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| File A3 SN ORNIRINTIITNY
Call Sign_______Grant Datew\o

(or other identifier)

Applicant:  Spaceflights, Inc. From:
FileNo..  SES-STA-20150824-00549 | GRANTED
Call Sign: ~ None International Bureau | Apnroved:

Special Temporary Authority

Spaceflights, Inc., is granted special temporary authority, for 180 days, from November 23, 2016
to May 21, 2017, to operate a fixed earth stations in North Pole, Alaska, to provide space
operation communications to the SHERPA spacecraft as it deploys approximately 90 small
spacecraft in low Earth orbit over the course of a twelve-hour operational period. Spaceflight
Inc. seeks authority to use center frequencies 401.5 MHz (space-to-Earth) and 450.2 MHz
(Earth-to-space) for space operation communications, under the following conditions;

1. Spaceflight, Inc. must coordinate with the local Society of Broadcast Engineers (SBE)
coordinators for the uplink transmissions to the satellite for 450.1 MHz.

2. Operations on a non-interference basis only.
3. Operations on a non-protected basis only.

4. In the event that there is a report of interference, Spaceflight, Inc. must immediately terminate
transmissions and notify the FCC in writing.

5. Spaceflight must ensure that radio-frequency operations with SHERPA will occur during
times that will not interfere with Meteorological Satellite operations, in accordance with the
conditions set forth in the SHERPA spacecraft grant of special temporary authority, IBFS File
No. SAT-STA-20160821-00060.

6. Grant of this authorization is without prejudice to any determination that the Commission may
make regarding any other pending or future Spaceflight Inc.’s applications.

7. Transmitter(s) must be turned off during antenna maintenance to ensure compliance with the
FCC-specified safety guidelines for human exposure to radiofrequency radiation in the region
between the antenna feed and the reflector. Appropriate measures must also be taken to restrict
access to other regions in which the antennas' power flux-density levels exceed the specified
guidelines.

8. Spaceflight, Inc. shall take extraordinary measures to ensure that the antenna does not create
the potential for exposure of persons who may be within the immediate vicinity of
radiofrequency radiation in excess of FCC safety guideline to prevent human exposure in excess
of the FCC-specified safety limits. Warning signs, such as those discussed in the FCC's OET
Bulletin 65, shall be posted informing members of the public to keep outside the exposure area
that exceeds limit.

9. Any action taken or expense incurred as a result of operations pursuant to this special
temporary authority is solely at Spaceflight, Inc.'s own risk.



910Z/S1/10
oje( I0LIg 9s() pajsenboy 9

Bq0 ® uoneoo uoneys afueyy L JeIn) o) Jotig o5

1s9nbay odA1, S

UOTIB)S [LIBY QAIOIY/HWISURL], 9I[[91eS POXI] — XD UONBIYISSE]) 99 qf

:(urerdxo aseod)1oq10 O
99SUSOT] [RUOTEONPS [RIOISWIOOUON &}  Amug [emouruiosorny €

(PT11°T WonoeS Y I'D L 99s) uondimoxo 0o] 10§ UOSEAI 9LOIPU ON J  "6ST WO D). Uoene pue aporduion ‘sox jy &
juoneorydde sty qirm papruiqns 995 e S| ey

(] UoIsSSTIIqng 10  IOqUINN 2[L] 90UQIJY '€
(-ouo Ajuo I10juo ases] ‘woneordde
paje[ax oy Jo (J wolssIgng gy oY} 10 IoquInu I 9} ISYI IOJUS ‘UOISSIUIWO)) 93U} Yum pafi uoneorjdde ue 03 pojerar st woneoridde moX 1)

[9sunoy) e8] :dyysuoy ey ‘uonuINY

€1¥T—  9€00T :apoadiz vsSn  :Aguno)

0d 193818 uoj3urysepm K1)

W0 zMZI@)I0uIM] N MN 19218 WET 67C1 SEERII
dT1

CL6—6TH—20T JequIn Xey 143U 2 IOUSIA SO[poD) S1ogpon  :Aueduro))

0067—-6Tv—20T Zu&E:Z uoyg ISUIA T URlIRUO[ PWeN

Peu0) T




"(£0S uon0ag ‘L 9PLY, 9poD 'S N) TANLIALIOL YO/ANY ((1)(B)Z1€ wonoss /4 opiL, “9pod 'S n)
NOILVZIIOHLAV NOLLVLS ANV 40 NOLLYOOATY MO/ANYV ‘(1001 uonoss ‘g1 spLL, “9po) 'S’ (1)

