IEEE SA

STANDARDS
ASSOCIATION

A TRANSDISCIPLINARY FRAMEWORK FOR 5G AND
FUTURE NETWORKS ENABLED APPLICATIONS AND
SERVICES INDUSTRY CONNECTION

5G ENABLED AGRICULTURE
ECOSYSTEM:

FOOD SUPPLY CHAIN, RURAL
DEVELOPMENT, AND CLIMATE
RESILIENCY

Authored by
Narendra Mangra (Co-Chair), GlobeNet LLC
Fawzi Behmann (Co-Chair), Telnet Management Consulting, Inc

Abhishek Thakur, IDRBT

v
y 4
O
-
O
LL
y 4
y 4
O
O
2
-
72,
-
0
Z

REPORT

Adrian Popescu, Blekinge Institute of Technology, Karlskrona, Sweden
George Suciu Jr., BEIA

Gustavo Giannattasio, |EEE TEMS Board of Directors

Rajesh Uppal, International Defense Security and Technology, US

Webert Montlouis, Johns Hopkins University

Documents

Document Sharing Hub

bled Agriculture Ecosystem: Food Supply Chain, Rural Development, and Climate Resiliency


http://www.avadocuments.com/doc/ieee-5g-enabled-agriculture-ecosystem-food-supply-chain-rural-development-and-climate-resiliency
http://www.avadocuments.com/doc/ieee-5g-enabled-agriculture-ecosystem-food-supply-chain-rural-development-and-climate-resiliency

TRADEMARKS AND DISCLAIMERS

IEEE believes the information in this publication is accurate as of its publication date; such information is subject to change

without notice. IEEE is not responsible for any inadvertent errors.

The ideas and proposals in this specification are the respective author’s views and do not represent the views of the

affiliated organization.

ACKNOWLEDGMENTS

Special thanks are given to the following reviewers of this paper:

Purva Rajkotia, IEEE
Rosalinda Saravia, IEEE

IEEE SA Transdisciplinary Framework for 5G and Future Networks Enabled Applications and Services Industry Connections
(IC) Working Group

The Institute of Electrical and Electronics Engineers, Inc. 3 Park Avenue, New York, NY 10016-5997, USA
Copyright © 2023 by The Institute of Electrical and Electronics Engineers, Inc.

All rights reserved. 30 January 2023. Printed in the United States of America.

PDF: STDVA25897 978-1-5044-9360-4

IEEE is a registered trademark in the U. S. Patent & Trademark Office, owned by The Institute of Electrical and Electronics Engineers,
Incorporated. All other trademarks are the property of the respective trademark owners.

IEEE prohibits discrimination, harassment, and bullying. For more information, visit
http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html.

No part of this publication may be reproduced in any form, in an electronic retrieval system, or otherwise, without the prior written
permission of the publisher.

Find IEEE standards and standards-related product listings at: http://standards.ieee.org.

Documents
2 IEEE SA INDUSTRY CONNECTIONS Copyright © 20:HREHMSRTSNRYIng Hub

Full document details: IEEE 5G Enabled Agriculture Ecosystem: Food Supply Chain, Rural Development, and Climate Resiliency


http://www.avadocuments.com/doc/ieee-5g-enabled-agriculture-ecosystem-food-supply-chain-rural-development-and-climate-resiliency
http://www.avadocuments.com/doc/ieee-5g-enabled-agriculture-ecosystem-food-supply-chain-rural-development-and-climate-resiliency

NOTICE AND DISCLAIMER OF LIABILITY CONCERNING THE USE
OF IEEE SA INDUSTRY CONNECTIONS DOCUMENTS

This IEEE Standards Association (“IEEE SA”) Industry Connections publication (“Work”) is not a consensus standard
document. Specifically, this document is NOT AN IEEE STANDARD. Information contained in this Work has been created by,
or obtained from, sources believed to be reliable, and reviewed by members of the IEEE SA Industry Connections activity
that produced this Work. IEEE and the IEEE SA Industry Connections activity members expressly disclaim all warranties
(express, implied, and statutory) related to this Work, including, but not limited to, the warranties of: merchantability;
fitness for a particular purpose; non-infringement; quality, accuracy, effectiveness, currency, or completeness of the Work
or content within the Work. In addition, IEEE and the IEEE SA Industry Connections activity members disclaim any and all
conditions relating to: results; and workmanlike effort. This IEEE SA Industry Connections document is supplied “AS IS” and
“WITH ALL FAULTS.”

