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[bookmark: _Toc89255272]Executive summary
[bookmark: _Hlk89072583]In September 2019, the Australian Communications and Media Authority (ACMA) concluded its review of the frequency range 27.5 GHz–29.5 GHz (28 GHz band) with the release of the paper, Future use of the 28 GHz band—Planning decisions and preliminary views (the outcomes paper). A key outcome of this review was to expand arrangements for ubiquitous uncoordinated fixed satellite service (FSS) earth station deployments (referred to as ‘ubiquitous FSS’) in the 28 GHz band. The proposed frequency arrangements are illustrated in Figure 1. 
 Planned arrangements for the 28 GHz band
	27.5–28.1 (600 MHz)
INSIDE POP. CENTRES
Primary: FWA/FSS gateway
Secondary: Ubiquitous FSS*
	28.1–29.5 GHz (1900 MHz)
AUSTRALIA-WIDE
Primary: All FSS
Secondary: FWA

	27.5–28.1 (600 MHz)
OUTSIDE POP. CENTRES
Primary: All FSS
Secondary: FWA
	



* This possibility, including any restrictions on use as foreshadowed in the outcomes paper, is investigated in this paper.
In February 2020, the ACMA made amendments to the Radiocommunications (Communication with Space Object) Class Licence (the CSO class licence) to expand the allocation for ubiquitous FSS earth station to 28.3 GHz–30 GHz. The frequency range 27.5–28.3 GHz was not included in the updates to the CSO class licence at the time, due to a need for further investigation into possible coexistence between ubiquitous FSS and primary fixed wireless access (FWA) services operating in defined population centres below 28.1 GHz.[footnoteRef:2] [2:  The defined population centres are provided in the Radiocommunications (Spectrum Re-allocation
—26 GHz band) Declaration 2019.] 

This paper presents the ACMA’s technical analysis and views related to proposed changes to the CSO class licence. These changes are intended to provide support for ubiquitous FSS use of the 27.5–28.3 GHz frequency range. This paper also reviews the existing co-existence arrangements between ubiquitous FSS and incumbent point-to-point (PTP) services operating in the 28.1–29.5GHz frequency range. 
Given the complexity of the issues involved, we considered it important that possible changes to the CSO class licence be workshopped with stakeholders before formal consultation. We provided the preliminary draft of this paper to stakeholders in January 2021 to receive feedback on the studies and preliminary views contained in this paper. The feedback received was used when considering our next steps, including formal consultation of a draft variation to the class licence.
The outcomes of the technical studies in this paper were used to inform the development of: 
regulatory arrangements for the deployment of ubiquitous FSS below 28.3 GHz
additional guidance for the management of interference from ubiquitous FSS into PTP services operating in the 28.1–29.5 GHz frequency range.
The final views are outlined below. They relate to proposed changes to the CSO class licence to support ubiquitous FSS use.[footnoteRef:3]  [3:  The subtypes of ubiquitous FSS terminals are VSATs: very small aperture terminals; ESIM: earth stations in motion; A-ESIM: aeronautical ESIM; M-ESIM: maritime ESIM; L-ESIM: land ESIM. ] 

[bookmark: _Toc89255273][bookmark: _Hlk61873679]27.5 GHz–28.1 GHz inside defined population centres 
It is acknowledged that area-wide apparatus licence (AWL) arrangements in the 28 GHz band also support the deployment of coordinated fixed FSS and/or FWA. 
In November 2020, the ACMA commenced an allocation process for AWLs in the 24.7–25.1 GHz and 27.5–30 GHz frequency ranges. Operators may consider obtaining an AWL to deploy FSS services in areas and frequencies in which the CSO class licence does not support a particular use.
The ACMA’s proposed view on VSAT and ESIM access to the frequency range 27.5–28.1 GHz and inside defined population centres is:
VSAT – not supported due to the difficulty in managing interference with primary FWA use (including base stations and user terminals). 
[bookmark: _Hlk56428805]A-ESIM – supported while airborne, services must meet the ITU Radiocommunication Sector (ITU-R) Resolution 169 (WRC-19) criteria for altitudes above 3 km, irrespective of the height of operation within defined population centres, to ensure coexistence with co-frequency primary FWA. A-ESIM will not be allowed to operate on the ground due to the difficulty in managing interference with primary FWA use.
[bookmark: _Hlk86935395]M-ESIM – supported. Operation within a defined population centre must not exceed a power flux density (pfd) on the shore of -112.2 dBW/m2/MHz at a height of 30 m to ensure coexistence with co-frequency primary FWA use. 
L-ESIM – not supported due to the difficulty in managing interference with primary FWA use. 
[bookmark: _Toc89255274]27.5 GHz–28.1 GHz outside defined population centres
The ACMA’s proposed view on VSAT and ESIM access to the frequency range 27.5–28.1 GHz and outside defined population centres is:
VSAT – operation is supported up to the boundary of the defined population centres. 
[bookmark: _Hlk86935321]A-ESIM – operation is supported, services are required to meet the ITU-R Resolution 169 (WRC-19) criteria for altitudes above 3 km, irrespective of the height of operation in the adjacent defined population centres, to ensure coexistence with co-frequency primary FWA. Outside of this, the ACMA does not intend to place any further restrictions on A-ESIM.
M-ESIM – operation is supported, services are required to meet a pfd on the shore of -112.2 dBW/m2/MHz at a height of 30 m in the adjacent defined population centres to ensure coexistence with co-frequency primary FWA. Outside of this, the ACMA does not intend to place any further restrictions on M-ESIM.  
L-ESIM – operation is supported up to the boundary of the defined population centres.
[bookmark: _Toc89255275]Adjacent channel
[bookmark: _Hlk86935503]A guard band, the greater frequency separation provided by either operating beyond the second adjacent channel of the ubiquitous FSS or 50 MHz, will be applied to mitigate potential adjacent channel interference between ubiquitous FSS and primary FWA services operating below 27.5 GHz. This will be applied to devices deployed outside defined population areas at the 27.5 GHz boundary. 
[bookmark: _Toc89255276]28.1 GHz–29.5 GHz 
[bookmark: _Toc89255277]Adjacent channel
A guard band, the greater frequency separation provided by either operating beyond the second adjacent channel of the ubiquitous FSS or 50 MHz, will be applied to mitigate potential adjacent channel interference between ubiquitous FSS and primary FWA services operating below 28.1 GHz. This will be applied to devices deployed inside defined population areas at the 28.1 GHz boundary between these services. 
[bookmark: _Toc89255278]PTP assignments
We are not proposing any additional restrictions on ubiquitous FSS to protect PTP assignments. It is proposed that the additional guidance for ubiquitous FSS earth stations be included in the ACMA licensing procedures for space and space receive apparatus licensing. This guidance will be proposed for the following scenarios: 
VSAT – to assist VSAT operators to manage potential interference to a PTP assignment within 50 km. 
A-ESIM – to assist A-ESIM operators to manage potential interference to a PTP assignment while operating in Australian airspace. 
M-ESIM – to assist M-ESIM operators to manage potential interference to a PTP assignment when operating within 50 km of the shore. To note, there are 2 coastal areas, Ballina (NSW) and Hobart (Tas.), where there is a high potential for interference to PTP assignments. 
L-ESIM – to assist L-ESIM operators to manage potential interference to a PTP assignment within 50 km. 
[bookmark: _Toc89255279]ESIM and protection of NGSO FSS
In order to protect non-geostationary satellite orbit (NGSO) FSS satellites, the provisions of Annex 1 of ITU-R Resolution 169 (WRC-19) will apply to ESIM. Note these requirements are applicable irrespective of Australian domestic arrangements. 
Annex 2 of ITU-R Resolution 169 (WRC-19) provides guidance on the protection of NGSO mobile satellite service (MSS) feeder links. We will consider the applicability of these requirements in assessing any ESIM application. 
[bookmark: _Toc89255280]Introduction
[bookmark: _Toc89255281]Purpose 
[bookmark: _Hlk36640490][bookmark: _Hlk89072602]In September 2019, the Australian Communications and Media Authority (ACMA) concluded its review of the frequency range  27.5 GHz–29.5 GHz (28 GHz band) with the release of the paper Future use of the 28 GHz band—Planning decisions and preliminary views (the outcomes paper). A key outcome of this review was to expand arrangements for ubiquitous uncoordinated fixed satellite service (FSS) earth station deployments (referred to as ‘ubiquitous FSS’) in the 28 GHz band. 
In December 2019, we consulted on a range of proposed improvements 
to spectrum access and pricing for satellite services in the 10.7–12.75 GHz, 
17.7–20.2 GHz and 28.3–30 GHz bands. As a result of this consultation, we made amendments to the Radiocommunications (Communication with Space Object) Class Licence (the CSO class licence). This included expanding existing arrangements in the CSO class licence to encompass the 28.3–30 GHz band. The corresponding Ka-band satellite downlink segment was also expanded to encompass 17.7–20.2 GHz.  
As an additional outcome of the December 2019 CSO consultation, we committed to investigating a further extension of arrangements in the CSO class licence to facilitate ubiquitous FSS in the 27.5–28.3 GHz frequency range. This frequency range was not included in the updates to the CSO class licence at the time, due to a need for further investigation into possible coexistence measures between ubiquitous FSS and primary fixed wireless access (FWA) services operating in defined population centres below 28.1 GHz.[footnoteRef:4]  [4:  The defined population centres are provided in the Radiocommunications (Spectrum Re-allocation
—26 GHz band) Declaration 2019.] 

This paper provides the ACMA’s technical analysis and views related to proposed changes to the CSO class licence. These changes are intended to provide support for uncoordinated ubiquitous FSS use of the 27.5–28.3 GHz frequency range. This paper also reviews the existing co-existence arrangements between ubiquitous FSS and incumbent point-to-point (PTP) services operating in the 28.1–29.5 GHz frequency range. 
[bookmark: _Hlk45286006]To support this investigation, this paper provides a summary of the co-existence study the ACMA has conducted between ubiquitous FSS and both FWA and PTP services.  
This paper supports the consultation on possible amendments to the CSO class licence. 
[bookmark: _Toc89255282]Background
The outcomes of the review of the 28 GHz band (27.5 GHz–29.5 GHz) are detailed in the outcomes paper, and summarised as:
Increasing the amount of spectrum available for ubiquitous FSS use, including the availability of at least 1.9 GHz of contiguous uplink spectrum Australia-wide (when considered in conjunction with existing arrangements in the adjacent 29.5–30 GHz frequency range). This increases to 2.5 GHz of spectrum outside of defined population centres. The ACMA will also investigate approaches that may allow uncoordinated FSS use in an additional 600 MHz of spectrum within defined population centres, potentially with some constraints – this would enable access to a total of 2.5 GHz of spectrum Australia-wide.
Continuing apparatus-licensing arrangements for FSS earth stations across the entire 28 GHz band Australia-wide, providing access to 2.5 GHz of spectrum on a coordinated, first in-time basis.
Introducing arrangements for FWA services across the entire 28 GHz band. This will be on a co-primary basis with apparatus-licensed FSS earth stations in defined population centres in the 27.5–28.1 GHz frequency range, and on a secondary (no protection) basis to the FSS in other areas and frequencies. Similar to the 26 GHz band, we will investigate using the proposed new area-wide apparatus licence type to enable this use.
[bookmark: _Hlk46486934]Removing arrangements for new fixed PTP services in the 28 GHz band and grandfathering existing services for a minimum 7 years. It is noted that if area-wide apparatus licence arrangements are implemented in the band, new PTP services could be deployed within individual licence areas. We will also revise PTP arrangements in the 38 GHz band to provide an alternative option for new wide-channel systems.
[bookmark: _Hlk19200209]A summary of the outcomes of the 28 GHz band review is illustrated in Figure 2. 
 Planned arrangements for the 28 GHz band
	27.5–28.1 (600 MHz)
INSIDE POP. CENTRES
Primary: FWA/FSS gateway
Secondary: Ubiquitous FSS*
	28.1–29.5 GHz (1900 MHz)
AUSTRALIA-WIDE
Primary: All FSS
Secondary: FWA

