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Abstract: Most of the proposed MANET protocols 

view mobile ad hoc networks as an IP-centric view 

of the network, and the use of a layered architecture. 

Recently there has been increased interest in 

protocols for wireless networks that rely on 

significant interactions between various layers 

(Cross Layer Design) of the network stack. In this 

paper we would study the various Cross Layer 

Design Approaches and their significance in 

MANET while having an insight into the problems 

of Cross Layer design mode. 

I. INTRODUCTION

According to the definition of IEEE 802.11: A network 

composed solely of stations within mutual 

communication range of each other via the wireless 

medium (WM). An ad hoc network is typically created 

in a spontaneous manner. The principal distinguishing 

characteristic of an ad hoc network is its limited 

temporal and spatial extent. These limitations allow the 

act of creating and dissolving the ad hoc network to be 

sufficiently straightforward and convenient to be 

achievable by nontechnical users of the network 

facilities. No specialized “technical skills” are required 

and little or no investment of time or additional 

resources is required beyond the stations that are to 

participate in the ad hoc network. The term ad hoc is 

often used as slang to refer to an independent basic 

service set (IBSS)[12]. 

The applications of MANET have a wide range of 

network requirements as well as different energy 

constraints for different network nodes. The network 

requirements must be met despite variations in the link 

characteristics on each hop, the network topology, and 

the node traffic. It is very difficult to ensure 

performance of the network or the support of real-time 

or mission critical data in the face of these random 

variations. Current ad hoc wireless network protocol 

design is largely based on a layered approach TCP/IP 

Model as shown in Fig.1. The TCP/IP stack design is 

highly rigid and strict, and each layer worries only 

about the layer directly above it or the one directly 

below it. This results in nonexistent collaboration 

between the different layers. In TCP/IP Model each 

layer in the protocol stack is designed and operated 

independently, with interfaces between layers that are 

static and independent of the individual network 

constraints and applications. This paradigm has greatly 

simplified network design and led to the robust scalable 

protocols in the Internet. However, the inflexibility and 

sub optimality of this paradigm result in poor 

performance for ad hoc wireless networks in general, 

especially when energy is a constraint or the application 

has high bandwidth needs and/or stringent delay 

constraints.  

In a MANET some functions cannot be assigned to a 

single layer. As shown in the Figure 2 Energy 

management, security and cooperation, quality of 

service, Mobility Management among the others cannot 

be completely implemented in a single layer but they 

are implemented by combining and exploiting 

mechanisms implemented in all layers. An efficient 

implementation of these functions can thus be achieved 

by avoiding a strict layering approach in which the 

protocols at each layer are developed in isolation, but 

rather within an integrated and hierarchical framework 

to take advantage of the interdependencies between 

them. Relaxing the Internet layered architecture, by 

removing strict layer boundaries, is therefore an open 

issue in the mobile ad hoc networks evolution. 

However, the layered approach was, and is, one of the 

key elements of the world-wide diffusion of the 

Internet. The question is to what extent the pure layered 

approach needs to be modified. Currently, a debate is 

ongoing among ad-hoc-network researchers on cross 

layered vs. legacy layered architectures. While it is well 

recognized that cross layering can provide significant 

Fig 1: TCP/IP Layered Model. 
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performance benefits, it is also pointed out that a 

layered design has been one of the key element of the 

success and proliferation of Internet

Next sections of this paper are organized as follows. 

Section II deals with specifying the different Cross 

Layer Design Approaches and Section III deals with 

providing a Full Cross Layer Design Approach and its 

advantages. Difficulties with cross layered design are 

exploited in section IV while exploring the usage of 

Layered approach and concludes in Section V. 

II. CROSS LAYER DESIGN APPROACHES

A cross-layer approach to network design can 

significantly increase the design complexity [1]. Indeed, 

protocol layers are extremely useful in allowing 

designers to optimize a single protocol layer design 

without the complexity and expertise associated with 

considering other layers. Thus, cross-layer design 

should not eliminate the design advantages of layering. 

