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Scope

. Create a structured, flexible, adaptable, and scalable framework for applications and services.
. Caters to different localized stages of priorities, resources, and technologies across geographical,
political, and cultural boundaries.
. Align functions within and among ecosystems for a coordinated response.

Strategic
Vision

7

Governance

Second Edition to include:

‘ ) Smart Cities | - Additional depth and breadth of First Edition topics
/ Roadmap \ * Ecosystem function extension beyond smart cities
' + Key Technology Components - Access, Service Delivery, Operations

& Customer Management, Interoperability

+ Use Case Categories - eMBB, mMTC, URLLC, and Network Operations

Enhancements
* New ecosystems - includes Agriculture, Education and Entertainment
« Cross-Ecosystem Touchpoints

‘ ‘  Key Performance Indicators (KPIs)

pontextual ‘ Privacy ‘ - Standardization Landscape - includes PAR 1950.1 (Smart Cities
— O — framework)
" + Scenarios -Pandemic and Disaster Planning, Smart Cities/Regions, etc

‘ Funding ‘

Ecosystems Addressed in Edition 1

Securi A\ Public Safety Trust
iy @ Healthcare

Transportation Electrical Power

Water Distribution and Wastewater Treatment / '

| OpenData | —
Strategy

Subsequent editions to address additional ecosystems such as Financial Systems, Smart Buildings, Waste Management, etc

&IEEE i i
Future Enabling 5G and Beyond | FutureNetworks.ieee.org/roadmap
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10-year Vision

Sustainable Interconnected
Ecosystem of Ecosystems

Economic Development

S —

Quality of Life

Attractiveness

Local, Regional and
National Objectives

Sustainable Interconnected Ecosystem of Ecosystems Framework

-

Strategic Alignment Among Ecosystems
Cross Ecosystem Touchpoints

\

Enablers, e.g. Al

Health Care . weliness and
Outpatient
Continuum OM gl

Public Safe
Continuum of Prevention
Recoy

Urgent Care General Regional Specialized
and Clinics Hospitals. Hospitals. Hospitals
Future Networks
Protection Mitigation Response Recovery

Future Networks

nsportation "\ singie Mode (SM)
I Mobility Aeee= ! Exit

I ———

Utilities
Supply Chain > Generation
Framework

SM Multi-Level  Inter-Modal Transfer  SM Multi-Level
(Transfer Points) oints (Transfer Points)

Future Networks

Market Transmission Distribution

Ecosystem Alignment

Single Mode (SM)
Access / Exit

e —

End User

Access, Service Delivery, O,

Cross Ecosystém Touchpoints

Future Networks

& Service

Network

Cross Ecosystem Touchpoints

Ecosystem Alignment

Other Impacted Ecosystems Incude:

y

Education, Financial, Agricultural, Retail, etc

Agriculture (new) - food
supply chains

Education (new) - students
Electrical Power - electrical

power supply chain

Entertainment (new) - arts,
gaming, media, music, sports

Health Care - wellness and
patients / continuum of care

Public Safety - events /
continuum of recovery

Transportation - physical
multimodal/intermodal mobility

Water Distribution and
Wastewater Treatment -
water inflows/ outflows

PRI

<

«dissemination of best practices including precision farming, food supply source and
inspection stations, rural development and environmental preservation

-extrinsic and intrinsic learning achievement for different types of intelligence traits, learning
styles, and learning rates

esupport the forward and reverse market generation, transmission, distribution, and
consumption

sdevelopment, distribution and consumption of arts, gaming, media, music, sports

ewellness / outpatient monitoring, local clinics, general / regional hospitals, specialized
hospital centers (e.g. trauma centers, pediatric hospitals)

ePrevention - increase awareness and readiness level

+Protection - detect and identify threats

+Mitigation - improved situational awareness and decision making

eResponse - tactical assets and technological capabilities

eRecovery - planning, tactics, and operations before / after events

eRoadways - primary, secondary, and arterial roads

eRailways - heavy and light commuter rail, freight lines

eAirways - public and private airports, personal air transportation system
eWaterways - ferries, cargo ships, small vessels

eMicro mobility - pedestrian, e-scooters, etc

esupport the forward and reverse market production, distribution, and end user consumption