Although the IEEE SA Industry Connections activity members who have created this Work believe that the information and
guidance given in this Work serve as an enhancement to users, all persons must rely upon their own skill and judgment
when making use of it. IN NO EVENT SHALL IEEE OR IEEE SA INDUSTRY CONNECTIONS ACTIVITY MEMBERS BE LIABLE FOR
ANY ERRORS OR OMISSIONS OR DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO: PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS WORK, EVEN
IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Further, information contained in this Work may be protected by intellectual property rights held by third parties or
organizations, and the use of this information may require the user to negotiate with any such rights holders in order to
legally acquire the rights to do so, and such rights holders may refuse to grant such rights. Attention is also called to the
possibility that implementation of any or all of this Work may require use of subject matter covered by patent rights. By
publication of this Work, no position is taken by the IEEE with respect to the existence or validity of any patent rights in
connection therewith. The IEEE is not responsible for identifying patent rights for which a license may be required, or for
conducting inquiries into the legal validity or scope of patents claims. Users are expressly advised that determination of the
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility. No commitment
to grant licenses under patent rights on a reasonable or non-discriminatory basis has been sought or received from any
rights holder. The policies and procedures under which this document was created can be viewed at
http://standards.ieee.org/about/sasb/iccom/.

This Work is published with the understanding that IEEE and the ICCom members are supplying information through this
Work, not attempting to render engineering or other professional services. If such services are required, the assistance of
an appropriate professional should be sought. IEEE is not responsible for the statements and opinions advanced in this
Work.
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5G ENABLED AGRICULTURE ECOSYSTEM:

FOOD SUPPLY CHAIN, RURAL
DEVELOPMENT, AND CLIMATE RESILIENCY

ABSTRACT
Agriculture plays an important role in feeding the global population, fostering rural development
initiatives, and reducing the overall global carbon footprint for climate resiliency. Furthermore, the

agriculture ecosystem spans many industries both urban and nonurban across the globe.

The IEEE SA Transdisciplinary Framework for 5G and Future Networks Enabled Applications and
Services Industry Connections (IC) white paper discusses the end-to-end agriculture ecosystem in the
context of the food supply chain, rural development, and climate resiliency. A transdisciplinary
framework that includes ecosystems, networks, and governance may address the end-to-end
agriculture ecosystem in a sustainable and systematic manner. The food supply chain includes the
natural environment and resources, food production, processing and packaging, distribution, and
consumption. Rural development is discussed within the context of connectivity, cross-ecosystem
touchpoints, and local economic development. Climate resiliency is addressed through changes in land

use and land cover (LULC).

Numerous opportunities and challenges may be addressed in a phased approach that caters to local
priorities, capabilities, and constraints. The transdisciplinary approach facilitates collaboration across
different stakeholder groups that strive toward comprehensive solution development across the end-
to-end agriculture ecosystem. Potential opportunities include technology innovations, standards
development, access to services, economic development, policy development, and resource

management.
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1. EXECUTIVE SUMMARY

The IEEE SA Transdisciplinary Framework for 5G and Future Networks Enabled Applications and Services
Industry Connections (IC) white paper is based on earlier work from the IEEE Future Networks Initiative (FNI)
Integrated Network Generations Roadmap (INGR) Applications and Services Working Group [2], [19]. The
Transdisciplinary Framework IC intends to engage diverse stakeholder groups to develop actionable
frameworks that integrate ecosystems, networks, and governance functions. Stakeholders with a business,
technical, or government background may be engaged through a sustainable structured framework that may
be used to realize complex functions. This white paper addresses the agriculture ecosystem and its

relationships with the food supply chain, rural development, and climate resiliency.

Agriculture may also be viewed as a hub of activities that lead to smart communities. A transdisciplinary
framework highlights the food supply chain through specific ecosystem stages or industries that address
natural resources, food production, processing and packaging, food distribution, and consumption and
recycling. Fixed and mobile terrestrial and non-terrestrial networks may provide the essential communications
capabilities through access, service delivery, user and operations management, and relevant network
extension components across the ecosystem stages. Connectivity and accessibility [8] are essential access
component drivers for rural and remote communities to improve access to services and local gross domestic
product (GDP) growth. A strategic rural development vision can be developed through stakeholder
engagement and described in comprehensive plans or strategic plans that specifically address local priorities,
capabilities, and constraints. Climate resiliency may also be addressed through land use and land cover (LULC)
changes during regulatory and policy development. The white paper describes the agriculture landscape with a
focus on food supply chain, rural development, and climate resiliency through a sustainable structured
transdisciplinary framework that is flexible, scalable, and repeatable. Several opportunities are described that

may be addressed in separate initiatives.