Keeping some form of separation, while allowing layers 

to actively interact, appears to be a good compromise 

for enabling interaction between layers without 

eliminating the layering principle. In such a structure 

each layer is characterized by some key parameters, 

which are passed to the adjacent layers to help them 

determine the operation modes that will best suit the 

current channel, network, and application conditions. In 

such a design each layer is not oblivious of the other 

layers, but interacts with them to find its optimal 

operational point. The main design difficulty in this 

cross-layer approach resides in characterizing the 

essential information that should be exchanged between 

layers. 

The cross layer design approach to network stack 

design is historically a big shift in how one designs a 

communication system. Most of the Research in cross 

layer design was to extend the existing layered 

structure, in order to maintain compatibility because 

compatibility with existing systems and networks is 

extremely important both for end users and commercial 

actors. Since this kind of approach is always bound by 

its original strict layered structure, an extension of this 

will also always be limited. In most cases researches 

did not go for over-complex cross layer design 

implementation but tried to propose a cross layer design 

to be able to solve the problem at hand. In most of the 

proposals only two or perhaps three layers need to share 

information, and thus had extended the original strict 

layered structure to provide a solution to the problem 

with performance improvements. 

In this section we will provide with some of the cross 

layer design research proposals where they were 

intended to solve a problem like congestion control etc 

or to improve the performance of an application like 

video transmission etc. 

A. Layer Triggers 
Layer triggers are predefined signals which are used to 

notify special events between protocols [2]. Layer 

Triggers are the most basic CLD implementation which 

is easy and quick to implement providing quantifiable 

performance improvements by attaining compatibility 

by extending on the strict layered structure. 

Transmission Control Protocol (TCP) with Explicit 

Congestion Notification (ECN) mechanism is a simple 

example for Layer Triggers that was very successful 

and being implemented. This was one of the First 

successful Cross Layer Design Model to overcome the 

congestion control problem. 

i. Transmission Control Protocol (TCP) with Explicit 

Congestion Notification (ECN)  

The prevalent protocol for data transport over the 

Internet is Transmission Control Protocol (TCP). TCP 

is a connection-oriented end-to-end data transfer 

protocol. The main objectives of TCP is to provide 

Reliable end-to-end transmission of data and provide 

Congestion control over the Internet Routers in the 

network indicate congestion by dropping packets, 

Fig 2: Need for Cross Layer Design
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which in turn causes the source to adaptively decrease 
its sending rate. 
The Initial deployment of the TCP protocol interprets 
all losses as being congestion related. Whenever losses 
occur over a wireless channel, the TCP source reacts to 
this as though it was due to congestion and thus 
decreases the packet transmission rate, causing loss in 
network throughput. A solution that has been proposed 
to mitigate this problem is to “smooth” the channel by 
suitable coding and link layer automatic repeat request 
(ARQ) at a faster timescale than that of the TCP control 
loop so that the wireless link ideally is perceived as a 
constant channel, but with lower capacity. However, in 
practice, there is still the problem that the TCP sender 
may not be fully shielded from wireless link losses. 
This can lead to the TCP congestion control mechanism 
reacting to packet losses, thus resulting in redundant 
retransmissions and loss of throughput. 
In Explicit Congestion Notification mechanism a single 
bit ECN bit placed in the TCP packet’s header 
indicating the congestion at some router in the path to 
the source and the destination. This bit is set to zero at 
the sender and would transmit the packet. If a router 
some in the path detects congestion, it would set the bit 
to one and is forwarded, Thus the packet is said to be 
marked. The destination received the packet and 
informs back the source about the congestion using this 
marked packet using the ECN bit. The source adapts its 
transmission rate depending on the value of the mark. 
Thus the source is having a means of differentiating 
between congestion related loss and wireless channel 
related loss. 
The Explicit Congestion Notification mechanism to 
TCP had provided a clear advantage to the TCP in 
differentiating between a congestion loss and wireless 
channel related loss. TCP with ECN avoids unnecessary 
packet drops and unnecessary packet delays. This 

mechanism improves the performance of TCP on highly 
congested network a high frequency of packet drops is 
required to control congestion. 

