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MITRE tackles complex challenges

with no commercial interest. 6 5 4 LOCATIONS
WORLDWIDE

Together with government and public private partnerships, we work
to improve the safety, stability, and well-being of our nation.

9,000+

EMPLOYEES

We apply systems thinking to solve complex national and global
problems, bringing an interdisciplinary perspective to R&D.

We operate six federally funded R&D centers, as well as MITRE Labs
and an independent research program.
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A 40+ year journey

=

Voice + SMS Video, Social Media

Voice WAP, Web Industry 4.0
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5 years of 5G deployment

5G in numbers

5.9B $2,208.25B 20X 57%

Globally, connections are The global 5G services Smartphones connected to 57% of enterprises plan to
expected to reach 1.9 billion market is estimated to 5G will reach download invest in 5G in the next one
by end of 2023, rising to 5.9 reach $2,208.25 billion by speeds of around 87.5 MB/s to three years.?

billion by end of 2027 2030.2 - about 20x faster than 4G.

*Reimagining Industry Futures Study 2023, EY

Operators are expected to spend more than $1T between 2021—2026 on 5G networks

“5G has become the fastest adopted mobile technology in history.”
-MWC 2025 (Mar 2025)
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But when we look under the hood ...

5G networks + Add to myFT

Telecoms operators face anxious wait for 5G to
pay off Non-SA vs SA

deployments (Feb 2025)

Consumers may be wowed by the next generation of mobile telephony — but they are
taking their fime

Source: GSMA MWC ‘25

Way to go? 5G advertising at a metro station in Bangkok © Andre Malerba/Bloomberg

Source: Financial Times

Beyond slightly faster connections, 5G smartphone customers struggle to notice any difference

Piecemeal 5G upgrades and unavailability of “real 5G” features to blame

©2025 THE MITRE CORPORATION. ALL RIGHTS RESERVED. APPROVED FOR PUBLIC RELEASE. DISTRIBUTION UNLIMITED 25-00067-1.

MITRE



5G’s most alluring promise remains digital transformation

Automotive
Fintech Smart Cities
Agriculture * o Utilities
- e
Education Public Safety
£

Robotics ¢ ®  Public Transport

Healthcare o ® Hotspots

M f i i
anufacturing e ® Events, Tourism

Retail ® Critical
machine [ )

communication

Mining, Ports
Logistics @

CONSUMER

2 ®
AR/360 VR/MR ° . FWA
) @
Gaming Wearables
HD/4K/8K Entertainment
Video

Source: GSMA Intelligence

Energy
Transportation
Manufacturing 35

Utilities 35
Healthcare 32
Retail 32
Education provider 28
Services 28

Government 28

Information technology 27
Financial services 25
Wholesale 23

Insurance 20

Source: Gartner survey of CIOs and execs
regarding plans to invest in 5G. 2023.

45

Adoption by new enterprise verticals and digital transformation just beginning to happen.

49

,
%
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©2025 THE MITRE CORPORATION. ALL RIGHTS RESERVED. APPROVED FOR PUBLIC RELEASE. DISTRIBUTION UNLIMITED 25-00067-1.



From hurdles to horizons

NEXTG

ALLIANCE HOME  ABOUTv  MEMBERSv  WORKINGGROUPS v RESEARCH~  GGLBRARY  NEWS v

NEXT | Verticals Workshop

ATIS » 12006 St. NW, Suite 500 « Washington, DG 20005

Events

Tuesday, February 25 Featured Speakers

This Photo by Unknown Author is licensed under CC BY-ND
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https://policyoptions.irpp.org/magazines/february-2017/canadas-innovation-hurdles/
https://creativecommons.org/licenses/by-nd/3.0/

AFFORDABILITY
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Short-term price and long-term cost

CAPEX+OPEX of cellular networks

Spectrum and RAN costs are
Power consumption, site the biggest components in
rentals, and operational costs CAPEX
are major components;
\complexity 1S a major reason

BCAPEX OOPEX

Spectral efficiency + Cost efficiency + Energy efficiency
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Mobile industry’s insatiable spectrum demands

» Speed, reach and quality of FutureG will depend on spectrum
availability Why A_rnerican telecoms firms are
splurging on 5G spectrum
u Mid-band Will Still be the mOSt desired band (gOOd miXture Of An auction of mobile frequencies is turning a blockbuster

coverage and capacity)

» GSMA estimates that 2GHz of mid-band and 5GHz of mmWave
spectrum will be needed to guarantee 5G requirements

» Even more spectrum will be needed to meet IMT 2030
requirements

Source: The Economist

Spectrum — Follow the Trends... Pure extrapolation

Average of 88% increase in total
spectrum across generations

By 7G, 93% of all sub-6
spectrum is for cellular
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“Use-it-or-share-it” model will prevail

H-Band [170 to 260 GHz)

G-Band [140 to 220 GHz]

= Spectrum is scarce in lower and mid bands, already occupied by federal and E
satellite incumbents that cannot be relocated i

D-Band [110 to 170/GHz]
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» Higher bands offer ample bandwidth, but passive scientific users operate
there and need protection

= Densification can help but will significantly increase deployment costs and zos
carbon footprint due to additional base stations
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Source: Rhode & Schwartz

The only realistic way to meet spectrum demands is by sharing!

