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1.0
BACKGROUND
In accordance with the decision taken at the 9th SATRC Meeting held in Dhaka (Bangladesh) in December 2007 to implement phase-2 of the Action Plan, Working Groups (WG) were established to undertake comprehensive study on subjects of major concern to the members. Working Group on Spectrum Allocation and Pricing with Bangladesh (Lead),  Pakistan, India and Nepal and assisted by the APT Consultant was constituted. The Output of the Working Group was envisaged to serve as a Reference document. 
The WG had presented its report at the 10th SATRC Meeting in New Delhi (India). The WG was enlarged by a decision at this meeting, following which Bhutan and Iran also joined the WG.
1.1
Terms of Reference

The Terms of Reference of the Working Group developed by consensus amongst the WG members are as follows: 
Considering the need for compliance to ITU Radio Regulations and the Decisions of WRC-07;

Taking into account the requirements of spectrum by Telecommunications and Broadcast services providers for public telecommunication (voice, data, video) and broadcast services, employing wireless technologies, as well as its coordination with other terrestrial wireless and satellite services;

Appreciating the need for spectrum allocation in a transparent and legally sustainable manner;

Recognizing the need for adherence to the relevant license conditions for provision of services as well as maintaining a level playing field amongst the existing and the new licensees in a technology neutral regime;

Realizing the need to meet the demand of spectrum for existing and emerging wireless technologies in the most efficient manner;

Fully reckoning that radio spectrum is a finite and hence an extremely precious national resource;

Understanding that the national policy objectives in SATRC member countries for allocating spectrum may vary from getting maximum revenue for the Government Treasury to facilitating inclusive and ubiquitous reach of low cost telecommunication services with widespread affordability for maximum social good, particularly broadband access to the masses inhabiting rural and remote areas;

Considering that the demand for spectrum is greater and the financial return to Service providers is likewise higher in metros followed by urban locations with dense population compared to that in the rural and remote areas;

Giving due regard to the fact that notwithstanding a technology agnostic licensing regime, the policy should encourage development of new wireless technologies that are more spectrally efficient and thus economize in spectrum usage;

The Working Group (WG) will review and analyze the present scenario with regard to 

· Country profile demographic, Telecommunications sector structure and statistics; Policy relating to the Radio Frequency
; License conditions: technology agnostic or technology dependent allocation of spectrum (GSM, CDMA, WiMAX, etc.) whether start-up bandwidth allocation in a technology specific band and subsequent allocations as subscribers increase or any other formulation;

· The NFAPs of SATRC member countries, the allocation of bands and availability of spectrum to meet the needs, particularly for the established 2G, 3G, IMT (that includes WiMAX) as well as the other emerging OFDM and LTE technologies, BW requirement for an operator to enable provision of service, guard band considerations;

· The prevailing methodology for spectrum allocation and its pricing in the SATRC countries;

· The relationship of spectrum pricing to the national policy objectives and pros and cons of Governments desire to maximize revenue to the Exchequer reflecting the value of the spectrum in the market or for promoting the telecommunication industry with commitment to ubiquitous growth, as applicable;

· The criterion and factors relating to Spectrum Allocation and Pricing: technology dependence, related to subscriber base (number of subscribers), auction (sequential, reserve price determination, etc.), revenue sharing (predetermined or by auction), First Come First Served, Comparative selection (Beauty Contest); 

· The availability of spectrum, Band Plan/channel plan for different frequencies;

· The ownership of spectrum after allotment, resale by an allottee to another licensee;

· Refarming of spectrum lying idle or not used adequately;

· International, Regional, Trans-border and Multipurpose co-ordination of Radio Frequency;

· International practices in spectrum allocation and pricing that may be considered good examples and worthy of emulation;

· Spectrum Monitoring & Enforcement;

· Harmonization of Radio Equipment Standards/Type Approval;

To identify key problems/issues, evaluate viable options for addressing the issues, propose solutions and evolve Recommendations for actions at Country Level, Sub-Regional level and APT secretariat. 

1.3
The Working Group has had interaction through electronic means, culminating by deliberations and presentations at a meeting hosted by BTRC in Dhaka from 5 to 7 August 2008, resulting in the report, which was presented by the lead expert from Bangladesh at the 10th SATRC Meeting in New Delhi.
2.0
INTRODUCTION
Radio frequency (RF) Spectrum encompasses the entire range of electromagnetic radio frequencies used in the transmission of voice, data, and images. The RF spectrum is a resource of considerable, and growing economic importance. The consumer and business benefits derived from it are very significant. However, it is a limited and finite national resource and hence very precious, warranting utilization in the most efficient manner.
The multiplicity of its uses is large. Common uses are in telecommunications for fixed/mobile wireless access, transmission and satellite networks; paging; broadcasting: radio and television, satellite services; meteorology; civil aviation; radio astronomy; radio navigation; emergency / disaster management; police, security and military applications, etc. The trend of modern communications is towards mobility, with increasingly higher data rates/ speeds, for which wireless is the only option. The requirements of captive applications are also growing. All these have resulted in greater demands/ pressure on the already scarce RF spectrum resource.
Because there is a finite amount of spectrum and a growing demand for it, effectively managing the available spectrum is a strategic issue for the Spectrum Regulators. Increasing demand for spectrum-based services and devices is straining long standing spectrum policies, some of which have lost their relevance to meet the requirements of wireless services that are now provided by several operators in a competitive, open market, commercial environment from what in the past used to be a state monopoly. As a result, it is important to evolve from current spectrum policies, which reflect an environment made up of a limited number of types of operations, to policies that reflect the increasingly dynamic and innovative nature of spectrum use. Wherever possible, regulatory barriers to increased spectrum access should be eliminated. The policy in this regard, therefore, has to be appropriately changed to exploit the full potential of spectrum use through market orientation and stimulating development of new technologies that are more efficient and economize the spectrum usage.
Future success and growth of telecommunications sector depends heavily on effective and efficient spectrum management. Unless spectrum can be made available to meet the ever growing demand, there will be a setback to innovations and competition and businesses as well as consumers will be worse off. Making spectrum available at a time when convergence is causing rapid and unpredictable change poses a severe challenge. Advances in technology create the potential for systems to use spectrum more efficiently and to be much more tolerant of interference than in the past. 

In many bands, spectrum access is a more significant problem than the physical scarcity of spectrum. To a large measure due to legacy command-and-control regulation, the ability of potential spectrum users to obtain such access has been restricted. To increase opportunities for technologically innovative and economically efficient spectrum use, spectrum policy needs to evolve towards more flexible and market-oriented regulatory models. 

There has been considerable debate, around the world on the spectrum needs for several types of wireless services. With continuing R&D efforts, and the deployment of different technologies, the requirements of the spectrum for various services also keep changing. 

The criteria for spectrum allocation has in many countries varied from initial minimum allocation to enable starting of the service with subsequent increments based on increase of subscriber base, and the charges - with a view to attracting investment in the telecommunications sector - varying from zero or a nominal fee in some countries to predetermined fixed to “revenue sharing basis”. Some SATRC countries
 have already changed over to market oriented mechanisms for spectrum allocation and pricing. However, there is now greater awareness as well as some experience to adopt market oriented mechanism. The value of spectrum, a national resource, cannot be directly worked out from the input costs principle but by what benefits or cost savings are derived by its use. The value of spectrum for commercial applications can best be determined by the benefits they bring to the user businesses in an open market situation
. Auction is a method followed by several countries to discover the price based on the benefits assessment by the market players and for realizing the real value of the spectrum in an open market scenario. 
The stability and predictability of radio spectrum regulation is important for development of the telecommunication industry, particularly the mobile services that rely wholly on the spectrum, as well as for promoting investment and helping to maintain healthy growth of the sector. Historically, large chunks of radio frequencies in the bands used now for public communication services have been held by Defense & other Government agencies which they are vacating as other alternatives are implemented to meet their needs. 
No single regulatory model can be applied to the entire range of spectrum and to all countries. The Spectrum Regulator would do well to pursue a balanced spectrum policy that includes both the granting of exclusive spectrum usage rights through market-based mechanisms and creating open access to spectrum like the ISM bands with command-and-control regulation used in limited circumstances. In many bands, spectrum access is a more significant problem than physical scarcity of spectrum that limits the ability of potential spectrum users to obtain such access.

To increase opportunities for technologically innovative and economically efficient spectrum use, spectrum policy must evolve towards more flexible and market-oriented regulatory models. Such models must be based on clear definitions of the rights and responsibilities of both licensed and unlicensed spectrum users, particularly with respect to interference and interference protection.

Preliminary data and general observations indicate that many portions of the radio spectrum are not in use for significant periods of time, and that spectrum use of these “white spaces” (both temporal and geographic) can be increased significantly.  

Spectrum management is a complex task that involves a number of related functions. The regulatory organizations responsible for management of radio spectrum vary in the SATRC countries from Federal/Central government to the national Telecom Regulators, to a system that involves both the regulator and the Government in the process of granting licenses for spectrum use. 
Convergences of digital telecommunications, broadcasting and computing is changing the way we live, work and are entertained. Radio is the only medium that can provide true mobile communications and also enable networks to be rolled out quickly and cost-effectively. Demand for spectrum is growing rapidly, especially in the frequency bands that can be used for 2G and 3G mobile communications, employing GSM, CDMA, [WIMAX] and in general the IMT suite of technologies, moving on further to LTE, 4G mobile services, and what the future may unfold. The growing requirement by the existing and new operators on the demand side and limited availability of bandwidth in certain bands on the supply side call for a review of spectrum allocation and pricing methods. 
Taking into account the present scenario in the sub-region and the challenges faced, the subject is dealt with in the following with a view to presenting adequate information that would serve as reference and be helpful in decision making by the spectrum regulators, whose levels of development and experience may vary.
3.0
POLICY OBJECTIVES AND PRINCIPLES

The spectrum policy should endeavour to achieve efficient and effective utilization so as to derive maximum benefit for users of wireless applications and services. Consequent upon Telecom sector reform followed by extremely rapid growth of cellular mobile services in a fiercely competitive open market environment, the demand for spectrum in certain bands has increased to an extent warranting revisiting the existing spectrum management policies, processes and methods. We shall discuss briefly the policy imperatives in the following.
Spectrum management reform: To undertake reform of Spectrum management and implement policies that provide a balance between control and command principle for public good and market oriented allocation of spectrum for commercial uses. Command-and-control regulation should be reserved only for situations where prescribing spectrum use by regulation is necessary to accomplish important public interest objectives or to conform to other statutory obligations.
Transparency in spectrum management allocation
Social benefit: Ensure affordability of wireless services for customers

Timely availability: Optimize spectrum availability on a timely basis

Adequacy and Interoperability: To provide adequate spectrum and improve interoperability for better public safety and commercial purposes;
Efficient use of spectrum: To carry out licensing activities that encourage efficient use of spectrum effectively and in a timely manner. Adopting policies that account for all potential dimensions of spectrum usage (frequency, power, space, and time), provide incentives for efficient spectrum use to meet the demand of the existing and emerging services including the next generation network (NGN) application services and other future developments in the most efficient manner. 
Interference: To protect against harmful interference and enforce public safety related rules. 

Flexibility: To maximize flexibility of spectrum use by both licensed and unlicensed users to the extent feasible. 

Encourage innovations: To facilitate development and deployment of innovative technologies.
User rights: To clearly and exhaustively define spectrum users’ rights and responsibilities such as exclusive use, common use, etc.

Periodic review: To undertake periodic review and revision of spectrum rules to account for technological advances and other changes. 

Refarming: Preliminary data and general observations indicate that many portions of the radio spectrum are not in use for significant periods of time, and that spectrum use of these “white spaces” (both temporal and geographic) can be increased significantly by refarming.  

Enforcement: To establish efficient and reliable enforcement mechanisms to ensure regulatory compliance by all spectrum users.

Spectrum neighbours: Encouraging grouping of spectrum “neighbors” with technically compatible characteristics.

Harmonization: In conformity with ITU international Radio Regulations and considerations to foster global ubiquitous services, to promote harmonization of use of spectrum bands based on technology/service in the sub-region to derive advantage in equipment costs resulting from economies of scale.
Coordination: To strengthen the mechanism for coordination of spectrum use along borders of neighbouring countries.
Promoting and optimizing Access to Spectrum: Where feasible, additional bands for unlicensed spectrum use and provide room for expansion in the fast-growing market for unlicensed devices and networks.  

Develop Secondary Market: In licensed spectrum bands, secondary markets policies that encourage licensees to provide access for “opportunistic” uses above the interference temperature threshold through leasing of spectrum usage rights may be adopted. 

Improving access in Rural Areas: Ways to promote spectrum access and flexibility in rural areas should be explored, including flexible regulation of power levels, secondary markets mechanisms to encourage leasing of spectrum usage rights in rural areas, and consideration of rural issues in defining geographic licensing areas. 

Experimental spectrum uses should be encouraged through improvements to the experimental licensing frequency coordination process and dissemination of more information identifying bands that are particularly suitable for experimental applications.  

The Spectrum Regulator should seek to implement these policies in both newly allocated bands and in spectrum that is already occupied, but in the latter case, appropriate transitional mechanisms should be employed to avoid degradation of existing services and uses.

