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Introduction

Advances in wireless communications have expandead new
Integrated data applications
Wireless LANs have become popular for allowing higldata rates at
relatively low cost
WLAN Access Points (AP) provide hot spot connectity in places,
such as:

o Airports
Hotels
Shopping malls
Schools
University campuses
Homes
Future advances in software defined radio will makenulti-interface,
multi-mode and multi-band communication devices a@mmonplace
Such an integrated heterogeneous environment enabla user to access
a cellular network, a WLAN, or a WWAN, depending onthe
app_lllcgflon needs and the types of radio access nairks (RANS)
available
First step is to integrate WLANSs, Wireless WANs, Wieless MANSs by

users accessin%through a fixed Base Station (BS)AP
o WLANS (e.g., [EEE 802.11a/b/g/n and HiperLAN/2),

o Wireless MANSs (e.g., IEEE 802.16 and Wireless RANSs.(g, IEEE 802.22)
The second step is to extend this to multi-hop MANEs
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Introduction

= Global heterogeneous architectures need to provide
seamless integration of one-hop and multi-hop wireks,
with countless possibilities :

= Users would have profiles such as price, data ratbattery
life, service grade, and mobility pattern

= If a node Is not directly within the coverage areaf a RAN,
then we have to explore the possibility of reaching RAN
through mult]-hop#oln _

= Internetworking of cellular sgstems with WLAN hot spots
has also been investigated by standardization bodigsuch
as 3GPP and 3GPP2 :

= The basic integration aspects are the network selgaon,
AAA (Authentication, Authorization and Accounting) and
routing through the fixed infrastructure to the APs and the
3G network :

= The 3GPP2 group developing 3GPP and 3GPP2 does not
address the issues related to multi-hop communicains

= The integration with the MANET paradigm is much more
challenging and complex
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Heterogeneous Architecture
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BS : Cellular Base Station o-located BS and AP

AP : WLAN Access Point
MS : Mobile User Station

CN : Core IP Network
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Single Mode V/s Dual Modes

= Basic mobile stations types:
o Single-mode cellular MH
o Single-mode WLAN MH or
o Dual-mode MH
= A single-mode cellular MH connects to a cellular navork
through a BS

= A single-mode WLAN can communicate through an AP or
can connect to other WLAN equipped terminals in thead
hoc mode forming a MANET

= A dual-mode MH can operate in both the cellular basd
mode (communicating directly to a BS or AP) or in he

MANET mode using the WLAN interface

o In the UCAN architecture, each MH uses two air intefaces: a
HDR (High Data Rate) interface for communicating wih BS and
an |IEEE 802.11 based interfaces for peer-to-peer gonunication.

o More and more MHs will be equipped with multiple interfaces
based on different wireless medium accessing techaogies so that
higher data speed rate could be supported
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Base Station and Access Point

BSs and APs can provide several services to MHs
iIncluding:
o Accessibility to the Internet
o Interoperability of existing networks and future
networks
o Support of handoff between different wireless
networks
o Resources control
o Routing discovery
o Security management
= Both BS and AP should have the capability of
Interoperability with each other
= The APs and BSs also have the responsibility to manag
and control radio resources to the MHs
s Frequency allocation becomes more complicated, as
different wireless technologies may operate in theame
frequency band
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10 Alternatives between dual modes A and B

Out of coverage
multi-hop
connectivity

A
Require
Cellular/WLAN
fixed network
connectivity

BS : Cellular Base Station

AP : WLAN Access Point

CN : Core IP Network

GN : Gateway Node

Hexagon represents a BS coverage area
Circle represents an AP coverage area
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Ten possible Connection Alternatives

o A and B can communicate through the cellular interdce

o A agd B can be connected through one WLAN AP in theingle-hop
mode

o A and B can communicate with single-hop mode to tleAPs and these
APs are interconnected through a fixed network

o A and B can use the WLAN interface in the ad hoc nuae to
communicate directly or through multiple hops

o A can use the WLAN interface in the ad hoc mode toonnect to a
Gateway Node (GN), which can establish a connectiaa B through a
cellular BS in the single-hop mode

o A can use its WLAN Interface in the ad hoc mode toonnect to a GN,
which can establish a connection to B through a WLN AP in the
single-hop mode

