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A Multi-hop Cooperative Transmission Protocol in Mobile Ad-hoc
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- *
ISt |
o

(d
Ho

Hyung-Yun Kong

2 o B =polqt d2 Hold Ado) Wel & W A4 ZREIS Akith AokE ZRETo|A,
£ U9 A5E A0 959 TG A AN SAUE 24ow A APLE n=g 0a9 nmed

G Yo} B

W BE wesol Ago] U4 gtk Ak ZREZe &
% éﬂ Fob = Qlek. Al

A A% ZREZ vd) B 4% A
9l w7}soiAit.

mlo

Abstract
In the proposed protocol, the multi-hop cooperative transmission is used to improve the system performance.
Due to broadcast nature, we do not limit the receiving node to be only the next node, but the destination and
all the nodes between the transmitting node and the destination. The proposed protocol can hence save the
average transmit power, compared with multi-hop direct transmission protocol due to the skipped transmissions

In this paper, we propose a multi-hop cooperative transmission protocol over Rayleigh fading channels.

from some intermediate nodes or chosen relays. The proposed scheme is implemented and evaluated in mobile
ad-hoc wireless networks.

Key Words : Cooperative Transmission, Outage Probability, Mobility, Mobile Ad-hoc Wireless Networks.

| . Introduction the received signals and forwards the processed signal

without using combining techniques. In [374], the relay

Recently, multi-hop cooperative transmission has

gained a great interest in research community.

Currently various cooperative transmission protocols

02 I these

have been studied in several literatures
protocols, each node on the route can receive the

signals from the previous transmitting nodes, processes

terminals are equipped with maximal combining
technique (MRC) to enhance the outage performance.
only considered the static
networks in which nodes are assumed to be stationary.
In®
proposed and implemented in mobile ad-hoc networks.

However, the authors i in'

a multi-hop cooperative transmission scheme
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However, in this protocol, the cooperative transmission
is realized at each hop, which can reduce the channel
utilization efficiency.

In this paper, we propose a multi-hop cooperative
transmission protocol in mobile ad-hoc network. In
proposed scheme, named MCT, a route is established
by network layer and the relays are selected at each
hop along this route. At physical layer, due to
broadcast nature, we let the destination have the
permission to receive the packet from the source or the
nodes being on the established route (hereafter called
intermediate nodes) or the selected relays at each hop.
If the

transmission of the new packet will start. Otherwise,

destination  receives  successfully, the
the successfully intermediate node that is nearest to the
destination will be considered as a source again and
will repeat the procedure as the previous source does.
In the proposed protocol, we use mobility prediction
technique to construct a stable route and select stable
relays at each hop. We then evaluate the performances
of the MCT protocol in terms of packet delivery ratio
(PDR) and end-to-end delay.

The rest of the paper is organized as follows. The
system model is described in Section II. The simulation
results are presented in Section III. Finally, the paper is
concluded in Section IV.

Il. System Model

2.1 The construction of a stable route
using the mobility prediction technique

In this paper, the most stable route among all
available routes is selected by using the mobility
prediction technique 6 With this method, two nodes,
inside the transmission range (Z) of each other, can
know the mobility information and the position
information of each other. Therefore, we can determine
the duration of time these two nodes will remain
connected. Assume that at time ¢, node i is a neighbor

of node j and vice versa. Let denote (:El,y1) as the

RREQ
Transmission

| 7 RREP
Transmission

Mobile node
over the
chosen route

Mobile node
6 over different
routes

Mobile node
in the given
network at t

Mobile node

O in the given
network at
tHAL

A Velocity vector
/" (speed.direction)

a3 1. o|3d x| 7|22 AI8SH 429l MY
Fig. 1. Establishment of a route using the
mobility prediction technique.

coordinate of node i and (:ﬂj,yj) as that of node j. If
v; and v; are the velocities, and «; and «; are the

directions of nodes i and j, respectively, then the
amount of time that they would stay connected is
predicted by (6,

= (ab+cd)+ V(d*+ ) 7> (ad— be)’

Iy
)] a2+02

M

where a=wvcosa; —vcosa;, b=z, —x;

i
c=vsina; — Ujsinaj and d=1y, — Yj-

The operation of the route establishment can be
performed as follows:

Step 1. As reactive routing protocols such as Ad
hoc on—demand Distance Vector (AODV)m, the source
generates RREQ packet and this packet is forwarded to
destination or nodes which know the route for
destination. In this paper, RREQ packet contains the
mobility information and the position information of
node which sends it.

