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Abstract—Delays in communication, disjointed data systems, and a lack of situational awareness frequently pose serious emergency response challenges for justice institutions. High- bandwidth communication, secure evidence management, and real-time data sharing-all of which are essential in emergency situations—are difficult for traditional networks to provide. In order to facilitate instant communication, quick evidence sharing, and coordinated decision-making across justice departments, this study suggests a 5G-powered system that combines edge computing, secure cloud storage, and Internet of Things (IoT) devices. The process entails creating a prototype architecture that uses 5G networks’ extremely low latency and high reliability to provide real-time situational awareness. Comparative research shows that, in comparison to legacy communication systems, the suggested framework can greatly speed up response times, increase coordination effectiveness, and fortify digital evidence management. According to the study’s findings, 5G technology has the potential to revolutionise emergency operations in justice institutions by guaranteeing quicker, safer, and more dependable responses. It also has the potential to integrate artificial intelli- gence and inter-institutional cooperation in the future.
Index Terms—5G technology, emergency response, justice in- stitutions, evidence management, real-time communication, IoT, edge computing, cybersecurity, situational awareness

I. INTRODUCTION

A. Background
The quick development of communication technologies has changed how organisations handle vital functions. The most notable of these is 5G technology, which offers extremely low latency, fast data transfer rates, and extensive device connectivity [1]. Timely and accurate communication is es- sential for emergency response and evidence handling in justice institutions, including police departments, courts, and correctional facilities [2]. The necessary speed, dependability, and security are frequently difficult for current networks to de- liver, particularly in emergency situations where every second counts. This gap can be closed by utilising 5G technology,

which makes it possible to integrate Internet of Things (IoT) devices, communicate in real time, and share data securely.
B. Problem Statement
Outdated communication systems, siloed databases, and poor agency interoperability cause delays in emergency re- sponse for justice institutions. Applications requiring a lot of bandwidth, like real-time video surveillance, biometric verification, and instant evidence sharing, cannot be supported by traditional networks [3]. During critical incidents, this leads to disjointed coordination, longer response times, and compromised decision-making. In order to guarantee quicker, safer, and more dependable emergency responses, a system that combines cutting-edge communication technology with justice sector operations is urgently needed.
C. Objectives
The primary objectives of this research are:
· To examine how emergency response in legal institutions can be improved by 5G technology.
· To create a prototype framework for evidence manage- ment and real-time communication that combines 5G, IoT, and edge computing [5].
· To assess how well the suggested system works in com- parison to more conventional communication models.
· To determine the obstacles and restrictions associated with implementing 5G in legal institutions.
D. Scope
The application of 5G technology in justice institutions is the main focus of this study, with particular attention paid to:
· Law enforcement and judicial entities can communicate in real time during emergencies [4].
· Gathering, storing, and securely transmitting digital evi- dence [6].

· Internet of Things-enabled situational awareness and judgement.
· Issues with cybersecurity, infrastructure, and the applica- tion of policies.
The scope is restricted to architectural and conceptual analysis, backed by a comparison of the suggested and current systems, rather than extensive implementation.

II. LITERATURE REVIEW

A. Background on 5G Technology in Public Safety
Massive device connectivity, extremely low latency, and real-time communication are now possible thanks to 5G tech- nology. 5G is particularly relevant in emergency response scenarios because timely and reliable information exchange is essential to the success of critical operations. Emergency services can use dedicated channels free from commercial traffic interference thanks to 5G’s enhanced bandwidth and network slicing capabilities [4].

B. IoT and Sensor Integration for Emergency Response
The IoT gadgets which are crucial in emergency response are drones, body cameras and environmental sensors. Research indicates that IoT devices produce massive streams of data which should be transferred and processed rapidly. These streams can reduce the time it takes for legal institutions to report incidents by acting as real-time sources of evidence. Additionally, it has been demonstrated how IoT-driven smart city frameworks improve situational awareness during disas- ters by enabling live video feeds and crowd monitoring.

C. Edge and Cloud Computing for Justice Systems
Near-source data processing is made possible by edge com- puting, which lessens dependency on remote cloud servers. Edge architectures increase reliability and reduce latency, which are crucial for emergency law enforcement decision- making. Both long-term evidence management (cloud) and real-time responsiveness (edge) are guaranteed for justice institutions when edge and cloud storage are combined. Ac- cording to a study, mobile edge computing could improve police surveillance and the verification of evidence while guaranteeing safe and traceable digital records [5].

