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� Introduction to Cognitive Radio Networks (CRN)

� Challenges of Data Dissemination in Cognitive Radio 

Networks

� Solution for Efficient Data Dissemination

� Our Contribution – SURF

� Results

� Conclusion and Future Works
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� Motivation
� Limited available spectrum in today’s wireless network

� Fixed spectrum assignment policy

� Geographical and temporal utilization of spectrum 15%-85%, 
reported by FCC

� Results in:
� Inefficiency in spectrum usage
� Creation of spectrum holes
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cf. DARPA xG Working Group, The XG Vision RFC V2.0.
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� Primary Network 

� Primary Radio (PR) Nodes
� Primary Base Station
� For instance, cellular or TV broadcast networks 

� Cognitive Radio Network
� Cognitive Radio (CR) Nodes
� Infrastructure based: Base station will help in spectrum sensing
� Infrastructure less: CR nodes are themselves responsible for all tasks

� In Cognitive Radio Networks, CR nodes
� Utilize free parts of unlicensed spectrum
� Opportunistically exploit the licensed band
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cf. F. Akyildiz, W. Y. Lee, M.C. Vuran and S. Mohanty, ``NeXt Generation / Dynamic Spectrum Access / Cognitive Radio 
Wireless Networks: A Survey," Computer Networks Journal (Elsevier), Vol. 50, pp. 2127-2159, September 2006.
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� A “Cognitive Radio” (CR) is a radio that can change its 
transmitter parameters based on interaction with the 
environment in which it operates1.

� The main functions of CR in Cognitive Radio Networks are:
� Spectrum Sensing:Detect unused spectrum and presence of licensed 

users.

� Spectrum Management:Select best available channel.

� Spectrum Sharing:Coordinate access to this channel with other users.

� Spectrum Mobility:Vacate the channel when a licensed user is 
detected and maintaining seamless communication.

[1] I. F. Akyildiz, W. Y. Lee, M.C. Vuran and S. Mohanty, ``NeXt Generation / Dynamic Spectrum Access / Cognitive Radio Wireless
Networks: A Survey," Computer Networks Journal (Elsevier), Vol. 50, pp. 2127-2159, September 2006.



������	�
�	
��	������������	

cf. F. Akyildiz, W. Y. Lee, M.C. Vuran and S. Mohanty, ``NeXt Generation / Dynamic Spectrum Access / Cognitive Radio 
Wireless Networks: A Survey," Computer Networks Journal (Elsevier), Vol. 50, pp. 2127-2159, September 2006.
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� Leased Network 
� The Primary Network can provide a leased network by allowing 

opportunistic access to its licensed spectrum with the agreement with a 
third party without sacrificing the service quality of the primary user.

� Emergency Network
� The Cognitive Network can be implemented as public safety and 

emergency networks.

� Military Network
� Cognitive Radio Networks can enable the military radios choose 

arbitrary, intermediate frequency (IF) bandwidth, modulation schemes, 
and coding schemes, adapting to the variable radio environment of 
battlefield.
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� Data dissemination is fundamental and classical function in 
any kind of network

� In wireless networks, the characteristics and problems intrinsic
to wireless links brings several challenges in data 

dissemination in the shape of:
� Message losses

� Collisions

� Broadcast storm problem etc.

� Networks with high contention, where repetitive collisions are 
frequent, suffers from close to zero throughput1.

[1] Jinyang Li and Charles Blake and Douglas S. J. De Couto and Hu Imm Lee and Robert Morris, Capacity of Ad Hoc Wireless Networks,  
pp. 61-69, In ACM MobiCom, Rome, Italy, July 2001. 
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� Frequency Agility

� Cognitive Radio (CR) nodes rapidly changes the channels

� Multiple Channels

� CR node can access to a range of channels

� Diversity in number of channels

� Limits node’s accessibility to its neighbors

� Intermittent Connectivity

� Due to Primary Radio (PR) activity, links are not consistent
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� Unreliability

� Difficulty for CR nodes to select a particular channel

� CR competition with PR nodes

� CR nodes have to compete with PR nodes for residual resources on
many channels and use them opportunistically

� CR Operating Constraints

� CR transmissions should not degrade the reception quality of Primary 
Radio (PR) nodes

� CR node should immediately interrupt its transmission whenever any 
neighboring PR activity is detected
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� The first step in Efficient Data Dissemination is to select Best

Channels

� Best Channel
� Lowest PR activity

� To maximize CR Neighbors (connectivity and contention tradeoff)

� Strategy that tunes both sender and receiver to the right 

channel in the multi-hop context

� CR Nodes Objective
� Select best channel ensuring maximum connectivity and consequently, 

allowing largest data dissemination in the network
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Best strategy for all CR nodes is to dynamically switch to less 
occupied channels by Primary Radio (PRs)

But

� Generates contention and collision problems, as all CR nodes 
compete for the same channel resource

� Wastes the valuable additional capacity on different channels 
that the cognitive radio concept offers
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A channel with higher PR activity can be a good choice
if CR contention is low, as in the case of Channel # 2
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� Key challenge is to select channels providing a good tradeoff 
between connectivity and contention

