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2 INTRODUCTION 

TECOM is seeking an FCC license for the operation of its KuStream1000 system 
with the following attributes: 

 Earth Station License (vs. VSAT/blanket) 

 ALSAT license (FCC permitted list of satellites) 

 CONUS operation (excluding NASA and NSF sites, see below) 
 
While the antenna is intended for operation on an aircraft, TECOM is currently 
seeking an experimental license for static ground based testing.  TECOM may 
request an amendment for airborne and motion testing at a later date.  
 
The terminal will be compliant with: 

 Earth Station Aboard Aircraft (ESAA, 47CFR25.227) 
 
The TECOM system is filed as compliant with 47CFR25.227 paragraph (a)(1) as 
follows: 

 (a)(1)(i) the terminal uses transmitters with off-axis EIRP spectral-densities 
lower than or equal to the levels in paragraph (a)(1)(i) 
 

 (a)(1)(ii)(A) Each terminal transmitter shall maintain a pointing error of less 
than or equal to 0.2° between the orbital location of the target satellite and 
the axis of the main lobe of the terminal antenna 
 

 (a)(1)(iii)(A) For ESAAs operating under paragraph (a)(1)(ii)(A) of this 
section, all emissions from the terminal shall automatically cease within 100 
milliseconds if the angle between the orbital location of the target satellite 
and the axis of the main lobe of the terminal antenna exceeds 0.5°, and 
transmission shall not resume until such angle is less than or equal to 0.2°” 

 
In addition, this filing demonstrates compliance with and provides the information 
set forth in paragraphs:  

 (a)(4) through (a)(16) and  

 (b)(1) and (b)(4) through (b)(8) 
o The system is not currently compliant with Data Logging (b)(7) 

requirements.  At this time we will request an experimental 
license and as such operations will be limited and will be 
supervised. 

 
47CFR §25.209 
Due to the small size of the antenna, the terminal does not comply with 47 CFR 
§25.209 Antenna Performance Standards.   
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47CFR §25.227 
The terminal is compliant with 47CFR§25.227  

 in the plane of the geostationary arc (a)(1)(I)(A)  

 in all directions other than the GSO (a)(1)(I)(B) 

 for cross-polarized signals (a)(1)(I)(C) 
 
 
Coordination 
VMES terminals will not operate within 125 km (or line of sight) of a NASA/TDRSS 
or NSF/Radio Observatory site.  Coordination with will be performed if closer 
operation is needed.  TECOM respectfully requests a waiver (sections (c) and (d)) 
to not coordinate at this time. 
 
Intellicom Technologies, Inc. is representing TECOM in this matter.  Please contact 
the following for additional information, comments, or clarifications: 

 
Paul Moller 
Intellicom Technologies, Inc. 
480-993-2220 
PMoller@ITCcom.net 
www.ITCcom.net 
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3 SYSTEM DESCRIPTION 

This section provides a description of the SATCOM system.  Key components are 
identified. 
 

3.1 Network Configuration 
 
TECOM is seeking an earth station terminal license.  The earth station will operate 
in a duplex mode with a fixed hub earth station.  For experimentation purposes, 
we request operation of 1 to 5 terminals. 

 
Connection to private or public data services occur at the hub.   
 

3.2 RF Transmission System 
 
The RF transmission system includes one Hub earth station, one satellite, and one 
remote earth station. 
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3.3 Satellites (Points of Communication) 
 
TECOM is requesting an ALSAT license for U.S.-licensed earth stations to access 
any space station on the Permitted Space Station list 
(http://transition.fcc.gov/ib/sd/se/permitted.html).  The earth station complies with 
the Commission's technical requirements (25.227), and will operate under the 
conditions of the license. 
 
A link budget example is included in this document for operation using a typical 
satellite (Horizons-1) with parameters similar to the following: 
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3.4 Master/Hub Earth Station  
 
One of several fixed hub earth stations may be used for support of the experimental 
operations. 
 