Q Leveraging FutureG's control, programmability, and agility, we can create
solutions that allow federal and commercial systems to coexist seamlessly
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The defining style of cellular generations: complexity

3IGPP Overall Architecture and Specifications
I
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Source: telecomhall.com
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Taming complexity by intelligent automation

Mission intent
-
. Abstract @
Mission Intent (what) l
Intent / : Actions
Layer ST '
8 Knowledge ~
Policy (what + how) éynamic
update reques:x composition § '
ENVIRONMENT
Agents
Data 9 modehng ETSI GR ENI 051 va.1.1 (2025-02)
Granular
Network observations actions m"( ;\2‘
Layer — ,
((i)) ' el “: GROUP REPORT
y“ pﬁd‘a ? Experiential Networked Intelligence (ENI);
RadIO Tl'anSDOI‘t Ca’e IOT Study on Al Agents based Next-generation Network Slicing

E. Zeydan and Y. Turk, “Recent advances in intent-based networking: A

s Source: https://www.nucleoo.com/
survey,” in Proc. IEEE 91st Veh. Technol. Conf. 2020
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Power-hungry culprits

1 \ \
1—2% ‘ 70—80%' { 50—60%} ‘ 70—80%

Telecom sector’s Radio Network BS hardware contribution Energy consumption
energy consumption contribution when no Tx/Rx

. $> The most power consuming components are in the RAN

i ﬁv‘} Idling is costly and consequential

Source: ITU-T Focus Group on Environmental Efficiency for Artificial Intelligence and other Emerging Technologies
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DL Traffic

PA ON/OFF

Different ways to hit the snooze button

goooooooooog
aooooooooooo
oooooooooooo

Symbol/slot shutdown

MITRE

msec

Channel shutdown

13

Carrier shutdown

BBU shutdown

PA, transceiver modules, carrier and an entire cell can be shut down to save energy!
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Application-aware networking: Impedance matching

A

Workload Type

Training, fine-tuning
and Inference

D

Model
Parameters

Params, memory,
batch, layers etc.

B

Model Type
LLM, GANs etc.

C

Optimizations

Data, model,
parallelism

A programmable network that dynamically adjusts to meet the needs of a specific AI workload, optimizing resource

(energy) efficiency

MITRE
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AVAILABILITY &
ACCESIBILITY
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MITRE

Truly converged networks

€3 Bluetooth’

©2025 THE MITRE CORPORATION. ALL RIGHTS RESERVED. APPROVED FOR PUBLIC RELEASE. DISTRIBUTION UNLIMITED 25-00067-1.

18



MITRE

Seamless operation of multi-domain networks

Optical Inter-Sateilite L r\k
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Network

Source: https://www.eetasia.com/digital-twins-and-non-terrestrial-networks-applications-from-nasa-to-ukraine/

Spectrum management between (a) LEO mega constellations and terrestrial cellular networks (b)

LEO networks and radio astronomy systems, and (¢) LEO networks and GSO systems

©2025 The MITRE Corporation. ALL RIGHTS RESERVED. Approved for public release. Distribution unlimited 25-00067-1.

19



Building a cohesive system by integrating multiple systems with
different RATSs

5G Core Network
N2 Ni1
SMF
N4
* ierorkig UPF % Data Network
lll Function NG
VPLMN |
Non-3GPP
Networks
U usted Nor
JGPP Access
Y1

Integrability = Interoperability + Controllability

I. Chen, S. Abdallah, F. Xie and V. Ramaswamy, "Using 5G to Integrate Heterogeneous Networks with Improved Traffic Engineering,” MILCOM 2024 - 2024 |IEEE Military Communications Conference (MILCOM), Washington, DC, USA,
2024, pp. 1192-1197, doi: 10.1109/MILCOM61039.2024.10773706.
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Antennas

User Equipment

- Bas
Fronthaul Ban;:

Ui

Base Station Site

RAN disaggregation

/ProprizataryHardw.‘arc.
> Software, and Interfaces

Core Network
Backhaul

User Equipment

Antennas

0 General Purpose
Processing hardware

I ot
wivirtualization of functions

Interface : Commercial

0 off The shelt
Hardware

Core Network

Three Levels of Disaggregation + Control Platform = O-RAN Framework

Ul & Rl CP/MP & SiE I
]

SDN Principles

Virtualization and Cloud-native

SDN Controller
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ADOPTABILITY
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Resilience as Resistance & Recovery

Anticipate, Withstand, Recover and Evolve

Faults, errors, Performance
environmental
changes etc.

