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1. Introduction 
Spectrum is a scarce resource, a precious national asset which needs to be carefully managed. Relevance of Spectrum Pricing in promoting Efficient Use of Spectrum seems to be the main reason for evaluating the spectrum.

Spectrum Allocation and Pricing are main sectors of spectrum management and prepare the fields to plan and distribute available spectrum resources for different services and applications and also determine the number and type of the licenses.

The basic principle in employing economic methods is to establish a regulatory framework allowing market forces to play a greater role in spectrum management.
In this study, following the report APT/10th SATRC-2008/WG on Spectrum Allocation & Pricing, we present a general view of spectrum pricing-principles and methods-used all around the world and will complete the discussion by a practical guideline in spectrum pricing for Islamic Republic of Iran.
2.  Background 
From 1995 to 1997, studies about the economic aspects of Radio Frequencies to produce a practical model for spectrum pricing were started in UK and some other European countries. Administered incentive prices were introduced in 1998 under the Wireless Telegraphy Act with the objective of promoting greater efficiency in the use of spectrum. The prices set were based on the value of the next best alternative using a method developed by Smith-NERA in 1996.
The initial version of Report ITU-R SM. 2012 – Economic aspects of spectrum management, was issued in 1998. In January 2001, the Report was updated to include summaries of additional experience obtained by a number of administrations. 

ITU-R study Group 1 has always had topics of study in the field of economic methodologies of spectrum management. 
 In 2002, the Independent Spectrum Review4 recommended that spectrum prices should be set on the basis of opportunity cost and noted that existing prices could be below this level. 
From that time up to now, spectrum pricing has been one of the main and fundamental tasks of the Regulators and different methodologies have been suggested to estimate spectrum values, cover the spectrum costs and affect the spectrum utilization and efficiency.
3. General Aspects
There are general aspects of spectrum pricing that have universal definitions figure out during many years of study.

3.1 Steps in Spectrum Pricing
Before generating any formula for spectrum pricing, some steps should be taken to approach towards spectrum values.
3.1.1 Policy
The first step is to make your policy as a regulator. This contains all about what should be. For example 

· Who pays? Do we expect all of the users to pay or we exempt some groups or organizations such as emergency organizations, military applicants..

·  License objectives (short range devices, mobile services, broadband services,..)

· Facts in Spectrum Utilization Effecting Spectrum Pricing Formula
· Market Mechanisms (which kind of spectrum pricing is suitable for your country according to its national market, GDP,...)
The introduction of prices should stimulate increased efficiency in spectrum use, the development of new technologies should not be blocked, and the tariffs of services should not be increased.
3.1.2 Regulation

Spectrum should be regulated through suitable methods of frequency allocation, assignment procedures, licensing and sharing priorities to reach to a general view of the whole radio spectrum to be able to judge about its values. This means that regulators should make their decisions to trade off between these items:
· Commercial or Non-Commercial? 

· Shared or Exclusive Spectrum? 
· Satellite or Terrestrial Use? 
· Licensed or Licence-Exempt Spectrum? 
Regulators should also consider the Spectrum Allocation Priorities (Mobile Services ,Fixed Links and Fixed Wireless Access ,Short Range Radio Links and other Issues)
3.1.3 Procedures
Technical calculations and procedures are the final step of having spectrum pricing rules and methodologies.
3.2
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 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,IMPEX,TCO .
3.3 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. The following figure illustrates the Affordability of mobile cellular services and broadband worldwide, by region, 2006(reference : ITU Trends in Telecommunication Reform 2007)
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3.4
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. 
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 determine 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.
Table 1 shows the differences of licensing conditions through the Auction for IMT-2000 in different countries (Source: OECD, 2001 - Spectrum Allocation: Auctions and comparative selection processes, pp. 28-29):
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4 Guideline in spectrum pricing for IR of IRAN
Spectrum Pricing is a national Subject.No single reform in isolation would provide a panacea for the increasing pressures placed on spectrum management. However, in combination with regulatory and technical reforms, economic methods of spectrum management and in particular the introduction of economic spectrum prices can help to create an improved national spectrum management system.
Among different fundamental ways in None Market Based Spectrum pricing, IRAN Regulatory propose Administrative Incentive Pricing (AIP) - a license fee based on the calculated cost to the spectrum user of employing an alternative solution or of being denied access to radio spectrum altogether for the country.
The existing formula used in spectrum pricing of IRAN is Calculation of AIP: Model CRAB-LTS Formula while this contribution proposes a more complete model of AIP for this country.
4.1 Spectrum pricing factors

This study in IRAN concluded in these results that there are many factors related to spectrum pricing. Some can be calculated or at least estimated and the others needn't to be considered. The table below shows these factors divided into 2 categories.
	Technical Factors
	None- 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


	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



4.2 Parts of IRAN Spectrum Pricing Model

This spectrum pricing Model consists of 3 parts: 

· Application Fee

· License Fee

· Periodic Payments
Each of the Factors in 4.1 can be related to one of these parts as the table below shows:
	Application Fee
	License Fee
	Periodic Payments

