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Executive Summary

As the final Report on WTDC Resolution 9 (Participation of countries, particularly developing countries, in spectrum management) (Rev. Dubai 2014), this report details several evolving trends in spectrum management and reviews them in light of ongoing development challenges. This report has been developed through close collaboration between the ITU Radiocommunication Sector (ITU-R) and the ITU Development Sector (ITU-D). Such joint intersectorial collaboration has fulfilled the target of raising awareness of and matching the ongoing radiocommunication activities and technical studies with the special and growing needs of the developing countries. Contributions made to this report encompass case studies and system level descriptions submitted by Member States and private sector members, as well as BR and BDT activities and publications.

Chapter 1 addresses emerging spectrum management approaches. Due to imbalance between increased demand for different services and the supply of spectrum resource, spectrum sharing is an effective way in improving spectrum utilization and accommodating increased demand given available spectrum. Chapter 1 provides background on spectrum sharing schemes, in particular on Dynamic Spectrum Access (DSA) and some of the important technical, regulatory, and economic factors spectrum managers in developing countries may want to consider.

One implementation of DSA is the TV white spaces (TVWS)[footnoteRef:1], which shall be done in accordance with the ITU Radio Regulations (RR). Chapter 1 illustrates a set of case studies of DSA implementations in different countries. Such case studies reflect both socio-economic benefits and technical operational characteristics. [1:  See section 1.2.1 for definition of TV White Spaces, and section 1.4 for list of case studies.] 


The report then in Chapter 2 examines various economic aspects of spectrum management, with examples from several administrations with respect to spectrum pricing, licensing fees, and auctions. This chapter also considers some of the economics associated with license-exempt use of the TVWS including associated regulatory costs under different models.

Chapter 3 addresses spectrum management activities. It considers assessment tools and guidelines to help developing countries prepare/update their National Table of Frequency Allocations (NTFA). It also considers results and preparation of world radiocommunication conferences.

Spectrum monitoring is essential in order to close the spectrum management loop. Chapter 4 describes various aspects of spectrum monitoring that may be useful for developing countries, including methodologies of setting up a monitoring system.

[bookmark: _Toc474920749][bookmark: _Toc474934626][bookmark: _Toc474920750][bookmark: _Toc474934627][bookmark: _Toc474920751][bookmark: _Toc474934628][bookmark: _Toc458779231][bookmark: _Toc467836382][bookmark: _Toc474934629]CHAPTER 1 – Emerging spectrum management approaches

1.1 [bookmark: _Toc458779232][bookmark: _Toc467836383][bookmark: _Toc474934630]Introduction

Access to broadband drives economic growth, creates opportunities, and improves the quality of life of people everywhere[footnoteRef:2]. However, these benefits have yet to reach many communities that are unserved by Internet access or are severely underserved due to the limitations of the available Internet access. It is estimated that the Internet is currently accessible to only 35 per cent of people in developing countries[footnoteRef:3]. The situation in the 48 UN-designated Least Developed Countries (LDCs) is particularly critical, where less than 10 per cent of the population have any kind of Internet connectivity[footnoteRef:4]. The availability of ubiquitous, affordable, reliable, and robust broadband connectivity in communities across LDCs, in developing and emerging economies, and in less developed regions of developed economies would support a number of the sustainable development goals and targets in the United Nations’ 2030 Agenda for Sustainable Development[footnoteRef:5]. [2:  See generally “Internet Matters: The Net’s Sweeping Impact on Growth, Jobs and Prosperity,” McKinsey, 2011,  http://www.mckinsey.com/insights/high_tech_telecoms_internet/internet_matters; “Online and Upcoming: The Internet’s Impact on Aspiring Countries,” McKinsey, 2012, http://www.mckinsey.com/client_service/high_tech/latest_thinking/impact_of_the_internet_on_aspiring_countries. ]  [3:  “The State of Broadband 2015, “The Broadband Commission for Digital Development, 2015, pp. 41-42, http://www.broadbandcommission.org/Documents/reports/bb-annualreport2015.pdf.]  [4:  “The State of Broadband 2015,” The Broadband Commission for Digital Development, 2015, pp. 41-42, http://www.broadbandcommission.org/Documents/reports/bb-annualreport2015.pdf. ]  [5:  “Transforming our World: The 2030 Agenda for Sustainable Development”, Resolution adopted by the United Nations General Assembly on 25 September 2015. http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E  ] 


Often these communities must overcome varying geographical challenges, the lack of adequate infrastructure, and seemingly unfavourable economics to gain access to broadband Internet service. Extending fixed-line fiber connections to unconnected populations is a formidable task, both because of the difficulty of undertaking and financing such projects as well as the challenge of rendering the resultant service economical for the target population. Fixed, mobile, and satellite wireless networks are all intended to provide broadband coverage across a defined geographic area. Due to the relatively less demanding infrastructure requirements, these wireless technologies, where available, can generally provide last mile Internet access in less densely populated areas at lower cost than fixed wireline networks. Nevertheless, it is important to note that regardless of the radio service used to provide the last mile connectivity, the local endpoint must be able to interconnect seamlessly back to the Internet backbone for there to be broadband coverage.

Where wireless networks exist in developing countries, they may suffer from both gaps in coverage and congested nodes that drive up costs and reduce service quality. And even in the most developed economies there are gaps in wireless coverage, access points and base stations become overloaded in busy areas, and pricing presents an affordability barrier for many. License-exempt spectrum is now being used to increase the capacity of wireless networks using licensed spectrum.  At present, in several Administrations, mobile network operators utilize Wi-Fi offload of the downlink data over license-exempt spectrum in the 2.4 GHz ISM band to improve network operations and the user experience, and are laying the groundwork for supplemental downlink in segments of the 5 GHz band[footnoteRef:6]. Even so, continuing growth in demand for spectrum, from both existing and new radiocommunication applications, places ever greater requirements on a limited resource. [6:  3GPP Release 13] 


As a result, spectrum managers in developing countries face the dual challenges of making available spectrum in, typically, lower frequency bands to provide wide-area broadband coverage in unserved and underserved areas, as well as making available additional spectrum in mid- and high frequency bands to add broadband capacity where there is already wireless broadband access.

One approach many Administrations are taking to address these dual challenges is to re-allocate (re-farm) spectrum for (licensed) mobile services that can be used for broadband[footnoteRef:7]. Some administrations are also pursuing a complementary strategy to make more efficient use of existing spectrum resources through application of static and dynamic techniques for inter-service sharing of spectrum, as well as sharing of spectrum by primary and secondary users, where feasible. According to the ITU-R Spectrum Management Handbook, “Frequency sharing is an effective way in improving the utilization of the spectrum. The possibility of sharing existing frequencies should be considered before a new frequency is assigned[footnoteRef:8].” Spectrum managers can consider spectrum sharing as complementary to spectrum re-farming. [7:  The majority of the spectrum in use today, both in developed and developing countries, has been allocated on a dedicated basis. This includes spectrum identified for IMT-2000 and IMT-Advanced mobile services in the UHF band.]  [8:  Handbook of Spectrum Management, p 139.] 


Spectrum sharing among different services is not new and can refer both to various regulatory approaches in spectrum management implemented by administrations and to technology solutions developed by industry. It can indeed take place at different levels:

· Between different radio communication services or applications, whether at international level for services with a global footprint (satellite, aeronautical, maritime), based on provisions in the Radio Regulations and coordination of frequency assignments, or at national level;

· Between different entities or type of users (e.g. governmental vs commercial use);

· Between different licensed users of the same application (e.g. PMR services, Point to point links);

· Between protected primary users and licencse-exempt users (e.g. radars and EESS vs 5 GHz RLANs);

· Between different licencse-exempt users.

Qualifying properly “spectrum sharing” from a regulatory perspective requires distinguishing the two key steps in a national regulatory process to enable access to spectrum at national level: 1) Frequency allocation, and 2) Frequency authorization.

“Frequency allocation” refers here in a broad sense to defining at national level the services and/or applications that have access to a frequency band while “frequency authorization” refers to procedures for assigning spectrum to users and market regulation.

In the late 1990s, concurrent with the discussion and development of the first Wireless Local Area Networks (WLAN) standard, the ITU began its study of potential spectrum sharing technologies and techniques to enable license-exempt users to share specific bands with licensed users. The World Radiocommunication Conference in 2012 (WRC-12) confirmed that sharing approaches based on software defined radio and cognitive radio techniques can be implemented by Administrations without any change required to the existing international regulatory framework (see Section 1.2.1). Spectrum managers in National Regulatory Agencies (NRAs) can implement a range of spectrum sharing schemes incorporating various mitigation techniques that enable opportunistic access to shared spectrum as long as any National rule conforms to the Radio Regulations. Spectrum sharing can be applied through license-exempt, ‘lightly-licensed’, tiered-access, or licensed regulatory frameworks (for definitions of these terms, see Glossary on page 59).

To be clear, not all spectrum bands are equally suited for spectrum sharing due to the nature of the services already occupying a given band and the technical feasibility of protecting these services from interference through the necessary technical rules. Spectrum managers need to evaluate the potential for spectrum sharing on a band-by-band basis.

Over time, the notion of spectrum management at NRAs in both developed and developing countries has broadened from exclusively preventing harmful interference to primary users to one that also includes maximizing a given band’s spectrum utilization efficiency and economic efficiency in order to increase connectivity -- subject to a given Administration’s public policy objectives[footnoteRef:9]. Maximizing the economic efficiency of a spectrum band ensures that spectrum is allocated and assigned to uses that derive the highest economic value. Maximizing the spectral utilization efficiency of a band enables the spectrum manager to achieve the most intensive use possible within the interference limits for the licensed services. And now, in some Administrations, a key public policy objective of spectrum managers is to make spectrum available when and where it is needed, in order to keep pace with and to foster wireless innovation. Administrations should keep these things in mind as they consider methods for determining national long-term strategies for spectrum utilization.  [9:  “Background Paper: Radio Spectrum Management for a Converging World”, International Telecommunication Union, Document: RSM/07, Presented at ‘Workshop on Radio Spectrum Management for a Converging World’, 16-18 February 2004.] 


1.2 [bookmark: _Toc474920754][bookmark: _Toc474934631][bookmark: _Toc467836384][bookmark: _Toc474934632]Dynamic Spectrum Access (DSA)

In the context of this Report, temporarily unused / unoccupied spectrum is a portion of spectrum in a band designated for use by one of several applications operating under the provisions of the Radio Regulations and that is not being used at a given time and within a given geographic area. Dynamic Spectrum Access (DSA) stands for the ability of a radio (possibly via implementing cognitive capabilities) to operate on temporarily unused / unoccupied spectrum and to adapt or cease the use of such spectrum in response to other users of the band. DSA allows for real-time adjustment of spectrum use in response to changing environment and circumstance and objectives.[footnoteRef:10] More concretely, DSA technologies and techniques allow a radio device to: [10:  IEEE 1900.1-2008, Definitions and Concepts for DSA: Terminology Relating to Emerging Wireless Networks, System Functionality, and Spectrum Management] 


· Evaluate its radio frequency environment;

· Determine which frequencies are available for use on a non-interference basis;

· Operate on those frequencies; and

· Vacate those frequencies when required.

When considering the potential for any spectrum sharing within a given band, spectrum managers should take into account whether users can be separated on dimensions of frequency, time, spatial location, and modulation/coding, and orthogonal signal separation[footnoteRef:11]. Some of these techniques for allowing shared access to spectrum are static, such as channelling plans and band segmentation (frequency separation), site separation and geographically shared allocation (spatial separation), and signal coding and processing (signal separation). Other techniques are dynamic -- that is they allow enabled devices sharing the same spectrum band to dynamically select a frequency and/or time slot to use to avoid causing interference to other nearby devices[footnoteRef:12]. There are several methods available to facilitate the dynamic sharing of spectrum, which allows for opportunistic access to a given range of frequencies on a secondary basis. These include shared access, spectrum database, spectrum access controller, geo-location database, beacon, sensing, and licensed shared access[footnoteRef:13].  [11:  Handbook of National Spectrum Management, Edition 2015, ITU]  [12:  Ofcom ‘The Future Role of Spectrum Sharing for Mobile and Wireless Data Services’]  [13:  Handbook on National Spectrum Management (Edition of 2015), ITU] 


A well-known example of dynamic sharing of broadband spectrum through time separation is Wi-Fi operations in the license-exempt 2.4 GHz ISM band, where multiple license-exempt devices operating in a Wireless Local Area Network (WLAN) combine a collision-based mechanism called listen-before-talk with exponential back-off to allow for sharing in time of the same spectrum within a localized area.

DSA represents a fundamental shift in the way spectrum can be managed. Radiocommunication systems relying on DSA need not be assigned a static set of frequencies for communications; instead, they can opportunistically use spectrum when and where it is available under the technical rules in bands for which such sharing is authorized by the NRA and under the condition that such sharing does not cause harmful interference to primary users.

There are many variants of the DSA techniques that can be implemented, with each having its own strengths and weaknesses for application in a given band based on the requirements of the services that need to be protected. Therefore, it is important for spectrum managers to consider the applicability of various DSA techniques on a band-by-band basis. The result is that DSA-based spectrum access schemes often combine multiple DSA techniques or combine DSA techniques with classic static spectrum management techniques to achieve the spectrum management objectives. Thus spectrum managers should be mindful not to associate DSA with any single technology, technique, or spectrum band. 

Annex 1 describes several schemes for shared use of spectrum that incorporate DSA, such as:

· Secondary trading whether performed on a real-time or non-real-time basis.

· Spectrum underlay wherein low-power secondary users can coexist with the primary ones, as exemplified by ultra-wide band.

· Spectrum overlay (opportunistic access) through the use of a geo-location database or sensing, as exemplified by the TVWS.

Application of DSA techniques is one solution among several other existing solutions, which can assist spectrum managers in developing countries make more efficient use of their spectrum resources. Each sharing solution has its own strengths and weaknesses in relation to the incumbent service(s) that need to be protected. Therefore, spectrum managers may want to take this into account when considering application of DSA techniques in a given spectrum band.

1.2.1 [bookmark: _Toc474920762][bookmark: _Toc474934639][bookmark: _Toc458779233][bookmark: _Toc467836385][bookmark: _Toc474934640]ITU regulatory framework for DSA

During the 1990s, the ITU began exploring the potential of spectrum sharing technologies and techniques as a management method for increasing spectrum utilization efficiency. In principle, these technologies enable opportunistic access to spectrum based on dimensions of time, frequency, spatial location, and/or signal separation. Over the following decade the relevant ITU Study Groups and Working Parties became more familiar with various technologies and their strengths and limitations as potential spectrum management tools in different spectrum bands.

At WRC-97, Resolution 729 (WRC-97) directed the ITU and its Working Parties to study frequency adaptive systems for MF (300 to 300 kHz) and HF (3 to 30 MHz) spectrum bands[footnoteRef:14]. [14:  Resolution 729 (WRC-97)] 


At WRC-03, Resolution 229 (WRC-03) allocated the spectrum between 5150 and 5350 MHz and between 5470 and 5725 MHz on a co-primary basis to “Wireless Access Systems including Radio Local Area Networks (RLAN)s” under the condition that RLANs could not cause interference to other primary users of these frequencies -- radar systems deployed on satellite, terrestrial, and maritime platforms. An RLAN seeking to access these frequencies was required to implement a mechanism called Dynamic Frequency Selection (DFS) to detect and avoid causing co-channel interference with these radars. DFS performance criteria was defined separately by ITU-R Recommendation M.1652. 

At WRC-2007, Resolutions 805 (WRC-07) and 956 (WRC-07) asked the responsible Study Groups and Working Parties to examine both software defined radio and cognitive radio. The fundamental question was whether these spectrum sharing technologies could operate under the existing international regulatory framework, i.e. the Radio Regulations.

As a result of the Study Groups and Working Parties’ efforts, some important spectrum sharing technologies and techniques were defined:

· Software defined radio: ‘A radio transmitter and/or receiver employing a technology that allows the RF operating parameters including, but not limited to, frequency range, modulation type, or output power to be set or altered by software, excluding changes to operating parameters which occur during the normal pre-installed and predetermined operation of a radio according to a system specification or standard[footnoteRef:15]. SDR allows devices to adapt to the local radio conditions and access the appropriate radio frequencies. [15:  ITU-R SM.2152.] 


· Cognitive radio: ‘A radio system employing technology that allows the system to obtain knowledge of its operational and geographical environment, established policies and its internal state; to dynamically and autonomously adjust its operational parameters and protocols according to its obtained knowledge in order to achieve predefined objectives; and to learn from the results obtained[footnoteRef:16]. Examples of CR techniques are Transmit Power Control and sensing-based DFS. [16:  Report ITU-R SM.2152.] 


WRC-12 Recommendation 76 (WRC-12)[footnoteRef:17] addressed the WRC-07 resolutions regarding software defined radio and cognitive radio. Essentially, Recommendation 76 (WRC-12) stated that the Radio Regulations have enough flexibility to accommodate services that incorporate software defined radio and cognitive defined radio and that no new international framework was necessary. The Recommendation did make it clear that services incorporating these spectrum sharing technologies must operate according to the Radio Regulations and protect stations operating according to the Radio Regulations. [17:  WRC-12 Recommendation 76 (WRC-12).] 


Along with conducting studies regarding the software defined radio and cognitive defined radio resolutions coming out of WRC-07, the relevant ITU-R Study Groups and Working Parties studied the potential application of spectrum sharing technologies to increase the spectrum utilization efficiency of the broadcast television bands. This was considered by allowing license-exempt devices to access the so-called ‘white space’ between broadcast channels. The television white spaces (TVWS) is defined as “A portion of spectrum in a band allocated to the broadcasting service and used for television broadcasting that is identified by an administration as available for wireless communication at a given time in a given geographical area on a non-interfering and non-protected basis with regard to other services with a higher priority on a national basis”[footnoteRef:18]. [18:  Report ITU-R M.2225 (2011) “Introduction to cognitive radio systems in the land mobile service”.] 


TV White Spaces (TVWS) is just one implementation of DSA. It is important to note that under Radio Regulation RR-4.4:

· “Administrations of the Member States shall not assign to a station any frequency in derogation of either the Table of Frequency Allocations in this Chapter [of the Radio Regulations] or the other provisions of these Regulations, except 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, a station operating in accordance with the provisions of the Constitution, the Convention and these Regulations[footnoteRef:19].” [19:  RR 4.4.] 