O Both A and B are out of the coverage of an AP, buhey can connect
using the multi-hop ad hoc mode by |dent|fy|n8 theorresponding GNs
C and D that can communicate through the A

O Both A and B are out of the coverage of WLAN APs, lit they can
connect using the multi-hop ad hoc mode b |dent|fy%icr:orrespond|ng
GNs C and D that can communicate through the fixeanfrastructure

l.e., CN) in the single-hop mode _ )

O and B are using the cellular and the WLAN interfaces, respectively,
and the corresponding BS and AP are connected thrgi the fixed
network CN . . .

o Ais using its WLAN interface (via multi-hop) to cannect to a GN C that
IS connected to the BS, and this BS is connecteddligh the CN to the
éﬁl tBat provide connectivity to the destination teminal B through the
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Problem Statement

= How to establish and manage connections between ayo mobile
stations in a heterogeneous networking environment?
o How to discover connectivity alternatives available
o How to select the best connectivity alternatives?
o How to establish and manage end-to-end connections?
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Integrated Architectures for HIWNs

Existing architectures and protocols considering Sigle-hop and Multi-hop

operation modes:

o UCAN
Two-hop-Relay
ICAR

HWN

MCN

A-GSM

ODMA

MADF
SOPRANO
CAMA
Two-Tier Het MANET

OoOoO0OooOooOooooano

Design Goals:

Improve cellular system’s capacity (UCAN, Two-Hop-Rlay, SOPRANO,
HWN, MCN, ODMA)

Improve cellular system’s coverage (A-GSM, Two-HofRelay)

Load balance between cells (ICAR, MADF)

Provide Internet connectivity to MANETSs (CAMA Two-tier Het. MANET
Architecture)
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Design Factors

m ' [hree unique features significantly affect the degn of integrated

solutions
o Availability of multi,ole interfaces for a MH
o Integration of cellular networks
o WLANS, and multi-hop communication (i.e., MANETS)

m Several questions need to be addressed in ordergmovide an

lnte%/rated, transparent and self-configurable senage
o What technology (or communication interface) to seict to start a
connection
o When to switch an ongoing connection from one intéace to another (i.e.,
vertical handoff)
o How to select transmission power for a given commueation interface, co-
channel interference, topology discovery and routereation, mobility and
handoff management, and load balancin

= Some of these questions have been addressed by aesigers

o 1I:—Iowever, none of the existing models incorporate lahese design
actors

= Answer depends on the MH’s capabilities, on the comttivity options
available, on the user’s mobility profile, on the @S expected, and on
the service cost _

m Decision of what interface to use should be automaally taken by the
system | 5 .

m Selection of a given technology or decision to perfm a vertical
handoff can be used to enhance the overall systerarformance
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Dual Mode Terminals- Protocol Stack
/

c
(0]
= (5
s g
£ llc
O ||
2=
c
g ls
3]
L 1! e
Link1 Link2 2 |0
O
L =
MAC1 MAC2
Physicall Physical2

Cellullar WLAN
Copyright © 2006, Dr. Carlos Cordeiro and Prof. Dharm Agrawal All rights reserved.



