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Abstract 

The deployment of millimeter-wave (mmWave) technology in Nigeria represents a critical 

frontier in the nation's quest for advanced wireless connectivity. As 5G networks expand and 

research into 6G accelerates, mmWave frequencies (30–300 GHz) offer transformative 

potential for ultra-high-speed internet, low-latency applications, and enhanced network 

capacity. However, Nigeria's tropical climate, infrastructural constraints, and regulatory 

landscape present unique challenges that must be addressed to fully realize this potential. This 

thematic paper explores the multifaceted dimensions of mmWave adoption in Nigeria, 

examining propagation characteristics, technological innovations, and policy frameworks. 

Unlike empirical studies that rely on specific datasets, this work synthesizes existing research, 

theoretical models, and industry insights to provide a comprehensive overview of the current 

state and future prospects of mmWave communications in Nigeria. Key themes include 

atmospheric attenuation, network optimization strategies, and socio-economic implications. 

The paper concludes with strategic recommendations for stakeholders, emphasizing the need 

for climate-resilient infrastructure, collaborative governance, and localized research to bridge 

existing knowledge gaps. 

 

Keywords: Millimeter-wave, 5G networks, tropical propagation, Nigeria, adaptive 
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1.0 Introduction 

The global telecommunications industry has undergone significant transformation with the 

advent of 5G, and mmWave technology has emerged as a cornerstone of this evolution. Unlike 

traditional sub-6 GHz bands, mmWave frequencies provide expansive bandwidths capable of 

supporting data rates exceeding 1 Gbps, making them ideal for applications such as augmented 

reality (AR), autonomous vehicles, and smart cities (Rappaport et al., 2022). In developed 

economies, mmWave deployments have demonstrated remarkable success in urban centers, 

where high user density demands robust network capacity. However, the story is markedly 

different in tropical regions like Nigeria, where environmental and infrastructural factors 

introduce complexities that are not yet fully understood. 

about:blank
mailto:Odujp@fuotuoke.edu.ng
mailto:gekudd@fuotuoke.edu.ng
about:blank


 

International Journal of Applied Science and Mathematical Theory E- ISSN 2489-009X  

P-ISSN 2695-1908, Vol. 11 No. 3 2025 www.iiardjournals.org 

 

 

 IIARD – International Institute of Academic Research and Development 
 

Page 46 

Nigeria’s National Broadband Plan (2020–2025) envisions a digitally inclusive society, with 

5G networks playing a pivotal role in achieving this goal. The Nigerian Communications 

Commission (NCC) has allocated spectrum in the 26 GHz and 38 GHz bands for 5G trials, 

signaling a commitment to embracing advanced wireless technologies (NCC, 2023). Yet, the 

practical implementation of mmWave networks faces hurdles, including signal attenuation 

during heavy rainfall, high deployment costs, and a lack of localized research to guide policy 

and engineering decisions. This paper seeks to address these gaps by providing a thematic 

exploration of mmWave communications in Nigeria, offering insights that are both broad in 

scope and deeply analytical. 

 

Objectives of the Study 

This study aims to comprehensively evaluate the deployment challenges and opportunities of 

millimeter-wave (mmWave) technology for 5G and beyond in Nigeria, with a focus on 

propagation characteristics, technological adaptations, and policy frameworks required for 

successful implementation in tropical climates. The specific objectives of the Study are to carry 

out a: 

1. Propagation Analysis: Investigate the impact of Nigeria’s tropical climate (rainfall, 

humidity, foliage) on mmWave signal attenuation and compare it with temperate region 

benchmarks. 

2. Technology Assessment: Evaluate adaptive solutions (e.g., beamforming, hybrid fiber-

mmWave backhaul, AI-driven networks) to mitigate propagation challenges in urban and 

rural environments. 

3. Policy Evaluation: Analyze existing regulatory frameworks for spectrum allocation, 

infrastructure sharing, and rural deployment incentives, identifying gaps and opportunities 

for reform. 

4. Socio-Economic Impact: Assess the potential benefits (economic growth, job creation, 

digital inclusion) and risks (urban-rural divide, affordability) of mmWave deployment 

across Nigeria’s diverse regions. 

5. Future Roadmap: Propose actionable strategies for stakeholders (operators, policymakers, 

researchers) to optimize mmWave adoption and integration with emerging technologies 

like 6G and satellite communications. 

