
International Journal of Engineering & Extended Technologies Research (IJEETR) 

                        |ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal | 

| Volume 5, Issue 1, January - February 2023 | 

DOI:10.15662/IJEETR.2023.0501002 

IJEETR©2023                                                     |     An ISO 9001:2008 Certified Journal   |                                                      5939 

 

5G and Beyond: Low-Latency Communication 
for Autonomous Systems 

 

Ananya Rao Goankar 

Yashwantrao Bhonsale Institute of Technology, Sawantwadi, Maharashtra, India 

 

ABSTRACT: Next-generation mobile networks—specifically 5G and emerging “Beyond 5G” technologies like 6G—
promise transformative improvements in both latency and reliability, critical for autonomous systems. This paper 
investigates the enabling features and performance enhancements of 5G and future‐B5G/6G in supporting ultra-low 
latency communications, particularly for autonomous vehicles, robotics, and industrial IoT applications. We begin by 
reviewing the foundational technologies—URLLC, massive MIMO, mmWave, network slicing, edge computing—and 
their roles in achieving sub-millisecond latency and ultra-high reliability (URLLC). Literature highlights show that 5G 
can reduce latency to around 1 ms, achieve reliability up to 99.999%, and deliver data rates near 10 Gbps, with 6G pushing 
these to new extremes, such as sub-millisecond switching, terahertz bands, and AI-driven intelligent surfaces  
 

We then outline our research methodology, which draws on simulation and experimental results from studies on 
edge-augmented architectures, mm-wave CAV scenarios, TSN-5G integration, and real-world testbeds  
 

Key findings include a latency reduction of up to 45% compared to 4G, throughput and reliability gains of up to 60% and 
improved energy efficiency via AI (e.g., 30% in EV systems) nano-ntp.com; simulation results showing mm-wave 
supports 13 ms latency for infotainment and safety thresholds well below 200 ms arXiv; TSN-5G synchronization 
accuracy in the nanosecond–microsecond range 

. 
In discussion, we compare 5G-Advanced and speculative 6G capabilities—e.g., < 1 ms control-plane latency, processing 
delay down to 10 ns, 1 Tbps rates—highlighting gaps and infrastructure challenges MDPIIIETAWikipedia. We conclude 
with the outlook for integrating AI/ML, non-terrestrial networks, robust testbeds, and standardization (URLLC, TSN-5G) 
as future directions. This work underscores the critical role of low-latency communications in realizing safe, responsive 
autonomous systems. 
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I. INTRODUCTION 

 

The rise of autonomous systems—spanning vehicles, industrial robots, drones, and smart infrastructure—demands 
communication networks that deliver rapid response, utmost reliability, and robust performance under dynamic 
conditions. Traditional cellular networks, such as 4G LTE, fall short in meeting these stringent requirements due to 
inherent latency and variability. As a result, next-generation networks like 5G, with its enabling features such as eMBB, 
mMTC, and most critically URLLC, are being heralded as the foundational infrastructure for safe, efficient autonomous 
operations  
 

URLLC in 5G targets end-to-end latency reductions to around 1 ms alongside “five-nines” reliability (99.999%)—
parameters that are vital for real-time autonomy in high-stakes scenarios like collision avoidance and coordinated 
machine control  
 

Complementary technologies—including massive MIMO, mm-Wave bands, network slicing, and edge computing—
enable high throughput and low latency by prioritizing critical traffic and localizing processing closer to endpoints  
 

Looking forward, “Beyond 5G” or 6G is envisioned to go further—enabling sub-millisecond latency, terabit-per-second 
data rates, AI-driven intelligent surfaces, and joint sensing/communication paradigms, all of which are essential for 
immersive, autonomous ecosystems  
 

http://www.ijeetr.org/
https://nano-ntp.com/index.php/nano/article/view/3561?utm_source=chatgpt.com
https://arxiv.org/abs/1808.04517?utm_source=chatgpt.com
https://www.mdpi.com/1424-8220/21/9/3197?utm_source=chatgpt.com
https://www.iieta.org/journals/isi/paper/10.18280/isi.290336?utm_source=chatgpt.com
https://en.wikipedia.org/wiki/6G?utm_source=chatgpt.com
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This paper aims to review the role and performance of 5G and beyond systems in enabling low-latency communication 
for autonomous systems. We synthesize recent empirical studies and simulations, analyze key trends, and propose 
research directions that bridge current capabilities with future requirements. By focusing on technological enablers, 
simulated and experimental results, and emerging challenges, our study provides a roadmap for advancing autonomous 
communications in the next generation of wireless networks. 
 