1.2.2 [bookmark: _Toc467836386][bookmark: _Toc474934641]Tiered access to spectrum using DSA

Access to spectrum can be authorized under tiered access models, whereby different classes of users with different rights and obligations access the same sections of spectrum. These models generally designate a primary incumbent (usually the current license holder or government agency) who maintains unfettered access to that portion of spectrum, while also allowing additional secondary and tertiary levels of users, each of which is accorded a lower level of interference protection, and who must halt transmitting if a higher tier user accesses the spectrum. Several countries have begun to develop and implement these tiered access models for spectrum bands.

The United States has finalized rules to implement a three-tier access model for spectrum between 3550 – 3700 MHz, where access to the spectrum is managed in almost real time by one or more commercially-provided “Spectrum Access Systems” (SAS), that incorporate software defined radio and several cognitive radio technologies[footnoteRef:20]. [20:  Amendment of the Commission’s Rules with Regard to Commercial Operations in the 3550-3650.
Band, Report and Order, 30 FCC Rcd 3959 (2015) (“3.5 GHz Order”) https://apps.fcc.gov/edocs_public/attachmatch/FCC-16-55A1.pdf.] 


The uppermost tier consists of “Incumbent Access” users that include authorized federal and grandfathered Fixed Satellite Service users currently operating in the 3.5 GHz Band.  These users are protected from harmful interference caused by all other users of the band[footnoteRef:21]. [21:  Further details on protection mechanisms for the SAS can be found in FCC-15-47 and FCC 16-55.] 


The second tier consists of licensed users in a “Priority Access” tier. Priority Access Licenses (PALs) will be assigned using competitive bidding within the 3550-3650 MHz portion of the band. Each PAL is defined as a non-renewable authorization to use a 10 MHz channel in a single census tract for three-years. Up to seven total PALs may be assigned in any given census tract with up to four PALs licensed by any single applicant. Applicants may acquire up to two-consecutive PAL terms in any given license area during the first auction.

The third tier or General Authorized Access tier is licensed-by-rule to permit open, flexible access to the band for the widest possible group of potential users. General Authorized Access users are permitted to use any portion of the 3550-3700 MHz band not assigned to a higher tier user and may also operate opportunistically on unused Priority Access channels.  Users within each tier cannot cause interference to users in the above tier(s) and cannot claim protection from users in the higher tiers.

A two-tier model known as “Licensed Shared Access” or “Authorised Shared Access” (LSA/ASA) has been proposed and is under development in various bodies in the European Union. LSA is defined as “A regulatory approach aiming to facilitate the introduction of radiocommunication systems operated by a limited number of licensees under an individual licensing regime in a frequency band already assigned or expected to be assigned to one or more incumbent users. Under the Licensed Shared Access (LSA) approach, the additional users are authorised to use the spectrum (or part of the spectrum) in accordance with sharing rules included in their rights of use of spectrum, thereby allowing all the authorised users, including incumbents, to provide a certain Quality of Service (QoS)[footnoteRef:22]”. LSA excludes concepts such as “opportunistic spectrum access”, “secondary use” or “secondary service” where the applicant has no protection from the primary user[footnoteRef:23]. [22:  See Radio Spectrum Policy Group (RSPG) Opinion on Licensed Shared Access, November 2013, ref. RSPG13-538. The RSPG is a high-level advisory group that assists the European Commission in the development of radio spectrum policy.]  [23:  ECC Report “Licensed Shared Access”, February 2014, page 18.] 


1.2.3 [bookmark: _Toc458779234][bookmark: _Toc467836387][bookmark: _Toc474934642]DSA as applied to the TV White Space spectrum

Spectrum in the UHF and VHF bands experience lower path loss and have better penetration through more common building materials and foliage than do radio waves at higher frequencies[footnoteRef:24]. Additionally, line of sight operation is not required in order to achieve quality reception. [24:  The VHF and UHF television bands include 30-300 MHz and 470-790 MHz respectively. Some administrations, such as the United States, have authorised a mix of exclusively licensed mobile broadband and wireless broadband over white spaces in these frequencies.] 


In ITU Regions 1 and 3, the broadcasting service has a primary allocation between 470 and 960 MHz. In ITU Region 2, broadcasting is a primary service between 470 and 890 MHz. The mobile service has a co-primary allocation with the broadcasting service in each ITU region over some portion of the aforementioned UHF frequency ranges[footnoteRef:25]. The specific frequency ranges allocated to each service vary by ITU region and sometimes within a region by Administration, through footnotes to the Radio Regulations. [25:  It should also be noted that portions of bands below 1 GHz are identified for International Mobile Telecommunications (IMT) – namely WRC-15 opened frequencies from 694-790 MHz for mobile broadband services in Europe, Africa, and the Middle East.  This brings these regions into line with the Americas and Asia-Pacific, establishing a regulatory basis on which stakeholders may standardize access technologies and services, including with regard to DSA and the deployment of TVWS.] 


In most Administrations, portions of the TV bands may sit unused / unoccupied at a given time and within a given geographic area, especially in rural and remote regions where there may be few or no television broadcasts.  Several Administrations have implemented technical and service rules or have granted temporary authorizations for license-exempt devices to opportunistically access the TVWS for wide-area broadband coverage. Deployments of fixed point-to-point and point-to-multipoint access points and customer premise equipment can serve areas that were previously difficult to reach with traditional terrestrial infrastructure and accelerate the process of bringing high speed Internet the “last mile” to rural and remote populations. As the broadcast television bands are global, there is the potential for more affordable TVWS infrastructure and user equipment due to economies of scale. Section 1.3 summarizes the contributions from several Administrations where there have been pilot projects, technical trials, and commercial use of the TVWS.

Over time, the number of channels available for TVWS in the more densely populated areas adopting such rules is expected to decrease as a portion of spectrum currently used for the broadcast (TV) service is auctioned off so it can be redeployed for IMT-Advanced mobile service[footnoteRef:26]. These impacts, though, are expected to be much less in LDCs, emerging and developing economies, and in less developed areas of developed economies – essentially in areas where there is no- or limited over-the-air television service available. [26:  Note decisions made by WRC-12 and WRC-15, by which the frequency band 694-790 MHz has been allocated to the mobile service (see RR No. 5.317A). See also Resolution 235 (WRC-15).] 


It is important to note that the approach for TVWS does not displace existing license-holders, and that effective protection from harmful interference can be accomplished by imposing rules to protect those incumbents. License-exempt regulatory frameworks can be adopted and put into use without disruption to incumbent operations. Canada, Singapore, the United States, and United Kingdom have all enacted regulations allowing for license-exempt use of TVWS. Each, however, also requires that technical conditions be met and that technologies utilizing these bands, such as geolocation databases, be appropriately approved.

Potential use cases for TVWS include:

· Enabling Internet of Things and machine-to-machine (M2M) applications (Smart Cities, smart grid and management of utility services, agricultural monitoring, factory floor automation, etc.);

· Cellular offloading to increase the capacity of mobile broadband networks;

· Expanding the capacity of existing wireless networks;

· Extending affordable service or increasing broadband speeds in hard-to-reach locations;

· Providing rural backhaul where fiber connections are uneconomical;

· Increasing consumer choice in urban environments by introducing competition to existing fixed broadband providers;

· Providing wide-coverage hotspots;

· Bridging among small networks;

· Localized pico broadcasting to televisions (for example of commercial or advertising content).

Applications utilizing shared spectrum can also work in a complimentary manner with existing licensed or license-exempt uses as part of a heterogeneous network. For example, Internet backhaul can be provided through TVWS rather than microwave dish relays, while connectivity to the end-user is provided through more familiar Wi-Fi frequencies. The following diagram[footnoteRef:27] demonstrates a hypothetical structure of such a network. [27:  CMAI Association of India, Research Paper on White Space for Digital India, 11 December 2014, https://www.whitespacealliance.org/documents/Research%20Paper%20on%20White%20Spaces_final2.pdf ] 
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1.3 [bookmark: _Toc474920766][bookmark: _Toc474934643][bookmark: _Toc467836388][bookmark: _Toc474934644]Regulatory considerations for TV White Spaces

When establishing a regulatory framework for TVWS devices spectrum managers at NRAs first need to have a thorough understanding of what services are operating in the UHF and VHF bands below 1 GHz within their Administration and the coverage area for each protected service. Spectrum managers should then consider:

· The type of white space device that should be permitted (fixed and/or personal / portable).

· The permissible frequencies of operation for each WSD type.

· How the opportunistic access to the spectrum is to be authorized[footnoteRef:28]: [28:  See Glossary for definitions of these models.] 


· License-exempt;

· License-by-rule;

· Lightly-licensed (non-exclusive).

· Interference protection requirements for the protected services.

· Interference mitigation methods:

· Choice of white spaces database and management model:

· Develop or outsource development of the white spaces database.

· Operate or outsource management of the white spaces database.

· Cost recovery method, if applicable (see sect 2.5.2 on costs for the regulator).

Based on the interference protection requirements, NRAs can develop detailed technical and service rules for the allowed white space device types operating in the permitted frequency range as well as for the use of available interference mitigation methods.

To date, Canada, Singapore, the United Kingdom, and the United States[footnoteRef:29] have adopted  technical and service rules allowing for dynamic access to the VHF and/or UHF-band television broadcast spectrum.  Each of these countries have authorized the use of geolocation databases and sensing techniques to enable access to unused/unoccupied channels while protecting incumbent users in the broadcast television bands. As sensing technologies for TVWS application are not sufficiently mature, geolocation databases have emerged as the means to protect incumbent services. [29:  See Unlicensed Operation in the TV Broadcast Bands, ET Docket No. 04-186; Additional Spectrum for Unlicensed Devices Below 900 MHz and in the 3 GHz Band, ET Docket No. 02-380, Second Memorandum Opinion and Order, 25 FCC Rcd 18661 (2010); Industry Canada, Framework for the Use of Certain Non-Broadcasting Applications in the Television Broadcasting Bands Below 698 MHz (2012), available at http://www.ic.gc.ca/eic/site/smt-gst.nsf/eng/sf10493.html; Infocomm Development Authority of Singapore, Regulatory Framework For TV White Space Operations In The VHF/UHF Bands (2014), available at: http://www.ida.gov.sg/~/media/Files/PCDG/Consultations/20130617_whitespace/ExplanatoryMemo.pdf; Ofcom, Implementing TV White Spaces (2015), available at:
http://stakeholders.ofcom.org.uk/binaries/consultations/white-space-coexistence/statement/tvws-statement.pdf .] 


Based upon the experiences of these countries, a few key regulatory components can be identified.

1.3.1 [bookmark: _Toc467836389][bookmark: _Toc474934645]Interference protection experiences 

National regulations are necessary to provide for the protection of incumbent services. These commonly make use of recognised standards to describe the level of protection afforded to a given radio service and/or technology. Such protection is commonly defined as the carrier to interference plus noise ratio (C/(I+N)) at the incumbent service radio receiver of by a desired to undesired (D/U) signal ratio.

Having established the protection requirements, it is then necessary to calculate the potential severity and probability of interference to incumbent services. To do this, the location of the incumbent service receivers and the TVWS transmitters is required, along with an agreed set of parameters and an appropriate propagation model for determining the level of interference.

Protection requirements may evolve with time, considering that the capabilities of incumbent service and user requirements are also evolving. This may have an impact on the necessary parameters to allow access for opportunistic services.

Existing TVWS regulations incorporate various propagation models which are used to calculate channel availability at a given location.  These propagation models include signal contours, free space, FCC TM 91‑1, Longly-Rice, Okamura-Hata, and the Ofcom-developed model.  These models have different characteristics and use different technical means which may affect the manner in which protection criteria are calculated and specified.  Setting interference protection requirements may also involve defining protected service areas and receiver protection requirements.

[bookmark: _Toc474934986]Table 1: Interference protection experiences 

		United States

		Canada

		Singapore

		United Kingdom



		Frequencies: allows any mode of WSD operation between 470-698 MHz on available channels subject to the interference protection requirements.[footnoteRef:30]  [30:  White space devices are not permitted to operate on the first channel above and below TV channel 37 (608-614 MHz) that are available until the completion of the broadcast television spectrum incentive auction] 


Allows fixed WSD operation between 54-72 MHz, 76-88 MHz, and 174-216 MHz.

Propagation model: utilizes R6602 F-curve propagation model.

Adjacent channel power limits: -42.8 dBm conducted power for fixed WSD (-42.8 dBm at 30 dBm EIRP conducted power, -62.8 dBm at 10 dBm conducted power, linear interpolation for values in between). For personal / portable devices -52.8 dBm EIRP (at 100 mW EIRP) or -56.8 dBm EIRP (at 40 mW).

Protected services: protection criteria granted to DTT, and digital and analog Class A TV, low power TV, TV translator and TV booster stations, MVPD receive sites, fixed BAS links, PLMRS/CMRS operations, Offshore Radiotelephone Service, wireless microphones, radio astronomy services, and Wireless Medical Telemetry Service.

		Frequencies: allows any mode of WSD operation between 512-608 MHz and 614-698 MHz.

Allows fixed WSD operation between 54-60 MHz, 76-88 MHz, 174-216 MHz, and 470-512 MHz.

Propagation model: utilizes R6602 F-curve propagation model.

Adjacent channel power limits: -42.8 dBm/100 kHz for fixed WSD, with additional limits on transmitting antennas with directional gain greater than 6 dBi; and -52.8 dBm/100 kHz or  -56.8 dBm/100 kHz (low power) for portable devices

Protected services: Specifies particular protection criterial for TV licensees, RRBS base station (downstream) transmitted protected contour, licensed LPA and developmental stations, radio astronomy observatories, and licensed (but not license-exempt) wireless microphones.

		Frequencies: allows WSD operation (before DTT transition) between 181-188 MHz, 209-223 MHz, 502-518 MHz. 614-622 MHz. 630-710 MHz, 718-742 MHz, 750-774 MHz, and 790-806 MHz.

Allows WSD operation (after DTT transition) between 174-188 MHz, 195-202 MHz, 209-230 MHz, 470-534 MHz, and 614-694 MHz.

Propagation model: mandates use of Hata model.

Adjacent channel power limits: -56.8 dBm in channels adjacent to TV broadcasters. 

Safe harbour channels: database must establish two PSME channels and may designate up to two “high priority channels”.

Protected services: currently include TV broadcast, private mobile radio, and wireless microphones (may be subject to future expansion).

		Frequencies: allows WSD operation between 470-790 MHz.

Propagation model: utilizes SEAMCAT extended Hata model.

Adjacent Channel power limits: WSDs subject to different out of band emissions limits based upon emissions class (1 through 5).

Protected services: protection currently specified for DTT, PMSE, and services in bands adjacent to 470-790 MHz.







1.3.2 [bookmark: _Toc467836390][bookmark: _Toc474934646]Interference avoidance methods

Once the frequency of operation and the protection requirements have been established, a system must be devised to allow WSDs to meet these requirements. As discussed above, there are currently two methods authorized by which avoidance of harmful interference can be accomplished.

The interference avoidance technology of choice is the use of a geolocation database, previously described above as white space databases or WSDBs. These databases can be managed by either the regulator or by private sector companies. In the latter case, the regulator is responsible for providing certain data about incumbent services and defining what criteria are sufficient for certification of a database. These criteria must ensure that WSDBs contain and provide sufficient information so that WSDs connected to the database can avoid causing harmful interference.

As mentioned above, spectrum sensing technology for application in the TVWS is at an earlier stage of development than geolocation database technologies and while authorized as an interference avoidance method, is not used at this time as it cannot meet the protection requirements alone.

National regulatory frameworks for TVWS, where they exist, are intended to ensure no harmful interference for the continued operation of protected incumbent services. Limiting access to spectrum for WSDs under the control of geo-location database(s) significantly reduces the possibility of interference events caused by “unknown” devices. This requires that regulations are in place to ensure that the communications between the WSDB and the WSD are secure, and that only certified WSDBs and authorized WSDs can communications. Thus, any interference to incumbent services where spectrum access is controlled by a geo-location database(s) is unlikely to be caused by a WSD.

[bookmark: _Toc474934987]Table 2: Interference avoidance methods

		United States

		Canada

		Singapore

		United Kingdom



		Method: Geolocation database permitted, and Federal Communications Commission (FCC) will designate one or more administrators.

Spectrum sensing permitted, with separate device parameters specified.

		Method: Geolocation database permitted and Industry Canada (IC) will designate one or more administrators.

Spectrum sensing is not permitted at this time.

		Method: Geolocation database permitted, and Infocomm Development Authority (iDA) will license one or more administrators.

Spectrum sensing only not permitted at this time, but sensing can be complimentary.

		Method: Geolocation database permitted, and Ofcom will qualify and designate one or more administrators.

Spectrum sensing not permitted at this time.





1.3.3 [bookmark: _Toc467836391][bookmark: _Toc474934647]Device parameters

To ensure protection requirements and specific avoidance techniques, a number of technical and operational parameters must be specified for the operation of WSDs. These parameters may include maximum power levels, maximum antenna heights, adjacent channel and out of band emission limits, location accuracy standards, frequency of database recheck requirements, and, as needed by the jurisdiction, cross-border coexistence criteria.

Administrations that have completed the regulatory process for TVWS technologies (Canada, Singapore, the United Kingdom, and the United States) have created distinct regulatory classes of WSDs with different general requirements. Because they serve different functions in a TVWS network, devices in these different classes may require different parameters to prevent harmful interference such as acceptable power levels.

The United States, Canada, and Singapore classify devices into three categories:

1) Fixed devices – TVWS device that transmits and/or receives communications at a specified fixed location. A fixed device may select channels for operation from a list of available channels provided by a TVWS database, and initiate and operate a network by sending enabling signals to one or more fixed devices and/or personal/portable devices. Fixed devices may provide to a Mode I personal / portable device a list of available channels on which the Mode I device may operate.  

