January 21, 2019
c/o Director
Space Services Planning
Innovation, Science and Economic Development Canada
235 Queen Street
Ottawa, Ontario K1A 0H5
Via Email: ic.spectrumengineering-genieduspectre.ic@canada.ca
Canadian Gazette, Part I, October 2018
Notice Reference Number: SMSE-0196-18
RE: Consultation on the Utilization of the Bands 18.8-19.3 GHz and 28.6-29.1 GHz, and the
Bands 17.3-17.7 GHz, 19.3-19.7 GHz and 29.1-29.25 GHz by the Fixed-Satellite Service
These comments are filed by Viasat, Inc. (“Viasat”) in response to the above-referenced
consultation. Viasat appreciates the opportunity to comment on the questions raised by ISED in
the consultation.
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Sincerely,
Christopher J. Murphy
Associate General Counsel
Regulatory Affairs
Viasat
+1.760.798.6448 (m)
+1.760.893.3269 (o)
christopher.murphy@viasat.com

Viasat, Inc. is the parent company of Viasat Canada Corp. Xplornet Communications Inc. has
contracted with Viasat, Inc. for residential capacity on the ViaSat-2 satellite network and has
agreed to purchase gateways and ground equipment for the Canadian market.
1

Comments of Viasat, Inc.
Consultation on the Utilization of the Bands 18.8-19.3 GHz and 28.6-29.1 GHz, and the
Bands 17.3-17.7 GHz, 19.3-19.7 GHz and 29.1-29.25 GHz by the Fixed-Satellite Service,
SMSE-016-18
Viasat, Inc. (“Viasat”) welcomes the opportunity to comment on the consultation issued
by Innovation, Science and Economic Development Canada (“ISED”) seeking to develop
spectrum utilization policies for the 18.8-19.3 GHz, 28.6-29.1 GHz, 17.3-17.7 GHz, 19.3-19.7
GHz and 29.1-29.25 GHz frequency bands by the fixed-satellite service (“FSS”). Viasat also
takes this opportunity to recall Viasat’s comments in the ISED 2017 consultation on Releasing
Millimetre Wave Spectrum to Support 5G and the critical importance of the 27.5-28.35 GHz
band for continued and expanding use by the Fixed Satellite Service (FSS), both for critical
gateway and ubiquitous end user terminals in both populated cities and rural and remote areas
alike.
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I.

VIASAT IS A GLOBAL LEADER IN BROADBAND COMMUNICATIONS
SOLUTIONS

Viasat is a NASDAQ listed global communications company that has been in operation
for more than 30 years comprising more than 5,200 employees across 28 offices around the
world.
Viasat is a leading global provider of satellite and terrestrial broadband communications
solutions, and is the operator of a large fleet of Ka-band spacecraft. Today, Viasat services
connect almost 100 million devices per year on airplanes and 700,000 homes and businesses,
through five satellites currently in orbit. Viasat has two additional Ka-band spacecraft, ViaSat-3
class satellites, under construction, and over C$4B in broadband investment globally.
Viasat believes in fearless innovation and is finding better ways to deliver connections
with the capacity to change the world. Viasat is developing the ultimate global communications
network to power high-quality, secure, affordable, fast connections to impact people’s lives
anywhere they are—on the ground, in the air or at sea.
Viasat’s satellite technology is used to serve a wide range of satellite broadband
applications over the entire Ka-band, including home and business broadband, serving those in
remote locations who have limited access to alternative services, and ESIM (earth stations in
motion) applications, such as broadband for aircraft passengers, crew and passengers on sea
vessels, and people on trains, buses and in connected cars. Viasat’s technology is also vital to
the defense sector, with applications in “anywhere, anytime” assured communications, instant
access to ISR (Intelligence, Surveillance, Reconnaissance) video, maps, voice and data.
Coverage of Viasat’s satellites continue to evolve with successive versions of Viasat’s
satellites, as illustrated in the figures below.

See Comments of ViaSat on Consultation on Releasing Millimetre Wave Spectrum to Support 5G,
Notice Number SLPB-004-17, Canada Gazette, Part I, July 15, 2017, filed September 15, 2017 (“ViaSat
Millimetre Wave Comments”).
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ViaSat-1 & 2

ViaSat-3

Technological development has meant that each successive version of Viasat’s satellites
has exponentially more bandwidth. Viasat’s latest generation of satellites, ViaSat-3, each has
approximately ten-times the bandwidth (1+ Tbit/s) of the earlier ViaSat-1 satellite. The rapid
and ongoing improvement in satellite technology means that the performance and cost of
existing satellite broadband services continue to improve rapidly.
This technological development has been driven by miniaturization of components used
in satellites along with developments in satellite design, which have allowed for smaller ground
station antennas. Other developments include locating gateways on cost-effective fiber, Earth
3

Stations in Motion (“ESIM”) antennas and satellite-powered Community and Urban Wi-Fi.
These developments, combined with broad use of Ka-band frequencies—including the frequency
bands addressed in ISED’s consultation—have further improved both the quality and range of
end-user services that can be provided.
3
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The frequency bands under consideration in this consultation have been available for use by
satellite networks since ISED first opened the Ka-band for commercial licensing and have remained
available for satellite use for two decades. Access to these bands has been an essential part of the
design of Viasat’s ground-breaking, high-throughput broadband satellite networks, which have
revolutionized the industry, enabled the delivery of high-quality broadband service to end users across
Canada, and provided Canadians with an effective competitive alternative to both wired and wireless
terrestrial broadband providers. These bands are essential to the Viasat spacecraft currently in
operation, as well as to the even more advanced Viasat spacecraft under development that will serve
Canada in the next few years. In addition, satellite broadband services already are an essential part of
the ecosystem for delivering the most advanced broadband services possible.5
Viasat and its Canadian partners’ network of earth stations will continue to expand as Viasat
launches its next-generation spacecraft authorized by ISED, acquires more customers, and continues to
expand its infrastructure to maintain its ability to deliver broadband service at levels that are
competitive with terrestrial alternatives. Viasat will require many more such earth stations, albeit much
smaller in size, to aggregate and interconnect traffic and also require access for end user terminals
throughout Canada, including in and around the populated areas of the nation. Any decisions taken by
ISED need to take into account satellite access for both gateways and user terminals in these bands and
the adjacent bands.

II.

ACCESS TO KA-BAND SPECTRUM IS CRITICAL FOR ADVANCED
SATELLITE BROADBAND TECHNOLOGIES

ISED recognizes in the consultation that satellites play a vital role in serving widely
dispersed populations and rural and remote communities that are prevalent in Canada. The Kaband, which includes the 18.8-19.3 GHz, 28.6-29.1 GHz, 17.3-17.7 GHz, 19.3-19.7 GHz and
29.1-29.25 GHz band segments, is and will continue to be a critical input for satellite broadband
technologies that bridge the digital divide between rural and urban areas today and in the future.
However, satellite broadband is not merely a solution for rural areas, as there also are
Viasat Hits 1,000 Commercial Aircraft Flying with its In-Flight Connectivity System, Press Release, Dec.
10, 2018 (https://www.viasat.com/news/viasat-hits-1000-commercial-aircraft-flying-its-flightconnectivity-system); London School of Economic and Political Science, Sky High Economics:
Quantifying the commercial opportunities of passenger connectivity for the global airline industry, Sept.
2017(http://www.lse.ac.uk/business-and-consultancy/consulting/consulting-reports/sky-high-economics);
Viasat technology behind advances in telemedicine, better en route care, Jan. 15, 2019
(https://corpblog.viasat.com/viasat-technology-behind-advances-in-telemedicine-better-en-route-care/).
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Viasat Community Wi-Fi: High-speed Internet in the Hardest to Reach Places,
(https://www.viasat.com/services/community-wi-fi); Viasat Introduces Viasat Urban Wi-Fi, the Fastest
Satellite-Enabled Broadband Service for Urban Areas Across Mexico, Dec. 3, 2018
(https://www.viasat.com/news/viasat-introduces-viasat-urban-wi-fi-fastest-satellite-enabled-broadbandservice-urban-areas).
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See Appendix 1.
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underserved populations throughout urban areas due to the lack of high-quality and affordable
broadband services in certain locations. Today’s satellite broadband is provided at the speeds
and prices consumers desire, and it also has the enormous advantage of being able to be
deployed to a given location almost immediately. Therefore, Ka-band satellite broadband
provides more and better choices for consumers, including those residing in and around
populated areas.
Moreover, satellite broadband provides ubiquitous connectivity that no other technology
can offer, and also provides reliable connectivity during times of disaster and other crises. Kaband-enabled satellite broadband also furthers other important policy goals, such as enabling
telemedicine, extending access to educational institutions and libraries, supporting the creation of
new jobs, empowering businesses owned by women and minorities, supporting the development
of democracy, freedom of information and speech, providing access to content and
entertainment, and enabling communication with family members in other countries.
The latest commercial GSO satellite broadband networks currently use the full Ka-band
range at 27.5-30 GHz and 17.7-20.2 GHz to provide services to millions of end users, and almost
100 million personal electronic devices in airplanes each year, around the world. These numbers
are expanding exponentially each month as more and more aircraft are equipped with satellitepowered broadband. As with all other successful services, satellite broadband spectrum
requirements expand as user demand continues to grow. Thus, access to the full Ka-band is vital
to Viasat and the satellite broadband community when providing consumers and public and
private enterprises with high-speed, high quality, resilient broadband service, anytime and
anywhere, regardless of where the end-user is located.
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Therefore, Viasat supports ISED’s proposals to formalize the FSS designations in the
18.8-19.3 GHz and 28.6-29.1 GHz bands. Viasat also requests that ISED consider expanding
FSS uses in bands shared with terrestrial services and MSS feeder links where such use is
compatible with primary services operating in the band. Viasat supports ISED’s proposal to
expand FSS access in the 17.3-17.7 GHz, 19.3-19.7 GHz and 29.1-29.5 GHz bands, and there is
no reason that FSS cannot be used for broadly deployed user terminals, both fixed and mobile.
Viasat has demonstrated that high-density earth stations can be deployed without constraining
MSS feeder links at 19.3-19.7 GHz and 29.1-29.25 GHz, and thus broader FSS deployment in
these bands should be considered in this proceeding.
III.

