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Report on Spectrum Pricing

7.1 Background

Spectrum pricing refers to a range of spectrum management activities and tools including administrative fees, spectrum usage and spectrum prices determined by way of Government Policy and market mechanisms. 

Developing spectrum pricing strategies invariably involves alignment with the government’s and regulator’s revenue goals and objectives, setting targets, and discussion with key stakeholders such as key sector groups – telecommunications service providers. 

The radio spectrum is a scarce natural resource for which there is an increasing range of valuable uses. Spectrum is an essential element of the communications infrastructure. It is believed that the development of a country can be forecasted seeing the spectrum distribution and its usage. It is very essential for effective and efficient management of radio spectrum for continuing economic and social development. Since the demand of spectrum is increasing day by day and the spectrum is limited, the problems are appearing increasing day by day.

Owing to spectrum limitations resulting from natural propagation characteristics and the system of allocating blocks of spectrum to services, a purely economic problem has arisen, namely the need to rebalance demand and supply, and this requires the development of new spectrum management methods. Over and above new technical, regulatory and legislative procedures, economic methods can help spectrum managers to improve the management system. The basic principle in employing economic methods is to establish a regulatory framework allowing market forces to play a greater role in spectrum management.

It is necessary to simulate the market value of the spectrum which requires financial analysis, estimations of demand or market studies to achieve a valuation, and considerable expertise.

7.2 Objectives of Spectrum Pricing:

The broad goals and objectives associated with spectrum pricing are:

· Covering the costs of spectrum management activity borne by the spectrum management authority or regulators.

· Ensuring the efficient use of the spectrum management resource by ensuring sufficient incentives are in place.

· Maximizing the economic benefits to the country obtained from use of the spectrum resource.

· Ensuring that users benefiting from the use of the spectrum resource pay for the cost of using spectrum.

· Fostering license-applicants to use other expandable telecommunication resources

· Spreading radio communication congestion over time and spectrum

· Balancing spectrum demand-supply equilibrium

· Encouraging spectrum sharing and upgrading old systems toward new technologies

· Providing revenue to the government or to the spectrum regulator. 

· Supporting spectrum management activities, spectrum refarming and etc.

· Promote social and cultural objectives

7.3 Theory of prices

Important concepts that underlie spectrum prices shold be to have

· Economic Efficiency, and 

· Equilibrium Prices

We shall see that these concepts provide a basis for establishing prices and justification for selecting certain methodologies. We will also see that some methodologies are better suited for achieving aforementioned specific objectives.

7.3.1. Economic efficiency:

Economic Efficiency has three dimensions relating to the production, consumption, and use of a resource over time:

-Productive Efficiency – goods should be produced at the lowest possible cost for inputs;

- Allocative Efficiency – the mix of goods and services produced should be optimal. Optimal   being defined as the Pareto Principle;

- Dynamic Efficiency – resources are used in such a way to encourage investment and innovation.

The Pareto Principle is an important related concept in implementing policy goals: an activity is considered to be economically efficient when equilibrium exists between users in terms of their well-offness (welfare) – i.e. there are no gains or losses. There may be alternatives but the advantages gained by one user are offset by losses by another user and so the resulting scenario would be inefficient. In other words, spectrum prices should not be used to punish users.

7.3.2 Equilibrium prices

Equilibrium prices in a competitive market exist when relative prices have been established for the cost of good X in terms of Y reflecting consumers' willingness to pay for the transformation. It should now be apparent that economic efficiency and price equilibrium are similar to prices achieved in a competitive market place. This consistency is the basis for the general theory that spectrum prices set in a competitive market place will equate supply and demand which is efficient.

7.4 Spectrum pricing principles 

There should be a sound legal framework supporting spectrum pricing process including-Regulatory policy, telecommunications law, license and spectrum authorization regime.The approach taken by the spectrum authority should be:

· Fair to all sides

· Objective and measurable

· Transparent

· Administratively simple to manage

Because one of the goals is to recover spectrum management costs there is a need to determine what are costs should be included and at what (reasonable) level.  In doing so there are several considerations to be addressed such as organizational strategy, structure and function and key activities, initial minimal capabilities, fill resource and capacity gaps.For any resource, including radio spectrum, the primary economic objective is to maximize the net benefits to society that can be generated from that resource- the efficient distribution of resources resulting in maximum benefits to society. Spectrum use can make a significant contribution to the growth of the national economy through:

· Development and expansion of telecom services;

· Contribute to the efficient operation of other businesses;

· Enhanced national and individual security.

Spectrum can be a scarce resource depending on whether there are too many users or spectrum supply is restricted. Spectrum prices can be used to encourage efficient use and to maximize the number of uses and users of the spectrum. Spectrum is a unique natural resource in that it is renewable but cannot be stored. Benefits that could be derived from using spectrum today are lost forever. There is no public benefit to hoarding spectrum for future use.

7.5 Major steps in Spectrum Pricing
There many spectrum management activities conducted by the authority which benefit users including, international and regional planning activities to secure use of spectrum;Regional activities to coordinate the use of spectrum allocations with neighbors; Development of national spectrum allocation and refarming policies; Frequency assignment and licensing policies and standards; Development and enforcement of spectrum use plans and equipment standards which serve to reduce interference locally.It is necessary to consider the followings in spectrum pricing:

Spectrum Pricing Policy- it is necessary to determine the principles of spectrum pricing based on the different relevant parameters: GDP of the ecountry, types of communication e.g emergency communication, security communication, safety of life issues, priority, Demand, supply, population, willingness to pay, spectrum utilization efficiency, promotion of the technology for the easy deployment of the same for the developemnt and expansion of communication service, price per Megahertz per population(PMP).

