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This Technical Report examines the evolution, relevance and best practices of cost models applied by telecommunication operators, regulators and other stakeholders across regulatory and market environments. It explores how cost models, including traditional approaches such as fully allocated cost (FAC) and long-run incremental cost (LRIC), as well as hybrid and emerging methodologies, inform tariff regulation, investment decisions and affordability strategies.
Cost models were originally developed for telecom markets that were capital-intensive, monopolistic and infrastructure scarce. In that context, they served as essential tools to ensure fair pricing, cost recovery and universal access. However, telecom markets have matured, competition has intensified and technologies like 5G, satellite broadband and network virtualization have changed the economics of service delivery. These shifts have raised fundamental questions about the continuing role and relevance of cost models.
The report seeks to address this changing landscape by examining how cost models are applied in both retail and wholesale segments, assessing how regulatory choices depend on market structures and identifying how new services and dominant player behaviour may influence cost modelling practices. At the same time, it highlights the need for innovation in cost modelling to better reflect emerging technologies and support policy objectives of affordability.
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None.
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[bookmark: _Toc239193534][bookmark: _Toc239232778][bookmark: _Toc239240545]3.1	Terms defined elsewhere
None.
[bookmark: _Toc239193535][bookmark: _Toc239232779][bookmark: _Toc239240546]3.2	Terms defined in this Technical Report
This Technical Report defines the following terms:
3.2.1	activity-based costing (ABC): Costing method that attributes costs to services based on activities and their causal drivers.
3.2.2	affordable data services: Data connectivity priced and provisioned so typical users can adopt and sustain adequate quality without sacrificing essential expenditures.
3.2.3	benchmarking: Use of external price or cost comparators (national or international) to inform or set regulated charges.
3.2.4	bill-and-keep (BAK): Settlement regime where operators recover termination costs from their own customers and do not exchange termination payments.
NOTE  This definition is based on [b-ITU-D Q4/1].
3.2.5	bottom-up (BU) cost model: Engineering model that estimates forward-looking costs by designing an efficient network from demand, coverage, topology and technology inputs.
NOTE  This definition is based on [b-ITU-D Q4/1].
3.2.6	capacity-based costing (CBC): Attribution and recovery of costs according to provisioned or reserved capacity (e.g., Mbit/s), rather than solely according to traffic volumes.
3.2.7	convergence: Delivery of multiple services over a shared, all-IP, often virtualized infrastructure.
3.2.8	cost model: Structured model that estimates, allocates and annualizes costs by service and network element for pricing and regulation.
3.2.9	cost orientation: Regulatory principle that charges should reflect efficiently incurred costs of providing the service.
NOTE  This definition is based on [b-ITU-D Q4/1].
3.2.10	fully allocated/distributed cost (FAC/FDC): Accounting approach allocating all costs – including shared and common – to services using defined allocation drivers.
NOTE  This definition is based on [b-ITU-D Regulatory].
3.2.11	herfindahl–hirschman index (HHI): Measure of market concentration used to assess potential market power.
3.2.12	hybrid model: Approach that reconciles bottom-up results with top-down accounts to improve realism, transparency and auditability.
3.2.13	infrastructure sharing: Use of passive and/or active network elements by multiple operators to reduce cost and accelerate rollout.
3.2.14	interconnection: Physical and logical linking of networks to enable end-to-end communication between users of different networks.
NOTE  This definition is based on [b-ITU-D Q4/1].
3.2.15	life-cycle costing (LCC): Accounting for total costs over an asset's or service's life, including capital, operating and renewal costs.
3.2.16	long-run incremental cost (LRIC): Change in long-run cost from supplying (or removing) a defined increment of output or a service.
NOTE  This definition is based on [b-ITU-D Regulatory].
3.2.17	long-run average incremental cost (LRAIC): Average of incremental costs over a long-run horizon for a defined increment.
NOTE  This definition is based on [b-ITU-D Regulatory].
3.2.18	LRIC-plus (LRIC+): LRIC with an allocation/markup for shared and common costs to ensure full cost recovery.
NOTE  This definition is based on [b-ITU-D Regulatory].
3.2.19	margin squeeze (test): Assessment of whether wholesale and retail price levels allow an efficient retailer to operate profitably.
3.2.20	market power (SMP): Ability of a firm to act to an appreciable extent independently of competitors and customers.
3.2.21	network function virtualization (NFV): Implementation of network functions in software running on general-purpose hardware.
3.2.22	network slicing: Creation of virtual networks on a common infrastructure with specific performance targets and SLAs.
3.2.23	price caps/ceilings: Regulatory controls that limit price levels or their growth over time.
3.2.24	real-time cost attribution (RTCA): Dynamic assignment of costs using live network/usage data and analytics.
3.2.25	reference access offer (RAO): Published terms and prices for wholesale access to facilities/services on a non-discriminatory basis.
NOTE  This definition is based on [b-ITU-D Q4/1].
3.2.26	reference Interconnection offer (RIO): Published terms and prices for interconnection on a non-discriminatory basis.
NOTE  This definition is based on [b-ITU-D Q4/1].
3.2.27	retail-minus: Wholesale pricing set as the retail price minus avoidable retailing costs.
NOTE  This definition is based on [b-ITU-D Q4/1].
3.2.28	scorched-node assumption: Bottom-up modelling assumption that retains existing node locations while allowing technology upgrades.
NOTE  This definition is based on [b-ITU-D Q4/1].
3.2.29	service-level agreement (SLA): Contractual performance commitments (e.g., latency, uptime), often linked to pricing or penalties.
3.2.30	software-defined networking (SDN): Architecture separating control and forwarding planes to enable programmable networks.
3.2.31	spectrum policy: Rules for assignment, pricing, sharing and trading of spectrum to promote efficiency and competition.
3.2.32	top-down (TD) cost model: Model that allocates audited financial accounts to services using routing/allocation keys, with efficiency adjustments where appropriate.
NOTE  This definition is based on [b-ITU-D Regulatory].
3.2.33	total service LRIC (TSLRIC/TSLRIC+): LRIC calculated at the whole-service level, optionally including common-cost markups.
NOTE  This definition is based on [b-ITU-D Q4/1].
3.2.34	universal service fund (USF): Fund ensuring access to communications services for all users.
3.2.35	weighted average cost of capital (WACC): Blended cost of equity and debt used to annualize capital and set allowed returns.
NOTE  This definition is based on [b-ITU-D Regulatory].
3.2.36	wholesale access: Third-party access to essential facilities/services to enable downstream competition.
NOTE  This definition is based on [b-ITU-D Regulatory].
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This Technical Report uses the following abbreviations and acronyms:
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3GPP	3rd Generation Partnership Project
ABC	Activity-Based Costing
ADSL	Asymmetric Digital Subscriber Line
AI	Artificial Intelligence
ARPU	Average Revenue Per User
BAK	Bill-and-Keep
BSS	Business Support Systems
BU	Bottom-Up (cost model)
CAPEX	Capital Expenditure
CBC	Capacity-Based Costing
CDR	Call Detail Record
CPP	Calling Party Pays
DC	Data Centre
EACO	East African Communications Organisation
EBITDA	Earnings Before Interest, Taxes, Depreciation and Amortization
ECTEL	Eastern Caribbean Telecommunications Authority
EU	European Union
FAC	Fully Allocated Cost
FCC	Federal Communications Commission (United States)
FDC	Fully Distributed Cost
FGCD	Focus Group on Costing Data Services
FSOC	Free Space Optics
FTTH	Fibre to the Home
FWA	Fixed Wireless Access
G&A	General and Administrative
GPON	Gigabit-capable Passive Optical Network
HFC	Hybrid Fibre-Coaxial
HHI	Herfindahl–Hirschman Index
ICT	Information and Communication Technology
IoT	Internet of Things
IP	Internet Protocol
IP-MPLS	Internet Protocol - Multiprotocol Label Switching
ISDN	Integrated Services Digital Network
IXP	Internet Exchange Point
KPI	Key Performance Indicator
LCC	Life-Cycle Costing
LEO	Low-Earth Orbit
LRAIC	Long-Run Average Incremental Cost
LRIC	Long-Run Incremental Cost
LRIC+	LRIC plus common-cost markup
M2M	Machine-to-Machine
ML	Machine Learning
MNO	Mobile Network Operator
MTC	Mobile Termination Charge
MVNO	Mobile Virtual Network Operator
NFV	Network Function Virtualization
NTIA	National Telecommunications and Information Administration (United States)
O&M	Operations and Maintenance
OFC	Optical Fibre Cable
OPEX	Operating Expenditure
OSS	Operations Support Systems
PGMC	General Plan of Competition Goals (Brazil)
PSTN	Public Switched Telephone Network
QoS	Quality of Service
RAO	Reference Access Offer
RIO	Reference Interconnection Offer
ROI	Return on Investment
RTCA	Real-Time Cost Attribution
SAC	Stand-Alone Cost
SDG 9	Sustainable Development Goal 9
SDN	Software-Defined Networking
SLA	Service-Level Agreement
SMP	Significant Market Power
SSNIP	Small but Significant Non-transitory Increase in Price
SUTEL	Superintendencia de Telecomunicaciones (Costa Rica)
TD	Top-Down (cost model)
TRAI	Telecom Regulatory Authority of India
TRC	Telecommunications Regulatory Commission (Jordan)
TSLRIC	Total Service Long-Run Incremental Cost
TSLRIC+	TSLRIC plus common-cost markup
TSP	Telecom Service Provider
UBR	Unlicensed Band Radio
USF	Universal Service Fund
VSAT	Very Small Aperture Terminal
WACC	Weighted Average Cost of Capital
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Sustainable development goal 9 (SDG 9) calls on countries to build resilient infrastructure, promote inclusive and sustainable industrialization and foster innovation. Achieving these ambitions fundamentally depends on robust information and communication technology (ICT) networks. In a global economy where knowledge exchange is the currency of growth, fast, affordable and equitable access to data services is no longer optional. It is foundational.
Data is often described as the "new oil" because it fuels entire sectors of innovation and future economic models. Artificial intelligence (AI), the Internet of things (IoT), digital finance, e-governance and countless emerging applications rely on the seamless flow of information. Without reliable, affordable connectivity, societies risk exclusion from these opportunities and widening the digital divide.
The provision of these services has shifted dramatically over the past two decades. What began as state-driven efforts to extend fixed networks and universal access has, in many countries, given way to competitive markets dominated by private players. This transition has brought efficiency, innovation and investment. It has also created new challenges. Policymakers now face the delicate task of ensuring that services remain affordable for consumers while still sustainable for providers who must invest in ever-evolving infrastructure.
Striking this balance requires a clear and structured understanding of the cost structures that underpin service delivery and an ability to translate that understanding into fair, transparent and forward-looking regulatory frameworks.
[bookmark: _Toc209722313][bookmark: _Toc239193538][bookmark: _Toc239232782][bookmark: _Toc239240549]6	Importance of cost models for enabling affordable data services 
Cost models are the primary tools through which regulators and policymakers gain visibility into how telecommunication services are priced, what drives those costs and where intervention may be necessary. Originally designed as instruments for tariff regulation in capital-intensive and low-competition environments, they ensured that pricing reflected the true costs of service delivery while safeguarding operators' ability to recover investments.
By breaking down the data delivery chain into international bandwidth, national backbone, last-mile access and customer-facing services, cost models allow regulators to identify cost drivers at each layer and design policies that support fair access and efficient competition. This layered visibility is increasingly critical as networks grow more complex, technologies converge and new services demand differentiated treatment.
While their role has shifted, the importance of cost models has not diminished. On the contrary, their continued evolution is vital in ensuring that the digital ecosystem remains affordable, inclusive and sustainable. They bring clarity to cost structures, discipline to pricing and fairness to access. These are the cornerstones for achieving the ambitions of SDG 9 and enabling the digital transformation of societies.
[bookmark: _Toc209722314][bookmark: _Toc239193539][bookmark: _Toc239232783][bookmark: _Toc239240550]7	Development of cost models
Cost models have traditionally played a central role in telecommunication regulation, helping stakeholders understand how services are priced, which network elements drive costs, and where regulatory intervention may be needed. Originally developed to support tariff regulation in capital-intensive, low-competition markets, these models ensured that pricing reflected the true cost of service delivery while allowing operators to recover efficient investment.
As telecommunication markets have matured and become more competitive, the function of cost models has evolved. Their role today is less about strict retail price control and more about providing a structured framework for market oversight, affordability assessment and fair access. While they no longer determine retail tariffs in many countries, they remain critical in wholesale regulation, infrastructure sharing and emerging service areas where pricing risks and bottlenecks persist.
Developing a cost model requires a detailed understanding of how services are delivered across different layers of the network: international bandwidth, national backbone, last-mile access and customer-facing services. It also requires careful design choices about how costs are measured, allocated and benchmarked. Drawing from [b-ITU-D Q4/1], key dimensions that influence model design include:
a)	Costing approaches
b)	Cost standards
c)	Cost elements
d)	Treatment of capital-related costs
e)	Treatment of revenues
f)	Definition of the reference operator
g)	Services and increments
h)	Geographical modelling.
While these design elements represent international best practices, their application varies by regulatory context, data availability and capacity. Not all models include every parameter; regulators typically prioritize based on local market needs and available information.
Regulators may also combine model results with market data, including revenues and retail prices, to perform broader regulatory tests such as margin-squeeze or imputation analysis.
In wholesale markets, where a small number of players may control essential facilities, cost models remain central. They are applied to set access charges, evaluate interconnection disputes and prevent anticompetitive pricing. In this context, cost models provide transparency, ensure discipline in pricing and safeguard investment incentives.
Given the layered nature of Internet service delivery, spanning international bandwidth, national backbone, last-mile access and customer-facing services, cost models help break down these components to identify key cost drivers and inform pricing strategies appropriate to each level.
Cost models are no longer one-size-fits-all tools. Their design and application must be tailored to market maturity, technology evolution and regulatory priorities. Yet their core function remains unchanged: to bring clarity to cost, discipline to pricing and fairness to access.
[bookmark: _Toc209722315][bookmark: _Toc239193540][bookmark: _Toc239232784][bookmark: _Toc239240551]8	Costing approaches
From a high-level perspective, three main approaches are commonly used for telecommunication cost modelling.
Top-down cost models are developed using financial data from an operator's audited accounts, allocating existing costs across services and network elements. They are relatively quick to implement and provide transparency and auditability, but if not adjusted, they may embed historical inefficiencies.
Bottom-up cost models are constructed using engineering and economic inputs such as demand forecasts, coverage targets and technology specifications. They design an efficient network from scratch to meet service requirements, applying algorithms to dimension resources and estimate costs. While more data-intensive, bottom-up models are forward-looking and can simulate optimal network scenarios.
Hybrid cost models combine elements of both approaches. They draw on the realism of top-down financial data while incorporating the efficiency assumptions of bottom-up network design. Hybrid models are increasingly relevant as telecommunication markets face complexity: the coexistence of multiple access technologies (2G, 3G, 4G, 5G, fibre), the transition from fixed to mobile, the proliferation of Internet protocol (IP)-based applications with diverse resource demands and the rise of infrastructure sharing or national roaming obligations.
Hybrid models frequently incorporate activity-based costing (ABC) to allocate costs according to actual drivers of resource use. They apply distribution keys and routing factors that capture how services and applications affect capacity across network layers. This allows accurate allocation of capital expenditure (CAPEX), operating expenditure (OPEX) and cost of capital, while also accommodating emerging features such as virtualized network functions. To maintain transparency, regulators may also isolate non-telecommunication services (e.g., cloud, digital payments) from regulated telecommunication costs.