4.0
PRESENT SCENARIO

Spectrum in SATRC countries is regulated at the national level either by the Government or the national Telecom Regulator but with deep involvement of both in the process. 
Telecom sector liberalization began by licensing private sector operators to provide Cellular Mobile Services. In order to facilitate their entry and attract investment in network infrastructure and to foster rapid growth, spectrum was allotted on first come first served basis among the operators, whose number was limited by the Regulator for healthy growth of the sector; Telecom being a highly capital and technology intensive industry. The control and command practice was followed and spectrum was allotted on need basis. Certain method of pricing and the pricing formula/practice in vogue were employed. However, as the mobile services have been showing an explosive growth, so is the demand for spectrum increasing sharply. The trend of modern telecommunication services towards greater mobility with higher data rates, is putting increasing demands on already scarce spectrum. All the SATRC countries have adopted a technology neutral regime, but currently, the two dominant technologies viz. GSM and CDMA prevail, which are putting pressure on certain bands and have given rise to evolving more effective and efficient spectrum allocation and pricing methodology and adoption of market oriented approach. Many countries have already adopted or announced the policy to allocate spectrum blocks on geographical basis by auction. Pakistan carried out auctions in 2004 successfully, allaying the fears that auctions put a very heavy burden on the industry and inhibit its growth. In an open market, auctions are the only precise method to determine the price of a natural and limited resource as the spectrum is, whose value can be determined only by the economic benefits derived by the industry.
The WG has compiled the data on spectrum bands from 450 MHz to 3.6 GHz that are of interest for the 2G and 3G mobile services and Broadband wireless access (BWA), based on the information it received from Bangladesh, India, Nepal and Pakistan, which is presented in Table 4.1
Table 4.1
Spectrum Allocation and Pricing for access services – contemporary Scenario

Bangladesh

	Band (range)
	Technology
	Service
	Block BW / No. of Blocks
	  Allocation method
	Annual Charges


	Remarks

	
	
	
	
	Command & Control
	Market orientation
	
	

	450 MHz 

(450-454.8

/460-464.8 

    and  

455.225-457.50/

465.225-467.50)
	CDMA 
	WLL 
	1.25 MHz / 3 
	Yes
	
	As per Pricing formula
	Blocks are not contiguous

	700 MHz 

(704-716/

734-746)
	-
	Fixed Broadband (only data services)
	6 MHz / 2 
	Yes
	
	As per rate list
	698-806 MHz is planning for IMT 

	800 MHz (825-845/870-890 MHz)
	CDMA
	Mobile services 

WLL
	10 MHz /1

1.26 MHz/ 7
	Yes
	
	As per Pricing formula
	

	900 MHz (890-915/ 935-960 MHz
	GSM
	Mobile services
	7.4 MHz/2

5 MHz/1

5.2 MHz/1
	Yes
	
	As per Pricing formula
	

	1800 MHz

(1710-1785/1805-1880 MHz)
	GSM
	Mobile services
	14.6 MHz/1

10 MHz/1

7.4 MHz/1

10 MHz/1

15 MHz/1
	Yes
	
	As per Pricing formula
	

	1900 MHz (1890-1910/ 1970-1990)
	CDMA
	WLL
	1.3 MHz/ 6
	Yes
	
	As per Pricing formula
	9 Blocks are free

	2.1 GHz (1920-1970/2110-2160 MHz)
	WCDMA
	Mobile services
	5 MHz / 10
	
	Will be assigned to 3G Operators 
	
	

	2.3 GHz (2300-2400 MHz)
	IEEE 802.16e 
	Mobile BWA 
	35 MHz / 2
	
	Assigned to 2 BWA operators by auction
	As per Pricing formula
	

	2.5 GHz (2500-2690 MHz)
	IEEE 802.16e
	Centre Gap  for Mobile BWA
	35 MHz / 1
	
	Assigned to 2 BWA operators by auction
	As per Pricing formula
	70/70 MHz reserved for LTE

	3.3 GHz (3300-3400 MHz)
	
	
	
	
	
	
	Not yet assigned, planning for future

	3.5 GHz 

(3400-3500/

3500-3600 MHz)
	Any technology
	Fixed BWA
	
	Yes
	
	As per rate list
	


Nepal
	Band (range)
	Technology
	Service
	 Block BW / No. of  operator
	  Allocation method
	Annual Charges


	Remarks

	
	
	
	
	Command & Control
	Market orientation
	
	

	450 MHz 
	
	
	
	
	
	
	Being used by non-telecom operators, under consideration to recommend to allocate for telecom services by NTA to RFPDC 

	700 MHz
	-
	-
	-
	
	
	
	Existing assignment to be confirmed

	800 MHz (824-840/ 869-885 )

887.6-890
	CDMA

MF-TDMA
	Mobile Telephone/ Basic Telephone –WLL

Rural Telecom
	2x8 MHz/1

2x3 MHz/1

2x5 MHz/1

2x2.4 MHz
	Yes
	
	As per Pricing formula
	

	900 MHz (890-915/ 935-960 )
	GSM
	Mobile Telephone
	2x7.2 MHz/1

2x6 MHz/1

2x4.4 MHz/1
	Yes
	
	As per Pricing formula
	Some  spectrum is assigned in temporary basis to the existing mobile operators

	1800 MHz

(1710-1775/ 1805-1850) 
	GSM
	Mobile Telephone/Basic Telephone with Limited Mobility
	2x9 MHz/1

2x9 MHz/1

2x9 MHz/1
	Yes
	
	As per Pricing formula
	Some  spectrum is assigned on temporary basis to the existing mobile operators

	1900 MHz (1880-1930)

(1850-1880/ 1930-1960)
	WLL DECT, corDECT

WLL CDMA
	WLL

Basic Telephone/LM
	2x10 MHz/1
	Yes

   -

Yes
	
	As per Pricing formula
	Previously WLL corDECT was used in western region by the incumbent operator but now the technology is not being used no more

	2.1 GHz (1960-1980/2150-2170 MHz)
	IMT-2000-3G(WCDMA)
	Mobile 
	2x10 MHz/1

2x10 MHz/1
	Yes
	
	Not decided yet
	Spectrum assignment to the existing mobile operators

	2.3 GHz (2300-2400 MHz)
	
	
	
	
	
	
	Not decided yet. Under consideration for the allocation/assignment to the BWA(e.g. WiMax) through auction

	2.5 GHz (2500-2690 MHz)
	
	
	
	
	
	
	Radio Microwave Point to Point Links are being in operation. Under consideration for the allocation/assignment to the BWA(e.g WiMax) through auction in the near future

	3.3 GHz (3300-3400 MHz)
	
	
	
	
	
	
	Not decided yet. Under consideration for the allocation/assignment to the BWA(e.g WiMax) through auction

	3.5 GHz (3400-3800 MHz)
	VSAT
	VSAT users/Network Providers
	-
	Yes
	
	As per the specified rate
	


India

	Band (range)
	Technology
	Service
	 Block BW / No. of Blocks
	  Allocation method
	Annual Charges


	Remarks

	
	
	
	
	Command & Control
	Market orientation
	
	

	450 MHz (452.5-457.475 / 462.5 – 467.475)
	CDMA 
	WLL
	 Not Allotted
	
	
	
	Will be made available as and when free

	700 MHz 
	
	
	
	
	
	
	Will be made available as and when free 

	800 MHz (825-845/870-890 MHz)
	CDMA
	Mobile services 

WLL
	1.25 MHz (2 to 4 blocks)


	Yes
	Subscriber base criteria
	% age of AGR
	% age of AGR

	900 MHz (890-915/ 935-960 MHz
	GSM
	Mobile services
	4.4 – 15.0 MHz (After 6.2 MHz it is in increments of 1 MHz)

	Yes
	Subscriber base criteria
	% age of AGR
	

	1800 MHz

(1710-1785/1805-1880 MHz)
	GSM
	Mobile services
	4.4 – 15.0 MHz (After 6.2 MHz it is in increments of 1 MHz)

	Yes
	Subscriber base criteria
	% age of AGR
	

	1900 MHz (1900-1910 / 1980-1990)
	
	
	
	
	
	
	Will be made available as and when free 

	2.1 GHz (1920-1980/2110-2170 MHz)
	WCDMA/ other 3G 
	Mobile services
	5 MHz/ 4 - 5 
	
	Auction
	% age of AGR
	

	2.3 GHz (2300-2400 MHz)
	WiMAX or others
	BWA 
	20 MHz / 2
	
	Auction
	% age of AGR
	

	2.5 GHz (2500-2690 MHz)
	WiMAX or others 
	BWA 
	20 MHz / 2
	
	Auction
	% age of AGR
	

	3.3 GHz (3300-3400 MHz)
	WiMAX or others
	BWA
	Upto 14/ 7
	Yes
	-- 
	
	Will be made available as and when free 

	3.5 GHz (3400-3600 MHz)
	
	
	
	
	
	
	Will be made available as and when free


Pakistan

	Band (range)
	Technology
	Service/Jurisdiction
	 Block BW / No. of Blocks
	  Allocation method
	Annual Charges


	Remarks

	
	
	
	
	Command & Control
	Market orientation
	
	

	450 MHz (450.55------)
	CDMA/Neutral
	WLL /Regional
	1.25 MHz / 2

1.25 MHz/1 
	Yes
	Auction
	
	Blocks are not contiguous.

PTCL was allocated one block before auction for rural coverage. However, subsequently price of the auction was paid for the block.

	479 MHz
	Neutral
	WLL/Regional
	5 MHz/1
	
	Auctioned
	
	

	700 MHz (706-712/---)
	
	
	
	
	
	
	Refarming is needed

	800 MHz (825-845/870-890 MHz)
	CDMA/Neutral
	Mobile/National
	10 MHz /1


	
	Auction
	All six mobile operators have to pay 75% of FAB Budget. In addition to this the licensees are also paying 0.5 % of AGR as annual regulatory fee.
	

	900 MHz (880-915/ 925-960 MHz
	GSM/Neutral
	Mobile/National
	7.8 MHz/3

4.8 MHz/2


	
	Auction
	
	

	1800 MHz

(1710-1775/1805-1850 MHz)
	GSM/Neutral
	Mobile/Ntional
	8.8 MHz/2

6 MHz/3


	
	Auction
	
	

	1900 MHz (1880-1910-1960-1990)
	CDMA/Neutral
	WLL/Regional
	5 MHz / 3
	
	Auction
	
	

	2.1 GHz (1920-1950/2110-2140 MHz)
	3G/Neutral
	Mobile/National
	10 MHz / 3
	
	
	
	The blocks will be auctioned in near future. Hopefully by end of 2008.

	2.3 GHz (2300-2400 MHz)
	
	
	
	
	
	
	Refarming is needed.

	2.5 GHz (2500-2690 MHz)
	Neutral
	BWA/Regional
	84 MHz / 1

34MHz/1
	Yes
	Auction planned
	
	In three cities.

Regional basis in most of Telecom Regions 

	3.5 GHz (3400-3600 MHz)
	Neutral
	WLL/Regional
	21 MHz/7
	
	Auctioned
	
	Regional basis

	
	
	
	
	
	
	
	


Iran
	Band (range)
	Technology
	Service/Jurisdiction
	 Block BW / No. of Blocks
	  Allocation method
	Annual Charges


	Remarks

	
	
	
	
	Command & Control
	Market orientation
	
	

	450 MHz


	Trunk

P-P/P-MP Links
PMR

PAMR
	LAND MOBILE

FIXED
	
	Yes
	
	As per Pricing formula
	

	700 MHz


	
	BROADCASTING
	
	
	
	
	

	800 MHz (825-845/870-890 MHz)
	CDMA

R-GSM

E-GSM
	LAND MOBILE
	
	Yes
	
	As per Pricing formula
	

	900 MHz (890-915/ 935-960 MHz
	GSM

EGSM

RGSM

PMR

PAMR

P-P/P-MP Links
	FIXED

LAND MOBILE
	
	Yes
	
	As per Pricing formula
	

	1800 MHz

(1710-1775/1805-1850 MHz)
	GSM
	MOBILE
	
	Yes
	
	As per Pricing formula
	

	1900 MHz (1880-1910/ 1960-1990)
	DECT

IMT-2000

HAPS
WLL


	FIXED

LAND MOBILE
	
	Yes
	
	As per Pricing formula
	

	2.1 GHz (1920-1960/2110-2150 MHz)
	IMT2000

PMR

PAMR

P-P/P-MP Links

MDS
	FIXED

LAND MOBILE

	
	Yes
	
	
	

	2.3 GHz (2300-2400 MHz)
	P-P/P-MP Links

MDS

ISM

SRD
	FIXED

LAND MOBILE
RADIOLOCATION
	
	
	
	As per Pricing formula
	

	2.5 GHz (2500-2690 MHz)
	Wimax
	FIXED &

MOBILE

(except aeronautical mobile)
	
	yes
	
	As per Pricing formula
	

	3.3 GHz (3300-3400 MHz)
	Wimax
	
	
	
	
	
	

	3.5 GHz

(3400-3500/

3500-3600 MHz)
	Wimax
	
	
	Yes
	
	As per rate list
	


The above Tables indicate the trend in many of the SATRC member countries is to adopt market oriented mechanism for spectrum allocation and pricing. All SATRC countries are understood to have prepared their National Frequency Allocation Plan.