Spectrum Pricing rules and regulation: It is necessary to have appropriate regulation for different type of application- eg commercial or non-commercial/civilian or non-civilian, shared spectrum or exclusive use spectrum, licensed or license exempt spectrum, satellite or terrestrial use.

Spectrum pricing factors
There are many factors related to spectrum pricing.  Any one or more can be usd for the calculation or for at least for the estimation. The table below shows different factors divided into 2 categories.

	Technical Factors
	Non- technical factors

	National Table of Frequency Allocation
Occupied Bandwidth

Number of Frequency Channels

Polarization

Service Area 

Coverage Area

Power (EIRP)

Antenna Height

Antenna Pattern

Modulation

Type of Radio Service

Service priority

Type of Radio Application
Quality of Service

Coordination

Traffic Er/MHz/Square Km


	Population density
Radio Stations Density

GDP

User's income

Duration of use

Inflation

Type of Radio License

Geographical and Regional issue

Interconnections among International users



7.6. Payment Types 
There are different types of payment 

-Irregular payments: Auction, Beauty contest;

-Regular payments for Spectrum Management (monthly charging, seasonal charging, annual charging)

-Occasional Payments: Always these statues happens in Licensing: Application, Amendment and Modification, Registration, Cancellation, Renewal, Transferring

There is also some other costs incurred for monitoring, coordination and other parts of spectrum management. Consequently, Cost of spectrum management is the sum up the budgets necessary to:

· To issue, to renew, to amend and to cancel radio license; 
· To plan, to engineer, to redeploy and to monitor spectrum;
· To coordinate frequency, to register and notify frequency assignment, to participate in relevant international activities; 
· To conduct studies and projects;
· To improve human ware, software, hardware and to atomize spectrum management tasks;
As the tasks above have many costs for regulators, they should first consider their costs to manage their Cost Recovery. For Cost Recovery a regulator should look at its OPEX, CAPEX etc.
7.7 Spectrum Pricing Methodologies

The basic function of economy is to establish prices. According to the general microeconomics theory there is a standard technique for determining the price of goods, which is shown on Figure of below. 


There are several main techniques for spectrum price determination and these relate to: periodic administrative cost recovery price, price based on system performance, spectrum reforming price, differential price and "shadow" price. The same techniques can also be used of opening bid price determination if auction has to be conducted.

The simplest method, that of the administrative cost recovery price already adopted in many countries of the world, is based on estimation of the funding required to recover the yearly costs incurred by the government agency for managing the spectrum resource. One country, for example, uses this method to cover a bank loan for the development of a radio monitoring system. A major disadvantage of this approach, however, is that fees designed to recover administrative costs are not tied to the value of the spectrum used, and therefore may not stimulate spectrum efficiency.  

A number of options for spectrum price determination based on system performance have been developed. The price could be built up from a number of separate elements based on any or all of various criteria such as the amount of spectrum used, number of channels or links used, degree of congestion, efficiency of radio equipment, transmitter power/coverage area, geographical location and so forth. The basic principle of this approach is to identify various technical parameters in order to measure the spectrum volume used or define the “pollution area” of a radio system as a common basis for establishing spectrum fees.

For example, the following universal formula may be considered
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Where

P = 
spectrum price;

V = 
volume of space or geometric area occupied;
M = 
useful results obtained from the radio equipment considered, for example the 


number of channels to be provided or users to be served;

Kf = 
coefficient reflecting specific characteristics of range used;

Ks= 
coefficient taking into account the region of the radio station installation;

Km= 
coefficient reflecting social benefit of radio system;

Cs= 
annual spectrum management costs;
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coefficient reflecting the level of spectrum access demand in the band in question.

On one hand, the application of such a method can stimulate more efficient spectrum utilization, on the other hand various problems with the practical use of such formulas remain to be resolved. One disadvantage of the above technique is the choice of coefficients designed to take into account specific features of service, spectrum demand, etc.  When the determination of spectrum price requires expert advice, this may result in subjective attitudes to the question. Also, it is doubtful whether the formulas can take into account all individual features of a specific radio system or network. A very complex problem remains that of defining the social benefit of a radio system: for example, where use of a low-speed radio relay link with the same parameters in rural and urban areas is involved, how is the difference in social value defined? Moreover, with modern technologies allowing a number of radio systems to use the same band in the same service area, the “pollution” factor becomes meaningless.
In the next approach, which is also relatively simple to introduce, the spectrum fee is based on the costs of spectrum reframing. This recommends that when existing users have to be shifted to an alternative frequency band in the short term (10 years), such reallocation should be financed by interested parties, in particular by the manufacturers of the new equipment and operators of new systems. It is assumed that new operators will have to “redeem" the necessary spectrum under the price, based on the expenses of the incumbent. Such an approach is very reasonable and indirectly improves spectrum efficiency - new technology will use the band more efficiently and be of more benefit to society. This approach is very relevant in the context of the development of IMT-2000, because in some cases this is the only the way to free spectrum from incumbents, particularly where military uses are concerned.

The so-called “differential rent spectrum price” basically exploits the difference between equipment costs for systems providing the same service but using different spectrum ranges. By way of example, it may be assumed that two competing systems use the same bandwidth in different ranges, both capable of handling the same volume of traffic with the same quality. The second operator uses higher frequencies. Since the market imposes a single price for the same services, the operator using the lower frequencies with lower equipment costs has higher profits than his competitor. The origin and amount of this element of profit have nothing to do with his qualities as an entrepreneur, but relate solely to the properties of the assigned frequency band. 