ii. Cross Layer Design Approach for Real Time Video 
Streaming 
Video streaming over ad hoc wireless networks can 
benefit substantially from a cross-layer design. This 
was exploited in [5] where information is exchanged 
between different layers of the protocol stack, and end-
to-end performance is optimized by adapting to this 
information at each protocol layer.  
A new framework for cross-layer design was proposed 
that incorporates adaptation across all layers of the 
protocol stack: application, transport protocols, resource 
allocation, and link layer techniques. Link capacities are 
dynamically reallocated based on link state information, 
and stream-based multipath source routing and 
scheduling is performed by balancing network 
congestion and distortion of real-time media streams. 
This framework includes new techniques to jointly 
optimize error-resilient source coding, packet 
scheduling, stream-based routing, link capacity 
assignment, and adaptive link layer techniques. The 
optimization is carried out dynamically by all nodes, 
based on link state communication, to continuously 
adapt to the changing wireless link conditions and 
traffic flows.  
Figure 3 shows a block diagram of a new cross-layer 
design framework with information exchange between 
the different layers. At the link layer, adaptive 
techniques are used to maximize the link rates under 
varying channel conditions. This extends the achievable 
capacity region of the network. Each point of this 
region indicates a possible assignment of the different 
link capacities. Based on link state information, the 
MAC selects one point of the capacity region by 
assigning time slots, codes, or frequency bands to each 
of the links. The MAC layer operates jointly with the 
network layer to determine the set of network flows that 
minimize congestion. To find a jointly optimal solution 
for capacity assignment and network flows, successive 
suboptimal solutions are exchanged iteratively between 
these two middle layers that constitute the core of our 
cross-layer framework. At the transport layer, 
congestion-distortion optimized scheduling is 
performed to control the transmission and 
retransmission of video packets. Finally, the application 
layer determines the most efficient encoding rate. 

 
III. FULL CROSS LAYER DESIGN MODEL 

 
A full cross-layer design introduces stack wide layer 
interdependencies to optimize overall network 
performance [7]. In cross layering, protocols use the 

Fig 3: Cross Layer Design Approach for Video 
Streaming [5] 
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state information flowing throughout the stack to adapt 
their behavior accordingly. 

A. MOBILEMAN Architecture 
The MobileMan [6] project’s primary aim is to exploit a 
MANET protocol stack’s full cross-layer design. 
MobileMan implements protocols inside each layer and 
offers the full compatibility with standards, as it does 
not modify each layer’s core functions. Authors claim 
that MobileMan provides a robust upgrade 
environment, which allows the addition or removal of 
protocols belonging to different layers from the stack 
without modifying the operations at the other layer 
while maintaining the benefits of a modular 
architecture. Fig 4 shows the MobileMan Protocol 
Architecture. 
MobileMan seeks to extend cross-layering to all 
network functions through data sharing. MobileMan 
introduced a core component, Network Status that 
functions as a repository for information that network 
protocols throughout the stack collect. Each protocol 
can access the Network Status to share its data with 
other protocols. This avoids duplicating efforts to 
collect internal state information and leads to a more 
efficient system design. MobileMan treated some 
network functions, such as energy management, 
security, and cooperation, as cross-layer by nature and 
work by sharing information between layers through 
Network Status. MobileMan claims to have provided 
layer separation by standardizing access to the Network 
Status. This implies defining the way protocols can read 
and write the data from it. Interactions between 
protocols and the Network Status are placed beside 

normal-layer behavior, allowing optimization without 
compromising the expected normal functioning. 
Replacing a network-status-oriented protocol with its 
legacy counterpart will therefore let the whole stack 
keep working properly, although at the cost of 
penalizing functional optimizations. 

i. Network Status 
The Network MobileMan uses Network Status as a 
basic element in providing interaction between the 
layers while providing the layer separation principle. 
Network Status was introduced as a vertical layer 
covering all the layers in the architecture as shown in 
the figure 4. The Network Status acts an interface for 
the protocol that wants to share the information with the 
protocols of other layers. It was not made mandatory 
for the Protocols to share information with other layer 
protocols thus providing a scope for introducing new 
protocols in a layer that can be developed in isolation. 
Network Status supports Synchronous and Synchronous 
modes of interaction between the protocols in the cross 
layer design architecture. Protocols are provided with 
Synchronous mode of communication to share its 
private data and asynchronous mode is provided to 
share the occurrence of an event. The protocols are 
required to subscribe for their occurrences. The 
protocols would export the data into Network Status by 
using their own call back functions. 