Physical Layer

MHs equipped with multiple network interfaces can acess multiple
networks simultaneously

Even though SDR based MHs are not fully capable ofraultaneously
accessin mu|t(|]|ole wireless systems, discoveringcass networks need
to be performe

If MH is connected to a cellular network that is ako within the
coverage area of an 802.11b AP; the network or tHdH needs be able
to switch from cellular to WLAN

In a heterogeneous environment, different wirelestechnologies may
be operating in the same frequency band, and it ritical that they
must coexist friendly without degrading the performance of each other
For MHSs far away from their APs, for example, the muti-hop
communication links may result in less interferenceéhan direct
transmission to the AP

However, the capacity of AP decreases considerabBs a result of
multi-hop, if MHs are close to the AP

In a direct transmission from a MH to a BS or an AR only a single
frequency channel is required, whereas in the mukhop connection
from the same MH to the same BS

Power control techniques have been applied to limihterference in
CDMA/based cellular networks and MANETS
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:h Physical Layer ctd. . .

Open research Issues:

Efficient design of SDR based MSs that switch
between different technologies

Cognitive and agile radios

Frequency planning schemes for BSs/APs that could
satisfy resource constraints while increasing the
spectrum utilization

Interference mitigation techniques between various
wireless access technologies

Note that modulation technigues and codin?
schemes will always be among the physical layer
design challenges
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Data Link Layer

ata link layer can be divided into logical link cantrol (LLC) layer and MAC layer

= The MHs will be able to use a centralized MAC, sucihs TDMA or CDMA for a
cellular network, or a distributed random access dteme in an IEEE 802.11 WLAN

= Data rate in the cellular interface can reach up t®.4 Mbps while the 802.11b
interface can provide up to 11 Mbps and the IEEE 8P.11a/g standards support up
to 54 Mbps

=  When two MHs are communicating through multiple inteemediary hops in the ad
hoc mode, the performance can be even worse dueremmdom access problems in
each intermediary hop

m Mechanisms such as power control MAC protocols antMAC-based route selection
can be used to improve the performance

= Although integration of heterogeneous technologiesill not be performed at Link
and MAC levels, these layers can provide useful iofmation to upper layers

= An end-to-end connection can involve a sequencesdveral different Link and
MAC layer connections

m Security is also an important issue to be considedeat the Link/MAC level

Open Research | ssues

o Design of efficient Link and MAC layers protocols br MANETs and WLANS
that support different QoS levels

o Channel management schemes in cellular networks thaonsiders different
categories of traffic and results in low call blockng and handoff failure (call
dropping) probabilities

o Link/MAC layer security

Copyright © 2006, Dr. Carlos Cordeiro and Prof. Dharm Agrawal All rights reserved. 15



Network Layer

ultiple interfaces of MHs can have different physial and MAC layer

protocols, and need to be taken into account

= Routing problem also inherits all the issues relatkto multi-hop routing in
MANETS, such as frequent route changes due to moliy, higher control
overhead to discover and maintain valid routes, higer end-to-end delay,
and limited end-to-end capacity due to problems ahe lower layers

= Some existing solutions limit the number of multi-lops to a maximum of 2
or 3

= Integrating MANETSs with single-hop networks is motivated by providing
connectivity to MHs that are out of fixed BS/APs coveage using GNs

= Network layer must have mechanisms to allow theseodes in a MANET
to find such gateways and to allow the MHs to corréty configure their IP
addresses

= Network layer has to discover the integrated topolgy and find the best
route between any source and destination pair

s Several metrics can be used to define the best reytincluding number of
hops, delay, throughput

= Integrated Architectures. Several architectures and hybrid routing

protocols have been proposed such as UCAN, Two-Hdpelay, 1-hop and

2-hops Direct Transmission, HWN, MCN, ICAR, MADF, A-GSM, ODMA,

SOPRANO, CAMA, and the Two-Tier Heterogeneous MANET

Architecture
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= Dual-Mode (WLAN + CDMA/HDR) MSs inside the coveragearea of a
HDR BS

m MSs try to discover proxy clients with better downlnk signal quality to
iImprove the downlink throughput

= The proxy clients forwards the downlink traffic to the destination MS
through the WLAN interface

m Proxies are discovered inside a 2-hop neighborhood

= Optimization goal: Improve downlink traffic through put
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1-hop and 2-hops Direct Transmission

