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Abstract: A wireless communication system comprising of primary users and secondary users. The secondary users access the channel
of primary users when the channel is free (spectrum sharing). There may be a chance of interference on primary system. In order to
minimize this interference relays are used at secondary. Clustering schemes are used to improve the secondary rate. Here as the number
of relays increases the interference on primary diminishes as well as secondary rate goes up. Alternate relay protocol is employed. It
helps to reduce half duplex loss.
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1. Introduction
A wireless communication system has wide applications in
nowadays. In order to improve spectrum utilization consider
cognitive radio concept. It consists of two type of users;
primary and secondary users. The primary users have license
to access the radio frequency spectrum. Cognitive radio
networks are used to find out unused band and allocate it to
the secondary users. It is necessary to understand cognitive
radio network and radio frequency allocation. Here we
mainly focus on interference reduction. The primary users
have license to use radio frequency spectrum. The CR
network allocates the unused band for secondary users.
There may be a chance of interference on primary due to
spectrum sharing. This will diminish the secondary rate. So
that in order to enhance secondary rate, use clustering
schemes. The primary interference can be minimized by the
use of relays placed at secondary.
The system model has Np primary nodes that communicate
through direct channel. The secondary system has M source
antennas, n half duplex relays and M destination antennas.

2. Motivation and Related Works
The earlier works of cognitive radio system involves the
study of cooperative channels by Y. Liang And V. V.
Veeravalli [1].Here capacity regions are investigated for two
Cooperative Relay Broadcast Channels; partially relay
broadcast channels and fully relay broadcast channel. In
partially relay broadcast channel, we consider two users.
Here user1 acts as relay. User 1 transmits data to user2.In
fully relay broadcast channel; two users can communicate
with each other.
Yulong zou, and yu-dong yao[2] studies multiple radio
cognitive radio channel. Here the network consists of
primary and secondary users. At primary the communication
is through the same channel. In the case of secondary system
the relays are positioned at intermediate position of source
and destination. The relays receive information from the
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source. Then it decodes received information and makes a
decoding set. From the decoding set a best one will be send
to the destination. Also the relay sends the data to destination
through a direct link. At the destination all received
information are combined with maximal ratio combining
diversity scheme. Then estimates a good one by maximum
likelihood estimation.
In [3] deqiang chen propose a system with single relay under
slow fading environments. Under this method transmission
rate at the secondary is poor. For [4] of Lie.l to calculate
secondary rate greedy relay selection was used.

3. Existing System
The spectrum sharing network has primary and secondary
users. The system model has primary nodes that
communicate through direct channel. The secondary system
has source antennas, relays, destination antennas. The
secondary users access the channel of primary users. This
will cause interference on primary system. In order to reduce
interference on secondary due to spectrum sharing at
secondary, use relays. Here the relays uses decode and
forward algorithm. The received signal is decoded at relays
and forwarded to the destination. This has certain limitations,
such as it requires complex signal processing at relays. Here
relays need to decode the received information. Also a lot of
problems faced for interference reduction.

4. Proposed System
In the proposed system under radio frequency spectrum
sharing concept, the system has primary and secondary users.
The primary users have license to access the radio frequency
spectrum. The secondary users share the frequency spectrum
of primary users. So that the interference on the primary is
higher. To minimize this interference, use relays at the
secondary. Also to maximize the secondary rate we use
clustering schemes. The secondary rate under this scheme is
given by(M/2) logn. M denotes the number of antennas and n
denotes the relays.
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The system model for spectrum sharing network has Np
number of primary nodes, n number of relays, M number of
source and destination antennas and is shown in figure 1.Let
H be the M×n channel co efficient matrix to relays from
source, F and G be channel coefficient matrices to
destination and primary nodes from relays.

Where |𝑔𝑙𝑖|2 is the channel gain.

