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Abstract:

In this paper, we propose a cognitive radio based Internegsscframework for

disaster response network deployment in challenged envients. The proposed ar-
chitectural framework is designed to help the existent lbutiglly damaged networks

to restore their connectivity and to connect them to the glttternet. This architec-
tural framework provides the basis to develop algorithnt$ anotocols for the future

cognitive radio network deployments in challenged enwvinents.
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Une architecture d’acces a internet basée sur la radio
cognitive pour le déploiement des réseaux en cas de
catastrophes dans des environnements hostiles

Résumé : Dans cet article, nous proposons une architecture d’actoésraet basée
sur la radio cognitive pour le déploiement des réseaux edeaatastrophes dans des
environnements hostiles. L'architecture proposée estwmmour aider les réseaux
existants et particulierement ceux endommagés pour rée@rdeur connectivité et
les relier & I'internet. L'architecture proposée congtita base pour le développement
de protocoles et algorithmes pour les réseaux radio cégdéployés dans des
environnement hostiles.

Mots-clés : Réseaux radio cognitifs, environnement hostiles, archite d'accés a
internet.
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1 Introduction

Natural disasters like earthquake or storms are unprddécsad rather a frequent phe-
nomenon these days. The collapse of communications inficiste is the usual effect
of disaster. In fact, different types of communication natke could be affected by
a disaster. For instance, base stations of cellular nesydakk of connectivity be-
tween sensors and sink in static WSNs, damage in the exi¢fingNs etc. Thus,
these partially damaged coexistent networks that wereiquely deployed are now
disconnected and all kind of wireless communication ceasetk.

In spite of technological advancements, the instantangepisyment of core telecom-
munication infrastructure, for e.g. base stations in treea# cellular networks, is not
feasible because of planning and cost. Besides, there isck geed to help rescue
teams or NGOs to facilitate organized help and rehabiitatvorks, which further
motivates the need of rapid ad-hoc network infrastructepaymentThe goal of this
rapidly deployed ad-hoc network infrastructure is to paiconnectivity and Internet
access to partially destroyed networks and to help the méeam members, until the
telecommunication infrastructure is repairefihe use of WLANSs can be the solution,
and that is in fact what in Hiat{ [10] engineers did but theiagbd communications
suffered considerable delays. However, these disastgwmes networks, which we re-
ferred as challenged networks, impose several constidiatmtermittent connectiv-
ity, delay, high error rates, no end-to-end paths, unrkdibiks, heterogeneous devices
and operating environment, lack of infrastructure, to narfew. In fact, disasters and
emergencies are unpredictable, and network deploymenicladlow rapid and ad-
hoc deployment, and must be specifically designed to caeendleds of challenged
environments.

In this paperwe propose a Cognitive Radio Based Internet Access Frankef@or
Disaster Response Network Deployment in Challenged Bnviemts In fact, cogni-
tive radio is the term first coined by J. Mitot al. [17] in the year 1999 for efficient
spectrum utilization. These cognitive radio devices apabée to change their operat-
ing parameters on-the-fly and adapt with respect to the emvient|[3]. By doing so,
Cognitive Radio (CR) devices opportunistically explohie spectrum left unoccupied
by Primary Radio (PR) nodes. Moreover, cognitive radio devioperate in an ad-hoc
fashion and form cognitive radio ad-hoc networks. In thigyytarough our proposed
framework and by exploiting cognitive radio technologye thoal of providing robust
connectivity and Internet access to partially destroyediaks can be easily achieved.
In this context, to allow CR devices to restore the connégtf partially destroyed
coexistent network as well as providing Internet acceligiban architectural frame-
work is required, which in turn provides rapid, cost-effeet and robust connectivity.
Recently, [[11] discussed the use of cognitive radio in pukdifety systems, while a
cognitive agent based approach for post-disaster commtimicis proposed ir_[15],
nevertheless, the connectivity of partially destroyedvoeks and their connectivity to
the global Internet s still an unaddressed topic.