II. LITERATURE REVIEW 

 

A growing body of research explores how 5G and beyond technologies enable ultra-low latency communication for 
autonomous systems. One study demonstrated that integrating 5G and 6G technologies with machine learning and edge 
computing in electric vehicles achieved 45% lower latency compared to 4G, with up to 60% improvements in both 
throughput and reliability, and 30% gains in energy efficiency via AI-based predictive optimization  
 

Another investigation highlights URLLC's performance in autonomous systems: simulation and real-life examples show 
5G network latency around 1–1.2 ms, throughput up to 10 Gbps, while 6G is expected to push latency down further to 
~0.8 ms, packet loss to 0.01%, and throughput toward 15 Gbps  
 

Recognizing industrial use cases, a systematic review of TSN (IEEE 802.1 Time-Sensitive Networking) and 5G 
integration emphasizes synchronization accuracy from hundreds of nanoseconds to one microsecond across many studies, 
crucial for automotive and industrial automation  
 

From an architectural perspective, hybrid edge computing architectures leveraging D2D, massive MIMO, SDN and NFV 
were proposed to satisfy ultra-low latency demands in autonomy-centric applications like AR, remote surgery, or 
autonomous vehicles  
 

Vehicular-specific studies show 5G mm-Wave communication supports critical safety applications with mean packet 
delays around 13 ms—well below safety thresholds—and enables HD video streaming in congested areas  
 

Complementing these studies, a broader survey of autonomous vehicles in 5G/B5G captures enabling technologies, 
standard activities, security concerns, and forward directions, underscoring the integrative role of URLLC, network 
slicing, and edge compute in realizing connected autonomy  
 

III. RESEARCH METHODOLOGY 

 

To consolidate empirical insights into 5G-enabled low-latency communications, this study adopts a multi-pronged 
methodology comprising: 
 

Literature Aggregation: We systematically collected studies focused on key technologies—URLLC performance 
metrics, edge computing architecture, mm-Wave latency benchmarks, TSN-5G synchronization, and network slicing 
strategies. Sources include academic journals, arXiv preprints, open access reviews, and simulation/testbed papers. 
 

Simulation Result Comparison: We compared reported latency, throughput, reliability, and energy efficiency metrics 
across studies. For example, latency reductions of ~45% vs. 4G from Sharma et al., mm-Wave delay of ~13 ms from 
Khan et al., and sub-millisecond URLLC figures from Gilani Pasha et al. were contextualized comparatively  
 

Architectural Synthesis: We analyzed proposed architectures, such as the hybrid edge computing model leveraging 
SDN/NFV for autonomous systems arXiv, and strategies for latency-throughput balancing via resource allocation and 
network slicing in simulations and testbeds  
 

Metric Framework Development: We framed evaluation around key KPIs: end-to-end latency, reliability (target five 
nines), throughput, synchronization precision, and energy efficiency. Benchmarks were drawn from URLLC goals (~1 ms 
latency, 99.999% reliability) and TSN-5G integration goals of nanosecond-level synchronization  
 

Comparative Analysis: We contrasted current 5G capabilities with projected 6G/B5G milestones—such as 
sub-millisecond control-plane latency, terabit-level data rates, AI and intelligent surfaces—using summary comparisons 
across sources. 

http://www.ijeetr.org/
https://arxiv.org/abs/2009.00041?utm_source=chatgpt.com
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This methodology ensures a balanced overview, integrating empirical results, architectural proposals, and prospective 
benchmarks to assess the readiness of 5G and beyond networks for low-latency autonomous communication. 
 

IV. KEY FINDINGS 

 

From the reviewed literature and data synthesis, several key findings emerge: 
1. Significant Latency Reduction over 4G 

Experiments report latency reductions of approximately 45% when migrating from 4G to integrated 5G/6G solutions, 
with throughput and reliability improvements up to 60%, especially when combined with edge computing and AI 
optimization nano-ntp.com. 

2. URLLC Meets Autonomous Requirements 

5G achieves end-to-end latency around 1–1.2 ms and up to 10 Gbps throughput; 6G is expected to improve further—
targeting ~0.8 ms latency, 0.01% packet loss, and ~15 Gbps throughput ijcnis.org. 

3. mm-Wave Performance in Realistic Scenarios 

Studies indicate 5G mm-Wave communications can maintain mean packet delays of ~13 ms—even in congested 
environments—and effectively support safety-critical and infotainment data for autonomous vehicles arXiv. 

4. TSN-5G Integration Enables Precise Synchronization 

Time-Sensitive Networking (TSN) integrated with 5G can achieve synchronization within hundreds of nanoseconds 
to one microsecond, essential for real-time industrial and automotive systems ScienceDirect. 

