
Abstract - In this paper, we consider a mobile ad-hoc wireless 
access network in which mobile nodes can access the Internet 
via a stationary gateway node or access point.  Mobile nodes 
that are outside the transmission range of the gateway can 
continue to communicate with the gateway via a multi-hop 
connection with their neighboring nodes.  The Ad-hoc On-
demand Distance Vector (AODV) routing protocol is extended 
by incorporating the concept of load-balancing (LB).  We call 
this the LB-AODV routing protocol.  Simulation results show 
that in a congested network environment, our proposed LB-
AODV has a higher packet delivery fraction, a lower end-to-end 
delay and control overhead when compared with both AODV 
and gossip-based routing protocols. 

I. INTRODUCTION 

A Mobile Ad-hoc NETwork (MANET) consists of a set of 
wireless mobile nodes communicating to each other without 
any centralized control or fixed network infrastructure.  
MANETs have been evolving to serve a growing number of 
applications that rely on fast deployable multi-hop wireless 
infrastructures. 

Over the past few years, a number of ad-hoc routing 
protocols have been proposed in the literature.  These 
protocols can be divided into two categories [1]: proactive 
and on-demand.  Proactive routing protocols make use of 
periodic routing updates while on-demand routing protocols 
only maintain the routes that are currently in use.  For on-
demand routing protocols, route discovery and maintenance 
are performed via the exchange of Route Request (RREQ), 
Route Reply (RREP) and Route Error (RERR) control 
packets.  Since on-demand routing protocols react quickly to 
topology changes, they perform better than proactive routing 
protocols for normal network scenarios in MANETs. 

In this paper, we consider a mobile network environment 
in which mobile hosts can access the Internet via a gateway 
or access point.  We refer to this as a mobile ad-hoc wireless 
access network.  Mobile hosts that are near the gateway can 
communicate directly with the gateway via a single hop 
connection.  However, mobile hosts that are outside the 
transmission range of the gateway have to use multi-hop 
connections that rely on the neighboring mobile nodes to 
relay their packets (see Figure 1). 

In general, the metrics used to evaluate the performance of 
ad-hoc routing protocols in MANETs include packet delivery 
fraction, end-to-end delay, and routing control overhead.  
These performance metrics depend on a number of factors 
including the total number of mobile nodes in the network, 

the number of source nodes (i.e., those which have data 
packets to send), the traffic load, the movement pattern of the 
mobile nodes, the pause time, and the transmission range. 

Consider the effects of the total number of mobile nodes in 
a MANET over a given coverage area.  Results in [2] showed 
that when the number of nodes is small, the network may not 
be fully connected.  Some nodes may not be able to send 
packets to certain destinations.  However when the number of 
nodes and the traffic load increase, results in [3] showed that 
contention and packet collision between neighboring nodes 
may increase exponentially.  In addition, the routing control 
overhead also increases with the number of nodes.  When a 
source node needs to send the RREQ message to all of its 
neighboring nodes during route discovery, the total number 
of RREQ messages is proportional to the total number of 
mobile nodes in the network.  When the network is congested, 
routing control packets (e.g., RREP) may also be dropped.  
The source node may initiate another route discovery process, 
which will further increase the amount of control traffic in the 
network [4][5]. 

In order to maintain a high packet delivery fraction and a 
low end-to-end delay for packet transmission, it is important 
to reduce the amount of routing control information in the 
network.  In this paper, we propose the use of load-balancing 
to limit the amount of routing control packets in mobile ad-
hoc wireless access network.  In our proposed load-balancing 
scheme, route selection is regulated by a distributed grouping 
mechanism, which distributes data traffic and reduces 
unnecessary routing traffic.  The parameter for grouping can 
be continuously updated by the gateway. 

The rest of this paper is organized as follows.  Our 
proposed extension of the Ad-hoc On-demand Distance 
Vector routing protocol with Load-Balancing (LB-AODV) is 
described in Section II.  The performance comparisons 
between our proposed LB-AODV, the original AODV [6], 
and the gossip-based routing [7] are presented in Section III.  
Conclusions are given in Section IV. 
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Figure 1.   Mobile ad-hoc wireless access network. 