One possible hub earth station has the following attributes: 

Location   San Diego, Ca 
Coordinates   32 °54 ’3.0 "N, 117 °14 ’29.0 "W 
Antenna   3.7 m diameter, Andrew ES37MPJK 
Tx Gain   52.8 dBi at 14.25 GHz 
Rx Gain    51.6 dBi at 11.95 GHz 
EIRP    71.0 Max (100 W at antenna flange) 
LNA    50K 
G/T    30 dB/K 

 
The hub earth station is licensed under a separate FCC license as follows: 

 Call sign    E000002 

 Expires    11/22/2025 

 Points of communications Allsat / Permitted Space Station List 

 Tx Frequencies  14.0 to 14.5 GHz 

 Rx Frequencies  11.7 to 12.2 GHz 
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3.5 KuStream 5000 Earth Station 
 
The KuStream 5000 is a Ku Band SATCOM antenna system for air transport and 
business aircraft terminal installations with dual civilian and military service 
availability. The KuStream is used to transmit and receive data to and from a 
geosynchronous (GEO) satellite.   
 
The KuStream 5000 subsystem consists of: 

- 12” (0.3m) diameter circular tx/rx antenna, V/H Pol feed, OMT 
- Block Upconverter and SSPA (BUC) 
- LNA and BDC 
- Antenna Control System 

o Antenna Control Unit (ACU) 
o GPS Antenna 
o Inertial Navigation Unit (IRU) with Built-in GPS Receiver 

- Modem and Manager (MODMAN) 
o Modem 
o Manager 
o 10 MHz reference 

A product brochure is included in the appendix. 

Following is a block diagram of the transmit portion of the terminal 
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Key Attributes 

 Tx frequencies 13.75 to 14.50 GHz 

 Rx Frequencies10.7 to 12.75 GHz 

 EIRP 42.7 dBW linear, 45.0 dBW max 

 Gtx= 30.3 dBi at 14.0 GHz 

 Grx= 27.8 dBi at 12.75 GHz 

 Feed: linear, switchable VP/HP, TX orthogonal to RX 

 G/T = 8.8 dB/K peak 
 

3.5.1 HPA/BUC Performance 

 
Typical operation will include an output back-off necessary for meeting adjacent 
channel objectives or spectral regrowth (-30 dBc) characteristics defined by the 
satellite operator. 
 

3.5.2 Antenna 

 
The antenna is a 12” circular reflector antenna.  The HPA and LNA are attached 
to the back of the antenna.  Azimuth, elevation, and polarization are controlled with 
servo motors. 
 

3.5.3 Pointing Performance 

 
The antenna system is designed for aircraft dynamics but at this time will be tested 
static on the ground.  TECOM may request an amendment for airborne and motion 
testing at a later date. 
 
Note that pointing errors (static) are typically less than 0.15° (99.7% or 3 sigma).   
 
Total pointing error analysis: 
 

 Navigation errors (G.E. INU)  <+/-0.10° 

 Absolute electrical/mechanical alignment <+/-0.05° 

 Pointing errors <+/-0.07° in azimuth and <+/-0.07° in elevation 

 Assuming uncorrelated errors, use RSS to obtain 0.15° total pointing error 
 
The terminal is compliant with 47CFR25.227 antenna pointing requirements per 
paragraphs (a)(1)(ii)(A) antenna pointing requirements and the (a)(1)(iii)(A) 
cessation of emission requirements. 
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3.5.4 Modulation 

  
The following table provides typical Eb/No performance for several modulation and 
coding combinations.  
 

Eb/No vs. modulation and coding  
L3 MPM-1000 

Mod/Cod Eb/No (dB) 
 for 1E-6 

Eb/No (dB) 
 for 1E-8 

B/QPSK 
R1/2 Viterbi 

 
5.6 

 
6.8 

B/QPSK  
R0.435 Turbo 

 
2.6 

 
2.9 

B/QPSK  
R0.5 LDPC 

  
2.2 

 
Modems being considered for this program include: 

 L3 MPM-1000 

 iDirect 

 Hughes 
 
Spectral spreading will be required such that FCC/ITU rules for off axis Power 
Spectral Density (PSD) limits will not be exceeded.  
 

3.6 Transmit Carrier 

3.6.1 ESAA Transmit 

 
The ESAA will transmit one and only one BPSK or QPSK carrier.  The actual 
transmission rate will depend on the customer needs, terminal maximum EIRP, 
link needs, and compliance with FCC 25.227. 
 