VIASAT’S RESPONSES TO CONSULTATION QUESTIONS

Viasat submits the responses below to each of the questions in the consultation. In
general, Viasat supports approaches that would harmonize internationally FSS uses of the Kaband frequencies addressed in this consultation. Significantly, the GSO networks and NGSO
systems and operations considered in the bands at issue will operate globally. In its proposals,
ISED tentatively concludes that domestic frequency utilization policies should be harmonized
with international allocations and rules. Therefore, Viasat also generally supports maintaining a
consistent approach regarding domestic coordination procedures, but with a default mechanism
for sharing among NGSO systems during in-line events.
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See Viasat Millimetre Wave Comments.
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Question 1: ISED is seeking comments on the proposal to give co-primary status to both
GSO networks and NGSO systems in the FSS in the bands 18.8-19.3 GHz and 28.6-29.1
GHz.
Viasat supports ISED’s proposal to formalize Canada’s current practice of treating GSO
networks and NGSO systems as having co-primary status in the 18.8-19.3 GHz and 28.6-29.1
GHz bands, consistent with the international allocations and uses. Viasat agrees that co-primary
status for GSO and NGSO systems provides continuity to existing operations both in Canada and
internationally.
Because GSO networks and NGSO systems are already co-primary internationally,
operators already routinely coordinate co-primary operations at 18.8-19.3 GHz and 28.6-29.1
GHz internationally pursuant to provision No. 5.523A of the ITU’s Radio Regulations. There is
no reason why such coordination could not be effectively concluded in Canada as well. Given
the higher latitudes of Canada’s geography, coordination is made simpler than at lower latitudes,
because of the significant separation angles that exist between GSO satellites located in the
equatorial plane, and NGSO satellites serving Canada, especially for NGSO gateways that may
be located near and pointed towards and above the North Pole.
Question 2: ISED is seeking comments on the proposal to use the original date of
authorization for domestic systems for domestic coordination purposes.
ISED proposes to use the original date of authorization for domestic systems to determine
coordination priority for domestic purposes. Authority to serve Canada via non-Canadian
systems is granted through an earth station application. Thus, domestic systems typically would
have an authorization date that coincides with the licensing of the spacecraft, while nonCanadian systems typically would not receive authorization until closer to the launch of the
spacecraft when an earth station is ready to be deployed. Using the domestic authorization date
to establish coordination priority therefore unduly disadvantages non-Canadian systems in the
Canadian coordination process, particularly where the non-Canadian system has ITU priority.
Viasat previously expressed concerns regarding ISED’s current procedures requiring
non-Canadian-licensed FSS operators to complete coordination with Canadian FSS networks
prior to obtaining ISED approval to provide FSS services in Canada, in the context of ISED’s
Consultation on the Licensing Framework for Non-Geostationary Satellite Order (NGSO)
Systems and Clarification of Application Procedures for All Satellite License Applications,
Notice No. SMSE-009-17. As described in Viasat’s reply comments in that proceeding, Viasat
experienced this imbalance in coordination leverage with Canadian operators first hand when
Viasat obtained authority to serve Canada using the ViaSat-2 satellite. In order to obtain that
authority, Viasat was required to complete coordination with Canadian FSS network operators
prior to obtaining ISED approval. As illustrated by that experience, and as supported by
comments of other non-Canadian operators in response to Notice No. SMSE-009-17, that
requirement effectively enables domestic operators to control the timing and pace of market
entry by their competitors.
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See Reply Comments of Viasat in Consultation on the Licensing Framework for Non-Geostationary
Satellite Order (NGSO) Systems and Clarification of Application Procedures for All Satellite License
Applications, Canada Gazette, Part I, Notice No. SMSE-009-17, March 11, 2017, filed May 11, 2017.
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Therefore, Viasat urges ISED to consider a mechanism that would be consistent with
coordination procedures internationally. Any mechanism adopted should not overrule ITU date
priority. Specifically, non-Canadian networks should not be required to coordinate with
Canadian networks that have a later ITU date priority than the non-Canadian networks. In
addition, non-Canadian networks should not be required to wait indefinitely for Canadian
network operators to “respond” to reasonable coordination requests that demonstrate adequate
protection of Canadian satellite filings. Finally, the receipt of the Department’s approval to use a
non-Canadian-licensed system in Canada should not be predicated on the completion of
international coordination. Given that ISED is inclined to adopt spectrum utilization policies for
FSS systems that are harmonized internationally, implementing domestic coordination
procedures that also conform to international practices would be consistent with that approach.
Question 3: Is there additional information on coordination practices for GSO networks
and NGSO systems in the FSS that should be considered? If so, please explain in detail.
See response to Question 4 below.
Question 4: ISED seeks comments on its view that, at this time, the existing approach to
addressing domestic coordination disputes is sufficient.
ISED proposes to maintain the application of the ITU’s general coordination practices to
domestic coordination both among NGSO systems, and between GSO and NGSO systems, rather
than to implement mandatory spectrum sharing measures in the event of coordination disputes.
In addition, ISED proposes not to implement mandatory spectrum sharing measures in the event
of coordination disputes, either between NGSO systems or between NGSO systems and GSO
networks.
Viasat supports an approach that is consistent with ITU coordination practices, but urges
consideration of a mandatory spectrum sharing mechanism for NGSO systems that would ensure
the co-existence of more than a single NGSO system in a given frequency segment. Having such
a mechanism would provide an incentive for NGSO system operators to agree to solutions that
help resolve in-line interference events that are inevitable to some degree in the case of multiple
NGSO systems operating in the same spectrum with different constellation types.
As ISED notes, the U.S. Federal Communications Commission (“FCC”) has adopted a
band-splitting mechanism governing NGSO operations in the absence of a coordination
agreement. During in-line events between spacecraft of two NGSO systems (where a 6% or
greater change in system noise temperature would be caused by interference during such event),
the systems will divide use of the spectrum equally for the duration of the in-line event. Viasat
supports consideration of this mechanism for use as a default spectrum sharing rule in Canada.
As discussed above in response to Question 1, coordination between GSO networks and
NGSO systems is readily achievable, generally, and should be simpler in the Canadian context
due to the significant separation angles that exist between GSO satellites located on the GSO arc
and NGSO satellites serving Canada at much higher latitudes. Therefore, existing technical limits
for GSO operations, including relating to off-axis e.i.r.p., are generally sufficient to ensure
compatibility with NGSO systems. ITU coordination practices and conditions on authorizations
requiring coordination in good faith should be sufficient in most cases to ensure compatibility
between domestic GSO and NGSO operations. However, as discussed above in response to
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Question 2, Viasat urges ISED to consider using ITU priority dates in domestic coordination, or
at least ensure that ITU date priority is not overruled by domestic coordination requirements.
Question 5: ISED is seeking comments on the proposed changes to the CTFA for the 18.819.3 GHz and 28.6-29.1 GHz frequencies. In providing responses, include supporting
arguments for or against the proposed changes.
ISED proposes to revise the Canadian Table of Frequency Allocations (“CTFA”) for the
18.8-19.3 GHz and 28.6-29.1 GHz band segments to make terrestrial fixed service (“FS”)
secondary to FSS, and to modify footnotes C16E and C16F applicable to these bands to reflect
the co-primary designation for GSO and NGSO FSS systems discussed in Question 1 above.
Viasat supports these modifications to the CTFA. The proposed modifications reflect
current uses for these bands by FSS systems and will promote continued deployment across the
entire Ka-band to meet the exponentially growing demand and satellite network designs for both
gateways and end user terminals. As ISED acknowledges, FSS user terminals operate
ubiquitously in the 18.8-19.3 GHz and 28.6-29.1 GHz bands, both in Canada and internationally.
Access to these band segments by user terminals supports the high-speed, high-quality satellite
broadband services that consumers and enterprise users increasingly demand, and promotes
intensive use of these bands by GSO and NGSO systems.
In addition, modifying the CTFA to allocate FS as secondary to FSS in both the 18.8-19.3
GHz and 28.6-29.1 GHz bands would be consistent with ISED’s 2004 policy imposing a
moratorium on FS systems in these bands, and the subsequent transition of FS to secondary
status in 2014. Memorializing these policies in the CTFA would provide additional certainty to
FSS operators going forward regarding existing and future investments in deployment at 18.819.3 GHz and 28.6-29.1 GHz.
Finally, the ITU Radio Regulations constrain power density levels transmitted by satellite
earth stations towards terrestrial operations. No. 21.8 of the Radio Regulations provides that an
earth station e.i.r.p. density limit transmission be met at or below 5 degrees elevation for the
28.6-29.1 GHz band. In addition, the Radio Regulations, Table 21-4 applies to satellite
downlink signals in the 18.8-19.3 GHz band. These provisions have worked well over the years
to ensure compatible operations between FS and FSS.
Question 6: ISED is seeking comments on proposed changes to the CTFA for the 17.3-17.7
GHz, 19.3-19.7 GHz and 29.1-29.25 GHz bands. In providing responses, include
supporting arguments for or against the proposed changes.
ISED proposes to revise the Canadian footnotes in the 17.3-17.7 GHz, 19.3-19.7 GHz
and 29.1-29.25 GHz bands to expand use by FSS. In the 17.3-17.7 GHz band, the CTFA
currently contains allocations for FSS and BSS on a co-primary basis, and to the radiolocation
service on a secondary basis. Canadian footnote C43, however, limits FSS use of the 17.3-17.7
GHz band to feeder links for the BSS operating in the 12.2-12.7 GHz band.
The 19.3-19.7 GHz and 29.1-29.25 GHz bands currently include an allocation for FSS
that is co-primary with FS, and the 29.1-29.25 GHz also has a co-primary mobile service
allocation. The FSS allocation in these bands is also subject to Canadian footnotes, C48A and
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C48, which limit use of the bands for MSS feeder links. In addition, Canadian footnotes C16D
and C16G give priority to the FS over FSS.
Based on requests by satellite operators, ISED proposes to align uses in these bands with
ITU rules, which permit GSO FSS use through footnotes 5.523D and 5.535A. Given that use by
BSS and MSS feeder links are limited in these bands, ISED proposes that these bands could be
used by GSO FSS networks, but proposes to limit GSO FSS operations to low-density
applications.
Viasat supports expanding the designations in these bands to allow FSS, but urges ISED
to consider broader deployment of terminals, including user terminals and ESIMs, at 19.3-19.7
GHz and 29.1-29.25 GHz in cases where such terminals can be operated without constraining
MSS feeder links. As ISED recognizes, use of these bands for MSS feeder links is limited.
Allowing GSO FSS access to these underutilized bands would ensure that the spectrum is used
more intensively, including in the vast areas where GSO FSS use would have no impact on MSS
systems.
GSO FSS user terminals and ESIMs can be deployed without constraining MSS. In the
downlink direction at 19.3-19.7 GHz, earth stations operate in receive mode and thus, the
number of GSO FSS terminals deployed does not have any impact on MSS feeder link
operations. In the uplink direction at 29.1-29.25 GHz, sharing can be facilitated through
mitigation techniques, such as off-axis separation between MSS feeder link stations and GSO
FSS operations. In addition, fixed GSO FSS earth stations may (as necessary) be operated at a
separation distance from an MSS feeder link station calculated based on the relative power
densities of the MSS feeder link station and the GSO FSS user terminals, and other
characteristics of the transmissions. Moreover, certain GSO FSS earth stations, such as Viasat’s
ESIMs, have been demonstrated to be compatible with MSS feeder link operations without any
separation distance. Viasat has contributed an analysis for the ITU Report in the WRC-19
process demonstrating that aeronautical ESIMs operating in GSO FSS networks can coexist with
MSS feeder link operations. Viasat includes a copy of that analysis here as Appendix 2.
Enabling more intensive use of underutilized spectrum at 19.3-19.7 GHz and 29.1-29.25
GHz would ensure that scarce spectrum resources are used to the fullest extent possible and
would further the advancement of broadband solutions to serve underserved consumers, to
provide competitive alternatives, and to enable ubiquitous connectivity through mobile
applications. Allowing GSO FSS on a shared basis in the 19.3-19.7 GHz and 29.1-29.25 GHz
bands, including for user terminals, would significantly expand satellite network capacity and
supplement operations in other bands that are dedicated for GSO FSS. Therefore, there would be
substantial benefits to the public by expanding GSO FSS use in these bands, including for user
terminals and ESIMs, that would not constrain other primary services.
IV.