To support comparability across multinational operators, some hybrid models use internationally recognized pivot accounting plans, enabling reconciliation across different internal systems. They may also include mechanisms to exclude ineligible costs, revalue assets at current costs and apply scorched-node bottom-up modules to validate network topology and traffic flows.
Advanced regulatory techniques such as market slicing can also be embedded in hybrid frameworks. By categorizing applications based on bandwidth and quality-of-service requirements, regulators can ensure more cost-reflective allocation and support differentiated consumer offerings.
In summary, top-down, bottom-up and hybrid models each serve different purposes. Hybrid models have gained prominence because they balance financial realism with engineering precision, provide flexibility to adapt to new technologies and offer regulators a sustainable framework to support affordability, competition and fair operator returns.
NOTE – Additional costing approaches are detailed in Annex A.
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Cost standards define how the total costs of running a network are shared across different services such as data, voice, or messaging. They help answer the key question: "How much does this service really cost the operator?" A few cost standards are recognized in telecommunication regulation and industry practice, although their actual use varies by country and regulatory objective.
a)	Fully allocated costs (FAC): Distributes total business costs, including overheads, across services using allocation factors such as routing tables. Historically valued for its transparency and reliance on audited accounts but rarely used today as a primary regulatory tool because it may embed inefficiencies and outdated expenditures.
b)	Stand-alone cost (SAC): Estimates the cost if an operator provided only one service. Mostly a theoretical ceiling test to guard against monopoly pricing but seldom applied in practice.
c)	Long-run average incremental costs (LRAIC): Considers the long-term cost of adjusting capacity as demand rises or falls. Useful in wholesale regulation where forward-looking but practical cost estimates are required.
d)	Pure long-run incremental costs (pure LRIC): Pure LRIC focuses on the cost savings if a particular service or group of services was not provided. It only includes direct and variable costs, leaving out shared or common costs. This approach is often used to set wholesale prices like termination charges, where the goal is to reflect the lowest sustainable cost.
e)	Long-run incremental costs plus common costs (LRIC+): LRIC+ starts with the incremental costs, like pure LRIC, but adds a share of common and overhead costs on top. This helps ensure that all costs, including those shared across services, are recovered. Commonly applied in wholesale access pricing and retail contexts where regulators aim to balance efficiency with full cost recovery and continued investment incentives.
When are these models used?
Different cost standards are used based on regulatory objectives. Pure LRIC is generally applied for wholesale interconnection pricing, to promote competition and lower consumer prices. LRIC+ or FAC are typically chosen for retail services or infrastructure sharing, where the goal is to ensure operators can recover their full costs and continue to invest in the network.
Each cost standard comes with specific trade-offs:
•	Fully allocated costs (FAC) provide high transparency by relying on real financial data but may overstate costs if it includes inefficient or outdated expenditures.
•	Pure LRIC pushes prices closer to marginal cost, benefiting consumers, but may risk under recovery of shared costs, potentially discouraging future investments.
•	LRIC+ strikes a balance, allowing cost recovery while still promoting competitive pricing, but requires careful regulatory judgement on the level of markup.
In practice, regulators often use both top-down and bottom-up models together to cross-check results and ensure prices are fair, competitive and sustainable over time.
Emerging challenges with new service models 
While existing cost standards such as LRIC, LRIC+ and FAC have served well for traditional telecom services like voice, messaging and data, they face significant limitations in the context of next-generation network architectures and services.
With the advent of 5G, network/market slicing, IoT, private networks, software-defined networking (SDN) and network function virtualization (NFV), the way services are delivered and monetized is fundamentally changing. Unlike traditional models that allocate costs to broad service categories, 5G network slicing allows operators to offer virtualized, specialized services on the same physical infrastructure such as smart grids, telemedicine, industrial automation, or emergency response networks. These services often share network resources dynamically, making it difficult to allocate costs based on static metrics like traffic volume.
In addition, cloud-based and virtualized network functions enable real-time, multiservice use of the same hardware, further complicating cost attribution. Physical network elements such as routers or base stations are no longer dedicated to single services but are dynamically assigned to multiple services through virtual functions.
Many emerging services such as ultra-low latency control systems or high-reliability industrial networks are not primarily defined by traffic volume but by performance characteristics like latency, reliability and security. Traditional per-minute or per-gigabyte pricing models fail to capture these dimensions of service value and cost.
Dimensioning the network is also changing. Traditional models dimensioned infrastructure primarily on aggregate traffic volumes. In next-generation networks, however, dimensioning is increasingly determined by the profile of users or applications and their quality-of-service (QoS) constraints. Ultra-low latency industrial control, telemedicine, or high-reliability emergency services require network elements to be engineered for stringent delay, redundancy, or security targets rather than just throughput. These requirements directly influence infrastructure costs and challenge conventional allocation methods.
Moreover, network slicing introduces multitenant environments where different clients or industries (e.g., enterprises, mobile virtual network operators (MVNOs), public agencies) share the same infrastructure but require customized service-level agreements (SLAs). Existing models such as FAC or LRIC are not designed to allocate costs per slice, per tenant, or per SLA, leaving a gap in cost transparency for these advanced services.
Finally, global standardization on how to cost these new services remains incomplete, and there is no universally adopted methodology yet for allocating costs in virtualized, multitenant, or SLA-driven service environments.
Addressing these gaps will require new research, industry collaboration and regulatory innovation to develop next-generation cost models that can handle the complexities of dynamic, software-driven and performance-based networks.
Figure 1 shows the cost methodologies and the corresponding cost types.
[image: Figure 1 shows the cost methodologies and the corresponding cost types.]
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Case example: Jordan's implementation of TSLRIC+ hybrid cost modelling
A noteworthy example of applied regulatory costing comes from Jordan, where the Telecommunications Regulatory Commission (TRC) has developed and institutionalized a structured cost modelling framework based on the total service long-run incremental cost-plus common costs (TSLRIC+) methodology. Introduced through formal regulatory mandates in 2009, this model reflects international best practices aimed at ensuring cost-oriented, transparent and non-discriminatory wholesale pricing, particularly for interconnection services.
Jordan's framework follows a hybrid modelling approach, combining bottom-up engineering models which estimate the cost of a hypothetically efficient operator based on modern network design and forecasted demand with top-down calibration using actual operator accounting data. This dual approach allows the TRC to balance theoretical efficiency with real-world financial validation. The framework applies to both fixed and mobile network services and models are developed for a generic efficient operator, as well as for specific operators like Orange, Zain and Umniah when sufficient operator-specific data is provided.
The TRC's methodology is based on a scorched-node network design, preserving the physical layout of existing network sites while modelling technology upgrades to reflect modern equivalent assets. For example, the fixed network model assumes the continued use of public switched telephone network (PSTN) for voice services and IP-based technologies for data, while the mobile model focuses on 2G/2.5G capabilities with adaptability for future 3G evolution. The model explicitly incorporates both initial and annual spectrum and licensing fees, ensuring these costs are appropriately recovered across all services.
The framework also includes mechanisms to manage market impact, such as introducing glide paths to transition from existing tariffs to cost-based rates over time. Additionally, it allows for asymmetric pricing where justified by demonstrable cost differences between operators, supporting competitive neutrality while preventing market distortions.
While Jordan's model has been successfully applied to traditional wholesale services such as voice termination and origination, its current scope does not extend to more complex, next-generation services such as 5G network slicing, enterprise-specific service levels, or virtualized, multitenant environments. The TRC's framework is designed for static tariff setting, based on periodic regulatory reviews with a typical five-year modelling horizon and planned updates after three years. It does not yet address the dynamic, real-time cost allocation required for modern platform-based services or on-demand network slicing.
This represents a mature and transparent regulatory costing framework that offers valuable lessons for other markets seeking to institutionalize cost-based pricing practices. Its structured principles, public consultation mechanisms and balanced hybrid modelling approach demonstrate how regulators can build industry trust and establish fair pricing benchmarks.
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The cost elements form the core of the cost modelling as they provide the items which make up the final cost of the service/product. So, to use the concept of cost modelling for aiding affordability, there is a need to delve deeper into the cost elements. The basic step is to identify the cost elements which will impact the costing of a particular service, say data services. This looks simpler, but in actual fact it can be complex activity, as the delivery of the data-services product can occur through various permutations and combinations which involve multiple players, technologies and user choices. 
The most common cost elements can be classified in the following groups:
a)	Network costs
b)	Licence and spectrum fees
c)	Retail costs
d)	General and administrative costs (G&A) 
[bookmark: _Toc239193543][bookmark: _Toc239232787][bookmark: _Toc239240554]10.1	Network costs
The network costs are the principal cost elements which delineate the telecom capital as well as operational expenditures. The optimization of the network elements and their fitment into the larger ecosystem will help the operators to fine-tune the costing and create a competitive pricing. While deciding on the network cost elements, there are various options available to the operator and, depending on the requirements and feasibility, a particular option will be chosen. 
In general, network elements are made up of the following:
•	Passive network
•	Active elements
•	Business support systems (BSS)/operations support systems (OSS)
•	Operations and maintenance (O&M)
•	Others.
The passive network elements will vary depending on the mode of delivery, whether it is wireless or wired. In case of wireless networks, attributes such as tower infrastructure, backhaul provisions (OFC, VSAT, Microwave, etc.), supporting infra such as electricity and battery backups, tenancy ratio (average number of tenants per tower) and other factors will play a role in deciding on the cost. These attributes may push up or pull down the overall cost. Similarly, in the case of wired networks, attributes such as availability of existing fibre for leasing, fibre points of presence, technology used (Copper, OFC, etc.), network architecture (linear or ring or others), geographical factors, etc. will affect the costing. 
The active elements will depend on the type of technology being used, whether 2G/3G/4G or 5G in case of wireless mobile and whether Internet protocol - multiprotocol label switching (IP-MPLS) or gigabit-capable passive optical network (GPON) or any other in case of wired. Further, with the constant innovation and disruption in this domain of telecom/ICT, several alternate technologies such as free space optics (FSOC), E-V band, unlicensed band radio (UBR), satellite modes, etc. are showing potential to alter the costing structures and may substitute or complement existing technologies. 
Moreover, the presence of Internet exchange points (IXPs), data centres (DCs) and amount of caching and peering done will impact the quantum of usage of bandwidth as some of the bandwidth will be routed domestically, reducing the cost incurred for international bandwidth. These aspects must be investigated while optimizing the cost structures for data services. 
In the same manner, the cost items related to BSS/OSS and O&M expenditures are getting optimized with usage of better and innovative solutions. 
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In most countries, the telecommunication sector is regulated by the state authorities as communications is a strategic sector which affects security, the economy and importantly needs cross-border interactions. These regulatory mechanisms and licensing requirements span from global level to regional, national and subnational levels. 
The regulations vary from State to State; some have extensive requirements and some have light-touch requirements (from market-oriented to state-controlled regulations). It is a well-known fact that regulations impact competition and vice versa. So, it is necessary that certain optimal parameters are framed to balance regulatory and market requirements.
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Retail cost refers to the cost incurred by the TSP in providing mobile services directly to the end user or customers. There are various elements of retail cost:
a)	Cost incurred in acquiring the customer: This includes the cost of marketing and branding of the product and salary paid to the sales representative who interacts directly with the retail customers. It also includes discounts offered to the customers and operational expenses of the retail stores.
b)	Customer service-related costs: This includes the salary of customer service representatives and customer relationship manager.
c)	Billing and payment-processing-related costs.
d)	Interconnection charges and roaming fees which are paid by the telecom service provider (TSP) to other service providers.
e)	Other incidental costs like retention costs of customers, etc.
[bookmark: _Toc239193546][bookmark: _Toc239232790][bookmark: _Toc239240557]10.4	General and administrative costs (G&A)
This involves the cost incurred in running the overall business operations which cannot directly be linked to the delivery of mobile services to retail customers. It includes:
a)	Executive salaries and bonuses
b)	Rent and service utilities for office space
c)	Office supplies and equipment
d)	Training of staff 
e)	Insurance costs
f)	Overall depreciation and amortization costs.
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Depending on the market factors, regulatory mechanisms, policy perspectives and competition, a particular economy designs its cost modelling to balance the market dynamics and consumer interests. ITU has been collecting relevant data for certain indicators based on survey methodology from the Member States. 
As per the recent [b-ITU DataHub], the following indicators from the Member States are captured which are related to the tariff policies and cost models:
1)	Cost methodology used for calculating fixed service tariffs
•	Advanced wholesale services
•	Traditional wholesale services
•	Advanced retail services
•	Traditional retail services
2)	Cost methodology used for calculating mobile service tariffs
•	Advanced retail services
•	Advanced wholesale services
•	Traditional retail services
•	Traditional wholesale services
3)	Cost modelling approach used as the basis for calculating fixed service tariffs
•	Advanced wholesale services
•	Traditional wholesale services
•	Advanced retail services
•	Traditional retail services
4)	Cost modelling approach used as the basis for calculating mobile service tariffs
•	Advanced retail mobile services
•	Advanced wholesale mobile services
•	Traditional retail mobile services
•	Traditional wholesale mobile services
5)	How are regulated service prices determined?
•	Traditional retail services
•	Advanced retail services
•	Advanced wholesale services
6)	How do operators charge retail prices for voice services?
•	Fixed services
•	Mobile services
The data related to the survey done by ITU for the year 2021 has provided following insights for each of the above indicators. The percentage of economies following the certain model is highlighted in Table 1.
	Table 1  Percentage of economies based on the ITU survey for 2021

