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 Line-of-sight S-band
• Sounding Rockets:

 PCM/FM @ 20 Mbps max
 SOQPSK-TG @ 20 Mbps max

– Working on up to 50 Mbps
• Balloons:

 BPSK, PCM/FM @ 4 Mbps max

 Line-of-sight X-band
• Sounding Rockets: site dependent

 Experimental only & not active
 QPSK 125 Mbps and 1 Gbps

• Balloons:  site dependent
 QPSK 210 Mbps

 Over the Horizon Communications
• Tracking and Data Relay Satellite System @ 300 kbps / 258 Mbps max operational
• IRIDIUM @ 128k kbps max
• IRIDIUM NEXT @ 1.5 Mbps max
• INMARSAT BGAN @ 432 kbps max

Current Communications Infrastructure

Derived from IRIG-106 Chapter 2 
(formally Appendix A)
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IRIG-106 Telemetry Bands

L-Band S-Band

C-Band
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IRIG-106 Telemetry Bands Continued

 L-band
• Lower L-band:  1435-1535 MHz

 Phased out and no longer in primary use

 S-band
• Lower S-band:  2200-2290 MHz (90 MHz usable BW)
• Upper S-band:  2360-2395 MHz (35 MHz usable BW)

 C-band
• Lower C-band:  4400 to 4940 MHz (540 MHz usable BW)

 Not in current use for sounding rockets and balloons

 IRIG-106 provides the band-edge limitations of 
communication links
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NASA Technology Roadmap

 NASA’s Technology Roadmap (July 2015)
• TA 5:  Communications, Navigation, and Orbital Debris Tracking and 

Characterization Systems

“Increased data rates (e.g., 10 to 100 times) without increasing the mission 
burden in mass, volume, power, and/or spectrum;”

“With today’s technology, downlink data rates can be more than 1 Gb/s.”

“Spectral bandwidth is a precious and legally-enforced commodity. In 
order to get as much use from the allocated bandwidth as possible, 
innovative ways of fitting more bits into the same number of 
Hertz will need to be developed.”…”High-order modulation schemes 
(e.g., eight phase shift keying (PSK) and 16 quadrature amplitude 
modulation (QAM)), as well as careful pulse shaping (e.g., Gaussian 
Minimum Shift Keying) are examples of current technologies being 
developed in this area.”
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NASA Sounding Rocket Programs Office Roadmap

20 Mbps

50 Mbps
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Science Experimenter Requirements

 Sounding Rocket Working Group (SRWG)
• Astronomy, Earth Science, Geophysics, Space Physics, Planetary 

Science, Microgravity, and Re-entry Testing

 > 60 Principal Investigators
 Minimum Data Rate:  100-200 Mbps (up to 1 Gbps)

Courtesy NASA
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Advanced Communication Techniques

 Constellation Map
• 16-APSK, 32-APSK, 64-APSK, 128-APSK, 256-APSK

 Pre-Emphasis & Equalization

 Frequency Division Multiplexing

 Forward Error Correction
• Reed Solomon
• Bose–Chaudhuri–Hocquenghem (BCH)
• Low Density Parity Check (LDPC)

 Polarization Diversity

 Digital Filtering (Pulse Shaping) 16-APSK Constellation
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Simulated Communication Links
Frequency Spectrum Example
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Over-The-Horizon Techniques

 Controllable Flight for Balloons (persist in one location)
 Ground/Balloon Based Communications Network

McMurdo Station (Antarctica) Remote Monitoring Station
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Conclusions

 Reviewed Current Communication Technology
• Line-of-sight S-band
• Line-of-sight X-band
• Over-The-Horizon Communication Services

 Technology Roadmaps and Experimenter Requirements
• NASA HQ vs NASA SRPO
• Commercial sector needs to fulfill these technology gaps
• Communications technology development needs to meet science 

experimenter needs

 Advanced Communications Techniques and Example
• Follows the goals outlined in the NASA HQ Technology Roadmaps

 Over-The-Horizon Communications
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