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Abstract 

Cooperation strategies in telecommunications have emerged as critical mechanisms for operators to manage 
infrastructure costs, enhance network deployment, and maintain competitive advantage in increasingly complex 
markets. This study presents a comprehensive game-theoretic framework for analyzing cooperation decisions among 
mobile net­ work operators, with specific application to developing market contexts. Using a modified SAPHYRE game 
theory model, we analyzed cooperation strategies among three mobile operators in Sudan's telecommunications 
market, examining both passive and active infrastructure sharing scenarios. The analysis reveals significant economic 
benefits from cooperation, including CAPEX savings of 30-52% for 4G network deployment and OPEX reductions of 25-
60% across various operational categories. The study identifies key drivers of cooperation including cost reduction, 
regulatory policies, and risk sharing, while highlighting barriers such as competitive concerns, trust deficits, and 
regulatory gaps. Through preference function analysis and strategic outcome modeling, it was demonstrated that 
cooperation can achieve stable equilibrium solutions that benefit all market participants while maintaining competitive 
dynamics. The findings contribute to understanding how game-theoretic approaches can inform telecommunications 
policy and operator strategic decision-making, particularly in developing markets where infrastructure investment 
challenges are most acute. The framework provides actionable insights for regulators and operators seeking to optimize 
cooperation strategies while preserving market competition and innovation incentives. 
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1. Introduction

The telecommunications industry has undergone dramatic transformation over the past decade, with operators facing 
unprecedented challenges in network deployment, technology evolution, and market competition. The capital-intensive 
nature of telecommunications infrastructure, particularly with the advent of 4G and 5G technologies, has created 
compelling economic incentives for operators to explore cooperation strategies that can reduce costs while maintaining 
competitive positioning [1,2]. These cooperation arrangements, often termed "coopetition," represent a fundamental 
shift from traditional competitive models toward more collaborative approaches that can benefit multiple stakeholders 
simultaneously [3]. 

Infrastructure sharing has emerged as one of the most significant forms of telecommunications cooperation, 
encompassing both passive sharing of physical assets such as towers and sites, and active sharing of network elements 
including base stations and core network components [4,5]. The economic rationale for such arrangements is 
compelling: telecommunications networks require substantial capital investment, often representing billions of dollars 
in deployment costs, while many infrastructure elements can be shared without compromising competitive 
differentiation [6]. 
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The application of game theory to telecommunications cooperation provides a rigorous analytical framework for 
understanding strategic interactions among operators [7,8]. Game­ theoretic models can capture the complex trade-offs 
between cooperation benefits and competitive concerns, helping to identify stable equilibrium solutions that maximize 
collective benefits while maintaining individual operator incentives [9]. This approach is particularly valuable in 
developing markets, where infrastructure investment challenges are most acute and cooperation can provide essential 
pathways to network modernization and expansion [10]. 

2. Literature Review 

2.1. Theoretical Foundations of Telecommunications Cooperation 

The theoretical foundations of telecommunications cooperation draw from several disciplines, including industrial 
organization, game theory, and network economics. Branden burger and Nalebuff [12] introduced the concept of 
"coopetition," describing situations where firms simultaneously cooperate and compete. This framework has proven 
particularly relevant to telecommunications, where operators may share infrastructure while competing for customers 
and services [13]. 

Game-theoretic analysis of telecommunications cooperation has evolved significantly over the past decade. Early work 
by Hew and White [11] established foundational models for re­ source bargaining in shared networks, while more 
recent research has expanded to encompass complex multi-operator scenarios and dynamic cooperation strategies 
[14,15]. The SAPHYRE project [17] provided important empirical validation of game-theoretic approaches in European 
telecommunications markets, demonstrating the practical applicability of theoretical models. 

2.2. Economic Analysis of Infrastructure Sharing 

Economic analysis of infrastructure sharing has consistently demonstrated significant potential benefits for 
participating operators. Andrews et al. [5] quantified infrastructure sharing benefits across multiple network types, 
finding CAPEX savings ranging from 20-50% depending on sharing scope and market conditions. Similar findings have 
been reported in developing market contexts, where infrastructure sharing can provide essential pathways to network 
modernization [10]. 

3. Methodology 

3.1. Game Theory Framework 

This study employs a modified SAPHYRE game theory model to analyze cooperation strategies among mobile network 
operators. The framework incorporates three key components: player preferences, strategic options, and outcome 
evaluation mechanisms. Players represent mobile network operators making decisions about infrastructure sharing 
participation, with preferences defined by cost minimization, coverage maximization, and competitive positioning 
objectives. The strategic space encompasses multiple cooperation levels, from no cooperation through passive sharing 
to full active sharing arrangements. Outcome evaluation employs Nash equilibrium analysis to identify stable strategic 
configurations that represent likely market outcomes under different regulatory and market conditions. 

3.2. Data Collection and Analysis 

Primary data collection involved structured interviews with telecommunications industry experts, regulatory officials, 
and operator representatives. Survey instruments captured quantitative assessments of cooperation drivers, barriers, 
and expected benefits. Secondary data sources included regulatory reports, operator financial statements, and industry 
benchmarking studies. Quantitative analysis employed network deployment cost models calibrated to Sudan's 
telecommunications market conditions. CAPEX and OPEX calculations incorporated detailed infrastructure component 
costs, deployment timelines, and operational efficiency metrics. Sensitivity analysis examined outcome robustness 
across different parameter assumptions and market scenarios. 
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4. Results 

4.1. Cost Analysis and Economic Benefits 

Our analysis reveals substantial economic benefits from telecommunications cooperation, with particularly significant 
impacts on capital and operational expenditure reduction. Figure 1 illustrates CAPEX savings potential across major 
infrastructure components, while Figure 2 demonstrates operational cost reduction opportunities. 