D. Digital Evidence Management in Justice Institutions
Managing digital evidence has always been difficult. The authenticity of the evidence and the chain of custody are crucial in legal situations. Digital trails that are secure, tamper- proof, and timestamped can be produced by combining 5G and IoT. Justice institutions struggle to manage the increas- ing amount of multimedia evidence. Justice institutions can guarantee scalability and legal compliance by integrating 5G- enabled streaming with secure cloud databases.
E. 
Security and Privacy Concerns in 5G-enabled Systems
Although 5G improves connectivity and speed, it also poses new security threats. End-to-end encryption and blockchain- based validation have been proposed as viable solutions in the justice sector, where sensitive evidence is transmitted. These studies highlight the necessity of striking a balance between privacy protection and operational efficiency.
F. Applications of 5G in Emergency and Justice Contexts
Several pilot projects and case studies highlight the trans- formative potential of 5G:
· In the United States, emergency responders have been able to stream live video from bodycams thanks to public safety LTE and 5G networks.
· Emergency evacuation management was greatly enhanced in Europe by the testing of 5G-based smart surveillance systems for crowd monitoring in public areas [6].
· Justice institutions in Japan experimented with cloud- based evidence systems powered by 5G, where digital court evidence could be accessed securely in near real time.
These applications show how 5G can smoothly connect emer- gency response and legal procedures.
G. Research Gap
Although the literature currently in publication emphasises the distinct advantages of edge/cloud computing, IoT, and 5G, there are still few integrated frameworks designed es- pecially for justice institutions. Fewer studies examine how real-time data gathered at the scene of emergencies can be safely processed, transmitted, and admitted as evidence in court [19]. The majority of studies concentrate on public safety and smart city applications. Furthermore, there are still issues with scalability, legal admissibility, data authenticity, and interoperability that need to be resolved [7][8].
In order to bridge the gap, this study suggests a compre- hensive 5G-enabled framework that unifies secure databases, emergency responders, IoT-based evidence collectors, and jus- tice institutions into a single ecosystem for improved evidence management.
III. METHODOLOGY
A. Proposed 5G-Powered Prototype
The suggested framework makes use of 5G networks’ capa- bilities to guarantee ultra-low latency, high reliability, and real- time data transmission for emergency response. The prototype is intended to create a smooth ecosystem that links emergency responders, cloud storage, edge processors, IoT devices (such as drones, bodycams, and environmental sensors), and justice institutions [9]. The system’s three main objectives are:
· Quick Emergency Response: Sharing data in real time to make decisions.
· Secure Evidence Collection & Management: Ensuring chain of custody [10].

· AI-Enhanced Analysis: Leveraging machine learning for event detection, facial recognition, anomaly detection, and predictive insights.
B. System Architecture (5G + IoT + Edge + AI)
The architecture is structured in five layers:
1) IoT Data Collection Layer:
· Devices include GPS trackers, wearable bodycams, drones, CCTV cameras, and biometric sensors.
· Multimedia evidence (audio, video, pictures, and sensor data) is captured by this function [11].
· Direct uplink to 5G base stations is the connectivity option.
2) 5G Communication Layer:
· High bandwidth and ultra-low latency (1 ms) are provided for continuous evidence transmission.
· Creates a secure channel specifically for emergency ser- vices using network slicing.
3) Edge Computing Layer:
· Features include on-site data filtering, encryption, com- pression, and fast analysis (e.g., face recognition, object detection).
· Benefits include a lighter load on cloud servers and quicker reaction times [12].
4) Cloud and Evidence Management Layer:
· Long-term digital evidence is kept in databases that are impenetrable.
· Supports chain of custody compliance with blockchain- based logging.
· Provides scalable storage for multimedia evidence.
5) AI-Enhanced Decision Layer:
· Artificial intelligence (AI) models examine live streams for anomaly detection, predictive analytics, and question- able activity.
· Digital evidence is automatically tagged, categorised, and indexed to assist justice institutions [13].
[image: ]