Detailed Country Profiles may be seen in Annex II. 
5.0
KEY ISSUES

Based on the ToR, the WG identified the following key issues which have been deliberated upon and covered in this report:
· Spectrum Allocation policy appropriate to meet the ever increasing demand for mobile services

· Impact of Convergence on spectrum allocation

· Spectrum Pricing methodology to ensure the most efficient spectrum use 
· Spectrum Efficiency

· Spectrum Rights

· Spectrum fee based on technology – separation of accounts

· Radio Frequency Coordination

· Coordination of systems in close proximity

· Innovative Technologies/ Time sharing of spectrum between users 

· Secondary Market - Leasing access to spectrum

· Spectrum Trading

· Spectrum Harmonization and cross border coordination

· Type Approval of customer equipment

· International/bilateral co-ordination 
· Service and Technology Flexibility

· Periodic Review of Regulations

· Monitoring and Enforcement

6.0
REGULATORY OPTIONS
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 spectrum management system.

6.1
Spectrum allocation policy
Spectrum policy has to be in line with national policy objectives and goals.  The radio spectrum is a finite national resource for which there is an ever increasing demand for a range of valuable uses. Spectrum is an essential element of the infrastructure for providing wireless communications, and needs to be managed efficiently. The administrative system of control and command historically used for spectrum management has been reasonably successful, but after liberalization of the telecom sector with increasing competition, demands placed on the spectrum are rapidly expanding. Owing to spectrum limitations resulting from natural propagation characteristics and the system of allocating blocks of spectrum to services, the need to rebalance demand and supply, for maximizing economic efficiency has arisen, which requires the development of new spectrum management methods. Besides, new technical, regulatory and legislative procedures, economic considerations can help to improve the spectrum 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. 

The economic aspects of spectrum management include three main regulatory reforms
:

· adoption of the market oriented pricing mechanism - to ensure the economically efficient use of spectrum;

· deregulation of access - relaxation of rules governing access to certain bands of the spectrum, such as open access to delicensed/ ISM bands;

· delegation - the transfer of some spectrum management functions from government to the private sector, e.g. spectrum rights concerning flexibility of use, transferability and tradability.

Frequency or bandwidth requests have long been the basis of the spectrum allocation and licensing process. Parties file applications with the Spectrum Regulator seeking allocations for a particular service and licensing in a specific bandwidth based on the type of service they envision providing in a specific area.  This process requires evaluation of the applicant’s proposal by the Spectrum Regulator.  The Spectrum Regulator, in turn, is then required to make a determination as to the desirability of the allocation and rules for the service, including the appropriate bandwidth for a particular licensee.  Several technological trends as identified below are now affecting this traditional command and control process of spectrum allocation.   
First, the development of spread spectrum technology has increased demand for contiguous broadband spectrum allocations.  
Second, technology is enabling increased use of higher frequencies, e.g., bands above 50 GHz that previously were considered to have limited utility.   
Finally, the development of frequency-agile technology has created the potential for development of services and uses that are not tied to specific frequency bands. 

Space and power are related but slightly different dimensions that define the geographic scope of spectrum use for spectrum management purposes. The Spectrum Regulator should expand the ability of spectrum users to partition their geographic service areas, or space, so that portions of their service areas that would otherwise lay fallow could potentially be put to use. 

The benefits of allocating spectrum using variations in frequency, space, power, and time to maximize the use of spectrum needs to be considered instead of the first three dimensions alone, as new technological developments are changing the paradigm in which each of these spectrum dimensions is used.  More so, because new technologies now permit the Spectrum Regulator to increasingly consider the use of time, in combination with frequency, power, and space, as an added dimension that could permit more dynamic allocation and assignment of spectrum usage rights. Spectrum allocation in terms of deciding which frequencies should be used for which applications and assigning those frequencies to individual users in a way that provides incentives to use the finite spectrum resource as efficiently as possible is vital. Various methods, including regulation, incentive pricing and auctions may be employed. Spectrum management is no longer a purely technical or regulatory activity but increasingly involves economic considerations and greater use of market oriented mechanisms to complement regulation. 

In certain frequency bands such as the 24 and 38 GHz bands for BWA like in Canada, flexible, tradable and divisible licenses with flexibility to trade spectrum should market and technology developments demand a different frequency configuration may be allocated. There are no restrictions on the type of service that may be provided or the technology that could be deployed.  Block licenses i.e. exclusive assignments of blocks of spectrum within a defined geographic area may be allocated. 

6.1.1
Impact of Convergence on spectrum allocation

The emerging IP Network platform is enabling the delivery of information, communication and entertainment (Radio, TV, Video on demand, etc.) services. Cases for demand of a spectrum for converged services have already arisen. These converged services are likely to be provided over broadband networks which may employ technology such as IEEE 802.16x etc. This needs consideration at the country level by the respective spectrum regulators with a view to maximizing spectrum utilization and efficiency. [Note: Consideration should be given to the bandwidth requirement so as to allow delivery of triple play service. This may also involve sharing of the revenue from the spectrum price with the broadcasting regulator]. 

6.2
Spectrum Pricing methodology
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 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.

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.

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 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. 

Another method for defining differential rent spectrum price is based on a comparison of the capital costs of a radio based system with an alternative system providing the same services but using non-radio technologies, such as cable. This approach may be followed for operators of high density fixed services. 

The differential spectrum price aims to provide opportunities to operators using different bands and access media so as to use higher frequency ranges or alternative wire technology, resulting in increased efficiency in spectrum use. Such method can only be successful to the extent that suitable alternative frequencies or technologies exist.

Shadow price: 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”. The same techniques can also be used for reserve price determination if auction has to be conducted. Shadow price may also be defined as the value of a resource to an operator. Thus, the shadow price represents the maximum the operator would pay to have an additional unit of the resource or the sensitivity of its profits to a change in the quantity of the resource input. This method is based on the economic and technical assessment in which the different operators assess the value of spectrum taking into account the potential profit. The method makes it possible to establish real economical incentives for operators to use spectrum more efficiently. 

In conclusion, it may be said that there is need to price the spectrum on the basis of demand and supply and what the market is willing to offer in an open and transparent process. This market oriented price for spectrum is best determined by following the process of auction of spectrum bandwidth or block intended for allocation for providing a service. 
However, none of the above methods of spectrum pricing can be applied universally. The choice has to be based on spectrum policy, defined pricing goals, the level of economic development of the country and a technological/economical study of the service concerned. The shadow price is one of the most attractive methods of spectrum value determination in an open market environment. Use of this method can help spectrum managers to define economic value of the spectrum and at the same time stimulate spectrum efficiency.

6.3
Spectrum Efficiency

There are three ways to define the term “efficiency,” as applicable to spectrum management: spectrum efficiency, technical efficiency, and economic efficiency.  

1. Spectrum efficiency occurs when the maximum amount of information is transmitted within the least amount of spectrum.  

2. Technical efficiency occurs when inputs, such as spectrum, equipment devices, capital, and labour are deployed in a manner that generates the most output for the least cost.  

3. Economic efficiency occurs when all inputs are deployed in a manner that generates the most value for consumers.  The spectrum and technical efficiency are components of economic efficiency. However, measuring spectrum and technical efficiency may not necessarily provide any meaningful information with respect to economic efficiency.  

The WG has attempted to develop a methodology for measuring spectrum efficiency. It is easiest to assess technical efficiency in terms of bits/seconds/hertz or by specific quantification for the effective and efficient utilization of spectrum by bits/Hz, Er/MHz/Sq.Km, No. of BTSs/ Sq.Km., etc. But it is not appropriate to select a single, objective parameter for comparing spectrum efficiency across different radio services. Any parameter would, inherently, provide advantages to one service or another. In addition, measuring technical efficiency does not provide any information with respect to economic efficiency.

Economic efficiency can be promoted by providing spectrum users with flexibility of spectrum use and ease of transferability in order to allow maximization of the value of the services provided.  Flexibility provides incentives for economically efficient use and discourages economically inefficient use by ensuring that spectrum users will face the opportunity cost of their spectrum use.

There may be situations where the Spectrum Regulator finds it necessary to promote spectrum or technical efficiency (as opposed to economic efficiency) in order to promote particular public interest goals.  However, in those instances, where market forces may be inadequate, e.g., in spectrum that is allocated for government use, alternative mechanisms such as user fees may be considered to stimulate improvements in efficiency. In addition, to the extent that wire-line or hybrid technologies may be efficient alternatives to existing use of radio spectrum in some instances, use of such alternatives whenever appropriate may be promoted by spectrum policies. While cost benefit analysis may often favor market-oriented approaches, there are instances where the traditional method of spectrum regulation may be more appropriate.

6.4
Frequency Division Duplex (FDD) v/s Time Division Duplex (TDD):
 
The FDD v/s TDD issue has been discussed at various forums from time to time. The main two aspects debated in this regard are:
· Spectrum efficiency; 

· RF interference if FDD and TDD are used in the same band or adjoining bands
The spectrum efficiency of FDD or TDD is comparable, if the same modulation technique is used. However, the spectrum efficiency of a system is also dependent upon the type of base band signal. In case of asymmetrical signals like in Internet (where download data is generally much higher than upload data), the TDD may have an edge over the FDD, whereas for reasonably symmetrical signals like voice, FDD may be able to achieve slightly higher spectrum efficiency, by avoiding the time for change over between trans and receive modes on the same frequency. However, the modern technological developments, especially regarding the signal compression techniques as well as dynamic assignment of trans & receive time slots, can improve the spectrum efficiency further.
The planning of FDD and TDD systems to be used in the same or adjoining bands, from the point of view of RF interference if FDD and TDD are used in the same band or adjoining bands requires careful planning, similar to planning for use of systems, which are not harmonised, in the same or adjoining bands. If the FDD and TDD systems are using similar RF power levels for their BTS as well as handsets, then planning for their use in the same or adjoining bands is possible. If the FDD and TDD systems are using quite different power levels for their BTS, then the FDD BTS transmissions, can cause severe interference to each other and require careful band planning for their use. The situation is similar to RF interference due to duplex reversal between two FDD systems if deploying uplink and downlink directions in the same or adjoining bands, which necessitates the use of guard bands in between these systems. 
Generally the FDD systems use significantly higher power level for their BTS, compared to their handsets which use much lower RF power. In case of TDD systems, the difference in RF power levels of its BTS and handsets is relatively smaller. Also, the FDD systems require specific trans – receive separation, also known as duplex separation, between their uplink and downlink sub-bands. Hence, the BTS/ Handsets of two TDD systems, even if operating on adjoining carriers, do not pose severe RF interference to each other. However, if a normal FDD BTS is located in close vicinity of a TDD BTS, the high transmit power of the FDD BTS (continuous) can cause severe RF interference to TDD BTS during the time the latter is in receive (high sensitivity) mode for picking signal from its handsets. This problem becomes more acute if the receive band of the two systems are overlapping, because in that case, no interference discrimination is provided by the receiver filters of the two systems. In such case, the sub – bands to be used for FDD and TDD systems have to be separated from each other.
6.5
Spectrum Rights

Based on the principle that “one size does not fit all” in spectrum policy, the Spectrum Regulator should consider a balance among the three general models for assigning spectrum usage rights:

“Exclusive use” model:  A licensing model in which a licensee has exclusive and transferable flexible use rights for specified spectrum within a defined geographic area, with flexible use rights that are governed primarily by technical rules to protect spectrum users against interference.

“Commons” model:  Allows unlimited numbers of unlicensed users to share frequencies, with usage rights that are governed by technical standards or etiquettes but with no right to protection from interference. 

“Command-and-control” model: The traditional process of spectrum management in most countries, in which allowable spectrum uses are limited based on regulatory judgments.

The use of both the exclusive use and commons models throughout the radio spectrum should be expanded. The exclusive use model should be applied primarily but not exclusively in bands where scarcity is relatively high and transaction costs associated with market-based negotiation of access rights are relatively low.
The commons model should be applied primarily but not exclusively in bands where scarcity is relatively low and transaction costs are relatively high. This approach also has potential applicability in the creation of “underlay” rights in spectrum for low-power, low-impact applications, e.g. for operations below an established interference temperature threshold.

Spectrum currently set aside for public safety use should remain subject to the command-and-control model to ensure provision of essential life-and-safety services.  At the same time, because of the variability of public safety use, public safety users should have flexibility to lease spectrum capacity during lower-use periods to commercial users.  

Broadcast spectrum should remain subject to the current regulatory model, which is based on statutory public interest objectives.  Over the longer term, the regulator should periodically review and amend its broadcast spectrum policies.

With the exceptions noted above, existing spectrum that is subject to command-and-control regulation should be transitioned to the more flexible exclusive use and commons models to the greatest extent possible.  In determining whether and how to transition legacy command-and-control bands to more flexible rights models, the Spectrum regulators should consider several alternative approaches, and should focus first on initiating transition in those bands where additional flexibility will provide the greatest benefits at the least cost.   

