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[bookmark: _Toc56965672][bookmark: _Toc61364819]Executive summary
The Australian Communications and Media Authority (ACMA) has observed increasing interest in the 2 GHz band (1980–2010 MHz and 2170–2200 MHz) for new applications, including mobile-satellite services (MSS), wireless broadband and direct air-to-ground communications. The band is currently used for television outside broadcast (TOB) services on a shared and non-exclusive basis for short-term applications, such as covering special events. 
As the current spectrum management framework for the 2 GHz band does not support evolving interest for new applications such as mobile satellite in the band, the ACMA’s view, expressed in the options paper released in July 2020, was that a clear case existed for potentially changing the spectrum management framework in the band. 
The options paper identified the case for change and proposed 3 preliminary planning options for consideration. We identified a set of desirable planning outcomes (see Appendix B) that considered the legislative and policy framework, as well as environmental factors. The planning outcomes included: 
1. Support new uses of the band consistent with international harmonisation and domestic considerations which includes some mix of MSS uses (including for IoT) and possible wireless broadband uses, including MSS complementary ground component[footnoteRef:2] usage. [2:  A complementary ground component refers to a terrestrial wireless broadband network that is deployed to supplement mobile-satellite coverage. It is also sometimes referred to as ancillary terrestrial component.] 

1. Resolve the interim nature of arrangements in the band to provide increased certainty for future uses of the band. 
1. Ensure coexistence with adjacent-band services is addressed. These include wireless broadband services operating below 1980 and 2170 MHz, and TOB / space research / space operations operating above 2010 and 2200 MHz. 
These planning outcomes guided the assessment of the options considering changes in the licensing arrangements in the band. We sought information from stakeholders to inform the consideration of a preferred planning approach.
Based on feedback to the options paper and consideration of ongoing domestic and international developments that may impact the potential future use of the band, we concluded that arrangements in the band should be changed to better maximise the overall public benefits derived from its use. Consistent with the planning decisions and preliminary views expressed below, we have also decided that the 2 GHz band should advance to the implementation stage of the band planning process to enable MSS uses (including complementary ground component) in the band. 
[bookmark: _Hlk19196222]Outcomes proposed in this paper conclude the ACMA’s band planning activities by identifying planning outcomes in the 2 GHz band. The following implementation stage includes future development of detailed technical planning, licensing and allocation frameworks and pricing considerations (including further consultation where necessary). Planning outcomes identified at this stage include both ACMA planning decisions as well as preliminary views on future activities in the band, some of which may be subject to further legislative or consultative processes.
[bookmark: _Toc56950051][bookmark: _Toc56965673][bookmark: _Toc61364820][bookmark: _Toc56950052]Industry feedback and ACMA considerations
Strong support was provided for the ACMA’s preliminary preferred option (option 3), especially from satellite operators. Several other respondents acknowledged their support for some form of MSS to be accommodated in the band. The Australian Space Agency submitted that developing satellite internet-of-things (IoT) arrangements with a low barrier to entry would assist in growing the Australian space industry.
Submissions conveyed themes similar to those submitted to the initial investigation consultation in 2019:
Divergent views between industry sectors – organisations from TOB, satellite, wireless broadband and direct air-to-ground sectors mostly advocated their own interests in the band.
Demand exceeds supply – the combined quantity of spectrum desired by proponents seeking access to the band exceeds the available bandwidth. Many respondents want exclusive access to the band for a single type of service, arguing that spectral or geographical separation between services is not feasible. 
A range of alternative proposals were also presented by some respondents who see opportunities for multi-use scenarios:
Some respondents with more limited claims on the band considered division of the band between 2 types of services to be an optimal outcome. For example, most direct air-to-ground proponents are seeking access to the lower half of the band, leaving the upper half available for MSS or another service.
Hybrid options were also proposed by some respondents with broader interests in the communications industry that are not narrowly focused on a single type of service. These respondents suggested various combinations of MSS, wireless broadband (both local-area and wide-area) and direct air-to-ground communications.
[bookmark: _Toc56965674][bookmark: _Toc61364821]Planning decisions and preliminary views
The ACMA has concluded that arrangements consistent with its preliminary preferred option (option 3) that enable mobile satellite use of the band (including complementary ground component) are expected to maximise the overall public benefit derived from use of the band. 
Key planning decisions identified for the 2 GHz band are therefore:
Introduce apparatus licensing arrangements to support introduction of mobile-satellite services Australia-wide on an exclusive basis in the frequency ranges 1980–2005 MHz paired with 2170–2195 MHz, a total bandwidth of 2 x 25 MHz. 
Our preliminary view, given demand is likely to exceed supply (as expressed in responses to the options paper), is that the most appropriate mechanism to resolve competing demand is a price-based allocation mechanism via auction. With price- based allocations under section 106 of the Radiocommunications Act 1992 limited to the allocation of transmitter licences (in this case space apparatus licences in 2170–2195 MHz), the ACMA would only issue the associated space receive apparatus licences in the paired band 1980–2005 MHz to those successful in the priced-based allocation process.
Develop apparatus licensing arrangements to facilitate deployment of a complementary ground component (including direct air-to-ground communications service) in the range 1980–2005 MHz paired with 2170–2195 MHz where a mobile-satellite licensee wishes to supplement its mobile-satellite service. Our preliminary view is that these applications are more appropriately supported under an area-wide apparatus licence. We also consider that some form of obligation should be established to require licensees to deploy a mobile-satellite service before operation of a complementary ground component is permitted.
That technical restrictions are required in the frequency range 2005–2010 MHz and 2195–2200 MHz to protect adjacent-band TOB services.
Introduce arrangements Australia-wide to support on a shared basis amongst suitable satellite operators of narrowband mobile-satellite services in 2005–2010 MHz and 2195–2200 MHz (a bandwidth of 2 x 5 MHz) for use by services such as telemetry, short messaging, and low date rate services (for example satellite IoT applications).
To support introduction of MSS, existing TOB services will be required to cease operation. The ACMA’s preliminary view is that a timeframe of 5 years is appropriate in capital cities[footnoteRef:3] and a shorter period of 3 years is feasible in regional areas where TOB usage is minimal. [3:  For definitions of geographical terms including capital city, regional and remote see Appendix C: Geographical areas descriptions] 

Retain legacy fixed point-to-point links operating in remote parts of Australia.
To support 2 GHz TOB services looking to transition to other bands, the ACMA intends to review channel arrangements in the 7.2 GHz band to reflect current digital technologies used and continue to provide channels for shared non-exclusive usage similar to current arrangements in the 2 GHz band.
To support implementation of these planning decisions, in the interim the ACMA will implement a policy of restricting any new licences in the 2 GHz band to a maximum term of one year, with an option for renewal subject to progress of replanning activities.
In addition to those mentioned above, preliminary views on additional implementation aspects of these planning decisions are discussed later in this paper. 
The ACMA considers that this combination of measures will best maximise the overall public benefit derived from use of the 2 GHz band in the medium term. These arrangements also take account of the impact on existing interim TOB services in the band by providing a pathway to alternative spectrum with a transition period that aligns with equipment upgrade cycles. 
The ACMA’s view is that the shared narrowband segments (2005–2010 and 2195‍–‍2200 MHz) will provide a regulatory arrangement with a low barrier to entry that would support innovative satellite applications, offering opportunities for new entrants and supporting growth in the Australian space industry. In discussions with the Australian Space Agency, the agency submitted that developing satellite IoT arrangements with a low barrier to entry would assist in growing the Australian space industry.
It should be noted that while the ACMA can develop a domestic framework to support licensing a mobile-satellite service, as with any satellite service its viability is in part dependent on the status of the satellite network in the ITU satellite coordination process, which is the responsibility of the satellite operator to manage. As is normal practice when developing regulatory arrangements for satellite services, the framework for satellite use of the 2 GHz band will have regard to Australia’s international obligations and the ITU satellite network coordination process.   
Based on the outcomes identified in this paper, a summary of the overall proposed configuration for the 2 GHz band is shown in Figure 1 of the ‘Planning outcomes’ section. 
[bookmark: _Toc18403199][bookmark: _Toc21088506][bookmark: _Toc56950053][bookmark: _Toc56965675][bookmark: _Toc61364822]Next steps
A high-level implementation plan has been developed and is outlined in Table 1 of the ‘Next steps’ section.
[bookmark: _Toc46316352][bookmark: _Toc56965676][bookmark: _Toc61364823]Introduction
The 2 GHz band is currently used for television outside broadcast (TOB) services on a shared and non-exclusive basis for short-term applications such as covering special events. There are currently 21 active licences in the band, held by 10 organisations.[footnoteRef:4] These comprise a mixture of area-wide and site-specific apparatus licences. The site-specific licences are located in Sydney, Melbourne, Adelaide and Perth. [4:  As of November 2020. ] 

In July 2020, the ACMA released an options paper on the preliminary replanning stage of the 2 GHz band planning process. The paper identified a range of potential replanning options and invited comment on possible changes to planning arrangements for the band. We received 26 submissions to the options paper consultation, which closed on 2 September 2020.
Following consideration of these submissions, we have:
progressed the 2 GHz band to the implementation stage of the ACMA’s band planning process[footnoteRef:5]  [5:  The implementation stage concludes the ACMA’s band planning activities and identifies planning outcomes expected to maximise the overall public benefit derived from use of the band. This stage includes future development of detailed technical planning frameworks (including further consultation where necessary). Planning outcomes identified at this stage include both ACMA replanning decisions as well as preliminary views on future activities in a band, some of which may be subject to legislative or consultative processes.] 

made replanning decisions in the band that will change the way the band may be used.
The purpose of this paper is to present the ACMA’s replanning decisions in the 2 GHz band and inform stakeholders about the future use of the band in broad terms. We also outline the steps required to implement these decisions. During some of these steps, we will seek feedback through a public consultation process to inform licensing and technical planning arrangements in the band.
[bookmark: _Toc457809930][bookmark: _Ref461109606][bookmark: _Toc466017060][bookmark: _Toc468438955][bookmark: _Toc468705310][bookmark: _Ref498078173][bookmark: _Ref498436813][bookmark: _Toc519765102][bookmark: _Toc521585768][bookmark: _Toc525132230][bookmark: _Toc5000062][bookmark: _Toc34727289][bookmark: _Toc46316354][bookmark: _Toc56965677][bookmark: _Toc61364824]Legislative and policy environment
Managing spectrum efficiently and effectively for the benefit of all Australians is a key priority for the ACMA.[footnoteRef:6] The ACMA draws on a range of legislative and administrative tools and overarching guidance in executing these functions.  [6:  ACMA Corporate plan 2019–20.] 

