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The Issue
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A Problem

A How can we improve communications with small satellites?

A SMALLSATSs are touted to be inexpensive
o Building NANOSATS has become affordable
o Launching your satellite has become affordable

o However, everyone forgets about communications

A The benefits of many small satellites will be lost with the inability to communicate
effectively with them

A Current Situation
A Satellite communications via dedicated dish antennas and associated ground site hardware

o Cost: hardware and operations
o Access: 1 satellite at a time, maybe 4 to 6 accesses every 24 hours

A So, how do you handle 10, 100, é. 1000 satell:i

A Solution

A Modify existing cellular network infrastructure to create an Integrated Communication
Environment (ICE)

A Leverage existingcellular phones with modifications for space communications
A Add fixed, upward pointing antennas to selected cellular towers
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Solutiom (Part 1): Satellite Phone (ICE Box)
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A Transmitter: Leverage Smartphone Technology
A Powerful CPU, miniaturized, lightweight o, - ===
A Select network - il g
EEEET B
o Based on anticipated product =F . L lJ

o Constrains ICE Pac requirements

A Bandwidth
o Impacts Link Budget

o Constrains your product

A Power is adjustable, not limited by safety

A Antenna: (Helical Coil Antenna)

A Compact and deployable
A Antenna Pattern

o Gain and Beamwidth
o Satisfy Link Budget

o Ensures continuous access to tower
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Notional ICE Box
Antenna Pattern
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Solution (Part 2): Tower (ICE Dish)
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A Individual towers o
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A Modify with a fixed, upward -pointing dish antenna
A Dish size is frequency dependent

A Very low side lobes, minimize interference
A Leverage existing tower infrastructure

A lts all in the numbers

A Single tower provides limited coverage

A Many overlapping towers provide global coverage |'E’5uaca?|
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Solution (Part 3): Virtuall Ground|Site: (ICE Tray))
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Aoperations (ICE Tray) -~ Multi -SatiCell Tower

Assignment

A Satellite position is known
o Status of Healthi GPS

o

A Cell towers locations are known
A Cell tower access will dictate continuous coverage

o No need to establish connection, shorten access protocol

A Many satellites can by managed by each tower

A Data (ICE Pacs)
A Uplink

o Commands (small messages)

A Downlink
o Status of Health

o Data (images, rawdata, video, etc.)
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Link: Budget Analysis
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Can ICE achieve Q0OMB data downlink’
withhjustraiféew cell towers?”

A Analysis Elements
A Hardware i Network, Platforms, Radios, Antennas
A The Scenario/Geometry - Can we receive the transmitted signal?

A Communication Throughput - How much data can we get down and
how fast?
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Analysis: Hardware:
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A GSM LTE Network
A 1.9 GHz center frequency
A Channel Bandwidth (selected 5MHz, with potential of 20 MHz)
A Modulation technique: 64 QAM (Quadrature Amplitude Modulation)
A Data rate: 25.2 Mbps @ 5MHz Channel BW

A Satellite Configuration (ICE Box)
A Orbit @ 300 km
A Transmitter Power is 3 Watts o, B
A Helical Coil Antenna (17.9 dBi Peak Gain, 40deg Half Power Beamwidth)
A Tower Configuration (ICE Dish)
A On the ground
A Parabolic Dish Antenna (16 dBi Peak Gain, 22 deg Half Power Beamwidth)

** Ref Footnote

FF CNBY a5SLX 28I 0 tuBesdsS tpAm@A/ASME/ASCEAHB/ASC (AANRBTI)
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Analysis: Link: Budget (GW

-C* Model)
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Freq (GHz) 1.90 GHz Val \ \". | | IBRY,
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Transmit PA (W) 3.0W A \ ' I| |/
Transmit Antenna Gain (dBi) 17.9dB / \ f oy ' | ”
Transmit Cable Loss Total (dB) III I U III l I
Transmit Combiner Loss (dB) Ir'-, | i . | ,-".I '
Body Loss (dB) 0.0 dB [ | | |
Vehicle Loss (dB) 0.0dB | | '
Other: in building coverage (dB) 0.0dB
Slow fade margin (dB) 5.4dB 0 ode 0
Calculated
Transmit PA (dBm) 34.8 dBm
Transmit EIRP (dBm)
Transmit ERP (dBm) 52.7 dBm
Transmit ERP (W) 186.5W
Effective Transmit Power (dBm) 47.3 dBm
PATH LOS Phone -> Tower
Effective TX Power (dBm) ) 47.3 dBm
Effective RCV Input (dBm) -104.9 dBm
. . . Max. Path Loss (dB) 152.2 dB
* Global Wireless Education Consortium M, distance (cm) —ry
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Channel BW (kHz)