2) Mode II portable devices – A personal/portable TVWS device that uses an internal geo-location capability and access to a TVWS database, either through a direct connection to the Internet or through an indirect connection to the Internet by way of fixed device or another Mode II device, to obtain a list of available channels. A Mode II device may select a channel itself and initiate and operate as part of a network of white space devices, transmitting to and receiving from one or more fixed devices or personal/portable devices. A Mode II personal/portable device may provide its list of available channels to a Mode I personal/portable device for operation on by the Mode I device. and 

3) Mode I portable device – A personal / portable TVWS device does not use an internal geolocation capability and access to a TVWS database to obtain a list of available channels. A Mode I device must obtain a list of available channels on which it may operate from either a fixed white space device or Mode II personal/portable white space device. A Mode I device may not initiate a network of fixed and/or personal/portable white space devices nor may it provide a list of available channels to another Mode I device for operation by such device.

The United Kingdom classifies devices into two categories:

1) Type A (whose antennas are permanently fixed); and 

2) Type B (whose antennas are integral and therefore potentially mobile).

[bookmark: _Toc474934988]Table 3: Device parameters

		United States

		Canada

		Singapore

		United Kingdom



		Mode I Portable WSD not required to have geolocation capability and obtains channels from other WSD.

Mode II Portable WSD must have access to the database, internal geolocation capability, report identifying information to the database, and re-check database at each power-on or if moved.

Portable devices subject to power limit of 100 mW (20dBm) per 6 MHz EIRP, or to 40 mW when adjacent to a broadcaster or in guard bands.  

Fixed WSD must have access to the database, report identifying information to the database, and re-check for available channels at least once a day.

Fixed WSD subject to power limit of 4 W EIRP as well as additional conducted power, PSD, and adjacent channel limits.

Fixed WSD subject to power spectral density EIRP limit of  12.6 dBm of conducted power (less for antennas of directional gain greater than 6 dBi).

WSDs subject to variable power spectral density limit depending on power output and device type.

Antenna height limits: 30 m.

Geolocation accuracy standard: expressed in terms of level of uncertainty in the WSD’s antenna latitude and longitude coordinates, specified as ±Δx, ±Δy and ±Δz metres respectively, corresponding to a 95% confidence level.. 

		Mode I Portable WSD not required to have geolocation capability, obtains channels from other WSD, and must receive contact validation every 60 seconds.

Mode II Portable WSD must have access to the database, internal geolocation capability, report identifying information to the database, and re-check database at each power-on, at least once a day, and if moved more than 100 m from last reported location.

Portable devices subject to power limit of EIRP 100 mW (20 dBm) or low power limit of 40 mW when adjacent to a broadcaster.  

Portable devices subject to power spectral density EIRP limit of 2.6 dBm/100 kHz and low-power EIRP limit of -1.4 dBm/100 kHz.  

Fixed WSD must have access to database, report identifying information, and re-check for available channels at least once a day.

Fixed WSD subject to power conducted limit of 1 W (30 dBm) and power spectral density conducted limit of 12.6 dBm/100 kHz, with additional directional gain limits.

Antenna height limit: 30 m.

Geolocation accuracy standard: +/- 50 m. 

		Mode I Portable WSD not required to have geolocation capability, obtains channels from other WSD, and must receive contact validation every 60 seconds.

Mode II Portable WSD must have access to the database and internal geolocation capability.

Portable device power limit of 100 mW EIRP.  

Fixed WSD must have access to the database, and may have internal geolocation or manually entered location.

Fixed device power limit of 4 W EIRP

All WSDs identifying information must be provided to the database.

Antenna height limit: none specified. 

Geolocation accuracy standard: +/- 50 m.

		Type A WSD is intended for fixed use only and may have an integral or external antenna.

Type B Mobile WSD has an integral or dedicated antenna and is not intended for use in a particular location.

Fixed and mobile devices subject to the same maximum power limits.  Limits are location and frequency specific, with a maximum of 36 dBm EIRP.

Master WSD must have geolocation capability, direct access to the database, download list of approved databases every 24 hours and report their device parameters and location to a selected database.

Client WSD not required to have geolocation capability, obtains channels from Master WSDS, and must report unique ID to Master.

Antenna height limit: none specified.

Geolocation accuracy: expressed in terms of level of uncertainty in the WSD’s antenna latitude and longitude coordinates, specified as ±Δx, ±Δy and ±Δz metres respectively, corresponding to a 95% confidence level.







1.3.4 [bookmark: _Toc467836392][bookmark: _Toc474934648]Database parameters

Recognising that the regulatory and radio interference environment in a given location is typically subject to change, it is necessary to maintain an up-to-date understanding of the radio landscape in the geo-location database. An up-to-date record of the radio landscape requires that the period for database updates is sufficiently granular to describe the actual radio environment in terms of frequencies of operation, location of transmitters and receivers, power levels, and other relevant technical parameters.

This is important because geolocation databases, when used, are critical to ensuring that devices accessing spectrum dynamically do not harmfully interfere with Digital Terrestrial Television (DTT) services, Programme Making and Special Events applications (PMSE), and other incumbent services. In general, a geolocation database receives location, operational, and technical information regarding the master white space devices, as well information regarding the locations and frequencies of protected operations, performs a calculation, and then provides back a list of available channels the white space device can use at that location. A variation is for the geolocation database to provide back to the requesting master white space device the maximum radiated power at each available channel at that location. The approach works by cross-checking the location of the devices against the database’s list of protected incumbents, thereby ensuring the devices only use open frequencies and do not cause interference.

Additionally, a regulator must decide whether to manage the database itself, to subcontract the responsibility, or to allow for commercial databases. These different approaches may require different business models to recover the administrative and operational costs associated with the management of the database (see Chapter 2, section2.4.3). It should be noted that if the regulator decides to allow commercially run-databases, it should consider authorizing more than one commercial database provider, if possible, to promote innovation and competition. In order to ensure that unapproved databases are not contacted by devices, all databases must comply with the certification process established by the regulator. Standards such as the IETF PAWS includes protocols to ensure secure communication between a WSD and a regulatory approved database.

A WSDB must perform multiple functions, including:

· Collect and maintain information on incumbent licensees;

· Collect and maintain identification / registration information from WSDs;

· Provide an accurate and reliable calculation engine;

· Provide WSDs a list of available channels at a location for a given set of input parameters (US model) or a list of available channels and maximum transmit power at a location for a given set of input parameters (UK model);

· Conduct secure communications with the WSDs and/or other WSDBs.

Other potential requirements for a WSDB may include database update frequency, the definition of exclusion zones, a denied list of devices which are not permitted to operate, designation of safe harbour channels, specialised protections for high priority or rapidly changing spectrum uses, and security standards for the data included in the database. Figure 2[footnoteRef:31] shows some critical functions of a WSDB and the sequence in which they must occur. [31:  CEPT, ECC Report 236 Guidance for national implementation of a regulatory framework for TV WSD using geo-location databases, May 2015, http://www.erodocdb.dk/Docs/doc98/official/pdf/ECCREP236.PDF.] 


[bookmark: _Toc474934958]Figure 2: Critical functions and sequence of a WSDB
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Figure 2: Critical functions and sequence of a WSDB

Source: CEPT, ECC Report 236 Guidance for national implementation of a regulatory framework for TV WSD using geo-location databases, page 28, May 2015.

First, up-to-date details of incumbent usage should be gathered. This first step might be challenging in some cases, as information may not be readily available. For example, NRAs address PMSE registration differently, which impacts availability of information; whatever policy choices the NRA makes, the WSDB can implement these policy choices[footnoteRef:32]. The information must also be organized in an accessible format such as in a database. Data is then provided to the calculation engine (2). [32:  Spectrum usage information should generally be obtained by regulator in order to manage the spectrum efficiently. Where information is lacking, the regulator may consider ways to incentivize information sharing (with due consideration to policy contexts concerning privacy, security, and data flows).] 


At the heart of the system, the calculation engine translates the information on incumbent services and the technical characteristics and location of the WSD into a list of allowed frequencies and associated transmit powers for devices. It should be noted that, depending on national frequency management organisation, the regulator itself may assume some of the translation processes by providing a dataset of results to the databases – in the form of powers and channels available for usage at all points across the country. Once the operational parameters have been calculated, they can be sent to the devices (4).

The DTT co-existence framework for calculating WSD powers, based on pre-agreed interference limits, can indeed require a significant number of complex calculations, often using data which is sensitive to the incumbent DTT broadcasters.

[bookmark: _Toc474934989]Table 4: Database parameters

		United States

		Canada

		Singapore

		United Kingdom



		Database must contain: 1) identifying and location information on all protected incumbent services from the official FCC database; 2) additional facilities not in the FCC database, including MVPD sites, low power auxiliary stations, fixed WSD registration information, information on WMTS 

Functions: The database must: 1) assign channels to WSDs upon request;2) assign channels to unlicensed wireless microphones upon request; 3) register the ID information and locations of WSD and microphones; 4) register protected locations and channels; 

Update: Databases must “push” updated channel availability information to WSDs within 20 minutes of receiving information that a licensed wireless microphone has reserved a channel where those WSDs are operating.

		Database must contain: information from Industry Canada database; fixed WSD registrations; TV receive site registration and cable TV head-end specifics; LPA scheduling information; developmental licenses; and licensed (but not unlicensed) wireless microphones.

Functions: Database shall ensure that the registration information is synchronized with the other designated Canadian databases, as well as with any U.S. databases identified by IC at least every 15 minutes.

Database must maintain a list of WSDs that are not authorized to operate.

Update: Database must retrieve updated licensing information at least every 24 hours.



		Database must contain: fixed WSD must include the unique ID, WSD’s geographical coordinate, height of antenna, and contact details; for a portable WSD, its unique ID and geographical coordinates, and incumbent services in the bands. Other details may be defined.

Functions: 1) upon receipt of WSD operating location and height, calculate separation from incumbent protected operators; 2) calculate the path loss between the WSD and the receiver station of the protected services;  3) compute the maximum permissible transmission power level for the WSD for each available channel and transmit this information to the WSD.

Update: Database must retrieve updated licensing information at least every 6 hours.



		Ofcom will be responsible for: 1) calculations to determine the limits in WSD EIRPs to protect DTT (UK and cross-border); 2) any unscheduled adjustments to for particular interference issues; 3) the limits in the permitted WSD EIRP needed to take account of PMSE use; the limits in the permitted WSD EIRP needed to take account of the services below 470 MHz and above 790 MHz.

Database must contain: 1) DTT coexistence data; 2) PMSE coexistence data; 3) location agnostic data; and 4) unscheduled adjustments data.

Functions: Database will provide control and frequency and power level operational parameters to WSDs.

Database must provide: 1) frequency boundaries; 2) maximum in-block EIRP spectral density; 3) total number of TV channels that may be used at any given time; 4) time period during which the operational parameters are valid; 5) geographic area within which the operational parameters are valid; master device re-check interval; and 6) whether a simultaneous channel operation power restriction applies.

Database must allow Ofcom to manage interference and terminate or reduce power of a WSD.





1.3.5 [bookmark: _Toc467836393][bookmark: _Toc474934649]Summary of regulatory approaches for TVWS

Spectrum managers in developing countries can benefit from the experiences of Member States which have crafted regulations to enable opportunistic access to TVWS spectrum based on the application of DSA techniques[footnoteRef:33]. These can aid regulators in the process of developing national rules. [33:  See Annex 2 for references to the existing regulations in Canada, Singapore, United Kingdom, and United States.] 


· A license-exempt or lightly-licensed approach to regulating TVWS is generally deemed sufficient to allow for TVWS deployments while protecting incumbents.

· A general authorisation model for the operation of WSDs is typically sufficient to ensure compliance of devices with protection criteria.

· Regulatory permission for the operation of both geolocation database and spectrum sensing technologies is typically allowed, should such methods be capable of meeting the necessary protection criteria.	Comment by Bozsoki, Istvan: ITU-R activities, refer to 1.5

In addition to the above-mentioned experiences, ITU-R studies have identified regulatory principles and challenges that are described in the relevant deliverables listed in Section 1.5 below

1.4 [bookmark: _Toc474920777][bookmark: _Toc474934654][bookmark: _Toc467836395][bookmark: _Toc474934658]Case studies of broadband access in the TVWS using DSA

In addition to countries where there is commercial service available, a number of administrations have hosted TVWS technology demonstrations, pilot projects, and commercial trials. Often these projects focus on addressing a pressing social, economic, or government service issue through the application of Information and Communications Technology, where properties of TVWS spectrum convey some technical advantage for the application. In each deployment, there has been no documented case of causing harmful interference to primary users. The list below describes some notable deployments and use-cases.

1.4.1 [bookmark: _Toc458779236][bookmark: _Toc467836396][bookmark: _Toc474934659]Botswana

The government of Botswana has worked with a broad set of partners to deploy a telemedicine project designed to increase the quality of health services available at rural health clinics by enabling the provision of specialised care, and in particular maternal care not previously available.

Launched in March 2015, project Kgolagano aims to bring specialised health services to local Botswana hospitals and clinics. Telemedicine will provide a low-cost, high-impact solution to rural health challenges. In Botswana, rural hospitals and health clinics suffer from a lack of capacity, especially to offer specialised healthcare and quality maternal care that may be more available in larger cities.

Project Kgolagano provides a system to capture and send high resolution images over TVWS signals from local clinics to regional hospitals. From hospitals, they are sent via backhaul fibre networks to specialised medical personnel located in Gaborone, Botswana’s capital, and to international partners such as the University of Pennsylvania, resulting in more accurate diagnoses and better care, without requiring the patient to travel.

The project not only fills a connectivity gap for dozens of local clinics, but also gives them the means to provide specialised healthcare services that are currently otherwise unavailable to rural populations. Over time, this TVWS system is expected to be expanded from clinics to other sites such as government offices and small businesses, further spreading access and its socio-economic benefits. A full description of the case study can be found in Annex 3.

1.4.2 [bookmark: _Toc458779237][bookmark: _Toc467836397][bookmark: _Toc474934660]Bhutan

Bhutan is characterised by steep, high mountains crisscrossed by rivers that form deep valleys before draining into the plains of India. Though the constitution mandates the Royal Government of Bhutan provide to its citizens free access to basic health care facilities, the majority of Bhutan's population live in settlements where health care facilities are usually more than an hour's walk away, and many villages are connected only by mule tracks.

With support from international development institutions and private sector stakeholders, the Ministry of Health (MoH) and Ministry of Information & Communications (MoIC) jointly implemented a pilot project to design an eHealth service delivery platform piloting TV White Space technology. The project links rural health clinics with a central reference hospital, utilising TVWS technology for last mile connectivity. By connecting rural populations, who would otherwise have to travel hours or even days to the nearest hospital, the project significantly improves their access to basic health services. A full description of the case study can be found in Annex 3.

1.4.3 [bookmark: _Toc467836398][bookmark: _Toc474934661]Republic of Korea

The Korean government believes that TVWS services will help close the digital divide and make wireless broadband access more affordable for people across the country.  To realize this goal, the Korea Communications Commission (KCC) unveiled its “Basic Plan to Utilize TV White Space” in 2011, intending to use the 470-698 MHz band to provide: wireless internet services to rural areas, disaster prevention and management services, information delivery services for museums, stadiums, and other small areas, and smart grid services on water quality and power usage. During the same year, a super Wi-Fi network in Je-ju Island and emergency transmission service were introduced in the country as a TVWS pilot service.

The Korean government set the unlicensed based TVWS technical standards to build a TVWS Data Base that protects priority services of the 470-698 MHz band, such as terrestrial DTV, licensed wireless microphone, and CATV services.

In 2013, the TVWS DB was set up and has been managed by the government (MSIP).

In 2015, the government extended TVWS Wi-Fi services for fire detection and protection application services for cultural properties located in mountainous and coastal regions.

The Korean government (MSIP) made a new public notice allowing unlicensed use of the TVWS in November 2016, and designated Korea Radio Promotion Association(RAPA) as the agency for conformity assessment for TVWS device in February 2017. A full description of the case study can be found in Annex 3.	Comment by Bozsoki, Istvan: Update

1.4.4 [bookmark: _Toc458779238][bookmark: _Toc467836399][bookmark: _Toc474934662]Malawi

Like many countries in Africa, Malawi faces many challenges extending Internet connectivity beyond the current penetration rate of 6.7 per cent. Consequently, the government has pursued TVWS research through several different pilots to evaluate its potential. These projects extended Internet connectivity to two schools, enabling access to expanded educational resources for students, and a rural hospital, that piloted new projects in remote and virtual diagnosis. TVWS devices were also deployed by the Department of Seismology to enhance national seismic early warning systems and by the Air Wing Unit of the Malawi Defense Force to connect runways and bases to the Internet.

A regulatory framework enabling the widespread operation of white space devices is currently under development in Malawi and is expected soon. A full description of the case study can be found in Annex 3.

1.4.5 [bookmark: _Toc458779239][bookmark: _Toc467836400][bookmark: _Toc474934663]The Philippines

The Philippines is conducting the largest TVWS project so far in Asia supporting affordable community connectivity, sustainable resource management, educational access, and disaster resilient communications in a remote province.

Partially due to challenging topography, communities in Bohol province suffer from poor last-mile infrastructure, a gap which leaves dozens of schools and communities without Internet access. Existing infrastructure deficits are exacerbated by natural disasters, several of which have occurred in the region recently.

With a broad array of public, private, and international development partners, the project deployed TVWS technology to bring connectivity to dozens of sites across the Bohol province. The primary purpose of the Bohol project is to improve the quality of local education; by providing schools and teachers with reliable connectivity, TVWS technology allows for new forms of multimedia instruction, access to higher quality information and resources, and more effective teacher training and management.

Further, by opening broadband connections after school hours to the wider community, existing bandwidth is not wasted and a new resource is made available to the community. Residents use it to access social media and communications platforms to stay in touch with friends and family, to access government services and public information, and to engage in e-commerce. Connectivity was also provided to support the Ecosystems Improved for Sustainable Fisheries (Ecofish) ecological sustainability program, where it makes local fishing more sustainable through more effective management, administration, and compliance action.

As part of separate project, the Department of Science and Technology in partnership with private sector partners, deployed TVWS transmitters in the city of Tacloban after the 2013 Bohol Earthquake and Typhoon Haiyan. By providing immediate connectivity and two-way voice communication after the destruction of other terrestrial infrastructure, this equipment provided communication capabilities for first responders and victims, improving the coordination of relief efforts. This was accomplished at less than 1/10th the cost of alternative solutions and required little to no specialised expertise to deploy. During this period, TVWS technology connected over 500 residents, enabled greater than 75,000 hours of Skype calls, and coordinated 5,000 rescue workers. A full description of the case study is available in Annex 3.

