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Abstract 
 
Transmission Control Protocol (TCP) is the extensively used transport layer 
protocol in the internet. The reliability of the byte oriented protocol is 

achieved through the acknowledgments sent by TCP receiver upon 

successful transmissions of the packets received from the sender. The 
behavior of TCP is not the same in wired and wireless networks.  The 

transport layer protocol produces better results in wired networks.  One of the 

reasons for better performance in wired networks are the packet loss rate in 

wired networks. Packet loss may occur mostly due to buffer overflow in 
wired networks. However in wireless networks TCP does not provide the 

same performance. The performance is degraded due to many reasons such 

as mobility, route or link failures, misinterpreted congestions and so on. This 
paper focuses on the impact of mobility in mobile adhoc networks. The paper 

analyzes the network sustainability when mobility is experienced. The 

different parameters such as the throughput, number of retransmissions and 
queue size are analyzed for the impact of the mobility in the network. The 

simulations are done using Qualnet 5.0 
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1 Introduction 
 

Cloud computing provides the distributed computing environment, which  

A Mobile Adhoc Network (MANET) is a collection of wireless nodes with 

no particular infrastructure. TCP has evolved as the most widely used 
protocols with the advent of  the growing number of applications in the 

internet.TCP establishes a connection before transmission and provides end 

to end in order delivery by sending an acknowledgment for every packet 
received. However in wireless networks the performance is degraded because 

of many reasons. 

  In many cases the reasons of performance degradation is due to mis- 

interpretation of packet loss as congestion. Owing to this the congestion 
control algorithms are invoked for every packet loss event. Hence the 

sending rate is reduced and thereby the performance is reduced. Moreover 

when the node in the network experiences mobility this may lead to a link 
failure and thereby a new route has to be established.  

 During this route re-establishment few packets are dropped and hence the 

sender does not receive acknowledgments for the lost packets. This is 
assumed as congestion and the congestion window is reduced unnecessarily. 

This paper focuses on an analysis and the impact of mobility on few of the 

significant parameters that contribute to the TCP performance. The various 

parameters under consideration for this analysis include the throughput, the 
number of packets sent and retransmitted, the mobility model, the pause time 

and the packet loss invoked due to the above mentioned parameters. The 

overview of the TCP congestion control and challenges of TCP in MANETS 
is discussed in Section 2. The performance and  behavior of TCP in adhoc 

networks is discussed in Section 3. Related work and existing research in this 

domain are discussed in Section 4.  Section  5 presents the simulation results 
and the impact of mobility on TCP. Section 6 provides the conclusion. 

 

2 TCP Congestion Control 
  

TCP is a transport layer protocol preferred to be used in the internet due 

to the reliability achieved. The reliability of the protocol is attained by way 
of using sequence numbers. A sequence number is associated with every 

packet of data transmitted by TCP and this is a randomly generated number. 

Once a sender transmits a packet the receiver transmits an acknowledgment 

(ACK) for every packet received. The acknowledgment received from the 
receiver is generally greater than the sequence number. The acknowledgment 

signifies the next packet expected and the arrival of the last packet received. 

Until this acknowledgment is received TCP stores this packet in its buffer 
and this is how end to end semantics is achieved.  
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TCP uses a timer for such cached packets in the buffer called the 

retransmission timer. Generally the retransmission timeout (RTO) is set as 3 

seconds. It is until which time TCP waits for an acknowledgment and RTO is 
computed dynamically based on the round trip time (RTT) 

 Basically the TCP congestion control algorithms are governed by two 

important parameters namely the congestion window and slow start 

threshold. The congestion window is used on the sender side of TCP to adapt 
the transmission rate of the sender. TCP initially starts with slow start phase 

in which the congestion window value is set as one Maximum Segment Size 

(MSS) and for every acknowledgment received the sender increment the 
congestion window by 1 MSS and thus the congestion window grows 

exponentially.  

