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[bookmark: _Toc128659471]Executive summary
The terahertz range of frequencies (frequencies above 100 GHz) is currently only lightly used globally, typically for non-terrestrial (space-science) services.[footnoteRef:2] Future near-term deployments are likely to be in the lower (that is, closer to 100 GHz) frequencies. [2:  In this context, the term ‘terahertz’ is applied as a catch-all for frequencies above 100 GHz and into the actual frequencies measured in THz (one THz is equal to 1000 GHz).] 

While use-cases and device development in the terahertz range are in their infancy, spectrum regulators are considering options for facilitating wider use of this range (particularly in 100–275 GHz).  
In our Five-year spectrum outlook 2022–27, we undertook to present a review of terahertz international use-cases and regulatory models in an information paper.[footnoteRef:3] In this paper, we consider use-cases and regulatory models under development and adoption in the United Kingdom (UK), the United States (US), Canada, New Zealand and Ireland. [3:  Australian Communications and Media Authority, Five-year spectrum outlook 2022–27, ACMA, Australian Government, 2022, accessed 7 February 2023.] 

Emerging and potential use-cases for spectrum in the terahertz range include applications for communications, sensing, and positioning and imaging. 6G‑based technologies have potential to deliver future terahertz use-cases. 
Some national spectrum regulators have implemented new regulatory arrangements in some ranges above 100 GHz to specifically support developing technologies. Both Ofcom in the UK and the Federal Communications Commission (FCC) in the US have recently made available new licence types for access to terahertz spectrum, although it is early days for use-cases and so far there has been limited uptake.
There are different views on future regulatory options for terahertz spectrum, including authorisation through technology trials and the use of licence-exempt arrangements. Ofcom, the FCC, and Innovation, Science and Economic Development Canada (ISED) all consider that supporting innovation is key to the future management of terahertz spectrum. Both Ofcom and the FCC also suggest that ‘flexible’ licensing arrangements are important to innovation, particularly given the difficulty in predicting which technologies and services in the terahertz frequency ranges might ultimately become useful for the telecommunications industry.
In Australia, no licences have been issued in the terahertz range to date. As technology using terahertz spectrum develops, we may issue scientific licences in appropriate cases to support use-case trials. We have reduced apparatus licence taxes to the minimum annual tax for most licence types with services operating in spectrum above 100 GHz.
We will continue to monitor technology developments and emerging use-cases, while also engaging in international forums on regulatory development for terahertz spectrum access, to ensure Australia’s regulatory settings promote the long‑term public interest derived from the use of the terahertz spectrum.
[bookmark: _Toc128659472]About terahertz spectrum
The Australian Communications and Media Authority (ACMA) is Australia’s spectrum regulator, responsible for managing the radiofrequency spectrum to promote the long‑term public interest derived from its use. Under the Radiocommunications Act 1992, we regulate radio emissions, which are defined to be emissions of electromagnetic energy of frequencies less than 420 THz. This therefore includes emissions of electromagnetic energy in frequencies in the terahertz range.[footnoteRef:4] [4:  See Section 8 Definitions of radio emission and transmitter in Radiocommunications Act 1992.] 

[bookmark: _Toc128659473]Terahertz spectrum
The spectrum above 100 GHz is referred to as the terahertz frequency range – 100 GHz to 420 THz. 
The large amount of spectrum available in the terahertz range has the potential to provide extremely wide bandwidths for any given service. In addition to use-cases for scientific sensing and measurement of emissions from the earth surface, this means terahertz frequencies are also suitable for applications requiring highspeed transfer of massive data volumes, including high-resolution images. 
There are also specific challenges related to terahertz frequencies’ propagation characteristics, including their very short propagation ranges and that ‘signals can easily be degraded by obstacles and frequency-dependent molecular absorption’.[footnoteRef:5]  [5:  Ofcom, Unlocking the potential of terahertz radio spectrum: the role of spectrum management, 2021, accessed 7 February 2023.] 