A further technique of spectrum price determination is based on the use of shadow prices. The economic definition of a shadow price is “a competitive price for a resource such as would be established in an open market if there are many buyers in the market, none possessing any monopoly power to elevate the price of the resource by withholding the resource from the market”. Another definition of shadow price is the value of a resource to a firm. Thus, the shadow price represents the maximum the firm would pay to have an additional unit of the resource or the sensitivity of the firm’s profits to a change in the quantity of the resource input. 

None of the above methods of spectrum pricing can necessarily be used universally. The choice of appropriate methods has to be based on defined pricing goals, the level of economic development of the country and a technological/economical study of the service concerned.This may cause differences in spectrum pricing and as a result different service usage fees. 
With a view to evolving the model for defining spectrum price based on assessment of the economic value of spectrum, the WG has reviewed the existing spectrum pricing methods. Some of the SATRC countries, viz. Pakistan, India, Bangladesh, Sri Lanka have successfully introduced spectrum allocation based on economic value as perceived by the market (auction). Some other SATRC members have also announced adoption of market oriented mechanisms for allocation of spectrum for providing ICT services in the now prevailing open market competitive environment.

7.8 Governemnt objectives
The spectrum pricing shall be in such a way that addresses the government priority in the communication sectors.Determination of the price of a resource or a commodity, is generally based on the pricing objective; assessment of availability and demand; estimation of costs; and options for pricing mechanism to achieve the highest economic efficiency.

The pricing mechanism should 

· stimulate increased efficiency in spectrum use, 

· promote development of new technologies,

· not result in increased tariffs of services.

The government will likely have social and cultural objectives which are related to spectrum use and could be funded from its use: 

-Developing and extending telecommunications services 

-Supporting Industrial development, e.g. job creation, foreign investment

-Funding Education e.g. tele-education and Health e.g. tele-health

-Supporting cultural development e.g. broadcasting

The spectrum fee users are those who could pay include the general public through budgetary allocation of government revenues to pay for spectrum management regulatory costs; spectrum license holders; users of radio based services indirectly through spectrum access charges levied by operators. There are government departments who along with private sector firms and individuals are users of spectrum.One argument holds that making government departments pay simply transfers revenue from one government agency to another. The opposing argument says that government departments typically pay for other inputs: gasoline, electricity, manpower. Not paying for spectrum use undermines the value of spectrum resulting in inefficient use. 

7.9 Spectrum pricing and revenues
An important distinction is made at this point. While the spectrum authority is interested in applying the appropriate spectrum pricing methodology in order to achieve policy objectives, it is important not to lose the revenues which will be generated. The spectrum authority will therefore evaluate the various structural approaches such as:

- Administrative cost basis;

- Market-based pricing;

- AIP – Administered Incentive Prices.

7.10. Demand Considerations 
A central consideration for spectrum managers in setting spectrum prices is the assessment of spectrum supply and demand. There are two situations to considered and determined after measurement and evaluation - demand and non-demand situations. Demand Situations where demand exceeds supply which usually depends on the type of service and the spectrum in question. Non-Demand Situations exist where there is no spectrum scarcity. Demand situation - typically below 3 GHz. Several methods such as administrative cost/revenue basis are usually associated with Comparative Review (Beauty Contests), market-based pricing.

Non-demand situation - Generally there are few users, services and data requirements are tolerant to interference and lower power devices are commonly used. The bands associated with non-demand situations include the ISM bands and bands above 15 GHz. Such spectrum would be generally be assigned in First come, First Served Assignment Approach taking into consideration of administrative fee.  

7.11 There are several techniques for spectrum price determination such as: 

Recovery of administrative cost model for pricing: based on estimation of the funding required to recover the yearly costs incurred by the government agency for managing the spectrum resource, for example, uses this method to cover a bank loan for the development of a radio monitoring system. A major disadvantage of this approach, however, is that fees designed to recover administrative costs are not tied to the economic value of the spectrum used, and therefore may not stimulate spectrum efficiency.

System performance based pricing: The price could be determined from a number of separate elements based on any or all of various criteria such as the amount of spectrum used, number of channels or links used degree of congestion, efficiency of radio equipment, transmitter power/coverage area, geographical location and so forth. The basic principle is to identify various technical parameters in order to measure the spectrum volume used.

Spectrum refarming pricing: the spectrum fee is based on the costs of spectrum reframing, when existing users have to be shifted to an alternative frequency band in the short term (10 years), such reallocation should be financed by interested parties, in particular by the manufacturers of the new equipment and operators of new systems. It is assumed that new operators will have to “redeem" the necessary spectrum under the price, based on the expenses of the incumbent. Such an approach is very reasonable and indirectly improves spectrum efficiency - new technology will use the band more efficiently and be of more benefit to society. This approach is particularly very relevant in the context of the development of IMT-2000, because in some cases this is the only way to free spectrum from incumbents, especially where military uses are concerned. This is also relatively simple to introduce.

Differential pricing: It basically exploits the difference between equipment costs for systems providing the same service but using different spectrum ranges. By way of example, it may be assumed that two competing systems use the same bandwidth in different ranges, both capable of handling the same volume of traffic with the same quality. The second operator uses higher frequencies. Since the market imposes a single price for the same services, the operator using the lower frequency would pay additional spectrum fee.

Adminitrative Incentive Prices: AIP is method where spectrum regulator attempts to approximate the prices (often flat rate charges) that might emerge in a market context. Prices are set by the regulator reflecting the opportunity cost of spectrum while incorporating potential ‘incentive’ properties.  The prices are set at a level to encourage efficient use reflecting spectrum scarcity.  Opportunity cost prices applied to bands that are congested.