	Fixed service tariffs
	Mobile service tariffs
	Fixed service tariff modelling
	Mobile service tariff modelling
	Regulated service price determination

	FDC: 4.08% – 9.18%
LRAIC: 4.08% – 16.30%
LRIC+: 2.04% – 14.80%
SAC: 2.55% – 12.20%
	FDC: 7.65% – 9.18%
LRAIC: 0.51% – 11.70%
LRIC+: 6.12% – 8.16%
SAC: 0.51% – 1.53%
	BU: 6.63% – 26%
Hybrid: 3.57% – 7.65%
TD: 7.14% – 8.67%
Other: 13.30% – 15.30%
	BU: 6.63% – 23%
Hybrid: 6.12% – 9.69%
TD: 5.61% – 7.65%
Other: 10.70% – 14.30%
	Cost orientation: 14.80% – 35.70%
Benchmarking: ~11.20%
Price caps/ceilings: 4.59% – 11.20%
Retail minus: 1.53% – 8.16%


Key insights
1)	There is no single globally dominant cost model, with countries adopting a mix of methodologies depending on their regulatory priorities.
2)	LRAIC and bottom-up models show relatively higher adoption, especially for fixed services, suggesting a regulatory focus on simulating efficient cost structures.
3)	FAC/ fully distributed cost (FDC) models remain in use, particularly in markets where simpler, accounting-based approaches are easier to implement, though adoption appears limited overall.
4)	Cost-orientation remains the leading regulatory pricing principle, but benchmarking and price caps are also widely used, reflecting diverse regulatory strategies.
5)	Current cost models show limited readiness for emerging service types such as 5G slicing, service-level agreement (SLA)-driven services and virtualized multitenant networks, highlighting a gap in global standardization.
NOTE  For details, refer to Annex B.
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As can be observed in the previous section, cost-based strategies are very popular among regulatory authorities that wish to implement systematic mechanisms to establish the price of regulated services, especially for wholesale services. Top-down and bottom-up costing approaches are commonly adopted for this purpose.
When defining which costing approach will be used, regulators shall analyse the advantages and disadvantages of each alternative. [b-ITU-D Regulatory] mentions some characteristics of the approaches. For instance, advantages of top-down models include the accounting of the total costs associated with the provision of the services and facilities to make correspondence with financial statements of the operators. On the other hand, they require strong levels of confidentiality and might include operational inefficiencies. In turn, bottom-up models can capture the efficiency of the service provision by modelling a reference operator that may differ from the existing ones. They may also underestimate or even ignore costs that are relevant for services. [b-ITU-D Regulatory] also mentions hybrid models, which are a result of reconciling top-down and bottom-up models. This solution could bring some advantages of both models, while trying to avoid inefficiencies and mitigating the risks of underestimating costs of service provisioning. Hybrid models may be more suitable for regulatory authorities that have greater expertise in cost-based regulation, because they require regulators to be skilled and proficient in the use of both top-down and bottom-up models.
Cost models have been widely used to calculate reference values for regulated wholesale services, such as data roaming. In the mobile service industry, wholesale data services may constitute a significant part of the operators' revenues, especially in a scenario of increasing demand for data. It is important to consider the fact that high prices of wholesale services may constitute entry barriers for new operators. In mobile markets, incumbent operators have incentives to set high prices to protect their business and extract the largest possible surplus from their operations. Hence, it is common for regulators to cut these prices by adopting cost-based regulatory frameworks to reduce this entry barrier. For instance, a regulator may decide to adopt bottom-up cost models to establish prices of regulated services and promote competition in the mobile market. However, a decrease in the prices of regulated wholesale services could cause unregulated retail prices for subscribers to rise in what is called the "waterbed effect". This unexpected result may come from the profit-maximizing behaviour of the operators, which may set higher retail prices to cover their costs. Therefore, it is important that regulators use well-designed cost modelling tools to mitigate the risks of underestimating the costs of services while promoting competition and enhancing consumer welfare.
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The telecommunication and ICT sector is undergoing a profound transformation driven by network and service convergence. What began as the bundling of voice, data and messaging has now expanded into a structural shift towards multiservice, all-IP and virtualized networks. This convergence enables operators to deliver voice, video, Internet of things (IoT), cloud applications and enterprise services over a single, unified infrastructure.
While convergence improves operational efficiency by reducing the need for multiple parallel networks, it introduces new complexities for cost modelling. Traditional methods, such as fully allocated cost (FAC), long-run incremental cost (LRIC), or stand-alone cost (SAC), were designed for service-specific cost attribution in a world where networks were separated by function (e.g., voice networks vs data networks).
In a converged environment, services share common platforms, virtualized network functions and dynamically allocated capacity, making it increasingly difficult to define which service bears what share of the total network cost. This blurring of cost boundaries undermines the applicability of legacy models, which rely on static service definitions and predictable resource usage.
Key costing implications of convergence
While convergence allows telecommunication operators to lower their overall cost base through shared infrastructure, it introduces significant challenges in fairly allocating these costs across different services, customer segments and wholesale-retail layers. Traditional per-minute or per-GB pricing models no longer reflect the value or true cost structure of converged services, prompting the need for new approaches such as SLA-based pricing, capacity-tiered models, or platform-based costing that better align with the realities of modern, multiservice networks. This shift also complicates regulatory oversight, as bundled and virtualized services make it increasingly difficult for regulators to verify whether wholesale or retail prices are truly cost-based, rendering legacy models less reliable as pricing benchmarks. At the same time, converged service offerings tend to stimulate higher customer demand, unlocking economies of scale that can lower per-user costs and improve affordability but only if pricing models are designed to pass these efficiency gains on to consumers.
Need for evolving cost models
These challenges highlight the urgent need to evolve cost modelling methodologies to reflect the economic realities of converged, multiservice and virtualized telecom networks. Such models must be capable of accurately accounting for shared and virtualized infrastructures, capturing the complexities of delivering multiple services across dynamic network slices or platforms and supporting pricing frameworks that are fair, transparent and affordable for both consumers and wholesale customers. By advancing these next-generation models, regulators and policymakers can ensure that pricing remains grounded in real costs, fosters healthy market competition and contributes meaningfully to achieving universal, affordable access in the digital economy.
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The evolution of the telecommunications industry has facilitated and continues to facilitate the development of new and enhanced services globally across both fixed and mobile networks/platforms. Thus, given the importance of communication and being connected, it is imperative that regions across the globe and, by extension, the inhabitants therein have access to affordable means of connectivity and communication. Considering the foregoing, to inform government fiscal policy in this regard, an appreciation of the magnitude of costs incurred in the provisioning of these enhanced services must be attained. This position is premised on the principle that costs are one of the primary factors considered by decision-makers (service providers) in determining the volume/level of [capital] investment that should be expended.
It is worthy to note that there is extensive research ongoing globally to prescribe efficient interconnection and network access rates. Operators, however, have postulated that cost models premised on incremental cost still may not provide rates adequate to compensate for the exorbitant level of capital investment required to facilitate access. This, therefore, highlights the need for a harmonious approach between governments, national regulatory agencies and operators to achieve increased access via affordable services to end-users/consumers. Furthermore, having acquired an understanding of the capital expended and costs incurred by operators, proposed fiscal incentives should be geared towards stimulating competition and profitability, which in turn is expected to have positive socio-economic effects. 
The case studies on the cost models adopted by various countries, regions and selected innovative practices are kept at Annex C.
[bookmark: _Toc209722322][bookmark: _Toc239193551][bookmark: _Toc239232795][bookmark: _Toc239240562]15	Recommendations and conclusion
Reframing cost models in the modern telecom landscape
As this report has demonstrated, telecommunication cost models must be fundamentally rethought considering evolving market conditions. Originally designed for monopolistic and infrastructure-deficient environments, these models are now being applied in highly competitive, technologically sophisticated ecosystems characterized by converged networks and diversified service portfolios. Despite this transformation, cost models continue to serve a critical regulatory function. They are no longer rigid instruments of price control but adaptive frameworks for oversight, accountability and strategic facilitation.
Context-specific application of cost models
The starting point for reimagining cost models is to recognize their context-specific utility. Their relevance is not uniform; it depends on market structure, competitive maturity and regulatory objectives. As telecommunication sectors evolve, so must the purpose, design and application of cost models. Table 2 outlines how their role changes across different stages of market development:
Table 2 – Role changes across different stages of market development
	Market stage
	Key characteristics
	Role of cost models

	Early-stage
	Limited infrastructure, high capital intensity, low competition and weak market signals
	Tariff regulation, cost recovery and protection against monopolistic pricing

	Transitional
	Growing competition, uneven market entry and partial infrastructure coverage
	Hybrid benchmarking, selective tariff oversight and guided liberalization

	Mature
	High penetration, dynamic pricing, multiple players and innovation-led differentiation
	Market diagnostics, dominance monitoring, affordability benchmarking and antitrust review


A case in point: India's regulatory evolution
India provides a compelling example of how the application of cost models evolves with market conditions. In the late 1990s, the Telecom Regulatory Authority of India (TRAI) used top-down fully distributed cost (FDC) models to regulate tariffs across services such as local calling, subscriber trunk dialling (STD), international subscriber dialling (ISD) and leased lines. At the time, the sector faced high capital costs, limited-service penetration and minimal competition. Under these circumstances, strict price regulation was essential for ensuring cost recovery and protecting consumers.
As the market matured, TRAI gradually relaxed ex-ante controls. Between 2002 and 2005, tariff forbearance was introduced for National and International Long-distance services and later extended to mobile services. Market forces began to determine retail prices, while the regulator retained the authority to intervene in cases of consumer harm or market distortion.
