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Introduction

The following document details an STA Request to the FCC by UbiquitiLink, Inc. which is
substantially similar in nature to a prior STA Request submitted by UbiquitiLink to the FCC on
July 27, 2018. This prior STA Request was granted with the call sign WN9XQS. That mission
was of a short duration and successfully completed on February 25, 2019.

The following STA Request to the FCC is for a space test that will extend for six months and
encompass expanded global tests, but will be substantially identical to the previous test,
especially with regard to the interference discussion. This request is identical with the following
updated to accommodate the changes for this space test:

1. Payload upgrades. These include the capability to utilize other UHF cellular bands, as
well as both GSM and LTE waveforms.

2. Mission Duration. This mission will be 6 months in length, in contrast to the prior 14
day mission. However, the prior mission CONOP is preserved. The host vehicle will be
1dentical.

3. Test Sites and Frequencies. This mission will include additional test sites which are
enabled by the expanded frequency band capabili

As a result, the language and structure to this document is almost a clone of the prior STA.

Following discussion with the FCC, the document specification is designed to present and
conform to a general set of testing parameters.

Attachment 5 includes a detailed description of the Globalstar module on the payload. This
module includes a modem and a small patch antenna used to communicate data between the
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payload and the Globalstar space network the same way a Globalstar ground terminal would.
Since this terminal will be in orbit, we are specifying the details of its use in this document for
approval by the FCC. Upon receiving an application file number for this STA request,

will submit a companion license for their portion of the communications to and
from our payload.

Applicant Description

About the Applicant

UbiquitiLink, Inc. (UBLink), is a Delaware corporation, incorporated on January 21, 2017. Its
management team includes veterans of NASA, Nanoracks, Orbcomm, SpaceHab, Orbital (now
Northrop Grumman), Fairchild, and Neustar. UBLink is developing a last-mile ubiquitous
communications solution using small satellites for standard cellular/mobile devices such as
smartphones, feature phones, and cellular M2M/IoT devices.

UBLIink’s team consists of world leaders in nanosat markets, technology and launch.

Charles Miller, CEO, has 30 years’ experience in the space industry and has been the founder or
co-founder of multiple private ventures and organizations. He co-founded Nanoracks LLC;
Nanoracks LLC has launched over 700 payloads making it the world leader in nanosatellite
launches. Miller served as NASA Senior Advisor for Commercial Space from 2009-2012 where
he advised leadership on commercial public private partnerships (PPP). At NASA in 2009,
Miller managed a USG team of more than two-dozen civil servants (including representatives
from AFRL and FAA) that developed a commercial partnership strategy for developing reusable
launch vehicles. Miller then successfully persuaded senior NASA leadership to support a $300
million per year overguide request in the FY 2011 budget process using PPPs to develop
reusable launch vehicles.

Margo Deckard, COQ, is a cofounder of UBLink. Deckard has over 20 years of technical and
policy experience in the space industry. Highlights include being Project Manager for the Ultra-
Low-Cost Access to Space Study for the United States Air Force. This study focused on how the
United States Government could leverage free enterprise to achieve low cost access to space to
meet our National Security needs in the next 5 years. She also served as the Principal
Investigator for NASA-funded research on the environmental impacts of space solar power
(SSP), and co-authored a study for the National Security Space Office on SSP. Deckard leads
UBLIink’s spectrum team.

Key members of our technical team include Tyghe Speidel and Dr. Joseph Bravman.

Tyghe Speidel, our Vice President of Technology & Strategy, is the inventor of the key IP
enabling our orbital cell tower technology, among other patents in UBLink’s intellectual property
portfolio. He is a former spacecraft engineer at NASA’s Jet Propulsion Laboratory (SMAP,
Curiosity), and the founder and global lead of the commercial space practice at Accenture.

Dr. Joseph Bravman, our Vice President of Operations, previously was Orbital’s Senior Vice

President/Corporate Development, Corporate Chief Engineer, Senior Vice President of Orbital’s
Advanced Systems Group, and Senior Vice President for Engineering and Operations. During his
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time at Orbital, Dr. Bravman managed the construction of the ORBCOMM satellite constellation
and Orbital’s role as provider of the ORBCOMM space segment. Prior to Orbital, Dr. Bravman
was Corporate Executive Vice President of Fairchild and President of its Defense Electronics

division that produced avionics, satellite communications, and mission planning ground support
systems.
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on any given day during the 6 months period. In most cases it will be
substantially less than 4 minutes, and this CONOP for test density is
consistent with the previous STA application.

