service quality)

HIGH (Full
revenue and cost
burden)

Neutral Host MEDIUM (within MEDIUM (SLA with 3rd | MEDIUM
agreement with 3@ | party) (Revenue/cost
party) sharing)

Operator’s LOW (3" party LOW (3 part has SLA | LOW

Public Access owns the network) | directly with consumer) | (Subscription

Network Cost)
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Putting results into practice

Wireless maturity framework

4.0 Ubiquity, cloud & edge
Full network interoperability

Airport 4.0 Visiona A" Emerging revenue streams

(Full
digitalization)

3 0 User interoperability
: Integrated user & loT communications
Mature Tailored wireless services offering

2 0 Consistent wireless coverage
: Improved reliability for user communications
En ha ﬂ{,‘.Ed Managed wireless services offering

1 ﬂ Limited airport wireless resources

. High-speed guest connectivity
ESSEntl EII Basic airfield coverage

No consistent wireless
connectivity across
facilities and users

Airport 1.0/2.0 0.0 Initial
(analog) '
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Putting results into practice

Real Estate Rental

Managed Services

Network as a
Service (Naa$)

Shared Services

Service
Brokerage

Fractionalization

Freemium
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Putting results into practice

Practical recommendations

= Balance organizational and vendor management to promote
competition and adoption

7 Address financial plan strategically
= Secure spectrum

> Predict and measure performance
= Address new cybersecurity vectors

= Plan for continuous maintenance and upgrades
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Putting results into practice

Towards automated
& intelligent airports
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Putting results into practice

Towards automated & intelligent airports

> Fueled by IoT adoption: large data capture and governance
= Synthetic data and Digital Twin
> Two stages:

Predictability and automation in decision workflows

Tramed Alto create new workflows and adapt

=~ Transformative use cases

The National Acadeinies of
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UAVs, AAM vertiport automation
Passenger/baggage flow volume management
Energy savings

Threat risk assessment and response

Retail site optimization
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Airport Connectivity and Emerging
Wireless Technologies

\MRe
Gerard James Hayes, Ph.D.

President & Founder
Wireless Research Center of North Carolina

11 March 2024
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Wireless Research Center
of North Carolina

Wpc  CORE SERVICES

Founded in 2010 to advance wireless communication technologies and foster
innovative solutions as a nonprofit, 501(c)(3) research and development center.
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Wireless Research Center

of North Carolina

N 500+ CLIENTS
\"RC  |N MULTIPLE SECTORS

%) .
<nD: = Aerospace » loT/Wearables » Public Safety
5 = Telecom = Energy/Industrial » Medical/Healthcare
o = Transportation » Government/Defense = Consumer Electronics
@ Homeland @ \~/
N @; 2%
O&"’Wsmov r}’“\* u. IR FORCI

& P
AERPAW NOKIA  scusic  (@bandwidth  Google Fiber

dvenced Wirciess

gsas el verizon’ T Mobile = AT&T
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Wireless Research Center
of North Carolina

e

Located near Raleigh, NC

23 employees

Unique, independent, 501c3
RF, antenna & wireless experts
In-house tools & test facilities
Agile, rapid & innovative

IP neutral

FCL: In-process (Q2, 2024 est.)

Contact:
wrc-nc.org
info@wrc-nc.org
(919) 435-1051
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Airport Connectivity and Emerging

Wireless Technologies

Use Case
Technology
Implementation & Architecture

Evolution and harmonization
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Airport Connectivity and Emerging

Wireless Technologies

Table 9. Wireless end users.

Wireless end user Can access wireless service via

Airport operator staff Public mobile carrier network
Private network offered by a mobile carrier to the airport operator
Private airporn enterprise network

Private airport critical network

Tenant staff Public mobile carrier network
Private network offered by a mobile carrier to the tenant or the airport operator

Private airport/tenant enterprise network

Passengers and other visitors or staff using personal Public mobile carrier network

devices . . . ;
Private airport/tenant consumer network (limited to guest services)
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Commercial Use Cases

Wireless parking and
electric vehicle charging

g a7

Wireless High-Definition
screens and information
kiosks

e

e Wireless seli-service

check-in kiosks

Balla

Mobile passenger
checkpoint

: q uk - 2} — °|:|
\EG I:' '(.D.II m ™ .e L R gEne
?‘: @ = =] 5] .- - e = .
N SR I
(
QO @
QiF t [=] (“) d?l
Mobile communications Dcoriciess eLucaﬂon-blud Mobile AR
for visitors preshesing visitor information wayfinding

Enhanced in-building
mobile carrier coverage

Figure 2. Passenger experience and commercial service use cases.