 TCP switches from the slow start phase to the congestion avoidance 
phase under two conditions. TCP enters into congestion avoidance state 

when the slow start threshold value has reached the maximum set by the 

protocol. The second condition when TCP enters into congestion avoidance 

is when a packet loss event has occurred. On the occurrence of any one of the 
event, either a packet loss has occurred or maximum of slow start threshold 

is reached TCP enters into the congestion avoidance state.  

 In the slow start phase the congestion window experiences an 
exponential increase in contrast to the linear increase in the congestion 

avoidance phase. The congestion window is linearly incremented by one 

segment for each RTT. A packet loss is detected by the receipt of duplicate 

acknowledgments from the receiver [1]. If it receives more than three 
duplicate acknowledgments after a packet transmission it is assumed to be a 

packet loss. Subsequently the congestion window is halved thereby reducing 

the transmission rate on the sender side. These are called as fast retransmit 
and fast recovery.In wired networks the above mentioned behaviour of the 

transport layer protocol holds good but that is the not always the case in 

wireless networks. Most of the packet loss in wired networks is due to the 
congestions that are caused in the network. In wireless networks different 

factors significantly affect the performance of TCP.One such factor is 

mobility of the nodes during the transmissions. Due to mobility of the nodes 

in the network the TCP throughput is reduced. This is due to the inability of 
TCP to differentiate between handoff and packet loss. 

 

3 TCP in Mobile Adhoc Networks 
 

TCP designed for the wired networks has many challenges when used in 

the wireless environments. The performance of TCP is not as expected in 
wired networks because of various reasons. Some of the prominent causes 

for this degradation in performance are discussed in this section. The reasons 

are considered on an OSI layer perspective.  
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In the physical layer due to signal fading and interference the chance of 

bit errors is high and hence some packets are dropped. Thus the physical 

layer also contributes to the performance degradation of TCP.  
Due to the channel contentions at the MAC layer and the collisions that 

occur in the MAC layer many retransmissions occur. Such retransmissions 

not only induce traffic in the network but also lead to packet loss and 
unnecessary delay in transmissions. Moreover many other events such as 

failure of a node or failure of a link between two nodes are also experienced 

in a network. The capacity of the routing protocol to re-establish the route in 
such failures influences the upper layers.  

TCP maintains a timer for every transmission and if acknowledgment is 

not received within the prescribed timer value a timeout event is triggered. 

On the occurrence of events such as route or node failure, if the route 
rediscovery process takes more time to establish a new route, the timeout 

event occurs. TCP misinterprets such events as congestion loss and enters 

into the slow start state thus reducing the transmission rate .Apart from the 
reasons mentioned TCP has many other issues such as multipath routing, 

energy efficiency, channel errors, hidden and exposed terminal problems and 

TCP unfairness.  

This paper focuses on the impact of mobility on the nodes and assessing 
the performance of TCP under such cases of mobile nodes. The impact of 

mobility is done by extensive simulations by varying the different parameters 

such as the data size, the speed at which the nodes move, pause time of the 
nodes under mobility and the types of flows. Figure 1 shows a mobile adhoc 

network in which each node itself acts as a router forwarding packets to the 

other nodes.  
 

 
Figure 1: Mobile Adhoc networks 

 
  

 



                                                                                                                  
 

 

 
 

 
An Analysis on the Impact of Mobility and Sustainability of TCP Performance in 

Mobile Adhoc Networks 6505 

 
The different mobility models are as shown in Figure 2. In MANETS , 

Random way point and Random walk mobility model are the widely used 

mobility models. The random way point mobility model is defined by three 
parameters, the pause time, the minimum and maximum speed of mobility. 