Fig. 1. 5G-Driven Emergency Response and Evidence Management Archi- tecture
The flow demonstrates how emergency incidents are cap- tured by IoT devices, transmitted via 5G network, processed

through edge computing, and then utilized by law enforce- ment, evidence databases, and judicial bodies for faster and more secure decision-making [28].
C. Data Collection, Communication, and Evidence Manage- ment
Data collection: Multimedia evidence is continuously cap- tured by IoT devices.Automatic attachment of metadata (time, location, and device ID) occurs.
Communication: Dedicated 5G slices are used to transmit evidence, guaranteeing priority service in an emergency.
Evidence Management:
· Edge devices carry out integrity-preserving hashing and encryption.
· Blockchain-based validation and cloud evidence vaults are used to store data [14].
· Evidence can be retrieved for trials by authorised legal personnel.
· AI indexing guarantees speedy authentication and search- ability.
D. Security and Privacy Mechanisms
The suggested framework integrates cutting-edge security and privacy measures to guarantee the reliability of the evi- dence and communication. Secure data transmission is made possible by 5G’s built-in support for network slicing and end-to-end encryption. Furthermore, the chain-of-custody for digital evidence can be maintained by integrating blockchain- based logging, which guarantees that records cannot be altered. Only authorised stakeholders (police, forensic experts, and the judiciary) can retrieve or process sensitive data thanks to access control mechanisms [15][16], biometric authentication, and secure APIs. These systems tackle one of the most difficult problems in emergency response and the management of judicial evidence: preserving the integrity, confidentiality, and authenticity of data across various organisations.
IV. RESULTS AND DISCUSSION
The suggested 5G-enabled framework for evidence man- agement and emergency response is assessed using fictitious simulations and comparison with conventional systems. The present evaluation is based on the simulated system behav- ior and performance metrics based on 5G standards, IoT implementation, and justice-related operations [17]; the pilot implementations are in the scope of future research.
A. Performance Metrics
1) Response Time: The shortcomings of the conventional emergency response are that it has manual reporting and is hierarchical. interchange of information and inefficient infrastructure. Consequently, it may take several minutes to undertake the average reaction time before the initial action is taken. Conversely, the offered system employs wearable sensors, real-time alerts on IoT networks through 5G networks, and predictive analytics through AI. This ensures that the law enforcement or the medical personnel can react almost

instantly by bringing down the response initiation time to only a few seconds [19].
2) Latency: Latency is an important factor in emergency communications. There used to be delays of legacy 3G/4G infrastructures. 50-100 ms, which in most cases is inadequate to do real-time tasks such as live video streaming, drone

This integration improves the transparency and efficiency of justice processes by improving scalability [22], data integrity support, and AI-driven decision support.

TABLE I
TABULAR COMPARISON OF TRADITIONAL VS. PROPOSED 5G-ENABLED
FRAMEWORK

navigation, and sensor coordination. The 5G architecture,		

which is suggested to be paired with edge computing, ensures the latency of less than 10 ms, which allows almost instant

Feature / Pa- rameter

Traditional Sys- tems (4G/Wi-Fi)

Proposed 5G-Enabled

	Prototype	

data transfer [18]. This makes high-fidelity video surveillance, instant alert broadcasting and seamless device to device coor- dination a reality.
3) Throughput: The traditional legal systems involve nar-
row band communication and have major constraints on

Network Latency	High	(50–100
ms)
Bandwidth	Limited, prone to congestion
Reliability	Moderate (packet loss issues)

Ultra-low (¡1 ms)
High (up to 20 Gbps)
Ultra-reliable (99.999%)

transmitting multimedia evidence, i.e. audio, video and logs. Evidence submission is usually broken or delayed due to band- width limitations. The extended mobile broadband (eMBB) in the proposed framework has the advantage of being in the 5G frequency with speeds above 10 Gbps. This allows the transfer and real-time streaming of forensic data to be fast and stored in secure evidence databases in HD/4K body.
4) Coordination Efficiency: Coordination among police, forensic investigators, emergency responders, and judicial in- stitutions can be characterized by frequent exchanges. Infor- mation in disjointed systems in conventional systems. Teams, which tend to work in silos. The consequences of this are de- lays, duplication and inconsistent evidence management. The proposal provides fluency in the communication between the agencies, the safety of evidence transfer, and the participatory decision-making process with blockchain enabled chain-of- custody and AI-based coordination. The latter significantly increases efficiency, reducing any conflict in the operations.
5) Data Integrity & Security: Due to the possible tam- pering, insecure storage and lack of chain-of-custody support, the authenticity of evidence is commonly doubted under the conventional frameworks. The proposed system will make sure that evidence has not been altered, is capable, verifiable, and admissible in court by establishing blockchain-based audit trails, end to end encryption, and biometric access control.
6) Scalability: In the traditional infrastructures, the systems use centralized servers, which are costly, susceptible to over- loading, and hard to escalate in serious emergencies (such as riots or natural disasters). The posed 5G-enabled design is scalable and decentralized and can be easily expanded when the number of connected devices and evidence grows due to its active use of dispersed genodes and devices [21].
B. Traditional vs. Proposed 5G-Enabled Framework
The weaknesses of legacy emergency response and evidence management systems, including latency, are high. Limited bandwidth and lack of scalability is a hindrance to real data processing and decision making. Their reliability in the justice use is further diminished by security and chain-of-custody problems. Nevertheless, the presented 5G-based architecture uses edge computing, IoT, and AI to make sure of high band- width, low latency, and secure real-time evidence management.