The National Acadenies of

SCIENCES + ENGINEERING  MEDICINE

TRANSPORTATION RESEARCH BOARD

AIRPORT
COOPERATIVE
RESEARCH
PROGRAM

ACRP



Operations Use Cases

o Wireless enterprise eﬁlmoﬂ staff radio e'h‘irolu-buad passenger o"‘“’"‘“ mingguiimncet (o) (¢
communications communications flow monitoring Wireless airfield sensaors ~
&

=& IR S 9 wisiessvacs () "%
CSR o RE-EE 50 g Pt

#%y W ¥y B WP

Wireless asset tracking, Wireless baggage Connectivity of Electronic Wireless Advanced euobﬂe AR for
monitoring and control tracking Flight Bag (EFB) or other Visual Guidance aircraft maintenance
aircrew mobile devices Docking System
{A-VGDS)

Figure 3. Airport/airline operations use cases.
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Airport Connectivity and Emerging

Wireless Technologies

i 0 O S & Airport
! operator
1 Staff
1

Internet :

Service '

Provider 1
'
1
1
i
1
]
1
1
K Tenant
H staff
: —
1

Mobile | | :

Carrier

J Airport or

Delegated Tenant
Entity

Visitors

Provision of service per deployment architecture
—* Public mobile network

Private enterprise/consumer network

— — —* Private critical network Distributed network

Figure 22. Relationship options for wireless connectivity among airport stakeholders.
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Airport Connectivity and Emerging

Wireless Technologies

WiGig
[, ) SR " e 5G
! 4G LTE Cat-1+
Wi-Fi 6 !
. Bluetooth  Wi-Fi ! AeroMACS
Mbps |- BLE Halow - oo ;
= i l
: ] 1
o : '
5 i 4G Cat M1 (LTE-M)
3 Rlghee | 4G NB-loT
o :
e :
’_

] RFID
Kbps | . TR

e | i

m Km 10s of Km
RANGE
Cellular Wi-Fi WiMAX Pan B pwan B0 LMR RFID/NFC

Figure 17. Comparison of range and throughput among wireless
technologies.
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Airport Connectivity and Emerging

Wireless Technologies

Table 3. Summary of wireless technologies.

Technology type Relevant technology standards

Cellular 4G/Long-Term Evolution (LTE). 5G
Wi-Fi Wi-Fi 4/5, Wi-Fi 6, Wi-Fi 6E, WiGig
WiMAX AeroMACS

Land mobile radio P25, TETRA, analog FM

Low-power wide-area networks (LPWANs) in unlicensed spectrum LoRa, Sigfox, HaLow

Personal area networks Bluetooth, Zighee, Ultra-wideband (UWB)
Radio-frequency identification (RFID) RFID, NFC
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Airport Connectivity and Emerging

Wireless Technologies

Radio Access Network (RAN) Core Network

[ IAB n
A G Evolved Packet
@ | Core (4G/LTE)
Macro cell n
D D ] Enterprise

Next Generation networks

o
D A ~ ———— Core (5G)
Small cell A

IT" Other Core ‘

Distributed Antenna - v Network User Equipment (UE)

S (DAS) - Mobile/wearable
ystem D

@ - Object

N Base Station
- eNodeB (4G/LTE E-UTRAN)

- gNodeB (5G NG-RAN)

Figure 8. Cellular network (4G/LTE and 5G) architecture.
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Airport Connectivity and Emerging

Wireless Technologies

Wireless Local Area
Network (WLAN)

Cellular/AeraMACS _. <%
. g
-
-
i -
B o

wDs/Mesh |

made '| Enterpﬂse
| networks
1 Campus/Wide
[ ,',' Area Network
Internet
<30l Fl:\ki Virtual LAN
SsID2
{guest Internet
E merpriﬂx’( \\Guest access only)

D D Wireless end device
[E] Wireless Access Point (AP)

Figure 11. Wireless LAN (Wi-Fi) architecture.
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Airport Connectivity and Emerging

Wireless Technologies

Access Service Network (ASN) _ Gateway /
Firewall

Core Service Enterprise
Network (CSN) networks

ﬁﬂgk
()

m
A Base Station
t::] Subscriber (Fixed)

