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ABSTRACT

We propose new routing scheme, Cooperative Diversity-based Routing (CDR) which utilizes the cooperative
space diversity for power saving and performance enhancement of wireless ad-hoc networks. The improved
performance is compared with Multi-hop Relay Routing (MRR) by analytical methods. When the required outage
probability is 1><10” " at the destination node in ad-hoc networks with 7 nodes, we noticed that each node can

save power consumption by 15.5 dB in average, by using our proposed CDR compared to MRR.

I. Introduction the transmission. Most nodes of wireless ad-hoc

networks are  power-limited, the  power

In modern wireless ad hoc networks, multi-hop
routing is used to deliver messages from a source
to a destination. At each hop, the probability of
successful transmission is dependent on the

signal-to- noise ratio at the intended receiver of

consumption becomes a critical issue in an ad
hoc network design™”. Especially, routing strategy
that provides the maximum possible reliability and
less power consumption is preferred. Nowadays,

the node equipped with the Global Positioning
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System (GPS) makes it possible to provide
location information. Since with the aids of GPS
a source node knows the direction toward a
destination node, multi-hop routing from a source
node to a destination node via relay nodes is
possible.

On the other hand, cooperative diversity
technology, which mitigates the fading impairment
in wireless channel, at the physical layer is
introduced™". Multiple nodes in a network
transmit the same signal and share their antenna
to generate a virtual array. This technology
utilizes the space diversity that receives the
multiple faded copies of information from
different transmitters and combines them to
improve system performance without sacrifice
spectrum resources.

Previous  work! develops the end-to-end
performance of multi-hop routingwith cooperative
diversity on two-hops systems by analytical
method derived in both non-regenerative and
generative systems with Rayleigh fading channel.
", average symbol error probability is
investigated when sufficiently high signal-to-noise
ratio (SNR) is guaranteed for the Amplify and
Forward Link with multiple cooperating branches

It is recently investigated”’g], through Monte
Carlo simulation, that the cooperative diversity
technique can be applied to provide the network
with substantially improved network performance.
Later, M. Haenggi[g] studied on the performance
of cooperative diversity in ad-hoc networks in
analytical method. However, he assumed that the
distance  between any pair of nodes is
deterministic and SNR is always sufficiently high.

In this paper, we propose cross layer
optimization technique for cooperative diversity,
named as Cooperative Diversity-based Routing
(CDR), which supports the power saving routing
in ad-hoc  networks. @ We  assumed the
communication nodes are distributed uniformly in
ad-hoc networks. With this assumption, we can
obtain the statistical mean distance between
neighbor nodes. Also the generally accepted
Rayleigh fading model is considered for the

performance analysis of CDR. The improved
performance is compared with Multi-hop Relay
Routing (MRR) by analytical methods"”.

The rest of this paper is organized as follows.
Section 2describes two different routing strategies
of MRR and CDR. In Section 3, outage
probability is derived analytically and the
performance of two routing strategies is compared
in Rayleigh fading channel. In Section 4, the
numerical results are given, and finally we

conclude our work in Section 5.
II. Routing strategies

2.1 Routing Scheme

Fig. 1 describes two different routing strategies.
S and D represent source node and destination
node, respectively. For practical application, it is
assumed that every node knows the location of
itself and destination, so that a source node
knows the direction towards destination. Fig.1 (a)
shows MRR which is used conventionally as a
routing scheme in ad hoc network. MRR regulates

that a source node transmits a message to the

nearest neighbor of it in a sector ¢ in the
direction towards a destination node. Then, the
message isrelayed to the next nearest neighbor of
each relay nodes along the route from the source
node to the final destination node. This multi-hop
process is repeated until the transmitted message
is reached to the final destination node.

(a) MRR
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(b) Proposed CDR

Fig. 1. Routing strategies.

On the other hand, Fig. 1(b) shows the
proposed CDR which is the nearest neighbor
cooperative routing. CDR utilizes the cooperating
node in addition to relaynode to mitigate the
fading effect in Rayleigh fading channel. In this
routing strategy, a transmit node transmits an
information to the nearest neighbor node and to
the 2nd nearest neighbor node simultaneously.
Next time, the receiving node transmits the
regenerated information to the nearest neighbor
node and to the 2ndnearest neighbor node toward
the destination node  simultaneously.  This
multi-hop process is repeated to the destination
node.