CONCLUSION

Viasat supports ISED’s proposals in the consultation to harmonize its policies for FSS in
the 18.8-19.3 GHz, 28.6-29.1 GHz, 17.3-17.7 GHz, 19.3-19.7 GHz and 29.1-29.25 GHz bands
with the uses of these bands internationally. Specifically, Viasat supports ISED’s proposals to
formalize its policies to allow GSO and NGSO systems co-primary access to the 18.8-19.3 GHz
and 28.6-29.1 GHz bands, and to modify the CTFA to reflect this allocation. Because GSO and
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NGSO systems are co-primary internationally, coordination through international processes is
readily achievable. Consistent with international practices, domestic coordination between and
among GSO and NGSO systems in these bands should be based on ITU date priority, and not the
date of domestic authorization, and any domestic coordination requirement adopted should not
overrule ITU date priority. Specifically, non-Canadian networks should not be required to
coordinate with Canadian networks that have a later ITU date priority than the non-Canadian
networks. Viasat also urges ISED to consider a default sharing mechanism for NGSO systems
that would apply during in-line events where NGSO systems have not reached coordination.
Viasat also supports ISED’s proposals to expand FSS operations in the 17.3-17.7 GHz,
19.3-19.7 GHz and 29.1-29.25 GHz bands. However, Viasat urges ISED to consider allowing
broader deployment of GSO FSS in the 19.3-19.7 GHz and 29.1-29.25 GHz bands, including
user terminals and ESIMs, where it can be demonstrated that MSS feeder links would not be
adversely affected.
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Introduction
5G has been conceived as an ecosystem of many technologies – a network of networks – in which
satellite plays a vital role in accelerating opportunity, maximizing network potential, and extending
network reach.
The global Internet approach has been a powerful driver in providing world-changing economic
opportunities. By integrating the unique benefits of every kind of network – copper, fiber, terrestrial
wireless, and satellite – the Internet has become a global force that has created as much economic growth
in 15 years as the industrial age created in 50 years. This network of networks approach has been
instrumental not only because it takes advantage of the unique capability of every available technology at
the core of the network to extend its reach (fiber, copper, and satellite), but also through the variety of
access technologies at the edge of the network – Wi-Fi, cable, DSL, LTE, and satellite to name a few.
i

This ecosystem approach has proven to be essential for leveraging the unique benefits of each type of
network technology to expand the reach and capability of the Internet. The combination of cellular, WiFi, satellite and other advances are enabling this same kind of ecosystem approach to be extended to the
wireless world – both in the core of the network and at its edges – to expand the capabilities of mobile
and fixed end user devices and the locations they operate.
At the dawn of the 5G world, advancing this 5G ecosystem architecture is even more vital. Too often,
however, the only aspect of next generation wireless technology that is focused on is the last 100 meter
access link to the end user device. A myopic view of 5G – especially when it comes to spectrum – can
limit its potential. Only through a holistic view of 5G, and a broad understanding of the comprehensive
nature of the entire 5G ecosystem, can the full power and potential of next-generation wireless
opportunity be realized. That’s because 5G is not a step change from 4G, nor is it just a technological
shift. It’s a paradigm shift in the way we think about high speed mobile broadband networks. Today’s 5G
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vision encompasses a broad technology ecosystem – with multiple network technologies supporting a
global infrastructure including traditional mobile wireless networks, satellite, Wi-Fi, and small cells.
The 5G network is envisioned as an access network-agnostic architecture that includes new cellular
wireless access technologies (for the last 100 meter access), but also existing fixed wireless networks, WiFi and satellite networks. These multiple access technologies are critical for optimizing the many
different use cases envisioned for next generation networks. With advanced concepts of a unified user
identity, users can be authenticated regardless of access technology enabling a seamless experience. The
access technology and network technology are not inextricably linked but are decoupled to provide more
flexibility for users and applications regardless, for example, if they are on a cellular network or Wi-Fi
network. This multi-access capability can, for example, enable traffic to be offloaded from the mobile
access network to other networks (for example to a satellite enabled Wi-Fi endpoint).
ii

This 5G ecosystem approach is also essential for expanding the reach of 5G networks. By taking
advantage of satellite’s geographically independent cost structure to extend connectivity, for example in
underserved and unserved areas, satellite systems can accelerate the commercially viable deployment of
5G networks and extend scalable and efficient 5G network solutions globally. This is especially critical
in areas that may not be economically or otherwise connected via terrestrial networks. Network diversity
is also essential for ensuring network resiliency and continuity of service across geographies and enabling
5G devices to connect on truly mobile platforms including onboard aircraft, high-speed trains, sea-going
vessels, and land-based vehicles that are beyond the reach of a cell site.
In order to fundamentally expand what networks are capable of achieving, and the places they are capable
of reaching, a holistic approach is necessary to advance the entire 5G ecosystem of technologies.
Harnessing the capabilities of satellite technology maximizes the reach and capabilities of 5G networks.
Doing so also maximizes the ability of the 5G ecosystem to solve bigger problems – like extending high
speed access to the next billion people, improving network resiliency, and enabling ubiquitous
connectivity in the air, across the seas, and around the globe.
Nowhere is this more critical than in spectrum policy decisions. Having a holistic approach to spectrum
policy that takes into account the unique capabilities of each technology is essential. This paper outlines
the key spectrum decisions that enable the 5G opportunity to be maximized by embracing a holistic
approach to the 5G ecosystem, and a holistic approach to the spectrum policy that accompanies this
network of networks.
Next Gen Wireless Networks
It is important to be clear on the goals for the 5G ecosystem: To enable a connected world with ubiquitous
access to the Internet by providing hyper mobility on land, sea and air for all people everywhere. This is
more than just about the edge devices or the radio access; it is about providing a complete global network
infrastructure.

CCPII (Satellite in 5G Ecosystem)-2018-32-4763_i (1).doc
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Figure 1: The Connected World

iii

Clearly, this cannot be done with one wireless access technology or with one network. There will
continue to be extensive use of multiple wireless technologies such as Wi-Fi, point-to- multipoint links,
satellites and, of course, cellular. They all play an essential role in building an infrastructure that is
adaptable to the ever-expanding new applications and environments.
Similarly, network infrastructure will continue to rely upon fiber, cable, microwave, satellite, HAPS
(High Altitude Platforms) and mm-wave technologies to deliver on the ubiquitous and robustness
promise. These hybrid networks must now enable greater capabilities to ensure security and accessibility
and adaptive performance with simple hand-offs between peer networks.
With this more complete perspective of 5G we can now put in context a balanced roadmap to future
wireless technologies which will include satellite, microwave, mm-wave, cellular and Wi-Fi networks
that will collectively compete for the broadening demand for new applications. Each of these networks
provides its unique value in user management, security and capabilities, yet each also connects to the
global Internet in a consistent way to exchange data using compatible user authentication models.

