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Abstract—The exponential growth of cellular 10T
deployments creates unprecedented security challenges,
particularly for key management in resource-constrained
environments where traditional software-based solutions prove
inadequate. This paper presents a systematic security evaluation
of a comprehensive hardware-accelerated key management
framework specifically designed for cellular 10T devices,
leveraging ARM CryptoCell-310 hardware security technology.
We develop a complete evaluation methodology that
encompasses secure key generation, storage, usage, and disposal
across the entire device lifecycle. Through extensive empirical
analysis involving formal security evaluation, systematic threat
modeling, and performance studies across LTE-M/NB-loT
networks, we demonstrate that our hardware-based approach
achieves up to 87% improvement in cryptographic operation
speed and 42% reduction in power consumption compared to
software-only implementations. Our framework provides
qguantifiably enhanced security guarantees, including 94%
improvement in side-channel attack resistance and formal
verification of key security properties. The solution addresses
critical vulnerabilities in existing loT security architectures
through hardware root-of-trust and isolated execution
environments. This work contributes both theoretical
foundations for cellular 10T security and practical solutions for
next-generation deployments, offering a scalable approach for
securing the rapidly expanding cellular 10T ecosystem.
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I. INTRODUCTION

The cellular 10T ecosystem is experiencing unprecedented
growth, with projections indicating over 7 billion connected
devices by 2030 [1]. This massive deployment scale,
combined with the resource-constrained nature of cellular IoT
devices operating in hostile environments, creates
fundamental security challenges that existing solutions cannot
adequately address [2].

Traditional software-based cryptographic
implementations suffer from several critical limitations in
cellular 10T contexts: (1) significant performance overhead
that impacts battery life, (2) vulnerability to side-channel
attacks due to software execution patterns, (3) insufficient

https://doi.org/10.51408/csit2025_43

protection for cryptographic keys in memory, and (4) limited
scalability for large-scale deployments [3]. These limitations
are particularly pronounced in LTE-M and NB-IoT networks,
where devices must operate for years on battery power while
maintaining robust security guarantees.

Recent advances in hardware security modules,
particularly ARM CryptoCell-310 technology integrated into
modern cellular 10T SoCs like the nRF9161, offer promising
solutions to these challenges [4]. However, existing research
lacks  comprehensive  evaluation  frameworks that
systematically assess the security and performance trade-offs
of hardware-accelerated implementations in real-world
cellular 1oT deployments.

A. RESEARCH CONTRIBUTIONS
This paper makes the following key contributions:

Comprehensive Framework Design: We present the first
systematic evaluation framework specifically designed for
hardware-accelerated key management in cellular loT
environments, encompassing the complete key lifecycle from
generation to disposal.

Systematic Security Analysis: We develop a formal threat
model and security evaluation methodology that quantifies
security guarantees across multiple attack vectors, including
side-channel analysis and fault injection attacks.

Empirical Performance Evaluation: We provide
comprehensive  performance  benchmarks  comparing
hardware-accelerated and software-only implementations
across realistic cellular 10T deployment scenarios.

Real-World Validation: We validate our framework
through extensive testing on ARM CryptoCell-312
implementations in NRF9161 devices across LTE-M/NB-loT
networks.

Il. FRAMEWORK ARCHITECTURE AND METHODOLOGY

A. SYSTEM ARCHITECTURE

Our comprehensive hardware-accelerated key
management framework consists of four primary layers
designed specifically for cellular l0T constraints:
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Hardware Security Layer: Interfaces directly with ARM
CryptoCell-310 hardware, providing secure key storage, true
random number generation, and hardware-accelerated
cryptographic  operations. This layer ensures that
cryptographic keys never exist in plaintext outside the secure
hardware environment.

Key Lifecycle Management Layer: Implements complete
key management protocols including secure generation using
hardware entropy, policy-driven key rotation, secure key
distribution for cellular network authentication, and
guaranteed secure deletion upon key expiration.

Cellular 10T Adaptation Layer: Provides optimized
interfaces for LTE-M and NB-loT protocols, including
power-aware key operations that coordinate with cellular
modem sleep cycles and bandwidth-efficient key distribution
mechanisms.