	27.5–28.1 (600 MHz)
OUTSIDE POP. CENTRES
Primary: All FSS
Secondary: FWA
	



* This possibility, including any restrictions on use as foreshadowed in the outcomes paper, is investigated in this paper.
[bookmark: _Toc89255283][bookmark: _Toc16750994]Implementation of the outcomes paper to date 
Point-to-point 38 GHz band
In September 2019, the ACMA amended fixed PTP arrangements in the 38 GHz band in RALI FX 3 as a result of the outcomes from the outcomes paper. A summary of the amendments is:
removing the 7 and 14 MHz channel raster
grandfathering incumbent 7 and 14 MHz PTP licences to ensure they are provided ongoing protection
including 4 x 56 MHz channels
including 6 x 112 MHz channels
introducing assignment priorities for different channel bandwidths to maximise efficiency. 
Point-to-point 28 GHz band
In September 2019, the ACMA amended fixed PTP arrangements in the 28 GHz band in RALI FX 3 as a result of the outcomes from the outcomes paper. A summary of the amendments are:
amending assignment instructions to ensure no new assignments may be made in this band
grandfathering arrangements for incumbent PTP licensees to ensure their continued protection for a 7-year period. 
CSO class licence amendments 
[bookmark: _Hlk36811726]In December 2019, we consulted on a range of proposed improvements 
to spectrum access and pricing for satellite services in the 10.7–12.75 GHz, 
17.17–20.2 GHz and 28.3–30 GHz bands. As a result of this consultation, the ACMA made amendments to the CSO class licence to reflect outcomes from the outcomes paper. This included expanding existing arrangements in the CSO class licence to encompass the 28.3–30 GHz band. The corresponding Ka-band satellite downlink segment was also expanded to encompass the 17.7–20.2 GHz.  
As an additional outcome of the December 2019 consultation, we committed to investigating a further extension of arrangements in the CSO class licence to facilitate ubiquitous FSS in the 27.5–28.3 GHz band. 
26/28 GHz band Technical Liaison Group (TLG)
The 26/28 GHz TLG was formed to develop technical arrangements for spectrum and apparatus-licensed wireless broadband.[footnoteRef:5] The outcomes of the TLG were publicly consulted on in July/August 2020 (for the draft 26 GHz spectrum licence technical framework) and in August/September 2020 (for the draft technical framework for area-wide apparatus licences in the 26 GHz and 28 GHz bands, which included proposed arrangements for apparatus-licensed FSS use (that is, coordinated FSS earth stations). The arrangements for area-wide licences in the 26 GHz and 28 GHz bands was finalised on 26 October 2020. The 26 GHz spectrum licence technical framework was finalised on 24 November 2020. [5:  In the 28 GHz band, wireless broadband use will be limited to apparatus licensed FWA deployments only.] 

Given the extensive consideration in the TLG and public consultation process, the study in this paper has adopted the finalised technical and regulatory outcomes for area-wide apparatus licences in the 26 GHz and 28 GHz bands. 
In November 2020, we commenced an allocation process for AWLs in the 24.7–25.1 GHz and 27.5–30 GHz frequency ranges. Area-wide apparatus licence (AWL) arrangements in the 28 GHz band also support the deployment of coordinated fixed FSS and/or FWA. Operators may consider obtaining an AWL to deploy FSS services in areas and frequencies in which the CSO class licence does not support such use.
[bookmark: _Toc89255284]Technical analysis
The ACMA has undertaken a technical analysis of the coexistence of ubiquitous FSS with FWA and PTP services. For this analysis, different subtypes of ubiquitous FSS terminals have been defined. An analysis of coexistence with both FWA and PTP has been conducted with each of these subtypes. 
The subtypes of ubiquitous FSS terminals are: 
VSATs: very small aperture terminals. Uncoordinated FSS earth stations that operate at a fixed location.  
ESIM: earth stations in motion. Uncoordinated FSS earth stations that can operation while in motion. This includes:
A-ESIM: aeronautical ESIM that operate on aircraft.
M-ESIM: maritime ESIM that operate on ships.
L-ESIM: ESIM that operate on land.
This chapter provides details of the analysis performed. 
[bookmark: _Toc89255285]Parameters
The parameters used in the analysis are provided in the following appendices:
Appendix A: FWA parameters
Appendix B: VSAT parameters
Appendix C: ESIM parameters
Appendix D: PTP parameters.
The system parameters have been chosen to represent the likely deployment for the different services. These parameters have been sourced from ITU recommendations, 3GPP standards, the 26/28 GHz TLG process and industry sources. Where appropriate, initial parameters were modified based on targeted industry feedback.
[bookmark: _Toc89255286]Assumptions
This section outlines some of the key assumptions made in the technical analysis performed.
[bookmark: _Toc89255287]L-ESIM
In determining international regulations for ESIM, it has been noted that there is potential for L-ESIM to interfere with terrestrial services. However, we are not aware of any representative parameters being defined or studies conducted. As such, the study in this paper assumes the VSAT parameters for the consideration of L-ESIM and uses the VSAT analysis to inform the consideration of L-ESIM services.
[bookmark: _Toc89255288]Propagation model
In determining an appropriate propagation model for the technical analysis, we considered the following for ubiquitous FSS interference to FWA and PTP services: 
VSAT transmitters were assumed to be 5 m above ground
FWA receivers were assumed to be 5 m above ground for user equipment (UE) and 30 m above ground for a base station (BS).
PTP receivers were assumed to be 30 m above ground for generic modelling (PTP heights recorded in the Register of Radiocommunications Licences (RRL) are between 5 m and 120 m). For site-specific modelling, actual heights were used.
M-ESIM were assumed to be 10 m above sea-level.
A-ESIM were assumed to be between 10 m and 10 km above ground.
Based on these criteria, for the purposes of this analysis, we used the free space model (ITU Radiocommunication Sector (ITU-R) Recommendation P.525, ‘Calculation of free-space attenuation’) and the diffraction over a spherical earth model (ITU-R Recommendation P.526, section 3.1.1.2) when beyond line of sight. From ITU-R Recommendation P.526, the line-of-sight distance is given by:

Where ae is the effective earth radius and h1 and h2 represents height of Tx and Rx antennas. 
It is recognised that the consideration of terrain has the potential to provide additional attenuation along a propagation path. This additional attenuation may allow services to operate closer together. For the purpose of the generic sharing study between services, which were not location dependant (that is, VSAT to FWA), we have not taken into account the effect of terrain on propagation loss. 
This study has also considered 2 site-specific cases for the scenario of M-ESIM to PTP assignments in Ballina, NSW and Hobart, Tasmania. Where site-specific analysis was conducted for these individual PTP assignments, the propagation models in 
ITU-R Recommendation P.525, ITU-R Recommendation P.526 and ITU-R Recommendation P.452 (which takes terrain into consideration) were used.
[bookmark: _Toc89255289]FWA user equipment (UE) antenna
In the 28 GHz band, FWA UE will be at fixed locations, and it is assumed an active antenna system (AAS) will be used. Based on available information, antenna gains of between 14 and 20 dBi have been used in the study. 
There is potential for end users to utilise a passive high gain antenna. This may increase or decrease the potential for interference depending on the relative antenna discrimination. Given the location of FWA UE are not recorded on the RRL, it is not possible to individually coordinate with them. The ACMA’s aim is to provide an inherent level of protection to FWA UE in areas where FWA use is co-primary with satellite services. This is done via the planning and coordination arrangements that are implemented. However, these will not guarantee protection from interference in all cases. Ultimately the onus is on the service provider to mitigate any interference issues to FWA UE, this includes when using higher gain antennas.
[bookmark: _Toc89255290]FWA base station height
An antenna height of 30 m was assumed for the FWA BS. While other antenna heights could be used in practice, this is considered to be representative of a typical deployment and appropriate for the analysis undertaken. 
[bookmark: _Toc89255291]Duty cycles
[bookmark: _Hlk46824516]It is recognised that the duty cycle of ubiquitous FSS may influence the potential for interference. However, there is some uncertainty regarding how best to reflect the impact of this in studies. This is because the effects of duty cycle will vary depending on the density of deployments in an area. Also, terminals associated with different satellite systems may have different duty cycles depending on their use case. It is likely that these factors will change over time as use cases and demand for satellite services evolve, making it difficult to determine an appropriate duty cycle for use in studies.
The only way to ensure the results of any study would not be exceeded in practice, would be to place restrictions, such as limits on duty cycle and density of deployments, on ubiquitous FSS. While we are open to considering such measures, we are conscious this may be too restrictive on FSS operators and would be difficult to enforce for services deployed under a class licence.  
Given these uncertainties, we have not taken duty cycle into account in its analysis. While this may result in a more conservative assessment, it also ensures an outcome that reduces the likelihood of interference occurring to other services, both now and into the future.  
[bookmark: _Toc89255292]Cross polar discrimination
[bookmark: _Hlk42073657]There can be up to 3 dB of cross polar discrimination between antennas using circular and linear polarisation. The amount of discrimination is dependent on the quality of antenna used and the angular separation between antennas (that is, there is less cross polar discrimination the larger the angular separation is from the boresight of an antenna). While we acknowledge the consideration of cross polar discrimination will help mitigate potential interference, for the scenarios under consideration, the level of cross polar discrimination cannot be guaranteed. Consequently, it has not been included in the baseline study case. However, it is considered in the sensitivity analysis. 
[bookmark: _Toc89255293]Sharing study scenario
The 28 GHz band is used by FSS earth stations for earth-to-space communications. This means earth stations transmit in this band. Consequently, the study in this paper only considers interference from VSAT and ESIM transmitters into PTP and FWA BS and UE receivers.  
[bookmark: _Hlk89192331]The interference scenario for an FWA system and a ubiquitous FSS earth station transmitter in the 28 GHz band is shown in Figure 3. This is also representative of the other interference scenarios studied. For example, VSAT and ESIM are represented by the earth station transmitter and the FWA UE receiver can be interchanged with a PTP or FWA BS receiver.
Illustration of scenario under study
[image: ]
As shown in Figure 3, the earth station is transmitting to a satellite receiver (grey line), the FWA BS and UE are communicating with each other (green line) and the unwanted signal from the earth station transmitter is received by the FWA UE 
(red line) .  
The angles illustrated in Figure 3 are:
δ:	Receiver antenna discrimination angle, the angular separation between the main lobe of the FWA station receiver antenna (pointing towards the other FWA station transmitter) and the angle towards the FSS earth station transmitter antenna.
θ:	Transmitter antenna discrimination angle, the angular separation between the main lobe of the FSS earth station transmitter antenna (pointing towards the satellite) and the angle toward the FWA receiver station antenna.
Φ:	Earth station antenna elevation angle with respect to the horizon.
Note: angular discrimination considers both azimuth and elevation.
The approach in the study is to calculate the required separation distances to avoid unacceptable interference, as the antenna discrimination angles at the earth station transmitter and FWA station receiver vary. 
The detail on the analysis undertaken for the different services is provided in the following appendices:
Appendix E: VSAT to FWA sharing study
Appendix F: ESIM to FWA sharing study
Appendix G: FSS to point to point sharing study
Appendix H: Adjacent band analysis. 
A deterministic methodology has been adopted to model interference in all cases. While deterministic studies serve a useful initial role in understanding the broad interference environment, it is acknowledged that in some cases they can result in conservative conclusions (especially if they are combined with conservative input parameters).
It is recognised that the sharing scenarios considered may have statistical properties that would lend themselves to analysis via statistical means (such as Monte Carlo simulations). Such analysis could change the outcomes of studies if the input parameters were of a form conducive to sharing. For example, this could be the case for the analysis between VSATs and primary FWA services in defined areas. The deterministic analysis, however, suggests that, even with statistical considerations, the interference potential of unconstrained VSATs (using what is understood to be likely operating parameters) is unlikely to result in an interference environment compatible with FWA use (for both base stations and user terminals).
We recognise that if VSAT input parameters were modified and constrained further (for example, strict EIRP limits within certain elevation angles above the horizon, defining a minimum elevation angle, low duty cycles and/or not exceeding a defined pfd limit within 10 m of the device), then a statistical analysis may be warranted. We will consider any future industry inputs that would commit to constrained VSAT parameters that might enable coexistence with primary FWA. If sharing is found to be possible with these constrained parameters, we would seek to define them in any amendment to the CSO class licence. 
It is further noted that the baseline study does not take into account the following factors that could affect the required separation distance:
clutter, terrain, antenna discrimination at FWA receivers, duty cycles and polarisation discrimination 
FWA deployments with parameters that differ from those used in the study. For example, systems with lower or higher antenna heights
ubiquitous FSS deployments with parameters that differ from those used in the study. For example, systems with better performing antennas or lower in-band or unwanted emissions. 
These factors could both reduce or increase the required separation distance, depending on the scenario. Many of these factors are difficult to model with any certainty as they would vary for different operators, locations and propagation paths between affected services. Where practical, a sensitivity analysis was performed for some of these parameters to assess the impact any change would have. However, where this was not practical, the study made conservative assumptions to provide greater certainty that interference would not be caused. 
[bookmark: _Toc89255294]Summary of sharing study
[bookmark: _Toc89255295]VSAT transmitter 
Sharing between VSAT and FWA 
[bookmark: _Hlk46828985]The sharing study for an FWA service and a fixed ubiquitous FSS earth station (VSAT) is provided at Appendix E. A summary of the outcomes of the study is provided in Table 1. The analysis indicates that the potential interference to an FWA BS is significantly higher than the potential interference to an FWA UE. For this reason, FWA UE are only considered when assessing whether a VSAT can coexist with FWA within the coverage area of the FWA BS (that is, where FWA UE are deployed). Outside the FWA BS coverage area, only interference to an FWA BS is considered.  
Required separation distance between VSAT and FWA 
	