II. AD-HOC ON-DEMAND DISTANCE VECTOR ROUTING 
PROTOCOL WITH LOAD-BALANCING (LB-AODV) 

In this section, we begin by describing the operation of 
LB-AODV and the route selection process.  It followed by a 
discussion on the selection of the total number of groups. 

The following terminologies will be used: 
• Source node: a mobile node with data packets to send 

towards the gateway. 
• Common node: a mobile node that does not have data 

to send and does not belong to any particular group. 
• Active node: a mobile node that has valid route(s) to 

the gateway and is currently being used to forward 
packets towards the gateway. 

A. Load-Balancing Mechanism 

Since on-demand routing protocols are based on flooding, 
many routing messages are propagated unnecessarily.  In 
order to maintain a high performance in data packet 
transmission, it is important to reduce the amount of routing 
messages.  The proposed load-balancing mechanism reduces 
the number of unnecessary retransmissions of routing 
messages and prevents heavy network congestion by 
separating source nodes into different groups and allowing 
source nodes to relay packets generated only by their own 
group members. 

Our grouping mechanism partitions all mobile nodes into 
several logical divisions such as A, B, C, D, and E as shown 
in the example in Figure 2.  All common nodes, which belong 
to the division E, are allowed to relay packets from any 
groups towards the gateway.  On the other hand, the source 
nodes of any groups are not allowed to relay packets from 
other groups.  For example, packets generated by any 
members of group A can be relayed only by other source 
nodes of group A and common nodes belonging to the 
division E.  Therefore, the maximum number of retrans-
missions of RREQ message, which is generated by any group, 
is reduced by the number of source nodes of other groups at 
the route discovery process.  The decision of the number of 
groups is important for the operation of LB-AODV routing 
protocol.  It is discussed in detail in Section II-C. 

A source node would be easily congested with routing and 
data messages of its own and others if it is located in the 
shortest path of other source nodes to the gateway.  The 
traffic congestion may lead to a higher packet dropping rate 
and faster battery power depletion.  By dividing source nodes 
into several groups, the packet relaying responsibility and the 
traffic load can be balanced among different groups, and thus 
the maximum level of congestion is reduced at the sources. 

The proposed load-balancing mechanism aims at maxi-
mizing the balance index, B, which is defined as [8]: 
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where fi denotes the aggregate average packet transmission 
rate of group i, and G denotes the total number of groups.  

The balance index converges to 1 when the aggregate average 
packet transmission rate of each group approaches equality, 
while it approaches 1/G when the load becomes completely 
unbalanced among the groups. 

In our LB-AODV routing protocol, the state information is 
a (G + 1) - tuple in the form of <group number, f1, f2, ..., fG>.  
This information is maintained at all active mobile nodes. 

B. Load-Balancing Route Decision Process 

Using the load-balancing route discovery process, we can 
minimize the variance of aggregated average packet 
transmission rates between groups dynamically.  A group 
number is assigned only to each source node that initiates the 
route discovery process. 

When a source node has data to send but does not know a 
route to the gateway, it initiates the route discovery process 
by broadcasting the RREQ message to its neighboring nodes.  
When an intermediate node receives the RREQ packet, it 
processes this message according to its state information.  An 
intermediate node that is not active will simply broadcast this 
RREQ message to its neighbors.  On the other hand, if the 
intermediate node is active (i.e., an active node), it will 
calculate the balance index B based on the state information 
stored in its cache.  If the balance index B can be maximized 
by accepting this new source node into one of its serving 
groups, then this intermediate node will send a RREP 
message to the source node.  This RREP message includes 
the information about which group this particular source node 
has been assigned to.  Since the active intermediate node can 
assign different group to the source node according to its state 
information, it needs to maintain different route entries to the 
gateway for different groups it is currently serving. 

When the gateway node receives a RREQ message, it will 
assign a group number to the new source node.  The group 
number is chosen such that the balance index B is maximized.  
The gateway then sends a RREP message to the source node.  
When the source node receives the RREP message, it will 
begin sending data packets to the gateway immediately. 