INHWNOSTIdNT JO / ANV NI A9 HTIVHSINOL IV IWIOA SIHL NO HAVIN SININHIVLS STV TN TTIM

[oSUNoY) [BISUAL) AqsuIo] eIpuy

Suru3rg uosIog JO I[UL ST Buru3rg uosiog Jo sweN y{

‘sasodind osony 103 “yonbzpuornestidde oy 03 Auedijonb2y Jo Surueswr o) 10§ (q)Z007 1 MAD Ly 2°9S

"90UEISqNS PI[[ONUOD B JO UOHNGLUSIP IO UOISSISSOd 10 WONOIAUOD B JO 9SNBIIQ ‘798 UOI0S *D'S'(1 1T ‘8861 JO

1PV SnIg-nuy 9y} Jo [9gS uoroas 03 yuensind sujousq O, SOPNIOUI Jey} SHJOUq [eIopa ] JO [erusp € 03 10olqns

oN O sox @ st uonjestjdde ot 03 A1red 1omi0 Aue 10U Jueorjdde roWIou JeY) SO0 PoUIISIOPUN AU} ‘SOX SUTYIAYO A "¢

"9T0z ‘ST TTady pue 910z ’'ST Axenuep ussmieaq 90USIINDDO oTHuTs e ut soeld

a)e] 031 sanoy (ZI) saTsm] 03 dn JO UOTIRINY B JI0J SUOTIL]S yilres HBurtpuodssriod pur ‘vYIIHHS
se umouy ‘Jjexosseds ' Y3ITM SjedTunuuwod o3 3T 3Twrsd o3 Aatxoyuany Axexodwsy Teroeads
sasenbex AgeIsy ‘soTny S,UOTSSTIWWOD 9U3 JO 0T °§¢ UoT1desg o3 juensand ‘-oul 3ybr1Ieoeds

(*K12111U9 S)1 UL 31 MITA 0] ULIOJ 97 JO puo o1 03 0F aseard xoq sty ur zeadde jou seop uonduosep sjefdwos oy J1)  “uonduosa( 71

i€ JuouIORRY ZeH pey 7 JUUIOeny VLS 10} 1sonboy :1 woumoeny
‘sjuaurgoepe paau Aue Ajddns ases(d ‘11

M 80T TE Lyl (Us'sswuwpp)
opmi3uo] 01 MV 9mS 6

N 0LE Ly +9 (Us'sswuwpp)
opmyueT ‘g 9[0d YHONAND *L




, "L0SE NOLLOTS "D'S™ bb ‘S66T ‘T
FAIOLDO ‘€I-+0T MV'III'TENd ‘5661 0 LOV NOLLONATY SHOMIAIVI THL A9 ATIINOTY ST AOLLON ONIOOTIOI THL

*8..90—090€ JO IoqUINU [ONU0d FINO Ue PouSISSe Ua9q Sy UOTIO[00
SIYL, "901OU SIY) Y)Im NOA 9p1Aa0Id 07 [IB] oM JI 10 IoqUINU [0NU0d JINQ PI[eA AJUaLn0 & sARdSIp JI SSO[UN “WOIIOS[[09 SIY) I0Su0ds 10 1onpuod
10U AeUI JUOUNLISAOS 97} PUB ‘JUSWIUIOA0T [eIOPS, oY) Aq PoIosuods UOTJBULIONUT JO UONIS[[00 B 03 puodsal 0} painbal 10U 218 NOX — I9qUISWSY

'SSHYAAV SIHL OL SIWdOd d4.I3TdINOD ANIS ION Od
HSVATd "A03-00J@) V¥ 01 WY} PUas NOA J1 J9UIIU] S} BIA UONO[[00 SIY} JO Spoadse 10y uononpay spromaded oyp Surpredor sjuswwiod moA

1doooe osTe [[Im 9p\ "SS0T DA ‘worSurysep (8£90—090¢) 109f01g uononpay yromaded WHHI~ATY UOISSIUIIO,) SUOHEOTUNWINIO]) [BIOPo,]
oy} 03 91 9sea[d ‘NOA $aSNBD I UOPING Y 9ONPII PUR UOTOA[[00 Y} 9A0IdWI UBD oM MOY IO “OJBUIISS USPING SIY} UO SIUSUIWIOD AUR OABY