[bookmark: _Toc474934959]Figure 3: Talibon, Tubigon and Ubay TV White Space area coverage
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1.4.6 [bookmark: _Toc467836401][bookmark: _Toc474934664]United States of America

The United States of America (USA) has pioneered use of license-exempt spectrum, and three case studies in the USA are relevant to the experience of developing countries, namely the deployment of commercial wireless Internet service in rural areas, the extension of the service area of libraries into communities, and the provision of university campus-wide broadband.

The first describes a commercial deployment in rural El Dorado County, California, a rugged region with approximately 140,000 rural residents, many of whom remained without Internet access. In 2012, the local commercial Wireless Internet Service Provider (WISP) deployed a series of five TVWS base stations, each capable of serving up to ten customers. In 2015, the WISP began the process of upgrading to the next generation of TVWS equipment, which will allow it to operate at higher power levels, higher data rates, and serve up to 30 customers per base station.

The second discusses a deployment in Delta County, Colorado. It is a hilly and tree-covered area with a rural population of approximately 30,000. Due to poor deployment of broadband, each of the county’s five libraries served as a sort of community centre and Wi-Fi access point for many residents.  Beginning in 2013, one of these libraries was equipped with a TVWS base station which subsequently provided Wi-Fi access to other areas of the community.  After the conclusion of the trial period, the Delta County library system raised the funds to purchase the TVWS equipment and continues to provide access for the community.

The third case highlights a project to provide high quality wireless broadband across a university campus. In 2013, a partnership of education associations, public interest groups, technology companies, and the West Virginia University Board of Governors, among others, began a multi-stage project to expand the areas of connectivity across several campuses of West Virginia University.  In its first stage, two TVWS base stations and five fixed client radios were deployed in order to provide Wi-Fi access at university transit stations.  Plans call for the eventual installation of TVWS radios on all cars of the transit system to provide seamless connectivity to commuting students and faculty. A full description of these case studies is available in Annex 3.

1.4.7 [bookmark: _Toc458779241][bookmark: _Toc467836402][bookmark: _Toc474934665]Additional trials

· Ghana – Two TVWS pilots are currently active in Ghana which bring connectivity to two educational institutions, Meltwater Entrepreneurial School of Technology (MEST) and Koforidua Polytechnic. The provision of high quality and low-cost broadband in university buildings and student housing allows students access to cutting edge resources such as video conferencing and online courses to enhance the quality of their education. The network has been successfully tested on channels adjacent to active television channels, over a 10 km link, with no interference observed, and demonstrates the viability of deploying TVWS in an urban environment.

· India – The Indian Ministry of Communications is currently collaborating with private sector and academic partners to deploy commercial pilots of TVWS solutions for “middle mile” connectivity.  Early projects are currently being deployed in and around the Mumbai metropolitan area.  An additional trial is under development in the Andhra Pradesh region, where it will bring low-cost connectivity to a series of rural schools. These projects support the government’s ongoing Digital India campaign and will enable next-generation services such as Digital Inclusion, e-Health, e-Education etc.

· Jamaica – In partnership with international private sector and development stakeholders, the Jamaican government is delivering high quality broadband over TVWS frequencies to more than 30 schools, libraries, and other community locations around the island of Jamaica. These deployments are being used to enhance access to health care, education and training, as well as e-governance and e-commerce services.

· Kenya – With support from government ministries and other private sector partners, the Mawingu TVWS network has brought low-cost broadband to previously unserved schools, healthcare clinics, government offices, and some small businesses near Nanyuki, Kenya. Solar powered devices are utilised in order to overcome limited power supply and provide a disaster-resilient form of communication. This proved invaluable to facilitating vital communications links with Red Cross relief workers during floods. The network provides interference-free, point to multi-point coverage at a speed of up to 16 Mbps and a distance of up to 14 kilometres from TVWS base stations.

· Nepal – One of the most recent TVWS projects, a Community-based Hybrid Wireless Network using TV White Space and Wi-Fi Spectrum in Remote Valleys around Manaslu Himalaya, is currently being planned in Nepal, with support from the Information Society Innovation Fund Asia (ISIF Asia).  When completed, the system will provide Internet services for e-medicine in the community clinics and e-education in community schools and Buddhist monasteries in one of the most remote and inaccessible regions of the country.

· South Africa – South Africa has hosted two notable TVWS trials, the Cape Town Trial and the Limpopo Trial.  The Cape Town trial was active during 2013, when it provided connectivity to over ten schools and allowed the South African spectrum regulator, ICASA, to collect critical data.  The technology proved viable even in the congested spectrum environment of Cape Town, where it provides connectivity over a distance of 6.5 kilometres at a rate of 12 mbps with no recorded incidents of interference. The second trial was launched at the University of Limpopo in the northeast of the country. This trial is providing ongoing connectivity to five nearby high schools and provided students and teachers with hardware and access to electronic education resources.

· Tanzania – Tanzania’s Commission for Science and Technology, in coordination with private sector partners, aims to supply 74,000 students with affordable wireless broadband access, devices, and cloud-based services in an urban university environment. The Open University of Tanzania, Institute of Finance Management, College of Business Education and Dar Es Salaam School of Journalism and Mass Communication are all connected to the network which focuses on TVWS capabilities in urban settings.

1.4.8 [bookmark: _Toc458779242][bookmark: _Toc467836403][bookmark: _Toc474934666]Summary insights from case studies

These case studies and other worldwide deployments suggest a wide ranges of socio-economic development benefits from TVWS networks, as well as some basic norms around the technical characteristics of these TVWS deployments.

· TVWS can enable new business models and can make access more affordable, in certain situations, in unserved and underserved areas in developing and developed countries.

· This diversity of socio-economic target indicators is reflected in the coordination between multiple government ministries, often including the respective NRA, Ministry of Health, Ministry of Education, and Ministry of Communications.

· TVWS can be deployed in both rural and urban environments.

· On a small scale, it was shown that governments can improve education, healthcare, e-government, small business empowerment, and social inclusion, through opportunistic access to the TVWS.

· TVWS radios were components in heterogeneous networks that connect to the Internet backbone. TVWS radios primarily were employed for point-to-multi-point communications. In some deployments, though, the TVWS radios were also used for backhaul.

· The antenna mounts behind the TVWS radio, and both can be attached to a simple metal pole, which can be attached to the top of a structure or by itself. This makes it quick and easy to deploy.

· Reported measured User Datagram Protocol (UDP) throughput were between 1 to 20 Mbps depending on the modulation coding scheme used. The typical data rates were approximately 10Mbps per 6 MHz channel and approximately 12Mbps per 8 MHz channel. When the received signal strength goes below approximately -80 dBm, fewer bits per symbol can be encoded and the measured throughput is reduced accordingly.

· While fixed TVWS ranges up to 10 km were described in one contribution, there appears to be a trade off with a reduction in throughput. In general, the range of the TVWS point-to-multipoint link is terrain, power and antenna height dependent.

· At present only fixed TVWS radios are commercially available (e.g., for relaying while bridging the core network and the user WLAN in 2.4 and 5 GHz). These radios are proprietary and do not conform to industry standards.

· The current state of fixed TVWS radios can be extracted as:

· Operation on 6, 7, or 8 MHz channels.

· Can tune across the entire remaining UHF broadcast television band in all three ITU regions. Currently cannot access the VHF broadcast television band.

· Noise floor scanning (that can also be used to validate TV whitespace database channel assignments).

· Low power consumption (allowing it to be powered by Power over Ethernet or solar energy).

· Operates typically up to 100 mW conducted power to the antenna port, the antenna gain varies but the radiated power is below the 4 W EIRP level several Administrations by-and-large adopted as the maximum power level for TVWS devices, and directional antennas appear to be more preferred than omnidirectional antennas.

· A number of the deployments occurred in locations where there was so much spectrum available in the TVWS bands, it could be considered green spaces rather than white spaces.

· In projects where a TVWS database was used, there were no reports of harmful interference.

· Initial deployments in all Administrations required some form of temporary regulatory authority to allow for the opportunistic access of the TVWS. As these projects progress and continue, these temporary authorizations need to be periodically renewed. Obtaining regulatory certainty regarding TVWS within an Administration is key to making available broadly this important tool to communications network designers.

1.5 [bookmark: _Toc458779249][bookmark: _Toc467836405][bookmark: _Toc474934667]Current ITU-R studies and investigations

As a reference, ITU-R has undertaken a number of studies in recent years in particular in response to Resolution ITU-R 58-1, which are relevant to cognitive radio and dynamic spectrum solutions. ITU-R Reports include:

· SM.2152 “Definitions of Software Defined Radio (SDR) and Cognitive Radio System (CRS)”. The Report provides clear definitions for SDR and CRS.

· M.2225 (2011) “Introduction to Cognitive Radio Systems in the Land Mobile Service”. The Report addresses the potential benefits of CRS technology, including a possible improvement in the efficiency of spectrum use and facilitation of additional flexibility. The report also addresses the challenges of technical or operational nature that may be introduced by this kind of approach to spectrum management.

· M-2330-0 (11/2014) “Cognitive Radio systems in the land mobile service”. The Report addresses CRS use in the land mobile service (LMS) above 30 MHz (excluding IMT. The report states that CRSs could allow more efficient use of spectrum resources and be an enabler for spectrum sharing and radio resource management on a more dynamic basis, thus providing increased spectral efficiency and mitigating the problem of congestion. The report further concludes that the introduction and deployment of CRS can take place without the need for any changes to the Radio Regulations. In addition, any system of a radiocommunication service that uses CRS technology in a given frequency band will operate in accordance with the provisions of the Radio Regulations governing the use of that band. A CRS is not a radiocommunication service, but a set of technologies that in the future may be implemented in a wide range of applications in the LMS.

· M.2117 “Software-defined radio in the land mobile, amateur and amateur satellite services”. The Report states that radio technology continues to migrate towards reprogrammable radios, which can be reconfigured via software to adapt to changing communication protocols and frequency bands. This technological evolution to software-defined radios (SDR) may have a profound effect on interoperability, on spectrum utilization and allocation in general, and on all technology partners from chip vendors and service providers to users. The impact of SDR could be far-reaching with possible applications in government systems, emergency response, medical communications, automobile sensors, commercial wireless systems and more.

· M.2242 “Cognitive radio systems specific for IMT systems”. The report addresses possible scenarios and highlights the potential benefits of cognitive radio systems in IMT operations. The report concludes that although operational and technical challenges remain (in particular, Section 6.3 of the report describes technical challenges of the use of CRS technology in IMT networks.), the introduction of CRS in the IMT systems may allow more dynamic and flexible radio resources management and optimization.

· SM.2256 “Spectrum occupancy measurements and evaluation”. The Report provides information on spectrum occupancy measurements and appears also to be useful in the context of sensing techniques of CRS devices.

· SM.2355 “Spectrum monitoring evolution”. The Report provides a first set of information in response to Question ITU-R 235/1 on this topic, considering in particular that, among other technologies, the impact of software-defined radio and cognitive radio systems on spectrum monitoring needs to be studied.

· SM. 2012-4 “Economic aspects of spectrum management”.

· ITU-R WP 1B Working document towards a draft new Report (PDNR) ITU-R SM. [REGULATORY TOOLS] (see Annex 20 to Document 1B/123);

· ITU-R WP 1B Working document towards a draft new Report (PDNR) ITU-R SM.[CRS SPECTRUM MANAGEMENT CHALLENGES] (see Annex 19 to Documnument 1B/123).

Additional ITU-R Recommendations:

· ITU-R SM.1132 “General principles and methods for sharing between radiocommunication services or between radio stations”.

· ITU-R SM.1603 “Spectrum redeployment as a method of national spectrum management”.

· ITU- R F.1110 Adaptive radio systems for frequencies below about 30 MHz.

Recommendation ITU-R SM.1392 on “Essential requirements for a spectrum monitoring system for developing countries”.

· Recommendation ITU-R M.2083: IMT Vision – “Framework and overall objectives of the future development of IMT for 2020 and beyond”.

· Report ITU-R M.2373-0: “Audio-Visual capabilities and application supported by Terrestrial IMT Systems”.

Upon the request of the World Radiocommunication Conferences, and Radiocommunication Assemblies, ITU-R Study Groups are currently performing the following additional studies:

· WRC-15 adopted Resolution 239 (WRC-15): "Studies concerning Wireless Access Systems including radio local area networks in the frequency bands between 5 150 MHz and 5 925 MHz".  Studies requested in this resolution establishes are being carried out in preparation for WRC-19 and to enable that Conference to take appropriate decision on its agenda item 1.16 (see Resolution 809 (WRC-15)): “to consider issues related to wireless access systems, including radio local area networks (WAS/RLAN), in the frequency bands between 5 150 MHz and 5 925 MHz, and take the appropriate regulatory actions, including additional spectrum allocations to the mobile service, in accordance with Resolution 239 (WRC‑15);”.  The studies will be conducted under the responsibility of ITU-R Working Party (WP) 5A, in collaboration with contributing ITU-R WPs 4A, 4C, 5B, 5C and 7C for the concerned satellite, terrestrial and science services, as well as with other interested ITU-R WPs.

· Additional studies within Study Groups 1 and 5 in response to Resolution ITU-R 58-1 “Studies on the implementation and use of cognitive radio systems” 16.

· Additional studies within WP 1A on Recommendation ITU-R SM.1132 “General principles and methods for sharing between radiocommunication services or between radio stations”.

· Additional studies within WP 1B in response to Question ITU-R 208-1/1 “Alternative methods of national spectrum management”.

· Additional studies within WP 1C in response to Question ITU-R 235/1 “Spectrum monitoring evolution”.

· Additional studies within WPs 5A and 5D in response to Question ITU-R 241-3/5 “Cognitive radio systems in the mobile service Cognitive radio systems in the mobile service”. Additional studies by WP 5D on the revision of Recommendation ITU-R M.1036 on frequency arrangements for new IMT bands identified at WRC-15.

[bookmark: _Toc467836406][bookmark: _Toc474934668][bookmark: _Toc458779273]CHAPTER 2 – Spectrum economics: Reducing costs for a shared resource

2.1 [bookmark: _Toc467836407][bookmark: _Toc474934669]Introduction

Chapter 2 highlights the latest revision of the ITU-R Working Party 1B report entitled “Economic aspects of spectrum management”, which includes discussion of general economic considerations as well as the experiences of various administrations. Next, the experiences of several administrations are provided with respect to spectrum pricing, licensing fees, and auctions. Finally, the Chapter examines some of the economic aspects associated with license-exempt use and specifically license-exempt use of the TV White Spaces to provide spectrum managers information on some of the potential costs and benefits when considering such a sharing approach.

2.2 [bookmark: _Toc467836408][bookmark: _Toc474934670]Report ITU-R SM.2012-5(6/16) – “Economic aspects of spectrum management”

The Report is intended for the use by administrations of both developing and developed countries in formulating strategies on economic approaches to national spectrum management and financing this activity. In addition, the Report presents an analysis of the benefits of strategic development and the methods of technical support for national spectrum management. These approaches not only promote economic efficiency but can also promote technical and administrative efficiency. The application of information and communications technology (ICT) continues to stimulate national economic growth with the increasing worldwide demand for wireless services. The related economic challenges faced by spectrum regulators in many nations should benefit from the updates provided in this latest revision of the ITU-R Report.

The Report responds to the following issues:

· Strategies for economic approaches to national spectrum management and their financing.

· Assessment, for spectrum planning and strategic development purposes, of the benefits arising from the use of the radio spectrum.

· Alternative methods of national spectrum management.

Included in the 2016 revision of the Report are descriptions of the different economic approaches for spectrum management activities based on new experiences of administrations. The report includes information on:

Economic Considerations:

· Rationale for an economic approach to spectrum management;

· Requirements for national spectrum management;

· Goals and objectives of spectrum management systems;

· Structure and coordination of spectrum management activities;

· Functional responsibilities;

· Performance of spectrum management functions.

· Strategies for spectrum financing mechanisms:

· Basic principles for financing national spectrum management;

· Economic approaches used to promote efficient national spectrum management;

· Factors that could affect various economic approaches;

· Managing a change in spectrum management funding.

· Assessment of the benefits of using the radio spectrum:

· Methods of assessing the spectrum’s economic benefits;

· Potential uses for economic assessment;

· Factors affecting benefits.

· Guidelines on methodologies for the establishment of spectrum fees formula and system:

· Formula development;

· Guidelines for the establishment of administrative fees (or administrative charges);

· Guidelines for the establishment of spectrum fees;

· Examples of formulas for fee calculation;

· Spectrum fees for frequencies used in the provision or marketing of services intended for a consumer market;

· An analytical model for calculating license fees on the basis of specified incentives that are designed to promote efficient spectrum use;

· Procedures and examples of used spectral resource calculations in application to different radio services;

· Guidelines on applying new fee systems.

· Experience of different administrations regarding the economic aspects of spectrum management:

· Experience with auctions and transferable property rights;

· Experience with fees;

· Experience with alternative resources;

· Other experiences.

2.3 [bookmark: _Toc467836409][bookmark: _Toc474934671]Experience of Administrations with respect to spectrum pricing, licensing fees, and auctions

In this section we address methodologies adopted by different administrations for valuing the spectrum fees. There is no one method that fits all; rather, an administration can come up with its own criterion or adopt a hybrid of different known methods. There exist three types of spectrum fees -- a one-time spectrum auction fee, annual spectrum use fees, and a non-recurring use fee (e.g. license amendment and renewal). An NTRA determines the specific spectrum fee by:

a) Setting general rules as a function of the type of application (commercial/non-commercial, civilian/non-civilian, exclusive/shared-use, etc.);

b) Identifying pricing factors: The pricing factors an NTRA uses to establish the auction reserve price and associated annual royalties for mobile licensees include both intrinsic and extrinsic characteristics associated with each spectrum band. Intrinsic factors relate to the type and characteristics of the band under consideration, such as propagation characteristics. Extrinsic factors cover aspects including physical (e.g., geography), socio-economic (GDP per capita, population density, etc.), and regulatory (competition policy, etc.) ones.

[bookmark: _Toc474934960]Figure 4: Spectrum pricing factors
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c) Applying spectrum pricing methodologies:

· Administrative Fees Recovery (Cost based): Fees are calculated to recover different administrative costs including cost of issuing, processing and renewing licenses, spectrum planning, spectrum monitoring, international coordination, personnel, training and overheads

· Market-based: Spectrum valuation is based on market needs and demands. Auctioning is the most adopted method reflecting real need and valuation of spectrum. 