Northrop
Grumman Kill
Switch Contact

UbiquitiLink Kill
Switch Contact
Table I - Summary of the STA application request

Our extensive interference analysis (discussion in detail below) demonstrates that there is
no harmful interference from this test. The interference discussion describes why there
will be no harmful interference impacting the existing licensed service quality due to the
presence of the satellite downlink signal. This is the result of a number of combined factors
that first reduce the probability of occurrence to extremely low levels and then allow the
existing device protocol to completely eliminate any residual effects to the normal operation
of licensee user equipment.

During the previous testing campaign in February 2019, for which UBLink was granted
call sign WN9XQS, UBLink coordinated consent with all terrestrial MNOs in the granted
frequency band for testing inside the proposed spot beam (per condition S in WN9XQS).

Detailed Description

UBLIink is developing a cellular-based nanosat communications network. The service would
provide GSM or LTE cellular service around the globe operating on the majority of cellular
bands used globally with downlink blocks between 724 and 960 MHz using a Low Earth
Orbiting (LEO) nanosat or as a hosted payload on the Cygnus ISS cargo spacecraft. The
spacecraft, shown in Figure 1, would effectively act as a high-altitude cell tower. There is a need
to perform testing on prototype equipment, which will provide important information regarding
the performance of the links and the network/system control capabilities. Initially, UBLink
desires to perform a series of very short tests in various locations in around the globe. The FCC
Special Temporary Authority request seeks to test using specific spectrum ranges, using
specialized equipment operating at specified power densities, at a specific area, and at times
within the US and internationally.
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The test defined above requires authorization for the UBLink payload to transmit for no more
than 4 minutes per day over any one testing site for the period from approximately 01 August
2019 until 01 February 2020 (in increments of 2 minutes for each overpass). The exact dates of
operation are governed by the actual date of Cygnus departure from ISS and the detailed
maneuvers that occur after undocking from the ISS and deployment of other nanosats.

The payload, and especially its transmitter, is under the strict control of commands uploaded
over the Cygnus spacecraft from Northrop Grumman Mission Control. These commands are
time tagged for execution at specific times, and consequently at specific locations and positions.
The Cygnus spacecraft by virtue of its ISS mission has its position (Ephemeris and TLE
coordinates) and its attitude control well established. As such the center of the spot bean
depicted below will be accurately controlled and the transmission intervals precisely planned and
executed. This will ensure that the transmissions will only occur over the desired test areas, and
that no transmissions will occur across international borders unless authorized by both of the
corresponding country regulators. The precision of this control method was demonstrated on the
NG-10 prior mission. As described in the sections evaluating the potential for harmful
interference, the energy outside of the main lobe of the antenna will be below the minimum
signal sensitivity of user devices (-105 dBm per 200 kHz for GSM, and -106 dBm per 180 kHz

This base-station attached to Cygnus will transmit on the broadcast channel as its downlink and
respond to any uplink bursts from specific mobile phones or modules in the testing area.

n the ground, the devices consist of existing
GSM and/or LTE mobile phones or [oT/M2M modules.
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The following is a copy of the previous UBLink interference mitigation analysis (submitted to
the FCC in July 2018) and granted with call sign WN9XQS.

The engineering and spectrum team at UBLink has conducted a very detailed analysis to
compute, via Monte Carlo methods, that the probability of harmful interference from this test
will be non-existent.

The UBLink system shall use a specific channel licensed to Cellular One in this area. The main
area of testing is in a remote portion of northeastern Arizona. Operation in a quiet area is
preferred since the downlink signal from the spacecraft is very low and is intended to be the
“tower of last resort”. It, therefore, should not compete with terrestrial communications. This
low signal power level will preclude harmful interference in all instances. The quiet area, or
zone, is outside cell tower coverage and we are purposefully selecting for an area away from cell
towers for testing.

Attachment 2 is a detailed description of the Concept of Operations for this test.