6.6
Spectrum fee based on technology – separation of accounts

In some countries, licenses for use of CDMA technology for Wireless in Local loop for fixed service were issued and spectrum allocated for no or little fee. However, with passage of time, limited mobility within the BTS area or within the area covered by the Area Code has been allowed. This has caused problems because the revenue sharing for CDMA and GSM services is different
, necessitating separation of accounts for the services provided by the two technologies. In order to overcome this problem, certain countries, such as India introduced the category of Unified Access License which is technology agnostic.
6.7
Radio Frequency Coordination

Avoidance of interference by efficient radio frequency coordination is a prerequisite in the allocation process. Interference management becomes more difficult with greater density, mobility and variability of radio frequency (RF) Transmitters.  Interference management becomes even more difficult with increased flexibility in spectrum use. Wherever feasible, a more quantitative approach to interference management based on the concept of “interference temperature” may be adopted. The interference temperature metric would establish maximum permissible levels of interference, thus characterizing the “worst case” environment in which a receiver would be expected to operate. Different threshold levels could be set for each band, geographic region or service. These thresholds should be set only after review of the condition of the RF environment in each band and a comprehensive study of the RF noise floor. Receiver performance requirements for some bands and services, either through incentives, regulatory mandates, or some combination of incentives and mandates should be included. 
6.7.1
Coordination of systems in close proximity
The spectrum use can be improved by permitting transmitter power levels to be adjusted to match the environment of the transmitter and the intended service area.  For example, maximum power levels could be increased in rural areas so that service can be provided over larger areas at lower cost.  In congested urban areas, where high transmitter power levels on one frequency can often adversely impact the use of other frequencies, the Spectrum Regulator should look towards enabling the use of lower power transmissions.  For example, high-power digital television broadcasters could be permitted to operate single frequency low-power distributed transmission systems within their present service areas.  Other site-licensed services could be provided similar flexibility.  The Spectrum Regulator could also consider whether it should offer incentives for reducing transmitter power (such as an increased interference protection).

Finally, with respect to power, the Spectrum Regulator also should promote the co-location of high power transmitters.  In general, interference between services is often less likely when the signal strengths from the services are similar; co-location of high power transmitters helps ensure comparable signal strengths throughout the service areas. 
Another issue is whether and how to facilitate access to spectrum by “opportunistic” frequency-agile devices that can take advantage of spectrum “holes” in time and frequency without interfering with other operations in the bands they utilize.  

6.8
Innovative Technologies/ Time sharing of spectrum between users

The Regulator should seek methods for fostering technologies, such as advanced antennas and system design techniques that maintain as close to uniform power flux density signal levels as possible throughout a service area.  These technologies could avoid interference between users, and could provide for greater spectrum reuse.

To better account for use of spectrum in the time dimension, it is important that the Spectrum Regulator may examine methods for promoting technologies that will facilitate time-sharing of spectrum between multiple users. For example, the Spectrum Regulator should consider permitting traditionally-narrow services, such as public safety, to lease excess capacity to other services.  The Spectrum Regulator should also consider whether the use of trunking technology, where several users automatically share frequencies, should be expanded. Time divided or aggregated use of spectrum is becoming a necessity in order to meet the fast growing demand with limited opportunities for allocating new services. 
Innovative technologies, e.g., cognitive radios, smart radios on secondary basis if the spectrum is already occupied and congested may be promoted to enhance spectrum efficiency.
The Spectrum Regulator should consider methods for allowing access to spectrum with typically low utilization on an interruptible basis, i.e., allowing the interruptible use of otherwise authorized spectrum when it is not being used by the primary licensee but requiring the user to suspend operations when the primary licensee is transmitting.  This type of opportunistic use along with the technology for such use should be studied to determine whether it can be authorized without interfering with the established rights of licensees or whether licensees are in the best position to evaluate such use.  

6.9
Secondary Market - Leasing access to spectrum

Cutting across the four dimensions of spectrum management discussed above is the concept of whether to allow spectrum licensees to lease access to other spectrum users in one or more of these dimensions under a secondary markets approach, or whether to create regulatory “easements” in one or more of these dimensions that allow users access on a conditional, non-interfering basis. One possibility discussed below is to permit unlicensed systems or devices to operate at very low power up to a defined interference temperature limit

6.10
Spectrum Trading

By and large, spectrum trading or resale is not allowed in the SATRC countries. However, while considering allowing spectrum trading, mechanism should be developed to avoid anti competitive practices. The ownership of the spectrum allocated by auction for use to provide service during the license period is normally considered to vest with the successful bidder (Operator), unless it is reclaimed by the regulator for violation of any of the license conditions. Trading or reassigning merits consideration as it:

· ensures maximizing spectrum efficiency and use of the spectrum allocated through auction;
· facilitates investors in terms of market entry and exit spectrum; 
· ensures most efficient utilization as given its high potential market value, an operator would avoid wasteful use or hoard this scarce resource and would trade it with others who are in dire need and willing to pay its open market price in a competitive scenario. 
6.11
Spectrum Harmonization and International/ Bilateral coordination

The harmonization process starts from international allocation of specific frequency bands for most commonly used public telecom applications at ITU’s World Radiocommunication conferences. Based on these allocations, different international equipment vendors develop their systems for use by various countries and their operators. This in turn benefits the countries/ users through economy of scales, besides indirect benefits like ease of coordination among different countries and among operators, roaming, etc.  

Thus, harmonization amongst equipment vendors and operators ensures most efficient use of spectrum allocation for specific services and technology employed for economic reasons and consumer benefits. Harmonization of spectrum allocation for public telecom services amongst countries of the established sub-regional/regional economic grouping facilitates tourism and trade and economic cohesion. 

Radio waves do not stop at frontiers so there is a need for bilateral/international negotiation and coordination. 

For the SATRC countries there are two levels of conformance requirements, viz., the ITU Radio Regulations and bilateral coordination. All countries comply with the ITU Radio Regulations, and within their borders sovereign and administrative rights are exercised by their respective Governments. Bilateral co-ordination does not come into play for countries that do not share a common border. There are certain harmonization practices and coordination arrangements that need to be put in place or strengthened for countries with common borders. As for example, the US and Canada have co-ordination arrangements that involve one or both of the following approaches:
· Block & Zone.  This refers to the situation where within a predefined sharing zone (typically 120km on each side of the border for the land mobile service) spectrum blocks are identified for exclusive use of each country. The size of the spectrum block allocated to each country is normally 50% of the total spectrum everywhere except where demographic considerations (i.e. relative populations) dictate differently.

· Power flux density (PFD) limit at the border.

In each case, the underlying principles in developing sharing agreements are the same, namely:

· to maximize the use of spectrum in each country,

· to minimize possibility of interference,

· to minimize burden of coordination on each regulatory agency,

Where a limited number of operators provide service (e.g. Cellular), a general framework is provided to the operators for spectrum sharing and the responsibility of detailed co-ordination is left to them. The Government Agencies (i.e. Industry Canada & FCC) provide for the resolution of any disputes between the operators.

Boundary conditions for interference protection are applied at the edges of licensed areas and emission limits at the channel block edges. Individual transmitters need not be licensed but technical and site information must be submitted to the national Spectrum Regulators for international co-ordination purposes. The bands may be coordinated with the neighbouring country where there is similar use of such bands.  The sharing zone is about 50km on either side of the border. 
All of the SATRC member countries comply with the ITU Radio Regulations. However, these regulations allow a considerable degree of flexibility. International experience has shown that co-ordination becomes easier to achieve between neighbouring countries that tend to follow similar practices in their spectrum use than would otherwise be the case. Nevertheless differences in use do occur. In these circumstances each spectrum regulator needs to make a trade-off between the spectrum efficiency and equipment cost/availability advantages of harmonization and the economic and social advantages of supplying non-harmonized services that are more highly valued in its own country than in the neighbouring country.

The economic costs however depend more on the distribution of population near borders.

The Spectrum Regulator may consider whether future allocations should be grouped based on mutually-compatible technical characteristics. Specifically, such a “good neighbor” policy would group future systems or devices by specifying comparable maximum levels of power and compatible interference protection levels. For existing services, flexible use policies could create the incentive for spectrum-based systems or devices to migrate to compatible bands. In a few instances, however, there may be particular types of systems or devices, public safety for example, that require more direct regulatory intervention (e.g., through creation of guard bands or other direct regulation of out-of-band interference) because the marketplace may not independently encourage such compatibility. ITU radio regulation should be followed for RF coordination and following measures should be adopted to reduce cross border interference.

Physical measures:

· Antenna Height reduction

· Increase antenna tilting 

· Harmonization of signal strength and it should be less than -110 dBm (GSM)
Coordination mechanism:

· Periodic biannual/annual bilateral coordination meeting between the regulator/Government of the respective countries bordering on each other.

· The regulator of each country should designate a focal point to handle the cross border interferences issues.

· Regulator should ensure monitoring of the signal strength and enforce the emission so that it may be restricted to within the aforesaid limit in areas on his side of the border.

· Harmonization of Spectrum policies

· With a view to harmonizing spectrum policies, consultations/meeting amongst the regulators of the SATRC countries should be arranged whenever the introduction of new technologies is being planned or changes in the spectrum policies is contemplated.

6.12
Type Approval of Customer Equipment

Traditionally, all customer equipment for use with the PSTN had to be type approved primarily to ensure that no harm was caused to the network by connecting the device and it posed no hazard to the user. With advances in technology and mass manufacturing methods together with ISO and self certification by the manufacturers, it may not be mandatory to subject the customer end equipment to rigorous Type Approval procedures. However, this is up to the decision of each country’s Regulator to mandate type approval, or not, for customer end equipment. The type approval from spectrum aspects is to ensure that the spurious radiations - harmonics and out-of-band emissions – are within specified limits as well as to take care of their receiver filter characteristics. It is an important requirement. In practice, this can be achieved either through testing within the country or by mutual recognition of ‘Type Approval Certificates’ of other organizations within SATRC countries or by reliance on certification by bodies like FCC, ETSI, etc.

6.13
Service and Technology Flexibility

All SATRC member countries provide flexibility in services and use of technologies although they tend to adopt standard technologies, such as, GSM and CDMA cellular networks, where technology specific bands exist mainly due to cost advantage resulting from bulk production of equipment in standardized bands. It is not easy to apply technology neutrality to wireless services used by common people for whom affordability is of crucial importance.
Further, flexibility may be constrained by the way spectrum is packaged for auction. Facilitating the most likely use or uses of the band under consideration does not result in a technologically neutral outcome.  Likely use is judged by the availability of equipment and typical international use of the band.  Flexibility and technology/service neutrality is also constrained by factors such as compatibility among the services allowed within the band, availability of equipment, impact on other services in adjacent bands, co-ordination requirements etc. when deciding how much flexibility can be offered to licensees.

In addition to improving access to spectrum through flexible use policies, it may be desirable, where feasible, to group technically compatible systems and devices in close spectrum proximity. Permitting additional flexibility within assigned spectrum also poses a potential challenge for incompatible adjacent systems. For instance, low-power systems or devices with a high sensitivity to interference could be grouped with similar systems, and systems or devices with high power could be placed elsewhere. System or device spectrum incompatibility can require additional constraints in the form of guard bands, consuming valuable spectrum, or expensive filtering systems to avoid adjacent band interference. The spectrum allocation policy should encourage like systems or devices to be grouped in spectrum “neighborhoods” with like systems. 

6.14
Periodic Review of Regulations

The Spectrum Regulator should consider adjusting its regulations on a periodic basis to prevent rules that are calibrated to older technologies from inhibiting access by newer, more efficient technologies that develop over time.  For instance, as discussed below, it may be possible to adjust interference standards over time based on technological advances.  

While the Spectrum Regulator should subject spectrum regulations to periodic re-evaluation, it is also important that such reevaluation occur at sufficiently spaced intervals so as not to undermine the stability of current spectrum users’ business plans and investment.  Certainty to continue to use spectrum, at least for some foreseeable period, is an essential prerequisite to investment, particularly in services requiring significant infrastructure installation and lead time.  Therefore, any periodic reevaluation of policy and any resulting implementation of new rules, should be on a predetermined schedule, e.g., every 5 to 10 years. 

Specific timetables for review of rules need not be the same for all services, devices, and spectrum bands, but can vary based on such factors as service provider and customer investment requirements, apparent public expectations, and anticipated speed of technological development.  In addition, periodic review of rules to accommodate new technologies should be distinguished from the license renewal process, which focuses on licensee qualifications and compliance with Spectrum Regulator rules.  Thus, licensees in bands that are subject to periodic review should nonetheless be entitled to strong renewal expectancy if they meet the renewal criteria set forth in the Spectrum Regulator’s rules.  

6.15
International Practices worthy of emulation – Case study Germany

Regulators in North America, EU, Australia and, in general, the developed countries follow a judicious mix of command and control, open access (commons model), and market mechanism for allocation and pricing, depending on the spectrum band and nature of spectrum usage. The trend in developing countries is the same. Highlights from Germany, among others, are presented in the following.
6.15.1
Spectrum regulation in Germany

6.15.1.1
Essential elements

The important principles employed are:

· Ensuring the efficient use of the radio spectrum – as spectrum is a scarce resource, the goal is to ensure that frequencies are assigned to those who, in economic terms, can use them most efficiently;

· Creating incentives for investment and innovation – users should be able to use the spectrum for long enough period to amortize their investment and have adequate opportunity to make a profit;

· Encouraging Competition – to create a market structure that ensures the maximum possible degree of competition for the available spectrum;

· Non-discrimination;

· Transparency;

· Workability – no institutional barriers and reasonable administrative outlay;

· Providing planning certainty – the regulatory regime should enable companies to plan for future with confidence;

· Minimizing Interference – within as well as in border regions (users of the GSM spectrum, for example, require a guard band separating them from their spectrum neighbours);

· Meeting Public interest requirements – ensuring sufficient spectrum for emergency services, police, military, and other institutions serving the public interest;

· Complying with International agreements (ITU/WRC) and EU Directives – legally binding and impose restrictions on spectrum use;

· Recovering administrative costs – costs relating to the assignment process, preparing the freq. usage plan, maintaining a central register of current spectrum use, monitoring and enforcement, etc.

