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Abstract. During the last few years cellular networks have increased the use of

spectrum resources due to the success of mobile broadband services. Making

new exclusive spectrum available to meet traffic demand is challenging since

spectrum resources are finite therefore costly. Cognitive radio (CR) technology

along with spectrum sharing strategies is proposed as a solution that can reuse

the limited spectrum resource. In order to meet mobile traffic demand is ex-
pected that future cellular networks overlaid femto-cells (small cells) on the ex-

isting macrocell network. To extend and share a common spectrum, femto-base

station (femto-BS) is empowered with CR technology. In this paper, we present

evaluation of a cognitive cellular network using a spectrum resource strategy

based on binary particle swarm optimization (BPSO).

Keywords: cognitive radio, spectrum sharing, binary particle swarm optimiza-
tion

Introduction

The continued growth and demand satisfaction of future cellular networks depends

on the availability of spectrum resource. Currently, spectrum resource is underutilized

due to Static Spectrum Allocation Policy as some studies pointed out [1] underling the

need for a more flexible and efficient spectrum management. In this context, spectrum

sharing techniques are proposed as a solution to reuse available spectrum through Cog-

nitive Radio (CR) technology. It will enable the coexistence of primary (user with

higher priority to access the spectrum) and secondary (users with lower priority to

access to spectrum) radio nodes on the same spectrum band to improve the spectral

efficiency. In order to access to a channel, a secondary user could perform one of the

following spectrum sharing strategies: transmit simultaneously with the primary user
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0, otherwise

where x, = 1 if secondary link u is included in the solution and x = 0 if it remains

out as indicated in (11).

To find the set of secondary links that can maximize the data rate of cognitive cel-

lular network without degrading the QoS of both the macrocell and the femtocells, a

systematic procedure based on BPSO is used, in particular, the SCPSO. In BPSO meth-

ods, a swarm is composed as a number of particles S and a particle (vector X) repre-

sents a candidate solution of the problem. Each particle X; has its own velocity (vector

V;) and memory (vector P;) in which the best solution found by the particle so far is

recorded (pbest). On the other hand, the best solution found by the whole swarm is

called gbest (vector P). At each iteration, the particle evolves taking into account the

best solution found in its path, pbest, and the leader, gbest, until a stop condition is

met. The algorithm to address the spectrum sharing problem in the cognitive cellular
network is as follows:

Input: The number of secondary links Sl, the number of primary links Pl, SINR

thresholds a=ẞ, the number of particles S, and the number of iterations and Tmax, the
number of runs.

Output: Maximum data rate in the system f(Pg), the set of selected secondary links

Pg, channel allocation for primary links vector Spectrum Status, the best channel allo-

cation for secondary links P'g, SINR level at primary links, and SINR level at second-

ary links.

Step 1: It is the initialization stage, it includes:
1.1: Locate randomly Sl and Pl over the coverage area A

1.2: Initialize randomly candidate solution vector Xi, where xid e {0,1}

1.3: Initialize randomly velocity vector Vi, where Vid € [-Vmax, Vmax]
1.4: Set P = X

1.5: Let coincide the personal best channel allocation vector P' and candidate

channel allocation vector X'

1.6: Initialize randomly vector Spectrum Status with values from Pl.

Step 2: The update P; stage. Particle compares f(X;) > f(P;) according to objective

function in equation (5) and restrictions in (6)-(11), and overwrites P; iff(X;) is higher

than f(P).

Step 3: The update Pg stage. P; values will be compared with current Pg value, so

if there is a P; which is higher than current Pg, it will be overwritten.

Step 4: Update elements in X; and V; according to the following equation:

(12)Vid = Wx Vid + Cir1(Pid - Xia)+C2r2(Pgd -Xid)

Vid= w¹x Vid + c3 (gbest - pbest) (13)
X!P = X!P + Vid (14)
Xid = Xid mod (2) (15)

where c, and c2 are the learning factors, c3 is the socio-cognitive scaling parameter,

rı and r2 are random numbers uniformly distributed in [0,1], w and w' are the inertia

weights.

Step 5: Ifxid= 1 then allocate randomly a new channel to x'id from the set of primary

links Pl.

Step 6: For each particle in the swarm, perform Step 2 - Step 5

Step 7: Repeat Step 2- Step 6 until stopping criterion met.
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3 Performance evaluations

We deploy the downlink of a CDMA (Code Division Multiple Access) in two-tier

heterogeneous network following the model described in section 2 and shown in Fig.

