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Programming Note

We will take three short Q&A breaks during this  
presentation, and a longer Q&A at the end.
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• Civilization
– New NGSO Systems

– Technology and Resources 

• … and its Discontents
– Interference Paths

– Different Types of Service Providers

– Other NGSO FSS Aspirants

– Challenges and Opportunities

• Case Studies

• Closing

“The years of struggle will strike you as the most beautiful”
Agenda
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NSGO Civilization AUTHORIZED NGSO FSS LICENSEES
COMPANY NO. OF 

SATELLITES
BANDS SERVICES

SpaceX 7,518
4,409

V
Ka, Ku

Global broadband

Amazon 3,326 Ka Global broadband

WorldVu
(OneWeb)

1,280
720

V
V, Ka, Ku

Global broadband

Kepler 140 Ku Machine-to-machine communications 
(Internet of Things)

Telesat 117
117

Ka
V

Wide-band and narrow-band communications 
services

Theia 112 Ka Integrated Earth observation and communications 
network

LeoSat (Defunct) 78 Ka Broadband services

O3b 42 Ka Broadband services

ViaSat 20 V, Ka Broadband services

Karousel 12 Ka, Ku Video and data distribution service to rural 
consumers

EOS 
(formerly Audacy)

3 V, Ka Data relay constellation providing satellite 
operators with seamless access to NGSO satellites

Space Norway AS 2 Ka, Ku Arctic broadband

Key: V-band (37.5-51.4 GHz), Ka-band (17.7-30.0 GHz), and Ku-band (10.7-14.5 GHz)

~17,000 Satellites

• Following a 2016 
processing round, the 
FCC has authorized the 
launch and operation of 
more than 17,000 fixed-
satellite service space 
stations in non-
geostationary earth 
orbit.
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NSGO Civilization
NGSO FSS NEXT-GENERATION APPLICANTS

COMPANY NO. OF 
SATELLITES

BANDS SERVICES

OneWeb 47,844 Ka, Ku Global broadband

SpaceX 30,000 E, Ka, Ku Global broadband

Telesat 1,671 Ka Global broadband

Mangata
Networks

791 V, Ka Global broadband

Kepler 360 Ka, Ku Arctic broadband

Viasat 288 V, Ka Global broadband

AST&Science 243 V Cost-effective, high-speed wireless broadband 
services throughout the United States

O3b 70 Ka Broadband services

Boeing 60 Ka Very high speed connectivity for end-user earth 
stations

New Spectrum 
Satellite

15 Ka, Ku Global satellite services

Key: E-band (71-86 GHz), V-band (37.5-51.4 GHz), Ka-band (17.7-30.0 GHz), and 
Ku-band (10.7-14.5 GHz)

~81,000 Pending Sats

• Approximately 81,000 
additional NGSO FSS 
satellites may receive 
FCC authorization, as 
operators modify 
existing or propose new 
systems.
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Major Plans Based on Incredible Engineering
NGSO Civilization

https://youtu.be/cbI0U6SItE0

https://www.youtube.com/watch?v=oqiO2
xeMkY0
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Transformational Aspirations
NGSO Civilization

• Most applicants target the outer 
edge of business models – they 
are pursuing transformational 
changes that deliver new 
services using new assets

• New services include not only 
broadband, but also IoT, 
remote sensing, tracking, and 
even on-demand video delivery 
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NGSO Discontents
Doubters, Incumbents, and Each Other

• Doubters

– “If they think they’re competing against terrestrial providers, they’re deluded,” Tim 
Farrar, a satellite communications consultant, has said.  

– Farrar sees satellite broadband as limited to last-resort customers who don’t have any 
other choice for connectivity.

• Incumbents

– DBS

– UMFUS

• Rival NGSO systems with different system architectures, different 
business models, and different views of the likelihood of interference
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• The most common 
interference risk is alignment 
between satellites and Earth 
stations of two satellite 
systems. 

• Most NGSO constellations use 
all spectrum available; 
therefore, sharing between two 
(or more) NGSO systems is 
always a co-frequency case. 

