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			1	Introduction

			The effective management of scarce spectrum resources has become increasingly important for governments as the demand for spectrum continues to grow, fuelled primarily by technological developments that have generated more uses for spectrum, particularly in respect of wireless communications. In response, governments must ensure that available spectrum is allocated to the most effective and efficient uses and to the users that value it most. In the absence of effective management of spectrum resources, governments, and the citizens that they represent, are deprived of access to productive services and economic development, which is detrimental to national interests.

			In their efforts to improve spectrum management, governments must not only manage growing demand, they must do so in an increasingly complex environment. In addition to constant technical developments, effective spectrum management also encompasses a wide range of complex economic and legal issues, such as spectrum pricing, assigning and allocating rights to use spectrum, reallocation of spectrum to different users and uses, renewal of rights to use spectrum, and trading spectrum between users.  

			In the face of these challenges, governments and participants in the communication sector in general need to be able to call on sufficient human capacity to address a wide range of complex technical, economic and legal issues, with a view to ensuring that spectrum resources are managed effectively. ITU recognizes that this constitutes a significant challenge for Member States, particularly where scarce resources are already stretched.  

			It was against this backdrop that the ITU Regional Office for Asia and the Pacific decided to commission the study entitled “A Framework for Effective Spectrum Training in Asia-Pacific.” It had concluded that policy-makers, regulators and operators in the Asia-Pacific region have a strong need for specialized training in spectrum management. It is therefore planning to help develop a demand-driven comprehensive training programme on spectrum management that is tailored to the unique needs of the region and to the situation created by the COVID-19 pandemic. The study is a first step in that direction.  

			Implicit in that decision is the Regional Office’s conclusion that existing ITU spectrum management training resources do not address the requirements of its members in the Asia-Pacific region. The primary ITU spectrum management training resource is the SMTP, which is described in detail, along with other spectrum management training programmes, in section 4 of this report.  

			In a separate and independent initiative, the SMTP, which was first developed in 2014 as a global training programme covering a wide range of topics, is currently being reviewed and upgraded. The SMTP is delivered on various platforms, including the ITU e-learning platform, the ITU Academy and a number of centres of excellence. 

			The study does not propose to redesign or replace the SMTP. Instead, it seeks to develop a framework for effective spectrum management that is predicated on the needs of Member States and other industry participants located in the Asia-Pacific region to meet growing demand for varied spectrum use. The study then considers to what extent existing spectrum management training programmes, including the SMTP, can be used to satisfy those needs. As such, parts of the SMTP may form the basis of a bespoke Asia-Pacific spectrum management training framework.  

			A key component of the study is the views of Member States and other industry participants on spectrum management training, which were obtained via an online survey on a wide range of matters relating to spectrum management, including:

			•	the extent to which the organizations concerned have sufficient expertise in spectrum management;

			•	the importance to those organizations of having their own spectrum management expertise;

			•	the spectrum management subject areas of most (and least) importance to them; 

			•	the preferred approach for delivering spectrum management training.   

			An online survey was conducted to ensure that the study outcomes were responsive to the underlying requirements of Member States.  

			Apart from this introduction, this report comprises the following sections:

			•	Online survey: rationale, structure and respondents

			•	Pressures for reviewing spectrum management training 

			•	Existing spectrum management training

			•	Asia-Pacific spectrum management requirements

			•	Summary and way forward.

		

	
		
			2	Online survey: Rationale, structure and respondents

			2.1	Introduction

			A fundamental component of the study was the online survey of ITU Member States and other industry participants in the Asia-Pacific region. The survey collected essential information from primary sources for final project recommendations. This section discusses various aspects of the survey, which provides an essential understanding of the basis on which the recommendations are formed. Apart from this introduction, this section is divided into the following subsections:

			•	Rationale for conducting a survey

			•	Survey structure

			•	Survey respondents 

			•	Survey implications. 

			2.2	Rationale for conducting a survey

			The study is a first step towards the development of demand-driven spectrum management training tailored for the Asia-Pacific region. To meet this aim, it had to obtain direct input from ITU Member States and other industry participants. Given the diversity, time zones and geographical features of the Asia-Pacific region, this meant engaging with a large number of respondents to ensure that the input received was genuinely representative of the region and that the findings were in line with the respondents’ requirements.  

			Accordingly, it was determined that the most cost-effective approach to obtain input from Member States and other industry participants was an online survey. This ensured that all Member States and a large number of selected industry participants had the opportunity to participate in the study and contribute their views. 

			2.3	Survey structure

			The survey was designed to seek the views of Member States and other industry participants on various aspects of spectrum management training, including the following:  

			•	the extent to which the organizations concerned had sufficient expertise in spectrum management;

			•	the importance to those organizations of having their own spectrum management expertise;

			•	their experience of the ITU SMTP;

			•	the spectrum management subject areas of most (and least) importance to them;

			•	the preferred approach for delivering spectrum management training.   

			The survey comprised open and closed questions. The idea was to balance a range of considerations, including:

			•	providing respondents with sufficient opportunity to express their views openly;

			•	ensuring that it would not be overly burdensome for respondents to complete the survey by enabling them to choose their answers from a range of options; 

			•	pitching the survey at a level of detail ensuring that a sufficient number of responses would be received.  

			In addition, the survey asked respondents to answer various “Likert” questions on a scale of 1 to 5. The aim was to evaluate the respondents’ views on various matters on a more granular basis than a binary “yes/no” response.  

			The survey asked the respondents to indicate the type of organization they represented.1 A number of options were provided from which to choose, inter alia to isolate academic institutions that answered only questions of relevance to them.

			Invitations to complete the survey were sent on 9 November 2020 by the ITU Regional Office for Asia and the Pacific to all ministries, regulators, Sector Members and academic institutions in the 37 administrations in the Asia-Pacific region. Respondents were requested to complete the survey before 27 November 2020. A reminder was sent just before the closing date, urging respondents to complete the survey if they had not already done so. At the request of one Member State, the deadline was extended for one week beyond the original closing date.