Pause time in the mobility model defines the time duration until which the 

node is stationary. After the pause time the node moves randomly and 

remains in the new location until the specified pause time the simulations 
have been done using Qualnet 5.0 

 
Figure 2: Mobility Models 

 

4 Related Work 
  

Research of the internet traffic clearly shows that TCP is the popularly 

used transport layer protocol in the internet and the efficiency of the TCP 

protocol is vital to the applications using it.[2][3]. This section deals with 
research carried out in this domain. In [4] the author proposes mechanisms 

based on signal strength. Accordingly a route discovery is imitated if the 

there is a probable link failure and this is done proactively rather than 

discovering a new route after a failure. The protocol proposed by them makes 
changes at the MAC and network layer to predict link failures due to 

mobility.  

The different approaches proposed in [5-10] aim at improving the 
performance of TCP at the transport layer. Once a route failure is detected by 

explicit link failure notification the state of TCP freezes and a new route is 

discovered. After route discovery explicit route establishment notifications 
are used to resume the transmissions.   

Tsukamoto's proposal [11] is one of the TCP variant for mobility 

management. In [12] Fixed RTO a route failure is recognised as a result of 

the occurrence of two successive timeouts. While assuming the same values 
for the retransmission time out without any modification it just retransmits 

the unacknowledged packet.   
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In [13] the authors have analysed the throughput of TCP and the various 

parameters that impact and influence the TCP performance in adhoc 

networks. Modifications to the AODV routing protocol so as to be used in 
Dense MANETS is proposed in [14]. The method proposed by the authors in 

their earlier work [15] focuses on identifying the reasons for packet loss 

using explicit congestion notification. The authors have explored the explicit 
congestion notification and other parameters such as the peak queue size and 

length to classify packet losses. The authors [16-20] discussed the challenges 

and issues of the performance of TCP in wireless networks.  
 

5 Results and Discussion 
 

The simulations were done using Qualnet 5.0 A complete framework to 

design, create, animate and analyze network scenarios is supported in 

Qualnet. The simulation scenario consists of 100 nodes in a terrain of 300 by 
1500 meters. The mobility model used is random way point model. It was 

first proposed by Johnson and Maltz and has become the widely used 

mobility model to study the traffic patterns. The simulation settings in 

Qualnet are as shown below in Table I. 
 

Table I: Simulation Setup Parameters 

Simulation Parameter Value 

Simulator Qualnet 5.0 

Traffic pattern FTP Generic 

Data items sent 1000 – 10000 packets 

Packet Size 512 bytes 

TCP Variant TCP New Reno 

Routing Protocol AODV 

MAC protocol IEEE 802.11 

Transmission range 250 m 

Mobility Model Random Waypoint 

Pause Time 20ms -50ms 

Maximum Speed 5,10,15,20 ms 

 

In the first scenario as shown in Figure 3 it is assumed that there is only 
one intermediate node of one hop distance between the source and the 

destination path. In the figure 3 node named as „S‟ is assumed to be the 

source and node named „D‟ is assumed to be the destination. For better 
understanding of the impact of the mobility of intermediate nodes a simple 

scenario is assumed wherein node 1 is the only one intermediate node of one 

hop distance in the transmission range of the sender. In this case analysis has 

been done with different simulations to study the impact of the mobility of 
such intermediate node wherein no alternate routes are available between the 

source and destination.  
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Whenever a route failure occurs AODV imitates a route repair 

mechanism. If it was the next hop to the source and no other nodes are there 

in the transmission range of the source node then route cannot be re-
established.The sustainability of the network in such cases poses a problem, 

since there are no other intermediate nodes in the transmission range of the 

sender to perform the routing .  

 
Figure 3: Source-Destination pair scenario 1. 

 Due to this route failure TCP's congestion window is reduced and thus 

the throughput degrades to a lower level. The transmission rate of TCP is 
reduced because of the retransmission time out. The RTO expires when no 

acknowledgments are received. The retransmission timer is initially set to 3 

seconds and later fine tuned based on the round trip time.  

The simulations have been carried using Random waypoint mobility 
model for varying speeds and pause time. From the simulation results it can 

be seen that TCP yields less throughput in highly mobile environments. The 

reason is that TCP is unable to distinguish packet drops due to handoff and 
congestion and invokes congestion control whenever packets are lost.  