Alignment Events
Interference Risk
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• Satellite diversity: one or both 
systems could use alternative 
satellites

Avoid Alignment!
Interference Solutions

• Earth station diversity: one or 
both systems could use 
alternative earth stations
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• Satellite diversity: use of low 
gain antennas by A could limit 
the availability and value of 
satellite diversity to B

Avoiding Alignment Can Be Easier Said Than Done
Interference #Fail

• Earth station diversity: use of 
large spot beam sizes by A 
could limit B’s ability to rely on 
alternative earth stations
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First Short Q&A Break
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Various Designs, Business Models, and Operating Parameters
Interference Challenges

– Service metric

– Service outages (number, duration)

– Service quality (bit error rates, 
spectrum efficiency (bits per 
Hz/sec))

– RF metric

– interference-to-noise ratio (I/N)

– signal to interference plus noise 
ratio (SINR)

• Diversity, but … 
– Moment-to-moment scheduling 

– Advanced satellite control architecture

– Real versus actual interference events

– Common target areas on Earth

– Asymmetric risks, costs and benefits

• What is interference anyway?
– Corporate metric

– Affect on KPIs

– Lost revenue
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The FCC’s Inter-round and Intra-round Sharing Rules
Don’t We Have Rules for This?

• NGSO FSS spectrum sharing rules 
(47 C.F.R. § 25.261)
– Applies to systems using “earth stations 

with directional antennas anywhere in the 
world under a Commission license, or in 
the United States under a grant of U.S. 
market access”

– Requires operators to coordinate in good 
faith

– Forces spectrum division, in the absence 
of coordination, when the increase in 
system noise temperature exceeds 6% for 
either system

• NGSO Fixed-Satellite Service 
processing rounds (47 CFR §
25.157)

– The FCC: 

– initiates a processing round if an 
applicant proposes to use spectrum 
on a mutually exclusive basis; and

– will issue a public notice 
announcing a cut-off date for 
applications to be considered 
concurrently
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The FCC’s Modification Rule
Don’t We Have Rules for This?

• NGSO FSS Modification Rule(47 
CFR § 25.117)

– permits the Commission to grant a 
space station modification request 
unless one (or more) of five 
disqualifying “circumstances” is met.  
47 C.F.R. § 25.117

– if a proposed modification does not 
present any significant interference 
problems and is otherwise consistent 
with Commission policies, “it is 
generally granted.”

Source: SpaceX
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But not exactly . . .
Oh good, we have rules.

• Processing rounds can be waived.

• Six percent Delta T/T represents a fairly low threshold. 

• The FCC has limited experience actually applying its rules governing inter-round prioritization. 

• SpaceX has proposed to modify section 25.261:

– Inter-round sharing – licensees in later processing rounds should protect licensees from earlier processing rounds against interference to a 
specified level; first round protections should sunset after (a very long) time

– Intra-round sharing – during in-line events between two operators in the same processing round, first choice of home spectrum should go to 
the operator with the more spectrally efficient system (measured in Mbps per km2)

• Amazon has proposed to modify section 25.117:

– codify and modernize the standard for when an NGSO FSS modification application falls to subsequent processing round and establish criteria 
for modifications that presumptively warrant spectrum sharing (such as changes in apogee or perigee, changes in orbital inclination of more 
than 2 degrees, and changes that materially increase the number or duration of in-line interference events). 

• The FCC will need to either develop new rules that attempt to balance some protection for early filers against the 
desire to promote competitive entry and innovation, or figure out how to interpret its existing rules to achieve 
these same goals. 
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Second Short Q&A Break
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Interference and Spectrum Splitting
Case Study 1: NGSO FSS into DBS

• DBS operators deliver television programming using GSO satellites in the 
12.2-12.7 GHz band, where NGSO FSS also operates.

• NGSO FSS operations may generate power levels beyond what a standard co-
frequency GSO DBS reference antenna can tolerate.

