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The evolution of spectrum management in the era of hyper-connectivity and its impact on the amateur service

[bookmark: _GoBack]Introduction

This document provides an overview of emerging global changes in the way the radio frequency spectrum may be managed in the future. While the paper uses Australian documents for source material it is highly likely that similar situations are developing in many countries. Much of the context is based upon observations at ITU-R and APG meetings over the last few years and the purpose of the document is to highlight the global challenges that may emerge in coming years with respect to current and future amateur service allocations.

The brave new world

Within our lifetime we are likely to have global broadband access which is universally available at low cost, for example Project Loon is proposing the use of multiple high altitude platforms (balloons) and the Starlink project from SpaceX Inc. will use 4000+ low-earth orbit satellites. When these, or similar projects, are implemented they will enable anyone, anywhere on earth, to be connected to the Internet including the World-Wide Web and to be able to communicate with anyone else or connected ‘thing’ at any time, it will be an era of hyper-connectivity. The investments in infrastructure will be large, but there will be enormous sums of money to be made by those who ‘control’ the radio frequency portion of the electromagnetic spectrum (EM). 

Spectrum as a resource

Use of the radio frequency spectrum is now a multi-billion dollar industry; its usage and governance is now becoming to be seen as an economic issue instead of being a technical or engineering issue. In Australia, the recent ACMA review makes this clear and it is a major shift of emphasis: 
P30 
“The increasing importance of communications networks to social and economic activity… 
…Communications networks are vitally important to economic and social activity. These networks enable the delivery of services and applications across the entire economy….  …The emergence of new products and services constantly generates questions for policy makers and regulators as to whether consumer or technical issues require intervention or whether they will be resolved by the market.”
P37
“…The WRC has been considered a technical forum and, as such, the ACMA has headed the delegation. However, increasingly, radio regulations have significant implications for use of and investment in spectrum in Australia. In this environment of increasing demand for spectrum, the WRC is transforming from a technical to a policy forum where microeconomic spectrum reform is settled at treaty-level. …”

It can be seen that government views on spectrum and its usage are changing and that in the future more attention will be given to non-technical issues e.g. there will policy-based decisions rather than engineering-based decisions. Australia is most likely not alone in this view and we will see future decisions on band allocation driven by economists, policy makers and lawyers instead of engineers. Clearly, the amateur service needs to adapt and we need to be better at demonstrating our value to the community, showing the value we add to the economy and have those values reflected in government policy.

Governments see the sale of spectrum as a way to raise much needed money. Recent spectrum sales in Australia have resulted in hundreds of millions of dollars being paid for spectrum. For example, considering recent sales (data from ACMA 2017 media release):

	
	Spectrum secured
	Total price

	
	700 MHz band*
	2.5 GHz band*
	

	Total spectrum sold
	2×30 MHz
(60 MHz in total)
	2×70 MHz
(140 MHz in total)
	$1,964,653,401



If we use the reserve value of $1.25/MHz/pop as a basis for pricing, the Australian 2 m band is potentially worth ~AUD 125,000,000. Because of the increasing value of the radio frequency spectrum it’s highly likely that in the future amateurs will have to provide more justification of needs for any new bands and, potentially, much greater justification will be required for retention of our existing band allocations.
 
World Radiocommunications Conferences and work towards them

The 2019 World Radiocommunication Conference  will decide on any changes that might be made to the Radio Regulations. Changes are made by way of agenda items (AI) which cover specific services and frequency bands. Recent AIs of relevance to amateurs were WRC-12 AI 1.23 which resulted in the 630 m band, WRC-15 AI 1.4 which resulted in the 60 m band. WRC-19 has AI 1.1 which is for a 6 m allocation in ITU-R Region 1. What relevance does this have to amateurs in Region 3?
During the last two WRCs the proposed new amateur allocations were fiercely opposed by many administrations and the amateur service was lucky to get two small allocations following very lengthy and difficult discussions. The opposition is largely around “why do you need another band?”, “the bands you have aren’t being used”, etc. The old fall back of “emergency communications” is no longer seen as an adequate reason so we need more relevant reasons to get any new bands, and going into the future, to maintain access to our existing bands.