7.12 Traditional mechanisms

Historically charges were levied to recover the cost of administrative charging. These administrative charging remains the key basis in uncongested parts of the spectrum. This administrative charges includes

- Cost of issuing, processing and renewing licenses


- Cost of maintenance, enforcement of licenses and broader management of the radio 

   spectrum


- Indirect cost incurred by the licensing agency, such as personnel, training and overheads


- International coordination


- Spectrum planning


- Site clearance


- Spectrum monitoring


- Complaint handling

Adminstrative charges are either levied as a percentage of turn over or allocated at a set rate. More recently, countries have introducing pricing mechanisms that encourage use and the efficient allocation of radio spectrum particularly in congested parts of the spectrum.The spectrum pricing was mostly based on the simple fees basis and cost recovery basis in the traditional mechanism. There is simple Fees approach in which administration sets a price for a license, which may be based on flat rate or may vary based on specific criteria (Quantity of spectrum, Frequency band, Geographic area etc.). This approach is very common especially for fixed links.

There is cost recovery approach of spectrum pricing the purpose of which is to recover the spectrum management costs incurred by the administration, but with the aim to avoid overcharging the licensee and to avoid using the national budget to subsidize spectrum management. Exact definition and operations vary according to National requirements

Direct Costs: covers the immediate and identifiable cost of issuing licenses for specific applications.


For example the cost of staff time in the frequency assignment process, site 
clearance, interference analysis when it can be directly associated with a 
particular class of service – keeping the public news and entertainment 
channels clear, ITU and Regional international consultation that is specific to 
a service

Indirect Costs: Covers the cost of the spectrum management functions used to support the administration’s frequency assignment process and the overhead of operating the administration’s spectrum management procedures


Traditional Mechanisms: A comparison 
	Methods
	Advantages
	Disadvantages

	Simple fees
	· Can be applied to all users. 

· Can be implemented without lengthy analysis and surveys in view of establishing a fee calculation model and fixing the level of the various fees based on Radiocommunication application.

· Easy to implement and recovers some or all of the cost of issuing a license.
	· The fee does not reflect the costs of the administration nor the value the user places on the spectrum.

· Applied alone it does not promote technical or economic efficiency in spectrum utilization

	Cost Recovery
	· For spectrum users they are ensured that they pay only for the costs generated by them with the spectrum management authority. Taxes collected from the general tax payers are not employed to finance activities of the administration whose beneficiaries are clearly identifiable
	· Applied alone it does not promote technical or economic efficiency in spectrum utilization.

· It is a very complicated process to be able to distribute the total of direct and indirect costs of the spectrum management authority by mean of fee calculation models and tariffs.

· Due to legal restrictions it may happen that not all activities of the spectrum management authority can be financed with cost recovery fees


It seems appropriate to use the administrative cost charging methods for:

· Point to point microwave links

· Fixed Links- Satellite

The spectrum pricing of point to point microwave links can be calculted taking into account the following points into consideration:
Cost of administration

Location = higher charge if transmitter located in congested areas

Band = higher charge for lower, congested bands

Power = higher charge for high power as causes greater interference to other users

For example the following formulae can be implemented for the determination of fee:


Fee=K x (Si,Gi)x Bi xAi

Where the parameters are determined in accordance with the followings

Base administrative charge (K) for fixed links


- total time taken per annum per fixed link licensce


- base administrative charge per fixed link

- this corresponds to the base level of the charge (constant K), but this can   be modified to make the charges more acceptable

Coefficient of Band width (Bi) used has to be calculated based on congestion

Interference may be an issue in the lower bands and a power factor may be another mechanism of control. 

7.13 Methodology  for centrally set spectrum pricing 

More recently, countries have introducing pricing mechanisms that encourage use and the efficient allocation of radio spectrum particularly in congested parts of the spectrum.

As radio spectrum has become more congested, new ways of using pricing to manage the spectrum have been introduced, specifically, economic value based spectrum pricing. Spectrum pricing is now used in a significant number of countries to incentive use and achieve an efficient allocation of radio spectrum. Spectrum pricing can lead to an outcome where the revenue generated exceeds the costs of the agency where this can be justified on the basis of achieving an efficient allocation of scarce radio spectrum. Conversely, if applied to sections of the spectrum where there is no scarcity the revenue generated may fall below cost. For this reason, administrative costs are typically retained for sections of the spectrum where there are low levels of congestion.Spectrum pricing is best suited to those parts of the spectrum where:

· there is excess demand

· use of the spectrum can change in response to the pricing

· where there are no political or policy impediments to their use (e.g. international use of the spectrum, level of illegal use)

There are two main approaches to spectrum pricing

· centrally determined prices, where the licensing agency takes into account the value of the spectrum either through a formula or consideration of factors such as value in next best alternative use (e.g. beauty contest)

· market based approaches such as auctions where it is left to the market to determine the allocation and value placed on the spectrum

In general, centrally determined prices are most suited to situations where:

· the agency wishes to retain a greater degree of control of the outcome of the allocation process

· the agency wishes to incentivise use, but limit the amounts paid to help stimulate the market and avoid the agency becoming a profit centre 

Simple formulae are often used to set spectrum prices at economically efficient levels. The formulae should ensure that the spectrum pricing is efficient, equitable and transparent and higher for spectrum in greater demand. 
7.14. Determining Spectrum Fee ITU-R SM2012-3

ITU Report ITU-R SM 2012-3 defines some example for calculation of spectrum fee.

The following coefficients defined below are used in the examples of formulas for calculating fee amounts:

-‘L’– The coefficient “L” represents the allocated bandwidth.

- ‘bf’– The coefficient “bf” expresses the position within the spectrum of the frequency             or allocated frequency band.