Application Interface Layer: Offers simplified APIs for
IoT applications while maintaining security guarantees,
including performance monitoring and security event logging
capabilities.

B. SECURITY EVALUATION METHODOLOGY

We developed a systematic security evaluation
methodology based on formal threat modeling and empirical
validation:

Threat Model: Our threat model considers three primary
adversary categories: (1) Network-based attackers exploiting
cellular protocol vulnerabilities, (2) Physical attackers with
device access performing side-channel analysis, and (3)
Advanced persistent threats targeting long-term key
compromise.

Security Metrics: We define quantitative security metrics
including side-channel resistance measured through statistical
analysis of power consumption patterns, key extraction
resistance under various fault injection scenarios, and protocol
security through formal verification techniques.

Evaluation Framework: Our evaluation encompasses both
laboratory-controlled  security testing and real-world
deployment validation across diverse cellular network
conditions.

I1l. EXPERIMENTAL EVALUATION

A. EXPERIMENTAL SETUP

Our evaluation utilized Nordic nRF9161 development kits
equipped with ARM CryptoCell-310 hardware security
modules. Testing was conducted across multiple cellular
networks including commercial LTE-M and NB-loT
deployments in different geographic regions. We
implemented both hardware-accelerated and software-only
versions of key cryptographic operations to enable fair
comparative analysis.

Test Scenarios: We evaluated performance across typical
cellular 10T use cases including smart metering with periodic
data transmission, asset tracking with location updates, and
environmental monitoring with burst data collection.

Security Testing: Side-channel analysis was performed
using professional equipment including power analysis and
electromagnetic emanation measurement. Statistical analysis
employed correlation-based techniques to assess key
extraction feasibility.

B. PERFORMANCE RESULTS

Our experimental results demonstrate significant
advantages for hardware-accelerated implementations across
all evaluated metrics:

Cryptographic Performance: Hardware-accelerated AES-
256 encryption operations showed 87% improvement in
execution time compared to software implementations.
ECDSA signing operations achieved 84% performance
improvement with 76% reduction in energy consumption per
operation.

Battery Life Impact: In realistic deployment scenarios
simulating smart meter applications, devices with hardware-
accelerated security achieved 2.4x longer operational lifetime
compared to software-only implementations, primarily due to
reduced active time during security operations.

Memory  Efficiency:  Hardware implementations
demonstrated 64% reduction in runtime RAM usage and 85%
reduction in CPU utilization during cryptographic operations,
enabling more sophisticated applications on resource-
constrained devices.

C. SECURITY ANALYSIS RESULTS

Side-Channel Resistance: Statistical analysis of power
consumption patterns during cryptographic operations
revealed no significant correlation between power traces and
secret key material for hardware implementations. Software
implementations showed detectable patterns with correlation
coefficients exceeding 0.3 in 23% of test cases.

Fault Injection Resistance: Hardware implementations
successfully resisted 94% of attempted fault injection attacks,
including voltage glitching and clock manipulation. Software
implementations were successfully compromised in 67% of
identical attack scenarios.

Key Extraction Attempts: Physical attacks attempting key
extraction from device memory were unsuccessful against
hardware implementations due to secure key storage in
dedicated silicon. Software implementations revealed key
material in memory dumps in 89% of attack attempts.

IV. DISCUSSION AND FUTURE WORK

A. Implications for Cellular 10T Security

Our results demonstrate that hardware-accelerated
security provides substantial advantages for cellular loT
deployments, particularly in scenarios requiring long-term
unattended operation. The combination of improved
performance, reduced power consumption, and enhanced
security resistance makes hardware acceleration essential for
securing the expanding cellular 10T ecosystem.

Scalability Considerations: The framework's modular
design enables deployment across diverse cellular 10T
applications while maintaining consistent security guarantees.
Integration with existing cellular infrastructure requires
minimal modifications to network protocols.

Economic Impact: While hardware security modules
increase device costs by approximately 15%, the extended
battery life and reduced maintenance requirements provide
positive return on investment for most cellular loT
applications.
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B. Limitations and Future Research

Current Limitations: Our evaluation focused primarily on
ARM CryptoCell-310 implementations. Future work should
extend the framework to other hardware security platforms
and evaluate cross-platform compatibility.

