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Cooperative Relaying Protocol using Fountain Codes under
Interference Constraint Networks
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Abstract In this paper, we propose a cooperative relaying protocol using Fountain codes for secondary network
under interference constraint. In the proposed protocol, a secondary source uses Fountain codes to transmit its
message to a secondary destination with help of a secondary relay. The secondary source and relay operate in
the underlay model, in which they must adapt their transmit power so that the interference caused at a primary
user is lower than an allowable threshold. To evaluate performance of the proposed protocol, we derive the
expressions of average number of transmission times over Rayleigh fading channel. Various Monte-Carlo
simulations are presented to verify the derivations.

Key Words : Underlay network, Rayleigh fading channel, Fountain codes, Cooperative diversity.

| . Introduction relaying protocols using Fountain codes have been
studied. In[g], the authors proposed the use of Fountain
Fountain codes or Rateless codes™ have obtained codes for dual-hop relaying in cooperative sensor
much attention in wireless networks. In Fountain networks. In' the performance of the multi-hop
codes, a transmitter can transmit a limitless number cooperative transmission scheme with Fountain codes
of encoded packets until it receives an ACK message was evaluated.
from an intended receiver to inform that its data has Recently, underlay protocols in cognitive radio have
been received successfully’”. Recently, cooperative been investigated” ®. In these protocols, the secondar
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transmitters can use same frequency bands with
primary users, provided that the interference created
by secondary operations is lower than a given
threshold. To avoid the effect of fading channels, the
cooperative communication can be used to enhance
the performance of secondary network” %,

To the best of our knowledge, there has not been
published works related to the use of Fountain codes
in underlay cognitive radio networks. In this paper, we
propose a such scheme and evaluate its performance
over Rayleigh fading channel. In the proposed
protocol, a secondary source uses Fountain codes to
transmit its message to a secondary destination. In
addition, there is a secondary relay which is ready to
help the secondary source transmit the source
message to the secondary destination if it can
successfully decode it earlier than the secondary
destination. To evaluate performance of the proposed
protocol, we derive the expression of the average
number of encoded packets transmitted by the
secondary source for the proposed protocol and the
direct transmission protocol.  Then, various
Monte-Carlo simulations are presented to verify the
derivations and compare the performances of the
proposed protocol with the direct transmission
protocol.

The rest of the paper is organized as follows. The
system model is described in Section II. In Section III,
the performance evaluation of the protocols is analyzed.
The simulation results are presented in Section IV.

Finally, the paper is concluded in Section V.

Il. System Model

In Fig. 1, we present a cooperative relaying scheme
using Fountain codes in underlay cognitive radio
network. In this model, a secondary source (S)
attempts to transmit its message to a secondary
destination (D) with the help of a secondary relay. It
1s also assumed that each node has a single half
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duplex radio and a single antenna and hence, for
medium access, a time-division channel allocation is
occupied in order to realize orthogonal channels. We
also assume that the original message of the source is
divided into H packets and the source uses Fountain
codes right to encode them. At each time slot, the
source broadcasts an encoded packet to the relay R
and destination D. These receivers are assumed to be
able to decode successfully the original message if

they can receive any N, = (1+¢€)H encoded
packets at least, where € is the decoding overhead. In

practice, this overhead depends on concrete code
design but it is bounded and not too largem. Before
transmitting an encoded packet, the source (relay)
must adapt its transmit power so that interference
caused at a primary user (PU) is lower than a
predefined threshold 7, .
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Fig. 1. The cooperative scheme using Fountain
codes in wunderlay cognitive radio
network.

At first, we describe the operation of the direct
transmission protocol (DT), in which the source S
directly transmits encoded packets to the destination.
In this protocol, whenever the destination sufficiently

receives [V, encoded packets, it sends an ACK

message to the source to inform. In this case, the
transmission of the original message ends.