In challenged environmeniSpgnitive Radio Ad-Hoc Networks (CRNS) is a promis-
ing technology and capable to federate the communicaticoefistent networks tem-
porarily. In fact, several distinguished features of cognitive radichnology make
CRN an easy to deploy and flexible solution for challengedrenments. These fea-
tures include for instance the accessibility and flexipitif communication over the
whole spectrum band. Another important feature is the rnattio capability of CRNs
which can further be used to control communication overhdaat instance, if one
radio is available per device, flooding should be avoideddeoto limit communica-
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tion overhead, what requires the design of different fodireg mechanisms. However,
if multi-radios are available, flooding can become a powedransmission strategy, if
access to channels is well done.

Despite the availability of whole communication spectruamdh, concentration of
all the radio devices over a single spectrum band could leadrtention and collision
problems, which further reduces the connectivity to gldh&rnet. Cognitive Radio
could help a lot on these, by providing more “communicatipacg” to devices. In
addition, the inherent self-organizing capabilities ofjeitive radio devices i.e. detect
and jump among channels, features provided by the spectngsing and allocation,
and the ad-hoc deployment can also be interesting for peastgr situations.

The remainder of this paper is organized as follows: Seflidiscusses the related
work. The architecture of the proposed framework is preskmt Sectiol 3. Issues
and challenges concerning deployment and connectivitygyptoposed framework are
discussed in Sectidd 4. Sectidn 5 discusses the use of dismbeetion strategy SURF
in conjunction with the proposed architecture. Finally,seaclude in Sectionl 6.

2 Related Work

Recent work on the deployments of cognitive radio netwanksaist-disaster situations
include [11] and[[15]. The authors ih [11] discussed sevepgortunities from the
aspect of cognitive radio in public safety, however, theiseubsions remained gen-
eral without proposing a feasible architecture or framéwdt cognitive agent based
approach for post-disaster communication is proposedShhiat the authors did not
explain how the connectivity of partially destroyed neti®as well as their connec-
tivity to the global Internet could be achieved. In summang problem of restoring
connectivity of partially destroyed networks and connagthem to global Internet is
still unaddressed.

Another cognitive radio based network architecture DIMSW¥[E] is proposed
for the integration of cognitive radio networks into the loggd Internet. This architec-
ture is specifically designed for cellular networks and Hase a centralized regional
spectrum broker and does not cater the needs of rapid andaddiwork deploy-
ments, mostly required in post-disaster situations. Meggdhis architecture requires
significant time in planning and deployment, and requiresgf coordination with the
existing infrastructure, instead of opportunistic, disited, rapid, and un-coordinated
deployments mostly required in challenged environmentsngared to[[5], our pro-
posed architecture is totally rapid, distributed, co$téatfve, suitable for ad-hoc de-
ployment and provides robust connectivity to partiallytd®ged networks.

In addition, cognitive radio ad-hoc networks has been wideslked in several ap-
plication scenarios including military and mission-a#i networks [[14],[[211], and
consumer-based applications [4]] [S]] [7]. Cognitive mtkchnology can also play
an important role in E-health applications [18], [9]. Thederementioned works are
not suitable for post-disaster situation and can not bectijrémplemented in such
scenarios. Consequently, there is a need to exploit inhéatures of cognitive radio
technology and tailor them to be well operated for disasieponse networks. Thus,
keeping altogether in mind; the adaptive and inherent@génizing capabilities of
cognitive radio devices [12], their potential applicaspmand recent advancement in
hardware technology [23], make the cognitive radio techgpthe most suitable radio
access technology for challenged environments.