Stressor

Min. acceptable
performance

«——  System outage —

Resist stress and Recover from faults
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MITRE

Pillars of resilience

Resilience

Awareness (open interfaces, 1ISaC, open architecture) Diversity
Anticipation (ML and analytics support) Distribution
Adaptability (programmability and reconfigurability) Redundancy

©2025 The MITRE Corporation. ALL RIGHTS RESERVED. Approved for public release. Distribution unlimited 25-00067-1.
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FutureG will be Al-native
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AI/ML in current cellular networks

Net Optimizations

Mostly static network automation and

Element Mgmt

Al/ML application is limited to specific
optimization using SON (e.g.,, RACH domains or network elements,
optimization, mobility robustness, resulting in ‘islands of automation’

automatic neighbor relationships, etc.)

Net Mgmt

ML for user behavior predictions and to Supervised learning is the ML model

enable proactive actions. Common that is commonly employed

applications include traffic

classification, intrusion detection etc.

©2025 THE MITRE CORPORATION. ALL RIGHTS RESERVED. APPROVED FOR PUBLIC RELEASE. DISTRIBUTION UNLIMITED 25-00067-1.
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Atlas of AI/ML related standardization activities

* Code +
framework +
toolkit for closed
loop automation

* Focus on Al
mobile device
requirements

Architectural
framework for AI/ML
Framework for
intelligence level and
data handling

Al use-cases

MITRE

e Network
automation and
tmf ” G M ” autonomy

ORAN —_,

Defining reference
architecture for RIC

and interfaces

INE=YAN
ALLIANCE

=
~

AI/ML in Telecom/Cellular

B

A GLOBAL INITIATIVE
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Management DAF
Data collection for
perf enhancements
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Where will AI/ML be used in 6G?

Application-specific
optimization

Site-specific
optimization

Source: Boston Duck Tours

 Site-specific optimization adjusts the network to fit the environment and conditions
« Application-specific optimization customizes the network for particular applications
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How will Al/ML be used in 6G?
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Trend #1: Distributed and decentralized learning

1 9 3 4 1 2 3 4
Distribute Global ~ Trainwith Local ~ SendLocal ~ Aggregate Local Synchronise  TrainwithLocal ~ Exchange Aggregate
Model Data Models to Server Models Initial Models Data Models Models

¥ ! 0 L‘] | a2 08 =l @ G0 0 @
N A% = YN N )
0 0 @ O D 0 0O U0 0 @ |

f—f © G
Repeat Until Training Complete Repeat Until Training Complete

Federated Learning Decentralized P2P

Source: Rieke, N., Hancox, J., Li, W. et al. The future of digital health with federated learning. npj Digit. Med. 3, 119 (2020)

Resource constraints, delay limitations & privacy challenges leading to a “small data” paradigm
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Trend #2: Comprehensive Al

m = |
o
o N A7 Upodae NS
3 v o «  perUE o
. per cell = I
UE BS Core Network  Application Server . :::;“&e Al - 1 .
OA&M per period L [ vemrm  }
RNI at relevant +
........... granularity (01, ‘,’
¢ Faults
+ Config ST
+  Performance T
& security e
End-to-End Al management l +  NFload
analytics
Comprehensive Al ’ ::;E::s
. UEraI?ted
Source: Samsung End-to-end situational -
analytics etc.

Data Control
Plane Plane

®

Plane

Intelligence Plane

Cross-domain and cross-plane intelligence leading to “intelligence plane”
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Trend #3: ML will increasingly be used for Optimization and Control

Experience-driven approach that can learn to configure and control a
communication network from its own experience rather than
an accurate mathematical model

LA /

State @

. . LN
Source: hackingmaterials.com
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From vision to action: Key takeaways

= Digitization in the industrial sector is key to improving efficiency, productivity, and driving innovation

» FutureG will drive digital transformation across industries by enabling faster, smarter, and more connected
systems

= Focusing on AAAs (Affordability, Availability, Adoptability) is key
= The true potential of FutureG is in its programmable networking and core capabilities

= Al can be a game-changer, and its impact is maximized when combined with domain expertise

MITRE ©2025 THE MITRE CORPORATION. ALL RIGHTS RESERVED. APPROVED FOR PUBLIC RELEASE. DISTRIBUTION UNLIMITED 25-00067-1.
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Backup

MITRE
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MEC App “Smart Migration”

Decision must be based on
*  User mobility (RIC)
*  Profile (NWDAF)

App prefer (NWDAF)
MEC resource capabilities
(MDAF)

Mobility Event .
——————————————————————————— > g

MITRE
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