Preparation for each WRC is done on national, regional and global levels. The Australian WRC Preparatory Group brings together representatives of all Australian radiocommunications services and major spectrum users so that WRC AIs are discussed and a national consensus position agreed upon. Many other countries have similar processes and many national amateur societies have operated in that space for many years. Similarly for the regional meetings; relevant to ITU Region 3 is the Asia-Pacific Telecommunity WRC Preparatory Group (APG) which meets to develop regional consensus positions of all WRC AIs. ITU-R Study Groups, Working Parties (specifically WP5A for amateur issues) and Conference Preparatory Meetings undertake the necessary sharing and compatibility studies for AIs and create draft regulatory text to address each AI. This process has worked well for many years, however for Australia the recent ACMA review foreshadows some changes that may affect our ability to continue in the same way. So there are some more possible future implications to consider…

Estimation (justification) of spectrum needs

Recent work in ITU-R Working Party 5A on WRC-19 AI 1.1 has been very complicated; there has been extensive computer modelling of likely interference between amateur stations, broadcasting (TV) and the mobile service (mainly military). Additionally, the amateur service has been required to quantify spectrum needs and an ‘applications based method’ of calculation has been developed to model the spectrum required by the amateur service in the 50 – 54 MHz frequency band. The method is based on traffic analysis and has been used for previous non-amateur WRC agenda items. This is a significant change to previous amateur specific agenda items of previous WRCs where much less rigorous arguments were accepted. 

The applications based method estimates the required spectrum by using the following input parameters:
· Density of amateur stations in given area (D)
· Application (transmission mode) service area (A) calculated from usable operating range
· Operating mode bandwidth: SSB, FM, digital, etc. (Bn)
· Fraction of amateurs using the band and mode (Nn) considered over a relevant time period
· Fraction of time station is transmitting (Tn) considered over a relevant time period.
The total required spectrum (S) for n different applications is estimated by:

As part of the calculations, the spectrum required for each mode is rounded up to next highest integer multiple of the application bandwidth and the total sum of the spectrum required for each application gives the average spectrum required over the analysis time period.

Based on this technique a spreadsheet was developed for WRC-19 agenda item 1.1 which provides spectrum estimates for a possible 6 m allocation in the 50 – 54 MHz frequency band in ITU Region 1 based on the yearly average needs. For the following input parameters and using the average amateur population density in Europe (0.07 amateurs/km2) the spectrum required is just over 4 MHz:

	Application
	Usable range (km)
	Bandwidth (kHz)
	Usage fraction
	Spectrum (kHz)

	SSB & CW
	250
	3
	0.6
	84

	FM simplex
	70
	25
	0.05
	25

	Wideband modes 
	40
	500
	0.05
	500

	Repeaters
	100
	50
	0.2
	900

	Infrastructure
	70
	500
	0.1
	2500

	Beacons
	N/A
	1
	N/A
	100

	Total
	
	
	
	4109


Where the Usage fraction is the fraction of amateurs who use a particular application (mode) out of all amateurs who might be active on the band throughout a year. The fraction of amateurs likely to use the 6 m band was estimated to be about 12 %. The calculations also assume that an amateur on the band is active for a two-hour period per day, averaged over a year, with a transmit/receive ratio of 50 %. Repeaters and beacons are treated slightly differently as they assumed to be on continuously e.g. for 8760 hours a year.
Wideband modes are applications like Reduced Bandwidth Digital TV (see the British Amateur Television Club “Portsdown” transmitter for example) and the infrastructure application is to support existing relatively wideband IP-based links like HAMNET used on the higher bands in many parts of Europe but using a bandwidth of approximately 500 kHz in parts of the 6 m band.

The input parameters chosen were thought to be typical of Europe and it can be seen that the population density of amateur operators is a critical parameter in these calculations and for Europe, with an average density of 0.07 amateurs/km2 it’s possible to justify 4 MHz of spectrum. 

Consider the situation in countries with a much lower amateur population density, for example, what might be the situation in Australia? If we assume 14,000 licensees and taking 10% of Australia’s area of 7.692 x 106 km2 (since no one lives in the other 90%...) we get an amateur population density of about 0.018 amateurs/km2, furthermore assuming similar usage patterns to those in Europe we get about 1.9 MHz of required spectrum for the 6 m band. However in Australia at present on the 6 m band we are limited to applications requiring much less bandwidth, so if we consider only the applications with bandwidths we are currently permitted to use we can justify about ~400 kHz of spectrum if the application based method is used. Many other countries with a low amateur population density will get similar or even smaller results.

Note also that the application based method excludes periods of anomalous propagation as it is very difficult to quantify the duration and timing of such events. However if such events are taken into account they have the potential to adversely affect sharing with other services because of the greatly extended range of amateur signals, leading to a greater probability of interference. While the focus of this example is on the 6 m band, the same approach could be applied to any other amateur band.

Measuring band occupancy

For the first time in WRC preparatory work on amateur issues, an administration has undertaken spectrum occupancy studies i.e. monitored band usage in the whole country for a period of time, this was done for 50 – 52 MHz band as part of work towards WRC-19 AI 1.1. While this study is imperfect in many respects, it shows that the estimated parameters used in the application based approach are optimistic, and that band usage is much less than predicted. This will make it even more difficult to justify the spectrum for amateur use – and the study was undertaken in a country with a higher than average amateur population density.