· Formulas: An administration can use certain formulas to approximate the market value of the spectrum. To do so, many parameters and factors need be incorporated and carefully assigned numerical values. Examples of such parameters include amount of spectrum (BW), type of band (Band Factor), band congestion factor (related to the opportunity cost), population density, coverage area, technology used, financial coefficient, and a socio-economic benefit coefficient. For example:

Price = (Price per MHz) x BW x Band Factor x Coverage Factor x Congestion Factor / Social Benefit Factor

In the following sections we highlight experiences of different administrations in valuing spectrum fees.

2.3.1 [bookmark: _Toc474920796][bookmark: _Toc474934673][bookmark: _Toc474920798][bookmark: _Toc474934675][bookmark: _Toc474920799][bookmark: _Toc474934676][bookmark: _Toc474920800][bookmark: _Toc474934677][bookmark: _Toc474920802][bookmark: _Toc474934679][bookmark: _Toc474920804][bookmark: _Toc474934681][bookmark: _Toc474920810][bookmark: _Toc474934687][bookmark: _Toc474920811][bookmark: _Toc474934688][bookmark: _Toc474934710][bookmark: _Toc467836410]Côte d’Ivoire – Estimating costs of licenses and frequencies

The capability of the national regulatory agency (NRA) to accurately estimate licensing costs and spectrum usage fees when renewing 2G mobile telephony licenses, allowing entry of new 2G competitors, and the granting of new licenses (3G, 4G, general license) is important both for the NRA and the telecom operators. For many administrations, such payments often represent a significant resource for public finance. These payments are based on several factors and considerations. Typically, licensing costs and spectrum usage fees vary based on the type of network and services provided and are determined by the characteristics and the amount of spectrum made available.

Côte d’Ivoire observes that NRA’s in developing countries often lack the necessary capability to estimate the costs of licenses and usage fees, as telecom operators upgrade their 2G voice and data networks to 3G and 4G networks. In these circumstances, NRA’s often turn to international firms to estimate the costs of licenses for both their technical expertise and to lend credibility to the process for the affected parties. The two methods used most often by these firms for estimating the economic value of the spectrum licenses are: (1) discounted cash flow (DCF) and (2) benchmarking methods.

Under the DCF method, the consultant first estimates an operator’s annual revenues and cost based on its business plan over the period of validity of the license to derive an estimate of the operator’s free cash flow. A country’s unique discount rate is applied to the estimated future free cash flow to determine its present value, which is an indicator of the license’s economic value. A percentage of the calculated value, between 40 and 70 percent, is used to estimate the spectrum price of the license. The estimate can be validated by a comparison of results with international best practices. As the analysis is based on the expertise of consultants acquired from many other similar projects rather than on country specific data, the possibility exists for under-estimating or over-estimating the cost of the licenses. Côte d’Ivoire believes these cost estimates should be adjusted to account for the conditions prevalent in developing countries so as to reflect their actual value. Further, it would be desirable for these consultants to adopt a coherent method of calculation for the sake of obtaining a clearer and fairer evaluation of the various financial costs associated with individual licenses and spectrum usage fees.

The second method, benchmarking, involves comparing values of the financial costs of licenses and frequency use. Limitations in using the benchmarking method result from the differences in licensing terms (population, areas, inflation, etc.) that prevent an apples-to apples comparison, coupled with the fact that the methods used for estimating the costs for a given license may not be known. To improve benchmarking, Côte d’Ivoire recommends that: (1) National regulatory authorities carry out market surveys in their countries in order to better ascertain market trends and be in a position to make reasonable and fair estimates; (2) National regulatory authorities put in place mechanisms to certify the validity of data and to exchange data in real time; and (3) the ITU recommend methods of estimating costs of licenses and frequencies that are best adapted to the requirements of developing countries taking into account the shortage of  data for estimating costs of licenses and frequency resources.

[bookmark: _Toc474934711][bookmark: _Toc467836411]2.3.2	Republic of Niger – Method to determine the frequency fees

The NRA is authorized to collect an annual spectrum usage fee, as well as fees to cover its costs for managing and monitoring the radio spectrum. The Republic proposes a new method for calculation of spectrum usage and management fees that is less complex and more understandable to all the parties involved. The motivation for proposing the new method is that if fees are seen to be set too high, operators will increase their rates for telecommunications services which may result in fewer users and / or reduced use of the spectrum. Conversely, if fees are set too low, it may lead to a significant increase in spectrum usage, causing network congestion, among other challenges. The new method covers:

· The administrative fee paid at the time of requesting a radio frequency assignment or approval of a radio installation referred to as the ‘file tax’. The value of the tax varies for different services / networks and is determined through a benchmarking process. 

· The visit and control tax allows for cost-recovery for when regulatory agency staff [provides services at a network user or radio service facility]. It is a flat tax whose value is based on benchmarking. 

· Spectrum usage fee for private sector operators can be calculated by the following formula:

R= D x V x L x S x C x K 

Where:

D = Percentage of time the frequencies are being used over a year

V = Bandwidth of the frequency assignment (provided by a table that varies by radio service and the frequency band) 

L = Level of demand (provided by a table that varies by frequency band and the nature of the service) 

S= Optimization of the use of the spectrum (accounting for the level of complexity of the spectrum management based on different service / network type) 

C = Class of use (government use, private services of general interest or public utility, networks open to the public established by licensed operators, independent private networks, radio and television, amateur use.)

K = Reference value (fee depends on the radio service). 

There are also spectrum usage fees for fixed- and mobile-satellite service and for terrestrial radio and television broadcasters whose content is retransmitted over cable networks. 

· Contributions to the management fee are calculated using the formula 

C = T x R x O x G

Where:

T = Percentage of time the frequencies are being used over a year

R = Number of stations / links

O = Service coverage area (urban, regional, national, international)

G = Reference value (depends on service / network)

There are also fixed spectrum management fees for mobile satellite service and terrestrial radio and television retransmission over cable systems.

[bookmark: _Toc467836412][bookmark: _Toc474934712]2.3.3	Russian Federation – Experience of Russian Federation in the field of spectrum fees

In accordance with its Federal laws and Government decrees, the Russian Federation requires a one-time initial payment and an annual fee for use of its radio frequency spectrum. The methodology used for calculating these fees, includes rates and coefficients dependent on the frequency bands used, the number of radio frequencies (or channels used) and radio technologies applied, is described below:

Calculation of One-Time Payment

Each mobile operator must pay a one-time spectrum use fee for each frequency band assigned for its use by the State Radio Frequency Commission (SRFC) decision and (or) specified in the license granted by each Russian Federation Subject (or part of Subject). For technologies other than cellular, the one-time fee is set for each granted authorization. For both, the fee is calculated using the following formula:





Where:

Pot 	=	total one-time payment, roubles;

Rot	=	rate of tariff for one-time payment, roubles;

Kband 	=	coefficient depending on the frequency band used;

KNf 	=	coefficient depending on number of used radio frequencies (radio channels);

Ktech 	=	coefficient depending on applicable technology.

Details regarding the methodology for calculation of Kband, KNf, and Ktech can be found in Annex 3.

Calculation of the Annual Fee

Each mobile operator must pay an annual spectrum use fee for each frequency band assigned for its use by the State Radio Frequency Commission (SRFC) decision and (or) specified in the license granted by each Russian Federation Subject (or part of Subject). For technologies other than cellular, the annual fee is set for each granted authorization. For both, the fee is calculated using the following formula:



[bookmark: sub_130513]where:





Pa 	=	annual fee, roubles;

Pa(q) 	=	annual fee per a quarter, roubles;

Ra 	=	rate of annual fee, roubles;

Kband 	=	coefficient depending on used frequency band;

KNf  	=	coefficient depending on number of used radio frequencies (radio channels);

Ktech 	=	coefficient depending on applicable technology;

Nauth(q) 	=	number of effective days of authorization in a payable quarter;

Nq 	=	number of days in a payable quarter.

Note that the coefficients are applied per each radio frequency (radio channel) and/or frequency band.

Details regarding the methodology for calculation of Kband, KNf, (excluding MMDS radio systems, earth stations of satellite systems (ESSS) and VSAT Hub (central) stations) and Ktech (for both cellular radio and other technologies) can be found in Annex 3.

Note 1: If a cellular operator holds a license to multiple channels within a given spectrum band, and uses different cellular radio technologies to access different channels, the annual fee per frequency band is calculated using maximum Ktech for radio technology used in the frequency band.

Note 2: When a SRFC decision or license assigns a frequency band to an operator not for the entire territory of the Subject but for some part of its territory, the number of used radio frequencies (radio channels) is calculated only with regards to the part of the Russian Federation Subject.

Note 3: To encourage timely registration, radio system operators that do not register within the designated period after authorization is granted, face significantly increased annual fees. 

Observations regarding spectrum fees derived using this methodology

· On a per radio device basis, spectrum fees are highest for devices used for commercial cellular service and lowest for devices for scientific and government use, or are license-exempt.

· On a per megahertz basis, spectrum fees are highest for commercial cellular services and lowest for services that are for scientific and government use, or are license-exempt.

[bookmark: _Toc474934713][bookmark: _Toc467836413]2.3.4	Republic of Korea – The experience of beauty contest and auction in spectrum management in the Republic of Korea

Up until 2011, the Republic of Korea assigned spectrum to telecommunications service providers exclusively through beauty contests. In the case of beauty contests, the economic value of the spectrum is measured by the value of the frequency band along with: (a) the efficiency of radio resource utilization; (b) the financial capacity of the assignee; (c) the technical capability of the assignee; (d) the technical characteristics of the frequency to be assigned; and (e) the impact of the corresponding frequency allocation on the telecommunications business and other factors. Korea also calculates spectrum prices based on revenue forecasts or actual revenues of telecommunications service providers as a means to promote broadcasting and ICT industry development.

Korea’s first spectrum auction was conducted in 2011. Evaluations of the 2011 and 2013 spectrum auctions have shown that use of the auction method has enhanced fairness, transparency, and effectiveness of frequency management. With a beauty contest, the government can more accurately forecast its potential revenue. With the auction method, the government can no longer accurately forecast its potential revenue, as the value of spectrum for commercial use is more closely tied to the current market price, which is set by telecommunications service providers. Even so, the auction method is now considered the primary approach in assigning frequencies.

To promote competition, the Korean government has introduced a longer instalment payment system for spectrum auctions that lowers the barriers for participation by smaller, less-well capitalized companies. It is also important to note that most of the revenue generated from assigned spectrum has been spent for promoting research and development of information and communications technologies.

2.4 [bookmark: _Toc467836414][bookmark: _Toc474934714]Economic aspects related to licensed exempt use of the TVWS

While there continues to be improvement, broadband access remains unaffordable in the majority of the world’s poorest countries[footnoteRef:34].” Based on ITU estimates, the global ‘digital divide’ in calendar year 2016 can be characterized by: [34:  International Telecommunication Union (ITU) ICT Facts and Figures 2016, 
https://www.itu.int/en/ITU-D/Statistics/Documents/facts/ICTFactsFigures2016.pdf.] 


[bookmark: _Toc474934990]Table 5: The Digital Divide in 2016

		

		Country Classification



		Select Metrics

		Developed

		Developing

		Less-Developed



		Percentage of individuals using the Internet

		81.0

		40.1

		15.2



		Percentage of households with Internet access

		83.8

		41.1

		11.1



		Mobile broadband subscriptions per 100 inhabitants

		90.3

		40.9

		19.4



		Fixed broadband subscriptions per 100 inhabitants

		30.1

		8.2

		0.8



		Broadband affordability – Price for the basic service less than five percent of average monthly gross national income

		45 of 45

		88 of 106

		5 of 43





At the end of 2015, 88 developing countries had achieved the Broadband Commission’s affordability target set in 2011 -- “By 2015, entry-level broadband services, should be made affordable in developing countries through adequate regulation and market forces (amounting to less than 5 per cent of average monthly income) [footnoteRef:35].” Broadband in 18 developing countries (excluding LDCs) and 38 LDC countries, where available, is still considered unaffordable vis-à-vis the Broadband Commission’s target. Even in these administrations where entry-level broadband prices, on average, is considered affordable, there are populations within, often in the less densely populated areas, where entry-level service remains unaffordable – if available at all. [35:  United Nations (UN) Broadband Commission 2011] 


The most recent ITU statistics indicate that: (1) Mobile broadband services have become more affordable than fixed-broadband services; (2) The average price of a basic fixed-broadband plan is more than twice as high as the average prices of a comparable mobile broadband plan, and (3) In LDC’s, fixed-broadband services are on average more than three times as expensive as mobile-broadband services.

Administrations in developing countries, including LDCs, are pursuing strategies to ensure basic broadband service is available and affordable for all its residents. Without the available broadband service being affordable, for many it has the same net effect as if there were no broadband coverage at all. Access to the TVWS on a secondary basis, particularly for fixed-broadband services, is a regulatory tool NRAs may consider to help facilitate private sector development of affordable broadband access in unserved and underserved areas of the country.

[bookmark: _Toc467836415]Assessing the economic benefits of using license-exempt spectrum 

The two methods typically used to calculate the contribution of radio use to the economy are: (1) Gross domestic product (GDP) and employment and (2) Consumer and producer surplus[footnoteRef:36]. Each method has its associated advantages and disadvantages[footnoteRef:37]. [36:  Report ITU-R SM.2012-5 (06/2016)]  [37:  Ibid] 


The benefits derived by a telecommunications operator from its (licensed) spectrum occupancy may be evaluated by considering its net operating results. From the economic and accounting standpoint, operators experience frequency usage fees as a tying up of resources and/or an operational cost which effectively reduces their net operating result by a corresponding amount. 

Economic conditions impact an operator’s net operating results. Some of the economic condition surrounding licensed operations include the following factors: socio-economic factors, characteristics of authorizations or licenses allocated, terms of reference of authorized operators, comparison/transportation of fee levels[footnoteRef:38]. Additional factors affecting the national radiocommunications infrastructure, which in turn affects the value of the economic benefits that arise from the use of licensed radio spectrum. These factors include: (1) frequency availability; (2) suitability; (3) demand; and (4) country geography that incorporates regional variations and spectrum congestion. Consequently, frequency usage fees must not be set too high in order not to discourage initiatives and hamper the development of new services. In any event, the level of the fees cannot exceed the operator’s propensity to pay[footnoteRef:39].  [38:  Ibid]  [39:  R Ibid] 


One recent study proposes that license-exempt spectrum should be considered a critical production factor that generates value across the following four dimensions:

· Complementing wireless and cellular technologies, thereby enhancing their effectiveness;

· Developing alternative technologies, thus expanding consumer choice;

· Supporting innovative business models; and

· Expanding access to communications services beyond what is economically optimal by technologies operating in licensed bands[footnoteRef:40]. [40:  Katz, Raul, ‘Assessment of the Economic Value of Unlicensed Spectrum in the United States’, Telecom Advisory Services, LLC, February 2014, page 21] 


Using the two methods cited above, the study quantified the macroeconomic effects, either through examining the consumer surplus, producer surplus, and /or GDP contribution for license-exempt uses such as Wi-Fi Cellular Off-Loading, Residential Wi-Fi, Wireless Internet Service Providers (WISP), Wi-Fi Only Tablet, Wireless Personal Area Networks, and RFID.  For example, the economic value of 1,800 WISPs was $1.439 billion to the U.S GDP. Indoor residential Wi-Fi created a $36 billion consumer surplus from Internet access for devices that lack a wired port and the avoidance of investment of in-house wiring[footnoteRef:41]. [41:  Ibid, page 8 ] 


It proved somewhat more challenging to capture and quantify the full economic benefits of license-exempt spectrum as: (1) it is accessed by numerous heterogenousheterogeneous devices and services (which makes calculating impacts on GDP and producer surplus more challenging), (2) it is difficult to estimate the consumers’ willingness to pay as it has been done in the case of licensed spectrum as many of the services that rely on unlicensed spectrum are not sold (which makes calculating the consumer surplus more challenging) and (3) it is hard to establish a baseline as license-exempt spectrum is being used by technologies and services that are growing at a rate that renders obsolete any research completed even a few years ago.

Even with these caveats, spectrum managers can apply the basic methodology to licensed-exempt spectrum, including the TVWS. Ultimately, if the NRA decides to go forward with some fee based on its analysis, it needs to keep in mind the same bottom line consideration as with licensed operators − the level of the fees cannot exceed the operator’s propensity to pay – especially to the extent where the objective is the provision of affordable entry-level broadband access. 

2.4.1 [bookmark: _Toc467836416][bookmark: _Toc474934715]Potential benefits to consumers associated with shared use of TV white spaces

Spectrum in the UHF band, between 470 to 790 MHz, is highly valued because radio waves operating in these frequencies have better propagation characteristics than spectrum found in higher frequency bands, allowing for greater range. UHF radio waves can also penetrate through walls, trees and foliage more easily than radio waves  in higher frequency bands.

Decisions made by WRC-12 and WRC-15 have allocated the frequency band 694 -790 MHz to the mobile service (see RR No. 5.317A). Consequently,  in some administrations, the upper portion of the UHF band recovered from the broadcast service has been, or will be, auctioned for mobile services identified for IMT. The remaining broadcast television bands will correspondingly be compressed. The impacts of such band compression on the availability of TVWS spectrum are expected to be more pronounced in more densely populated areas of developed countries than in LDCs, emerging and developing economies, or less developed areas of developed countries – essentially in areas where there is no- or limited over-the-air television service available. There will remain opportunity to access the TVWS on a secondary basis.

Allowing shared access to the TVWS on a secondary basis means spectrum can be used when it would otherwise remain unused. In addition to improving spectrum efficiency in the UHF band, access to the TVWS can increase consumer surplus as well as increase GDP. Consumers will benefit from making TVWS available in two broad ways:

New services may be provided

The NRAs would normally not put any restrictions on the type of application that can use TV white spaces, or the number of users, provided the coexistence criteria are met. This may lower barriers to spectrum access. Making more low frequency spectrum available and lowering barriers to spectrum access may encourage uses of the spectrum to deliver services that do not currently exist. The scope for innovations in new services using TV white spaces could be important.