Within the CONOPS description (referenced elsewhere) is information and charts illustrating the
orbital path of the spacecraft and downlink beam patterns over time. It is expected that the
Cygnus will be moved into the proper orbit sometime not earlier than July 2019 and that UBLink
will be authorized to perform testing not earlier than 01 August 2019. The opportunity for
testing will occur over approximately a 6 month period. During these 6 months, our payload will
be intermittently pointed to the Earth in what are referred to as “pointing sessions”. These
pointing sessions will occur approximately once per day for a duration of 6 hours (~4 orbits
around the Earth) and represent our testing windows. Any location on the Earth that is
underneath the Cygnus spacecraft ground track during these 4 orbits would be possible test
locations for that particular pointing session.

A particular point on the surface of the Earth that meets this criterion (e.g., is directly underneath
the Cygnus spacecraft ground track during these 4 orbits), would experience approximately 2
minutes of cellular connectivity centered on Cygnus’s overpass. This 2-minute time period is a
testing session. The number of testing sessions within the US during a given pointing session
may be on the order of 2 or 3 depending on the latitude of the location. The number of testing
sessions at the location provided by Cellular One during any given pointing session is only 1.
Testing at the testing location in Southwest US will occur for about 2 minutes once each day
over the total mission time, approximately 6 months. Only a single 200 kHz channel will be
accessed during this testing.

Since the proposed testing will occur for only up to two minutes during any particular pointing
session the probability that any user’s cellular device on the ground is interfered with is

incredibly low, and the probability that the user’s service is impacted is essentially zero.

The reasoning is described below and follows from a series of compounding low probability
events. The various scenarios are divided into Urban, Suburban/Rural, and Remote. When
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from the satellite payload. Thus, there is no material case in which a customer in an urban
location will suffer impeded service due to the presence of the satellite’s weak signal.

In Figure 9, the urban interference analysis is conducted in columns 3 through 5 and shaded in
dark blue. Urban cell radii typically do not exceed 3 km. The overlap with a neighboring cell (for
handofts); therefore, would occur at a smaller radius away from a cell tower. As indicated by the
color of the cells in the 5" column, the signal energy from the UBLink payload would not raise
the co-channel interference floor enough to cause harmful interference per the GSM specification
for C/I when designing cellular signals for co-channel interference mitigation.

Suburban/Rural Interference Analysis
There will be no impact to users in suburban or rural geographies.

Suburban and rural users live in areas where cell edges have the greatest risk to be impacted by
the power from the satellite payload because cells are generally larger and more spread-out.
Although most at risk for potential interference from the UBLink payload, the following
rationale details why suburban/rural geographies will experience no harmful interference.
Customers will experience no harmful interference, because:

1) the potential for interference is infinitesimally small (0.0000117%), and

2) the inherent design of the terrestrial cellular network is designed to be automatically

robust enough to mitigate instances of potential interference.

The terrestrial cellular network is designed to deploy the use of its spectrum to users across 3
dimensions to maximize throughput: space, time, and frequency. In other words, the spectrum is
deployed geographically via expansive frequency re-use and then each cell channelizes
communications across the domains of frequency and time using multiple access schemes.
Therefore, in order for interference to occur, it must occur at a particular place and time/instant,
and on a particular carrier frequency.

The following discussion analyses the probability of interference from the UBLink payload on
the terrestrial cellular network across the following dimensions:

1) Spatial/geospatial
2) Time
3) Spectral/frequency.

The following analysis shall prove that even individually, the potential for interference along any
one of the three dimensions in the cellular communications infrastructure is itself unlikely.
Furthermore, we demonstrate that all 3 dimensions must be invoked at the same time in order for
interference to occur for any given cellular device user in the real world.

The conclusion of the analysis below is that there is about 0.0000117 % probability that the
UBLink payload will create interference to a Suburban/Rural user’s initially chosen
carrier. However, the GSM or LTE device will then automatically select another carrier
should this extremely unlikely event occur, and in such regions the availability of another
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carrier is nearly certain. Thus, the final likelihood of actual harmful interference
impacting the service is zero.

Impact of potential interference spatially/geospatially
Spatially speaking, across the US, our analysis suggests that there is about 0.84% chance of
interference.