Fig. 1(b) describes CDR we propose. CDR
utilizes cooperativediversity to mitigate fading
effect through relay node which decodes and
forward the received message from a previous
transmitter. The proposed algorithm of CDR is as
follow: a source node transmits a message to the
first and the second nearest neighbors
simultaneously by using broadcasting nature of
transmission in wireless network at first. Here, we
assume that every node knows the information
about the locations of all the neighbors linked to
it by GPS.

Next time slot, the first nearest neighbor which
received the information message from the source
node in the previous time slot will transmit to the
fist and the second nearest neighbors toward the
destination node simultaneously as the previous

transmission to utilize cooperative diversity. This
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multi-hop process is repeated until the transmitted

message is reached to the final destination node.

2.2 Node distribution

We assume that nodes are distributed uniformly
with a density 4 in the network area. Then, the
probability that there are ¥ nodes in an area A is

given by Poisson distribution'""!,

-4 (A4)"
ul @

P [u nodes in A] = e
In a random network with uniform distribution
and unit density (A=1), the probability density

function of the distance d to the nth nearest

neighbor in a sector ? s given bym]

n— n_ 2 —(d?
By, () =d? ](g) n-11° e )

P,(d) is Rayleigh distribution function for

n=1, which means that the random variable of
distance d Dbetween a node and its nearest
neighbor in a sector ¢ has Rayleigh distribution.
The expected value of the random variable ¢,
which is the distance between a source node and

the nth nearest neighbor in a sector ¢ is given by

Bld, 1= [d, pq, (@) dp

_[4n-+x
" 24 (3)

where the last approximation can be found in',

I. Performance analysis

3.7 MRR

Generally, there are two types of relay node;
Decode and Forward (DF) and Amplify and
Forward(AF) relay node. The DF relay node
decodes the received signal from a source node
and forwards the decoded signal to the next relay
node. The AF relay node amplifies and forwards

www.dbpia.co.kr
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the received signal to the next relay node. In this
paper, we consider the DF relay node only for
simplicity and assume that all the wireless
communication channels are under independent
Rayleigh fading.

When there are Nnodes in a wireless network,
the outage is declared when all of the received
SNR of each node are simultaneously less than or
equal to a given threshold SNR I'. Assuming
that the received SNR of each node is
independent, the outage probability from a source
node to a destination node is given by

P,(T) = Pr(y, <T)Pr (<D Prp <) (4)

where T denotes threshold SNR and 7 (2<i<N)
is the instantaneous received SNR of the ith
node. In Rayleigh fading channel, the outage
probability of MRR which has N-1 hops from a
source node to a final destination node is given
by[14]

N 1—
P, ()= l-exp(-Y —
(D) exp( ;2) ®)

where 7, (2<i<N) is the average received SNR
of the ith node.

The expected value of the received signal
power is the function of distance and propagation

loss exponent o, which is given by

Sg=Fyd™ (6)

where Sk is the received signal power, fbis the
transmit power, d is the transmission distance. It
is known that « is ranged from 2 to 5 in

wireless fading channel".

3.2 Proposed CDR

The simple model of a cooperative diversity,
which has single relay node, is shown in Fig. 2.
S, R and D represent source node, relay node,
and destination node, respectively. The
transmission from the source node occurred at
first. Then, once the message is received at both

of the two intended receivers, the relay node

regenerates and transmits the message at a later
time slot. The destination will compare the signals
from both the source and the relay node
separately, and selects the signal with higher
instantaneous SNR for decision to utilize the

selection combining diversity.

S D

Fig. 2. Simple cooperative diversity model.

As shown in Fig. 2, in this cooperative
diversity model, there are two independent signals
received separately at the destination site. The one
is the signal from the direct path (S-D) via the
first transmission and the other one is from the
relay path (S-R-D) via later transmission. The
outage probability »eu(T) of the direct path in
Rayleigh fading is given by[ls]

Pp ou(l') =Pr(yp <T)
=1-exp(-T'/¥p) @)

where Ypand Vsp are the instantaneous and the
average SNR at the destination node for the
signal transmitted via the direct path from the
source node, respectively. The outage probability
Prou™) of the relay path is given by"*

P o (1)

=1=Pr(yg 2I)Pr(y,, 2T)
:l_exp{_r(?SR+}7RD)/}7SR}7RD} ®)

where Vsr represents the average SNR at the

relay node for the signal transmitted from the

source node, and ¥ ko represents the average
SNR at the destination node for the signal
transmitted from the relay node.