B. Protocol Redesigning 
Even though MobileMan states that any protocols can 
be used with out concerning about the cross layer 
design or to form a mixed design architecture, they had 

 

Fig 4: MOBILEMAN Cross Layer Design Architecture [6] 



proposed to redesign the full protocol stack to fully 

exploit the cross layering.  

MAC and Physical Layer: The MobileMan project uses 

IEEE 802.11 as its reference technology and proposed 

to modify the Binary Exponential back off scheme to 

Enhanced back off scheme. MobileMan wants to 

propose efficient packet forwarding scheme inside the 

MAC by using the topology information collected by 

the routing protocol layer.  

Network Layer: MobileMan wants to propose routing 

according to the cross-layering principle, so that other 

layers also can use routing data. The MobileMan 

project is investigating the use of a link-state protocol in 

which a node propagates link-state information to other 

nodes in the network, limiting flooding of updates in 

space and time to reach scalability. The primary 

consequence of such a link-state routing protocol would 

be a hazy, node-centered knowledge of network 

topology. A node will have a precise knowledge of the 

neighborhood that nodes two to three hops away from it 

form. This knowledge can be used to implement 

multipath reliable forwarding mechanisms to deliver 

data over existing paths, provided by routing, according 

to performance and reliability criteria. 

Transport protocol: MobileMan proposes to provide 

the upper layers with a reliable and connection-oriented 

service while minimizing useless data retransmissions 

by analyzing and reacting appropriately to different 

events occurring at lower layers, such as route failures, 

route changes, and congestions. The efficient 

implementation of a reliable transport protocol in ad 

hoc networks requires strict cooperation with lower 

layers. MobileMan proposes that a transport protocol 

exploits information reported by the routing and Wi-Fi 

layers in the Network Status component.  

Middleware: The middleware layer generally provides 

abstractions that hide complex details from application 

programmers. In a MANET environment, this trend 

must be reversed to provide context awareness. In 

MobileMan, the Network Status contains the network 

context, which provides context awareness in the cross-

layer architecture.  

Security and cooperation: In this area MobileMan 

wants to propose a new approach that does not rely on 

any fixed infrastructure nor requires a managed network 

setup. MobileMan plans to provide a self-organizing 

security infrastructure strongly linked to the presence of 

a cooperation enforcement mechanism based on 

reputation. The cooperation enforcement mechanism 

proposed for the MobileMan architecture is the CORE 

mechanism. CORE is a collaborative monitoring 

mechanism based on reputation that strongly binds 

network utilization and the correct participation to basic 

networking function like routing and packet forwarding. 

C. MobileMan Advantages 

MobileMan claims the following performance 

advantages in ad hoc network design: 

1. Cross-layer optimization for all network functions. 

2. Improved local and global adaptation.  

3. Full context awareness at all layers.  

4. Reduced overhead.  

IV. REVIEW OF ARCHITECTURAL DESIGN

Recently there has been increased interest in protocols 

for wireless networks that rely on significant 

interactions between various layers of the network 

stack. Some Researchers think that cross layer design 

proposals are aimed at achieving performance 

improvements at the cost of good architectural design. 

The researchers claim that once the layering is broken, 

the luxury of designing a protocol in isolation is lost, 

and the effect of any single design choice on the whole 

system needs to be considered. 

The Layered Architecture draws huge support with its 

success in the case of Internet as the protocol 

architecture was given primary importance to 

algorithmic implementation. The layered architecture 

enabled diverse networks to be interconnected 

efficiently by providing abstraction at each layer for the 

protocols to deal with the hierarchy present in networks. 