The carrier attributes will be assigned and configured locally and manually. The 
spectrum will be used by only one transmitter at a time (N=1).  No TDMA or 
CDMA will be used. 
 
Occupied bandwidth is 1.2 times the symbol rate. 
 

 
  

http://www.itccom.net/


10/23/2015 20150928M01V03.6_TECOM_Tech_Brief.docx 
 

iNTELLICOM Technologies, Inc.   12 
PO Box 27056, San Diego, CA 92198 
Tel: (858) 486-1115, www.ITCcom.net 

 
 
 

 

 
 
 iNTELLICOM  

 
 

 

 
 
 iNTELLICOM 

3.7 Link Budget Summary 
 
A sample link budget is provided in the appendix. 
 
The link budget was used to determine the EIRP necessary to support a link from 
the remote to the hub for various bit rates.  The transmitter is capable of providing 
up to 42.7 dBW EIRP (linear, regrowth -30dBc).  Selection of the modulation, 
coding, and spreading will ensure that the EIRP density will comply with FCC 
25.227.   
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3.8 Antenna Patterns and Maximum EIRP Spectral Density 
 
TECOM has thoroughly characterized the antenna transmit performance.  These 
patterns were used to determine the maximum on axis EIRP spectral density 
possible while complying with the FCC 25.227 spectral density masks for azimuth, 
elevation, and cross pol.  Below is a sample plot (see chapter 5), showing 
compliance with the mask with a maximum on axis EIRP spectral density of 4 
dBW/4kHz. 
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3.9 Spectral Density Compliance 
 
The following charts show the EIRP needed to support a link vs. bit rate (solid Blue 
(99.98%) and Green (99.5%)).  The solid red line is the maximum terminal linear 
EIRP.  Dashed lines show the maximum EIRP density that can be transmitted 
while meeting FCC 25.227 vs spreading factors. 
 
The chart demonstrates that a bit rate from 0.9 to 2.2 Mbps is possible with 
spreading from 8 to 16 times. 
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4 FCC 25.227 Form 312 

4.1 Tables 
 

 
(b)(1)(A)(i) Any ESAA applicant filing an application pursuant to paragraph (a)(1) of this section 
shall file three tables and/or graphs depicting  

 off-axis EIRP density masks defined by §25.227(a) and measured off-axis EIRP 
density levels of the proposed earth station antenna in the direction of the plane of the 
GSO;  

 the co-polarized EIRP density in the elevation plane, that is, the plane perpendicular 
to the plane of the GSO; and  

 cross-polarized EIRP density.  
 
Each table shall provide the EIRP density level  

 at increments of 0.1° for angles between 0° and 10° off-axis, and  

 at increments of 5° for angles between 10° and 180° off-axis. 
 
(A) For purposes of the off-axis EIRP density table in the plane of the GSO, the off-axis angle is 
the angle in degrees from the line connecting the focal point of the antenna to the orbital location 
of the target satellite, and the plane of the GSO is determined by the focal point of the antenna 
and the line tangent to the arc of the GSO at the orbital position of the target satellite. 
 
(B) For purposes of the off-axis co-polarized EIRP density table in the elevation plane, the off-
axis angle is the angle in degrees from the line connecting the focal point of the antenna to the 
orbital location of the target satellite, and the elevation plane is defined as the plane 
perpendicular to the plane of the GSO defined in paragraph (b)(1)(i)(A) of this section. 
 
(C) For purposes of the cross-polarized EIRP density table, the off-axis angle is the angle in 
degrees from the line connecting the focal point of the antenna to the orbital location of the target 
satellite and the plane of the GSO as defined in paragraph (b)(1)(i)(A) of this section will be used. 

 

 
 
 
Graphs are included in a later section.  Data tables are available upon request. 
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4.2 Gain and PSD Pattern 
 

(b)(1)(A)(ii)  

An ESAA applicant shall include a certification, in Schedule B, that  

 the ESAA antenna conforms to the gain pattern criteria of §25.209(a) and  

 (b), that, combined with the maximum input power density calculated from the EIRP 
density less the antenna gain, which is entered in Schedule B, demonstrates that the 
off-axis EIRP spectral density envelope set forth in paragraphs (a)(1)(i)(A) through 
(a)(1)(i)(C) of this section will be met under the assumption that the antenna is pointed 
at the target satellite. 