Today, cost models are no longer central to regulating retail tariffs in India. However, they remain critical in areas such as interconnection pricing, infrastructure sharing and ensuring fair wholesale access. India's experience illustrates a broader regulatory principle: as competition strengthens, the use of cost models shifts from direct price-setting to selective oversight and market diagnostics.
Cost models must be tailored, not applied uniformly. Their relevance follows a continuum that corresponds with market structure and maturity. In monopoly prone or early-stage markets, they are essential for setting tariffs and recovering infrastructure costs. In transitional markets, hybrid approaches combining financial audits with engineering benchmarks help manage liberalization. In mature markets, cost models support periodic benchmarking, assess affordability, monitor dominant players and detect anticompetitive practices.
Tools such as the Herfindahl-Hirschman index (HHI) and the small but significant non-transitory increase in price (SSNIP) test allow regulators to assess market concentration and pricing power objectively. These instruments help determine the appropriate intensity and purpose of cost model application. When used with strategic intent, cost models shift from being instruments of control to tools for calibrated and proportionate intervention.
Mitigating distortions in emerging service segments
Importantly, the existence of competition in retail markets does not eliminate the risk of pricing distortions. In new service segments like low Earth orbit (LEO) satellite broadband, private 5G and fixed wireless access (FWA), early market conditions often include high capital intensity, limited competition and uncertain demand. Dominant players can exploit these conditions through predatory pricing or discriminatory access practices. In such cases, cost models serve as vital benchmarks that help regulators assess whether prices are aligned with economic sustainability or intended to suppress future competition. As market conditions stabilize, these models can be gradually withdrawn, but their role during the formative phase remains essential to ensure fairness and enable innovation.
In increasingly complex multi-technology environments, hybrid cost models combining top-down actual cost accounting with bottom-up resource mapping are essential. They allow regulators to estimate true network cost impact across different service types and subnetworks while accounting for shared infrastructure, dynamic routing and traffic-sensitive behaviours.
As new services emerge, dominant firms may use early scale or deep pockets to foreclose competition through non-transparent pricing. To address this, cost models should be complemented by embedded analytics that detect deviation from sustainable cost thresholds, flag potential abuse of market power and adjust benchmarks dynamically as demand and supply evolve. Regulators should invest in real-time data capabilities, leveraging machine learning (ML)-based models that continuously learn from pricing, uptake and churn trends across operators. This makes cost models not only predictive but also pre-emptive in guarding against distortionary practices.
Retail vs. wholesale: Differentiated regulatory priorities
The structural contrast between retail and wholesale markets also justifies the targeted use of cost models. Retail pricing tends to be disciplined by consumer choice and competitive pressure. In such environments, cost models serve a diagnostic role. They can be used to track affordability, estimate consumer benefit and inform subsidy design for digital inclusion.
Wholesale markets, on the other hand, often suffer from infrastructure bottlenecks and limited substitutability. Assets such as fibre backhaul, passive towers and interconnection points are typically controlled by a few large players. This creates fertile ground for anticompetitive behaviour such as margin squeezes and access denial. In wholesale regulation, cost models are not optional. Approaches like long-run incremental cost (LRIC), LRIC-plus, or calibrated hybrid frameworks are necessary to ensure that access pricing is both transparent and economically justified.
Anchoring affordability in evolving cost frameworks
Beyond these structural factors, the affordability imperative makes the continued use of cost models even more relevant. Affordable services drive adoption and wider adoption helps operators recover infrastructure costs more efficiently. In turn, this reinforces the business case for further investment and innovation. This positive cycle has underpinned much of the telecom sector's growth.
However, newer services such as network slicing, industrial IoT and enterprise connectivity with guaranteed service levels are not defined by data volumes alone. These services depend on specific performance attributes such as latency, uptime and jitter. Traditional cost models like FAC or LRIC are poorly equipped to handle such complexity. Modern cost models must therefore evolve into performance-aware frameworks. They should allocate costs based on service classes, virtualized functions and contractual service guarantees. Without this shift, pricing risks becoming opaque and discriminatory, ultimately affecting affordability and market access.
Need for regulatory and institutional modernization
Moving forward, regulatory modernization will be as important as methodological refinement. Regulators need stronger institutional capacity to adopt and manage these advanced models. This includes improved data-sharing arrangements with operators, greater modelling transparency and structured stakeholder consultations. At the international level, collaboration through organizations like the ITU can support the development of standardized models and share implementation toolkits, particularly with developing countries where technical capacity is limited but regulatory needs are acute.
Other recommendations
•	Create regulatory sandboxes for innovation: Establish controlled environments where telecommunication operators can test emerging technologies, services and pricing models under relaxed compliance rules. These sandboxes encourage innovation while enabling regulators to refine future policies based on real-world learnings.
•	Enable cost-efficient infrastructure sharing: Promote policies that support tower, fibre and backhaul sharing among operators. This reduces network deployment costs, accelerates rural expansion and fosters market competition. Fiscal incentives and neutral-host models should be encouraged where appropriate.
•	Advance inclusive spectrum strategies: Consolidate traditional and emerging approaches by supporting shared spectrum frameworks (e.g., dynamic access, spectrum pooling) and evaluating alternative allocation models such as spectrum trading. These strategies increase spectral efficiency, reduce entry barriers and support service affordability.
•	Study long-term return on investment (ROI) of next-gen networks: Conduct longitudinal studies to assess the economic and social returns of 5G and future networks. These should track investment performance, service adoption and value creation over time to inform smarter public and private investment decisions.
•	Examine viability of emerging business models: Evaluate new telecommunication business models such as blockchain billing, service bundling, or platform-led monetization. Studies should assess user acceptance, scalability and alignment with affordability and competitive fairness.
In conclusion, cost models are evolving instruments of public interest. From command-and-control mechanisms, they are transforming into strategic tools that facilitate innovation, ensure equitable access and protect against market distortions. In a dynamic telecommunication ecosystem, where technologies evolve rapidly and affordability remains a core challenge, cost models must act as adaptive compasses. Properly designed and intelligently deployed, they can help align investment with sustainability, competition with fairness and innovation with universal connectivity.
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Additional costing approaches
While traditional models like FAC and LRIC provide a foundation, they are increasingly insufficient for capturing the realities of converged, virtualized and service-differentiated telecom networks. New approaches are required to reflect real-time resource usage, multitenant environments and differentiated service levels.
Activity-based costing (ABC) is recognized as the essential method for allocating costs in telecommunications networks. Unlike other approaches, ABC directly links costs to the underlying activities that drive resource consumption. This causal relationship is especially relevant in modern networks, where applications and infrastructures are increasingly decoupled. The rise of IP-based applications, multiple subnetworks within operators' systems and software-configurable architectures such as software defined networks (SDN) have intensified the need for accurate cost attribution.
Telecommunications services differ in their requirements for bandwidth, latency and reliability. These differences affect how network resources are dimensioned and must be reflected in cost allocation. ABC responds to this challenge by focusing on the main activities required to deliver services – such as user access, domestic and international nodes and transmission routes – and by ensuring that costs are attributed according to the actual use of resources.
Two principles underpin the ABC approach:
•	Fairness: ensuring providers recover the share of resources used by a service.
•	Justice: ensuring consumers are not charged for resources they do not use.
Applying these principles requires a bottom-up, incremental calculation of how services consume resources across all network sections. In practice, ABC involves the allocation of eligible costs to main activities, the calculation of sharing and routing factors across subnetworks and the derivation of service volumes leading to average unit costs. Simulation-based models are often recommended to strengthen accuracy and reflect operator activities in detail.
Within an ex-post regulatory framework, operators conduct the calculations while regulators oversee and verify compliance. The process typically covers the identification of subnetworks and applications, the description of topologies and sharing principles, the collection of traffic data and the allocation of technical, commercial and administrative costs. Weighted average cost of capital (WACC) is also integrated into the model. The result is a transparent, causal and equitable determination of unit costs per service and per activity, supporting both effective price regulation and operational efficiency.
Marginal costing focuses on the additional cost of serving one more unit of demand. While useful for pricing scale-based services, it must evolve to account for differentiated service quality. SLA-based marginal costing extends this by calculating the incremental cost of offering higher performance guarantees such as low latency or high reliability.
Life-cycle costing (LCC) evaluates the total cost over the entire life of a technology or service. As networks shift towards platform-based models with continuous upgrades, Platform LCC helps capture ongoing costs like cloud services, software licenses and security management, ensuring pricing remains sustainable over time.
Capacity-based costing (CBC) attributes costs based on the capacity reserved or consumed, rather than traffic volume alone. This is particularly relevant for enterprise or government clients reserving guaranteed network slices or dedicated bandwidth. CBC supports capacity-tiered pricing models, which are more aligned with how 5G and enterprise services are provisioned.
Real-time cost attribution (RTCA) is an emerging but experimental approach that uses live network data and AI-driven analytics to dynamically calculate costs based on actual resource utilization. While technically promising, RTCA requires significant advancements in data systems and regulatory oversight before large-scale adoption.
These evolving methods – when combined with traditional models – can provide a more complete picture of costs in dynamic, multiservice and virtualized environments. Pilot implementations, industry collaboration and regulatory engagement will be key to validating their effectiveness and ensuring they promote both affordability and market sustainability.
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Cost models statistics
Table B.1 shows the cost methodology used for calculating fixed service tariffs.
	Table B.1  Cost methodology used for calculating fixed service tariffs