 
Figure 4: Scenario after mobility of intermediate node 
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The outer circle in Figure 4 around the node S shown in bold depicts the 

transmission range of the sender node. Figure 4 depicts the scenario of the 

network after the mobility of the intermediate node. In such a case the 
transmission between the source – destination pair (node S and node D) is 

interrupted due to the mobility. When node 1 experiences mobility it moves 

away from the transmission range of the sender. The network experiences a 

delay due to this mobility.  
The delay in transmission depends on the time taken by the routing 

protocol to re discover an alternate route.  In the scenario depicted there are 

no other intermediate nodes in the transmission range of the sender to 
forward the packets to the destination. Hence a route is no longer available 

due to the mobility of the intermediate node. The routing protocol therefore 

initiates a route discovery.  
For topology depicted in Figure 3, it has been observed that the sender is 

unable to establish a new route due to the unavailability of any neighbour 

node in its transmission range. Hence packets are dropped and destination 

sends duplicate acknowledgments of packets not received. Thus it is inferred 
that sustainability of the network is highly influenced by the mobility of the 

nodes and the pattern of movement.  

The second scenario shown in Figure. 5 illustrates the case where an 
alternate route is available. In this case transmission initially starts with 

sender via node 1 to reach the destination node D. However when node 1 

experiences mobility and moves out of the transmission range of the source 

node S, the routing protocol initiates a route discovery and hence forth 
transmits via node 4 .During this route reestablishment time duration some 

packets are dropped. However node 4 may serve as an intermediate node to 

more than one source destination pair. The simulations have been done by 
varying the number of flows. In situations where node 4 acts as an 

intermediate node for more than one flow, the throughput degradation is very 

high. 

 
Figure 5:Scenario when alternate route is available 
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In order to analyze the impact of mobility under different cases the 
simulations were done by varying the number of hops to reach the 

destination node from source node. The objective was to assess the 

significance of mobility under different network topologies. Figure 5. depicts 

the case when the distance between the neighbour node and the sender node 
is one hop. The scenario shown in Figure 6 is a variation to the above shown 

in Figure 5. In Figure 6 we illustrate the network topology wherein upon 

mobility of the node 1 from the transmission range of the sender the alternate 
route taken is through node 4 which is in the transmission range of the 

sender. The alternate route taken is from Source/sender S to node 4 to reach 

node 5. In this case node 4 is within the transmission range and node 5 which 

is out of the transmission range can be reached via node 4. Hence the number 
of hops is increased in this scenario.  

The objective behind considering different topology is to analyze the 

impact of mobility of the intermediate nodes, when they are the only one 
node connecting the source and destination.  

 
Figure 6:Scenario with varying hop count 

The simulation results for the above cases with and without mobility are 
as shown in Table II. The simulations were done by varying the pause time. 

The simulations results showed that there were no major differences in the 

throughput with pause time as 5 and 10 milliseconds. Hence there were no 
changes in the throughput. The table II depicts the throughput values with 

and without mobility when the pause time was set as 20ms. 

The tabulated results show the throughput with and without mobility for 

a pause time of 20 milliseconds and increasing the data packets from 1000 to 
10,000. It can be observed from the table that the throughput values does not 

show major variations until 4000 data packets were transmitted. When the 

data items transmitted is less, data is transmitted to the destination before the 
intermediate node experiences mobility. For lighter loads the data packets are 

transmitted before the node moves out of the transmission range of the 

sender. Hence for lighter loads the impact of mobility however does not 
makes a big difference.  
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Table II: Throughput with and without Mobility 

Data 

Packets 

sent 

Throughput 

Without 

Mobility 

Throughput 

With 

Mobility 

1000 265169 265540 

2000 321291 321853 

3000 344700 344487 

4000 357506 355128 

5000 365840 268366 

6000 371357 153763 

7000 375595 119784 

8000 378773 129657 

9000 381297 137884 

10000 383282 144992 

 
The throughput decreases with mobility as shown in Figure 7 , and this 

degradation increases as the data size increases. This can also be understood 

from the time when the last packet was received at the destination. From the 

graph shown in Figure 8, it can be seen that until 4000 data packets size there 
has been no difference in the last packet reaching the destination. As the 

payload size increases the time for completing the transmission is very high.  