Applications and Services WG - 2nd Edition Ecosystems

Applications and Services are contextualized within ecosystem frameworks

. Ecosystems = Industries (similar products and services) = Firms (may participate in one or more industries/ecosystems)
. Each ecosystem has a different development rate.
. The Sustainable Interconnected Ecosystem of Ecosystems Framework includes:

1. Ecosystem of Ecosystems Perspective

2. Technology and Networks Perspective

3. Standards and Performance Perspective

International Network Generations Roadmap| FutureNetworks.ieee.org/roadmap




—— Artificial Intelligence (AI)

Top Needs for 10-year Vision

eIncludes assisted (repeatable tasks), augmented (new use
cases requiring business model changes), and autonomous
(requires a high degree of trust)

Funding and Investment

oCities should develop a portfolio of funding that includes multiple
government and private sources

—— Connectivity and the Digital Divide

eConnectivity should be viewed as the fifth utility and it is
needed to bridge the digital divide.

eAccess to mobile communications also increases the potential
for local economic development and access to services.

Governance Models

eIncludes integrator vs market-based deployment models, data
governance model, policy development, stakeholder
engagement

—— Contextual Data Models

eEcosystem specific data models to enhance the data economy
or the monetization of data. It includes core network data
accounting, data model frameworks including ecosystem
specific data, and compatible and consistent semantics
(interpretation of data) and KPI definitions.

Multi-tiered security

eNetwork, device, data and users may need different levels of
security to support mission critical, shared, dedicated or non-
critical applications.
eAllowances should be made for users that do not wish or do not
have the means to participate in applications or services that
request user identities.

—— Digital Twins

Spectrum

eIncludes globally harmonized spectrum, ecosystem specific
spectrum, and dynamic spectrum sharing capabilities

oCreate a digital version of processes, products, services,
people, places, things to analyze and monitor systems for
operations, maintenance, and future improvements.

Trust and Privacy

eSupport the needs of a complex stakeholder mix. Alternatives
such as psychometrics, anonymized group, etc. data may be
used in lieu of user specific data and facial recognition. It may
be necessary to decouple access from identity.

Enabling 5G and Beyond | FutureNetworks.ieee.org/roadmap




Challenges and Solutions to Meet Needs

1. Ecosystem of Ecosystems Perspective
2. Technology and Networks Perspective
3. Standards and Performance Perspective




1 - Ecosystem of Ecosystems Perspective

Single Ecosystem View - Develop/Align Ecosystem Stages (New/existing ecosystems)
« Each ecosystem should have an informational supply chain context and/or specialized focus.

Multiple Ecosystems View - Define Cross-Ecosystem Functions
- Identify and address cross ecosystem touchpoints, e.g. EV charging and electrical system load
- New business models may emerge - industry lifecycle stages, i.e. Introductory, Growth, Maturity and Decline stages

Localized View - Local capabilities and constraints
« The framework needs to be
« Structured, flexible, adaptable, and scalable.
» Extensible across end-to-end ecosystems
« Dynamic to address different stages of priorities, resources, and technologies.
» Broad to address end-to-end ecosystems that may span geographical, political, and cultural boundaries.
» Practical and easy to use. Scenarios will be provided to assist with pandemic and disaster planning, smart cities/regions

Alignment within ecosystems - each activity is consistent with the overall strategy, e.g. rmm—

connecting people, places and things in ecosystem(s) T TH I ILCLITTCUPTTEPPPIRPN AR winn. Framework X i .
) .'"-.._.. . Q/“/
N ""-..._. . c— -Cross Ecosystém Touchpoints ~ *
Alignment among ecosystems — connected ecosystems complement each other, — - — ey, o = = 1 2= - b - .
e.g. coordinated public safety, health care, transportation ecosystems .S .o . . Future Networks .
) 1=:n. . _' "_ ‘roess Service Delivery, Operaﬂons& Service Managemem Network [nteroperability
\ e -
Optimization of ecosystems — “smart” coordination & information exchanges across —_— i * By CrossEcosystam Touchpalnts o
ecosystems that are geared towards economic development, quality of life, and ) ﬁmm
attraction & retention of residents, businesses, and visitors. X s .
Ecosystems Other Impacted Ecosystems Incude:

Transportation, Education, Financial, Agricultural, Refail, etc

Enabling 5G and Beyond | FutureNetworks.ieee.org/roadmap




2 — Technology and Networks Perspective

User Experienced Data Rate (Mbps) Traffic Density (Gbps/km? or Gbps/vehicle)

500 L4 7500 @ Crowd
Indoor Hotspot

Technology and Networks
View - Technological
Convergence

+ Combined 5G and non-5G

networks (e.g. fixed, other

¥ High User Experience Rates targeted for Indoor Hotspot
&, Greater UL than DL User Experienced Rates for Crowds
» Similar User Experienced Rates for Urban, Rail, Auto, & Rural

sooo ® High traffic densities
* Greater UL than DL overall area capacity targeted for crowds

UL Experienced Data Rate (Mbps)

UL Traffic Density - Gbps/km? or Gbps/vehicle

bil tellite, Wi-Fi) 20 » Large overall area capacity needed indoor hotspot
moblle, satellite, Wi-Fl o ke 2500 indoor Hotspot
= . cmoWd - Rat ® D Urb: *
Functional Requirements o e O | urban
View - Use Case Categories Ajreraft 150 200 300 400 500 600 700 800 900 1000 'AUt: Dense Urban
and Deployment Ol Experiencedpata fate (Mbpe) ’ g_a“ © et 2500 5000 7500 10000 12500 15000
Assumptions Airerat DL Traffic Density - Gbps/km? or Gbps/vehicle
: G;stsg’ t:qelvquéedngg\:vgmBB' 5G Drivers: high data rate, low latency, connection & traffic density, reliability, position accuracy, mobility
I I
operations enhancements, E2E Latency (ms) Traffic and Connection Densities per km?
and associated technology 100 B 100000 | Motion Control ~ ®
enablers. 55 Control Seoth . Discrete automation

80 0
* Generally low to moderate user experienced rates, e.g.

automation
0 . . . .
* Very low latency is essential, e.g. tactile internet
0

Network Subsystem View -
Key Network Component
Functions and Innovations
« Access (e.g. RAN)

« Service delivery (edge/core

Generally limited to smaller areas with a

smaller or restricted set of users
0 Automation - Monitoring

30 -
. Med Voltage Electricity Distribution

User Experience Data Rate (Mbps)

Connection density (users per km?) )
o
8
8

i i - High Voltage Electricity Distribution-
Seerces) * ?:nm:m: Rndetia it Med Voltage Electricity Distribution 20000 |- /. 1Ts backhaul
ontrol  * /
i ofe ° ° . e ° 10000 @ . High Voltage Electricity Distribution
« Operations and customer @ iicretoautomation Automation-  Automation - Remate Control
su p pO rt o lgractileinteraction , rs ackhaul Manitaring_e 5 .
0 5 10 15 20 25 30 35 40 45 50 0 100 200 300 400 500 600 700 800 200 1000

* Network interoperability E2E Latency (ms) s IS inseraceion Traffic density (Gbps/km?)

. Remote Control




Technological Challenges and Solutions (5G Network
Operations Enhancements )

Connectivity models

5G LAN-type service

Context aware network

Critical medical applications

Cyber-physical control applications in vertical domains
Dynamic policy control

Energy efficiency

Ethernet transport services

eV2X aspects

Extreme long-range coverage in low density areas
Flexible broadcast/multicast service

Markets requiring minimal service levels
Messaging aspects

Minimization of Service Interruption

Multi-network connectivity and service delivery across operators
Multiple access technologies

Network capability exposure

Network Slicing

Non-public networks

Priority, QoS, and policy control

QoS Monitoring

Steering of roaming

Subscription aspects

UAV Aspects

Video, imaging and audio for professional applications




3 - Standards and Performance Perspective

Metrics — Key Performance Indicators (KPIs)