A logical conclusion is that it’s quite likely that some, or even many, administrations are monitoring usage of the amateur spectrum and have collected the statistics of band occupancy. Such data will be hard to refute and may have adverse consequences in the future.

Technical implications

While the discussion above has focused on the 6 m band, one thing that the applications based method has revealed which is applicable to all bands is that we need to come up with applications (transmission modes) that use more, rather than less spectrum, if we are required to justify our allocated spectrum. More amateurs or more band activity would also help, but they are separate and difficult issues…

The move towards digital coding, a rising noise floor and internet reporting has driven us in the direction of reducing the bandwidth that we, as amateurs, use to communicate. The ‘JT’ modes are a superb example of very clever coding, allowing communications in very narrow bandwidths. They allow (usually limited) communications to occur in situations where conventional analog applications (modes) do not function. Similarly various digital voice modes generally use narrow bandwidths and operate in poor signal-to-noise environments. In general the direction of application development is to use less bandwidth and this leads to some questions:

· While the advantages of narrow bandwidth applications are very important when band conditions are poor or band occupancy is high, what about the rest of the time? What about the VHF bands and above where propagation conditions are relatively favourable and stable, why limit the application bandwidth?
· Why not consider developing modes that use more bandwidth, or at least are adaptive and can use more bandwidth when band conditions permit? Wider band modes offering better voice quality are certainly easier on the ear. Other information could also be transmitted which would enhance the communications experience. Reduced Bandwidth Digital TV is a possibility for UHF bands and above, possibly even on 6 m and 2 m. Acceptable video quality can be achieved using bandwidths of 300 kHz or less.
· How about moving away from our reliance on internet mediated modes, or at least supplement the internet with an amateur equivalent. HAMNET in Germany and Broadband-Hamnet in the US are examples of this. Why not use some of our spectrum assets to transmit amateur-specific and non-commercial information (DX clusters, WSPR reports, etc.) instead of commercial internet services? Considering that amateurs have exclusive use of the 44.xx.xx.xx IP address range (AMPRNet) we could build an independent, though internet-linked amateur-specific network. Given the low population density in many Region 3 countries an extensive broadband network using any of the microwave bands is unlikely to be feasible, but perhaps lower frequency bands could be used for (relatively) broadband links if the application data rate is kept low enough.
Acting upon some of these ideas, and other innovations, would increase spectrum occupancy and help justify the bands we have.

Other Implications

In the early part of this paper it was stated that future spectrum access and usage is likely to be driven by non-technical considerations, decisions will be made by policy makers and the politicians of the day. This has some implications that we need to consider and act upon. Traditionally we have been able to argue our case with the national regulator (the ACMA in Australia), however the ACMA review indicates that this may need to change and we may find ourselves talking to policy makers and politician in the future. This change may also occur in other countries if they follow a similar economic approach. 

In some countries the Regulator is required to consult with the community about changes to band usage, licence conditions and other aspects of spectrum usage. At present in Australia the ACMA consultation process is  a way Australian citizens can influence policy development that we may have concerns about – but influencing policy development can only be achieved if amateurs individually and collective make submissions on issues that impact the amateur service. 

In some countries, where the political and cultural processes permit it, amateurs may need to become politically active and let their elected members of parliament know about their concerns and needs as members of the amateur service, especially if submissions from the amateur community have not been taken into account. If we lose bands or if other serious restrictions are put on the use of existing amateur bands we will need to let our MPs and Ministers know that the amateur service has ongoing value to the community and that value is compromised by the loss of bands or capability. Only if we bring these issues to their attention can any pressure be applied to the policy advisors and policy makers so that decisions don’t adversely affect the amateur service. Of course any such discourse needs to be correct, respectful and polite if we are to have any impact.

In addition, our national representative bodies may need to lobby politicians on behalf the amateur service, but amateurs who individually communicate their needs and concerns will add value to the discussions. All of us need to demonstrate and advertise the value of amateur radio to the wider community.

Conclusions

We are entering a “brave new world” of hyper-connected communications; decisions about spectrum access will no longer be driven entirely by technical concerns.
Amateur radio needs to demonstrate its value by being creative, useful to the community and to use much more of the spectrum it has access to, either by much higher levels of band activity or by developing new applications which use more bandwidth when possible and appropriate. The phrase. “use it or lose it” has never been more important.

Individually and collectively we may (more likely will) may need to act at a political level in defence of our amateur radio interests.

Recommendation:  The Conference note the content of this paper for further discussion.
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