Scalability	Restricted	Large-scale  IoT
support
Real-time Video	Lag, poor resolu-	4K/8K real-time Evidence	tion	streaming
Data Security	Centralized, risk	Blockchain + En-
of tampering	cryption
Edge Processing	Minimal	Integrated AI at edge
Chain of Custody Manual, error- Automated & Management	prone	blockchain-based Decision Support  Post-event analy-  AI-assisted real-
	sis	time support	

C. Discussion
The comparative analysis in all major performance indica- tors easily demonstrates that the proposed system is superior to traditional models.
· Response time and latency are improved the most and this is important when it comes to saving lives. The system saves the time of minutes to seconds hence prompting timely and coordinated activity of the justice institutions [23].
· There is improved throughput with 5G, which simplifies the transmission of quality evidence, which is essential in the admissibility of evidence in the court and the operational response.
· The blockchain technology combined with encryption provides legitimacy to digital evidence, which solves. evidence tampering and loss of authenticity is one of the most long-living issues of legal proceedings [24].
· Scalability wise, the suggested model enables the justice institutions to expand their digital ecosystem in a manner. Dynamism without necessarily paying large amounts of money in the form of infrastructure.
Altogether, it is possible to state that the findings indicate that the suggested 5G-enabled framework is a revolutionary change that might essentially change emergency response efficacy and justice evidence management systems.
V. CHALLENGES AND LIMITATIONS
Although the proposed 5G-enabled emergency response and evidence management framework has a lot of potential, there are certain disadvantages that should be thoroughly considered before it is widely adopted. Aspects of technology, security, operations, and law are among these challenges.

TABLE II
CHALLENGES AND MITIGATION STRATEGIES FOR 5G IN JUSTICE
INSTITUTIONS

Challenge	Description	Mitigation
	Strategy	

could jeopardise legal proceedings and emergency re- sponse operations.
· Data Privacy Concerns: When handling sensitive evi- dence, including location data, surveillance footage, and
biometric data, there are serious privacy concerns. There

Spectrum Avail- ability

Infrastructure Cost

Cybersecurity Threats

Limited spectrum may delay de- ployment.
High cost of dense 5G and edge networks.
Larger attack sur- face with IoT and edge.

Dynamic sharing, phased	rollout, regulatory support.
PPPs, subsidies, phased deployment, shared models. Encryption,
AI	anomaly detection, blockchain

is a risk of abuse, unauthorised access, or excessive surveillance in the absence of strict access control and adherence to privacy regulations (such as the GDPR and India’s DPDP Act), all of which could undermine public trust in the system [26].
C. Operational Challenges
· Training and Human Resource Capacity:	IoT, blockchain, and AI systems that require specialised tech-

Data Privacy	Sensitive judicial and emergency data.

Interoperability   Agencies   use
varied	stan- dards/platforms.
Skill Gaps	Limited technical expertise among staff.

Digital Evidence Courts may ques- Admissibility	tion authenticity.

logging.
Legal frameworks, anonymization, GDPR/DPDP
compliance. Standardization, API integration, national policies. Training programs, AR/VR learning, cross-sector workshops.
Blockchain timestamps, certified forensic tools,	judicial

nical expertise are presented in the proposed framework. Many emergency and justice facilities might not have enough trained personnel to operate and maintain these state-of-the-art equipment. To bridge this gap in skills, training programs need to be provided that may need to restructure the organization, time and sources.
· Interoperability of Systems: Emergency response of- ten requires multi-agency collaboration (police, hospitals, forensic labs, judiciary). The interoperability challenge of integrating new 5G-enabled platforms with the old IT systems is quite a challenge. Otherwise, it may result in redundant effort, lack of cohesive communication and inefficient systems.

	guidelines.	


A. Technical Challenges
· Spectrum Availability: The success of 5G networks depends on the availability and distribution of radio spectrum. Widespread deployment may be delayed in many places because the spectrum is still regulated or only used for pilot projects. Higher frequency millimetre waves also require dense infrastructure because they have a shorter range and are more susceptible to obstructions despite having a larger bandwidth.
· Infrastructure Cost: The deployment of 5G infrastruc- ture requires a significant investment in base stations, edge servers, and IoT-enabled devices. Underfunded legal systems or developing countries might not be able to afford this expense. The continuous expenses of maintain- ing such infrastructure, such as software patches, hard- ware upgrades, and technical support, may also hinder adoption [25].