Three basic models for spectrum regulation followed are:

Command and control: traditionally, most commonly adopted approach, typically employing a beauty contest about who initially gets the spectrum.

Market mechanism: primary assignment of spectrum is through an auction, after which usage rights can be transferred by trading. 

Commons model: multiple users share access to a single frequency band suitable for short range and low power applications, e.g. Bluetooth links, wireless remote controls, private or public LANs.

6.15.1.2
Assignment of spectrum usage rights

Radio spectrum assignment is primarily done by following the selection methodology based on:

First-come, first-served: this procedure is simple but is economically inefficient 

Beauty contests: this is the most common selection procedure in which the requests for frequency assignments are evaluated on the basis of a set of criteria and may be used in combination with First-come, First-served approach where all applicants submit their requests simultaneously or by the specified time. The selection is generally made by evaluation of business plans and strategies of the applicants with a view to determining efficient spectrum usage, suitability of plan for providing the telecommunication service in question, roll-out obligations, and promotion of effective competition. Each criterion is to be measured and evaluated by a system of weightage. Due to the confidentiality of Business plans of applicant companies, this system is vulnerable to questioning on grounds of transparency and nondiscrimination. 

Auctions: This procedure brings out the amount the prospective spectrum users are willing to pay, which reflects the economic value they place on the resource in question in an open competitive market situation. Auctions may permit only one bid or several rounds of bidding. Assuming that the participants in the auction behave rationally, the outcome will generally be a most economically efficient assignment of spectrum. This method is followed for all commercial public telecommunication services and broadcasting.

6.15.1.3
Process

The process of Spectrum regulation primarily involves the following three mechanisms taken up in sequence:

1. National Table of Frequency Allocation: Bands of spectrum are allocated for radio services and other applications with a view to implementing international agreements concluded by the ITU (WRC), CEPT, and EU. 

2. Frequency Usage Plan: In accordance with Section 54 of the German Telecom Act (Telekommunikationsgesetz), the Federal Network Agency is required to draw up the Frequency Usage Plan on the basis of the bands identified in the Table of frequency allocation. The Plan includes a more detailed allocation of the Frequency bands to specific frequency usages and also other parameters required to ensure efficient and interference use of frequencies. Parameters, such as, maximum permissible equivalent radiated power, channel separation, channel width and channel subdivisions. Possible frequency usages include amateur radio, business radio, trunked radio, digital cellular mobile communications, aeronautical radionavigation, satellite communications, and maritime radio. The Frequency Usage Plan is binding, although the law (Section 58 of the Act) allows variant frequency assignments in certain justified cases, for instance to test innovative technologies. Spectrum may be reserved for certain types of use if it is advisable or even necessary, to harmonize at national level. This applies in cases where international applications (e.g. GSM mobile communication system) both encourage and require harmonization and/or if such a step would lead to significant cost advantage for developing end-user services, thereby boosting technological progress.

3. Frequency Assignment: As part of a transparent and objective process, each frequency usage requires prior frequency assignment. A general assignment is the first choice for assigning frequencies. However, to rule out the risk of harmful interference and to ensure efficient use of frequencies, individual assignments are made. Pursuant to Section 55(9) of the Act, award proceedings are only used to assign frequencies where spectrum is scarce. The frequency assignment specifies, particularly, the type and extent of frequency usage insofar as it is necessary to secure efficient and interference free use of frequencies. Secondary conditions may also be attached. Frequencies may either be assigned in perpetuity or for a limited period. Usage rights are also restricted to a particular geographic area, which may be the whole territory of Germany or one or more of its regions.

6.15.2
Influence of International Agreements on Spectrum Regulation at National level

International and pan-European rules on spectrum usage largely affect the national regulatory environment, notably in terms of the services and technical constraints for specific frequency bands, leaving very little scope for national regulations to deviate from the international regulations on spectrum usage. Frequency assignments that differ from the ITU Table of Frequency Allocations are only permissible “on the express condition that such a station when using such a frequency assignment, shall not cause harmful interference to, and shall not claim protection from harmful interference caused. By stations operating in accordance with the provisions of the Constitution, Convention and these Regulations. On the other hand countries can choose whether or not to adhere to CEPT agreements, although once they have signed up to the agreements, they are bound to abide by them when planning spectrum usage. The European directives
 and decisions that allocate individual radio services to particular frequency bands leave little freedom to national regulators. This applies to the following bands:

890-1900 MHz (DECT)

169.4-169.8 (ERMES)

890-915 and 935-960 (GSM)

1900-1980 MHz, 2010-2025 MHz, 2110-2170 MHz for terrestrial applications and 1980-2010 MHz and 2170-2200 MHz for satellite applications (IMT-2000).

6.15.2 Spectrum Trading: 
The international rules on spectrum usage limit the trading of spectrum if the intention is to use it for services other than those set forth in the ITU Table of Frequency Allocations. A study by Analysys
, based on a survey of users and economic analysis, revealed that spectrum trading and liberalization in the whole of Europe would bring the greatest economic benefits in the following bands.

Table: Frequency Bands particularly suited to trading and liberalization

	Introduce trading and liberalization throughout Europe in frequency bands currently allocated to the following services
	Introduce trading (liberalization optional) throughout Europe in frequency bands currently allocated to the following services

	Broadcasting – satellite – for space-to-Earth links if and where recognized spectrum access environment is deemed appropriate

Fixed links (where usage rights are assigned exclusively to individual users)

Fixed wireless access

Land mobile – private mobile radio (where usage rights are assigned exclusively to  individual users)

Satellite (fixed and mobile) – for space-to-Earth fixed links if and where a recognized spectrum access environment is deemed appropriate; for mobile, subject to current coordination practices

Special user groups (military, public safety, public transport), subject to ensuring that essential services are not disrupted
	Broadcasting – terrestrial  (review following the 2005 ITU Regional Radio Conference)

Land mobile – private mobile radio (where usage rights are shared between users, and the Spectrum Management Agency (SMA) undertakes coordination of individual users)

Fixed links (where usage rights are shared between users, and the SMA undertakes coordination of individual users)




6.16
Monitoring and Enforcement

In order for the Spectrum Regulator to be able to meet the increasingly complex spectrum management demands being presented by the enormous growth in spectrum use, the Spectrum Regulator must devote sufficient resources to monitoring spectrum use and enforcing the spectrum management rules. The WG recommends that the Spectrum Regulator undertake an inspection of its field offices and monitoring facilities and consider providing additional funding and resource. In addition, the Spectrum Regulator may seek a review and possible increase in its statutory authority in order to provide additional incentives for spectrum users to comply with the Spectrum Regulator’s rules.  

The radio monitoring is the ‘eyes and ears’ of RF spectrum management. It also helps in checking the efficient use of the spectrum or whether the spectrum is lying idle/ being used sub-optimally. It is also important for ensuring that emissions are within the limits which do not cause harmful health effects.  

7.0
RECOMMENDATIONS

7.1
Spectrum Allocation and Pricing

The spectrum allocation and pricing policy has to meet the national objectives and goals. Accordingly, the spectrum management is always country specific. 

Rebalancing the demand for spectrum and its supply, for maximizing economic efficiency requires the development of new spectrum management methods. Economic methods to establish a regulatory framework allowing market forces to play a greater role in spectrum management, by introducing market oriented allocation processes should be adopted. In case of spectrum auctions, time sharing is not tenable, though frequency, power and space/ geographical area of operation can be specified. Although new technologies permit the Spectrum Allocation in terms of which frequencies should be used for which applications, while assigning those frequencies to individual users, it is important to do so in a way that provides incentives to use the finite spectrum resource as efficiently as possible. 

Blocks of frequencies in different bands may be auctioned in a sequential process on the basis of geographical areas, with each licensee being allowed to bid only for a certain block, for use in a particular licensed area, and to achieve prescribed roll outs within a certain limited time, failing which the Spectrum licensing authority should be free to reclaim it. 
The Government/ Spectrum Regulator should announce reserve price for spectrum auction based on the estimated business potential of the geographical area, such as Metros / States/ Provinces/ Zones as classified with rural habitations, or based on international benchmarks, or from initial offers/ shadow price, or past experience.

Spectrum currently set aside for public safety use should remain subject to the command-and-control model to ensure provision of essential life-and-safety services. Such spectrum can be allowed to be used for public telecom services which are not critical and which can be pre-empted. At the same time, if so required, because of the variability of public safety use, public safety users should have flexibility to lease spectrum capacity during lower-use periods to commercial users.  

The spectrum allocated exclusively for broadcast services, should remain subject to the current regulatory model, which is based on public interest objectives. It recognizes the fact that a large part of the spectrum used for broadcasting services is shared with other radio-communication services. Over the longer term, the regulator should periodically review and amend its broadcast spectrum policies.

However, the above methods of spectrum pricing cannot be applied universally. The choice has to be based on spectrum policy, defined pricing goals, the level of economic development of the country and a technological/economical study of the service concerned. The shadow price is one of the most attractive methods of spectrum value determination in an open market environment. Use of this method can help spectrum managers to define economic value of the spectrum and at the same time stimulate spectrum efficiency.

7.2
Spectrum Efficiency

Economic efficiency should be promoted by providing spectrum users with flexibility of spectrum use and ease of transferability, assuming that the relevant spectrum has been allotted through auction, in order to allow maximization of the value of the services provided
Where market forces may be inadequate, e.g., in spectrum that is allocated for government use, alternative mechanisms such as user fees may be considered to bring about accountability and stimulate improvements in spectrum efficiency.

7.3
Impact of Convergence

Recognizing that the emerging IP Network platform is enabling the delivery of information, communication and entertainment (Radio, TV, Video on demand, etc.) services, the demand of spectrum for converged service, are likely to be provided over broadband wireless networks which may employ technology such as for example IEEE 802.11x, 802.16x, etc. This needs consideration at the country level by the respective spectrum regulators with a view to maximizing spectrum utilization and efficiency.
7.4 Harmonization of Spectrum / International and Bilateral coordination

Thus, harmonization amongst equipment vendors and operators ensures most efficient use of spectrum allocation for specific services and technology employed for economic reasons and consumer benefits. 

International experience has shown that co-ordination becomes easier to achieve between neighbouring countries that tend to follow similar practices in their spectrum use than would otherwise be the case. Nevertheless differences in use do occur. In these circumstances each spectrum regulator should consider a trade-off between the spectrum efficiency and equipment cost/availability advantages of harmonization vis-à-vis the economic and social advantages of supplying non-harmonized services that are more highly valued in its own country than in the neighbouring country. 

Formation of a Forum on regional basis that includes the policy makers, regulators, vendors, technology developers for exchange of information on spectrum planning, flexibility and standardization of uses on regular basis in order to ensure and build up confidence in spectrum management may be considered.

7.5
Type Approval 

Traditionally, all customer equipment for use with the PSTN had to be type approved primarily to ensure that no harm was caused to the network by connecting the device and it posed no hazard to the user. With advances in technology and mass manufacturing methods together with ISO and self certification by the manufacturers, it may not be mandatory to subject the customer equipment to rigorous Type Approval procedures. However, this is up to the decision of each country’s Regulator to mandate type approval or not for customer equipment. The type approval from spectrum aspects is to ensure that the spurious radiations - harmonics and out-of-band emissions – are within specified limits as well as to take care of their receiver filter characteristics. It is an important requirement. In practice, this can be achieved either through testing within the country or by mutual recognition of ‘Type Approval Certificates’ of other organizations like FCC, ETSI, EU, etc.

7.6
Spectrum Trading

The ownership of the spectrum allocated by auction for use to provide service during the license period is normally considered to vest with the successful bidder (Operator) for specific use, unless it is reclaimed by the regulator for violation of any of the license conditions. 
7.7
Periodic Review
The Spectrum Regulator should adjust its regulations on a periodic basis to prevent rules that are calibrated to older technologies from inhibiting access by newer, more efficient technologies that develop over time. Such reviews may be made at sufficiently spaced intervals (5-10 years) so as not to undermine the stability of current spectrum users’ business plans and investment. Besides, the existing users who are likely to be affected, should be allowed reasonable time period to change over to new regulatory regime.
7.7
Monitoring and Enforcement

The Spectrum Regulator should undertake an inspection of its field offices and monitoring facilities and consider providing additional funding and resource. In addition, the Spectrum Regulator may seek a review and possible increase in its statutory authority in order to provide additional incentives for spectrum users to comply with the Spectrum Regulator’s rules. Monitoring also helps in checking the efficient use of the spectrum or whether the spectrum is lying idle or being used sub-optimally. Furthermore, it is important for ensuring that emissions are within the limits which do not cause harmful interference or health effects. Spectrum Regulator must devote sufficient resources to monitoring spectrum use and enforcing the spectrum management rules. 
7.8 Capacity Building 

7.8.1 Best Practice Guidelines for Spectrum Management to Promote ICT
Under the SAP Action Plan Phase 2, Guidelines for Spectrum Management based on this Reference Paper may be evolved. These Guidelines would help in human capacity building in some member countries of the SATRC with relatively less experience. 
7.8.2
. Exchange of Experts and Training 

The SAP II plan may include Technical cooperation among SATRC countries comprising Exchange of Experts and Training with a view to capacity building.
The above activities may be considered for implementation in the member countries by SATRC.
------------------------------------------------------------------------------------------------------------

ANNEX I – Spectrum Efficiency 

Spectrum efficiency can be defined in many ways.