 

 
 
47CFR §25.209 
The terminal does not comply with 47 CFR §25.209.   
 
47CFR §25.227 
The terminal is compliant with 47CFR§25.227 in the plane of the geostationary arc. 
 
 

4.3 Value of N 
 

 
(b)(1)(A)   
 
The VMES applicant also shall provide the value N described in paragraph (a)(1)(i)(A) of this 
section.  

 

 
N=1 for our system.   
There will be no simultaneous use of frequency and no CDMA. 
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4.4 Pointing Error and Mute Provisions 
 

 
(b)(1)(A) 
 
(iii) An ESAA applicant proposing to implement a transmitter under paragraph (a)(1)(ii)(A) of this 
section shall: 

(A) Demonstrate that the total tracking error budget of their antenna is within 0.2° or less 
between the orbital location of the target satellite and the axis of the main lobe of the ESAA 
antenna. As part of the engineering analysis, the ESAA applicant must show that the antenna 
pointing error is within three sigma () from the mean value, i.e., that there is a 0.997 probability 
the antenna maintains a pointing error within 0.2°; and 

(B) Demonstrate that the antenna tracking system is capable of ceasing emissions within 
100 milliseconds if the angle between the orbital location of the target satellite and the axis of 
the main lobe of the ESAA antenna exceeds 0.5°. 

 

 
Pointing error data has been provided in a previous section. 
 
TECOM declares a maximum antenna pointing error of 0.15 degrees.  A 
demonstration of compliance to the EIRP spectral density limits has been provided. 
 
TECOM certifies that: 

 the antenna tracking system will maintain a pointing error of less than or 
equal to 0.2° between the orbital location of the target satellite and the axis 
of the main lobe of the antenna and that  

 the antenna tracking system is capable of ceasing emissions within 100 
milliseconds if the angle between the orbital location of the target satellite 
and the axis of the main lobe of the antenna exceeds 0.5°. 

 
The KuStream shall enable RF transmission only when the following conditions 
have been met: 

• Maintenance TX Inhibit Switch is Off 
• no KuStream faults are detected, 
• the IRU and GPS inputs to the pointing function are operating normally (no 
faults), 
•the calculated pointing direction is not inside a ‘blocked direction’ mask 
area, 
• the Polarization switch is sensed pointed to the correct polarization, 
• pointing error is sensed as less than the regulatory limit 
• the modem is locked on the desired satellite RX signal, and 
• Transmission is enabled over Ethernet by the controller (ModMan).  
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The result of the MUTE logic computation shall be included in the status reported 
to the MODEM.  Once established, transmission may be continued until the 
pointing error is sensed beyond the shutdown error limit.  The network enforces 
location dependent regulatory limits via commands from the MODEM to enable or 
disable operations.   
 
The geographic location determined by the IRU shall be included in the status 
reported to the MODEM.  The MODEM enforces the requirement for continuous 
communications with the network control facility to enable transmissions. 
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4.5 Geographic Areas 
 

(b)(4)  

There shall be an exhibit included with the application describing the geographic 
area(s) in which the ESAA will operate. 
 

 
We are requesting operation within CONUS excluding 125 km (or line of sight) 
around NASA and NSF sites. 
 

4.6 Contention Protocol 
 

(b)(5) Any ESAA applicant filing for an ESAA terminal or system and planning to use a contention 
protocol shall include in its application a certification that will comply with the requirements of 
paragraph (a)(4) of this section. 
 
(a)(4) An applicant filing to operate an ESAA terminal or system and planning to use a contention 
protocol shall certify that its contention protocol use will be reasonable. 

 

 
The Linkabit MPM-1000 modem uses a contention protocol.  The NCW contention 
channel use complies with Table-51 and thus should be considered “reasonable 
use” per the FCC guidelines. 
 
A full analysis of this protocol was provided to the FCC and a license was granted 
8/11/2011.  See:  L-3 Communications license, Call sign:  E100099, File Number: 
SES-LIC-20100817-01141. 
  

                                            
1 FCC 08-246 EIGHTH REPORT AND ORDER [1] 
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4.7 Point of Contact 
 

 
(b)(6) The point of contact referred to in paragraph (a)(5) of this section shall be included in the 
application. 
 