[bookmark: _Toc56965678][bookmark: _Toc61364825]Guiding legislation and policy	
The ACMA’s decisions are guided by the objects of the Radiocommunications Act 1992 (the Act) to provide for management of the radiofrequency spectrum, in order to (among other goals):
maximise – by ensuring the efficient allocation and use of the spectrum – the overall public benefit derived from using the radiofrequency spectrum
make adequate provision of the spectrum:
(i) for use by agencies involved in the defence or national security of Australia, law enforcement or the provision of emergency services 
(ii) for use by other public or community services
provide a responsive and flexible approach to meeting the needs of spectrum users
encourage the use of efficient radiocommunication technologies so that a wide range of services of an adequate quality can be provided
support the communications policy objectives of the Australian Government.
Several communications policy objectives relevant to the replanning considerations in this band have been identified. 
The 5G—Enabling the future economy strategy, released in 2017, committed to government actions to support the timely rollout of 5G in Australia, including making spectrum available in a timely manner.
Australia’s Tech Future, released in December 2018, sets out the Australian Government’s strategy for Australia’s tech future. The strategy presents a vision that Australians have access to world-class digital infrastructure in their personal and working lives with the following outcomes:
Australians have reliable, secure and affordable access to high-speed broadband and mobile communications.
Australia’s communications sector is sustainable and competitive.
Australia’s world-leading navigation and positioning infrastructure supports emerging technologies. 
Australia’s researchers have the specialised high-performing computing and data infrastructure needed to stay ahead in everything from health to agriculture.
The Australian Civil Space Strategy 2019–2028 is an Australian Government strategy to deliver a globally responsible and respected space sector that lifts the broader economy, and inspires and improves the lives of Australians. It contains a number of priority areas that may influence development and deployment of satellite services in the 2 GHz band.
[bookmark: _Toc56965679][bookmark: _Toc61364826]Other relevant advice
The ACMA notes the Australian Government’s response of November 2020 to the parliamentary report Next Gen Future: Inquiry into the deployment, adoption and application of 5G in Australia. In particular, the ACMA acknowledges the government’s support for recommendation 1 of the report, which recommended the ACMA finalise spectrum allocations expeditiously and investigate how future spectrum auctions can promote improved market competition for the benefit of consumers. 
[bookmark: _Toc56965680][bookmark: _Toc61364827]Licensing arrangements
There are 3 licensing approaches available to the ACMA for authorising access to spectrum: spectrum, apparatus and class licences. These approaches influence how spectrum replanning options can be developed and implemented. 
A spectrum licence authorises the operation of devices within a defined frequency range and geographic area, with a high degree of exclusivity. The geographic area can vary in size and can comprise the entire country. Spectrum licences are usually allocated by an auction and have typically been utilised in bands used to deploy commercial mobile broadband networks. Spectrum licences may be allocated for up to 15 years.
An inherent feature of spectrum licensing is technological flexibility – that is, the licence conditions and associated technical framework, while usually optimised for an expected technology, specify generic technical conditions[footnoteRef:7] and do not expressly mandate or limit specific technologies or services. This allows a licensee to deploy any technology that complies with the conditions of the licence. It is up to the licensee to manage interference between their devices (note that the adoption of international standards within the technical framework mitigates the potential for interference between devices).  [7:  Technical conditions include maximum power, frequency range, out-of-band emissions limits, and geographical licence area. ] 

Spectrum licences are more conducive to secondary trading than apparatus licences, due to design features such as their longer tenure and their ability to be sub-divided.
An apparatus licence authorises the use of a radiocommunications device (or group of devices) operating under a specific radiocommunications service type, in a specific frequency range, and traditionally at one or more specific geographic locations for a period of up to 5 years. They are typically issued ‘over the counter’ in accordance with coordination rules developed by the ACMA. The ACMA charges fees for apparatus licences, which cover our costs and incentivise licensees to use spectrum efficiently.
The ACMA recently created a new apparatus licence type – the area-wide apparatus licence. This authorises the operation of one or more radiocommunications devices within a defined geographic area within frequencies specified in the licence, subject to the conditions included on the issued licence. The licence type is proposed to be scalable, enabling its use for authorising different sized geographic areas and bandwidths. Unlike existing apparatus licence types – which typically align with specific uses and purposes – the area-wide apparatus licence will be capable of authorising a variety of services, uses, applications and technologies. 
Class licences are a standing authorisation to access spectrum without the need to apply to the ACMA for an individual licence (hence no fees are paid), subject to the conditions of the relevant class licence. These conditions include technical and geographic matters and/or pertain to the type of use or class of user. 
[bookmark: _Toc56965681][bookmark: _Toc61364828]Spectrum planning outcomes development
We are guided in our spectrum management functions by the object of the Radiocommunications Act 1992, set out in section 3 of the Act. A balanced application of regulatory and market mechanisms is often necessary in order to achieve key elements of the object of the Act, in particular maximising the overall public benefit from the efficient allocation and use of the radiofrequency spectrum and meeting the government’s policy objectives. 
The options paper explained the approach the ACMA used in developing and assessing preliminary replanning options for the 2 GHz band. This led to the formation of the ACMA’s preliminary preferred option for replanning the band. 
In determining the planning outcomes presented in this paper, the ACMA has carefully considered responses to the options paper. We have also taken into account other relevant developments, both domestic and international, that may impact the potential future use of the band. 
Following release of this paper, we will consult further on proposed licensing and technical planning arrangements as outlined in the ‘Next steps’ section below.
[bookmark: _Toc43389514][bookmark: _Toc46316355][bookmark: _Toc56965682][bookmark: _Toc61364829]Issues not within the scope of this paper
The following issues are not within the scope of this paper:
[bookmark: _Toc56965683][bookmark: _Toc61364830]Apparatus tax arrangements
A review of the apparatus licence tax arrangements that apply to different services is not within scope of this paper. The ACMA is seeking feedback from industry on its general review of apparatus licence taxes as part of the consultations on the implementation of the Spectrum Pricing Review and its annual work program, the 
Five-year spectrum outlook. Interested parties are invited to provide their views on apparatus licence taxes in the 2 GHz band as part of those processes.
[bookmark: _Toc56965684][bookmark: _Toc61364831][bookmark: _Toc459906714][bookmark: _Toc464480508]Engagement in international activities
The scope of this paper does not extend to Australian strategies or positions on matters under consideration in international spectrum management forums, such as the International Telecommunication Union or Asia-Pacific Telecommunity. These matters are dealt with separately through relevant preparatory processes led by the ACMA and/or the Department of Infrastructure, Transport, Regional Development and Communications (the department). Stakeholders interested in these processes can find more information on the ACMA website or by contacting either the ACMA’s International Radiocommunications Section (irs@acma.gov.au) or the department’s International Radiocommunications Section (wrc@communications.gov.au).
[bookmark: _Toc56965685][bookmark: _Toc61364832]Radiocommunications reform bill
During the 2 GHz replanning process, the Radiocommunications Legislation Amendment (Reform and Modernisation) Bill 2020 (the Bill) and accompanying tax-related bills were introduced into the parliament in August 2020. The Bill gives effect to several of the recommendations in the Spectrum Review conducted in 2015, including extending the maximum duration of spectrum and apparatus licence terms. 
The ACMA will consult further with stakeholders on the impact of the Bill’s provisions on future planning and licensing arrangements in the 2 GHz band and will provide updated guidance following its passage through parliament.

[bookmark: _Toc46316357][bookmark: _Toc56965686][bookmark: _Toc61364833]The process to date
[bookmark: _Toc519765108][bookmark: _Toc521585774][bookmark: _Toc5000066][bookmark: _Toc33513244][bookmark: _Toc46316358][bookmark: _Ref499046185][bookmark: _Ref499046197][bookmark: _Ref499109539]This chapter recaps the options proposed in the options paper, identifies issues and themes raised in submissions to the options paper and outlines the ACMA’s view on them. 
[bookmark: _Toc21088510][bookmark: _Toc56950065][bookmark: _Toc56965687][bookmark: _Toc61364834]Overall approach to replanning the band
As part of the initial investigation stage of the 2 GHz band planning process, the ACMA released a discussion paper titled Planning of the 2 GHz band in August 2019. The paper examined current use of the band, domestic demand for new services and international trends. It also sought industry views on potential future uses of the band. 
The ACMA subsequently progressed the band to the preliminary replanning stage, which included release of an options paper in July 2020. This paper analysed planning issues for each of the applications or services provided by operators interested in using the band, as well as any sharing and coexistence issues. The paper identified and assessed 3 broad replanning options for the 2 GHz band:
Option 1: Television outside broadcast – this option responds to industry feedback seeking continued incumbency and certainty for TOB services. It includes the possibility of unlocking the guard band between TOB and adjacent wireless broadband services for Australia-wide satellite internet-of-things (IoT) applications. 
Option 2: Wireless broadband – this option provides for accommodation of new wireless broadband services, including both wide-area and local-area services, as well as direct air-to-ground services. It also provides spectrum for satellite IoT services Australia-wide in the restricted band (guard band) protecting adjacent-band TOB services. 
Option 3: Mobile-satellite service – this option responds to strong demand for additional spectrum for mobile-satellite services (MSS), including those that propose deployment of a complementary ground component (a terrestrial network used to augment satellite services generally in higher population areas) and/or the delivery of IoT services.
The paper presented a detailed assessment of each option, in which both qualitative and quantitative factors (through a cost-benefit analysis) were considered in an integrated manner. Options were also compared for the extent to which each met the desirable planning outcomes for the band which are reproduced at Appendix B: Desirable planning outcomes.
As a result of this analysis, Option 3 was identified as most likely to maximise the public benefit from use of the 2 GHz band, and was therefore presented as the ACMA’s preliminary preferred option. This option provides for use by mobile-satellite services across the entire band (including a dedicated IoT segment) and contemplates support for a complementary ground component as a means of extending coverage of a satellite network with ground-based infrastructure where an operator considers this appropriate. This option would allow for new uses in the band, but would not support continued use by incumbent TOB operators.
[bookmark: _Toc46316359][bookmark: _Toc56965688][bookmark: _Toc61364835]Discussion of submissions
We received 26 submissions to the options paper – these are available on the ACMA website. This section provides commentary on the general themes and issues raised in submissions. A detailed summary of submissions is at Appendix A: Responses to the options paper.
[bookmark: _Toc56965690][bookmark: _Toc61364836]Television outside broadcasting
Four respondents advocated retaining the band for TOB services. However, TOB operators generally recognised the possibility or likelihood of relocation to another band. If this eventuates, all advocated for some form of compensation to cover equipment replacement costs, with 2 suggesting the cost should be borne by incoming licensees. 
Two TOB operators highlighted the effect of the COVID-19 pandemic on their businesses, which has substantially reduced their income. They advised that in this environment, a requirement to upgrade equipment for use in a new spectrum band would be detrimental to their operations and recommended a transition period of at least 5 years. 
We noted in the options paper that if a replanning decision involves loss of spectrum access for incumbent licensees, the ACMA typically considers an appropriate transition period to allow sufficient time for affected licensees to adjust to the new arrangements.[footnoteRef:8] Transition arrangements are discussed in detail in the following chapter. [8:  Replanning the 2 GHz band: options paper, p. 15] 

The options paper concluded that the cost of retaining TOB services in the 2 GHz band at the exclusion of new services is outweighed by the expected benefits of new services. Only one submission provided details of potential costs involved in relocating TOB services to an alternative band. The costs identified equipment replacement costs beyond what is required to relocate to an alternative band, as they included the cost of replacing equipment also used to provide television production services to TOB licensees in the adjacent band where arrangements are not changing. That is not a significant change in costs. Therefore, we consider that no changes are required to the estimates presented in the cost-benefit analysis.[footnoteRef:9] [9:  Replanning the 2 GHz band: options paper, p. 69] 