- Define different types of KPIs that enable easy comparisons

+ Techniques such as Multi-Actor, Multi-Criteria Analysis
(MAMCA) for the analysis of alternatives and choices from
the perspective of different groups of stakeholders and

judgement criteria.
e This may help shape strategic and policy initiatives

Standards View - Standardization Landscape and Vision

» Proactive view needed to accelerate economies of scope and
scale

« Identify standards and more importantly, the lack of
standards

Note - P1950.1 (Communications Framework) initiated based
on first edition.

Metrics and Standards enable economies of scope and scale

i -

Future
NETWORKS

: Large Cities

Smart City KPI Example Mori Foundation — Global Power City Index (GPCI)

Functions - Economy, R&D, Cultural Interaction, Liveability, Environment

and Accessibility.

Stakeholders - Managers, Researchers, Artists, Visitors and Residents.

* Criteria and metrics are helpful for harmonizing global
performance measurements

* Smart Cities and non-urban areas may use a combination of
common and area-specific KPIs as needed.

&
foee
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Transportation Ecosystem Example and
Pandemic Planning Scenario




Transportation Ecosystem Example

Intra Ecosystem Alignmént (Transportation Example)

Technology Innovations, e.g. connected vehicles

Traffic management, e.g. traffic lights (brown
dots), congestion management, HOV lanes,
reversible lanes during rush hour, transit
signaling priority,

Intermodal transportation efficiency, e.g. roads
(gray lines), rails (blue lines), Includes public
transportation, bike lanes, etc

Inter Ecosystem Alignment

R/
*

R/
*

*,

R/
*

o
*

Parking assistance for high traffic areas,
Car free zones (personal) for specific areas

Access and convenience to commercial,
residential, government, and points of
interest locations.

Smart Buildings (buildings and
transportation are major contributors to
CO2 emissions)

Transformation Includes Technology and Networks Perspective

and the Standards and Performance Perspective

11

Ecosystem of Ecosystems Governance (City Objectives)

o,
°n

Land Use - Parking area conversion (red polygons)
with adoption of connected vehicles

= Population and Building density focus
Access to physical mobility and alignment of

services, e.g. workforce transportation to job
centers
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5G Enabled Transportation Innovations

e eV2X — vehicles platooning, advanced driving, extended sensors, and remote driving.

Roads o . o : :
¢ Non-Critical Vehicle to Network Communications — maps, traffic updates from a centralized source, etc.
e Train control and maintenance - railway emergency call, functional addressing, location-based addressing, etc
Rails e Operational support —information for train operations personnel on day-to-day operations, etc

¢ Bulk data transfer —CCTV archives from Train to Ground, multimedia from ground to train, massive Inter-
carriage data transfer, etc.

e Satellite and airborne base stations — ship-to-shore, ship-to-ship, and intra-ship communications.

Maritime ¢ Network connection and service continuity —vessel identification, multi-access and seamless mobility, warning
notification and emergency request, etc.

e Public & private airports, personal air transportation systems such as urban air mobility (UAM) - High
Air Altitude Platforms (HAPs) such as Unmanned Aircraft Systems (UAS) and tethered UAS, Lighter than Air UAS
and Heavier than Air UAS.

¢ Pedestrian and micro mobility — Pedestrian and Bicycle, Pedestrian in Crosswalk Warning (PCW), Bicycle

Micro mobility warning systems, Electric scooter and pedestrian collision avoidance systems, etc

‘F‘u't!u"g' Fe
NETWORKS



COVID-19 cases and vehicular traffic for selected roadways (CONUS Q1 2020)

Figure 2. Comparison Among Confirmed Coronavirus Disease 2019 Cases Per Capita, Median of Individual Maximum Travel Distance, and Median Home Dwell Time
From March 11and April 10,2020

1.00 - 25.00 1-25 [A] confirmed cases
25.00 - 50.00 25-50
50.00 - 75.00 50-75
75.00 - 100.00 75 - 100

[ | 100.00 - 20000 100 - 200
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1000.00 - 9999
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[B] Median maximum travel distance

JAMA Findings

. Data from 45 M mobiles
Virus infection drivers include population density, surface / Median travel distance
building density, intermodal transportation mobility, etc e

Stay-at-home

Distance, km
[oto338
[0>3.3810687
>6.87109.89
W>os9t01451
W >1451t0684.76

March 11th April 10th

[€] stay-at-home dwell time

variation).