(a)(5) There shall be a point of contact in the United States, with phone number and 
address, available 24 hours a day, seven days a week, with authority and ability to cease 
all emissions from the ESAA. 
 

 
 
 

ESAA Operations 
 

Primary Contact: 
Martin Cox 
MCox@tecom-ind.com 
Cell:  805.338.5159 
Switchboard 805.297.0100 
Tecom Industries, Incorporated 
375 Conejo Ridge Ave, Thousand Oaks, CA 91361 

 
Secondary Contact: 

Dan Cordell 
dcordell@tecom-ind.com 
Cell: 805.338.9685 
Tecom Industries, Incorporated 
375 Conejo Ridge Ave, Thousand Oaks, CA 91361 
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4.8 Data Logging 
 

 
(b)(7) Any ESAA applicant filing for an ESAA terminal or system shall include in its application a 
certification that will comply with the requirements of paragraphs (a)(6), (a)(9), (a)(10), and 
(a)(11) of this section. 
 

(a)(6) For each ESAA transmitter, a record of the vehicle location (i.e., 
latitude/longitude/altitude), transmit frequency, channel bandwidth and satellite used 
shall be time annotated and maintained for a period of not less than one year. Records 
shall be recorded at time intervals no greater than one (1) minute while the ESAA is 
transmitting. The ESAA operator shall make this data available, in the form of a comma 
delimited electronic spreadsheet, within 24 hours of a request from the Commission, 
NTIA, or a frequency coordinator for purposes of resolving harmful interference events. 
A description of the units (i.e., degrees, minutes, MHz *  *  *.) in which the records values 
are recorded will be supplied along with the records. 

 

 
At this time we are requesting an experimental license.  Operations will be 
performed under human supervision.  Data logging capabilities are not available 
at this time but will be developed if/when a permanent license is sought. 
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4.9 Radio Frequency Hazard Analysis 
 

 

(b)(8) All ESAA applicants shall submit a radio frequency hazard analysis determining via 
calculation, simulation, or field measurement whether ESAA terminals, or classes of terminals, 
will produce power densities that will exceed the  

Commission's radio frequency exposure criteria. ESAA applicants with ESAA terminals that will 
exceed the guidelines in §1.1310 of this chapter for radio frequency radiation exposure shall 
provide, with their environmental assessment, a plan for mitigation of radiation exposure to the 
extent required to meet those guidelines.  

All ESAA licensees shall ensure installation of ESAA terminals on aircraft by qualified installers 
who have an understanding of the antenna's radiation environment and the measures best suited 
to maximize protection of the general public and persons operating the vehicle and equipment.  

An ESAA terminal exhibiting radiation exposure levels exceeding 1.0 mW/cm2 in accessible 
areas, such as at the exterior surface of the radome, shall have a label attached to the surface 
of the terminal warning about the radiation hazard and shall include thereon a diagram showing 
the regions around the terminal where the radiation levels could exceed 1.0 mW/cm2. 

 

 
 
Please see radio frequency hazard analysis report. 
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4.10 NASA Coordination 
 
 

(c) 

(1) Operations of ESAAs in the 14.0-14.2 GHz (Earth-to-space) frequency band in the radio 

line-of-sight of the NASA TDRSS facilities on Guam (latitude 13°36′55″ N, longitude 

144°51′22″ E) or White Sands, New Mexico (latitude 32°20′59″ N, longitude 106°36′31″ W and 

latitude 32°32′40″ N, longitude 106°36′48″ W) are subject to coordination with the National 

Aeronautics and Space Administration (NASA) through the National Telecommunications and 
Information Administration (NTIA) Interdepartment Radio Advisory Committee (IRAC). 
Licensees shall notify the International Bureau once they have completed coordination. Upon 
receipt of such notification from a licensee, the International Bureau will issue a public notice 
stating that the licensee may commence operations within the coordination zone in 30 days if no 
party has opposed the operations. 