INRIA
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3 An Internet Access Framework for Future Cognitive

Radio Networks

Internet Access Framework for Future Cognitive Radio Neksds a three-tier ar-
chitectural framework tailored to implement and deployl rEsgynitive radio network
applications in challenged communication environmerig.[Fdepicts the concept of
Internet Access Framework for Future Cognitive Radio NeksoThe building blocks
of this architecture are: (1) Cognitive Radio (CR) devid@3,Cognitive Multi-Radio
Mesh Routers (CMR), and (3) Internet Portal Point.

i i i -

Cognitive Multi-Radio Mesh Router (CMR
@I g ( )
(@é@) Internet Portal Point

E Cognitive Radio Devices

@ Primary Radio Nodes

é Primary Base Station

Figure 1: An Internet Access Framework for Future CogniRaslio Networks

In this architecture, we consider partially destroyed meks as primary networks
and their nodes as primary nodes. Indeed, our objectivedstect on-going commu-
nications of the partially destroyed infrastructures idarrto offer them connectivity
to other parts of the same infrastructure or even to thensterlt is clear that inter-
connecting different type of networks using different teslogies can be considered
as a challenging task, however, the flexibility and dynarpictrum management of-
fered by CRN can help to overcome these obstacles. In sudrokisituations non-CR
devices can be considered as PR nodes, since they are tiseotisiee network with
high priority and their communication can not be affectecinPCR devices need to
communicate with the CR devices in order to restore theineativity to other parts
of the network and Internet. If they detect disconnectitatgther non-CR devices, Ac-
cess Points, sink, base station or Internet, some how th&ChRodevices has be have
a mechanism to detect the bad performance of their netwuek, they contact CR de-
vices. Practically, when non-CR devices, need to commtmigih CR devices, they
first need to detect them. To achieve this goal, CR deviceadaertise their presence
to non-CR devices. Moreover, CR devices have to overheacttaenels in order to
know if the data transmitted by a non-CR device is for anottogr-CR device or for a
CR device - to reach the Internet.
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This architecture can be operated in two scenarios: singteand multi-hop. CR
devices communicate directly with the cognitive multiiahesh routers in single-hop
scenario, while in multi-hop scenario, CR devices creatkithap path to reach to the
nearest cognitive multi-radio mesh router.

3.1 Architecture

In Fig.[2 we show a practical use case of our framework. In bwve scenario, our
architecture acts as a gateway able to federate variousngxisfrastructures and re-
store their connectivity to Internet. We now describe iidlally the functionality of
the framework components.

COGNITIVE RADIO BASED
INTERNET ACCESS FRAMEWORK
FOR DISASTER RESPONSE NETWORKS

Figure 2: A cognitive radio based disaster response netrestkre the connectivity of

partially destroyed network to the global Internet.

3.1.1 Cognitive Radio (CR) Devices

Cognitive radio devices which are based on software defingid can access any cog-
nitive multi-radio mesh router to upload their data to thiefnet. These devices can be
mobile and are capable to directly communicate with the ttivgnmulti-radio mesh
router in single-hop fashion, they can also create mulgi-hetwork to reach nearest
cognitive multi-radio mesh router.

In single-hop scenario, cognitive radio devices are ngigesible for their channel
selection decision, instead cognitive radio devices witlyide feedback to the cog-
nitive multi-radio mesh router about the spectrum occupa@ognitive multi-radio
mesh router will then make an intelligent decision aboutncted selection and com-
municate them to CR devices in order to be used for data trigegm.

In the multi-hop scenario, the accessibility of CR deviaeshie cognitive multi-
radio mesh router is quite challenging due to lack of anyre¢imed authority. Thus,
CR devices are responsible themselves to collect the Joicdéirred spectrum related

INRIA



Internet Access Framework for Disaster Response Netwopkdyment 7

information and make a channel selection decision alonedotr the cognitive multi-

radio mesh router. Therefore, an intelligent channel seledechniques should be
employed that facilitates CR devices in their channel sigledecision. In multi-hop

scenario, cognitive radio devices should be equipped pitetsum fluctuation monitor
to support intelligent spectrum decision (cf. secfion.fig.[3).

Basically, cognitive radio devices will be deployed in artle achieve two goals.
The first one is to relay the data of the heterogeneous nesnaotéd/or devices to the
Internet and the second one is to provide connectivity taltbieint networks i.e. non-
CR devices. In the latter case, when CRNs deployed withgilgrtiestroyed networks
to provide connectivity, CR devices will first perform thescvery of the partially
destroyed networks i.e. infrastructure discovery and thea themselves to the appro-
priate operating frequency of the disjoint network. In tmanner, CR device will help
the disconnected network to restore their connectivity.