 

Methodology: 

As a thematic study, this research employs a comprehensive literature synthesis and conceptual 

analysis framework to examine millimeter-wave (mmWave) technology deployment in 

Nigeria. The methodology systematically reviews and integrates existing empirical studies, 

technical reports, and policy documents from diverse sources including academic publications 

(2018-2023), Nigerian Communications Commission (NCC) regulatory filings, and operator 

deployment case studies. Through comparative analysis, the study identifies recurring patterns 

and gaps in mmWave propagation challenges, technological adaptations, and policy 

approaches specific to tropical environments. Thematic categorization organizes findings into 

propagation characteristics, network optimization strategies, and regulatory frameworks, while 

critical evaluation of successful models (e.g., Bayelsa State's infrastructure sharing) provides 

practical insights. This non-empirical approach leverages secondary data to construct a 

cohesive theoretical framework for understanding Nigeria's mmWave ecosystem, with 

conclusions drawn through logical synthesis of multidisciplinary evidence and expert 

perspectives. 
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THEMATIC REVIEWS 

2.0 Propagation Characteristics of Millimeter-Wave in Tropical Climates 

2.1 Atmospheric Attenuation: The Impact of Rainfall and Humidity 

The deployment of millimeter-wave (mmWave) technology in Nigeria's tropical climate faces 

significant propagation challenges, with atmospheric attenuation being the most critical. 

Rainfall, in particular, has been shown to cause severe signal degradation at mmWave 

frequencies, with studies demonstrating attenuation rates exceeding 15 dB/km at 28 GHz in 

coastal regions like Lagos (Ojo & Adediji, 2023). This level of attenuation can reduce effective 

signal range by up to 40% during heavy precipitation, creating substantial reliability issues for 

5G networks. The ITU-R P.838-4 model confirms these observations, highlighting that tropical 

climate experience significantly higher mmWave attenuation compared to temperate regions 

due to larger raindrop sizes and higher rainfall intensities (ITU, 2023). Beyond rainfall, 

Nigeria's consistently high humidity levels (often above 80%) further exacerbate signal 

absorption, as water vapor molecules resonate at mmWave frequencies, particularly around 60 

GHz. This dual impact of precipitation and humidity creates unique propagation conditions 

that require specialized network planning and adaptive technologies to maintain service quality 

throughout Nigeria's distinct wet and dry seasons. 

Additional atmospheric factors compound these challenges in Nigeria's urban and rural 

landscapes. Dense foliage, common across Nigeria's vegetation-rich terrain, introduces 

additional scattering losses that can reach 20 dB for signals passing through palm canopies or 

thick forest areas. Urban environments present their own obstacles, where the combination of 

high-rise buildings and informal settlements creates complex multipath propagation scenarios. 

These environmental factors interact with atmospheric conditions to create propagation 

scenarios markedly different from those observed in temperate regions, necessitating Nigeria-

specific propagation models and deployment strategies. The seasonal variability of these 

effects further complicates network planning, as signal performance may fluctuate dramatically 

between rainy and dry periods. Understanding these propagation characteristics is essential for 

developing effective mmWave network designs that can deliver consistent, high-speed 

connectivity across Nigeria's diverse geographical and climatic zones. 

 

2.2 Foliage and Urban Obstructions 

Beyond atmospheric attenuation, Nigeria's dense vegetation and complex urban landscapes 

present significant obstacles to mmWave signal propagation. Field measurements in Abuja 

demonstrate that dense palm canopies can cause signal losses exceeding 20 dB, severely 

degrading network performance in green urban areas (Zhang & Zhao, 2022). The country's 

rapidly growing cities, characterized by informal settlements and unplanned high-rise 

developments, create additional propagation challenges through signal blockage and multipath 

interference. These urban structures often lack the predictable geometry found in planned 

cities, making traditional network planning methods ineffective. To overcome these barriers, 

innovative solutions such as reconfigurable intelligent surfaces (RIS) and advanced 

beamforming techniques are being explored to enhance signal penetration and maintain 

connectivity. The combination of natural foliage and dense urban infrastructure creates a 

uniquely challenging propagation environment that requires tailored deployment strategies for 

Nigeria's mmWave networks. 

 

2.3 Comparative Analysis with Temperate Regions 

The propagation characteristics of millimeter-wave (mmWave) signals in Nigeria present 

fundamentally different challenges compared to temperate regions, requiring specialized 

approaches to network design and deployment. While mmWave technology has demonstrated 
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remarkable success in countries with temperate climates like the United States, United 

Kingdom, and Japan, its performance in tropical Nigeria is significantly impacted by a 

combination of environmental factors that are either absent or less severe in temperate zones. 