1. A number of secondary links S/ are randomly spread over an area of 5000 m x 5000

m (macrocell range). Also, there are six primary links, PI, which have fixed locations.

Each secondary transmitter (femto-BS) is assumed to have an assigned receiver at a

random limited distance (30 m), r, away. Moreover, each transmitter is assumed to

employ unit transmission power and the channel strength to be determined by path

loss. We treat interference as noise, assume that the ambient/thermal noise is negligi-

ble, and assert transmission success to be determined by the SINR lying above a spe-

cific threshold where a=B.

The snapshot of the location of Pl and S/ present in the area is called a scenario. An

experiment is defined by a set of scenarios (with same SI and Pl) at given SINR thresh-

old. By imposing different SINR thresholds, we simulate different requirements for

mobile applications to guarantee a good service. At each experiment, 500 independent

runs are taken. Each run represents a different placement of the S/ in a scenario. The

stopping criterion for a run is defined by the maximum number of iterations Tmax. The

simulation parameters are given in Table 1.

Table 1. Simulation parameters

Parameters

Number of secondary links Sl=

Value

20

Number of primary links Pl=
Channels to share =

Runs =

SINR thresholds a=B

Channel bandwidth =

Swarm size S =

6

1, 2, 3, 4, 5, 6

500

4, 6, 8, 10, 12, 14 dB

20 MHz

Maximum number of iterations Tmax=

Cognitive, social and socio-cognitive factors c1,C2,C3 =

Inertia weight w=

Maximum velocity V max

40

100

2, 2, 12
0.721

[-6,6]

From the set of 500 runs that are evaluated for a given experiment at a SINR

threshold (a=ẞ), the run containing the maximum data rate of the system is taken and

that information is analized and reported in Table 2. Those results suggest that the

higher the SINR threshold, the data rate decreases since the requested QoS is higher

and it restricts the number of admitted secondary links coexisting with the primary
links. This last observation is consistent with results reported in [13] which concludes

that increasing the SINR threshold decreases the permissible number of secondary

links. Also from Table 2, it is shown that for higher SINR thresholds is more

challenging to share a channel, in this case, from SINR values at 10 dB. Then the
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network capacity directly depends on the interference limit established in the cognitive
cellular network.

Table 2. The best found at each experiment

a=B
(dB)

Maximum

system

throughput

(Mbps)

Number of selected secondary links allocated
to primary channels

Total

number

of se-

lected

second-

ary links
Ch 1 Ch 2 Ch 3 Ch 4 Ch 5 Ch 6

4 9828.3486 4 2 2 2 2 4 16

6 9376.8802 2 5 1 3 2 3 16

8 9585.0736 1 2 3 4 5 2 17

10 8877.6855 3 3 3 5 2 0 16

12 9295.4222 0 2 5 2 2 5 16

14 8648.4162 4 2 1 3 3 2 15

Reusing spectrum bands represents benefits in terms of spectral efficiency as long
as band-specific conditions are imposed to those which are allowed to access the same

range of frequencies. If not conditions are imposed, it can lead to a "tragedy of the

commons"” in which many users try to access the same spectral resource and neither is

able to communicate reliably given the amount of interference. Those conditions are

regulatory policies which represent specifications of network deployment and opera-

tion to avoid harmful interference among coexisting systems. Some examples of spec-

ifications of network deployment are number of selected secondary users, exclusion

zones (radius of protection of a primary user), transmission power, and SINR thresh-
olds.

4 Conclusion

In two-tier heterogeneous network, we study the spectrum resource optimization

problem. We aim at maximize the throughput of the system as a metric of spectral
efficiency under QoS constraints. Then an adaptive resource management framework
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based on an improved version of binary particle swarm optimization is applied to solve

the problem.

The numerical results have shown that, network performance depends directly on

the value of requested QoS in the system i.e., taking into consideration the require-
ments of primary and secondary users. They also suggest that is possible that a set of

secondary users can share simultaneously with the primary user a channel, as long as,

certain conditions are imposed to secondary users.

Regulation is a key role to support spectrum sharing, in this context, identify design
requirements for deploying future cellular networks based on CR technology is helpful

for developing regulatory policies that assure a peaceful coexistence among heteroge-

neous systems.
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