Step 2: After receiving the RREQ packet from
neighbor i, mohile node j calculates the amount of the

connection time: 7’; ;, according to (1). In our proposal,

3,57
each node just broadcasts the RREQ packet when it

receives the first RREQ packet from its neighbor. If it
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receives the RREQ packet again, it just updates the Applying the mobility prediction scheme as

information from this packet. Next, assume that node k
receives RREQ packet from node j at the first time;
similarly, node k calculates the connected time TjJ{,

and compares this value with the received value 7; ;.

Then, the minimum value between 77 ;. and 7; ; will
be attached in the RREQ packet broadcasted by this
node. Sequentially, the RREQ packet is forwarded to
the destination by the different routes and the
destination can calculate the lifetime of these routes.
For example, consider a route that consists of nodes
Ny, Ny, Ny, Ny, Ny, Ny and Ng, where 1V, is
source node and Vg is destination node, as shown in

Fig. 1. The lifetime of this route is given by

) )

LTNU—NG = mln(TNl,N

it+1

where 1=0,1,2,34,5.

Step 3: When the destination receives RREQ), it only
chooses the route with the maximum lifetime and
replies to the source by sending a Route Reply packet
(RREP) along this path. The RREP packet also includes
the mobility information and the position information of
node which sends it. When the source receives RREP
from the destination, a route is established and the

source can send the data packets to the destination.

2.2 The relay selection strategy using
the mobility prediction technique

Mobile node over
@ the route at t+At

Mobile node in the
given network at t

Mobile node over
the route at t

Mobile node in the
given network
at trAt

/1 Velocity vector
(speed, direction)

/
/
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Fig. 2. Relay selection using the mobility
prediction concept.

mentioned above, we propose a relay selection method
as follows. First, we assume that the route including
intermediate nodes NV, Ny, N;, V;, and Ny is
chosen (see Fig. 1). Now, we consider hop i+1 between

nodes /V; and /V;, ; as presented in Fig. 2. Denote A
(e, A= {MI,MQ,M3} as the set of nodes that are
in radio range of both nodes /V; and V,, ;. By the

7
operation of route construction, each node belonging to
the set D can receive RREQ packet from node /V; and

RREP packet from node /V;, ;. Therefore, each node
M;(j=1,2,3) can calculate the connection time

T M, and TMj N and sends these values to node

N;. Node NV; will then choose the stable relays by
following strategy:

M :

J

> 7T (3

min( 7y v, Ty, )
Equation (3) implies that relay A/; staying in the

radio range of nodes /V; and

; ;4 with the amount

of time that is larger than a certain threshold 7" will be
chosen as relays for cooperation. In this paper, we set
T to equal the lifetime of the established route.
Furthermore, to reduce the control overhead and
complexity, the chosen relays should be used during
the lifetime of the route. When the route is broken, the
source finds a new route to the destination and relays
at each hop of this route are re-selected as the strategy
above.

When a route is established and the relays are
chosen at each hop, the source can send the packet to
the destination by using the following transmission

strategy.

2.3 Cooperative Transmission at Physical
Layer

At first time slot, the source cooperates with the

chosen relays at the first hop to transmit the source

packet to the destination and intermediate nodes.
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Generally, decodes

incorrectly, a NACK message is sent to request a

whenever the  destination
re-transmission. Then, the intermediate node that
successfully decodes the packet and is nearest to the
destination is considered as the source again and it
cooperates with the chosen relays at that hop to
transmit the source packet. The transmission is
terminated when the destination receives successfully
or, there is no more intermediate node that can decode
successfully. In addition, in the MCT protocol, it should
be noted that the size of NACK message is negligible
relative to the size of the packet and hence the total
time delay of finding an intermediate node for the
re-transmission is also negligible, in comparison with
the average delay of a packet transmitted from a
transmitter to a receiver.