• To protect DBS, NGSO FSS must comply with single-entry and aggregate 
EPFD limits (space to Earth) in ITU Radio Regulations Article 22 and 
Resolution 76 (WRC-15), respectively.
– EPFD 

– is the sum of the power flux densities produced at a GSO receive earth station on the 
Earth's surface or space station in the geostationary orbit by all the transmit stations 
within a NGSO FSS system; and

– accounts for the off-axis discrimination of a reference receiving antenna assumed to be 
pointing in its nominal direction.
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Risk to DBS
Case Study 1: NGSO FSS into DBS
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Risk to DBS
Case Study 1: NGSO FSS into DBS
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Risk to DBS
Case Study 1: NGSO FSS into DBS
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• “SpaceX’s proposal would result in a much denser web of satellites 
orbiting than ever before contemplated and, with it, a concomitant 
increase in the unwanted power SpaceX’s NGSO system will transmit into 
co-channel Ku-Band direct broadcast satellite service (DBS) receivers that 
tens of millions of American consumers depend upon for news, 
entertainment, and information.”

• “Domestic and international rules require SpaceX to demonstrate that its 
power will not exceed what a standard DBS reference antenna can 
tolerate.”

• “SpaceX has failed to make a facially sufficient showing of compliance, 
and SpaceX’s failure requires immediate dismissal of its application.”

DISH
Case Study 1: NGSO FSS into DBS
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NGSO FSS ESIM and UMFUS Coexistence
Case Study 2: NGSO FSS (ESIMs) into UMFUS

• The FCC has auction 28 GHz spectrum for terrestrial broadband use 
under the moniker of UMFUS, the Upper Microwave Flexible Use Service

• Verizon and U.S. Cellular account for 90% of the investments made to 
acquire 28 GHz UMFUS licenses. 

• They and other UMFUS licensees claim that primary NGSO FSS ESIMs in 
the 28.35-28.6 GHz band could cause harmful interference to primary 
terrestrial operations in the adjacent 27.5-28.35 GHz UMFUS band

• They say “the interference environment would be complex and difficult to 
predict as compared to the existing regulatory regime.”
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Verizon’s View
Case Study 2: NGSO FSS (ESIMs) into UMFUS
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• Must account for change over time• Out of Alignment
– NGSO satellites are in motion

– NGSO ESIMs are in motion

– UMFUS user terminals are in motion

• Operational Status
– UMFUS radio not constantly receiving

– NGSO ESIMs not constantly transmitting

• Commercial Incentives
– UMFUS high-density deployments

– ESIM preference for clear line of sight

Mitigating Factors
Case Study 2: NGSO FSS (ESIMs) into UMFUS

Amazon performed a Monte Carlo analysis for an ESIM travelling a 
rectangular path through seven UMFUS sectors and associated user terminal 
uplinks, which are the most vulnerable
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• “The probability of a simultaneous alignment of all the conditions 
necessary for harmful interference to occur from NGSO ESIM 
deployments into UMFUS operations is extremely low, and if it were to 
occur, would be fleeting and short lived.”

• “As a result, adjacent-band UMFUS operators are at no meaningful risk 
of experiencing harmful interference from NGSO ESIM operations, and 
existing OOBE limits will sufficiently protect UMFUS receivers in 27.5-
28.35 GHz from NGSO ESIM transmissions in 28.35-28.6 GHz.”

Amazon on ESIM-UMFUS Coexistence
Case Study 2: NGSO FSS (ESIMs) into UMFUS
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Third Short Q&A Break
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Utilitarian or Deontological Ethics?
Case Study 3: NGSO FSS against NGSO FSS

• Amazon

– “To facilitate coordination and co-
frequency operations, the Kuiper 
System incorporates many features, 
including, (i) small spot beams; (ii) 
satellite diversity; (iii) flexible network 
control; and (iv) dynamic channel re-
assignment.”

– “By employing these tools, Amazon will 
[not] hinder[ ] the ability of other 
authorized or previously-filed NGSO 
FSS systems [advancing] the 
Commission’s goal of closing the digital 
divide.”
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• New NGSO Entrants: SpaceX’s latest system redesign equates to a new 
system not deserving of earlier-in-time priority rights for spectrum use.