The gateway monitors the average transmission rate from 
each group periodically.  Whenever the change in aggregate 
average transmission rate from any group has exceeded a 
certain threshold, the value of the balance index needs to be 
updated.  The gateway then sends an advertisement message 
to all the active nodes to update the state information. 

We now describe the procedures for route maintenance.  
When a source node detects a link breakage via the RERR 
message, it will re-initiate the route discovery by sending a 
RREQ message with its group number towards the gateway.  

 
Figure 2.   An example of logical partitioning of mobile nodes. 



Those intermediate nodes that do not belong to this particular 
group will simply drop the RREQ message.  When an active 
node (which has a routing cache for this group) or another 
source node (which belongs to the same group) receives the 
RREQ message, it will send a RREP to the source node.  The 
above procedures limit the amount of routing overhead.  Note 
that the balance index remains unchanged after the route 
discovery process.  This is because the new route is still part 
of the original group.  In the worst case, if the source node 
has not received any RREP message after a certain period of 
time, it will re-initiate the route discovery process again by 
sending another RREQ message without the group number. 

We assume that soft state information is maintained in the 
routing cache.  That is, each routing entry has an associated 
timer.  When an intermediate active node or gateway has not 
received data packets correspond to a particular entry for a 
certain period of time, that routing entry and its group 
number will be deleted. 

C. Discussions 

As the number of mobile nodes increases, the contention 
and packet collision between neighboring nodes increase 
exponentially [3].  In addition, the amount of routing control 
overhead also increases.  On the other hand, when the number 
of nodes is small, the network may not be fully connected.  
Therefore, the decision of the number of groups is important 
for the efficiency of LB-AODV routing protocol.  The 
number of groups is chosen as a trade-off between the 
network connectivity and the amount of routing control 
overhead.  To decide on the number of groups, the gateway 
has to know the number of source nodes, the number of 
mobile nodes, and the network topology.  The estimation of 
these parameters is beyond the scope of this paper.  We 
would like to point out that gateway can estimate the number 
of source nodes by monitoring the source address field in the 
packet header.  The gateway can estimate the number of 
mobile nodes and the size of the network by the number of 
neighbors around the gateway and the average number of hop 
count seen in the RREQ packet. 

Results in [2] have shown that for normal network 
scenarios in MANETs, the best performance can be achieved 
when the average number of neighbors is between 7 and 8.  
In this paper, we define the optimal number of mobile nodes 
R in a given topology as the number of mobile nodes that 
results in the average number of neighbors being around 7-8.  
Since the gateway can estimate the size of the network, it can 
calculate the optimal number of mobile nodes R in the 
estimated topology. 

We aim to minimize the difference between the optimal 
number of mobile nodes R and the total number of mobile 
nodes T, which can relay packets generated by each group.  
The rationale behind this operation is the fact that the optimal 
number R gives the best performance without decreasing the 
network connectivity in a given topology.  Given the number 
of source nodes S, the number of mobile nodes M, and the 

total number of groups G, the total number of common nodes 
is M-S, and the number of source nodes belonging to each 
group is S/G.  The total number of mobile nodes T that relay 
packets generated by each group is given by M-S+(S/G).  
Therefore, the gateway chooses the number of groups G 
targeting to minimize the difference between T and R. 

For instance, in a given network topology with a size of 
1500×300 m2, the ns-2 “setdest” [9] can be used to calculate 
R such that the average number of neighbors is around 7 or 8.  
Based on simulations, the value of R is equal to 30.  In this 
case, if the number of source nodes S is 25 and the number of 
mobile nodes M is 50, then the number of groups G should be 
equal to 5. 

III. SIMULATION MODEL AND EVALUATIONS 

In this section, we compare the performance between our 
proposed LB-AODV, the original AODV [6], and the gossip-
based routing (GOSSIP) [7] routing protocols. 