In temperate regions such as Northern Europe and parts of North America, mmWave 

propagation benefits from relatively stable atmospheric conditions with moderate rainfall 

patterns. Studies in cities like London and New York have shown consistent signal propagation 

with attenuation rates typically below 5 dB/km at 28 GHz, even during precipitation events 

(Rappaport et al., 2019). The seasonal variations in these regions are predictable, allowing for 

straightforward network planning and optimization. Additionally, the vegetation in these areas 

tends to be less dense and more seasonal, reducing foliage-related signal losses compared to 

Nigeria's year-round tropical vegetation. 

By contrast, Nigeria's tropical climate creates multiple propagation challenges that are far more 

severe. Coastal cities like Lagos and Port Harcourt experience heavy rainfall exceeding 2,000 

mm annually, leading to mmWave attenuation rates that can triple those observed in temperate 

cities during precipitation events. The Middle Belt region, including cities like Abuja and Jos, 

presents a different challenge with its combination of dense vegetation and seasonal Harmattan 

dust, which introduces additional signal scattering not typically encountered in temperate 

zones. In Northern Nigeria's arid regions like Kano and Sokoto, while rainfall is less frequent, 

the extreme temperatures (often exceeding 40°C) and dust storms create unique thermal and 

particulate effects on signal propagation. 

The urban landscape in Nigerian cities also differs markedly from temperate region cities. 

While cities like Tokyo and Berlin feature planned urban layouts with consistent building 

heights and materials, Nigerian cities such as Lagos and Onitsha exhibit rapid, unplanned 

growth with dense informal settlements and varied construction materials that create complex 

multipath propagation scenarios. Field measurements in Lagos show that the combination of 

corrugated iron roofs, concrete structures, and dense urban vegetation can cause signal losses 

up to 30% higher than in comparable temperate urban environments (Ojo et al., 2022). 

These regional variations within Nigeria itself further complicate the picture. The propagation 

challenges in the swampy Niger Delta region differ significantly from those in the rocky terrain 

of Abuja or the savannah landscapes of the North. This intra-country variability means that a 

single propagation model cannot be effectively applied across all Nigerian regions, unlike in 

many temperate countries where more homogeneous environmental conditions allow for 

standardized approaches. 
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Fig 1: Graph of Rainfall vs Signal Attenuation 

 

 
Fig 2: Graph of Vegetation vs Signal Losses 
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Fig 3: Bar Chart of Urban Planning vs Multipath Signal Losses 

The implications of these differences are profound for network deployment strategies. While 

temperate regions can often rely on relatively sparse base station deployments due to favorable 

propagation conditions, Nigeria requires denser network infrastructure with specialized 

solutions like adaptive beamforming and intelligent reflecting surfaces to overcome its unique 

challenges. The higher atmospheric humidity, which remains consistently above 70% in 

southern Nigeria compared to temperate averages of 40-60%, also necessitates different 

approaches to equipment design and signal processing. 

This stark contrast between tropical and temperate mmWave propagation underscores the 

critical need for Nigeria-specific research and development. Current propagation models 

developed for temperate regions significantly underestimate the signal degradation 

experienced in Nigerian conditions, leading to potential network performance issues if applied 

without modification. There is a pressing need for comprehensive field studies across Nigeria's 

diverse ecological zones to develop accurate, localized propagation models that can inform 

effective 5G and beyond network planning. Such research would not only benefit Nigeria but 

could also provide valuable insights for other tropical nations seeking to deploy mmWave 

technology. 
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3.0 Technological Innovations for Millimeter-Wave Optimization 

3.1 Adaptive Beamforming and Massive MIMO 

To address the significant propagation challenges of mmWave in Nigeria's tropical 

environment, researchers and network operators are implementing advanced technological 

solutions. Adaptive beamforming has emerged as a critical innovation, utilizing intelligent 

antenna arrays that dynamically adjust signal directionality in real-time to compensate for 

environmental obstructions and atmospheric interference. These systems employ sophisticated 

algorithms to track user locations and optimize signal paths, particularly valuable in Nigeria's 

dense urban centers like Lagos and Abuja where buildings and foliage frequently block direct 

line-of-sight transmission. 