= Hybrid protocols is introduced for integrating single-hop
and multi-hop operation in a WLAN environment, thereby

= Combines the strengths of the two models to solve
problems

= These protocols can be used in a scenario similay (8) In
Figure 11.2

= Several control messages are introduced for multidp
operation as well as to allow MHSs to discover GNs (dad
agents) to connect to an AP

= If the receiver can no longer directly hear the seter’s
signal, the connection can be switched to the 2-hop
direction transmission mode

= However, if no sender’s neighbor is accessible frothe
new receiver’s position, they still can use the ABriented
communication mode

o Hercllce, two communicating MHs can be in one of the the
modes
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Ybrid Wireless Network Architecture (HWN)

= This allows each cell (BS) to select the operationode between a
typical single-hop for sparse topologies or the adoc mode for
dense topologies

= Itis assumed that all MHs have GPS capabilities andend
periodically location information to the BS

= The BS runs an algorithm to maximize throughput

= If the current operation mode is the ad hoc one, #9BS
compares the achieved throughput witlB/2N, whereB is the
aclrllievable bandwidth per cell andN is the number of MHs per
ce

s BS periodically broadcasts minimum transmission poer
required to keep the network connected in the ad limmode

= Two drawbacks are: the minimum power used in the adhoc
mode can lead to disconnected topologies due to midlg, and
ongoing connections are broken during the switchingeriod

s Centralized mode selection for all the connectionmay not
optimize the cell performance

Copyright © 2006, Dr. Carlos Cordeiro and Prof. Dharm Agrawal All rights reserved. 19



Multi-Hop Cellular Network,
Architecture (MCN)

= All cells use the same data and control channels

= MHs and BS data transmission power is reduced to haof the cell
radius to enable use of the same channel

s The transmission power in the control channel is apesponding to the
cell radius and the MHSs use this channel to send iafmation about
their neighbors to the BS

= Nodes recognize their neighbors using a contentidnee beacon
protocol and send their neighbors table to the BS

= When a MH wants to connect to a given destinationt sends a route
request to the BS in the control channel

» BS finds the shortest path between the source anldd destination

= Upon receiving the route reply, the source node iests the route into
the packet and begins its transmission

»  When a node detects that the next hop is unreachamit sends a route
error packet to the BS and buffers the current paclkt

= The BS responds with a route reply to the node thajenerated the
route error and also sends a correct route packet

Copyright © 2006, Dr. Carlos Cordeiro and Prof. Dharm Agrawal All rights reserved. 20



1ICAR and MADF

ICAR

Ad hoc relay stations (ARSsS) are equipped with twanterfaces, one to
communicate with the cellular BSs and another to comunicate in the ad hoc
mode with other ARSs

ARSs nodes can have limited mobility controlled byhe cellular MSC

Uses ARS to balance the traffic load between cells

The ARSs can divert the traffic from an overloaded ell to an un-congested one
Three basic relaying strategies can be used whemaw call is originated in a
congested cell: The primary relaying is when a MH As originating a call in
cell X and it can connect directly to a nearby ARSwhich can divert the call to
a neighboring cell Y

When there is no ARS available to MH A, another onging call in cell X, let
say MH C, can be transferred to a neighboring cellising another ARS, in
order to free up a channel to be used by MH A (seadary relaying).

