
IJCST Vol. 3, ISSue 2, AprIl - June 2012ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

w w w . i j c s t . c o m InternatIonal Journal of Computer SCIenCe and teChnology 469

Abstract
Rapid adaptation of wireless networks continues when it is coupled 
with the explosive growth of internet. Which further results in 
the increasing demands of wireless data services? Various new 
protocols have been developed in OSI layer for the multimedia 
applications over the recent years. Additionally in the research 
field, wireless communication and networking occupies centre 
of attraction in the area of communication networks. User have 
introduced cross layer design to provide enhanced and better 
wireless services. In this paper, we specify the challenges in design 
and implementation of cross layer for multimedia applications 
over wireless networks. This paper also undergoes through the 
study of various key features and parameters that should be taken. 
When attempting cross layer adaptation in wireless networks 
which involves various new protocols in OSI layer. 
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I. Introduction 
Large number of constraints has been experienced by multimedia 
data transmission which results in low quality of service (QoS) 
that is provided to the end user. Mainly these constraints focus 
on the nature of multimedia applications, which are characterized 
into the three basic features: 
Data transmission rate should be higher for multimedia applications 
(bandwidth consuming applications); the sensitiveness in packet 
delays is necessary which contains features as latency and jitter 
and packet loss tolerant application when compared to other kind 
of applications.
Various parameters of cross layer for multimedia transmission over 
wireless network are examined in this paper. Data transmission 
of multimedia applications in wireless networks inherits all the 
features and constraints related to the propagation to the free space. 
The basic difference between wired and wireless networks is the 
cause of packet losses during data transmission. In wired networks, 
packet losses occur mainly due to congestion and bottleneck in the 
path between source and destination. Whereas, in wireless network 
packet losses occur due to the corrupted packets as a result of the 
low signal to noise ratio (SNR) fading of multipath signalling 
and the interference from various neighbouring nodes. Another 
basics difference between both wired and wireless network is the 
mobility factor. Large number of barriers in data transmission for 
multimedia applications has been introduced by mobility factor in 
wireless network. Characteristics discussed above encompass new 
challenges to guarantee high data transfer rates and an acceptable 
packet loss ratio with low jitter and latency.
Large no of new protocols and optimization techniques focussing 
at minimum delay and acceptable packet loss ratio for data 
transmission in multimedia applications have been proposed by 
industry researches. Some of these efforts work on the layered 
approach in which various layers achieve optimal performance by 
adapting its nature and behaviours to constantly varying network 
parameters in order to provide its best services to upper layers. 

As in layered approach, communication between two adjacent 
layers occurs, without taking into consideration the features of 
multimedia applications. Layered architecture is the fundamental 
factor for the growth of wired networks and World Wide Web. 
It provides serious constrains for changing the behaviour of the 
protocol to the multimedia applications features and wireless 
network conditions.
As we know that in wireless network packet losses occur mainly 
due to corrupted packets and congestion control mechanism cannot 
work properly if it is not aware of the cause of packet losses (TCP 
and UDP has poor performance in wireless network comparing 
with wired network). Congestion avoidance mechanism at 
transport layer will minimize the data transmission rate to avoid 
congestion and also degrade the performance of the multimedia 
applications. Although packet losses does not occur due to the 
congested network. It is well understood that some mechanisms 
should be introduced in which all layers shares knowledge with 
each other about the multimedia applications characteristics and 
wireless network conditions.
OSI model consists of various layers on which this approach 
of cross layer design focuses. As we know that in OSI model 
a protocol can communicate with other protocol if they belong 
to the same layer. If both the protocols belong to different layer 
they cannot communicate with each other. If we look OSI model 
from different angles it sometime look likes a system. In a well 
organized and more efficient system, high level of communication 
and cooperation of knowledge sharing occurs between various 
elements of a system in an effective manner. 
Basically, we have to focus on those mechanisms that would 
increase the level of cooperation’s and communication among 
various elements. This is what the whole concept of cross layer 
design accomplished, in order to design such mechanism that 
can communicate and cooperate without modifying the layered 
model. 