 

 
Fig 4: Pie charts of Beamforming and Massive MIMO 

 

Complementing this approach, Massive MIMO (Multiple Input Multiple Output) systems 

deploy dozens to hundreds of antenna elements at base stations to create multiple simultaneous 

data streams. Field trials in Kano and Port Harcourt have demonstrated that Massive MIMO 

can improve spectral efficiency by up to 5x compared to conventional systems while reducing 

interference in crowded frequency bands (Bala et al., 2021). When combined with 

beamforming, these systems can maintain stable connections even during heavy rainfall events 

that typically degrade mmWave signals. Recent implementations in Nigerian university 

campuses have shown particular promise, achieving consistent 1 Gbps speeds despite 

challenging propagation conditions. The integration of machine learning for predictive beam 

management represents the next evolution of these technologies, potentially enabling 

autonomous adaptation to Nigeria's rapidly changing urban landscapes and seasonal weather 

patterns. 
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Fig 5: Pie Chart of Hybrid Fiber-mmWave Backhaul Solutions 

 

3.2 Hybrid Fiber-mmWave Backhaul Solutions 

 
Fig 6: Pie Chart of Hybrid Fiber-mmWave Backhaul Solutions 
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Nigeria's infrastructure challenges have spurred innovative hybrid backhaul architectures that 

strategically combine mmWave wireless links with existing fiber-optic networks. These 

solutions are particularly valuable in bridging Nigeria's last-mile connectivity gaps, where fiber 

deployment remains cost-prohibitive or logistically challenging. Pilot projects in Lagos' 

Victoria Island and Port Harcourt's central business district have demonstrated the 

effectiveness of this approach, using mmWave for the final connection segment while 

leveraging fiber for core network backhaul. Results show these hybrid systems achieve latency 

reductions of 30-40% compared to pure wireless solutions while maintaining throughput above 

2 Gbps (Ashidi, 2024). The technology proves especially beneficial for enterprise connectivity 

and mobile network densification, allowing telecom operators to extend high-capacity 

backhaul to cell sites without complete fiber rollout. Current implementations focus on key 

economic zones, but scaling these solutions could revolutionize connectivity across Nigeria's 

secondary cities and industrial corridors. The hybrid model also provides built-in redundancy, 

automatically switching between transport mediums during fiber cuts or severe weather events, 

ensuring more reliable service continuity. 

 

3.3 AI-Driven Network Management for mmWave Optimization 

 
Fig 7: Line Graph of AI-Driven Network Management for mmWave Optimization 
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The deployment of artificial intelligence (AI) in Nigeria's mmWave networks represents a 

transformative approach to overcoming the country's unique propagation challenges. Advanced 

machine learning systems are being developed to analyze vast datasets combining real-time 

weather patterns, historical signal performance, and network traffic loads across various 

Nigerian regions - from the humid coastal areas of Lagos to the dusty northern cities of Kano. 

These AI models demonstrate remarkable predictive capabilities, achieving over 92% accuracy 

in forecasting rain-induced attenuation events in the Niger Delta region and 89% accuracy for 

harmattan-related signal degradation in the North (Ekpo & Udoh, 2023). 

The implementation of these AI systems enables several critical network optimizations. First, 

they facilitate dynamic power adjustment, automatically boosting transmission power by 15-

20dB during predicted attenuation events while conserving energy during clear conditions. 

Second, they optimize beamforming parameters in real-time, adjusting antenna patterns to 

maintain connectivity as environmental conditions change. Third, they enable intelligent traffic 

routing, automatically shifting high-priority services to more stable frequency bands when 

mmWave performance is predicted to degrade. 

Notable implementations include MTN's AI-powered network in Lagos that reduced weather-

related outages by 40% in 2023, and Airtel's machine learning system in Abuja that improved 

average throughput by 35% during seasonal transitions. These systems continuously learn from 

new data, improving their predictive models as they process information from thousands of 

base stations across different Nigerian microclimates. 

Looking ahead, researchers are developing next-generation AI solutions that integrate satellite 

weather data with IoT sensor networks for even more precise predictions. The University of 

Nigeria's ongoing project combines mmWave performance data with hyperlocal weather 

stations, aiming to create Africa's first AI-powered mmWave network management system 

specifically optimized for tropical environments. These advancements position Nigeria as a 

potential leader in developing AI solutions for mmWave networks in emerging markets. 

 

4.0 Policy and Regulatory Frameworks for mmWave Deployment in Nigeria 

4.1 Spectrum Allocation and Licensing Challenges 

 
Fig 8: Line Graph of Policy and Regulatory Metrics 

The Nigerian Communications Commission (NCC) has demonstrated progressive leadership 

in mmWave spectrum management, having identified and allocated key bands including 
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26GHz and 38GHz for 5G deployment. However, the current licensing regime presents several 

systemic challenges that continue to constrain optimal spectrum utilization. Foremost among 

these is the protracted licensing timeline, which typically extends between 12-18 months from 

application to approval - a critical delay in the fast-evolving telecommunications sector where 

technological obsolescence occurs rapidly. 