NOA J] "UOIRWLIOJUI JO UONIS[[00 o) Furmaraar pue Sunejduros pue ‘eyep parmbor oy Sururejurewr pue Suwroyes ‘s90mos eep Sunsxo Suryoress
‘suoTjonISUI JUIMSIASI 10Y duir oy Surpnfout ‘osuodsar 10d smoy g 9FeIoAe 0} PoJeuInss ST UOTJBULIOFUT JO UOLIS[[0d SIy) 10§ Surodar ofqnd oy,

LIV NOLLOOATY HOMIIdVd AHL A9 ATIINOTH ADLLON DDA



REQUESTS FOR SPECIAL TEMPORARY AUTHORITY

Spaceflight Inc. (“Spaceflight”), pursuant to Section 25.120 of the Commission’s
Rules, hereby requests Special Temporary Authority (“STA”) to permit it to
communicate with a spacecraft, known as SHERPA, and corresponding earth stations
for a duration of up to twelve (12) hours to take place in a single occurrence between
January 15, 2016 and April 15, 2016.1

As described in greater detail in the attached Technical Annex, SHERPA is a non-
propulsive, free-flying spacecraft intended to deploy auxiliary spacecraft from each of
five ports. SHERPA itself is proposed to be affixed to the payload on a Falcon 9 launch
that is currently scheduled to occur within above-stated launch period. SHERPA will
be placed in a sun synchronous elliptical orbit of 720 x 450 km, 97 .4 degree inclination.
After its deployment from the launch vehicle, SHERPA will initiate a sequence of
procedures to begin the deployment of its own payload and the communication that is
the subject of the instant requests will commence.

Spaceflight seeks authority to permit it to establish communications between
SHERPA and three earth stations during the twelve-hour operational of the SHERPA
payload.2 The communications links, which will consist of two-way data transmissions,
will permit the Spaceflight technical crew to track the launch and download status
information from SHERPA. The proposed frequencies for communication to and from
SHERPA are UHF frequencies authorized under the FCC’s Table of Frequency
Allocations for space operations.

The payload of SHERPA will consist of small spacecraft that are owned and to be
operated by Spaceflight’s customers. Each customer is expressly required under its
agreement with Spaceflight to obtain all licenses, authorization, clearances, and permits
that may be necessary to operate its individual spacecraft.

Spaceflight asserts that grant of the instant requests for Special Temporary
Authority will be in the public interest. Such grant will permit Spaceflight to initiate a
new and innovative deployment technology for small spacecraft, thereby providing a
cost-efficient means for placing them into their designed orbits.

1 Recent developments in the spacecraft launch industry have resulted in a number of launch delays and
uncertainties as to when future launches will occur. The timeframe set forth above reflects the current
launch period assigned for the Spaceflight launch. Spaceflight has not yet been assigned an exact date of
the SHERPA launch. Accordingly, Spaceflight is herein seeking STA to cover a period of three (3)
months. However, as described herein, the actual communications for which STA is sought will occur
over a period of only twelve (12) hours. Spaceflight will notify the Commission as its launch period is
narrowed to a particular day as soon as that information is confirmed to it by the launch provider.

2 Spaceflight is submitting concurrently unique applications for space station STA to cover the
communications of SHERPA and earth station STA to cover the ground station locations.



Technical Annex: Spaceflight SHERPA Spacecraft Description

The Spaceflight SHERPA spacecraft is a non-propulsive, free-flying spacecraft intended to deploy
auxiliary spacecraft from each of five ports. The spacecraft is primarily composed of commercial off the
shelf (COTS) hardware, with the core structure being a custom ESPA Grande ring. Auxiliary satellites are
integrated to each port using simple plates and separated using proven separation systems, such as the
Planetary Systems Corporation (PSC) Motorized Lightband (MLB) and the Innovative Solutions in Space
{1SIS) QuadPack. The configuration, shown in Figure 1, is
intended to deploy three microsatellites using MLBs as well
as several CubeSats and nanosatellites from twenty-one
(21) QuadPack dispensers. Each QuadPack holds 12U worth
of CubeSat payload. A CubeSat, based on the Cal Poly
CubeSat standard, has nominal dimensions 10 x 10 x 10 cm.
SHERPA runs flight software on COTS Andrews Space
CORTEX avionics and it is equipped with its own power and
power distribution system to deploy each auxiliary
spacecraft in a pre-programmed sequence. The primary
mission is satisfied by successful deployment of each
auxiliary payload. The confirmation of successful payload
deployment is given by the transmission of telemetry
containing SHERPA state vectors taken upon each discrete
deployment event.