The cellular structure relies on a frequency re-use pattern to avoid self-interference from adjacent
cells operating at the same frequency. Since the test satellite operates on a single 200 KHz
carrier frequency, only a fraction of the towers within the footprint could ever even be impacted.
Typical frequency re-use schemes in suburban/rural geographies are on the order of every 7 or 9
towers. So numerically, the percentage of towers within a footprint that would even be sharing
the same co-channel would be on the order of 14% in a worst-case scenario.

Of the 14% of tower cellular coverage areas on the ground, any impact from our payload signal
would only happen at the portions of cells that represent the edge of regional coverage.
Therefore, the central regions of suburban and rural locations and those that abut higher density
regions (e.g., urban) would see no impact. This is represented in Figure 8 below where the design
cell edges of suburban and rural towers are indicated in cases of overlap and no overlap. In
geographies where cells overlap interference is mitigated, but those cells that represent the edge
of regional cellular coverage or stand-alone, are subject to possible interference. The only areas
that could be impacted within these cells are the slice between -92.8 and -105 dBm, which are
generally areas of overlap with adjacent cells. However, at the edge of regional cellular
coverage, these may be the only signals available in some geographies (where very few, or no
people live). Below -105 the phones won’t work, and so there can be no interference. At or
above -92.8 dBm (the upper limit of the payload downlink signal energy) the tower dominates.
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therefore, from a time dimension, there is a 0.14% chance that the UBLink payload could even
be transmitting while over the proposed location in the Southwest US.

Furthermore, the signals from the UBLink payload will operate using the frame structures of the
GSM protocol. This means that the signals from our transmitter will be transmitted in bursts in
an individual timeslot across 8 potential timeslots in the TDMA frames. Our broadcast control
channel (BCCH) will always occupy timeslot 1. Since we will be communicating with no more
than 1 GSM mobile phone at any given point in time (to move a message from one mobile phone
to the other) our downlink carrier frequency will remain quiet on at least 6 out of 8 of the
downlink timeslots at all times (we will occupy timeslot 1 always and one other timeslot for the
duration of moving an SMS to/from phones on the ground). Therefore, along the timing
dimension, the probability that there will be interference when the UBLink payload is
transmitting is 25%. In other words, there is a 25% chance that there is a burst from the UBLink
payload on the downlink channel that coincides with a burst from a terrestrial cellular tower
downlink channel on the same exact timeslot.

In conclusion, the temporal probability that there is interference is 25% of 0.14% or 0.035%.

Impact of potential inference in frequency

A typical cellular tower might utilize 5 MHz of spectrum. For any given cellular tower below the
spotbeam that operates across 5 MHz of spectrum, 200 kHz represents 4% of the spectrum on
any given tower.

Thus, the probability of interference on a spectral dimension is likely not higher than 4%.

Impact of potential inference accounting for ALL 3 factors
In conclusion, the probability that a user’s device is 1) operating on a cell tower in a rural area
near the test site with a cell signal lower than the signal from our payload, 2) on the exact

frequency we are using for the test, and 3) at the exact time that we are overhead using it is
0.84%%0.035%%4% = 0.0000117%.

However, unlikely as that is to happen, the GSM and LTE protocols are designed to be resilient
to various issues with individual carriers that may temporarily degrade performance of an
individual user device with individual carriers. Should the effect occur with a 0.0000117%
probability the device and its base station will simply move to another available carrier. The fact
that this is only an issue at the fringes of the network, where user density is very low assures that
alternate carriers will be in plentiful supply.

Thus, the final probability of harmful interference is zero.

The tests are being conducted with the express cooperation and participation of the terrestrial
licensee, who believes that the UBLink service will add to the capability of their network rather
than to detract from it. It is a primary objective of the UBLink test program to accumulate data
to validate these assumptions and provide a design baseline for enhancements to the network
aimed at delivering and improving the service.
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Attachment 2 — Letter of Support, Cellular One
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Attachment 4 — Detailed Interference Analysis via Numerical Methods

Summary of UbiquitiLink Interference Analysis using Monte Carlo Methods

Utilized Data
https://hifld-geoplatform.opendata.arcgis.com/datasets/cellular-towers

The data provided in the link above is cellular tower locations throughout the US. It consists of
cellular tower locations as recorded by the FCC, extracted from the FCC Universal Licensing
System Database.