	FWA BS
	FWA UE

	VSAT Tx Power density (dBW/MHz)
	-5.8
	-16
	-5.8
	-16

	FWA Rx Antenna gain (dBi)
	23 / 29
	23 / 29
	14 / 20
	14 / 20

	Additional losses (dB)*
	18

	Minimum separation distance (km)
(no additional losses)
	7.8 / 15.5 
	2.4 / 4.8
	2.76 / 5.51
	0.85 / 1.7

	Minimum separation distance (km)
(with additional losses)
	0.98 / 1.95
	0.3 / 0.6
	0.35 / 0.69
	0.11 / 0.21


* Additional losses could be caused by a combination of different factors such as clutter, terrain, polarisation or discrimination (see Appendix E: Sensitivity analysis).
In general, it is expected that FWA systems will be deployed to provide 360⁰ coverage (potentially using 3 or more sectors). Consequently, it is assumed that with beamforming technology, a VSAT could fall within the main beam of the antenna at any time (that is, the FWA BS antenna beam is pointing towards the VSAT). Based on this assumption, separation distances in the order of 2.4–15.5 km could be required between FWA BS and a VSAT. 
We acknowledge that there are factors that could reduce the required separation distances, such as clutter losses and terrain effects. As an example, additional losses of 18 dB would reduce the required separation distance between FWA BS and a VSAT to 0.3–1.95 km. However, due to the uncoordinated and ubiquitous nature of VSAT deployments, we consider it would be difficult to ensure a minimum level of additional loss would always apply in practice. 
This is complicated further when considering coexistence with FWA UE. Neither VSAT nor FWA UE locations would be recorded on the RRL. This makes the coordination of these devices difficult, if not impractical. Thus, given the separation distances required, even when potential additional losses are taken into account, managing interference from VSAT deployed within the FWA coverage area would be difficult. 
We recognise that if VSAT input parameters were modified and constrained further (for example, strict EIRP limits within certain elevation angles above the horizon, defining a minimum elevation angle, low duty cycles and/or not exceeding a defined pfd limit within 10 m of the device), then a statistical analysis may be warranted. We will consider any industry inputs that would commit to constrained VSAT parameters that might enable coexistence with primary FWA. If sharing is found to be possible with these constrained parameters, we would seek to define them in any future amendment to the CSO class licence. 
Sharing between VSAT and point-to-point services 
[bookmark: _Hlk46829049]PTP services operate in the 28.1–29.5 GHz frequency range. A key outcome of the outcomes paper was the removal of arrangements for new fixed PTP services in the 28 GHz band and grandfathering existing services for a minimum of 7 years. As of 1 December 2020, there were a total of 22 PTP licences (44 bidirectional links; that is, 44 receivers and 44 transmitters) in the 28 GHz band. These licences are to be afforded protection until September 2026. 
The sharing study between a PTP service and a VSAT is provided at Appendix G. 
Table 2 shows the required separation distance between a VSAT and a PTP receiver to manage interference for specific PTP antenna heights, VSAT transmit powers, PTP antenna gains and an additional loss[footnoteRef:6] of 18 dB (3 dB for cross polar discrimination and 15 dB for clutter loss). The maximum separation distance is 55.8 km; however, this only occurs when a VSAT is located within the main beam of a PTP antenna. Additional losses due to clutter or terrain also become more likely over such a large distance. The required separation distance for the same scenario when a VSAT is located off-boresight is approximately 0.11 km.  [6:  See Sensitivity analysis for further discussion on additional loss.] 

Required separation distance between VSAT and PTP services
	VSAT transmit power density (dBW/MHz)
	PTP ant height                 (m)
	Required separation distance (km)

	
	
	Max PTP antenna gain
	With 18 dB additional loss
	Min* PTP antenna gain
	With 18 dB additional loss

	-5.8
	8
	24.5
	18.6
	0.11
	0.01

	-16
	8
	21.1
	15.2
	0.03
	0

	-5.8
	120
	55.8
	49.6
	0.11
	0.01

	-16
	120
	52.3
	46.1
	0.03
	0


*Note: minimum antenna gain is calculated by maximum antenna gain minus front to back ratio.

While interference from VSAT into PTP services can potentially occur over a large distance, the directionality of the PTP antenna means that the actual area in which a VSAT would cause interference is very narrow. The likelihood of interference occurring is made lower due to the limited number of PTP services, and can be further reduced if there are additional losses involved (for example, clutter losses, terrain). 
Consequently, we consider that, in this case, the risk of interference can be adequately managed by providing guidance to VSAT operators on the deployment of their service near PTP services during the grandfathering period. Given VSAT are authorised to operate under the CSO class licence on a no interference basis, in the event interference does occur, it would be the responsibility of the VSAT operator to remedy the situation.
[bookmark: _Toc89255296]Aeronautical ESIM transmitter
Sharing between aeronautical ESIM and FWA
The sharing study between an A-ESIM and an FWA service is provided at Appendix F. The analysis was based on the operational requirements for an A-ESIM detailed in ITU-R Resolution 169 (WRC-19). For this study, the analysis was separated into 3 scenarios: 
an A-ESIM operating above an altitude of 3 km 
an A-ESIM operating below an altitude of 3 km 
an A-ESIM operating when landed (that is, on the ground). 
When an A-ESIM is operating either above or below an altitude of 3 km, analysis shows that, even for the worst-case scenario, there is no potential for unacceptable interference.
For an A-ESIM on the ground, we analysed 2 scenarios: 
1. an A-ESIM operating using the same parameters as a VSAT 
an A-ESIM operating under the A-ESIM criteria set out in ITU-R Resolution 169 (WRC-19).
For an A-ESIM using VSAT parameters, the previous analysis for a VSAT to FWA can be used. As previously outlined, the minimum distance to avoid interference can vary from 2.4–15.5 km (see Appendix E). 
For an A-ESIM operating as a static A-ESIM on the ground, the analysis calculated the required transmit power to meet the ITU-R Resolution 169 (WRC-19) criteria. For a landed A-ESIM to meet the pfd criteria directly below the A-ESIM, a considerably low transmit power of -47 dBW/MHz would be required. This would equate to a separation distance of 300m for an FWA system with a 29 dBi antenna gain.
Based on the 2 analyses for an A-ESIM on the ground:
An A-ESIM operating with VSAT specifications presents a high risk of interference to primary FWA services. 
An A-ESIM that complies with the ITU-R Resolution 169 (WRC-19) criteria is a viable option for managing interference to primary FWA services, but the subsequent limitation of transmitter power may make the A-ESIM operationally unviable.  
Sharing between aeronautical ESIM and point-to-point services 
The sharing study between a PTP service and an A-ESIM is provided at Appendix G. The analysis considered the potential received power from an A-ESIM to PTP services with a 0⁰ (minimum tilt angle) and 2.6⁰ (average tilt angle).
We considered the potential for interference for the 44 PTP receivers based on angle of elevation and calculated maximum interference level. The analysis showed that:
33 receivers are likely to receive no unacceptable interference
7 receivers have a low risk of experiencing interference, however, this risk is likely to be mitigated by other factors
4 of the receivers are likely to have a higher potential for interference. Mitigating factors may reduce the severity of the interference for these receivers to acceptable levels.
For PTP receivers that have the potential of receiving unacceptable interference, the following factors would reduce the level of interference: 
Additional losses, for example if an A-ESIM performs better than the pfd mask defined in ITU-R Resolution 169 (WRC-19).
Due to the directional nature of PTP antennas and the transient nature of an A-ESIM, the probability and duration of time that an A-ESIM is directly on the main beam azimuth is low. Even a small offset would result in an additional reduction in interference. The statistical nature of this interference would act to reduce the duration and level of interference further. 
The protection criteria for a PTP service includes a fade margin for rain events. This can be in the order of 4–27 dB (depending on path length of the link). In dry conditions, this fade margin is not required, so a higher level of interference can be tolerated. During a rain event, as unacceptable interference occurs close to or within the main beam azimuth of the PTP receiver, it is likely that any rain event would result in similar attenuation to both the wanted and unwanted signals, reducing the probability of interference.
Our conclusion is that potential interference from A-ESIM to PTP services is low risk and manageable.
[bookmark: _Toc89255297]Maritime ESIM transmitter 
Sharing between maritime ESIM and FWA 
The sharing study between an M-ESIM and an FWA service is provided at Appendix F. The analysis demonstrated that the risk of interference from an M-ESIM increases within 50 km from the shore. Within this distance, to meet the interference criteria for an FWA BS, the M-ESIM will have to decrease its power the closer it moves towards the shore. 
Unlike FWA and A-ESIM, the potential for additional attenuation losses is less for an M-ESIM, given the lack of terrain discrimination and potential ducting over water.  Based on this and our analysis, our conclusion is that M-ESIM:
can operate under ITU-R Resolution 169 (WRC-19) criteria at distances greater than 50 km from shore
requires mitigation within 50 km from shore to address coexistence concerns between M-ESIM and FWA services.
Sharing between maritime ESIM and point-to-point services 
Of the 44 receiver PTP assignments (located at 28 different sites), 12 PTP receiver assignments (4 links) are located around Hobart (Tas.) and 8 PTP receiver assignments (3 links) are located around Ballina (NSW). The rest are located inland and the risk of interference into these services is considered low.
For the PTP assignments located around Hobart, for M-ESIM travelling around Tasmania, they are well protected by the surrounding terrain and can operate as per ITU-R Resolution 169 (WRC-19). However, there is an increase in potential for interference as an M-ESIM travels into Storm Bay (Hobart), which is approximately 45 km from the PTP assignments. The potential for interference significantly increases as an M-ESIM enters the Derwent River, which is approximately 10 km from the PTP assignments. Mitigation to avoid potential interference will need to be considered for M-ESIM within 50 km of the Hobart PTP assignments. To note, the difference in separation distances between an M-ESIM operating at -19 dBW/MHz EIRP and an 
M-ESIM operating at -24 dBW/MHz EIRP is not significant in the Hobart analysis.
For the PTP assignments located around Ballina, there is potential for interference when an M-ESIM operating as per ITU-R Resolution 169 (WRC-19) is within 50 km. If the M-ESIM EIRP is decreased to -19 dBW/MHz EIRP to the horizon towards the shore, the M-ESIM can operate up to 5–10 km from the PTP without causing potential interference. If the M-ESIM EIRP to the horizon is further reduced to -24 dBW/MHz, the M-ESIM can operate up to 1–5 km from the PTP assignment without causing potential interference. Based on these results, mitigation to avoid potential interference will need to be considered for M-ESIM within 50 km of the Ballina PTP assignments.
[bookmark: _Toc89255298]Adjacent channel coexistence between ubiquitous FSS and FWA
The adjacent channel coexistence between a ubiquitous FSS transmitter and an FWA receiver needed to be considered. This scenario occurs at the 28.1 GHz boundary (FWA from 27.5 to 28.1 GHz with ubiquitous FSS from 28.1–29.5 GHz) inside defined population centres and at the 27.5 GHz boundary (FWA from 24.7–27.5 GHz with ubiquitous FSS from 27.5–29.5 GHz) outside defined population centres.  
Appendix H provides the analysis for the adjacent channel situation. The analysis considers the various adjacent channel characteristics to quantify the coexistence requirements. These characteristics were used to determine the frequency dependent interference ratio (FDIR) between the 2 services for the FSS first adjacent channel, second adjacent channel and beyond the second adjacent channel. 
Given the unwanted emissions for VSAT and ESIM are assumed to be the same within this study, the results of the analysis between an VSAT and FWA also applies to an ESIM. The power of an ESIM may affect the required separation distances for the first and second adjacent channel, but as the spurious emissions are expressed as an absolute value, the results are not frequency dependent beyond the second adjacent channel. In practice, we expect the risk of interference from spurious emissions to be low. 
Using the FDIR values provided at Appendix H, the required separation distances for the different scenarios were determined – see Table 3.   
It should be noted that the assumed bandwidth for the VSAT service has a significant impact on the potential frequency separation. As the VSAT adjacent channel interference is the dominant interferer, if the VSAT bandwidth is greater than 25 MHz, the subsequent frequency separation would need to be increased to 2 times the VSAT bandwidth to account for the potential adjacent channel interference.
Distance between VSAT and FWA to avoid adjacent channel interference
	Distance between VSAT and FWA to avoid interference (km)

