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ABSTRACT: In the proposed work create a Cognitive Radio Networks(CRNs) which consists of 5 channels, 10
Primary Users(PUs) and 50 Cognitive Radio Routers(CR Routers).let us consider the created network as Cognitive
Capacity harvesting(CCH) Network. Now introduce the Spectrum Aware Any-path Routing(SAAR) in the CRNs. A
new cognitive any-path routing metric is designed based on channel and link statistics to accurately estimate and
evaluate the quality of an any-path under uncertain spectrum availability. A polynomial-time routing algorithm is also
developed to find the best channel and the associated optimal forwarding set and computes the least cost any-path.
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I. INTRODUCTION

With remarkable the increase of smartphone, many mobile applications, such as mobile social networks, mobile
health, online gaming and so on, have been widely developed, resulting in tremendous growth in mobile data traffic.
This trend will continue, leading to serious spectrum crisis. Cognitive radio networks (CRNs) have been emerging as
a promising technique to improve the spectrum efficiency to meet this increasing mobile traffic demand.

The performance of CRNs heavily depends on routing protocols. On one hand, the routing protocols should be
spectrum-aware and consider the spectrum uncertainty feature of CRNs. On the other hand, it should provide
reliable performance in unreliable network environment of CRNs due to the unreliable characteristic of wireless
medium. As one of the most promising solutions to address unreliable nature of wireless transmission, any-path
routing has been well-studied in traditional wireless networks, which achieves significant performance
improvementas compared with unicast routing. However, there isnot much research devoted to the any-path routing
algorithms for CRNs is too high to be implemented in practice. Itis also very challenging to develop an efficient
routing protocol to compute the optimal any-path in CRNS, since the searching space grows exponentially fast as the
number of available channels and the size of the network increase protocol design for CRNs. One of the main challenges
is to accurately estimate and evaluate the quality of an any-path under uncertain spectrum availability, which is a salient
difference between CRNs and traditional wireless networks and must be carefully considered and modelled in the
routing metric. In addition, the computational complexity of existing any-path routing algorithms for CRNs is too
high to be implemented in practice. Itis also very challenging to develop an efficient routing protocol to
compute the optimal any-path in CRNs, since the searching space grows exponentially fast as the number of available
channels and the size of the network increase.

To overcome these challenges, in this paper, we propose a novel spectrum-aware any-path routing protocol
(SAAR) for multi-hop CRNs. We use a recently proposed network architecture for CRNs, called Cognitive Capacity
Harvesting networks (CCHSs) [1]-[3],as an example to illustrate our design. CCH consists of a secondary service
provider (SSP), cognitive base stations (BSs), cognitive radio routers (CR routers), and secondary users (SUs). The
SSP is the operator and manager of CCH, which harvests spectrum resource and allocates it to the network. The
CR routers are equipped with cognitive radios, which perform spectrum sensing, collect demand from SUs, and
transmit their data around over available licensed spectrum. The BSs are interconnected with high-speed wired links and
serve as the gateways of CCH. SUs include wireless devices using traditional wirelessaccess technologies, and also
include wireless devices that are equipped with advanced cognitive radios for communication. CCH forms a spectrum
cloud and facilitates the access of SUs with or without cognitive radio capability (See Section 3 for details), which
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represents a design paradigm shift from individual benefit to collective welfare. Note that the any-path routing
protocol SAAR we proposed can be used in any multi-hop CRN with a central node that can perform channel
and link information collection and routing table computation, which is not limited to CCHs.

The main contributions of this paper can be summarized as follows:

e We take both the spectrum uncertainty of CRNs and the unreliable transmission characteristics ofwireless
medium into consideration, and quantify their effects on the cost to transmit a packetfrom the source node to
the destination alongan any-path in CRNs in a new routing metric to better estimate the performance of the
any-path.

e We extend the Bellman-Ford algorithm and develop a polynomial-time routing algorithm tofind the best
channel and the associated optimal forwarding set and compute the least costany-path with low computation
overhead.

e Extensive simulation results demonstrate that SAAR significantly increases packet delivery ratio and reduces
end-to-end delay, which makesit suitable and scalable to be used in practicalmulti-hop CRNs

Il. RELATED WORK

As an important issue in CRNs, the routing problem has drawn considerable attention. Chowdhury et al. [4], [5]
and Jin et al. [6] develop distributed routing protocols for cognitive radio ad-hoc networks by considering geographic
information. Pan et al. [7] and Li et al.[8]formulate the routing problem in CRNs as a joint routing and link
scheduling optimization problem. Ji et al. [9] design an effective semi-structure routing scheme to minimize induced
latency and energy consumption. It incorporates power control into the routing framework and realizes energy-
efficient routing for CRNs. Liang et al. [10] investigate the spectrum-mobility-incurred route switching problem in
both spatial and frequency domains for CRNs, and address the routing problem with game theory.

Ping et al. [11] propose a spectrum aggregation-based cooperative routing protocol for cognitive radio ad hoc
networks. Chen et al. [12]develop a cooperative routing algorithm using mutual-information accumulation for
underlay CRNs by dynamically controlling the transmission power of SUs so that its interference to PUs is tolerable.
Youssef et al. [13] review the routing metrics utilized in CRNs, such as the delay, hop count, routing stability, power
consumption, etc., and summarize the generally adopted routing algorithms. The aforementioned works build only one
single path from a source to a destination, which is not robust to unreliable wireless links in CRNs. Liu et al. [14]-
[16] exploit the broadcast nature of the wireless medium and propose an opportunistic routing scheme. They
introduce a cognitive transport throughput metric and propose a heuristic algorithm to calculate routing
paths. Lin et al. [17], [18] analyze the opportunistic routing in CRNs with a traffic model. Zeng et al. [19], [20]
model the opportunistic routing problem as an optimization problem and introduce a heuristic algorithm to
calculate the optimal forwarding set and routing path.