Existing services could be delivered at lower prices and with higher quality

Prices may fall for some services because lower barriers to spectrum access may promote new entrants, resulting in stronger competition in some markets. Prices may also fall because the additional low frequency spectrum may save resource costs by allowing the same services to be provided more efficiently, with these lower costs feeding through to lower prices. Secondly, the increase in availability of spectrum may improve the quality of existing services. For example, communications providers may seek to deliver greater Internet speeds or increase their network coverage using the TVWS spectrum. Citizens and consumers may also benefit from a reduction in congestion in other spectrum bands.

The potential benefits will only arise if there are applications that access TVWS in administrations once they become available. Three broadly defined potential use cases are machine-to-machine communications, indoor Internet access, and outdoor Internet access.

Different Internet of Things (IoT) and machine to machine applications have different spectrum requirements and using TVWS may in some cases be particularly valuable. Some of the potential usecases envisioned are smart cities, utility, and farming monitoring.

Access to TVWS may be used to provide Internet service to consumers. This may include providing broadband access and increasing speeds in hard-to-reach locations and adding additional capacity in wireless networks, where there is access, leading to faster Internet speeds.

TVWS spectrum can potentially be used to provide a backhaul link to access systems such as Wi-Fi hot spots without requiring a dense network of relays. Another possibility is pico broadcasting, where the TVWS spectrum can be used to deliver informational or advertising content in public places and to update in real time digital signs.

Resolution 235 (WRC-15)

Resolution 235 (WRC-15) resolves to invite ITU-R, after the 2019 World Radiocommunication Conference and in time for the 2023 World Radiocommunication Conference to review the spectrum use and study the spectrum needs of existing services with the frequency band 470-960 MHz in Region 1, in particular the spectrum requirements of the broadcasting and mobile, except aeronautical mobile, services, as well as to carry out sharing and compatibility studies, as appropriate, in the frequency band 470-694 MHz in Region 1 between the broadcasting and mobile, except aeronautical mobile, services, taking into account relevant ITU-R studies, Recommendations and Reports.

The preliminary agenda of the 2023 World Radiocommunication Conference includes an item “to review the spectrum use and spectrum needs of existing services in the frequency band 470-960 MHz in Region 1 and consider possible regulatory actions in the frequency band 470-694 MHz in Region 1 on the basis of the review in accordance with Resolution 235 (WRC-15). The fact that there is a preliminary agenda item for WRC-23 is no guarantee that WRC-19 will agree to include the item on the agenda of WRC-23. And even if such an item is included in the WRC-23 agenda, there is no way of knowing what WRC-23 may decide. Therefore, while Resolution 235 (WRC 15) has the potential to impact the amount of TVWS spectrum available in Region 1 sometime after 2023, these potential impacts are purely speculative at this point. And while some NRAs in Region 1 may choose to consider such potential impacts that might occur more than a half-decade away, a strong case can be made why such speculation should not be used as a means to block consumer benefits today, particularly in those administrations where broadband is not available to large segments of the population.

2.4.2 [bookmark: _Toc467836417][bookmark: _Toc474934716]Potential regulatory costs associated with shared use of TV white spaces

Despite the existence of a useful body of work[footnoteRef:42] that is already available to NRAs – frameworks, regulation, pilot schemes and balanced assessments – opening access to any spectrum band incurs administrative costs on NRAs, whether on an exclusive or shared basis, licensed or licensed-exempt model. These costs arise from the required efforts to establish national policy and facilitate the regulatory frameworks for how access to that spectrum is implemented and managed. These processes are necessary to ensure compliance with the Radio Regulations, necessary to ensure that there is cross-border coordination of temporarily unused/unoccupied spectrum, and necessary to protect licensed incumbents operating co-channel and on adjacent channels from harmful interference.  While in the case of fully license-exempt spectrum like that used for Wi-Fi, these costs may be largely one-time or one-off; whereas more sophisticated spectrum sharing regimes such as those for TVWS, may require dedicated resources, including for spectrum monitoring and market surveillance. [42:  http://www.dynamicspectrumalliance.org/resources/] 


As an example, this section examines the costs imposed on the regulator by opening TVWS frequencies to license-exempt use with the assistance of a geolocation database. An important advantage of a geolocation database is that changes in TVWS regulation over time can be enacted exclusively by updating the database software, thus providing maximum flexibility to spectrum managers.

For example, today in the United States, the uppermost UHF frequency available for TVWS use is 698 MHz. After the 600 MHz Incentive Auction is completed, it is expected that most of the 600 MHz band will no longer be available for TVWS use. Because TVWS devices must obtain a list of available channels from a geolocation database certified by the NRA, the FCC earlier decision to permit license-exempt use in 600 MHz band white spaces is reversible. Once the Incentive Auction transition period is completed, the updated software governing the geolocation database when queried by a TVWS device, will indicate that channels previously available at a given location in the 600 MHz band are no longer available. Therefore, if an administration authorizes license-exempt devices to operate in the TVWS, there will only be a minimal cost if the NRA decides at some later point in time to auction some of its UHF spectrum. Overall, this implies that practical implementation and authorization can be responsive to the evolution of national policies in terms of primary users’ spectrum allocation. Administration should, however, consider the fact that a change in the regulations may change the economics of those stakeholders who have invested in such TVWS technologies. This potential conflict with these interests may hinder the ability of NRAs to effectively implement their planned spectrum policies.

Depending on the framework the NRA decides to put in place to enable a White Spaces Data Base (WSDB), the regulator may incur costs for (1) collecting and processing incumbent data (2) calculating TVWS availability, and (3) selecting, approving, and regulating databases – or alternatively running its own database – in return for efficient use of spectrum. These costs are elaborated on below.

1) Collecting and processing incumbent data: The NRA must gather and update data regarding incumbents’ usage in the broadcast television bands and adjacent bands, ensure its accuracy, store and maintain it in an accessible database, and establish a data transfer mechanism between its database and the computers that will carry out the TVWS channel availability calculations.  In the simplest case, the information is complete and will be held in the databases of the spectrum regulator. There will be a low incremental cost associated with periodic updates to the data. For Administrations where the regulator might have some but not all the data, possibly because national rules allow incumbents or a third party to hold such usage data, there will be additional costs to assembling the required data sets for the WSDB provider(s). Similarly, additional costs may be incurred if the regulator does not receive the level of detail required of users, or if it has all the required data but the data is not in a format where it can be stored and easily transferred.

2) Calculating TVWS availability: The calculation engine translates the information on incumbent services and WSDs into a list of available channels and associated transmit powers for WSDs. A regulator may choose to carry out one or more of the calculations involved. If so, the regulator would provide a dataset of results to WSDB provider(s) in the form of powers and channels available for WSD usage at all points in a grid covering the country. This could be justified, for instance, for the Digital Terrestrial Television (DTT) translation process: the DTT co-existence framework for calculating WSD powers may require a significant number of complex calculations, often using data which are sensitive to the incumbent DTT broadcasters. In general, DTT platforms are relatively stable in their nature. Consequently, the regulator should expect an upfront cost associated with taking this approach accompanied with a low recurring cost as the DTT co-existence calculations may only have to be conducted on an annual basis (approximately). WSBD provider(s) would be responsible for registering and providing protection to program-making and special events (PMSE) equipment, if such devices operate in an Administration’s broadcast television bands.

3) Selecting, approving, and regulating databases:

[bookmark: _Toc474934961]Figure 5: Options for provision of WSDB



Figure 5: Options for provision of WSDB

Model 1 – The NRA develops, controls and finances all the WSDB functions, much like an online licensing system. The NRA may outsource some IT tasks – writing the software that implements the algorithms, or the hosting of the site – but it is responsible for the operation of the system. It also decides what services the WSDB provides and how much end users are charged.  Such an approach requires substantial involvement and financial investment from the NRA. The NRA may not have the technical, managerial, and financial capability to develop and run what is essentially an Internet database.

Model 2 – The NRA specifies in detail the tasks that the WSDB provider will carry out – notably the services that the WSDB must provide to end users – and how much end users are charged. If the end users are charged a fee, this revenue goes to the NRA directly. The WSDB provider receives its revenue from the NRA such that the NRA contracts a service with the WSDB operator consisting of providing WS channel availability to WSDs.  While this “outsourcing” model still requires a significant financial outlay from the NRA, it requires less investment from the NRA in terms internal technical and management resources than Model 1, and also provides a path for the NRA to recoup the cost of data collection and processing. The underlying assumption is that, as part of a competitive procurement process, potential WSDB providers would bid on the basis of who can provide their service to the NRA at lowest cost.  The weakness of the model is that procuring a full service from a single WSDB provider restricts competition in the market, potentially to the detriment of efficiency, choice, and innovation. Additionally, the NRA will need to clarify the legal obligations of the WSDB operator.

Model 3 – The NRA authorizes commercial providers to operate as a WSDB.  The NRA specifies a minimum set of requirements for the WSDB(s) and has an enforcement role with regards to those requirements. The NRA does not need to regulate the providers beyond ensuring protection of incumbents from interference (consumer interests regarding pricing and quality of service will be guaranteed by competition beyond providers) and ensuring that only WSDB providers it authorizes provide service to authorized WSDs.  Overall, this results in lower costs to the NRA.  The database operator decides on what services to provide, which WSD users to serve and how much to charge according to its business strategy. The NRA’s costs in this scenario arise from the WSDB authorization process, ongoing monitoring of WSDB compliance, and the collection and provision of the incumbent information. These costs will be substantially lower than the costs involved in Models 1 and 2 and, depending on the legal framework under which the NRA operates, could be recoverable via a cost-based charge. Here too, the NRA will need to clarify the legal obligations of the WSDB providers.

[bookmark: _Toc474934717][bookmark: _Toc467836418]CHAPTER 3 – Spectrum management activities and resources 

3.1 [bookmark: _Toc467836419][bookmark: _Toc474934718]NTFA guidelines

3.1.1 [bookmark: _Toc467836420][bookmark: _Toc474934719]National Table of Frequency Allocations (NTFA)

In all countries and regional  andas well as international organizations, there are many competing demands to use valuable spectrum resource for different radio services, from government, public and private users to international systems such as maritime and aeronautical services, global or regional terrestrial and satellite telecommunications systems that require a degree of frequency harmonisation for cross-border interoperability. One of the most important tools to address the competing demands is a carefully prepared National Table of Frequency Allocations (NTFA). The NTFA will have several levels of detail. The top level should define clearly how frequency bands have been allocated in conformity with the Radio Regulations to radiocommunications services in the country concerned. The next level should define how these “service bands” are divided or shared between major uses, in particular government and non-government uses. ITU has developed guidelines which focus on the detailed preparation of an NTFA[footnoteRef:43] (see also Document 1/56 and Annex). [43:  http://www.itu.int/en/ITU-D/Spectrum-Broadcasting/Documents/Publications/Guidelines-NTFA-E.pdf] 


3.1.2 [bookmark: _Toc467836421][bookmark: _Toc474934720]Assessing countries’ needs for spectrum management and IT tools/systems

ITU developed guidelines (SM Assessment Guideline) provide a standard approach for national governments to self-assess national spectrum management development needs[footnoteRef:44]. The International Telecommunication Union Telecommunication Development Bureau (ITU-BDT) can supply a computer program to assist the administrations of developing countries to perform their spectrum management responsibilities more effectively. This program is known as the Spectrum Management System for Developing Countries (SMS4DC)[footnoteRef:45]. Prior to the installation and operation of SMS4DC, the Administration should have in place existing legal, regulatory and technical mechanisms for national spectrum management. SMS4DC software has been designed to manage frequency assignments to the Land Mobile, Fixed and Broadcasting services and for frequency coordination of Earth stations (RR Appendix 7 procedures). Though the system automates most of the technical assessment procedures and displays the results, the final spectrum management decision must be made by a suitably qualified radio engineer who fully understands the assignment procedures and is able to correctly interpret the results displayed. The ITU-R Handbook: Computer-aided Techniques for Spectrum Management (CAT) (2015) contains more detailed information on spectrum management tools[footnoteRef:46]. [44:  See http://www.itu.int/en/ITU-D/Spectrum-Broadcasting/Documents/Publications/Administration%20Assessement-E.pdf 
and Document SG1RGQ/8 1 + Annex  ]  [45:   http://www.itu.int/pub/D-STG-SPEC-2015-V5.0]  [46:  http://www.itu.int/pub/R-HDB-01] 


3.1.3 [bookmark: _Toc474934721][bookmark: _Toc467836422]Hungary – Spectrum Management IT System (STIR)

After three years of planning, the first phase of the development of the Spectrum Management IT System (STIR) was finished in 2015 in Hungary[footnoteRef:47]. The STIR provides wide support to experts to create, edit, visualize and easily publish regulations around the use of the spectrum in Hungary, specifically the “Decree on National Frequency Allocation” and the rules of using frequency bands. This tool helps experts to undertake different analyses according to various criteria through processing the frequency management information that is available in the system. The tool is also capable to receive or send information to other systems such as EFIS (ECO Frequency Information System) and can be used in both English and Hungarian. [47:  Document 1/352 + Annex – Hungary] 


3.2 [bookmark: _Toc458779279][bookmark: _Toc467836423][bookmark: _Toc474934722]Spectrum re-allocation (including digital dividend)

Recommendation ITU-R SM.1603 “Spectrum redeployment as a method of national spectrum management” gives guidelines for spectrum redeployment issues.

3.2.1 [bookmark: _Toc467836424][bookmark: _Toc474934723]People’s Republic of China – The improvement of spectral efficiency based on LTE technology

[footnoteRef:48]As the transition proceeds from narrowband trunked systems to broadband wireless networks, increased spectrum capacity is needed for the delivery of various public sector applications, including those requiring transmission of voice, data, image and video.  In particular, public safety and emergency communications require dedicated networks for use across transportation, energy, education, and environmental protection.  [48:  Document 1/356 – China (People’s Republic of)] 


In consideration of other governments’ spectrum allocation for public safety, China’s Ministry of Industry and Information Technology, has designated 20MHz bandwidth on 1.4GHz frequency band for a broadband dedicated trunked system to meet the needs of government use, public safety, and other public sector use.

In addition, the Chinese government conducted pilot projects in Beijing, Shanghai, Tianjin, and Nanjing to experiment with government uses for dedicated wireless networks, powered by TD-LTE technique and digital trunked technique. These technologies support high speed transmission, broadband and resource sharing, fast call technology, and command dispatch.  They can also deliver services, such as original trunked voice service, broadband communication of collaborative process, and video-scheduling simultaneously. In addition, this network may be technically capable in the areas of network safety, reliability, and extendibility, which provides great potential for various applications in the fields of public safety, transportation, security, and defence. The Chinese government believes a TD-LTE technology-based government network will provide strong support for future smart city applications.

Nanjing Example: The wireless government dedicated network in Nanjing covers 11 municipal districts, with an area of about 6,597 square kilometres and a population of about 8 million. Following the network of outdoor roads, the city adopted a thin-overlay coverage pattern with the following coverage quality conditions: (1) The area where the received signal strength exceeds -100dBm, (2) is not less than 85 percent of the planned coverage area, and (3) the edge coverage ratio is not less than 60 percent. To ensure the coverage of the network within the city, as well as the indoor coverage in major application architectures, the network is composed of terminals, broadband wireless access subsystem, the network subsystem, and application subsystems. It includes almost 300 base stations, providing mobile information solutions for mobile office applications, emergency disposal, administrative enforcement actions and public safety. These support communication and data transmission services for Nanjing municipal government, the police department, and the urban management departments, and played a crucial role in command dispatch and communication protections in the Nanjing Youth Olympic Games. The wireless government dedicated network also supports Internet services and multimedia trunking services, which are characterized by strong anti-interference ability, high spectral efficiency, high coverage, excellent compatibility and confidentiality. 

3.2.2 [bookmark: _Toc474934724][bookmark: _Toc467836425]Tanzania − The legal framework on Spectrum Management in Tanzania

[footnoteRef:49]Radio frequency spectrum is a scarce resource which must be used efficiently and effectively. In absence of a specific policy on spectrum management and for the purpose of resolving challenges in regulating spectrum, Tanzania has put in place a legal framework that provides for wide powers for spectrum management, authorizing the Authority to retrieve spectrum from operators who do not use it, or are using it in an inefficient and ineffective manner. The framework can be adopted by other countries so as to put in place effective and efficient spectrum management, and to ensure that the scarce spectrum resource is used for the benefit of society. [49:  Document 1/155 − Tanzania] 


Tanzania has two general policies to govern the ICT/telecommunications sector: National Telecommunications Policy (NTP) of 1997 and the National Information Communications Technology Policy of 2003. The NTP authorized the relevant regulators to monitor and to regulate the telecommunications sector and to allocate and monitor radio frequencies. Additionally, various legislation has governed the management of spectrum in Tanzania. In 1993, the Communications Commission (TCC) was established under the Tanzania Communications Act (TCA) as the regulator for posts and telecommunications issues. Following a legal battle on retrieval of spectrum, in 2001 the Government of Tanzania amended the TCA to enable TCC to retrieve spectrum from an operator who is occupying but not using certain spectrum. The amendment also ensured spectrum is utilized in an efficient and effective manner. In 2010, the Electronic and Postal Communications Act (EPOCA) was enacted and repealed the TCA and Broadcasting Services Act. This new law provided the Converged Licensing Framework, introduced a number of new developments in the sector including: SIM card registration, Computer Emergency Response Team, Digital broadcasting, and Postcodes.

In the regulatory space, the Radio Communication Regulations of 2001 was the first regulation covering a number of issues related to radio frequency spectrum. It was replaced with the Tanzania Communications (Radio Communications and Frequency Spectrum) Regulations in 2005, which governed a range of issues such as general licensing issues and classes of licences using spectrum and interference with telecom equipment, station networks and systems. In 2011, the 2005 regulations on frequency spectrum were repealed and replaced with the Electronic and Postal Communications (Radio Frequency) Regulations. The said Regulations provide:

· Where spectrum is insufficient or bands are competitive, allocation and assignment of spectrum to any successful applicant shall be on basis of beauty contest process ;

· Criteria for the Authority to follow in case of competing demand: roll out commitment, financial/technical capability and public interest ;

· Spectrum allocated to be used within 12 months from date of grant of licence ;

· The Authority may from time to time, review spectrum allocation plan with view to phase out ageing technologies and obsolete radio equipment.

· The Authority may require sharing of spectrum among users.