If any of these two approaches can not be used, third option, the cascade
relaying, is to divert a call in cell Y to anothercell Z, such that one of the
ongoing call in the originating cell X, can be trasferred to Y, and the new call
Is accepted in cell X

This scheme also increases the coverage of the wealt network
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1ICAR and MADF

obile-assisted Data Forwarding (MADF)
m This achieves the load balance between cells by Waarding part of traffic in an
overcrowded cell to some free cells
m  Unlike ICAR, traffic forwarding in MADF is achieved by using MHs as
relaying nodes that are located between overloadd€tot) cells and free (cold)
ones
m Relaying MHs share a number of forwarding channels
= If the packet delay is high, the MH stops forwardimg and requests BS for
forwarding data packets to another neighboring colccell
= If the hot cell returns to low traffic, the MH may stop its MADF forwarding
and then redirects packets back to its own cell
= If MHs in a hot BS are far away from one another, tle same forwarding-
channels can be reused by two MHSs to forward data tdifferent neighboring
BSs without interference
= Throughput in a hot cell surrounding by some cold ells can be significantly
improved
= 'cll'he_ advantage of MADF over ICAR is that there is noeed for additional
evices
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:h A-GSM and ODMA

A-GSM (Ad hoc GSM) architecture

It allows GSM dual-mode terminals to relay packetsn the MANET mode and provide
connectivity in dead spot areas, thereby increasinthe system capacity and robustness
against link failures.

The folual-mode terminals in are equipped with a GSMir interface and a MANET
interface

The terminals have an internal unit called DIMIWU (Dual-mode ldentity and
Internetworking Unity), which is responsible for peforming the physical and MAC
layer protocols adaptation required for each air inerface

At the link layer, the A-GSM mode uses an adaptatio of the GSM Link Access Protocol
for D channel (LAPDm)

In the beacon message, a relay node can include B8 it can connect to, as well as the
respective number of hops required to reach the BS

The drawback of this proactive gateway discovery sieme is the high control overhead
The resource manager decides whether a relaying ragst should be accepted

A busy flag could reduce the number of beacon mesges sent while the continuous
transmission of beacons is used to keep informaticabout the quality of the links
between a node and its neighbors

ODMA (Opportunity Driven Multiple Access) scheme

Both solutions integrate multiple accesses and retang function to support multi-hop
connections

The ODMA breaks a single CDMA transmission from a MH to a BS, or vice versa, into
a number of smaller radio-hops

However, the ODMA does not support the communicatios for the MHs that are outside
the coverage of BSs
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:h SOPRANO

Self-organizing Packet Radio Ad hoc Network with Oerlay
(SOPRANO)

= Investigates some of the techniques by which themacity
of cellular network can be enhanced

= Advocates six steps of self-organization for the pisical,
data link, and network layers to optimize the netwok
capacity

= Multi-user detection is also suggested for the physal layer

= If transmissions are directed to a node with multihop,
clever frequency channel assignments can significay
reduce the interference

= In the network layer, multi-hop routing strategy must take
Into account the traffic, the interference and theenergy
consumption
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:L CAMA

Cellular Aided Mobile Ad hoc Network (CAMA) archite cture

= Underlying goal to enhance the performance of MANES, with the aid of the
existing cellular infrastructure

= This concept is slightly different as the cellulanetwork is used only to
control the operation of the MANET by providing authentication, routing
and security

= Only control data is sent to the cellular network

= The CAMA agents perform route discovery using a cemnalized position-
based routing scheme, called multi-selection greeghositioning routing
(MSGPR)

= MHSs are assumed to have GPS (Global Positioning Sysh) capabilities

= All MHs are assumed to be under the cellular coverag such that the CAMA
agents are provided with information about the entie MANET

= However, the dynamic nature of MANETS can not alwaysssure QoS
guarantees required by multimedia services

= The connectivity between the MANET and the Internetis provided by special
MHs (Gateways or APs) connected to the fixed network

=  CAMA uses the cellular infrastructure to improve the performance of
MANETS

= This concept could be extended to provide other ctnol operations in the
MANET
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Two-Tier Heterogeneous
MANET Architecture

Two-Tier Heterogeneous Mobile Ad hoc Network

Considers MHs operating as in dual-modes

MHSs operating in the MANETS form the lower tier, whil e the dual-mode
gateways form the second tier of the architecture

Load balancing issues come into picture

Several gateway selection schemes are proposed

Similarly to CAMA, the Two-Tier Heterogeneous MANET architecture does
not provide services to cellular users