-‘a’– The coefficient “a” expresses the frequency usage authorizations by allotment.

- ‘c’- The coefficient “c” expresses the surface area covered by the frequency usage   Authorization. 

-‘K1,K2,K3,K4’– The coefficients “k1”, “k2”, “k3” and “k4” are reference monetary values that are specific to the applications in question

Five general steps:

Step 1: Defining the goals of the spectrum fees

Step 2: Demand assessment for the spectrum

Step 3: Cost assessment for the spectrum

Step 4: Choosing the fees approach

- Fees based on spectrum management costs, 

- Fees based on user’s gross income, 

- Incentive fees, 

- Opportunity cost fees  

Step 5: Determining the fees

7.15. Spectrum Pricing Parameters in SATRC countries
Spectrum Pricing Approaches in SATRC countries shall consider one or more of the following parameters:

· The amount of spectrum used measured by the bandwidth sterilized.

· Geographic location to reflect coverage 

· The type of service supplied often with higher fees for public mobile as compared with other services. 

· The frequency band, with higher values in bands that are internationally harmonized, that offer better propagation characteristics and that are more likely to be congested. 

· The location of use with higher values in more congested areas e.g. higher values in urban versus rural areas. 

· The fraction of the national population covered as a proxy for the value of a regional as compared with a national license. 

· The percentage of revenue

· Location within the  spectrum to reflect  degree of congestion-higher values for the most congested parts

· Time element to reflect the development of service

· Power levels  to reflect level of interference caused to other users

· Constant  to calibrate the result to have different values of spectrum for different categories

 7.16 Major Spectrum Licensing Approaches 
7.16.1. Lotteries

Lotteries have been used in the past but are generally out of favour since spectrum holder may have little or no interest in deploying services and could be speculating.

7.16.2 First Come First Serve

This method is simple, quick and transparent but applicable when there is no shortage of spectrum and when it has to be assigned to a potentially large number of users or over a long period of time. This is common across countries for non-mobile frequencies.The major features of this approach are as follows:

· The operator/applicant having the First request under the terms and conditions set out by the Authority/Government would obtain/acquire the spectrum 

· Faster method for the spectrum assignment

· This methd of spectrum assignment would be better for such spectrum in which the demand of the spectrum is not quite high , less congestion, and comparatively low market value 

· Previously , in most of the countries this method  is followed when there is quite low demand

· With the increasing value of the spectrum and demand for the usage of the telecommunications services, this  method is less commnly used 

7.16.3 Merit Based Evaluation Criteria or Comparative Selection (Beauty Contest)

Because beauty contests typically involve judging applicants on the basis of their proposed service offering, e.g. roll out and coverage commitments, it can be argued that lower spectrum charges in such cases may be offset by the higher infrastructure costs relating to such commitments. Providing the means exist to enforce the licence commitments, this approach would appear still to be compatible with the objective of promoting efficient use. In the case of beauty contests, the Licensing Directive's objective to promote the efficient use of scarce resources may be interpreted more broadly than a simple maximisation of transmission capacity in the available spectrum, for example taking account of social or economic considerations.

This licensing approach is based on the competing applicants submitting their proposals for operating the service; these would then be assessed by the administration.

The RFP shall announce/include the number of service providers along with the intended Spectrum Bandwidth for an individual operator. The Criteria for the selection of the operator would be published along with the RFP. The regulator/Govermnment specifies the selection criteria with the necessary weightage of the respective criteria. Since the number of service provider would be limited and there is quite high demand than the available band, the method of Spectrum Assignment using the Comparative selection or beauty contest method would be useful.It is expected that the applicant having good business plan would utilize the spectrum effectively and efficiently. 

The Request for Proposal would be published with the specified terms and conditions along with the time period with so that the interested applicant would sumit the Expression of Interest with the necessary documents. The relevant terms and conditions may also apply to get the spectrum. The different parameters will be determined along with the corresponding weightage of the same to determine the most suitable candidate. Different countries have different priority sectors in spectrum management and can determine the different parameters along with the corresponding planning. However, the WG has identified the following parameters as beauty parameters that might be considered in the practice:

Service Rollout and Coverage: 

Coverage - No. of transmitters, No. of station sites and their distribution (with time plan)

Subscriber Growth-Subscriber per MHz of spectrum

Rural Penetration- contribution to penetration over 5 years

Urban Penetration- contribution to penetration over 5 years

Spectrum Efficiency, ruse- Erlang per MHz of spectrum

Service launch timeline- pilot service, full commercial service, Network deployment 




plan

Investment Plan:

Business and funding plan- Funding proposal

Industry Development- Plan to develop Telecom services: promotion of R&D activities, promotio of applications and content development, promotion of HRD, knowledge development etc

Quality of Service:

Network Performance, Fault incidence and repair, Customer Service Complain handling throughput

Business Plan:

Tarrif for the services to be provided, types of services, Infrastructure sharing

Merits: 

· Can be used to fulfill multiple goals

· Potential to limit the amount of price

· Potential to encourage efficient  utilization of spectrum

· Chances of setting the criteria for eligibility and selection

· The Spectrum fee may be set as per the value of the spectrum by the Government/Regulator

· The appropriate spectrum fee may be set so that it encourages to the operators for investment

Demerits:

· Time consuming and resource intensive  Subjective and prone to legal challenge

· Subjective Evaluation

· May have effect of Influence from undesirable party

· Chances of Protectionanism and corruption

· May have less revenue collection for the Government

· May not be appropriate in less developed market and having less penetration and less congestion band