More precisely, when CR devices are deployed in an area, fitetyperform a
neighborhood discovery. Thus, CR devices will discovdl alive non-CR devices.
In the meantime, non-CR devices will learn the presence ofl€Rces in the form of
new neighbors. Note that this process can be completelggearnt to non-CR devices
and may not necessitate any reconfiguration. One examgla isan-CR device after
the disaster becomes disconnected from the whole netwaditk te arrival of one or
more CR devices, the connectivity of that non-CR device @arebestablished.

Primary Node Occupancy

()
o

g~ -~

E Spectrum Opportunity DataBase
Input by CR device to
Cognitive Mutli-Radio Mesh Router
¢ Spectrum Fluctuation Monitor

T

= ¥

Spectrum Decision Module

Figure 3: Function of Spectrum Fluctuation Monitor in CMRs.

3.1.2 Cognitive Multi-Radio Mesh Routers (CMRS)

Cognitive multi-radio mesh routers will be deployed in fidedations. The main re-
sponsibility of these cognitive multi-radio mesh routarii perform inter-communication
between cognitive radio devices and internet portal poifiatilitate data transfer and
connectivity to Global Internet.

These cognitive multi-radio mesh routers can operate instwemarios: (1) single-
hop, and (2) multi-hop. In the single-hop scenario, cogeithulti-radio mesh routers
perform channel monitoring, keep track of the spectrum paogy, generate spectrum
opportunity map([22] and facilitate cognitive radio dexdde their reliable channel
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selection decision. Therefore, in this context, cognitivelti-radio mesh routers are
responsible for channel assignment of the CR devices toainlgle-hop scenarios,
it may happen that non-CR devices generate concurreniiasions over the spec-
trum. Thus, cognitive multi-radio mesh routers have to nmrthe spectrum, perform
sensing to detect free channels, and implement a schedlgogthm to regulate the
transmissions from CR neighbors to cognitive multi-radiesim routers in such chan-
nels, limiting thus the contention. A simple polling meclsam as the one proposed
in the IEEE 802.11 standard can be used here to schedulenissisns between CR’s
and cognitive multi-radio mesh routers. Single-hop sdenzan be further classified
into standalone approach and coordinated approach, bashd way spectrum oppor-
tunities are generated and distributed, as explained tterea

In the multi-hop scenario, cognitive multi-radio mesh erstare responsible for
data relaying, as well as they will also implement scheduéifgorithm to order the
transmissions among their CR neighbors, and to limit cdigen

The monitoring of the spectrum and generation of spectrupodpnity map by
the cognitive multi-radio mesh routers can be done in twhitass:

« Standalone Approach: In this approach, cognitive mialtiio mesh routers them-
selves monitor the spectrum fluctuatiomghout any feedback from or coordi-
nation with the CR devicesMoreover, cognitive multi-radio mesh routers can
coordinate with other cognitive multi-radio mesh routershare spectrum mon-
itoring related information. In this manner, cognitive itimadio mesh routers
maintain a database of the corresponding geographic ackshandesignated
radio spectrum.

« Coordinated Approach: In this approach, cognitive midtlio mesh routers
generate and maintains spectrum opportunity tmapgetting the feedback from
cognitive radio devicesThese cognitive radio devices that are disperse around
the vicinity of cognitive multi-radio mesh routers deteatlio spectrum activ-
ity and sends this information to the nearest cognitive immatlio mesh routers.
This information contains the channel id, channel utilaatime, frequency of
the channel, etc.

Irrespective of any approach adopted by the cognitive mnattio mesh routers
i.e. standalone or coordinated approach in single-hopegomtly, the collected in-
formation about spectrum occupancy will be first analyzedpgctrum Fluctuation
Monitor, which is then stored in Spectrum Opportunity Databases @htabase can
then be used to make predictions about the spectrum uitlizafig.[3 shows the func-
tion of a Spectrum Fluctuation Monitor maintained over thgritive multi-radio mesh
routers. Then based upon this, an intelligent spectrunsibeccan be perceived by the
cognitive multi-radio mesh routers and will be communidatie the cognitive radio
devices to help them select reliable channels (cf. selCifonihiore details). Moreover,
cognitive multi-radio mesh routers are also responsibkaite care of the contention
over the medium.