• New NGSO Entrants cite many changes: 

– (1) lower the altitude of 2,824 of 4,409 satellites by as much as 785 km

– (2) double the number of satellites that may communicate with any gateway earth station

– (3) widen the elevation angles of user terminals and gateways in manner that would 
greatly increase the area of the sky in which SpaceX’s satellites will be visible

– (4) increase the number of fixed user terminals in the United States from one to five 
million

“Fail-Fast-Fail-Often” Confronts Reasonable Expectations
Case Study 4: Modified NGSO FSS into Existing NGSO FSS
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• “The SpaceX redesign involves every aspect of its system: not just 
lowering the satellites’ altitude, but materially decreasing the elevation 
angles, multiplying the beam sizes, altering power characteristics, and 
implementing an undisclosed substitution in antenna technology.”

• “SpaceX is simply wrong when it claims the modification will not increase 
the amount of time band-splitting is required absent coordination, as O3b 
would be subject to the risk of spectrum splitting in an unacceptably high 
number of new situations in new geographies.”

• “The SpaceX response to SES’s concerns about its compliance with EPFD 
limits to protect GSO systems suggests an intent to affirmatively mislead 
the Commission.”

SES/O3B on SpaceX System Redesign
Case Study 4: Changed NGSO FSS into Existing NGSO FSS
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Changing Models
Disruptive Innovation or Innovative Disruption?

• In Civilization and its Discontents, Freud said the primary friction in life is 
the tension between the individual's quest for instinctive freedom 
and civilization's contrary demand for conformity and repression of instinct.

• Civilization – or rules, in this case – are tool we created to protect ourselves 
from unhappiness, and yet those rules are our largest source of unhappiness.

• Where we land with NGSO FSS systems may depend on what we think of 
Freud seminal work: to what degree do we need of rules to curb the 
commercial impulse versus depending on collective goodwill to free ambitious 
innovation?  Do we pursue utilitarian or deontological ethics? 

• Freud’s full quote may be telling: “One day, in retrospect, the years of struggle 
will strike you as the most beautiful.” 
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• ITU 
– Bringing into use (within 7 years of ITU 

filing submission)

– Satellite deployment milestones (within 
9, 12, and 14 years of filing)

• FCC 
– Satellite deployment milestones (within 6 

and 9 years of the authorization date)

– Possible new orbital debris mitigation 
rules, such as aggregate satellite collision 
risk, on-orbit lifetime, and 
indemnification requirements

Other deployment considerations

Source: European Space Agency



Hogan Lovells |  34

Amazon OneWeb SpaceX Telesat Viasat

Frequencies Ka-band Ku- and Ka-band Ku- and Ka-band Ka-band Ka-band

Number of satellites 3,236 720 4,409 (granted) 
4,408 (modification)

117 20

Orbital altitude (km) 590, 610, 630 1,200 550, 1,110-1,325 (granted)
540-570 (modification)

~1,000-1,248 8,200

Status Granted Granted Granted but modification 
remains pending

Granted Granted

First generation Ku- and Ka-band constellations

Source: Amazon
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Boeing OneWeb SpaceX Telesat Viasat

Frequencies V- and E-band V-band V-band V-band V-band

Number of satellites 147 2,000 7,518 117 20

Orbital altitude (km) 1,056 (132 sats)
27,355-44,221 (15 sats)

1,200 (720 sats)
8,500 (1,280 sats)

335-346 ~1,000-1,248 8,200

Status Pending Granted Granted Granted Granted

First generation V- and E-band constellations

Source: SSTL Source: Viasat
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Mangata Networks OneWeb SpaceX Telesat Viasat

Frequencies Ka- and V-band Ku- and Ka-band Ku-, Ka-, and E-band Ka-band Ka- and V-band

Number of satellites 791 47,844 30,000 1,671 288

Orbital altitude (km) 6,400 (567 sats)
1,215x11,585-3,800x9,000 (224 sats)

1,200 328-614 1,015 (351)
1,325 (1,320)

1,300

Status Pending Pending Pending Pending Pending

Second generation constellations

Source: OneWeb