[bookmark: _Toc128659474]Terahertz spectrum use
Signals in terahertz spectrum have been able to be generated for some time, however semiconductor and antenna technology that will support meaningful data transfer for mainstream consumer purposes is still under development. To date, because of the availability of other bands for communications purposes, there has been limited interest in terahertz spectrum use.
Existing services in the terahertz range are focused primarily on space science applications for earth observation, including climate change modelling. These applications are sensitive to interference and are protected both through provisions in the International Telecommunication Union (ITU) Radio Regulations (RRs) (see Regulation section), and the comparatively limited use of terahertz spectrum for other applications.
Interest in the terahertz range is developing, albeit slowly, driven in part by the amount of spectrum available and its potential for serving an extremely large number of users, due to both its propagation characteristics and the types of antenna systems and network topologies that are likely to be specified for terahertz International Mobile Telecommunications (IMT) (6G) technologies.[footnoteRef:6]  [6:  6G is sixth generation wireless communications. Of note, 6G does not necessarily use terahertz spectrum and initial deployment may be in lower bands (not the subject of this paper).] 

However, while ‘first standardization work will be published in a few years from now,’ commercial roll-out is not expected until later in the decade.[footnoteRef:7]  [7:  Ericsson, The 6G series: why it’s a great time to start talking 6G, Ericsson website, 2022, accessed 15 February 2023. Note: The ACMA does not participate in 3GPP mobile broadband standardisation activities but is aware that 3GPP turn their attention to channel arrangements (among other specifications) when developing standards for the use of a specific band. This standardisation work may be triggered by identification (or current consideration for identification) of a band for IMT at a World Radiocommunications Conference (see Regulation section).] 

Emerging and potential uses for spectrum in the terahertz range include applications for communications (for example, dense deployment of short-range devices, high-speed communications with 6G technology, secure short-range communication of sensitive information), sensing (for example, short-range radar for security imaging and molecular analysis), and positioning and imaging (for example, robotics, autonomous vehicles, holographic imaging).
Spectrum regulators will need to carefully consider regulatory arrangements to support any new use-cases in the terahertz frequency range, including how they might coexist with existing interference-sensitive services. 
[bookmark: _Toc128659475]Use-cases
[bookmark: _Toc128659476]Current use
Regulators in the UK, US and Canada have allocated spectrum in their national spectrum plans in the terahertz frequency ranges for mostly non‑terrestrial services (both active and passive), although there are also fixed and mobile terrestrial service allocations.
In the UK, terahertz spectrum is mainly used for non-terrestrial services, particularly those supporting ‘scientific applications using specific frequencies’ for earth observation.[footnoteRef:8] Passive Earth Exploration-Satellite Services (EESS), which collect weather and climate data, are reported to be one of the main uses of spectrum above 100 GHz.[footnoteRef:9] ‘Space science’ is the umbrella term under which such services operate.[footnoteRef:10] Other space services include active EESS, radio astronomy, inter-satellite and space research.[footnoteRef:11]  [8:  Ofcom, Unlocking the potential of terahertz radio spectrum.]  [9:  Ofcom, Statement - Supporting innovation in the 100-200 GHz range: increasing access to Extremely High Frequency (EHF) spectrum, 2020, accessed 7 February 2023.]  [10:  Ofcom, Space science and meteorology spectrum allocations in the UK: UK frequency allocation table, [PDF], 2022, accessed 7 February 2023.]  [11:  See Ofcom, UK Frequency Allocation Table (UKFAT), 2022, accessed 7 February 2023, for more details of allocations above 100 GHz. ] 

In the US, spectrum in the frequency range 95–275 GHz is allocated to active and passive non-terrestrial services. This includes EESS (active and passive) and space research services (both active and passive). There are also allocations for fixed and mobile (terrestrial) services in frequencies as high as 265–275 GHz.[footnoteRef:12]   [12:  FCC, Radio spectrum allocation: table of frequency allocations chart, n.d., accessed 7 February 2023.] 

