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Abstract: With the proliferation of 5G networks, emergency services have the opportunity to leverage high-speed, low-latency
communication systems. However, the reliability of 5G under crisis conditions remains a critical concern. This study investigates
the reliability of 5G networks in emergency scenarios, evaluates the performance and limitations of current infrastructure, and
explores mechanisms to enhance resilience and responsiveness. Using both simulation and real-world deployment data, we analyze
failure modes, latency behaviors, and redundancy strategies. Our findings provide guidelines for network providers and emergency
response organizations to optimize 5G deployment for mission-critical applications and shows the ways to enhance the performance
parameters for 5G Network Reliability.

l. Introduction

The rapid deployment of fifth-generation (5G) mobile networks introduces transformative potential for public safety and emergency
services. Boasting ultra-low latency, massive device connectivity, and high data throughput, 5G promises to support advanced
applications like real-time video surveillance, drone-assisted search and rescue, and telemedicine. However, for these benefits to
be realized, the network must demonstrate consistent reliability—even under disaster conditions that strain infrastructure.

Emergency services rely on uninterrupted and prioritized communication. Any failure in connectivity can delay response efforts
and endanger lives. Traditional public safety communication systems like Land Mobile Radio (LMR) have demonstrated high
reliability but lack the advanced features 5G can provide. Therefore, it is imperative to evaluate how 5G can match or exceed this
reliability under operational stress.

This paper explores 5G's readiness for emergency services, focusing on its reliability, resilience in adverse conditions, and
architectural enhancements required to support mission-critical communication.

I1. Background and Related Work

The concept of network reliability involves factors like availability, latency, packet loss, and fault tolerance. In the context of
emergency services, reliability must also encompass robustness under infrastructure damage, network congestion, and cybersecurity
threats.

Previous studies have highlighted the benefits of network slicing, multi-access edge computing (MEC), and massive MIMO in
improving performance. However, studies specifically focused on 5G's behavior during emergencies—such as natural disasters or
cyber-attacks—are limited.

Existing emergency communication systems such as TETRA and FirstNet (in the US) have influenced public safety requirements.
The integration of 5G into these frameworks necessitates rigorous evaluation.

I111. Methodology Used
This study uses a mixed-methods approach comprising:

Simulation modeling: Using NS-3 and 5G module extensions, we simulate network behavior under scenarios such as power
outages, tower damage, and user surge.

Field data analysis: Collaboration with telecom providers to access data on real 5G deployments during high-demand events (e.g.,
public safety drills, concerts).

Expert interviews: Structured interviews with network engineers and emergency responders to assess perceived reliability
challenges and best practices.

Resilience evaluation framework: Developed based on ETSI and 3GPP standards, evaluating metrics like availability (uptime),
latency, recovery time, and service continuity.

1V. Results and Discussions
Key findings include:

Latency and Uptime: Average latency in urban simulations remained under 5ms under normal conditions but rose to 20-30ms
under simulated congestion or partial infrastructure failure. Uptime dropped below 98% in disaster simulations without redundancy
mechanisms.
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Resilience Measures: Networks implementing MEC and redundant backhaul links showed 35% faster recovery times. Network
slicing dedicated to emergency services maintained consistent QoS.

Coverage Gaps: In rural and mountainous regions, 5G performance was significantly limited, especially without satellite or UAV-
based augmentation.

Failure Modes: Common issues included base station overload, power failure, and delayed handovers between cells.

The graph of Latency vs. Uptime for 5G Emergency Services would show a negative correlation — as latency increases, uptime
tends to decrease.

Key Trend Observed:

Low latency (1-10 ms) is associated with very high uptime (99.95%-99.999%) — this reflects optimal performance required in
emergency services where real-time communication is critical.

As latency increases beyond 10 ms, uptime begins to decline gradually — this simulates degradation in service reliability.

At higher latency levels (40-50 ms), uptime drops to around 99.5%, which might still seem high, but in emergency systems, even
small downtimes can be critical.

Latency vs Uptime for 5G Emergency Services
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Implication:

For 5G emergency services, minimizing latency is crucial to maintain near-perfect uptime, ensuring immediate response and
reliability for applications like remote surgery, autonomous rescue drones, or emergency alerts.

V. Discussion

The results highlight that while 5G holds promise, its reliability for emergency services is conditional on proactive architectural
planning. Key enablers include:

Dedicated Network Slices: Allow priority traffic routing for public safety applications.

Edge Computing: Reduces dependency on core network functions and ensures local decision-making.
Hybrid Networks: Integration with legacy systems (LMR, LTE) to provide fallback in failure scenarios.
Infrastructure Hardening: Physical and cyber resilience must be prioritized in areas prone to disaster.

Policy and regulatory frameworks must also evolve to mandate minimum reliability benchmarks for networks supporting
emergency services.

V1. Conclusion

5G technology has the potential to significantly enhance emergency service operations, but reliability remains a complex challenge.
Through robust architectural design, edge computing, and network slicing, 5G can achieve the necessary standards for mission-
critical use. However, continued investment in research, field trials, and inter-agency collaboration is essential. Here some
performance parameters are analyzed and it is found that for 5G enabled services minimizing latency is the crucial factor to be
maintained. If the latency is minimized and maintained then it will reduce the coverage gaps and failure modes. This will improve
the overall efficiency of the 5G Networks. Future work should explore Al-driven resource allocation, integration with satellite
networks, and international standardization of public safety slices.
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