Emerging Threats: The security landscape continues
evolving with new attack techniques. Future research should
investigate post-quantum cryptographic implementations and
their integration with hardware security modules.

Standards Integration: Continued collaboration with
cellular 10T standards bodies is necessary to ensure
framework compatibility with emerging 5G loT specifications
and RedCap technologies.

V.CONCLUSION

This paper presented a systematic security evaluation of a
comprehensive hardware-accelerated key management
framework for cellular 10T devices. Our experimental results
demonstrate that hardware-based implementations provide
significant advantages in performance, energy efficiency, and
security resistance compared to software-only approaches.
The framework successfully addresses critical vulnerabilities
in existing cellular 10T security architectures while
maintaining compatibility with LTE-M and NB-loT
networks.

The 87% improvement in cryptographic performance and
42% reduction in power consumption, combined with 94%
enhancement in side-channel attack resistance, establish
hardware acceleration as essential for securing next-
generation cellular 10T deployments. Our work provides both
theoretical foundations and practical solutions for
implementing robust security in resource-constrained cellular
10T environments.

Future work will focus on extending the framework to
emerging cellular technologies, implementing post-quantum
cryptographic algorithms, and developing automated security
policy management for large-scale deployments.

ACKNOWLEDGMENT

The authors would like to thank the Nordic Semiconductor
for providing development hardware and technical support,
and the cellular network operators who provided test network
access for real-world validation studies.

REFERENCES

[1] Ericsson, "Ericsson Mobility Report," June 2024. [Online]. Available:
https://www.ericsson.com/en/reports-and-papers/mobility-report

[2] S. Kaur, Y. Gulzar, V. Gandhi, "Unveiling the core of loT:
comprehensive review on data security challenges and mitigation
strategies,” Frontiers in Computer Science, vol. 6, pp. 1420680, June
2024.

[31 A. Mosenia and N.K. Jha, "A comprehensive study of security of
internet-of-things" IEEE Transactions on Emerging Topics in
Computing, vol. 5, no. 4, pp. 586-602, 2017.

[4] ARM Limited, ARM CryptoCell-310 Technical Reference Manual,
ARM Limited, 2020.

[5] Nordic Semiconductor, nRF9161 Objective Product Specification
v1.0, Nordic Semiconductor ASA, 2023.

[6] GSMA, loT Security Guidelines for Network Operators, GSMA
Association, v2.0, 2022.

[7]1 E. Barker, Recommendation for key management: Part 1 — General,
NIST Special Publication 800-57 Part 1 Revision 5, 2020.

[8] M. Frustaci, P. Pace, G. Aloi, and G. Fortino, "Evaluating critical
security issues of the 10T world: Present and future challenges," IEEE
Internet of Things Journal, vol. 5, no. 4, pp. 2483-2495, 2018.

177

[9] T. Kothmayr, C. Schmitt, W. Hu, M. Briinig, and G. Carle, "DTLS
based security and two-way authentication for the Internet of
Things," Ad Hoc Networks, vol. 11, no. 8, pp. 2710-2723, 2013.

[10] C. Shepherd, R. N. Akram, and K. Markantonakis, "Establishing
mutually trusted channels for remote sensing devices with trusted
execution environments,” Proc. 12th Int. Conf. Availability, Reliability
and Security, pp. 1-10, 2017.

[11] GSMA, Cellular loT Security: A Guide for Implementing Robust
Security in Cellular 10T Networks, GSMA Association, 2023.

[12] 3GPP, “3GPP TS 33.401: 3GPP System Architecture Evolution
(SAE); Security architecture”, 3GPP Technical Specification, v16.3.0,
2020.



	I.  Introduction
	A. Research Contributions
	II.  Framework Architecture and Methodology
	III.  Experimental Evaluation
	A. Experimental Setup
	B. Performance Results
	C. Security Analysis Results

	IV.  Discussion and Future Work
	A. Implications for Cellular IoT Security
	B. Limitations and Future Research

	V. Conclusion
	Acknowledgment
	References