Under the assumption that the received signals
from each paths are independent for simplicity,

the outage probability with the selection
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combining diversity can be given by

Pout (r) = PD,olePR,ozll . (9)

Now, we can expand the simple cooperative
diversity model analysis to the N nodes ad-hoc
network model in general, which is described in
Fig. 3.

3

Fig. 3. Proposed CDR with N nodes.

The node 1 and the node N represent the
source and the destination nodes, respectively. In
this routing, the outage probability of node Kk,
Fou is given by

P

1out =0 5
Py =1=exp(=T'/7},) | (10)

Pk.uu/ ={l _P(Ith).AIJ(kfl)k,x} {1- P(;H)JPM—nm b, 3<k<N

where 712 represents the average SNR at the node
2 site for the signal transmitted from the nodel,
and

P 1-P

k=5 =1 Ak jpou,
Pais =1 =P » 3SKSN, j=1,2 (1)
where fmow and Fms are the outage probability
and the probability that the message is transmitted
successfully from the node n to the node m,
respectively. In Rayleigh fading channel Fw.ou is

given by
Prlm,out =1 *eXp(*F/}Z,,m) (12)

where 7w represents the average SNR at the
node m site for the signal transmitted from the
node n, which is given by
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Tom =Ny 13)
where %» is the transmission power from the
node n, MNois the noise power of each node, and
a is the propagation loss exponent given in (6).
When the nodes are uniformly distributed in the
network, the random variable @w which is the
distance from the node n to the node m is given
in (3). Suppose that the transmission power of all

nodes are identical: fon =%, then (13) becomes

_ P
Y nm :Niodmﬁ(

= (SNR) s d,pt 14

where (MR is  the SNR for the signal

transmitted, which is given by NR)n=R/No,
V. Numerical examples

As we described previously, we assume that

each node within a sector ¢ transmits with equal
power and nodes are distributed uniformly in the
network for simplicity. Fig. 4 shows the
numerical results of outage probability at the
destination node by MRR and by the proposed

CDR with #=7/2 and @ =3 in Rayleigh fading
channel. It is noticed that the proposed CDR has
better performance than MRR. When the required

outage probability at the destination node in the

network with 7 nodes is 1><10_3, the satisfied
SNRs for the transmitted signal from each node
are 37.5 dB and 22 dB, which are normalized by
the threshold SNR I', for the MRR and for the
CDR, respectively. We obtain the power gain
of15.5 dB with the proposed CDR scheme
compared to the MRR, which means each node
can save power consumption by 155 dB in
average. When the numbers of node are 3 in the
network, the power gain is 12.4 dB.
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Fig. 4. Outage probability of MRR and CDR
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Fig. 5 shows the numerical results of the
power gain by the proposed CDR. It is noted that
the power gain increases as the number of nodes
increases for both the cases of #=7/2 and
¢=7m/4 The results shows that the gain with
$=7/4 is less than with #=7/2 It is because
that the value of the average distance between

nodes increases as the value of ¢ decreases as
described in (3).
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Fig. 5. Power gain (@ =3 Pmn:1><10’3)_

IV. Conclusions

We studied cross-layer approach to utilize

cooperative diversity for supporting the power

saving routing in wireless ad-hoc networks in
analytical method. When the required outage
probability is 1x10”at the destination site in
ad-hoc networks with 7 nodes, the satisfied SNRs
for the transmitted signal from each node are
37.5 dB and 22 dB, which are normalized by the
threshold SNR, for the MRR and for the CDR,
respectively. It means that we can achieve power
gain of 15.5 dB, in other words each node in the
network can save power consumption by 15.5 dB
in average, by using our proposed CDR compared
to MRR. Our numerical results also show that the
power gain increases as the number of nodes
increases. Based on our numerical results, it is
considered that the cooperative diversity in
conjunction with routing is effective not only for
the system performance in terms of outage
probability but also for the transmission power of
the nodes in ad-hoc networks.
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