I1l. PROPOSED ALGORITHM
A. Design Considerations:

The architecture of CCH [1]-[3] is shown in Fig. 3.1. It consists of four types of network entities: an SSP,
a few number of BSs, and a large number of CR routers and SUs. We assume that SSP has its own spectrum
(called basic band) and its deployed network facilities (BSs and CR routers) can use the basic band to provide basic
reliable services. The BSs and CR routers are equipped with multiple cognitive radios, which can tune to any basic band
or harvested band for communication. With cooperation of BSs and CR routers, the SSP harvests spectrum resource and
allocates it on demand. The SSP, BSs, and CR routers form a spectrum cloud and could provide service for SUs
with or without cognitive capability. In this spectrum cloud, the SSP is the manager, the BSs act as gateways of the
cloud and further connect to Internet or other data networks, and the CR routers and BSs are the access points which
facilitate SUs to access the CCH.
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Fig. 1 Cognitive Capacity Harvesting(CCH) networks

The SUs can be any wireless device using any accessing technique ( e.g., Laptops, tablets, or desktop computers using
Wifi, cell phones using GSM/GPRS, smart phones using 3G/4G/NXxtG, etc.). If a SU has cognitive capability, it could
communicate with CR routers and BSs over both harvested bands and basic band. Otherwise, it could only
communicate over the basic band. As a spectrum cloud, the performance of CCH heavily depends on the routing
protocol, which needs to provide optimal and reliable routing between any two nodes (two CR routers, two BSs, or one
CR router and one BS) for internal communication in the CCH domain, or a node (CR router) and multiple
gateways (BSs) for external communication.

B. Description of the Proposed Algorithm:

The proposed algorithm is consists of three main steps. Suppose there are Ny BSs and Np CR routers equipped
with multiple cognitive radios in our CCH. Let N denote the total number of nodes in the CCH, i.e., N = Ny +
Ng. With cooperation of BSs and CR routers, the SSP has the statistical knowledge about every channel and
every location. A channel in the basic band is used as the common control channel (CCH) for signalling
exchange, and there are M orthogonal channels that can be used for transmitting packets. We model the
network as a hypergraph G = (V,E), where V is the set of BSs and CR routers, and E represents a set of
hyperedges or hyperlinks. For each link from node i to j, there is a packet delivery c for each channel m =
1,..,M. A hyperlink is an ordered pair (i,/") € E, where i €V and is the forwarding set of node i on channel
m. The hyperlink probability p;; on channel m is define as the probability that a packet transmitted by node i is
successfully received by atleast one node in J™.

Step 1: Calculate hyperlink delivery probability p;7} can be calculated as
P =Ijem( — pI).
Step 2: Calculate channel quality g of node i on channel m as follows

N - L1774 I = 72
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Due to the randomness of the transmission activities of PUs, we model the occupation of PUs in each
channel as an independently and identically distributed alteration between two states, i.e., ON state when PU is
active and OFF state when PU is inactive. We can measure the expected channel OFF time E[T;7] and channel
ON time E[T/] by periodic sensing.

Where maxy—; u E[T"ff] indicates the maximum expected channel OFF time on all feasible channels.

..... o

Step 3: Calculatingexpected cognitive any-path transmission (ECATX)
1
P *aqit

A larger channel quality g™ indicates that channel m is better and more suitable for transmitting packets. The
knowledge about packet delivery probability p;; and channel quality g;" can be acquired by the SSP with the
cooperation of BSs and CR routers.

ECATX(i,J™) =

IV. PsSeEuDO CODE: SAAR ROUTING ALGORITHM

Step 1:Input:

Hypergraph G=(V,E)

Channel quality g!

Packet delivery probability p*/

Destination node set d
Output:

The optimal least-cost any-path from every node to the destination node set d,and the forwarding set for each
forwarding channel at every node as well as their corresponding priorities along the path.

Step 2:Initialization:

for i=1to N do
D; = oo,
for m=1to M do
D; = oo,
D" = oo
r=0
end
ifi € d then
D; =0,
D™ =0 for m=1to M.
end
end

Step 3:Any-path cost calculation:
for loop = 1to N-1 do
fori=1toNdo
form=1toMdo
N(i) = GetNeighbours(i),

j=9
D" = oo
while N(i) # @ do
i = argmin (D)),
o J=1,. L NQ)|
Jj=Juj
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by =D + D",
if D™ < D" then
=
else
break
end
N(i) = N(i) -{0}
end

end

M
f— mpm
D; = Zmzl a;"D;

end
If none of value D; changes in the loop then
break

end
end
Step 4:Forwarding set Determination:
fori=1toNdo
Sort the forwarding sets of different channels for node i according to the values of g™ in descending order.
end

V. SIMULATION RESULTS

The simulation studies involve the deterministic small network topology with 60nodes as shown in Fig.2.
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Fig. 2 Illustrates a small CRNs consisting of 60 nodes. Fig. 3 Shows the movement of Primary Users(PUs)
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SAAR algorithm

Input:

Enter the source node 1d(10-60)

13

Enter the destination node 1d(10-60)
59

Output:

The path from source to destination is:

134919274559
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Fig. 6 Neighbours of node 13
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Fig 8 least cost any-path from node 13 to 59

V1. CONCLUSION AND FUTURE WORK

To improve the performance of CRNs and make it a robust spectrum cloud, taking cognitive capacity

harvesting network as an example, we have developed a novel any-path routing mechanism SAAR. SAAR considers
both the spectrum uncertainty of CRNs and the unreliable transmission characteristics of wireless medium. It could
build an any-path between a source node and a set of destination nodes efficiently, where the path and gateway for
each packet are determined.
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