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O Wifi, Bluetooth, Zigbee provide high bandwic ow cost
O Limited coverage

O Existing technologies do not work well together

| D O Users manually select technology / radio for use in m\any
cases -
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O User device or networks able to decide on be

O Best used in:
O urban environments
D O Environments with extensive infrastructure

O Where more capacity is required in the network \
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Dense Architecture
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O Route traffic through several technologies to Internet CQ
gateway )

O Best used in:

O rural environments

D O developing countries
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Cellular




O Used to add capacity, reduce distance of long links, aggregate CQ
data, reduce power consumption :

O Caching / Prefetching Solutions [13,14]

O One of more layers cache data to reduce requests to Internet

D O Clustering [12]
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O (ability to pay more for increased service using m e RATSs) /Q
O Multimedia Applications [4,7,8] C
O Unique challenge - high QoS requirement
O Health care, Military, Emergency Response
O Unique challenge - high QoS and security requirement
) O Interplanetary Networks [17]

O Unique challenges - delay tolerance
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~ Applications

P e
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(2009) [6]

O Some LTE or 4g mobile networks

O Smooth handover / handoff between heterogeneous networks is
a requirement of these networks

O Many LTE and 4g Networks are still in early stages of

deployment
\ O “Heterogeneous” usually does not include technology suchgs
wifi (only other existing mobile technologies) e
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Deployments - SCORPION [6]
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O Quality of Service (QoS)
O Service classes, Access Control / Access Selection [8,9] /Q
O Topology Control, Routing, Relay Placement [11,12,13]
O Delay Tolerance [17]

O Handover / Handoff
O Optimal Network Selection [4]

O Mobility Management [1,2]
) O Other popular research areas that will not be covered in this talk

\\‘,

O Security, Multichannel / Multi radio, non-QoS routing ...
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A £

O Mobile devices extremely limited in resources (power, cpu, (
memory)

@) gagage the Resources in the network while keeping in mind
o)

O In HWN, the major unique problem is vertical handover

J O In other networks, Resource Management & QOS studied
extensively (WLAN, WMN, adhoc etc)
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O Avoid interference, minimize power consumptio
O Prevent buffer overflows, avoid bottlenecks O/

O Avoid admitting more users than can be supported
O Prefetching, Caching [13,14]

O Avoid requests from the original source on the Internet by
\ temporarily storing at some level in the hetero network

/ O Cognitive / Software Defined Radio
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Open Research Problems:
Radio Resource Management

Source: Goebbels [14], ex) of caching archtiecture
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Open Research Problems:
Quality of Service (QoS)

@)

O

Provide some guarantee of service level, support for
particular applications (multimedia, voice, web, email etc)

Service classes, Access Control / Access Selection [8,9]
O Each service class has different priority

O Access is controlled by whether there is capacity to admit based
on priority classes

Topology Control [11,12], Routing, Relay Placement [13]

O QoS aware routing

O Some research suggests relays increase capacity, thus increase
QoS by adding more relays in strategic points

O GW placement for optimal QoS
Delay Tolerance [17]
O Some applications have delay tolerance (email, download etc)

O Some network types this becomes more important (long
distance, or opportunistic networking)



O Dense HWN, select the best network based on so

O Cost, Capacity, “user fairness”, ... @
O Sparse HWN, which network to forward through &7

O Mobility Management [1,2]
O Deciding when to change networks while moving
O Vertical Handover (between technologies or component networks)

\ [9,1,2]
j O Horizontal Handover (within a technology or component network)
(many existing works in cellular/mobile ,WMN etc
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Mobility Management
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) Handover Types
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should occur [3,4]

O Many solutions are adaptive and make use of ( Q |
“cognitive/software radio” techniques |

O (applying Al, certain types of optimization)

O Traditionally used to determine if radios can venture into
D licensed bands when not in use

Y
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designed speC|f|caIIy to a set of eX|st|ng techr

/ ) O Not “future-proof”

O Ex) assumption of ipv4

O Ex) assume only 2 or 3 network types: 802.11, 802.16 etc.
O [9] Assumes only 802.11 + 3G

O Many proposals for interoperability, little work in
standardization [9]

) O Existing work uses mostly simulation, it is recognized that
J experiments must be evaluated in test-beds and on real
equipment when possible ~
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Limitations & Assumptions
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O Ensure any framework which is designed or

scalable, extensible and flexible to support fut
technologies

O Develop a business model or incentive program which

motivates service providers to swap traffic in a manner
similar to the Internet

) O Many existing experimental work performed in simulation
O extend to test-bed with equipment in PERWIN lab N
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O Existing approaches classified according to

O Open Research Problems, Limitations

O Exciting active field with many applications

O Much to be done to fully realize potential of the
technology
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BothPA and C can communicate with B but cannot detect each other
leading to collisions at B, solved with RTS/CTS but introduces ET problem




B and C detect each other and fail to transmit even though A is out of
R2nge of C and D is out of range of A




overlapping coverage technologies) @
O 2 Layer [9] e
O 3 Layer
O 4 Layer ...

O Sparse or dense (whether overlap is supported or not)
D O Majority of current work is in dense HWN

s |
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O Increasing profit, or conversely decreasing cost (take f@
into consideration cost of using particular networks W)
within the hetero network)

O Increasing coverage or capacity (solutions which use
) multiple access technologies to increase service) ‘
\ \
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