D Subscriber (Mobile)

Figure 12. AeroMACS architecture.
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Airport Connectivity and Emerging

Wireless Technologies

n Microwave [ wired ﬁ
link Enterprise/
dispatch

center
Dlrect
communications .
E A Conventional
E or Trunked Gateway / Worarnbt
nEt":‘-”:'rk FII‘EW“ n
h E / I Public switched

telephone

E h Radio user groups using networks

separate channels

()

A Radio tower/console
('

A Radio repeater

Figure 13. LMR architecture.
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Airport Connectivity and Emerging

Wireless Technologies

Enterprise
networks

Campus/Wide
Area Network B Object

E:::J Concentrator/gateway

Figure 14. Unlicensed spectrum LPWAN architecture. Dashed colored lines show the connections
between an object and one or several concentrators/gateways.

The National Acadeinies of

SCIENCES + ENGINEERING - MEDICINE AC R P COOPERATIVE
Pvsd:-] et

TRANSPORTATION RESEARCH BOARD




Airport Connectivity and Emerging

Wireless Technologies

Served venue site

|
Private CBRS
Maohile network

carrier 1

Meutral host

Neutral Other private
wireless networks
{e.g. WLAN)

Maobile Host data Local Area
carrier 2 center Network

L |

Figure 21. Neutral host operating DAS shared between mobile carriers and private
cellular networks.
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Airport Connectivity and Emerging

Wireless Technologies

Throughput

Scalability o o COVErage
AN\ Wi-Fi
_ Low Cellular
Battery life latency - = [ MR
; AeroMACS
Location ) -
sccurcy g Mebily
Reliability
and
security

Figure 18. Comparison of technologies for mobile
user communications.

The National Acadeinies of

SCIENCES * ENGINEERING + MEDICINE

TRANSPORTATION RESEARCH BOARD

Throughput
Scalability Coverage
F) PAN
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Figure 19. Comparison of technologies specific to
automation and loT reliability and security.
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Airport Connectivity and Emerging

Wireless Technologies

Table 12. Summary of wireless connectivity maturity framework.
Wireless
maturity Corresponds to airport
level Main capabilities digital maturity level
0.0 & Still improving wideband internet access at the facility. Airport limited to managing operations  1.0/20
Initial and real estate, not concerned with connectivity. Operations mostly analog.
o Users connect to ISPs and mobile carriers directly; set up their own wireless infrastructure at f"'ilh SOMme process
offices and key locations (e.g.. MRO). improvements in SP‘_EClﬁC
¢ Heterogeneous coverage and capacity across facilities. airport areas (e.g., kiosks).
1.0 @ High-speed. secure access via the airport's private network for guests and staff across the 30
Essential terminal. Cellular coverage with at least low capacity in the entire area. Initial digitalization
® Basic tactical communications for staff and first responders in the airfield. focused on the
¢ Low-volume sensor networks for smart building and health tracking. enhan.cemem :f passenger
® Aijrport operator has some IT resources, performs limited spectrum management, and has Z;]::::ie:;:' ‘::e :jg::s
commercial agreements with wireless providers. the improvement of
20 ® Improved capacity and reduced latency for more stringent wireless applications: increased perfon_'mnce and
Enhanced reliability at critical locations. rgducuon of res.p.ur.lse
® Agreements with mobile carriers for high-capacity cellular coverage in the entire area. Limited times for processes.
cellular/Wi-Fi roaming with specific mobile carriers; dedicated planning for dual network
optimization depending on zone usage.
& Airport offers managed wireless services and initial IoT for the reliability of operations.
30 o Centralized wireless platform, auto-adjusting for variable capacity and security. Comprehensive 4.0
Mature cybersecurity planning. Full digitalization
# Decreasing wireless cost improves financial flexibility. Offers tailored wireless service and involving all stakeholders;
scaled-up capacity. targets Cross:platfonn
e Federated roaming. user interoperability between networks. and integrated authentication. Most |mplemenlano_n5 ED h.c.rr.l
. - common applications:
airport and tenant applications moved to the cloud. targets efficiency and
# Expanded IoT for reliability and smart building efficiency, cloud-based management. revenue generation by
4.0 e Large-scale loT, big data management, and airport-wide Al cemml]zal]_on ‘_3f fesaurees
Visionary ¢ Cloud and edge applications for varying data and safety requirements. Edge data centers in the jnd fonwl.:_danon of
. N ) o igital service offerings.
airport for high-capacity . low-latency safety applications.
& With full network interoperability. the user has a completely seamless experience and expects
total ubiquity and performance. Network includes a high variety of users, including automated
maohbile things (robots, vehicles).
o Novel revenue streams allow airports to commercialize wireless capacity as an asset in numerous

ways, become a communications hub orchestrating data (smart city ). and seek new commercial
formulas and legal agreements.
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Airport Connectivity and Emerging