	Cost Standard
	Advanced wholesale services
	Traditional wholesale services
	Advanced retail services
	Traditional retail services

	Fully Distributed Costs
	4.08%
	6.63%
	7.65%
	9.18%

	LRAIC
	13.80%
	16.30%
	4.08%
	5.10%

	LRIC
	10.20%
	10.20%
	1.02%
	7.14%

	LRIC+
	12.80%
	14.80%
	4.59%
	2.04%

	Other
	6.63%
	7.65%
	1.53%
	13.30%

	Pure LRIC
	6.12%
	7.14%
	2.04%
	2.04%

	Stand Alone Costs (SAC)
	2.55%
	2.55%
	12.20%
	2.55%


Table B.2 details the cost methodology used for calculating mobile service tariffs.
	Table B.2  Cost methodology used for calculating mobile service tariffs

	Cost Standard
	Advanced wholesale services
	Traditional wholesale services
	Advanced retail services
	Traditional retail services

	Fully Distributed Costs
	7.65%
	7.65%
	8.16%
	9.18%

	LRAIC
	11.70%
	5.61%
	0.51%
	1.02%

	LRIC
	2.04%
	7.14%
	3.57%
	4.08%

	LRIC+
	6.12%
	13.30%
	7.14%
	8.16%

	Other
	8.67%
	11.70%
	8.16%
	9.18%

	Pure LRIC
	8.67%
	11.70%
	0.51%
	2.04%

	Stand Alone Costs (SAC)
	0.51%
	0.51%
	1.53%
	1.53%


Cost modelling approach used as the basis for calculating fixed service tariffs (see Table B.3).
There are 46.9% economies which depend cost models and 19.9% economies does not depend on cost model.
	Table B.3  Cost modelling approach for calculating fixed service tariffs

	Cost approach
	Advanced wholesale services
	Traditional wholesale services
	Advanced retail services
	Traditional retail services

	Bottom-up (BU)
	20.90%
	26%
	6.63%
	9.18%

	Hybrid
	7.65%
	7.14%
	3.57%
	5.10%

	Top-down (TD)
	10.20%
	9.18%
	7.14%
	8.67%

	Other
	13.30%
	15.30%
	13.80%
	13.80%


Cost modelling approach used as the basis for calculating mobile service tariffs (see Table B.4).
	Table B.4  Cost modelling approach for calculating mobile service tariffs

	Cost approach
	Advanced wholesale services
	Traditional wholesale services
	Advanced retail services
	Traditional retail services

	Bottom-up (BU)
	17.30%
	23%
	6.63%
	7.14%

	Hybrid
	8.67%
	9.69%
	6.12%
	7.14%

	Top-down (TD)
	7.14%
	8.67%
	5.61%
	7.65%

	Other
	11.20%
	14.30%
	10.70%
	10.70%


How are regulated service prices determined (see Table B.5)?
	Table B.5  How regulated service prices are determined

	Factor
	Traditional retail services
	Advanced retail services
	Advanced wholesale services

	Benchmarking of tariffs
	11.20%
	10.70%
	11.70%

	Cost orientation (using cost models)
	18.40%
	14.80%
	35.70%

	Other
	10.70%
	10.70%
	8.67%

	Price cap
	11.20%
	5.61%
	6.12%

	Price ceiling set by the State
	7.14%
	4.59%
	6.63%

	Rate of return regulation
	4.59%
	3.57%
	4.59%

	Retail minus approach
	1.53%
	2.04%
	8.16%
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Country and regional case studies and innovative practices
The evolution of the telecommunications industry has facilitated and continues to facilitate the development of new and enhanced services globally across both fixed and mobile networks/platforms. Thus, given the importance of communication and being connected, it is imperative that regions across the globe and, by extension, the inhabitants therein have access to affordable means of connectivity and communication. Considering the foregoing, to inform government fiscal policy in this regard, an appreciation of the magnitude of costs incurred in the provisioning of these enhanced services must be attained. This position is premised on the principle that cost is one of the primary factors considered by decision makers (service providers) in determining the volume/level of (capital) investment that should be expended.
It is worth noting that there is extensive research ongoing globally to prescribe efficient interconnection and network access rates. Operators, however, have postulated that cost models premised on incremental cost still may not provide rates adequate to compensate for the exorbitant level of capital investment required to facilitate access. This, therefore, highlights the need for a harmonious approach between the governments, national regulatory agencies and operators to achieve increased access via affordable services to end-users/consumers. Furthermore, having acquired an understanding of the capital expended and costs incurred by operators, proposed fiscal incentives should be geared towards stimulating competition and profitability, which in turn is expected to have positive socio-economic effects. 
The case studies on the interconnection cost models adopted by various regions are presented below.

[bookmark: _Toc239193555][bookmark: _Toc239232799][bookmark: _Toc239240566]C.1	AFRICA – Case study on costing strategies for digital services [b-Regulatory]
African nations are navigating the complexities of developing cost models for digital services amid technological advancements, economic variability and diverse market structures. While traditional circuit-switched networks have established costing methodologies, the advent of 5G networks introduces new challenges and necessitates innovative approaches.
The following table provides a comparative overview of the key differences between costing strategies for circuit-switched and 5G networks in the African context:
	Process
	Circuit-switched networks
	5G networks

	Geotype segmentation
	Based on straightforward population and geographic factors.
	Dependent on population density, area, site densification and integrated spectrum planning strategies.

	Demand estimation
	Relatively simple, with dedicated services (e.g., voice) over defined circuits making demand forecasting easier.
	Complex, as 5G supports multiple service types (voice, video, data, IoT) with varying quality of service requirements, making demand estimation challenging.

	Network dimensioning
	Predictable busy-hour traffic based on limited, well-defined services.
	Dynamic and harder to estimate, given variable service profiles and differentiated service-level agreements (SLAs).

	Cost Estimation
	CAPEX and OPEX readily mapped to distinct network layers (switching, access, transmission).
	Costing is highly variable, influenced by local deployment models (greenfield or brownfield), ownership structures and site-specific expansion strategies.

	Cost Allocation
	Straightforward allocation using predefined routing tables linked to network element usage.
	Challenging, as dynamic traffic routing and virtualized services complicate the application of traditional cost allocation methods.


These distinctions underscore the need for adaptable and context-sensitive costing methodologies that can accommodate the unique characteristics of 5G networks. The increased complexity of multi-service 5G environments, including network slicing, virtualized infrastructures and variable quality of service parameters, poses significant challenges for cost estimation and allocation in Africa and elsewhere.
Recognizing these challenges, regional organizations such as the East African Communications Organisation (EACO) have developed guidelines to assist regulators and operators in navigating this complexity. [b-EACO] emphasizes that the choice of an appropriate cost model should balance economic efficiency, competition and investment promotion objectives. These principles aim to ensure that cost-based pricing not only reflects operational realities but also promotes market growth and service affordability.
Details of EACO's recommended principles, objectives and methodologies – covering areas such as infrastructure sharing, interconnection and roaming – are provided in Annex C of this report for further reference.

[bookmark: _Toc239193556][bookmark: _Toc239232800][bookmark: _Toc239240567]C.2	BARBADOS – A case on cost modelling using the LRIC for fixed and mobile networks
In 2015, Barbados adjusted its cost model using long run incremental costing, for fixed and mobile networks [b-FTC]. It was based on the rates that an efficient provider would incur in providing interconnection services in a competitive market. The results of the model determined interconnection rates for fixed transit, fixed termination, mobile transit and mobile termination services. Furthermore, the rate structure for interconnection services under the LRIC is based on a single per minute tariff. The LRIC model was developed using contributions from all stakeholders which promoted transparency.
Therefore, through an iterative and interactive process, stakeholders were consulted and the various submissions received were considered by the commission and its consultants. At all stages of the modelling process, feedback was communicated to cable and wireless and the other stakeholders as necessary. Phase 1 established model guidelines and specifications for model building. Phase 2 involved the construction of the models and evaluation of the model results which established the LRIC costs. Phase 3 then determined the LRIC interconnection rates and implementation approach to be adopted in effecting the LRIC – based rates.