			2.4	Survey respondents 

			At the survey final close-off date, 33 valid responses had been received. It is quite possible that some countries provided one response based on internal consultation with their stakeholders.2 About 10 responses that were obviously substantially incomplete, duplicated or otherwise invalid had to be removed. While 33 valid responses were received, this does not mean that each and every question was answered by the 33 respondents; certain questions therefore had fewer than 33 responses.  

			The analysis that follows in this section focuses on the characteristics of the survey respondents, in particular, the jurisdictions, subregional groups, other groupings and types of organization represented. This provides the context needed to interpret the responses.  

			Valid responses were received from 17 jurisdictions (Figure 2.1), or 46 per cent of the 37 jurisdictions in the Asia-Pacific region.  

			Figure 2.1. Jurisdictions represented in the survey
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			These 17 jurisdictions cover six geographic subregions in the Asia-Pacific region (Figure 2.2). The South-east Asian subregion had the most respondents, representing six jurisdictions. The Pacific and South Asian subregions were represented by four and three jurisdictions respectively. In addition, 10 of the jurisdictions represented in the survey were also part of other ITU groups (Figure 2.3).  

			Figure 2.2. Jurisdictions by subregions represented in the survey
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			Figure 2.3. Jurisdictions in other groups
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			As can be seen, the respondent jurisdictions were predominantly developing economies.  For example, 12 of the 17 jurisdictions were in the bottom half (and four of those in the bottom quarter) of a global list of countries/ territories ranked by the IMF by gross domestic product per capita.3   

			The flip side to the predominance of developing economies in the survey was the general absence of jurisdictions from the region’s most developed economies. For example, five of the region’s highest-ranked economies on the IMF list – Singapore, Australia, the Republic of Korea, Japan and New Zealand – were not represented. This suggests that ITU should focus its spectrum management training efforts on the region’s developing economies.

			The survey respondents were predominantly regulatory authorities: 19 of the 33 responses were from national regulatory authorities. A further 11 respondents were ICT/ telecommunication ministries. The remaining three respondents indicated that they represented broadcasting authorities. No responses were received from telecommunication service providers, academic institutions, international organizations or other industry players. This suggests that strong interest in spectrum management training lies with government policy-making and regulatory institutions and will further inform ITU spectrum management training efforts.  

			Given the absence of responses from academic institutions, the expected input addressing matters such as possible collaboration with ITU for the delivery of spectrum management training was not forthcoming.  

			2.5	Summary

			The overall initial analysis of the respondents to the survey has important implications for ITU spectrum management training efforts. To the extent that the responses reflect the level of interest in, and the need for, spectrum management training, the archetypal respondent is key. In other words, those that made the effort to respond were those that had a genuine interest in improving spectrum management training – they cannot be considered a sample that is representative of the Asia-Pacific region.  

			It is also evident that there were insufficient responses to the survey to make valid comparisons between different groups of respondents. For example, it would be inappropriate to compare responses from South-east Asian jurisdictions with those from Pacific Island jurisdictions, as the survey responses overall cannot be considered representative of the Asia-Pacific region. Attempting to further break down the analysis of responses merely perpetuates this underlying bias.

			What emerges from the survey results is that the archetypal respondent is a policy-maker/regulator in a developing economy located in the South-east Asian, Pacific or South Asian subregions. This is a key outcome of the survey and, accordingly, this is where ITU spectrum management training efforts should be focused. 

			

			
				
					1	The survey did not ask the respondents to indicate their gender.

				

				
					2	The actual response rate is difficult to determine, but can be estimated at 18 per cent on the basis of five separate invitations to 37 administrations = 185 invitations and 33 responses received.  

				

				
					3	 See https://en.wikipedia.org/wiki/List_of_countries_by_GDP_(PPP)_per_capita.

				

			

		

	
		
			3	Pressures for reviewing spectrum management training

			3.1	Introduction

			This section considers the responses to a number of questions that shed light on the need and support for specialized spectrum management training. In analysing these results, it is important to bear in mind the previous section’s analysis of the respondents, i.e. that the survey results are essentially based on an archetypal respondent characterized as a policy-maker/regulator in a developing economy located in the Pacific, South-east Asian or South Asian subregions.  

			This section is divided into the following subsections:

			•	Importance of spectrum management expertise

			•	Level of spectrum management expertise 

			•	Need to strengthen spectrum management expertise

			•	Satisfaction with the ITU SMTP

			•	Implications of survey responses.  

			3.2	Importance of spectrum management expertise

			The respondents were asked to indicate how important it was to have staff with a high level of expertise in effective spectrum management (“How important is it for your organization to have staff with a high level of expertise in effective spectrum management?”). They were asked to rate their answer on a five-point scale ranging from “Not important” to “Extremely important”. This question was intended to measure how likely the respondents were to value spectrum management training.

			As shown in Figure 3.1, the overwhelming response was “Extremely important”, followed closely by “Very important”. These two responses account for 27 of the 31 valid responses received, or more than 85 per cent. The weighted average score of the responses is 4.45. Accordingly, the responses show that organizations attach a great deal of importance to having a high level of spectrum management expertise. The respondents would therefore be expected to place great value on spectrum management training. 

			Figure 3.1. Importance of having staff with expertise in spectrum management
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			3.3	Level of spectrum management expertise

			The respondents were asked to “self-assess” the level of spectrum management expertise within their organizations (“How would you rate the overall level of expertise in effective spectrum management within your organisation?”) on a five-point scale ranging from “Very low” to “Very high”. This question was intended to establish whether respondents saw a need to build spectrum management capacity within their organizations. In considering the responses, it should be borne in mind that respondents were likely to overstate the level of expertise within their organization; they were likely to have an inherent tendency to portray their organization in a positive light rather than reveal an “uncomfortable truth”.   

			As can be seen in Figure 3.2, the predominant response was “High”, closely followed by “Medium”. These two responses accounted for 28 of the 31 valid responses received, or more than 90 per cent. The weighted average score of the responses is 3.42. Accordingly, the responses indicate that the level of spectrum management expertise is considered high but not as high as it could be; there is room for improvement, which suggests that respondents would be supportive of building spectrum management expertise within their organizations. 