Wireless Technologies

Wireless technologies and use cases

Neutral host runs
enterprise or venue-
owned network

4.0 Ubiquity, cloud & edge
Full network interoperability

Ail’pOl’t 4.0 VI Sionarv Emerging revenue streams

(full
digitalization)

3 U User interoperability
: Integrated user & loT communications
Mature Tailored wireless services offering

PRIVATE
NETWORK

2 0 Consistent wireless coverage
7 Improved reliability for user communications
En hanced Managed wireless services offering

]_O Limited airport wireless resources

- High-speed guest connectivity
Essentl al Basic airfield coverage

Maobile operator
sharing network as
a neutral host

Mobile operator
running private network
for enterprise or venue owner

MOBILE OPERATOR’S
PUBLIC ACCESS
NETWORK

No consistent wireless
connectivity across
facilities and users

Aurport 1.0°2.0 . HoXoJBITEE]
(analog)

Figure 20. Wireless deployment models.
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Other Events for You:

March 21, 2024
TRB Webinar: PFAS Source Differentiation at Airports

March 27, 2024
TRB Webinar: Wrong-Way Driving Solutions Handbook

https://www.nationalacademies.org/trb/events
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TRB Weekl

Subscribe to the newsletter for the most recent
TRB news & research:

https://bit.ly/Resubscribe TRBWeekly
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Get involved with TRB

Receive emails about upcoming webinars:
https://mailchi.mp/nas.edu/trbwebinars

Find upcoming conferences:
https://www.nationalacademies.org/trb/events

3 @NASEMTRB
] @NASEMTRB

m Transportation Research Board
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https://www.linkedin.com/company/transportation-research-board-of-the-national-academies/
https://twitter.com/nasemtrb
https://twitter.com/nasemtrb
https://www.facebook.com/NASEMTRB/
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Get Involved with TRB

Be a Friend of a Committee bit.ly/TRBcommittees
= Networking opportunities
= May provide a path to Standing Committee membership

Join a Standing Committee bit.ly/TRBstandingcommittee

Work with CRP https://bit.ly/TRB-crp

Update your information www.mytrb.org

Getting involved is free!
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http://www.mytrb.org/

T 390.° © Toee
TRB 103rd .,

ANNUAL MEET NG ot TV

On January 7—11, 2024, join the single largest gathering of transportation
practitioners and researchers in the world. Register today!

www.trb.org/AnnualMeeting
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https://www.nap.edu/trb/podcasts/

Get involved with ACRP

1. Join the ACRP
IdeaHub
community

2. Volunteer for
a project panel

3. Prepare 3 Visit us online:
CooPERATI research
ACRP PROGRAY proposal www.irb.org/ACRP

4. Answer an
ACRP survey

5. Apply the
research
results
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http://www.trb.org/ACRP

Other Ways to Participate

Become an Ambassador. Ambassadors

|
dCRP represent ACRP at events and conferences

across the country!

AMBASSADOR
Sponsor or become an ACRP Champion. The
il champion program is designed to help early-
WCRP to mid-career, young professionals grow and
excel within the airport industry.
CHAMPION
@ Visit ACRP’s Impacts on Practice webpage to

GCR submit leads on how ACRP’s research is being

applied at any airport. Visit us online:
www.trb.org/ACRP

IMPACTS ON PRACTICE
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http://www.trb.org/ACRP/ACRP.aspx

ACRP Recorded Webinars

ACRP

WEBINAR

Have you missed a past ACRP webinar that you wish you
could have attended?

No worries! All ACRP webinars are recorded and posted to
TRB's website for viewing at any time.

There are over 100 webinar recordings on a variety of
aviation topics available to you at:

https://www.nationalacademies.org/events
Select “Past Events” tab and search for “TRB Webinars”.
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