In the proposed protocol, named PR, if the
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destination is the first node which sufficiently receives
N, encoded packets, it sends an ACK message via
feedback to inform the source. After receiving the

ACK message, the source stops the transmission of
coded packets. In the case that the relay R which

sufficiently receives /V, encoded packets earlier than

the destination, it also sends an ACK to inform the
source. The source then stops its transmission. Next,
the relay decodes the original message and
re—encodes it by using Fountain codes. Then, the
relay replaces the source to transmit the coded
packets to the destination. In this case, the destination
will attempt to collect the coded packets transmitted
by the relay. If it sufficiently receives total N,
encoded packet, it sends an ACK message to inform
the successful status and do decoding. Also, the relay
stops the transmission of the coded packets after
receiving the ACK message.

Performance Evaluation

We assume that the channel between two nodes
captures block and flat Rayleigh fading distribution
which keeps constant in a time slot but independently
change from a time slot to a time slot.

At the time slot n, assume that the source wants to

transmit the encoded packet p,, to the destination and
relay. Before transmitting p,,, the source must adapt

L/ Wb,

where h 5" py is channel coefficient between the

its transmit power as in” % Pév”) =

source and the primary user in this time slot.
The packet received at the destination and relay at

this time slot is given respectively as

Yo = P B, + 0, (1)
y$n = P§" B, + iy @

where h\J 5 D and h<" 5 » are channel coefficients of

(n)

the S—D and S— R links, respectively, 1’ and

1751?) are additive white Gaussian noise (AWGN) at

the destination and relay, respectively.

(n)

Assume that the variance of 7)) (n)

and 1’ equals

to P; from (1) and (2), we obtain the instantaneous

received Signal-to-Noise Ratio (SNR) at the
destination and relay as
(n)n 2 n 2
Py |hS,D| |hg, pl 3
Ys,p = )
Mo |hg, PU|2
ALY N VN
Ys,r — :
Mo |h§PU|2
where Q= 1,,,/ P,.

Similarly, if the relay wants to transmit the
encoded packet p,, to the destination at time slot n,
the instantaneous received SNR at the destination can
be given as
|2

(n |h |2

Ny

g p
\hp

Yr,D = 5 (5)

ol
where h ") and h%ﬂ: o are channel coefficients of

the R—D and R— PU links in this time slot,

is transmit power of the relay

];511/|hR PU '

Similar t0™, [RE )%, 1hEp2, [RG5,

respectively, and P ézn)
which is given as P }(3
|hS PU|2

and |h%} R, pU|2 are exponential random variables

(RVs). Also, to take path loss into account, we can
model the parameter of these RVs as a function of the

distance between two nodes: Agp = dg D
3 3

As,p= d{s B Arp= d% » Aspu= d{s PU

and Ap pyr = =d’ ' py» Tespectively, where 3 is the

path loss exponent that varies from 2 to 6, and d Xy

is the distance between nodes X and Y,
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X, Ye{S,D,R PU}.

We assume that there is a SNR threshold, ,;,, at
the receiver. In each time slot, an encoded packet will
be dropped if the received SNR is below -y,;, which
is considered as an erasure”. Otherwise, it is assumed
that the encoded packet will be received successfully.

[6, eq.(4)]

By using , the erasure probability of the S— D,

S5— R and R— D links can be respectively given as

/\S,D%h
As.pYen T AS,PUQ ’
(6)

po =Prlvsp <vm|=

As, BVt
/\S,R’Yth + /\S,PUQ ’
@

p1 =Pr(ve g <vm]=

/\R, DVth
Ar pVen T )‘R,PUQ
(3)

P2 =Pr(vpp <=

Considering the DT protocol, similar tom, the
number of transmission times follows the negative
binomial distribution as

M—1 No; \M— N,
)= ()= 00 )

®

Pr[TDTZ

where M is the number of transmission times of
the source so that the destination can receive N,
encoded packet successfully.

From (9), we obtain the average number of

transmission times of the DT protocol as™ “®:

E{Tpr}= Ny/ (1= py) (10)

Next, considering the proposed protocol, we first
denote Ly and L is the number of encoded packets
that the destination and relay successfully received
from the source.