In Canada, terahertz frequencies are allocated to support ‘EESS, inter-satellite service (ISS), space research service (SRS), radio astronomy service (RAS), radiolocation service, fixed service, and mobile service on a primary basis’. On a secondary basis, there are allocations for amateur service and amateur‑satellite service.[footnoteRef:13] [13:  See section 6 ‘Current use of above 95 GHz bands in Canada’ in ISED, Consultation on the technical and policy framework for the frequency bands above 95 GHz, ISED website, 2022, accessed 7 February 2023.] 

[bookmark: _Toc128659477]Future use
Different aspects of a given use-case can be divided between those aspects that are near-term and those that are potential future use. For instance, sensing applications for new or advanced types of imaging might be classed as near-term, whereas the use of sensing applications to produce holograms might be considered a potential future use-case. For ease, we have distinguished between near-term and potential future use-cases in this paper, but the above qualification should be kept in mind.
[bookmark: _Toc128659478]Near-term future use (emerging)
Near-term use-cases will build on current uses and are likely to include fixed links for capacity backhaul, more advanced space science monitoring and accurate communication of information, and more advanced sensing applications. 
In the UK, Ofcom expects near-term interest in the UK in terahertz spectrum to be in the lower part of the range (i.e. below 275 GHz). It has identified fixed links and space science purposes as 2 near-term developments. Regarding fixed links, Ofcom refers to both communications fixed links and high-speed point-to-point wireless data links. Ofcom has said that fixed links could include ‘capacity upgrades for some existing wireless data links and high capacity 5G small cells, avoiding the need for fibre optic cables’.[footnoteRef:14]  [14:  Ofcom, Unlocking the potential of terahertz radio spectrum. See also Ofcom, Spectrum roadmap: delivering Ofcom’s spectrum management strategy, 2022, accessed 7 February 2023.] 

Backhaul facilities are also recognised by Innovation, Science and Economic Development Canada (ISED) as an area of growing importance in Canada. In its 2022 consultation on the technical and policy framework for the frequency bands above 95 GHz, ISED sought views on ‘potential bands for licensed backhaul use above 95 GHz’ as well as the ‘possible licensing mechanism for backhaul bands above 95 GHz, specifically, whether to use a site-based radio licence approach or an area‑based spectrum licensing approach’.[footnoteRef:15]  [15:  ISED, Consultation on the technical and policy framework for the frequency bands above 95 GHz.] 

In the US, the Federal Communications Commission (FCC), in its 2018 notice of proposed rulemaking on spectrum above 95 GHz spectrum, identified the need to support spectrum demand and help try to ‘ease the “spectrum crunch” in the lower frequency bands’. In addition, the FCC has observed a demand for spectrum to support large constellation non-geostationary satellite orbit (NGSO) networks, and uses such as ‘weather and air-traffic control radars, automotive safety, scientific research, and defense-related purposes’.[footnoteRef:16]  [16:  FCC, ‘Notice of proposed rulemaking’ [PDF] FCC proposes to open Spectrum Horizons for new services & technologies, 2018, accessed 7 February 2023.] 

Regarding ‘space science’ and terahertz spectrum, Ofcom suggests that one area of growth is: 
… likely to be for more passive sensing of the Earth from satellites to provide valuable information for studies that will improve weather forecasting capability and inform our understanding of various parameters that feed into climate change modelling – both nationally and globally.[footnoteRef:17]  [17:  Ofcom, Unlocking the potential of terahertz radio spectrum.] 

Ofcom has also noted 2 emerging areas in science communications – terahertz sensing and Quantum Gravity Sensing. Regarding the former, Ofcom suggests that:
… a major opportunity with THz frequencies is to jointly design systems for communication, sensing and positioning. For sensing applications, the different transparency of materials to THz signals allows their use for product inspection, spectroscopy, material characterisation, security and various medical applications. For positioning applications, THz can provide centimetre and sub-centimetre level accuracy using high-resolution maps of the environment.[footnoteRef:18] [18:  Ofcom, Report: Technology futures – spotlight on the technologies shaping communications for the future, 2020, accessed 7 February 2023. See also H Sarieddeen, N Saeed, T Al-Naffouri and M-S Alouini, ‘Next generation terahertz communications: a rendezvous of sensing, imaging, and localization’, arXiv, May 2020, doi:10.48550/ARXIV.1909.10462, accessed 7 February 2023.] 