CCPII (Satellite in 5G Ecosystem)-2018-32-4763_i (1).doc

13

20.11.18

3

Figure 2: 5G Ecosystem – Network of Networks
This network infrastructure is invisible to most users but plays a critical role in delivering performance,
security, value-added features, and authentication for the user. While most users rely heavily on their
mobile devices, few realize that 63% of all mobile data actually is ‘offloaded’ to Wi-Fi and the Internet
using unlicensed spectrum. As mobile data demand increases so will this offload to unlicensed spectrum.
By 2021, Cisco predicts that 5G cellular devices will represent only 0.2% of all connected devices in the
world and will account for only 1.5% of network traffic. Cisco also predicts that by 2021 the total of all IP
Internet traffic will exceed 84 exabytes of data, 50% will be Wi-Fi, 30% will be fixed and only 20% will
be mobile data.
iv

It is this diversity of wireless access technologies as well as the inter-connectivity of network topologies
that ensures a robust and resilient network ecosystem.
Current Satellite Capabilities
Both geostationary (GSO) and non-geostationary (NGSO) satellite networks have their specific benefits
for the 5G ecosystem. Innovation is driven by development of High Throughput Satellite (HTS) systems
in various types of orbits (GSO, MEO, LEO). HTS systems today deliver substantial improvements in
throughput, capacity and cost, as well as provide flexible, global and high-performance services. This is
done by utilizing concentrated spot beams, wideband payloads, increased frequency re-use and higher
frequency bands to significantly increase capacity and speeds over wide areas. HTS networks are
operating on a global basis and can provide broadband service with speeds in excess of 100 Mbit/s to the
end user.
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Figure 3: Satellites in the 5G Ecosystem

v

In addition to the developments in the space segment, there are technical developments in the satellite
ground segment with evolutions both in the network platforms and satellite communication terminals and
antennas. Satellite already has and will further adopt technologies and standards necessary to deliver the
types of services needed in the 5G ecosystem, including in the areas of service delivery, network-slicing,
orchestration, mobile edge computing, security, interoperability and resource virtualization in order to
transparently support end-to-end service delivery to vertical applications. Furthermore, a new wave of flat
panel antenna technology is emerging for satellite communications. These antennas have removed
mechanical components, relying on software and electronics for steering, making them available for
mobile platforms like cars, boats, planes and more.
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Advanced Satellite Network Technology
Advanced satellite technology includes support for virtual network operators, traffic management,
intelligent routing, quality of services, and other features. Some of these features are nearly unique to
satellite communications, such as acceleration services to mitigate the impact of latency. Some, such as
traffic enforcement, service accounting, and media services (including content rights management) are
common among most access networks. Some, such as mobility services, are similar to those employed in
cellular systems but are tailored to the much larger reach of satellites.

Figure 4: Satellite Ground System Components
Data can be routed between satellite beams within a satellite network, between satellite networks, and
between satellite and terrestrial networks. This allows consistent, seamless connectivity for individual
users whether they are in the air, on the water, in a vehicle or train, at home, in town, or in the office. The
networks support multicast as well as unicast data efficiently.
Advanced satellite systems also include dynamic configuration management elements to enable flexible
adaptation of device behavior suitable for operating across networks. This allows the networks to adapt
over time and to change behavior as necessary to compensate for link dynamics.
Satellite Spectrum Technological Advancements
Commercial satellite networks have relied on access to the 27.5 – 30 GHz band (Ka Band) for over two
decades to provide critical connectivity around the world. Today, over 130 GSO Ka band satellites are
now in orbit, providing a wide range of services. Many more Ka band satellites (both GSO and NGSO)
are under construction to meet the growing demand for service, and need to use the full 2.5 gigahertz of
Ka band spectrum both to meet this demand, and because the Ka band orbital arc is becoming
increasingly congested. While satellite use of the Ka band has grown exponentially in the past few
decades, the terrestrial mobile service simply did not develop in the Ka band, even though the ITU’s
Table of Frequency Allocations also provided an opportunity for that to occur.
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For next generation satellites to provide high capacity connectivity, they need continued access to
spectrum, and to employ the existing technologies that allow the spectrum to be used up to its
technological limit. Modern satellite technology has developed to the point where it extensively employs
frequency reuse technologies in which the same frequency band is used by one satellite to provide
connectivity to many diverse locations at the same time by creating separate spatially isolated or
orthogonal beams. Similarly, many different satellites use the same frequency band to provide
connectivity to the same location. This is possible because each ground-to-satellite connection is from a
different direction. The ground antenna can be a traditional parabolic dish, a horn array with mechanical
steering, or an electrically-steered phased array.
In fact, satellite technology has advanced to the point that today’s satellite broadband systems are
approaching “Shannon’s Limit” in terms of spectral efficiency. Access to adequate spectrum is now the
primary limiting factor in extending satellite broadband networks to address all of the unserved and
underserved around the world, no matter whether they live in metropolitan areas or remote communities.
vi

vii

Benefits
for
Consumers,
Provided by Satellite Today: Vertical Examples

Businesses,

and

Governments

As we enter a golden age of next gen satellite vast new opportunities come into view
Satellite is a vital part of the 5G ecosystem and is uniquely situated to solve key digital inclusion
challenges, and expand global digital opportunity. As the world is blanketed with high speed broadband
access, the opportunities become even greater, the technologies more transformative, and the impacts
even more profound. Satellite systems already offer speeds today of up to 100 Mbit/s. Satellites currently
under construction are capable of offering 1 Gbit/s, lightning-fast broadband speeds.
Connecting the unconnected: Today, more than ever, access to high speed broadband is an opportunity
equalizer and economic accelerator. What once was a luxury is a necessity today. However, 3.9 billion
people around the globe still do not have access to the Internet, and around one-third of the world’s
inhabitants still do not own a personal mobile phone. High-quality and cost-effective satellite broadband
is playing an increasingly important role in addressing this digital divide across the globe, for the
unserved and underserved who exist everywhere, including in the most rural and remote areas of the
world where it remains uneconomical for terrestrial or cellular services to build. The nature of satellite's
wide coverage ensures that all communities within a satellite network's footprint receive the same quality
of service, whether they are in metropolitan areas or remote communities.
viii

•

In many cases, the digitally disconnected are the ones who can benefit most when they gain
access to the global Internet and are digitally included. Connecting these people is essential for
supporting freedom of information and speech, accelerating developing economies, improving
access to education, empowering women and minorities, and advancing democratic societies.
This is why the UN’s 2030 Agenda for Sustainable Development has recognized that “global
interconnectedness has great potential to accelerate human progress, to bridge the digital divide
and to develop knowledge societies,” and the UN’s Human Rights Council has declared Internet
access to be a basic human right. Satellite technology helps meet these objectives by blanketing
the globe with this digital opportunity, extending access beyond the reach of terrestrial networks,
and transforming the economics of global broadband reach. Indeed, among the UN's Sustainable
Development Goals, the achievement of 38 targets depends upon universal and affordable access
to broadband and the technologies needed to access broadband. Satellite systems not only play
an essential role in extending broadband connectivity globally, they also provide the connectivity
ix

x

xi
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for extending scalable and efficient network solutions globally. By taking advantage of satellite’s
geographically independent cost structure to extend connectivity, satellite today is helping
provide connectivity to tens of millions of fixed and mobile end-user devices everywhere,
including areas that are not adequately connected via terrestrial networks.
•

It is also why the ITU’s recently concluded Plenipotentiary Conference in Dubai, UAE, adopted
modifications to Resolution 203 on Connectivity to broadband networks (Rev. Dubai, 2018)
inviting Member States “to facilitate connectivity to satellite and terrestrial broadband networks,
including enabling access to spectrum, as appropriate, as one important component of access to
broadband services and applications, including to remote, underserved and unserved areas.”

Enabling communications on the move. Satellite broadband is helping expand economic opportunity
everywhere – on the ground, in the air, across the seas, and around the globe. Advances in technology
make it possible today to deliver high-speed satellite broadband communications to consumers and
businesses on the move – whether on an airplane (while waiting to take off, and at 35,000 feet), on a ship
in the middle of the ocean, on a tractor in a remote and rural farm, on a bus or train in a city, or in an
emergency vehicle speeding down the freeway on the way to a hospital. Already more than a thousand
airplanes flying billions of air miles are accessing satellite-enabled high-speed Wi-Fi capable of streaming
Internet and movies right to the seat. Wi-Fi on aircraft has become so popular that there are often more
connected devices than passengers on planes. Well over 60 million electronic devices already connect
every year to satellite-enabled Wi-Fi on airplanes and this number is expected to increase exponentially to
hundreds of millions in just the next 3-5 years as more aircraft become connected. Satellite’s unique
ability to provide connectivity across moving platforms is essential for enabling people with 5G devices
to connect while on the move.
Extending Wi-Fi service. Satellite-based Wi-Fi services today connect users in metropolitan areas as
well as unserved and underserved markets within the satellite network’s coverage area. Satellite-based
Wi-Fi is extending high-speed broadband access in unique ways to urban city centers, community
recreation centers, airports, stores and shops. At the same time, large numbers of towns and villages
worldwide have little to no Internet access. To address these broadband-challenged locations, satellitepowered hotspot service connects people in small villages and towns to the online world – affordably and
reliably. Many people in these villages and towns have mobile smartphones, yet many do not have
Internet service. By bringing a satellite-powered community 5G Wi-Fi service to these villages, made
available through a shared satellite terminal, the residents gain access to high-speed connectivity. For
example, today nearly one million people in thousands of locations that don’t have 3G or 4G services can
now connect their smartphones thanks to satellite-powered community Wi-Fi hotspots.
Unlocking new digital health opportunities. With too many people living in areas with only sporadic
and even diminishing access to quality health care, satellite broadband technologies that span distance
today are extending connected care everywhere. What was once a dream is now becoming a reality, that
is, no one should be forced to put their life at risk simply because they live too far from a doctor. Satellite
technology is cost-effectively overcoming a rural physician shortage, extending experts to where they are
needed most, and delivering services regardless of where the doctor or patient is physically located. For
example, satellites today are being used to connect ambulances in transit to doctors in hospitals to
improve patient outcomes.
Improving disaster recovery and relief. Satellites networks provide high capacity and instantaneous
connection to any place within their wide coverage areas. They are less vulnerable to physical attacks and
natural disasters than terrestrial systems and satellite terminals can be rapidly deployed. Satellite
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networks can be especially important for improving 5G service resiliency, and for rapid deployments of
high-speed wireless connectivity in emergencies and for disaster relief.
Advancing a new era of precision agriculture. Satellite broadband is helping enable a whole new
generation of precision agriculture opportunities driven by broadband that enables remote farms –
especially with livestock sensors, soil monitors, and autonomous farming equipment – far beyond where
cell sites are likely to ever be deployed. Autonomous farm equipment, already enabled by satellite
positioning technology, often needs connectivity far beyond the line of site of a cell site.
Enabling competition. Just as it has with radio and television services in the past, Ka-band enabled
satellite broadband services today are providing market-based competition to terrestrial broadband
services. Satellite broadband brings additional service package options, greater capacity for video
downloads and streaming, competitive pricing per gigabit, and innovative services to consumers who
often have few choices from terrestrial providers. It is essential that satellite networks have secured
access to sufficient spectrum to meet consumer demand, without having terrestrial competitors as a
gatekeeper for spectrum access.