[bookmark: _Toc56965691][bookmark: _Toc61364837]Satellite 
Satellite operators advocated strongly for immediate replanning of the band for mobile-satellite services including a complementary ground component. 
Several operators supported an equal allocation of two 15 MHz paired segments, allowing 2 MSS operators to operate in the band. An equal allocation of 2 segments would diverge from the preliminary approach contemplated in the options paper, which suggested allocations of 2 x 15 MHz and 2 x 10 MHz, as well as 2 x 5 MHz for shared satellite IoT. 
One operator proposed that if the ACMA decided to proceed with the 2 x 5 MHz shared satellite IoT segment, then it should consider having 2 equal 12.5 MHz segments. This would enable 2 operators to have equivalent spectrum allocations in the band which could be utilised in sub-segments of 2 x 10 MHz and 2 x 2.5 MHz.
Another satellite operator noted that the 2 GHz band can be used as a component in the 5G ecosystem, and this standardisation will drive the economies of scale in network and radio equipment.
Channel / licence bandwidths will be considered as part of technical planning for the licence allocation process, in consultation with industry. Until then, we will continue to monitor developments in this area. This matter is discussed further in the preliminary views section below.
Regarding our proposal to support deployment of complementary ground component in the 2 GHz band, one respondent was concerned that licensees are likely to abandon their commitment to deliver MSS and only deploy a ground component for the purpose of delivering mobile broadband services. We recognise this risk and have discussed our views on addressing it in the ‘Preliminary views’ section below.
Satellite – IoT considerations
Most operators opposed the allocation of a dedicated segment of the band for satellite IoT, with one suggesting that this ‘would be an inefficient use of spectrum and limit innovation in this band’. Satellite operators objecting to the dedicated IoT segment did not comment on its intended purpose as a restricted band to provide protection to adjacent-band TOB services. In the absence of a dedicated shared narrowband segment, some form of restrictions would still be required on this segment to retain protection of adjacent services.
The ACMA recognises the international trend to segment the 2 GHz band into two 15 MHz pairs, with no dedicated shared segment for low-powered, low-duty cycle narrowband applications such as satellite IoT. However, the ACMA considers there are benefits in dedicating the restricted segment (2005–2010 and 2195–2200 MHz) for narrowband MSS applications on a shared basis. This arrangement will provide support for innovative satellite applications offering opportunities for new entrants with minimal regulatory arrangements, thereby supporting growth in the Australian space industry. The Australian Space Agency submitted that developing satellite IoT arrangements with a low barrier to entry would assist in growing the Australian space industry.
In the absence of such a segment – whereby use of the same spectrum is authorised under an exclusive licensing arrangement – this portion of the band would still require some restrictions to provide protection for adjacent services. In addition to the benefits cited above of a shared MSS segment, authorising this segment for shared non-exclusive access will enable more intensive use of the spectrum resource.
Satellite – licence allocation considerations
Regarding potential allocation methods, most opposed a competitive auction, preferring instead a merit-based approach. The argument against an auction was articulated in the Communications Alliance submission, which suggested that MSS operators face multiple price and regulatory pressures. They argued that ‘pricing should have empathy for the high cost of marginal services ... an open market-based allocation cannot do this as terrestrial operators do not favour thin markets’.
The ACMA considers that a market-based allocation process via auction is often the most effective method to resolve competing interests in a band where the claimed bandwidth requirements of access seekers exceed the available supply. A merit-based process would require the ACMA to select operators that it considers most likely to maximise the public benefit derived from use of the band, on the basis of extremely limited information about each operator’s capacity to do this. A market-based process such as an auction enables prospective entrants to express their private value of access to the spectrum in any decision to participate in the process.
[bookmark: _Toc56965692][bookmark: _Toc61364838]Direct air-to-ground communications 
Six respondents supported direct air-to-ground communications, an increase over the 2 supporters (Telstra and Nokia) who submitted to the 2019 consultation. Respondents to the options paper were either equipment suppliers (Flightcell, Nokia and SkyFive) or potential users of the service from the aviation industry (LifeFlight, Regional Express and the Royal Flying Doctor Service).
Most respondents are seeking an allocation matching the European Aviation Network (EAN).  As noted in the options paper, in the European Union the 2 GHz band is planned for MSS, including the complementary ground component[footnoteRef:10] with licences issued to 2 operators.[footnoteRef:11] One of which is Inmarsat who operates the EAN in the lower half of the 2 GHz band (2 x 15 MHz). Advocates for direct air-to-ground communications considered that spectrum arrangements matching the EAN would ensure equipment designed for this network is compatible with a future Australian implementation. [10:  ECC Decision ECC/DEC/(06)09: ECC Decision of 1 December 2006 on the designation of the bands 1980-2010 MHz and 2170-2200 MHz for use by systems in the Mobile-Satellite Service, including those supplemented by a complementary ground component.]  [11:  Inmarsat and EchoStar Mobile Limited (formerly Solaris Mobile Limited) see 2009/449/EC: Commission Decision of 13 May 2009 on the selection of operators of pan-European systems providing mobile-satellite services (MSS).] 

The ACMA maintains the view expressed in the options paper that there is a high level of uncertainty surrounding the potential benefits of these services, as their future uptake and viability is unclear in Australia. In some circumstances, the same functionality can be provided by satellite systems, which are already in operation providing gate-to-gate connectivity to commercial airlines.
We consider a framework that supports complementary ground component infrastructure can also be designed to support direct air-to-ground communications. Therefore, direct air-to-ground communications could be supported under option 3 if desired by a licensee.
This proposed arrangement matches the EAN, which comprises a mobile-satellite service with complementary ground component. 
[bookmark: _Toc56965693][bookmark: _Toc61364839]Wireless broadband
Three respondents – the Australian Radio Communications Industry Association (ARCIA), Pivotel and the Wireless Internet Service Provider Association Australia (WISPAU) – supported an allocation to wireless broadband services, advocating this as a hybrid option whereby one segment of the band is allocated respectively to either wide-area or local-area wireless broadband. 
Mobile network operators Optus and TPG Telecom did not support an allocation to wireless broadband, as it is not an immediate priority in their spectrum roadmaps. Optus’s primary concern is protection of adjacent-band spectrum-licensed services, while TPG Telecom supports an interim allocation to MSS of around 2 years and then re-evaluate when interest in the 2 GHz band for IMT services is expected to increase. 
The ACMA supports the conclusion reached in the options paper cost-benefit analysis, which found that option 3 (MSS) has a greater net benefit than an exclusive allocation to wireless broadband.[footnoteRef:12] The optionality afforded by option 3 would enable licensees to deploy a complementary ground component, which, if implemented, could be generally equivalent to a wide-area wireless broadband service. [12:  Replanning the 2 GHz band: options paper, p. 70] 

There already exists considerable availability for wireless broadband in comparable mid-band frequencies between 1 and 6 GHz, such that the availability of 2 GHz for wireless broadband would constitute only a 6% increase. Other bands potentially more suitable for new wireless broadband (especially 5G) are under consideration as part of the concurrent review of the 3.7–4.2 GHz band and the optimisation of the 3.4 GHz band. We acknowledge that many of the current arrangements for wireless broadband in the mid bands are better suited for wide-area rather than local-area wireless broadband uses, however the 3.7–4.2 GHz band review is also considering additional options for local-area wireless broadband. For more information on spectrum options for local-area wireless broadband, see the ACMA’s information paper, Spectrum options optimised for local area wireless broadband services (May 2020).
[bookmark: _Planning_outcomes][bookmark: _Toc61364840]Planning outcomes
[bookmark: _Toc56965695][bookmark: _Toc61364841]Introduction
[bookmark: _Hlk19200209]This section presents planning decisions made for the 2 GHz band. It also details preliminary views the ACMA has formed on the associated licensing and technical conditions that will subsequently be developed. We will conduct additional consultation processes on relevant regulatory arrangements as required, in accordance with normal practice. Indicative timeframes for the subsequent work required to implement planning decisions are presented in the next steps section below.
In the options paper of July 2020, we assessed proposed replanning options against a set of desirable planning outcomes identified for the band.[footnoteRef:13] When assessing options, both qualitative and quantitative factors (through a cost-benefit analysis) were considered in an integrated manner. As a result of this analysis, option 3 (MSS with complementary ground component) was identified as most likely to maximise the public benefit from use of the 2 GHz band, and was therefore presented as the ACMA’s preliminary preferred option. [13:  The desirable planning outcomes are reproduced at Appendix B.] 

