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Timeline

*1987 (Packet Radio, 400 km at 1200 bit/s)
1995 (Spread Spectrum, 1 Mbit/s,11 km)
1998 (Narrow band, 20 Mbit/s, 40 km)

2002 (70 km, 11 Mbit/s, Spread Spectrum)
2006 (279 km) :
2007 (382 km, 6 Mbit/s)

2008 (130 km testbed to compare different equipment)
2008 (100 km, 40 Mbit/s)
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» Pico Espejo- Canagua 70 km link
**# B Radio Link _ - X

Edit Wiew Swap

Elevation=1720.5m Azimuth=223.5" Clearance at 65.65km Worse Fresnel=4. 7F 1 Distance=70.63km
FathLogzs=137.4dB R level=-61.4dBm R level=189.67 10 R« Relative=25.6d8 59

Transmitter Feceiver

Pico Espejo -] | Unit 49 -]
Fale Mode Role Mode

T# system name 0555 Lucent R systern name 0555 Lucent

Tu pawer P 1.000 ERP=121.7 EIRF=139.5 Antenna gain [dBi]  24.0

Line oz [dB] 1.0 Line lozz [dB] 1.0

Antenna gain [dBi]  24.0 R senativitye [pby] - 10,00 [ -87.0 dBm ]

Antenna height [m] 1150 Lpply | Antenna height [m) |-|5_|:| Apply

Het Frequency [MHz|
Minirnurn il Sirniamn
= Appl
[Bguada [ 2400 2500 _ferb |

02/25/09 Pietrosemoli




“Increase the power
budget

Change parameters
iInfluenced by the
propagation time
Modify the Media. !
Access Control \

Carlo Fonda with 2.7 m reflector
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What factors limits the achievable span?

02/25/09
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Power budget
¢ | egal regulations on maximum EIRP
¢ Increased cost of high power devices
¢ Increased cost of better receiver sensitivity

Fresnel zone clearance
¢ 60 % of first zone for a reliable link

ACK timeout

+ |[EEE 802.11 MAC requires that the sendlng station
receives an ACK for evey frame sent. Normally the
propagation time is negligible, but at 300 km it reaches .
1 ms

These factors are being addressed by WIMAX but at a
considerably higher cost for terminal equipment
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What can be done?

Power budget

+ Use high gain antennas (cheaper if recycled)
¢ Use more sensitive radios

¢ Minimize RF cable lenght

Fresnel zone clearance

¢ Choose endpoints carefully using coverage prediction
software like radio mobile

ACK timeout
¢ Third party firmware allows changing of this parameter
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We will assume that all other aspects have
“been optimized and concentrate in:

This implies a narrower beam and therefore
requires enhanced pointing techniques for
antenna alignment

Low cost instruments have been identified to
facilitate this task

Pietrosemoli 7



Long WiFi link

of the 279 km test, 2.4 GHz, AF
EsLaRed-ICTP team, Venezuela, limited bit rate
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Carlo Fonda at El Aguila with the meshed dish
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El Aguila



Javier Trivino and Ermanno
Pletrosemoll In front of the 2 4 m dish
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802.11 rate Vs distance behaviour

:

Rate (Kbps)

Rate versus distance for an FTP file transfer simulated with NS2, from:

Distance Limits in IEEE 802.11 for Rural Ne_:_tworks

in Developing Countries

Javier Simo, Andres Martinez, Carlos Figuera and Joaquin Seoane
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So what can be done?
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Media Access Control

Modifications

Modifications of the 'madwifi' driver for the Atheros
chipset to inhibite the ACKs and the carrier
detection mechanism

Implementation of a new routing mechanism both
at the kernel and user level, to create virtual |
interfaces and capture packets
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Media Access Control

Modifications

Elp—

Use of asslidingiwindows mechanismi to

acknowledge theECERLION B groUpPS O PACKELS,
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Instead ofi individualfones

Implementation of TDMA, as a replacement of
CSMA. Each station will transmit half of the time
and receive the other half so the media access
method is now deterministic

Use of a selective loss recuperation mechanism
FEC -Forward Error Correctlon to m|n|m|ze
transmission losses

Pietrosemoli 16



Longest WiFi link

“Profile of the 382 km.test 2.4 GHz
April and August 2007, Venezuela
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, RedGala
Galapaqos Islands, Ecuador

Aeropuerio Ballra
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Monte Cesen, February 2008
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130 km testbed llnk between Monte Cesen and ICTP Italy
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Malawi Broadband Network
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Mangochi and Zomba installs
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Team work for antenna
hoisting in Mangochi

Zomba Peak antenna install -

Carlo Fonda and Ermanno Pietrosemoli
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BIantyre-Mpmgwe-Zomba Peak- Mangochl Backbone
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162 km broadband backbone with frequency,
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Conclusions

Modifying consumer grade WiFi equipment and

fitting it with external antennas very cost

effective long distance and high throughput

links can be built in the non licensed frequency.
bands |

This techniques have been demostrated in
deployments in several countries

They are particularly fit for usage in sparsely
populated areas where interference from-other

~users of the same spectrum is less likely
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