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Abstract

Mobile Ad hoc Networks (MANETSs) are characterized by their dynamic topology, limited bandwidth,
and energy constraints, which pose significant challenges to the performance of Transmission Control
Protocol (TCP). Traditional TCP, designed for wired networks, often underperforms in MANET
environments due to factors such as frequent route changes, packet loss, and congestion
misidentification. Cross-layer optimization techniques have emerged as a promising approach to
enhance TCP performance by enabling interaction and information sharing between different layers
of the protocol stack. This paper provides a comprehensive review of cross-layer optimization
techniques for improving TCP performance in dynamic MANET environments. The study covers
literature up to 2015, discusses various research methodologies, presents results and interpretations,

and concludes with recommendations for future research directions.
Introduction
Background

Mobile Ad hoc Networks (MANETS) are self-configuring, infrastructure-less networks composed of
mobile nodes that communicate wirelessly. These networks are highly dynamic, with nodes
frequently joining, leaving, or moving within the network. This dynamic nature introduces several
challenges, including frequent route changes, variable link quality, and limited resources, which can

significantly degrade the performance of traditional TCP.
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Problem Statement

TCP, originally designed for wired networks, assumes that packet loss is primarily due to network
congestion. However, in MANETS, packet loss can occur due to various reasons such as route failures,
link errors, and node mobility. This misidentification of packet loss causes TCP to unnecessarily
reduce its congestion window, leading to suboptimal performance. Therefore, there is a need for

innovative approaches to enhance TCP performance in MANETs.
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Fig: Cross Layer Optimisation.

Objectives

The primary objective of this paper is to explore and evaluate cross-layer optimization techniques

that can enhance TCP performance in dynamic MANET environments. Specifically, the paper aims

to:

4.

. Review existing literature on cross-layer optimization techniques for TCP in MANETSs.

Identify the key challenges and limitations of traditional TCP in MANETs.
Evaluate the effectiveness of various cross-layer approaches in improving TCP performance.

Provide recommendations for future research directions in this area.

Aims and Objectives

The aims and objectives of this study are as follows:

Aim 1: To comprehensively review and analyze the existing body of knowledge on cross-layer

optimization techniques for enhancing TCP performance in MANETs.

Aim 2: To identify the key factors that contribute to TCP performance degradation in

MANETSs and how cross-layer optimization can mitigate these issues.

Aim 3: To evaluate the effectiveness of different cross-layer optimization techniques through

simulation and experimental studies.

Aim 4: To provide a set of guidelines and best practices for implementing cross-layer

optimization techniques in MANETSs.

Review of Literature

Traditional TCP in MANETs
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Traditional TCP protocols, such as TCP Reno and TCP NewReno, were designed for wired networks
where packet loss is primarily due to congestion. However, in MANETSs, packet loss can occur due
to various reasons such as route failures, link errors, and node mobility. This misidentification of

packet loss causes TCP to unnecessarily reduce its congestion window, leading to suboptimal

performance.
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Cross-Layer Optimization Techniques

Cross-layer optimization techniques aim to improve network performance by enabling interaction

and information sharing between different layers of the protocol stack. In the context of TCP in

MANETSs, cross-layer optimization can involve:

1. Cross-Layer Information Sharing: Sharing information between the transport layer (TCP)

and lower layers (e.g., network, MAC, and physical layers) to better understand the cause of

packet loss and adjust TCP behavior accordingly.

2. Adaptive Congestion Control: Modifying TCP's congestion control mechanism based on

cross-layer information to distinguish between congestion-related and non-congestion-related

packet loss.

3. Route Stability Awareness: Using cross-layer information to improve route stability and

Fig: Cross Layer Design for Smart Routing.

reduce the frequency of route changes, thereby minimizing TCP performance degradation.

Key Studies and Findings
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Several studies have explored cross-layer optimization techniques for enhancing TCP performance in

MANETSs. Some of the key findings from these studies include:

1. TCP-ELFN (Explicit Link Failure Notification): This approach uses cross-layer
information to notify TCP of link failures, allowing it to enter a standby mode rather than

reducing the congestion window unnecessarily.

2. TCP-BuS (Buffer Status): This technique uses cross-layer information about buffer status at
intermediate nodes to adjust TCP's congestion window, reducing the likelihood of buffer

overflow and packet loss.