. COVID-19 spread
significantly after stay-at-
home orders enacted.
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[ >799.49 t0856.61
I >856.61101185.02

April 10th

April 15, 2020
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Applications and Services WG Stakeholders

Internal Stakeholders External Stakeholders

IEEE Future Networks INGR Working Groups °
» Applications and Services

« Artificial Intelligence & Machine Learning °
+ Connecting the Unconnected
* Deployment °

» Edge Automation Platform

« Energy Efficiency

+ Hardware .
* Massive MIMO

» Millimeter Wave and Signal Processing

* Optics .
+ Satellite

» Standardization Building Blocks

» Security °
* Systems Optimization

+ Testbed

Academia: Technological innovations and access to education—
Universities, colleges, K-12

Government: Multi-tiered governance structure—federal, state,
county, municipal, and local government entities

Industry: Organic clustering of commercial interests within
ecosystem(s)—firms, workforce development, end-to-end supply chain
vendors and service providers, clusters /business districts

Investors: Innovation, access to talent, high-tech industry clusters,
density, wages and income, and openness and diversity—Innovation
and Green Fund Investments

Residents: Economic development, attractiveness, quality of life—
ease of transportation, access to health care, utilities, public safety,
sanitation services, etc.

Standards Development Groups—global standard creation and
adoption, e.g. IEEE, Internet Engineering Task Force (IETF), 3GPP, etc

Key Contributing Working Group Members

 Fawzi Behman *  Pramud Rawat « Souma B. Wanta
* Frederica Darema  Narendra Mangra « Thomas Olsen

Enabling 5G and Beyond | FutureNetworks.ieee.org/roadmap




Summary

Applications and Services and Ecosystem Framework

- J

eApplications and services may be contextualized through an ecosystem framework
eFirms - Industries > Ecosystems

oA sustainable interconnected ecosystem of ecosystems is needed to address thee needs of a diverse
stakeholder set

eFach ecosystem has a different development rate and local areas have different sets of capabilities and
constraints.

Applications and Services Roadmap Development }
eKey interdisciplinary areas of interest include IEEE INGR Applications and Services WG
eIntra / Inter Ecosystem Functions First Edition -https://futurenetworks.ieee.org/roadmap

eTechnology and networks
eMetrics and Standardization Landscape
eVarying Levels of Innovation, Capabilities and Constraints at the local level

eRefer to First Edition for details on Electrical Power, Health Care, Public Safety, Transportation, Water
Distribution and Wastewater Treatment, and Smart Cities Framework

WG Participation — 5GRM-appssvcs@ieee.org

Roadmaps and Identification of Positive and Negative Risks }

eRoadmaps such as the IEEE INGR may help to mitigate negative risks and pursue positive risks (opportunities)
e\/olunteers are welcome to join the Applications and Services WG roadmap development effort
eApplications and Services WG interdisciplinary scope includes a number of diverse topics and skillsets.

Enabling 5G and Beyond | futurenetworks.ieee.org



https://futurenetworks.ieee.org/roadmap
mailto:5GRM-appssvcs@ieee.org

Get involved!

5GRM-appssvcs@ieee.org

QUESTIONS?

IEEE INGR Applications and Services WG
® Roadmap Details

https://futurenetworks.ieee.org/roadmap

® Applications and Services WG Participation —

5GRM-appssvcs@ieee.org

Enabling 5G and Beyond | FutureNetworks.ieee.org/roadmap
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International Network Generations Roadmap
(INGR)

An IEEE 5G and Beyond Technology Roadmap

Applications and Services
1 Edition

FutureNetworks.ieee.org/Roadmap
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Ecosystem References




Wireless Connectivity & Transportation Interoperability

Multimodal / Intermodal Transportation

Aerial / Satellite

Standards under
development

3

Roads - includes primary, secondary, and arterial roads.