The Meta-data for the data set itself can be found here:
https://www.arcgis.com/sharing/rest/content/items/0835ba2ed38{494196c14af84074541b/info/m
etadata/metadata.xml?format=default&output=html

Per the meta-data, it was last updated on December 20, 2016, by a Senior Engineer at the FCC.

It should be noted that the data set is only composed of 23,499 rows for 23,499 towers. Each row
actually represents a transmitter, and some transmitters are located on the same tower (as will
become evident later in this report). These 23,499 towers do not represent every cellular cell in
the US and likely is only representative of macro cells. However, this is likely sufficient for this
analysis as micro, pico, and femto cells don’t represent likely candidates of harmful interference
from UBLink as they are predominately located indoors or underground and perform over very
short distances.

Data Analysis — Tower locations and distances
The data is analyzed in the MATLAB environment. A CSV file is ported into the workspace and
parsed into location vectors for each tower.
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Figure 16 - The latitude/longitude positions of each cellular tower site in the FCC database

Using the latitude/longitude locations of the towers, a WGS84 Earth model is assumed to
calculate the corresponding ECEF locations of the cellular towers in 3-D space (to account for
the curvature of the Earth).

As a means to examine the distribution of towers that might be impacted an analysis was
conducted using the positions of each cellular tower to calculate the distance its nearest
neighboring tower. The following represents the probability distribution function for the distance
to the nearest tower, for cellular towers.
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The Monte Carlo simulation points are used as the anchors for a long loop. For each point in the
simulation set, the nearest cellular tower is computed. Given the distance to the nearest tower,
the strongest signal energy is computed using a simplified exponential path loss model. The
EIRP from the base station is assumed to be decremented by the calculated path loss estimate.

For each point, the second nearest tower is also computed, along with its distance and the signal
energy from it.

Once the loop is executed, the 1 million simulation points all have a corresponding set of 4
vectors: distance to nearest tower, approximate signal energy from nearest tower, distance to
second nearest tower, and approximate signal energy from the second nearest tower.

The following plots tell a revealing story:

Below is the probability distribution function of the signal energies calculated across all the
Monte Carlo points in the simulation. The blue histogram represents the signal energy from the
nearest, or first tower, to the Monte Carlo location point. The red histogram represents the signal
energy from the second nearest, or second tower, to the Monte Carlo location point.

Signal Energy Analysis - Probability Distribution Functions
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Figure 18 - Probability distribution function (PDF) of the signal energy from the nearest and second nearest tower to any
location in the US per the Monte Carlo simulation model

Below is the PDF of the distance to the nearest tower and second nearest tower to all Monte
Carlo Simulation points. The nearest tower is in blue and the second nearest tower is in red.
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Attachment 6 — Details of Globalstar Module
Purpose of Operation

The purpose of this Appendix is to request permission to operate the Globalstar duplex
transmitter modules in the UbiquitiLink payload.

Globalstar will communicate with the UbiquitiLink payload using Globalstar’s alread
roved ground station network and already approved satellite constellation (HIBLEO-4).

Globalstar 1s already licensed for use of HIBLEO-4 and the communication
requencies. Globalstar’s FCC License does not cover space-to-space operation; therefore, we
are requesting that our Experimental License cover these operations.

The period of operation for the Globalstar duplex transmitter modules will be the same

time frame for UbiquitiLink’s experimental payload, 1 August 2019 to 01 February 2020. .
. This
configuration 1s for space use only (per FCC 11/1/17 Emuissions Designator IM23G7W); the
following information is provided for the hardware.

The following details have been provided by -

Information for IM23G7W

Bandwidth: 1.23 MHz

Modulation Type: [G] Angle-modulated, phase modulation (common; sounds like FM)
Modulation Nature: [1] Digital, on-off or quantized, no modulation

Information Type: [W] Multiple Formats of Data Transmitted

The Emissions Designator IM23G7W signifies a wireless radio which transfers data over a
modulated wave using Digital, on-off or quantized, no modulation signal. This signal transmits
at a 1.23 MHz [ 1M23] maximum bandwidth.
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