			Figure 3.2. Level of spectrum management expertise in the organization

			[image: This image has no alternative text]

			An analysis of the responses to these first two questions provides some further insights. The respondents obviously believe that it is very important for their organization to have expertise in spectrum management. At same time, they consider that their organization’s actual level of spectrum management expertise does not match the level of importance they attach thereto, i.e. the weighted average of “importance” is 4.45 while the weighted average of the level of “expertise” is 3.42.  

			This is a clear indication of support for additional spectrum management training: the logical solution to the evident shortfall in spectrum management expertise is for organizations to train their staff.  

			3.4	Need to strengthen spectrum management expertise

			The respondents were presented with 13 different topics covering a wide range of spectrum management issues and were asked to indicate which needed strengthening within their organization. They were asked to select as many areas as they considered applicable. A total of 31 responses were received to this question and the results are shown in Figure 3.3.

			Figure 3.3. Spectrum management areas in need of strengthening
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			The results show that there is a perceived need to strengthen spectrum management in all the areas presented. The area most in need of strengthening is “Long-term spectrum planning”, which was flagged by 26 out of 31 respondents, or 83.9 per cent. This is followed by “Allocating spectrum for new technologies (e.g. IoT, 5G New Radio)”, which was flagged by 24 respondents, or 77.4 per cent. At the opposite end of the scale is “Managing public consultations on spectrum issues”. While this area was flagged by a relatively few respondents (13, or 41.9 per cent), it still received a significant level of support.  

			3.5	Satisfaction with the ITU SMTP

			The respondents were asked several questions about the SMTP, for two reasons: to obtain insight into their perception of the SMTP’s usefulness and to gauge to what extent the SMTP can provide a foundation for developing specialized spectrum management training tailored for the Asia-Pacific region.  

			The respondents were first asked if they were aware of the SMTP: 22 out of 31 respondents (71 per cent) replied “Yes”. This is a very positive result that must nevertheless be tempered by the possibility of an inherent bias among respondents to express awareness rather than expose their ignorance of the SMTP.  

			The respondents that indicated that they were aware of the SMTP were then asked if staff from their organizations had participated in SMTP training. This received a very positive result of 90 per cent.  

			Respondents indicating that they had staff participate in the SMTP were asked to indicate their organization’s level of satisfaction with the programme (“In your view, from what you know of the ITU’s SMTP to what extent is your organisation satisfied with it?”) on a five-point scale ranging from “Not satisfied” to “Extremely satisfied”. As is shown in Figure 3.4, the predominant response was “Satisfied”, followed by “Very satisfied”. These two responses account for 14 of the 18 valid responses received, or 78 per cent. The weighted average response is 3.4. This result can be interpreted as a reasonable but not particularly strong level of satisfaction among respondents.  

			Figure 3.4. Satisfaction with the SMTP
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			The subset of respondents who were aware of the SMTP but had no staff participate in it were asked to indicate the reasons why from a number of options. Only two responses were received, a response rate that is considered too low to provide a meaningful result.  

			3.6	Implications of survey responses

			The discussion in this section has focused on assessing the level of underlying support for spectrum management training. Such support seems logical from an intuitive perspective, given the impact on spectrum management of ongoing technical, legal and economic developments. The survey results clearly confirm this. Specifically, they demonstrate that:

			•	a great deal of importance is attached to having a high level of spectrum management expertise;

			•	the level of spectrum management expertise in organizations falls short of the level of importance attached to it; 

			•	there is a clear need for broad-based strengthening of spectrum management expertise; 

			•	there is a high degree of awareness of the SMTP but a moderate level of satisfaction with it.  

			Overall, these results show that there is very strong support for spectrum management training but that the SMTP in its present form is not likely to meet all requirements in the Asia-Pacific region.   

		

	
		
			4	Existing spectrum management training

			4.1	Introduction

			The ITU SMTP is one of many existing spectrum management training programmes. A number of suppliers offer a variety of courses that differ in terms of subject matter, form of delivery, course duration, fees, intended audience, and so on. This section provides an overview of some of the programmes, including the SMTP, focusing in particular on the subject matter covered by each.  

			This overview will provide a knowledge base against which the spectrum management training requirements of respondents to the survey will be compared. Those requirements are discussed in section 5. The aim is to assess the extent to which they may be satisfied by existing training programmes. In addition to the SMTP, seven spectrum management training programmes have been identified and are discussed in this section. They are generally well known in the industry and are provided by:

			•	LS telecom AG

			•	the University of Strathclyde

			•	PolicyTracker

			•	the GSMA

			•	the CTO

			•	the APT

			•	the NTIA.

			The information below was drawn from the publicly available material describing the most recent programmes on offer. Training programmes such as these evolve over time and may not necessarily be available in their current form or at all. For example, the COVID-19 pandemic has led to many courses being cancelled or offered only online. The analysis does, however, provide a useful overview of some of the popular spectrum management courses currently available to industry members. 

			4.2	The ITU Spectrum Management Training Programme 

			The SMTP, which is global in reach, consists of a set of high-level training materials in all areas of spectrum management, developed by experts from within and outside ITU. It received international accreditation in 2018 from the Central Evaluation and Accreditation Agency. The SMTP offers a basic and an advanced level, and both have obligatory and elective modules.

			The SMTP can be delivered via multiple channels, including the ITU e-learning platform, the ITU Academy and a consortium of centres of excellence.-1 Such centres have been established in all regions and are connected in one global network sharing training curricula. Materials can also be delivered via channels such as participating universities or private sector training academies. 

			The obligatory modules include the following:

			•	Legal Basis and Regulatory Framework of Spectrum Management: covers basic subjects and concepts such as historical background and evolution of spectrum management principles and strategies, the ITU’s role and structure, and the ITU Radiocommunication Sector and Bureau and their respective roles; 

			•	Spectrum Engineering Fundamentals: topics include radio waves, antennas and propagation; physical differences between frequency bands and radio-link budgets, minimum coupling loss, and similar formulas and units. 

			The obligatory modules also cover wireless telecommunication technologies, the economic and market tools of spectrum management, and strategic planning and policies for wireless innovation.