We begin by reviewing the gossip-based routing protocol.  
Gossip-based routing aims to reduce the routing control 
overhead by selectively discarding some control packets.  A 
source node sends the RREQ packet with probability 1.  
When a node first receives a RREQ packet, with probability p 
it broadcasts RRER packet to its neighbors and with 
probability 1 - p it discards this RREQ packet.  The authors in 
[7] recommended the use of probability 1 for the first k hops 
before continuing with probability p for subsequent hops.  
This version of gossip-based routing protocol is called 
GOSSIP1(p, k).  We will use this gossip-based routing 
protocol for performance comparisons. 

A. Simulation Model 

A stationary gateway node is located in the middle of the 
grid.  A random waypoint model [10] is used for the mobility 
model.  The speed of the mobile is uniformly distributed from 
0 to 20 m/s.  The simulation time is 900 seconds.  The results 
are presented on the basis of at least 5 simulation runs.  For 
fair comparisons, several sets of identical mobility and traffic 
scenarios are applied to all routing protocols at the same time. 

The Network Simulator (ns2) [9] is used for performance 
evaluations.  The physical radio of each mobile node’s radio 
interface is chosen to approximate the Lucent WaveLAN [11], 
operating as a shared-media radio with a nominal bit rate of 2 
Mbits/s and the radio range of 250 m.  For the MAC layer, 
the IEEE 802.11 Distributed Coordination Function (DCF) 
[12] is used.  Propagation model combines both a free space 
and a two-ray ground reflection model.  We use the same 
configuration parameters as those of ns2 version b8a. 

The size of the network is 1500×300 m2.  The number of 
mobile nodes is 50.  We use 4 as the total number of groups 
G in our simulations.  Each source node generates constant 
bit rate (CBR) traffic with packet generation rate of 4 packets 
per second.  Table 1 provides a summary of the simulation 
parameters. 



The performance metrics for evaluations are packet 
delivery fraction, average end-to-end delay of transferred data 
packets, and normalized routing overhead (i.e., the number of 
routing control packets per data packet delivered at the 
destination). 

B. Simulation Results and Discussions 

Figure 3 shows the performance of the network with 
different number of CBR sources.  When the number of 
sources is less than 20, the network is not congested.  All 
three routing protocols provide a high packet delivery 
fraction, small end-to-end delay and routing overhead.  When 
the number of sources is above 20, the performance 
differences between LB-AODV and the other two protocols 
become significant.  LB-AODV outperforms the other two by 
providing a higher packet delivery fraction, a smaller end-to-
end delay, and a significantly smaller amount of routing 
overhead. 

Results in Figure 3(a) indicate that LB-AODV improves 
packet delivery fraction by 20% over the other schemes when 
the number of sources increases to 25.  As traffic increases, 
the improvement is increased radically.  This implies that 
when traffic load is high (i.e., more than 25 sources), most of 
the routes towards the gateway are congested by a lot of 
control and data packets.  Therefore, contention and collision 
between neighbors increase exponentially, and thus AODV 
and GOSSIP routing schemes become less efficient. 

Results in Figure 3(b) indicate that within a given end-to-
end delay constraint, LB-AODV can support more traffic 
when compared with others.  When the network is congested, 
the end-to-end delay of using LB-AODV is at least two times 
smaller than that of using other protocols. 

Figure 3(c) shows that LB-AODV has much lower routing 
overhead when compared with AODV and GOSSIP.  If the 
number of source nodes is more than 25, the difference 
becomes significant.  According to the Section II-C, the 
maximum number of mobile nodes R that can relay the 
RREQ packet for each group is about 27 (i.e., M-S+(S/G)) 
when the total number of groups G is 4, the number of 
sources S is 30, and the number of mobiles M is 50.  On the 
other hand, when the number of groups G is equal to 1 (i.e., 
the original AODV), the maximum number of mobile nodes 
R that can relay the RREQ packet is 50.  Since, in most on-
demand routing schemes the lost of routing packets due to 
congestion may trigger the immediate generation of more 
routing packets, this explains the results for AODV and 
GOSSIP that the network becomes highly congested with 
routing packets as the number of source nodes increases. 

Figure 4 shows the overall performance with varying 
pause time (i.e., mobility).  These results indicate that in a 
slightly congested network with number of sources equal to 
25, LB-AODV maintains a higher packet delivery fraction 
(greater than 95%), a smaller end-to-end delay (less than 200 
ms), and a lower normalized routing overhead when 
compared with the original AODV and gossip-based routing 
protocols. 