A holistic approach to 5G users access needs is essential
In order to maximize 5G high-speed broadband opportunities for everyone, it is critical that a holistic
approach to the 5G future be considered. This means taking a comprehensive view of spectrum policy
across the 5G ecosystem to ensure secure access to the spectrum needed by all technologies to enable
universally-available advanced broadband services, including to densely populated cities and underserved
and unserved areas, wherever located.
1. 5G solutions must ensure global digital inclusion. As noted above, today some 3.9 billion
people do not have access to the Internet, and around one-third of the world’s inhabitants still do
not own a personal mobile phone.
This lack of access has created a growing digital chasm
between urban and rural, the wealthier and the less well off, and between developed and
developing countries. It’s one of the reasons that embracing a holistic network of networks
approach to 5G is essential – enabling the whole panoply of network technologies to work
together to extend the reach of broadband connectivity. As satellite systems with over one terabit
per second of capacity now under construction are deployed and provide affordable broadband
service to everyone, they will play an even more important role in extending digital connectivity
to all communities and all citizens, wherever they are located, and wherever they may travel.
Thus, to extend and project the reach of 5G broadband access, both vital satellite
technologies and reliable spectrum access for satellites are essential.
xii

xiii

2. A global spectrum strategy (that preserves critical Ka band spectrum for satellite) is
essential for advancing digital opportunities. Taking a holistic and harmonized approach to
spectrum access is critical for ensuring that ubiquitous and consistently high-quality connectivity
is spread in the broadest possible ways. At the last ITU World Radiocommunication Conference
in 2015 (WRC-15), global leaders took the critical step of providing certainty for existing satellite
uses in the Ka-band by declining to study the possible introduction of 5G into the 27.5-29.5 GHz
portion of the Ka band (28 GHz). The WRC-15’s foundational decisions to preserve the 28 GHz
band for satellite growth was based on the recognition that the 28 GHz band is essential for
delivering high-speed satellite broadband to end users; and the demand for this spectrum is only
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increasing. European leaders have built upon this framework and harmonized the 28 GHz band
for broadband satellite, which makes the band unavailable for 5G terrestrial access. In the wake
of the WRC-15 decision, the satellite industry has invested billions in deploying many new
networks that operate in the 28 GHz band (as well as the adjacent 29.5-30 GHz band segment),
the benefits of which are described above. Technical studies from both 5G and satellite interests
show that the 5G terrestrial access being proposed is incompatible with existing satellite
operations in the 28 GHz band. Nevertheless, terrestrial wireless network manufacturers and
carriers have suggested reopening the debate and repurposing the 28 GHz band for 5G terrestrial
access. Continued certainty on use of the Ka band, including the 28 GHz band, is essential both
for the continued operation of existing satellite broadband, and enabling the continued provision
of satellite services as a part of the 5G network of networks, to extend the 5G opportunity. Thus,
satellite broadband must be allowed to flourish and innovate in the Ka band with the
certainty that the spectrum will not be opened for incompatible services.
3. This is not a choice between terrestrial 5G and satellite-enabled broadband. There is more
than enough spectrum for terrestrial 5G services in other bands being explored as a part of the
WRC-19 agenda without denying satellite broadband the 28 GHz band spectrum that it currently
uses. In fact, as a variety of 5G interests have indicated, the low and mid-band spectrum, beyond
the 33+ gigahertz that the WRC-19 will consider, is much more attractive for 5G terrestrial
access. 5G can be accommodated in 33 gigahertz of spectrum that the ITU is studying for use in
5G that doesn’t include the 28 GHz band or the adjacent 29.5-30 GHz part of the Ka band.
xiv

4. Satellite access to the 28 GHz band is essential to prevent a balkanization of digital
opportunity. Sterilizing the 28 GHz band with unilateral national 5G spectrum strategies could
severely impede opportunities everywhere – particularly in neighboring countries. The coverage
areas and economies of scale necessary to bridge the digital divide require satellite broadband to
have a broad footprint. One of the major advantages of satellite communications is that their
beams can cover large areas, across borders. The only logical solution is for countries to continue
to embrace satellite broadband use of the 28 GHz band and not make it available for incompatible
5G cellular use. Failure to do so would mean that true 5G – and the broad benefits of its network
of networks approach – could not be delivered to all the world’s population, and the vast satelliteenabled broadband opportunity would be balkanized and curtailed.
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The current WRC Agenda for the 2019 Conference has identified several bands under WRC 2018 Agenda Item
1.13 for possible identification for terrestrial IMT-2020 (also known as 5G). These bands include: 24.25-27.5
GHz, 37-40.5 GHz, 42.5-43.5 GHz, 45.5-47 GHz, 47.2-50.2 GHz, 50.4-52.6 GHz, 66-76 GHz and 81-86 GHz
(Proposed IMT Bands). Other bands (31.8-33.4 GHz, 40.5-42.5 GHz and 47-47.2 GHz) are being considered
for co-primary allocation to the mobile service and identification as well to the terrestrial component of IMT.
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1

Introduction

WRC-15 adopted agenda item 1.5 for WRC-19, to consider the use of the frequency bands
17.7-19.7 GHz (space-to-Earth) and 27.5-29.5 GHz (Earth-to-space) by earth stations in motion
(ESIM) communicating with geostationary space stations in the fixed-satellite service (FSS) and
take appropriate action.

2

Background

ITU-R adopted Reports ITU-R S.2223 and ITU-R S.2357 on earth stations on mobile platforms
(ESOMPS). Report ITU-R S.2223 covers the technical and operational requirements for GSO FSS
ESOMPs in bands from 17.3 to 30.0 GHz, whereas Report ITU-R S.2357 covers the technical and
operational guidelines for ESOMPs communicating with geostationary space stations in the FSS in
the frequency bands 19.7-20.2 GHz and 29.5-30.0 GHz.
WRC-15 adopted footnote RR No. 5.527A for the bands 19.7-20.2 GHz and 29.5-30.0 GHz, which
states that earth stations in motion can communicate with GSO FSS space stations in the frequency
bands 19.7-20.2 GHz and 29.5-30.0 GHz under certain conditions that are contained in
Resolution 156 (WRC-15).
Additionally under WRC-19 agenda item 1.5, Resolution 158 (WRC-15) was adopted directing the
ITU-R:
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1)

to study the technical and operational characteristics and user requirements of different
types of ESIM that operate or plan to operate within geostationary FSS allocations in
the frequency bands 17.7-19.7 GHz and 27.5-29.5 GHz, including the use of spectrum
to provide the envisioned services to various types of ESIM and the degree to which
flexible access to spectrum can facilitate sharing with services identified in recognizing
further a) to n);
to study sharing and compatibility between earth stations in motion operating with
geostationary FSS networks and current and planned stations of existing services
allocated in the frequency bands 17.7-19.7 GHz and 27.5-29.5 GHz to ensure protection
of, and not impose undue constraints on, services allocated in those frequency bands,
and taking into account recognizing further a) to n);
to develop, for different types of earth stations in motion and different portions of the
frequency bands studied, technical conditions and regulatory provisions for their
operation, taking into account the results of the studies above.

2)

3)

This document proposes elements for a preliminary draft new Report on operation of ESIM in FSS
allocations at 17.7-19.7 GHz and 27.5-29.5 GHz.

3

Consideration of compatibility

3.1

Allocations in bands 19.3-19.7 GHz / 29.1-29.5 GHz

The Table of Allocations for the bands 19.3-19.7 GHz (space-to-earth) and 29.1-29.5 GHz
(Earth-to-space) is provided below:
Allocation to services
Region 1

Region 2

Region 3

19.3-19.7

FIXED
FIXED-SATELLITE (space-to-Earth) (Earth-to-space) 5.523B
5.523C 5.523D 5.523E
MOBILE

29.1-29.5

FIXED
FIXED-SATELLITE (Earth-to-space) 5.516B 5.523C 5.523E 5.535A
5.539 5.541A
MOBILE
Earth exploration-satellite (Earth-to-space) 5.541
5.540

The FSS allocations in the bands 19.3-19.7/29.1-29.5 GHz were identified by WRC-95 and WRC-97
for feeder link use for non-GSO MSS systems. The use of the bands 19.3-19.7/29.1-29.5 GHz is
subject to footnotes Nos. 5.523B, 5.523C, 5.523D, 5.523E and 5.535A of the Radio Regulations. In
accordance with these footnotes, GSO FSS and NGSO MSS feeder links operating in the FSS
coordinate subject to the application of the provisions of RR No. 9.11A, i.e. on an equal basis, and RR
No. 22.2 does not apply, with the exception of certain legacy GSO FSS systems. Use of these bands
by NGSO FSS applications other than NGSO MSS feeder links is subject to RR No. 22.2 (and is not
subject to RR No. 9.11A). RR No. 5.535A also limits the FSS (Earth-to-space) allocation in the band
29.1-29.5 GHz to geostationary-satellite systems and feeder links to non-geostationary-satellite
systems in the mobile-satellite service.