The layered architecture enabled the protocols to be 

developed in isolation with the other layers and the 

interaction between the layers is controlled and done 

through the packet headers at each layer. The layered 

architecture provided the notation of peer-to-peer 

protocols that mediate between corresponding layers on 

different hosts. Thus the layered architecture provided 

the luxury of designing the protocols by concentrating o 

providing the services of that layer efficiently, with 

assurance that the overall system will perform well. 

The Cross Layer Design started to gain lot of attention 

from the researches with its performance improvements 

and the need for cross layer interaction for different 

applications and the Mobil Ad Hoc Networks behavior.   

The main idea behind the cross layer design model is to 

have interactions possible between the protocols of 

different layers.  Although Different cross layer design 

architectures had provided a means for protocols to 

interact with the protocols of other layers, There may be 

some interactions that may not have been expected by 

the designers which if occur would create some loops. 

These kind of loops caused due to unintentional 

interactions could compromise the stability of the entire 

system. A cross layer design can become unstable if it 

is not designed by considering the entire system 

interactions between the protocols. 

All the applications that are using the standard layered 

architecture should adapt to the cross layer design 

architecture. This would take considerable amount of 

time and cost for marketing cross layer design 
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approach. An application would find a particular cross 

layer design to be more appropriate to another available 

cross layer designs, like an video streaming application 

would find a cross layer design approach for video 

streaming much useful while other applications prefer 

MobileMan Architecture. To make one cross layer 

design approach standardized would need the cross 

layer design providing best possible results to all kinds 

of applications and provides a way to support 

customized protocols for different applications.    

With layered approach new protocols can be proposed 

independent of the other layers and concentrate on the 

functionalities of the layer to which it is being 

proposed. With the cross layer design approach this 

advantage of designing a protocol of a layer 

independently would not be possible. The protocol to be 

proposed should be designed by considering the 

interactions that it had to make or the information that it 

has to share with other layers and maintaining the 

interdependencies with the other layer protocols and the 

overall cross layer design architecture. A protocol can 

no more be developed in isolation in cross layer design 

approach.   

Once a system wide cross layer design approach is 

standardized, it cannot be changed easily and it should 

be maintained even in rapid change in technology and 

requirements. This could be a difficult if the system 

wide cross layer design is proposed with more 

interdependencies between the layers. Any modification 

should be done carefully with out effecting system 

performance and does not create loops with unintended 

interactions between the protocols. 

Even though critics of cross layer design approach [8] 

have raised their concerns that a layered architecture is 

based on long term considerations while cross layer 

design gives a short term performance gains. Cross 

layer design developers reiterate that a good cross layer 

design would provide improved performance over the 

layered architecture. 

The cross layer design should first consider the totality 

of the design while considering the long term 

architectural value rather than designing for a specific 

purpose or just to improve the performance in the 

current trend. It should foresee the technical 

advancements and the advance requirements in the 

applications and should provide a provision for the new 

protocols to be proposed with out compromising the 

stability of the entire system. The cross layer design 

approach should be generic to all applications rather 

than specific to a particular application. The cross layer 

design should consider all the consequences of 

interactions proposed between the layers to eliminate 

loops. 

V. CONCLUSION

On one hand is the most successful Modular Layered 

Architecture design providing the very essence of 

abstraction necessary for researchers and engineers to 

focus their efforts on different subsystems, with the 

assurance that the entire system will interoperate once it 

is brought together. On the other hand in MANET some 

functions like energy management, mobility and to 

provide quality of service cannot be assigned to a single 

layer and requires cross layer design for improving 

performance. Although different literature show many 

advantages with CLD, many of the Cross Layer design 

proposals are aimed at achieving performance 

improvements, although often at the cost of good 

architectural design. Cross-layer design creates 

interactions, some intended, and others unintended. The 

Cross Layer Design approach has a great future in the 

Wireless networks if they were designed by considering 

the totality of the design, including the interactions with 

other layers, and also what other potential suggestions 

might be barred because they would interact with the 

particular proposal being made. They must also 

consider the long-term architectural value of the 

suggestion. 
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