3.2.3 [bookmark: _Toc474934725][bookmark: _Toc467836426]Strategies and methods of migration from analogue to digital terrestrial broadcasting and implementation of new services

Examination of strategies and methods of migration from analogue to digital terrestrial broadcasting and implementation of new services.

The ways of using the spectrum are continually evolving and new services/applications that allow for more rational and efficient use of this scarce resource are always being developed. In this context, spectrum refarming and redeployment are important activities carried out in the national level by regulators and in regional and global levels by other organizations, such as bilateral/multilateral negotiations processes carried out amongst administrations and also in international organizations like the ITU.

Broadcasting services can be a relevant example of the importance of spectrum refarming, redeployment and thorough re-planning of the usage and the purpose of spectrum for the evolution of the services and deployment of new applications in the same frequency bands once used only for television and radio distribution. These services (especially television broadcasting) had recently undergone a refarming of their frequency bands due to the transition to digital broadcasting.

This refarming effort involved, among several activities, modifications of initial requirements of allotment and assignment plans to allow for the usage of the released spectrum that would be made available after the transition to digital broadcasting, and also involved minimizing the potential interference on neighbouring co-channels entries in the abovementioned plans.

It is also relevant to point out that this refarming effort involved negotiations between broadcasters inside each country and between administrations from countries with common boarders to, for example, restrict transmit power in certain directions for broadcasting networks or/and implement changes in transmitter characteristics (e.r.p., antenna diagram, tilt, etc.) of planned and implemented broadcasting networks to avoid interferences and to allow for equal access to the spectrum. All these activities involve investment costs from the operator’s side and planning from the administrations.

This discussion was also carried out in ITU-D Study Question 8/1 – “Examination of strategies and methods of migration from analogue to digital terrestrial broadcasting and implementation of new services” that produced relevant case studies and grouped some best practice on refarming and redeployment for the purposes of allowing the implementation of digital broadcasting throughout the world and also for the usage of the released spectrum after the transition to digital broadcasting. The result of the discussion is reflected in Chapter 3 “Spectrum Issues related to the Analogue Switch off Process” and Chapter 4 “Use of released spectrum to implement new services and 
applications” of the Final Report of Question 8/1.

From the discussion held in Question 8/1, it can be highlighted the GE06 spectrum re-planning effort, which involved several countries and allowed for the implementation of digital television in an equal access basis and avoiding interferences, among other objectives. Additionally, some other case studies from countries of Asia and the Americas, such as Thailand and Brazil, can also be highlighted, the first for their approach on spectrum re-planning and the latter for their experience on performing both the digital television switchover and the release of spectrum for other services, in the re-planning and refarming effort. Finally, it can be pointed out the WEDDIP experience with activities for the re-planning of GE-06 in European Region 1 area for the coordinated use of the digital dividend in the region.

3.3 [bookmark: _Toc467836427][bookmark: _Toc474934726][bookmark: _Toc458779280]Spectrum management approach for the consideration of earth stations in the fixed-satellite service, including Earth Stations In Motion (ESIMs)

The increasing need for broadband communications is not location specific and includes requirements on vessels, aircraft and land vehicles that operate at fixed locations and while in motion, both in developed and developing administrations, and often in very remote parts of the globe[footnoteRef:50]. Earth stations on mobile platforms (ESOMPs), also referred to as Earth Stations in Motion (ESIM), that communicate with geostationary (GSO) fixed-satellite service (FSS) networks can meet this need[footnoteRef:51]. [50:  Document 1/362 – Inmarsat Plc.]  [51:  Report ITU-R S.2357-0 ‘Technical and operational guidelines for earth stations on mobile platforms communicating with geostationary space stations in the fixed-satellite service in the frequency bands 19.7-20.2 GHz and 29.5-30.0 GHz (June 2015).] 


3.3.1 [bookmark: _Toc467836428][bookmark: _Toc474934727]CEPT adopts regional regulatory approach

In 2013, CEPT adopted a regional regulatory approach for harmonized use of ESIMs[footnoteRef:52]. Under the “Decision”, administrations within CEPT are supposed to designate the frequency bands 19.7-20.2 GHz (space-to-earth) and 29.5-30.0 GHz (earth-to-space) for ESIMs operation that satisfy the provisions. The two main principles embodied in the Decision are: (1) Free circulation (e.g. authorization for foreign visiting terminals with the country boundaries); and (2) Domestic terminal exemption from individual licensing (e.g. ‘blanket license’). Individual CEPT administrations may have additional national requirements for authorization of ESIM operations as part of their spectrum management activities. [52:  ECC/DEC(13)01: The harmonized use, free circulation and exemption from individual licensing of Earth Stations on Mobile Platforms (ESOMPs) within the frequency bands 17.3-20.2 GHz and 27.5-30.0 GHz.] 


3.3.2 [bookmark: _Toc467836429][bookmark: _Toc474934728]WRC-15 on ESIMs

WRC-15 agreed to facilitate the global deployment of ESIM in the 19.7-20.2 and 29.5-30.0 GHz frequency bands in the FSS[footnoteRef:53], paving the way for satellite systems to provide global broadband connectivity for the transportation community. Earth stations on-board moving platforms, such as ships, trains and aircraft, will be able to communicate with high power multiple spot beam satellites, allowing transmission rates in the order of 10-50 Mbits/s[footnoteRef:54]. [53:  Specifically, the Radio Regulations provide for ESIMs to communicate with geostationary (GSO) FSS space stations in the frequency bands 19.7-20.2 GHz (space-to-Earth) and 29.5-30.0 GHz (Earth-to-space) under certain conditions, which are specified in ITU RR. 5.527A and Resolution 156 (WRC-15). ]  [54:  https://www.itu.int/net/pressoffice/press_releases/2015/56.aspx] 


3.3.3 [bookmark: _Toc467836430][bookmark: _Toc474934729]ESIM authorizations outside CEPT

Outside the CEPT, the national regulatory framework for domestic ESIMs varies greatly from administration to administration, and there is currently a lack of harmonised regulations at regional level. Some administrations authorize class/blanket licenses covering the entire family of terminals, while other administrations require individual terminal-by-terminal licenses. In administrations where the authorisation process is not entirely defined, uncertainty is created for the satellite operators, the local and multinational service providers and, ultimately, the potential end users.

3.3.4 [bookmark: _Toc467836431][bookmark: _Toc474934730]Consideration for spectrum managers in developing countries

The adoption of Resolution 1586 (WRC-15) may lead to an increase in the growth of ESIM deployments in both developed and developing administrations. A consequence is that spectrum managers should not only consider the development and adoption of national regulatory frameworks for ESIM licensing and authorization, but also if and how to approach matters of regional harmonization. Options for spectrum managers are to consider: (1) Type-approved mark; (2) Harmonised regional regulatory framework; (3) National-level exemptions; (4) National-level “blanket” licenses; and (5) Spectrum authorization.

3.4 [bookmark: _Toc474934731][bookmark: _Toc467836432]Results and preparations of World Radiocommunication Conferences

3.4.1 [bookmark: _Toc467836433][bookmark: _Toc474934732]WRC cycle and WRC process

The World Radiocommunication Conference (WRC) is normally convened every three to four years to review the Radio Regulations (RR) and deal with any question of a worldwide character within its competence and related to its agenda (see also the relevant provisions of the ITU Convention and General Rules of Conferences, Assemblies and Meetings of the Union). The results of a WRC are included in its Final Acts which are signed by the ITU Member States, with other important decisions included in the minutes of its plenary meetings. A consolidated list of these decisions are provided after the WRC in Circular Letters of the Radiocommunication Bureau (BR), along with important information to the administrations on the implementation by the BR of the relevant WRC decisions. During the preparatory process of a WRC, draft items to be put on the agenda and preliminary agenda of the next and subsequent WRCs respectively are proposed and approved at the end of this WRC. Immediately after the WRC, the ITU-R Conference Preparatory Meeting (CPM) holds its first session to organize the ITU-R preparatory studies for the next and subsequent WRCs (see Resolution ITU-R 2).

The results of the ITU-R preparatory studies (e.g. sharing conditions, protection limits, transitional regulatory measures, etc.) are included in new or revised ITU-R Recommendations and/or draft WRC Resolutions, which can become mandatory if incorporated by reference in the RR by the WRC. The assumptions made, calculations performed or other detailed information used to derived those sharing conditions or protection limits are usually described in new or revised ITU-R Reports and/or other ITU-R relevant publications.

For each item and issue on the agenda of the WRC, background information, a summary and analysis of the studies, and methods to satisfy the agenda item/issue, accompanied if necessary by draft modifications to the RR, are consolidated during the second session of the CPM and included in the CPM Report to the WRC.

The information contained in the CPM Report is of primary important for the ITU Member States to better understand the issues on the WRC agenda, understand also the positions and views of the other Member States and prepare proposals to the WRC. It is important to note that, during all the study cycle, the ITU-R Sector Members are able to contribute directly to the studies, while only the Member States can submit proposals to the WRC.

The regional preparations for the WRC described in Resolution 72 (Rev.WRC-07) as well as the ITU inter-regional Workshops on WRC Preparation are also a key element of the success of the WRCs, in particular in order to coordinate and develop as many common or multi-countries proposals as possible.

3.4.2 [bookmark: _Toc467836434][bookmark: _Toc474934733]WRC-15

The most recent WRC (WRC-15) was held in Geneva from 2 to 27 November 2015. A total of 3,275 participants representing 162 Member States and 130 observer organizations attended WRC-15. Mr Festus Yusufu Narai Daudu (Nigeria) was elected as Chairman of the WRC-15.

WRC-15 addressed over 40 topics related to frequency allocation and frequency sharing for the efficient use of spectrum and orbital resources. WRC-15 fielded outcomes in: mobile broadband communications, amateur radio service, emergency communications and disaster relief, search and rescue, earth observation satellites for environmental monitoring, unmanned aircraft and wireless avionics systems, global flight tracking for civil aviation, enhanced maritime communications systems, road safety, operation of broadband satellite systems (earth stations in motion), universal time, fixed satellite services, maritime-mobile satellite services, and satellite procedures.

In particular regarding mobile broadband communications, WRC-15 agreed on additional allocations to the mobile service and identification for International Mobile Telecommunications (IMT) of frequency bands in the L-band (1427-1518 MHz) and C-band (3.4 -3.6 MGHz), paving the way for the availability of globally harmonized spectrum for mobile broadband services in these bands. WRC-15 also achieved agreement on some additional bands or portions thereof that were also allocated to the mobile service and identified for IMT in some countries (470-698 MHz, 3.3-3.4 GHz, 3.6-3.7 GHz and 4.8-4.99 GHz). Since WRC-15, ITU-R studies are being carried out in particular on the suitable frequency arrangements for these bands. WRC-15 also decided to include studies in the agenda for the next WRC in 2019 for the identification of bands between 24 and 86 GHz in order to meet demand for greater capacity, notably through the implementation of IMT-2020. In addition, studies for WRC-19 will cover frequency related matters of WAS/RLAN in 5 GHz and regulatory actions for high-altitude platform stations (HAPS), which could further facilitate access to mobile broadband applications. WRC-15 also took a decision that will provide enhanced capacity for mobile broadband in the 694-790 MHz frequency band in ITU Region 1 (Europe, Africa, the Middle East and Central Asia) and a globally harmonized solution for the implementation of the digital dividend, while providing full protection to television broadcasting and aeronautical radio navigation services in this band.

The modifications made to the Radio Regulations at WRC-15, including the new or revised WRC Resolutions and Recommendations as well as the ITU-R Recommendations incorporated by reference in the RR, have been included in the 2016 Edition of the Radio Regulations which is available at: www.itu.int/pub/R-REG-RR.

3.4.3 [bookmark: _Toc467836435][bookmark: _Toc474934734]Preparation for WRC-19 and WRC-23

The next WRC has been scheduled in November 2019 and the subsequent one in 2023.  The Agenda of WRC-19 can be found in Council Resolution 1380 (C-16) derived from Resolution 809 (WRC-15) and the Preliminary Agenda for WRC-23 in Resolution 810 (WRC-15). ITU-R preparatory studies have been organized during CPM19-1 (see the results in BR Administrative Circular CA/226 and its Corrigendum 1) and the latest information on these studies can be found at: www.itu.int/go/rcpm-wrc-19-studies. Activities related to the regional preparation for WRC-19 can be found at: www.itu.int/go/wrc-19-regional, and additional information can be found on the WRC-19 webpage at: www.itu.int/go/wrc-19. A brief presentation on the above-mentioned topics was provided during a WTDC Res.9 Group meeting and can be found in ITU-D SG 1 Doc. 1/240.

[bookmark: _Toc467233654][bookmark: _Toc467235234][bookmark: _Toc458779281][bookmark: _Toc467836436][bookmark: _Toc474934735]CHAPTER 4 – Spectrum monitoring

While the international framework for the utilization of the radio frequency spectrum is set out in the ITU Radio Regulations, there is considerable flexibility for the establishment of national policies within this framework. There are many ways to organise national spectrum management, as each country must develop its own system to meet political and legislative regimes and regional situations. ITU Recommendation ITU-R SM.1047[footnoteRef:55] (national spectrum management) specifies the topics to be addressed for the development of national spectrum management programmes. [55:  http://www.itu.int/rec/R-REC-SM.1047 ] 


In this complicated task of national spectrum management, spectrum monitoring can assist in providing information on the actual use of the spectrum and to realise a usable spectrum that is as much as possible free of interference.

ITU developed guidelines to provide a standard approach to set up a new or update an existing spectrum monitoring network[footnoteRef:56]. These guidelines do not include monitoring equipment tender documentation specifications. Such specifications will depend on the need and type of national monitoring and on the national laws and regulations. [56:  http://www.itu.int/en/ITU-D/Spectrum-Broadcasting/Documents/Publications/Guidelines_SpectrumMonitoring_Final_E.pdf] 


These guidelines are based on the ITU Handbook on Spectrum Monitoring[footnoteRef:57], which contains detailed information on monitoring system planning and tenders. Valuable information can also be found in the following ITU publications: [57:  ITU Handbook on Spectrum Monitoring 2011 (especially Annex 1): http://www.itu.int/pub/R-HDB-23] 


· National Spectrum Management[footnoteRef:58]; and  [58:  National Spectrum Management: http://www.itu.int/pub/R-HDB-21] 


· Computer-Aided-Techniques for Spectrum Management[footnoteRef:59]. [59:  Computer-Aided-Techniques for Spectrum Management: http://www.itu.int/pub/R-HDB-01] 


These three ITU handbooks have been developed by ITU-R Study Group 1[footnoteRef:60] on spectrum management. ITU-R Working Party 1C[footnoteRef:61] includes international experts on spectrum monitoring related studies, including the development of techniques for observing the use of the spectrum, measurement techniques, inspection of radio stations, identification of emissions, and location of interference sources. [60: http://www.itu.int/en/ITU-R/study-groups/rsg1/Pages/default.aspx]  [61:  http://www.itu.int/en/ITU-R/study-groups/rsg1/rwp1c/Pages/default.aspx] 


Chapter 2 of these guidelines[footnoteRef:62] provides a short introduction to the need for spectrum management, whilst Chapter 3 includes the role spectrum monitoring has in spectrum management. Chapters 4-13 further describe and discuss aspects to be considered and implemented when setting up a new spectrum monitoring network. Especially, Chapter 6 is dealing with the development of a tender document. [62:  http://www.itu.int/en/ITU-D/Spectrum-Broadcasting/Documents/Publications/Guidelines_SpectrumMonitoring_Final_E.pdf] 


Spectrum monitoring is one of the essential tools of spectrum management. Spectrum monitoring techniques are developed to ensure adherence to technical parameters and standards for radiocommunication systems. In addition, spectrum monitoring can assist in assessing the efficient utilisation of the radio frequency spectrum. Spectrum monitoring techniques are different from those of a radiocommunication network in that they are carried out in non-optimal situations and, in some cases, in an unknown environment. ITU-R’s Handbook on Spectrum Monitoring covers all essential features of spectrum monitoring techniques and activities, including the establishment of monitoring facilities (refer to its Annex 1 on “Monitoring system planning and tenders”.).

4.1.1 [bookmark: _Toc467836437][bookmark: _Toc474934736]Identification of methodologies on setting up a spectrum monitoring networksystem

4.1.2 [bookmark: _Toc467836438][bookmark: _Toc474934737]Setting up tenders

When a national administration decides to create its nationwide spectrum monitoring systemnetwork, to add a new local monitoring station, or just to make a single mobile measuring study, the work is generally divisible into three stages (see Figure 6):

· Preparation stage: Planning

· Concept and objectives for a radio monitoring system

· Feasibility study

· Business Plan

· System planning

· Specifications for the systems

· Implementation stage: Tender process

· Invitation to start public purchase tender (consideration of the competence of the bidders, viewpoints of the disqualification for fulfilment of contract);

· Invitation for bids (including clarification to the bidders);

· Submission of proposals by the bidders;

· Evaluation of received proposals (request for clarifications inclusive);

· Decision for award of contract;

· Signature and entry into force of the contract.

· Final (termination) stage: Acceptance procedure, operation

· Factory, provisional and final acceptance procedures;

· Training, maintenance and spare parts supply;

· Starting up of the operation.

[bookmark: _Toc474934962]Figure 6: Setting up tenders
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Figure 6: Setting up tenders

Annex 1 to the ITU Handbook on Spectrum Monitoring describes in depth the steps for the tender process. It discusses both procedures defined by ITU and those by the World Bank. [In 2016, ITU-D released an updated edition of its report “Guidelines for the preparation of a tender to set up or update spectrum monitoring networks”, which is a useful resource to assist spectrum managers.]

4.1.3 [bookmark: _Toc467836439][bookmark: _Toc474934738]Planning a monitoring system

The goal of spectrum monitoring network (SMN) planning and optimization is to enable required monitoring functions across territories containing the highest density of transmitters with the minimum number of monitoring stations. This is to be achieved using the lowest possible antenna tower heights while maintaining high quality RF measurements. The territory of interest may be centres of high population or industrial development.

A computerized methodology for such planning and optimization in the VHF/UHF frequency ranges (based on angle of arrival (AOA) principals) has been developed and is set out in section 6.8 of the ITU Handbook on Spectrum Monitoring. Recommendation ITU R SM.1392-2 references section 6.8, and emphasizes the potential technical and economic benefits of effective planning and optimization of SMNs in developing countries. These benefits can only be achieved using computer-aided methods and apply in full measure to both developed and developing countries.