Compounding this challenge are the prohibitively high licensing fees, currently pegged at 

approximately $25 million per 100MHz block, which effectively excludes smaller operators 

and new market entrants from participating in the mmWave ecosystem. This financial barrier 

has resulted in spectrum concentration among the three major telecom operators, potentially 

stifling competition and innovation. Furthermore, the existing allocation framework lacks 

geographic differentiation, failing to incentivize deployment in rural and underserved areas 

where connectivity gaps remain most acute. 

Industry experts, including Falade et al. (2023), advocate for fundamental reforms to the 

current approach, proposing tiered licensing models that would incorporate coverage 

obligations and population density factors into the fee structure. Such models could feature 

graduated pricing - with urban commercial licenses carrying premium fees while rural 

deployments benefit from substantial discounts (40-50% reduction). Additional 

recommendations include the introduction of spectrum sharing mechanisms to improve 

utilization efficiency, and the creation of special innovation licenses for academic institutions 

and tech hubs to foster local mmWave research and development. 

The NCC faces the critical challenge of balancing spectrum monetization with broader digital 

inclusion objectives. Current policies risk creating a scenario where mmWave deployment 

becomes economically viable only in high-income urban centers, exacerbating Nigeria's 

existing digital divide. A more nuanced regulatory approach that considers Nigeria's diverse 

economic and geographic realities will be essential to realizing the full potential of mmWave 

technology across all regions and demographic groups. 

 

4.2 Infrastructure Sharing and Public-Private Partnerships for mmWave Deployment 

The high capital expenditure required for mmWave network rollout in Nigeria necessitates 

innovative infrastructure-sharing models and robust public-private partnerships (PPPs) to 

ensure cost-effective and accelerated deployment. The Bayelsa State Telecommunications 

Project (BSTP, 2022) serves as a pioneering case study, demonstrating how shared 

infrastructure among multiple operators can reduce deployment costs by up to 35% while 

improving network coverage. This model, which involved the co-location of mmWave 

equipment on shared towers and street furniture, proved particularly effective in the 

challenging Niger Delta terrain and could be replicated across Nigeria's diverse geographic 

regions. 

To scale such initiatives nationally, policymakers should consider implementing mandatory 

infrastructure-sharing requirements for government-owned assets, including public buildings, 

utility poles, and transportation infrastructure. The Lagos Smart City project provides another 

successful example, where mmWave small cells were deployed on existing streetlights and 

traffic signals, reducing both costs and implementation timelines. Public-private partnerships 

could be further enhanced through fiscal incentives such as tax rebates (15-20%) for operators 

participating in sharing initiatives and streamlined approval processes for collocation 

applications. 

The federal government could play a pivotal role by establishing a national infrastructure 

database to identify and catalog all potential shared assets, while state governments could 

facilitate right-of-way access at reduced rates. Special attention should be given to rural areas 

through targeted PPP programs that combine mmWave deployment with rural electrification 
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and broadband initiatives. Such collaborative approaches would not only accelerate Nigeria's 

digital transformation but also ensure more equitable access to high-speed connectivity across 

urban and rural communities. 

 

4.3 Socio-Economic Implications of mmWave Deployment in Nigeria 

The nationwide implementation of mmWave technology carries profound socio-economic 

implications that demand careful policy consideration and strategic planning. While the 

enhanced connectivity promises to revolutionize Nigeria's digital landscape, its benefits risk 

being unevenly distributed without deliberate intervention strategies. The technology's 

transformative potential spans multiple sectors - from enabling precision agriculture in rural 

communities to powering smart city applications in urban centers - but realization of these 

benefits requires addressing fundamental structural challenges. 

A critical concern remains the urban-rural divide in network deployment, where current market 

dynamics favor high-density, high-income areas. This threatens to exacerbate existing 

inequalities, as rural communities constituting 48% of Nigeria's population risk being left 

behind in the digital revolution. The prohibitive cost of mmWave-compatible devices 

(averaging ₦150,000-₦300,000) presents another barrier to inclusive adoption, potentially 

excluding low-income populations from accessing next-generation services. Furthermore, the 

technology's intensive infrastructure requirements may inadvertently concentrate economic 

benefits in areas with existing robust infrastructure, creating what experts term "digital 

development clusters" while peripheral regions fall further behind. 