Ambient Temperature (deg F)

RBS Gain (dB)

RBS Noise Figure (dB)

Cable Length (ff)

Cable Loss per 100 ft (dB/100-ft)

TMA Gain

TMA Noise Figure

CIN (3% BER) (dB)

Receiver Diversity Gain (dB)
swtitin Caloulated #er

Receiver Antenna Gain (dBi)

Ambient Temperature (deg C)

Thermal Noise (Kelvin)

Noise Floor (dBm)

Noise Floor + RBS (dBm)

Receiver Cable Loss (dB)

Effective Noise Floor no TMA

System Noise Figure with TMA

Effective Gain of using TMA

Effective Noise Floor (dBm)

Body Loss (dB)

Vehicle Loss (dB)

Other: in building coverage (dB)

Min. Radio Input (dBm)

Effective Min. Input (dBm)

Tower

10000.0 kHz

70 deg F

24.0dB

4.0dB

50.0 ft

0.767 dB

12.0dB

1.0dB

15.0dB

5.0dB

16.0dB

2ldegC

294.1K

-103.9 dBm

-99.9 dBm

0.4dB

-99.5 dBm

5.0dB

-0.7 dB

-98.9 dBm

-83.9 dBm

-104.9 dBm
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Analysis: Communicatiom Throughputt
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A LTE Channel Bandwidth
A 5 MHz was a conservative selection for the Data Rate throughput calculation
A 10 MHz was used to stress the receiver in the Link Budget calculation
A Used numbers provided by www.3glteinfo.com using 64 QAM Modulation

LTE Maximum Downlink Data Rate

Channel Bandwidth 5 MHz 10 MHz 20 MHz 1

Subcarriers per LTE symbol 300 ‘ 600 1200 ‘

|
Data rate (64 QAM) (Short CP) 252 Mbps 50.4 Mbps 100.8 Mbps ‘
www 3ghemfo com : g ! 5 ® . 4/t
Single Tower: 5 Towers:

MAX Channel Bandwidth: 5 Mhz MAX Channel Bandwidth: 5 Mhz
Modulation: 64 QAM Modulation: 64 QAM
Bits per symbol: 6 Bits per symbol: 6
Duration per symbol: 71.4 usec Duration per symbol: 71.4 usec
Subcarriers: 300 Subcarriers: 300
Data Rate: 25.21 Mbps Data Rate: 25.21 Mbps
Comms Duration: 15 sec omms Duration: 76 sec
Data Rate (Mb): 378.15 Mbits Data Rate (Mb): 1915.97 Mbits
Data Throughput (MB): 47.27 MBytes ata Throughput (MB): | 239.50 | MBytes
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Analysis: Summary
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A Calculation Results  (back of digital envelope)
A Link Budget shows we have sustained link for ~16 seconds per tower
A LTE comms throughput indicates we achieve ~47 MBytes per tower
A Conclusion: Just two towers achieve goal of 90MBytes!

A Recommended Next Steps
A Phase 1 (Design, Build PrototypeComms, Weather Balloon)

o Riverside Research has experience with Weather Balloon tests (Wilmington Airfield)
o Build ICE Box and ICE Dish systems (work with AFRL, Deployable helical coil antenna concept)
o Confirm throughput calculations with controlled signal
o Subsequent tests will establishcomms
A Phase 2 (Space measurements)
o Either independent NANOSAT or ISS Package with 5 towers
o Establish Comms
o Download controlled images (varying sizes dictate packets)

o Confirm concept is operationally sound
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Conclusions
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A ICE offers a novel approach for satellite communications

A Leverages existing cellular technology and infrastructure

AICE is a shift in the traditional communications paradigm

A From single-node ground site, to a network of antennas

AICE is scalable with an Increasing number of satellites
A Each satellite has its own phone number
A Many satellites can pass through a single node

A No competition for communication access

AICE increases Space Resiliency

A Offers a robust and global communication solution

Al CE i sEwn®ltutii ointady , Revol uti onary?d

A Puts satellite communication in the hands of the operator
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Questions?

The information furnished in this briefing is proprietary to Riverside Research, and therefore shall not be duplicated, used, or disclosed for any reason without the prior written approval of Riverside Research.