ISED has similarly noted the potential impact of terahertz allocations on sensing, observing that ‘… the short wavelengths associated with this spectrum are particularly well suited for sensing applications, including health screening, non-invasive quality assurance in pharmaceutical and manufacturing industries, high-resolution positioning, high‑density applications and security systems’.[footnoteRef:19]  [19:  ISED, Consultation on the technical and policy framework for the frequency bands above 95 GHz.] 

[bookmark: _Toc128659479]Potential future use
Potential future uses of terahertz spectrum include for advanced sensing, positioning and imaging applications, and (possibly combining with) 6G communications.
In its 2021 paper, Unlocking the potential of terahertz radio spectrum, Ofcom notes that ‘the development of compact, mass market equipment capable of using these high frequencies could open up a range of possibilities’. These include ‘terabit speed wireless links in datacentres and outdoors’, ‘highly accurate positioning to aid robotics and autonomous vehicles’, and ‘high-resolution imaging and sensing to generate holograms’. Ofcom also suggests there is ‘academic interest in combining these features in future 6G networks and devices’.[footnoteRef:20] [20:  Ofcom, Unlocking the potential of terahertz radio spectrum. Ofcom says: ‘For positioning and imaging applications, Terahertz spectrum can provide centimetre and sub-centimetre level accuracy and high resolution maps of the environment. This could be exploited in robotics and autonomous vehicles, as well as improving communications using advanced virtual reality and holograms.’] 

In a recent Digital Economy Paper, the Organisation for Economic Co-operation and Development (OECD) likewise noted that the potential use of terahertz spectrum may include technologies beyond 5G and, that currently, there are a number of use-cases in the research and development phase, including ‘terahertz communication and sensing, immersive extended reality (XR), [and] holograms’.[footnoteRef:21] [21:  OECD, ‘Developments in spectrum management for communication services’, OECD Digital Economy Papers, No. 332, OECD Publishing, 2022, accessed 7 February 2023.] 

6G-based technologies have potential to deliver future terahertz use-cases. Promising examples of 6G communications in terahertz spectrum include advanced multimedia services, holograms and digital replicas.[footnoteRef:22] [22:  OECD, ‘Broadband networks of the future’, OECD Digital Economy Papers, No. 327, OECD Publishing 2022, accessed 7 February 2023.] 

Other researchers have divided potential terahertz 6G use-cases into macro and micro communications. Macroscale use-cases will be driven by emerging applications requiring Tbps (terabits per second) links, which are not possible using mmWave spectrum (for example, ultra-HD video conferencing and streaming, 3D gaming, extended reality, high-definition holographic video conferencing, haptic communications and tactile internet).[footnoteRef:23]  [23:  S Tripathi, N Sabu, A Gupta and H Dhillon, ‘Millimeter-wave and terahertz spectrum for 6G wireless’, arXiv, 2021, doi:10.48550/ARXIV.2102.10267, accessed 7 February 2023.] 

Micro communication examples include ‘nanomachine communications’ such as the internet of nano-things (IoNT) connecting nanomachines with the existing communications network.[footnoteRef:24] Nanosensors or nanomachines could also have implications for health monitoring. Sensors or machines could be deployed inside the human body to measure levels and concentrations of certain types of molecules, with the data transmitted using terahertz communication.[footnoteRef:25] [24:  ‘These nanomachines can perform simple tasks, such as computations, data storage, actuation, and sensing. Depending on the application, the transmission distance can vary from a few micrometers to a few meters’ (see Tripathi et al., ‘Millimeter-wave and terahertz spectrum for 6G wireless’).]  [25:  The internet of bio-nano-things (IoBNT) is conceptually the same as IoNT but uses biological nanomachines.] 

Ofcom identifies that there is potential demand in the longer term for 6G mobile communications and sensing applications in the terahertz range, however there remain ‘technical challenges to deploying this spectrum to provide cellular mobile services’.[footnoteRef:26]  [26:  Ofcom, Spectrum roadmap; Ofcom, Ofcom’s future approach to mobile markets and spectrum – Conclusions paper, 2022, accessed 7 February 2023.] 