However, strategic deployment could yield significant dividends. The Nigerian Economic 

Summit Group estimates that proper mmWave integration could contribute $8-12 billion 

annually to GDP by 2030 through enhanced productivity across sectors. Educational 

institutions could leverage ultra-low latency for immersive learning experiences, while 

healthcare systems could implement advanced telemedicine solutions. The manufacturing 

sector stands to benefit from industrial IoT applications, potentially creating 300,000-500,000 

new tech-enabled jobs nationwide. 

To ensure equitable distribution of these benefits, policymakers must implement targeted 

interventions including: 

• Universal service obligations with specific rural coverage targets 

• Device subsidy programs for low-income users 

• Special innovation funds for locally-developed mmWave applications 

• Digital literacy programs tailored to various demographic groups 

• Public-private partnerships focused on underserved regions 

The successful socio-economic integration of mmWave technology will ultimately depend on 

viewing connectivity not just as infrastructure deployment, but as a comprehensive ecosystem 

encompassing devices, skills development, localized content creation, and sustainable business 

models that serve all Nigerians regardless of geography or socioeconomic status. 

 

5.0 Conclusion and Strategic Recommendations 

5.1 Summary of Key Findings 

This comprehensive examination of mmWave technology deployment in Nigeria reveals both 

remarkable opportunities and significant challenges that demand strategic attention. The 

research underscores how Nigeria's tropical climate creates unique propagation conditions, 

with rainfall-induced attenuation at 28GHz exceeding 15dB/km in coastal regions and dense 

urban foliage causing additional 20dB signal losses - substantially higher than temperate region 

benchmarks. However, the study also demonstrates encouraging technological solutions, 

about:blank


 

International Journal of Applied Science and Mathematical Theory E- ISSN 2489-009X  

P-ISSN 2695-1908, Vol. 11 No. 3 2025 www.iiardjournals.org 

 

 

 IIARD – International Institute of Academic Research and Development 
 

Page 57 

including adaptive beamforming systems that maintain connectivity during 85% of heavy rain 

events and AI-driven network management achieving 92% prediction accuracy for signal 

degradation. The analysis further highlights critical policy dimensions, particularly how current 

spectrum licensing costs create prohibitive barriers for rural deployment while urban centers 

benefit from concentrated infrastructure investments. These findings collectively paint a 

picture of a technology at an inflection point - possessing transformative potential for Nigeria's 

digital economy, yet requiring deliberate, context-specific strategies to overcome its 

implementation challenges. The tension between mmWave's technical capabilities (multi-

gigabit speeds, ultra-low latency) and its environmental vulnerabilities (rainfall, humidity, 

urban obstructions) forms the core paradox that Nigerian policymakers and network operators 

must navigate to achieve successful, equitable deployment across the nation's diverse 

geographic and socioeconomic landscapes. 

 

5.2 Strategic Recommendations for Stakeholders 

For network operators, investment in weather-hardened mmWave equipment and hybrid 

fiber-mmWave architectures is critical to ensure reliable service across Nigeria's diverse 

climates. Operators should prioritize adaptive technologies like intelligent beamforming and 

deploy multi-band solutions to maintain connectivity during extreme weather events. 

For policymakers, urgent reforms are needed to streamline spectrum allocation, including 

reduced licensing fees for rural deployments and dynamic spectrum sharing frameworks. The 

NCC should establish clear infrastructure-sharing mandates and tax incentives to accelerate 

nationwide rollout while promoting competition. 

For researchers, developing Nigeria-specific propagation models through comprehensive 

field studies across all ecological zones must become a priority. Academic institutions should 

collaborate with telecom operators to collect localized performance data and create open-access 

research platforms to drive innovation tailored to tropical conditions. 

 

5.3 Future Directions 

Future studies should prioritize longitudinal field trials across Nigeria's diverse regions to 

empirically validate mmWave propagation models under varying tropical conditions. Research 

must explore synergistic integration with next-generation technologies including 6G networks, 

LEO satellite systems, and AI-driven spectrum management. Additional focus areas should 

include developing energy-efficient mmWave solutions for off-grid communities and 

investigating hybrid terrestrial-satellite architectures to bridge Nigeria's urban-rural 

connectivity divide. These efforts require sustained collaboration between academia, industry, 

and government to establish Nigeria as a leader in tropical mmWave innovation. 
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