Responses to the options paper did not provide compelling evidence to diverge from this view. Therefore, we consider that no changes are required to the estimates presented in the cost-benefit analysis, and consequently no change to the ACMA’s assessment of options.
Planning decisions for the 2 GHz band are discussed in detail below, together with additional material on key replanning activities to aid understanding of the ACMA decisions.
[bookmark: _Toc56965697][bookmark: _Toc61364842]Planning decisions
The ACMA has concluded that arrangements consistent with its preliminary preferred option (option 3) that enable mobile satellite use of the band (including complementary ground component) are expected to maximise the overall public benefit derived from use of the band. 
Key planning decisions identified for the 2 GHz band are therefore:
Introduce apparatus licensing arrangements to support introduction of mobile-satellite services Australia-wide on an exclusive basis in the frequency ranges 1980–2005 MHz paired with 2170–2195 MHz, a total bandwidth of 2 x 25 MHz. 
Develop apparatus licensing arrangements to facilitate deployment of a complementary ground component (including direct air-to-ground communications service) in the range 1980–2005 MHz paired with 2170–2195 MHz where a mobile-satellite licensee wishes to supplement its mobile-satellite service. Our preliminary view is that some form of obligation (such as licence conditions) should be established to require licensees to deploy a mobile-satellite service before operation of a complementary ground component is permitted.  
That technical restrictions are required in the frequency range 2005–2010 MHz and 2195–2200 MHz to protect adjacent-band TOB services
Introduce arrangements Australia-wide to support on a shared basis amongst suitable satellite operators narrowband mobile-satellite services in 2005–2010 MHz and 2195–2200 MHz (a bandwidth of 2 x 5 MHz) for use by services such as telemetry, short messaging, and low-data-rate services (for example satellite IoT applications).
To support introduction of mobile-satellite services, existing TOB services will be required to cease operation after a suitable transition period. 
Retain legacy fixed point-to-point links operating in remote parts of Australia.
To support 2 GHz TOB services looking to transition to other bands, the ACMA intends to review channel arrangements in the 7.2 GHz band to reflect current digital technologies used and continue to provide channels for shared non-exclusive usage similar to current arrangements in the 2 GHz band.
To support implementation of these planning decisions, the ACMA will implement a policy of restricting any new licences in the 2 GHz band to a maximum term of one year, with an option for renewal subject to progress of replanning activities.
These replanning decisions are illustrated at Figure 1 and discussed in further detail below.
Planning arrangements for the 2 GHz band
[image: Diagram of planning arrangements for the 2 GHz band]
[bookmark: _Toc56965698][bookmark: _Toc61364843]Mobile-satellite service with complementary ground component 
For 1980–2005 and 2170–2195 MHz, replanning of the 2 GHz band will support mobile-satellite services, including complementary ground component. This will enable licensees to supplement satellite-based services with terrestrial infill services in areas where satellite services are ineffective or unviable, or where greater capacity is required. It will also provide licensees with flexibility to deploy solutions that are optimised for geography (terrain and built environment), coverage goals, user density, and service-level requirements including throughput and latency.
Support for a complementary ground component in the band also extends to direct air-to-ground communications services, as these are technically similar services. This will provide licensees with the option to deploy a direct air-to-ground communications service if desired. 
[bookmark: _Toc56965699][bookmark: _Toc61364844]Narrowband MSS applications
The 2 GHz band replanning arrangements will also provide a 2 x 5 MHz shared segment (2005–2010 and 2195–2200 MHz) for use by narrowband MSS applications that could include telemetry, short messaging, and low-data-rate services such as satellite IoT applications. It is not expected that internet data and voice services would operate in these segments or be capable of meeting the duty cycle requirements needed to promote sharing (see discussion in the preliminary views section).
These arrangements repurpose the guard band protecting adjacent-band TOB services, by providing support for innovative narrowband satellite applications. The ACMA’s view is that such arrangements will provide spectrum access to new entrants with minimal regulatory arrangements, thereby supporting growth in the Australian space industry. It will also enable more intensive use of the spectrum resource compared to authorising this segment for exclusive access by one operator. 
The ACMA will develop arrangements that support:
individual earth station licences
satellite systems with numerous or ubiquitous earth stations
temporary licences for purposes such as demonstration, testing and trials.
The first arrangement requires operators to obtain apparatus licences for each of their earth stations individually: an earth licence for the uplink and an earth receive licence for the downlink. Under this approach, a licence is not required for the space stations on a satellite. 
The second arrangement is typically used for satellite systems with numerous or ubiquitous earth stations. Operators are required to obtain licences for the space stations on a satellite: a space licence for the downlink and a space receive licence for the uplink. Earth stations in the network will be automatically authorised collectively under the Radiocommunications (Communication with Space Object) Class Licence. This approach provides an efficient means of licensing a large number of earth stations, avoiding the need to obtain a licence for every earth station in a satellite system.
Finally, the third arrangement involves applying for a temporary scientific licence, which authorises radiocommunication activities for purposes such as demonstration, testing and trials. The ACMA’s policy is that scientific licenses are normally only issued for one year.
Irrespective of which arrangement is appropriate, the ACMA’s current practice is that a satellite filing with the International Telecommunication Union (ITU) for the associated space object will be required, in accordance with Australia’s obligations as a member of the ITU.
[bookmark: _Toc56965700][bookmark: _Toc61364845]TOB arrangements
We have decided on replanning arrangements for the 2 GHz band that will require TOB licensees to cease operations in the band to support the introduction of mobile-satellite services. We consider this should occur over an extended transition period to provide sufficient time for incumbent licensees to cease operating in the band and relocate to alternative spectrum if desired. The proposed duration of the transition period is discussed in the ‘Preliminary views’ section below.
The ACMA considers that the majority of services in the 2 GHz band can be accommodated in the 7.2 GHz (7100–7425 MHz) TOB band which has similar arrangements to the 2 GHz band. The 7.2 GHz band has a number of channels which are specifically identified for shared non-exclusive usage similar to the arrangements of the 2 GHz band. With current arrangements in 7.2 GHz intended to support analog technologies, the ACMA intends to review channel arrangements to reflect current digital technologies used. That is, develop a channel plan that replaces current interleaved channelling arrangements with a single channel plan.
In the options paper we also considered use of the 8.3 GHz (8275–8400 MHz)[footnoteRef:14] TOB band. Advice from industry confirmed the ACMA’s understanding that there is limited equipment available for the 8.3 GHz band. As such the ACMA does not intend to review arrangements in the 8.3 GHz band at this point. This band is seen as more of a long-term option supporting future growth, therefore, we will consider reviewing it at a future date if there is increased interest in the band. [14:  Refer channel arrangements for these bands in RALI FX3: Microwave fixed services. ] 

To support the development of transitional arrangements, new TOB licences in the 2 GHz band will be limited to one year. ACMA spectrum embargo 23 will be updated to reflect this policy position. 
[bookmark: _Toc56965701][bookmark: _Toc61364846]Fixed point-to-point links
We have determined that the small number of legacy fixed point-to-point links in regional and remote areas should not impact deployment of new services in the 2 GHz band. As a result, these links will be permitted to continue operating subject to the existing licence renewal process on expiry. As is the case now, no new fixed point-to-point links will be permitted in the 2 GHz band. To ensure compatibility between fixed point-to-point to and complementary ground component applications (including direct air-to-ground), the ACMA intends to develop coordination arrangements between these services.
[bookmark: _Preliminary_views][bookmark: _Toc56965702][bookmark: _Toc61364847]Preliminary views
The ACMA has formed the following preliminary views on a range of matters that may apply to spectrum planning and licensing arrangements in the 2 GHz band for mobile-satellite services, as well as transition arrangements for incumbent TOB licensees. These arrangements will be further developed and finalised as part of the ACMA’s standard consultation processes on proposed regulatory arrangements, including legislative instruments. 
[bookmark: _Toc56965703][bookmark: _Toc61364848]MSS technology considerations
[bookmark: _Hlk57038744]Both the options paper and responses noted an evolving ecosystem for earth stations and complementary ground component around the 3GPP[footnoteRef:15] standard for both 4G and 5G. The ACMA’s preliminary view is that in developing arrangements for mobile-satellite services in the 1980–2005 MHz and 2170–2195 MHz bands, a relevant consideration is ensuring that arrangements provide a pathway to deployment of 5G networks. That is, arrangements will need to support earth stations in a mobile-satellite service, including complementary ground component, that can utilise 5, 10 or 15 MHz bandwidths in band n65 as described in the 38 series of 3GPP specifications[footnoteRef:16] covering 5G (New Radio).  [15:  The 3rd Generation Partnership Project (3GPP) is an umbrella for a number of international standards organisations which develop protocols for mobile telecommunications.]  [16:  https://www.3gpp.org/DynaReport/38-series.htm, TS 38.101 NR; User Equipment (UE) radio transmission and reception and TS 38.104 NR; Base Station (BS) radio transmission and reception] 

Such arrangements support the majority of proposals submitted by satellite operators to the options paper that favoured 5 MHz or larger channel bandwidths.   
Although one operator proposed that if the ACMA decided to proceed with the 2 x 5 MHz shared satellite IoT segment, then it should consider having two equal 12.5 MHz segments. This would enable 2 operators to have equivalent spectrum allocations in the band, which could be utilised in sub-segments of 2 x 10 MHz and 2 x 2.5 MHz, an arrangement that would not necessarily support a 5G migration path (as 5G minimum channel bandwidth is 5 MHz).
A consideration in future work will be the balance between efficiency and flexibility. In this regard the ACMA notes that the 3GPP Series 36 specifications[footnoteRef:17] covering 4G (LTE) has provisions for 1.4, 3, 5, 10, 15 and 20 MHz channels. Whereas the 3GPP Series 38 specifications[footnoteRef:18] covering 5G (NR) specifications minimum bandwidth is 5 MHz. Adopting appropriate global standards will have the benefit of driving economies of scale in network and radio equipment in the 2 GHz band. [17:  https://www.3gpp.org/DynaReport/36-series.htm ]  [18:  https://www.3gpp.org/DynaReport/38-series.htm ] 

Channel bandwidths will be considered as part of technical planning for the licence allocation process, in consultation with industry. Until then, we will continue to monitor developments in this area.
[bookmark: _Toc56965704][bookmark: _Toc61364849]MSS licensing considerations
[bookmark: _Hlk2609725][bookmark: _Hlk347270]Space and space receive apparatus licence work in conjunction with the Radiocommunications (Communication with Space Object) Class Licence 2015 (the Space Object Class Licence) whereby operators may licence the space stations on board a satellite with a space licence for the downlink and a space receive licence for the uplink. Earth stations in the network are then automatically authorised collectively under the Space Object Class Licence. This approach is typically used for satellite systems with numerous or ubiquitous earth stations. It provides an efficient means of licensing a large number of earth stations, avoiding the need to obtain a licence for every earth station in a satellite system. 
Under this approach the related space object must either be an Australian space object listed in the Australian Space Objects Determination or a foreign space object that is owned, controlled or operated by an entity listed in the Foreign Space Objects Determination.  
Updates to the Communications with Space Object Class Licence will be required to include the 2 GHz band. Updates to the Australian Space Objects Determination and the Foreign Space Objects Determination are also likely to include operators intending to provide satellite services in the 2 GHz band.    
Before varying the Space Object Class Licence, the Australian Space Objects Determination or the Foreign Space Objects Determination, the ACMA would undertake consultation in accordance with the requirements of the Legislation Act 2003. This typically involves publication of a discussion paper with a period for submission of comments from interested parties.
[bookmark: _Hlk57038885]The ACMA’s preliminary view is that an update to the Space Object Class Licence will be required before the allocation of space and space receive apparatus licences commences, to provide certainty on what frequency bands are available.
We will give further consideration to whether updates to the Australian Space Objects Determination or the Foreign Space Objects Determination are required before or after the licence allocation process so only successful licensees are included. The ACMA preliminary view is that it would be beneficial to commence the update before the licence allocation process to provide certainty to potential applicants. 
[bookmark: _Toc56965705]MSS licensing: price-based allocation process
Given the demand expressed in the consultation process for MSS is likely to exceed supply, as well as the challenges in coexistence between different MSS systems, the ACMA is of the preliminary view that the most appropriate mechanism to resolve competing demand in 1980–2005 and 2170–2195 MHz paired bands is a price-based allocation via auction. We recognise that auction of spectrum for satellite services is a rare activity, the last time being in 2001.[footnoteRef:19]  [19:  Refer list of spectrum auctions on the ACMA website and the 2001 auction of  11.7–12.2 GHz for Space Licences - Apparatus licences.] 

The ACMA notes that section 106 of the Radiocommunications Act 1992 may be an appropriate tool to allocate these licences. While section 106 is limited to the allocation of transmitter licences, which in this case would be space apparatus licences in the 2170–2195 MHz band, under this approach the ACMA would only issue the associated space receive apparatus licence in the 1980–2005 MHz band to those successful in the price-based allocation process.
Complementary ground component licensing
Those successful in the licence allocation process would also have the option of applying for an apparatus licence to support a complementary ground component (or direct air-to-ground communications).
The ACMA is of the preliminary view that the area-wide licensing type may be an appropriate licensing mechanism to provide flexibility in network deployment. To encourage the prioritisation of mobile-satellite services over terrestrial services, the ACMA is considering restrictions on the complementary ground component, including direct air-to-ground communications (see further discussion below). Licensing fees for a complementary ground component would only apply if the MSS licensee applies for, and is granted, a licence for such a system.
[bookmark: _Toc56965706][bookmark: _Toc61364850]International satellite regulation considerations
Before operating a satellite system[footnoteRef:20] in Australia, the technical details of the network must be filed with the ITU[footnoteRef:21] for inclusion in the Master International Frequency Register. Satellite systems may be filed through any national administration recognised by the ITU.  [20:  The ITU defines a satellite system as a space system using one or more artificial earth satellites. A space system is defined as any group of cooperating earth stations and/or space stations employing space radiocommunication for specific purposes.]  [21:  Refer ITU Radio Regulations Article 9 & 11, and ITU Rules of Procedures.] 