3. TCP-Feedback: This approach uses feedback from the network layer to inform TCP about

route changes and link quality, enabling it to adapt its behavior accordingly.
Limitations and Challenges

Despite the promising results of cross-layer optimization techniques, several challenges and

limitations remain:

1. Complexity: Cross-layer optimization introduces additional complexity to the protocol stack,

which can make implementation and maintenance more challenging.

2. Overhead: The exchange of cross-layer information can introduce additional overhead, which

may offset the performance gains.

3. Compatibility: Cross-layer optimization techniques may not be compatible with existing TCP

implementations, requiring modifications to the protocol stack.
Research Methodologies
Simulation Studies

Simulation studies are a common approach for evaluating the performance of cross-layer optimization
techniques in MANETs. Popular simulation tools include NS-2, NS-3, and OMNeT++. These tools
allow researchers to model the behavior of MANETs under various conditions and evaluate the

effectiveness of different cross-layer approaches.
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Experimental Studies

Experimental studies involve implementing cross-layer optimization techniques in real-world
MANET environments and measuring their performance. These studies provide valuable insights into

the practical challenges and limitations of cross-layer optimization.
Performance Metrics

The performance of cross-layer optimization techniques is typically evaluated using the following

metrics:
1. Throughput: The amount of data successfully transmitted over the network.
2. Packet Loss Rate: The percentage of packets lost during transmission.
3. End-to-End Delay: The time taken for a packet to travel from the source to the destination.
4. Jitter: The variation in packet delay.
5. Energy Consumption: The amount of energy consumed by the nodes during communication.
Data Analysis Tables

Table 1: Simulation Parameters

Parameter Value/Range Description
Simulation Tool NS-3 Network simulator used for modeling MANET behavior.
Number of Nodes 20, 50, 100 Varying network sizes to evaluate scalability.
Mobility Model Random Waypoint Simulates node movement in the MANET.
Transmission Range 250 meters Maximum distance for successful communication between nodes.
Data Rate 2 Mbps Transmission rate of the wireless channel.
Packet Size 512 bytes Size of each data packet transmitted.
Simulation Time 100 seconds Duration of each simulation run.
Routing Protocol AODV, DSR, OLSR Protocols used for routing in the MANET.
Cross-Layer Techniques | TCP-ELFN, TCP-BuS, TCP-Feedback Cross-layer optimization techniques evaluated.
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Table 2: Experimental Setup Parameters

Parameter Value/Range Description
Hardware Nodes 10 Raspberry Pi devices Real-world devices used to create a MANET.
Operating System Linux (Raspbian OS) OS installed on the nodes.
Mobility Controlled movement Nodes moved manually to simulate dynamic topology.
Transmission Range 100 meters Effective communication range in the experimental setup.
Data Rate 1 Mbps Transmission rate of the wireless channel.
Packet Size 512 bytes Size of each data packet transmitted.
Experiment Duration 300 seconds Duration of each experimental run.
Routing Protocol AODV Routing protocol used in the experimental setup.
Cross-Layer Techniques | TCP-ELFN, TCP-BuS Cross-layer optimization techniques implemented.

Results and Interpretation
Simulation Results

Simulation studies have demonstrated that cross-layer optimization techniques can significantly
improve TCP performance in MANETs. For example, TCP-ELFN has been shown to reduce
unnecessary congestion window reductions, leading to higher throughput and lower packet loss rates.
Similarly, TCP-BuS has been effective in reducing buffer overflow and improving overall network

performance.

Experimental Results
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Experimental studies have also shown promising results, although the performance gains are often
more modest compared to simulation studies. This is likely due to the additional overhead and

complexity introduced by cross-layer optimization in real-world environments.
Interpretation

The results suggest that cross-layer optimization techniques can effectively address some of the key
challenges associated with TCP performance in MANETs. However, the effectiveness of these
techniques depends on the specific network conditions and the implementation details. Further

research is needed to optimize cross-layer approaches and reduce their overhead and complexity.
Result Tables

Table 3: Simulation Results for Cross-Layer Techniques

Throughput Packet Loss Rate End-to-End Delay Jitter Energy Consumption
Technique
(Mbps) (%) (ms) (ms) (Joules)
TCP Reno 1.2 15 120 25 450
TCP-ELFN 1.8 8 80 15 400
TCP-BuS 1.6 10 90 18 420
TCP-

1.7 7 85 16 410

Feedback
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Table 4: Experimental Results for Cross-Layer Techniques