®  Advanced Traveler Information Systems, Road Weather,
Intelligent Traffic Signal Systems, Reduced Speed/Work
Zone Warning (RSWZ), Incident & Emergency Management,
Commercial Vehicle Applications, Agency Data Applications,

® eV2X features include vehicles platooning, advanced driving,
extended sensors, and remote driving.

Rails - includes heavy and light commuter rail, freight lines.

" Networks

Physical Mobility
& Transpoirtation
as a Serviilte

& Train control services, Maintenance services, Railway Mobi
specific services (e.g. Railway Emergency Call, functional obl e.
addressing, and location-based addressing), Other services Terrestrial
(e,_g, provid?ng lrain.crews nr_lrain _drivers w?lh_inforr_*natinn of Networks
train operation and interworking with the existing railway
communication systems)

® Bulk Transfer of CCTV archives from Train to Ground, Bulk ad
transfer of multimedia from ground to train, Massive Inter- 1t Backt®
carriage data transfer e

Waterways — includes ferries, cargo ships, small vessels.

Cellular

o Satellite and airborne base stations may be used to provide
service for ship-to-shore, ship-to-ship, and intra-ship
communications.

® Network connection and service continuity, vessel
identification, multi-access and seamless mobility, warning
notification and emergency request.

Airways — includes public and private airports, personal air

transportation systems such as urban air mobility (UAM).

* High Altitude Platforms (HAPs) including Unmanned Aircraft
Systems (UAS) and tethered UAS, Lighter than Air UAS and
Heavier than Air UAS.

.

Pedestrian travel — local city squares for easy pedestrian

access. Pedestrian & Bicycle, Pedestrian in Crosswalk Warning

(PCW) and Bicycle

Charging |
[
* E Depl bl Additional Ecosystems inc:
E eployables « Water & Wastewater
# Treatment
D2D Sensors \;}\’-___ « Agriculture
i + Education

Public Safety| e.g.
EMS response
Connected Véhicles,
e.g. Ambulantes
Smart Grid, elg. EV

Wireless Mobility — Radio Access Network (RAN)

EEE

Future
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Satellite
Gateway

Internet

Geographic information systems (GIS)

Dedicated Transpcrlation-Network

Infrastructures
Mobile Data Network, " :
e.g.Cellular,P25LMR "~ ~— T T T T —— —— —
MobiléMo-
= Enterpris: .
~ Network = Smart Buildings
> CEIEENRY Vo Indoor transportation to be
N N discussed within Smart Buildings
\ '
Pedestrian » ~
Water Transport Rail Transport ~

/ Liquids / Gases
ﬁg Pipelines as a transportation
Fars infrastructure treated within
Air Tra:sapon associated ecosystems
Transport

Multi / Inter Modal Infrastructure

Edge/Core Network, OSS/BSS, and Transportation Ecosystem

What capabilities are needed to
support the physical
transportation infrastructure
modes?
Roads
Rails
Maritime
Air
Pedestrian / Micro Mobility
What are the main drivers?
Physical Infrastructure
Public, private travel access points
Intramodal and Intermodal
transfer points
How do we translate the needs
into technical requirements?
eMBB
mMTC
URLLC
Network Operation
Enhancements
What is the roadmap vision?
Access
Service Delivery
Network Operations & Customer
Support
Network extensions