5. Edge-Centric Architectures Support Low-Latency 

Hybrid architectures combining edge computing, D2D, massive MIMO, SDN, and NFV have been shown via 
simulations to meet ultra-low latency demands and scalability for autonomous applications arXiv. 

6. Network Slicing and AI Enhance Performance 

Simulation and testbed studies show that grant-free access, higher numerologies, non-orthogonal multiple access 
(NOMA), ML-based adaptive modulation, and deep reinforcement learning for slicing can optimize latency and 
throughput, especially in uplink-intensive scenarios 

 

These findings collectively affirm that 5G—especially when augmented with edge computing, network slicing, and AI—
can satisfy many latency and reliability requirements of autonomous systems, while 6G/B5G holds promise to push these 
capabilities to the next level. 
 

V. RESULTS AND DISCUSSION 

 

Discussion of Results 

The empirical data underscores that 5G technology is capable of delivering ultra-low latency (~1 ms), high reliability (up 
to 99.999%), and high data rates (several Gbps), positioning it as a viable infrastructure for autonomous systems. Hybrid 
edge architectures further enhance these capabilities by reducing communication distance and enabling local compute 
for responsiveness. The integration of TSN ensures precise timing, critical for synchronization in automotive and 
industrial contexts. 
 

Comparative Perspective: 5G vs. Beyond 5G 

While 5G delivers promising performance, future ecosystems—especially those requiring sub-millisecond 
responsiveness or terabit data throughput—will benefit from 6G’s envisioned features: control-plane latency less than 
1 ms, nanosecond processing delays, AI-driven intelligent surfaces, and terahertz frequencies MDPIIIETAWikipedia. 
 

VI. CHALLENGES AND LIMITATIONS 

 

Despite these advances, practical implementation challenges remain: 
• Realizing 1 ms latency consistently in operational networks is technically demanding and currently theoretical in 

many deployments Reddit. 
• Non-terrestrial networks (e.g., satellite, LEO) struggle with physics-limited latencies (~80 ms), meaning hybrid 

architectures must carefully choose communication routes Reddit. 
• Edge and TSN integration require complex orchestration of hardware, synchronization, and standards compliance. 
• AI/ML applications necessitate trustworthy, explainable models, as highlighted by the need for ML sandbox 

frameworks like ITU-T Y.3181 Wikipedia. 

http://www.ijeetr.org/
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• Infrastructure and spectrum availability (e.g., mm-Wave densification, spectrum licensing) remain constraints across 
dense environments. 

• These realities imply that while 5G provides a solid foundation, achieving reliable, ultra-low latency in autonomous 
systems will demand concerted efforts across network architecture, standardization, and deployment practices. 

•  

 

 

VII. CONCLUSION 

 

This paper surveyed the current and emerging technologies enabling low-latency communications in autonomous systems 
through 5G and beyond. We reviewed empirical findings demonstrating that 5G—enhanced by edge computing, TSN, 
network slicing, and AI—can achieve latency near 1 ms, high reliability, and sufficient throughput for autonomous 
vehicles and industrial robots. mm-Wave communication and hybrid architectures further bolster performance in 
demanding scenarios. However, challenges such as consistent real-world latency performance, synchronization, 
non-terrestrial integration, and AI trustworthiness require further research and development. 
 

Looking ahead, 6G/B5G technologies—with capabilities such as sub-millisecond latency, terabit data rate, 
AI-empowered intelligent surfaces, and seamless integration of sensing and communication—offer a compelling vision 
for fully realizing autonomous capabilities. Bridging between current and future networks will hinge on experimental 
testbeds, standardization (e.g., URLLC, TSN-5G integration, AI frameworks), and hybrid deployment strategies. 
 

VIII. FUTURE WORK 

 

1. Testbed Development: Deploy real-world, integrated testbeds combining 5G, edge compute, TSN, and AI to 
validate performance under operational conditions. 

2. Non-Terrestrial Integration: Explore hybrid terrestrial/non-terrestrial models to extend low-latency coverage in 
underserved areas. 

3. AI in Network Control: Develop explainable, reliable AI models for dynamic resource allocation and low-latency 
path management, aligned with frameworks like ITU-T Y.3181 Wikipedia. 

4. Standard Evolution: Advocate for advanced URLLC, 5G-Advanced slicing, and B5G specifications to support 
emerging autonomous applications. 

5. Security & Reliability: Investigate low-latency communication resilience and security in hostile or failure-prone 
environments. 
 

http://www.ijeetr.org/
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