	Scenario
	1st adjacent channel
	2nd adjacent channel
	Up to 50 MHz
	Greater than 50 MHz

	FWA 29 dBi antenna gain

	VSAT – 1.2 m antenna, Tx power -5.8 dBw/MHz
	6.4
	1.67
	1.28
	0.054

	VSAT – 1.2 m antenna, Tx power -13.5 dBw/MHz
	2.64
	0.69
	0.53
	0.054

	VSAT – 0.8 m antenna, Tx power -6.8 dBw/MHz
	5.71
	1.49
	1.14
	0.054

	VSAT – 0.8 m antenna, Tx power -16 dBw/MHz
	1.98
	0.52
	0.39
	0.054

	FWA 23 dBi antenna gain

	VSAT – 1.2 m antenna, Tx power -5.8 dBw/MHz
	3.21
	0.84
	0.64
	0.027

	VSAT – 1.2 m antenna, Tx power -13.5 dBw/MHz
	1.32
	0.35
	0.26
	0.027

	VSAT – 0.8 m antenna, Tx power -6.8 dBw/MHz
	2.86
	0.75
	0.57
	0.027

	VSAT – 0.8 m antenna, Tx power -16 dBw/MHz
	0.99
	0.26
	0.20
	0.027



The following conclusions have been made based on the results in Table 3:
Within the first adjacent channel of a VSAT or ESIM, the dominant source of interference is from VSAT/ESIM unwanted emissions. The distance required to avoid interference varies from 1 km to 6.4 km.
Within the second adjacent channel of a VSAT or ESIM, the dominant source of interference is from VSAT/ESIM unwanted emissions. Depending on the scenario, there is potential for interference as the distance required to avoid interference varies from 0.26 km to 1.67 km. 
Within the 50 MHz directly adjacent to an FWA receiver, depending on the scenario, there is potential for interference as the distance required to avoid interference varies from 0.2 km to 1.28 km.
Beyond the second adjacent channel of a VSAT or ESIM or 50 MHz from the FWA receiver channel edge, whichever is larger, the dominant adjacent channel interference is the spurious emission of a VSAT into the receiver of the FWA. The potential interference is considered low as separation distance in the order of 0.05 km apply.
The analysis indicates the importance of the 50 MHz of spectrum directly adjacent to an FWA receiver. Studies showed an increased risk of interference from VSAT and ESIM within this 50 MHz range. Therefore, the required guard band to mitigate adjacent channel interference has been determined as the greater frequency separation provided by either operation beyond the second adjacent channel of the ubiquitous FSS or 50 MHz from the FWA service. That is, if the VSAT channel size used means that operation beyond the second adjacent channel of the VSAT increases to greater than 50 MHz, the required guard band would need to be increased as well.
[bookmark: _Toc89255299]Implementation considerations
This section articulates the ACMA’s implementation considerations based on the analysis of the study undertaken. This is the proposed direction that will be used when formulating the appropriate regulations. 
When considering the ACMA proposals, it should be noted that: 
Ubiquitous FSS that operate under the CSO class licence, do so on a no-interference basis. In the 28 GHz band, when the associated risk of ubiquitous FSS causing interference to other licensed services is low or negligible, we are not proposing to implement any additional operational restrictions. However, when the risk of interference is moderate to high, operational restrictions are proposed to manage the risk. In all circumstances, if unacceptable interference is caused by a ubiquitous FSS, the onus is on the class-licensed service, and their service provider, to take action to resolve it. This could include ceasing operation of the device.
We will consider any further technical information or studies that provide a reasonable technical argument supporting a different approach/outcome than proposed in this section. In addition, other alternative approaches could be considered. This includes measures that constrain specific ubiquitous FSS parameters (for example, strict EIRP limits within certain elevation angles above the horizon, defining a minimum elevation angle, low duty cycles and/or not exceeding a defined pfd limit within 10 m of the device), to better enable coexistence with other services. 
[bookmark: _Toc89255300]27.5–28.1 GHz inside defined population centres 
In the outcomes paper, within the frequency range 27.5–28.1 GHz and inside defined population centres, apparatus-licensed FSS earth stations (gateways) and FWA both have primary status. Access to this spectrum by VSAT and ESIM would be considered on a secondary basis.
Based on the analysis of the study conducted in this paper, our proposed view on VSAT and ESIM access to the frequency range 27.5–28.1 GHz, and inside defined population centres, is: 
VSAT – we propose to not support the operation of uncoordinated VSAT in this segment of the band inside defined population centres. We consider there is a high risk of unacceptable interference from uncoordinated class-licensed VSATs to FWA services when operating in the same area. The uncoordinated nature and associated potential for interference would make it difficult to manage and resolve any interference if it occurs. 
A-ESIM – we propose that A-ESIM operation be supported while airborne. To ensure coexistence with primary FWA services, it is proposed that A-ESIM be required to meet ITU-R Resolution 169 (WRC-19) above 3 km criteria within defined population centres. A-ESIM will not be able to operate on the ground due to the difficulty in managing interference with primary FWA use.
M-ESIM – we propose that M-ESIM operation be supported where operation within a defined population centre does not exceed a pfd on the shore of -112.2 dBW/m2/MHz at a height of 30 m to ensure coexistence with co-frequency primary FWA use.
L-ESIM – based on the VSAT analysis, we propose not to allow L-ESIM operation in this segment of the band inside defined population centres. 
[bookmark: _Toc89255301]27.5–28.1 GHz outside defined population centres
In the outcomes paper, within the frequency range 27.5–28.1 GHz and outside defined population centres, all FSS earth stations operate on a primary basis. However, there is still a requirement to manage interference with primary FWA services inside defined population centres. After considering the coexistence requirements and the analysis of the study, our proposals for the different services in this band are:
VSAT – supported to operate up to the boundary of the defined population centres. 
L-ESIM – allow the operation of L-ESIM in line with the recommendations for VSAT.
A-ESIM – support the operation of A-ESIM. Services will be required to meet ITU-R Resolution 169 (WRC-19) above 3 km criteria within the adjacent defined population centres to ensure coexistence with co-frequency primary FWA. 
[bookmark: _Hlk89083619]M-ESIM – support the operation of M-ESIM. Services will be required to meet a pfd on the shore of -112.2 dBW/m2/MHz at a height of 30 m within the adjacent defined population centres to ensure coexistence with co-frequency primary FWA. 
[bookmark: _Toc89255302]Adjacent channel
We propose that a guard band be applied to mitigate potential adjacent channel interference between land-based ubiquitous FSS[footnoteRef:7] and primary FWA services operating below 27.5 GHz. The guard band will be 50 MHz or twice the occupied channel bandwidth of the ubiquitous FSS (whichever is greater). This frequency separation will be applied at the 27.5 GHz boundary to land-based ubiquitous FSS. For ubiquitous FSS with occupied bandwidths less than or equal to 25 MHz, this will result in a guard band of 50 MHz. For ubiquitous FSS with occupied bandwidths greater than 25 MHz, this will result in a guard band of twice the occupied bandwidth of the ubiquitous FSS. [7:  The requirements placed on A-ESIM and M-ESIM to mitigate potential interference with FWA services in defined population centres accounts for any potential adjacent channel interference.] 

[bookmark: _Toc89255303]28.1–29.5 GHz 
[bookmark: _Toc89255304]Adjacent channel
We propose that a guard band be applied to mitigate potential adjacent channel interference between land based ubiquitous FSS6 and primary FWA services operating in the 27.5–28.1 GHz band. The guard band will be 50 MHz or twice the occupied channel bandwidth of the ubiquitous FSS (whichever is greater). This frequency separation will be applied to land-based ubiquitous FSS devices deployed in defined population centres at the 28.1 GHz boundary. For ubiquitous FSS with occupied bandwidths less than or equal to 25 MHz, this will result in a guard band of 50 MHz. For ubiquitous FSS with occupied bandwidths greater than 25 MHz, this will result in a guard band of twice the occupied bandwidth of the ubiquitous FSS.
[bookmark: _Toc89255305]PTP assignments
[bookmark: _Hlk62482111][bookmark: _Toc298924672][bookmark: _Toc300909555][bookmark: _Toc348105636]The potential interference to grandfathered PTP assignments from ubiquitous FSS earth stations was analysed. The outcomes paper indicated existing PTPs would be afforded protection until September 2026. As such, all proposals in this section only apply for the grandfathering period.
For the general analysis, we used an interference criterion of -145 dBW/MHz for the protection of PTP stations. For more detailed analyses, we calculated site-specific criteria based on criteria in RALI FX3 and individual station characteristics, such as site and antenna height, antenna gain, rain rate and path length. 
In addition, under the CSO class licence, a station operates on the condition that it does not interfere with other radiocommunications services. This means it is incumbent on FSS operators to ensure they do not cause interference to PTP services. Taking this into account, along with the directional nature of PTP antennas, the small number of licences in the 28 GHz band, and the restrictions to new licences for PTP and existing services only being afforded protection until September 2026, we are not proposing any additional restrictions on ubiquitous FSS to protect PTP assignments. 
It is proposed that the additional guidance for ubiquitous FSS earth stations be included in the ACMA licensing procedures for space and space receive apparatus licensing. This would advise that prospective licensees should use the requirements of RALI FX3 to assess the potential for interference to PTP services. Prospective licensees will be expected to undertake such an assessment before operating. If interference occurs, licensees will be required to provide evidence of the assessment undertaken. This guidance will be proposed for the following scenarios: 
>	VSAT – to assist VSAT operators to manage potential interference to a PTP assignment within 50 km. 
A-ESIM – to assist A-ESIM operators to manage potential interference to a PTP assignment while operating in Australian airspace. 
M-ESIM – to assist M-ESIM operators to manage potential interference to a PTP assignment when operating within 50 km of the shore. It should be noted, there are 2 coastal areas, around Ballina (NSW) and Hobart (Tas.), where there is high potential for interference to PTP assignments. 
L-ESIM – to assist L-ESIM operators to manage potential interference to a PTP assignment within 60 km.
[bookmark: _Toc89255306]ESIM and protection of NGSO FSS
Annex 1 of ITU-R Resolution 169 (WRC-19) specifies provisions for ESIM to protect NGSO FSS systems in the frequency band 27.5–28.6 GHz, including the maximum equivalent isotopically radiated power (EIRP) density levels. ESIMs will be required to meet these requirements in addition to the ESIM requirements in this paper. 
Annex 2 of ITU-R Resolution 169 (WRC-19) provides guidance on the protection of NGSO MSS feeder links of NGSO systems for which complete coordination information was received by the ITU before, and for which feeder-link earth stations were in service as of, 28 October 2019 in the frequency band 29.1–29.5 GHz. We will consider the applicability of these requirements in assessing any ESIM application. 
[bookmark: _Toc348105641][bookmark: _Toc89255307]Appendix A: FWA parameters
The ACMA, in conjunction with industry members, have considered and formulated the technical parameters for FWA services in the 26 and 28 GHz TLG process. Based on international trends and industry feedback, the FWA services that will be deployed in the 28 GHz band will be the same as the FWA services being deployed in the 26 GHz band. As such, we have used those parameters as the basis for determining the parameters for the 28 GHz band. The technical parameters of an FWA service based on 5G-systems is summarised in Table 4.
Technical parameters of FWA for sharing study
	
	BS
	UE
	Comment

	NF
	10 dB
	10 dB
	3GPP TR 38.817 

	I/N 
	0 dB
	0 dB
	See I/N ratio discussion below

	Interference level 
	-134 dBW/MHz
	-134 dBW/MHz
	TLG(26/28 GHz) report and I/N ratio

	Equivalent interference pfd 
	-112.2 dBW/m2/MHz
	N/A
	Calculated (assumes 29 dBi antenna gain at 30m)

	Ant array gain
	23 and 29 dBi

	Max 20 dBi
Min 14 dBi 
4x4 array 17 dBi
	3GPP TR 38.817
TLG(26/28 GHz) report recommendation
ITU-R Recommendation M.2101

	Ant physical tilt 
	>0° (down tilt)
	Not specified
	TLG (26/28 GHz) report

	Ant electrical tilt
	>0° (down tilt)
	Not specified
	TLG (26/28 GHz) report

	Array element pattern & gain
	See section 5, ITU-R Recommendation M.2101

	Array element beamwidth & FTB
	65°, 30 dB 
	90°, 25 dB
	Attach 2 to Document 5-1/36