As part of the licence assessment, the ACMA checks whether the ITU satellite filing details are consistent with the licence application and the ITU coordination (regulatory) status of the satellite network (refer to ACMA procedures for Submission and processing of applications for space and space receive apparatus licences).
The outcomes of these checks can result in a variety of licence conditions being included on a licence to reflect the status of the ITU filing and coordination with other services. One of the key outcomes is that the licence records details of the ITU satellite filing for which the licence authorises communications.
While the ACMA will need to consider application of these ITU requirements as part of the licence allocation process, the ACMA preliminary view is that they should be assessed as part of any eligibility requirements to participate in an auction for 2 GHz space licences. In particular, we consider that there should be an existing satellite filing for which the applicant is the responsible entity or has an agreement to access.  
It should be noted that while the ACMA can develop a framework to support the licensing of a mobile-satellite service, as with any satellite service its viability is in large part dependent on the status of the satellite network in the ITU satellite coordination process. This a matter for prospective licensees to assess, and the ACMA makes no assurances in this regard.  
[bookmark: _Toc56965707][bookmark: _Toc61364851]Complementary ground component considerations
The complementary ground component of a mobile-satellite service is in many respects similar to a wireless broadband service (either wide-area or local-area depending on the nature of the deployment). Both types of service involve deployment of base stations communicating with mobile terminals sometimes across a wide area. Accordingly, it is feasible that supporting MSS with a complementary ground component might result in the development of wide-area wireless broadband networks in capital city areas. 
In other jurisdictions where a complementary ground component has been contemplated, the question of whether an obligation to provide an MSS service is necessary before the complementary ground component can be rolled out has been considered. The issue in question was the possibility of the MSS-licensed use becoming a solely terrestrial wireless broadband network without the provision of a mobile-satellite service. In some cases, the provision of a complementary ground component was conditional upon it being used to improve availability of the associated satellite service.[footnoteRef:22] [22:  ECC Decision ECC/DEC/(06)09: ECC Decision of 1 December 2006 on the designation of the bands 1980-2010 MHz and 2170-2200 MHz for use by systems in the Mobile-Satellite Service, including those supplemented by a complementary ground component.] 

Such a concern (that rollout of an MSS would be secondary to a terrestrial wireless broadband network) was raised by one submitter who commented that this has been the experience overseas where such arrangements were developed. Given planning arrangements in the band have been determined on the basis of MSS use, the ACMA sees merit in arrangements that obligate the delivery of MSS rather than just complementary ground component aspects. 
The ACMA planning decision is to support the introduction of MSS with the optionality of a complementary ground component. Our preliminary view is that a regulatory arrangement should be established that requires provision of a mobile-satellite service to permit operation of complementary ground component. While the timing of network deployment is generally a matter for a licensee, in this case the ACMA’s preliminary view is that this matter warrants further consideration potentially as part of work supporting licence allocation by (some or all of the following):
[bookmark: _Hlk57039383]considering limiting eligibility in the licence allocation process to applicants that provide a supporting ITU filing and evidence of deployment, or a contract to build and develop a satellite system consistent with the ITU filing
limiting the initial deployment of a complementary ground component to regional areas. For example, limit to areas outside of the adjacent 2 GHz spectrum licensing band (1920–1980 and 2110–2170 MHz) operating in capital city areas
specifying a period of time a complementary ground component can be offered in the absence of an MSS service (if permitted at all) 
considering licence renewal being subject to the deployment of a mobile-satellite network.
With support for complementary ground components also extending to direct air-to-ground communications services, the ACMA’s preliminary view is that provision of direct air-to-ground services will be subject to the same requirements outlined above.
[bookmark: _Toc56965708][bookmark: _Toc61364852]Narrowband MSS considerations
The ACMA envisages that possible applications in the shared narrowband MSS segment could include telemetry, short messaging, and low-data-rate services such as satellite IoT applications. It is not expected that internet data and voice services would operate in these segments or be capable of meeting duty cycle requirements envisaged to promote sharing (see below).
Restricted spectrum arrangements are required in these segments to provide protection for adjacent-band TOB services. The objective of these requirements is to ensure that the spectrum environment is similar to that currently supported. For example, currently under Radiocommunications Assignment and Licensing Instruction (RALI) FX 21[footnoteRef:23], in the bands 1980–2010 MHz and 2170–2200 MHz the maximum TOB transmitter radiated power is limited to 23 dBm/8 MHz equivalent isotropically radiated power (EIRP), and airborne TOB transmitters (for example helicopters), are not permitted. [23:  Refer RALI FX21 Television Outside Broadcasting Services in the Bands 1980–2110 MHz and 2170–2300 MHz] 

There are also restrictions on areas of operation to protect adjacent-band earth station receivers operating within the band 2200–2300 MHz and the Mid-West Radio Quiet Zone (RQZ).
The ACMA’s preliminary view is that similar requirements will be required to protect adjacent-band services.
In considering requirements to facilitate sharing amongst users, the ACMA considers its work in developing arrangements in the 928–935 MHz band to support low-power, wide-area network rollouts, including a range of emerging monitoring and control technologies, provides a useful general reference to the concept.[footnoteRef:24]  Key parameters in this sharing arrangement are the use of low powers and low duty cycles. While not directly transferable to the satellite scenario, it does provide some parallels.  [24:  See New arrangements for low interference potential devices, ACMA consultation 28/2020 and proposed arrangements for IoT devices in the 928–935 MHz band.] 

While the ACMA acknowledges that ITU satellite coordination requirements might limit the utility of these arrangements for new entrants outside of Australia, the ACMA considers that providing opportunities for new entrants in Australia will support growth of the Australian space industry.  
[bookmark: _Toc56965709][bookmark: _Toc61364853]TOB transitional issues
Our preliminary preferred view on implementation is that clearance of TOB services from the 2 GHz band should proceed over a 5-year transition period. We are also considering the possibility of satellite services commencing earlier, with a 3-year transition in regional and remote areas where TOB usage is limited and infrequent.
We anticipate that a 5-year period will allow ongoing TOB operators to relocate to alternative spectrum at a time that aligns to the extent possible with their equipment replacement lifecycles. While satellite services are expected to take some time to be deployed, providing earlier access in regional and remote areas will support initial deployment in areas that are likely to benefit the most from new services with minimal impact on TOB. 
To avoid a transition occurring during the summer period where TOB activities are normally at a higher activity level due to coverage of sporting events, our view is that the 5-year transition period should commence from 1 March 2021. On this basis, no new TOB licences would be issued with an expiry date after 1 March 2026.
The ACMA’s preliminary view on implementation is that transitional periods will need to be included in the Television Outside Broadcast (1980–2110 MHz and 2170–2300 MHz) Frequency Band Plan 2012[footnoteRef:25], RALI FX21: Television Outside Broadcasting Services in the bands 1980–2110 MHz and 2170–2300 MHz and spectrum embargo 23. [25:  Refer https://www.legislation.gov.au/Series/F2012L00731 ] 

We will consult further on specific timing of these matters in due course (see ‘Next steps’ section below).
[bookmark: _Toc56965710][bookmark: _Toc61364854]Radio Quiet Zone protection
Other issues that need to be considered include protecting the Australian Radio Quiet Zone in Western Australia (near Boolardy Station). These requirements are specified in the Radiocommunications (Mid-West Radio Quiet Zone) Frequency Band Plan 2011, RALI MS 32: Coordination of apparatus licensed services within the Australian Radio Quiet Zone – Western Australia, and spectrum embargo 41, which covers the frequency range 70 MHz–25.25 GHz, and therefore applies to the 2 GHz band.
Currently under arrangements for TOB stations, airborne transmitters are not supported, and no transmitters are to be operated within 150 km of the Mid-West Radio Quiet Zone. These requirements would need to be considered in the context of any new services in the 2 GHz band.
[bookmark: _Toc56965711][bookmark: _Toc61364855]Adjacent-band protection measures
There are potential adjacent-band coordination issues at each boundary of the 2 GHz band.
For boundaries at 1980 and 2170 MHz, coordination issues concern adjacent wireless broadband services operating under spectrum and apparatus licensing arrangements.[footnoteRef:26] In part these issues are addressed by current spectrum planning arrangements whereby there is compatibility in a frequency sense[footnoteRef:27] and no cross boundary transmit/receive issues. That is base transmit segments are adjacent to base transmit segments. The ACMA’s preliminary view is that given the spectrum arrangement and consideration of 3GPP standards (for earth stations and complementary ground components), it is unlikely that any restrictions will be required on MSS to protect adjacent-band wireless broadband services. Further consideration is required for direct air-to-ground services and possible gateway earth stations supporting MSS within the band.  [26:  For current technical requirements see  2 GHz spectrum licensing  technical framework and RALI MS 33: Frequency Coordination and Licensing Procedures for Apparatus Licensed Public Telecommunications Services in the 2 GHz Band.  ]  [27:  For example, uplink bands (the segment for users terminal/handset transmit) for both bands are adjacent to each other meaning no crossband compatibility site sense issues. ] 

Consideration is also required as to whether arrangements for narrowband MSS in the restricted band (2005–2010 / 2195–2200 MHz) will be sufficient to protect adjacent-band TOB services, space research and space operations services operating above 2010 and 2200 MHz.
All these matters will be reviewed further when the ACMA develops the supporting technical framework.
[bookmark: _Next_steps][bookmark: _Toc56965712][bookmark: _Ref57214073][bookmark: _Toc61364856]Next steps
To give effect to the planning decisions and preliminary views outlined in this paper, the ACMA has developed the indicative high level implementation plan set out in Table 1 below. 
The table shows the activities and estimated timing that will follow release of this paper. Completion of these activities is contingent on a variety of factors, including feedback received from stakeholders and consideration by the ACMA Authority. Timeframes are indicative and intended to provide a guide to the sequencing and commencement of particular streams of work. A more detailed implementation program will be developed and consulted on through the ACMA’s annual Five-year spectrum outlook (FYSO) process.
Through the FYSO, the ACMA has an ongoing process to assess the effectiveness of the Australian spectrum management framework. While not formally placing the 2 GHz band back into the monitoring planning stage under the FYSO, the ACMA will continue to scan the environment in relation to the band both domestically and globally as part of its business-as-usual activities.
In assessing specifically whether the proposed new arrangements for the 2 GHz band have been successfully implemented, the ACMA will consider whether transition arrangements for TOB have been developed, that arrangements for narrowband MSS have been developed and taken up, and the allocation of MSS licences in 1980–2005 and 2170–2195 MHz bands has been completed.
Indicative timeline for implementation of planning arrangements in the 2 GHz band
	Action
	Timeframe

	Review Embargo 23 and RALI FX21: Television Outside Broadcasting Services in the bands 1980–2110 MHz and 2170–2300 MHz to reflect ACMA planning decisions
	Q1–Q2 2021

	Review RALI FX3 7.2 GHz TOB arrangements to reflect current digital technologies used, including development of coordination arrangements to support the transition of 2 GHz TOB licensees
Consultation on proposed changes will occur once the review is completed
	Q1–Q2 2021

	Review the Television Outside Broadcast Service (1980–2110 MHz and 2170–2300 MHz) Frequency Band Plan 2012 for inclusion of TOB transition timelines
Consultation on proposed changes will occur once the review is completed
	Q2–Q3 2021

	Development of technical and licensing arrangements to support MSS narrowband use in 2005–2010/2195–2200 MHz. This would include:
development of the necessary technical conditions such as power and duty cycle limits to facilitate sharing
updates to the Communication with Space Object Class Licence 
updates (as necessary) to the Australian and Foreign Space Objects Determinations 
updates to the Business Operating Procedures for space services, including development of licence assessment procedures of MSS narrowband applications 
review of licence fees given shared arrangements
	Q2–Q4 2021

Spectrum availability subject to TOB clearance timelines. Early access in regional areas to be considered.