We assume that the channels between two nodes are
subjected to flat Rayleigh fading plus AWGN. It is
assumed that K transmitters, S'= {Tl, 7, ..., TK},
cooperate to transmit the same packet to a receiver R.
The mutual information between the transmitters and

the receiver R is give as

1 5P
Iy p= ?l092(1+t2?0|hz,3|2) 4

where P is the average transmit power, P, is
variance of Gaussian noise, hT,, g 1s Rayleigh fading
coefficient between nodes 7, and R. In (4), the factor
1/K implies that the cooperative transmission is
realized by K time slots. In this paper, we assume that
the receiver R can decode the packet from K
transmitters successfully if Ig_ » = [2;;, where 2,
is target rate of the system. If Ig_ p < R, it is

assumed that the receiver R cannot receive the packet

correctly.

IV. Simulation Results

In mobile ad-hoc wireless networks, the proposed

protocol is implemented by the Optimized Network
Engineering Tool (OPNET). We model a network
consisting of 50 nodes that are placed randomly within
a square area of 1 km x 1 km. Each node is assumed
to be aware of its position exactly. The mobile nodes
are also assumed to have constant radio range of Z=
250m. Furthermore, we use the random mobility
scenario, in which speed and direction of each mobile
node are uniformly distributed with speed range
[0, V. km/h  and direction [0,27],

max] range
respectively. During the simulation, each node moves
around the network area, and when a mobile reaches to
the boundary of the given network, the node reenters
into network.
In the following simulations, we set the target rate

of the system £, to 1.5 packet/sec/Hz, the path loss

exponent 3 to 3, the simulation time to 100 seconds,
the rate of sending packets to 5 packets/sec. In
addition, we assume that in interval of 5 seconds, the
speech and velocity of each mobile node is constant, 5
seconds for reconstructing a new route from a source
to a destination and the maximum number of chosen

relays at each hop (V) is 2.

()] E— — S S— .
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(] : . :
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—&— MCT Protocol
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Fig. 3. Packet delivery ratio when V.. =20 km/h.

- 20 -



2013 8E Sr=QUEUYS

MaEtE| ==X M133 M4z

o
o ! ! :
Sl ) S A S I
0.2 = S I
—&8— MCT Protocol :
—#— DT Protocol ;
013 14 15 16 17
SNR(dB)
a2l 4. V. =40 km/h & of, 1{3l MEE.

Fig. 4. Packet delivery ratio when V,_ . =40 km/h,

Figures 34 show the packet delivery ratio (PDR) as

a function of transmit signal-to-noise ratio

(SNR= P/ P,) in dB when the value of V. is

max
fixed. PDR is the ratio of the number of packets
received at the destination to the number of packets
transmitted at the source. In these figures, for all
presented values of velocities, the PDR of the proposed
protocol is larger than that of the DT protocol. It is due
to the fact that the proposed scheme uses cooperative
diversity transmission which enhances the reliability of

the data transmission.

55 ! ! T I !
: : —e8— MCT Protocol (V=2)
—— DT-Simulation M

End to end delay (ms)

20 22 24 26 28 30 32
SNR (dB)
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Fig. 5. End—to—end delay of the proposed

scheme and the DT protocol.

In Fig. 5, we present the average end-to-end delay
time as a function of the transmit SNR in dB. It is
noted that in this simulation, the end-to—end delay does
not depend on the velocity of mobile node. It can be
observed that the end-to-end delay of the proposed
protocol decreases with increasing SNR, while the
multi-hop direct transmission protocol (MDT) protocol

keeps the constant one.

V. Conclusion

In this paper, we proposed the multi-hop cooperative
transmission protocol (MCT) over Rayleigh fading
channels. The proposed scheme can increase the PDR
when compared to the MDT protocol. Furthermore,
relying on broadcast nature, the MCT protocol can
decrease the average number of transmissions So
reducing power consumption and end-to-end delay
which are important criteria in multi—hop transmission.
Furthermore, we considered a realistic approach that
based on mobile nodes in mobile ad-hoc wireless

network.
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