3.1.3 Internet Portal Point

Internet Portal Point are devices that serves as gatewdlie taternet. These devices
can be stationary or mobile; equipped with powerful comroatibn medium, for e.g.
satellite-link. They are responsible for sharing Intetmetdwidth to, as well as gath-
ering data from, cognitive multi-radio mesh routers andsfar it to the Internet.

INRIA
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3.2 Working Principle

Initially the network is deployed having a single interneftrfal point device. This
device should be connected with the global Internet thrahghsatellite link. In the
vicinity of this internet portal point, fixed cognitive mistadio mesh routers are de-
ployed which are directly connected with the internet ggotant. Internet portal point
shares the Internet connection with these cognitive mattio mesh routers. In order
to increase the coverage area and provide last-mile camitgatnore cognitive radio
devices can be deployed in multi-hop fashion to reach tarieteportal point via cog-
nitive multi-radio mesh routers. Then, cognitive radio ideg are deployed in such
a manner that they co-ordinate with the partially destrogetivork nodes and help
them to restore their connectivity, provide Internet asit@bty or relay their data to
the global Internet.

In this manner, the cognitive radio devices first discover plartially destroyed
existing infrastructure through spectrum sensing anduresodiscovery mechanisms,
which we will discuss in sectidd 4. Once detected, they fodilae data of the partially
destroyed network to the nearest cognitive multi-radiohrresiter which further relay
it to the central internet portal point and finally this dagaches to the global Internet.

E CR devices

E Non-CR devices

fi(’/é‘)\);/\ Internet Portal Point @ GSM Network
i i . . .
<%= Cognitive Multi-Radio Mesh Router i i Frequency Band # 2 ?
H » & k;\ /
i) GSM Base Station // i ; /
e

F Frec Band #3
¥ Destroyed equency E
i Base
§ s Li‘/
- /

72 \

/ﬂﬁ ) /

Figure 4: Cognitive radio based internet access framewelpstdistinct network enti-

ties to restore their connectivity to the global Internet.

3.3 Application Scenarios and Advantages

In a post disaster situation, one may have information frbm partially destroyed
existing infrastructures in order to have insights aboatdhtastrophe area. For e.g.,
getting connected to a sink node of an smart camera netwaorpley a vital role in
rescuing lives in the area (cf. F{g. 4, the 2nd plane).

Another example in a post-disaster situation could be @&cstatk deployed in a
wireless sensor network to collect the sensed informatiah thay lose the connec-
tivity to the Internet. And some how the collected data habddalelivered to a base
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station that will process it. In order to deliver this datathe base station, Internet
connectivity is required. In addition, after the postelgigr situation, it might happen
the reachability of humans to the region where the sink iatled, might be hard to
achieve or not be possible. Self-deploying mobile cogaitadio devices can facilitate
this access by providing Internet connectivity to the sink.

An important advantage of the proposed architecture iscibiguitive radio devices
can be able to access real updates about weather forecastmicsforecast of the
post-disaster area from the natural disaster trackingsy&k] and Geographical In-
formation Systems (GIS) [1]. Once they have this infornmatithey can help rescue
team members by guiding them towards safe passages anchkelpd reach to the
nearest rescue base stations. Hig. 4 shows different agiplis of the proposed frame-
work, where it can restore the connectivity of distinct netiventities and connect
them to Global Internet.

4 Deployment and Connectivity: Issues and Challenges

We now discuss how the proposed framework address the iasgeshallenges con-
cerning the deployment and connectivity of the CR devicesstore the connectivity
of partially destroyed networks and to connect them to dlbtiarnet.