6. Clustering Methods
In order to maximize the secondary rate, clustering methods
are used. There are two types of clustering scheme; fixed and
gain clustering. Clustering can be defined as follows. If we
are using M number of antennas, divide the total system into
M groups. Each group consists of source antennas,
destination antennas and corresponding relays for
communications. There is no relationship between selection
of relays and clustering.
For fixed clustering, each group has n/M relays. The
grouping is based on a pre specified manner.
Let,
𝑚𝑛
Gm= 𝑖: 𝑚 − 1 𝑛 +1 ≤ 𝑖 ≤
,1 ≤ 𝑚 ≤ 𝑀
𝑀
𝑀
For gain clustering,

𝐺𝑚 = ℎ𝑖𝑚 > ℎ𝑖𝑞 , 𝑞 ≠ 𝑚, 1 ≤ 𝑞 ≤ 𝑀

Figure 1: System Model
Here the relays positioned between secondary source and
destination. There are no direct transmissions between source
and destination. The transmissions are done by two steps. In
the first step the source antennas transmit data packets to
relays. The relays uses Amplify and Forward (AF) protocol.
The signal received at the relay i is given by
Ps t
(1)
h s + ni
M i
Ps represents the source transmit power, s denotes the iid
Gaussian signals.ℎ𝑖𝑡 represents the 𝑖 𝑖𝑡 column of H matrix.
ri=

The selection procedure for relays is based on their
interference profile and is give by
1, 𝑡ℎ𝑒 𝑟𝑒𝑙𝑎𝑦 𝑖𝑠 𝑒𝑙𝑖𝑔𝑖𝑏𝑙𝑒
Ti =
(2)
0, 𝑜𝑡ℎ𝑒𝑟𝑤ise
The received signal at the destination after forwarding
packets from relays is given by
𝑦=

𝑃𝑠
𝐹𝐷𝐻𝑠 + 𝐹𝐷𝑛 + w
𝑀

(3)

Dis given by diag(T1C1,………….TnCn). w is the additive
noise. Here the interference can be minimized by the use of
relays. There is no need for channel side information for
interference management.

In gain clustering, the clustering is based on their channel
gain. A relay was selected to a group if it‟s channel gain is
higher than others gain. Here we get the secondary rate as
(M/2)log n.

7. Alternate Relay Protocol (ARP)
In spectrum sharing, use half duplex relays. The relays don‟t
listen to the source while they are transmitting. This will lead
so many problems. When a group of relays are activated for
transmission of previously received information, the other
relays sense the source. Thus the source can send continually
and the half duplex loss can be eliminated. The ARP consists
of L transmission frames, as shown in Figure 2.Here during
each frame, the channel coefficient remains constant, but
varies from frame to frame. The relays are divided into two
groups
G1 = {1 ≤ i ≤ n/2 } and
G2 = {n/2 + 1 ≤ i ≤ n}.
During even-number of transmission frames a group of
relays in G1sends to destination, the relays in G2 listen the
source. For odd numbered transmission frames, a group of
relays inG2 sends the data, G1 listen the source. . Thus half
duplex loss can be eliminated.

5. Selection of Relays
In spectrum sharing we need to minimize interference by the
selection of relays. The relays selection has important role. It
is achieved by considering their interference profile. Select
the relays that have less interference The relays are selected
based on their channel gain. The relay i is selected if it‟s
channel gain is smaller than pre specified threshold value
and is given by
1, |g li |2 ≤ α for l = 1,2, … … … . Np
Ti =
(4)
0, 𝑜𝑡ℎ𝑒𝑟wise
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Figure 2: Transmission schedule in the alternating relay
protocol (ARP)
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8. Simulation Results
In this paper we are using multiple relays. The relays are
used to improve the secondary rate as well as interference
reduction. The interference 𝛾 = 𝑜(𝑛)−𝛿 ,as n→ ∞, it will
become zero. The simulation results are shown in figure2. It
shows that as the number of relays increases the primary
interference reduction occur. Also as the relays increases
secondary rate increases.
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Figure 3: Secondary rate and primary interference as a
function of number of relays

9. Conclusion
In this paper we proposed a novel method for interference
reduction and for maximization of the secondary rate. The
use of relays at the secondary and clustering achieved this
goal. The relays use AF protocol. The secondary rate
increases logarithmically as the number of relays increases.
We can achieve secondary rate growth as log n without cross
channel information. The relay does not require complicated
decoding and encoding. And Improve spectrum utilization.
The future work involves studying under dynamic
environments where the topology and channel changes with
time. A further study from coding and networking allows
another scope in this area.
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