Results in Figure 4(c) show LB-AODV incurs a lower 
routing control overhead than others.  Recall that LB-AODV 
only allows a node to transmit a RREP packet in response to 
a RREQ packet when the node not only has a routing table to 
the gateway but can also maximize the balance index.  Thus, 
the number of RREP packets transmitted to the source nodes 
is also much smaller.  However, in the original AODV, all the 
intermediate nodes that have valid routing information to the 
gateway reply to all RREQ packets.  This causes RREP 
packet flooding and wastes wireless resources due to 
unnecessary collisions in the link layer (i.e., IEEE 802.11).  
Our proposed LB-AODV is more efficient in the use of 
wireless resources than the original AODV in a mobile ad-
hoc wireless access network environment.  These results also 
imply that performance improvements correlate not only with 
guaranteeing network connectivity but also with the amount 
of routing load reduction. 

The last experiment is related to the study of the scalability 
of our proposed scheme.  We determine the variation of the 
throughput by increasing the network size to 1000×1000 m2 

and changing the number of mobile nodes accordingly.  We 
consider 50 CBR sources, each with a packet generation rate 
of 4 packets per second.  Since the number of common nodes 
(50, 75, 100, 125, and 150) exceeds the optimal number 
R=50 for this topology, we choose the maximum number 50 
as the total number of groups G in this simulation, such that 
each source node belongs to a different group.  The pause 
time of each mobile node is 100 second after each movement.  
The simulation time is 300 seconds.  All the other simulation 
parameters remain the same. 

Figure 5 shows the throughput as a function of the number 
of mobile nodes in the network.  Since LB-AODV can divide 
only source nodes into different groups, the increase of 
routing overhead is unavoidable as the density of the network 
increases.  However, due to the fact that the grouping mecha-
nism can reduce the amount of routing control overhead, the 
throughput of LB-AODV is approximately two times higher 
than that of AODV and GOSSIP routing protocols when the 
number of nodes in the network is large.  These results show 
that our proposed LB-AODV is scalable. 

IV. CONCLUSION 

In this paper, we have proposed an extension of the ad-hoc 
on-demand routing protocol by incorporating the concept of 
load-balancing.  Our proposed LB-AODV is well-suited for 
the mobile ad-hoc wireless access network environment 
where there is a gateway node for Internet access.  We have 

Table 1:   Simulation parameters. 
Transmission 
Range 250 m Topology 

Size 1500×300 m2 

Bandwidth 
of Radio 
Interface 

2 Mbits/s Traffic Type CBR 

Packet Size 512 Bytes Packet Rate 4 packets/sec 

 



compared the performance between our proposed LB-AODV 
with both the original AODV and gossip-based routing 
protocols in different mobility and traffic scenarios.  In 
scenarios with traffic congestion, LB-AODV significantly 
outperforms AODV and GOSSIP.  We also show the 
throughput performance with an increasing number of mobile 
nodes.  Our simulation results show that LB-AODV delivers 
more data packets to the gateway and decreases the end-to-
end delay of packets delivered.  In addition, LB-AODV can 
save valuable wireless resources by reducing the 
transmissions of routing control messages.  Although we 
have presented our scheme based on the AODV routing 
protocol, the load-balancing concept can also be applied to 
other on-demand routing schemes. 

To facilitate practical implementation of our proposal, we 
are investigating techniques that provide good estimations of 
network size and topology in a dynamic MANET.  We are 
also considering how our load-balancing concept can be 

incorporated in other on-demand routing protocols with 
different metrics (e.g., the least load or least power route). 
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Figure 5.   Throughput with increasing node density. 
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Figure 3.   Performance comparisons among AODV, LB-AODV, and GOSSIP(0.9, 1) routing protocols with different 
number of CBR sources (pause time = 300 sec). 
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Figure 4.   Performance comparisons among AODV, LB-AODV, and GOSSIP(0.9, 1) routing protocols with different 
pause time (number of CBR sources = 25). 