The destination or the source node is always in thfexed network

Open Research | ssues

Design of integrated and intelligent routing protools is largely open for
research

Scalability in multi-hop routing without drasticall y increasing the overhead
The impact of additional routing constraints and regquirement needed by MSs
and networks
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Transport Layer

- erformance degradation of the TCP protocol is thenost important issue in any
wireless transport layer

m Transport protocol has also to handle the high delgs involved in connection switching
from one interface to another

m Basic problem is how to maintain a TCP connection ien a MH changes its IP address
as it enters a new access network

= Due to firewalls, server migration support may be equired when the MH cannot access
the ori%inal application server

m Also, the overlap of coverage between different aess technologies can be exploited to
improve the aggregate connection’s bandwidth. T

= Most approaches enhance TCP performance in wirelesgetworks by providing feedback
information about the causes of the errors

m  Areceiver centric approach is developed such thdhe receiver closer to the wireless
last-hop can obtain more accurate information aboutauses of the losses

= In the case of server migration, the overhead requed to transfer connection state
information from one sever to another is minimized

= An extension of the RCP protocol for host with muliple interfaces, called R2CP (Radial
RCP) also proposed to support seamless handoffs abdndwidth aggregation

»  R2CP aggregates multiple RCP connections into onéstract connection for the

aﬁpllcatlon layer _ _ :

The protocol keeps multiple states at the host acating to the number of active

interfaces.

= Then, in a vertical handoff, the application can cotinue transmitting and receiving data
in the old interface before the new connection isséablished

Open Research | ssues i _
= Design of new transport protocol or adapt the exishg protocols to take delays into
account in vertical handoffs

= Implement server migration without interrupting ong oing connections
Copyright © 2006, Dr. Carlos Cordeiro and Prof. Dharm Agrawal All rights reserved. 27



:h Application Layer

Applications should have only an access point to ¢éhtransport layer
and network services

Network layer needs to exploit multiple access tedologies

This provides different kinds of application servi@s to the users
MHs should be able to discover and inform the usenaailability of
such service

Some kind of virtual service manager is needed targvide information
(I\)/1IE I_slervices available in the fixed network part (though BS or AP) to
Design of charging and/or rewarding schemes in thapplication layer
IS a critical issue

Another fundamental problem is end-to-end security

Open Research I ssues

End-to-End security _
Service Discovery mechanisms _
Credit charging and rewarding mechanisms
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:h Mobility and Connection Management

Mobility and connection management are two controplanes that
provide topology discovery, detect available Interat access, as well as
support vertical handoffs

But, the mobility and connection management functinalities cannot be
separated

| nternet Connectivity

Current cellular networks (2.5 and 3G) provide IP €rvices based on
the IPv4 protocol

In WLANS, APs can act as Internet Gateways (IGW) tdVIHs

Future heterogeneous networks will be based on IPv6 8

APs can also provide Internet connectivity and perfom mobility
management functions for those “out of coverage” MHs _

The gateway discovery process can be implementedarproactive,
reactive or hybrid fashion

The process of discovering an AP that acts as IGWan also be
considered as the process of discovering another MH
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Mobility and Connection Management

s Two types of handoffs
o Horizontal handoffs
o Vertical handoffs
= The horizontal handoffs can be handled by the cellar network components at
the link layer and at the network layer, the MobileIP (Mobile IPv4 and IPv6
ﬁ)_rotocol can be used to support macro and global nfality >
he Mobile IP provides an effective solution for maro and global mobility
management
= Several mobility management schemes have being prmged to reduce the
handoff latency in the micro-mobility environments
= In the case of vertical handoffs, two basic issuésve to be considered:
o When to start the handoff process?
o How to redirect the traffic between interfaces?
m The redirection process can be performed in a seards or a reactive way
= No integrated solution exists to handle all the pasble types of vertical
handoffs in a heterogeneous environment, as the sko in Figure 11.1
= In general, the vertical handoff latency can be chacterized by three
components:

o Detection period is the time taken by the MH to disover an IGW,;

o Address configuration interval is the time taken bya MS, after detecting
an IGW, to update its routing table, and assign itsnterface with a new
care-of-address (CoA) based on the prefix of the meaccess network

o Network registration time is the time taken to sendca binding update to the
home agent as well as the correspondent node, tethime it takes to