7.16.4 Auction

Market led mechanisms such as auctions are also increasingly being used to allocate spectrum (in developed markets and mature sectors only); however it may not be always applicable for developing countries (immature or less competitive market). An efficient allocation of radio spectrum can also be achieved through the use of auctions. This permits the market to determine the price paid and eventual ownership.There are a number of different types and design of auctions (e.g. sealed bid versus open, English versus Dutch, single round versus multi-round, minimum price).The agency is responsible for designing, establishing procedures, ensuring that potential bidders have full knowledge of the rules and procedures, and running the auction. Auctions have been used around the world to assign licences for 3G mobile services, and generated considerable revenue. Auctions are increasingly being used to allocate licences in different parts of the radio spectrum. Many countries have used auctions to allocate Wireless Local Loop (WLL) licences with many other countries considering this route (e.g. UK, Ireland, Greece, Austria and Australia). US uses auctions to allocate the majority of its radio spectrum, excluding apparatus licences. Australia has identified a number of bands that it intends to auction over the next few years.
Essentially an auction involves the awarding of licences to those who bid the greatest amount in monetary terms. There are many varieties of auction and their design is a specialised skill. However, in all cases it is likely that certain prequalification criteria must be met to enable bidders to participate. These may be limited to simply demonstrating that the bidder has the financial resources to back up its bid, or may extend to meeting certain minimum service criteria or obligations should a licence be awarded. The awarding authority is usually responsible for designing the auction, setting up the procedures for running the auction, ensuring that all potential bidders have full knowledge of the rules and procedures and for running the auction to a conclusion. Auctions may be run on site with all bidders in attendance or they may be run remotely.Experience of spectrum auctions around the world has shown that spectrum used in certain applications, in particular mobile communications, can be perceived as extremely valuable and this is reflected in the very high prices that have been paid. To ensure bona-fide bidders and reduce the risk of market collusion depressing the price paid, a minimum reserve price is normally set. There appears to be no common approach to determining the appropriate level of the reserve price, though in every case so far this has been considerably higher than the likely administrative costs associated with the auction. Hence the reserve price may be regarded as a form of administrative pricing.

Types of Auctions

As explained before, there are Irregular payments for spectrum pricing. The most common irregular payment is Auction which is increasingly being used among new technologies and services such as IMT.The simplest case is one in which a single license is offered for auction in a self-standing process. When two or more identical or complementary licenses are offered, they can be offered sequentially or simultaneously. Where each license is local, a simultaneous auction can allow firms to piece together local licenses to provide broader coverage. 

The license(s) can be assigned on the basis of a so-called ‘open bidding or public process, with bids visible to other parties, or on a ‘sealed tender’ system, under which each party marks a single private offer; there are numerous alternative variants of open auctioning, one of which is the so-called clock auction.The auction can have a minimum acceptable bid or ‘reserve price’. 

The choice of auction mode will vary with the nature of licenses made available, the number and nature of firms with an interest in theirs and the regulator’s or government’s objectives. There are a number of trade-offs between, for example, the advantages which an open auctioning system has in spreading knowledge among firms about other firms’ valuations, hence encouraging higher bidding, and the opportunities for collusion among bidders which the communication present in open auctioning may facilitate. As a result, each set of circumstances tends to require an individual solution. Economic aspect would be addressed more pronouncedly compared to the social and political aspects.More revenue might be collected through this pricing approach. This approach considers the spectrum usage effectively and efficiently by those who is ready to pay more value to the spectrum. Some countries may have trading right whereas some countries have not. 

The experience of other jurisdictions and the pros and cons various spectrum auction designs including:

-English Auctions or Simultaneous Ascending Auction (SAA )– where blocks of spectrum are awarded to the highest bidder remaining who has exceeded the opening price set by the regulator;

-Dutch Auctions – where the ultimate price paid is determined after succeeding descending rounds from an initial high price set by the regulator;

-First-price sealed-bid Auctions – where participants submit their bid without any information on prices and the highest bidders wins;

-Second-price sealed-bid Auctions – similar to the previous method except the second highest price is selected;

-SAA sealed-bid hybrid Auctions – where SAA is used in the first several rounds and first-price sealed-bid is used in the final round.

Auctions have the following advantages:

· Auctions have the advantage of awarding   licenses to those who value them most highly, while simultaneously generating revenues

· Auctions bring in revenue for the Government and require expenditure on the part of those who derive direct benefit from use of the spectrum.

· Auctioning procedures are both clear and transparent.

· Auctions are characterized by the objectivity and speed of license allocation (frequency assignment).

· Auctions serve to reduce administrative protectionism and corruption in the competitive struggle for spectrum.

· Auctions give a more accurate reflection of the demand for and price of a given portion of spectrum.

· Auctions serve to stimulate investment and facilitate technological development.

·   Potential to encourage efficient utilization of spectrum

Auctions have the following drawbacks:

· May result in under or over recovery

· Not suitable for high volume low value licenses

· A high level of initial investment;

· the risk of market monopolization and a reduction in project profitability, which in turn will dampen the desire of numerous potential investors and operators to participate in the market;

·  the possibility that the license will be subsequently resold, since licences are becoming a saleable item for the government;

·  the arrival of foreign investors with considerable financial muscle.

7.16.5 Hybrid approach

A hybrid approach combines elements of both auctions and administrative pricing for example by including a financial bid as one element of a beauty contest. An example is the Italian approach to the licensing of 3G mobile services, which includes three distinct phases, namely: Pre-qualification, Detailed technical and commercial evaluation,  Auction.