/USERS/DHUNTER/DOCUMENTS/VIASAT/FCC/FCC DOCS/17-095 - ESIM NPRM/2017.08.31 - REPLY COMMENTS/R15-WP4A-C0675!N13!MSW-E.DOCX ( )

23

-34A/675 (Annex 13)-E

3.2

Criteria for protection of non-GSO MSS feeder links

Criteria for protection of GSO FSS, non-GSO FSS and non-GSO MSS feeder links can be found in
Recommendation ITU-R S.1323, “Maximum permissible levels of interference in a satellite
network (GSO/FSS; non-GSO/FSS; non-GSO/MSS feeder links) in the fixed-satellite service
caused by other co-directional FSS networks below 30 GHz”.
For two geostationary networks these criteria are addressed by recommends 1 and 2 of
Recommendation ITU-R S.1323 and applied using Methodologies in Annex 1 of the
Recommendation.
For some non-GSO/FSS systems, the protection criteria are provided in recommends 4 of
Recommendation ITU-R S.1323 and applied using Methodologies in Annex 1 of the
Recommendation.
For non-GSO/MSS feeder links in particular, short term and long term protection criteria for
interference from GSO/FSS networks are provided in recommends 5, 8 and 9 of Recommendation
ITU-R S.1323 and applied using Methodology B (which is deemed to be appropriate for
characterizing interference into non-GSO/MSS feeder links) in Annex 1 of the Recommendation.
These protection criteria are summarized as: aggregate interference from GSO FSS networks should
be responsible for no more than 10% of the time allowance for the BER (or C/N value) threshold
short-term performance objective of an NGSO system, and no more than 6% of the total system
noise power for more than 10% of the time for the long-term objective1. Additionally, for non-GSO
links that use adaptive coding, recommends 5.2 applies.
The protection criteria provided in Recommendation ITU-R S.1323 recommends that the aggregate
interference from all other earth and space stations must be addressed. Methodology B in
Recommendation ITU-R S.1323 for applying protection criteria to non-GSO/MSS feeder links
states that it is “appropriate to apportion (1/n) of the short-term interference time allowance and
(1/n) of the long-term interfering signal power to each of the n considered sources of interference
and to deal with them separately.” From Assumption 3 of Methodology A and Assumptions 2a and
2b of Methodology B of Recommendation ITU-R S.1323, n is related to the number of GSO
networks that can potentially cause interference to the non-GSO/MSS feeder links. The maximum
number of n is equal to the potentially interfering GSO positions visible, above the minimum
operational elevation angle, as observed by the earth station of the non-GSO MSS network. This
also implies, for the application considered in this section, that n is constrained to those GSO
networks that are within the non-GSO/MSS feeder link service area.
3.2.1

Uplink protection criteria development with respect to static and in motion GSO
FSS earth stations

As stated above, Methodology B in Recommendation ITU-R S.1323 provides a method for
apportioning short term and long term interference to multiple interference sources. An example of
apportioning long term and short interference among n different interference systems is shown in
Tables 1a and 1b below. In Tables 1a and 1b, the long term criterion (I/N = –12.2 dB for 10% of the
time) and short term criterion (I/N = –3 dB for 0.01% of the time) are assumed to have already been
derived for a particular non-GSO MSS feeder link system based on that system’s design
performance metrics, as calculated using Methodology B. In practice, the short-term criterion would
be based on the particular non-GSO MSS feeder link system characteristics, and would be used by
____________________
1

When applying Methodologies A and A’ in Annex 1 or Procedure D in Annex 2 of
Recommendation ITU-R S.1323, recommends 7 states that long term allowance is not needed.
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the parties during coordination discussions. These I/N values and corresponding percentage of time
values represent aggregate interference. In order to derive single-entry protection criterion for each
potentially interfering GSO FSS network, these aggregate interference values may be divided
equally among the total number ‘n’ of potentially interfering GSO space station. In the case of long
term interference, the aggregate I/N value is divided by n and the percentage of time is left
unchanged. So, as an example in the tables below, if the number of interfering GSO networks is
assumed to be 20, n would equal 20, which is equivalent to 13 dB, and 13 dB would be subtracted
from the I/N (dB) value. If the number of interfering GSO networks is assumed to be 8, n would
equal 8, which is equivalent to 9 dB, and 9 dB would be subtracted from the I/N (dB) value. The
actual value depends on the number of GSO space stations that are serving the service area of the
non-GSO MSS system. It is also apparent that when assessing protection, n must not only take into
account currently deployed GSO networks, but future ones likely to be deployed as well. In the case
of short term interference, the aggregate percentage of time that the short term I/N is allowed is
divided by n and the I/N value is left unchanged. As in the example in the Table 1a, the short term
percentage of time, 0.01% is divided by 20, yielding 0.0005%. In the example in Table 1b, the
short term percentage of time, 0.01% is divided by 8, yielding 0.00125%
TABLES 1A AND 1B
Example of apportioning aggregate interference protection criteria to multiple,
single-entry interference sources
Uplink Protection Criteria,
Aggregate

I/N (dB)
% time not to be exceeded

Short Term

Long Term

-3

-12.2

0.01%

10%

Uplink Protection Criteria,
Single Interfering System
n, number of interfering GSO
networks
I/N (dB)
% time not to be exceeded

20 (13 dB)
-3

-25.2

0.0005%

10%

Uplink Protection Criteria,
Aggregate

I/N (dB)
% time not to be exceeded

Short Term

Long Term

-3

-12.2

0.01

10%

Uplink Protection Criteria,
Single Interfering System
n, number of interfering GSO
networks
I/N (dB)
% time not to be exceeded

8 (9 dB)
-3

-21.2

0.00125%

10%

Methodology B also makes clear that, when apportioning interference among n interference
sources, n refers to separate co-frequency GSO networks. GSO networks, taking into account all
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earth stations, including ESIM and VSATs, must ensure that aggregate interference from its
network does not exceed the allotment of short term and long term interference. How each network
determines its aggregate interference should take into account the access technique (MF-TDMA,
TDMA, FDMA DAMA-FDMA, CDMA, etc.) and the number of fixed earth stations and ESIM
accessing the network operating within the coverage area of the MSS feeder-link receiving beam(s).
Multiple GSO FSS ESIM within the same network may operate within a single non-GSO MSS
feeder link channel in multiple ways, either co-frequency at different times, on different frequencies
at the same time, or on different frequencies at different times:
–
if the GSO FSS channel bandwidth is narrower than the non-GSO MSS feeder link
channel bandwidth, Earth stations using FDMA within a GSO FSS network may use
multiple channels within the non-GSO satellite receiver channel bandwidth that are
simultaneously active, which primarily impacts the long term criteria; and
–
if the GSO FSS network uses TDMA, Earth stations within a GSO FSS network may
share a given channel in such a way that they are not transmitting simultaneously, which
primarily impacts the short term criteria;
–
if the GSO FSS network uses CDMA, Earth station within GSO FSS network may use
the same channel simultaneously.
These concepts must be accounted for by the GSO FSS network operator to ensure that aggregate
interference criteria are met.
These concepts apply equally to ESIM as to fixed Earth stations and are routinely addressed during
frequency coordination. From the point of view of frequency coordination, the fact that ESIM are in
motion, and hence their locations are variable, is similar to the fact that the locations of VSATs are
usually unknown at the time of coordination and often vary throughout the lifetime of a GSO FSS
satellite. Hence, coordination has to be done based on appropriate assumptions, e.g. the use of typical
or worst case locations.
Figure 1 below illustrates an example non-GSO interference reception zone and depicts three earth
stations (two fixed and one aeronautical ESIM) operating with one GSO network. The size, shape and
orientation of the three-dimensional interference zone is a function of the relative locations of the nonGSO earth station, non-GSO satellite, GSO earth stations and GSO satellite. For fixed Earth stations
the size and shape of the potential interference zone is agreed to between the GSO FSS and NGSO
MSS operators, during coordination under RR No. 9.11A. Typically the result is similar to the red
oval shape on the Earth’s surface shown in the Figure (however, note that the figure is illustrative and
not to scale). This zone may not exist for some GSO ESIM networks that are not operating cofrequency or near the non-GSO MSS feeder link coverage area, whereas for some other GSO ESIM
networks the size of the oval will depend on the characteristics of the non-GSO system and GSO
network. A coordination agreement could specify operational constraints for GSO FSS ESIM
operating co-frequency with NGSO MSS feeder links in that defined area. A similar two-dimensional
area would need to be defined for maritime and land ESIM since these terminals operate on the
surface of the Earth. For aero ESIM the operating altitudes will be included as part of the potential
interference zone, as shown in Figure 1. Annex A presents a methodology to define interference
zones at ground level and at 10 000 m.
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FIGURE 1
Aggregate uplink interference to non-GSO satellite constellation from static GSO FSS earth stations
and GSO FSS ESIM within the same GSO network

Figure 2 illustrates the effect of time-varying interference sources on the non-GSO MSS feeder link
short term protection criterion. The represented non-GSO MSS system has six satellite planes with
polar orbits such that satellites within a given plane cross through the GSO arc about every eight
minutes. Additionally, since the planes are fixed in space relative to the Earth’s position, the
rotation of the Earth results in a new orbital plane passing over a given fixed point on Earth
approximately every two hours. As a result, from the perspective of the non-GSO feeder link earth
station, opportunities for in-line interference events relative to a GSO satellite occur approximately
every two hours, as depicted in Figure 2.
In the example shown, four ESIM terminals are in motion near the non-GSO earth station.
Typically, the terminals are not generating significant interference during periods when the
non-GSO satellite is not passing through the GSO arc (or more accurately, when it’s not passing
through an ESIM main beam to a GSO satellite in the GSO arc). When the non-GSO satellite does
pass through a portion of the GSO arc, interference events may occur from one (or more) ESIM.
Interference from multiple earth stations, whether they are ESIM or fixed earth stations, does not
occur simultaneously, unless several earth stations are transmitting in the same location. In the
scenario illustrated in Figure 2, each of four ESIM contributes short-term interference over time that
affects the non-GSO MSS feeder link availability. The figure also shows that there are times in
which the non-GSO satellite passes through the GSO arc but no interference events occur, since that
portion of the GSO arc is not near where the receiving GSO satellite is located.
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The figure also shows that there are times when the non-GSO MSS satellite is passing through the
GSO arc, but one ESIM has moved further away from the non-GSO MSS feeder link earth station
and therefore has no opportunity to create a short term interference event. Conversely, there are also
times when additional ESIM could move closer to the feeder link earth station and generate
additional interference events. However, for both ESIM and fixed earth stations, the maximum
number of interfering earth station is bounded by the frequency channelling and time multiplexing
arrangements of the GSO FSS network and non-GSO MSS system. Another factor to consider in
relation to short-term interference is the time percentage of the short-term criterion, which is based
on the overall length of time the criterion is exceeded (“interference duration”).
FIGURE 2
Example of ESIM generating time varying short term interference events