4.1 Network Deployment and Connectivity

Depending on the application requirements, the deploywferdagnitive radio devices
may exhibit different network topologies: (1) single-haeiftralized), and (2) multi-
hop (ad-hoc). Besides, traditional self-deployment témpls [13] can add extreme
value to the deployment of cognitive radio devices. Whencthgnitive radio devices
are deployed in ad-hoc fashion and they create multi-howar&tto reach the cog-
nitive multi-radio mesh router, the main issue is regardhmgr connectivity. In fact,
cognitive radio devices must select reliable channelsdeoto ensure their connectiv-
ity. Otherwise, a CR device that intends to upload its datia¢olinternet may not be
able to find relaying CR devices and a delay may occur whichndesirable in post
disaster situations. Moreover, without any intelligen&ichel selection strategy, there
will be contention and collisions, which results in packetdes. Thus, to deal with
these issue, we propose to use our channel selection st&itHgF [20] in conjunction
with the proposed framework. SURF provides a good level aheativity and is well
suited for these scenarios (cf. Sec{ion 5 for more details).

4.2 Infrastructure Discovery

Infrastructure discovery is another important aspect tiegd to be considered. Pri-
marily because the deployment of the proposed framewor&miigon the knowledge
of network that was operating previously. Insights such hsether the previously de-
ployed network works with Base Stations (BS) or not, in ad-mmde or decentralized
mode, with a sink, on which frequency, etc can aid the indighloyment and config-

uration of the proposed framework. Infrastructure discpweeans the identification
of the existing infrastructure, such as wireless sensavaorés’ nodes and sink, WiFi

access points, GSM base stations, etc. This infrastrudiso®very can be done by
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using advanced methods that relies on Software Defined R&BIR) [22] technology
which scans the radio spectrum, search for beacons andsigdials, and identify the
presence of any radio device.

In order to restore the connectivity of the partially dedyixed telecommunica-
tion infrastructure like GSM base stations, prior knowleddout the deployed infras-
tructure is required. This will facilitate to analyze how chuCR devices should be
deployed and in which geographic region they should be geploThe real challenge
is in restoring the connectivity of networks where prior Wwiedge of the deployed in-
frastructure is not available. For instance, WLANS, thagmapes in the ISM band and
can be heavily deployed in urban city regions and office lngg. Thanks to the in-
herent capabilities of cognitive radio devices and mettsods as[[16],[8], the service
discovery and identification of the available communiaatiechnology, such as Blue-
tooth, WiFi, is now possible. Moreover, these techniqueshmEalso used to identify
and distinguish different operating devices including &both piconets, individual
Bluetooth devices, WiFi access points, sensor nodes, PDASs.

4.3 Inter-network Coordination

Inter-network coordination means how the cognitive radigides communicate with

distinct network entities. This challenge is addressedengroposed framework by
exploiting the inherent capabilities of CR devices. Fotanse, during the infrastruc-
ture discovery phase, CR devices already aware of distitetark entities and their

operating frequency. Thus, to communicate with a distietivork entity, for example,

a sensor node, a cognitive radio device will tune itself ® sknsor nodes’ operating
frequency. In this manner, cognitive radio device have tecs®ne channel to com-
municate with sensors and other channel to communicateceghitive radio devices

or cognitive multi-radio mesh routers.

5 Channel Selection Strategy SURF for CR Devices and
CMRs

When CR devices wants to upload their data to the Interney, dne required to com-
municate with the cognitive multi-radio mesh router ovensipgular channel. Without
any intelligent channel selection strategy, concentnatiball the cognitive radio de-
vices over a particular channel could lead to contentioncaticsion problems, which
further reduces the connectivity to the global Internetug;ichannel selection plays a
vital role in efficient and reliable data relaying to the citiye multi-radio mesh router
and/or between to cognitive radio devices which operatasiti-hop fashion to reach
the cognitive multi-radio mesh router.

In scenarios where cognitive multi-radio mesh routers aspansible for channel
assignment to CR devices, a channel selection strategygeddy us [20, 19] could
be executed by the cognitive multi-radio mesh routers. Hibe mode of communi-
cation between the cognitive radio devices and cognitivétimadio mesh routers is
single-hop. But, when cognitive radio devices communiegatie other cognitive radio
devices and create a multi-hop network to reach to cogmitivti-radio mesh routers,
the task of relaying data to the cognitive multi-radio mestiters will be much more
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12 Husain Rehmani & Carneiro Viana & Khalife & Fdida

challenging. This is due to the diversity in the number ofilalde channels and lack of
any centralized authority. Therefore, keeping these ehghs in mind, more recently
we proposed a channel assortment strategy SURF [20, 19]F&nnel assortment
is performed in a distributed way and is based only on infaimndocally inferred by
CR devices.