The initial pre-qualification phase requires submission of financial information, detailing the ownership and structure of each bidder, together with basic technical information demonstrating a track record in providing telecommunication services. Those who satisfied these initial requirements are permitted to progress to the evaluation (beauty contest) phase. The evaluation phase involves a detailed assessment of the technical and commercial capabilities of the potential bidders (However, the evaluation does not seek to rank the applicants, rather to ensure that any company entering the auction phase as a genuinely viable commercial and technical plan upon which to develop a service. Finally, those who had successfully met the requirements of the evaluation phase would be allowed to proceed to the final, auction phase which is a conventional ascending bid auction.

7.17. The spectrum pricing approaches can also be categorized inot 3 major types:

· Fixed Pricing: Fixed Price based on some considerations. This encourages efficiency-promotes frequency reuse and encourages multiple base stations. However it may not be in favor of small operators.

- Pakistan sold, through auction, 2 x 13 MHz band for US$300 millions for a     period of 15 years, which comes to: 



NRs 50 millions/MHz/year

- Bangladesh auctioned spectrum at 800 million Takas/Mhz, which comes to: 




NRs 25 millions per Mhz/year
· Variable Pricing: is simple to calculate and favorable to small operators



 E.g. percentage of adjusted gross Revenues e.g in India



From 2 % upto 6% in India, depending upon network size




5% in Hong Kong 



- By counting TRX used as in Thailand, and previously in Nepal

· Mixed Pricing: Comination of both e.g in Nepal


- Usage Based charges


- Spectrum hoarding charges [relatively larger]   

7.18 Spectrum Hoarding
In case of spectrum hoarding tendencies, it is very essential to use the instrument to address the elimination of such tendencies. Some of such instrument includes the followings:

· Establish proper spectrum assignment policy/criteria

· Increase spectrum usage charges

· Set extra fees for spectrum Hoarding

To avoid the spectrum hoarding problem, the standards can be set for spectrum assignment minimum

The spectrum refarming goals is also taken into consideration for the followings:

· Utilize spectrum efficiently

· Make spectrum available to needy ones

· Relocate/reorganize the spectrum

Breach, revocation and surrender

The spectrum assignment may be revoked, withdrawn, varied or surrendered in accordance with applicable licence conditions or any other applicable laws, rules, regulations or other statutory provisions. The spectrum assignment may also be revoked if the Government determines the user of the spectrum to be in serious breach of any of the conditions of the award of the spectrum (including adherence to the Auction Rules) and the consequent obligations. In case of less serious breaches, the Government may impose penalties at its discretion. Seriousness of the breach shall be determined by the Government at its sole discretion.

PMP Considerations for Spectrum Pricing 
Spectrum charges based on annual Price per Mega hertz per Population (PMP) is very    import parameter to be considered in spectrum management for the market oriented spectrum pricing .PMP varies from country to country and is mostly in the wide range depending on different priority sectors of each country in the spectrum managament. 
Questionnaire on Spectrum Pricing

1. What are the existing national legistalive provisions for the Spectrum Pricing (Please include the policy, act, regulation, NFAP, Guidelines and anyothers if applicable)
2. What are the major spectrums Pricing Objectives in your country?

3. How is spectrum Pricing determined in your country and who is responsible for the decision and collection of the Spectrum fee?

4.  What are the Spectrum Pricing Principles and methodologies being used in your country?
5. How do you categorize the service as per the type of spectrum  and what is the existing Spectrum Pricing for low demand ( e.g Point to Point Microwave Link) and highly demand applications(e.g 2G, 3G, and 4G) 

6.  What are the existing Spectrum Assignment Criteria for different telecommunications Services such as GSM, CDMA, 3G, LTE. Please mention the type of service/technology and corresponding assignment criteria for the same if any.

7.  Could you please elaborate the FCFS, Beauty Contest, Auction or Hybrid approach that is being used in your country? Please mention the type of service and corresponding short brief of the approaches in your national context. In case of auction please mention the basis for fixation of reserve price and in case of beauty contest the corresponding beauty parameters as well.

7. Could you please elaborate the spectrum latest Spectrum Pricing reform/chanage in your country if any?

8. Based on the principles that one size doesnot fit all there are different spectrum management approaches being used all over the world. How do you think on Exclusive use model, Command and control model and Spectrum common model in reference to your country?

9. What is the PMP (Price per Megahertz per population) in your country for 2G or 3G application?
10 Any other relevant Spectrum Pricing issues (if you feel necessary)

Annex 1: Current Spectrum Pricing in Nepal
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Where 

P:     Percent figure. The value is currently fixed as 0.7 percentage. Radio Frequency Policy Determination Committee shall review the value of p as and when deemed necessary.

AGR:  Annual Gross Revenue

BWE:    Bandwidth Essential for the service, determined 

· For 2G and 2.5 G as per the earlier defined subscriber/revenue linked criteria 

· For 3G taken as 2x5 Mhz

Total Bandwidth is the sum of the two.

       BWL:   Total Spectral Bandwidth in Lower Frequencies (e.g. CDMA800 and GSM/EGMS900)

     BWU:   Total Bandwidth in Higher Frequencies (e.g. CDMA1900 and GSM1800)

     BW3G: Total Bandwidth in 3G spectrum

     BWT:   Total Bandwidth Assigned to the operator = BWL +BWU+ BW3G
     R: 
Annual Rate of Spectrum Charge (Rs/MHz) for Extra Bandwidth, 

Currenltly the value of R is fixed at Rs. 7,000,000/MHz (For TDD nominal bandwidth, and for FDD sum of transmit and receive bandwidths, e.g. for 2x 6Mhz block the bandwidth is 12 Mhz).  Radio Frequency Policy Determination Committee may review the value of R

(
Regional Coefficient: currently set to 1  
Spectrum Assignment Criteria for GSM, CDMA & 3G 
	A. Bandwidth for Initial Assignment