	Ant height
	30 m 
	5 m
	TLG (26/28 GHz) report



[bookmark: _Toc89255308]I/N ratio
In the 26/28 GHz TLG, industry members and the ACMA defined the parameters for FWA services. These decisions were based on the expected deployment scenarios, the likely type of interference and the level of interference. Based on this, it was determined that for the purposes of FWA-to-FWA coordination, the value for I/N would be -6 dB.
The scenario of ubiquitous FSS earth stations to FWA receivers presents a different interference consideration. As the maximum acceptable interference level must take into account the potential for use of the maximum antenna gain of a BS antenna, which is assumed to be 29 dBi, the interference calculations will be more conservative when lower antenna gains are used. Additionally, the interference from ESIM is expected to be more transient in nature. This could in part be due to the duty cycle of the service. Also, as the ESIM is moving, the potential for interference to an FWA will vary dependent on the position of the ESIM. In the case of an A-ESIM, this may be relatively fast compared to that of a terrestrial service.  
Given the conservative nature of the calculations and the intermittent potential of the interference, the ACMA has used a value of I/N of 0 dB for its interference analysis when considering the potential of interference from ubiquitous FSS earth stations to FWA services.
[bookmark: _Toc89255309]Antenna pattern
FWA systems based on 5G standards (3GPP and ITU-R standards) use active antenna systems (AAS). The technical and deployment parameters of the antenna used in this paper are summarised in Table 4. The final array pattern depends on the element pattern, element spacing, array configuration, and physical and electrical tilt angle. Figure 4 shows the array pattern based on the following assumed parameters used for this paper:
Array element number = 8
Array element 3-dB beamwidth = 65⁰
Array element FTB = 30 dB
d/lambda = 0.5
Ant physical tilt = -10⁰
Ant electrical tilt = 8⁰
Sample of FWA antenna pattern 
[image: If you need help accessing or reading this diagram, please contact the ACMA's Customer Service Centre by phone on 1300 850 115 or by email at info@acma.gov.au] 
[bookmark: _Toc89255310]Adjacent channel selectivity (ACS)
The adjacent channel selectivity (ACS) is a measure of the ability of a radio receiver to receive a signal on the wanted channel or frequency in the presence of another signal on an adjacent frequency or channel. The ACS will be used as part of the analysis when determining the ability for an FWA to operate in the adjacent frequency to a ubiquitous FSS earth station.
Like the in-band parameters, we have used the outcomes of the 26/28 GHz TLG process to establish the ACS criteria. For the 28 GHz FWA services, the adjacent channel selectivity requirement is 21.7 dB at offsets less than 50 MHz.
[bookmark: _Toc89255311]Appendix B: VSAT parameters
BR IFIC-2896/2 provides information about 2 satellites located at 140⁰ E and 145⁰ E used to communicate with VSATs in Australia. This information pertinent to VSAT operation is summarised in Table 5. 
Technical parameters of fixed ubiquitous transmit earth station, 
BR-IFIC
	Antenna diameter (m)
	7.3
	2.4
	1.2
	0.8

	Antenna gain (dBi)
	64.5
	55
	49.2
	45.5

	Antenna beamwidth (⁰)
	0.09
	0.3
	0.5
	0.8

	Reference pattern
	ITU-R Recommendation S.580-6

	Max transmitter power density (dBW/MHz)
	-15.5
	-7.5
	0.2
	-0.8

	Min transmitter power density (dBW/MHz)
	-35.3
	-13
	-13.5
	-16



ITU-R Recommendation S.1782 provides technical guidance on the parameters of VSATs. While this recommendation was revised in September 2019 and the technical guidance has been deleted in the latest version of this recommendation, the values in Table 6 can be found in the older version of this recommendation. These values are similar to that obtained from BR IFIC-2896/2, but are consistently higher. Using these values would provide more conservative results that are not in line with current deployment. As such, we have decided not to use them. 
Technical parameters of fixed ubiquitous transmit earth station, ITU-R Recommendation S.1782 (old version)
	Antenna diameter (m)
	6.5
	2
	1.2
	0.3

	Antenna gain (dBi)
	63.9
	53.6
	49.2
	37.2

	Reference bandwidth (MHz)
	7.8
	20.8
	2.4
	3

	Transmitter power density (dBW/MHz)
	15.8
	10.8
	7.5
	8.8

	Min elevation angle (⁰)
	17
	17
	17
	17



NBN provided the 26/28 TLG process with a study providing VSAT parameters. The relevant parameters were:
VSATs with only 1.2 m and 0.8 m antennas are being deployed in Australia for end users. Larger antennas (2.4 to 7.3 m) are only for gateways usage.
VSATs are expected to operate using the minimum power density in optimal environmental conditions and in harsher environment conditions (for example, heavy rain), they might increase to higher power levels. For the purpose of this analysis, both minimum and maximum power levels have been considered.
In Australia, VSATs will use a minimum antenna elevation angle of 40⁰.
VSATs are expected to operate with an average 1% duty cycle. Actual duty cycle during high-use periods may be higher than this. This will contribute to the consideration of whether to use short- or long-term interference. As previously noted, no duty cycle has been considered in this study. 
Based on the parameters obtained from the various sources, a summary of the technical parameters used for this study is provided in Table 7. We have used this information as a typical systems specification for VSAT use in Australia. However, we acknowledge that other systems can be implemented based on different parameters. 
Summary of technical parameters for VSAT
	Antenna diameter (m)
	0.8
	1.2

	Antenna gain (dBi)
	45.5
	49.2

	Antenna beamwidth (⁰)
	0.8
	0.5

	Reference pattern
	ITU-R Recommendation S.580-6

	Power density (dBW/MHz)
	-16 to -6.8
	-13.5 to -5.8

	Antenna height (m)
	5
(assume roof mounted)
	5
(assume roof mounted)

	Elevation angle (⁰)
	≥40°
	≥40°

	Gain at elevation angle
	-12
	-12



Antenna pattern
[bookmark: _Ref30411174]There are 3 ITU-R recommendations specifying the radiation pattern of earth stations communicating with GSO satellite – ITU-R recommendations S.465, S.580 and S.1855. The pattern of the VSAT based on the 3 referred recommendations is shown in Figure 5. As shown, at an off axis of 40⁰ or greater, all ITU recommendations have the same value. For the purpose of this paper, we have used an offset of 40⁰. While this equates to a -8 dBi antenna gain to the horizon based on ITU recommendations, satellite operators have indicated that the actual antenna performance is at least 4 dB better. Therefore, we have used a gain of -12 dBi for an elevation angle of 40⁰.
Antenna pattern of VSAT 
[image: If you need help accessing or reading this diagram, please contact the ACMA's Customer Service Centre by phone on 1300 850 115 or by email at info@acma.gov.au]
[bookmark: _Toc89255312]Unwanted emissions
The unwanted emissions of FSS transmitter can be divided into 2 sections. The out-of-band (OOB) emission as described in ITU-R Recommendation SM.1541 and spurious emission as defined in ITU-R Recommendation SM.329 and ITU-R Recommendation S.726. 
ITU-R Recommendation SM.1541 provides an out-of-band emission mask for different services. For FSS earth and space stations, the following formula is suggested:
 dBsd
Where:
F is the frequency offset from the edge of the total assigned band, expressed as a percentage of necessary bandwidth. For the OOB attenuation formula, the OOB emission domain starts at the edges of the total assigned band. 
dBsd is the decibels relative to the maximum value of power spectral density (PSD) within the operational bandwidth.
The suggested reference bandwidth for space services in ITU-R Recommendation SM.329 is 4 kHz. 
The derivation of the OOB formula indicates the OOB limits for an earth station are less stringent than most terrestrial-based services. After 2 adjacent channels, the OOB requirement is only reduced by 28 dB below the in-band power. 
The OOB emission of space services based on ITU-R Recommendation SM.1541 is also shown on a linear scale in Figure 6. This graph can be used to calculate the average leakage power in the victim receiver’s band of operation. For an in-band reference power of one watt for a VSAT, the graph shows that almost 0.16 W leaks to its first adjacent channel. This corresponds a level of 7.95 dB below the in-band power. For the second adjacent channel, the power level is 23.15 dB below the in-band power.
OOB emissions of FSS transmitter in linear scale (1 W of in-band power is assumed)
[image: If you need help accessing or reading this diagram, please contact the ACMA's Customer Service Centre by phone on 1300 850 115 or by email at info@acma.gov.au] 
The spurious emission limits for a VSAT station are described in ITU-R Recommendation S.726. Based on this recommendation, the maximum carrier-on cases of transmit/receive VSATs, which are in service after 1 January 1994, is limited to 78 dBpW in any 20 MHz band. This is equivalent to -55 dBW/MHz. For the purposes of this study, the value of -55 dBW/MHz was used.
[bookmark: _Ref34385610]The 2 different ITU recommendations for spurious emissions limits and the OOB attenuation limits are shown in Figure 7 (recognising that the limits from S.726 are an absolute limit rather than a relative limit). It should be noted that the limits illustrated in Figure 7 are all relative to the in-band power density. The boundary between OOB emission and spurious emissions is derived from ITU-R Recommendation SM.1539 as 250% of the centre frequency, or 200% of the edge of the assigned bandwidth (as depicted in Figure 7). 
Unwanted emissions of FSS transmitter (OOB and spurious emissions)
[image: If you need help accessing or reading this diagram, please contact the ACMA's Customer Service Centre by phone on 1300 850 115 or by email at info@acma.gov.au]
[bookmark: _Toc89255313]Appendix C: ESIM parameters
Sharing and compatibility of ESIM on board aircraft, ships or land vessels with terrestrial services has been the subject of intensive discussions at various WRCs for decades. More specifically, A-ESIMs are of more interest as the aircraft earth station is considered as an aeronautical mobile satellite earth station for which there is no established procedure for coordination, and it requires the involvement of many administrations of territories that may be affected by the aircraft in flight. At WRC-19, a pfd limit was approved as a guideline to assist administrations to evaluate whether such an ESIM protects their terrestrial service. 
For M-ESIM, the maximum EIRP spectral density towards horizon shall be limited to 24.44 dB(W/14 MHz). This value is required to be met at distance of 70 km from the low-water mark, refer to Part I of annex 2 to resolution 169 (WRC-19). 
For A-ESIM, the pfd produced at the surface of Earth by a single ESIM shall be 
limited to:
1. When the A-ESIM is within line-of-sight and above the 3 km altitude, the following pfd shall be met:
[image: Text
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When the A-ESIM is within line-of-sight and up to the 3 km altitude, the following pfd shall be met:
[image: Text

Description automatically generated]
In the above formula, θ is the angle of arrival in degrees (angle above horizon). The 2 pfd limits are shown for 1 MHz of bandwidth in Figure 8.
pfd limit for A-ESIM for altitudes below and above 3 km
[image: If you need help accessing or reading this diagram, please contact the ACMA's Customer Service Centre by phone on 1300 850 115 or by email at info@acma.gov.au]
[bookmark: _Toc89255314]Unwanted emissions
The unwanted emission criteria for an ESIM is the same as that for VSATs, as outlined in the VSAT technical specification section in Appendix B.
[bookmark: _Toc89255315]Appendix D: Point-to-point parameters
There are 88 PTP assignments (44 transmitter and 44 receiver) held by 10 licensees in the 28 GHz band. The location of these assignments is illustrated in Figure 9.
Point-to-point locations
[image: ]
The ACMA decided, as outlined in the outcomes paper, to grandfather these assignments for a minimum period of 7 years. Therefore, it is necessary to identify any potential interference issues that will require mitigation as a result of the inclusion of new services into the band. Technical parameters of PTP stations were derived from ITU-R Recommendation F.758. Where a required specification was not specified in the ITU recommendation, the specification was derived using the actual deployed specification of the services as recorded in the RRL. A summary of these values is shown in Table 8.
Summary of technical parameters for point-to-point
	
	PTP
	Comment

	NF
	8 dB
	ITU-R Recommendation F.758

	I/N
	-10 dB
	ITU-R Recommendation F.758

	Average received power level
	-30 dBm/112MHz
	RRL

	Interference level
	-145 dBW/MHz
	See below

	Maximum ant gain
	47 dBi
	RRL

	Minimum ant gain
	-25 dBi
	RRL

	Ant physical tilt
	0-2.7⁰ uptilt
	RRL

	Ant height
	8-120 m
	RRL

	Ant RPE
	ITU-R Recommendation F.699-8


Based on ITU-R Recommendation F.758, the suggested value for the signal level for an interfering signal is:
Pi= -144 dBW/MHz +I/N+NF=-146 dBW/MHz
Where:
I/N is the interference to noise ratio (dB)
NF is the noise figure of the system (dB).
The nominal received signal level of -30 dBm/112 MHz[footnoteRef:8] has been calculated as the average of the 44 PTP links in the RRL. Based on this received signal level and PR=64 dB (as RALI FX-3), the maximum interferer signal would be -144.5 dBW/MHz. [8:  The received power of -30 dBm/112 MHz is equivalent to -80.5 dBW/MHz. ] 