The term “efficiency” is commonly used to express the relationship between output and input.  Efficiency is also defined as the “accomplishment of or ability to accomplish a job with a minimum expenditure of time and effort,” and alternatively as “the ratio of the work done or energy developed by a machine, engine, etc., to the energy supplied to it, usually expressed as a percentage (without units if the input and output have same units)”
. 
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for spectrum uses, in simple terms, output could be expressed in terms of the amount (or bits) of information transmitted, and input could be expressed in terms of the quantum of spectrum (or Hertz) utilized. However, while defining efficiency of spectrum usage, other parameters, such as the costs, the number of people being served, and the value of the service that would be provided as a result of the improved efficiency become relevant.  

The working group has considered three working definitions for spectrum efficiency.

SPECTRUM EFFICIENCY occurs when the maximum amount of information (i.e., output) is transmitted within a given amount of spectrum (i.e., input), or in other words, when the least amount of spectrum is used to transmit a given amount of information. This is expressed as:
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TECHNICAL EFFICIENCY occurs when all inputs are deployed in a way that generates the most output for the least overall cost of resources, including besides the spectrum, also the equipment, other capital, and labor (i.e., all inputs).  This may be expressed as:

[image: image4.wmf]inputs

all

of

Cost

Output

Efficiency

Technical

=


Spectrum efficiency is different from technical efficiency. With technical efficiency, the focus is on all inputs, whereas with spectrum efficiency, the focus is on doing the most with the spectrum allocated regardless of the costs. It might it be possible to build a radio device that can send and receive ten times more bits per megahertz, but only by using a lot more of other resources. In this case, the radio device might have excellent spectrum efficiency but poor technical efficiency.

ECONOMIC EFFICIENCY occurs when all inputs are deployed in a way that generates the most value for consumers. The “value” in case of spectrum refers to the value of the information transmitted, whether that is an emergency call made over a cell phone, a wireless connection to the Internet for a laptop user, or a radio or television broadcast. Economic efficiency could be expressed as:
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The difference between economic, technical, and spectrum efficiency may be seen from the fact that while spectrum efficiency creates the most output with the least amount of spectrum, and technical efficiency creates the most output with the least amount of all inputs, economic efficiency creates the most value with the least amount of all inputs.

For spectrum, the terms “spectrum efficiency,” “technical efficiency,” and “economic efficiency” allow the various aspects of efficiency to be considered.  One might argue that broadcast television has higher spectrum efficiency than mobile telephony service, which in turn has a higher spectrum efficiency than public safety spectrum use.
  These relationships may also be true for technical efficiency.  Yet the value of a single emergency call placed over a public safety channel in the course of an hour may exceed that of any of these other uses during the same hour, and have a higher economic efficiency. Similarly, some consumers may place more value on a five-minute mobile phone call than an hour of broadcast television.
It is important to recognize how spectrum and technical efficiency feed into and become a component of economic efficiency. Business managers may consider the spectrum and technical efficiency of different services or technologies, but ultimately they must weigh the cost of each service against the value created by each. Just because a service or technology has a high level of spectrum or technical efficiency, it does not follow that it is the most economically efficient. Such efficiency may cost too much relative to the value it provides. There may be no market for very fuel efficient million dollar automobiles. Of course, continued advances in technology may lower the price of the more spectrally or technically efficient service, which in turn could change the calculation of that which is economically efficient.
While the goal is to promote efficient spectrum access and use, other considerations also affect the policy. Spectrum and technical efficiency feed into economic efficiency, which can lead to a policy framework in which other considerations also are weighed. Some political or other considerations may come at a great cost to economic, technical, or spectrum efficiency, while other considerations may impose little or no cost.

The Spectrum Regulator can promote economic efficiency primarily by providing licensees with a significant amount of flexibility in how they use, and how easily they can transfer, the spectrum.  Such “free market” approaches permit licensees to maximize the value of the services they provide within their spectrum.  In addition, when warranted, the Spectrum Regulator can promote economic efficiency by making spectrum available for uses that have a high value to the public (such as police and fire communications).  

Occasionally the Spectrum Regulator may find it in the public interest to constrain the flexibility that licensees have to use or trade their spectrum. In these circumstances, it may be most important for the Spectrum Regulator to focus on regulatory policies that can promote spectrum efficiency (as opposed to technical efficiency – the Spectrum Regulator cannot readily assess the cost of all inputs – or economic efficiency).  However, the Working Group recognizes that in pursuing its goal to improve the efficient access to and use of spectrum, the Spectrum Regulator must balance the costs of imposing any improvements in spectrum efficiency against the costs of achieving that efficiency and the value of the services that will be provided.  

It may be recognized that the trend for Spectrum regulation is to rely on free markets to promote economic efficiency whenever appropriate.

Measuring spectrum efficiency. As mentioned previously, the generic definition of efficiency can be modified for spectrum, where output may be the usable information transmitted (perhaps in bits-per-second) and input is the spectrum resource impacted (in megahertz): 

Spectrum Efficiency = Information Transmitted (I) / Spectrum Impacted (U)

where

Spectrum Impacted (U) = Bandwidth Impacted (B)* 

Geographic Space Impacted (S)*  Time (T) denied to other users
Or, simply

Spectrum Efficiency = I / U = I / (B* S* T) reference

Even this equation is missing some important variables, such as how many users are being served.  It would also be difficult to accurately, consistently, and fairly pinpoint the amount of information transmitted.
  This equation also doesn’t reflect whether any of the three denominators (bandwidth, space, and time are more valuable than the others).
IEEE 802 tries to address one of these concerns by proposing a Wireless Efficiency (“Weff”) metric
:

Weff=(C* Ns )/(B* A) Bit-Users/m2
where:

Weff is the efficiency of the wireless system having units of Bit-Users/meter2

C is the capacity of the system in delivery information bits per second, after decoding, demodulation, and including the vagaries of the network protocol and duty cycle;
Ns is the number of logical connections or users in the network, within the coverage area and utilizing the allocated bandwidth B;
B is the allocated bandwidth to the network in Hertz; and 

A is the area covered (in units of square meters) by the wireless system over which the bandwidth B is uniquely associated.

While this equation doesn’t consider the aspect of how much time the spectrum is being impacted, it could be modified to do so.  However, the difficulty in calculating some of these variables (for example, the capacity and number of users), and the assumptions behind these calculations, make measurements of spectrum efficiency highly unreliable. 

Spectrum efficiency can be measured using bits/second/Hertz/cell, bits/second/Hertz/km2, or subscribers/Hertz. All of the proposed equations involve the calculation of signal propagation that can vary by frequency, geographic area, and equipment. Different assumptions about acceptable interference and desired quality levels would produce different results in terms of how much bandwidth, space and time would be impacted. 

After considering all aspects of spectrum efficiency, the Working Group concluded that it is not possible, nor appropriate, to select a single, objective metric that could be used to compare efficiencies across different radio based services. Any metric would provide, inherent in its assumptions, advantages to certain services and technologies, and disadvantages to others. While not adopting a single metric, the Working Group has considered it prudent, to promote efficient use and access to spectrum.

ANNEX II:
COUNTRIES’ PROFILES

BANGLADESH

Basic Information of Bangladesh
	Population (Million)
	143.90

	Female (% of total population)
	48.50

	Population Density (per Sq.Km)
	953

	GDP (Current, US$ Billion)
	60.70

	GDP Growth (Annual %)
	6.6

	Agriculture (% of GDP)
	19.6

	Industry (% of GDP)
	27.9

	Services, etc. (% of GDP)
	52.5

	Exports (% of GDP)
	19.0

	Import of Goods (% of GDP)
	25.2

	Market Capitalization (% of GDP)
	5.8


	SUBSCRIBER & COVERAGE AREA

	Number of Mobile subscribers (Million)
	44.74

	Number of PSTN subscribers (Million)
	1.35

	Total number of subscribers (Million)
	44.98

	Coverage Area
	99%


Telecommunication Statistics in Bangladesh
	LICENSEES

	Mobile Operators 
	6

	Total PSTN Operators License
	13

	Internet Service Providers Licenses
	164

	V-SAT
	94

	International Gateways (IGW)
	4

	Interconnection Exchanges (ICX)
	3

	International Internet Gateways (IIG)
	2

	Call Center License
	325

	Nationwide Telecommunication Transmission Network (NTTN)
	1

	Broadband Wireless Access (BWA) Licenses (WiMAX)
	2

	Others ( * NOFTTN, RTRRTN&PSO & PPCSO)
	4


National Frequency Allocation Plan:


BTRC published National Frequency Allocation Plan (NFAP) in July 2005 under World Bank assisted project for the development of spectrum management activities in Bangladesh. Currently BTRC is conducting a consultancy service to update the NFAP which is expected to be completed by December 2009.

The following were the framework for preparation of National Frequency Allocations Plan:

· Telecommunication Act of the country.

· International radio regulations and regional frequency allocation table.

· National goals, long term and short term policies of telecommunication sector.

· Existing applications introduced for the radio frequency spectrum.

· Future demands of different category of users.

· Spectrum utilization reference of neighbour countries.

· Telecommunication technology growth and trends.

Earlier License and Spectrum Allocation Procedures

· In the year 1989, a cellular mobile license was awarded where no specific technology was mentioned. They started their operation in 1993 with AMPS and then in 1997 they upgraded their technology to CDMA. 

· In 1996, three cellular mobile licenses with spectrum were awarded for GSM service.

· All these licenses were awarded without any license fee with intention to introduce private/international investment in the telecommunication sector.

· There was no specific guideline like subscriber base or any other formulation for the assignment from GSM 900 and GSM 1800 MHz band. There were two more assignments in 2002 and 2005. All these assignments were made without any acquisition fee.

· BTRC awarded 4th Govt. owned cellular mobile license for GSM operation. This license was also awarded with no license fee. 

· In 2005 BTRC awarded 6th GSM cellular mobile operator license with USD 50 million as the license acquisition fee. 

· In 2004 BTRC also awarded 39 zonal licenses to 15 PSTN operators to provide WLL service. It was open for all. So, whoever applied had got the license. 

· Spectrum from CDMA 800 and CDMA 1800 MHz band has been assigned to these PSTN operators to provide CDMA WLL service. All these assignments have been made like the GSM spectrum allocation.

Prevailing Methodology and Assignment of Spectrum 

· Methodology for allocating the spectrum is different for different license or technology. For the purpose of the management of radio frequency, there is a Spectrum Management Committee (SMC) whose main function is to make recommendation to the Commission on spectrum allocation and pricing related issues.

· This committee consists of 11 members from BTRC and from security agencies and the meeting is held almost once in a month. The recommendation of the committee is then approved by the commission.

General Procedure for Spectrum Assignment 

· The applicant is required 

· to send an official request to describe applicant and its actual need.

· to fill up all the information of the application form. 

· to send detailed information of radio network.

· to send the brochure/ technical information of the radio equipment. 

· After evaluating all the documents and comparison with NFAP, frequency plans and other similar criteria, every application of frequency allocation is first placed in the SMC meeting. 

· The committee then decides the case received for allocation of frequencies and intimates the commission on the out comes. 

· It is then approved by the commission. 

Spectrum pricing rule in Bangladesh 

Application Fee
· Payable at the time of application for: 

· A new spectrum assignment.

· Additional spectrum assignment. 

· Reasons: 

· Process of applications is necessary. 

· Application shall be made based on a real need.

· 500/- taka is charged for Application Form fee and 5000/- taka needs to pay for processing fee. So total application fee is 5500/- Taka.

· Annual fee: 
· Currently there are now two ways of charging for annual spectrum fee.

· Using the rate list.

· Using the spectrum pricing formula.
Spectrum charging by rate list:
· Earlier Ministry Of Post and Telecom fixed the radio frequency and related other charges. After formulation of BTRC in 2002 that rate list was followed. 

· According to that rate list there are several criteria for charging for the spectrum and also for the radio equipments. 

· The main category was the frequency charge, radio equipment power output charge, station charge and radio equipment license fee.
Spectrum charging by spectrum pricing formula:
In NFAP there was a proposal of spectrum pricing formula. BTRC has already implemented that formula for the mobile operators, nationwide PSTN operators. The formula has been developed basing on the following factors-

· Occupied/utilized Bandwidth,

· Licensed/Actual Covered Area,

· Basic Spectrum Rate according to the band,

· Spectrum tariff,

· Use of assigned frequency and subscriber base,
Spectrum Pricing Formula
The spectrum charges is calculated using the following formula.