Ofcom also suggests that there are potential future non-terrestrial uses of terahertz spectrum as well as potential terrestrial/non-terrestrial combined uses. This could ‘include gateway links to low earth orbit (LEO) satellites and links between satellites, indoor data links (e.g. datacentres) and nano level communications (including on chip)’.[footnoteRef:27] Use-cases for data centres using terahertz wireless links were also discussed at the European Commission’s Towards Terahertz Communications workshop in 2018.[footnoteRef:28]  [27:  Ofcom, Unlocking the potential of terahertz radio spectrum.]  [28:  European Commission, Towards terahertz communications workshop – report, 2018, accessed 7 February 2023; Data centres are also listed as potential use cases in T Rappaport, Y Xing, O Kanhere, S Ju, A Madanayake, S Mandal, A Alkhateeb and G Trichopoulos, ‘Wireless communications and applications above 100 GHz: opportunities and challenges for 6G and beyond’, IEEE Access, vol.7, 6 June 2019, doi:10.1109/ACCESS.2019.2921522, accessed 7 February 2023.] 

The FCC has said that 2 potential high bandwidth technologies that could be used in frequencies above 95 GHz are ‘instantaneous temporary link broadcasting’ enabling ‘the transmission of large bandwidth uncompressed high-definition (HD) video signals’, and ‘wireless transmission for future networks’. The latter includes both long- and short‑range applications. Long-range wireless networks could support disaster recovery activities and provide ‘temporary replacement for a damaged optical network, or wireless backhaul in locations where installation of a fiber optic line is difficult’. Short-range applications include wireless local area networks (WLAN), wireless personal area networks (WPAN), kiosk downloading, wireless connections in data centres, chip-to-chip communications, and nano cells.[footnoteRef:29] [29:  FCC, ‘Notice of proposed rulemaking.’] 




[bookmark: _Toc128659480]Regulation
[bookmark: _Toc128659481]ITU
The ITU RRs – the international treaty governing access to/use of the radiofrequency spectrum and satellite orbits – allocates frequencies in the terahertz range up to 275 GHz.[footnoteRef:30] While frequencies above 275 GHz are not allocated under the RRs, footnote 5.564A acknowledges identification of specified frequencies above 275 GHz for use for land mobile and fixed service applications in specified circumstances. Footnote 5.565 identifies the range 275–1000 GHz for passive service applications. This does not preclude use by active services. In addition, footnote 5.340 prohibits emissions in certain bands, including some terahertz frequencies up to 252 GHz, to protect passive uses. Operation by (satellite) passive sensors in bands listed under footnote 5.340 are not licensed, however signatories to the RRs (including Australia) nonetheless place weight on the provisions in that footnote. [30:  ITU, Radio Regulations, 2020, accessed 7 February 2023.] 

The peak international radiocommunications regulatory forum, the ITU World Radiocommunication Conference (WRC), reviews and revises the RRs. The next WRC will be held in late 2023 (WRC-23), and includes an agenda item relating to a current service using terahertz frequency – Item 1.14 Review of frequency allocations for EESS (passive) in the frequency range 231.5–252 GHz.[footnoteRef:31] As technologies develop, and interest in the terahertz spectrum grows, WRC agendas may in turn contain more terahertz band items.[footnoteRef:32] Moreover, there has been some early discussion of a possible WRC-27 agenda item that considers (among other things) a potential IMT identification above 92 GHz. The WRC-27 agenda will be finalised at WRC-23. The Department of Infrastructure, Transport, Regional Development, Communications and the Arts leads Australia’s engagement at WRC meetings. [31:  Department of Infrastructure, Transport, Regional Development, Communications and the Arts, World Radiocommunication Conference 2023 agenda items, 2020, accessed 7 February 2023.]  [32:  N Martin, Six things you need to know about 6G, UNSW website, 2022, accessed 7 February 2023.] 