: receive the first packet on the new interface
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Reactive IGW discovery

s  Some schemes have been proposed to reduce the hdhtiency in a
GPRS/WLAN scenario:
o Fast router advertisements
o Route advertisements caching
O Blndln%u date simulcasting :
o Smart buffer mana?ement using a proxy in GPRS
o Layer-3 soft handoff
= An extension of the Mobile IPv6 protocol is proposg where MMI (Multiple
Interface Management) redirects traffic flows betwen two interfaces
= When MS wants to redirect its ongoing flows from tle source interface | to
the target interface L,, the node simply sends a Binding Update messageit®
home agent (H%) , o
= This allows the home agent for | to register an association between Pand IP,
In its binding cache
= In case of horizontal handoff on the interface Jto a new subnet, both home
agents HA and HA, need to be informed of the new Care-of-Address IP

Open Research Issues : B

m Efficient gateway discovery protocols to integratdANETSs with fixed
network components

= Development of new mobility and connection managemeapproaches to
reduce the delay during vertical handoffs
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i Trigger events for vertical handoffs

Trigger Event Description

Interface down | An interface currently used fails, so the MH cannot
receive its flows anymore

Interface up A new interface is available, e.g., the node entetise
coverage area of a new access network

Horizontal As a horizontal handoff procedure in the currentlyused

handoff Interface is started, the node can redirect the trffic to

procedure another interface to reduce undesirable effects dhe high
delay involved in the handoff process

Change in The QoS provided by one interface improves or degdes

network (coverage, data rate, power consumption, etc.)

capabilities

Copyright © 2006, Dr. Carlos Cordeiro and Prof. Dharm Agrawal All rights reserved. 32



:hComparison of the Integrated Architectures

= A-GSM, ODMA and ICAR introduce ad hoc mode in a
cellular system but they do not consider the possiliy of
iIntegrating WLAN APs :

= On the other hand, the 1-hop and 2-hop direct
transmission protocols are especially designed totegrate
single-hop and MANET mode

= The HWN and MCN architectures also focus on the
Integration of a generic single-hop mode and MANET.s
and they do not consider dual-mode terminals _