The SHERPA mission itself is expected to last approximately

e pimary peyload The primary bayload s unched mto. IMeBrated with he Pyl Attah iting
. ) ! (below) and the Primary Payload Adapter

720 km circular sun synchronous orbit and then separated. (above) -

The upper stage, with SHERPA attached, executes a

maneuver to lower the perigee of the orbit to 450 km and

change the inclination to 97.4 degrees. At this orbit, SHERPA is separated from the upper stage. The

separation event activates the SHERPA spacecraft through the closing of separation switches, which will

turn on for the first time. After initialization, SHERPA begins a pre-programmed sequence of

deployments. No uplink is necessary to begin deployments. For each deployment event time, position,

and velocity (determined via GPS receiver) are logged in the form of a state vector to be transmitted.

Upon completion of deployments, SHERPA transmits the telemetry to a ground station. SHERPA's

communication system utilizes an onboard UHF radio with 4 antenna.

Figure 1. SHERPA Spacecraft shown

SHERPA batteries are expected to last for duration less than 20 hours until they’re expended. Ultimately,
SHERPA de-orbits through orbital decay due to atmospheric drag approximately 20 years after launch.
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Radiation Hazard Report Exhibit
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Analysis of Non-lonizing Radiation for a 3.05-Meter Yagi Antenna Earth Station
System

This report analyzes the non-ionizing radiation levels for a 3.05-meter Yagi antenna earth station
system. The analysis and calculations performed in this report comply with the methods described in
the FCC Office of Engineering and Technology’s General RF Exposure Guidance, 447498 D01 v05r02.
The radiation safety limits used in the analysis are in conformance with Title 47 Chapter |, Subchapter
A, Part 1, Subpart I, Section 1.1310. Section 1.1310 specifies that there are two separate tiers of
exposure limits that are dependent on the situation in which the exposure takes place and/or the
status of the individuals who are subject to the exposure. The Maximum Permissible Exposure (MPE)
limits for persons in a General Population/Uncontrolled environment are shown in Table 1. The
General Population/Uncontrolled MPE is a function of transmit frequency and is for an exposure period
of thirty minutes or less. The MPE limits for persons in an Occupational/Controlled environment are
shown in Table 2. The Occupational MPE is a function of transmit frequency and is for an exposure
period of six minutes or less. The purpose of the analysis described in this report is to determine the
power flux density levels of the earth station in the far-field, near-field, transition region, and between
the antenna edge and the ground and to compare these levels to the specified MPEs.

Table 1. Limits for General Population/Uncontrolled Exposure (MPE)

18 Frequency

(M)

; 300-1500 Frequency(MHz)/lSOO |
. 1500.100,000 T e

Table 2. Limits for Occupational/Controlled Exposure (MPE)

0330 - e
3.0-30 900/Frequency(MHz)"2
30200 0 o
300-1500 Frequency(MHz)/300
o 1500100000 4 o o5
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Table 3. Formulas and Parameters Used for Determining Power Flux Densities

Exhibit
Page 2 of 5

Ant Largest Dimension

~ Input

- .3.048

Input

450

. 0.666666667 |

Transmit Power

Input

5

_Antenna Gain (dB))

R

1OGes/£O

39.81071706

Antenna Gain (factor)

' Antenna Efficie cy

| Constant  3.141592654

n

Input

0.95

‘Ant Equiv Surface Area

| oYidn

Asurface |

1.482122201
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1. Far Field Distance Calculation
The distance to the beginning of the far field can be determined from the following equation:

Distance to the Far Field Region Re = 0.60 D?/1 (1)
= 8.36m

The maximum main beam power density in the far field can be determined from the following
equation:

On-Axis Power Density in the Far Field Ser = GP/(4mRg%) (2)
= 0.23 W/m?
= 0.023 mW/cm?

2. Near Field Calculation

Power flux density is considered to be at a maximum value throughout the entire length of the defined
Near Field region. The region is contained within a cylindrical volume having the same surface area as
the antenna. Past the boundary of the Near Field region, the power density from the antenna
decreases linearly with respect to increasing distance.