			The elective modules include the following: 

			•	Spectrum Monitoring: provides an understanding of the role and functions of radio spectrum monitoring;

			•	Enforcement and Type Approval of Equipment: provides an understanding of the role of enforcement in spectrum management and the role of standardization of radio interfaces and national type approval of radio equipment;

			•	Spectrum Management for Satellite Systems: provides an understanding of radio spectrum management related to satellite communication systems. 

			Other elective modules include spectrum management for HF systems and science, maritime and amateur services; computer-aided spectrum management; and advanced spectrum authorization regimes.

			The SMTP is intended for ITU Member States and Sector Members. It meets the capacity-building needs of operators, regulators and policy-makers, and provides a resource pool for members of academia and the ITU network of centres of excellence. It is accessible to anyone hoping to enhance and broaden their professional knowledge in the field of spectrum management.  

			Some SMTP courses are subject to fees while others are free of charge. The different providers have discretion to decide what course fees apply.  

			4.3	LS telecom AG

			LS telecom AG is a global technology services business headquartered in Germany but with offices in many locations, including in Asia (Australia and China). It offers a range of courses on spectrum management and a unique selection of training sessions, workshops and seminars with knowledge or skill-based objectives.

			The courses typically run for four days. They may be web-based or in-person and are offered in English and German. 

			The subjects include the following:

			•	Radiocommunications: includes 5G spectrum issues, wireless connectivity for the IoT, and 5G readiness and network deployment;

			•	Spectrum Management: includes managing and regulating the radio spectrum, dealing with capacity crunch, and 5G and satellite compatibility;

			•	Monitoring & Measurements: includes spectrum monitoring – measurement and techniques, electromagnetic field measurement and reporting, and practical spectrum monitoring measurement;

			•	Broadcast: includes FM and TV broadcast antennas, modern broadcast planning and ITU procedures and notifications. 

			LS telecom AG offers specific courses for a range of groups encompassing regulatory or commercial bodies, entities such as government departments, satellite companies and military establishments. The courses are also intended for ICT staff dealing with IT infrastructure.  

			Course fees are in the range of EUR 1 290 to 2 590.

			4.4	University of Strathclyde

			The University of Strathclyde is based in Scotland. It offers full-time 12-month courses accredited by the United Kingdom’s professional body, the Institution of Engineering and Technology. The courses cover a comprehensive range of subjects related to spectrum management at Master’s degree level and involve highly technical coursework.  

			The course syllabus consists of both compulsory and elective subjects. The compulsory subjects are as follows:

			•	Information Transmission & Security: to develop an understanding of the principles by which information is transmitted with varying levels of security and the techniques by which communication systems are analysed and designed; 

			•	Digital Signal Processing Principles: covers the fundamentals of discrete time convolution, correlation, transform methods, time frequency signal representation, downsampling/upsampling and digital filters that are core to state-of-the-art machine learning and deep learning architectures;

			•	5G Communications Networks: provides an understanding of the principles and key transport technologies underpinning 5G communication networks and architectures, and insight into the technical and strategic challenges associated with the provision of a Quality of Service-based integrated future-network platform; 

			•	Assignment & Professional Studies: aims to provide support for general academic and professional development. 

			The elective courses are as follows:

			•	Advanced Digital Signal Processing (DSP) Principles: develops the skills students need to analyse, design, implement and simulate advanced DSP techniques and algorithms for a variety of communication and general engineering problems; 

			•	Image & Video Processing: introduces the techniques relevant to digital images and video, including techniques both to process images and video and to efficiently compress and communicate them; 

			•	Software Engineering: introduces the software engineering process through the development and application of C++ programming skills; 

			•	Embedded Systems Design: provides hands-on experience in translating DSP concepts into real-time embedded systems applications. 

			The courses offered by the University of Strathclyde target students interested in a career in telecommunications, including the mobile/wireless, IT, defence and big data sectors.  

			Course fees range from GBP 8 850 (domestic) to 21 850 (international).

			4.5	PolicyTracker

			PolicyTracker is a news, research and training business focusing on spectrum management. It is based in the United Kingdom and currently offers three spectrum management training courses:  

			•	Understanding Modern Spectrum Management 

			•	Spectrum Auctions Training

			•	Valuing the Spectrum.

			Understanding Modern Spectrum Management is a four-day course delivered online. It is organized in conjunction with LS telcom AG and covers the following topics: 

			•	in-depth analysis of 5G

			•	spectrum sharing 

			•	the radio spectrum and its application

			•	economic and policy arguments.

			The course is suited to a wide range of industry participants (policy-makers, regulators and operators) who seek a grounding in spectrum management or wish to broaden their knowledge in this field.  

			The course fee is GBP 1 200 (+ VAT).  

			Spectrum Auctions Training is an intensive two-day course delivered online and addressing the following main areas:

			•	lessons of recent spectrum auctions;

			•	new challenges for upcoming auctions; 

			•	auction formats, suitability and implications. 

			The course is delivered through a flexible combination of lectures, exercises, practical demonstrations, mock auctions, feedback and review sessions, and question-and-answer sessions with expert speakers. It is intended for people who work either for regulators or for commercial organizations likely to take part in spectrum auctions.

			The course fee is GBP 500 (+ VAT).  

			The Valuing the Spectrum course is a two-day online course that supplements the Spectrum Auctions training course. It focuses on commonly used spectrum valuation techniques, coveringbenchmarking, business modelling, technical valuation, opportunity cost techniques and company value techniques.

			The course features a flexible combination of lectures, exercises using real-world data and examples, and feedback and review/question-and-answer sessions. It is aimed at people who work either for regulators or for commercial organizations dealing with spectrum valuation.

			The course fee is GBP 500 (+ VAT).  

			4.6	The GSMA

			The GSMA is a global industry association that represents the interests of mobile network operators worldwide. It is headquartered in the United Kingdom and has multiple offices throughout the world.  

			The GSMA offers a four-week online course covering the history and technical evolution of mobile telecommunications and the core functions of spectrum management. Participants learn about how spectrum is used, the characteristics of spectrum bands and the progression of mobile technologies.  