= The UCAN and Two-Hop-Relay architectures considertte
most general scenario

= However, the results with these schemes assume tladit
nodes are dual-mode and are under a single cellul&S
coverage and no WLAN AP is included in the evaluatn
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Architecture Cperation Mixin Mabile wser | Supportad Suppart af | Conrection madsl Crtaway
mades Cpfimization goal | Stations Scenarios or i | out al’ Dizcovery
considerad Variation i | coverage
Fig 2 MLSE
A-GSM Cellular Coverage, Dual-mode {13, (53 Yes GMNs  send beacon (adverhise)
MANET transtussion messages (proactive scheme)
power  reduction
and capacity
ODMA Cellular Transtission Dual-mode {1, (%) but &l Ho There is no concept of gateway,
MANET power  reduction MHs are under every node can relay packets, and
and B2 capacity coverage of B3s the routing decision is based on the
signal quality
iCAR Cellular  — | Load balance | Single-mode | (1), (5) No The GMN nodes are deployed in
MANET between B3s and  Dual- plarmed positions and the MH can
mode only use 1-hop away GHs.
CAN Cellular  — | BS  throughput | Single-mode | (1), (2), (3), (5) Mo MSs szearch for gateway nodes
WLAN - | and uzer | and  Dual- | but all MHs are when ther transmission  rate
MANET dowrnlink data | made under  coverage decreases bellow a given threshold
rate of BAs {proactive or reactive discovery)
Two-Haop- Cellular  — | BS throughput Smgle-mode | (33, (5)-(2) Yes The GHN: send  advertising
Relay WLAN - and  Dual- messages (proactive scheme)
MANET mode
I-hop and 2- | WLAN  — | Reliahility to BS | Single-mode | (3), (8) Yes Destination MH  selects  the
hops Dir | MANET failures and connection maode, but MHz can act
Trans. handoffs as gateways in case of APz falures
FWY WLAN  or | B3 throughput Smgle-mode | (1), (4) Mo B3 selects the cell's operation
Cellular - mode
MANET
MCW WLAN  or | BS throughput Single-mode | (1) - () Mo BS/AP selects the operation mode
Cellular - and execute a centralized routing
MANET algorithin
MADF Cellular - | Load halance | Single-mode | (1), (3 Mo Ad hoc routing protocol for routing
MANET between B2z discovery
SOPRANG Cellular - | BE Capacity Single-mode | (1), (5) Mo Routing decision 15 based on
MANET minimum interference and energy
CAMA Cellular  — | Improve MANET | Single-mode | (4), but with all Mo Gateways are used only to provide
MANET performance. and Dual- | MSs under access to the CAMA agents i the
mode cellular coverage cellular network
Two-Tier Cellular - | Connectivity Smngle-mode | (5) Ma Several gateway selection schemes
Hekrageneon | WMANET MANET:s  with | and Dual- are provided to  provide load
s MANET the Internet mode halance atmong the gateways.
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Comparison of Integrated Architectures

common goal of the integration schemes is to impwve the capacity in the cellular-

based (BS or AP) systems

o In A-GSM and ODMA, the reduction in the MH’s transmi ssion power is also identified
as an advantage 5 : :

o The main goal in CAMA is slightly different from other solutions

o The main focus of Two-Tier Heterogeneous architecte is to provide Internet
connectivity to MANET users and provide connectiviy for MHs

O ng&lodes are assumed to be under a BS or AP coveain ICAR, UCAN, HWN and

o ODMA achieves a capacity gain by reducing the intderence level inside the cell

o The iCAR architecture uses multi-nop only to transfe connections between BSs,
performing load balance _

o HWN and MCN approaches assume that the cell can ope only in the cellular-based
or the ad hoc mode _ : _ e

o Since different connections can have different Qof&quirements, selecting transmission
mode for each request seems to be the most suitalblgproach ; _

o In UCAN, the GN (client proxy) for a given connectbn has to have a higher downlink
rate then the other terminals in the multi-hop path

o GNs capabilities and responsibilities are not the sae in all cases :

o “Out of coverage” MHs have to find a gateway in orderto join the network, which
involves tasks as registration, authentlcatlon_:;meiddressmgl< :

o However, despite of the ﬂateways functionalitieshé network has to provide some means
for the MHSs to discover them in a proactive or readt/e fashion _

o In UCAN, the MH starts the search for the gateway a8 needed (reactive approach

o IniCAR, only 1-hop transmissions are allowed betwen a typical MH and a GN (called
ASR), such that the MH can search for a gateway amg its one-hop neighbors

o There is no concept of GN in ODMA, HWN and MCN
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Conclusions and Future Directions

= Future networking ought to integrate a myriad of
heterogeneous terminals and access technologies

= Accessibility alternatives provide different QoS ad
coverage levels :

= Designing heterogeneous network that provide QoS

uarantees is extremely complex and c aIIeng|n19

s Open research issues discussed at each layer of the
protocol stack :

= The fixed infrastructure components, I.e., the BSsral APs,
are expected to play an important role

= Another fundamental task of the network layer is to
support seamless horizontal and vertical handoffs

= Furthermore, service discovery and security mechaesms
need to be provided
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