The distance to the end of the Near Field can be determined from the following equation:

Extent of the Near Field R, s = D?/(42) ’ (3)
=348 m

The maximum power density in the Near Field can be determined from the following equation:

Near Field Power Density Snf = MP/Agurface (4)
= 12.8 W/m? :
= 1.28 mW/cm?

3. Transition Region Calculation

The Transition region is located between the Near and Far Field regions. The power density begins to
decrease linearly with increasing distance in the Transition region. While the power density decreases
inversely with distance in the Transition region, the power density decreases inversely with the square
of the distance in the Far Field region. The maximum power density in the Transition region will not
exceed that calculated for the Near Field region. The power density calculated in Section 2 is the
highest power density the antenna can produce in any of the regions away from the antenna. The
power density at a distance Rt can be determined from the following equation:

f

Transition Region Power Density Stz = SnfRuf/Rez (5)
= 1.28 mW/cm?

R is calculated at a distance of 3.48 meters from the antenna, which is the worst-case distance. This is
the edge of the near-field, Rt
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4. Region between the Antenna and the Ground
Assuming uniform illumination of the antenna surface, the power density between the antenna and
the ground can be determined from the following equation:

Power Density between Antenna and Ground S¢ = P/Asurface (6)
= 3.37 W/m?
= 0.337 mW/cm?

5. Summary of Calculations

Table 4. Summary of Expected Radiation Levels for Uncontrolled Environment

8 . _ Satisfies FCC MPE
Near Field (Rnf = 3 48 m) Snf 1.28 Potential Hazard

| Transition Reglon (Rnf< th < Rff) L s 178 - POt‘e‘kn‘tikgl Hazard
| Between Reflector and Ground Sg 0.337 Potential Hazard

Table 5. Summary of Expected Radiation Levels for Controlled Environment

Far Field (R¢=8.36 m) . 0.0227  sSatisfies FCC MPE
Near Field (Rnf = 3.48 m) St 1.28 Satisfies FCC MPE
Transition Region (Rif<Ru<R¢) S 128  Satisfies FCCMPE
Between Reflector and Ground Sg 0.337 Satisfies FCC MPE

It is the applicant's responsibility to ensure that the public and operational personnel are not exposed
to harmful levels of radiation. -
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6. Conclusions
Based upon the above analysis, it is concluded that FCC RF Guidelines have been exceeded in the Near
Field, the Transition Zone, and the region between the Antenna and the Ground of the Uncontrolled
(Table 4) environment. In the Controlled (Table 5) environments none of the regions have levels that
exceed the FCC RF Guidelines. The applicant proposes to comply with the Maximum Permissible
Exposure (MPE) limits of 0.3 mW/cm? for the Uncontrolled Areas, and the MPE limits of 1.5 mW/cm?
for the Controlled Areas.

The earth station Yagi antenna will be mounted on a platform; so the applicant agrees that the
antenna will be in an area secured from the public and worker personnel not familiar with the earth
station system. Non-assigned worker personnel and the general public must be accompanied by
knowledgeable earth station personnel when they enter the earth station secured area.

The earth station’s secured area will be marked with the required radiation hazard signs as described
in the recent FCC R&O0 13-39. The area in the vicinity of the earth station secured area will also have
signs to inform those in the general population and those who may be working in the area or otherwise
present that they are close to a RF System capable of producing hazardous levels.

The applicant agrees to abide by the conditions specified in Condition 5208 provided below:

Condition 5208 - The licensee shall take all necessary measures to ensure that the antenna does not
create potential exposure of humans to radiofrequency radiation in excess of the FCC exposure limits
defined in 47 CFR 1.1307(b) and 1.1310 wherever such exposures might occur. Measures must be taken
to ensure compliance with limits for both occupational/controlled exposure and for general
population/uncontrolled exposure, as defined in these rule sections. Compliance can be accomplished in
most cases by appropriate restrictions such as fencing.

Requirements for restrictions can be determined by predictions based on calculations, modeling or by
field measurements. The FCC's OET Bulletin 65 (available on-line at www fcc.gov/oet/rfsafety) provides
information on predicting exposure levels and on methods for ensuring compliance, including the use of
warning and alerting signs and protective equipment for worker.