Healthcare Ecosystem — Continuum of Care

A . How does a city optimize the
Aerial / Sateilite Key Technology Benefits yop

. ‘|Networks « Quality of Life interconnected ecosystems?
= =" - : . E_mergency Preparedness . Healthcare
— Deployables | « Situational Awareness .
0 * I « Incident Response S Public Safety, e.g EMS
© | * Multi-Jurisdictional Coordination . T tati ted
— Ruamemge:gz& . EMS—\‘{/- : «  Patient Zero Investigation ransportation, e.g. connecte
8- @ & o | , .+ Patient Monitoring & Preventative Measures ambulances
N Police Fire | % e L. )
o Health Information Exchange ATEEETy | Satelie 5 . Electricity, e.g. smart grid for EV
ateway .
Fy «  Electronic Health Record (EHR) . . ! - chargin
- « Inventory Management System Mobile Terrestrial : «  Computer Aided Dispatch (CAD) ) Internet ) ging )
o Networks | « Electronic Patient Care Record (ePCR . ° Agrlculture, e.g. dlseaseS,
— P < | « Geographic information systems (GIS) . B an.ns a
- Rural Health Centers o Mobile Health |« Practitioner Mobile Devices and Apps - i 0 Smart Buildings, e.g. hospital
— o | * Practitioner Diagnostic Devices o L a
= Shiuta, Backna,, | * Telemedicine . Co des Ign
et e | o . a . . 2
E | _+ Health Information Exchange (HIE), ¢ What are the main drivers?
Mobile Data Network, . e.g. HL7, FHIR C
i * ey — — — oL 0 Contextual data models
I cellular N T T e = — . .
Medical Transport D t\\ . ° Peracy & SeCUrlty
jobile-to-\ . . . ey
o3 P . Publcsay.es. N\ Enterprise \ * Regional Hospi . Communications capabilities
s e Network . Centers, etc. .
> . EMSresponse | Connectivity V\  egica WiFi / Medical Body Area 0 How do we translate the needs into
"~ ¢ Consumer Medical Monitoring e.g. Ambulances : \raneport h Dt S technical i ts?
> 5 : i : | _ echnical requirements?
= e mc‘\;dl;r]g wearsbles * SmartGrid, e.g. EV | \ e Electronic Health Record (EHR)
e} : Sggizt\”r{]ni:jiao ile Hea pPs Charging | Pharmacies \\ . Inver_wtqry Management System ¢ eM BB
2 << " I Sk, ;o - mMTC
J . ma uldings

¢ Deployables * é Additional Ecosystems inc: .'I:gﬁ & \ﬁ ° URLLC

|  Water & Wastewater Hospitals .
8 I ews p2simr isiiae R WiFi / Medical Body Area ° Network Operation

S . griculture Networks (MBAN|

7)) E EMS Response uﬁ Pcr:e e Education Offices  Home Care < 50 ) Enhancements
@ 25 E> e ; What is the roadmap vision?
B o Sensors Public Safety : *  Access
— Wireless Mobility — Radio Access Network (RAN) Edge/Core Network, OSS/BSS, and Healthcare Ecosystem ¢ Service Dellvery
E g *  Network Operations & Customer Support




Wireless Connectivity & Public Safety Interoperability

Public Safety Ecosystem

Aerial / Sateilite
" \Networks

=
>

|

I

|
Prevention — technologies and processes to increase awareness * I
and readiness level |
|

|

|

'

- . - EMS
® Active and passive surveillance e.g. sensors , etc. o 22
®  Public Information and Warning. 2 w

— tech and pr to detect and identify Police Fire

threats Public Safety Satellite
® Access Cer!lrol and Identity Verification i Gateway
® Cybersecurity
e Risk Management for Protective Programs and Activities Public and P riv::!te Computer Aided Dispatch (CAD) Internet
®  Supply Chain Integrity and Security n H > 4 F
® Coastal and riverine flood modeling to forecast flooding, high Mobile Terrestrjal . Geographic information systems (GIS)

winds, and dangerous maritime conditions Networks |

and enable decision making Public Safety Jurisdictions,"Command

|
Mitigation — technologies for improved situational awareness |
® Hazard resilient buildings, materials, and infrastructure Ce.rlu.ra ]

e Reliable and localized information on climate change \\r_sjfﬁij"" Fe.ib.'ic Structure, and Cross F”"C"F’“a'?"‘]efgemv,
® Improve communication and incentive structures to N“'Wo s Support, and Recovery Fu nqtlons

encourage communities and business mitigate risk | Mobile Data Network, . : .