Practical experience has shown that, with the right computer models and calculations, it is possible to reduce the number of fixed monitoring stations required for coverage of a given region in comparison with SMNs planned on the basis of assessments by human experts. On the other hand, the planning and optimization process is rather complex. It comprises many different steps and is determined by the primary requirements of the planned SMN, which have to be defined in advance. In addition, it will be necessary during the planning stage itself to tackle a number of administrative decisions to optimize the process. Annex 1 of the ITU Handbook on Spectrum Monitoring provides a detailed guideline and step-by-step implementation to make the entire process more effective, while minimizing the work involved.

There is a number of different methods available for geolocation processing and three methods are described in ITU-R Report SM.2356 (2015). The first combines angle of arrival (AOA) measurements from multiple sites using direction-finding antenna arrays to determine the emitter location. The second combines time difference of arrival (TDOA) measurements from a minimum of three sites (two pairs of TDOA measurements between the three sites are required for geolocation). The third method combines both AOA and TDOA measurements to perform geolocation processing. Additional cost and type of environment (rural, urban or suburban) make the selection of a combination (hybrid) system an option. In urban cores where there is a lot of multipath and limited space for big antennas, TDOA nodes can be more cost effective and efficient. [But as the cost is dependent on infrastructure, planned coverage area, environs, etc., such an approach must be considered case-by-case, to ensure that it is the most effective and efficient solution.]

The first step in SMN planning requires basic decisions concerning the system objectives, configuration and performance in light of the available and projected financial resources. Apart from the points identified in Recommendation ITU R SM.1392-2[footnoteRef:63], these decisions include: [63:  ITU-R SM.1392 - Essential Requirements for a spectrum monitoring system for developing countries.] 


· The size of the territory to be monitored;

· Blanket vs. local coverage of territory by fixed stations;

· AOA vs. TDOA vs. Hybrid AOA/TDOA technology;

· Categories of test transmitters and the core monitoring tasks: listening, measurement of emission characteristics, direction finding (DF), and estimation of emitter location;

· Relative proportions of fixed and mobile station numbers.

In the initial phase of planning, it is also important to gather as much information as possible about the region of interest. It is also important to make decisions concerning the following:

· Determining the performance requirements for radio monitoring equipment;

· The choice of radio-wave propagation model (different models are optimized for quasi-plane relief or for hilly and mountainous terrain and others for urban settings);

· Determining avoidance areas for monitoring stations (closed or secure locations, or areas with high field strength);

· Location uncertainty (for AOA/TDOA SMNs).

4.2 [bookmark: _Toc467836440][bookmark: _Toc474934739]Challenges of detecting weak signals and solutions

Signals of modern devices operate with bandwidths that have been steadily increasing, reaching 20 MHz or wider. In order to effectively analyse these signals, most modern spectrum monitoring systems use wideband receivers. With the increase in receiver bandwidths required for these signals, an unintended side effect is that it is more likely to have both strong and weak signals present within the receiver bandwidth. The likelihood of the monitoring system being installed in the vicinity of strong nearby signals is a real-world problem driven by the fact that the number of emitters within radio reach is constantly increasing.

In order to receive a weak signal in the presence of strong signals the wideband receiver must be able to process signals with powers that can vary from weak to strong (that is, in technical terms, the receiver must have high in-band dynamic range). Note that the effects of strong nearby signals can be further reduced by using receivers that have dual receiver bandwidths, wide and narrow, where the narrow bandwidth (typically 1/10th of wide bandwidth) is used in the presence of extremely strong nearby signals.

A receiver’s local oscillator is designed to produce as pure a mixing signal as possible, but in practice the achievable purity can vary widely depending on the design. The purity is measured in dB below carrier (dBc) at several offset frequencies. The problem is that local oscillator phase noise, through receiver reciprocal mixing, can mask weak signals in the presence of strong signals. The effect of the reciprocal mixing is again equivalent to increasing the receiver’s effective noise figure. In order to minimize the effects of the reciprocal mixing, receiver phase noise must be low. The phase noise specification of a modern receiver in monitoring equipment should not be less than –100 dBc/Hz at 10 kHz offset from the carrier.

More information concerning monitoring receivers is given in section 3.3 of ITU Handbook on Spectrum Monitoring.

4.3 [bookmark: _Toc474920866][bookmark: _Toc474934743][bookmark: _Toc467836442][bookmark: _Toc474934744]Summary

While this Chapter presents highlights about spectrum monitoring, those interested in establishing spectrum monitoring stations are encouraged to read the ITU-R Handbook, ITU-R Recommendations and ITU-R Reports identified in the following table for additional details. Furthermore, the reader is advised that the ITU Academy provides training in spectrum monitoring[footnoteRef:64].  [64:  For more information, consult the ITU Academy portal (http://academy.itu.int).] 


[bookmark: _Toc474934991]Table 6: ITU-R Handbooks, Recommendations and Reports related to spectrum monitoring

		Title

		Description



		ITU-R Handbooks



		ITU-R Handbook on Spectrum Monitoring 

		Includes Chapters on Equipment (Ch. 3), Measurements (Ch. 4) and the planning and execution of monitoring station equipment/facilities acquisition documents (Annex 1 - Monitoring station “tenders”).



		ITU-R Recommendations



		ITU-R SM.575- Protection of fixed monitoring stations against interference from nearby or strong transmitters

		This Recommendation specifies maximum field-strength levels at monitoring stations to ensure their interference-free operation.



		ITU-R SM.854- Direction finding and location determination at monitoring stations

		This Recommendation provides classification of bearings to determine the most likely position of an emitter using direction finding at monitoring stations.



		ITU-R SM.1050- Tasks of a monitoring service

		This Recommendation describes the tasks of a monitoring service.



		ITU-R SM.1392 - Essential Requirements for a spectrum monitoring system for developing countries

		This Recommendation describes requirements for spectrum monitoring systems, including systems tasks, equipment and evaluation criteria for determining the scope of what is needed based on administration requirements.



		ITU-R SM.1708- Field-strength measurements along a route with geographical

		This Recommendation describes the method which should be used for field-strength measurements of vertically polarized signals along a route.



		ITU-R SM.1880 - Spectrum Occupancy measurement and evaluation

		This Recommendation describes frequency channel occupancy measurements performed with a receiver or spectrum analyser and includes discussions about equipment, monitoring site considerations, fixed and mobile monitoring, statistical considerations for result validity and post processing.



		ITU-R SM.2039 - Spectrum Monitoring Evolution

Note: This Recommendation may become relevant at a later stage after setting up an initial spectrum monitoring system

		This Recommendation describes the need for improved coverage and sensitivity in monitoring networks and the extension of monitoring coverage utilizing new technologies, including the challenges and approaches for detection of weak signals.



		ITU-R SM.1370 - Design guidelines for developing automated spectrum management systems

		This Recommendation gives design guidelines for an automated spectrum management system, including the recommended functionality for such a system, and the data elements required for frequency management at national level while also ensuring that the data collected is suitable (statistically significant) for accurate characterization.



		ITU-R Reports



		ITU-R SM.2256 - Spectrum occupancy measurements and evaluation

		A comprehensive report covering methodology, measurement parameters, site considerations and procedures for spectrum occupancy monitoring and reporting.



		ITU-R SM.2355 - Spectrum monitoring evolution

Note: This Report may become relevant at a later stage after setting up an initial spectrum monitoring system

		This companion Report (to Rec. ITU-R SM.2039) describes, in detail, methods for improvements in coverage and sensitivity of monitoring networks (to be able to detect weak signals) and the extension of monitoring coverage utilizing new technologies.



		ITU-R SM.2356 - Procedures for planning and optimization of spectrum-monitoring networks in the VHF/UHF frequency range 

Note: This Report may become relevant at a later stage after setting up an initial spectrum monitoring system

		This Report outlines procedures, methods and equipment for monitoring networks in the VHF/UHF range.





[bookmark: _Toc474934745]Glossary	Comment by Bozsoki, Istvan: Alphabetical order, add abbreviations

Authorized Shared Access: refers to a regulatory framework in which new users obtain individual licenses that grant the user the exclusive right to use of spectrum whenever and wherever it is unused by incumbent users on a shared and non-interference basis. (Adapted from: CEPT. “Authorized Shared Access”, page 4).

License-Exempt: refers to a regulatory framework in which the user is not required to obtain a formal license from the local administrator to operate within a particular frequency band.  Users must still comply with pre-defined technical performance requirements, and their use of the spectrum is non-exclusive.

License by Rule: refers to a regulatory framework in which the user is not required to obtain an individual license to operate within a particular frequency band, but the user is required to obtain a general permit from the local administrator, and it must agree to comply with rules governing the use of the frequency band. (Adapted from: FCC. “Family Radio Service (FRS)”: https://www.fcc.gov/general/family-radio-service-frs)

License-Exempt: refers to a regulatory framework in which the user is not required to obtain a formal license from the local administrator to operate within a particular frequency band.  Users must still comply with pre-defined technical performance requirements, and their use of the spectrum is non-exclusive.

Lightly Licensed: refers to a regulatory framework in which the user is required to obtain a license to operate in a particular frequency band, but the license is non-exclusive. With this approach, interference is typically mediated by technical solution rather than by the local administrator. In contrast to a license shared access framework, licensees are not required to share specific frequency bands. (Adapted from: GSMA. “Wireless Backhaul Spectrum Policy Recommendations & Analysis”, October 2014)

License Shared Access: refers to a regulatory framework in which multiple users share access to spectrum. With this approach, new users are allowed to obtain individual licenses to operate within a particular frequency band that is already assigned to one or more incumbent users or other LSA licensees. (Adapted from: Faussurier, Emmanuel. “Introduction of new spectrum sharing concepts: LSA and WSD”. ITU-R SG 1/WP 1B Workshop, 20 January 2014, pg. 16:)

Authorized Shared Access: refers to a regulatory framework in which new users obtain individual licenses that grant the user the exclusive right to use of spectrum whenever and wherever it is unused by incumbent users on a shared and non-interference basis. (Adapted from: CEPT. “Authorized Shared Access”, page 4).

Lightly Licensed: refers to a regulatory framework in which the user is required to obtain a license to operate in a particular frequency band, but the license is non-exclusive. With this approach, interference is typically mediated by technical solution rather than by the local administrator. In contrast to a license shared access framework, licensees are not required to share specific frequency bands. (Adapted from: GSMA. “Wireless Backhaul Spectrum Policy Recommendations & Analysis”, October 2014) 

Tiered Access: refers to a regulatory framework in which different classes (i.e. tiers) of users with different rights and obligations access the same sections of spectrum. The different tiers typically consist of a primary incumbent (usually the current license holder or government agency) who maintains unfettered access to that portion of spectrum, while also allowing additional secondary and tertiary levels of users, each of which is accorded a lower level of interference protection, and who must halt transmitting if a higher level user requires use of the spectrum.

Acronyms 	Comment by Fadel: Need to include a list of all abbreviations

ASA		Authorized Shared Access

CEPT		European Conference of Postal and Telecommunications Administrations

CR		Cognitive Radio

CRS		Cognitive Radio Systems

DSA		Dynamic Spectrum Access

ESIM		Earth Station in Motion

FSS		Fixed Satellite Service

GDP		Gross Domestic Product

IMT		International Mobile Telecommunications

LSA		License Shared Access

LTE		Long-Term Evolution

M2M		Machine-to-Machine

NRA		National Regulatory Authority

NTFA		National Table of Frequency Allocation

PAL		Priority Access License

RR		Radio Regulations

SDR		Software-Defined Radio

TVWS		TV White Space

WRC		World Radiocommunication Conference

WSD		Whitespace Device

WSDB		Whitespace Database

SAS		Spectrum Access Systems
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[bookmark: _Toc474922430]Figure 1A: Spectrum access schemes



Figure 1A: Spectrum access schemes

We give an overall view of different possible spectrum access schemes (as shown in Figure 1A) enjoying different degrees of conservatism and flexibility. It can then be inferred that better utilization and sharing of spectrum can be achieved in a variety of ways giving the spectrum manager the flexibility and more degrees of freedom to optimize spectrum efficiency/utilization.

1 [bookmark: _Toc467836447][bookmark: _Toc467836528][bookmark: _Toc474920873][bookmark: _Toc474934751]Individual use

Spectrum is granted for individual use according to some license identifying operation in a certain band of spectrum under certain rules.

Based on essential requirement included in the defined regulatory framework, operational parameters and specific conditions may be reflected in the licence itself such as:

· Frequency or band of operation;

· Region or area of operation;

· Power of transmission and power mask;

· Owner of license;

· Service type;

· Time interval or license duration.

1.1 [bookmark: _Toc467836448][bookmark: _Toc467836529][bookmark: _Toc474920874][bookmark: _Toc474934752]Exclusive use

The license parameters remain all unaltered during the course of the license. 

2.1 [bookmark: _Toc467836449][bookmark: _Toc467836530][bookmark: _Toc474920875][bookmark: _Toc474934753]Flexible exclusive use

Some of the license parameters could be flexible and could be altered. Such an alteration gives an opportunity for the spectrum holder to allow other users to access spectrum and to be granted some spectrum rights on a non-real-time or real-time basis.

2.2 [bookmark: _Toc467836450][bookmark: _Toc467836531][bookmark: _Toc474920876][bookmark: _Toc474934754]Non real-time secondary market

In this scheme, the transfer of spectrum rights is done on a non-real-time basis since a pre-authorization could be needed from the regulatory authority or at least some sort of notification based on the original license terms.

In this scenario, license parameters could change within the same specifications of Frequency band, coverage area, and mostly service type as well (the type of service could be altered based on different aspects such as the time of lease, the nature of the lessee, the scale of frequency-spatio-temporal granularities,…).

Two modes then arise: (i) the licensee could still be in charge and remain accountable before the regulatory authority (i.e., transparent lessee), or (ii) complete license transfer wherein the lessee is in total accountability before the regulatory authority (i.e., transparent owner). 

2.3 [bookmark: _Toc467836451][bookmark: _Toc467836532][bookmark: _Toc474920877][bookmark: _Toc474934755]Real-time secondary market

Based on the fluctuations of real-time traffic, any operator/lessee can lease the spectrum offered by the owner (O) instantaneously based on availability/needs and according to a certain protocol for spectrum transactions. In other words, this model can be described as online secondary market. To a certain degree, it is a complex model to implement and monitor. However, it enables realization of the "capacity on demand" concept. The role of the regulatory authority may not be there or could be through imposing predefined rules.

2 [bookmark: _Toc467836452][bookmark: _Toc467836533][bookmark: _Toc474920878][bookmark: _Toc474934756]Common use

In this scheme, different parties can coexist within the same band based on primary/secondary rights or equal access (whether open or controlled). 

1) Primary/Secondary

Secondary users seek opportunistic access to spectrum and coexist with the primary owners (even with existing spectrum management schemes). Such an access could be achieved by peacefully coexisting (underlay) with or exploiting absence (overlay) of the primary user. 

a) Spectrum Underlay

In this scheme, secondary users coexist in the same band while the primary user is active under the condition that the interference level (at the primary user) is kept under a certain threshold. An example of such a scheme is the ultra wideband (UWB) system that extends its power across a wideband and appears as noise to other primary systems. 

b) Spectrum Overlay

It refers to the exploitation of white spaces or spectrum gaps in the spatio-temporal domain. The main constraint here is that the secondary user must immediately vacate spectrum once the primary user resumes its activity. 

Such a secondary radio should be smart and has a cognitive capability in order to seize spectrum opportunities and adapt its parameters from one hand and coordinate with other secondary radios from another given that no interference or harm is brought to the primary user. 

2) Commons

A pool of spectrum is to be available for access by different parties based on different etiquettes.

a) Open Spectrum Access (OSA)

The spectrum pool is open for access to all parties. An example of such a scheme is the ISM band in the 2.4 GHz where multitude of unlicensed services compete with each other. This method suffers from the “commons tragedy phenomenon. 

b) Controlled Commons

In this scheme, multiple parties can access a common pool of a licensed band according to certain rules to avoid the “tragedy of commons” and to guarantee some level of fair access and quality. An example of this scheme is the “Private Commons” method introduced by the FCC (The private commons option provides a potentially complementary access model in which licensees (or spectrum lessees) would determine to make access available to a similar class of users, and would do so under technical requirements for sharing use of the licensed band established and managed by the licensee (or lessee)). This scheme also supports the "capacity-on-demand" concept.

[bookmark: _Toc467836453][bookmark: _Toc474934757]Annex 2: Existing regulations on TV white space

Inclusion of links to existing regulations from Canada, Singapore, US, and UK:

Canada, Radio Standards Specifications-222 Issue I — White Space Devices (WSDs) http://www.ic.gc.ca/eic/site/smt-gst.nsf/eng/sf10930.html.

Singapore, DECISION PAPER ISSUED BY THE INFO-COMMUNICATIONS DEVELOPMENT AUTHORITY OF SINGAPORE REGULATORY FRAMEWORK FOR TV WHITE SPACE OPERATIONS IN THE VHF/UHF BANDS, 16 June 2014, https://www.ida.gov.sg/~/media/Files/PCDG/Consultations/20130617_whitespace/ExplanatoryMemo.pdf.

Singapore, TELECOMMUNICATIONS ACT (CHAPTER 323) TELECOMMUNICATIONS (EXEMPTION FROM SECTIONS 33, 34(1)(b) AND 35) (AMENDMENT NO. 2) NOTIFICATION 2014, http://statutes.agc.gov.sg/aol/search/display/view.w3p;page=0;query=DocId%3Afe1642bb-1981-4afd-a8da-322595befe8a%20Depth%3A0%20ValidTime%3A02%2F02%2F2016%20TransactionTime%3A02%2F02%2F2016%20Status%3Apublished;rec=0.

United Kingdom, 2015 No. 2066 ELECTRONIC COMMUNICATIONS The Wireless Telegraphy (White Space Devices) (Exemption) Regulations 2015, http://www.legislation.gov.uk/uksi/2015/2066/made/data.pdf.

United States of America, Code of Federal Regulations Title 47, Chapter I, Subchapter A, Part 15, Subpart H – White Space Devices, http://www.ecfr.gov/cgi-bin/text-idx?rgn=div6&node=47:1.0.1.1.16.8.
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