Pi= Pr - PR
Where:
Pr is the wanted powered received by the system (dBW/MHz)
PR is the protection ratio (dB).
Pi = Pr - PR
Pi = -80.5 – 64 = -144.5 dBW/MHz
Therefore, both the ITU-R approach and Australian approach result in similar levels for PTP links. For these reasons, we have used the maximum interfere signal level of 
-145 dBW/MHz as the value for protection of PTP stations. 
For more detailed analyses, we calculated site-specific data based on individual site characteristics, such as site and antenna height, antenna gain, rain rate and path length. These details are provided in Table 9. To note, using detailed specific data provides a less conservative assessment. For example, the average maximum interference signal level when calculated using site specific data is approximately 
‑129.5 dBW/MHz as opposed to -145 dBW/MHz.
Site specific data for PTP receivers
	Site name
	Site 
height
(m)
	Antenna height
(m)
	Antenna elevation angle
(⁰)
	Path length
(km)
	Link 
Rx power
(dBW/MHz)
	PR
(dB)
	Calculated
LOP
(dBW/MHz)

	[bookmark: _Hlk53319141][bookmark: _Hlk53319169]Queensland

	Gladstone

	NRG site Red Rover Road GLADSTONE
	10
	120
	-18.75
	0.33
	-80.60
	43.9
	-124.50

	NRG2 site Gladstone Mt Larcom Road GLADSTONE
	8
	10
	18.75
	0.33
	-80.30
	43.9
	-124.20

	New South Wales

	Albury

	Hospital Borella Rd ALBURY
	169
	12
	0.26
	2.22
	-70.30
	48.85
	-119.15

	Hospital Borella Rd ALBURY
	169
	12
	0.26
	2.22
	-70.33
	48.85
	-119.18

	Poole St ALBURY
	170
	21
	-0.26
	2.22
	-70.64
	48.85
	-119.49

	Poole St ALBURY
	170
	21
	-0.26
	2.22
	-70.60
	48.85
	-119.45

	Ballina

	Ballina Airport Terminal Southern Cross Drive BALLINA
	5
	6
	0.78
	3.87
	-69.88
	63.2
	-133.08

	Ballina Shire Council Chambers 38 Cherry St BALLINA
	7
	13
	1.15
	2.2
	-72.21
	55.72
	-127.93

	Ballina Shire Council Chambers 38 Cherry St BALLINA
	7
	13
	1.15
	2.2
	-72.24
	55.72
	-127.96

	Ballina Shire Council Works Depot 95 Southern Cross Drive BALLINE
	5
	8
	0.79
	3.72
	-69.60
	52.57
	-122.17

	Pine Avenue Site 1 BALLINA
	44
	20
	-0.78
	3.87
	-70.18
	63.2
	-133.38

	Pine Avenue Site 1 BALLINA
	44
	20
	-1.15
	2.2
	-72.51
	55.72
	-128.23

	Pine Avenue Site 1 BALLINA
	44
	20
	-1.15
	2.2
	-72.54
	55.72
	-128.26

	Pine Avenue Site 1 BALLINA
	44
	20
	-0.79
	3.72
	-69.91
	52.57
	-122.48

	Bowral

	Chevalier College 566 Moss Vale Rd BURADOO
	681
	10
	2.41
	3.07
	-78.75
	53.59
	-132.34

	Chevalier College 566 Moss Vale Rd BURADOO
	681
	10
	2.41
	3.07
	-78.75
	53.59
	-132.34

	Lot 10 Oxleys Hill Rd BOWRAL
	810
	10
	-2.41
	3.07
	-79.05
	53.59
	-132.64

	Lot 10 Oxleys Hill Rd BOWRAL
	810
	10
	-2.41
	3.07
	-79.05
	53.59
	-132.64

	Grafton

	Crnr of Skinner St and Tyson St South Grafton
	18
	19
	0.74
	2.09
	-70.10
	58.995
	-129.09

	Silo, Bent St, Opposite Earle Page Park GRAFTON
	14
	50
	-0.74
	2.09
	-69.80
	58.995
	-128.79

	Lismore

	Art Gallery Dawson Street LISMORE
	12
	12
	2.59
	3.93
	-80.75
	63.45
	-144.20

	Lismore Water Comms Tower Wyreema Avenue GOONELLABAH
	190
	12
	-2.59
	3.93
	-80.45
	63.45
	-143.90

	Tamworth

	Ray Walsh House 437 Peel St TAMWORTH
	385
	22
	4.37
	1.69
	-81.59
	48.64
	-130.23

	Ray Walsh House 437 Peel St TAMWORTH
	385
	22
	4.37
	1.69
	-81.66
	48.64
	-130.30

	Tamworth City Council Site Oxley Park Reservoir TAMWORTH
	523
	13
	-4.37
	1.69
	-81.36
	48.64
	-130.00

	Tamworth City Council Site Oxley Park Reservoir TAMWORTH
	523
	13
	-4.37
	1.69
	-81.29
	48.64
	-129.93

	South Australia

	ColorPrint 1 Para Rd. Tanunda
	267
	10
	2.11
	5.56
	-85.62
	55.18
	-140.80

	Hahns 39 Moppa Rd. Nuriootpa
	282
	12
	1.28
	8.88
	-85.87
	62.39
	-148.26

	Kodo Barossa Ranges Off Menglers Hill Rd 3 km SSW of ANGASTON
	484
	8
	-1.28
	8.88
	-85.56
	62.39
	-147.95

	Kodo Rifle Range Road TANUNDA
	477
	5
	-2.11
	5.56
	-85.92
	55.18
	-141.10

	Kodo Rifle Range Road TANUNDA
	477
	10
	-2.70
	5.41
	-88.58
	54.84
	-143.42

	Pernod Ricard Winemakers Barossa Valley Highway ROWLAND FLAT
	220
	12
	2.70
	5.41
	-88.27
	54.84
	-143.11

	Tasmania

	16 Elizabeth Street HOBART
	6
	26
	-4.29
	0.28
	-67.01
	40.08
	-107.09

	16 Elizabeth Street HOBART
	6
	26
	-0.15
	0.76
	-75.65
	42.37
	-118.02

	16 Elizabeth Street HOBART
	6
	26
	-0.15
	0.76
	-75.65
	42.37
	-118.02

	ANZ Centre 22 Elizabeth Street HOBART
	14
	44
	3.23
	4.2
	-81.16
	52.03
	-133.19

	ANZ Centre 22 Elizabeth Street HOBART
	14
	44
	3.23
	4.2
	-81.16
	52.03
	-133.19

	College A Block 50 Olinda Grove MT NELSON
	275
	20
	-3.23
	4.2
	-80.86
	52.03
	-132.89

	College A Block 50 Olinda Grove MT NELSON
	275
	20
	-3.23
	4.2
	-80.86
	52.03
	-132.89

	Clearys Gates Depot (Microwave Site) HOBART
	73
	12
	-0.99
	3.3
	-83.99
	49.84
	-133.83

	HCC Aquatic Centre 1 Davies Ave HOBART
	15
	15
	0.15
	0.76
	-75.35
	42.37
	-117.72

	HCC Aquatic Centre 1 Davies Ave HOBART
	15
	15
	0.15
	0.76
	-75.35
	42.37
	-117.72

	HCC Installation No 1 Princess Wharf Castray Esplanade Hobart
	3
	8
	4.29
	0.28
	-66.71
	40.08
	-106.79

	Metro Tasmania Head Office 220 Main Road Derwent Park
	20
	8
	0.99
	3.3
	-84.29
	49.84
	-134.13


[bookmark: _Toc89255316][bookmark: _Hlk75957367]Appendix E: VSAT to FWA sharing study
[bookmark: _Toc12440972][bookmark: _Toc89255317]Co-channel interference analysis
For the purpose of this analysis:
FWA parameters are taken from Appendix A
VSAT parameters are taken from Appendix B
propagation models are as outlined in the assumptions section.
The unwanted received power can be expressed as:   

Alternatively, when rearranged:
      (1)
Where:
Pr: 	unwanted received power at the input of FWA receiver
Pt : 	transmitter power
Gt :	gain of the FSS ubiquitous station with a transmit antenna discrimination angle of θ (dBi)
Lp :	     propagation loss between the transmit and receive antennas (dB)
Gr :	gain of the FWA receiving antenna with a receive antenna discrimination angle of  δ (dBi).
From equation (1), the required separation distance between a VSAT transmitter and an FWA receiver can be calculated. As shown in Appendix A, the target interference level Pr is calculated as -134 dBW/MHz. Pt is dependent on the antenna diameter, as stated in Appendix B. In the study, the maximum and minimum value of Pt for each antenna was considered.   
Like the Pt, Gt and Gr in (1) are also variable and depend on the relative position of the 2 systems. The worst-case scenario assumes the VSAT is along the same azimuth as the victim FWA UE terminal from the FWA BS. In this scenario, the maximum separation distance to avoid interference is determined. Table 10 shows the required separation distance between a VSAT and an FWA BS. 
The difference in the required separation distance from a VSAT to an FWA BS is dependent on the transmitter power of the VSAT and the gain of the FWA BS receiver antenna. This is due to all other parameters being the same; for example, the gain at 40⁰ for both the 0.8 m and 1.2 m antenna diameter is the same: -12dBi. Noting the minimum transmitter power for a VSAT is -16 dBW/MHS and the maximum transmitter power for a VSAT is -5.8 dBW/MHz, Table 10 shows that:
for a 23 dBi gain FWA BS antenna, a minimum separation distance varies from 2.4 km to 7.8 km between FWA BS and VSAT transmitter
for a 29 dBi gain FWA BS antenna, a minimum separation distance varies from 4.8 km to 15.5 km between FWA BS and VSAT transmitter.
Required separation distance between VSAT and FWA BS (with 30 m antenna height)
	FWA BS gain 
(dBi)
	FSS Pt  
(dBW/MHz)
	FSS ant 
(m)
	Separation distance (km)

	29
	-5.8
	1.2
	15.5

	29
	-13.5
	1.2
	6.4

	29
	-6.8
	0.8
	13.8

	29
	-16
	0.8
	4.8

	23
	-5.8
	1.2
	7.8

	23
	-13.5
	1.2
	3.2

	23
	-6.8
	0.8
	6.9

	23
	-16
	0.8
	2.4


The separation distance of a VSAT from the FWA UE can be calculated similar to the FWA BS. There are various types of UE antenna considered, with gains between 14 dBi and 20 dBi. Table 11 compares the separation distance for the different FWA UE antenna gains with a 1.2 m and a 0.8 m antenna VSAT operating at maximum and minimum power. 
Maximum separation distance between a VSAT and FWA UE
	FWA UE antenna gain (dBi)
	Distance (km)

	
	1.2 m VSAT
	0.8 m VSAT

	
	Pt=-5.8 dBW/MHz
	Pt=-13.5 dBW/MHz
	Pt=-6.8 dBW/MHz
	Pt=-16 dBW/MHz

	14 (Type-A)
	2.76
	1.15
	2.46
	0.85

	17
	3.9
	1.61
	3.47
	1.2

	20 (Type-B)
	5.51
	2.27
	4.91
	1.7


A comparison between Table 10 and Table 11 confirms that the dominant interference scenario is where the victim receiver is an FWA BS. For example, where the VSAT transmitter power is -5.8 dBW/MHz, using the highest gain FWA UE requires a separation distance of 5.51 km, whereas the lowest gain FWA BS requires a separation distance of 7.8 km.
[bookmark: _Sensitivity_Analysis][bookmark: _Toc89255318]Sensitivity analysis
In making the assumptions for the study, it is necessary to identify the potential affect these assumptions could have on the overall results. While cross polarisation has not been considered in this study, it has been included in the sensitivity analysis as a reference. The value for the clutter loss, 15 dB, was derived from ITU-R Recommendation P.452, section 4.5. Table 12 provides a summary of the sensitivity analysis of the assumptions. 
Sensitivity analysis of assumptions
	Distance between VSAT and FWA to avoid interference (km)

	Scenario
	Current analysis
	BS height of 50 m
	Cross polar of 3 dB
	Clutter loss of 15 dB
	All 18 dB