			The course is delivered over the GSMA Capacity Building online training platform.  Participants can choose between English and French, and the course is certified by the United Kingdom Telecommunications Academy.   

			The course consists of the following sessions:

			•	Introduction – The Evolution of Mobile

			•	The Economic Benefits of Mobile

			•	Introducing Spectrum Management

			•	Spectrum Licensing for Mobile

			•	Using the Digital Dividend to Enable Mobile Broadband

			•	Spectrum for Backhaul 

			•	Regulation in a Changing Mobile Landscape.

			The course aims to provide an understanding of spectrum allocation and licensing processes and approaches, the changing nature of spectrum management in the ever-evolving communication sector, and how concepts can be applied to the spectrum conditions in individual countries. 

			The course is intended for regulators, policy-makers and representatives of academic and international organizations working on regulatory and policy issues. It is free of charge. 

			4.7	Commonwealth Telecommunications Organisation

			The CTO is an international organization that focuses on supporting the provision and use of ICTs. It is based in the United Kingdom.

			The CTO offers an extensive range of training courses relating to ICTs. In its comprehensive course catalogue for 2020, it lists four courses related to spectrum management:

			•	Spectrum Management

			•	Frequency Planning and Spectrum Management

			•	Spectrum Pricing

			•	Spectrum Auction – Theory and Practice.

			The Spectrum Management course reviews the regulation and use of spectrum globally, offers deep insight into pricing approaches and post-assignment management, and provides actionable recommendations.  

			The course is delivered in-person over five days. The learning activities include case studies, panel discussions, group exercises and presentations, quizzes and completion of coursework. Participants are also required to score 60 per cent on a knowledge test to successfully compete the course. 

			The key topics covered are: 

			•	different approaches to spectrum management;

			•	how to deliver optimal outcomes;

			•	short-term pricing/long-term welfare trade-offs;

			•	the pros and cons of auction designs;

			•	secondary trading: benefits and enabling; 

			•	using spectrum to promote broadband access.

			The course is designed for Master’s students and senior executives across the ICT profession, including operators, Internet service providers, regulators and government officials. 

			The Frequency Planning and Spectrum Management course addresses the various areas required to manage spectrum based on national requirements. Participants are introduced to technologies requiring spectrum, spectrum management principles, national spectrum planning, engineering analysis and computer-aided techniques. In addition, the course introduces technological and regulatory changes that affect spectrum management, such as digital broadcasting. It emphasizes frequency assignment methods and presents new marketplace forces, such as auctions, and spectrum fees and charges. The course is delivered in-person over five days.  

			The course covers the following subject matter:

			•	appropriate policy options for spectrum management;

			•	technologies utilizing frequency spectrums and their roles in national development priorities;

			•	emerging technologies and policy options enabling efficient implementation of new technologies;

			•	theories of electromagnetic interference and electromagnetic compatibility, and other forms of interference;

			•	existing formal analytical tools to solve the optimization problem of spectrum assignment and the associated problem of pricing the radio spectrum;

			•	formulation and solution of frequency assignment problems; 

			•	economic importance of electromagnetic compatibility; 

			•	electromagnetic compatibility regulations.

			The course is primarily intended for individuals who work as planners, radio network engineers or radio optimization engineers, or staff working on performance measurement disciplines.

			The Spectrum Pricing course begins with an introduction to spectrum as a limited and valuable natural resource, and discusses existing spectrum management methods, including the “command and control” approach, unlicensed spectrum, spectrum trading, pricing and leasing, and the role of the regulator. The principle of the opportunity cost associated with spectrum, as well as spectrum pricing components, are also explained in detail. Spectrum auctions, different types of auction, and the rules and procedures for auctions are reviewed with sample cases. 

			The course is delivered in-person over five days. The learning activities include case studies, panel discussions, group exercises and presentations, quizzes and completion of coursework. Participants are also required to score 60 per cent on a knowledge test to successfully compete the course.

			The key topics covered are as follows:

			•	spectrum management;

			•	types of spectrum pricing;

			•	administered incentive pricing;

			•	spectrum auctions and band management; 

			•	spectrum allocation policy.

			The course targets telecommunication engineers, economists, spectrum management practitioners and other telecommunication professionals with an interest in spectrum pricing.

			The Spectrum Auction – Theory and Practice course enables participants to analyse the various issues that come into play when designing an auction system and to share experiences with experts who have participated in spectrum auctions in their countries. 

			The course is delivered in-person over four days. The learning activities include case studies, panel discussions, group exercises and presentations, quizzes and completion of coursework. Participants are also required to score 60 per cent on a knowledge test to successfully compete the course.

			The key topics covered are as follows:

			•	introduction – provides an overview of the workshop and introduction to the use of auctions as a tool for spectrum liberalization; 

			•	types of auction – explains the various types of auction, including ascending clock auctions, simultaneous multiple round ascending auctions and combinatorial clock auctions; 

			•	critical success factors – identifies and discusses various critical factors for successful auctions, such as consultation with operators and stakeholders, auction rules, spectrum availability, regulatory capacity to support the allocation process and media campaigns;

			•	valuing spectrum and reserve price – discusses the factors that influence the process of valuing spectrum, such as market conditions or licence conditions, and the practice of specifying a “reserve price”; 

			•	administrative framework – examines the various administrative procedures and tools required for successful auctions, such as paperwork, procedures and information memoranda;

			•	case studies – examines a number of case studies from Africa, the Americas, Asia and Europe, and discusses key lessons learned from them. 

			The course is designed for	regulatory staff members in spectrum departments;staff members of telecom operators and broadcasters; andstaff members of public sector users of spectrum, e.g. aviation, maritime and emergency services involved in spectrum management. 

			4.8	Asia-Pacific Telecommunity

			The APT is an intergovernmental organization that operates in conjunction with telecom service providers, manufacturers of communication equipment, and research and development organizations active in the field of communication, information and innovation technologies. The APT is based in Thailand.  