An extensive study with simulations where more than one node is 
experiencing mobility also has been analyzed. From the simulations it is 

inferred that mobility does not affect for transmissions with lighter loads. In 

our case we consider lighter loads as data packets up to 4000 packets. 

 
Figure 7: Througput Vs Data Item size 
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Another important constraint in mobility is the direction in which the 

node is moving. In the simulations it is assumed that the node is moving 

away from the sender and receiver. While remaining in the transmission 
range of the sender and moving in the direction of the path towards the 

destination mobility has a positive impact. Figure 9 shows the time of the last 

packet reaching the destination node from source node. The graph shows the 

time of last packet received at the destination nodes for cases with and 
without mobility. It can be observed that when mobility is experienced the 

time to reach the destination does not show up much difference until 4000 

data packets. The increase in the time of the last packet to reach the 
destination in the case of nodes with mobility is the time delay due to the 

route rediscovery process. Thus this paper aims at analysing the impact of 

mobility of the intermediate nodes in a network and how it further influences 
the performance of the transport layer.This paper focuses on the 

sustainaibility of the network and how mobility impacts the stability of the 

network .The mobility pattern of the nodes and the position of the nodes 

which experience mobility have a greater influence on how sustainable the 
network would remain. 

 

 
Figure 8: Time when last packet reaches destination 

 

The graph in Figure 9. shows the number of data packets retransmitted at 
the transport layer. As seen from the graph the number of retransmissions 

with mobility increases as the number of packets increase. From simulations 

it has been known that there were no significant retransmissions when no 

mobility was experienced by any of the nodes.  
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Figure 9: Number of retransmitted packets Vs Data Size 

 
Some of the other parameters that were explored include the "number of 

times link broke" at the network layer. Using this parameter the reasons for 

loss such as loss due to mobility or loss due to congestion can be understood. 

The number of duplicate acknowledgments received at the transport layer 
during different scenarios has also been analysed in depth. It has been 

observed from the detailed simulations that the packet retransmissions due to 

ACK timeout at the MAC layer and the number of duplicate 
acknowledgments at the transport layer increases as mobility increases. A 

detailed analysis of the time when the link failure has happened has been 

done with the Packet Tracer in Qualnet. Thus the impact of mobility affects 
the performance of TCP not only on an end to end basis. Hence a complete 

cross layer approach and framework is to be proposed.  

To consider the impact of mobility it is proposed to arrive at a cross layer 

solution including the network layer and MAC layer and physical layer. In 
the network layer it checks for routing updates from the routing protocol, and 

checks for number of retransmissions at MAC. It also checks if the 

retransmission try limit has been exceeded. The retransmission limit is 
generally set as 7 in the MAC layer.  In the physical layer based on the inputs 

from the signal strength the mobility of the nodes is predicted and 

accordingly classified as loss due to mobility. 
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6 Conclusion 
    

In a mobile Adhoc network packet loss may occur due to various reasons 
such as congestion at intermediate nodes that are forwarding the packets, 

node mobility, link failures and queue overflow. This paper focused on the 

node mobility and its impact on TCP. It also focused on how network 
sustainability is affected by the mobility of the intermediate nodes in a 

network. The different effects of mobility in a wireless Adhoc network have 

been thoroughly studied. Simulations have been carried out by varying the 
pause time and speed for different topologies. The payload size also has been 

varied to study the impact of the mobility and the findings are given. From 

the simulations it is understood that mobility of the nodes affects the 

performance of TCP depending on the speed, the direction, the number of 
mobile nodes, the number of flows and mobility model selected. Further 

analysis can be carried out by extending the analysis to different mobility 

models and network topologies.  
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