Spectrum Charges in Taka = STU x CF x BW x AF x BF  Where,
i) STU=Spectrum Tariff Unit=Tk. 60.00 per MHz per Sq.km

ii) CF=Contribution Factor for Access Frequency has been fixed considering Assignment of frequency, use of assigned frequency and subscriber base. This factor varies for different licenses (Mobile, PSTN, BWA).


iii) CF=Contribution Factor for microwave Frequency=1

iv) BW=Bandwidth Assigned for Access Frequency in MHz

v) BW=Bandwidth occupied for Microwave Frequency in MHz 

vi) AF=Area Factor for Access Frequency=134,275 Sqkm

vii) AF=Area Factor for Microwave Frequency Point to Point link=Link Length²x0.273 (Minimum distance for Link Length shall be considered from 10km) 

vii) BF=Band Factor:
	Sl. #
	Band
	BF

	1.
	VLF/LF/MF (3-3000 kHz) 
	1.00

	2.
	HF (3-30 MHz) 
	1.50

	3.
	VHF (30-300 MHz) 
	1.00

	4.
	UHF1 (300-746 MHz)
	0.75

	5.
	UHF2 (746-2690 MHz)
	0.50

	6.
	SHF1 (2.69-16 GHz)
	0.25

	7.
	SHF2 (16-31 GHz) 
	0.15

	8.
	EHF1 (31-65 GHz) 
	0.10

	9.
	EHF2 (65-275 GHz)
	0.05


Spectrum Pricing Formula

· In the above formula it may be observed that all the Licensees within the frequency range 746-2690 MHz have the same Band Factor (BF) of 0.5 which indicates the same value of the spectrum within this range. 

· Another important factor of this formula is the Contribution Factor (CF) which is variable according to the services.

International and Trans-border coordination of Radio Frequency

· Earlier Bangladesh received some objection from India regarding the signal of Bangladeshi mobile operators crossing the border. BTRC accordingly instructed the mobile operators to control their signal so that it doesn’t cross the border. Beside this there is a rule of taking permission from BTRC before installing BTS within 8 km from border. We are also receiving complains from the general people who are deprived from this service due to this restriction on installing BTS. 

· Beside this the mobile operators are also facing interference in the border area from the mobile operators of India which is yet to be resolved. 

· We feel that a strong coordination is required between the countries. 

INDIA

India is having a total no of 326 M telephone subscribers with a tele-density of about 28.3% as on June 2008.  Out of this 326 M , India has about 287 M  wireless subscribers. The various mobile technologies operating in India are CDMA and GSM. The whole country is divided into 22 license areas. These areas are divided into four categories which are Metro, A circles, B circles and C circles.  Out of 22 licensed areas, Metro are 4, A circles are 8, B circles are 6 and C circles are 4. The types of licenses are:

· Unified Access Services License ( UASL)

· Internet Service Provider ( ISP)

· National Long Distance ( NLD)

· International Long Distance (ILD)

Voice in Access services can be provided by only UASL. UASL operators can use either CDMA or/and GSM technologies. A few operators are using only GSM whereas few are using CDMA and GSM both. 

At present, initially some spectrum is allotted but the additional spectrum is allocated on the basis of number of subscribers. Govt. has implemented subscriber based criterion for allocation of spectrum for 2G services in the country. However, it is allocated in terms of 1MHz steps from 6.2 MHz  to 15.2 MHz i.e. spectrum shall be allocated as  6.2 MHz, 7.2MHz, 8.2MHz, 9.2MHz etc. up to 15.2MHz. The operators have to pay one time entry fee. Additionally, they pay a fixed percentage of AGR as annual spectrum fee. The spectrum is allotted as and when it is available. 

In 2G, the various bands which are in use are:

· 800 MHz (824 – 844 paired with 869 – 889 MHz)

· 900 MHz (890 – 915 paired with 935 – 960 MHz)

· 1800 MHz (1710 – 1785 paired with 1805 – 1880 MHz)

· 3G & Broadband Wireless Access ( BWA)  status

The bands identified for 3G Services are:

· 2.1GHz band for WCDMA

· 800 MHz for EVDO / CDMA 

· 450 MHZ for CDMA
Major Points of 3G Guidelines are:
· 2.1 GHz (1920-1980 and 2110-2170) shall be used
· New entrants are also allowed

· New entrant will be allotted Access License after it wins 3G spectrum

· Spectrum in 2 X 5 MHz blocks will be auctioned in a service area

· Total number of blocks will be 5 to 10

· One operator will be allocated one block

· Reserve price for 2 X 5 MHz will be 1600 / 800 / 300 million rupees
· Stringent roll out obligations have been specified 

· No annual spectrum charge for first year. It will be 1 % of total AGR after one year

The bands identified for Broadband Wireless Access (BWA) Services are: 

2.3 - 2.4 GHz

2.5 - 2.69GHz

3.3 - 3.4 GHz

3.4 - 3.6 GHz

Major Points of BWA Guidelines are:
· 2.5 GHz and 2.3 GHz shall be used initially for the auction
· 3.6 GHz will be allotted as and when available
· Access Providers, ISP & new are allowed

· New entrants will be allotted Access License or ISP after they are successful in bidding of  BWA spectrum in auction

· Each operator can get 20 MHz in a service area

· Number of Blocks will be two in 2.3 GHz and 2.5 GHz each

· One block of 20 MHz will be allotted to incumbent

· Stringent roll out obligations including rural rollout have been specified 

· No annual spectrum charge for first year. It will be 1 % of total AGR after one year

IRAN
Spectrum is a scarce resource, a precious national asset which needs to be carefully managed. Spectrum Allocation and Pricing are basic elements 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.

In this study, following the report from the chairman of this group in SATRC, we present a statistical report of the ICT in I.R. of IRAN and the General information of the country. Then also an allocation table (table1) has been completed from the frequencies of 450 MHz to 3.6 GHz which are the bands of interest in 3G, 2G for mobile services and BWA.

Our Governmental Policy on Spectrum Management is:

·   Using spectrum as efficient as possible;

·   To be independent and responsible;
·   Dynamic spectrum management consistent with market demand;
·   Rule-based and transparent spectrum management;
·   Encouraging to use spectrum as final solution for communications;
·   Tracking international trends and to be update;
·   To transfer frequency assignment rights to major spectrum users;
·   To empower spectrum related consultancy;
·   To enact with other similar international organizations;
Spectrum Allocation

I.R. of Iran uses its National Frequency Allocation Table (NFAT) as a basic plan for spectrum allocation and assignment. As the country has been located in Region 3, NFAT is compatible with regulatory rules of the countries in this Region.

For allocating the frequencies to different services and applications (defined by ITU) we consider several factors such as: Spectrum efficiency, Impact of convergence for new technologies, International Regulation and Rules, Sharing concepts, Radiocommunication Operational Mode (Simplex, Duplex and Semi Duplex).

Spectrum Pricing

Use of frequency bands is Non-uniform as well as the income of using them. There are various groups and businesses using spectrum. These reasons make us be concerned about the Spectrum Pricing as a national serious issue.

Spectrum management has its own costs.

As a regulator we should also support some other administrative costs like: National coordination, International coordination, Legal protection of assignment, Physical protection of assignment and monitoring and conducting various type of relevant studies.
So spectrum should be a good source of income to cover these kinds of costs. Even a spectrum management Authority can earn much more money than its need if a suitable spectrum pricing regulation develops.

Spectrum pricing calculations in I.R. of Iran is done through a Pricing formula mentioned in Islamic Republic of Iran Spectrum Pricing Rule.

The payments for spectrum can be divided in 3 groups: Irregular payments (auction, beauty contest), Regular payments (can be monthly or seasonal or annual), Occasional payments (for cancellation, transferring, renewal...).

In the following sections, a brief report has been presented by I.R. of Iran as basic information of the country.
General information of Islamic Republic of I.R. of Iran

	Population (Million)
	70.8

	Urban population
	68.4%

	Economical information
	

	GDP (Current, US$ Billion)
	336.812

	GDP Growth (Annual %)
	2.5

	Agriculture (% of GDP)
	10.2

	Industry (% of GDP)
	44.5

	Services, etc. (% of GDP)
	45.3

	Exports (% of GDP)
	28.3

	Import of Goods (% of GDP)
	22.3

	Stock Market Capitalization (% of GDP)
	15.9

	ICT information

No. of Mobile Operators
	2 +1 (Bid)

	System used
	GSM

	Mobile subscribers(Jan.2007)
	29,659,123 

	Mobile Subscribers(up to the end of 2009):

· First Operator          : 32 Million

· Second Operator     : 14 Million

Number of Nationwide PSTN Operators:                                          6
	

	Number of Internet Service Providers Licenses
	1176

	No. of telephone line(Jan.2007)
	23,980,918 

	Telephone density(Jan.2007)
	33.74 

	Internet users(Jan.2007)
	20 million 

	Network digitization

International outgoing traffic(Jan.2008)
	90%

36 STM1 


NEPAL

Telecom Service Penetration of Nepal

· Fixed + Mobile:
22.94%

· Fixed Telephone:
2.99%

· Mobile Service:
19.73 %

· Internet:

1.87%

Note: Population is considered as 2,75,04,280 
Telecom Subscribers Scenario:
Fixed line Telephone (PSTN + WLL)                  


= 8,06,480
Mobile Telephone (NDCL+SNPL) =  30,09,278 +18,74,797         =    48,84,075 
Wireless in Local Loop (NDCL+UTL) = 1,58,852 +1,05,694 = 2,64,546  

Internet (with email)




            =    5,15,592
GMPCS (constellation +AVCO + I4 Tech.)


=     1517
VSAT User:



                                     =    105  

Legal Provisions on Determination of Radio Frequency Policy:

(1)
There shall be a Radio Frequency Policy Determination Committee for the purpose of determining the policy relating to the radio frequencies and allocation comprising the chairman and the member as follows: -

(a)
Minister or Minister of State,


Information and Communications 

- Chairman

(b)
Secretary, Ministry of Home

 - Member

(c)
Secretary, Ministry of Defence 

- Member

(d)
Secretary, Ministry of Tourism

      and Civil Aviation 

- Member

(e)
Secretary, Ministry of Information 

      and Communications 

- Member

(f)
Chairman, Nepal 

      Telecommunications Authority

 - Member

(g)
At least Gazetted first class or expert 

     Officer equivalent there to 

      designated by His Majesty's

      Government                                                     - Member – Secretary


The functions, duties and powers of the committee constituted pursuant to sub-section (1) shall be as follows: -

(a)
To determine the policy relating to radio frequency.

(b)
To fix and allocate the radio frequency for different services.

(c)
To determine the pricing policy of radio frequency.

(d)
To determine the policy for international and multi purpose coordination of radio frequency.

 Role of NTA:

Role of NTA for Spectrum Management as per the existing Legislation
· Spectrum Assignment for different Telecommunication Services for different technologies

· Prescribing the terms and conditions for the use of radio frequency for the telecom services

· Monitoring and Enforcement

· Collection of Spectrum fee from Telecom service operator and make deposit the same to the Government of Nepal

1.1.1 Spectrum Band & Operators in the Respective Band
CDMA 800 (824 - 840/ 869 - 885 ) 

· NDCL -  2 x 8 MHZ BW

· NSTPL- 2x5 MHZ BW

· UTL-    2x3 MHz BW

MF-TDMA (EGSM band)

STM- 887.6-890/933.6-935 MHz i.e 2x 2.4     
     MHz BW (for Rural Telecom Services)
GSM 900/1800
GSM 900(890-915/ 935-960 MHz)

· NDCL: 2 x 7.2 MHz + 2 x 2.4 (Temp. assign)

· SNPL:  2 x 6 MHz  + 2 x 2(Temp. assign)

· NSTPL: 2 x 4.4 MHz

Space for one additional operator subject to revoke of temporarily assigned spectrum from the respective operator
GSM 1800(1710-1755/1805-1850 MHz)
· NDCL: 2x9 MHz + 2x 6 MHz(Temp)

· SNPL: 2x9 MHz  + 2x2 MHz (Temp.)

· NSTPL: 2x 9 MHz
1900 MHz CDMA, WLL DECT/corDECT
CDMA 1900:1850-1880/1930-1960 MHz


UTL:-2x10 MHz BW

Spectrum Assignment Criteria for GSM, CDMA & 3G 
	1.1.1.1.1 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

WLL DECT, CorDECT: 1880-1930 TDD
NDCL in Western Region but now to phase out.  

IMT 2000-3G
1960-1980 MHz paired with  2150-2170 MHz

Spectrum is assigned to the existing two Mobile Operators. The spectrum of 2x10 MHz has been assigned to the individual operators for the operation of 3G services.

·  NDCL-2x10 MHz BW

    - Already launched Services in Limited  areas of  Kathmandu valley

   - Planning to expand to the rest of major cities soon

·  SNPL:2 x 10 MHz BW

 -  services not started yet but planning to deploy  soon
BWA(e.g WiMax)
Spectrum Band is allocated  by RFPDC in reference to NTA’s recommendation.

· 2.3 GHz:-2300-2400 MHz

· 3.3 GHz:-3300-3400

· 2.5 GHz in future after vacating from the existing users (NDCL Microwave Links)

Although the maximum spectrum bandwidth is not decided, it is expected that the max. of 30 MHz TDD per operator would be assigned with the slot of 5 MHz

Channel arrangement plan, amount of BW per individual operator Spectrum Assignment Method (e.g beauty contest, Auction with reserve price;) along with the pricing principle  is still not decided by the RFPDC. 