The example in Figure 2 shows the mobile, time-varying nature of the number of ESIM that may be
in a region around the non-GSO MSS feeder link earth station. These factors would need to be
taken into account to define a potential interference zone for the GSO FSS network using ESIM for
situations in which the ESIM has radio line of sight to the non-GSO satellite serving the non-GSO
MSS feeder link earth station. Other factors, such as pointing angles of the ESIM and of the MSS
feeder link receiving beam, would need to be considered as well. Annexes A and B illustrate
example methodologies to define such interference zones based on the protection criteria of the
non-GSO MSS feeder link system. When implementing protection measures, it will be necessary
for the GSO network to which these ESIM belong to verify that the aggregate interference from the
ESIM are meeting the non-GSO MSS feeder link system’s short term protection criterion.
In order to better understand the interference impact in the above scenarios, it is useful to determine
the maximum number of ESIM and fixed earth stations that can be supported by a given GSO FSS
network over a given GSO satellite and/or beam footprint coverage area. Since the contribution of a
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single ESIM interferer can be determined, and a likely maximum number of possible ESIM can also
be determined in a given area, then a bound on the maximum long-term and short-term interference
can be derived and compared to the criteria.
A given GSO network has its own allotment of allowable interference to meet the non-GSO MSS
feeder link short term and long term protection criteria. As discussed in the previous section, it is
straightforward to calculate a GSO fixed earth station’s interference contribution, provided that its
location is known, since its interference is a function of its location. For a fixed earth station in an
unknown location and for an earth station that is mobile, it is unknown, a priori, whether it will
generate an interference event at the non-GSO satellite, since the occurrence of an interference
event is a function of where that earth station is relative to the moving non-GSO satellite at a given
point in time. The interference analysis therefore needs to take into account the actual locations,
including altitude, of the earth stations (if they are known) or consider that the earth station could be
operated at any location within a defined area.
As discussed above, potential interference zones around the non-GSO earth station are affected
when the ESIM is an aeronautical terminal flying at altitude over the Earth’s surface. Therefore, for
aeronautical ESIM the potential interference zone needs to take into account the altitude of the
aircraft.
3.2.2

Downlink protection criteria development with respect to static and in motion
GSO FSS earth stations

In the case of downlink protection criteria for MSS feeder links of non-GSO systems, the aggregate
interference is apportioned among n number of interfering GSO satellites. Downlink transmissions
from GSO satellites that serve fixed earth stations also support ESIMs. As no changes to GSO
downlink transmissions are necessary to support ESIM operations, no ESIM-specific measures are
needed in coordination of GSO networks
3.2.3

Interference Mitigation Techniques

As described above the FSS allocations in the bands 19.3-19.7/29.1-29.5 GHz were identified by
WRC-95 and WRC-97 for feeder link use for non-GSO MSS systems subject to coordination with
GSO FSS under RR No. 9.11A. Prior to this identification the ITU-R conducted studies on the
compatibility between non-GSO MSS feeder links and GSO FSS networks and adopted
Recommendation ITU-R S.1419, “Interference Mitigation Techniques to Facilitate Coordination
Between non-GSO MSS Feeder links and GSO FSS networks in the bands 19.3-19.7 GHz and
29.1-29.5 GHz”. This Recommendation among other things describes mitigation techniques that
can be implemented by operators of NGSO MSS feeder links and GSO FSS networks to achieve
compatibility and satisfactory coordination outcomes. The techniques include adaptive power
control, use of high gain antennas, geographic isolation between earth stations, satellite diversity,
site diversity and link balancing. These techniques maybe useful and could be taken into account
under this agenda item.
3.3

Technical conditions and regulatory provisions for operation of ESIM in bands
19.3-19.7 GHz / 29.1-29.5 GHz

Non-GSO MSS feeder links have been operating for almost 20 years in portions of the
19.3-19.7 GHz (space-to-Earth) and 29.1-29.5 GHz (Earth-to-space) frequency bands with GSO
FSS links. Through bilateral coordination under RR No. 9.11A between administrations operating
GSO FSS networks and NGSO MSS feeder link systems, compatibility is maintained taking into
account ITU-R Recommendations regarding protection criteria, methodologies and mitigation
techniques.
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During the bilateral coordination process, analyses are conducted to define operational constraints
that will allow compatible operations between the GSO FSS and non-GSO MSS feeder link systems
using short-term and long-term interference criteria applicable to non-GSO MSS feeder links and
interference criteria for GSO FSS stations as agreed to between the administrations. During the
coordination administrations may also take into account various interference mitigation techniques
that can be employed including adaptive power control, the use of high gain antennas, geographical
isolation between earth stations, satellite diversity, orbital predictions, frequency diversity and site
diversity.
In coordination, to ensure protection of the operations of non-GSO MSS feeder links based on long
term and short term I/N values and their corresponding percentages of times, boundaries need to be
defined where operational constraints are required. Such a boundary would consist of geographical
points at which a hypothetical interfering ESIM just meets the single-entry protection criteria.
Since ESIMs will operate while moving this will require that the operator of the ESIM has the
capability to control some of the ESIM characteristics based on its location (e.g., transmit power
and frequency) to ensure that any relevant regulatory restrictions developed are maintained.

4

Summary

[Editor’s note: Two options are provided for this section to reflect the different views.]
[Option 1:
Ongoing compatibility studies between GSO networks employing ESIM and non-GSO MSS feeder
link systems should determine the interference criteria and resolve technical issues related to
assessing the impact of time-varying ESIM interference within the framework of Recommendation
ITU-R S.1323. These compatibility studies may lead to new regulatory restrictions, and may also
enable the potential interference between ESIM operating with GSO FSS stations and non-GSO
MSS feeder links in the 19.3 19.7 GHz (space-to-Earth) and 29.1-29.5 GHz (Earth to space) band to
be resolved under the existing coordination procedures of No. 9.11A of the Radio Regulations.
This will allow Administrations to take into account specific parameters of the type of ESIM
deployments in adopting suitable regulatory, technical and operational constraints on ESIM
operations to ensure that non-GSO MSS feeder links are protected. Under this framework it will be
necessary for the ESIM operator to have the capability to control the ESIM characteristics (e.g.,
transmit power, frequency, location) to ensure that any relevant regulatory restrictions developed
are maintained.
Option 2:
This Report has discussed the interference criteria for non-GSO MSS feeder links and methods to
achieve compatibility between GSO networks employing ESIM and non-GSO MSS feeder link
systems in the 19.3-19.7 GHz (space-to-Earth) and 29.1-29.5 GHz (Earth-to-space) band under the
existing coordination procedures of No. 9.11A of the Radio Regulations.
The material in this Report can be used by Administrations during frequency coordination and will
allow Administrations to take into account specific parameters of ESIM deployments in adopting
suitable technical and operational constraints on ESIM operations to ensure that non-GSO MSS
feeder links are protected. Under this framework it will be necessary for the ESIM operator to have
the capability to control the ESIM characteristics based on its location (e.g., transmit power,
frequency) to ensure that constraints agreed to in coordination, are met and that non-GSO MSS
feeder links are protected. ]
Annex A presents a methodology to define interference zones at ground level and at 10 000 m.
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Annex B is one example of a simulated scenario of non-GSO MSS feeder links and aeronautical
ESIMs operating within a GSO network. It calculated the I/N levels and associated percentage of
time for the particular case examined.

ANNEX A
Method for coordination between earth stations in motion (ESIM)
and NGSO MSS feeder links in the 29.1-29.5 GHz band
Overview
This Annex addresses possible coordination methods for ESIMs with NGSO MSS feeder links. The
Annex demonstrates that one method that is currently used for the coordination between NGSO
MSS feeder links operating in the 29.1-29.5 GHz band and ubiquitous fixed earth stations is equally
applicable for earth station in motion (ESIM), including aero ESIMs.
NGSO MSS feeder link stations are at known locations and the number of stations is limited.
Typically coordination between GSO FSS and NGSO MSS feeder link operators results in an
exclusion zone around the NGSO MSS feeder link station where FSS earth stations will not operate.
This coordination approach is well known and has been used for years. Maritime and land ESIMs
that operate on the Earth’s surface can be coordinated using exactly the same methods that are used
to coordinate fixed earth stations. Exclusion zones for aero ESIMs can also be determined with
minor changes to these methods and the exclusion zones will very closely resemble those for fixed
earth stations.
The analysis presented here is conservative but demonstrates the feasibility of coordination under
near worst-case assumptions. In practice, actual inter-operator coordination may utilize more
specific inputs and more realistic assumptions, which would lead to more favorable coordination
outcomes, i.e. smaller exclusion zones.
Analysis
The analysis consists of simulations that produce statistics of interference from ESIMs to NGSO
MSS feeder uplinks. The simulation analysis was performed for earth stations on the ground and for
aero ESIMs at an altitude of 10 km. Simplified exclusion zones were generated using eight sample
points in different azimuth directions relative to the NGSO MSS feeder link gateway. Multiple FSS
earth stations are assumed to be transmitting co-frequency with the NGSO MSS feeder link earth
station. The ESIMs are assumed to be static and operating continuously – this approach is
over-simplified and will result in a conservative estimate of the exclusion zone since ESIMs are
actually mobile and may not transmit continuously. In order to determine ESIM locations that fulfil
the assumed I/N criteria, simulations were run with the ESIMs located at different points along the
chosen azimuth. The simulations were performed using 500 ms time step and a 15 day duration
along with the NGSO MSS feeder link and GSO parameters shown below.
NGSO MSS system parameters
–
Height: 780 km
–
Inclination angle: 86.4 degrees
–
No. of satellites per plane: 11
–
No. of planes: 6
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–
–
–
–
–
–