	Development of technical and regulatory arrangements to support MSS (including complementary ground component) use in 1980–2005/2170–2195 MHz. This would include:
MSS earth station technical parameters
complementary ground component including direct air to ground arrangements  
consideration of obligations on MSS licenses with respect to providing complementary ground component
development of coordination requirements between fixed point-to-point links and complementary ground component (including direct air-to-ground services)
	Q3 2022 (in parallel with the next stage below)

	Development of framework for the allocation of licences in 1980–2005 MHz and 2170–2195 MHz bands. Timing assumes a price-based allocation of space licences in the latter band and development of an area-wide apparatus licensing framework for the complementary ground component
	Q3 2022

	Allocation of MSS and area-wide apparatus licences in 1980–2005 and 2170–2195 MHz 
	To be determined through the annual FYSO process




[bookmark: _Toc56965713][bookmark: _Toc61364857]Appendix A: Responses to the options paper
[bookmark: _Toc32319559][bookmark: _Toc46316380][bookmark: _Toc56965714][bookmark: _Toc61364858]Overview
The ACMA released the Replanning the 2 GHz band: Options paper for public consultation from 22 July to 2 September 2020. Twenty-six submissions were received, from:
Airbus Defence and Space
Australian Broadcasting Corporation
Australian Radio Communications Industry Association (ARCIA)
BAI Communications
Broadcast Zone
Communications Alliance Satellite Services Working Group (SSWG)
Department of Defence
EchoStar Global Australia
Fleet Space Technologies
Flightcell International
Free TV
Inmarsat
IVT Productions
Kepler Communications
LifeFlight
NEP Australia
Nokia
Omnispace
Optus 
Pivotel
Regional Express
Royal Flying Doctor Service
SkyFive
Total Events Co
TPG Telecom
Wireless Internet Service Provider Association Australia (WISPAU).
Submissions are published at the ACMA’s 2 GHz consultation page.
[bookmark: _Toc46316381][bookmark: _Toc56965715][bookmark: _Toc61364859]Consultation questions
The options paper invited comment on:
1. The feasibility of the timing of any potential commencement of replanning.
1. The case for action and desirable planning outcomes for the 2 GHz band, including the supporting appendices.
1. The proposed band replanning options, including appropriate values for frequency segment breakpoints as well as any alternative options.
1. Variations to the proposed options and implementation considerations.
1. Discussion and outcomes of the assessment of options, including the cost-benefit analysis and its assumptions. 
1. The ACMA’s preliminary preferred option.
[bookmark: _Toc46316382][bookmark: _Toc56965716][bookmark: _Toc61364860]Summary of responses
Respondent views were generally divided between the options for replanning the 2 GHz band, with views on optimal future use aligned with each respondent’s industry type. Therefore, we received submissions supporting each of the 3 options presented, as well as variations and hybrid approaches.
Responses are summarised into groups below according to the option that each respondent supported. 
[bookmark: _Toc56965717][bookmark: _Toc61364861]Option 1: Television outside broadcasting
Responses supporting option 1 were received from: ABC, Broadcast Zone, Free TV, IVT Productions, NEP Group and Total Events Co. 
With the exception of ABC and Free TV, the remaining 4 respondents were independent TOB production firms. Of these, only NEP Group explicitly opposed any change to current arrangements in the band. In support of this, NEP reported a trend of increased scale and demand for concurrent wireless cameras in live broadcast events. NEP noted that relocation to an alternative band such as 7.2 GHz would require replacement of the majority of their broadcast equipment, therefore would seek assistance or compensation to transition to an alternative band.
Broadcast Zone, IVT Productions and Total Events Co also advocated for some form of compensation to relocate to another band. Both Broadcast Zone and Total Events Co recommended this be borne by incoming licensees. These 2 firms also highlighted the effect of the COVID-19 pandemic on their businesses, which has substantially reduced their income. They advised that in this environment, a requirement to upgrade equipment for use in a new spectrum band would be detrimental to their operations, and recommended a transition period of at least 5 years. 
All TOB firms responding to the consultation requested a reasonable transition period to relocate to an alternative spectrum band, with Total Events Co recommending the period should be at least 5 years.  
Free TV conveyed 2 primary concerns. Firstly, the potential for interference from new services to adjacent-band TOB services operated by Free TV members needs to be addressed with appropriate measures. Secondly, the potential reallocation of TOB services to the 7.2 GHz band should be avoided given the complexity of existing arrangements in that band involving CSIRO, Defence and existing TOB licensees.
The ABC reported that any change to the utility of the 2 GHz band for TOB use could create significant risk to the ongoing reliability of its outside broadcast operations. However, the ACMA has no record of ABC licences in the 2 GHz band and would therefore not be directly affected by any future changes to planning arrangements in the band.
[bookmark: _Toc56965718][bookmark: _Toc61364862]Option 2: Wireless broadband
There were no responses that directly supported option 2. 
[bookmark: _Toc56965719][bookmark: _Toc61364863]Option 3: Mobile satellite
Responses supporting option 3 were received from Airbus Defence and Space, Department of Defence, Communications Alliance SSWG, EchoStar Global Australia, Fleet Space Technologies, Inmarsat, Kepler Communications and Omnispace.
Airbus Defence and Space suggested that implementation of option 3 should have a focus on airborne connectivity. Their submission encouraged the ACMA to not restrict considerations to commercial aircraft, but also consider other types of flying platforms such as helicopters and drones.
The Department of Defence expects the ACMA to ensure equitable access of spectrum for MSS operators and that only the minimum necessary spectrum is accessed by each licensee. Defence requested the ACMA to take into account protection of services in the adjacent band 2200–2290 MHz, in particular, Defence unmanned systems (air, ground and maritime) and telemetry, tracking and command (TT&C) applications under the allocation made for space operation services. Defence also conveyed concerns about coordinating with potential future TOB operators in several alternative bands, who may be required to relocate should their access to the 2 GHz band be revoked.
The remaining 6 submissions supporting option 3 were made by organisations in the satellite industry, who generally advocated for:
urgent replanning of the 2 GHz band for mobile-satellite services, including a complementary ground component
a merit-based allocation of licences rather than a price-based allocation at auction
exclusion of a dedicated shared segment for narrowband, low-duty-cycle services such as satellite IoT, preferring instead the band to be equally apportioned for exclusive licensed use.
The Communications Alliance SSWG considers option 3 to be the highest value use of the band. The SSWG advocates the following arrangements for any new regulatory framework:
assign at least 2 licences of paired spectrum, preferably 15 MHz each
MSS remains primary and CGC is ancillary to the MSS
the MSS operator manages the use of the frequencies for CGC within its assignment to achieve spectrum efficiency and prevent CGC interference with MSS operations
no part of the band should be assigned to a specific application, such as IoT
MSS coverage should be nationwide.
The SSWG does not believe an auction for this spectrum would be efficient, due to the multiple price and regulatory pressures borne by MSS operators, which includes the very high investment needed to launch and operate an MSS constellation and the linkage between Australian and international spectrum allocations. Rather, a direct method to a qualified operator would be best.
EchoStar, Inmarsat and Omnispace advocated dividing the band into 2 paired segments of 15 MHz each, which would support operation of 2 licensees. Each of these respondents also opposed a separate shared segment for satellite IoT, as IoT services can be provided as a vertical application by the MSS operator within its own dedicated allocation subject to demand.
Fleet Space Technologies advised that the 2 GHz band is a valuable resource which should be allocated to MSS because there is a compelling business case and strong growth potential. Fleet opposes the grandfathering of existing TOB licences in urban areas, as the separation distance of 20 km would deny significant business opportunities. Fleet provided in-principle support for a dedicated segment for low-powered, low-duty-cycle IoT applications, subject to further consideration of a proposal on how this arrangement would operate.
Kepler Communications advised that satellite operators expressing interest in the band will ultimately abandon their commitment to deliver satellite services and seek to repurpose the spectrum for mobile broadband. Kepler encouraged the ACMA to consider a well-segmented band plan that supports 4 to 5 operators providing variety of real systems. This would provide a framework for growth of new services while resisting calls for monopoly or duopoly rights. 
[bookmark: _Toc56965720][bookmark: _Toc61364864]Direct air-to-ground communications
Several respondents supported a dedicated allocation to direct air-to-ground communications. These comprised direct air-to-ground equipment suppliers Flightcell, Nokia and SkyFive, as well as aviation industry organisations LifeFlight, Regional Express and the Royal Flying Doctor Service. All supported an allocation of 2 x 15 MHz in the lower half of the band to enable high-availability, high-bandwidth connectivity for aircraft operations.
Nokia suggested that any allocation to direct air-to-ground services in the 2 GHz band must align with the European Aviation Network which uses the lower half of the band. This would allow aircraft already fitted with equipment to operate on an Australian network, as well as enabling the use of existing certified equipment for new installations on Australian aircraft. Nokia further advised that coverage should not be restricted to commercial air routes, rather it should be made available over larger areas to enable use of direct air-to-ground networks by Defence, public safety aircraft, the Royal Flying Doctor Service, drones, flying taxis, etc.
SkyFive argued that existing Ku and Ka band satellite services cannot meet the current and future demands of the aviation industry. There is currently low penetration across aircraft fleets due to high capex and opex (high volume-based data charges, higher fuel consumption due to weight and drag of external equipment, lack of open standards requires long-term contract with proprietary service providers looking to protect investment in costly satellite systems).
LifeFlight advised that a dedicated air-to-ground communications service would enable live transmission of patient data and imagery in flight, as well as high-bandwidth audio and video downlink for law enforcement.
Regional Express (Rex) submitted the view that this technology will act as a catalyst for the recovery of the Australian airline industry post COVID-19 by allowing cost rationalisation, improved passenger experience and improved operational efficiency. Rex considers satellite solutions are not feasible due to bulky equipment fitted to aircraft (not suited to small planes), limited bandwidth and high cost.
[bookmark: _Toc56965721][bookmark: _Toc61364865]Variations and hybrid approaches
Submissions advocating significant variations to the options presented or hybrid approaches were received from ARCIA, BAI Communications and Pivotel.
ARCIA indicated that retaining the band for TOB is not the highest value option. However, they contend that allocating spectrum for specific technologies or applications is not always successful, therefore the best replanning option would be a hybrid of options 2 and 3. In addition to MSS, the band should also be made available under apparatus licensing for local-area wireless broadband and direct air-to-ground communications, as well as satellite IoT in the guard band.
BAI Communications supports a hybrid of options 2 and 3, providing capacity for Australia-wide direct air-to-ground communications (2 x 15 MHz), MSS (2 x 10 MHz) and dedicated satellite IoT services (2 x 5 MHz). BAI also considers there may be potential for TOB and direct air-to-ground to coexist, subject to appropriate sharing studies. Direct air-to-ground access could be licensed either via spectrum licensing or administratively through an area-wide apparatus licence, depending upon demand once replanning is complete.
Pivotel indicated support for option 3 (MSS), including the proposed segmentation for dedicated satellite IoT services. However, Pivotel argued that 2 x 10 MHz should be allocated to terrestrial services on a primary basis, with an MSS overlay operating on a secondary basis. Pivotel does not see it as essential for the same operator to deploy both components, as there are many mechanisms that could be employed to allow roaming between systems. This arrangement would enable isolated terrestrial networks to be established immediately, with the complementing MSS deployed once suitable satellite systems have been put in place. Pivotel further suggested that the ACMA should retain flexibility by utilising existing shorter-term apparatus licensing arrangements (rather than long-term spectrum licences), with some form of ‘use it or lose it’ provision to avoid spectrum hoarding. 
[bookmark: _Appendix_B:_Desirable][bookmark: _Toc56965722][bookmark: _Toc61364866]Appendix B: Desirable planning outcomes
[bookmark: _Hlk57272525]The ACMA’s desirable planning outcomes for the review of the 2 GHz band are:
1. Support new uses of the band consistent with international harmonisation and domestic considerations which includes some mix of MSS uses (including for IoT) and possible wireless broadband uses, including MSS complementary ground component usage.
2. Resolve the interim nature of arrangements in the band to provide increased certainty for future uses of the band. 
3. [bookmark: _Hlk42847889]Ensure coexistence with adjacent-band services is addressed. These include wireless broadband services operating below 1980 and 2170 MHz, and TOB / space research / space operations operating above 2010 and 2200 MHz. 
These were first articulated in the Replanning the 2 GHz band: options paper and were developed having regard to the national legislative and policy environment, technological developments, international harmonisation issues, relevant domestic considerations and feedback from submissions to the 2019 discussion paper.