- Cellular | e.g. Cellular, P25 LMR N T T = —— .

Response — tactical assets and technological capabilities | @ @ o — —
e Diagnose conditions and protect public health and safety. | o ,.,5‘55\\55\ _ \
s  Deployables in multiple form factors to provide timely and | 5""5‘\%" N\ EMOb"e"_W'\ N

relevant information for situational awareness (C’ nterprise \ -
® Communications capabilities across platforms and teams g.@o RF SubSystem N Network s .cr_?ss Funcﬂopal Teams

r

® Force multipliers to increase the effectiveness of incident ) (RFSS) SRS Sy form different ecosystems

responses, e.g. assistance related to remote driving, Q{@ \ \ 3

available expertise across geographies, and telemedicine. : \
Recovery — timeframe before and after an event (typically years) > :;;I:}Iz::fety, -9 EMS o ti | Faciliti \\ Qman Buildings

. ey B perational Facilities
® Enable response-to-recovery transition activities . « Connected Yehicles, A Incident Facilities, inc Mobile \ K
® Post response environmental impacts and health™gffects e.g. Amkulances Command Centers \ o
e Smart Grid, e.g. EV Area Command,
| * Charging Emergency Operations Center Geopolitical Jurisdictions
(EOC), Multi-agency andLocal

Deployables 3
5

EMS p25/LMR coordination group (MAC

Additional Ecosystems inc:
Group)

Interoperability, inc Mutual Aid

e 5 c2 *  Water & Wastewater * Local Control
E "’ Palice Treatment * Identity Credential and Access
* ) Fire « Agriculture Management (ICAM)
E e  Education
Sensors Public Safety

D2D |
Wireless Mobility — Radio Access Network (RAN)

Public Safety Ecosystem - Continuum of Recovery

Edge/Core Network, OSS/BSS, and Public Safety Ecosystem

What capabilities are needed to support the

different continuum of recovery phases?

*  Prevention

*  Protection

*  Mitigation

* Response

*  Recovery

What are the main drivers?

*  Geopolitical

*  Tactical command structure

*  Number of first responders

*  Duration

* Inter ecosystem alignment (Cross
Functional Emergency Support and
Recovery Functions)

How do we translate the needs into technical

requirements?
* eMBB
* mMTC

* URLLC

*  Network Operation Enhancements

What is the roadmap vision?

*  Access

* Service Delivery

*  Network Operations & Customer Support
* Network extensions




Wireless Connectivity & Utilities Interoperability

Electrical Power - Supply Chain Framework

Aerial 7 Satellite

Standards under
development
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Electrical Power (Supply Chain
Management Framework / SmartGrid)

Generation - including renewables,
decentralized industry shift

Market - including decentralized industry
shift, spot pricing

Transmission - including large & small
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Utilities (Electrical Power Ecosystem) — Supply Chain Framework

Note —

Water Distribution and
Wastewater Treatment may
also use an end-to-end
supply chain management
framework




Electrical Power Ecosystem

Generation { e includes renewables, decentralized industry shift

Market { e includes decentralized industry shift, spot pricing

systems

.. e Includes large- and small-scale transmission
Transmission

Distribution { e bi-direction electricity supply, e.g., renewables

End User { e customer as buyer and/or seller, including of EVs

IEEE INGR Applications and Services WG Roadmap Details

https://futurenetworks.ieee.org/roadmap



https://futurenetworks.ieee.org/roadmap

Water Distribution and Wastewater Ecosystem

Production {

/"
Market <

-
—

Distribution <

\
End User {

¢ |Includes movement towards unified facilities

e Includes cellular and satellite based platform with
message queuing telemetry transport (MQTT), and
other standardized protocols, and cloud services.

e Includes monitoring at intermediate distribution
points for leak detection. Movement towards
virtualization and more cloud based systems

e Includes smart meters, remote metering and other
low throughput applications

IEEE INGR Applications and Services WG Roadmap Details

https://futurenetworks.ieee.org/roadmap
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