� In other words, channels with:
� Low Primary Radio (PR) node activities
� Limited contention of Cognitive Radio (CR) nodes, acceding that 

channel has to be selected

� The best channel for transmission is the channel that has the 
lowest PR activity and a reasonable ongoing CR activity

� The challenge in our strategy is in finding the number of active
CRs on every channel that gives best connectivity with limited 
contention
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� We propose a channel selection strategy ‘SURF’

� Specifically designed for Multi-hop Cognitive Radio Networks

� SURF ensures CR nodes to select best channels not only for 
transmission but also for overhearing

� Can be used to convey emergency alarms and alerts or to 
deliver low priority data such as advertisement messages
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� Channel’s Weight is calculated as:
Pw

(i) = e –PRo(i)x CRo
(i)

� Pw
(i) describes the availability level of a channel

� Channel’s weight exponentially decrease with PR occupancy 
and linearly increase with the available space for CR activities

� To achieve two objective:
� To protect the ongoing PR activity
� To ensure maximum connectivity, while carefully considering the 

connectivity vs. contention tradeoff
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� PR Occupancy PRo(i): Time slots percentage of channel i
occupied by PR nodes i.e. the ratio between the number of PR 
nodes and the total number of time slots t t

� The remaining available percentage of channel i i.e. (1- PRo
(i)) 

gives then the space available for channel sharing among CR 
nodes, denoted as CRas

(i)

� CR Occupancy CRo(i): Obtained from the available space for 
CR activities on a particular channel i
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� We introduce Tenancy Factor ‘b’ which enables SURF algorithm to avoid 
channels with high CR contentions

� To allow nodes having a good compromise between number of CR 
receivers and number of CR competing transmitters

� The goal is to maximize chances that have a good number of CR neighbors
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� CR nodes perform spectrum sensing

� At each CR transmission, the PR occupancy per channel i (PRo
(i)), is 

calculated

� Additionally, each CR node locally computes the CR occupancy (CRo(i)) 
and the availability level (Pw(i)) of each channel i

� The channel with the highest weight is then selected for transmission 
and/or overhearing

� The message dissemination phase then starts

� A randomly selected CR node disseminate the message on the selected 
channel by setting the TTL

� CR neighbor nodes that are on the same selected channel overhear the 
message, decrease TTL, redo the spectrum sensing, select the best channel, 
and disseminate the message to the next-hop neighbors until TTL=0
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� Infrastructure less Ad Hoc Multi-hop Cognitive Radio 
Network

� No cooperation or feedback from PR nodes is expected
� CR nodes can only rely on information obtained or inferred 

locally
� Total C Channels in the network
� Each channel is divided into

t t = t o + t a

t t = Total time slots
t o = Slots occupied by PR nodes
t a = Available slots
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� Each CR node can exploit a Available Channel Set (Acs), 
where AcsÎ C

� Spectrum Sensing Block:Responsible for obtaining awareness 
about spectrum usage and presence of primary users

� Spectrum Opportunity Map:Identifies whether primary users 
have been detected or not for each channel
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� Comparison with:
� Random (RD):Channels are randomly selected to be used for 

transmission and/or overhearing

� Selective Broadcasting (SB):Each CR node select a minimum set of 
channels i.e. Essential Channel Set (ECS) that covers all its geographic 
neighbors

� Selective Broadcasting with Centralized Authority (CA): Works on 
same principle for transmission as SB, except that each neighbor node 
simultaneously overhears on all the channels present in the ECS list
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Message blocked after TTL=4 in multi-hop CRN

� A message is blocked if it is lost because no CR is overhearing over the same channel
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� Blocking Ratio:Number of blocked messages over the total number of sent messages

SURF decrease the 
blocking ratio because 
nodes selecting best 

channel for transmission 
and reception
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� To assess the performance of SURF in terms of reliable data 
dissemination, two performance metrics are evaluated:

� Average Delivery Ratio:packet received by a particular CR node over 
total packets sent in the network

� Average Accumulative CR Receivers:It is the average accumulative CR 
receivers per hop, until TTL=0

� Comparison with Random (RD), Selective Broadcasting (CA), 
and Selective Broadcasting with Centralized Authority (CA) 
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SURF allows 
message 

dissemination to 
55% of nodes in 

the network
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SURF 
guarantees the 

delivery of 
approx. 60% of 

messages
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� Less interference with PR nodes

� Autonomy and decentralization

� No control message exchange

� Less overhead

� Practical feasibility and low cost

� Information relaying

� Network coverage improvement
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� Conclusion:
� A channel selection strategy ‘SURF’ has been proposed

� Allow best opportunities for CR-CR communications:
� Due to low PR nodes activities

� Limited contention of CR nodes acceding the channel

� Effective in selecting best channels for efficient and reliable multi-hop 
data dissemination

� Future Works:
� Time needed to disseminate message in the network

� Empowering SURF with channel history components
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