2. TRANSDISCIPLINARY FRAMEWORK

The transdisciplinary approach engages diverse disciplines across business, technology, and governance
functions. Applications and services across academia, industry, and government are aligned through integrated
ecosystems, networks, and governance functions. Each ecosystem stage represents industry group(s) that

offer similar products or services. Figure 1 highlights five distinct areas in the agriculture ecosystem that
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include food production resources, food production, processing and packaging, food distribution, and
consumption and recycling. Additional stages may be defined, as needed, to meet the needs of an evolving

industry landscape and related industry life-cycle changes within the agriculture ecosystem.

Each ecosystem stage or industry group is aligned within and across different ecosystems and ecosystem
stages through key communication network components and technology enablers. The fixed and mobile
terrestrial and non-terrestrial network components include access, service delivery, user management and
network operations, and network extension functions. Governance approaches include strategic, tactical, and

operational functional alignments to meet the local priorities, capabilities, and constraints.

Agncu'ture Food Production Food Processing and Food Consumption and
. Resources Production Packaging Distribution Recycling
Food Supply Chain -

Ecosystems = Industries: Products & Services =2 Entities
* Ecosystem Stages - Contextualized Applications & Services

. Ecosystem Stages
* Inter-Ecosystem Alignment . Networks, Technologies,
* Intra-Ecosystem Alignment {Industries) Enablers >
+ Access
Alignment within ecosystems - each activity is consistent with the overall strategy, e.g. \ — + Service Delivery
connecting people, places and things in ecosystem(s) Ll > " «  Network & Customer
o g Tmeapeats =
Alignment among ecosystems - connected ecosystems complement each other, _ _f b o < e st * Management

e.g. coordinated public safety, health care, transportation ecosystems. =iz,

e + Network Extensions

and Interoperability

* b Crous Econystem Touchpoints

imization of - "smart” & information exchanges across
ecosystems that are geared towards economic development, quality of life, and
attraction & retention of residents, businesses, and visitors.

R Gomystom Algament

\ N
b Other impacted Ecosystems incude.
Ecosystem Traaportaton, Edukaten Anancal AGre st Rafa ok

Governance 2

* Strategic Functions

* Tactical Functions

* Operations Functions

FIGURE 1 - Transdisciplinary approach to the agriculture ecosystem

Agriculture ecosystem stages and cross-ecosystem touchpoints alignments address risks and opportunities
across the food supply chain, rural development, and climate resiliency. Agriculture integration with urban and

rural communities through the transdisciplinary framework shown in Figure 2 aligns the following:

= Ecosystem of ecosystems—Contextualized applications and services within and across ecosystems

= Network of networks—Technological convergence and seamless interoperability across terrestrial and
non-terrestrial networks

= Governance function of functions—Coordinated strategic, tactical, and operations functions
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FIGURE 2 - Transdisciplinary framework [2]

The transdisciplinary framework is a sustainable, structured, flexible, repeatable, and scalable framework that

can be customized to meet local priorities, capabilities, and constraints. This framework facilitates the

systematic discovery of risks and opportunities that include development of new standards, products, or

services. Furthermore, this framework can be used to address other ecosystems, such as the healthcare

continuum of care [20], technologies for specific public safety mission areas [18], and smart cities [21], for

different localized priorities, capabilities, and constraints [24].
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2.1. ECOSYSTEM OF ECOSYSTEMS

The ecosystem of ecosystems perspective uses contextualized applications and services and strategic
alignments among intra-ecosystem, inter-ecosystem, and optimized ecosystem functions to optimize local
capabilities and constraints for specific operational or mission-specific objectives. This approach includes the

following:

= Alignment among the agriculture ecosystem stages—Each ecosystem stage may be viewed as an
industry or a set of industries that provides similar products or services across the agriculture
supply chain. End-to-end ecosystem information visibility may be enabled.

= Alignment among agriculture and other ecosystems—Ecosystems with aligned stages may
regularly overlap and impact other ecosystems, for example, electrified connected vehicles.
Therefore, challenges and opportunities arise to identify and address cross-ecosystem touchpoints.