	VSAT – 1.2 m antenna, Tx power -5.8 dBW/MHz

	FWA BS – 29 dBi
	15.5
	15.5
	11
	2.76
	1.95

	FWA BS – 23 dBi
	7.8
	7.8
	5.5
	1.4
	0.98

	VSAT – 0.8 m antenna, Tx power -16 dBW/MHz

	FWA BS – 29 dBi
	4.8
	4.8
	3.4
	0.85
	0.6

	FWA BS – 23 dBi
	2.4
	2.4
	1.7
	0.4
	0.3



[bookmark: _Toc89255319]International analysis
Task group 5-1 of ITU-R considered the sharing between FSS fixed earth stations and mobile stations, with the result of the analysis summarised in Attachment 3 to Annex 3 of document 5-1/478. This document contains around 15 independent studies. These studies were reviewed to ensure the approach taken in this study is consistent with international approaches. 
[bookmark: _Toc89255320]Geographic boundary analysis
The band 27.5–28.1 GHz is available on a primary basis for FWA in the defined population centres (co-primary with gateway FSS earth stations), while the same frequency range is available for FSS systems generally on a primary basis outside of defined population centres. Therefore, the geographical boundary and/or technical limitations between a VSAT with an FWA needs to be investigated. 
The VSAT to FWA analysis in this paper provides the required separation distance between the 2 services. Based on the maximum transmitter power of FWA systems in the 28 GHz band, 30 dBm/200 MHz, it is possible to calculate the distance from the boundary that an FWA BS would be required to meet a boundary condition of –140 dBW/MHz. To note, this is the distance from the boundary for an FWA BS transmitter operating at maximum power. No minimum distance to the boundary is specified for an FWA BS as there is no limitation on the minimum power that BS can use. 
For an FWA BS with antenna gain of 23 and 29 dBi, this maximum distance to the boundary is 8.5 km and 17 km, respectively. Table 13 shows the distances to the boundary required by both VSAT and FWA to meet the minimum separation distance to avoid interference for the worst and best-case scenario for the different FWA BS antenna gains. While the likelihood of the FWA BS being placed closer to the boundary is high (by reducing its transmitter power), this will be offset by the likelihood of the VSAT operating at a lower transmitter power. As such, there is no proposed required distance for a VSAT to the boundary to avoid potential interference to an FWA BS.
Distance to boundary for VSAT and FWA BS
	[bookmark: _Hlk61947950]FWA BS gain (dBi)
	FSS Pt (dBW/MHz)
	Separation distance (km)
	FWA distance to boundary (km)
	VSAT distance to boundary (km)

	29
	-5.8
	15.5
	17
	0

	29
	-16
	4.8
	17
	0

	23
	-5.8
	7.8
	8.5
	0

	23
	-16
	2.4
	8.5
	0



[bookmark: _Toc89255321]Appendix F: ESIM to FWA sharing study
[bookmark: _Toc89255322]A-ESIM co-channel interference analysis
ESIM has been studied in ITU-R prior to WRC-19, including multiple sharing studies with other services. In particular, there was significant interest from the satellite and mobile sectors regarding the sharing studies and the WRC-19 agreed to technical limitations on ESIM as described in Appendix B. Most interest centred around A-ESIM, as it is expected that most commercial aircraft will be equipped with ESIM, which would mean a proliferation of A-ESIM operating anywhere at any time.
The pfd limit shown in Figure 8, Appendix C, divides the pfd limit based on the altitude of the A-ESIM. From the defined pfd limit, the received power to the FWA system can be calculated. This section describes the basic approach, with examples for various configurations of ESIM and FWA.
The fundamental relation between pfd and received power level, Pr, is:
 (W)
Where:
Aeff shows the effective aperture of the receiving antenna (m2)
Pfd is the power flux density at a receiver antenna (W/m2) 
Pr is the received power to antenna (W).
The following equation demonstrates the relationship between Aeff and antenna gain:
 (m2)
Where:
G shows the receiver antenna gain.
 is the wavelength of the frequency being used (m). 
Therefore, the received power to the FWA receiver in dB is:
=10×log(+10×log(pfd)

The receiver FWA antenna may have different gain and pattern shape depending on the array element type, number of array elements, and orientation (tilt) of antenna. The FWA BS with the technical parameters provided at Appendix A was analysed to determine the potential interference from an A-ESIM. The received power level to the FWA BS receiver based on the angle of incidence (that is, the elevation angle from the BS to the A-ESIM) for an A-ESIM with an altitude below and above 3 km is shown in Figure 10. The FWA BS maximum acceptable interference level of -134 dBW/MHz is also shown. 
Received power to FWA BS receiver from A-ESIM 
[image: If you need help accessing or reading this diagram, please contact the ACMA's Customer Service Centre by phone on 1300 850 115 or by email at info@acma.gov.au]
The UE terminal of an FWA system has a lower antenna gain than BS station. However, in contrast to the BS antenna with limited uptilt angle above horizon, UE antennas may be tilted up to 25° above horizon. The methodology used for the 
A-ESIM to FWA BS was used for the FWA UE analysis. The result is shown in 
Figure 11. 
Received power to FWA UE receiver from A-ESIM  
[image: If you need help accessing or reading this diagram, please contact the ACMA's Customer Service Centre by phone on 1300 850 115 or by email at info@acma.gov.au]
As shown in Figure 10 and Figure 11, for both the maximum antenna gains of a BS (29 dBi) and UE (20 dBi) used for this paper, the received power from an A-ESIM to an FWA BS and UE is below the required level of acceptable interference. 
For an A-ESIM that has landed at an airport, consideration needs to be given to the sharing capability of the A-ESIM with surrounding FWA systems. While the A-ESIM is airborne, ITU-R Resolution 169 (WRC-19) provides guidance by using established pfd requirements on the ground for various angles, from directly below the A-ESIM (that is, 90o) to directly in front the A-ESIM (that is, 0o). It should be noted these criteria are based on an A-ESIM being airborne and accounts for losses associated with attenuation from an aeroplane fuselage. However, the grounded A-ESIM poses a conundrum regarding its operation – is the A-ESIM:
1. still operating under the same airborne conditions, or 
is the A-ESIM now operating more like a VSAT?
The ACMA has considered both scenarios.
For the first scenario, the A-ESIM is considered to be operating like a VSAT. The previous analysis for a VSAT to an FWA system is pertinent. As has been shown, at the lowest power level for a VSAT and the lowest FWA antenna gain, a separation distance of 2.4 km is required. If a higher power level of VSAT and higher antenna gain of FWA is considered, a separation distance of up to 15.5 km would be required. For further details, see Table 10.
For the second scenario, the A-ESIM is considered to be operating like an airborne 
A-ESIM, except on the ground. That is, the A-ESIM is required to meet the ITU-R Resolution 169 (WRC-19) criteria. For this analysis, the angles of incidence of 0.11o and 90o for the A-ESIM were considered. 0.11o was chosen as this equates to approximately 5 km between the A-ESIM and the ground for an A-ESIM at 10 m. Given the radio horizon and likely clutter, angles below 0.11o would provide unrealistic results.
The following equation was used to find the required received power on the ground:

Using the above equation, the A-ESIM EIRP was calculated:


Where: 
 = 0.0107069 m (based on 28 GHz)
pfd = levels as provide by Res 169 (WRC-19) 
f = 28 GHz
d = distance from A-ESIM to ground
Attplane = Attenuation due to aeroplane fuselage.
Solving for the constant terms provides the following equation:


Table 14 provides a summary of the pfd requirements for a landed A-ESIM[footnoteRef:9] and its associated EIRP and transmitter power density.  [9:  A landed A-ESIM has been assumed to operate at 10 m above the ground (that is, located on top of an aeroplane). ] 

[bookmark: _Ref37054292]Landed A-ESIM requirements to meet Res 169 (WRC-19) 
	Angle of incidence (o)
	pfd required on ground      (dBW/m2 MHz)
	Distance from A-ESIM to ground      (km)
	Aeroplane fuselage attenuation*  (dB)
	EIRP (dBW/MHz)
	Antenna gain
(dBi)
	Transmitter power density (dBW/MHz)

	0.11
	-134.22
	5.2
	0
	-48.91
	-8
	-40.91

	90
	-108
	0.01
	20
	-57.02
	-10
	-47.02


*Fuselage attenuation was derived based on the submissions to WRC-19 by the Republic of Korea, Document 61-E, and Viasat Document 4A/880-E.

For the requirement to meet the ITU-R Resolution 169 (WRC-19) criteria, an A-ESIM must meet all pfd criteria for all angles of incidence. For example, a landed A-ESIM would need to have an EIRP of -47.02 dBW/MHz to meet both the 90o and 0o criteria. Based on this anlayis, a landed A-ESIM will be required to operate approximately 30 dB below its minimum tranmsit power of a VSAT to meet the ITU-R Resolution 169 (WRC-19) criteria. 
[bookmark: _Toc89255323]M-ESIM co-channel interference analysis
The international technical values of maritime ESIM were discussed and agreed at WRC-19.  Part I of Annex 2 to Res 169 (WRC-19) specifies that the maximum EIRP spectral density towards horizon shall be limited to 24.44 dBW/14 MHz.[footnoteRef:10] This value is required to be met at a 70 km distance from the low-water mark.  [10:  The M-ESIM transmit power of 24.44 dBw/14MHz is equivalent to 12.98 dBW/MHz. ] 

By considering free space loss, ITU-R Recommendation P.525-3, and diffraction over smooth earth, ITU-R recommendation P.526-14, the above EIRP can be translated to the receive power at FWA BS located at shore pointing towards the M-ESIM station. 

To calculate the propagation loss (L) over a 70 km distance, the free space loss (Lfs) and diffraction (Ldiff) were considered. Calculation of diffraction is based on FWA antenna height of 30 m and M-ESIM height of 40 m (based on ITU-R Recommendation SF.1650). The following equation was used to find L:
L= Lfs (158.3 dB) + Ldiff (71 dB) = 229.3 dB
Using the values for the FWA BS provided in Appendix A and the transmit power for a M-ESIM provided in Appendix C:	

This value is noticeably below the FWA BS maximum acceptable interference level of ‑134 dBW/MHz. Analysis shows that the limits suggested by WRC-19 for M-ESIMs are sufficient to protect FWA stations from M-ESIMs that are 50 km away from the shore. 
For M-ESIMs closer than 50 km to the shore, the criteria for the FWA BS maximum acceptable interference level of -134 dBW/MHz at the shore would have to be met to ensure protection of FWA systems. The equivalent interference pfd level (assuming a 29 dBi antenna gain) to protect FWA BS would be -112.2 dBW/m2/MHz at 30 m.
[bookmark: _Toc89255324]Appendix G: FSS to point-to-point sharing study
RALI MS 38 is designed for the coordination of PTP services from apparatus-licensed fixed earth stations. As a VSAT in the 28 GHz band operates under the CSO class licence, the exact position and orientation of the VSAT is unknown. As ubiquitous FSS operate under a no interference/no protection basis, it is incumbent on the FSS to ensure it does not cause interference to PTP services. To aid the FSS in ensuring the protection of grandfathered PTP services, the following analysis aims to provide an indicative distance where FSS will need to start considering the potential for interference to a PTP service.
[bookmark: _Toc89255325]PTP sharing with VSAT
By considering the 40° elevation angle of VSATs and 0° tilt angle of PTP stations, Table 15 below shows the required separation distance between the 2 systems. The maximum and minimum for both the VSAT transmit power density and PTP antenna heights have been used for the analysis.  
Indicative EIRP of the M-ESIM at horizon towards shore
	VSAT transmit power density (dBW/MHz)
	PTP ant height 
(m)
	Required separation distance (km)

	-5.8
	8
	24.5

	-16
	8
	21.1

	-5.8
	120
	55.8

	-16
	120
	52.3



From the analysis, a VSAT may cause interference to a PTP service up to 55 km away. As a VSAT operates on a no interference/no protection basis, any VSAT operating within 55 km of a PTP receiver should consider the potential interference to ensure it meets its licencing requirements.
[bookmark: _Toc89255326]PTP sharing with A-ESIM
Distribution of the 88 PTP assignments (44 receiver links) are shown in Figure 9, see Appendix D. Based on the maximum received power level for a PTP of ‑145 dBW/MHz and using the methodology used for the A-ESIM analysis with FWA, the analysis for the PTP sharing with A-ESIM is shown in Figure 12.
Received power to PTP receiver from A-ESIM 
[image: If you need help accessing or reading this diagram, please contact the ACMA's Customer Service Centre by phone on 1300 850 115 or by email at info@acma.gov.au]
Figure 12 shows that for a PTP service with no tilt angle, the maximum interference level is limited to -138 dBW/MHz. Where the tilt angle is at the average +2.6o, the maximum interference level is approximately to -123 dBW/MHz.
Table 16 asses the probability of interference of PTP receivers based on each individual station’s antenna elevation and corresponding calculated maximum interference level (based on RRL data and criteria in RALI FX3).
Likelihood of interference from an A-ESIM to a PTP receiver 
	Antenna elevation angle (degrees)
	Calculated maximum interference level (dBW/MHz)
	Number of receivers
	Probability of interference