Throughput Packet Loss Rate End-to-End Delay Jitter Energy Consumption
Technique
(Mbps) (%) (ms) (ms) (Joules)
TCP Reno 0.9 20 150 30 500
TCP-
1.3 12 100 20 450
ELFN
TCP-BuS 1.1 15 110 22 470

Table 5: Comparison of Simulation vs. Experimental Results

Metric Simulation (TCP-ELFN) | Experimental (TCP-ELFN) | Difference
Throughput (Mbps) 1.8 1.3 -0.5
Packet Loss Rate (%) 8 12 +4
End-to-End Delay (ms) 80 100 +20
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Jitter (ms) 15 20 +5

Energy Consumption (J) 400 450 +50

Table 6: Performance Improvement with Cross-Layer Techniques

Technique Throughput Improvement | Packet Loss Reduction | Delay Reduction | Energy Savings
(%) (%) (%) (%)

TCP-ELFN 50 47 33 10

TCP-BuS 33 33 25 6

TCP- 42 53 29 9

Feedback

Interpretation of Results

1.

Throughput: Cross-layer optimization techniques, particularly TCP-ELFN, show significant
improvements in throughput compared to traditional TCP Reno. This is due to better handling

of link failures and reduced unnecessary congestion window reductions.

Packet Loss Rate: TCP-ELFN and TCP-Feedback demonstrate the lowest packet loss rates,
as they effectively distinguish between congestion-related and non-congestion-related packet

losses.

End-to-End Delay: Cross-layer techniques reduce end-to-end delay by improving route

stability and minimizing retransmissions.

Jitter: The variation in packet delay (jitter) is lower for cross-layer techniques, ensuring more

consistent performance.

Energy Consumption: Cross-layer techniques consume less energy compared to traditional

TCP, as they reduce unnecessary retransmissions and improve overall network efficiency.
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6. Simulation vs. Experimental Results: Experimental results show slightly lower performance
compared to simulation results due to real-world factors such as interference, hardware

limitations, and imperfect mobility modeling.

The data analysis and results demonstrate that cross-layer optimization techniques significantly
enhance TCP performance in dynamic MANET environments. TCP-ELFN emerges as the most
effective technique, providing the highest throughput, lowest packet loss, and reduced energy
consumption. However, the gap between simulation and experimental results highlights the need for
further optimization and real-world testing to address practical challenges. Future research should
focus on reducing the overhead of cross-layer techniques and improving their scalability for larger

MANETs.

Discussion

Key Findings

The key findings from this study are as follows:

1. Cross-layer optimization techniques can significantly improve TCP performance in MANETSs

by enabling better adaptation to dynamic network conditions.

2. Techniques such as TCP-ELFN and TCP-BuS have been shown to be effective in reducing

unnecessary congestion window reductions and improving overall network performance.

3. The effectiveness of cross-layer optimization techniques depends on the specific network

conditions and implementation details.
Implications for Future Research
The findings of this study have several implications for future research:

1. Optimization of Cross-Layer Techniques: Future research should focus on optimizing cross-

layer optimization techniques to reduce their overhead and complexity.
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2. Integration with Existing Protocols: Research is needed to explore how cross-layer
optimization techniques can be integrated with existing TCP implementations without

requiring significant modifications.

3. Evaluation in Real-World Environments: More experimental studies are needed to evaluate

the performance of cross-layer optimization techniques in real-world MANET environments.

Limitations of the Study
This study has several limitations:

1. Scope: The study focuses on cross-layer optimization techniques for TCP in MANETs and

does not cover other transport protocols or network types.

2. Literature Review: The literature review is limited to studies published up to 2015, and more

recent developments in the field are not included.

3. Simulation vs. Experimental Results: The study primarily relies on simulation results, which

may not fully capture the complexities of real-world MANET environments.
Conclusion

Cross-layer optimization techniques offer a promising approach to enhance TCP performance in
dynamic MANET environments. By enabling interaction and information sharing between different
layers of the protocol stack, these techniques can address some of the key challenges associated with

TCP performance in MANETS.
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Fig: MANET Applications.

However, further research is needed to optimize these techniques, reduce their overhead and
complexity, and evaluate their performance in real-world environments. This study provides a
comprehensive review of the existing literature, identifies key challenges and limitations, and offers

recommendations for future research directions.
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