= Optimization of ecosystems—Ecosystem stages are combined at their current operational state to
fulfill specific objectives that may include economic development, quality of life, stakeholder
attraction and retention, and area-specific objectives.

The ecosystem and cross-ecosystem stage alignments are shown in Figure 3.

Ecosystem Stages
(Industries)
Alignment within ecosystems - each activity is consistent with the overall strategy, g—
.., connecting people, places and things in ecosystem(s) e, FromOWOTK o
...__.“.. e : uigmc_n i =
Loy om Ecosysiém Touchpoints
Alignment among ysti connected ecosy compl eachother, ... Frmgme === .
e.8., coordinated public safety, health care, transportation ecosystems S  Future Networks
T ==, e, AcORSS, Service Delvery, Op & Servioe Manag Network Interop
b~y
AP gt L » Cromk Touchpaint
Optimization of ecosystems - “smart” coordination & information exchanges — = m“a“ W :
across ecosystems that are geared towards economic dcv_ebgmenl, quality of life, . - ik Ecoystem Alignment =— )
and attraction & retention of residents, businesses, and visitors. N R o & T
4 h'm, Trarsportation. Educaton. Financial, Agneutural, Retad, ete
A

FIGURE 3 - Ecosystem and cross-ecosystem stage alignments
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2.2. NETWORK OF NETWORKS

Terrestrial and non-terrestrial networks are generalized into key components as shown in Figure 4 and include

the following:

=  Access, for example, radio access network (RAN)—Ability for a user or “thing” to access
the network

= Service delivery, for example, edge or core network—Service delivery to/from the user or
“thing”

= Network operations and customer management, for example, business/operations
support system (BSS/0SS)—Customer management and network operations

= Network extensions, for example, roaming—Network interoperability with other networks

Access Service Delivery Network Operations Network Extensions
and Customer
Management
a4 N a4 N
*Focus on ability for *Focus on efficient *BSS - focus on *Focus on
user or "thing" to service delivery customers internetwork
gain access to the to/from the end « 0SS - focus on (gateway)
radio network. user or "thing" network support connectivity, e.g.

PSTN, Internet,
satellite networks,
private networks

- J - J - J - /

FIGURE 4 - Key network components for fixed and mobile terrestrial
and non-terrestrial networks

2.3. GOVERNANCE FUNCTION OF FUNCTIONS

Governance functions are used for complex coordination in which contextualized end-to-end information
visibility is essential across the multiple connected supply chains. The governance function of functions

approach includes the following combined strategic, tactical, and operations perspectives:

=  Strategic functions—Includes long-term capabilities planning, strategic positioning within a
competitive landscape, and policy development activities
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= Tactical functions—Includes targeted functions to respond to planned and unplanned events
such as pandemics, natural and human-made disasters, large crowds, and so on

= Operations functions—Includes information flow for end-to-end visibility and intra-ecosystem
and inter-ecosystems necessary for normal operations

3. AGRICULTURE ECOSYSTEM AND STAGES

The agriculture ecosystem is uniquely positioned to address the food supply chain, rural development, and

climate resiliency in a coordinated manner using the transdisciplinary framework.

3.1. FOOD SUPPLY CHAIN

The food supply chain extends across the five ecosystem stages: food production resources, food production,
processing and packaging, food distribution, and consumption and recycling. Farming, ranching, and fishing are
essential activities for the food supply chain. 5G and future networks play a pivotal role in addressing
opportunities and challenges in improving food production. For example, the Ohio State University precision
agriculture Terra project found that a single 100-acre corn field can generate up to 60.2 TB of data with 2,475
files using 39 different file types through the normal course of growing their crop in an approximate 110-day
cycle. A 100-acre field would generate approximately 60 PB of data, which is more storage than 466,000

iPhones and three times more than the amount of data Google processes in a day [28].

5G and future networks promise to enhance the efficiency of the food supply chain through improved yield
rates and services. Findings from the FCC Precision Ag Task Force [11] highlight the following areas for

improvement:

= Yield gaps from lost crops are based on weather and management decisions.
= Data may be used earlier in the process to improve logistics and tactical decision-making.
= Interoperability challenges include the following:

e Complex stakeholder groups, for example, farmers, original equipment manufacturers,
suppliers (seed, chemicals), service providers, consultants, government agencies, and
software/analytics companies.

e Private and public networks, data, and cloud/edge platforms.

e Lack of adequate standards.
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