[bookmark: _Toc128659482]Overseas jurisdictions
[bookmark: _Hlk125100009]Although technology and commercial use-cases for terahertz spectrum are only in the early stages, some national spectrum managers, including the FCC in the US and Ofcom in the UK, have recently implemented new regulatory arrangements above 100 GHz to specifically support developing technologies. Both Ofcom and the FCC have made new licence types available for access to terahertz spectrum.
Regulators have recognised that, as it is not possible to predict which technologies will become viable, regulatory arrangements need to be flexible while protecting existing and future passive services from interference.
[bookmark: _Toc128659483]United Kingdom
In 2020, Ofcom introduced a new licence type – the Spectrum Access: EHF licence. The licence is designed to support a wide range of wireless connectivity users and use-cases, including in the 116–122 GHz, 174.8–182 GHz and 185–190 GHz bands.[footnoteRef:33]  [33:  Ofcom, Spectrum access: EHF licences, Ofcom website, 2020, accessed 7 February 2023.] 

Ofcom says it has adopted a ‘technological neutral’ approach to the licensing framework for the 3 specific bands. The 2 main reasons for this are the different types of potential devices that could be operated in terahertz spectrum, and the possibility that technological innovations may occur. 
Licensees are permitted to operate any number of devices for mobile or fixed services in their selected frequency, at any location in the UK, providing the technical conditions of the issued licence are met, which includes conditions designed to protect passive EESS from undue interference. Licences are issued on a ‘no-protection, no‑interference’ basis.[footnoteRef:34]  [34:  Ofcom, Statement - Supporting innovation in the 100-200 GHz range; Ofcom, Spectrum access: EHF Licence – Licensing guidance document, Ofcom website, n.d., accessed 7 February 2023; Ofcom, UK Interface Requirement (IR) 2106, spectrum access Extremely High Frequencies (EHF) in the bands 57-71 GHz, 116-122 GHz, 174.8-182 GHz and 185-190 GHz, [PDF], 2020, accessed 7 February 2023.] 

In December 2021, Ofcom published Unlocking the potential of terahertz radio spectrum: the role of spectrum management, outlining its understanding of the potential uses for terahertz spectrum and the challenges it believes will need to be addressed to realise the potential of terahertz frequencies.[footnoteRef:35]  [35:  Ofcom, Unlocking the potential of terahertz radio spectrum.] 

Ofcom’s objective is to enable growth by existing services, but also facilitate innovative new services. As reflected in its introduction of the Spectrum Access: EHF licence, Ofcom considers it needs a flexible approach to managing terahertz spectrum, since it is not possible to predict which technologies and services might become viable for telecommunications industry and business. Ofcom states that this uncertainty is one reason why the rules for regulating lower frequencies of spectrum should not determine how terahertz spectrum is managed.[footnoteRef:36] It also considers that the specific characteristics of spectrum above 100 GHz is another reason not to rely on spectrum management approaches in lower frequency ranges.[footnoteRef:37] [36:  Ofcom, Unlocking the potential of terahertz radio spectrum.]  [37: See also OECD, ‘Developments in spectrum management for communication services.’ The OECD has said that the licensing framework for terahertz spectrum ‘may require a fresh approach… with out-of-the-box thinking given the distinct nature of this type of spectrum (i.e. propagation features and potential use cases).’] 

Ofcom also suggests adoption of ‘spectrum sharing by default,’ where ‘users would be granted access on the expectation that “their” frequencies may also be used by others wherever this is possible.’ This may be enabled through new technologies, including software defined radios, artificial intelligence, antenna design, narrow radio beams, interference cancellation techniques, and platforms and protocols for spectrum coordination.[footnoteRef:38] [38:  Ofcom, Unlocking the potential of terahertz radio spectrum.] 

Ofcom plans to review the terahertz licensing framework in 2024 in light of any new developments and may consider the case for enabling licence-exempt use.[footnoteRef:39] Currently, research and development in terahertz frequencies not eligible for the Spectrum Access: EHF licence can be supported through the ‘innovation and trial licence’ framework.[footnoteRef:40] [39:  Ofcom, Statement - Supporting innovation in the 100-200 GHz range.]  [40:  Ofcom, Innovation and trial licensing, Ofcom website, 2020, accessed 7 February 2023.] 