			Conducting a wide range of training programmes is one of the APT’s many activities. The training programmes evolve according to the requirements of the APT membership. In addition to its training centre in Thailand, the ATP has established a number of training centres at academic and research institutions in China, India and Japan.  

			The APT’s list of training programmes for 2020 lists a course – Radio Spectrum Management and Monitoring for Wireless Broadband Infrastructure – aimed at enhancing the participants' administrative and technical knowledge of radio spectrum management and monitoring, including the latest technologies for wireless broadband infrastructure. This is an online training course delivered by the Telecom Engineering Centre in Japan and was scheduled to be held from 20 to 28 January 2021.  

			The course syllabus is as follows:

			•	radio spectrum management in broadband;

			•	radio monitoring facilities;

			•	international monitoring;

			•	the present situation of radio monitoring in Japan;

			•	cases of radio interference from peculiar sources of interference, and a measurement test for purchased radio equipment;

			•	the spectrum user fee system (sharing of radio administration costs);

			•	telecommunication operators and the latest technology for wireless broadband infrastructure;

			•	the conformity certification system for radio equipment in Japan; 

			•	measurement techniques for radio equipment ahead of the World Radiocommunication Conference (WRC).  

			The course is intended for officials of the telecommunication administration or regulator and for telecommunication operator engineers engaged in radio spectrum management and monitoring activities such as frequency planning, frequency assignment, licensing, supervision of radio stations, detection of illegal radio stations and enforcement, and/or in planning technical regulations and measuring systems for radio waves.  

			Participation in courses offered by APT is subject to a range of eligibility and selection criteria.  There are no charges for participation in these courses.  

			4.9	National Telecommunications and Information Administration

			The NTIA is an agency of the United States Department of Commerce. It serves as the executive branch agency principally responsible by law for advising the president on telecommunication and information policy issues.

			The NTIA’s Spectrum Management Training Course is an introductory-level course designed for new spectrum managers and those working in related fields. The course presents a wide range of material to familiarize those new to the spectrum management arena with the latest tools, techniques, trends and issues, to better meet the requirements of their job. The training sessions are available only to employees and contractors of the United States Federal Government but are included here for the sake of completeness. The course is delivered in-person over four days.  

			The course introduces United States and international spectrum management policies, practices and processes by means of:

			•	presentations on basic spectrum management terminology;

			•	presentations on basic technical spectrum principles and characteristics; 

			•	hands-on demonstrations of computerized spectrum analysis models and spectrum management software tools; 

			•	discussion of the NTIA system and equipment certification and frequency assignment processes and procedures;

			•	spectrum management presentations from selected federal agencies; 

			•	presentations on current spectrum management issues and solving spectrum management problems.

			The course targets individuals with technical or non-technical backgrounds ranging from economists, auditors, communication and IT specialists to engineers. It is free of charge.  

			

			
				
					-1	See https://academy.itu.int/centres-excellence/coe-overview.

				

			

		

	
		
			5	Spectrum management training requirements in the Asia-Pacific region

			5.1	Introduction

			This section focuses on the specific requirements for spectrum management training in the Asia-Pacific region revealed by the online survey. The respondents were asked to assess the relevance of various spectrum management training topics to their organizations and the preferred form of delivery. This section also considers the extent to which requirements for spectrum management training as revealed by the online survey are already covered by the existing training programmes discussed in section 4. The discussion in this section is structured as follows: 

			•	Relevance of ITU’s SMTP modules

			•	Relevance of other topics 

			•	Form of spectrum management training

			•	Spectrum management training requirements covered by existing training programmes.

			5.2	Relevance of ITU’s SMTP modules

			Respondents to the online survey were asked to assess the relevance to their organization of the titles of the obligatory and elective modules that make up the SMTP, in order to shed light on which modules were of most (or least) relevance to respondents as a basis for determining the composition of specialized spectrum management training.  

			To recap, the SMTP has five obligatory and ten elective modules, as follows:

			Obligatory modules

			•	The legal basis and regulatory framework of spectrum management 

			•	Spectrum engineering fundamentals

			•	Wireless telecommunication technologies

			•	Economic and market tools of spectrum management

			•	Strategic planning and policies for wireless innovation 

			Elective modules 

			•	Spectrum monitoring 

			•	Enforcement and type approval of equipment

			•	Spectrum management for satellite systems

			•	Spectrum management for HF systems and science, maritime and amateur services 

			•	Spectrum management for aeronautical, radiodetermination and military services 

			•	Computer-aided spectrum management

			•	Advanced spectrum authorization regimes 

			•	Socio-economic impact of spectrum regulation; competition and consumer protection 

			•	Terrestrial TV broadcasting planning and digital transition

			•	Opportunistic spectrum access and cognitive radio 

			The online survey asked the respondents the following question: “Please rate the relevance of each of the following SMTP modules to your organisation where '1' is very relevant and '5' is not relevant.”  

			Figure 5.1 summarizes the results, listing the 15 modules by order of their relevance based on their weighted average score.  

			Figure 5.1. SMTP modules by order of relevance
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			The SMTP module considered most relevant by the respondents was the obligatory module “The legal basis and regulatory framework of spectrum management”, which had a weighted average score of 1.7. At the opposite end of the relevance assessment, the module “Opportunistic spectrum access and cognitive radio” was considered the least relevant, with a weighted average score of 2.3.  

			What is evident is that the respondents considered all 15 SMTP modules to be highly relevant to their organizations. All had a weighted average score below 3, which is the mid-point on the five-point relevance scale, at which respondents are indifferent between whether the module is considered “relevant” or “not relevant” to their organizations. The results show that there is no basis for eliminating any module from the SMTP on the grounds that it is not considered relevant.  

			The results also show that four of the five modules considered to be the most relevant are elective modules. This might suggest that the SMTP modules that are mandatory should be reassessed.  

			5.3	Relevance of other topics

			The respondents to the online survey were asked to assess the relevance to their organization of five other potential spectrum management training topics considered to be relevant from the perspective of current industry developments but not presently included in the SMTP training modules, namely:

			•	cross-border frequency management

			•	electromagnetic field management 

			•	conducting effective spectrum auctions

			•	5G implications for spectrum management

			•	advanced technical issues, e.g. TDD systems, synchronization, frame structures.