 

(2) When NTIA seeks to provide similar protection to future TDRSS sites that have been 
coordinated through the IRAC Frequency Assignment Subcommittee process, NTIA will notify 
the Commission's International Bureau that the site is nearing operational status. Upon public 
notice from the International Bureau, all Ku-band ESAA licensees shall cease operations in the 
14.0-14.2 GHz band within radio line-of-sight of the new TDRSS site until the licensees complete 
coordination with NTIA/IRAC for the new TDRSS facility. Licensees shall notify the International 
Bureau once they have completed coordination for the new TDRSS site. Upon receipt of such 
notification from a licensee, the International Bureau will issue a public notice stating that the 
licensee may commence operations within the coordination zone in 30 days if no party has 
opposed the operations. The ESAA licensee then will be permitted to commence operations in 
the 14.0-14.2 GHz band within radio line-of-sight of the new TDRSS site, subject to any 
operational constraints developed in the coordination process. 

 

 
 
Terminals will not operate within 125km of a TDRSS site.  Coordination will be 
performed if operation closer than 125km is needed. 
 
A waiver is requested to not perform coordination unless operation is 
planned within the specified coordination zone and on the shared 
frequencies. 
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4.11 NSF Coordination 
 

(d) 
 

(1) Operations of ESAA in the 14.47-14.5 GHz (Earth-to-space) frequency band in the radio 
line-of-sight of radio astronomy service (RAS) observatories observing in the 14.47-14.5 GHz 
band are subject to coordination with the National Science Foundation (NSF). The appropriate 
NSF contact point to initiate coordination is Electromagnetic Spectrum Manager, NSF, 4201 
Wilson Blvd., Suite 1045, Arlington VA 22203, fax 703-292-9034, email esm@nsf.gov.Licensees 
shall notify the International Bureau once they have completed coordination. Upon receipt of the 
coordination agreement from a licensee, the International Bureau will issue a public notice stating 
that the licensee may commence operations within the coordination zone in 30 days if no party 
has opposed the operations. 

 

(2) A list of applicable RAS sites and their locations can be found in §25.226(d)(2) Table 1. 

 

(3) When NTIA seeks to provide similar protection to future RAS sites that have been 
coordinated through the IRAC Frequency Assignment Subcommittee process, NTIA will notify 
the Commission's International Bureau that the site is nearing operational status. Upon public 
notice from the International Bureau, all Ku-band ESAA licensees shall cease operations in the 
14.47-14.5 GHz band within the relevant geographic zone of the new RAS site until the licensees 
complete coordination for the new RAS facility. Licensees shall notify the International Bureau 
once they have completed coordination for the new RAS site and shall submit the coordination 
agreement to the Commission. Upon receipt of such notification from a licensee, the International 
Bureau will issue a public notice stating that the licensee may commence operations within the 
coordination zone in 30 days if no party has opposed the operations. The ESAA licensee then 
will be permitted to commence operations in the 14.47-14.5 GHz band within the relevant 
coordination distance around the new RAS site, subject to any operational constraints developed 
in the coordination process. 
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Terminals will not operate within the distances specified in 25.227 (d)(2).  
Coordination will be performed if closer operation needed. 
 
A waiver is requested to not perform coordination unless operation is 
planned within the specified coordination zone and on the shared 
frequencies. 
 

4.12 Protection 
 

(a) (7) In the 10.95-11.2 GHz (space-to-Earth) and 11.45-11.7 GHz (space-to-Earth) frequency 
bands ESAAs shall not claim protection from interference from any authorized terrestrial stations 
to which frequencies are either already assigned, or may be assigned in the future. 

 
 
TECOM understands and accepts (a)(7) of FCC25.227.  
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5 APPENDIX 

5.1 Link budget 
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5.2 Antenna EIRP PSD Patterns 
 

5.2.1 13.750 GHz 
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5.2.2 14.125 GHz 
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5.2.3 14.500 GHz 
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5.3 Terminal Brochure 
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5.4 Modem Brochure 

5.4.1 L3 MPM1000 
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5.4.2 iDirect 
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5.4.3 Hughes 

 

http://www.itccom.net/


10/23/2015 20150928M01V03.6_TECOM_Tech_Brief.docx 
 

iNTELLICOM Technologies, Inc.   40 
PO Box 27056, San Diego, CA 92198 
Tel: (858) 486-1115, www.ITCcom.net 

 
 
 

 

 
 
 iNTELLICOM  

 
 

 

 
 
 iNTELLICOM 

 
 

http://www.itccom.net/