[bookmark: _Toc128659484]United States
In February 2018, the FCC sought comment on its plan to ‘make the spectrum above 95 GHz more readily accessible for new innovative services and technologies’.[footnoteRef:41]  [41:  FCC, FCC proposes to open Spectrum Horizons for new services & technologies, FCC website, 2018, accessed 7 February 2023.] 

In 2019, the FCC released a notice to introduce rules aimed at supporting ‘new equipment and applications for spectrum between 95 GHz and 3 THz’. The FCC designated 21.2 GHz of spectrum available for unlicensed use above 95 GHz. It also created a new class of experimental licences, called the Spectrum Horizons License, ‘to increase opportunities for entities to develop new services and technologies’ in the 95 GHz to 3 THz range. The FCC explained that it had taken a ‘flexible’ approach to licensing terahertz spectrum ‘to provide incentives and opportunities for investment in the development of innovative new technologies and services while remaining cognizant of … the already extensive and planned passive uses of these bands’.[footnoteRef:42]  [42:  FCC, ‘Notice of proposed rulemaking.’] 

Consistent with other types of experimental radiocommunications licences in the US, new Spectrum Horizon Licenses are issued on a ‘no protection, no interference’ basis. However, unlike existing rules for experimental licences, Spectrum Horizon licensees will be granted flexibility to market devices and experimental equipment. Additionally, the new licences can be issued for a 10-year period, which is longer than other experimental licences, and licensees will be able to determine the geographic parameters of their experiment.[footnoteRef:43]  [43:  See also OECD, ‘Developments in spectrum management for communication services.’ The OECD has suggested that temporary, experimental licences of the type offered by the FCC might be helpful ‘to foster experimentation for applications using terahertz bands.’] 

In March 2022, Keysight Technologies announced that it was the first recipient of a Spectrum Horizons License.[footnoteRef:44]  [44:  Keysight, Keysight technologies first to receive FCC Spectrum Horizons License for developing 6G technology in sub-terahertz, Keysight website, 2022, accessed 7 February 2023.] 

[bookmark: _Toc128659485]Canada
ISED has planned allocation in the frequency ranges 116–122.25 GHz, 122.25–123 GHz, 174.8–182 GHz, 185–190 GHz and 241–248 GHz for various services.[footnoteRef:45] [45:  See section 6 ‘Current use of above 95 GHz bands in Canada’ in ISED, Consultation on the technical and policy framework for the frequency bands above 95 GHz.] 

In February 2022, ISED released the Consultation on the Technical and Policy Framework for the Frequency Bands Above 95 GHz. The aim of this consultation was to seek views on releasing more than 21 GHz of spectrum for licence-exempt use between 95 GHz and 275 GHz. ISED stated that licence-exempt spectrum is increasingly used as a licensing option because of ‘the low barriers to entry and the low cost of licence-exempt devices’. This can help ‘facilitate the introduction of innovative products and applications by delivering increased capacity and speed for existing use cases, as well as new and emerging use cases’.[footnoteRef:46]  [46:  ISED, Consultation on the technical and policy framework for the frequency bands above 95 GHz.] 

In December 2022, ISED published the Decision on the Technical and Policy Framework for the Frequency Bands Above 95 GHz. ISED will allow both indoor and outdoor licence-exempt use in the 116–122.25 GHz, 122.25–123 GHz, 174.8–182 GHz, 185–190 GHz and 244–246 GHz bands, on a ‘no-protection, no-interference’ basis. The decision noted:
… that technology advancement alone cannot meet the increasing demand for licence-exempt applications and that frequency ranges above 95 GHz band are part of ISED’s overall plan to make additional spectrum available to allow Canadians to take full advantage of these applications.[footnoteRef:47] [47:  ISED, Decision on the technical and policy framework for the frequency bands above 95 GHz, 2022, accessed 7 February 2023.] 