			The online survey asked respondents the following question: “Please rate the relevance of each of the following potential spectrum management training topics to your organisation where '1' is very relevant and '5' is not relevant.”  

			Figure 5.2 summarizes the results, listing the topics by order of relevance based on their weighted average score.  

			Figure 5.2. Other potential spectrum management training topics by order of relevance
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			The results show that the respondents considered all five potential spectrum management training topics to be highly relevant to their organizations. The weighted average scores of relevance range from 1.8 to 2.1. This is well below the indifferent score of 3.  

			The respondents obviously consider these “other” topics to be highly relevant when compared to the SMTP modules, effectively confirming that they are genuine contemporary spectrum management issues.  

			The respondents were also asked to suggest up to three other potential spectrum management training topics that they considered would be relevant to their organization. Only eight responses were received, each indicating at least one topic. Four of the respondents also indicated second and third topics. The results are shown in Figure 5.3.  

			Figure 5.3. Respondent suggestions for spectrum management training topics 
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			The respondents suggested 15 different topics, only one of which, “spectrum pricing”, was suggested by two different respondents.  

			It appears that there is little support among the respondents for these “extra” topics, as there was a relatively low response rate to this question: only eight out of 28 respondents (less than 30 per cent) replied. In addition, the respondents had already assigned a very high level of importance to the SMTP modules and to the “other” topics as discussed in relation to the two previous questions above. As these already cover 20 topics, it seems unlikely that there would be more topics that respondents would consider important.  

			It is also evident that some of the “extra” topics suggested are already covered by the SMTP modules and the “other” topics. For example, the “spectrum monitoring” suggestion is covered by the SMTP module “Spectrum monitoring”, and the “Analogue to digital TV transition” suggestion is covered by the SMTP module “Terrestrial TV broadcasting planning and digital transition”. 

			The bottom line is that there are no additional spectrum management topics that need to be considered for specialized spectrum management training. The 15 topics covered by the SMTP modules and the five “other” topics presented to respondents essentially capture the most important spectrum management issues.  

			5.4	Form of spectrum management training

			The respondents were presented with six different forms of spectrum management training and asked to rate their preference for each. The forms of training indicated were based on those already available from a range of providers and readily understood by respondents. They differed in terms of course duration, type of instructor, location and individual or group instruction, as follows: 

			•	two- to five-day intensive course where individuals join participants from other organizations at an off-site venue and the training is provided by an ITU expert or academic organization;

			•	two- to five-day intensive course where group training is conducted “in-house” by an ITU expert or academic organization;

			•	medium-term group training conducted by an in-house trainer who has previously undertaken train-the-trainer spectrum management training;

			•	online training where individuals participate at their own pace and in their own time;

			•	individual enrolment in a tertiary education course conducted over one to two years with online and face-to-face instruction; 

			•	webinars focusing on specific spectrum-related issues.

			The online survey asked respondents the following question: “Please rate your preference for each of the following forms of spectrum management training where '1' is strongly preferred and '5' is not preferred.” The results are summarized in Figure 5.4, which lists the forms of training by order of preference based on weighted average score.  

			Figure 5.4. Forms of spectrum management training by order of preference
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			The results show that all six forms of spectrum management training are supported by respondents. The weighted average scores of preference range from 1.9 to 2.5. These are all below the indifferent score of 3.  

			The most preferred form is the two- to five-day intensive course where individuals join participants from other organizations at an off-site venue and training is provided by an ITU expert or academic organization. This is a common form of training that is popular among staff; it often involves overseas travel and the opportunity to build professional networks. Moreover, organizations may offer such training as an incentive to develop and retain staff.  

			The least preferred form is individual enrolment in a tertiary education course conducted over one to two years with online and face-to-face instruction. This form of training is typically long term, focuses on one or two individuals in a given organization and is relatively expensive.  

			The respondents were asked a further question about the train-the-trainer form of training, namely, would they commit staff to such training. They expressed strong support, with 19 out of 25 (76 per cent) answering “Yes”. As shown in Figure 5.4 above, this form of training is well supported and had a weighted average score of 2.3.  

			The respondents were also asked whether their organization had partnered with an academic institution for spectrum management training. Twenty of the 27 responses received were “No” (74 per cent). The respondents answering “Yes” were asked to name the academic institution involved, with the following results:

			•	the Bandung Institute of Technology;

			•	the United States Telecommunication Training Institute; 

			•	the GSMA.  

			The Bandung Institute of Technology is a State co-educational research university located in Bandung, Indonesia. It is Indonesia’s oldest and first technology-oriented university.  

			The United States Telecommunication Training Institute is a non-profit, government-industry joint venture designed to meet the training needs of the women and men who design, regulate and oversee the communication infrastructures of the developing world.  

			The GSMA is an industry organization that represents the interests of mobile network operators worldwide.

			5.5	Spectrum management training requirements covered by existing training programmes

			The online survey was used to identify the content of spectrum management training and the form in which it is required in the Asia-Pacific region. With regard to content, the survey revealed strong support for a wide range of training topics based on existing SMTP modules and selected contemporary issues in spectrum management. The 12 highest-rated topics out of the 20 (15 + 5) presented to respondents are listed in order of relevance in Figure 5.5.

			Figure 5.5. Most relevant spectrum management training topics by order of relevance
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			The cut-off point of 12 topics was somewhat arbitrary, given that the respondents considered all topics to be highly relevant. It encompasses more than half of the 20 topics presented to the respondents in the survey and as such errs on the side of a wider range of topics. At the lower end, the ninth to fourteenth highest-rated topics had the same rounded weighted average score of 2.0. The thirteenth and fourteenth highest-ranked topics were “Advanced technical issues, e.g. TDD systems, synchronization, frame structures” and “Terrestrial TV broadcasting planning and digital transition”.  

			Figure 5.6 summarizes the extent to which the 12 most relevant spectrum management training topics are covered by the existing training programmes discussed in section 4. The analysis is relatively superficial, as the detailed course material was not publicly available and as such had not been analysed. It nonetheless provides a useful indication of the extent to which existing programmes are aligned with the requirements of the Asia-Pacific region.  