	Technology
	BW for Service in rural areas (MHz)
	BW for Service including Urban areas (MHz)

	GSM
	2x2.4*
	2x4.4

	CDMA
	2x2.5 
	2x2.5

	3G
	FDD
	2x10
	2x10

	 
	TDD
	15
	15


B.  Bandwidth Criteria for GSM and CDMA

Subscriber or Revenue Bases criteria (whichever satisfies for required spectral Bandwidth) for Assignment of GSM and CDMA spectrum which will be followed as NTA's a measure to determine necessary bandwidth for the provision of service

	Criteria for GSM
	
	
	
	
	
	

	Bandwidth (MHz)
	2x2.4*
	2x4.4
	2x6
	2x7.2
	2x8
	2x9

	Subscriber Base ('000)
	80
	500
	900
	1,200
	1,400
	1,800

	Revenue Base Rs ('000)
	288,000
	1,800,000
	3,240,000
	4,320,000
	5,040,000
	6,480,000

	
	
	
	
	
	
	

	Bandwidth (MHz)
	2x9.6
	2x11
	2x12
	2x15
	for BW>15 MHz
	

	Subscriber Base ('000)
	2000
	2500
	3000
	4,500
	200/MHz or 

400/Paired MHz) 
	

	Revenue Base Rs ('000)
	7,200,000
	9,000,000
	10,800,000
	16,200,000
	 3.6 *  number

 of subscribers
	

	
	
	
	
	
	
	

	Criteria for CDMA
	
	
	
	
	
	

	Bandwidth (MHz)
	2x2.5
	2x3.75
	2x5
	2x6.25
	
	

	Carriers
	(2 Carriers)
	(3 carriers)
	(4 Carriers)
	(5 Carriers)
	
	

	Subscriber Base ('000)
	500
	800
	2,500
	5,000
	
	

	Revenue Base Rs ('000)
	1,800,000
	2,880,000
	4,320,000
	6,120,000
	
	


* For Rural Operators, based on coverage attained, additional bandwidth may be assigned as refarming progresses.

Note

1. Bandwidth shown in the table is the sum total of bandwidths assigned in different frequency ranges for the same type of services (GSM or CDMA).  

2. Subscriber Base: These are the figures of active subscribers (VLR) averaged over a month.

3. Revenue Base: Audited Annual Revenue

4. The spectrum assignment would be based on carrier BW (i.e 2x1.25 MHz for CDMA and 2x 0.2 MHz for GSM) subject to availability of spectrum. 

5.  GSM bandwidth taken as next higher multiple of 2 x 200 KHz (one carrier), and CDMA of 2 x 1.25MHz (one carrier)

6. For example calculation of required bandwidth in GSM between 2x12 MHz and 2x15 MHz may be done as follows:

Let the subscriber number be: 3,700,000. The essential bandwidth is: 


 
2x [12+(15-12)/(4,500-3,000)*(3,700-3,000)] = 2 x 13.4 MHz =26.8 MHz

.
Fixed links-point to point:
	Fixed Point to Point links


	NRs/annum

	Upto 30MHz one or two Tx frequency with less than 25 W RF

Upto 30MHz one or two Tx frequency with greater than 25 W RF

30MHz-10.5GHz, for bandwidths of 

   up to 36 KHz

   36KHZ-400 KHz

   400-2800 KHz

   2800-10,000KHz

   10-20 MHz

   20-40 MHz

   40-80 MHz

   80-160 MHz

  160 MHz and above

10.5 GHz-15.35 GHz; with less than 20 MHz B/w 

10.5- GHz-15.35 GHz; with greater than 20 MHz B/w

>15.35 GHz but one frequency upto20 MHz B/w per station 

>15.35 GHz but one frequency more than 20MHz b/w per station


	1000

1500

500

2000

4000

6000

10,000

30,000

50,000

80,000

100,000

2000

3000

1000

1500


Fixed Links-Satellite

Satellite covers VSAT and larger earth stations used for applications such as uplink feeds to broadcast satellite, or intercontinental telephone or data

Current price for VSAT links:


-for service provider-first 64 kbps= Rs 15,000


-for service provider every other 64 kbps link= Rs 1,000


-matching rate for user

Other charges for satellite –Earth station links (Other than VSAT)


-only one voice channel = Rs 30,000, every additional terminals at Rs 5,000


-more than one voice channel = Rs 60,000; per additional terminal=Rs 5,000


-earth station for full use of transponder = Rs 100,000

 Mobile Satellite

Current Nepal pricing 


-Rs 16,000 per MHz allocated to the global mobile personal communication system(GMPCS)


- Rs 1,24,000 per satellite phone(e.g. Inmarsat)

Private mobile-land mobile services

Land mobile services(also called trunked mobile) used by


-taxi services, construction companies, private security agencies


-however no agency has taken a license as yet

Current charge= upto 5 W(RS 200), 5-25 W(Rs 300), >25 W(Rs 2000); mobile units Rs 200/Rs 500 per unit based on slabs

7.Public mobile

-Public mobile covers GSM, WLL, UMTS, Paging and GPS services

-These are high value activities that take place in high demand parts of the spectrum that are at the risk of congestion. As a result spectrum pricing should be appropriate for these bands.

-Most countries recognize the commercial importance of these services and therefore either charge to reflect the demand and value through spectrum pricing or use auctions to determine the allocation and value.

-Current pricing in Nepal for WLL CDMA, GSM
GSM/WLL= Rs 6,000 per TRX per year

References:
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· Spectrum Pricing by V. Nozdrin, 2003
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· International Publication

· Different public Website
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