	<0
	> -110
	1
	None

	
	-110 to -120
	4
	None

	
	-120 to -130
	7
	None

	
	-130 to -140
	6
	None

	
	< -140
	4
	None

	0 to 1
	> -110
	0
	N/A

	
	-110 to -120
	4
	None

	
	-120 to -130
	2
	None

	
	-130 to -140
	2
	None

	
	< -140
	0
	N/A

	1 to 2
	> -110
	0
	N/A

	
	-110 to -120
	0
	N/A

	
	-120 to -130
	2
	None 

	
	-130 to -140
	0
	N/A

	
	< -140
	1
	High 

	2 to 3
	> -110
	0
	N/A

	
	-110 to -120
	0
	N/A

	
	-120 to -130
	0
	N/A

	
	-130 to -140
	2
	medium 

	
	< -140
	3
	High 

	3 to 4
	> -110
	0
	N/A

	
	-110 to -120
	0
	N/A

	
	-120 to -130
	0
	N/A

	
	-130 to -140
	2
	medium 

	
	< -140
	0
	N/A

	above 4
	> -110
	1
	None

	
	-110 to -120
	0
	N/A

	
	-120 to -130
	3
	Low to medium 

	
	-130 to -140
	0
	N/A

	
	< -140
	0
	N/A



[bookmark: _Toc89255327]PTP sharing with M-ESIM
We reviewed the 44 PTP receiver assignments as shown in Figure 9, Appendix D, to determine which assignments could potentially be affected by M-ESIM. Of the 9 general areas PTP are deployed, most were sufficiently inland to not be affected by an M-ESIM. However, as the sites of Ballina (8 receiver PTP assignments) and Hobart (12 receiver PTP assignments) are located close to the coastline, they will need to be considered further. A graphical representation of assignments located at Ballina and Hobart are shown in Figure 13 and Figure 14, respectively.
Ballina PTP assignments
[image: If you need help accessing or reading this diagram, please contact the ACMA's Customer Service Centre by phone on 1300 850 115 or by email at info@acma.gov.au]
Hobart PTP assignments
[image: A picture containing text, different

Description automatically generated]
To obtain a more accurate determination of the potential interference to PTP services in Ballina and Hobart, further analysis was conducted for each location. The PTP receiver characteristics for the affected site were obtained from the RRL and the site-specific PR was calculated. To calculate the protection ratio, a rain rate for 0.01% of time of 45 mm/hr was used for Ballina and 25 mm/hr was used for Hobart. These values were taken from ITU-R Recommendation PN.837. Table 17 summarises the criteria for the links, with the highest potential for interference from a M-ESIM provided in Appendix D.
Site specific criteria for PTP services in Ballina and Hobart
	Transmitter
	Receiver

	Site name
	Height
(m)
	EIRP
(dBW/MHz)
	Path length (km)
	Site name
	Height
(m)
	Rx power
(dBW/MHz)
	PR
(dB)
	Max interference level
(dBW/MHz)

	Ballina  

	Pine Avenue
	20
	16.4
	3.87
	Ballina Airport Terminal
	6
	-69.88
	63.2
	-133.08

	Pine Avenue
	20
	12.8
	2.2
	38 Cherry St
	13
	-72.24
	55.72
	-127.96

	Pine Avenue
	20
	16.4
	3.72
	95 Southern Cross Drive
	8
	-69.60
	52.57
	-122.17

	Hobart

	16 Elizabeth Street
	26
	5.6
	0.76
	HCC Aquatic Centre
	15
	-75.35
	42.37
	-117.72

	50 Olinda Grove
	20
	10.3
	4.2
	22 Elizabeth Street
	44
	-81.16
	52.03
	-133.19

	Princess Wharf
	8
	5.6
	0.28
	16 Elizabeth Street
	26
	-67.01
	40.08
	-107.09

	Clearys Gates Depot
	12
	5.7
	3.3
	220 Main Road
	8
	-84.29
	49.84
	-134.13



The M-ESIM transmitter powers used for the analysis parameters are provided in Table 18.
M-ESIM transmitter powers used for analysis
	EIRP over horizon towards shore (dBW/MHz)
	Justification

	13
	Maximum EIRP to the horizon based on ITU-R Resolution 169 (WRC-19) 

	-19
	5 dB above minimum system performance of -24 dBW/MHz

	-24
	Minimum level EIRP to the horizon of -24 dBW/MHz based on VSAT minimum transmitter power of -16 dBW/MHz and -8 dBi antenna gain



The required M-ESIM EIRP to the horizon level to avoid interference is shown figures 15 and 16 for Ballina, and figures 17 and 18 for Hobart. In the figures:
the blue contour represents the closest an M-ESIM can get to the victim PTP assignment when operating at the maximum EIRP to the horizon of 13 dBW/MHz
the green contour represents the closest an M-ESIM can get to the victim PTP assignment when operating at the ACMA-proposed minimum level EIRP to the horizon of -19 dBW/MHz
the red contour represents the closest an M-ESIM can get to the victim PTP assignment when operating at the M-ESIM minimum level EIRP to the horizon of    -24 dBW/MHz. 
Required M-ESIM EIRP to the horizon to avoid interference to Ballina within 50 km
[image: If you need help accessing or reading this diagram, please contact the ACMA's Customer Service Centre by phone on 1300 850 115 or by email at info@acma.gov.au]
Required M-ESIM EIRP to the horizon to avoid interference to Ballina within 10 km
[image: ]
The analysis for the Ballina PTP services indicates that an M-ESIM operating in accordance with ITU-R Resolution 169 (WRC-19) has the potential to cause interference to the PTP services when within 28 to 40 km. If the power is decreased to -19 dBW/MHz, the M-ESIM may operate up to 5 to 10 km from the PTP without causing potential interference. 
Required M-ESIM EIRP to the horizon to avoid interference to Hobart within 50 km
[image: If you need help accessing or reading this diagram, please contact the ACMA's Customer Service Centre by phone on 1300 850 115 or by email at info@acma.gov.au]
Required M-ESIM EIRP to the horizon to avoid interference to Hobart within 10 km
[image: ]
The analysis for the Hobart PTP services indicates that an M-ESIM operating in accordance with ITU-R Resolution 169 (WRC-19) has the potential to cause interference to the PTP services when within 20 to 40 km. If the power is decreased to -19 dBW/MHz, the M-ESIM may operate up to 3 km from the PTP without causing potential interference.
It should be noted for both the Ballina and Hobart analysis, that for most azimuths the potential interference is significantly less than that of the bore sight azimuth. That is, while the separation distance is much higher when an M-ESIM is on the bore sight azimuth of a PTP, the separation distance for most other azimuths are much lower.
Table 19 provides the required distances for M-ESIMs to avoid potential interference to the PTP assignments located at Hobart and Ballina.
Separation distance required by M-ESIM to avoid interference to PTP
	M-ESIM EIPP to horizon (dBW/MHz)
	Separation distance required

	
	Ballina
(km)
	Hobart
(km)

	13
	30–40
	20–40

	-19.5
	5–10
	3

	-24
	1–5
	1.5


[bookmark: _Toc89255328]Appendix H: Adjacent band analysis
The outcomes paper specifies the frequency range 27.5–28.1 GHz for FWA and the adjacent range 28.1–29.5 GHz for VSAT inside defined populated centres on a primary basis. Therefore, an analysis is required of the adjacent band interference between the ubiquitous FSS earth stations and FWA to quantify any potential interference concerns. As VSAT and ESIM have the same out-of-band characteristics, the VSAT scenario was analysed.
Adjacent band interference analysis depends on 2 factors. First, the sharpness of the receiver filter in eliminating the effect of any emission outside of designated spectrum known as Adjacent Channel Selectivity (ACS). Second, the transmitter performance in the assigned frequency band and not contaminating other parts of the spectrum, referred to as unwanted emissions.
3GPP 38.104, modified on 12/2019, specifies the ACS of 5G-based systems. Based on this standard, the average value for the ACS is 21.7 dB. Details of ACS calculation is described in Appendix A, under the section for adjacent channel selectivity. 
The unwanted emissions of the FSS transmitter can be divided into 2 sections: emissions in the out-of-band (OOB) domain and emissions in the spurious domain. The former is regulated in ITU-R Recommendation SM.1541 and the latter in ITU-R Recommendation S.726. Details of the calculation of these 2 factors are described in Appendix B, under the section for unwanted emissions. The OOB emission levels[footnoteRef:11] for the first adjacent channel is approximately 8 dB, and 23.15 dB for the second channel. Beyond the second adjacent channel, the spurious emission limit is an absolute value of -55 dBW/MHz. [11:  OOB emission levels are relative to the in-band emission level.] 

The frequency dependent interference ratio (FDIR) was then determined using the combination of all 3 factors of ACS, OOB and spurious emission. The FDIR was calculated by finding:
1. How much of VSAT transmitter in-band power leaks to the FWA receiver channel due to the non-ideal performance of FWA receiver filter (ACS)? This unwanted power is shown as UW1.
How much power from the VSAT transmitter will fall inside the FWA receiver band due to the OOB emission and spurious emission of a VSAT? The OOB emission is divided into 2 sections: OOB of the VSAT in the first adjacent channel and OOB of the VSAT in the second adjacent channel. The UW2 represents power leakage due to the first adjacent channel and UW2 shows the effect of the second adjacent channel. Finally, UW4 is used to account for unwanted emissions in the receiver channel due to spurious emissions of the VSAT.  
By combining the effect of non-ideal characteristics of an FWA receiver and a VSAT transmitter, the FDIR can be determined. The simple formula below can be used to calculate the total unwanted emission inside the receiver bandwidth: 
FDIR (dB) = 10 log (PVSAT out of band (W) + PFWA ACS (W) + PVSAT spurious (W))
The effect of a VSAT operating on a frequency adjacent to an FWA can then be treated as a co-channel scenario by adjusting its power to UWtotal and following the procedure in Appendix E.
The following assumptions were made for the analysis: 
1. VSAT bandwidth of 12 MHz[footnoteRef:12]  [12:  It is noted that the results can generally be applied to other bandwidths. ] 

FWA bandwidth of 50 MHz. 
Based on the bandwidth of the VSAT and FWA being 12 MHz and 50 MHz, respectively, the FDIR criteria to be used is provided in Table 20. 
FWA/VSAT FDIR values 
	Adjacent channel
	Value 
(dB)
	Dominant adjacent channel criteria

	VSAT 1st adjacent channel
(0–12 MHz from band edge)
	7.69
	VSAT out-of-band

	VSAT 2nd adjacent channel
(12–24 MHz from band edge)
	19.35
	VSAT out-of-band

	Beyond VSAT 2nd adjacent channel up to 50 MHz
(24–50 MHz from band edge)
	21.7
	FWA adjacent channel selectivity

	Greater than 50 MHz
	-55 dBW/MHz[footnoteRef:13] [13:  The spurious emission level is an absolute value of -55 dBW/MHz based on ITU-R Rec S.726.] 

	VSAT spurious emission



Like determining the loss for the in-band analysis, the out-of-band uses a similar equation except that the additional FDIR criteria is included. The following equation was used to determine loss required for the adjacent channel analysis:
      (2)
Using the FDIR values in Table 20, the required separation distances for the different scenarios were determined. These distances are provided in Table 21.
Distance between VSAT and FWA to avoid adjacent channel interference
	
	Distance between VSAT and FWA to avoid interference (km)

	Scenario
	1st adjacent channel
	2nd adjacent channel
	Up to 
50 MHz
	Greater than 50 MHz

	FWA 29 dBi antenna gain and 30 m height

	VSAT – 1.2 m antenna, Tx power -5.8 dBw/MHz
	6.4
	1.67
	1.28
	0.054

	VSAT – 1.2 m antenna, Tx power -13.5 dBw/MHz
	2.64
	0.69
	0.53
	0.054

	VSAT – 0.8 m antenna, Tx power -6.8 dBw/MHz
	5.71
	1.49
	1.14
	0.054

	VSAT – 0.8 m antenna, Tx power -16 dBw/MHz
	1.98
	0.52
	0.39
	0.054

	FWA 23 dBi antenna gain and 30 m height

	VSAT – 1.2 m antenna, Tx power -5.8 dBw/MHz
	3.21
	0.84
	0.64
	0.027

	VSAT – 1.2 m antenna, Tx power -13.5 dBw/MHz
	1.32
	0.35
	0.26
	0.027

	VSAT – 0.8 m antenna, Tx power -6.8 dBw/MHz
	2.86
	0.75
	0.57
	0.027

	VSAT – 0.8 m antenna, Tx power -16 dBw/MHz
	0.99
	0.26
	0.20
	0.027
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