 

Figure 1 CAPEX Savings by Infrastructure Component 

 

Figure 2 OPEX Savings by Operational Category 

  



International Journal of Science and Research Archive, 2025, 17(01), 783-790 

786 

4.2. Cooperation Levels and Market Dynamics 

Figure 3 presents current versus potential cooperation levels across different infrastructure categories, revealing 
substantial gaps between existing arrangements and theoretical potential. 

 

Figure 3 Current vs Potential Cooperation Levels by Infrastructure Type 

Current cooperation levels remain relatively low across all categories, with site sharing achieving the highest 
penetration at 35%. However, potential cooperation levels indicate substantial room for expansion, particularly in fiber 
infrastructure where cooperation could reach 85% penetration under favorable regulatory and market conditions. 

4.3. Case Study Analysis 

Real world case studies provide empirical validation of cooperation benefits. Figure 4 presents financial impact analysis 
from two major cooperation arrangements in the study market.  

 

Figure 4 Case Study Financial Impact Analysis 
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The Zain-Canar fiber sharing arrangement achieved annual savings of $2.5 million, while the MTN-SETCO infrastructure 
cooperation generated $1.8 million in cost reductions. These empirical results validate theoretical predictions about 
cooperation benefits and demonstrate practical implementation feasibility. 

4.4. Strategic Drivers and Barriers 

Survey analysis identified key factors influencing cooperation decisions. Figure 5 presents the relative importance of 
cooperation drivers and barriers as assessed by industry stakeholders. 

 

Figure 5 Cooperation Drivers and Barriers Analysis 

Cost reduction emerges as the primary cooperation driver, with 100% of respondents identifying this as a key 
motivating factor. Quality of service enhancement and faster deployment also achieve universal recognition. Primary 
barriers include concerns about long-term competitive advantage loss (62.5%) and challenges of cooperating with 
direct competitors (60%). 

4.5. Network Deployment Benefits 

Beyond direct cost savings, cooperation provides significant benefits for network deployment efficiency and quality. 
Figure 6 quantifies these additional advantages. 

 



International Journal of Science and Research Archive, 2025, 17(01), 783-790 

788 

 

Figure 6 Network Deployment Benefits from Cooperation 

Quality of service enhancement shows the highest improvement potential at 85%, followed by network coverage 
improvement at 80%. Site acquisition time reduction achieves 75% improvement, while deployment cost savings reach 
70%. These benefits extend beyond direct financial impacts to encompass strategic advantages in market positioning 
and customer ser­ vice quality. 

5. Discussion 

5.1. Game Theory Implications 

The game-theoretic analysis reveals several important insights about cooperation stability and strategic dynamics. 
Nash equilibrium analysis indicates that cooperation arrangements can achieve stable configurations under specific 
conditions, particularly when regulatory frame­ works provide appropriate incentives and when operators possess 
similar market positions and strategic objectives. 

The preference function analysis demonstrates that cooperation benefits increase with the scope of sharing 
arrangements, but that stability requires careful attention to competitive balance and benefit distribution. Operators 
with asymmetric market positions may require different cooperation structures to achieve mutually beneficial 
outcomes. 

5.2. Policy Implications 

The findings have significant implications for telecommunications policy and regulation. Regulators can play a crucial 
role in facilitating cooperation by establishing clear frameworks for infrastructure sharing, addressing competitive 
concerns, and providing incentives for collaborative arrangements. The analysis suggests that well-designed regulatory 
interventions can increase cooperation levels while preserving competitive dynamics. 

Specific policy recommendations include: (1) development of standardized sharing agreements and dispute resolution 
mechanisms, (2) establishment of infrastructure sharing obligations for new network deployments, (3) creation of 
regulatory sandboxes for testing innovative cooperation models, and (4) implementation of incentive structures that 
reward cooperation while maintaining competitive intensity. 

5.3. Strategic Implications for Operators 

For telecommunications operators, the analysis provides actionable insights for strategic decision­ making about 
cooperation participation. The economic benefits are substantial and consistent across different market conditions, 
suggesting that cooperation should be a standard consideration in network planning and deployment decisions. 
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However, successful cooperation requires careful attention to partner selection, agreement structure, and ongoing 
relationship management. Operators must balance cooperation benefits against competitive concerns, ensuring that 
sharing arrangements enhance rather than compromise their market position. 

6. Conclusion 

This study demonstrates that game-theoretic analysis provides valuable insights for understanding and optimizing 
telecommunications cooperation strategies. The empirical analysis reveals substantial economic benefits from 
infrastructure sharing, with CAPEX savings of 30-52% and OPEX reductions of 25-60% achievable under appropriate 
conditions. 

The findings contribute to both theoretical understanding and practical implementation of telecommunications 
cooperation. The game-theoretic framework provides a rigorous analytical foundation for evaluating cooperation 
opportunities, while the empirical results demonstrate real world feasibility and benefits. 

Future research should extend this analysis to emerging technologies such as 5G networks and edge computing 
infrastructure, where cooperation opportunities may be even more significant. Additionally, longitudinal studies of 
cooperation arrangements could provide insights into the evolution of cooperative relationships and their long-term 
sustainability. 

The implications for developing markets are particularly significant, as cooperation can provide essential pathways to 
network modernization and expansion where individual operator resources are constrained. Policymakers and 
operators in these markets should prioritize the development of appropriate regulatory frameworks and cooperation 
mechanisms to realize these substantial benefits. 
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