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Uncoordinated aircraft movement
Highly dynamic topology
Very dense topology
—Z Up to 30 000 flights per day
7 Ca. 2 000 simultaneous flights
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Application:

Extension of coverage via multi-hop relays beyond coverage of terrestrial
base stations

\
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-7 Coordinated aircraft movement

—~ Very stable (quasi-static) topology
7 Lower connectivity

7 Ca. 1500 flights per day
—Z Max. 300 simultaneous flights

=7 Application:
7 Extension of terrestrial coverage

-7 Ad hoc network as alternative to satellite communications
=7 Sharing of satellite links among aircraft
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Node characteristics
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Limited battery power
GPS not always available
Short transmission range
Random motion

One user per node

aunlimitedo battery
GPS always available

Huge transmission range (over 200 nautical
miles)

Linear uniform motion
Many users (e.g. passengers) per node
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Aircraft as Mobile Networks

— Internet Gateways (IGWs) connect MANETS to Internet
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- Multi-hop communication between aircraft and GW is performed by a

MANET routing protocol below IP

7 Transparent to IP mobility protocol (NEMO)

Internet
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—Z GWSs may exhibit significantly different characteristics concerning
bandwidth, delay, reliability

—7 Traffic is concentrated around the GWs

A IGW selection crucial for overall network performance!
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Internet Connectivity: Key Questions

1. What GWSs are reachable?
—~ GW Discovery

2. What is the best GW?
—Z GW Selection

3. What aircraft should act as opportunistic GW?
7 GW Election
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Internet Gateway Discovery

—Z Proactive
-7 Based on periodic flooding of IGW advertisements (ADVS)
7 Constant overhead
=7 Suited to highly mobile environments
—~Z Reactive
7 Based on on-demand IGW solicitations
7 Overhead scales with no. of sources
=7 More suitable for less mobile networks
—Z Hybrid
7 Flooding of ADVs limited to region around GW

—Z Here: Exploitation of position information for efficient flooding of ADVs

# Deutsches Zentrum
DLR fir Luft- und Raumfahrt eV Slide 11
in der Helmholtz-Gemeinschaft



.~ A7 LR

Internet Gateway Selection

- What is the best GW (regarding throughput, delay, etc.) ?

=7 Approaches proposed so far mainly based on
—Z Hop Count
—Z Gateway Utilization
7 Compound Metrics
—Z e.g. o - HopCount + 3 - GWUTtilization
—Z But: Cannot adapt to different traffic situations
A Improvement of GW selection by

7 Use of delay as selection metric: natural combination of hop count
and traffic load

7 Cooperation between gateways
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NET/MAC/PHY Design for Aircraft-to-Aircraft (A2A)
Communication

Crosslayer A2A Protocol Sack

Geographic Routing

Intemet // NET \\ Topology Control

\\» j/ OFDM
PHY MIMO (Beamforming)

Power Control, Rate Control, etc.

) TDMA Sheduling

Adapt 802.16 Mesh for A2A?
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