Satellite separation within plane: 32.7
Satellite phasing between planes: 31.6
Minimum elevation: 8
Satellite rx antenna gain: 30.1 dBi
System noise temperature: 1295 K
Antenna gain pattern: Rec. ITU-R S.465-5
o

o

o

NGSO MSS Feeder Link Earth Station
–
Example location at 33 N, -111 E
o

o

NGSO MSS Feeder Link Carrier Parameters
–
Bandwidth: 7.5 MHz
–
No. of carrier: 1
Interference Criteria
–

Based on Rec. ITU-R S.1323

GSO Satellite Parameters
–
Orbital location: 150 W
o

GSO FSS Earth Station
–
Altitude: 0 m (Land terminal), 10 km (Aero ESIM)
–
Tx gain: 43.4 dBi (60 cm diameter)
–
Antenna pattern: Rec. ITU-R S.580-6
–
Maximum p.s.d: -56.5 dBW/Hz
GSO FSS Carrier Parameters
–
Bandwidth: 2.5 MHz
–
No. of carriers: 3
Results
The figure below shows the exclusion zones for the two cases: land terminal and aero ESIM at an
altitude of 10 km. The land and aero ESIM exclusion points are shown in black and red
respectively. As can be seen the difference between the exclusion zones for land and maritime
ESIM and aero ESIM is extremely small –less than 0.3% difference in total area. The detailed
difference in the distances and area are shown in the Tables 1 and 2 below.
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Table 1 shows the distance (on the ground) from the exclusion zone test points to the NGSO MSS
feeder link earth station and Table 2 shows the difference in the exclusion zone areas for the land
and maritime earth stations and aero ESIM.
TABLE 1
Land/Maritime UT
(km)

Aero ESIM (km)

Delta (L/M to
Aero) (km)

Delta %

North

640.8

North east

818.6

647.2

6.4

+1.0%

810.3

-8.3

East

-1.0%

696.4

699.3

2.9

+0.4%

South east

597.5

585.8

-11.7

-2.0%

South

866.6

837.5

-29.1

-3.4%

South west

1425.4

1455.2

29.8

+2.1%

West

885.9

900.9

15.0

+1.7%

North west

633.1

659.7

26.6

+4.2%

Direction

TABLE 2
Land.Maritime UT
(km )

Aero ESIM (km )

Delta (L/M to Aero)

Delta %

1 953 334

1 958 971

-5 637

+0.3%

2

2
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Conclusions
The analysis provided in this Annex is conservative, but demonstrates that coordination between
ESIMs and non-GSO MSS feeder links is feasible and that existing methods that are used in
coordination for fixed VSAT networks can also be used for ESIM. Actual coordinated exclusion
zones will depend on the specific GSO characteristics, protection criteria of the NGSO MSS feeder
link and other assumptions that would be agreed upon between the operators/administration during
coordination under RR No. 9.11A.

ANNEX B
Study for analyzing compatibility between airborne ESIM and
non-GSO MSS feeder links in the 29.1-29.5 GHz band
To simulate the effects of a number of aeronautical ESIMs operating within multiple GSO
networks, the Iridium MSS feeder link was modeled in Visualyse Pro software using the notified
characteristics of the HIBLEO-2FL system.2 The simulation also included a number of ESIMs
using characteristics representative of those stations that will operate with the ViaSat-2 satellite.
The characteristics used in the simulation for the HIBLEO-2FL and for the ESIMs are given in
Tables 1 and 2 below.
TABLE 1
HIBLEO-2FL Characteristics
Parameter / Description

Value

Satellites

66 with orbital characteristic per HIBLEO-2FL filing

Orbital planes / satellites per plane

6 planes / 11 satellites per plane

Orbital height

780 km

Orbital inclination

86.4°

Orbital period

100 min

Feeder link frequency (uplink)

29.1-29.3 GHz

Feeder link polarization (uplink)

RHCP

Satellite FL beam receive antenna gain

30.1 dBi

Satellite FL beam antenna pattern

S.465

Satellite FL beam receive system noise

1295 K

Satellite FL beam G/T (calculated)

-1.02 dB/K

Feeder link emission designator

4M38Q7W

Earth station tracking scheme

Tracking based on longest hold time with 5° minimum
elevation at earth station

Tracked earth station

Tempe, AZ

____________________
2

The US has filed additional coordination requests for the HIBLEO-2FL System. These are
HIBLEO-2FL2 and HIBLEO-2FL2 Mod-1. This analysis only considers filings that are currently
brought into use and additional studies may be required to address the new HIBLEO-2FL2 filings
once Notified.
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HIBLEO-2FL Assumptions
The HIBLEO-2FL system is assumed to be operating using the Tempe, AZ gateway earth station,
and per advice from the operator, that the earth station is tracking the desired satellites using a
longest hold time strategy with a minimum elevation at the earth station of 5° above the local
horizon. The output power of the gateway earth station was not considered as this analysis only
examines received I/N at the spacecraft and does not consider C/I, C/N, or C/(N+I).
TABLE 2
ESIM Characteristics
Antenna diameter (major axis)

78 cm

Antenna gain

40.5 dBi

Antenna input power

14 dBW

e.i.r.p density per carrier (single per ES)

35.5 dBW/MHz

Carrier emission designator

80M0G7D

Carrier frequency

29.2 GHz

Carrier polarization

RHCP

Carrier burst duty cycle

6%

ESIMs in simulation

24

ESIMs per GSO satellite

6

Target GSO satellite locations

-107, -89, -79, -55

Aeronautical ESIM assumptions
•

The ESIMs are representative of those of one satellite network operator and may not be
representative of ESIMs used with other satellite networks.
The ESIMs are assumed to each operate on the same frequency (29.2 GHz) and that this
is both co-frequency and co-polar to the HIBLEO-2FL feeder link channel being
evaluated.
ESIMs are operating at 10.7 km and flying at normal cruise speeds.
Each ESIM is traveling between a city pair for which the flight path will cross over or
near the Tempe, AZ gateway facility.
At the conclusion of each flight within the simulation, the flight restarts and repeats the
previous flight path. This continues for the duration of the simulation.
The simulated ESIM antenna patterns take into account variations due to skew angle.

Analysis
The analysis runs over a 30-day simulation period in a step size of one second.
In each step, the positions of the Iridium satellites in the constellation are updated and the pointing
angle between the Iridium gateway and the tracked satellite are updated, as is the pointing of the
satellite’s receiving beam toward the gateway. The locations of the ESIMs are updated by using the
define variable feature in Visualyse to update the latitude and longitude of the stations according to
a table of waypoints for each station.
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As the ESIMs move through the simulation, they burst according to the settings for each in the
traffic module of Visualyse. In this simulation the ESIMs are all configured with a burst duty cycle
of 6%. The 6% duty cycle is calculated asynchronously for each earth station. Accordingly, in the
simulation, there is a small possibility that multiple earth stations may burst at the same time. In a
real MF-TDMA network, multiple co-frequency co-time bursts will not occur in a given satellite
beam.
Figure 1 shows a snapshot of the ESIM locations at one point in time of the simulation. The figure
also shows a snapshot of the -3 dB receiving beam contour on the earth at a given point in time. In
this snapshot approximately six ESIMs are within the receiving beam.
FIGURE 1
Simulation Map View

In the simulation, each ESIM will transmit to one of four GSO satellites defined in the simulation.
The orbital locations used were 107 W.L., 89 W.L., 79 W.L, and 55 W.L. The target GSO satellite
for each ESIM is fixed for the duration of the simulation.
Given the city pair sets chosen for each ESIM, the length of time required for the flights to
complete vary, leading to variable times of the day over which the flights cross over or near the
Tempe, AZ gateway. Also, because of the variable flight lengths, the density of aircraft over or
near the gateway vary during the simulation.
It is worth noting that, in the simulation, the ESIM flights continue unabated 24 hours per day over
the length of the 30-day simulation, unlike actual commercial air flight operations, which have a
cycle over a given day with some flights starting in the morning and building during the day, then
dropping off overnight. This is in contrast to land or maritime ESIMs which may be in the vicinity
of the gateway over long periods depending on their operational characteristics.
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The same Visualyse traffic module used to control the burst duty cycle also allows for use of an
isolation zone around a station where transmissions from that particular bursting station are not
allowed. Multiple simulations were run using various circular isolation zones from 0 km to 400 km
in 50 km steps.
Figure 2 shows the results of these simulations and depicts the CDF of the I/N as a percentage of
time.
FIGURE 2
CDF of I/N vs Percentage of Time

I/N vs Percentage of Time with 6% Traffic Duty Cycle
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Summary of study
The long term aggregate I/N of -12.2 dB for 10% of the time is never exceeded. The long term
single entry I/N of -18.2 dB for four GSO systems is also never exceeded, even with no isolation
zone over the gateway.
Given that the simulation reports an I/N of approximately -37.5 dB 10% of the time even with no
isolation zone with the aggregate transmissions of four GSO ESIM networks, which is 25.3 dB less
than the target goal, it is obvious that no isolation is needed to meet the long term criteria for the
four GSO networks used in this example simulation.
For short term I/N and % time criteria, Figure 2 shows a sensitivity analysis of impact of size of
circular isolation zones on received interference.
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It should also be noted that the curves in Figure 2 represent results based on the characteristics of
one GSO operator, and that entirely different sets of curves could be obtained by changing ESIM
terminal transmission characteristics, the number of ESIMs, as well as the operational flight
patterns, altitudes and frequency of flights for these ESIMs.
The range, variation and limits of these parameters are areas for potential additional studies to help
provide a basis for determining an accurate zone where operational controls may be required.
Similar, future studies involving land and marine ESIMs are needed to determine compatibility with
non-GSO MSS feeder links.
______________
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