Allocation of Additional Spectrum
Band Identified by WRC -07

· 450 MHz


· 700 MHz

· 3.3-3.8 GHz
VSAT:

C Band: 

Uplink: 6GHz

Downlink: 4 GHz

KU Band: 

Uplink: 14GHz

Downlink: 12 GHz

ISM Band :

2.4 GHz band:  2.4GHz to 2.4835 GHz

5.1 GHz band:  5.15-5.35 GHz

5.8 GHz band: 5.725-5.825 GHz

The equipment shall be used in shared & interference non-protection, non-exclusive basis

In 2.4 & 5.8 GHz band (unlicensed band), the max transmitter power and maximum EIRP shall be within the limits specified below:

	Maximum Out power of Transmitter
	1 W (30 dBm)

	Maximum Effective Isotropic Radiated Power
	4 W (36 dBm)


5.1 GHz band may be used for Wireless Access System (WAS)/Radio Local Area Network (RLAN) with the limits of maximum transmitter power and maximum EIRP limits specified below:

	Frequency Band
	Power Limits
	Operational Restrictions

	5.15-5.25 GHz
	Maximum mean eirp = 200 mW

Maximum mean effective radiated Power density of 10 mW/MHz in any 1 MHz Bandwidth
	Devices shall be restricted to indoor operations in order to reduce any potential for harmful interference to other operations in this band

	5.25-5.35 GHz
	Maximum mean eirp = 200 mW

Maximum mean effective radiated Power density of 10 mW/MHz in any 1 MHz Bandwidth 

Maximum mean eirp = 1 W *

Maximum mean effective radiated power density of 50 mW/MHz Bandwidth
	 Operated predominantly indoors

*Operated to be used either indoors or outdoors

*Shall comply to employ antenna elevation mask for eirp levels higher than 200 mW but not exceeding 1 W


Type Approval

Type Approval of the Custer terminal equipment (Radio Equipment) is carried out under the specified procedure. The details of the Type approval procedure are available in NTA website: www.nta.gov.np 

Spectrum Pricing

Annual Spectrum Fee for GSM and CDMA Spectrum:
Radio Frequency Fee =  C Σ No. of pair of spot frequency for station n




      n=1,2,3...

Where n is any integer subjected to no. of fixed station. C is a fixed number in accordance with appendix 7,6 (kha) 4 of Radio Communications (License) Regulation, 2049. The value of C is currently fixed at Rs. 6000.00(Six thousand rupees)

Annual Spectrum fee for VSAT

For the use of VSAT or earth station frequency the annual frequency fee of of NRS 15000 for first 64  kbps and additional 1000 NRS for each additional 64kbps for the radio frequency

Microwave Link Frequency Fee:

 Fixed amount of fee for each microwave link in specified location as per the Bandwidth and location of the spectrum. The details can be obtained from the Radio Communication (license) Regulation, 2049.

Key Issues for Spectrum Management
1. Orderly method for

· Allocating frequency bands

· Authorizing and recording frequency use

· Establishing regulations and standards to govern spectrum use resolving spectrum conflicts

· Presentation of national interest in international fora

· Unlicensed Band For ICT Development

2. Internet and telecommunication services play a critical role in the social and economic development of people and nations in today’s networked and information driven society. 
3. A natural conclusion is that unlicensed spectrum and the low cost wireless technologies that operate on these bands could be of particular value to low-income countries like Nepal with poor telecommunications and Internet infrastructures. Moreover, license-exempt regulations should provide a friendly environment for entrepreneurship, reducing barriers to entry and the risk of regulatory capture.

4. Guidelines for sharing of spectrum by different applications to mitigate harmful interfernce e.g VSAT and terrestrial applications e.g in 3.5 GHz band in different technical aspects such as power limitation, antenna structure etc 
5. Develop Bilateral and Multilateral  Coordination Mechanism in order to mitigate harmful interference in the border areas

6. Harmonize the Spectrum allocation to facilitate roaming and economy of scale at least in SATRC region to the maximum extent possible.
7. Some immediate issues to be considered Spectrum Management 

· Frequency Arrangement Plan e.g Guard band Considerations, Duplexing Scheme 

· Maximum BW requirement per operator, Factors to be be considered 

· Specific Quantification for the effective and efficient utilization of spectrum e.g. Er/MHz/Sq. Km, No. of BTSs/Sq. Km, Hierarchial structure

· Scientific and Rational  pricing strategy 

· Issues to be Considered
· Balance of Command and control model, exclusive use model, spectrum commons models or hybrid approach depending upon the case keeping in mind that one size does not fit all

· Promotion of innovative technology e.g Cognitive radios, smart radios in secondary basis if the spectrum is already occupied and congested

Formation of   Forum in Regional basis including the different policy makers, regulators, vendors, technology developers  for Exchange of Knowledge and experience in regular basis in order to ensure and build up confidence in spectrum management  
Best Practice Guidelines for Spectrum Management to Promote ICT that may, among others, 
· Facilitate deployment of innovative technologies

· Promote transparency

· Embrace technology neutrality

· Adopt flexible use of measures

· Ensure affordability

· Optimize spectrum availability on a timely basis

· Manage spectrum efficiently

· Ensure a level playing field

· Harmonize international and regional practices and standards
Conclusion

· Being a limited resource frequency needs to be managed effectively and efficiently in order to derive maximum economic and social benefit, including encouraging ICT growth and rapid deployment of infrastructure and services for consumers. 

· To meet the changing and conflicting requirements of a nation’s users, the radio frequency should be managed in the public interest in accordance with principle of legality, with observance of national laws as well as relevant international agreements. 

PAKISTAN

Spectrum Allocation and Pricing

This report on Spectrum Allocation and Pricing aspects covers issues concerning the most important/highly precious bands, leaving out commercially less important bands.

In year 1990, the government of Pakistan awarded two mobile license for AMPS operation. These licenses were awarded without any license fee with intention to introduce private/international investment in the telecommunication sector. Similarly, the government awarded a third mobile license for GSM operation. This license was also awarded with no license fee. The mobile technology was very expensive and the service was limited to rich people only. The tariff was very high and users have also to pay for the incoming calls. During the period, licensees have to pay Pak Rs. 120, 000. per MHz per year.

In Pakistan, the process of telecom de-regulation & liberalization started in 1996 by promulgation of the Telecommunication (Re-Organization) Act, 1996 by the Parliament.  The Pakistan Telecommunication Authority and Frequency Allocation Board were established for regulating and managing the licenses and spectrum respectively. Similarly, Government owned incumbent operator PTC was divided into two companies’ i.e.  National Telecommunication Company and Pakistan Telecommunication Company Limited (PTCL). 
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 The PTA started with grant of license to PTCL, NTC and value added services licenses for Data Network, ISPs, Card Payphones etc and revalidated licenses of mobile operators. Frequency spectrum for commercial operation was managed by FAB as per recommendation of PTA. Under the Act, every application for frequency allocation in the first place is submitted to PTA which after evaluating the same forward it to FAB for consideration. FAB in its Board meeting decides cases received for allocation of frequencies through PTA and intimate the Authority on the out come. Frequencies in various band were allocated without auction on first come first served bases without upfront fee. The licensees were paying annual spectrum administrative fee only. This process of frequency allocation on first come first served basis was continued till 2003 when the government of Pakistan announced De-Regulation Policy for Telecommunication and ended monopoly of PTCL over the basic telecom services.
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The above two graphs shows the Fixed line and Mobile telecommunication sectors position before arrivals of the government policies i.e. De-Regulation Policy-2003 and Mobile Cellular Policy-2004. 

The policies are very clear and provided guidelines for allocation of spectrum. Under the policies, spectrums have been auctioned amongst interested parties and allocated to winner of the auctions. 

In the case of fixed line licenses i.e. WLL, spectrum was made available in the 450 MHz, 479 MHz, 1900 MHz and 3.5 GHz band for auction. The PTA prepared a comprehensive Information Memorandum (IM) document for licensing and auction in which the available lots of spectrum its base price and auction procedure was given. The IM also provided information on the annual spectrum administrative fee and other fee relating to the sector/license.  In year 2004, all the available spectrum was auctioned and licenses were awarded to spectrum winner after payment of auction winning price. The licenses for WLL/and spectrum was awarded on telecom region basis for which the country was divided into 14 regions. Further, the WLL licenses are technology neutral however, are required to restrict mobility in the technology to meet license obligation on the limited mobility.

In the case of mobile sector, spectrum in the 900 MHz, 1800 MHz and 1900 MHz were arranged and provided in the IM for mobile licensing. For the mobile licenses, auction was held in two stages and no base price for spectrum was set by the Authority. The first stage was close bid from which base prices was derived and applicants were short listed based on a given criteria. The second stage was open outcry and licenses were awarded to winner and first runner up on matching the winning price of the winner.  The winners were offered to select a lot of his own choice. Thus two new technology neutral licenses were awarded to auction winners at a price of US&291 Million each. The licenses were asked to pay 50% as upfront fee and remaining 50% in 10 equal annual installments. Similarly. on expiry of licenses of the existing operators, the same were renewed on the auction winning price of 2004 auction.  The terms and condition of all operators are the same.

PTA is also working in coordination with FAB on the 3G spectrum auction. Spectrum in the 2100 MHz band has been arranged in lots of 10 +10 MHz and would be auctioned. Base price for the spectrum has been derived from the 2004 auction winning price. 
PTA and Pakistan Electronic Media Regulatory Authority (PEMRA) have also decided over the 2.5 GHz band. The band has been arranged on telecom region basis and will be auctioned for triple play service. The auction would be conducted by both PTA/FAB and PEMRA and licenses would be issued by both PTA and PEMRA for telecom and broadcasting services respectively. 

Spectrum availability is a difficult issue. FAB is responsible for the same. Various techniques such as compensation, relocation etc are used for release of commercial spectrums from incumbent users. 

After the arrival of the policies, all commercial bands are allocated/assigned through auction. PTA does not receive application for assignment of commercial band, instead spectrum is made available in the  IM  and is published and applications are invited from all. As far as Microwave bands are concerned, FAB assigns spots/carriers on link by link basis.  

For the growth of Data services, ISM bands i.e. 2.4 GHz and 5.7 GHz have been deregulated. The operators can use them for point to point and multipoint links after site clearance of the site. These can also be used for WiFi hotspots. There is no fee applicable on theses bands. For its indoor applications, the users do not even need to get site clearance and the bands can be used by any organization. 

In Pakistan, spectrum trading is not allowed; however, spectrum ownership can be changed with change in management of a licensed company after approval of the Authority. 
Growth of the telecom sector of Pakistan in the post deregulation scenario can be seen in the following graphs:
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� For the purpose of collecting the required information, the WG could prepare and circulate a Questionnaire to the Telecom Regulators and Spectrum Regulators.


� PTA adopted market oriented mechanism in 2004 and has been allocating since blocks of Spectrum by auction. India has announced its policy to auction spectrum.


� Differential method: In certain applications such as point to point links economic value of spectrum can be measured by the cost savings made by using the radio medium compared to a viable alternative like OFC.


� V. Nozdrin, Spectrum Pricing, ITU Radio Communications Seminar, 29 Sept. to 3 Oct. 2003, Lusaka, Zambia


� RELATIVE ECONOMIC VALUE OF SPECTRUM: APT REPORT OF THE STUDY QUESTION 1.1 


An actual estimation was performed by Korea on 800MHz and 1900MHz bands (CDMA) to find the economic value of these two bands and the report was published in 28th APT study group meeting.


In that study, the value of spectrum bands is estimated through analysis of network cost structures, and the process is mathematically presented.


The 800MHz and 900MHz bands have an added advantage of


Superior property of diffraction.


Lower building penetration loss.


Lower path loss. 


Furthermore, reduces the cost of network infrastructure.


Economies of scale on equipment manufacturers’ end.


Another important advantage concerns international harmonization to offer roaming services mobile handsets for these bands are significantly cheaper.


The operator of 800MHz band makes an extra profit of  2X(Fb-Fa) than the operator of 1900MHz band. So the difference in the economic value of spectrum band is


	Vspectrum value difference =2X(Fb-Fa)


where  Fb = Network investment cost in 1900 MHz band


	    Fa= Network investment cost in 800 MHz band


That report presents the difference in economic value between the two bands is 3.6 billion USD. 





� Please refer to the paper in Annex I relating to Spectrum Efficiency


� Nepal is the case in point.


� Noise Temperature – IEEE definition


� ITU – New Initiatives Workshop on the Regulatory Environment for Future Mobile Multimedia Services, Mainz, 21-23 June 2006


� Council Directive on the Frequency bands to be reserved for the coordinated introduction of public pan-European cellular digital land based mobile communications in the Community (87/372/EEC).


� Analysys (2004): Summary of report no. 78


� The Random House College Dictionary, copyright 1973, by Random House, Inc.


� Broadcast television can transmit information to large numbers of people using a single transmitter, while mobile telephony requires lots of transmitters to reach the same number of people.  Public safety provides information only to a limited number of public safety officials.


� This is similar to the definition in the International Telecommunication Union (ITU) Radiocommunication Recommendation on  Definition of Spectrum Use and Efficiency of a Radio System, ITU-R SM.1046-1, available from the ITU at � HYPERLINK "http://www.itu.org" ��www.itu.org�.


� For example, a transmission consisting of very high speed coding of a voice signal might result in more information (i.e., bits) transmitted than a normal voice signal, but is the higher coding really better if a lower speed coding still provides a clearly usable transmission?


� See IEEE 802 Comments at 20.
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