[bookmark: _Toc128659486]New Zealand and Ireland
Spectrum regulators in countries with smaller populations, such as New Zealand and Ireland, acknowledge that future decisions regarding regulatory arrangements for terahertz spectrum will be driven by international developments and activities. For now, they have indicated they may rely on existing regulatory models to facilitate access to terahertz frequencies, if required.
In New Zealand, Radio Spectrum Management (RSM) in the Ministry of Business, Innovation and Employment, does not currently allocate any spectrum above 100 GHz and has no confirmed policy on future allocations. RSM stated in 2021: 
We will need to consider the most appropriate time to make higher frequencies available, noting that this will be driven through development of international activities and available equipment. Because higher frequency ranges can be shared more readily this could favour non-exclusive licensing approaches that maximise the number of users that can access spectrum. There are models of spectrum sharing that RSM currently uses that could be applied to higher frequency ranges, such as General User Licences (GUL).[footnoteRef:48]  [48:  Ministry of Business, Innovation and Employment, Draft Five-year spectrum outlook 2022–26, 2021, accessed 7 February 2023.] 

In Ireland, ComReg has allocated few frequencies above 100 GHz to any services.[footnoteRef:49] There are assignments to amateur radio services. ComReg has also exempted non-specific short-range devices in the frequency ranges 120–122.25 GHz, 122.25–123 GHz and 241– 248 GHz from licensing.[footnoteRef:50] [49:  See ComReg, Radio Frequency Plan for Ireland (RFPI), 2022, accessed 7 February 2023. ComReg only enters an allocation in the RFPI when it has a licence regime in place or is just about to put a licence regime in place or has added frequencies to a current licence regime.]  [50:  ‘Non-specific’ means they can be used for any application.] 



[bookmark: _Toc128659487]Australian context
In Australia, the Australian Radiofrequency Spectrum Plan 2021 aligns with the ITU RRs allocations for terahertz frequencies.[footnoteRef:51] There are currently 3 licences issued in the terahertz-adjacent 90 GHz frequency, for meteorological radar. No licences have been issued in the terahertz range. [51:  Australian Radiofrequency Spectrum Plan 2021.] 

In 2022, the draft Five-year spectrum outlook 2022–27 consultation sought stakeholder views on the Australian terahertz spectrum market and the need for regulatory arrangements. Mobile network operators and a representative body did not consider the work as high priority. Other submitters acknowledged their interest but did not foresee an immediate need to develop regulatory arrangements.
However, there has been some support for considering pricing implications for services above 100 GHz. Submissions to the Spectrum Pricing Review process demonstrated that there are innovative services developing in higher frequency ranges, with very large bandwidths but a limited geographic spectrum-denial footprint. An example of this is optical communications for satellite services.
The scientific-licensing framework can provide a flexible and low-cost mechanism to support use-case trials and technology development in the terahertz bands.[footnoteRef:52] We welcome approaches from any interested parties in undertaking technology trials.  [52:  ACMA, Scientific licence, ACMA website, n.d., accessed 7 February 2023.] 

As part of our implementation of the second tranche of changes from the Spectrum Pricing Review, we reduced apparatus licence taxes to the minimum annual tax for most licence types with services operating in spectrum above 100 GHz.[footnoteRef:53] Our intention behind these changes is to support innovative services developing in these high frequencies that operate with very large bandwidths, although with a limited spectrum-denial footprint. [53:  In February 2018, the then Australian Government endorsed the recommendations of the Spectrum Pricing Review. The Spectrum Pricing Review made 11 recommendations around allocation decisions, market-based allocations, administered allocations, and the legislative and cost recovery framework for spectrum pricing and management. The ACMA has implemented the recommendations of the review in 2 tranches, the second of which concluded our implementation process. The second tranche included consideration of pricing implications for services above 100 GHz.] 

Noting stakeholder feedback and that technology utilising terahertz spectrum remains largely under development, the ACMA will continue to monitor use-cases and regulatory developments overseas. In particular, we will closely monitor any future WRC items and outcomes relating to new uses for the terahertz frequencies. 
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