[bookmark: _Toc239193557][bookmark: _Toc239232801][bookmark: _Toc239240568]C.3	BAHRAIN – A case on understanding telecommunications cost drivers via BU-LRIC
The cost model adopted by Bahrain is the BU-LRIC approach, which represents a bottom-up long-run increment cost Model. The key features of the BU-LRIC model are transparency, flexibility and efficiency. The BU-LRIC model gives regulators a clear understanding of telecommunication services cost drivers. It achieves this by relying on public and transparent engineering and allocation rules, thereby providing a tool to remove information asymmetries with the regulated entities. The BU-LRIC approach is suited for the telecommunications sector because it provides a consistent and economically transparent approach to allocate indirect network costs to each product or service using the network. Furthermore, the BU-LRIC approach can send "build or buy" signals to new entrants since it can determine the costs that access seekers would incur if deploying their own infrastructure.
[bookmark: _Toc239193558][bookmark: _Toc239232802][bookmark: _Toc239240569]C.4	BRAZIL – The usage of cost models for data services
In 2003, a presidential decree mandated the utilization of a long-run cost model for establishing interconnection tariffs and network element prices. To implement this, Anatel opted for the 'TOP-DOWN' approach. Based on these premises, in 2005, Anatel released the initial version of the Separation and Allocation of Accounts Regulation (RSAC).
The RSAC laid out the essential principles and guidelines that providers had to adhere to while formulating their regulatory cost models. However, upon scrutinizing the results from the regulatory models developed by these providers, it became evident that there was a lack of consistency. Also, results from one provider's model could not be reasonably compared with those from another provider's model. At that time, the primary issue identified was that Brazilian regulations had vague rules, making complete uniformity and precision challenging.
In 2011, Anatel engaged in a significant project with the support of the International Telecommunication Union (ITU). This endeavour led to a revision of the RSAC. This update introduced new allocation parameters and required additional documentation from the providers. This fresh information enabled Anatel to replicate the allocation processes adopted by service providers. Within the scope of that project, a Bottom-up cost model was also developed.
In 2020, Anatel developed a new bottom-up cost model and, currently, reference values for some services are transitioning from top-down to bottom-up. Firstly, roaming services underwent this transition in 2021 when one of the four major mobile companies was divided and sold to the other three. As a result, the remaining three companies had to adjust wholesale roaming service prices based on bottom-up model results. Additionally, pricing for high-capacity data transport is still guided by Top-down results according to the current version of the general plan of competition goals (PGMC). This is the agency's primary tool for promoting competition; it is under revision and the ongoing technical studies for the next PGMC revision indicate a potential shift towards a bottom-up approach.
The adoption of cost models for price regulation has created incentives for competition and brought benefits for the Brazilian population. For example, one of the main benefits is the increased number of households with fixed broadband access. As depicted in Figure C.1, Brazilian growth outpaced regional growth in the Americas.
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Figure C.1  Households (%) with Internet access at home
This success can be attributed to measures implemented through PGMC, as well as the simplification of the licensing process and regulations for small providers. This progress is evident in Figure C.2: despite having a modest market share in 2015, by 2023, small providers' access has surpassed that of larger operators.
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Figure C.2  Total broadband access
Interestingly, this expansion was primarily driven by fibre. Although they surpassed larger providers only in 2023, small providers had already held the highest number of fibre accesses since 2018.
Regarding the mobile market measures adopted, large providers still dominate mobile access. Nevertheless, small providers are gradually gaining ground. Over the past eight years, small providers have gained 4.7 million subscriptions, while large providers have lost 10 million. 
It's worth noting that this increase was not primarily due to the adoption of roaming competition measures. An analysis of small provider growth reveals that it was mainly driven by M2M services, typically a result of MVNO contracts. Anatel is presently analysing the MVNO market as part of the technical studies that will support the next PGMC revision.
[bookmark: _Toc239193559][bookmark: _Toc239232803][bookmark: _Toc239240570]C.5	Democratic Republic of Congo (DRC) – Affordability challenges and emerging approaches in data pricing
In the Democratic Republic of Congo, the challenge of delivering affordable data services is shaped by a combination of structural and market factors. Limited infrastructure, high operating costs, regulatory constraints, competition dynamics and the pressures of emerging technologies continue to influence both the cost base of operators and the affordability for consumers. Against this backdrop, operators employ a range of cost and pricing strategies that reflect the socio-economic profile of users. Prepaid plans with daily, weekly and monthly volumes are the dominant model, often complemented by night passes and social packages that seek to lower entry barriers. Zero-rated offers and free promotions are used selectively, while integrated bundles of voice, SMS and data remain common. Dynamic pricing through bonuses, discounts and temporary packages is frequently applied to respond to price sensitivity in the market. Fixed and mobile Internet solutions such as HomeBox are sometimes offered with instalment payments and targeted innovations have been introduced to reach low-income populations.
Efforts to improve affordability and sustainability have also pointed towards several forward-looking measures. Extending coverage into rural and remote areas is considered essential to address persistent gaps and greater regulatory proactivity in areas such as taxation, cost structures and quality of service is seen as necessary to safeguard consumers. Ensuring stability in competition while maintaining incentives for investment remains a priority, as does the diversification of tariffs to match the needs of different population groups, particularly through inclusive social packages. Accelerated investment in 4G and preparation for 5G are identified as important levers to bring down the cost per gigabyte and enhance service quality over the medium term. At the same time, strengthening the financial capacity of households is recognised as a key dimension of demand-side affordability. Together, these elements illustrate how the interplay of infrastructure, regulation, operator strategies and socio-economic conditions shape the cost and pricing landscape in the Democratic Republic of Congo and how addressing affordability requires simultaneous attention to both supply and demand factors.
[bookmark: _Toc239193560][bookmark: _Toc239232804][bookmark: _Toc239240571]C.6	COSTA RICA – The case of utilising cost models that make provision for the evolution of telecommunications networks technologies
The SUTEL, the Telecommunications Superintendency of Costa Rica and industry regulator, has adopted a bottom-up LRIC cost model. SUTEL's cost model makes provision for the evolution of telecommunications network technologies, spanning PSTN, ISDN, ADSL, HFC and FTTH generation technologies. Thereafter, the model then encompasses resource costing allocations for operational and capital expenditure and FDC cost allocations, from which network cost per service is estimated. Further, the SUTEL's LRIC cost model utilises retail costs bases, which are assigned to derive retail cost estimates, and from which total cost per service is computed as the end result of the model. 
[bookmark: _Toc239193561][bookmark: _Toc239232805][bookmark: _Toc239240572]C.7	ECTEL – The case on utilising cost modelling for network dimension optimization
The Eastern Caribbean Telecommunications Authority (ECTEL)[footnoteRef:1] has implemented cost models for the determination of termination rates utilizing the bottom-up costing approach for both mobile and fixed services in various national territories. In treating with mobile access technologies, ECTEL's LRIC+ model uses a combination of 2G/3G/4G technologies, according to the availability of each for the operators. The model considers a 3GPP legacy core network for the 2G and 3G access technologies and an evolved core network for the 4G access, as the core network and backbone. In the LRIC+, increments are defined based on service type, differentiating between voice, data and other services. For the purpose of network dimensioning optimization, the cost model utilises a yearly approach, by which the number of assets for a given year is calculated, without taking into consideration the network status in previous years.  [1: 	ECTEL countries include Grenada, St Lucia, St Vincent, St Kitts and Nevis, Dominica.] 

[bookmark: _Toc239193562][bookmark: _Toc239232806][bookmark: _Toc239240573]C.8	THE EUROPEAN UNION (EU) – The case on the need for regulating cost-based access
The EU has adopted the bottom-up model. Furthermore, the EU accepts that cost models for the core IP network may not be required in the future as there is likely to have greater competition among firms and potentially less SMP and less need for ex-ante regulation. Pursuant to the ITU and World Bank's Digital Regulation Platform on Competition and Economics a greater need for cost modelling in broadband access especially in cases where operation are bundling services is outlined e.g., quad play (fixed, mobile, Internet and TV). 
The EU has stated that 'the need for regulated cost-based interconnection is reducing whilst the need for regulating cost-based access is increasing'. Open access is required by providers to reach its' customer. Regulators have identified cost modelling requirements. For instance, the mobile network cost model should include an efficient mix of mobile technologies, cost increments for coverage and capacity and capacity to be based on Mbps. The fixed access cost model includes different technologies, different local geographies and cost for different access products. Table C.1 summarizes the components of the LRIC model. 
Table C.1  Components of European Commission's LRIC model
	Inputs
	Modelling
	Outputs

	Country data
	Network elements
	LRIC product cost

	Demand volumes
	Routing tables
	

	Network design
	Optimization
	

	Parameters
	Network costs
	

	Products
	Trenching cost
	

	Network equipment
	Common cost allocations
	

	Routing
	Annualization
	

	Unit costs
	
	


[bookmark: _Toc239193563][bookmark: _Toc239232807][bookmark: _Toc239240574]C.9	FCC/USA [b-Crowe] – The case of encourage operators to compete on service and price
The FCC does not regulate interstate services or set prices at the national level. Since 2000, the FCC has encouraged providers to compete on service and price – while using USF funding to fill any gaps.[footnoteRef:2]  [2: 	The Federal Communications Commission (FCC) acts as the federal-level regulator for telecommunications—but each state also operates a public utility commission (or PUC) to regulate utilities (like gas and electric and telecommunications). PUCs can be formed by direct elections, appointments by state governors (executive), or appointments by legislatures.] 