	Type of Radio Service

Type of Radio Application
Radio Stations Density

Coordination

Number of Frequency Channels


	Type of Radio License


	National Table of Frequency Allocation
Occupied Bandwidth

Polarization

Service Area 

Modulation

Type of Radio Service

Service priority

Type of Radio Application
Quality of Service

User Density
Population density
Geographical and Regional issue

User income



4.2.1 Application Fee (Occasional payment)
As Always Application, Amendment Modification, Registration, Cancellation, Renewal and Transferring happens in Licensing, a first time application fee is essential to cover these kind of costs. Cost recovery has usually been a concern for regulators.
This cost can be paid through the Application fee according to Radio Stations Density or at least Population density. However, our calculations showed that there is not so much differences between these estimated costs. So we considered the application fee as a constant price ignoring the Radio Stations Density or Population density .This constant fee can be obtained from direct spectrum management costs, estimation of license demands and the complexity of demand processing. 

4.2.2 License Fee (Auction, Beauty contest)
For Market based pricing, IRAN mostly uses Auctions in irregular payments and the method often is sealed-bid Auction.

Auction is held just for special technologies an specific parts of the spectrum.(broadband ,cellular mobile,…) and is not a regular payment.

This part was generally explained in 3.4.
4.2.3 Periodic Fee (Regular payment)
This fee is for spectrum usage and can be calculated from the weighted sum of factors which were describes in 4.2.
4.3 Different Types of Radio Applications to be Considered in an AIP model

A category of service-application types should be prepared to be able to add different coefficients and weighted factors to the spectrum pricing formula.
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The table below shows the way we categorized radio services and applications in this study
	1. Analog Sound Broadcasting
2. Digital Sound Broadcasting
3. Analog TV Broadcasting
4. Digital TV Broadcasting
5. Aeronautical Radio navigation
6. Maritime Radio navigation
7. Radiolocation
8. Metrological Aids
9. Point to point links (including passive repeaters and spread spectrum)
10. Point to multipoint systems (including spread spectrum but WLL)
11. Wireless Local Loop under Fixed
12. Standard time and frequency signal
13. Cellular Mobile 2.5G (GSM)
14. Cellular Mobile 2.75G (GPRS)
15. Cellular Mobile 3G and beyond
16. Onboard aircraft Cellular Mobile
17. Public Radio Trunk
18. Private Radio Trunk
19. Private Mobile Radio - base station
20. Private Mobile Radio - handset/vehicular
	21. Long range Private Mobile Radio -base station
22. Paging systems
23. Maritime Mobile (assigned or non-assigned) coast/rig station
24. Ship radio communications (assigned or non-assigned)
25. Aeronautical Mobile (assigned or non-assigned) ground (Aeronautical) Station including launchers
26. Aircraft radio communications (assigned or non-assigned)
27. Amateur
28. Space research and Radio astronomy services
29. Broadcasting Satellite
30. SF-VSAT HUBs
31. SF-VSATs
32. Fixed Earth Station
33. Portable Earth station
34. Mobile Earth Station
35. All exempted assignments (emergency and international)
36. Applications with classed license


Service- Application table:
4.4 Bandwidth Considerations
Frequency bandwidth B used for a single channel grows in logarithmic manner in respect to frequency range. For example, a 3 kHz channel below 30 MHz acts as a 30 MHz channel in 90 GHz range. Therefore, their bandwidth related coefficient shall be almost identical. Linear relationship between bandwidth B and spectrum usage fee results too big and non-reasonable value. There are several methods to resolve issue. The point is that the bandwidth B shall be compared with its center frequency (let say assigned frequency). Numerical calculation and comparison with real world conditions, verifies applicability of last two equations (the last one results more desirable outputs). 
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4.5 Coverage area

For estimating coverage area there is 2 options:

First option is Providing predefined coverage area .The Implementation method here is to Provide a table for each province (or even for each division or city)
This option has advantages and disadvantages:
· Advantage:
 1.
More efficient for small countries
 2. 
No more technical calculation is necessary therefore, easy to calculate
· Disadvantage:
 1. 
No discrimination between small and big coverage areas
Second Option is Calculating coverage area. The Implementation method is to Provide a technical tool to estimate actual coverage area.
This option also has advantages and disadvantages:
· Advantage: Precise estimation of coverage area
· Disadvantage:

1.
Higher expertise is necessary to calculate the coverage area

2.
The coverage area is sensitive to propagation model and other


 technical tools as well as assumptions
4.6 Center Frequency

This item has a very effective role in spectrum pricing. We divided the frequency bands in detailed groups to estimate the value of that center frequency.
4.7 Polarization

For polarization we used this table:
	case
	Share
	Multiplicand

	Using H/V polarization for diversity
	30%
	1.3

	Using H/V polarization for capacity duplication
	20%
	1.2

	Not using dual polarization but capable
	45%
	1.65

	Not using dual polarization since not capable
	5%
	1

	Result
	
	1.4225


4.8 Final formula
Other factors mentioned in 4.2 were subsequently estimated and the final formula is:
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5 Summary and Conclusions
Spectrum pricing is a national subject and there isn't a universal methodology suitable for all the countries and member states.
However, there is some principles which can be taken into account to reach to more accurate results in estimating the value of spectrum and Cost recovery of spectrum management.
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