[bookmark: _Toc5000090][bookmark: _Ref40264484][bookmark: _Toc40268690][bookmark: _Ref43890280][bookmark: _Toc46316401][bookmark: _Toc61364867]Appendix C: Geographical area descriptions
The ACMA has defined geographical areas to assist in the analysis of replanning of the 2 GHz band. The areas mirror those used for 2 GHz spectrum licensing. They are:
Capital city – all capital cities.
Regional – western and eastern Australia 2 GHz spectrum licensing areas.  
Remote – includes those areas of Australia not covered by capital city and regional areas. 
Australia-wide – covers all of Australia but excludes Australian external territories.
The Australian Spectrum Map Grid (ASMG) is used to define geographical areas over which spectrum licences are issued. The Hierarchical Cell Identification Scheme (HCIS) is a naming convention developed by the ACMA that applies unique ‘names’ to each of the cells that make up the ASMG. The ASMG and HCIS are described in detail in the Australian spectrum map grid.
The HCIS coordinates in HCIS description of areas can be converted into a Placemark file (viewable in Google Earth) through a facility on the ACMA website. 
[bookmark: _Ref29365178]HCIS description of areas
	Spectrum licence area frequency range
	Area name
	HCIS

	Capital city 
	Adelaide 
	IW3J, IW3K, IW3L, IW3N, IW3O, IW3P, IW6B, IW6C, IW6D, IW6F, IW6G, IW6H, IW3E5, IW3E6, IW3E8, IW3E9, IW3F4, IW3F5, IW3F6, IW3F7, IW3F8, IW3F9, IW3G4, IW3G5, IW3G6, IW3G7, IW3G8, IW3G9, IW3H4, IW3H5, IW3H6, IW3H7, IW3H8, IW3H9, IW3I2, IW3I3, IW3I5, IW3I6, IW3I8, IW3I9, IW3M2, IW3M3, IW3M5, IW3M6, IW3M8, IW3M9, IW6A2, IW6A3, IW6A5, IW6A6, IW6A8, IW6A9, IW6E2, IW6E3, IW6E5, IW6E6, IW6E8, IW6E9, JW1E4, JW1E7, JW1I1, JW1I4, JW1I7, JW1M1, JW1M4

	
	Brisbane 
	NT9, NT5G, NT5H, NT5K, NT5L, NT5O, NT5P, NT6E, NT6F, NT6G, NT6H, NT6I, NT6J, NT6K, NT6L, NT6M, NT6N, NT6O, NT6P, NT8C, NT8D, NT8G, NT8H, NT8K, NT8L, NT8O, NT8P, NU3A, NU3B, NU3C, NU3D, NU3F, NU3G, NU3H, NT5C4, NT5C5, NT5C6, NT5C7, NT5C8, NT5C9, NT5D4, NT5D5, NT5D6, NT5D7, NT5D8, NT5D9, NT6A4, NT6A5, NT6A6, NT6A7, NT6A8, NT6A9, NT6B4, NT6B5, NT6B6, NT6B7, NT6B8, NT6B9, NT6C4, NT6C5, NT6C6, NT6C7, NT6C8, NT6C9, NT6D4, NT6D5, NT6D6, NT6D7, NT6D8, NT6D9, NU2C1, NU2C2, NU2C3, NU2D1, NU2D2, NU2D3, NU2D5, NU2D6, NU2D8, NU2D9, NU2H2, NU2H3, NU3E1, NU3E2, NU3E3, NU3E5, NU3E6, NU3E8, NU3E9, NU3I2, NU3I3, NU3J1, NU3J2, NU3J3, NU3K1, NU3K2, NU3K3, NU3L1, NU3L2, NU3L3

	
	Canberra
	MW4D, MW4H, MW4L, MW5A, MW5B, MW5E, MW5F, MW5I, MW5J, MW1P4, MW1P5, MW1P6, MW1P7, MW1P8, MW1P9, MW2M4, MW2M5, MW2M6, MW2M7, MW2M8, MW2M9, MW2N4, MW2N5, MW2N6, MW2N7, MW2N8, MW2N9, MW4P1, MW4P2, MW4P3, MW5M1, MW5M2, MW5M3, MW5N1, MW5N2, MW5N3

	
	Darwin
	GO7C, GO7D, GO7G, GO7H, GO7K, GO7L, GO8A, GO8E, GO8I

	
	Hobart
	LY8L, LY8P, LY9I, LY9J, LY9K, LY9L, LY9M, LY9N, LY9O, LY9P, LZ2D, LZ2H, LZ3A, LZ3B, LZ3C, LZ3D, LZ3E, LZ3F, LZ3G, LZ3H, LY8H4, LY8H5, LY8H6, LY8H7, LY8H8, LY8H9, LY9E4, LY9E5, LY9E6, LY9E7, LY9E8, LY9E9, LY9F4, LY9F5, LY9F6, LY9F7, LY9F8, LY9F9, LY9G4, LY9G5, LY9G6, LY9G7, LY9G8, LY9G9, LY9H4, LY9H5, LY9H6, LY9H7, LY9H8, LY9H9, LZ2L1, LZ2L2, LZ2L3, LZ3I1, LZ3I2, LZ3I3, LZ3J1, LZ3J2, LZ3J3, LZ3K1, LZ3K2, LZ3K3, LZ3L1, LZ3L2, LZ3L3

	
	Melbourne
	KX3J, KX3K, KX3L, KX3N, KX3O, KX3P, KX6B, KX6C, KX6D, KX6F, KX6G, KX6H, KX6J, KX6K, KX6L, LX1I, LX1M, LX1N, LX1O, LX4A, LX4B, LX4C, LX4E, LX4I, KX3F7, KX3F8, KX3F9, KX3G7, KX3G8, KX3G9, KX3H4, KX3H5, KX3H6, KX3H7, KX3H8, KX3H9, KX3M6, KX3M8, KX3M9, KX6A2, KX6A3, KX6A5, KX6A6, KX6A8, KX6A9, KX6E2, KX6E3, KX6E5, KX6E6, KX6E8, KX6E9, KX6I2, KX6I3, KX6I5, KX6I6, KX6I8, KX6I9, LX1E4, LX1E7, LX1E8, LX1E9, LX1J1, LX1J4, LX1J5, LX1J6, LX1J7, LX1J8, LX1J9, LX1K4, LX1K7, LX4F1, LX4F2, LX4F4, LX4F5, LX4F7, LX4F8, LX4J1, LX4J2, LX4J4, LX4J5, LX4J7, LX4J8

	
	Perth 
	BV1I, BV1J, BV1K, BV1L, BV1M, BV1N, BV1O, BV1P, BV2I, BV2J, BV2M, BV2N, BV4A, BV4B, BV4C, BV4D, BV4E, BV4F, BV4G, BV4H, BV4I, BV4J, BV4K, BV4L, BV5A, BV5B, BV5E, BV5F, BV5I, BV5J, BV1E7, BV1E8, BV1E9, BV1F7, BV1F8, BV1F9, BV1G7, BV1G8, BV1G9, BV1H7, BV1H8, BV1H9, BV2E7, BV2E8, BV2E9, BV2F7, BV2F8, BV2F9, BV4M1, BV4M2, BV4M3, BV4N1, BV4N2, BV4N3, BV4O1, BV4O2, BV4O3, BV4P1, BV4P2, BV4P3, BV5M1, BV5M2, BV5M3, BV5N1, BV5N2, BV5N3