Case 1: Lp =Ny and L= Np < NN,

-4 -

In this case, the destination receives enough /V,

encoded packets earlier than the relay. Hence, the
destination decodes the original message from the
received packets. Assume the source transmitted M
encoded packets, the probability for this case can be
approximated as follows:

Pr|Th,= M |N,| =

{(ﬂjy 1%7)( po)N“(,oo)"fwn}

) HM%IN R)(l =) ()"

)

Because the random variables g , and g p are

not independent, the probahility Pr [ Trp=M|N R]
can be approximated by the value of the right side of (11).
It is noted that from Case 1 that /Vj can change

from O to V,,. Therefore, the total probability of the

1 .
event T'pp = M can be given as

N,
Pr|Th,=M|= Y, Pr[Th,= M N
Np=0
N

M—1 Ny, \M— N,
)= o)

M N M- N
N = NR)(l_pl) R(ﬂl) !

(12)

Np=0

From (12), we obtain an approximate expression of

.. . 1
the average number of transmission times 7'pp as

E{T}p}= ZMPr[TPR M] =

by E M (ﬂ]y__]éo)(l—pO)Nn(pO)M*M

M= N,N,=
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Case 22 Lp=Np <N, and L= N,

In this case, the operation is divided into two
stages. In the first stage, because the relay receives
enough /V, encoded packets earlier than the
destination, it decodes the original message from these
received packets. After decoding, it re-encodes the
message using Fountain codes and then transmits the
encoded packets to the destination. In the second
stage, the destination continues to collect the encoded
packets until it receives enough /V,, encoded packets.

Assume that the total number of transmission
times of the destination and relay is M . We also
assume that the source transmitted 17, (]ll1 < ]W)
encoded packets at the first stage. Similar to (11-12),
we obtain the total probability for this case as

Pr[Ly= Np, L= Ny|= (14)
1Vu (Ml_l ( Ml )(1_ )NU
Np=0 My = NoJ\M; — Np p1

(pl)]ul - ]VU(I _ po)l\’D(pU)ﬂfl - fVD

In the second stage, the destination must
successfully receive enough Ny, — N encoded
M— M,
transmitted from the relay. Similar to (9), the

probability of this event is given as

packets from the encoded packets

B M~ M, —1 y
M~ M, — (N, — Np) | ()
Ny,— N, M— M,— (N,— N,
< (1= po)™ ™ V2(p,)’ (

Py

Combining (14) and (15), we obtain an approximate
expression for the probability that the total number of

transmission times equals M as follows:

Pr|T},= M|~ (16)
M N,
Y Pr[Ly=NpLp=N)|P,

M, = NyN,=0
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Therefore, the average number of transmission

times in Case 2 is given as

+ oo
B{T}p}= MZNM Pr|Th,=M] a7
=N

From (13)-(17),
expression for the average number of transmission
times of the PR

B{Tppj= E{T}’R}_FE{TJER}'

we obtain an approximate

protocol as

IV. Simulation Results

In this section, we present Monte-Carlo simulations
to verify the mathematical derivations. In a
two-dimensional plane, we assume the co-ordinates
of the source S, the relay R, the destination D, and the
primary user PU are (0, 0), (:6370), (1, 0) and
(z Py pU), respectively. In all of the simulations,
the path-loss exponent [ equals 3, the threshold 7,
equals 1 and the number of encoded packets required
(NO) equals 10. For the infinite series, we truncate
them by 500 terms.

In Fig. 2, we present the average number of
transmission times as a function of @ in dB. In this
simulation, we assign the value of = 5, T pyy and Yy p7
by 05, 0.5 and 0.5, respectively. It can be observed
from this figure that the PR protocol uses less the
number of transmission times than the DT protocol
does. At high @ values, since almost encoded packets
can be received successfully by the destination, the
average number of transmission times of both
protocols is quite same. It is easily to see that the

average number of transmissions converges to /V; at

high @ region.
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From Figs. 2-3, we can see that the gap between

simulation results and theoretical results is small.
This validates our derivations.

V. Conclusion

In this paper, we studied performances of the
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underlay protocols using Fountain codes in cognitive
radio network. Results presented that with the use of
cooperative communication, the underlay system can
significantly reduces the average number of
transmission times as compared with the direct

transmission scheme.
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