II. Cross Layer Design 
 In the field of communications networks, the wireless 
communication and networking has occupied the centre of 
attraction of various researchers very quickly the availability of 
layered architecture is under the close reviews by the research 
community as well as layered protocols works better for wired 
networks rather than the wireless networks. To explain this 
statement the various research scholars introduced the cross layer 
design proposal. As there are large number of cross layer design 
proposals in the history [1]. Some of its focussing on multimedia 
transmission [2-4]. Cross layer design refers to protocol design 
done by easily extracting the dependence of various protocol layers 
on each other layer to obtain better performance and throughput. 
It is different from layered architecture, in which the protocols at 
different layers are designed independently.     
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Fig. 1: Cross Layer Design Concept

As we can see in fig. 1, the Energy management, Security and 
Cooperation are cross-layered by nature. The main feature of this 
cross layer design model is the Network information storage. 
Whenever a protocol in the protocols stack generates information 
and submits to the Network information storage, so that each 
protocol can use/share information by making it available for 
every other protocol at any time.
 Since information sharing among the different protocols takes 
place in the Network information storage, this feature does not 
compromise the expected normal operation of the stack. So, we 
can even replace it with a legacy protocol stack implementation 
without any other implication than losing the optimization and 
performance gain provided by the cross layer design. This design 
model will offer the following performance advantages in an Ad 
-Hoc network design:

Improved local and global adaptation• 
Full context awareness at all layers• 
Reduced energy consumption• 
Reduced overhead• 
Cross-layer optimization for all network functions• 

Basically this paper aims various challenges that are being faced 
by end users in the designing and implementations of cross layers 
for multimedia data transmission over wireless networks. The 
remaining aspects are as follows: the next section introduces the 
various international experiences faced by researches in cross 
layer design of multimedia transmission. Section III, contains all 
the challenges faced in designing a cross layer over multimedia 
applications. Section IV, presents the future aspects in this area 
and section V, concludes the paper.

III. Related Work
A Large number of new protocols have been developed for 
multimedia applications over the last decade. The RTP and RTCP 
protocols [10] that operate on transport layer are mainly designed 
for multimedia applications. The RTSP [11] protocol offers control 
mechanisms for various real time multimedia applications whereas 
SIP [12] and H.323 are used for video conferencing.
Besides these developments, large number of proposals has been 
used for improving QoS in multimedia applications. In [2], the 
cross layer optimization is examined and an adaptation framework 
is proposed amongst the application layer, the MAC layer and 
the physical layer.
The cross layer design model can be divided into the following 

categories [13]:
Creation of new interfaces is done between the various • 
layers of OSI model. The new interfaces share the data and 
information between the layers at the run time.
Two or more adjacent layers merge together in a cross layer • 
design such that the services provided by the new layer are 
remarkable.
One of the most important categories of cross layer design • 
involves coupling two or more layers at design time, not 
creating any extra interfaces for information sharing.
Another way is to adjust the parameters such that they can • 
span among various layers. 

Finally, [14] outlines the requirement of new cross layer 
architecture to undergo the problems of mobility, packet losses 
and delay constrains. In this, all the layers send notifications 
messages to cross layer manager who is responsible for intra 
layer communications among various layers.

IV. Challenges in Multimedia Transmission Over 
Wireless 
Adaptation of cross layer is a very prominent and challenging 
process because of various features involved in the whole scenarios. 
Important features and constrains are taken in to account in this 
section while discovering the design of cross layer in wireless 
networks. In this cross layer design, various protocols belonging 
to different layers of OSI model can communicate with each other. 
Various challenges are as follows: 

A. Elements Required in the Cross-Layer Adaptation Over 
Wireless Networks
Three basic features are differentiated in multimedia transmission 
that can communicate and exchange information between the 
sender and receiver. Senders have an identification of multimedia 
server or an individual host that can exchange the multimedia 
information with another server. In order to enhance the quality 
of wireless services given to the user, detailed discussion is being 
carried out whether these three network elements should be taken 
in to the cross layer adaptation. But, after the detailed discussion 
on whether to include or not, the result obtained is to take all the 
three elements in cross layer adaptation necessarily when the data 
are transmitted over various integral network domain. However, in 
the same domain it is compulsion to decide whether both sender 
and receiver participate in cross layer adaptation process. It should 
also be consider by someone when the cross layer adaptation 
policies are functioned, complexity increase. As there are various 
advantages and limitations in both the approaches. Involvement of 
both sender and receiver in cross layer adaptation process produces 
good result as both the sender and receiver work as well organized 
group by exchanging information about conditions of a network 
and discover their behaviours on the basis of these conditions. 
All in all, with the help of better cooperative work of both sender 
and receiver best quality of services are offered to the end user 
by restricting the adaptation process of cross layer only in the 
sender or receiver the level of independence is enhanced between 
various entities involved in multimedia transmission. Cross layer 
adaptation process based on the multimedia transmission can 
categorized entities into four basic categories:-

1. Cross Layer Adaptation on the Basis of Sender
cross layer adaptation is being performed by the sender. This 
approach has positive aspects of easy development and deployment 
because of the fact that no support is required from the network 
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or receivers. Capabilities are limited in the cross layer adaptation 
process of the sender.