	
	Sydney 
	NW1, MV9I, MV9J, MV9K, MV9L, MV9M, MV9N, MV9O, MV9P, MW3C, MW3D, MW3G, MW3H, MW3K, MW3L, MW3O, MW3P, NV4N, NV4O, NV4P, NV5M, NV5N, NV5O, NV5P, NV7B, NV7C, NV7D, NV7E, NV7F, NV7G, NV7H, NV7I, NV7J, NV7K, NV7L, NV7M, NV7N, NV7O, NV7P, MV9D6, MV9D9, MV9E4, MV9E5, MV9E6, MV9E7, MV9E8, MV9E9, MV9F4, MV9F5, MV9F6, MV9F7, MV9F8, MV9F9, MV9G4, MV9G5, MV9G6, MV9G7, MV9G8, MV9G9, MV9H3, MV9H4, MV9H5, MV9H6, MV9H7, MV9H8, MV9H9, MW3B2, MW3B3, MW3B5, MW3B6, MW3B8, MW3B9, MW3F2, MW3F3, MW3F5, MW3F6, MW3F8, MW3F9, MW3J2, MW3J3, NV4I5, NV4I6, NV4I8, NV4I9, NV4J4, NV4J5, NV4J6, NV4J7, NV4J8, NV4J9, NV4K4, NV4K5, NV4K6, NV4K7, NV4K8, NV4K9, NV4L4, NV4L5, NV4L6, NV4L7, NV4L8, NV4L9, NV4M2, NV4M3, NV4M5, NV4M6, NV4M8, NV4M9, NV5I4, NV5I5, NV5I6, NV5I7, NV5I8, NV5I9, NV5J4, NV5J5, NV5J6, NV5J7, NV5J8, NV5J9, NV5K4, NV5K5, NV5K6, NV5K7, NV5K8, NV5K9, NV5L4, NV5L5, NV5L6, NV5L7, NV5L8, NV5L9, NV7A2, NV7A3, NV7A4, NV7A5, NV7A6, NV7A7, NV7A8, NV7A9

	Regional 
	West coast
	BV1E3, BV1E4, BV1E5, BV1E6, BV1F1, BV1F2, BV1F3, BV1F4, BV1F5, BV1F6, BV1G1, BV1G2, BV1G3, BV1G4, BV1G5, BV1G6, BV1H1, BV1H2, BV1H3, BV1H4, BV1H5, BV1H6, BV2E1, BV2E2, BV2E3, BV2E4, BV2E5, BV2E6, BV2F1, BV2F2, BV2F3, BV2F4, BV2F5, BV2F6, BV4M4, BV4M5, BV4M6, BV4M7, BV4M8, BV4M9, BV4N4, BV4N5, BV4N6, BV4N7, BV4N8, BV4N9, BV4O4, BV4O5, BV4O6, BV4O7, BV4O8, BV4O9, BV4P4, BV4P5, BV4P6, BV4P7, BV4P8, BV4P9, BV5M4, BV5M5, BV5M6, BV5M7, BV5M8, BV5M9, BV5N4, BV5N5, BV5N6, BV5N7, BV5N8, BV5N9, AU2, AU3, AU6, AU9, AV9, AW3, BU1, BU2, BU4, BU5, BU7, BU8, BU9, BV3, BV6, BV7, BV8, BV9, BW1, BW2, BW3, BW5, BW6, CV4, CV7, CW1, CW4, BV1A, BV1B, BV1C, BV1D, BV2A, BV2B, BV2C, BV2D, BV2G, BV2H, BV2K, BV2L, BV2O, BV2P, BV5C, BV5D, BV5G, BV5H, BV5K, BV5L, BV5O, BV5P, BV1E1, BV1E2

	
	South and east coast
	NU3L7, NU3L8, NU3L9, NV4I1, NV4I2, NV4I3, NV4I4, NV4M1, NV4M4, NV4M7, NV5I1, NV5I2, NV5I3, NV5J1, NV5J2, NV5J3, NV5K1, NV5K2, NV5K3, NV5L1, NV5L2, NV5L3, NV7A1, NV4I7, NV4J1, NV4J2, NV4J3, NV4K1, NV4K2, NV4K3, NV4L1, NV4L2, NV4L3, KW, LW, GV1, GV2, GV3, GV6, HV1, HV2, HV4, MW4F, MW4G, MW4I, MW4J, MW4K, MW4M, MW4N, MW4O, MW5C, MW5D, MW5G, MW5H, MW5K, MW5L, MW5O, MW5P, NT5A, NT5B, NT5E, NT5F, NT5I, NT5J, NT5M, NT5N, NT8A, NT8B, NT8E, NT8F, NT8I, NT8J, NT8M, NT8N, NU2A, NU2B, NU2E, NU2F, HV5, HV6, HV8, HV9, HW3, IV4, IV5, NV5G, NV5H, IW3E1, IW3E2, IW3E3, IW3E4, IW3E7, IW3F1, IW3F2, IW3F3, IW3G1, IW3G2, IW3G3, IW3H1, IW3H2, IW3H3, IW3I1, IW3I4, IW3I7, IW3M1, IW3M4, IW3M7, IW6A1, IW6A4, IW6A7, IV6, IV7, IV8, IV9, IW1, IW2, IW4, IW5, IW7, IW8, IW9, JV4, JV5, JV7, JV8, JV9, JW2, JW3, JW4, JW5, JW6, JW7, JW8, JW9, JX1, JX2, JX3, JX5, JX6, KV7, KX1, KX2, KX4, KX5, KX8, KX9, KY2, KY3, KY6, LQ1, LQ2, LQ4, LQ5, LQ7, LQ8, LR2, LR3, LR5, LR6, LV9, LX2, LX3, LX5, LX6, LX7, LX8, LX9, LY1, LY2, LY3, LY4, LY5, LY6, LY7, LZ1, MR1, MR4, MR5, MR7, MR8, MR9, MS1, MS2, MS3, MS4, MS5, MS6, MS8, MS9, MT3, MT6, MT9, MU3, MU5, MU6, MU8, MU9, MV1, MV2, MV3, MV4, MV5, MV6, MV7, MV8, MW6, MW7, MW8, MW9, MX1, MX2, MX3, MX4, MX7, MY1, MY4, MY7, MZ1, NS4, NS7, NS8, NS9, NT1, NT2, NT3, NT4, NT7, NU1, NU4, NU5, NU6, NU7, NU8, NU9, NV1, NV2, NV3, IW3A, IW3B, IW3C, IW3D, IW6I, IW6J, IW6K, IW6L, IW6M, IW6N, IW6O, IW6P, JW1A, JW1B, JW1C, JW1D, JW1F, JW1G, JW1H, JW1J, JW1K, JW1L, JW1N, JW1O, JW1P, KX3A, KX3B, KX3C, KX3D, KX3E, KX3I, KX6M, KX6N, KX6O, KX6P, LX1A, LX1B, LX1C, LX1D, LX1F, LX1G, LX1H, LX1L, LX1P, LX4D, LX4G, LX4H, LX4K, LX4L, LX4M, LX4N, LX4O, LX4P, LY8A, LY8B, LY8C, LY8D, LY8E, LY8F, LY8G, LY8I, LY8J, LY8K, LY8M, LY8N, LY8O, LY9A, LY9B, LY9C, LY9D, LZ2A, LZ2B, LZ2C, LZ2E, LZ2F, LZ2G, LZ2I, LZ2J, LZ2K, LZ2M, LZ2N, LZ2O, LZ2P, LZ3M, LZ3N, LZ3O, LZ3P, MV9A, MV9B, MV9C, MW1A, MW1B, MW1C, MW1D, MW1E, MW1F, MW1G, MW1H, MW1I, MW1J, MW1K, MW1L, MW1M, MW1N, MW1O, MW2A, MW2B, MW2C, MW2D, MW2E, MW2F, MW2G, MW2H, MW2I, MW2J, MW2K, MW2L, MW2O, MW2P, MW3A, MW3E, MW3I, MW3M, MW3N, MW4A, MW4B, MW4C, MW4E, NU2G, NU2I, NU2J, NU2K, NU2L, NU2M, NU2N, NU2O, NU2P, NU3M, NU3N, NU3O, NU3P, NV4A, NV4B, NV4C, NV4D, NV4E, NV4F, NV4G, NV4H, NV5A, NV5B, NV5C, NV5D, NV5E, NV5F, IW6E1, IW6E4, IW6E7, JW1E1, JW1E2, JW1E3, JW1E5, JW1E6, JW1E8, JW1E9, JW1I2, JW1I3, JW1I5, JW1I6, JW1I8, JW1I9, JW1M2, JW1M3, JW1M5, JW1M6, JW1M7, JW1M8, JW1M9, KX3F1, KX3F2, KX3F3, KX3F4, KX3F5, KX3F6, KX3G1, KX3G2, KX3G3, KX3G4, KX3G5, KX3G6, KX3H1, KX3H2, KX3H3, KX3M1, KX3M2, KX3M3, KX3M4, KX3M5, KX3M7, KX6A1, KX6A4, KX6A7, KX6E1, KX6E4, KX6E7, KX6I1, KX6I4, KX6I7, LX1E1, LX1E2, LX1E3, LX1E5, LX1E6, LX1J2, LX1J3, LX1K1, LX1K2, LX1K3, LX1K5, LX1K6, LX1K8, LX1K9, LX4F3, LX4F6, LX4F9, LX4J3, LX4J6, LX4J9, LY8H1, LY8H2, LY8H3, LY9E1, LY9E2, LY9E3, LY9F1, LY9F2, LY9F3, LY9G1, LY9G2, LY9G3, LY9H1, LY9H2, LY9H3, LZ2L4, LZ2L5, LZ2L6, LZ2L7, LZ2L8, LZ2L9, LZ3I4, LZ3I5, LZ3I6, LZ3I7, LZ3I8, LZ3I9, LZ3J4, LZ3J5, LZ3J6, LZ3J7, LZ3J8, LZ3J9, LZ3K4, LZ3K5, LZ3K6, LZ3K7, LZ3K8, LZ3K9, LZ3L4, LZ3L5, LZ3L6, LZ3L7, LZ3L8, LZ3L9, MV9D1, MV9D2, MV9D3, MV9D4, MV9D5, MV9D7, MV9D8, MV9E1, MV9E2, MV9E3, MV9F1, MV9F2, MV9F3, MV9G1, MV9G2, MV9G3, MV9H1, MV9H2, MW1P1, MW1P2, MW1P3, MW2M1, MW2M2, MW2M3, MW2N1, MW2N2, MW2N3, MW3B1, MW3B4, MW3B7, MW3F1, MW3F4, MW3F7, MW3J1, MW3J4, MW3J5, MW3J6, MW3J7, MW3J8, MW3J9, MW4P4, MW4P5, MW4P6, MW4P7, MW4P8, MW4P9, MW5M4, MW5M5, MW5M6, MW5M7, MW5M8, MW5M9, MW5N4, MW5N5, MW5N6, MW5N7, MW5N8, MW5N9, NT5C1, NT5C2, NT5C3, NT5D1, NT5D2, NT5D3, NT6A1, NT6A2, NT6A3, NT6B1, NT6B2, NT6B3, NT6C1, NT6C2, NT6C3, NT6D1, NT6D2, NT6D3, NU2C4, NU2C5, NU2C6, NU2C7, NU2C8, NU2C9, NU2D4, NU2D7, NU2H1, NU2H4, NU2H5, NU2H6, NU2H7, NU2H8, NU2H9, NU3E4, NU3E7, NU3I1, NU3I4, NU3I5, NU3I6, NU3I7, NU3I8, NU3I9, NU3J4, NU3J5, NU3J6, NU3J7, NU3J8, NU3J9, NU3K4, NU3K5, NU3K6, NU3K7, NU3K8, NU3K9, NU3L4, NU3L5, NU3L6
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