The focus for the Americas Region includes, advancing the following:
a)	Public interest and stakeholders advocacy – Consider formal and informal mechanisms to lift up local voices.
b)	Digital inclusion – Though advocacy, it is expected to "build in" key aspects of digital inclusion.
c)	Prices – Keep pricing in mind as service offerings – particularly for 5G and 6G – expand.
Pursuant to the National Telecommunications and Information Administration (United States) the public utility commission are not the only stakeholder involved in this process: 
a)	Dynamic, market-driven competition – be it at the state/local or national level – is critical to providing access to telecommunication services.
b)	Emphasizing the importance of state/local, municipal and tribal authorities: states' Attorneys General and consumer protection authorities act as an extra "check".
This ensures that the market and companies are fulfilling their necessary roles. Although the approach to costing and pricing by the US is decentralized, this allows inclusivity of local voices allows for the following:
a)	Targeted to state and local needs.
b)	Greater efficiency in addressing these needs.
c)	The formulation of state and local policies which allow for experimentation, which, at times informing the decisions the federal government takes.
[bookmark: _Toc239193564][bookmark: _Toc239232808][bookmark: _Toc239240575]C.10	INDIA
A	The Telecom Regulatory Authority of India (TRAI) – A case on the use of bill and keep (BAK)
In 2017, TRAI took the decisions to (a) lower MTC from 14 paise to 6 paise; and (b) mandate that MTC shall be zero from January 1 2020. This was postulated to provide an opportunity to meet Digital goals for the country.
India adopted the calling party pays (CPP) regime in 2003 to promote growth and reduce tariffs. After the introduction of CPP regime in the country, the growth story of the telecommunication services sector in the country has been phenomenal. From a mobile teledensity of 1.01 in December 2002, the mobile teledensity leapfrogged to 81.18 in May 2016. The average mobile tariffs for outgoing voice calls declined from 3.24 per minute in March 2003 to 0.47 per minute in December 2015. Today, the telecom services are considered ubiquitous throughout metropolis and hinterland villages of the country.[footnoteRef:3]  [3: 	Source: https://www.trai.gov.in/sites/default/files/Consultation_Paper_05_August_2016.pdf] 

The country followed two approaches to determine domestic termination charges for differing call destinations, in 2015. These included the LRIC+ for wireless to wireless (mobile) and the BAK method (Bill and Keep) for wireline to wireless, wireless to wireline and wireline to wireline termination (TRAI 2016)[footnoteRef:4]. [4: 	Source https://www.trai.gov.in/sites/default/files/Consultation_Paper_05_August_2016.pdf] 

In making the decision, TRAI reportedly considered arguments from stakeholders on the adoption of 4G services by subscribers before implementation of BAK with effect from 1 January 2021, the levels of traffic asymmetry among TSPs and past practices relating to revision in rates of MTC. 
The BAK method is to be implemented from 1 January 2021, for MTC. The TRAI, noting the date from which the present MTC rate is in force  1 October 2017  would represent three years and three months only. This was compared to India tariff review cycle, which was generally considered to take approximately three years. TRAI, hence, considered that it was not prudent to start the implementation of the 2017 planned rates, given that it involved an exhaustive and complex exercise for limited remaining period before the implementation of BAK for wireless-to-wireless domestic calls from 1 January 2021.
In the BAK system, each operator is responsible for his or her own cost and no direct payment is exchanged between the operators. This model justifies the principle that each operator benefits from traffic originating and terminating on its network. In this system the role of field offices of Department of Telecommunication, Government of India becomes very important. The revenue spent by the operator in terminating the calls of other operators at their customer's end is sought as deduction from their gross revenue to arrive at an adjusted gross revenue. The field offices verify the claims of the operators based on the documents submitted by them. This reduces the administrative and operational cost of TSPs, had they been involved in direct exchange of revenue with other operators.
B	The PM-WANI public Wi-Fi programme – A case on cost and regulatory aspects [b‑Sandeep et al.]
In December 2020, India launched the Prime Minister Wi-Fi Access Network Interface (PM-WANI) scheme with the objective of expanding affordable public Wi-Fi access. The initiative established an open architecture where local entrepreneurs could become public data offices (PDOs) operating Wi‑Fi hotspots, supported by public data office aggregators (PDOAs), app providers and a central registry to ensure interoperability. Unlike subsidy-driven models in other countries, PM-WANI was designed as a market-led framework to promote entrepreneurship while bridging the digital divide.
Cost structure
PDO operations involve three major cost components:
•	Access network (one-time): Indoor deployments require lower-cost access points (~USD 60), whereas outdoor deployments (~USD 120) incur higher expenses due to weather-proofing and additional cabling.
•	Internet backhaul (recurring): PDOs must procure bandwidth from licensed ISPs/TSPs. FTTH-based backhaul costs approximately USD 240 per year, while Internet leased line (ILL) connections can exceed USD 4,800 annually, i.e., 20–40 times more expensive.
•	Service cost: PDOAs provide functions such as authorization, accounting and security. Charges are initially fixed but often transition to revenue-sharing based on usage or per-user models.
The resulting cost differential is stark: a small indoor PDO using FTTH may operate at ~USD 300 annually, while an outdoor ILL-based PDO may face costs above USD 13 000. This high fixed and recurring burden creates significant barriers to PDO sustainability.
Pricing and competition
PDOs earn revenue by reselling bandwidth to users. To remain viable, prices must be benchmarked against existing mobile and broadband tariffs:
•	4G mobile data: Average plan ~USD 3.6/month, providing ~2 GB/day (equivalent to ~USD 0.12/day, or USD 0.06 per GB).
•	Home FTTH broadband: Entry-level plans range from USD 8–18/month, generally shared across 4–5 devices, lowering the per-user cost to ~USD 0.20–0.30/day.
•	Public Wi-Fi via PDO: To attract demand, PDO tariffs must remain below these levels. A typical offering is ~USD 0.06/day for 2 GB (~USD 0.02 per GB).
This pricing pressure is compounded by the fact that the same ISPs/TSPs who supply backhaul also dominate the retail broadband and mobile markets, leaving PDOs in a structurally weak position.
Sustainability and regulatory considerations
Experience under PM-WANI has shown that while unbundling lowers entry barriers, PDO viability is constrained by high backhaul charges and overlapping competition. To address this, three regulatory mechanisms have been discussed:
•	Wholesale price caps: Setting ceilings on backhaul tariffs to prevent incumbent overcharging, particularly for ILL, could enable PDOs to operate sustainably.
•	Targeted subsidies: Drawing from the Universal Service Obligation Fund (USOF) to defray rural backhaul costs can help address market failure where private investment alone is insufficient.
•	User or capacity caps: Regulating the distribution of users across PDOs may promote competition and reduce congestion, though poorly designed caps risk undermining individual PDO economics.
The PM-WANI case illustrates that unbundled Wi-Fi ecosystems can expand affordable access and encourage local entrepreneurship. However, cost asymmetries in backhaul procurement and competitive imbalances with incumbent operators limit sustainability. Addressing these structural issues through calibrated price regulation, targeted subsidies and supportive policy interventions is critical for achieving the programme's affordability and inclusion objectives.
[bookmark: _Toc239193565][bookmark: _Toc239232809][bookmark: _Toc239240576]C.11	JAMAICA – The case on the implementation of LRIC, LRIC+ and SAC for cost-based termination rates
Jamaica has implemented cost models for the determination of termination rates, also adopting the bottom-up costing approach. Jamaica utilises the LRIC, LRIC+ and SAC to obtain the cost of the fixed services which are modelled. The model considers the following specific cost elements: network capital and operational expenditure, licenses, frequency usage fees, way fees, retail costs and general and administrative (G&A) costs. Asset valuation is accomplished by use of a static current cost accounting approach, by which all the assets are valued every year based on the price of that year.
[bookmark: _Toc239193566][bookmark: _Toc239232810][bookmark: _Toc239240577]C.12	Jordan – The case on the implementation of LRIC and its ability to support the financial performance in companies
The cost model developed and applied by Jordan[footnoteRef:5] is the long run increment cost model. The LRIC model is used to determine efficient cost in telecoms pricing regulation in Jordan.  [5: 	The application of long run incremental cost model in the Jordanian telecommunication industry and its ability to support the financial performance in these companies (descriptive and comparative study: Jordanian telecommunication industry) 2014.] 

Table C.2 provides a summary of the observed cost modelling approaches implemented by a cross section of territories.
Table C.2 – Summary of the observed cost modelling approaches implemented globally
	Africa
	LRIC and Distributive Costs Assignments

	Barbados
	LRIC

	Bahrain
	BU-LRIC (Bottom-up Long-Run Increment Cost Model)

	Brazil
	LRIC+

	Costa Rica
	BU-LRIC+ and TD-CTD

	ECTEL
	LRIC+

	EU
	LRIC (Bottom-up)  

	FCC/USA
	PUC decentralized negotiations

	India
	Bill and Keep (BAK)

	Jamaica
	LRIC, LRIC+ and SAC

	Jordan
	LRIC


[bookmark: _Toc239193567][bookmark: _Toc239232811][bookmark: _Toc239240578]C.13	Case study of RJio in India and other global case studies of revolutionary changes by the TSPs within the telecommunication sector
Background: The Indian telecommunications landscape pre-Jio
Before the entry of Reliance Jio in September 2016, the Indian telecommunications sector was characterized by high data tariffs and relatively low Internet penetration. The market was dominated by several key players who had established a stable customer base with traditional pricing models. Data services were considered a premium offering and the cost of voice calls and SMS was still a significant part of the revenue for telecom operators. The infrastructure for 4G services was in a nascent stage, with limited coverage and adoption. Consumers faced issues such as inconsistent network quality, high costs for data plans and a general lack of competitive pricing that would drive down costs.
The disruption caused by Reliance Jio
Reliance Jio's entry into the market was marked by an aggressive strategy that aimed to revolutionize the Indian telecom landscape. Jio introduced a simple and innovative pricing model that offered significantly lower data tariffs and completely free voice calls. This was a radical departure from the existing pricing schemes and had a profound impact on consumer behaviour and the market as a whole.
Impact on the market and consumers
1)	Data tariff reduction: Jio's competitive pricing forced other telecom operators to lower their data tariffs, making Internet access more affordable for a larger segment of the population.
2)	Increased data consumption: With lower costs, data consumption in India surged. Jio's network was built to handle increased data traffic, which encouraged users to explore a variety of Internet services, including streaming, online gaming and digital transactions.
3)	Market consolidation: The financial pressure from Jio's pricing led to a wave of mergers and acquisitions in the telecom sector, resulting in a more consolidated market with fewer but stronger players.
4)	Infrastructure development: To compete with Jio, other telecom operators accelerated their investment in 4G infrastructure, leading to improved network coverage and quality across the country.
5)	Digital inclusion: Jio's affordable data services played a significant role in bridging the digital divide, enabling millions of new users to access the Internet, particularly in rural areas.
6)	Innovation and new services: The increased data usage spurred innovation in the digital services space, with a rise in online education, healthcare, fintech and e-commerce platforms tailored for the Indian market.
Conclusion
Reliance Jio's strategic entry into the Indian telecommunications sector acted as a catalyst for change, driving down costs and democratizing data consumption. Its impact extended beyond just the telecom industry, influencing social behaviour and contributing to the digital economy's growth. Jio's case is a prime example of how disruptive business models can alter the competitive landscape and enhance consumer welfare by making essential services like data more accessible and affordable.
Financial data showed in Tables C.3 – C.6 is related to Reliance Jio:
Table C.3  Average revenue per user
	Average revenue per user (ARPU)
	2019-20
	2020-21
	2021-22
	2022-23
	2023-24

	Quarter 1
	122
	140
	138
	176
	181

	Quarter 2
	120
	145
	144
	177
	182

	Quarter 3
	128
	151
	152
	178
	182

	Quarter 4
	131
	138
	168
	179
	182


Table C.4  Total revenue as per the KPIs report
	Total revenue as per the KPIs report (revenue consolidated)
	2019-20
	2020-21
	2021-22
	2022-23
	2023-24

	Quarter 1
	11 679
	20 277
	22 267
	27 527
	30 640

	Quarter 2
	14 562
	21 708
	23 222
	28 506
	31 537

	Quarter 3
	16 517
	22 858
	24 176
	29 195
	32 510

	Quarter 4
	14 593
	21 650
	26 139
	29 871
	33 835


Table C.5  EBITDA data
	EBITDA
	2019-20
	2020-21
	2021-22
	2022-23
	2023-24

	Quarter 1
	4 686
	7 332
	8 892
	11 424
	13 116

	Quarter 2
	5 166
	7 971
	9 294
	12 011
	13 528

	Quarter 3
	5 630
	8 483
	10 008
	12 519
	13 955

	Quarter 4
	4 686
	8 573
	10 918
	12 767
	14 360


Table C.6  EBITDA margin data
	EBITDA margin
	2019-20
	2020-21
	2021-22
	2022-23
	2023-24

	Quarter 1
	40.10%
	42.50%
	46.90%
	48.70%
	50.22%

	Quarter 2
	41.80%
	43.10%
	47.00%
	49.50%
	50.30%

	Quarter 3
	38.20%
	43.60%
	48.60%
	50.30%
	50.40%

	Quarter 4
	37.80%
	46.90%
	49.00%
	50.13%
	49.70%


Table C.7 shows the global case studies of revolutionary changes by the TSPs within the telecommunication sector:
	Table C.7  Global case studies of revolutionary changes by the TSPs

	Title
	Background
	Impact
	Outcome

	Iliad and the French telecom market
	Before Iliad's Free Mobile service launched in 2012, the French mobile market was dominated by three major operators with relatively high prices.
	Free Mobile entered the market with drastically lower prices and no-contract offers, which significantly disrupted the existing pricing structure and forced competitors to lower their tariffs.
	The entry of Free Mobile led to increased competition, resulting in more affordable services for consumers and a higher rate of mobile Internet adoption in France.