2. Cross Layer Adaptation on the Basis of the Receiver
This approach is similar to the previous approach. In this approach, 
receiver performs the cross layer adaptation. It also has limited 
capabilities. It also has a positive aspect of easy deployment 
because it does not need any kind of support from sender or 
network.

3. Adaptation of Cross Layer on the Support of 
Network
In cross layer adaptation, network elements are taken in an internet 
kind of environment. Various policies are set in the network domain 
to rectify any of the implementation of cross layer across the path 
between sender and receiver with in the same domain, network 
administrator explains their own strategies and mechanisms.

4. Cross Layer Adaptation with the Support of 
Combinatorial Effects
In this, the combinations of two or more approaches listed above are 
considered. It is one of the difficult approaches to be implemented 
but it can be more reliable to provide enhanced performance.

B. Layer Required in Cross Layer Adaptation Through 
Wireless Networks
Researchers have done most of the research work on the adaptation 
of both the physical and MAC layers. The research works [5-7] 
have proved the importance of physical and medium access 
layers in wireless networks and should be considered during the 
adaptation of cross layer. Although several cross layer adaptation 
process are considered by the application layer [8-9]. Hence, in the 
adaptation of cross layer the large amount of emphasizes are given 
the physical, MAC and application layer in the whole OSI model. 
Whereas, cross layer adaptation process does not use network layer 
directly but it can be used indirectly through quality of service 
mechanisms. Crucial role has been played by the transport layer for 
cross layer adaptation in wireless networks. Various mechanisms 
for cross layer adaptation are widely covered in wired networks, 
providing various opportunities’ in wireless networks.

C. Parameters Required in Cross Layer Adaptation 
Through Wireless Networks
Different parameters are obtained by different layers in order to 
achieve cross layer adaptation. The parameters of each layer are 
optimized in order to select the best parameter as a result. Now, 
the parameters that occur in one layer may influence parameters 
in another layer. Various predictions should be considered during 
the adaptation of each layer basically, two factors should be kept 
in mind for the best selection of adaptation parameters.

Parameter that occurs within the same layer should be • 
optimized.
Parameters that occur within two or more layers should be • 
optimized.

Table 1: Cross Layer Parameters in Wireless Network
Layer Parameters

Application
Encoding parameters( Layered 
Encoding, MPEG4 part 10, MPEG-4 
AVC (for “advanced video coding”)

Transport/ 
Session

Adaptive transmission Rates(TFRC, 
DCCP, Other mechanisms)

Network QoS (Diffserv, IntServ), IPv4, IPv6
MAC QoS, ARQ, FEC, RARQ

PHY Signal Modulation ( analog to digital, 
digital to analog)

D. Signals Achieved in Cross Layer Adaptation through 
Wireless Networks
In wireless networking, signalling of data in the form of analog 
to digital and digital to analog among different layers is a crucial 
aspect. Cross layer adaptation scheme is implemented among 
various layer with the help of communication mechanism that 
can be achieved through signalling. Various Cross layer signalling 
mechanisms are as follows:

1. Mechanism Provided by the Network Services in 
Wireless Networks
A special network device is introduced who has the responsibility 
to collect up to date information about the various parameters 
from various different layers. Parameters obtained by a network 
device are transferred to application layer to adapt a cross layer 
mechanism.

2. Mechanism Provided by the Local Profile in Wireless 
Networks
Under this mechanism storing of crucial parameters to the local 
profile is done from each layer. For performing adaptation of 
cross layer, each layer accesses the local profile to obtain crucial 
information.

3. Mechanisms Provided by the Existing Protocols 
Headers in the Wireless Networks
In this mechanism, signalling of data transmission over multimedia 
applications can be done by protocols headers that are already 
existing in wireless networking extension headers and IPV6 
mechanisms (network layer) explain the type of header that can 
come into play for the notifications of cross layer parameters is 
one of the basic approach. Second approach defines by schulzrinne 
in 2003, explains the extracting of application packets from 
Real Transmission Control Protocol (RTCP). In cross layer 
adaptation scheme application specific parameters that are used 
for signalling can be derived from packets of application layer. 
During the application layer application packets can go through 
a communication between the sender and receivers. Hence, there 
is a process to transfers these parameters to other layers.