			As discussed in section 4 above, some providers (PolicyTracker and the CTO) offer multiple spectrum management training programmes. The analysis summarized in Figure 5.6 captures the combined coverage of these multiple programmes.

			Figure 5.6. Coverage of the most relevant spectrum management training topics by existing training programmes
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			Figure 5.6 shows that the SMTP most closely matches the spectrum management training requirements of the Asia-Pacific region, with nine of the 12 most relevant training topics aligned with SMTP modules. This demonstrates that the SMTP modules are a very strong foundation on which to develop an appropriate spectrum management training programme.   

			There are, however, three subject areas where the SMTP modules are apparently deficient.  These are:

			•	cross-border frequency management

			•	5G implications for spectrum management

			•	conducting effective spectrum auctions. 

			Figure 5.6 shows that none of the spectrum management training programmes covers “Cross-border frequency management”, while “5G implications for spectrum management” and “Conducting effective spectrum auctions” are covered by multiple providers.  

			As shown in Figure 5.4 above, the two most preferred forms of spectrum management training are:

			•	two- to five-day intensive course where individuals join participants from other organizations at an off-site venue and the training is provided by an ITU expert or academic organization; and

			•	webinars focusing on specific spectrum-related issues.

			Figure 5.7 summarizes the extent to which these forms of training align with the existing spectrum management training programmes.

			Figure 5.7 Preferred forms of training by existing training programme
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			The two- to five-day intensive form of training is offered by seven of the eight training programmes. This form of training is typically conducted in-person, but the advent of suitable technology and the emergence of travel restrictions arising from the COVID-19 pandemic are making online delivery the norm. The key feature of this form of training is that it is delivered to several/many participants at the same time.  

			Figure 5.7 also shows that none of the programmes offers spectrum management training in the form of webinars. This is because webinars are ad hoc in nature, typically focusing on a single topic of current interest. All the training programmes would likely be well placed to develop suitable webinars if requested.  

		

	
		
			6	Summary and way forward

			6.1	Introduction

			This study is a first step in ITU’s plan to develop a demand-driven specialized spectrum management training programme for the Asia-Pacific region. The online survey of industry participants provided the input needed to determine the most appropriate content and the preferred form of delivery of such a programme. This section scopes out the appropriate training programme, identifies the key action points for its realization and suggests a timetable for implementation.  

			This section is divided into the following subsections:

			•	Asia-Pacific spectrum management training requirements

			•	Key action points

			•	Implementation timetable.  

			6.2	Asia-Pacific spectrum management training requirements

			This section scopes out the basic requirements of a specialized spectrum management training programme that meets the needs of the Asia-Pacific region. Based on the responses to the survey, such a programme should focus on staff working for regulatory authorities and policy-making bodies in the region’s less developed economies, particularly in the South-east Asian, Pacific and South Asian subregions. 

			The subject matter of the training programme should be based on the 12 most important spectrum management topics identified in the survey, namely: 

			•	the legal basis and regulatory framework of spectrum management;

			•	cross-border frequency management;

			•	5G implications for spectrum management;

			•	spectrum monitoring;

			•	spectrum management for satellite systems;

			•	advanced spectrum authorization regimes;

			•	socio-economic impact of spectrum regulation; competition and consumer protection;

			•	conducting effective spectrum auctions;

			•	wireless telecommunication technologies;

			•	spectrum management for HF systems and science, maritime and amateur services;

			•	spectrum management for aeronautical, radiodetermination and military services; 

			•	economic and market tools of spectrum management.  

			The participants should be able to choose from a range of options for the delivery of the training material. Initially, these options should include:

			•	group training, in which participants from different organizations come together for two to five days for intensive training provided by independent experts and delivered online or in person;  

			•	webinars, in which participants from different organizations come together online for one to two hours while an expert focuses on a single topic; the exact topics and dates should be set every six months.  

			Subsequently, ITU should develop a further train-the-trainer content delivery option, whereby suitable staff from different organizations are provided with training enabling them to deliver the material to other staff in their respective organizations.  

			ITU should redefine its specialized spectrum management training programme on an annual basis, as part of its annual budget and work plan development processes. This is because the scope, form, content and number of specialized spectrum management training courses on offer must, like any other business activity, be determined within the boundaries of a budget. One possible proposal is as follows:

			•	in the first quarter , an online, four-day group training programme on the theme “An introduction to effective spectrum management”, focusing on “The legal basis and regulatory framework of spectrum management”, “Socio-economic impact of spectrum regulation; competition and consumer protection”, “Spectrum monitoring” and “Economic and market tools of spectrum management”; 

			•	in the third quarter, an online, two-day group training programme on the theme “Contemporary issues in spectrum management”, focusing on “Cross-border frequency management” and “5G implications for spectrum management”;  

			•	in the second quarter and fourth quarter, a one-hour webinar on topics to be decided.  

			Appropriate staff would be assigned to execute the offer within the budget allocated.  Such staff would decide all relevant details, including: 

			•	exact programme dates

			•	subject matter

			•	course instructors

			•	participant eligibility requirements

			•	programme marketing and promotion.  

			6.3	Key action points

			In order to commence implementation of the specialized spectrum management training programme, ITU must 	develop “missing” content and identify experts able to deliver it. The missing subject areas not covered by the SMTP are the following:

			•	cross-border frequency management

			•	5G implications for spectrum management 

			•	conducting effective spectrum auctions. 

			Action is required to develop appropriate content under these subject headings.  

			Equally important is the requirement to identify suitable experts for each topic. Again, much of this requirement should be leveraged from the SMTP.  

			6.4	Implementation timetable

			A broad implementation timetable for this specialized training programme would look as follows:

			•	by the end of the first quarter of 2021, develop “missing” content and identify experts for all content; 

			•	by the end of the second quarter of 2021, develop and publish a training plan and set out the training programme details, dates, content, course instructors, etc. 

			Figure 6.1 provides an overall implementation timetable.  

			Figure 6.1. Implementation timetable
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