B. Security Challenges
· Cyberattacks and System Vulnerability: Even though 5G offers better encryption and security protocols, the sheer number of connected devices and endpoints in- creases the attack surface. Evidence-gathering IoT de- vices could be the target of DDoS attacks, spoofing attempts, or manipulation by malevolent actors, which
D. 
Legal Challenges
· Admissibility of Digital Evidence: Digital evidence continues to be a challenge to courts in all parts of the world. Issues with the chain of custody, authenticity, and the jurisdictional variations could reduce the legal admissibility of evidence gathered by blockchain or the Internet of Things [27]. The proposed system may lack broad judicial usage until legal systems are changed so that these technologies can be incorporated into them.
· Regulatory Compliance:	Evidence management sys- tems based on 5G should comply with the cybersecurity laws nationally. data protection regulations, international treaties. It may be difficult to cooperate across when it comes to transnational crimes or international crises. There are still numerous barriers to entry like the readi- ness of the staff, legal acceptance, financial expenditure, cyber risk, and technical feasibility. Governments, tele- com companies, law making bodies, and global standard setting bodies should work together to resolve such issues in order to establish a robust and viable ecosystem.
VI. CONCLUSION & FUTURE SCOPE
A. Conclusion
This paper has offered a 5G-based emergency response and evidence management system in justice institutions. The framework employs the synergy between 5G, IoT, edge computing, and AI to resolve the usual issues of high latency, lack of coordination, incomplete evidence

management, and sluggish decision-making. The compar- ative analysis reveals that the suggested system enhances response time, throughput, reliability and interagency cooperation significantly [28].
Nevertheless, there were several obstacles and restrictions that were noted in the study. Difficulties remain the primary challenges. so, similar to spectrum availabil- ity and infrastructure costs, security challenges such as cyberattacks and privacy threats, operational challenges such as interoperability and training, or legal challenges on whether digital evidence is admissible. These issues need to be properly resolved until the mass adoption.
Overall, the results indicate that a 5G-based justice sys- tem has the potential to revolutionize the ways emergency management and the process of collecting evidence, storing it, and even verifying it, eventually resulting in quicker reaction times, more transparent court cases, and confidence.

B. Future Scope
1) AI Integration for Predictive Intelligence: Predictive intelligence can be made possible with the collaboration of Artificial intelligence and machine learning. As an example, the AIdriven models capable of predicting the hotspots of crimes, the effects of natural disasters, or medical crises allow proactively deploying resources. The legal industry can be helped by AI to validate the evidence, detect anomalies, and so on, automatically.
2) Cross-Border Emergency Collaboration: Emergen- cies and crimes are growing to be transnational. Among the methods to proceed, it is possible to create cross- border 5G-enabled platforms that could help forensics intelligence, surveillance data, and real-time evidence to be shared safely and regularly by emergency responders and justice organizations around the globe. This would particularly come in handy in situations of terrorism, human trafficking or cybercrime.
3) AR/VR for Training and Simulation: Training through immersion with the help of augmented reality (AR) and virtual reality (VR). Technologies can be help- ful in the work of court personnel, emergency workers, and forensic investigators. The 5G low-latency connec- tivity makes it possible to create controlled training conditions that are affordable, repeatable, and realistic, and improve coordination and preparedness without a risk of adverse outcome in reality.
4) Blockchain-Enhanced Legal Validity: To a larger extent, the applications of blockchain technologies in chain-of-custody man should be increased.Management and record keeping will ensure that there are tamperproof records that are transparent and admissible before the law. To be able to standardise the processing of digital evidence, future studies are recommended to analyse interoperability of blockchain systems between agencies and countries.
5) 
Socio-Legal and Ethical Research: Future work should look at the ethical and societal consequences of 5G-powered surveillance and evidence systems as well as technological innovations. Privacy preserving tech- nologies, the human rights concerns, and the tactics of trust-building in the eyes of the people will have to be researched to be adopted, long-term.
To sum up, it is possible to state that the 5G-enabled framework is a groundbreaking vision of the justice ecosystem, the fullest potential of which is revealed only in the case of a consistent technological improvement, international collaboration and well-developed legal reg- ulations. This framework can be a universal model of emergency response and digital evidence management within a decade by managing the current issues and considering the suggested steps in the future.
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