4. Mechanism Provided by the ICMP/IGMP Messages
In IP based network, widely used signalling protocol is ICMP 
(Internet control message protocol). ICMP messages can 
disseminate the desired parameters measured by the corresponding 
layers. When a parameter is changed, a new ICMP message occurs 
within the IP packet, it is necessarily passes through signal occurs 
between application and medium access layers.
By explaining all the mechanism in the minimized format, the 
first mechanisms contain parameters to the server network. The 
second mechanism contains parameter to mobile device in the 
form of local profile. The next mechanism contains the already 
exchangeable packets over the wireless networks within in band 
signalling. Last mechanism contains the use of extra packets for 
out band signalling.



IJCST Vol. 3, ISSue 2, AprIl - June 2012 ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

w w w . i j c s t . c o m472    InternatIonal Journal of Computer SCIenCe and teChnology 

V. Strategies used for the Adaptation of Cross Layer
Major issue is how the cross layer adaptation strategy can be 
achieved. Various phenomenon’s are as follows: 

A. Cross Layer Adaptation is Integrated
It is one of the most challenging approaches because cross layer 
adaptation can be achieved jointly by all the layers.

B. Cross Layer Adaptation is MAC Layer Centred
Here traffic information and requirements from the application 
layer are passed to medium access layer that identify which packet 
flow of application layer can be transmitted to MAC layer and 
what Quality of Service(QoS) to be offered to end user.

C. Cross Layer Adaptation with Top-Down Approach
In this approach, each of the lower layers is informed by the 
top layer about the multimedia transmission through wireless 
networks in cross layer design. On the basis of quality of services 
offered to the end users. The top layer protocols select the best 
parameters to obtain good QoS services and strategies of the next 
lower layer.

D. Cross Layer Adaptation with Bottom-up Approach
In this, physical and medium access layer communicate with the 
application layer and transport layer with optimal performance 
by limiting the errors that result in multimedia transmission. 
There are various pros and cons for various wireless multimedia 
transmission discussed above in the cross-layer approaches. The 
optimal solution can be obtained by focussing and depending 
upon various application requirements, protocol used, algorithms 
designed at different layers, their complexity and limitations. Out 
of all the discussed approaches, integrated approach is the best 
one. Increasing complexity of this approach make it difficult to 
be implemented because in this approach all the layers jointly 
worked together.
Services, application and network constrains used in adaptation 
of cross layer: Various device constrains are used in adaptation 
of cross layer which are as follows:

1. Constrains of Devices in Cross Layer
Various limitation occurs in mobile devices compared to desktop 
system which are also as follows: CPU, Display and Power 
resources.

2. Constrains of Network in Cross Layer
Various constrains of network are bandwidth, delay, RTT and 
QoS support.

3. Constrains of Application in Cross Layer
Various constrains of application include maximum delay which is 
acceptable, maximum delay jitter which is acceptable, constrains 
of bandwidth and maximum packet loss which is acceptable.
The main objective is to select the best parameters for the cross 
layer design with the optimal performance in order to provide 
the best QoS to end user for the multimedia transmission over 
the wireless networks.

Table 2: Factors for Cross Layer Adaptation in Wireless 
Networks
Factors Constrains
Mobile 
limitations 
compared 
to desktop 
systems

Power consumption, CPU 
limitation, display effectiveness

Network 
devices 
limitations

Delay, RTT, Bandwidth, QoS 
support, efficiency

Application 
limitations

Maximum and acceptable delay, 
Bandwidth constrains, Optimal 
delay jitter, Maximum and valid 
packet loss

VI. Conclusion
As we all know that dynamic connectivity of wireless and wired 
network overcomes the static connectivity of wired networks. 
Nowadays as they can perform anytime, anyplace and any 
where mobile applications. Nowadays the focus is also mounting 
towards the wireless networks in the form of local area networks, 
metropolitan area network. In the current 3G and 4G mobile 
networks, multimedia application has shown an increase in various 
aspects such as voice over IP, video on demand, video conference, 
live video and media streaming etc
Cross layer in multimedia transmission have worked on above 
specified challenges that will allow usage of media transmission 
of data through wireless network and mobile terminals that is 
PDA, laptops and mobile phone. During the conversion of one 
wireless technology with other wireless technology, works can 
be done properly through the multimedia application in cross 
layer adaptation.
In this paper, we have focussed on the cross layer adaptation and 
what are the challenges faced in adaptation of cross layer over 
wireless networks. For multimedia transmission, researchers will 
have large impact due to the cross layer adaptation of multimedia 
transmission. All in all, cross layer adaptation scheme provide 
better QoS services to end users and media contents to the users 
in order to identify their locations and mobility scenarios.
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