	T-Mobile and the "Un-carrier" strategy in the U.S.
	The U.S. mobile market was characterized by long-term contracts and bundled pricing. T-Mobile was the smallest of the four major carriers and needed a strategy to differentiate itself.
	T-Mobile's "Un-carrier" movement, launched in 2013, eliminated contracts, introduced flat-rate plans with unlimited data and offered various customer-friendly initiatives.
	The "Un-carrier" approach not only led to significant growth for T-Mobile but also prompted industry-wide changes, benefiting consumers with more flexible plans and transparent pricing.

	Rakuten Mobile and the virtualized network in Japan
	Japan's mobile market was known for high-quality service but also high prices, with a few established players dominating the industry.
	Rakuten Mobile launched in 2020 as the first fully virtualized, end-to-end cloud-native network, which allowed for significant cost savings and more competitive pricing.
	Rakuten's innovative network approach is expected to drive down costs in the Japanese telecom market and could set a precedent for future network deployments worldwide.

	Huawei and 5G deployment
	The global race to deploy 5G networks promised to bring faster speeds and more reliable connections but required substantial investment in new infrastructure.
	Huawei has been at the forefront of 5G technology, offering competitive pricing and comprehensive solutions for 5G deployment, which has accelerated the roll-out in various markets.
	Despite facing security concerns and restrictions in some countries, Huawei's 5G technology has been widely adopted, influencing the global pace and cost of 5G network deployment.
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Introduction
These guidelines will provide the principles, objectives and methodologies to be used when determining the costs related to infrastructure sharing, interconnection and roaming. The guidelines will also set out the different best-practice accounting standards, including fully allocated cost (FAC), historical cost, current cost and long run incremental cost (LRIC), LRAIC, LRAIC+ with a view to ensuring that the communications infrastructure is efficiently utilized, that is both technically and economically. The cost accounting methods to be used should be objective, causative and transparent.
The aim of cost models is to calculate the unit costs for individual services. Since most of the costs incurred by a network operator support apply to more than one service, costs have to be allocated to services in some manner.
The choice of an appropriate costing approach should be made based on the analysis of a number of key factors. These factors are geared towards ultimate achievement of various regulatory objectives, which include economic efficiency, promotion of competition and stimulation of investments. Economic efficiency can be split into the following main types:
a)	Allocative efficiency: in case of allocative efficiency, scarce resources should be allocated in an economically efficient manner. In economic theory, this occurs when price approaches marginal costs. Allocative efficiency suggests that one group of customers should not subsidize another group of customers.
b)	Productive efficiency: to be considered as productively efficient, cost of production should be minimized. For the purposes of regulatory costing, productive efficiency is not a primary concern since all operators have enough commercial incentives to be productively efficient regardless of the regulated pricing.
Role of Member States in determination of charges
The NRA's have the responsibility under their respective communications acts to:
1)	Take an active role towards establishing cost-based interconnection, national roaming and infrastructure sharing and access charges where necessary;
2)	To determine these tariff charges through harmonized cost and pricing models; and
3)	Promote fair competition in the communications industry and encourage and foster infrastructure sharing, network access, national roaming and interconnection among its licensees.
Status of the guideline
These guidelines are to be read together with the act, regulations and other relevant laws and in conjunction with the license conditions.
Costing on infrastructure sharing
Principles of infrastructure sharing
1)	To establish a framework within which operators can negotiate infrastructure sharing arrangements, and for that purpose, specifically to:
a)	Ensure that the incidence of unnecessary duplication of infrastructure is minimized or completely avoided;
b)	Protect the environment by reducing the proliferation of infrastructure and facilities installations;
c)	Promote fair competition through equal access being granted to the installations and facilities of operators on mutually agreed terms;
d)	Ensure that the economic advantages derivable from sharing of facilities are harnessed, for the collective benefit of all telecommunications stakeholders;
e)	Minimize capital expenditure on supporting infrastructures, to avail more funds for investment in core network equipment; and
f)	Encourage operators to pursue a cost-oriented policy for the sake of reduced retail tariffs chargeable to consumers.
2)	The NRA's shall encourage and promote passive sharing infrastructures which include, but are not limited to, the following:
a)	Rights of way
b)	Masts
c)	Poles
d)	Antenna mast and tower structures
e)	Ducts
f)	Trenches
g)	Space in buildings
h)	Electric power (public or private source)
i)	Dark fibre.
3)	The NRA shall also encourage and promote active sharing infrastructures which include:
a)	Complete network structures
b)	Switching centres
c)	Radio network controllers
d)	Base station controllers
e)	NodesBs and eNodesBs
f)	Core networks.
4)	The national regulatory authority may from time to time either on its own initiative or upon the request of any interested person amend the list of infrastructure that can be shared.
5)	Where the sharing of an infrastructure such as rights of way and electric power is dependent upon securing the necessary approval of a granting authority, such approval should be obtained before the sharing arrangement can be finalized.
Infrastructure sharing charges and costing
1)	Infrastructure sharing charges shall be cost based.
2)	Infrastructure sharing charges shall be transparent, non-discriminatory, justifiable and reasonable in that:
a)	Telecommunication license holders shall not offer more favourable rates to affiliate companies to the prejudice of other infrastructure seekers; or
b)	Telecommunication license holders shall offer Infrastructure at reasonable rates which are not less favourable than those provided by the infrastructure provider to itself.
3)	In determining infrastructure sharing charges, the infrastructure provider shall take into account:
a)	All capital costs incurred including upgrades and improvements, excluding historical maintenance costs by the infrastructure provider;
b)	Reasonable rate of return on the infrastructure provider's capital appropriately employed;
c)	All attributable operating expenditures, depreciation and a proportionate contribution towards the infrastructure provider's (fixed and common costs); and
d)	Non-recurring costs.
4)	Costs that vary with usage shall be recovered through usage-based charges.
5)	The charges shall be sufficiently detailed to enable the infrastructure seeker to pay the infrastructure provider only for the network elements or infrastructure sharing services that it requires.
6)	The charge to the infrastructure seeker for sharing shall not be more than the cost of owning and operating similar infrastructure.
7)	Infrastructure sharing charges shall include compensation for loss of business as a result of providing infrastructure sharing services to the infrastructure seeker.
8)	Costing methodology charges for infrastructure sharing shall be established between the long run incremental cost of providing the service and the stand-alone cost of providing the service.
9)	In the case of price-setting for infrastructure sharing, the setting rates for shared elements, infrastructure providers apply a fully distributed cost (FAC) methodology, using current cost accounting and the annuities approach to depreciation.
10)	The price for site-sharing should be based on the long-run average incremental cost (LRAIC) of providing access to the sites. Access should be provided on a non-discriminatory basis via a reference access offer (RAO) detailing the commercial and technical terms that apply to regulated site sharing.
Costing for interconnection
Interconnection principles
1)	All licensed telecommunications services providers are to offer and be offered interconnection at any technically feasible point. This is mandatory on all the service providers. Licensed service provider should not under any circumstances refuse or be refused interconnection, where technically feasible.
2)	Interconnection should be set up in such a manner that the terms do not discriminate unduly between operators or between any operators own networks and services and those of other interconnecting parties. This can be done via a reference interconnection offer (RIO).
3)	Interconnecting parties shall submit a duly signed interconnection agreement to the NRA for approval.
Determination of interconnection charges
4)	The fundamental principle is that all licensees should be fairly compensated for the cost incurred in the provision of interconnection.
5)	All licensed network operators are required to offer interconnection charges that are cost based, transparent and reasonable.
6)	The rates should be sufficiently unbundled to ensure that the interconnecting party does not pay for network components or facilities which it does not require for the service to be provided.
7)	Charges should be based on the directly attributable costs of the interconnection service or facility in question.
8)	As far as technically feasible, the charging structure should be based on unbundled network elements. In general, the charging regime should distinguish between:
a)	Appropriate fixed charges for the provision and operation of the points of interconnection;
b)	Variable traffic-sensitive usage charges; and
c)	Charges for supplementary and support activities such as billing, directories, enquires, or emergency services.
9)	Operators shall negotiate freely and agree on prices for interconnection to facilitate end-to-end connectivity in order to allow seamless communication between their customers.
10)	Licensees shall, seek for approval from the NRA prior to revising interconnection charges, including charges for the introduction of any new interconnection services.
11)	The traffic volume shall be measured in seconds, units and kilobytes (KB) for voice, SMS and data traffic respectively.
12)	No service provider shall be charged for any interconnection facility it does not seek or require. Provided that if the interconnection facility cannot be provided in the form that is sought or required by the interconnection seeker, the issue may be decided mutually between the seeker and provider of interconnection. In case such mutual agreement is not possible, the matter may be reported to the NRA for a decision.
13)	Costing methodology charges for interconnection shall be the long run incremental cost (LRIC) of providing the service.
Costing for regional roaming charges and tariffs
1)	NRA's shall establish the basis of regional roaming costs in consultation with MNOs.
2)	The establishment of cost-based regional roaming tariffs shall take into account the related underlying wholesale cost elements.
3)	NRA's shall take into account the following direct cost elements among others in calculating cost based roaming tariffs:
a)	local access, origination and termination costs;
b)	local transmission costs;
c)	international transmission costs;
d)	roaming specific charges, including contract, billing and signalling charges;
e)	retail specific charges, including invoicing and international processing costs (including call detail records (CDRs) and inter operator tariffs (IOT)); and
f)	any other costs deemed to be appropriate.
4)	NRA's shall consider the cost elements in subsection (2) for voice, SMS and data services and any other roaming services in line with the general trend towards universal use of roaming services.
5)	NRA's shall ensure that the analysis of cost elements takes into account both prepaid and post-paid modes of payment.
6)	NRA's shall consider the cost elements in subsection (3) in constructing detailed and harmonised roaming cost models on a regional basis.
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