5.1 Performance Evaluation

To evaluate the feasibility and usability of the framewawle, use SURF[20]/]19] to
be implemented by CR devices to relay data towards cogmitivé-radio mesh router.

T
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Figure 5: Comparison of average one-hop neighbors delratiy for random (RD)
and our strategy (SURF), whehannels=5andchannels=15for varying number of

cognitive multi-radio mesh routers.

5.1.1 Simulation Environment

We consider a post-disaster scenario in which the existifirgstructure is partially
destroyed but still there are some alive non-CR devicestbed Internet connectivity
to deliver emergency messages, alerts or wants to deligerdhta to the Internet (cf.
bottom plane of Figl4). In order to restore the connectiaityg to help the rescue
team members, we deploy an ad-hoc cognitive radio netwoskhich CR devices
communicate in multi-hop fashion in order to reach the rgagegnitive multi-radio
mesh router. These cognitive mesh routers are deployedmagdnd upload this data
to the Internet via internet portal point.

First, the channel selection phase starts in which CR dseixecute SURFE[20,19]
and select the best channel for transmission and/or ovenged he message dissem-
ination phase then starts, in which a randomly selected Gitelewho received the
data from the non-CR device, disseminates the message aelieted channel by
setting the TTL. CR neighbor devices that are on the sametsdlehannel will over-
hear the message, decrease TTL, redo the spectrum serddiwj,the best available
channel, and disseminate the message to the next-hop oefghttil TTL=0. In this
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manner, the message is traversed throughout the networit andny stage, CR de-
vice and cognitive multi-radio mesh router are on the sanamctl, the message will
be delivered to the cognitive multi-radio mesh router.

5.1.2 Reachability of Cognitive Multi-radio Mesh Routers

The data will be delivered to the Interritit is received by the one-hop neighbors of
the cognitive multi-radio mesh router. The hop-by-hopwsly of this data is more
difficult in the presence of PR nodes and multiple channedsitis difficult to guar-
antee that CR devices will have receivers when they trangrhits, in order to check
the data is successfully delivered to one-hop neighborsgfitive multi-radio mesh
router, we calculate the average delivery ratio of messeaehed to one-hop neighbors
of CMRs.

Fig.[H compares the average one-hop neighbors deliveny fatirandom (RD)
and our strategy (SURF), whehannels=5andchannels=15for varying number of
cognitive multi-radio mesh routers. Note that in RD strgtethannels are randomly
selected to be used by CR devices for transmission and/dneasng, i.e. without any
consideration to the ongoing PR and CR activity over thesawbls. SURF allows the
average delivery ratio of 65% and 80% messages to the onadigpbors of cognitive
multi-radio mesh routers in the network, compared to 65%40% in the RD case,
for Ch=5andCh=15respectively. When there is a increase in the number of @iann
i.e. Ch=15, SURF allows the average delivery ratio of 80% messagestorie-hop
neighbors of cognitive multi-radio mesh routers in the reeky compared to 40% in
the RD case. In fact, this happens since during channeltggle€8URF considers both
the PR nodes and number of CR neighbor receivers. Thes¢srekolv the good level
of network connectivity provided by SURF, suitable for ablie data relaying.

6 Conclusion

In this paper, we have discussed that cognitive radio nétwan be served as a core
technology which enables partially destroyed networksesiare their connectivity.

In this regard, we presented a cognitive radio based Interceess framework for

disaster response network deployment in challenged emvients. This architecture is
specially designed to cater the needs of challenged emvizats. We then highlighted

issues and challenges in the deployment of this architectWe believe that this work

can be served as a basis to build new algorithms and prott@iltead us to federate
various communication paradigms.
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